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Abstract
Total renewable energy capacity in Stand-alone Power Supply (SPS) systems has
increased dramatically over the past few years in Western Australian remote off-grid
agricultural regions. Capital cost subsidies provided by governments has allowed the
replacement of aging diesel generators with photovoltaics and wind turbines, which are
known to be as reliable as traditional systems in addition to providing 24-hour
availability of electricity.

Over the last 30 years renewable energy SPS system technologies have seen some
notable developments. However, in many respects they have also failed to live up to the
expectations of many people in regional areas. There are still many technical, social and
economic barriers to the use of renewables in SPS systems in Australia. A significant
collaborative research and development (R&D) approach in regards to small renewable
system integration into conventional power systems in Australia is literally nonexistent. The last 10 years of energy policies has seen institutions that promote and
provide R&D into renewable energy, such as the Energy Research and Development
Corporation (ERDC), Australian Cooperative Research Centre for Renewable Energy
(ACRE), and the Commonwealth Scientific and Industrial Research Organisation
(CSIRO) endure renewable energy funding cuts or have been discontinued.

This research illustrates that the performance and reliability of remote SPS systems in
pastoral regions of WA has improved slowly in the past 30 years. This research also
explores the strengths and weakness of government and industry policy approaches
over time and their relationship to performance of SPS systems in pastoral Western
Australia. The recommendations provide direction for policy makers to improve the
utilisation of taxpayer funds to achieve climate change, energy, social equity and
technological development policy objectives.
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CHAPTER 1: INTRODUCTION
1.1 Introduction
Remote pastoral graziers must provide their own energy services. The systems which
provide these services are internationally known as stand-alone power supply (SPS)
systems, but in Australia more commonly referred to as remote area power supply
(RAPS) systems. These systems have been identified by the Australian Government as
technologies of strategic importance for Australia in terms of the development of
renewable technologies (Watt 2005).

Remote regions in rural Western Australia provide a unique situation to assess whether
State and Federal government energy, climate change and agricultural policies interact
in an integrated and constructive manner, or result in competing government objectives.
The experience of pastoralists and their SPS systems with regards to the government
programmes over time is an ideal opportunity to assess the effectiveness of the
spectrum of government programmes from the perspective of the end recipients, both
qualitatively and quantitatively.

A review of agriculture and climate change policy outcomes on a relatively small, but
strategically important and well-studied subsection of the Western Australian rural and
remote population, provides a method of policy evaluation socially, economically,
technically and strategically, which can be used to inform policy makers.

The three areas of agricultural policy, climate change policy and energy policy
encompass a wide spectrum of programmes and initiatives, each with their own set of
specific objectives, aims, instruments and institutions. This thesis reviews some major
developments and policies involved, the intended objectives and how these policies
seem to be affecting pastoralists and SPS systems.
1

Mitigating climate change is becoming an increasingly important priority and energy
supply policies are key in expanding the renewable component in the domestic supply
mix (Mandil 2004). Under Article 12 of the International United Nations Framework
Convention on Climate Change (UNFCCC) agreement, the Australian government is
required to submit a periodic national greenhouse gas inventory (NGGI) to the
Conference of Parties (COP) (United Nations Framework Convention on Climate
Change 1992). This large quantity of detailed national information provides an
excellent platform to compare the effectiveness of international government responses
to assist the increasingly important objective of tackling global GHG emissions.

Extracting the core of government policy in these three key areas is lengthy and
requires a distillation of significant developments and policy initiatives over some time.
For brevity, this review covers some State and Federal programs, their expenditures and
other important groups, such as research developments corporations (RDCs), and
interest groups. Considerable contextual information on the three areas of agriculture,
energy and climate change developments has been provided in the Appendices to allow
further exploration of particular themes and to capture the circumstances in which these
policies exist.

The previous several decades of research regarding the technical developments of
components in SPS systems and the owner-operators attitudes towards them in rural
Western Australia is an invaluable resource. With the availability of a large amount of
historical data, it is possible to assess the effectiveness and interaction of the three areas
of agriculture, climate change and energy policies on the performance of Western
Australia’s pastoralist attitudes on SPS systems and their performance in light of the
policy environments over time.
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This research is intended to assist policy makers to refine policy approaches, objectives,
aims and instruments to benefit the areas of agriculture, the energy sector, pastoralists
and their energy service providers.

1.2 Research Aims
The aim of this research is to assess the broad policy environments that are related by
their effect on SPS systems in pastoral WA from the perspective of the end recipients.
This assessment has been undertaken qualitatively, in terms of first hand experience
and quantitatively, in terms of SPS system performance, total government subsidies and
assistance delivery to assess government policy strengths and possible deficiencies.
This aim is achieved by:
•

Profiling and compiling owners/operators opinions of SPS systems over time in
remote agricultural regions; and

•

Identifying issues in need of attention with regards to technical performance,
delivery options and service infrastructure.

This leads to a critique on the effectiveness of current policies designed to assist the
performance, costs and maintenance of SPS systems and determine development paths
of policy to assist all three sectors.

1.3 Research Methods
There are three major aspects of this research:
•

policy framework;

•

historical data collation; and

•

pastoralist survey.
3

The primary research aim was achieved by critiquing government programmes,
international agreements, energy subsidies and grants, sectoral trends, greenhouse gas
emissions and SPS system performance. Identifying significant past research
conclusions and surveying Western Australian pastoralists necessitated a review of the
performance of significant State and Federal policies/programmes in the energy,
agricultural and climate change areas.

The CAT/ACRE (2000) survey was utilised for surveying Western Australian
pastoralists. The survey was developed for one of the largest pastoralist SPS system
studies conducted in Australia. Repeating this research assisted in the comparison of
newly collected data with large amounts of historical research to determine general
trends, within the limitations of methods and statistical validity.

1.3 Thesis Structure
Chapter 1: Introduction, introduces the background and research aims and methods.
Chapter 2: The Current Policy Environment, reviews major policies in the three focus
areas of agriculture, energy use, climate change. Important elements are identified
important elements, influential industries in policy development, potential crosssectoral policy applications and areas of progress.
Chapter 3: SPS Research & WA Experience, reviews the historical and current
programmes in Western Australia that were developed to assist remote people in
obtaining electricity energy services.
Chapter 4: Pastoralist SPS System Research, reviews previous studies and findings in
addition to the research methodologies and survey results. Trends specific to the
pastoralist are reviewed and which include discussions of notable aspects. The
4

summary sections are focused on illuminating strengths and deficiencies of the past and
current policies in relation to the development of SPS systems and achieving policy
objectives of greenhouse gas abatement, agricultural sustainability and energy supply
equity in regional Australia.
Chapter 5: The Study, includes the research framework, the survey methodology,
analysis and limitations.
Chapter 6: Research Results and Discussion, contains the results of the survey and
discusses some interesting aspects and observations.
Chapter 7: Conclusions and Recommendations, summarises the research findings and
provide policy direction for SPS system development.
Chapter 8: References.

Additional Material on CD (Chapter 9): Appendices, includes a comprehensive
collection of supporting material in appendices and survey instruments. This
information is useful to understand the policy environment of the core research topic in
a historical context.
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CHAPTER 2: THE CURRENT POLICY ENVIRONMENT
2.1 Agricultural Trends
The position of agriculture in the Australian economy is in decline despite continued
developments in the industry over many decades. In the 1950s, agriculture accounted
for around 25% of Australia’s GDP and agricultural products comprised more than
80% of exports (Economist Intelligence Unit 2002). By the 2001-02 financial year,
agriculture (including forestry and fishing) accounted for only 3.3% of GDP and 24.4%
of merchandise exports (Economist Intelligence Unit 2002). The annual gross value of
Australian agricultural production is generally in the order of $40 billion per year, of
which exports are often valued at $30 billion, depending on seasonal productivity
fluctuations (Australian Greenhouse Office 2006). In 2005, the agricultural sector was
comprised of 129,900 individual businesses producing $36.562 billion in gross value
(Australian Bureau of Statistics 2006). So whilst agricultural output has expanded
significantly. The importance of the farming sector in the economy has declined
markedly due to the diversification of the Australian economy.

Australia depends on a significant level of international trade and investment as over
1.7 million jobs are directly or indirectly associated with exports. Australian
agricultural exports totalled 7.7% of total exports in 2003–04 (Trewin 2006). Primary
Agricultural production includes a large variety of products for both export and
domestic consumption. The beef industry is the biggest agricultural enterprise in
Australia and is heavily dependent on export markets, as over 60% of Australian beef
production is exported, primarily to the United States and Japan. The lamb meat
industry has also become increasingly important, as the sheep industry has moved its
focus from the production of wool to prime lamb due to low wool prices.

6

Over the past decade, direct government support for Australian agricultural products
have been low by international industrialised standards, although relief funding is
provided in “exceptional circumstances” such as droughts (Trewin 2006). Indirect
methods of support such as public research and development is higher in Australia than
in any other OECD country (International Energy Agency 2001). Thus, while
agriculture contributes around only 3% to GDP on average, the sector attracts around
18% of public research and development expenditure.

2.1.1 Agricultural Energy Consumption and Climate Change
In 2003, the Australian agricultural sector consumed 143 kilotonnes of oil equivalent
(ktoe) of electricity (~1,673 GWh) and 1,885 ktoe of petroleum products on a net
calorific value basis. The components of petroleum products included 20,000 tonnes of
liquid petroleum gas (LPG), 100,000 tonnes of petrol and 1,696,000 tonnes of
gas/diesel (International Energy Agency 2003). The agricultural sector does not directly
consume a disproportionately large amount of energy per GDP.

Energy end use for the Agricultural sector in the 2003-2004 financial year was 95 PJ, or
almost 2.67 % of the national total (Trewin 2006). As a comparison, the mining sector
consumed slightly over 8.8% of the end use energy and contributed to 4.21% of GDP in
Australia over the same period (Trewin 2006). Direct GHG emissions from energy use
in agriculture are also relatively small. However, the industry contributes significant
GHG emissions to the national totals due to land use practices and ruminant emissions.
For a summary of the Agricultural sub sectoral emissions see Appendix A on CD.
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2.1.2 Agriculture and Australians
Compared to their urban counterparts, rural people tend to be disadvantaged with
respect to indices of employment, health, mental health and costs of living (Anwar
2005). The inequities faced by farmers and pastoralists in Australia in terms of
availability of services, larger energy costs and the average age of farmers presents a
unique situation to test governments and communities capacities to find solutions to
these problems. The well-publicised decline of rural Australia, with its inherent loss of
population, closing of schools, hospitals, banks, government and commercially funded
infrastructure is an unfortunate consequence of the slowly eroding profitability and
commercial opportunity surrounding the traditional agricultural practices so familiar to
rural Australians (Sonn 2002).

The average age of farmers in Australia has been increasing over the last few decades
and is now approaching the age of 55. This loss of younger people in agriculture is
cause for concern (Australian Bureau of Statistics 2006). Figures 1 and 2 show the age
profiles of farmers and pastoralists by industry and highest formal education by
industry respectively.
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Figure 1 : Australian Farmer Age Profile by Industry (Department of Agriculture
Fisheries and Forestry 2004).
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Figure 2 : Highest Level of Formal Education by Industry (Department of Agriculture
Fisheries and Forestry 2004)

A 2002 Solutions Survey found two significant trends in the agricultural industry. This
was that 28% of producers intended to retire or semi-retire from farming within the
next five years and that 18% of farmers agreed with the statement “If I had the chance I
would sell up and leave the industry” (Department of Agriculture Fisheries and
Forestry 2004). One important aspect of the research findings is that within ten years of
a farmers’ retirement they are significantly less likely to alter their approaches or adopt
industry Best Practice (Department of Agriculture Fisheries and Forestry 2004). This
finding has relevance for the uptake of new technologies in rural applications, such as
water pumping systems and SPS system configurations.

Australia has a land mass of almost 770 million hectares, containing unique land, water,
vegetation and biodiversity resources (Australian Greenhouse Office 2004). In 2005,
almost 58% of the total continental land was involved in agricultural production and
any small change in practices may result in a large cumulative impacts on the nations
economy, environment and productivity of regional areas (Australian Bureau of
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Statistics 2006). The figure below shows the land use type and respective areas in
Australia. Pastoralists are represented by the largest land use area, grazing.

Table 1 : Areas of Different Land Use in Australia (Australian Greenhouse Office
2004).

2.1.3 Pastoralism
The pastoral industry of Western Australia is a key primary industry concerned with the
grazing of animals. Pastoral enterprises occupy 58% of the Australian natural
ecological system that is presently described as “rangeland” and has principally been
concerned with the grazing of cattle and sheep for meat and fibre (Price 2003). In
Western Australia the pastoral industry occurs on around 45% of Western Australia’s
rangelands, which in total occupy about 87% of WA (Western Australian Department
of Planning and Infrastructure 2006).

Most rangelands are either unallocated Crown Land or leased to pastoralists by the
State Government for varying periods of time up to 50 years. All pastoral leases expire
on 30 June 2015, however most leases are expected to be renewed for a term equal to
their current lease (Western Australian Department of Planning and Infrastructure
2006). Most pastoral leases are held by individual families or pastoral companies. A
small minority of leases are held by indigenous groups, mining companies or
10

conservation groups. Pastoral leases are administered by the Pastoral Lands Board and
currently there are 527 pastoral leases covering 474 pastoral stations (Western
Australian Department of Planning and Infrastructure 2006).

The productivity of the rangelands is relatively low compared with other agricultural
regions of WA, accounting for around 4% of the gross value of WA agricultural
production (Schapper 2002). The vastness of many pastoral properties and the sizes of
herds/flocks on pastoral leases, coupled with the tenure of the rangelands leads to a
relatively low capital investment in the landholding (Dalton 2003).

The large scale and low productivity of the rangeland operations does not often allow
cost effective intensive management systems of pastures or livestock. Major capital
investments for pastoral businesses are waterpoints, roads, accommodation and
stockyards. The cost of monitoring stock watering points on a typical pastoral lease
may be anywhere from $60,000 to $150,000 each year, depending on the cost of labour,
the frequency of visits and the distances travelled, which may be up to 350 km on poor
condition station roads (Dalton 2003).

Recently, the low commodity prices, global economic fluctuations and climatic
uncertainties have resulted in pressure upon traditional management practices to
undertake a spectrum of innovative activities. These activities have included tourism,
bush food harvesting, native and feral animal commercialisation, a focus on prime lamb
instead of wool production and timber harvesting (Scadding 2003). However, financial
and institutional barriers such as native title uncertainty, access to information, lack of
public infrastructure, poor access to appropriate financing and limitations from land
lease restrictions prevent diversification (Price 2003). Furthermore The WA Land
Administration Act 1997 states that pastoral land is not to be used other than for
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pastoral purposes without a permit. “Pastoral purposes” means the commercial grazing
of authorised stock, or other agricultural, horticultural activities related to stock grazing
(Scadding 2003).

Recently, the industry has seen some prosperity derived from the increasing live export
market. However, these export markets are a relatively narrow economic base to
support a sustainable pastoral industry. The increasing emergence of non-traditional
pastoral activities is predicted by some to increase resource efficiency, provide
development opportunities for rural communities and contribute to ecological
sustainable land management (Scadding 2003).

This diversification is hoped to improve the environmental credentials of pastoralism in
Western Australia. Current government statistics suggest that a century of pastoralism
has completely destroyed some areas of the rangelands ecologically, while 26% is in
poor condition, 34% is in fair condition and only around 40% is in good condition.
Ultimately the degraded rangeland vegetation and soils could proceed to a point of
desertification (Schapper 2002).

Recent estimates of WA’s salinity problem are that around 1.63 million hectares (9%)
of productive agricultural land is now salt-affected. Estimates suggest that by 2010 the
total may reach 2.9 million hectares, or 16.4% of the total cleared area, including the
degrading of 80% of the length of the region's rivers. Less than half (48%) of the
potential divertible surface water resources of the region are still fresh, but more than a
third (36%) are no longer potable. The agricultural region of WA has lost more species
of plants and animals than any other comparable region in the world (Schapper 2002).
Therefore, there is a significant number economic and environmental challenges for
pastoralism in Western Australia that require addressing.
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2.2 The Agricultural Policy Response
There are numerous policies to assist agriculture and rural areas. Many are
technologically and economically innovative and effect farmers both directly and
indirectly. Policies that directly assist rural agricultural areas are based around capacity
building, innovation, social and economic development, change facilitation, welfare
safety nets and the promotion of self-reliance, rather than the traditional protectionist
ideologies and subsidy mechanisms.

An extended period of government rural policy review that included extensive
consultation, a formal review through the McColl Rural Adjustment Report (1996) and
the National Rural Finance Summit (1996) (Department of Agriculture Fisheries and
Forestry 2004) lead to the development of a sweeping array of government programmes
aiming at profitability, competitiveness and sustainability. These programmes were
encompassed in the governments package Agriculture – Advancing Australia (AAA)
(1997) (Department of Agriculture Fisheries and Forestry 2004).

The AAA package was launched in 1997 with an initial funding of $525 million with
the new policy objectives of:
•

helping farmers profit from change;

•

giving farmers access to an effective welfare safety net;

•

providing incentives for ongoing farm adjustments; and

•

encouraging social and economic development in rural areas (Department of
Agriculture Fisheries and Forestry 2004).

For a summary of the numerous programmes developed under the AAA package, see
Appendix B on CD.
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This package confirmed the Federal Government’s commitment to the sustainability of
the agricultural sector. Crucially, there was and is, a rigorous identification of the
results of each programme. A set of key indicators of producer behaviour, skills and
attitudes was developed by conducting workshops with key stakeholders and leading
agricultural consultants. Once every two years an independent research group
researched these indicators using surveys to assess the effectiveness of programmes to
achieve the AAA package objectives. In addition, a formal review of each individual
programme was undertaken (Department of Agriculture Fisheries and Forestry 2004).
This research was evaluated against the impact of the market and other economic
factors to assess the short and long term benefits (or otherwise) of the policies,
crucially, inside the lifetime of the programmes.

This research, termed producer surveys, produced an invaluable resource in
determining the attitudes and position of agriculture in Australia and has played a major
role in focusing the agricultural sector towards a sustainable future. The AAA package
has been successful in instigating large developments in building the capacity of the
agricultural industry and of individual producers, to make informed decisions on future
planning and identifying and managing risk. The surveys also provided new insights
into the diversity of producers’ attitudes and circumstances and their participation in
government programmes. Importantly, the feedback to policymakers identify
challenges for government, communities and industry in the present and in the future
(Department of Agriculture Fisheries and Forestry 2004).

The AAA package is an example of an integrated national policy that has been
effective, focused, well researched, substantially supported and shows how effectively
the national, state and territory governments can work together to deliver successful
policy outcomes. The comprehensive producer surveys, feedback mechanisms, capacity
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building initiatives, the establishment of key policy indicators, active identification of
programme results and clear, long-term government leadership is an example of Best
Practice policy making. The agricultural sector displays models that effectively
implement a spectrum of multifaceted policy objectives to enhance the effect that these
policies have on the ground.

The integrated approach taken in the development and refinement of the AAA package
is a policy process that may be used as a model of Best Practice to be adapted to
climate change, energy conservation and renewable energy development. Assisting the
Australian community through direct assistance and capacity building to reduce fossil
fuel energy use is within the capacity of governments and also aligns well with the “no
regrets” policy options in current favour with government.

2.2.1 Research and Development in Agriculture
In addition to direct government capacity building and assistance programs, there are
various institutions that have been established for the advancement of Best Practices
and promotion of quality production in agriculture. They are called Research and
Development Corporations and Companies (RDCs). The Australian RDC model has
proved to be a successful investment management model and is based on the
Commonwealth Government’s commitment to match dollar-for-dollar agricultural
industry contributions up to a limit of 0.5% of each industries gross value of production
(GVP) (Department of Agriculture Fisheries and Forestry 2005). The ratio of
government-to-industry contributions to these RDC’s vary, but has remained
approximately one to one in most cases over long periods of time. The following table
shows each agricultural RDC R&D expenditure and component contributions of
industry and government for the year 2005-06.
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Table 2 : RDC Industry Specific Income and Expenditures in 2004-05 (Department of
Agriculture Fisheries and Forestry 2005).

The 15 Australian RDCs are partnerships between the Australian Government and the
agricultural, fisheries and forestry industries. As a consequence of the RDC approach,
the Australian rural sector uses processes and technologies that are among the most
advanced in the world (Department of Agriculture Fisheries and Forestry 2005). To the
farmer these RDCs are an invaluable source of news, ideas and information that are
disseminated to members and non-members alike. The matched funds in the RDC
model provide stability and certainty to industries over long periods of time.
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Figure 3 : Government & Industry Contributions & Expenditure 1990-2005
(Department of Agriculture Fisheries and Forestry 2005).

These RDCs leverage the expansion of R&D to include future needs and requirements
of the industry in addition to current needs. The incentives of an RDC model are
attractive, and may have a place in supporting other strategic industries and sectors,
such as the energy service industry.

2.2.1 Agricultural Summary
It is clear from the range and quality of direct and indirect measures developed by the
Australian Government that agriculture is a priority sector. The use of broad-based
economic approaches and the investment of billions of dollars into market
development, Best Practices and capacity building to assist the transition from
traditional agriculture towards a globally competitive commodity based dynamic sector.

Pastoralists, being a part of this transition, understand first hand the motivators,
pressures and activities involved in addressing change. They are exposed to quality
policy making from the agricultural sector and the benefits that it produces. They are
also well aware of the deficiencies of policies to address energy service provision in
their regions. In particular, the disparity between government funded and privately
provided energy supply services. The contrast between agricultural and energy policies
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in regional areas make clear shortcomings in government rural energy service policies.
This is particularly applicable to SPS systems in remote pastoral regions.

The circumstances of pastoralists in Australia are quite unique due to their remote
situation, comparatively small number and the availability of good research on their
activities and SPS system performance. It is impossible to develop policies in isolation
from other policy areas and therefore it is essential to coordinate policies between areas
to effectively achieve government objectives. Progress in policy can be assisted by
research that connects different paradigms to identify and adapt successful models to
the renewable energy industry. Focusing on the interrelated spheres of agriculture,
energy and climate change allows government policies to be examined in an outcomebased situation, as opposed to the often theoretical and qualitative policy assessment
methods. As agriculture is a priority area for the government, effective agricultural
policies may provide an indication of what is possible in the renewable energy sector to
develop a sustainable SPS system market.

Researching pastoralist SPS system performance in this broad policy context allows
Australian government policies to be assessed in a practical outcome based situation to
reveal long-term strengths and deficiencies.

2.3 Energy Policy and Policy Influence
Australia is a relatively small nation and is dependent of the international investment
for significant amounts of energy technology and infrastructure investment. For a
summary of global energy production and consumption trends, see Appendix C on
CD. Understanding the historical dominance of fossil fuel based generation in SPS
systems and electricity grids in Australia requires some overview of the Australian
18

energy sector. The availability and low cost of diesel in Australia has assisted in diesel
becoming the dominant technology for SPS systems for pastoral stations. Fluctuations
in diesel fuel costs and new technologies are leading consumers to expect more from
their SPS system.

Policies to assist the introduction of renewable energy capacity into electricity grids are
assisted by regulatory and market reform policy approaches. However, off-grid areas
have not seen a corresponding increase in sustainable policy developments to assist the
SPS industry growth over the long term. The SPS industry due to its small size is
constricted to provide energy service infrastructure to remote areas, as it cannot
currently compete with utility-scale operations. For a summary of the electricity sector
in Australia, see Appendix D on CD.

Broader energy policies are focused on the efficient provision of affordable energy
services. These objectives entail the use of large indirect and direct taxes, excises and
subsidies. Large amounts of information are required to illustrate the huge impact many
of these policies have on renewables and SPS systems.

For a summary on Energy Industry Reform (including the NEM and Western
Australian Electricity Market), see Appendix E on CD. For information regarding
Australian Energy Taxation and Royalties, see Appendix F on CD, and for a summary
of Australian Energy Subsidies, see Appendix G on the CD.

Market reforms and direct government support for innovation in up-scaling
manufacturing of renewable energy technologies designed for Australian conditions
may assist the assimilation of renewable energy capacity into existing energy services
in view to displacing fossil fuels and developing export markets. The Australasian
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market has been regarded as a considerable market opportunity for some time. Market
aggregation focused on developing renewable energy system integration into
conventional system configurations and large scale manufacturing of wind turbines,
bagasse-fired high pressure turbines, photovoltaics, solar hot water systems and
biomass gasification units remain an opportunity for manufacturing sectors
(International Energy Agency 2001).

The removal of some significant hurdles with renewable component system integration
has the potential to benefit the smaller SPS system industry. However, this outcome
cannot be assured with policies that do not cater for the specific needs of the SPS
system industry. One market advantage for the Australian manufacturing sector may be
the potential “early adopter” of renewable energy SPS systems, the pastoralist.

Early adopters of technology provide a commercial niche market for new technology
development. Industries that see significant future potential in their business operations
foster the early adopter to assist in ironing out issues while unit prices are high. Further
development allows increased production and an expansion of the number of early
adopters. R&D that is inclusive of early adopters can provide a significant knowledge
and economic base for progressive industry expansion into new commercial markets.
Pastoralist energy requirements may be one such early adopter, presenting the
opportunity for the domestic SPS industry to gain experience and feedback
domestically before advancing into international markets. Government climate change
commitments, policies and initiatives aimed specifically at renewable energy
components in SPS system in Western Australia support this potential market
development process.
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2.4 Australia’s UNFCCC & Kyoto Protocol Commitments
Many programmes to stimulate renewable energy capacity in the domestic energy mix
can be traced to Australian participation in international environmental law. Australia’s
participation in the United Nations Framework Convention on Climate Change
(UNFCCC), (herein referred to as the Convention), has facilitated a significant amount
of funding available for renewables in the area of capital cost subsidies and grants. The
Convention is an international treaty that entered into force on the 21st March 1994
(United Nations Framework Convention on Climate Change 2006). Its ultimate
objective as stated in Article 2 of the Convention is the stabilisation of greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference to the climate system (United Nations Framework Convention on Climate
Change 2006).

The Conventions various principles, obligations, associations and procedures have been
the basis of international debate over climate change law for many years (United
Nations Framework Convention on Climate Change 2006). These international
negotiations have achieved many significant outcomes, including motivating numerous
countries to follow the complex and multifaceted commitments under the Convention
(United Nations Framework Convention on Climate Change 2006). The progress
Australia has made in implementing the commitments of the UNFCCC since signing
the Convention on the 30th December 1992 are significant. Australia’s extraordinary
performance in achieving many of the UNFCCC obligations were acknowledged in the
Report on the in-depth review of the second national communication of Australia in
1999 from the United Nations (Australian Greenhouse Office 2006). However, the
Australian Government has received substantial international and domestic criticism
over its attitudes towards the UNFCCC and the Kyoto Protocol negotiations.
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Some distinction must be made between the commitments under the Convention and
commitments under the Kyoto Protocol. Australia is a signatory of the Kyoto Protocol,
as it is to the Convention, but Australia has opposed the ratification of the Protocol on
predominantly economic grounds, whereas Australia previously ratified the
Convention. The main difference between the Convention and the Protocol are the
different accounting methods and legal consequences of achieving or not achieving
national obligations (Breidenich 1998).

In Australia, the signing of an international treaty does not result in its automatic
inclusion into Australian Law. Once Australia is a signatory of a convention the treaty
must be presented and passed by Parliament, when it is then considered ratified and is
incorporated into Australian Federal Law (Willis 2006). The Convention has no legally
binding emission reduction targets, whereas the Protocol does have legally binding
targets for countries to adhere to and mechanisms in place for rewarding and penalising
countries that have or have not achieved their targets. For more information on the
Australian approach to the Convention and Kyoto Protocol negotiations, see Appendix
H on CD.

Australia’s approach to the Protocol has allowed large increases in emissions in some
sectors, notably the stationary energy and transport sectors. These two sectors are
important areas in relation to agriculture in general and pastoralists specifically, as they
are large factors of production in their primary business and require larger outlays than
in urban Australia. The vast distances travelled by pastoralists to main centres and the
large amount of transport fuels (mostly diesel) to power farm machinery and for
electricity generation in domestic SPS systems compound the pastoralists dependence
on conventional fuels.
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Climate change initiatives for stationary energy in areas without access to the electricity
grid aim to reduce the fossil fuel use by displacing them with renewable energy
capacity in SPS systems. SPS systems are a relatively expensive method of electricity
generation per kilowatt-hour (kWh) in comparison to purchasing generated electricity
from an electricity transmission network serviced by an energy utility. Australian
governments have developed many programmes to simultaneously reduce the cost of
renewable energy technologies and achieve Convention and Kyoto Protocol
commitments.

2.5 Australia’s GHG Programmes
The 1992 National Greenhouse Response Strategy (NGRS) was the first Australian
approach to address all sources and sinks of all GHG across every sector of the
economy. The NGRS was a commitment made by the Commonwealth, State and
Territory Governments and was formally endorsed by the Council of Australian
Governments (COAG). An interim planning target was agreed that Australian GHG
emissions would be reduced by 20% by 2005, based on 1988 levels. This target was
subsequently abandoned with the later UNFCCC and 1997 Kyoto negotiation targets,
which were much less demanding. (Parliament of Australia: Senate 2000).

Priority areas in the NGRS were:
•

to prepare a National Greenhouse Gas Inventory (NGGI);

•

for micro-economic reform in the electricity and gas sectors to promote
competition between suppliers and to promote green energy sources;

•

to increase residential and commercial energy efficiency through energy
labelling and minimum energy performance standards (MEPS); and
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•

for more efficient transport systems through travel demand strategies and
improved fuel consumption in the national vehicle fleet (Parliament of
Australia: Senate 2000).

2.5.1 The Greenhouse 21C Statement & Safeguarding the Future
In 1995 the Keating Labor Commonwealth Government announced additional
greenhouse measures in what was known as the “Greenhouse 21C” statement. The most
significant of the new measures was the Greenhouse Challenge Programme, a joint
voluntary initiative between the commonwealth and industry, providing a framework
for undertaking and reporting on action to reduce GHG emissions (Parliament of
Australia: Senate 2000).

In 1997, immediately prior to the Kyoto conference, the Prime Minister announced a
$180 million, five-year package of measures; Safeguarding the Future: Australia’s
Response to Climate Change. The Government argued that this package of measures
represented a “balanced and far sighted approach” (Parliament of Australia: Senate
2000). The package directed funding at expanding existing programmes and creating
new programmes including the establishment of the Australian Greenhouse Office
(AGO) with the aim of delivering Commonwealth greenhouse programs and providing
a central point of contact for industry and other stakeholder groups (Australian
Commonwealth Government 2000).

Safeguarding the Future focused heavily on furthering energy market reform for
economic, environmental and greenhouse benefits, along with implementing efficiency
standards for fossil fuel electricity generation. (Parliament of Australia: Senate 2000).
This package also introduced the notion of mandatory targets for increasing new
renewable energy into the national electricity mix and the wide-scale provision of
capital assistance for renewable energy technologies. Transport fuels received attention
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with new fuel efficiency standards to establish a 15% efficiency improvement target by
2010 over business as usual to include mandatory, model specific and fuel efficiency
labelling (Parliament of Australia: Senate 2000). The built environment also featured in
Safeguarding the Future with modifications to national energy efficiency building
codes and appliance standards designed to accelerate the take-up of energy efficiency
measures with enormous potential for emissions savings. Another initiative was to
treble Australian plantations by 2020 by removing impediments to the development of
commercial plantations and facilitating the growth in plantation forestry and native
revegetation to act as a greenhouse sink (Parliament of Australia: Senate 2000).

Six million dollars was earmarked for facilitating Australian involvement in Clean
Development Mechanisms (CDM) and Joint Implementation (JI) to develop Australian
industry’s ability to exploit Kyoto flexibility mechanisms (Parliament of Australia:
Senate 2000). This would provide a mechanism for the domestic renewable energy SPS
industry to expand into overseas markets.

Additional measures included $154 million in AusAID funding and $46 million for the
Global Environment Facility (Parliament of Australia: Senate 2000). Safeguarding the
future produced programmes such as the Renewable Energy Innovation Investment
Fund (REIIF), which was renamed the Renewable Energy Equity Fund (REEF), the
Renewable Energy Commercialisation Programme (RECP), the Renewable Energy
Industry Programme (REIP), the Renewable Energy Showcase Programme and
provided the foundations for the Mandatory Renewable Energy Target (MRET). The
REIP and Renewable Energy Showcase programmes have all concluded to be replaced
by similar incarnations in later Federal packages but provided support to some specific
developments (Australian Greenhouse Office 2006). In the 1997 Safeguarding the
Future Statement, John Howard stated that the set of packages released on the 20th of
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November “will achieve a dramatic reduction of a third in our expected net emissions
growth from 1990 to 2010” (Howard 1997). For Specific Information on Each of these
programmes see Appendix I on CD.

2.5.2 The National Greenhouse Strategy
From a review of the NGRS the Commonwealth, State and Territory governments
commenced the development of the National Greenhouse Strategy (NGS) in 1996,
which was finally launched in November 1998. The NGS was based on the NGRS
review recommendations, the Safeguarding the Future package, the Kyoto negotiation
outcomes and changes since 1992 (Parliament of Australia: Senate 2000).

The NGS has three key goals:
•

to limit net greenhouse gas emissions to meet our international commitments;

•

to foster knowledge and understanding of greenhouse issues; and

•

to lay the foundations for adaptation to climate change (Parliament of Australia:
Senate 2000).

The NGS guides the Australian policy response and was developed by the
Commonwealth, State/Territory and Local Governments with input from industry and
the community. Its aim is to create large reductions in Australia's projected emissions
growth under its programmes through the Australian Greenhouse Office (AGO).
Australia's Kyoto target will require limiting the growth of domestic greenhouse gas
(GHG) emissions to 8% above 1990 levels by 2008-12 (The Energy Taskforce 2004).
Part of Australia’s negotiations for inclusion in the Kyoto Protocol was of sinks under
Article 3, which rendered achieving the Australian Kyoto target a relatively easy task,
but one that still requires a resolute commitment. For a summary of the NGS, see
Appendix J on the CD.
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Criticisms of the NGS are wide-ranging from the slow and haphazard pace of
implementation planning and lack of integration of greenhouse into other strategic
Commonwealth policy objectives, including energy market reform, competition policy,
taxation, resource management, industry development and transport. Problems were
noted with the slow progress of implementing agreed measures under the NGS by the
States and ineffective coordination with the Commonwealth over design, progress and
adequacy of measures (Parliament of Australia: Senate 2000). However, there are
programmes released under the NGS that have had impact on areas that promote
renewable energy awareness and capacity expansion in on-grid and off-grid areas, such
as GreenPower. For a summary of GreenPower, see Appendix K on CD.

2.5.3 Measures for a Better Environment
The 2000-01 Federal Budget (adopted in May 2000) allocated nearly $800 million of
additional funding to greenhouse gas reduction programmes over four years known
collectively as Measures For a Better Environment. The Measures for a Better
Environment package provided the largest single investment for the promotion of
renewable energy technologies in off-grid applications. The Measures for a Better
Environment package was announced in May 1999 as part of GST tax reforms in
Australia, which took effect from 1st July 2000 (International Energy Agency 2001).

Key areas of focus under the package were:
•

the Greenhouse Science Programme guided by the NGS and international
commitments, expansion of the voluntary Greenhouse Challenge Programme to
become the Greenhouse Challenge Plus Programme;

•

the accelerated capacity building of renewable energy industries and increased
uptake of renewable energy;

•

energy market reform and standards development;
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•

transport fuel energy efficiency improvements;

•

building code standards; and

•

supporting commercial involvement in international support programmes (CDM
& JI) under the Kyoto Mechanisms (Parliament of Australia: Senate 2000).

The programs that were launched or funded in this package were the Greenhouse Gas
Abatement Programme (GGAP), the Photovoltaic Rebate Programme (PVRP), the
Renewable Remote Power Generation Programme (RRPGP), extension of the
Renewable Energy Commercialisation Programme (RECP), the Renewable Energy
Action Agenda (REAA) and the Alternative Fuels Conversion Programme (AFCP)
(International Energy Agency 2001). These packages included grant programs designed
to meet half the cost of photovoltaic systems to reduce cost barriers assist community
organisations to install solar conversions (Parliament of Australia: Senate 2000).
Programmes such as the PVRP and RRPGP programmes were initiated to offset the
GST impact on renewable energy industries and to improve renewable input into SPS
systems to support renewable energy uptake.

2.5.4 The Renewable Remote Power Generation Programme (RRPGP)
The RRPGP was allocated an initial $264 million to support the replacement of diesel
in diesel-fuelled SPS systems with renewable system components. (Parliament of
Australia: Senate 2000). The RRPGP is an Australian Government funded project with
the current principle aim of displacing the use of diesel fuel used for electricity
generation by increasing the uptake of renewable generation technologies in remote
locations. Supporting market development of renewables, meeting the infrastructure
needs of indigenous communities and reducing GHG emissions are additional aims of
the programme.
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The RRPGP was introduced in July 2000. In Western Australia the RRPGP is
administered by the Sustainable Energy Development Office (SEDO) as a part of the
Western Australian Office of Energy. The RRPGP deadline for expenditure of funds
was extended from 2008 to 2012 (Sustainable Energy Development Office (SEDO)
2006). Only Western Australia and the Northern Territory have significant funding
remaining (Watt 2005). Specific information regarding the Western Australian RRPGP
programmes and expenditure is covered in detail in Section 3.2 Western Australia,
Renewable Energy & Pastoralists.

The RRPGP provides up to 50% of the capital value of the replacement or new
renewable generation capacity for off-grid users of fossil fuel power systems (M. Watt
2005). Funds are allocated to the States and the Northern Territory on the basis of the
certified diesel fuel excise paid in each jurisdiction by public generators (Australian
Greenhouse Office 2006).

From 2005, eligibility was extended to fringe-of-grid installations, displacements of
other fossil-fuels (principally natural gas), energy efficiency measures and solar hot
water heaters (Watt 2005). To be eligible, installations must be able to demonstrate that
they displaced carbon-based fuels with renewables. Qualifying capital costs include
renewable energy generation equipment, enabling/ancillary equipment (inverters, etc.)
and essential expenditures such as installation costs (International Energy Agency
2006).

The RRPGP is administered slightly differently in each State and Territory, in
accordance with local priorities. Some States have provided supplementary funding, for
example the Western Australian government provides an additional 5% on top of the
50% already offered Federally.
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Nationally, 3.8 MWp of PV had been installed under RRPGP by early 2005, of which
0.28 MWp was installed in large utility run diesel grid systems (M. Watt 2005). By the
end of the 2005-06 financial year the RRPGP had allocated almost $230 million in
funding. The RRPGP is an important source of funding for pastoralists and other rural
people wishing to offset the cost of running conventional SPS systems and providing a
better energy service where the grid is not available, or reliable. The table below shows
the RRPGP funding allocated to each state. Western Australia has received around half
of the national allocation.

Table 3 : Total RRPGP Revenue to the States from 2000-01 to 2005-06. (Australian
Greenhouse Office 2006; Australian Commonwealth Government 2006; Government
of Western Australia 2006).
In addition to the direct capital subsidies to purchasers of renewable energy SPS
systems, the RRPGP also provides funding for the Bushlight programme. The
Bushlight Programme is an indigenous renewable energy services project that has
assisted over 77 small remote indigenous communities. It aims to install suitable
renewable energy power systems in small remote aboriginal communities, as well as to
increase industry capacity to service these communities and to build greater
understanding of renewable energy issues within communities. Total funding was $8.4
million over four years (Bushlight 2006) and in August 2006 Bushlight received an
additional funding of $11 million over two years from the Australian Government
(Campbell 2006).
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Bushlight installs small household SPS systems specifically designed and tested to
operate reliably under harsh environmental conditions alongside consultation with
community members, installers and Bushlight regional staff. The systems incorporate a
simple user interface to assist community members to operate and manage their SPS
systems and power use effectively and easily (Bushlight 2006). Bushlight’s Community
Energy Planning Model, Facilitators Guide and Technical Manuals have great potential
in delivering energy services to many people in marginalised areas in Australia as a
step towards a vast global need for reliable and appropriate technology for regional
sustainable development.

The largest of the RRPGP funded industry support projects is RESLab, a renewable
energy systems test centre located in Perth, Western Australia. Established in 2003,
RESLab provides independent testing for the renewable energy industry and specialises
in testing inverters, SPS system balance of system (BOS) components, solar home
systems and battery charge controllers for solar photovoltaic (PV) systems. (Research
Institute for Sustainable Energy (RISE) 2006). RESLab is the test centre, which was
originally developed under ACRE.

RRRPGP funding is also available for industry support programs relating to the use of
renewable energy generation, training, information provision, equipment testing,
standards development, renewable resource and system applicability studies and
demonstration projects (Australian Business Council for Sustainable Energy 2004).

2.5.5 The Photovoltaic Rebate Programme (PVRP)
The PVRP was introduced in 1 January 2000 as a $31 million rebate programme for the
installation of solar photovoltaic generators in residential and community use buildings
(Parliament of Australia: Senate 2000). Cash rebates are available to householders and
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owners of community use buildings, such as schools, who install grid-connected or
stand-alone photovoltaic systems (Australian Greenhouse Office 2006). The
programme overspent its budget allocation in its first year and was redesigned (Watt
2005).

Concern was raised in previous Senate Estimates hearings regarding the basis for
funding allocation and whether it would be sufficient. However, the Government has
declined to provide additional or reallocate resources to this programme. The PVRP
was to cease in 2005 with funding is provided by the Australian Government with
administration by the State Governments (Watt 2005). The PVRP was extended for a
further two years in May 2005 to June 2007 by an additional provision of $11.4 million
(Australian Greenhouse Office 2006).

Under the PVRP householders are eligible for a rebate of $4/Wp reduced in stages to
$3.50/Wp capped at $4,000 per residential system with smaller rebates for extensions to
an existing system. Community buildings attract a $4/Wp rebate but have had a higher
cap of $8,000 per system, which was reduced to $4,000 from 2006. In addition, $1
million was allocated to residential housing developers and display homebuilder
projects of $3.50/Wp, reducing to $3/Wp in $50,000 blocks. Since the start of the
programme in 2000, more than 6,600 systems, using 8 MWp of PV, had been installed
and rebates of over $30 million have been provided with more than half the installed
capacity being grid connected (Watt 2005).
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Figure 4 : Watts Installed per Month Under the PVRP from 2000 to 2004 (Australian
Business Council for Sustainable Energy 2004).

Grants of $5.50 per Watt (up to 1.5 kW) were initially available and there was a rapid
uptake of the grants in the first six months the rules were changed to $4 per Watt for
new systems and $2.50 per Watt for system upgrades. Some states have developed
Solar Schools programmes under the PVRP. Since 2000, over 5000 PVRP systems
have been installed, representing over 5.7 MW of PV installed capacity (Australian
Business Council for Sustainable Energy 2004).

For a summary of all other programmes released under Measures for a Better
Environment see Appendix L on the CD.

2.5.6 Securing Australia's Energy Future – The Energy White Paper
The Australian Government announced the Energy White Paper, Securing Australia's
Energy Future in 2004. It provided $700 million in support to a range of energy policy
initiatives to lower greenhouse emissions from the energy sector over the long-term.
The initiatives include the Low Emissions Technology Demonstration Fund (LETDF),
the Renewable Energy Development Initiative (REDI), the Solar Cities Programme,
Wind Energy Forecasting Capability Programme, the Advanced Electricity Storage
Technologies Programme (AEST), the Climate Change Strategy’s Low Emissions
Technology and Abatement Programme (LETA) and Local Greenhouse Action
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Programme (LGA). The REDI, AEST and Solar Cities Trials programmes are
important programmes for technology development relevant to SPS systems and will be
covered below. All other White Paper programmes are summarised in Appendix M on
CD.

2.5.7 Renewable Energy Development Initiative (REDI)
Launched in October 2005, this programme will provide $100 million over seven years
in the form of competitive grants of between $50,000 and $5 million to Australian
industry to support early-stage commercialisation; research and development;
technology diffusion and proof-of-concept activities in renewable energy technology.
Projects are required to demonstrate strong commercial and emissions-reduction
potential (Watt 2005).

The difference between the REDI and RECP programmes were essentially that RECP
only offered funding for early-stage commercialisation of renewable energy. Currently
there have been three rounds and awards of around 20 million have been allocated.

2.5.8 Advanced Electricity Storage Technologies (AEST)
These technologies include batteries, electro-mechanical, thermal and chemical storage
and will be supported via the $20.4 million AEST fund to identify and promote
advanced storage technologies to overcome the barriers to renewables and other
intermittent energy sources to contribute to the Australian electricity supply system.
The aim is for Australian industry to demonstrate electricity storage technologies and
develop solutions that will benefit both the electricity storage and renewable energy
industries (Watt 2005).
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AEST is effective from 2004 and has funding allocated in packets of annual allocations:
2004-05 - $800,000, 2005-06 - $3.7million, 2006-07 - $5.8 million, 2007-08 - $5.8
million (International Energy Agency 2006). The programme has three priority areas;
on-grid, megawatt-size storage for large wind energy systems; on-grid, kilowatt-size
storage for household photovoltaic electricity systems; and remote area power supplies
and other renewable electricity applications (Australian Greenhouse Office 2005).

This programme will provide funding on a competitive basis to leverage investments in
technologies such as batteries (lead-acid; nickel metal hydride; lithium ion, etc and
flow-cell batteries such as zinc bromine and vanadium redox), flywheels,
super/ultracapacitors, pumped hydro, compressed air energy storage, hydrogen systems,
ammonia and methane dissociation-recombination, superconducting magnetics and
thermal energy storage systems (such as steam or hot water accumulators, graphite, hot
rocks, or concrete) and latent heat systems such as phase change materials (Australian
Greenhouse Office 2005).

Developing a reliable, cost effective, modular storage technology well suited to
domestic use has been a major barrier to SPS systems for many years. Storage
technologies that enhance renewable energy deployment will significantly assist
renewable energy market growth conventional energy supply systems and will remove
many barriers to the wider expansion of distributed generation technologies in Australia
and globally.

2.5.9 Solar Cities Trials
$75.3 Million have been allocated over five years to demonstrate a high penetration
uptake of solar technologies, energy efficiency, smart metering and other options aimed
at improving the market for distributed generation and demand side energy solutions
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(Watt 2005). These trials are expected to provide a working model of how sustainable
energy systems can work to reduce the need for peak generation and distribution
infrastructure (The Energy Taskforce 2004). Two date, two of the expected three or
four Solar Cities have been announced. Announcement of the remaining City (Cities) is
expected in November and/or December 2006.

Adelaide was selected as the site of Australia’s first Solar City. Around two megawatts
of PV and 7000 smart meters will be installed on homes and commercial buildings to
double South Australia’s current photovoltaic capacity and to assist people monitor
their energy use, save electricity and help electricity providers better understand
consumer choices. In addition 40,000 energy efficiency information packages will be
provided to households and commercial customers, to support their energy efficient
choices.

The benefits to Adelaide include the an expected 9 MW cut in peak electricity demand
and peak electricity infrastructure requirement deferral, saving 28 GWh of energy,
representing $5 million a year in lower electricity costs and a greenhouse gas emissions
each year of between 30,000 and 500,000 tonnes depending on the take up of
GreenPower in these areas (Australian Commonwealth Government 2006). On the 26th
of September, Townsville was named as the second of three Solar Cities. The city will
receive up to $15 million from the federal government to install PV arrays in 500
homes and businesses, 2500 smart meters, 1700 in-house energy display meters and
energy efficiency advice. This is expected to cut Townsville’s GHG emissions by more
than 50,000 tonnes every year (Australian Commonwealth Government 2006).

The objectives of the Solar Cities Trial is to determine the impact a combination of cost
reflective pricing, clustered solar, energy efficiency and smart metering technologies
and planning has on electricity supply and demand profiles and to identify options for
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addressing barriers to distributed solar generation and demand side participation for
grid connected urban areas (The Energy Taskforce 2004).

The relevance of the Solar Cities Trial to SPS systems is through the development of
system components that incorporate smart metering, are of grid quality and involve
demand side management capacity building. The mass installation of photovoltaic
arrays into a region will stimulate growth of photovoltaic service and support
industries. More accredited technician with renewable energy component experience in
areas with electricity grids would also be able to provide expertise and maintenance
services to remote areas outside of the grid infrastructure.

2.6 Effectiveness of Australian Policies
The commitment by the Federal Australian Government of around $1.8 billion to GHG
emission reduction programmes is amongst the highest per capita public investment in
greenhouse action in the world. The Government was also the first nation to establish a
dedicated department concerning climate change policy (Australian Commonwealth
Government 2000).

However, there has been wide criticism that the Commonwealth Government’s suite of
packages and the NGS have not delivered the results sought. (Parliament of Australia:
Senate 2000). Asserting that “the Australian Government continues to support the
underlying objectives of the UNFCCC but remains convinced that ratification of the
Kyoto Protocol is not in the national interest” (The Energy Taskforce 2004) does little
to encourage industry to commit themselves to achieving voluntary GHG reduction
targets. From the available qualitative research the Australia policy approach has been
lacking clear leadership and solid policy direction, especially in the renewable energy
sector.
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The Agricultural package, Agriculture, Advancing Australia was one example of a
policy framework a rigorous identification of the results of each programme. The
establishment of a set of key indicators, conducting thousands of workshops with key
stakeholders and leading consultants with a independent research group researching the
achievements towards these indicators every two years incorporating surveys in
addition to a formal review of each individual programme was notable.

The Federal Governments willingness to research and evaluate the package to assess
the short and long term benefits or otherwise of the policies inside the lifetime of the
programmes was another example of Best Practice policy. The AAA package has been
successful in building the capacity of the agricultural industry and of individual
producers to make informed decisions, to plan for the future, and to identify and
manage risk. Taking approaches, instruments and lessons learned from the agricultural
sector and using these policy approaches in an open manner to climate change policy
design may produce innovative methods for Australia to meet its international
obligations in a carbon-constrained future.

When the Australian government withdrew its support for the Kyoto Protocol in 2002,
many assumed that this closed the door for the involvement of Australian firms in the
global carbon trading market. The Kyoto Protocol emissions trading structures,
bolstered by the European Union Emissions Trading Scheme has presented a number of
major opportunities for some Australian firms, including the renewable energy
industry, banks and law firms. The near $37 billion market would be certain to appeal
to the Australian government to become involved in the global carbon market (Willis
2006).

38

At this time government JI projects in Australia would not generate units in the market
due to the non-ratification of the Protocol. However there is still some scope for
participation in CDMs through various legal flexibilities designed into the Marrakesh
Accords (Australian Greenhouse Office 2001). As the majority of developing nations
do not have significant levels of grid penetration to remote areas the market for SPS
system technologies and associated intellectual property is extremely large. This market
will stimulate renewable energy investment worldwide and it would be prudent for
national industries to place themselves in a position to take part in this and future
carbon trading markets.
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CHAPTER 3: SPS RESEARCH & THE WA EXPERIENCE
3.1 Renewable Energy Research and Development
A type of RDC model was used to facilitate energy research when, in 1978, the
National Energy Research, Development and Demonstration Council (NERDDC) was
established. This began an era in which support for R&D was the primary form of
policy support for renewable energy technologies in Australia. Of the $234 million
committed under the NERDDC to 1990, 11% was devoted to renewable energy, while
the bulk of the funds supported various forms of coal research. This programme,
renamed the Energy Research & Development Corporation (ERDC), continued until
1997 (International Energy Agency 2004). The figure below shows the IEA estimate of
Australian energy R&D budgets for the available years of data from 1979 to 1997.

Figure 5 : Australian Government Energy R&D Budgets 1979-1997* (International
Energy Agency 2004).
The total available renewable energy R&D expenditure in the figure below shows that
over half of total funding focused on solar thermal and biomass technologies. In 1994, a
National Institute of Economic and Industry Research (NIEIR) study estimated
$AUS180 million was provided for energy R&D. Twenty-seven million of this was
provided to renewable energy and energy efficiency applications, including direct R&D
expenditure and research tax deductions (Riedy 2003).
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Figure 6 : Australian Renewable Energy Government R&D Budgets 1979-1997*
(International Energy Agency 2004).

The general declining trend over the period for levels of funding for R&D for
renewable energy is clearly shown for the available data. The final year of data
coincided with the establishment of the Australian Cooperative Research Centre for
Renewable Energy (ACRE).

ACRE was established in July 1996 following a special round of Cooperative Research
Centre (CRC) applications in 1995. ACRE was hosted by Murdoch University in Perth,
WA and began with 21 members, consisting of eight Universities, seven small
companies, four power utilities and two government agencies. Through these synergies,
ACRE produced significant outcomes, including the establishment of a testing facility,
technology research and development, standards development in addition to education
and training programmes (Jennings 2004). ACRE received annual funding of $1.6
million, which was solely dedicated to renewable energy R&D. This represented 19%
of total CRC for energy in 2001 (Riedy 2003).

However, ACRE faced large obstacles, including the lack of a national sustainable
energy policy framework and operating with many under-capitalised small companies.
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The resulting short term planning and insufficient capacity to develop long-term
commercial outcomes lead to a loss of renewable energy industry momentum and
political interest. ACRE closed in December 2003 after almost eight years of operation
after failing to attract sufficient support from industry and government which lead to
the 2002 CRC selection round failure (Jennings 2004).

The continuation of some major development activities and contracts with subsequent
organisations such as QSEIDG and the Research Institute for Sustainable Energy
(RISE), both with projects funded by the RRPGP, enabled some of the existing ACRE
training and testing initiatives to be continued. However, the level of government
funding for research and development for renewable energy in terms of long-term
projects for system integration has been extremely low.

According to Reidy (2003), the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) 2001-02 funding for energy sector R&D was approximately $37
million. Of this, approximately $27 million supported fossil fuel production and $10
million supported fossil fuel consumption. In comparison, renewable energy R&D
funding was estimated to be around $13 million, or 26% of the total energy sector
funding (Riedy 2003). Since 2003, Sustainable energy R&D funding through CRCs fell
to zero. The number of policy programmes focussing on capital grants to support
particular renewable energy projects has been the preferred option for the last several
years.

CRCs bring together researchers from universities, government and the private sector to
focus on specific areas and to evenly match funds or in kind support from each area.
RDCs in the agricultural sector provide similar benefits to that of CRCs, apart from the
statutory nature of some RDC industry contributions, which incorporate only
government and industry stakeholders.
42

The policy rationale for agricultural RDCs is:
•

to overcome market failures associated with a lack of incentives and difficulty
in organising the many producers to fund, pursue and capture benefits of R&D;
and

•

to fund R&D that addresses national needs and priorities and to deliver public
goods and benefits (Department of Agriculture Fisheries and Forestry 2002).

The need for off-grid SPS systems represents a market failure in the Australian
electricity industry. Market failures are the inability of markets to allocate resources
efficiently (Gregory Mankiw 2000). The negative externalities associated with this
form of market failure, such as social inequities, require public policy to reallocate
these energy resources. The lack of a dedicated R&D institution for renewable energy
SPS systems not only disregards this market failure, but it squanders potential public
goods and social equity benefits of reducing long-term economic cost and negative
externalities associated remote energy services. This failure runs contrary to many
policy objectives in the energy, climate change and agricultural sectors. In addition to
these sectors energy policies should be consistent with other policy areas, such as
taxation, welfare, and industry policies.

A long-term commitment by both industry and governments to fund a form of R&D
institution is required for the industry to prosper, especially in areas where markets fail
and where other policies may be either inconsistent or insufficient. Government
policies have the potential to correct the misallocation of energy resources in a manner
that increases equity through providing public goods such as R&D, in addition to oneoff capital grants. R&D institutions that exist in an area of market failure will have
limited capacity to attract large commercial investment to become economically
43

sustainable and to focus on long term objectives. Therefore, R&D in SPS system
integration requires government provision of stable energy policy environments and
funding commitments over very long periods of time to address economic, GHG
emissions and social equity issues in remote energy provision.

Historically, the Australian government commitment to renewable energy R&D has not
been conducive to the long-term objectives of the industry. The ERDC was abolished in
May 1997, due to budget constraints. At the time the government considered that the
ERDC had established a good foundation for industry to take on a greater role in
funding its research (International Energy Agency 2004). ACRE was closed in 2003
after failing to attract sufficient support from government and larger industries
(Jennings 2004). These closures of renewable energy R&D institutions left government
expenditures solely subsidising the cost of “acceptable” systems for consumers and not
focusing on the development of superior and commercially viable systems.

3.2 Western Australia, Renewable Energy & Pastoralists
There are two major interconnected grids as shown in the figure below, the WA South
West Interconnected System (SWIS) and the North West Integrated System (NWIS).
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Figure 7 : The WA Grid and Serviced Areas in 2005 (Western Australian Office of
Energy 2006).

The SWIS is the main electricity grid and connects Perth, Geraldton, Kalgoorlie and the
South West. An estimated 14,467 GWh (55%) of the State’s electricity was generated
on the SWIS in 2005-06. Electricity generated from renewable energy in the SWIS has
quadrupled in recent years. Currently, renewable energy is used to generate an
estimated 4.2% of electricity in the SWIS and at this time the state Government’s target
for 2010 is that 6% of electricity sold on the SWIS will be from renewable sources
(Western Australian Office of Energy 2006). This target may be refined in the near
future with the proposing of the Western Australian Renewable Energy Target.
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Figure 8 : Total Electricity Generated from Renewable Energy in the SWIS (Western
Australian Office of Energy 2006).

An estimated 11,944 GWh (45%) of the State’s electricity was generated in regional
Western Australia in 2005-06. Electricity generation from renewable sources is
approximately 2% of total electricity generated in regional Western Australia, with
some towns such the four listed in the table below, producing considerable amounts of
renewable energy (Western Australian Office of Energy 2006).

Table 4 : WA Regional Towns with Renewable Energy Capacity in 2005. (Western
Australian Office of Energy 2006).

Renewable energy has also played a role in pastoral stations as more than 40% of
operating pastoral stations in WA have installed renewable energy SPS systems with
the help of Government rebate programmes (Western Australian Office of Energy
2006).
46

Information on off-grid energy consumption and production is sparse. One limited
method to estimate the total energy consumption of the remote and very remote regions
is through using Australian Bureau of Statistics (ABS) data. According to the ABS, the
WA state 2004 total final energy consumption (electricity) was 17,329GWh. The ABS
defines 2.4% of the approximately two million Western Australians as very remote
(Australian Bureau of Statistics 2004). Assuming these 48,000 people have no access to
the electricity grid, and assume that they have similar final energy consumption totals
as the rest of the state population, gives a total final energy consumption estimate for
the off-grid population of 415.896 GWh per year. The majority of this final energy
consumption would traditionally be provided by small diesel SPS systems.

Remote people have been the target of some significant WA governments programmes
in regards to energy supply. Many of these were based on subsidising electricity grid
expansion. For a summary of some historically significant WA programmes, see
Appendix N on the CD.

3.3 Past WA Renewable Energy Programmes for Remote Areas
3.3.1 Isolated Systems Subsidy
The Isolated Systems Subsidy was introduced in 1980 and provided $1,000 to primary
producers towards purchasing a new diesel generator for SPS system owners. The
scheme was modified in 1994 to include renewable components in the scheme. Each
SPS system owner/operator was able to apply every eight years until the programme
ended in 1995 (Wyder 1995). The small subsidy was not particularly effective at
assisting the installation of renewable technologies due to the large capital cost barrier.
The Subsidy was replaced by the RE RAPS Scheme.
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3.3.2 Energy Grants Credit Scheme
The Energy Grants Credit Scheme was introduced in 1993 and provided 38 cents per
litre off diesel purchased for use in off-road activities where the grid is not available.
This rebate was available until July 2006, however this deadline has been extended for
two years. (Marron 2004).

3.3.3 The Renewable Energy Remote Area Power Supply Scheme (RERAPS)
The $2 million RERAPS scheme was introduced in July 1996 to enhance uptake of
renewable energy technologies into SPS systems over five years until July 2001. The
Western Australian Office of Energy administered the scheme, which aimed to provide
efficient and cost effective 24-hour electricity to off-grid areas. The rebate was for 75%
of renewable energy components and 25% of batteries up to a maximum of $8,000
where the cost of extending the grid was over $50,000 (Western Australian Office of
Energy 2000).

A toll free help-line was established at the same time that the RAPS Rebate scheme
commenced to provide assistance and advice on RAPS systems. Operated by Murdoch
University Energy Research Institute staff, it was aimed at rural people who may find it
hard to get to the city and thus have limited access to information on RAPS systems.
The help-line has since been incorporated into the Home Energy Line, which is an
information service on household energy use provided by the Office of Energy
(Western Australian Office of Energy 2000).

The majority of RE RAPS Scheme funds went to households on pastoral stations in the
Kimberley, Pilbara, Gascoyne, Mid West and Goldfields/Esperance regions, receiving
71% of total rebates up to the year 2000. From the figure below, seventeen per cent of
rebates were given to households close to isolated towns such as Broome, Fitzroy
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Crossing, Wyndam and Eucla. Twelve per cent of rebates were given to households that
are within the area covered by the South West Interconnected System, but are too far
away from the grid to make connection economically justifiable (Western Australian
Office of Energy 2000).

12%

1%
Pastoral
Station

17%

Household Near
Isolated Town
Remote Household
Within SW Grid
Other
71%

Figure 9 : The WA RE RAPS Recipients up to 2000 (Western Australian Office of
Energy 2000)

The review of the RE RAPS Scheme, undertaken in 1998 after two years of operation,
identified the size of estimated average daily loads, the size of existing diesel
generators, the size of new inverters, PV arrays, wind turbines and battery banks that
were installed under the scheme. The review found that before upgrading their power
systems around 90% of applicants had diesel generators, 35% of applicants had
inverters and batteries and 30% had PV or wind components (Western Australian
Office of Energy 2000).
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Figure 10 : The WA RE RAPS System Specifications (Western Australian Office of
Energy 2000).

Major findings from the study were that most recipients interviewed were satisfied with
their systems and were appreciative of the RE RAPS Scheme rebate. However, the
review revealed that improvements could be made in the information provided by
suppliers, the installation and reliability of the systems and in the backup service
provided. There were also a number of problems experienced with various system
components shown in the figure below. However, suppliers were generally effective at
overcoming problems through technical advice or replacing some components.
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Figure 11 : System Component Problems of RE RAPS Recipients (Western Australian
Office of Energy 2000).

The review concluded with an estimate of the penetration of the scheme. At that time
rebates had been given to around 115 pastoral stations out of the then total of 511,
indicating that there was still a large potential for the installation of hybrid RAPS
systems (Western Australian Office of Energy 2000). One issue of concern for
pastoralists was the cost of upgrading electrical systems in buildings after the required
inspections for the rebate, as many electrical systems were of a standard below legal
requirements. The RE RAPS scheme was replaced by the current grant, the RRPGP
RAPS scheme in 2001.

3.4 Current WA Programmes for the Pastoralist
3.4.1 The Pastoral Water Grants Scheme (PWGS)
The PWGS is a grant that has been available to pastoralists since 1999 and is
administered by the WA Department of Environment. By December 2005, there were
71 separate approved grants totalling around $700,000. Grants are allocated to pastoral
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businesses in to improve water supplies and land management and were matched dollar
for dollar by the pastoralist. The PWGS is focused on contributing to an improvement
in land management and assisting pastoralists to improve the availability and quality of
homestead water supplies. Individual pastoralists are eligible for a maximum of
$15,000 worth of total grants to upgrade and install new watering points (Western
Australian Department of Primary Industries 2005).

3.4.2 Country Housing Authority Capital Finance Scheme
There is a capital finance programme available from the Country Housing Authority
(CHA), under the Western Australian Department of Housing and Works. The CHA
programme is in the form of a loan and is available to eligible pastoralists. The
programme can arrange to finance the total costs of installing renewable energy
generating equipment. This programme is fully compatible with current Sustainable
Energy Development Office (SEDO) funding with the 55% SEDO rebate going to the
CHA on project completion. The remaining 45% will be subject to CHA housing loan
equivalent interest rates and conditions for a term up to 20 years (Department of
Housing and Works 2005).

3.4.3 Sustainable Energy Development Office Capital Grant Programmes
The two SEDO grants that are available to pastoralists are the Remote Area Power
Supply (RAPS) programme and the Renewable Energy Water Pumping (REWP)
programme. These programmes are RRPGP funded state-based sub-programmes
administered by SEDO. The Commonwealth and WA State Government jointly
provide a 55% rebate on the capital cost of renewable energy systems. The Western
Australian State Government contributes up to $500,000 per annum to supplement the
50% capital grants from the Federal Governments RRPGP funding to achieve the 55%
level (Marron 2004).
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The rebates are for renewable energy system components, design and installation costs.
Eligible target groups are indigenous communities, isolated households and commercial
operations, including pastoral properties, tourist operations and mining operations
(Australian Greenhouse Office 2006).

In the year 2005-06, SEDO also launched the Rural Renewable Energy Programme
(RREP). The RREP provides rebates for grid-connected renewable energy power
systems in specific rural or “fringe of grid” areas of the SWIS. (Sustainable Energy
Development Office (SEDO) 2006).

3.5 SEDO RAPS Programme Research
The Remote Area Power Supply (RAPS) Programme included provisions for the rebate
recipient to provide feedback on the performance of the installation. This provides a
wealth of information to SEDO about the performance of their programme and feeds
into future policy-making. SPS system component failures are surveyed by SEDO for a
period of five years after the installation of the SPS system incorporating renewable
energy technologies. This information is divided into two areas: first year component
failures and failures from year two through to year five.

Table 5 : RAPS Programme SPS System Component Failures in Year 1. (Sustainable
Energy Development Office (SEDO) 2006).
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Table 6 : RAPS Programme SPS System Component Failures in Years Two to Five.
(Sustainable Energy Development Office (SEDO) 2006).

The respondents to the SEDO surveys indicate that around two-thirds of systems do not
suffer component failure in both the first year operation and in the years two to five
after installation. Conversely, around one third of systems suffered component failures
in the first year and a similar, but slightly smaller number of failures in subsequent
years. The data did not indicate whether these were the same systems or how many
times these components failed. Problem areas seem to be inverters and generators
(mostly diesel) and “other” components. These “other” components consisted of a
variety of minor parts, including cabling and assorted electronic components.

SEDO also collates monthly statistics on the allocation of grants. Data from the start of
the programme in July 2001, until September 2006 provides insight into the relative
size of allocations over time. The RAPS Programme funding allocations have grown
steadily over time indicating growing awareness and acceptance of both renewable
energy systems and the RAPS Programme.
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Figure 12 : RRPGP and State Funded Value of RAPS Programme Rebates from July
2001 to September 2006 (Sustainable Energy Development Office (SEDO) 2006).

The graph above shows large variance in grant allocations from month to month,
however these rebates have maintained steady growth over the period. This data is
represented in a cumulative graph in Figure 13. The previous 12 months show an
increase in the rate of the value of rebates paid and indicates the potential for further
rates of renewable component growth. In the 2005-06 financial year SEDO revised the
administration of the Grants Programme with the introduction of new guidelines and
evaluation processes.
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Figure 13 : RRPGP & State Funded Cumulative Value of RAPS Rebates (Sustainable
Energy Development Office (SEDO) 2006).

The total number of rebates to SPS systems over the programme period is 478. This
large number indicates the increased uptake in renewable energy components into SPS
systems in Western Australia since the introduction of the RAPS programme. The areas
that have received this funding are overwhelmingly in the regions, with around onethird going to the Kimberley and around one-sixth each to the Mid West and Pilbara
regions as shown in the figure below.

Figure 14 : Total WA RAPS Programme Rebates Paid by Region in Jan. 2006
(Sustainable Energy Development Office (SEDO) 2006).
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3.5.1 Renewable Energy Water Pumping (REWP) Programme
Another RRPGP WA State sub-programme administered by SEDO is the Renewable
Energy Water Pumping (REWP) Programme, which provides rebates on solar pumps
and windmills. Since the REWP programmes launch in February 2002, more than 100
pastoral stations have installed solar pumps and windmills. The monthly rebate value is
shown in the figure below.
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Figure 15 : Monthly SEDO REWP Programme Rebates (Jun. 2001 – Aug. 2006)
(Sustainable Energy Development Office (SEDO) 2006).

As can be seen from the above figure, the REWP value of grants paid has been slowly
declining following a large uptake over the first year. This decline can be clearly seen
in a cumulative representation illustrated in the figure below. The graphs indicate a
marked decrease in rebates paid since early 2004.
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Figure 16 : Total Cumulative SEDO REWP Programme Rebates (Jun.‘01–Aug.‘06)
(Sustainable Energy Development Office (SEDO) 2006).
The total number of installed solar pumping systems over the period is 953, which is an
indication of the success of the programme. However, there is a distinct difference
between the cumulative graph of the RAPS Programme and the REWP Programme.
The REWP cumulative graph shows a distinct turning point around month 23 where the
rate of rebate uptake for the most part continues to decrease. Further research would be
needed to determine the cause and factors affecting this trend. The regions that the
REWP rebates have been allocated to can be seen in the figure below.

Figure 17 : Total WA REWP Programme Rebates Paid by Region in Jan. 2006
(Sustainable Energy Development Office (SEDO) 2006)
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The large amount of rebates allocated to the Wheatbelt, relative to the rest of the state is
worthy of note. This seems to indicate a high awareness of the programme in
combination with significant demand for water pumping in this region. The rebate may
require promotional activity targeting in other regions.

3.5.2 SEDO Programme Summary
Over $19 million of REWP and RAPS capital grants paid by the State and RRPGP
funding indicates the magnitude of investment in renewable energy capital expenditure
for renewable energy SPS systems and water pumping to be at least $34 million in
Western Australia alone, assuming the grants provided up to 55% of total system funds.

In addition to the RAPS and REWP programmes, SEDO has allocated funds to seven
major wind turbine projects (of which two were in Hopetoun). The towns of Esperance,
Hopetoun, Bremer Bay, Kalbarri, Denham and the island of Rottnest received
significant funds to incorporate and/or upgrade existing wind infrastructure. This large
project funding can clearly be seen in the in SEDO’s total cumulative RRPGP
expenditure.
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Figure 18 : Total Cumulative SEDO RRPGP Renewable Energy Capital Rebates
(Sustainable Energy Development Office (SEDO) 2006).
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Up to September 2006, Commonwealth RRPGP funding was used for 100% of the
REWP ($3.466 million), the Large Projects ($11.237 million) and the Industry Support
funding ($2.605 million). The Commonwealth RRPGP funding constituted almost
90.9% of the value of RAPS Programme rebates over the same period, with state funds
comprising the remaining 9.1% of the value of capital grants paid. The total funding
paid by SEDO through the RRPGP funded grants was $32.992 million in September
2006.

The total number of rebates paid from all SEDO RRPGP funding over the programme
period was 1,459 at the end of September 2006. This figure is a further indication of the
level of renewable energy uptake in WA and the success of the capital rebate. The
following graph shows the majority of SEDO funding was used for SPS systems in
regional off-grid areas.
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Figure 19 : Total WA RAPS Programme Rebates Paid by Region in Jan. 2006
(Sustainable Energy Development Office (SEDO) 2006).

The principle aim of the RRPGP was the displacment of diesel fuel used for electricity
generation by increasing the uptake of renewable generation technologies in remote
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locations. It would be fair to state that given the growth in renewable energy uptake in
the last five years, the RRPGP is achieving its primary aim. The RRPGP funding expiry
was extended from 2008 to 2012. Unless new programmes are developed, after this
date the renewable energy industry will need to provide unsubsidised competitive
systems and services to maintain this recent market growth.
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CHAPTER 4: PASTORAL SPS SYSTEM RESEARCH
4.1 Pastoralist SPS Systems – A Historical Perspective
The Western Australian State has an area of more than 2.5 million square kilometres
and a population of slightly over two million (Trewin 2006). Due to this low population
density it is more economical to design smaller isolated grid systems and SPS systems
than extending grids to sparsely populated areas. The long distances would entail
extremely large capital and maintenance costs and would also result in poor quality
electricity and low transmission efficiency. Therefore, over a long period of time there
has been interest in providing grid quality electricity in a cost effective manner to
remote areas.

The majority of larger mini-grid systems in WA have used medium fuel oil (MFO),
with smaller systems using diesel. Over the last few decades there has been a growing
interest in incorporating renewable energy technologies to offset some of the fuel costs
and to provide higher quality services and silent 24-hour power. As a result the Western
Australian pastoralist has been the focus of numerous studies.

4.1.1 Potential for PV Applications on Pastoral Leases in Western Australia
The Solar Energy Research Institute of Western Australia (SERIWA) was established
as a statutory body under the Western Australian Government to support and foster the
development of solar products. In 1981 SERIWA prepared a study entitled Potential
for Photovoltaic Applications on Remote Pastoral Leases in Western Australia, which
was later revised in 1984 (Burton 1984). In 1981, the research entailed sending
questionnaires to all 483 pastoralists in WA at that time and received a response rate of
48%. The study found that remote pastoral leases in Western Australia represented a
key early market for the introduction of photovoltaic technology. Based on their survey
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data, there was 1,036 petroleum based electricity generators with an installed capacity
of over 8.8 MW. The median number of generators was two per property with a median
size of 7kW each. In addition to the pastoral homesteads, the research found a median
of 25 windmills per property and a total of 12,000 windmills. This represented a
potential earlier market entry point for photovoltaics of a magnitude between 0.5 and 1
MW in water pumping systems (Burton 1984). At this time (1981) it was estimated that
it would be seven to 10 years before photovoltaics were to be competitive in the
homestead energy supply. (Burton 1984).

The research found that there was a significant number of DC systems (32%) with the
remaining 68% having AC systems. These system voltages varied with 29% at 32V DC
and 71% with 240V AC. Of the types of fuel used, 84% used diesel to power the
generator, with 14% using petrol and 2% using another unspecified fuel. The indicated
median age of generators was nine years, with a low estimated maintenance cost of
around $100 per year. Interestingly, the percentage of people previously aware of
photovoltaic technology was only 22%, with pastoralists indicating that 95% would like
to know more and 83% interested in taking part in further photovoltaic studies (Burton
1984)

4.1.2 5 kW Photovoltaic Remote Power Supply Systems
From 1983 to 1985 SERIWA completed a further study into replacing small diesels
with photovoltaic arrays entitled Five Kilowatt Photovoltaic Remote Power Supply
Systems (Shean 1985). The Mount Gibson Pastoral Station was selected as a case study
and several months data on load, diesel operation and environmental parameters, were
collected to determine the technical issues of installing a 5kW photovoltaic system.
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The SERIWA funded array was installed in May 1984. The main findings of the study
was that monitoring of pastoral station homesteads prior to system installation would
not necessarily provide useful data as loads and daily use patterns change with the
introduction of continuous 24-hour power. It also identified a lack of available service
personnel, significant power quality and reliability issues and potential safety problems.
One conclusion was for special attention to be placed on economic and effective sizing
and design aspects to include a compromise between the utilisation and
capital/replacement costs (Shean 1985).

The lack of cheap, reliable and efficient power conditioners providing grid quality
power was apparent at that time due to the many issues that Mount Gibson experienced
with their inverters, which required several modifications, repairs and replacements.
According to SERIWA (1985), the overall performance of the pioneering photovoltaic
system was satisfactory over the study period after initial teething issues and minor
component failures (Shean 1985).

4.1.3 Remote Area Power Supply Study for the Balladonia Roadhouse
SERIWA also completed a study entitled Remote Area Power Supply Study for the
Balladonia Roadhouse, Hotel and Motel Site in October 1985 (Solar Energy Research
Institute of Western Australia 1985). The research endeavoured to bring together
technologies that would be suitable for use in remote area power supply systems. The
stated ultimate objective of the project was to develop and demonstrate Australian
hybrid systems with renewable energy components and in what situations they would
appear economically feasible (Solar Energy Research Institute of Western Australia
1985).
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At the time of the study the Roadhouse derived its electrical energy from a 112 kW
diesel generator using around 110,000 litres per year. The hot water loads and most of
the cooking were met using LPG, but an electric booster was incorporated into the hot
water system. The electrical load averaged 800 – 900 kWh per day. The study
identified many load management and energy conservation topics, including lighting
modifications, load transfer of hot water solely to LPG, passive energy saving devices,
water preheating via a water cooled generator and deferring loads to allow a smaller
generator to obtain a higher capacity factor (Solar Energy Research Institute of Western
Australia 1985).

It was suggested that these changes could be implemented with the capital costs being
paid back under one year. The options researched were diesel-battery-inverter, PVbattery-inverter and PV-inverter electrical systems, as well as a possible solar brine
storage used in conjunction with the cold room operation. The conclusion of the study
was that it could not be justified on economic and practical grounds to use any
generation option apart from diesel only as only minor improvements could be made to
the system performance by utilising alternative diesel system designs (Solar Energy
Research Institute of Western Australia 1985). The study indicated the need for further
research and development in the area of inverter–diesel generator synchronisation and
investigation into the efficacy of electronic power factor controllers, in addition to the
many energy efficiency and load shifting options (Solar Energy Research Institute of
Western Australia 1985).

4.1.3 Stand Alone Power Systems Incorporating Renewable Energy Technologies
The Commonwealth of Australia National Energy Research, Development and
Demonstration Programme in New South Wales funded an end of grant report entitled
Stand Alone Remote Area Power Systems Incorporating Renewable Energy
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Technologies (Harrington 1987). The projects ambitious list of objectives included:
•

demonstrating saving diesel fuel by including advanced control technologies
and renewable generation capacity;

•

to develop commercially viable RAPS systems as an alternative to grid
connection;

•

to develop strategies to enhance commercialisation and acceptance of these
systems; and

•

expansion of Australia’s manufacturing base for RAPS systems.

The findings of the report noted components such as inverters and batteries presented
significant practical and technical issues. Three companies with RAPS experience
(Energy Systems International Pty Ltd, BP Solar Australia Pty Ltd and Solarex Pty Ltd)
were invited to design systems in accordance with the states energy authority
specifications to undergo trials. The three systems were subsequently installed,
monitored and modelled with technical and economic assessments of the systems in
view of developing a state assistance scheme (Harrington 1987).

The first system installed at Runnyford was a PV-wind-battery system, designed and
built by BP Solar Australia and commissioned in February 1986. The wind turbine was
a 1 kW, two bladed model mounted on a 12 metre pole. The array was comprised of 42
modules totalling 1,188 Wp and a battery bank consisted of two parallel strings of
twenty-four 2V cells with a total storage of 29 kWh at the C10 rating. The second
system installed at Broken Hill was a wind-diesel system, designed and built by Energy
Systems International Pty Ltd and was commissioned in September 1985. This system
consisted of a 4.5 kW wind generator and a 4.0 kVA diesel with forty 6V batteries with
a total storage of 26kWh at the C10 rating. A third system was installed at Tambar
Springs and was a PV-diesel system, designed and built by Solarex Pty Ltd and was
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commissioned in January 1986. The system consisted of a 63 panel, 2,646 Wp PV
array, a 5 kVA diesel and fifty-four 2V batteries in series with a storage of 35 kWh at
the C10 rating (Harrington 1987).

All three systems used an inverter and various (BOS) components to provide 240V AC
to a homestead and were monitored for performance for around one year. In addition to
these three systems, the project also monitored two existing diesel only systems, with
one incorporating a battery bank for periods of low load (Harrington 1987).

The main conclusions of the study were that photovoltaic technology was reliable,
robust and flexible, but was a very high capital cost. Wind generation in these studies
was considered extremely variable due to site specificity and contributed little to the
systems with a wind component. Inverters for RAPS systems at the time were a
relatively recent technology. Some products available were of an inferior quality and
some square wave inverters caused problems with certain appliances. Batteries also
presented a large major capital cost that was recurrent and the difficulty of monitoring
battery condition was a noted issue. The three systems for the majority of the time
performed well, with a few exceptions from minor component failures cutting the
power supply temporarily (Harrington 1987).

One important conclusion was the mismatching of the system design to the household
loads was a significant issue as one of the systems was too small, one was three times
oversized and therefore unnecessarily expensive and the third was a good load-supply
match. This was because all three systems were designed and tested offsite to particular
specifications and the designers had little knowledge of the actual load profiles
(Harrington 1987).
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There was also acknowledgement that user knowledge was as important as system
design in the effective operation of appliances in the homestead. Understanding that
electricity was a premium fuel and utilising substitute fuels wherever possible was the
best approach to provide the energy service, both in a technical and economic sense.
Equity issues were also mentioned briefly, noting that remote grid connected customers
received large annual state subsidies through the Uniform Tariff, whilst those
generating their own electricity received virtually none and only those with sufficient
capital could afford the grid extension costs and then receive the tax concessions
applicable for connection (Harrington 1987).

The final note of the research was commenting on the domestic and export market
potential of RAPS system components to be serviced by Australian manufacturers
through government assistance. Some 12,000 unconnected properties in Australia were
referenced as well as the Pacific and South East Asian region being a proximal market
and beneficiaries of significant domestic aid from Australia (Harrington 1987).
Interestingly, several studies that are now decades old mentioned the potential for
export markets in Australia’s neighbouring regions, yet an Australian market is
underdeveloped.

4.1.4 Australian Remote Area Power Supply Site Loads, System Sizes and Costs
The Australian Remote Area Power Supply: Study of a Typical Site Load, System Size
and Costs involved Western Australian RAPS systems, including the Mount Gibson
pastoral station, noted previously with a PV–diesel system (Phillips 1988). The study
calculated the change in price of PV, power conditioning and batteries from 1982 to
1985 and 1988 and discovered while PV and power conditioning costs were decreasing
consistently over the period, the battery costs were slowly increasing. Considering that
the lifetimes of the PV and power conditioning components were assumed at 25 and 20
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years respectively, the battery was seen to be the weak point in the RAPS systems. This
was due to the high cost of replacement at intervals that were substantially less than 20
to 25 years (Phillips 1988).

The life of the lead acid batteries was dependent on the duty cycle and depth of
discharge of the batteries, as well as fluctuations in ambient temperatures. The study
mentioned the difficulty in measuring the state of charge of batteries. The
recommendation was that the battery component was the major impediment to the cost
effectiveness of RAPS systems with its related problems of lifetime, cost and
performance. It was indicated that new technologies may be more practical and cost
effective in the future (Phillips 1988).

4.1.5 Photovoltaic Systems – Status and Applications in Australia
Photovoltaic Systems – Status and Applications in Australia (1989) reviewed renewable
energy research from 1979 to 1987 (Phillips 1989). Notable developments in the late
seventies was the solar thermal systems producing domestic hot water, which was
thought to have little short term potential in Australia at that time. The focus of research
thus concentrated on the solar and wind integration into RAPS systems for commercial
orientated R&D for the international market (Phillips 1989).

The paper indicated that the major problems that stood in the way of industry
development and expansion were principally technical and economic and could be
remedied by fiscal mechanisms. The study concluded that battery storage remained an
important problem due to the relatively poor lifetimes of three to five years for even
well designed RAPS systems, where a depth of discharge approaches 70%. It stated that
“the availability of higher performance sealed batteries at lower costs would be of
considerable benefit” (Phillips 1989).
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Another important conclusion separate from battery storage was the reliability of the
power conditioning equipment. The study commented that in the domestic setting, the
provision of high quality reliable power is crucial and utilising robust electrical
components is extremely important in remote regions (Phillips 1989).

4.1.6 PV-Diesel Hybrid Energy Systems for Remote Area Power Generation
A paper entitled PV-Diesel Hybrid Energy Systems for Remote Area Power Generation
– A Review of Current and Future Developments (Wichert 1997) identified that at that
time lead acid batteries were still believed to be the most cost effective storage
technology, even with improvements of vanadium-redox and zinc-bromine batteries
(Wichert 1997). Almost 10 years later, there is no change in the use of lead acid
batteries for SPS systems. Newer technologies including fuel cells appear to be at least
10 to 15 years from a commercial option for SPS system applications.

4.1.7 Opportunities for Distributors to Supply RAPS
The 1994 study by Watt and McGill entitled Opportunities for Distributors to Supply
RAPS researched remote households that chose expensive grid extensions to receive
grid power and compared them with those that had chosen RAPS systems (Lloyd
2000). Two surveys were completed, an initial one in 1987 and the final survey in
1992.

The study revealed many improvements in the Australian RAPS industry over the time
frame and that in some situations the RAPS system was performing better than gridconnected systems. The grid-connection was chosen for reliability of supply and power
quality. However, the study suggested that RAPS system owners had fewer power
outages and fewer problems with quality of supply. This was mainly due to the grid
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connection being at the fringe of grid where power quality often suffers and power
outages are relatively common (Lloyd 2000).

The study also found that customer satisfaction with renewables components in RAPS
systems had also increased between the initial survey and the final survey. Interestingly
the study found that 78% of RAPS owners performed regular maintenance on their
systems and maintenance issues rated a low fourth in the priority of problems (Lloyd
2000).

4.1.8 Barriers to the use of Renewable Energy in Western Australia
In 1991 the first study focusing on non-technical barriers in the use of renewable
energy in SPS systems was conducted (Harman 1991). The report included the
perspectives of manufacturers, householders and a survey of pastoralists in WA.

A number of commercial and policy implications of the research was identified as
specific to renewable electricity generation:
•

the need for manufacturers and suppliers to reduce the capital outlay needed for
renewable energy services;

•

appealing to concerns such as the environment and climate change are unlikely to
be effective in increasing the use of renewable energy technologies;

•

the use of wind and solar equipment was seen as costly, unfamiliar and lacking
good after sales support;

•

the requirement of improved information on performance and reliability of
particular renewable energy systems for different applications; and

•

the improvement of service and maintenance provision on a reliable basis (Harman
1991).
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It should be noted that at the time, one quarter of pastoralists used solar hot water
systems with an electric booster and that more than half indicated they would purchase
a solar system next time. At the time photovoltaic technology was used by 24% of
respondents for electric fencing and only 18% of respondents for some water pumping
requirements. The capital cost of wind and solar was the dominant reason for not using
renewables in electricity generation systems, but also of note was the lack of reliability
and maintenance facilities (Harman 1991).

The report also summarised research undertaken by Blakers, Diesendorf and the
Appropriate Technology Development Group from 1985 to 1987 concerning
institutional barriers to the introduction of large-scale renewable energy technologies.
The main barriers reviewed were:
•

subsidies to conventional sources of energy flowing to both energy suppliers and
consumers;

•

low and inappropriate funding for research and development of renewable energy
technologies;

•

reluctance of electricity utilities to offer fair buy-back rates for privately owned
wind generated electricity supplied to their grids;

•

failure to give economic recognition to the environmental, resource conserving
advantages of renewable energy and a failure to internalize environmental costs;

•

bias in the availability of finance for renewable energy companies;

•

rural electricity tariffs, where urban consumers subsidise rural consumers electricity
use and the state government subsidises the rural area grid connection cost;

•

publicly owned utilities receiving government guarantees, paying few taxes and not
having a rate of return requirements in contrast to private investors (Harman 1991).
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The final recommendations of the report included many areas for improvement:
•

the renewable energy appliance manufacturing industry should receive assistance
for research on new materials and production techniques that would help reduce the
cost of renewable energy technologies;

•

external costs should be a part of the cost basis in the determination of electricity
and gas tariffs so that consumers face the full costs of energy supply;

•

a vehicle should be established for the systematic dissemination of information for
potential users of renewable energy, which would serve to offset concerns about the
reliability, performance and maintenance of renewable energy technologies;

•

the WA uniform tariff was a focus and recommended that electricity and gas tariffs
and charges should be modified to reflect the actual costs of supply and the ongoing
value of the uniform tariff policy should be replaced by a contribution to the
purchase of renewable energy technologies; and

•

equity based policies designed to ease pressure on low income groups should be
maintained and financed from consolidated revenue (Harman 1991).

4.1.9 Study into Power Provision Policies for Remote Areas in Western Australia
In Western Australia there was a broader market assessment entitled Study into Power
Provision Policies for Remote Areas in Western Australia (Wyder 1995). It identified a
range of proposed policies that influenced the cost of renewable component inclusion in
SPS systems. These included:
•

extending the uniform tariff policy to off grid areas;

•

capital cost subsidies;

•

special tax loan rates;

•

operating cost subsidies; and,

•

tax deductibility of research and development.
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The study determined the most appropriate fiscal mechanism by three criteria:
•

reducing the perceived cost of renewable systems relative to other systems;

•

simple administration; and

•

specific targeting of the mechanism towards SPS system consumers in Western
Australia (Wyder 1995).

The study concluded that the capital cost subsidy was the most appropriate for the
Western Australian situation. The Western Australian government adopted this form of
capital subsidy relatively soon after this study was concluded. The study also included
lifecycle costing of different size systems and different regional areas in Western
Australia. The study noted many improvements to renewable technology performance
and costs. However it also noted that the costs, size and useful life of batteries were a
significant factor in the lifecycle analysis costs (Wyder 1995).

4.1.10 The CAT/ACRE Market Survey on Renewable Energy in Remote
Communities
The Centre for Appropriate Technology (CAT) & Australian Cooperative Research
Centre for Renewable Energy (ACRE) undertook market survey research on renewable
energy SPS systems in Australia (Lloyd 2000). Published six years ago, it remains one
of the most extensive field market surveys on RAPS systems in Australia. The study
involved visiting 134 separate remote sites, which encompassed over 350 separate
power and water pumping systems and interviews with householders ascertained their
attitudes to renewable energy and their performance, maintenance and costs. 1,270
mail-out survey forms were sent out with 260 replies received (Lloyd 2000).

The research targeted pastoralists, indigenous communities and tourist sites and the
results of the survey produced a wide variety of issues. Consistent with previous
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studies, pastoralists in general viewed the high capital cost of renewable systems as the
biggest disadvantage, with the lack of reliable operation another import factor (Lloyd
2000). Unfortunately, the study found many areas where the renewable industry
continued to fall short. Lack of system maintenance, training and information were
commonly reported, as was insufficient levels of after sales service. One important
finding was that people resented being used as “guinea pigs” in demonstration systems
(Lloyd 2000).

Overall, the survey established a range of perceptions about renewable energy, but they
found more opposition to renewable energy technologies than expected. Industry
perceptions seemed to be at odds with the view of consumers. The study pointed out
several directions that industry needed to follow to improve the performance and
reliability of the Australian SPS systems. This was with a view to gain greater access to
the international market (Lloyd 2000).

The pastoral sector was surveyed by a mail out survey of pastoral leases throughout
Western Australia, Northern Territory, South Australia and far North Queensland. For
brevity the results have been distilled into points of note and focus on Western
Australian pastoralists in context with national comparisons. The average distance from
a main service centre of properties that responded to the survey in WA was 207 km,
most of which were Carnarvon, Geraldton, Kalgoorlie, Kununurra, Broome, Esperance,
Port Hedland and Meekatharra (Lloyd 2000).

In the 2000 study, the national average of pastoral properties incorporated 2-3 houses
and provided accommodation for an average population of 5-6 people, which would
vary significantly throughout the year depending on seasonal work. The vast majority
of properties were solely engaged in cattle and sheep grazing, but several WA pastoral
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leases were no longer used for pastoral purposes. One of these is now a Department of
Defence establishment, while some were undergoing re-vegetation under the
Department of Conservation & Land Management (CALM) (Lloyd 2000).

Eighty-five per cent of total respondents used diesel generators as the main, or at least a
portion of their electricity, while 64% of respondents used diesel exclusively. Of the
respondents using only diesel generators, 18% used them in conjunction with a battery
bank. There were 221 of the 260 respondents that indicated that they had at least one
diesel generator set, while of the 39 respondents who did not use a diesel generator, all
but five were connected to the local electricity grid. Of these 39, five respondents
indicated that they had a renewable energy only RAPS system (Lloyd 2000).

The average diesel use for these properties for electricity generation was found to be
12,230 litres per annum and 74% indicated that they received the diesel rebate.
Seventy-seven respondents reported a power outage during the previous twelve months
prior to the survey, which ranged from brief incidents to regular outages. Interestingly,
of the properties connected to the grid, 46% had at least one outage over the period and
was said to be statistically less reliable than the various RAPS systems, even with the
small number of respondents with renewable components (Lloyd 2000).

Around 28% of properties using diesel generators only had experienced a power outage
in the previous 12 months and extended outages generally resulted from difficulty in
obtaining parts, due to remoteness. All interviewees performed their own service and
maintenance on the diesel generators, while in some cases generators were sent to the
nearest service centre for major overhauls (Lloyd 2000).
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Systems incorporating renewable energy technologies for electricity production were
installed on approximately 21% of respondent properties and were generally a
combination of solar-diesel, wind-diesel or solar-wind-diesel hybrid systems. Two
properties used small micro-hydro systems based on artesian water flows, but solar and
wind in combination with diesel were found to be the most common renewable energy
systems. Respondents indicated that 27 properties used solar-diesel hybrid systems and
five properties used wind-diesel generators, with 16 properties having a combination of
wind, solar and diesel (Lloyd 2000). A breakdown of the types of renewable energy
SPS systems by state is given in the table below;

Table 7 : Types of Renewable Energy Systems for Pasoral Properties.
(Note - S = Solar power only; W = Wind power only; S/D = Solar-Diesel hybrid; W/D
= Wind-Diesel hybrid; S/W/D = Solar-Wind-Diesel hybrid; Other = combinations
which use other energy sources including artesian hydro, petrol generator, LPG
generator) (Lloyd 2000).

The figures, as shown in the table above, were noted as showing a considerable
increase in usage of renewable energy technologies as compared with another mail out
survey undertaken by M. Watt in WA in 1992. Watt (1992) found that only 7.4% of
pastoral properties used renewable energy technology for electricity generation (B.
Lloyd 2000). Based on survey returns and telephone interviews the CAT/ACRE study
found the average age of renewable energy systems nationally was just over eight
years, while the average for WA was found to be five years (Lloyd 2000). At that time
the recent growth in the WA renewable component was attributed to the existence of
the WA RE RAPS scheme (Lloyd 2000).
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As was expected, the most common obstacle raised was the initial high capital cost of
renewable energy systems and the study found that this cost was deemed to be beyond
the means of most pastoralists. The study also found that costs of solar arrays were in
the range of $400 to $60,000 dependent upon their use, with the average at $14,400 and
wind turbine costs ranged from $200 to $15,000, depending on size, with an average
turbine cost of $5,280. This corresponded with an average turbine size of 2.6 kW and
the average size of the solar arrays of 1.7 kWp. At the time battery bank costs ranged
from $150 to $23,000, with the average price of $6,290, while inverters ranged in price
from $25 through to $45,000, averaging $6,680. The average total capital cost of
systems ranged from $10,000 to $120,000 for systems where a total cost was known
and the average total capital cost was $36,730. Of the 16 respondents that had taken
advantage of the WA RAPS programme, most were happy with the level of support
provided, although some were critical of the low level of assistance available for
balance of system components, especially batteries (Lloyd 2000).

Several systems in WA had been part of government trial programs. One installation
had previously been funded as a Commonwealth demonstration unit, while another
system had received a WA government grant a number of years ago. Only three
respondents in WA had not received government assistance for their renewable energy
components. Ongoing costs were found to be generally minimal, apart from the battery
replacement, which was viewed by pastoralists as a significant recurring cost. Some
pastoralists also indicated that they had incurred some significant repair and
replacement costs in the order of several thousand dollars for their hybrid renewable
energy systems (Lloyd 2000).
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Of the 22 WA respondents with renewable energy components, 80% considered the
renewable technology a cost-effective investment. Those that thought the technologies
were definitely not cost effective, represented 10% of these respondents and 10% were
uncertain (Lloyd 2000).

Consistent with other studies the survey suggested that renewable or hybrid systems
were about as reliable as diesel only systems and when there were faults, half of them
were due to inverters and batteries alone. According to information gained through
telephone interviews, average battery life was of the order of four and a half years, with
wet cell batteries being the most common technology used (Lloyd 2000). Several
respondents in WA complained of poor service from installers and the renewable
energy service industry. Another common concern was over the lack of local expertise
and information on maintaining and repairing renewable energy systems, as the
distances between properties and service centres meant the cost of getting an expert on
site would be prohibitive (Lloyd 2000).

The study was consistent with previous research finding that mechanical windmills
were found to be the most common technology for water pumping. This was the case
on 74% of respondent properties, with some properties having a relatively large number
(115), while the average was 20 windmills per property. Diesel bores were found to be
installed on 48% of properties nationally. A considerably lower number of properties
made use of solar bores, 23% of respondents were found to have solar bores installed
on their properties. The maximum number of solar bores on a single property was
found to be 15 while the average was 2.5 solar bores per property. WA pastoralists
made the least use of diesel bores with 41.4% of properties using them, but had the
highest use of both windmills (96.5%, as opposed to the national average of 85%) and
solar bores (35.6% compared with 25% nationally) (Lloyd 2000).
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One important aspect of RAPS systems is the domestic loads, how they interact with
the generating technologies and what alternative fuels can be substituted with
alternative fuels. Solar hot water units were utilised in about 31% of the properties and
two thirds of these were used in conjunction with wood, gas or electric heating systems.
Electric, LPG and wood hot water systems were found to be used extensively (Lloyd
2000).

LPG was the most common form of cooking fuel used by the respondents, but wood
and electric stoves were also used. Electricity was the dominant refrigeration
technology, but 24% of respondents used gas or kerosene for refrigeration. Wood was
also the most common form of energy for space heating, but electric heaters were
commonly used in conjunction with a wood or gas heaters. Most pastoralists used fans
for space cooling, followed by evaporative coolers. Properties usually had welders,
lathes and other power tools and when not connected to the grid used diesel generators
to power the equipment (Lloyd 2000).

Notably, 62% of respondents considered energy conservation and management to be a
priority, 6.2% did not consider it important and the other 31.8% did not provide an
answer. The study included telephone interviews of those respondents that did have
renewable energy components in the RAPS system to ascertain information on the
particular measures used to conserve energy. The most common energy conservation
techniques included:
•

using energy efficient appliances;

•

using appliances conservatively;

•

using other energy sources (such as gas); and,

•

load management practices.
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Telephone interviews with pastoralists who had renewable energy technologies were
asked for the principle motivation for obtaining the technologies. Environmental
concerns, such as the Greenhouse Effect, were not mentioned as a primary motivator.
The study found that the introduction of renewable energy was predominantly due to
obtaining affordable 24-hour power, which consequently increased electricity
consumption markedly in some pastoral stations (Lloyd 2000).

In addition to the survey and the telephone interviews the study included field surveys
of 14 properties, of which six properties had renewable energy systems, the results of
which are shown in the table below. Two properties had diesel-battery systems and
three properties previously had renewable components, but replaced them due to
dissatisfaction with their operation. The six renewable energy systems observed
supplied 11 houses, of which nine were working at the time of the visit (Lloyd 2000).

Table 8 : Field Survey Results for Pastoral Property SPS Systems. (Lloyd 2000).

The average number of panels per house was 18, giving around 1.5 kWp per house. Of
the properties with renewable components, 43% stated recent problems with the
renewable energy system, 29% of inverter faults, 14% control system faults and 43% of
battery faults (Lloyd 2000).
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4.1.11 Summary of the CAT/ACRE Research
The study concluded with tentative future directions to be developed into a strategic
plan for the Australian renewable energy industry. This was narrowed to six points:
•

The high capital cost of renewables necessitated the adoption of innovative
finance schemes;

•

The reduction in costs of BOS components could be addressed by reducing
individual component counts by developing standardised systems. Also
recommended was utilising accredited testing laboratories and improving
quality control during manufacture;

•

The need for industry feedback to promote innovation, highlight deficiencies
and improve education programs;

•

The need for accredited installers for remote areas and as the study also focused
on Indigenous communities, the research also concluded the need to establish a
dedicated service for Indigenous communities (Bushlight);

•

The lack of information regarding renewable energy technology capabilities,
availability, reliability and maintenance was a concern and some form of
database was advised;

•

Demand management issues was consistently a problem as dynamic systems to
indicate domestic consumption patterns was lacking; and

•

The mismatch in perceptions between the industry and the market highlighted
the need for objective market research on reliable first-hand attitudinal
information from users (Lloyd 2000).
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4.2 Historical Perspectives: Common Themes
There are two major themes in the available research:
•

The uptake and awareness of renewable energy and its inclusion into SPS
systems is growing; and

•

despite the increased uptake, many technical and non-technical issues remained.

The following table is a representation of the major technical and non-technical issues
identified by some of the research covered:
STUDY

TECHNICAL ISSUE

NON-TECHNICAL ISSUE

SERIWA (1981)

System Variability

Cost

SERIWA (1985)

Reliability, Inverter

Cost, Lack of Service Personnel

SERIWA (1985)

Inverter, Batteries,

Cost, Load Management, System

Poor Load Match

Integration,

Reliability

Cost, Fossil Fuel Subsidies, Lack of

Blakers (1987)

R&D, Fossil Fuel Energy
Externalities, Lack of Information
Philips (1988)

Batteries,

Cost

Philips (1989)

Batteries, Inverters,

Cost

Reliability
Harman (1991)

Reliability

Cost, Lack of Information, Poor
Sales Support, Lack of Service
Personnel

Wyder (1995)

Batteries

Cost, Lack of R&D, Fossil Fuel
Subsidies

Lloyd (2000)

Reliability, Load

Cost, Lack of Maintenance; Poor

Management,

After Sales Service, Lack of

Batteries, Inverters

Training, Poor Industry Feedback

Table 9 : Historical Research Main Technical and Non- Technical Issues.

From the available historical research on RAPS systems there seems to be at least thirty
years of the same issues of cost and reliability stifling the renewable energy SPS system
market. In contrast, over the past 25 years there has been significant developments in
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quality of output and efficiency of components such as inverters, however there has
been a remarkable consistency of a low reliability of this technology. Servicing support
for renewable energy in SPS systems, especially in the remote context has continued to
be a significant problem.

Historically, the reliability of diesel generation has not been flawless either. Current
research suggests that in Western Australia, the performance and reliability of
renewable energy versus diesel only SPS systems is approximately equal, apart from
wind capacity unwisely located in poor wind resource areas. Diesel system
performance is vulnerable to low loads overnight, or generally oversized units causing
increased maintenance requirements on top of the normal regime. These serious issues
must be addressed in a systematic approach that includes communication from all
levels including governments, research institutions, manufacturers, installers and end
users.

As pastoral leases are set to either expire or be renewed in only nine years from now,
the installation of systems with component lifetimes of around 20 years may play a part
of the decision to opt for systems with a smaller capital cost and a more suitable
lifespan. This would be dependent upon the position of pastoralism in WA at that time
and the wishes of the State Government in regards to re-issuing the leases for the next
50 years.
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CHAPTER 5: THE STUDY
5.1 Research Environment
Australian pastoralists are a unique opportunity in the long path of achieving
sustainable energy solutions for a global market. The key rationale for utilising the
abilities and position of pastoralists are:
•

pastoralists are in need of reliable energy services and live long distances from
main centres in relatively extreme environmental conditions,

•

there exists sufficient research on their SPS systems over time to build a
comprehensive understanding of issues and if they have been tackled
effectively; and,

•

they have sufficient technical knowledge in most cases to develop strategies for
improving technology performance and reliability themselves to further inform
designers and installers.

5.2 Research Methodology
The survey instrument was based on the CAT/ACRE survey as a demonstrated research
instrument and to determine research validity. The survey was almost identical to the
previous survey conducted in 1999. The deliberate adaptation of this survey was an
attempt to increase the reliability of the research findings (Alexander 1998).

Adaptation of previously used surveys has also allowed an interesting means of
analysing the validity of previous research. Research validity can be assessed through a
comparison of the interpretation of the findings of this research and previous research
trends. In the survey design these aspects were investigated by cross referencing a
variety of opinion and performance data over and above the original survey (Alexander
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1998). Notwithstanding new developments in technologies and direct government
subsidies, the additional and adapted questions were used to update the results sought
for current applicability.

5.2.1 Data Collection Methodology
Surveys are widely recognised as, and are, a common form of reporting and
accountability for recipients of grants/subsidies. Independent studies, with an unbiased
survey methodology, would present data that might illuminate issues that owners may
not express to the renewable energy industry or approvers of rebates for their systems.
Furthermore, pastoralists that do not have renewable energy components are not
systematically surveyed for their opinions or performance of their SPS systems.
Telephone interviews were not chosen as a means of data collection because of
limitations with the method. These included:
•

the types of questions that can be asked without receiving apprehensive
responses (Bradburn 1988);

•

the significant costs involved;

•

the project scope; and

•

the improbability of pastoralists being near a phone during working hours.

The Dillman survey method (Dillman 2000) was used to ensure that respondents could
easily return completed personal contact details and the completed survey information
totally separately if they wished. The structure of the survey questionnaire itself
consisted of two separate sections to improve the confidentiality of the data collected. It
should be noted that the vast majority of respondents returned all of the information in
one envelope and sent all other unused envelopes back in the larger envelope, despite
using the Dillman method and labelling all components clearly. Only four of the 68
respondents did not fill in and return the personal contact details section.
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There are a total of 527 pastoral leases covering 474 pastoral stations in WA (Western
Australian Department of Planning and Infrastructure 2006). Individual families or
pastoral companies hold most leases. Indigenous groups, mining companies and
conservation groups also hold a small proportion of leases. The Pastoral Board of
Western Australia supplied a Microsoft® Excel spreadsheet containing all WA pastoral
property information. Packages were sent to all properties listed on the spreadsheet.

5.2.2 Analysis of the Results
The data was collated in Microsoft® Excel 2000. Tabling of data with a descriptive
qualification in addition to indicating respondent percentages was found to be both an
effective manner of presenting results and consistent with previous research results.
The descriptive data was reproduced to accurately represent the full meaning of the
response in context of the question asked. Direct quotations were used to capture
individual attitudes and responses where it illustrated a point or opinion well.
Correlations between the previous results in the CAT/ACRE study permits the
possibility of a reliability analysis of the instrument and allow a limited longitudinal
study.

5.3 Limitations of the Study
The major limitations of the research were due to time and resource constraints. This
limited in particular the reliability and representativeness of the data. The
representativeness of the respondents is the most significant limitation. The respondents
represent around 14% of all Western Australian pastoral properties and therefore 86%
of the properties were not surveyed in this study.
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A major component of this research is attitudinal. The perception of performance is
also related to preconceptions of what the components or systems performance should
be. This is an extremely important point as these perceptions can affect results without
proper depth and qualification in a written survey response.

In an attempt to remedy this bias and obtain reliable data, the survey included the use of
open-ended questions and cross-referenced many subjective questions with quantitative
data including times, costs, volumes and component specifications. This allowed an
understanding of both the knowledge and the expectations of each respondent to be
determined. For example one respondent commented that they were not happy with the
lifetimes of the battery bank, which needed replacing after “only eight years”. This
indicates that the respondent was unaware of the relatively short replacement period
often associated with batteries and was clearly expecting the investment to last much
longer than it did. This study incorporated a considerable attempt to reduce the
subjectivity and interpretation limitations of the survey instrument, while keeping the
survey length to a reasonable size.
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CHAPTER 6: RESEARCH RESULTS & DISCUSSION
6.1 Results & Discussion
From a total of 474 pastoral stations, 68 responses were returned, corresponding to
response rate of slightly over 14% of all pastoral leases. Many of the surveys did not
have all the fields answered, however 67 answered most of the survey. For any given
data the number of respondents are indicated.

6.1.1 Property Related Demographics
The population of a pastoral property varied significantly during the year depending on
the seasonal work requirements. Respondents indicated that the average number of
people on the pastoral properties was between four and five and resided in between
three and four living quarters on average. The average maximum number of people was
13 for 38 of the respondent properties. The average minimum number of people was
three for 32 of the respondent properties, with 60% of respondents giving detailed
responses. This variability in load profile would significantly alter design specifications
of SPS systems. Specific information regarding the energy needs of seasonal workers
would be required. This load complexity necessitates decisions to either incorporate
permanent extra capacity into SPS systems, or the inclusion of temporary generation
capacity in higher demand times. The demographical data of this survey closely
resembled the survey conducted by CAT/ACRE in 2000.

The type of accommodation varied from small shearers quarters to main homesteads.
There were also many workshops, shearing sheds, storage sheds and machinery sheds.
The majority of the living quarters incorporated electrical systems, hot water systems,
refrigeration, and cooking appliances. Workshops often contained large electrical
equipment, such as grinders, welders, and other power tools. Large draws on SPS
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capacities often occur with much of this equipment and any SPS system would need to
be designed to provide these intermittent loads, or independent equipment specific
generation capacity is required for times of use.

6.1.2 Location
Of the received completed responses (N = 67), the average distance to a major service
centre was 220 km, which was slightly higher than the CAT/ACRE survey. A major
service centre was considered to be the nearest regional centre from which pastoralists
could receive parts, supplies or technical assistance. Most respondent’s service centres
were Carnarvon, Norseman, Kalgoorlie, Kununurra, Broome, Port Hedland and
Meekatharra. The Pilbara, Goldfields-Esperance, Wheatbelt, Gascoyne, Mid West, and
Kimberley regions were all well represented.

6.1.3 Agricultural/Other Pastoral Activities
Of the 66 who indicated an activity, most were involved with various breeds of cattle
and sheep. Eight respondents produced sheep and cattle. The activities labelled “Other”
included rearing or herding goats (N = 9), tourism (N = 2), herding kangaroos and
camels (N = 1), aquaculture (N = 1), cropping activities (N = 1) and one property was
destocked. The table below shows the percentage of respondents who were involved in
a particular activity.

Table 10 : Respondent Pastoralist Activities at the time of Survey (Note - many
pastoralists were involved in more than one activity).
N = 66.
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6.2 Domestic Energy
6.2.1 Water Heating
There were a range of fuels and methods used to heat water, including wood, gas, solar,
electric and combinations of each. As there were many dwellings on each property
there was often a variety of systems providing hot water. Due to the variety of system
configurations and multiple dwellings, the results were grouped into percentages of
water heating types used on a property, which is shown in the figure below. For
example, a property with two gas boosted solar hot water systems and one electric only
system would be recorded twice as a property that used solar (bottled gas boosted) and
electric only. This representation method was chosen as properties usually used only
one or two types of water heaters and the majority using only one type of heating for all
dwellings. The number of properties that responded to this question was 63. Thirteen
properties indicated multiple systems and are therefore recorded twice.

Solar Only None
2.6%
9.2%
Solar (wood)
2.6%

Wood Only
27.6%

Solar (electric
boosted)
6.6%
Wood (gas
boosted)
2.6%

Electric Only
21.1%
Gas Only
27.6%

Figure 20 : Water Heating Types on a Property.
N = 76
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Sixteen of the properties indicated they only used electric hot water heaters. As heating
water requires significant amounts of energy, providing hot water loads with a SPS
system is an expensive and inefficient use of energy. All gas usage was through bottled
gas as there is not reticulated gas on any of the properties. Only 14 (22% of 63)
properties used any form of solar for their hot water loads. This is a lower fraction than
the CAT/ACRE survey with 31% of respondents using some solar thermal
technologies. Considering most of these properties are located in one of the solar
resources in the world this may be indicative of either water quality issues for storage
systems, spare diesel capacity, or lack of awareness. Further investigation would be
required to confirm these possibilities. The high availability of wood is indicative of the
high proportion of wood hot water heaters.

6.2.2 Cooking
The most common cooking method was gas, followed by wood and electricity, as
shown in the table below. Other methods included one respondent who used kerosene
and one who used charcoal in combination with other fuels.

Table 11 : Cooking Methods Used by Respondents.
N = 66
6.2.3 Space Heating and Cooling
The table below shows the energy type used for space heating with wood as the
dominant method and a significant number of respondents indicating “nil” or “none”.
Several respondents commented that the climate of their location was such that space
heating was not required. This is not unusual for many regions in which the residents
lived.
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Table 12 : Space Heating used by Respondents.
N = 66
Fifteen respondents indicated they used electricity for space heating. Of these, seven
used electricity exclusively. Space cooling was more common, due to the locations of
many of the properties and the summer temperatures. The following table shows total
properties that use fans, refrigerative air-conditioning, evaporative air-conditioning, or
no space cooling. It includes a category for the total amount the seven respondents who
had air-conditioning, but did not specify which type.

Table 13 : Space Cooling Types used by Respondents.
N = 66
The majority (N = 54) used some form of air-conditioning/fans and only a small
minority (N = 6) did not use any form of space cooling. This indicates there are periods
in summer where air conditioning loads may consume significant amounts of energy.
Eleven of the respondents only used fans.

6.2.4 Refrigeration
The respondents were asked to describe the number and type of all refrigeration. Many
gave excellent levels of detail, however some provided only limited information. The
following table shows the average number of refrigerative units (fridges and freezers
combined) and separately lists cool-rooms.
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Table 14 : Refridgerastion Types used by Respondents.
(Average No. of Freezer/Fridges per Property, Total number of Cool Rooms (C.R.), %
with C.R.’s, and Average Reported C.R. Volume).
N = 58
There was significant refrigerative loads on the average respondents property, with
around half having a sizable cool room in addition to a number of fridge/freezers. Most
respondents (49) did not indicate how often the refrigeration units were used
throughout the year, but indicated that the volume of the fridges they used were
common sized units between 250L and 300L.

6.2.5 Industrial Loads
Other relatively large loads were power tools. These included, wool presses, grinders,
welders, drills, saws, shearing piece motors, reticulation and pool pumps, air
compressors, etc. Some loads, such as welding, drew large currents. Each power tool
varied in the amount they were used and the times of day. Many of the largest tools
were only used when specific generators were running.

6.3 Stand-alone Power Supply Systems
Respondents were asked to provide details on the systems they used for both pumping
water and providing electricity for both domestic and industrial loads. The system
configurations were extremely varied and are shown in the table below. Almost half of
respondents used diesel-only systems. The following table shows the breakdown of
system types, excluding systems used for water pumping. All systems with more than
one technology were hybrid systems.
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Table 15 : Respondent SPS System Generation Components.
N = 65
The percentage of respondents with one or more renewable energy components in their
SPS systems was 46.5%. This is a considerable increase from the CAT/ACRE survey
with only 39 of 260 (15%) respondents indicating they had renewable components in
the SPS system. The 1992 survey by Watt found that only 7.4% of WA respondents
SPS system incorporated renewables. The figure of 46.5% is consistent with SEDO
RAPS and RE RAPS data.

6.3.1 Electricity Availability
Respondents were asked to provide details of the total amount and length of time that
they were unable to generate power in the last year. This did not include times when
they had a spare generator and could continue to provide electricity. Some (N = 11)
indicated that they could always generate power as they had a backup generator.
Almost one third (21) of respondents reported that there were periods of time in the past
12 months when they could not generate electricity. Nine of these 21 respondents
indicated they had problems with a variety of renewable energy system components.
All respondents were asked for details of the problems which most commonly revolved
around inverter failure or were weather-related, as illustrated by the following
statements:
When cyclone Emma flooded the place the batteries were submerged (weather
related failure):
Our solar battery inverter fails about 6 monthly (inverter failure);
battery terminal corrosion (battery failure);
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solar panel diode failure, or electronic circuit problems in the inverter
(inverter, BOS failure);
Couldn't count the times the inverter shuts down when it gets above 42C
(weather related failure);
Inverter burnt out in wet season and we used generator power for 3 months
(inverter failure);
Problems with batteries (battery failure);
Lightning fused box of tricks (weather related failure), and inverter failure
(inverter failure).

The reliability of diesel systems was similar to the renewable systems. Ten of the
diesel-only system failures were attributable to the diesel generators themselves.
Breakdowns were indicated to be due to the following:
Without a [spare] fuel pump;
Diesel seal was replaced as it was loosing oil;
The motor on the generator;
Wiring and water damage.

6.3.2 Diesel Generators
The size and number of diesel generators varied considerably. Most properties (61) had
more than one diesel generator and most were of different sizes, as shown in the figure
below. The average number of diesel generators per property was two. Some larger
generators were also used for specific tasks, such as welding or during shearing and
were not used to provide base loads in everyday SPS systems usage.
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Figure 21 : Total Respondent Diesel Generator Sizes.
N1= 115
The large number of smaller generators indicated the magnitude of the required loads.
Respondents were asked to estimate the average and peak loads that all diesels usually
supplied. The median average load indicated by the respondents was between 10 and 12
kW, and ranged between 4 kW and 30 kW. The peak loads were reported to be similar,
but slightly higher than the average load, indicating that most diesels were well loaded
during operation and high load literacy. Also the size of the diesels seemed to be
increasing, as compared to the research conducted by SEDO (2000).

The vast majority (38) of respondents indicated that they fixed minor problems with the
diesel generators. The remaining respondents either contracted electricians or
mechanics to fix problems when the respondent could not remedy the problem. Two
respondents stated;
Over the wet we had to chopper in an electrician/mechanic for the generator;
I fix 99% of the problems, my electrician mate Bruce turns up sometimes.
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The range in ages of the diesel generators was large, which is indicated by the figure
below. The median age of the generators was five years old, indicating that there are
many respondents that have purchased new diesel generators. There are also sizeable
numbers of older units that may need to be replaced in the next few years.

No.of Diesel Generators
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4<5

3<4

2<3

1<2

0<1

Age of Diesel Generators (Years)

Figure 22 : Total Respondent Diesel Generator Ages.
N = 115

6.3.3 Diesel Consumption
Respondent yearly diesel consumption for electricity generation varied over an
extremely wide range of values, as can be seen in the figure below. The smallest total
property diesel consumption indicated for SPS systems was 80L and the largest was
over 70,000L. The following table gives a breakdown of property diesel consumption
for electricity generation purposes categorised into 1kL bins.
1

N = total number of diesels reported in survey.
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Figure 23 : Electricity Diesel Consumption in a Typical Year, in Litres.
N = 60
Respondents were asked for details on the approximate amount of diesel used in a year
for water pumping and stationary machinery. This data is represented in the figure
below.
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Figure 24 : Stationary Energy Diesel Consumption in a Typical Year, in Litres
(Excluding Diesel Consumed in the Production of Electricity).
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N = 48
The total amount of diesel used in stationary application varied considerably from
property to property. For the most part, the largest consumers of diesel in stationary
applications were the respondents with diesel bores. Of the 67 respondents, only six did
not claim the diesel rebate.

6.3.4 Photovoltaic SPS System Components
Of the 19 respondents that indicated the length of time renewable energy components
have been incorporated to their SPS system, the average time since the original system
was installed was seven and a half years. Many respondents added that there had been
upgrades and modifications since. Sixteen respondents detailed the total number of PV
modules and their respective prices that they paid for them. The average amount each
respondent spent on PV arrays, at the time of purchase, was around $27,000. This gives
a reasonable indication of the magnitude of outlay for PV technology in the small group
of respondent pastoralists. There were only 14 respondents that indicated all costs for
all modules and all sizes purchased over an average of the seven and a half years. The
total number of installed rated watts of PV in this group of 14 was 49,900 Wp. Caution
should be applied to the wider interpretations of these results outside of the small group
of 14 pastoralists. This also does not include all other component costs of the SPS
systems. The PV SPS system component sizes ranged from 720W to 10,200W, with an
average size of slightly over 3,500W, and a median of 2,224W.

100

7

No. of Respondent SPS Systems

6

5

4

3

2

1

0
10-11

9-10

8-9

7-8

6-7

5-6

4-5

3-4

2-3

1-2

0-1

PV Array Installed Capacity (kWp)

Figure 25 : Respondent Installed Photovoltaic Capacity in SPS Systems.
N = 20
Comparing the indicated size of the PV arrays in this study to the array sizes from both
the RE RAPS SEDO data and the CAT/ACRE study indicates large increase in the
installed capacities of PV arrays. This is in addition to an increase in the number of
properties who have installed PV systems.

6.3.5 Wind
In total, the survey respondents had installed a total of 12 wind turbines. The total
installed wind capacity was 50 kW. Five of these provided specific details on their wind
turbine component of their SPS systems and included both costs and rated outputs. The
total installed capacity of this group was 45.5 kW and the total indicated costs of these
systems were $172,000. The sizes of the turbines ranged from 1 kW to 30 kW, as
shown in the figure below, and the median rating was 2 kW.
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Figure 26 : Respondent Wind Turbine Capacity in SPS Systems.
N = 10
The small number of respondents that have wind components make discussing trends
statistically inconsequential. However, the Office of Energy (WA) study in 2000
concluded that there were no turbines installed rated above 2 kW, that received the RE
RAPS rebate. This change in the previous six years is positive.

6.3.6 Inverters
The survey found that 23 of the respondents owned 34 inverters in total. The figure
below shows the sizes of the inverters ranged from 2,200 W to 54 kW. Of the 19
respondents that provided all details of make, model, type, rated output and cost
information, the total amount spent on inverters in the group was $276,400. The total
rated output of the group was 137,200W and the median size inverter was 6,000 W.
Twenty-six inverter related responses included information on size. This is a significant
increase in median inverter size from the SEDO RE RAPS study of 2,500 – 3,000W.
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Figure 27 : Respondent Installed Inverter Capacity in SPS Systems.
N = 26
6.3.7 Batteries
SPS system battery banks also varied widely in their storage capacity, type,
manufacturer, and cost. All respondents that provided battery details (25), with the
exception of one, had wet cell batteries. System configurations varied, but the most
common was 48V (10) followed by the 24V system. Other multiples of 12V were also
common (5), with one respondent indicating a 240V DC system. A number of systems
also reported non-standard configurations such as 52V, 124V, 130V and 140V. The
average investment in battery banks was $14,500 per property.
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6.4 Water Supplies and Other Systems
Windmills (multi blade pumping systems) are the dominant method of water pumping
technology. The main types of water supply technologies, as demonstrated in the figure
below, were windmills, solar pumps and diesel/petrol pumps.

Creek/River
5%

Artesian
1%

Grid
1%

Dam/Spring
9%
Windmill
40%
Diesel/Petrol
20%

Solar
24%

Figure 28 : Respondent Types of Water Supply Systems Used.
N = 66

From the responses received (N = 66), the total number of diesel/petrol pumps was 86,
of which all were in working condition. The total number of windmills were 1,342 with
the vast majority of them (99%) working at the time of the survey. The median number
of windmills on properties that had windmills was 22.

Solar photovoltaic pumping systems (including surface and bore systems) totalled 177,
with all of them reported to be working. Two respondents mentioned that one of their
systems was working “only just”. One respondent indicated that the pump was working
at the time… “but gives too much trouble”. This system was a five panel, 400 W solar
bore system with a total head of 50m and an output of 100L/hr. Another respondent
stated;
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The 7 solar water pumps experience control box failure due to humid moisture
build-up that shorts out the electronics (weather issues – non extreme).

These seven systems were seven panel, 600 W tracked units each, with an estimate
output of 3000L/hr over a total head of between six and 14 metres. There were no
reports about the performance of the diesel bores, apart from concern over how much
fuel they used.

6.5 Respondent Perceptions
The respondents were asked what they saw as the advantages of using renewable
energy components in a SPS system.
ADVANTAGES

% OF RESPONSES

Reducing Diesel Cost

49

24-Hour Power

31

Reduced Noise

18

Environmental Reasons

18

Table 16 : Advantages of Using Renewable Energy Components.
N = 78
A typical response was;
24-hour power, less diesel cost.
Saving on diesel fuel costs and the convenience of 24-hour power were the most
mentioned of all comments.

Respondents were also asked about what they saw as the disadvantages of renewable
energy components in SPS systems.
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DISADVANTAGES

% OF RESPONSES

High Cost

30

Service & Maintenance Issues

21

Battery Replacement

10

System Unreliability

9

Backup Required

4

Require Appropriate Design/Installation

3

Short Component Lifetimes

1

Table 17 : Disadvantages of Using Renewable Energy Components.
N= 56
This question generated a varied spectrum of responses, however some replies were;
None, provided it has been designed accurately;
I can’t fix electronics;
Lack of technicians for repairs and maintenance - we are very isolated;
Very expensive to setup, even with the RAPS subsidy;
Lack of reliability due to the failure of modern type electronic circuitry in hot
and humid conditions;
Too many fast-talking salesmen, need better batteries and backup/service.

Respondents who did not have renewable energy components in the SPS system were
asked what would sway them to include renewables.
REASON

% OF RESPONSES

Lower Renewable System Cost

50

Improved Renewable System Reliability

23

Higher Diesel Cost

7

To be able to Use Less Diesel

7

Reduce Battery Replacement Costs

7

Better Service Infrastructure

3

Decreased Diesel Rebates

3

Table 18 : Reasons That Would Persuade People to Include Renewable Components.
N = 30.
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Some responses were:
Being able to afford it;
A couple of good seasons;
Guarantees and life expectancy commensurate with price;
A decrease in diesel rebates;
Improved reliability and a significant improvement in battery life.

Respondents who did have renewable energy systems were asked what were the main
reasons they chose to install them.

REASON

% OF RESPONSES

Lower Diesel Fuel Costs

31

24 Hour Power

24

No Noise

16

Environmental Reasons

15

Renewables Were Cheaper

12

Subsidies

2

Table 19 : Main Reasons for Installing Renewable Energy Components.
N = 88
Some responses were;
Because of the government subsidy, needed a new generator and to save on fuel
costs;
24-hour power for lifestyle reasons and to keep diesel costs down;
24-hour “quiet” power.

Twenty-seven of the respondents gave information about the SEDO RAPS subsidy.
Only two did not receive the subsidy indicating high awareness of the rebate.
Interestingly one respondent indicated that they had received a rebate and installed the
system themselves. If this were the case this would violate the conditions of the rebate.
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The question was asked: “Has the renewable energy system currently operating to your
satisfaction/met your expectations/or the sales pitch?”. The responses varied but were
overwhelmingly answered with “Yes”.

Table 20 : Renewable Energy System Performance & Expectations.
N = 33
Of the four that the renewable energy system did not meet their expectations, one was
self installed, one was a solar pumping system, and the other two were installed by the
same installer. A typical comment in the negative was;
Not to the level expected, it’s not cheap and has its limitations.
Typical comments in the reasonable, or positive ranged from;
Yes and no, as our power demand keeps growing and stretches its capacity; to
Yes - exceptionally good.

Arguably, this research shows that there is a growing understanding of the limitations
of renewable technologies generally. However, some (N = 2) respondents indicated that
the system designer significantly over estimated system performance, and therefore the
system did not meet their expectations.

Respondents were also asked whether they thought their investment in renewable
energy technologies was cost effective and to estimate any savings or losses.

Table 21 : Renewable Energy System Cost Effectiveness.
N = 33
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Of the respondents that indicated no, some representative comments were;
Not without the government rebate, cost of diesel, 24 hr power, approx 12,000 L
of diesel, service costs plus replacement every 6 yrs;
Not really cost effective including all of the components;
Respondents that indicated the system was cost effective were generally reserved.
Some comments were;
Yes, diesel and generator servicing savings, approx $15,000 to $17,000 per
year for equivalent 24 hr power;
Yes, cost saving are too hard to estimated 5000+ litres of fuel and $120,000 for
generators every ten years;
It is because we run our generator less. Unfortunately the batteries need
replacing every 4 years and that’s a large upfront cost, even with the rebate;
Yes, the R.E. system is cost effective, but only if I undertake some of the minor
maintenance myself, as contractors in this locality are not cheap.
Replies that were not sure usually have installed systems relatively recently and some
were more cautious;
Very debatable, very little savings due to maintenance costs being so high due
to remoteness.

The cost effectiveness of the research is similar to the cost effectiveness reported in the
CAT/ACRE study. The 2000 study found that 77% of respondents thought the
renewable SPS system capacity were cost effective and 10% said it was definitely not
cost effective.

Respondents were also asked to comment on their opinion on the difference between
running, maintenance and capital costs of a diesel system and a

(non specific)

renewable energy system. Some indicative responses were;
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Capital costs - gen cheaper, Maintenance - solar cheaper so far, running costs solar cheaper;
About the same, replacing renewable components is expensive compared with
diesel gensets;
Capital cost of solar is too high, so too is maintenance costs. We would save
only X amount off the fuel bill, but have to put up with poor reliability of
inverters and batteries etc.
When respondents were asked to compare the reliability of renewable energy systems
to diesel powered systems the majority of responses indicated “Yes”.

Table 22 : Renewable Energy System Reliability.
N = 33
Representative comments from respondents that answered yes, were;
In my case, yes;
Yes, but must have hybrid system as one compliments the other;
RE more reliable than diesel and much more convenient.
Respondents that indicated that renewable systems were less reliable commented;
No, because we quite often can't fix inverter problems, but we can fix generators
usually;
No, small problems with inverters are a constant interruption;
Not in summer.

This result indicates that steady improvement has occurred in the renewable energy
component technologies. However, these results are comparing renewables to diesel
generation capacity and does not indicate that renewable systems in general can be
described as reliable.
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One question specifically asked about respondents experience with the renewable
energy industry in terms of sales service and after sales support. Responses varied, but
can be summarised by the following responses;
A fledgling industry and we have been fortunate with [supplier] with good
service. Manufacturers need to improve reliability;
Verging on the mediocre. Meaning if we didn't have access to an excellent
electrician in Port Hedland, we could have been without power for a
considerable time.;
Installer of our system is very difficult to contact and get on site. Thinking of
changing to more reliable people;
[Supplier] have been very good in there after sales service and didn't come over
with a sales pitch, but sat down and discussed our needs;
The tyranny of distance affects everything we do but a careful choice of supplier
and proper installation should result in little hassle.

Respondents were asked about any other finance options or rebates they would
recommend. Representative responses included;
Win Lotto!;
I only know of RAPS.

Responses about the WA SEDO rebate where consistently positive;
Maintain existing rebate incentives;
I believe the current SEDO subsidy to be essential to maintain for homestead
power in particular;
Without the government rebate renewables would not have been used due to
cost;
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We have been granted Renewable Energy from government but still have to find
the $35,000 to pay my half. I think it’s a great idea;
Replacing components is very expensive and without the RAPS scheme we
would use diesel exclusively.

Lastly respondents were asked to provide any other comments. There were many
particularly excellent and detailed responses giving insight into many attitudes and
rarely mentioned aspects. The following seemingly large list of comments is only a
small representative selection of some of the respondent’s comments:

For the money we spend on solar pumps they do not last. In 8 years we have
over 8 pumps that are no longer usable or fixable. Compared to windmills that
last for over 50 years;
The solar water pumping system installed on the property have been a great
benefit. They are a lot more reliable than the windmills;
The cost of battery replacement on top of system cost makes it not cost efficient
for us to have a system;
Aside from our power supply, I know of other station people, who, after
spending thousands of dollars are encountering annoying power supply
problems since installing RES systems. In my opinion we need a reliable
[system] that is heat and dust tolerant;
4 years of drought here and debt levels are high, but will convert to solar wind
asap using country housing authority;
I have visited many stations’ setups like ourselves [with solar power] but in ALL
cases the systems are unreliable and lack elasticity of power requirements. On
economics they don't pencil out with our load, fine for small loads. Solar power
battery life has a long way to go;
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The emphasis on selling RAPS seems to be on the rebate with little regard for
reliability, serviceability, or real ongoing costs. If it wasn't for the rebate few
would be bought on merit alone. Many dealers are doing very nicely out of it.
Ignoring the lure of a rebate, I would suggest most pastoralists desire 24-hr
power;
Too many agents try to sell units according to budget, not accurately
ascertaining required performance. This results in small units that are not up to
the job – It’s also expensive to upgrade units;
The MAJOR problem is when the inverter fails as its hard to find a qualified
electrician out here;
The biggest problem with RE in the Kalgoorlie area is theft!!!!.

6.5.1 Observations
Overall, most respondents were willing to provide much more information than was
required to complete the survey. The calibre of responses and the knowledge levels of
pastoralists of their energy systems was interesting to note. Many of the respondents
also indicated that they would like a copy of the results to see how their experiences
related to others in WA pastoral regions.
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CHAPTER 7: CONCLUSIONS & RECOMMENDATIONS
7.1 Implications of Study
This study has shown the significant progress in market penetration of renewable
energy technologies into regional areas of Western Australia. However, there remain
three crucial issues that the renewable industry needs to continue to address. These
areas are not new, having been repeatedly, and consistently, identified in West
Australian SPS system research over the past 30 years. These three areas are:
•

the significant capital costs of renewable energy technologies;

•

the persistent unreliability of some system components and general
problems of system integration; and

•

the poor access to and significant cost of servicing and maintenance for
regional areas.

7.1.1 Cost
Many previous studies (SERIWA 1981; SERIWA 1985; SERIWA 1985; Blakers 1987;
Philips 1988; Philips 1989; Harman 1991; Wyder 1995; Lloyd 2000) identify the need
for innovative approaches to address the issue of high capital costs of renewable energy
system components. The introduction of RERAPS and the RRPGP funded rebate
programmes has effectively remedied this issue. However, these subsidies are unlikely
to be sustained in the long-term. Research also indicates approximately equal reliability
of diesel and renewable components in SPS systems. Therefore, substituting diesel
generation capacity for renewable energy generation capacity does not seem to improve
the quality of energy service provided to people in remote areas in terms of reliability,
but it does not seem to reduce the reliability either. Renewables seem to have a
competitive advantage in being quieter, having less running costs and are perceived as
being cost effective in times of high diesel prices.
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7.1.2 Maintenance
The lack of qualified professionals willing to travel large distances to service remote
SPS systems is a major ongoing problem, especially during the recent skills shortages.
The research suggests that large costs and time involved in servicing unreliable SPS
equipment is prohibiting many potential renewable energy SPS system users from
entering the market. User capacity building, such as the user training provided by
Bushlight, may be able to provide a solution to some minor maintenance issues, which
would parallel the servicing of diesel generators by system owners. However, issues of
safety, quality and warranties come into question when owners are deciding between
whether the system can be fixed by themselves or requires professional attention.
Whatever the remedy, what is clear is there is a lack of qualified/expert assistance that
will respond to problems quickly in remote areas.

This is also an equity issue. It could be argued that the government has a responsibility
to provide some form of assistance, as electricity services are a basic need. Preventative
steps must also be taken to limit the need for service people to fix SPS system problems
in the first place. The continued research and development of more reliable components
and systems is important to ensure continual improvement of system components and
their integration into a reliable SPS system.

7.1.3 Reliability
The issue of reliability has improved in some areas over the last 30 years, particularly
for individual components. Battery reliability has improved over time according to the
available research (Sustainable Energy Development Office (SEDO) 2006; Western
Australian Office of Energy 2000) as their prevalence in component failure has
decreased markedly. Inverters continue to be a significant contributor to system failure.
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Figure 29 below indicates the fraction of the failure of SPS systems due to a particular
component. The data is derived from a combination of data from SEDO, obtained from
recipients of the RAPS rebate and respondents to this research. All of the data is less
than six years old and incorporates 315 responses from WA.
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Other
9.5%

Batteries
3%
W ind
2%

Inverter
11%

Diesel
8.5%

None
62%

Figure 29 : WA Renewable Energy SPS System Component Failures from 2001-06.
N = 315
The SEDO data included component failures in the first year of installation (N = 114)
and from years two to five (N = 171). The data from this research contains 30
respondents who had a diesel-hybrid system to ensure continuity of data. The data
clearly shows the prevalence of inverter and diesel related failures, however equally
important is the “Other” category. This incorporated minor design problems and system
integration issues, such as cabling problems and minor electrical component problems.
The prevalence of system integration issues seems to be either growing or stagnating
relative to other component improvements over the previous few decades, according to
the available literature.
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7.2 Research Recommendations
These recommendations have been developed to assist policy-makers to develop
initiatives that address the weaknesses and retain the strengths of the past and current
programmes. These recommendations are list by priority.

1. Identify an appropriate model for the establishment of a renewable energy
systems research and development centre) in Australia that incorporates
industry as key stakeholders and has assured funds from government on a longterm basis, either based on an existing model (RDC, CRC etc) The primary
focus of this centre should be on the improvement of system integration.
2. Allocate a percentage of capital grants and “one-off” project funding to
renewable energy R&D to ensure sustained improvements in renewable energy
systems, not simply individual technologies.
3. Maintain renewable energy capital subsidies, which have performed extremely
well over the past several years, as high capital costs are still a major barrier.
Removal of these subsidies, rebates and grants will result in fewer systems
being installed.
4. Implement a subsidy or rebate to promote the establishment of renewable
energy component and system servicing and the development of maintenance
industries, especially in remote areas.
5. Incorporate information gathering as part of maintenance incentives in order to
track of SPS system strengths and weaknesses for industry and manufacturer
feedback.
6. Allocate funds to institutions that can “fast-track” the development of
Australian and International Standards, as well as supporting improved industry
capacity and accreditation, which can quickly become mandatory minimum
performance benchmarks for off-grid energy services and components.
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7. Allocate funds to support the accredited laboratory testing procedures that
incorporate inverter reliability in hot, humid and dusty conditions.
8. Foster capacity building initiatives to users that incorporate demand
management, fuel substitution and load switching for SPS systems. This could
entail components that include case studies and displays indicating system
performance and energy usage patterns to the user.

7.3 Research Summary
The evidence for the simultaneous lack of renewable energy research and development
for SPS system technologies and limited progress in SPS system performance over the
last few decades is not simply circumstantial. Greater cooperation between renewable
energy industries and installers is required, as capacity building and improving the
development and review of testing standards (with the possibility of becoming
mandatory in off-grid areas) will reduce system integration issues. Models such as
agricultural RDCs may provide direction and methods of introducing long-term
security into renewable R&D and allow extended research horizons to ensure faster
rates of progress of the industry for the next 30 years.

Pastoralists are exposed to excellent government policies and capacity building within
the agricultural sector. The agricultural sector has fostered Best Practice policy
performance standards and independent reviews to provide feedback on wide-ranging
issues and mechanisms to policy makers for some time. Applying a similar Best
Practice policy approach to renewable energy SPS system user and industry needs that
focus on integrating with energy, climate change and agricultural policy objectives can
add extra impetus to arguments for supporting the future sustainability of this important
area.

118

CHAPTER 8: REFERENCES
Alexander, S., McGarty C. (1998). "Doing Psychology". London, SAGE Publications.
Anwar, J. (2005). "An Exploritory Study of Arts Participation and Wellbeing in
Regional Western Australia - A Quantitative Study of Denmark in the Great Southern
Region". Western Australian Academy of Performing Arts, School of Communications
and Creative Arts. Perth, Edith Cowan University. Arts Management (Honours).
AusIndustry. ( (2006). "Low Emissions Technology Demonstration Fund (LETDF) Fact Sheet." Retrieved 2 November, 2006, from
http://www.ausindustry.gov.au/content/content.cfm?ObjectID=E8FC07CA-3E0B460B-BDBEE656C94D38C9&L3Keyword=letdf.
Australian Bureau of Agricultural Resource Economics (2005). "Energy In Australia
2005". Canberra, Australian Government Department of
Industry, Tourism and Resources.
Australian Bureau of Statistics. (2004). "Products by Topic." Retrieved 11 November,
2006, from
http://www.abs.gov.au/AUSSTATS/abs@nsf/ProductsbyTopic/0C2AA58A90E887B3
CA256E60007BAB57?OpenDocument.
Australian Bureau of Statistics. (2006). "Australian Farming in Brief 2006." Retrieved
9 October, 2006, from
http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/B6A3AC0352A8580ACA257
1D50017A279/$File/71060_2006.pdf.
Australian Business Council for Sustainable Energy (2004). "The Australian
Photovoltaic Industry Roadmap III". Carlton, Australian Business Council for
Sustainable Energy (BCSE).
Australian Chamber of Commerce and Industry. (2004). "Taxation Reform Blueprint A Strategy for the Australian Taxation System 2004-2014." Retrieved 10 October,
2006, from
http://www.acci.asn.au/text_files/tax_blueprint/Tax%20Blueprint%20Chapters.pdf.
Australian Commonwealth Government. (1967). "PETROLEUM (SUBMERGED
LANDS) ACT 1967." Retrieved 10 October, 2006, from
http://www.austlii.edu.au/au/legis/cth/consol_act/pla1967267/.
Australian Commonwealth Government (2000). "Inquiry Into Australia's Response to
Global Warming - Government Members Report". Canberra.
Australian Commonwealth Government. (2006). "Adelaide - Australia's First Solar
City." Retrieved 31 October 2006, 2006, from
http://www.greenhouse.gov.au/solarcities/pubs/solarcities-fsadelaide.pdf.
Australian Commonwealth Government. (2006). "Agriculture Advancing Australia
(AAA)." Retrieved 1 November, 2006, from
http://www.affa.gov.au/content/output.cfm?ObjectID=D2C48F86-BA1A-11A1A2200060B0A00144&contType=outputs.
119

Australian Commonwealth Government. (2006). "Budgets." Retrieved 1 November,
2006, from http://www.budget.gov.au/index.htm.
Australian Commonwealth Government. (2006). "Securing Australia’s Energy Future:
July 2006 Update." Retrieved 10 October, 2006.
Australian Commonwealth Government. (2006). "Support for Offshore and Onshore
Exploration: August 2006 Update." Retrieved 10 October, 2006, from
http://www.dpmc.gov.au/initiatives/docs/exploration.pdf.
Australian Commonwealth Government. (2006). "Townsville: Queensland's First Solar
City." Retrieved 31 October, 2006, from
http://www.deh.gov.au/minister/env/2006/mr26sept06.html.
Australian Greenhouse Office. (1998). "The National Greenhouse Strategy - Strategic
Framework for Advancing Australia's Greenhouse Response." Retrieved 13 October,
2006, from http://www.greenhouse.gov.au/government/ngs/pubs/ngs.pdf.
Australian Greenhouse Office. (2001). "Australian Firms and the Market-based
Mechanisms of the Kyoto Protocol." Retrieved 10 June 2006, 2006, from
http://www.greenhouse.gov.au/international/kyoto/pubs/mechanisms.pdf.
Australian Greenhouse Office. (2001). "Greenhouse Gas Emissions From the
Australian Livestock Sector - What We Know, What Can We Do?" Retrieved 1
November, 2006, from
http://www.greenhouse.gov.au/agriculture/publications/pubs/methane_emissions.pdf.
Australian Greenhouse Office. (2003). "Renewable Opportunities - A Review of the
Operation of the Renewable Energy (Electricity) Act 2000 September 2003."
Retrieved 9 October, 2006, from http://www.mretreview.gov.au/report/pubs/mretreview.pdf.
Australian Greenhouse Office. (2004). "Australian Firms and the Market-based
Mechanisms of the Kyoto Protocol." Retrieved 13 October, 2006, from
http://www.greenhouse.gov.au/international/kyoto/mechanisms.html.
Australian Greenhouse Office (2004). "National Inventory Report 2004". Canberra,
Australian Greenhouse Office.
Australian Greenhouse Office. (2004). "State and Territory Greenhouse Gas Inventories
2004." Retrieved 1 November, 2006, from
http://www.greenhouse.gov.au/inventory/stateinv/pubs/states2004.pdf.
Australian Greenhouse Office. (2005). "Advanced Electricity Storage Technologies
Programme: Energy Storage Technologies: A Review Paper." Retrieved 13 October,
2006.
Australian Greenhouse Office. (2005). "Climate Change in Rural and Regional
Australia." Retrieved 1 November, 2006, from
http://www.greenhouse.gov.au/nrm/publications/pubs/climatechange.pdf.

120

Australian Greenhouse Office. (2005). "Landcare Australia - Meeting the Greenhouse
Challenge." Retrieved 1 November, 2006, from
http://www.greenhouse.gov.au/agriculture/publications/landcare.html.
Australian Greenhouse Office. (2006). "Agriculture Industry Partnerhips - Climate
Change Action for Multiple Benefits." Retrieved 9 October, 2006, from
http://www.greenhouse.gov.au/agriculture/publications/pubs/industry-partnerships.pdf.
Australian Greenhouse Office. (2006). "Alternative Fuels Conversion Programme."
Retrieved 1 November, 2006, from
http://www.greenhouse.gov.au/transport/afcp/index.html.
Australian Greenhouse Office. (2006). "Australia's Fourth National Communication on
Climate Change." Retrieved 1 November, 2006, from
http://www.greenhouse.gov.au/international/publications/fourth-comm.html.
Australian Greenhouse Office. (2006). "Homepage." Retrieved 10 October, 2006,
from http://www.greenhouse.gov.au/international/index.html.
B. Lloyd, D. L., L. Wilson, (2000). Renewable Energy in Remote Australian
Communities (A Market Survey). Perth, Australian Cooperative Research Centre for
Renewable Energy (ACRE) & Centre for Appropriate Technologies (CAT).
Boswell, R. (2006). "Fishermen, Farmers, Truckies to get two year Transition from
Current Diesel Fuel Rebate Arrangements." Retrieved 31 October, 2006, from
http://ronboswell.com/?m=20060601.
Bradburn, N., Sudman, S. (1988). Polls and Surveys: Understanding What They Tell
Us. San Francisco, Jossey-Bass.
Breidenich, C., Magraw, D., Rowley, A., Rubin, J.W. (1998). "The Kyoto Protocol to
the United Nations Framework Convention on Climate Change." The American Journal
of International Law, Vol. 92,(No. 2.): pp. 315-331.
Burton, C., Piper, A., Clarke, Y., James, W. (1984). Potential for Photovoltaic
Applications on Remote Pastoral Leases in Western Australia - 1984 Update. Perth,
Western Australia, Solar Energy Research Institute of Western Australia.
Bushlight (2006). "Homepage." from http://www.bushlight.org.au.
Campbell, I. (2006). "Funding Boost Powers Remote Communities." Retrieved 31
October, 2006, from http://www.deh.gov.au/minister/env/2006/mr10aug06.html.
Cities for Climate Protection. (2006). "Homepage." from http://www.iclei.org.
Climate Action Network Australia. (2003). "Fuel Tax Enquiry." Retrieved 2
November, 2006, from
http://fueltaxinquiry.treasury.gov.au/content/Submissions/Industry/CANA_221.asp.
Cordero, E. C. (2001). "Misconceptions in Australian Students’ Understanding
of Ozone Depletion", Cooperative Research Centre for Southern Hemisphere
Meteorology, Monash University.
121

Dalton, W., Bright, F. (2003). "Information on Pastoral Businesses in the Rangelands of
Western Australia." Retrieved 9 October, 2006, from
http://www.agric.wa.gov.au/pls/portal30/docs/FOLDER/IKMP/LWE/LAND/MP2003_
24.PDF.
Department of Agriculture Fisheries and Forestry. (2002). "Inquiry into Business
Commitment to Research and Development in Australia." Retrieved 2 November,
2006, from http://www.affa.gov.au/.
Department of Agriculture Fisheries and Forestry (2004). "Review of the Agriculture,
Advancing Australia Package 2000-04 - Summary of Findings and Issues". Canberra,
Department of Agriculture, Forestry and Fisheries.
Department of Agriculture Fisheries and Forestry (2005). "Innovating Rural Australia Research and Development Corporation Outcomes". Canberra, Department of
Agriculture, Forestry and Fisheries.
Department of Housing and Works. (2005). "Remote Area Power Supply." Retrieved
9 October, 2006, from http://www.dhw.wa.gov.au/398_431.asp.
Department of the Prime Minister and Cabinet (2004). "Securing Australia's Energy
Future - Moving Ahead with Energy Market Reform (Fact Sheet 8)."
Department of Industry Tourism and Resources. (2006). "Australian Government
Petroleum Revenues." Retrieved 10 October, 2006, from
http://www.industry.gov.au/content/itrinternet/cmscontent.cfm?objectID=882B4AC11B24-4A29-96C79BE7720EF043.
Dillman, D. (2000). "Comparisons of the Total Design Method." Retrieved 31
October, 2006, from
http://www.sesrc.wsu.edu/dillman/papers/ICESII%20TDM%20paper--Proceedings.pdf.
Economist Intelligence Unit. (2002). "Country Profile Australia (sample)." Retrieved
9 October, 2006, from
http://store.eiu.com/index.asp?layout=show_sample&product_id=30000203&country_i
d=AU.
energyrating.gov.au. (2006). "Homepage." Retrieved 13 October, 2006, from
http://www.energyrating.gov.au/index.html.
EnergyWeb.net. (2001). "Australia's Energy Requirements Need Urgent Changes."
Retrieved 10 October, 2006, from
http://www.energyweb.net/platform/readarticle.asp?ID=1931.
Government of Western Australia. (2006). "2006–07 Budget Statements." Retrieved
11 November, 2006, from http://ourstatebudget.wa.gov.au.
Graham, M. (2005). "Submission to the Parliamentary Inquiry on the Woodburn to
Ballina Upgrade of the Pacific Highway." Retrieved 13 October, 2006, from
http://www.parliament.nsw.gov.au/prod/parlment/committee.nsf/0/c2085719528f5c0fc
a257099000b4eec/$FILE/sub%20078.pdf.

122

Green Power. (2006). "National GreenPower Accreditation Program - Quarterly Status
Report 1 April to 30 June 2006." Retrieved 13 October, 2006, from
http://greenpower.gov.au/downloads/reportsaudits/2006Q2Report.pdf.
Gregory Mankiw, N., Gans, J., King, S., Stonecash, R. (2000). "Principals of
Economics". Marrickville, Harcourt Australia.
Harman, F., Stocker, L., Walker, I., Stirling, M. (1991). "Barriers to the use of
Renewable Energy in Western Australia". Perth, Institute for Science and Technology
Policy, Murdoch University.
Harrington, L. (1987). "Stand Alone Remote Area Power Systems Incorporating
Renewable Energy Technologies", New South Wales Department of Energy.
Hogan, L. (2003). "Australia’s Petroleum Resource Rent Tax - An Economic
Assessment of Fiscal Settings." Retrieved 10 October, 2006, from
http://www.abareconomics.com/publications_html/energy/energy_03/er03_pettax.pdf.
Howard, J. (1997). "Statement by the Prime Minister of Australia the Hon. John
Howard MO Safeguarding the Future: Australia's Response to Climate Change"
Howard, J. (1999). "Changes to the Goods and Services Tax." Retrieved 1 November,
2006, from http://www.pm.gov.au/news/media_Releases/1999/changes3105.htm.
International Energy Agency. (1999). "World Energy Outlook - Looking at Energy
Subsidies: Getting the Prices Right." Retrieved 10 October, 2006, from
http://www.iea.org/textbase/nppdf/free/1990/weo1999.pdf.
International Energy Agency. (2001). "Energy Policies of IEA Countries - Australia
2001 Revew." Retrieved 9 October, 2006, from
http://www.iea.org/textbase/nppdf/free/2000/australia2001.pdf.
International Energy Agency. (2003). "2003 Energy Balances for Australia."
Retrieved 9 October, 2006, from
http://www.iea.org/Textbase/stats/oecdbalancetable.asp?oecd=Australia&COUNTRY_
LONG_NAME=Australia.
International Energy Agency (2003). "Evolution of Electricity Generation by Fuel from
1971 to 2003 - Australia".
International Energy Agency. (2004). "Renewable Energy. Market & Policy Trends
in IEA Countries." Retrieved 31 October, 2006, from
http://www.iea.org/textbase/nppdf/free/2004/renewable1.pdf.
International Energy Agency. (2006). "Carrots and Sticks: Taxing and Subsidising
Energy : Economic Analysis Division." Retrieved 10 October, 2006, from
http://www.iea.org/textbase/papers/2006/oil_subsidies.pdf.
International Energy Agency. (2006). "Homepage." Retrieved 13 October, 2006, from
http://www.iea.org.
International Energy Agency (2006). "Key World Energy Statistics 2006". Paris,
International Energy Agency.
123

International Energy Agency. (2006). "RECP." Retrieved 1 November, 2006, from
http://www.iea.org/textbase/pamsdb/detail.aspx?mode=gr&id=5.
Jennings, P. (2004). "A Retrospective View of ACRE." Retrieved 10 October, 2006,
from
http://wwwphys.murdoch.edu.au/Solar2004/Proceedings/Policy/Jennings_Paper_ACR
E.pdf.
Kemp, D., Downer, A. (2002). "Global Greenhouse Challenge: The Way Ahead for
Australia." Retrieved 13 October, 2006, from
http://www.deh.gov.au/minister/env/2002/mr15aug202.html.
Lloyd, B., Lowe, D., Wilson, L. (2000). "Renewable Energy in Remote Australian
Communities (A Market Survey)". Perth, Australian Cooperative Research Centre for
Renewable Energy (ACRE) & Centre for Appropriate Technologies (CAT).
M. Watt. (2005). "Australia. Photovoltaic technology status and prospects." Retrieved
9 October, 2006, from http://www.iea-pvps.org/ar05/aus.htm.
Mandil, C. (2004). "World Energy Outlook 2004". Paris, International Energy Agency.
Marron, F. (2004). "Long-Term Relaiability and Owner Perceptions of Renewable
Energy Remote Area Power Supply Systems in Western Australia". Department of
Science and Engineering. Perth, Western Australia.
NewScientist (2006). "Is It All Over for Nuclear Power?" NewScientist. 190: 33-37.
Office of the Renewable Energy Regulator. (2006). "Mandatory Renewable Energy
Target Overview." Retrieved 1 November, 2006, from
http://www.orer.gov.au/publications/pubs/mret-overview0306.pdf.
Organisation de Coopération et de Développement Economiques. (2002). "Defining
and Measuring Environmentally-Harmful Subsidies in the Energy Sector." Retrieved
10 October, 2006, from http://www.iea.org/textbase/papers/2002/rd20024.pdf.
Parliament of Australia: Senate. (2000). "The Heat is On: Australia's Greenhouse
Future." Retrieved 13 October, 2006, from
http://www.aph.gov.au/SENATE/committee/ecita_ctte/completed_inquiries/199902/gobalwarm/report/contents.htm.
Phillips, S. (1989). "Photovoltaic Systems - Status and Applications in Australia".
Perth, Murdoch University Energy Research Institute.
Phillips, S., Pryor, T., James, W., Singh P. (1988). "Australian Remote Area Power
Supply: Study of a Typical Site Load, System Size and Costs". Perth, Western
Australia, Murdoch University.
Price, K. (2003). "From Pastoralists to Futuralists: linking disciplines, communities and
policies to facilitate NRM and community development in the Australian rangelands."
Retrieved 9 October, 2006, from
http://www.regional.org.au/au/apen/2001/n/PriceK.htm.
124

Research Institute for Sustainable Energy (RISE). (2006). "RESLab Capability
Statement." Retrieved 13 October 2006, 2006, from
http//www.rise.org.au/reslab/Capability_Statement_reslab.pdf.
Riedy, C. (2001). "Public Subsidies and Incentives to Fossil Fuel Production and
Consumption in Australia - A Draft Discussion Paper." Retrieved 10 October, 2006,
from http://www.isf.uts.edu.au/publications/CR_2001.pdf.
Riedy, C. (2003). "Subsidies That Encourage Fossil Fuel Use in Australia." Retrieved
1 November, 2006, from http://www.isf.uts.edu.au/publications/CR_2003_paper.pdf.
Roarty, M., Webb, R. (2001). "Excise Tariff Amendment (Crude Oil) Bill 2001."
Retrieved 10 October, 2006, from http://www.aph.gov.au/library/pubs/bd/200102/02bd053.pdf.
Scadding, G. (2003). "Agricultural/Pastoral Aspect of the Pilbara Integrated Strategic
Sustainability Policy". Perth, Institute for Sustainable Technology Policy (ISTP),
Murdoch University.
Schapper, H. (2002). "Western Australia's Agriculture and Pastoralism in Cultural and
Ecological Perspective." Retrieved 9 October, 2006, from
http://www.csu.edu.au/research/crsr/ruralsoc/v6n2p3.htm.
Shean, M., Phillips, S. (1985). "Five Kilowatt Photovoltaic Remote Power Supply
System", Solar Energy Research Institute of Western Australia.
Solar Energy Research Institute of Western Australia (1985). "Remote Area Power
Supply Study for the Balladonia Roadhouse, Hotel and Motel Site", Solar Energy
Research Institute of Western Australia

Sonn, C. D., N., Kasat, P. (2002). "Conceptualising Community Cultural Development:
The Roe of Cultural Planning in Community Change". Perth, Community Arts Network
(WA).
Sustainable Energy Development Office (SEDO). (2006). "Outcomes of the Remote
Area Power Supply Program to January 2006." Retrieved 1 November, 2006, from
http://www1.sedo.energy.wa.gov.au/pdf/raps&rewp_outcomes_jan06_v2.pdf.
Sustainable Energy Development Office (SEDO). (2006). "RRPGP." Retrieved 10
October, 2006, from www1.sedo.energy.wa.gov.au/pages/rrpgp.asp.
Sustainable Energy Development Office (SEDO) (2006). "RRPGP Funding". (SEDO),
The Australian Council for Infrastructure Development. (2002). "Submission to the
Government of Western Australia
Electricity Reform Task Force." Retrieved 31 October, 2006, from
http://www.auscid.org.au/home2/downloadproc.php?id=38.
The Energy Taskforce (2004). "Securing Australia's Energy Future". Canberra,
Department of the Prime Minister and Cabinet.

125

Trewin, D. (2006). "2006 Year Book Australia". Statistics, A. B. O. Canberra,
Australian Bureau of Statistics: 800.
United Nations Framework Convention on Climate Change. (1992). "Full Text of the
Convention." Retrieved 13 October, 2006, from
http://unfccc.int/essential_background/convention/background/items/1349.php.
United Nations Framework Convention on Climate Change. (2006). "Homepage."
Retrieved 10 October, 2006, from http://unfccc.int/2860.php.
Watt, M. (2005). "Australia. Photovoltaic technology status and prospects." Retrieved
9 October, 2006, from http://www.iea-pvps.org/ar05/aus.htm.
Western Australian Department of Planning and Infrastructure. (2006). "Western
Australian Western Australia's Pastoral Industry." Retrieved 9 October, 2006, from
http://www.dpi.wa.gov.au/pastoral/1597.asp.
Western Australian Department of Primary Industries. (2005). "Pastoral Lines Volume
4." Retrieved 1 November 2006, 2006, from
http://www.dpi.wa.gov.au/mediaFiles/pastoral_newsletterdec05.doc.
Western Australian Government. (2004). "Western Australian Greenhouse Strategy."
Retrieved 31 October, 2006, from
http://portal.environment.wa.gov.au/portal/page?_pageid=54,5691452&_dad=portal&_
schema=PORTAL.
Western Australian Office of Energy. (2000). "Review of the Renewable Energy RAPS
Rebate Scheme." Retrieved 10 October, 2006, from http://www.energy.wa.gov.au/.
Western Australian Office of Energy (2006). "Energy WA Electricity Generation from
Renewable Energy". Perth, Government of Western Australia.
Western Australian Office of Energy. (2006). "Wholesale Electricity Market."
Retrieved 1 November 2006, 2006, from
www.energy.wa.gov.au/2/3190/64/wholesale_elect.pm.
Western Australian Sustainable Energy Association (WA SEA). (2003). "Submission to
the Mandatory Renewable Energy Target Review Panel in Response to Renewable
Energy (Electricity) Act 2000." Retrieved 1 November, 2006, from
http://www.mretreview.gov.au/pubs/mret-submission211.pdf.
Wichert, B. (1997). "PV-Diesel Hybrid Energy Systems for Remote Area Power
Generation - A Review of Current Practice and Future Developments". Perth, Western
Australia, Department of Electrical Engineering, Curtin University of Technology.
Willis, M. (2006). "A Changing Climate." Retrieved 13 October, 2006, from
http://www.lawyersweekly.com.au/articles/FD/0C0442FD.asp?Type=55&Category=16
39.
Wyder, J., Frazer, R., Pryor, T. (1995). "Study into Power Provision Policies for
Remote Areas in Western Australia". Perth, Murdoch University Energy Research
Institute.
126

CHAPTER 9: APPENDICES
Appendix A: Agriculture, Greenhouse Gas Emissions & Policy
The two greenhouse accounting sectors in the National Greenhouse Gas Inventory
(NGGI) directly related to pastoralists are Agriculture and Land Use, Land Use Change
and Forestry. As can be seen in the figure below, the Agriculture and Land Use, Land
Use Change and Forestry sectors are the second largest and fourth largest contributors
to national GHG emissions.

Figure 30 : 2004 Percentage of Total Australian Greenhouse Emissions by Sector
(Australian Greenhouse Office 2004).

The land use, land use change and forestry sector accounts for changes in the amount of
carbon biomass in vegetation and soil after land has been used in human activities. This
sector includes forestry (afforestation and reforestation since 1990) and land use change
(deliberate human induced deforestation). Emissions arise from the burning or decay of
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aboveground biomass and changes in soil carbon, whereas vegetation growth provides
an emission sink. The net emissions from this sector were 35.5 Mt CO2-e or 6.3% of
net national emissions in 2004 (Australian Greenhouse Office 2004).

Figure 31 : 2004 Land Use, Land Use Change & Forestry CO2-e Emissions (Gg)
(Australian Greenhouse Office 2004).

The total land use, land use change and forestry emissions declined by 72.5% (93.4 Mt)
from 1990 to 2004, due predominantly to halting of clearing. There is also a
diminishing effect of extensive past land use change on decay of aboveground biomass
and below ground carbon (Australian Greenhouse Office 2004).

Information on burnt vegetation is largely based on a time series of satellite images
processed by WA Department of Land Information. Agricultural data on livestock
numbers and crop production is sourced from Australian Bureau of Statistics (ABS)
census/survey data collected on 30 June in the relevant year. Feedlot cattle numbers are
sourced from the Australian Lot Feeders Association, milk production statistics come
from Dairy Australia and various industry associations provide rice and sugar cane
data. Other primary data used, such as liveweights, liveweight gains, pasture
digestibility, savannah fuel loads and combustion emission factors are based on reviews
of published data and expert assessments (Australian Greenhouse Office 2004).
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The national agriculture inventory is compiled on a State basis to reduce averaging
input data errors across areas with large physical and management differences. State
emission totals are aggregated to give national totals (Australian Greenhouse Office
2004). The following figure is the 2004 Western Australian State Greenhouse Gas
Inventory.

Figure 32 : National and Western Australian Total Emissions by Sector (Mt)
(Australian Greenhouse Office 2004).

From the comparison between the national and WA state GHG emission totals, in 2004
WA accounted for 12.1% of emissions. Also of note is that the WA agricultural sector
produces 13.5% of the national Agricultural emissions, with the subsectors of livestock
and other agriculture accounting for 9.8% and 22.1% of the national sectoral emissions
respectively. The relative changes of Western Australia’s GHG emissions can be
clearly seen in the following graph (Australian Greenhouse Office 2004).
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Figure 33 : Western Australian Emissions by Sector in 1990 and 2004 (Mt) (Australian
Greenhouse Office 2004).

Interestingly, the two of the three sectors that have either reduced or maintained the
1990 level of greenhouse gasses are agriculture and land use, land use change and
Forestry (Australian Greenhouse Office 2004).

The Energy sector includes emissions from energy use by the commercial, institutional
and residential sectors, as well as fuel used by agricultural, fishery and forestry
equipment in addition to all remaining fuel combustion emissions, including those
produced by combustion of engine lubricating oil and military fuel use. Therefore SPS
systems would fall under this category, but would be a negligible contributor
(Australian Greenhouse Office 2004). Fuel combustion in the residential, commercial
and institutional sectors, together with fuel use by agricultural, fisheries and forestry
equipment, contributed 19.4 Mt or 3.4% of national GHG emissions in 2004. This is
33.0% more than the 14.6 Mt of emissions in 1990 (Australian Greenhouse Office
2004).
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The Australian Bureau for Agriculture Resource Economics (ABARE) statistics for the
agriculture, forestry & fisheries sector present a single total figure for diesel fuel
consumed in agriculture, fisheries and forestry in the NGGI. To discern what relative
percentage of diesel each of these three different subsectors consume, an estimate was
based on the relative volumes of diesel fuel excise rebate claims to the Australian
Customs Service over the period 1988 to 1994. These were used due to the consistency
of the proportions over the period. This estimate concluded that agriculture, fisheries
and forestry industries account for 77%, 6% and 17% of total sectoral diesel fuel
consumption (Australian Greenhouse Office 2004).

Figure 34 : Australian Net Greenhouse Gas Emissions by Sector in 2004 (Mt)
(Australian Greenhouse Office 2004).

In the Agricultural sector, emissions of methane (CH4) and nitrous oxide (N2O) are
produced when biomass is consumed, decays, or is burnt. Activities such as crop
cultivation, addition of fertilisers, deliberate burning, flooding and the introduction of
ruminant animals add to the total and complexity of emission calculation. In the
agricultural sector the largest sources of greenhouse gasses are from enteric
fermentation in livestock, (microbial fermentation during digestion of feed
predominantly in ruminant animals such as cattle and sheep), manure management
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(decomposition of animal wastes), rice cultivation (methane from anaerobic decay of
flooded organic material), agricultural soils (associated with the application of different
fertilisers to the and biological nitrogen fixing crops) and prescribed burning (in crops
and crop stubble for pasture management and prevention of bushfires) (Australian
Greenhouse Office 2004).

Figure 35 : 2004 Western Australian Agricultural Sector CO2-e Emissions (Gg)
(Australian Greenhouse Office 2004).

Converting different gasses to carbon dioxide equivalence (CO2-e) gives a reference to
compare the greenhouse potency between the different GHGs to obtain a relatively
simple emissions accounting method. The agricultural sector is Australia’s leading
source of both net methane and net nitrous oxide, accounting for 71.9 Mt CO2-e
(60.1%) and 21.3 Mt CO2-e (86.1%) respectively (Australian Greenhouse Office 2004).

National agricultural GHG emissions increased by 2.2% (2.0 Mt) between 1990 and
2004, but decreased by 1.7% (1.6 Mt) from 2003 to 2004 to produce an estimated 93.1
Mt CO2-e emissions or 16.5% of net national emissions in 2004 (Australian
Greenhouse Office 2004). Over the same period Western Australian agricultural
emissions increased 3.5% in a similar pattern to the national emissions (Australian
Greenhouse Office 2004). The following table shows Western Australia’s breakdown
of sources and sinks.
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Figure 36 : Western Australian GHG Source Category Trends by Sector (Gg)
(Australian Greenhouse Office 2004).

In Australia, the principal species of both agricultural and specifically pastoral animals
are cattle and sheep. These animals are bred to perform well in semi-arid or tropical and
sub-tropical climatic conditions within the chosen paddock management systems. Due
to the regions they inhabit, the growth rates of these animals vary significantly from
similar animal in other Annex I countries (Australian Greenhouse Office 2004).
Greenhouse gas emissions from livestock are the sum of the enteric fermentation and
manure management subsectors. Livestock emissions were 65.0 Mt CO2-e in 2004,
which represents 69.8% of the agriculture sector’s emissions and 11.5% of net national
emissions. Livestock related emissions in 2004 were 6.6% (4.6 Mt) lower than in 1990
and 1.4% (0.9 Mt) lower than in 2003 (Australian Greenhouse Office 2004).

Wool prices declined and sheep numbers fell after peaking in 1990 at 173 million head
and have since declined 42% to 101 million in 2004. Over the same period the number
of cattle has increased 10%, from 24.8 million to 27.2 million head. The growth in
cattle is particularly pertinent as emissions per head from cattle are about 12 times that
per head of sheep. The combined effect of these trends can be seen in the figure below
with livestock emissions peaking in 1991 and in 2001. The overall decline since 2001 is
due to drought (Australian Greenhouse Office 2004).
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Figure 37 : 1990 to 2004 National CO2-e Livestock Emissions Trends (Mt) (Australian
Greenhouse Office 2004).

Other 2004 agricultural subsector GHG emission totals include rice cultivation (0.2
Mt), agricultural soils (16.6 Mt), prescribed burning of savannas (11.0 Mt) and field
burning of agricultural residues (0.3 Mt). The emission increases from 1990 is
primarily due to a 4.4 Mt (66.8%) increase in savanna burning and a 2.4 Mt (17.2%)
increase in agricultural soil emissions. The decrease seen from 2001 to 2004 is again
due to the drought, hampering irrigated agriculture in particular, which reduced
emissions from soils. In 2004, total emissions increase from these agricultural
subsectors was 6.6 Mt (30.8%) more than 1990 and 0.7 Mt (2.3%) lower than the peak
in 2003 (Australian Greenhouse Office 2004).
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Figure 38 : 1990 to 2004 National Crop, Soil and Fire Related Subsector CO2-e
Emission Trends (Mt) (Australian Greenhouse Office 2004).

The Australian sheep industry is almost exclusively reliant upon pasture as less than
10% of lambs are feedlot finished. The cattle industry is also pasture based, but up to
39% of slaughter stock pass through a feedlot on a national basis for between 70 and
300 days of their life (Australian Greenhouse Office 2001). Pastures that are seasonal
and predominantly of low quality, such as many of Western Australia’s pastoral
regions, are substantially lower in digestibility than diets used to feed ruminants in
heavily populated developed countries.

Livestock in these regions are handled as few times a year as possible and any
greenhouse gas abatement strategy (be it directed at the feed or the animal) must be
effective for at least six months from a single application. There is the possibility of
regular effective delivery of chemical or biological agents to stock in the extensive
pastoral zone through water medication, if access to water is restricted to a reticulated
supply. While this opportunity exists, there are as yet no suitable chemical or biological
control agents available for delivery for this purpose (Australian Greenhouse Office
2001).
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Graziers in the low or extremely seasonal rainfall zones are also limited in their ability
to use grazing management to control the digestibility of feed on offer to the animal.
The climatic constraint to pasture growth has associated effects which also impact on
the farm’s own methane emissions budget, such as causing low reproductive efficiency
and slow growth rates (Australian Greenhouse Office 2001).

The regulation of feed intake by ruminants has been exhaustively researched and
Australia is a world authority in this area, but capturing all the possible variables of
feed intake in a simple model has proved difficult. Potential abatement strategies have
been found, but are unlikely to be palatable with pastoralists. Such strategies include:
•

changing attributes of the animal population;

•

reducing animal number to achieve a direct and immediate mechanism to reduce
emissions;

•

changing animal size, as smaller animals eat less per liveweight of total flock;

•

improving feed use efficiency, as some individuals consume more feed than
their peers for the same growth;

•

exploiting differences in digestive physiology, as some individuals emit very
low methane emissions; and,

•

changing attributes of the rumen to produce less harmful emissions (Australian
Greenhouse Office 2005).

However there are few, if any realistic and financially viable methods to reduce
emissions from ruminants grazing in semi-arid areas.

The research to reduce ruminant methane emissions, while extremely impressive in
scope and scale, is often only practical in feedlot fed animals or necessitates
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modification of the entire national herd. While some methods are and may become
technically feasible in the future, the economics and feasibility of producing
“greenhouse friendly ruminants” seems an unbalanced approach to impose on the
agricultural and pastoral industries in view of currently available and cost effective,
practical alternatives. However what might be realistic and economically feasible may
change in the future if the introduction of a carbon tax in Australia, charged per head of
ruminant, becomes a factor in pastoralists and farmers lives.

A.2.1 Agricultural Greenhouse Policies
One of the most important recent government initiatives to assist agriculturalists is the
Regional Climate Change Agenda’s Greenhouse Action in Regional Australia
Programme. The goals of this programme are to coordinate greenhouse action across
the land sectors and to support greenhouse action in regional Australia for multiple
benefits through investment in research, partnerships with agricultural and forest
industries and integration of greenhouse issues with conventional natural resource
management practices. Subprogrammes include the Australian Climate Change Science
Programme and the National Adaptation Programme which aim to actively research
climate change, its consequences and to understand the extent and timing of climate
change impacts (Australian Greenhouse Office 2005).

The AGO has provided over $50 million to the Australian Climate Change Science
programme from 2000 to 2008. The programme is aiming to provide improved
scientific modelling of the speed and magnitude of climate change and extreme events
in particular regions of Australia and to understand more about the carbon cycle under a
changing climate. The programme seeks adaptation options that can deliver additional
production or environmental benefits and to identify all cost-effective options
(Australian Greenhouse Office 2005).
137

The Federal Governments 2005 voluntary Greenhouse Challenge Plus programme
announced a new focus on agricultural GHG emissions. It includes a range of initiatives
aimed at assisting land managers to become focused on Best Practice, environmental
management programmes and cost-effective management options. To facilitate the
consideration

of

greenhouse

emissions

in

agriculture

within

environmental

managements systems the federal government, through companies, industry groups and
state governments has developed a Guide to Good Greenhouse Challenge Practice in
Australian Agriculture and incorporated it into the conventional Greenhouse Challenge
Plus reporting framework (Australian Greenhouse Office 2006). One example of a
successful integrated approach is the AGO-Landcare Greenhouse Challenge
partnership.

A.2.1 The Landcare Greenhouse Challenge
Landcare Australia and the AGO formed a partnership to create the Landcare
Greenhouse Challenge in 2001. Landcare is a voluntary, community-based movement
that aims to improve the sustainability of natural resource management in Australia. It
operates throughout Australia and has a strong rural and regional focus that directly
involves around 40% of farmers nationally (Australian Greenhouse Office 2006).

The programme included workshops and information kits to assist farmers to identify
on-farm sources of GHGs and implement action plans to reduce these emissions.
Landcare Australia recruited 120 farmers representing the beef, sheep, wool, cropping
and dairy industries from across the country to take part in the programme. A core part
of the programme involved the submission of annual progress reports involving the six
core areas of livestock management, nitrogen management, soil management, water
management, energy consumption and vegetation management (Australian Greenhouse
Office 2005).
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One participant was BF White & Company from Miling in Western Australia’s central
western Wheatbelt. The White family farm is a 3,800 hectare property that grows
wheat, lupins, oaten hay, barley, merino wool and beef cattle on a mixed range of soil
types, including a considerable area of saline land. The farm receives only 350 mm of
rain on an average year. Developments on the farm has seen the use of liquid fertilizer
instead of granular leading to less nitrogen being wasted, less nitrous oxide emissions
and associated cost savings (Australian Greenhouse Office 2005).

The Whites have planted over 100,000 trees and fenced off large areas of bushland to
improve its productivity and reduce the encroaching salt. The Whites see their GHG
reduction strategies as highly compatible both with his philosophy for environmentally
sustainable practices and with profitable farm management. They are committed to
continuing to introduce the strategies outlined in his Greenhouse Challenge action plan,
including establishing 5,000 to 6,000 native trees and saltbush plants each year,
particularly on salt affected land. They believe that the effectiveness of the programme
depends on adequate on-ground support, especially in more remote areas in parts of
Western Australia (Australian Greenhouse Office 2005).
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Appendix B: Agriculture Advancing Australia Programmes
Some of the many progressive capacity-building programmes included in the AAA
package were FarmBis, the Farm Management Deposit Scheme and the Climate
Variability in Agriculture R&D Programme. The FarmBis programme was
implemented to deliver business training and investment planning to improve
accounting methods and risk management (Department of Agriculture Fisheries and
Forestry 2004). Between 1 July 2001 and the end of March 2004 around 89,000
primary producers had undertaken 134,000 learning activities nationally and to date the
programme has financially assisted over 150,000 people to attend education and
training activities (Australian Commonwealth Government 2006).

The Farm Management Deposit Scheme also focused on risk management by a taxlinked financial deposit tool to encourage producers to deposit profits from good years
and drawing them down in low-income years (Department of Agriculture Fisheries and
Forestry 2004). In March 2006, more than 41,000 primary producers held more than
$2.3 billion in deposits, with around $324 million from WA alone (Australian
Commonwealth Government 2006).

The Climate Variability in Agriculture Research and Development Programme was
established to improve climate research specific to agricultural production and provide
an accessible forecast for balancing risk management with seasonal variability
(Department of Agriculture Fisheries and Forestry 2004). The programme has since
ended and the next phase of research was incorporated into the new Managing Climate
Variability Programme (Australian Commonwealth Government 2006).

An additional AAA programme was the Farm Family Restart Scheme, which provided
welfare support to ensure families could meet basic needs while assessing the future of
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peoples’ non-viable farms. These payments were accompanied by professional advice
and a re-establishment grant of $45,000 to those who left the industry. The scheme was
renamed to Farm Help in 2000 and now offers $55,000 per farming family, including
income support, advice and training (Australian Commonwealth Government 2006).

Also included in the comprehensive suite of AAA programmes was the Retirement
Assistance for Farmers Scheme. This allowed older farmers on low-income properties
to retire and receive a pension while handing over the farm to a younger generation
(Department of Agriculture Fisheries and Forestry 2004). The scheme concluded in
2001 (Australian Commonwealth Government 2006).

Further AAA programs included the Rural Partnership Programme, the Rural
Communities Programme, the Understanding Rural Australia Project and the
Exceptional Circumstances Programme. The Rural Partnership Programme provided
joint funding from the Australian Department of Agriculture, Fishing and Forestry and
other State and Commonwealth agencies, for regions to develop local solutions to
economic, social and environmental issues. It has subsequently been funded outside the
AAA package and most of the projects have finished to date (Australian
Commonwealth Government 2006).

The Exceptional Circumstances Programme also began under the AAA package and
was designed as an intervention when a severe and unforeseen downturn occurs that
causes large levels of a specific industry to exit from a region that are “rare, prolonged
and that fall outside normal risk circumstances”. As of 30 June 2004, 10,449 farmers
were receiving payments from the programme and is funded separately from AAA
(Department of Agriculture Fisheries and Forestry 2004).
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The Rural Communities Programme provided grants for funding for community
development to employ Rural Financial Counsellors, information technology
infrastructure and for regional strategic planning (Department of Agriculture Fisheries
and Forestry 2004). The programme has since been renamed the Rural Financial
Counselling Service Programme and 50% of the costs funding is contributed by the
state government and the local community (Australian Commonwealth Government
2006).

In May 2000 the Australian government spent an additional $309.4 million to enhance
and extend the AAA package to include new measures to support farmers to become
more self-reliant and market orientated. These new programmes included an expansion
on the FarmBis Programme to involve the element FarmBis Australia, a grant
provision scheme to develop training initiatives of benefit to multiple states, women or
young people in rural industries. Also the Farm Innovation Programme, which
provided grants for produces to adopt innovative practices, processes and produce to
showcase them to other farmers. The programme ended in 2003 (Australian
Commonwealth Government 2006).

In the 2004–05 funding round there were 68 community-based services, employing
more than 80 full-time equivalent rural financial counsellors across Australia. Funding
is committed until 2008 (Australian Commonwealth Government 2006). Incorporated
into the Rural Communities Programme was the Understanding Rural Australia
Project, which provided funding for research on social trends and issues in rural
Australia and has now been completed.

The Farm Growth Through Export Programme was designed to maintain markets and
provide a limited number of grants to facilitate new trading partnerships (Department of
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Agriculture Fisheries and Forestry 2004). Another AAA programme was the
Agricultural Development Partnership, which commenced during in 2001 and
concluded on 30 June 2005. The $1.425 million programme objectives were to assist
industry competitiveness, encourage diversification, improve natural resource
management and improve market focus (Australian Commonwealth Government
2006).

Further current AAA initiatives included in the 2005 Federal Budget was the three year
$15 million Industry Partnerships Programme. The Industry Partnerships Programme
focuses on improving financial returns, global competitiveness and develop skills and
business structures to improve industry and organisational capacity (Australian
Commonwealth Government 2006).

B.1.1 Agricultural Policy Summary
The many periodic surveys and reports written found many specific positive results.
Assessment of each of these programmes is well beyond the scope of this thesis,
however, each programme is included to illustrate the significant scale and scope of the
AAA package. This package is an example of the Best Practice policy making in many
areas. The energy sector and climate change policy areas could benefit considerably by
an analysis of agricultural mechanisms and models to assist the effective reduction of
GHGs from both the demand and supply sides of production.
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Appendix C: Global Energy Consumption & Production
Total primary energy supply (TPES) is defined as indigenous production, plus imports,
minus exports and international marine bunkers, plus or minus energy stock changes.
World TPES has increased by over 83% from 1971 to 2004 to 11,059 Mtoe
(463,018,212 TJ) per year (International Energy Agency 2006).

Figure 39 : Evolution from 1971 to 2004 of World TPES* by Fuel (Mtoe)
(International Energy Agency 2006).

There are significant relative changes in TPES by fuel types over the 31 years from
1973 to 2004. Oil has reduced its share of TPES by 10.7% to supply 34.4% of the total.
Gas has increased its contribution by 4.7% to 20.9% of TPES over the same period.
Nuclear TPES has increased its contribution from a very low amount of 0.9% in 1973
to 6.5% in 2004 (International Energy Agency 2006).
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Figure 40 : 1973 and 2004 Fuel Shares of World TPES* (Mtoe) (International Energy
Agency 2006).
In terms of energy use, fossil fuels will continue to dominate global energy markets,
accounting for around 85% of the increase in world primary demand over the coming
decades (Mandil 2004).

Future energy use is dependent on policy directions that governments choose to follow.
The International Energy Agency (IEA), a renowned authority in energy statistics,
produces scenarios of future energy demand and consumption according to different
policies of governments in relation to energy use, investment and supply. IEA’s
Reference Scenarios take into account current government policies and initiatives in a
variety of sectors, but does not include possible, potential or even likely future policy
initiatives. The Alternative Scenarios assume certain changes in energy and
environmental policies through the projection period, such as climate change and
efficiency initiatives, electricity and gas market reforms, liberalising cross border
energy trade and investment and reforms in energy subsidies. In all scenarios the share
of taxes in energy prices are assumed to remain the same so retail prices change directly
in proportion to international prices.
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The following figure shows TPES growth from the present until 2030 with the two
scenarios to provide an insight into how effective current policies might be in
addressing environmental and energy-security concerns under the same macroeconomic
conditions and populations as the Alternative Scenario.

Figure 41 : World TPES* Outlook Scenarios by Fuel (Mtoe) (International Energy
Agency 2006).

It is clear from the above figure that under both scenarios fossil fuels will play a leading
role in TPES well into the future. Under the Reference Scenario, global primary oil
demand is projected to grow by 1.6% per year, reaching 121 million barrels per day
(mb/d) in 2030, compared to 77 mb/d in 2002, with considerable demand growth from
developing countries. OPEC countries, mainly in the Middle East, will meet most of the
increase in global demand (Mandil 2004). Oil will continue its slow slide in percentage
of TPES to around one third, but absolute growth in supply will grow strongly.
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Figure 42 : Fuel Shares of TPES* in 2010 and 2030 for the Reference Scenario
(International Energy Agency 2006).

Worldwide consumption of natural gas is projected to almost double from 2,622 billion
cubic metres (bcm) in 2002 to 4,900 bcm by 2030 and is expected to overtake coal
within the next decade. Gas is expected to continue its strong growth from increasing
demand in new thermal power plants for its environmental advantages, lower capital
costs and operational flexibility as compared to coal fired power plants (Mandil 2004).

The IEA projections predict coals percentage contribution to remain around 23% of all
energy needs by 2030, with all the increase in coal consumption for power generation.
Coal demand will increase considerably in developing Asian countries, with China and
India responsible for around 70% of the increase up to 2030. China will reinforce its
position as the world’s leading coal producer, accounting for around half the increase in
global output over the projection period. The United States, India and Australia will
remain the next biggest producers. Coal production in Europe will continue to decline
as subsidies are reduced and uncompetitive mines are closed. Most of the increase in
world coal production will be in the form of steam coal (Mandil 2004).
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World electricity generation has grown almost three fold from 1973 to 2004
(International Energy Agency 2006). The notable changes apart from the total growth
are the large increases in the nuclear and gas components and the considerable
reduction in the oil component as a percentage and in absolute terms.

Figure 43 : 1973 and 2004 World Fuel Shares of Electricity Generation* (TWh)
(International Energy Agency 2006).

World electricity demand is expected to double between now and 2030, with the global
power sector needing around 4,800 GW of new capacity to meet the projected increase
in electricity demand and to replace ageing infrastructure. This is estimated to cost
about $10 trillion with more than $5 trillion in developing countries alone (Mandil
2004).
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Figure 44 : 2002 and 2030 World Electricity Generation (TWh) (Mandil 2004).

Coal and gas are by far predicted to be the largest contributors to new generating
capacity worldwide. The nuclear component is expected to increase slightly, but the
share of nuclear power in total electricity generation may decline, as new capacity will
be offset by global reactor retirements (Mandil 2004). If current international
government energy policies do not significantly alter, global emissions of carbon
dioxide will grow slightly faster than energy use and global carbon dioxide emissions
will be more than 60% higher in 2030 than the present. Over two-thirds of the projected
increase in emissions will come from developing countries use of coal in stationary
energy, as well increased use of personal transport (Mandil 2004).

Historically, the total global GHG emissions have been increasing with fossil fuel use
in accordance with economic cycles and growth. However, world energy related carbon
dioxide emissions has not increased at the same rate as primary energy demand over the
past few decades. Emissions grew by 1.7% annually while primary energy demand
grew by 2% (International Energy Agency 2006).

The IEAs Reference Scenario predicts the continued commitment of the industrialised
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nations towards fossil fuel capacity, alongside the accelerating demand from the
transitional and developing economies will increase global GHG emissions
proportional to the total fossil fuel energy consumption. Over the projection period
emissions and demand are predicted to grow at a similar rate around 1.7% per year to
2030 (International Energy Agency 2006).

Figure 45 : World Energy-Related CO2 Emissions by Fuel (Mt) (Mandil 2004).
Renewable energy, excluding combustible biomass and waste derived fuels, contribute
less than three per cent of the world TPES. The combined contribution of
photovoltaics, wind, geothermal and solar thermal worldwide is less than half a per
cent, with large hydro power plants providing the vast majority of non-combustible
renewable energy sources. However, renewable energy contribution is expected to
triple relative to other sources in the electricity sector with the share of hydroelectricity
predicted to fall against other renewables, totalling 6% of TPES in 2030. Wind power is
predicted to be the second-largest renewable source of electricity in 2030 after
hydroelectricity due to strong government backing in OECD Europe (Mandil 2004).
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However, the small base from which new renewables are establishing themselves from,
ensures they will make relatively little impact on energy supply or total world GHG
emissions in the Reference or Alternative Scenarios, with fossil fuels contributing 92%
and 78% of energy demand respectively (Mandil 2004).

Energy demand is an extremely significant driver for global economic growth. Global
economic growth is assumed to average 3.2% per year over the period 2002-2030,
slightly less than in the previous three decades. The rate is expected to drop from 3.7%
in 2002-2010 to 2.7% in 2020 – 2030 as developing countries’ economies mature and
population growth slows. In the same period the world’s population is expected to
increase at an average growth rate of 1% from two billion in 2002 to over eight billion
in 2030 with 80% of the global population living in developing regions (Mandil 2004).

In comparison, growth in the Australian population is relatively high for an
industrialised country. This growth rate was around 1.5% during the 1980s, around
1.2% in the 1990s and is expected to continue at a similar rate to the global average
over the next few decades (Economist Intelligence Unit 2002).
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Appendix D: Australian Energy Endowment & Use
Australia is the world’s eighteenth largest primary energy consumer and is the ninth
largest per capita consumer in the world. Australia’s medium term trends in energy
consumption show a growth rate averaging 2.1% a year until 2030 due to structural
economic changes, energy conservation and efficiency measures and the increase in oil
prices. Coal, oil and gas are expected to meet the vast majority of Australia’s future
energy needs at around 95% of primary energy consumption in 2029-30 in addition to
coal and gas remaining significant energy exports (Australian Bureau of Agricultural
Resource Economics 2005).

Figure 46 : Historical & Projected Primary Energy Consumption by Fuel (PJ)
(Australian Bureau of Agricultural Resource Economics 2005).

By 2003, Australia’s oil reserves were estimated at 3.5 billion barrels. More domestic
oil is expected to be found offshore and in Western and Southern Australia, but
indigenous oil production has fallen from a peak of 0.8 mb/d in 2000 and is expected to
continue to fall while demand continues to grow (Mandil 2004). Australia will be more
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dependent on international oil markets than it has been in the past.

Figure 47 : Australia’s Percentage Relative Total Oil Reserves (The Energy Taskforce
2004)

In the domestic shipping sector there are eleven major deepwater ports that have
facilities to export petroleum liquids. Thirty-two per cent of indigenous liquid
petroleum exports in 2003-04 departed from Dampier in Western Australia and is by far
Australia’s largest crude oil and condensate exporting centre (Australian Bureau of
Agricultural Resource Economics 2005).

D.1.1 Gas
Australia’s proven gas reserves were 3.9 trillion cubic metres (tcm) at the end of 2003,
which is more than 100 years of production at current extraction rates. Australia is the
only Asia-Pacific OECD country with significant gas resources. Australia exports gas
in the form of Liquefied Natural Gas (LNG) to Japan, Korea, China and other regional
markets. Australian LNG exports are projected to increase to around 20 billion cubic
metres (bcm) in 2010 and approach 50 bcm in 2030. Japan will continue to be the
largest importer of Australian LNG, but other markets are likely to emerge in
developing Asia and the United States of America (Mandil 2004).
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Figure 48 : Australia’s Percentage Relative Total Natural Gas Reserves (The Energy
Taskforce 2004).

There are around 20,000 kilometres of high-pressure transmission lines used in long
distance transporting of natural gas in addition to approximately 75,000 kilometres of
low-pressure pipelines distributing gas at the retail level. Natural gas is used by around
3.4 million households and 105,000 commercial and industrial enterprises in Australia
(Australian Bureau of Agricultural Resource Economics 2005). Several major LNG
projects under at the discussion stage could double Australia’s exports from its existing
LNG terminals by 2020 (International Energy Agency 2001).

D.1.2 Coal
Australia has 78 billion tonnes of proven coal reserves, well-established transport
infrastructure and the potential to increase exports to the international coal market,
especially Asia. Production is projected to increase from 346 Mt in 2002 to 515 Mt in
2030, but will face increasing competition from China, Indonesia, Colombia and
Venezuela (Mandil 2004). The magnitude of increased production will demand will
depend largely on Chinese coal developments.

154

Figure 49 : Australia’s Percentage Relative Total Coal Reserves (The Energy Taskforce
2004).

Australia is projected to account for 26% of world steam coal trade in 2030, up from
21% in 2002. Coal demand in the OCED Pacific region is expected to increase from
364 Mt in 2002 to 423 Mt in 2030, at an annual rate of growth of 0.5%. Australia is
currently the world’s largest exporter and sixth-largest producer of coal (Mandil 2004).

Figure 50 : Australian Coal Exports and Share of World Trade, 1990 - 2030s (Mandil
2004).

Increased demand from countries in Asia, which lack high-quality indigenous coal
resources will benefit Australia, as the world’s leading exporter of both steam and
coking coal. Growth in coking coal trade will be led by the needs of the Asian steel
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industry. In 2002, coal accounted for about 42% of the world’s seaborne dry-bulk trade.
In 2002 Australia exported 104 Mt of coking coal and 99 Mt of steam coal
predominantly to Asia-Pacific markets (Mandil 2004).

D.1.3 Uranium
Australia’s reserves of uranium, at around US$40 per kilogram, are estimated to be
40% of the known total world resource. Uranium is Australia’s second largest energy
export in terms of energy content and assists in decreasing the greenhouse intensity of
other nations by reducing the need for higher-emission energy sources (The Energy
Taskforce 2004). Australia does not utilise its uranium reserves for domestic purposes
apart from small amounts in research and medical uses.

Figure 51 : Australia’s Percentage Relative Total Uranium Reserves (The Energy
Taskforce 2004).

It is worthy of note that the world Uranium exploration has only covered major deposits
and the world reserves have to potential to double, so detailed reserve percentages at
this stage have a large margin of error (NewScientist 2006).

Uranium has received attention as a non-carbon based alternative to supply domestic
electricity on large scales. Ignoring intergenerational ethical and social obstacles, the
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practical and political issues for Australia to incorporate into the nuclear debate
include:
•

the direct environmental issues associated with radiation and environmental
containment;

•

refining uranium either for domestic or military use may attract unwanted
geopolitical attention from some nations in the pacific region;

•

future developments in radioactive waste storage are unclear and exceedingly
long-term nuclear repositories are untested and uncosted;

•

large lead times for plant approval procedures, construction and commissioning
approaching decades; and,

•

relatively low levels of expansion of the nuclear

industry leading to

considerable retirements or passing of much of the aged nuclear industry
workforce.

Combining these issues with the recent increase in global demand for skilled and
experienced nuclear power plant builders, operators and engineers will make it
difficult for Australia to attract the capital and expertise necessary to maintain a
sizable domestic industry in the near future against regions with existing capacity
such as the USA and Europe (NewScientist 2006).

D.1.4 The Australian Electricity Sector
Transport and manufacturing account for approximately 80% of total energy
consumption in Australia. The energy intensity of the Australian economy, when
measured as total primary energy consumption per dollar of GDP, is projected to
decline annually at around 1.1% until 2029-30. Final consumption of electricity in
Australia has increased more than three and a half times since the year 1973 from 213
petajoules (59,170 GWh) to 773 petajoules (214,734 GWh) in 2005 (Australian Bureau
of Agricultural Resource Economics 2005).
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Figure 52 : Australian Electricity Generation by Fuel from 1971 to 2003 (GWh)
(International Energy Agency 2003).

Future electricity generation trends predict coal-fired generation will see its share
decline to gas generation capacity growth. Coal now accounts for approximately 80%
of Australia’s electricity generation due to the low-cost reserves of both black and
brown coal.

Figure 53 : Australia’s Electricity Mix by Fuel in 2003-04 (Australian Bureau of
Agricultural Resource Economics 2005).
158

The share of gas-fired generation is expected to increase from 14% in 2003 to 25% in
2030. Australia’s electricity industry is one of Australia’s largest industries with over
$86 billion in assets and directly contributing to around 1.5% cent of GDP (Australian
Bureau of Agricultural Resource Economics 2005). The variation between the States
generation technologies is highly dependent on the availability of low cost exploitable
sources specific to that region. Nearly 90% of the national hydro output is generated in
two of the six states. Queensland, New South Wales (NSW) and Victoria produce
around 92% of the coal based generation capacity and the Northern Territory (NT)
exclusively utilise gas and oil derived sources of generation.

Figure 54 : Australian Electricity Capacity by Plant and Fuel Type in 2002-03
(Australian Bureau of Agricultural Resource Economics 2005).

The fuel types used for electricity generation in Western Australia are significantly
different from the rest of the nation. Due to the large gas resources in the northwest of
WA, gas is able to effectively compete with coal as a major contributor to the grid.
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Figure 55 : Western Australian Shares in Electricity by Source in 2005-06 (Western
Australian Office of Energy 2006).

An estimated 26,411 GWh of electricity was generated in Western Australia in 200506. Renewable energy accounted for around 3.2% of the State’s total electricity
generation, of which around half is produced from wind power (Western Australian
Office of Energy 2006).

The prices of electricity between states is extremely variable with domestic electricity
prices varying up to 60% and business tariffs fluctuating by 300% at the extremes
between states.

Figure 56 : Australian Residential and Business Electricity Tarrifs by State (Western
Australian Office of Energy 2006).

160

Due to these relatively low cost fuels, Australia’s average residential and industrial
electricity tariffs are very low by world standards.

Figure 57 : International Electricity Prices (Australian Bureau of Agricultural Resource
Economics 2005).

In turn, these tariff prices are extremely low compared to the prices that pastoralists pay
to provide their own energy services. It is not uncommon for the cost of electricity to
reach over $1 per kWh in SPS systems.

D.1.5 Renewables
Renewable energy in Australia accounts for less than 5% of total energy consumption
and a major contribution is made by wood, woodwaste, bagasse and hydroelectricity. In
total these energy sources account for 95% of renewable energy production. Biofuels
and solar thermal energy accounted for the remainder of renewable energy production
with residential solar water heating contributing approximately 1% (Australian Bureau
of Agricultural Resource Economics 2005).
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Figure 58 : Australian Production of Renewable Energy from 1999 to 2004 (PJ)
(Australian Bureau of Agricultural Resource Economics 2005).

Hydroelectric generation is estimated to grow by 0.5% a year due to the limited
availability of suitable locations for expansion as most economic sites have already
been exploited. The generation of electricity from all renewable sources in Australia is
projected to grow by 2.4% a year towards 2030. Most of this increase is expected to be
from wind and biomass in the form of bagasse and wood wastes (Australian Bureau of
Agricultural Resource Economics 2005).

Figure 59 : Projected National Production of Renewable Energy by Fuel (GWh)
(Australian Bureau of Agricultural Resource Economics 2005).

An important underlying factor affecting renewable energy policy is Australia’s
relatively energy-intensive economic structure. Significant amounts of non-renewable
fuels energy are exported to global markets. The Commonwealth government’s position
is that it can reduce emissions growth sufficiently to meet the Kyoto target primarily
from energy market reforms. Unfortunately, due to the relatively low cost of coal,
electricity market reform has so far led to increased use of coal, especially Victorian
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brown coal (International Energy Agency 2001). It is recognised that collaboration
between major energy research centres will be necessary to internalise negative
externalities associated with coal in a carbon-constrained future. The reform of the gas
market is expected to lower gas prices and lead to greater gas use in the power and
other industries, which promises to improve efficiency and reduce carbon and other
emissions.

A systematic and periodic review of expansion of incentives such as the Mandatory
Renewable Energy Target to reduce GHG emissions is expected to provide many
benefits, as half of domestic emissions are derived from fossil fuel stationary energy
generating capacity (International Energy Agency 2001).
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Appendix E: Energy Industry Reform
Over the last decade there have been major energy market reforms including the
establishment of the National Electricity Market (NEM) and the entry into force of the
Commonwealth Gas Pipelines Access Act and related state legislation in 1997/98
(Australian Greenhouse Office 2003). Liberalisation of the Australian gas industry is
advancing commercialisation of gas reserves with transmission pipeline length
doubling in the last decade and several more pipelines at various stages of
development, such as the 2,500 km pipeline between Brisbane and Papua New Guinea
(International Energy Agency 2001).

The current reforms of the domestic natural gas industry can be traced to the Natural
Gas Strategy adopted by the Commonwealth government in 1991. It contained the key
gas reform objectives of non-discriminatory open access to pipelines, intensified
interstate

trade

through

removal

of

regulatory

barriers

and

infrastructure

interconnection and a light-handed approach to regulation (International Energy
Agency 2001). This was achieved by dismantling restrictions on interstate trade,
removing policy and regulatory impediments to retail competition in the natural gas
sector, encouraging the development of a nationally integrated and competitive natural
gas market by establishing a national regulatory framework for third party access to
natural gas pipelines and facilitating the interconnection of pipeline systems. Gas
market reform and development has continued at a steady pace alongside coal, oil and
electricity reform (International Energy Agency 2001).

Restructuring of the Australian electricity industry consisted of vertical disaggregation
of state owned utilities into separate generation, transmission, distribution and retail
supply components together with corporatisation or privatisation. The central element
of the government imposed reforms was the establishment of the National Electricity
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Market (NEM) (International Energy Agency 2001).

E.1.1 The National Energy Market
The NEM began operating on 13 December 1998 and currently consists of an
interconnected electricity grid that operates through Queensland, NSW, the Australian
Capital Territory (ACT), Victoria, South Australia (SA) and Tasmania with Western
Australia (WA) and the Northern Territory (NT) operating independently (Australian
Greenhouse Office 2003).

The objectives of the NEM are:
•

maintaining a competitive market, a choice of supplier (generators and
retailers);

•

an equitable access to the transmission and distribution network;

•

a fair treatment of new and existing market participants, energy sources and
technologies; and,

•

an intrastate versus interstate trading of electricity.

A driving factor behind the NEM is to promote competition at each stage of the
electricity production and supply chain (Australian Greenhouse Office 2003).

The NEM consists of a wholesale market and a competitive retail sector to promote
competition and efficiency in the production and consumption of electricity and
electricity services with consumers having a choice of supplier (Australian Bureau of
Agricultural Resource Economics 2005).

The NEM is governed by a number of instruments and authorities including:
•

the National Electricity Code of Conduct;

•

the National Electricity Market Management Company (NEMMCO);
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•

the National Electricity Code Administrator (NECA);

•

the Australian Competition and Consumer Commission (ACCC);

•

State-based regulators; and,

•

the Australian Government as well as the State and Territory governments
(Australian Greenhouse Office 2003).

The National Electricity Market Management Company (NEMMCO) manages the spot
market and central coordination ensuring electricity supply meets demand. Since the
introduction of the NEM average wholesale prices have remained relatively constant
apart from short term fluctuations (Australian Bureau of Agricultural Resource
Economics 2005).

Figure 60 : Eastern States NEMMCO Average Wholesale Electricity Spot Prices
(International Energy Agency 2001).

A remaining issue in ensuring NEM stability is that larger players still have significant
market power and their ability to raise prices should be monitored, especially when
interconnection capacity is as limited as it is currently (International Energy Agency
2001).

In 2004, State Energy Ministers passed legislation to establish the Australian Energy
Market Commission (AEMC) and the Australian Energy Regulator (AER) to replace
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the 13 mainly state-based bodies over time to provide certainty and stability to energy
markets. The AEMC is the rule making body with responsibility for development of the
national electricity and gas market (Department of the Prime Minister and Cabinet
2004).

In 2005, the AER began operating as the peak regulatory body for the electricity
industry drawing energy markets under a national umbrella (Australian Bureau of
Agricultural Resource Economics 2005). Existing bodies will retain their functions
until the AEMC and AER become fully operational (Department of the Prime Minister
and Cabinet 2004).

In terms of renewable generation capacity and the NEM, there is an issue arising from
the intermittent characteristics of renewables such as wind. NEMMCO, which operates
the NEM, released the Intermittent Generation in the National Electricity Market report
in March of 2003. It identified a number of issues confronting the NEM as it accepts
higher levels of intermittent generation from renewable sources (Australian Greenhouse
Office 2003). These issues included provision of supply forecasting, renewables
increasing grid voltage variability and financial issues regarding the physical
connection of renewables to the grid. It recommended that these matters be considered
by governments and by the Code administrator NECA (Australian Greenhouse Office
2003).

The ACCC released a discussion paper one month earlier in February and commented
that the regulatory test processes do not consider some issues that are relevant to
renewable energy generators, making it difficult for them to pass the transmission
assets test. The paper suggested that the review of the transmission asset test should
include consideration of equity impacts for new entrants, wider economic benefits such
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as avoided costs in reducing greenhouse emissions and improved regional development
opportunities and private transmission ownership arrangements, including joint
ownership (Australian Greenhouse Office 2003).

Another important aspect of the NEM is that current arrangements do not provide
dynamic price signals that allow for improved demand management and energy
efficiency, which can play a role in utilising excess renewable capacity when available.
This would allow the inclusion of economic and environmental benefits of renewable
capacity into the NEM. The Solar Cities trials will be assessing these dynamics, as they
involve time-of-day pricing, interval metering and cost-reflective buy-back
arrangements for electricity (Australian Commonwealth Government 2006).

D.1.2 WA’s Wholesale Electricity Market
On the 21st September 2006 the Western Australian wholesale electricity market started
trading. The markets aim is to provide a more efficient mechanism for energy industry
participants to trade electricity within the South-West Interconnected System (SWIS).
The objectives of the market are to establish a reliable, sustainable and competitive
energy industry for WA, which includes opportunities for the renewable energy sector
and demand side management measures (Western Australian Office of Energy 2006).

The Independent Market Operator (IMO) was established in December 2004 and
administers the wholesale electricity market, ensuring that sufficient capacity
investment occurs in the SWIS (Government of Western Australia 2006). At this time it
is far too early to determine the consequences of establishing such a small market in
comparison to the NEM and there is interest whether electricity prices will remain
relatively low in the new market framework (Western Australian Office of Energy
2006).
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Appendix F: Energy Taxes & Royalties
F.1.1 Government Excises and Primary Taxation
The Federal and State Government play an important role in terms of exploration and
development of indigenous oil, gas, coal, uranium and other mineral resource
industries. Governments are also involved in regulatory frameworks for exploration,
project approval processes, health and safety, environmental assessment, revenue
provision, disseminating basic geo-scientific information and improving the industry’s
competitiveness by removing impediments to investment (International Energy Agency
2001).

Incentives for conventional fuel exploration and production companies are an excellent
example of a primary taxation method of assisting investment in energy infrastructure.
The special deductions available from company tax for petroleum exploration and
company development activities include:
•

all petroleum exploration and prospecting expenditures;

•

all operating costs;

•

capital expenditure on certain petroleum transport facilities;

•

costs of export market development and defending native title claims and
closures;

•

capital and current environment protection expenditures (except plant) on
pollution control or waste management;

•

Environment Impact Statement capital costs;

•

certain mine site rehabilitation costs including expenditure associated with the
removal of offshore platforms; and,

•

taxes and charges (such as royalties and resource rent tax) associated with
income producing activities (Riedy 2001).
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Incentives such as these make Australia an extremely competitive player in the
international petroleum market and similar tax deductions are available to assist
Australia to become maintain the position of a major exporter of energy and energy
intensive products. Australia earned $24.2 billion from the export of energy resources
in 2002–03, of which $11.9 billion was from coal. Exports of energy-intensive refined
metals and alumina earned Australia a further $18.9 billion (The Energy Taskforce
2004).

Energy resources also make a significant contribution to the Australian national and
state government income. The 2004-05 Australian Government Budget collected
around $13 billion (7 % of total revenue) annually from fuel excise of which $9 billion
(5% of total revenue) was retained after fuel credits, rebates and subsidies (The Energy
Taskforce 2004).

Figure 61 : Australian Petroleum Exise Actuals, Estimates and Projections (Australian
Commonwealth Government 2006).

In 1996, significant changes to the structure of excise taxation resulted in removing the
excise on burner fuels (The Energy Taskforce 2004). A full credit is provided for all
fuels used in power generation, which benefits those on off grid areas using diesel in
their SPS system.
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Despite the 1996 changes, fuels used in power generation were treated unequally before
July 2006 in terms of the government excise on diesel and fuel oil. Effective excise of
$140 million per annum on fuels used for power generation were removed to ensure
that all fuels used in power generation are treated equally, in addition to no new
effective excise on previously untaxed power generation fuels (The Energy Taskforce
2004).

Figure 62 : Australian Excise Taxes on Oil Products Prior to July 1 2006 (International
Energy Agency 2001).

The previous system of providing excise credits, rebates, subsidies and grants was to be
replaced with a new approach that commenced on 1 July 2006, applying to all fuels
used in road transport. However, on the 1st of June 2006 a two-year transition period
was announced for businesses collecting diesel excise rebates under the Australian
Government’s Diesel Energy Grants (Credits) Scheme. The current claimants have two
years to address changing rebate provisions (Boswell 2006).

In addition to current measures, from July 2008 a 50% cent credit will be introduced for
the off-road business use of taxable fuels in activities not previously eligible for credits
and in July 2011 excise will apply to all fuels used in an internal combustion engine,
including concessional excise for biodiesel, ethanol, liquefied petroleum gas, liquefied
natural gas and compressed natural gas. These excise rates will increase over five equal
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annual steps, reaching their final rates on 1 July 2015. In July 2012 a full credit will be
extended to all business use of all taxable fuels in all off-road activities and in July
2015 final effective fuel excise rates will apply to all taxable fuels, including a 50%
discount for alternative fuels (The Energy Taskforce 2004).

These rebates subsidise the consumption of fossil fuels in power generation and reduce
the competitiveness of renewable energy components.

F.1.2 Government Secondary Taxes/Royalties
Secondary taxes apply to underground mineral and energy resources and are applied by
both State and Federal governments. The secondary tax regimes are applied to coal,
uranium, gas and liquid petroleum and vary across the nation. The secondary taxation
system applies to use of community-owned energy resources to compensate the public
for private extraction of Australia’s depletable resources (The Energy Taskforce 2004).
Secondary taxation of energy resources raised an additional $2.1 billion for the
Australian Government in 2003-04 and a further $1.5 billion for state and territory
governments (The Energy Taskforce 2004).

Secondary taxes may be assessed as a fixed percentage of the value of production (ad
valorem royalties), on profits (resource rent taxes) or as a fixed rate per tonne (specific
rate royalties). In Australia, the Commonwealth and the states share resource taxation
revenues from minerals (including coal) and petroleum (Riedy 2001). For example, the
states and the Northern Territories all collect royalties on coal production, but the
royalty systems and levels vary. Typical royalty rates for coal are 2.5% to 7% of the
value of the coal on an ad valorem basis, or a fixed royalty varying from $0.04 to $1.77
per tonne (Riedy 2001).
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In the financial year 1996-97, black (or hard) coal industry royalties contributed $233.5
million (1.6% of the state revenue) in New South Wales and $402 million (4.7% cent)
in Queensland. When royalties are calculated on an ad-valorem basis, a range of
deductions are usually allowed before calculation of the royalty payments. Royalty
payments themselves can be deducted from company income when determining
liability for company tax (Riedy 2001).

The Commonwealth Government has rights over offshore petroleum resources beyond
coastal waters, three nautical miles to the outer limit of the territorial sea, under the
Petroleum Submerged Lands Act of 1967 (Australian Commonwealth Government
1967). The Commonwealth government grants exploration permits to companies with
exclusive rights to undertake seismic surveys and drilling in an area, production
licences following a commercial discovery and retention leases where a discovery is
not commercial but thought to become so in the future. The Commonwealth Crude Oil
Excise is collected under the Excise Act of 1901 and the Excise Tariff Act of 1921.

The tax base is determined by actual sale prices and oil production in the region. The
tax rate varies according to the time of discovery and development of the oil field with
an exemption of the first 30 million barrels of crude oil from the field. This tax
produced very high government revenues of over $4 billion in the mid-1980s due to the
high international oil prices and the peaking of production in Bass Strait (International
Energy Agency 2001).
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Figure 63 : Total Revenue from the Commonwealth Crude Oil Excise (Department of
Industry Tourism and Resources 2006).

The Commonwealth Petroleum Royalty is also based on the Petroleum (Submerged
Lands) Act of 1967 and the Petroleum (Submerged Lands) Royalty Act, also of 1967.
This Commonwealth royalty is shared with Western Australia in exchange for ongoing
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administration of the royalty regime (International Energy Agency 2001).

Figure 64 : Total Revenue from the Commonwealth Petroleum Royalty (Department of
Industry Tourism and Resources 2006).
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These excise and royalty regimes have been maintained only in the Western Australian
North West Shelf in keeping with longstanding government assurances (The Energy
Taskforce 2004).

Figure 65 : Australian Petroleum Taxation and Royalty Regime (International Energy
Agency 2001).
Since the mid-1980s, the Commonwealth government has progressively shifted from
traditional volume based royalty arrangements to the Resource Rent Tax (RRT) system
(Hogan 2003). The flexibility and sensitivity of RRTs to actual profitability of the
petroleum industry takes into account macroeconomic factors, such as fluctuations in
the Australian dollar and costs of energy when generating government revenue. The
large scale of energy projects and the requirement for international capital make the
Australian energy sectors fiscal regime sensitive to international competition (The
Energy Taskforce 2004).

F.1.3 The Petroleum Resource Rent Tax (PRRT)
Progressive tax regimes are important drivers for stimulating investment in oil and gas
exploration, development, transportation infrastructure and new technologies. Outdated
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methods of revenue raising in Australia were resulting in extremely large economic
costs of potential tax revenue, economic development, infrastructure investment and a
sliding trend in energy security and gross domestic product per capita (Australian
Chamber of Commerce and Industry 2004). The PRRT was introduced as a progressive
measure, allowing investors to earn a reasonable rate of return, giving time for investors
to recoup costs before providing a revenue stream to the federal government (The
Energy Taskforce 2004).

The PRRT has been administered by the Federal Tax Department since July 1 1987
under the Petroleum Resource Rent Tax Assessment Act 1987. The Act provides for
the assessment and collection of the PRRT and is imposed on the net taxable profits of
a petroleum venture at a rate of 40% before company income tax is applied (Australian
Commonwealth Government 1967). The PRRT is a secondary federal tax on a
venture’s returns after all accumulated costs associated with exploration, feasibility
studies, development, production and sales have been subtracted, or if effect a tax on
the net profitability of an enterprise (Hogan 2003).

The PRRT currently applies to all profits resultant from the exploitation of petroleum
products produced in offshore areas around Australia, excluding the North West Shelf
in WA and the Joint Petroleum Development Area (JPDA) with East Timor.

The PRRT is imposed to the exclusion of past royalty payments and the particular
petroleum products subject to the PRRT include crude oil, condensate, sales gas,
natural gas, liquefied petroleum gas (LPG) and ethane. The PRRT is applicable to all
areas of a project including product treatment, additional facilities and operations that
are integral to production (Roarty 2001). The PRRT does not extend beyond the
production stage to downstream activities and is therefore absorbed by the producers.
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In 2004 the Managing Director of Woodside Petroleum, John Akehurst stated,
“Australia is currently facing the start of a long-term decline in oil and gas liquids
production in Australia…[and] could face an annual trade deficit by 2010 of $7.6
billion on oil imports if new discoveries are not made and brought into production”
(EnergyWeb.net 2001).

Future oil production will rely heavily on new offshore discoveries and exploration,
development and production. These areas are high cost and therefore higher risk,
particularly in the deepwater frontier areas. The stated policy aim of the
Commonwealth government, as given in the Minerals and Petroleum Resources Policy
Statement, is to “continue to work with industry to ensure that Australia’s secondary
tax and associated administrative arrangements, particularly in relation to the PRRT,
provide a fiscal regime which encourages the production of our oil and gas reserves
while ensuring an adequate return on community-owned resources” (Hogan 2003).

The implications of a petroleum development and supply deficiency in Australia, apart
from the indirect economic impacts, would directly adversely affect Australia’s large
dependence on high-energy intensity, resource based mining and manufacturing
sectors. The energy security focus on supply of the resources pertinent to the particular
situation is one reason for the attractiveness of the Resource Rent Tax method. The
Risk of a project through the PRRT is shared between the government and investors. In
the PRRT there is substantial provision of risk reducing arrangements for both parties
with threshold rates to protect the government from paying out investors in a negative
cash flow situation (The Energy Taskforce 2004).
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The total revenue raised by the current PRRT arrangements depend on the market price
of international oil and the relative value of the Australian dollar to overseas currencies.
The relative amounts of the PRRT is in the lower single figure billions and are small
when compared with revenues of the excises on petroleum products and crude oil that
sit around lower double digit billions and the significant excises on refined products
such as petrol and diesel.
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Figure 66 : Total Revenue from the Petroleum Resource Rent Tax (Department of
Industry Tourism and Resources 2006).

The PRRT is a profits-based tax that automatically adjusts to changes in prices and
costs, which explains the large variation in the revenues. The Australian Government
generally believes that profits-based taxes are preferable to ad valorem taxes for the
secondary taxation of energy resources. To encourage petroleum exploration in these
areas, the government announced in the 2004-05 Budget that it has increased the value
of exploration deductions in designated frontier areas from 100% to 150% for PRRT
determination. This effectively shifts the reward to risk balance in the investor’s favour
in those unexplored areas where a major new oil or gas province could be found (The
Energy Taskforce 2004).
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In August 2006 the Government announced more than $175 million allocated to precompetitive oil exploration and the collection, provision and preservation of seismic
data. Two of the new measures are the $76.4 million Pre-competitive Data Acquisition
Programme to expand Geoscience Australia’s “Big New Oil” programme of precompetitive data acquisition and the $58.9 million Pioneer Innovative, Integrated
Geoscientific Research Programme to allow Geoscience Australia to pioneer
innovative, integrated geoscientific research for both minerals and petroleum as well as
highlight geothermal potential.

These measures in addition to the PRRT demonstrate Australia’s commitment to attract
petroleum explorers into Australia’s frontier offshore areas (Australian Commonwealth
Government 2006). Revenues from petroleum taxes are an important income generator
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for the Commonwealth Government and has generated many billions.

Figure 67 : Total Commonwealth Government Revenue from Petroleum Tax
(Department of Industry Tourism and Resources 2006).
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The primary reason for taxation is to raise revenue, but market failures also provide a
rationale for taxing energy to ensure that prices reflect the full economic, environmental
and social costs associated with their supply and use. These market failures also
provide a justification for subsidising some forms of energy. Supply security can also
provide a reason for taxing energy, as market prices do not reflect the risk from major
energy supply disruption to economies. Distributed generation and renewable energy
supplies are generally recognised to play a part in reducing dependence on such
disruptions and governments are choosing to increase renewable subsidies as a means
to overcoming market barriers to their development. Similarly, a case can be made for
subsidising some clean fossil fuel technologies, including those that improve the
efficiency of fuel consumption (Riedy 2001).

It is worth noting that renewable energy investment does not result in increased
revenues to government incomes via secondary taxes/royalties as fossil fuel energy
resources. Continued investment in conventional energy resource industries provides
extensive revenues to governments in addition to balancing current account payments.
This is explicit in the amount of income generated by the federal government over the
last 38 years from petroleum taxation alone. Prospering conventional industries directly
increase the capacity for governments to spend, whereas in the current fiscal system
there is no link between (negative or positive) externalities and government investment
decisions.
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Appendix G: Australian Energy Subsidies
There is a consistent lack of information on energy subsidies and the variability of
definitions and methodologies calculating subsidies consequently lead to discrepancies
in comparisons of studies (Organisation de Coopération et de Développement
Economiques 2002). The narrowest subsidy definition is a direct cash payment by a
government to an energy producer or consumer. Broader definitions attempt to capture
alternative forms of government intervention that affect prices or costs, either directly
or indirectly.

A useful definition was developed by the IEA; “An energy subsidy is any government
action that concerns primarily the energy sector and that lowers the cost of energy
production, raises the price received by energy producers or lowers the price paid by
energy consumers” (International Energy Agency 1999). Due to this encompassing
definition there are many different types of energy subsidies.

G.1.1 Types of Government Subsidies
In the energy sector many subsidies are price controls to prevent market prices rising
above a set point or set minimum volumes for production. Subsidies are often directed
towards consumers as a rebate or tax exemption, or towards producers with a
production grant. Grants and tax exemptions have a direct effect on price, whereas
regulations point markets towards a particular fuel. Government-sponsored technology
research and development are also regarded as indirect forms of subsidies (International
Energy Agency 2006).

Subsidy trends show a low willingness of OECD countries to use price controls,
preferring in general to use grants, taxes, regulatory instruments and support for R&D,
reflecting the shift in government attitudes away from past interventionist policies
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(International Energy Agency 2006). This stems from a view that in many cases the
economic and environmental costs outweigh the social benefits of subsidies
(Organisation de Coopération et de Développement Economiques 2002).

How and why governments choose to subsidise particular forms of energy depends on a
number of factors such as costs, ideologies and the impact that the subsidy may have on
different groups. The most transparent subsidy is a per unit cash payment to producers
or consumers. However, these subsidies can involve considerable accounting costs and
puts a direct financial burden on the national treasury and there are also political
reasons to keep subsidies “off-budget” as direct subsidies are an easy target for various
pressure groups (International Energy Agency 2006).

The notion of net and gross subsidies is important, as both taxes and subsidies have
opposing effects and can operate in the same market. For example, in industrialised
nations it is common in the case of oil products that subsidies are more than offset by
oil taxation and excises which raise the final cost to above free market levels. In
contrast, transitional and developing economies heavily subsidise oil products and
generally have lower taxes than industrialised nations (International Energy Agency
2006).

The crucial point is what does the overall impact of the suite of subsidies and taxes
have on the absolute level of prices and costs and on the competitiveness of each fuel or
technology (International Energy Agency 2006). The calculation of the overall impact
of subsidies will depend on the methods used to quantify them.
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D.1.2 Common Subsidy Methodologies
The effective rate of assistance (ERA) is a measure of subsidy that covers any direct or
indirect action that affects prices of goods. It is limited in practice as it requires
information on subsidies to upstream industries, but would in principal capture the full
extent of subsidy (Organisation de Coopération et de Développement Economiques
2002).

The producer subsidy equivalent (PSE) approach has been used by the IEA and is a
practical approach to quantify subsidies. The PSE defines the nominal cash transfers to
domestic producers equivalent to the total value of existing support at current levels of
output, consumption and trade. However, PSEs focus solely on the supply side of
subsidies and therefore do not capture all subsidies (Organisation de Coopération et de
Développement Economiques 2002).

The consumer subsidy equivalent (CSE) approach is used to quantify interventions that
reduce end-user prices and raise energy use. The CSE is defined as the algebraic sum of
the difference between domestic and world prices, multiplied by the quantity consumed
plus any direct financial payment to consumers (Organisation de Coopération et de
Développement Economiques 2002).

Another methodology is the price-gap approach. This involves comparing end-user
energy prices with reference prices, defined as those prices that would prevail in
undistorted markets. Dividing the price gap by the reference price and combining with
the elasticity of demand yields the change in consumption that would result from the
complete elimination of subsidies that cause the price gap. The approach has
limitations, as it only captures the effects of subsidies to lower or increase end-use
economic prices and only measures the net effect of all subsidies. This means that a
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mix of subsidies can produce significant economic efficiency losses, but can show a
zero net price-gap. Nevertheless, this approach is considered an appropriate basis for
estimating the impact of subsidies and subsidy removal on consumption levels
(Organisation de Coopération et de Développement Economiques 2002).

The 1999 World Energy Outlook examined eight of the largest non-OECD
(Organisation for Economic Cooperation and Development) countries covering almost
60% of total non-OECD energy demand. Using the price-gap method, the IEA
measured the difference between actual and estimated market prices at around $95
billion, with the bulk of these subsidies going to electricity and coal. End-use prices
were found to be on average about one-fifth below market levels in those countries
(International Energy Agency 2006).

The IEAs review of OECD country subsidies in 2000, estimated total OECD energy
subsidies at $33 billion, using a price-gap method and elasticities (International Energy
Agency 2006). OECD countries mainly subsidise energy production with subsidy
policies taking various forms, such as tax allowances, price support, low interest loans,
favourable conditions to domestic producers, or through direct grants such as research
and development policies. According to the IEA, the bulk of OECD subsidies go to
fossil fuel industries and most of the rest is given to nuclear industries.

Global OECD coal subsidies, as estimated using the IEAs PSE approach amounted to
around $7 billion in 2001, but are thought to be declining slowly. A 2000 USA
Department of Energy (DOE) study stated US Federal energy subsidies at $6 billion,
with half going to fossil fuels and only 5% to renewables (International Energy Agency
2006). Other OECD studies, such as those by Koplow, Martin and Greenpeace arrived
at a value of between $5 billion and $12 billion for the USA oil industry alone, with an
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earlier Greenpeace study estimating total European Union energy subsidies during the
first half of the 1990s at $16 billion, of which 63% went to fossil fuels, 28% to nuclear
and 9% to renewables (International Energy Agency 2006). The difference in these
figures illustrate how various conclusions can be derived from the same information by
using an alternative subsidy methodology.

The share of renewables in total OECD energy subsidies has undoubtedly increased in
recent years. Direct subsidies to renewable energy industries are covered in the
Australia’s GHG Programmes section.

D.1.3 Subsidy Studies in Australia
In Australia there has been few comprehensive attempts to accurately quantify domestic
subsidies to fossil fuels. The 1996 National Institute of Economic and Industry
Research (NIEIR) study arrived at an estimate of $1.995 billion in financial subsidies to
the Australian energy sector and between $4.076 and $5.196 billion in environmental
subsidies in 1994 dollars. The NIEIR study was limited as it did not distinguish general
subsidies from fossil fuel subsidies (Riedy 2001).

In 1999, Professor Quiggin provided a Goods and Services Tax (GST) analysis for the
Australian Conservation Foundation and found that the net subsidy to fuel road
transport in the package was approximately $2.2 billion per annum. This included GST
free fuel use for business users, the extensions of the Diesel Fuel Rebate and the Diesel
and Alternative Fuels Grants Scheme. In addition to this total were other fuel subsidies
including the $1.4 billion per annum for the Diesel Fuel Rebate from 1998 to 1999 and
the costs of $2.6 billion to reduce GST fuel price impact over three years. In total this
amounted to around $13 billion over three years in subsidies to lower the cost of fossil
fuel use (Climate Action Network Australia 2003).
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In 2000, the Senate Environment, Communications, Information Technology and the
Arts (ECITA) References Committee estimated direct fossil fuel subsidies at $2 billion
per year (based on the NIEIR study) and found an additional $4 billion in indirect
subsidies such as tax incentives, startup grants, preferential purchasing agreements for
oil and biased market structures. The additional $4 billion in indirect subsidies were
based on a summation of specific subsidies reported in hearings and submissions, so as
no consistent definition or methodology was used, the totals of subsidies are of limited
usefulness (Riedy 2001).

A 2003 working paper by Riedy used the CSE approach to estimate the magnitude of
Australian fossil fuel subsidies. The CSE methodology used was based on financial
subsidies such as budgetary subsidies (including direct expenditure and tax
expenditure), public provision of goods and services below cost, capital cost subsidies
and policies that create transfers through market mechanisms. It did not include such
aspects as environmental and social externalities, environmental and social disruptions,
as the magnitudes of these externalities and fields did not have well-accepted
definitions. As an indication of the specific methodology, Riedy used benchmarking of
the deviation from domestic price to world market prices indicating the existence of a
subsidy, such as the situation of black coal in Australia. For goods that are not traded,
such as brown coal, the price charged can be compared with the unit cost of production
to identify whether cost recovery is occurring (Riedy 2003).

Benchmarking is limited in its application as it does not identify specific subsidies,
regulatory instruments or specific policies, but can be used to identify sector specific
subsidies that encourage greater use of fossil fuels (Riedy 2001).
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Figure 68 : 2001-02 Australian Fossil Fuel Subsidies According to Riedy (millions)
(Riedy 2001).

According to Riedy (2001), the total magnitude of identified subsidies is about $8.9
billion, with the majority of the identified subsidies (93%) supporting production or
consumption of oil or petroleum products used mainly for road transport. Support for
coal is only 4% of the total and support for natural gas is 3% of the total. There is a
similar dominance of fossil fuel consumption subsidies over fossil fuel production
subsidies with 94% of total subsidies aimed at the consumption side (Riedy 2001).

Figure 69 : Proportion of Identified Subsidies that Support Each Fossil Fuel and
Producers and Consumers Respectively (Riedy 2001).
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The IEA notes the trend in reduction of OECD coal subsidies and low coal subsidies
across the board as compared to non-OECD countries (Mandil 2004). This is consistent
with the results of Riedy’s working paper, stating that “as with most developed
countries, direct subsidies to coal have largely been removed” (Riedy 2001). Notably
the subsidies given to gas, according to the working paper are similar to coal. However
the final use of gas compared to coal is relatively small and with expected growth of
gas as a percentage of final energy consumption in Australia, the share of natural gas
subsidies may increase accordingly.

The working paper also concluded that of the total identified fossil fuel subsidies, just
under 9% were “greenhouse friendly” as they actually reduce net GHG emissions from
production and consumption of fossil fuel, with the remaining 91% increasing net GHG
emissions. The paper also found about 58% of the total subsidies are economically
inefficient as well as increasing net GHG emissions over the benchmark situation
(Riedy 2001).

Australia has signed the Kyoto Protocol and Article 2 in the Protocol states that parties
shall phase out tax exemptions and subsidies in all greenhouse gas emitting sectors.
Therefore tax exemptions, rebates and general fossil fuel subsidies are in breach of our
obligations under a ratified agreement (Climate Action Network Australia 2003).

Subsidy estimates are notoriously incomplete and the choice of definition determines
the magnitude of the subsidy totals. The inconsistency of $9 billion of fossil fuel
subsidies as stated by Riedy and the DOE’s estimated $6 billion in subsidies in the
USA in relation to the IEA estimate of $15 billion for the entire OECD illustrates the
problem.

188

Differing definitions and scope of research have a dramatic and confusing effect on
results. While reduction in certain types of subsidy to fossil fuels in energy market
reform may yield positive economic and environmental effects, it can also have
significant social implications. Dealing with distributional effects, such as social
welfare measures compensate for lower access to services and is often a major element
in overcoming political obstacles to subsidy reform, especially in rural areas
(Organisation de Coopération et de Développement Economiques 2002). However
there is increasing evidence revealing that energy subsidies are regressive, with benefits
accruing mainly to middle and higher-income groups, while the costs are
disproportionately paid by low-income groups (International Energy Agency 1999).

An important but often forgotten impact of energy subsidies is they constitute a drain
on government budgets directly through payments to producers and distributors and
indirectly through reduced growth and revenues (International Energy Agency 1999).
These elements embedded in current subsidies underscore the barriers that governments
face in trying to reform subsidies (Organisation de Coopération et de Développement
Economiques 2002). What is clear however, is improving the understanding of
domestic subsidies requires a Government commitment to provide information and
resources towards open and sweeping subsidy inquiries and a mandate of support to
observe recommendations.

The information gathered would be crucial in devising strategies to introduce effectual
change with subsidies targeting strategic resources that will provide advantages towards
market liberalisation, energy efficiency, energy supply security and research and
development in preparation for future international climate change negotiations. In
addition to reallocating taxpayer funds to enhanced provision of medium and long-term
national sustainable energy infrastructure, the increased awareness of domestic
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subsidies would provide a platform to establish the rate and extent of subsidy removal
and transfer. This would further extend the Australian Governments “no regrets”
climate change policies to encompass all energy supplies in a market environment that
could include at least some externalities currently ignored in the energy sector.

According to the IEA, subsidies to energy services are ineffective, economically
inefficient and contrary to good environmental practice (Mandil 2004). The removal of
economically inefficient subsidies has the potential to reduce negative externalities of
energy use and complement the increased competitiveness of Australia in the global
marketplace along with the recent suite of government competitive market reforms.
This may provide increased stimulus for increased research into system integration and
general development of renewable energy technology into the current energy mix, both
domestically and internationally.
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Appendix H: Australia’s Approach Towards UNFCCC & Kyoto
Negotiations
The Convention is the first step in the current international three-tiered treaty structure.
It is followed by the second and third steps, in this case the Kyoto Protocol and the
Annexes respectively. Australia was under the soft obligation to aim at reducing GHG
emissions to 1990 levels by the year 2000 (United Nations Framework Convention on
Climate Change 1992).

The term soft refers to the voluntary obligation of the Convention, as there are no
legally binding non-compliance courses of action under the Convention alone. These
soft commitments under the UNFCCC include:
•

to implement national and state programs to mitigate and assist adaptation to
climate change;

•

to increase scientific and technical research and systematic observation related
to the local climate system;

•

promote and develop distribution of pertinent technologies applicable to climate
research;

•

promote public education on climate change;

•

regular communication of implementation commitments; and,

•

periodic submissions of the National Greenhouse Gas Inventory (NGGI)
(United Nations Framework Convention on Climate Change 1992).

The climate change forums for international Kyoto Protocol negotiations are called the
Conference of the Parties (COP). At the COP meetings, the Australian Government
negotiation approach insisted that responses to climate change be equitable in terms of
the cost of implementation between countries and should not adversely impact the
Australian economy (Kemp 2002).
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It was under some contention that Australia proposed industrialised countries’ targets
be customised to their particular situations. This subsequent differentiation did not
lessen the pressure on Australia to fulfil the main objectives for Annex I countries
under the Convention of reducing emissions to 1990 levels by the year 2000, but
relaxed our obligations under a ratified Kyoto Protocol.

The Australian Government argued that the economic impacts would impose a cost on
Australians that other countries would not accept and that inhibiting energy intensive
industries would impede domestic economic growth (Howard 1997). Australia
negotiated for flexibility mechanisms such as emission trading and Joint
Implementation (JI) to be incorporated into the Kyoto Protocol to reach national targets
with minimum cost. Australia also argued along with the USA that developing
countries must become implicated in mitigation, as economies in transition will become
over 50% of global emissions in the near future (Australian Greenhouse Office 2004).
Australia has put significant resources and funding into fulfilling the majority of
obligations under the Convention. However, there is much debate on whether the
approach taken by Australia has produced the best outcome for Australian renewable
energy industries.
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Appendix I: Programmes from Safeguarding the Future
I.1.1 The Greenhouse Challenge Programme
The new Liberal-National Coalition Government continued the Greenhouse Challenge
Programme with subsequent programme evaluations noting the strong collaborative
relationship between industry and government resulting in an industry commitment to
reduce emissions. This strong commitment resulted in a major review process in 1999,
concluding that participants in the Greenhouse Challenge had already exceeded the
expected 22 Mt CO2 abatement projected for 2000 (Australian Commonwealth
Government 2000).

The voluntary Greenhouse Challenge Programme was extended to promote greater
abatement by industry under the title the Greenhouse Challenge Plus Programme.
However, the programme was not without criticism, as it does not require any business
to adopt a genuine strategy or set of practices aimed at emissions reduction which
might impact on its profitability over the short or longer term. The voluntary nature
meant that industry has the flexibility and jurisdiction to decide how, when and how
much it will reduce its emissions. Participating companies also determine what actions
they consider cost-effective without any independent measure and can make
adjustments to suit their individual business circumstances.

Therefore assessment of the success of the Greenhouse Challenge Programme becomes
difficult due to the untidy distinction between GHG reduction attributable to the
programme or those which may have resulted from normal business efficiency
measures (Parliament of Australia: Senate 2000). This issue has become a bone of
contention for the Australian Government in international negotiations and much rests
on whether the “no regrets” approach will result in the required emission reductions by
2008 to 2012.
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The programme aimed to register 500 organisations by the end of 2000, of which 366
were registered and by the year 2005 the figure was 1,000 registered organisations
(Parliament of Australia: Senate 2000). In John Howard’s Securing Australia’s Energy
Future Update released in June 2006, the figures released were that “more than 800
company members measure their greenhouse gas emissions, take action to reduce them
and report on their progress” (Australian Commonwealth Government 2006).

The stated goal for the programme was to register over 1000 business by 2005,
however the true measure of the programmes effectiveness is the actual GHG emission
reduction over time. There were two independent evaluations of the programme
commissioned by the AGO, one in 1996 and one in 1999. The first was the Wilkenfeld
Report which concluded that the distinction between business as usual and the
programmes emissions reduction were hazy and that around 83% of the emissions
reductions achieved would have been expected in the business as usual scenario
(Parliament of Australia: Senate 2000).

The other report was the Harris Report. It produced similar findings, but also noted that
two-thirds of the organisations surveyed reported positive management and cultural
changes within programmes participants (Parliament of Australia: Senate 2000).

I.1.2 Renewable Energy Equity Fund (REEF)
The REEF provided venture capital for small innovative renewable energy companies
from 1999 over ten years. Equity finance is available using Government funding of up
to A$17.7m, which was invested along with private sector funding to provide a total
fund of $26 million (Australian Greenhouse Office 2006).

194

An independent company managed the fund with supervision provided by the Industry
Research and Development Board. The Australian Greenhouse Office had policy
responsibility for the programme while AusIndustry administered programme delivery
(International Energy Agency 2001). Eligible companies received the least of either a
maximum investment of $3 million or 10% of the initial capital (Australian Greenhouse
Office 2006).

I.1.3 Renewable Energy Commercialisation Programme (RECP)
The RECP was established in 1999 as a $28 million competitive grants programme
designed to achieve greenhouse gas abatement through assisting renewable energy
technology commercialisation to further the Australian renewable energy industry
(International Energy Agency 2001).

Applicants were required to fund at least 50% of project costs for projects leading to the
commercialisation of innovative renewable energy equipment, technologies, systems
and processes (Parliament of Australia: Senate 2000). RECP grants were normally in
the range of $100,000 - $1 million and there were six rounds of Commercialisation and
two rounds of the Industry Development components (Australian Greenhouse Office
2006).

I.1.4 Renewable Energy Industry Programme (REIP)
REIP was a $2.235 million grant programme effective from 1998 to assist the
development of the Australian renewable energy industry in Australia that was fully
committed (Australian Greenhouse Office 2006).
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REIP grants were allocated to:
•

CitiPower ($60,000) Pty for the installation of at least 50 grid-connected
rooftop systems in Victoria;

•

Integral Energy ($350,000) to develop markets for smaller Australian
manufacturers of renewable energy products;

•

Solahart Industries Pty Ltd ($200,000) for the commercialisation of a pressed
tray collector for solar hot water systems;

•

A $200,000 grant was awarded to Sugar Research Institute (SRI), Mackay
Sugar Cooperative - Farleigh Mill and Rolls Royce Industrial Power (Pacific)
Ltd for the evaluation of an advanced swirl burn combustion system powered
by bagasse;

•

Ocean Power Technologies (Australasia) Pty Ltd was awarded $230,000 for
their 20 kW wave power generation system;

•

ANUTECH Pty Ltd, Solahart Industries Pty Ltd and Western Power
Corporation were awarded $300,000 to build a 20 kW grid-connected solar PV
trough concentrator electricity generation plant; and,

•

$200,000 was awarded to Biomass Energy Services and Technology Pty Ltd
(BEST), NT Department of Primary Industries and Fisheries and the Power and
Water Authority of the Northern Territory for using noxious weeds as a fuel for
power generation and as a raw material for manufacture of charcoal and
briquettes (International Energy Agency 2006).

I.1.5 The Renewable Energy Showcase Programme
This programme supported a few leading edge and strategically important renewable
energy projects that had strong commercial potential, technically proven, had a
potential for large-scale and widespread application and could make a substantial
contribution to building the capacity of Australia’s renewable energy industry to abate
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GHGs over the long term. Launched in 1998 this programme provided one-off
competitive grants for innovative renewable energy equipment, technologies, systems
or processes (International Energy Agency 2006). With $10 million in funding, the
programme is now closed to new applications (Parliament of Australia: Senate 2000).

Projects included the W.H. Heck & Sons Pty Ltd and Stanwell Corporation Ltd $3
million grant for the design and installation of a grid connected 30MWe biomass
cogeneration plant at the Rocky Point Sugar Mill, south of Brisbane and Brightstar
Environmental Ltd $2 million solid waste energy and recycling facility (SWERF) in
NSW that utilised reusable and recyclable resources prior to the conversion of the
organic components into gas and then electricity (Australian Greenhouse Office 2006).

Western Power Corporation and Powercorp Pty Ltd were also awarded $1 million for
the development and installation of an additional two variable speed wind turbines
integrated with flywheel energy storage system in Denham, WA. Subsequently the
flywheel design was not incorporated into the low-load diesel system (Australian
Greenhouse Office 2006).

I.1.6 Mandatory Renewable Energy Target (MRET)
The Renewable Energy (Electricity) Act 2000 sets the framework for the MRET. The
Office of the Renewable Energy Regulator (ORER), a statutory agency, administers the
Act, the Renewable Energy (Electricity) Charge 2000 and the Renewable Energy
(Electricity) Regulations 2001. The MRET ensures increasing renewable electricity
generation by encouraging the generation of an additional 9,500 GWh of renewable
energy per year by 2010 which will remain constant until 2020 when the MRET expires
(Office of the Renewable Energy Regulator 2006).
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The objective of the MRET is to lift renewable electrical generation in Australia from
10.5% to 12.5% by the year 2010 (Western Australian Sustainable Energy Association
(WA SEA) 2003). The remaining renewable electrical capacity is derived from large
hydro installations built in the 1960’s and 1970’s. Under the MRET, tradable
Renewable Energy Certificates (RECs) are used to demonstrate compliance with the
objective. Since 2001, electricity retailers and large energy users must purchase
increasing amounts of electricity from renewable sources (Office of the Renewable
Energy Regulator 2006).

All wholesale electricity purchases on grids of more than 100 MW of installed capacity
have to apply mandatory renewable energy targets since 1 April 2001. In order to meet
their obligation, liable parties (wholesale purchasers) surrender Renewable Energy
Certificates to the Renewable Energy Regulator. A Renewable Energy Certificate
represents 1 MWh of electricity and the penalty payment for non-compliance is AUS$
40 per MWh (non-tax deductible) (International Energy Agency 2006). Interim annual
targets have been set to ensure that there will be a consistent progress towards
achieving the 9,500 GWh target by 2010 so all investment does not occur in the final
years of the scheme (Office of the Renewable Energy Regulator 2006).

Small generating sources are allocated RECs on the basis of deemed generation over
their lifetimes, rather than claiming RECs annually. The size of systems eligible for
deemed RECs has been increased from 10 to 100 kW (Watt 2005).

The 9,500 GWh (approximately an extra 2% of electrical capacity) target has been
widely criticised as only maintaining renewable energy market share by 2010 due to the
higher than expected growth in the Australian electricity generation sector (Western
Australian Sustainable Energy Association (WA SEA) 2003). As a comparison other
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countries targets are much larger over the same timeframe, with Denmark aiming for
30% of electricity from renewables, Austria with 78.1%, Sweden with 60%, Spain
31.3%, France 21%, Germany 12.5%. According the IEA, Australia has the lowest
target of any industrialised country (International Energy Agency 2004).
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Appendix J: The National Greenhouse Strategy
The reporting requirements for the Governments to achieve our international
commitments under the UNFCCC necessitate the incorporation of data from eight NGS
“modules”. These eight modules are; profiling Australia’s GHG emissions (under the
NGGI):
•

understanding and communicating climate change and its impact;

•

partnerships for greenhouse action;

•

efficient and sustainable energy and supply;

•

efficient transport and sustainable urban planning; greenhouse sinks and
sustainable land management;

•

greenhouse best practices; and,

•

adaptation strategies for climate change (United Nations Framework
Convention on Climate Change 1992).

These eight modules are crucial to understand the integrated approach that was
embarked upon by the Australian Government.

The National Greenhouse Gas Inventory (NGGI) is prepared annually in addition to
State and Territory inventories. The actual inventory is a catalogue of anthropogenic
GHG emissions, sources and sinks which are categorised into six areas;
•

Energy;

•

Land Use Change and Forestry;

•

Agriculture;

•

Industrial Processes;

•

Solvent and Other Product Use; and,

•

Waste.
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The NGGI is published to fulfil one of the UNFCCC commitments and both of the
UNFCCC and Kyoto accounting methods are included (Australian Greenhouse Office
2006). The NGGI makes it possible to identify trends in sectors, develop future
projections of GHG emissions and to ascertain the effect of chosen policies. The NGGI
is continually updated and the numerical uncertainties of the science of emission
calculation are refined.

Australia’s implementation commitments under the module Understanding and
Communicating Climate Change and its Impact include enhancing scientific,
governmental, industrial and community understanding of climate change and GHG
issues (Australian Greenhouse Office 2006). This module also incorporates cultivating
community involvement and informing the public.

Research results suggest that climate change issues seem to be poorly understood by
Australians and are often confused with the issue of ozone depletion (Cordero 2001),
which is controlled under the Vienna Convention for the Protection of the Ozone Layer
and the Montreal Protocol. This area seems to be making slow progress, as can be seen
by a sizable section of the Australian population either misunderstanding important
aspects of climate change in general and some believing that it does not exist at all or
that there is no anthropogenic component (Lloyd 2000).

The NGS module Partnerships for Greenhouse Action focuses on partnerships between
Governments, industry, non-government organisations (NGO’s) and the community.
This module incorporates Australia’s promotion of incentives to international groups to
invest through Joint Implementation and emission trading flexibility measures
(Australian Greenhouse Office 1998). The main problems associated with the flexibility
measures is that Australia has not and currently will not ratify the Kyoto Protocol, even
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though the Protocol has entered into force internationally. Especially since the global
emissions trading market is approaching $37 billion in value from the major influx of
private and public capital over the past 18 months since the Kyoto Protocol entered into
force (Willis 2006).

The fourth module, Efficient and Sustainable Energy and Supply is an important area.
Production and use of stationary energy constitutes approximately 50% of national total
GHG emissions and is therefore the largest single contributor (Australian Greenhouse
Office 1998). From 1990 to 2004 stationary energy GHG emissions increased 43.0%
over the period. The third largest source of GHG is transport, which increased by
23.4% over the same period and further increases of both are linked with projected
economic growth (Australian Greenhouse Office 2004).

Australian economic growth continues to be linked to energy intensive manufacturing
industries, primary resource extraction and significant net energy exports of coal, gas
and uranium. Australia’s progress in this module is regarding energy market reform and
energy efficiency measures (International Energy Agency 2001).

Progress in minimum energy performance standards (MEPS) for residential and
commercial buildings, domestic appliances and industrial equipment are collectively
producing quantifiable results, especially in the industrial sector (energyrating.gov.au
2006).

The fifth NGS module is Efficient Transport and Sustainable Urban Planning. The
NGGI data suggests that the transport sector is one of the fastest growing in our
economy, especially from personal passenger vehicles (Australian Greenhouse Office
1998). Australians, per capita, produce almost the highest GHG emissions from
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transport in the world (Graham 2005).

The issue of transport is coupled to land use planning and urban design. Governments
are making slow but sustained progress in traffic management, improving public
transport services and encouraging walking and cycling (Graham 2005). Another area
of implementing change is through financial assistance, information and statutory
requirements to “fuel switch” to more GHG friendly fuels. This is aimed at stimulating
improved vehicle design and logistical efficiency for the transport and freight
industries. These areas are being targeted and funded substantially but as can be seen
from the increasing emissions from the transport sector is showing little progress in
overall transport emission patterns.

The sixth module, Greenhouse Sinks and Sustainable Land Management, provides an
effective and practical means for Australia to reduce emissions and meet its
international commitments under the UNFCCC and Kyoto. In contrast to other
industrialised nations, land use patterns in Australia are still undergoing significant
change (Australian Greenhouse Office 1998) Unfortunately, measures to decrease
agricultural GHG emissions are still in early phases and the land use change & forestry
sectors are still a net source of emissions in Australia. However, the progress in
establishing sinks has been incremental, as is the nature of a plantation establishment
and revegetation strategies. Alternatively legislation aimed at reducing land clearing is
showing large benefits and has reduced emissions by 72.5% from 1990 to 2004. This is
the single most effective measure that Australia has pursued with relatively little effort
and expenditure.

It would seem reasonable that this was a primary motivator in Australia negotiating the
so-called “Australia clause” to be incorporated into Article 3 of the Kyoto Protocol. It is
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worth noting that if the land use, land use change and forestry sector allowed under the
Australia clause was omitted from Australia’s GHG emissions accounting, the
percentage increase in emissions from 1990 to 2004 would be 25.1% (Australian
Greenhouse Office 2004). The IEA predicts Australian emissions to grow by 43%
above 1990 levels in 2010, but is likely to achieve the Kyoto 8% in 2008-12 target due
to land use, land use change and forestry accounting (International Energy Agency
2006).

The seventh module, Greenhouse Best Practices in Industrial Processes and Waste
Management aims at more efficient production with less GHG emissions and waste.
The basis behind the modules inclusion into the NGS is part of the “no-regrets”
initiative response to international commitments (Australian Greenhouse Office 1998).
Over the period from 1973–74 to 2000–01, Australian energy efficiencies improved by
only three per cent. The International Energy Agency has reported that Australia’s
energy efficiency measures have achieved less than half the rate of improvement of
other countries (The Energy Taskforce 2004).

The final NGS module is the Adaptation Strategies for Climate Change. Adaptation is
an ability to lessen possible adverse effects and to capitalise on potential changes,
which is an important requirement of the Convention and the Australian response has
been of note, especially in the area of scientific research. Uncertainties in the science of
climate change, difficulties in predicting timeframes for effects and political barriers to
adaptation are ever-present and progress in some areas have been mixed. Australia’s
current approach in this module is focused on funding further research in increasing
climate knowledge and improving scenarios and modelling, which has produced
valuable progress made towards Australian UNFCCC commitments (Australian
Greenhouse Office 2006).
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Appendix K: The GreenPower Scheme
In New South Wales (NSW), the creation of the Sustainable Energy Development
Authority (SEDA) and its development of GreenPower was an early attempt to build a
domestic renewable energy industry and has been able to stimulate a limited demand
for renewables (Parliament of Australia: Senate 2000). The scheme was also assisted
under module four of the NGS to promote sustainable energy use and supply
(Australian Greenhouse Office 1998).

Effective from 1997, the GreenPower Scheme is a national accreditation programme
that sets stringent environmental and reporting standards for renewable energy products
offered by electricity suppliers to households and businesses across Australia. As of
June 30 2006, there were 281,701 residential customers and 14,676 commercial
customers nationwide (Green Power 2006). The bulk of these customers were in NSW,
Victoria and QLD with 34%, 31% and 23% of the total GreenPower MWh consumed
Australia wide (Green Power 2006).

Under the NGS, SEDA has also been licensed to accredit green energy sources for
retailers around the country. SEDA’s guidelines are strict and include consideration of
the collateral environmental impact of renewable sources. They are consequently seen
as the benchmark for the definition of renewable power sources and the scheme is
recognised as being one of the most important programmes in Australia to promote the
assimilation of renewable energy into Australian households and into the psyche of
government utility marketing strategies (Parliament of Australia: Senate 2000).

In 2000 it was estimated that only 1.7% of electricity consumers buy GreenPower and
that the average electricity consumer did not understand GreenPower as an option, or
had not even heard of it. In Western Australia the situation six years later is little better
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with less than 155 commercial and 1,254 residential consumers (Green Power 2006).
As early as 2000, the leveraging of renewable energy project investment of the
GreenPower programme was reported to stimulated $70 million of investment for about
$2 million in government spending (Parliament of Australia: Senate 2000).

In July 2006 there were 269 accredited generators, with more than 179 new generators
nationwide (Green Power 2006). As part of their GreenPower activities many power
companies are promoting renewable energy and greenhouse reduction, consequently
raising the awareness of the community of these issues.

From July 1 2006 GreenPower providers were required to source 100% of their
GreenPower sales from new accredited GreenPower generation built or commissioned
after January 1st 1997 (Green Power 2006). However, even with projected increases in
consumer uptake of the programme, it is likely to remain of limited importance in
achieving large-scale emissions reductions, partly because it involves consumers
choosing to pay a premium.
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Appendix L: Measures for a Better Environment
L.1.1 The Greenhouse Gas Abatement Programme (GGAP)
GGAP was announced as part of the Measures for a Better Environment package and
arose from 120 negotiations with the Australian Democrats. The GGAP aims were:
•

to attain long lasting results that translate into sustained reduction in emissions
during the period 2008 to 2012 and beyond;

•

be cost effective with a least cost impact on economic activity;

•

have consistency with ecologically sustainable development;

•

generate employment;

•

promote the use of new technologies and innovative processes;

•

support export opportunities;

•

act as a catalyst for further non-government investment; and,

•

provide opportunities in rural and regional Australia (Parliament of Australia:
Senate 2000).

The GGAP commenced on 1 July 2000, with first round submissions closing in
September 2000. $400 million has been allocated to the GGAP between 2000-01 and
2003-04 and has now ceased operation. GGAP targeted opportunities for large-scale,
cost-effective and sustained abatement across the economy and was designed to support
projects that would result in quantifiable and additional abatement that was not
expected to occur in the absence of GGAP funding (Australian Greenhouse Office
2006). Priority was given to projects that would deliver abatement exceeding 250,000
tonnes of CO2-e per annum (Parliament of Australia: Senate 2000).

GGAP initiated a major response to tilt the balance for businesses to appreciate they
can make money out of greenhouse abatement strategies (Parliament of Australia:
Senate 2000).
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L.1.2 Renewable Energy Commercialisation Programme (RECP) Extension
The RECP was extended through the Measures for a Better Environment package with
an extra $26 million totalling $54 million for the entirety of the programmes existence.
The grants programme ended in 2004 with a total of five rounds held over five years
(Australian Greenhouse Office 2006). The industry component called the Renewable
Energy Development (REID) programme also offered $6 million of the total RECP
allocation in competitive grants over two rounds (International Energy Agency 2006).

L.1.3 Renewable Energy Industry Development Programme (REID)
Launched in 2003, the REID programme provided $6 million in competitive grants to
support the renewable energy industry by providing grants to Australian companies
who could demonstrate that their projects will assist the development of the domestic
renewable energy industry. Industry development grants were typically around
$100,000 (International Energy Agency 2006).

Project applicants must not obtain significant individual financial or commercial
benefits and project outcomes need to be disseminated to the wider Australian industry
(International Energy Agency 2006).

REID Round 7 included such grant recipients as;
•

Australian Wind Energy Association and Environment Victoria ($200,000) to
create a series of protocols for the assessment of wind turbine impacts on birds
and bats;

•

Australian Pork Ltd ($150,000) to investigate the technical and economic
feasibility of converting pig wastes to electricity;
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•

National Association of Forest Industries ($150,000) to raise awareness and
review the use of wood waste as a source of renewable energy globally and
domestically;

•

Electricity Supply Association of Australia ($73,000) to boost Australian
representation in the International Energy Agency (IEA) Photovoltaic (solar)
Power Systems Programme;

•

Standards Australia International ($50,000) for Solar Hot Water Heater
Standards for European export;

•

Australian and New Zealand Solar Energy Society ($86,300) grant to develop a
marketing strategy, a virtual tour website, rebate and manufacturer information;

•

ACT Utilities and Light Manufacturing Industry Training Board ($25,000) to
scope renewable energy support networks, materials, funding agencies, training
and education, suppliers, retailers and software development agencies;

•

Global Sustainable Energy Solutions ($99,700) to showcase Australian
renewable energy products and services internationally;

•

Solarch ($80,000) to produce Building Integrated Photovoltaics best practice
guidelines (Australian Greenhouse Office 2006).

L.1.4 Cities for Climate ProtectionTM (CCPTM)
The CCPTM Australia programme was initiated in 1998 and on the 4th September 2006
there was 215 Australian councils involved in the programme out of approximately 700
councils throughout Australia (Cities for Climate Protection 2006).

The Commonwealth Government has a funding commitment to the internationally
trademarked CCPTM in Australia of $13.6 million over four years to 2007-08
(Australian Greenhouse Office 2006). Environs Australia conducts the programme for
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the AGO in collaboration with the International Council of Local Environment
Initiatives (ICLEI) programme (Parliament of Australia: Senate 2000).

CCPTM provides local governments with a milestone framework to reduce GHG
emissions by assisting them to identify emissions of their council and community, set a
reduction target and develop and implement an action plan to reach that target.
Participating councils are required to complete five Milestones:
•

conduct an energy and emissions inventory for council and the community;

•

forecast energy and emissions;

•

establish an emissions reduction target;

•

develop a Local Action Plan (outlining how targets are to be achieved); and,

•

implement agreed policies and measures (Parliament of Australia: Senate 2000).

For councils to become members a $5,000 initial contribution is paid with a $1,000
annual contribution to the International Council for Local Environmental Initiatives, of
which the Federal Government Contributes $7,000 per participating Council
(Parliament of Australia: Senate 2000).

L.1.5 The Renewable Energy Action Agenda (REAA)
In December 1997 the Government announced an Action Agenda for the Australian
renewable energy industry. The Agenda was approved for implementation on 23 May
2000 under the Measures For A Better Environment package. Its objective is to develop
a policy framework to encourage growth in a commercially viable and internationally
competitive Australian renewable energy industry (Parliament of Australia: Senate
2000). The REAA Vision is “to achieve a sustainable and internationally competitive
renewable energy industry which has annual sales of AUS$4 billion by 2010.”
(Parliament of Australia: Senate 2000).
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Under the supervision of the Department of Industry, Science and Resources, an
“Industry Leadership Group” was formed, supported by a Strategic Planning Working
Group, with participants drawn from industry, academia and government. The Agenda
has an overlap with several other programmes designed to increase commitment,
education and innovation in respect of greenhouse issues (Parliament of Australia:
Senate 2000).

The scope of the Agenda includes sustainable transport fuels, solar, wind, biomass,
tidal, wave, hydropower and geo-thermal energy and renewable hydrogen, value-added
products, conversion technologies and associated services. The five strategies set out to
deliver this target are:
•

market development;

•

building community commitment;

•

building industry capability;

•

setting the policy framework; and,

•

encouraging a culture of innovation (Parliament of Australia: Senate 2000).

The overlap in objectives of this policy makes it difficult to assess the effectiveness of
the Agenda, as it has not introduced any significant initiatives beyond measures
covered by other policies.

L.1.6 Alternative Fuel Conversion Programme (AFCP)
The AFCP was released in the Measures For A Better Environment package and
delivered by the AGO provided assistance for conversion of buses and other
commercial vehicles to CNG and LPG. The AFCP was a $75 million programme,
designed to assist development and testing of new engine technology and conversion of
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heavy commercial vehicles and buses to compressed natural gas (CNG) or liquefied
petroleum gas (LPG) by providing funds of up to 50% of costs (Australian Greenhouse
Office 2006). The actual conversion rates for vehicles seemed to be directly tied to the
domestic fuel price instead of genuine payback periods and fiscal management. The
programme provided funding over four years (Howard 1999).
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Appendix M: Energy White Paper Programmes
M.1.1 Low Emissions Technology Demonstration Fund (LETDF)
Effective from 2004, the Energy White Paper’s flagship initiative, the $522.9 million
LETDF aims to support the demonstration of new, large-scale, low-emissions
technologies that indicate significant long-term abatement potential. The fund includes
those renewable technologies that can demonstrate the potential for wide uptake in the
energy sector (International Energy Agency 2006).

It is expect to leverage $1 billion in additional private sector investment in low
emissions technologies along the line of the Australian Government’s climate change
strategy to enable reducing the cost of meeting future GHG emissions constraints
without harming the competitiveness of its energy and energy-dependent industries.
Renewable and fossil fuel energy supply technologies and energy efficiency in both
stationery and transport energy sectors will be eligible under the fund with the
technology able to be commercially available by 2020 to 2030 and have the potential to
reduce Australia’s energy sector emissions by at least two per cent per annum
(AusIndustry 2006).

Thirty applications seeking funding of $2.6 billion for a total value of projects of $13
billion have been received for the LETDF to demonstrate large-scale clean fossil and
renewable energy technologies. The final industry contributions is expected to exceed
$1 billion (Australian Commonwealth Government 2006).

The eligibility timeframes for the technologies to be commercially available in 15 to 25
years and only reduce emissions by 2% per annum is potentially a small and lingering
target. This is due to ABARE’s projected increase in primary energy consumption of
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almost 6,000 PJ in 2006 to nearly 9000 PJ in 2030. As the largest primary energy
increases are predicted to be from the largest GHG sources, the net reduction in GHG
emissions may be negated (Australian Bureau of Agricultural Resource Economics
2005). There is the possibility that it could take until mid century before Australia can
reduce emissions to what they are currently with this approach. This approach also
assumes that these technologies will be developed and successfully implemented to
have an effect against the expected increases of total primary energy use and
corresponding GHG emissions.

M.1.2 The Low Emissions Technology and Abatement (LETA).
The LETA initiative is a $26.9 million measure to reduce GHG emissions over the
longer term by supporting the identification and implementation of cost effective
abatement opportunities and the uptake of small-scale low emission technologies in
business, industry and local communities. Support for renewables is provided via an
industry development sub-programme and will be available to State and Territory
Government agencies and renewable energy industry associations (Watt 2005).

The initiative is designed to encourage ongoing investment in the development,
demonstration and deployment of medium to small-scale low emissions technologies
and other cost-effective abatement activities including fossil fuel technologies, strategic
abatement, geosequestration as well as renewable energy. Funding will be allocated
over four years:
•

$3.2 million in 2004-05;

•

$5.7 million in 2005-06;

•

$9.0 million in 2006-07; and,

•

$9.0 million in 2007-08 (Australian Greenhouse Office 2006).
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M.1.3 Wind Energy Forecasting Capability
The Australian Government’s 2004 Energy White Paper committed $14 million over
five years to assist development of systems to accurately forecast wind to facilitate
increasing penetration of onshore wind energy in the National Electricity Market. The
aim is to implement forecasting systems to assist market management and improve
strategic planning for wind farms (International Energy Agency 2006).

M.1.4 Improving Grid Accessibility
The Commonwealth Government aims to work with the states and territories to identify
specific rule changes required in the National Electricity Market (NEM) to maximise
the benefits of distributed and renewable energy generation. This initiative was
announced in 2006 in the Energy White Paper (International Energy Agency 2006).

M.1.5 Local Greenhouse Action (LGA)
In 2004 the Australian Government announced the $13 million Climate Change
Strategy Local Greenhouse Action (LGA) programme to support local government,
communities and individual households in reducing their GHG emissions. In
combination with Cities for Climate ProtectionTM the LGA focuses on energy use,
transport and waste with the Cool Communities and Travel Demand Management
initiatives to engage a large number of Australian communities and households in
greenhouse action cost-effectively. The programme is funded until 2009 (International
Energy Agency 2006).
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Appendix N: Significant WA Electricity Programmes
N.1.1 The Uniform Tariff
An indirect measure designed to assist rural communities in Western Australia is the
Uniform Tariff Policy (UTP). The UPT requires the government owned electricity
utility, Synergy, provide electricity services at a price that is uniform throughout the
state. This ensures people and businesses in rural areas benefit from such services on a
par with people in the city. Without cross-subsidies people in regional areas would pay
more for their electricity services than urban people. This is simply due to urban
infrastructure servicing more people per area and incurring less travel and maintenance
costs per unit of energy consumption.

The Western Australian UTP has been noted for its shortcomings as it currently stands.
Because electricity prices will not reflect the true cost of generation, transmission and
distribution in many areas, this results in a distorted electricity market. Consumers are
not paying the real costs of the energy service provision, which distort consumer
choices. There are mechanisms to achieve a similar level of equity throughout regions
in terms of electricity prices that do not distort markets. One such option is fully funded
direct payments by the state government, either from consolidated revenue, dividends
returned from government owned electricity companies, or from Commonwealth
Government competition payments for implementing the competition reform in the
electricity industry paid to state governments (The Australian Council for Infrastructure
Development 2002).

The UTP also does not assist people with SPS systems as by definition they are not
connected to the grid. While rural and remote people near the grid network may be able
to afford the line extension costs, in many areas this cost is extremely prohibitive.
Therefore the benefits of this policy are only distributed to those who live in a minigrid
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that is separate from the SWIS, as they pay less for electricity than they would
otherwise, but still receive utility electricity. There remains the possibility to subsidise
off-grid SPS systems to a similar cost of energy as grid energy services as an adjunct to
further expand the social equity objectives that underpin the UTP.

N.1.2 The Contributory Extension Scheme
The Contribution Scheme provides a heavily subsidised cost of extending the grid for
primary producers. This scheme has been in existence since 1959 and was modified
significantly in 1992 (Wyder 1995). The scheme subsidises 43% of the total cost of
constructing and maintaining the line extension and portions of the contribution is
refunded if subsequent consumers utilise the same line and totally refunded after 30
years if costs were over a certain amount (Wyder 1995).

N.1.3 Supply Extension Policy
The Supply Extension Policy has differing conditions depending on the type of
customer extending the grid. Mining and residential/commercial land subdivision
developers pay full costs of line extensions, whereas individual and commercial
customers are part subsidised (Wyder 1995).

N.1.4 Other WA State Policy Programmes
Policy developments in each Australian State and Territory provide for the particular
needs of each region. The Western Australian State Government has established and
administered policy programs in addition to renewable energy specific programmes.
These include:
•

the Energy Smart Government;

•

the Energy Smart Homes Programme;

•

the Energy Smart Business Programme;
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•

the Solar Hot Water Heater Subsidy; and,

•

the Gas Conversion Programme.

In addition to working with the Liberal Commonwealth Government on the NGS, the
WA Labor Government released the State Sustainability Strategy in 2003 and the West
Australian Greenhouse Strategy in 2004. These government policies promote
sustainability and GHG abatement through a more effective use of human and physical
capital, natural resources and improved technological knowledge (Western Australian
Government 2004).

Some of these programmes are available to pastoralists as they fall under the scope of
several programs. Incorporating demand side management and fuel substitution in
remote domestic and business areas can have a large impact in the required output of
SPS system. For example, substituting an electric hot water system with a solar hot
water system and a bottled gas booster can reduce required SPS system component
sizes and/or the amount of diesel consumed.
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Appendix O: The Survey

Confidential Information Section.
This section is merely for the researchers record keeping, so they know who to send
their research results to. This section is to be placed in the separate pre-paid envelope to
the survey questionnaire (if you wish). This is to ensure your privacy, as the researchers
will not know which survey belongs to whom, only that a person has responded and
returned their survey.

A. Name of Property (or Business Name/Location Number).

B. Name of person filling out form and a contact telephone number.

C. Position of person filling out form (Owner, Resident, Manager, etc)
and the time spent on the Property.

D. Nearest town to the Property and the number of kilometres away
(by road).

Thankyou. Now please complete the survey questionnaire printed on the pink pages.
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Survey for Farm and Pastoral Properties.
There are 24 questions in this survey. Please fill in as much detail as you need to
explain any interesting facets and details, or to fully express your opinions. If you wish
to write more than the box allows feel free to do so and if some questions are not
relevant please skip them and go to the next question. Thankyou.

Part I – General Information.
The first 18 questions ask for basic information to outline your property and operations.

1. Number of people living on the property for the year (please give an
indication of the average, maximum and a minimum amount of people that
live on-site for the year).

2. Approximate type and number of Buildings on the property (include
working sheds, but not sheds used solely for shelter or hay storage).

3. Main Activities on Property (i.e. Merino Sheep, Murray-Grey Cattle,
Oats, Wheat, Barley, Lucerne, Aquaculture, Hay, Viticulture, Forestry,
Cauliflowers, Geraldton Wax etc.)

4. Main Types of Water Supply Systems (i.e. Windmills, Diesel
bores/pumps, Solar bores/pumps, gravity fed, river, creek, etc).

5. Main Types of Water Heating Systems (i.e. Solar hot water system,
Geothermal, Wood, Electric, etc.)

6. Main Types of Cooking Stoves Used (i.e. Wood, Electricity, Gas, etc.)
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7. Main Types of Space Heating Used (i.e. Wood heater, Gas heater,
Electric, none, etc.)

8. Main Types of Space Cooling Used (i.e. fans, evaporative or
refrigerative air conditioning, none, etc.)

9. Number, Type and estimated total load of all Refrigeration. (i.e. one
3 x 1 x 1 metre freezers, three 2 x 1 x 1 metre fridges, with a total load of 4
kW if all running at simultaneously.)

10. Machinery and other significant loads - other than water heating
& pumping. (i.e. a 2.5 kW air compressor used for 6 hours a night, or a
7.8 kW welder used for around 3 hours a day.)

11. Main Types of Power Supply Systems (i.e. Electricity supplied by
Diesel generator, Solar power, Wind power, Micro-hydro,
Solar/Wind/Diesel hybrid, etc).
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12. Do you have a Renewable Energy Component in your Electrical
Energy Supply System at present? (i.e. a wind turbine, micro-hydro,
photovoltaics, etc).
YES
NO
If you answered “YES” please provide some details at question 13.
If you answered “NO”, have you ever considered installing a Renewable Energy
component into your Electrical Energy Supply System?

YES
NO
What would sway you to use an energy system that includes Renewable Energy components?

Please go to question 14.

13. What Renewable Energy Components are in your Electrical
Energy Supply System? (i.e. a Wind turbine, Micro-hydro, Solar, etc).

Please go to question 15.

14. If you have used a Renewable Energy System in the past and no
longer use Renewable Energy Systems, please give a brief description
of the system and the reasons you no longer use them.

15. What do you see as the disadvantages of using a Renewable
Energy System?
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16. What do you see as the advantages of using a Renewable Energy
System?

17. Do you consider saving energy and energy management a
priority?

18. How many times were you unable to generate power in the last
year and for how long? (i.e. the house power went out once for 2 days, or
the helical rotor pump failed twice, was fixed once after 6 hours and a few
weeks later was replaced, taking 2 weeks for delivery).

What were the main reasons for these failures? (i.e. Inverter problems, lack of wind,
etc.

Who fixes the problems, when they occur? (i.e. I fix the Diesels myself and I employ a
contractor for the Inverter problems, etc.)

19. Is the “Greenhouse Effect” or “Global Warming” a concern to
you?
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Part II – Specific Information.
The last 5 questions of the survey are designed to obtain specific technical information of
your Energy Supply Systems and how they relate to your property. Please fill them out as
best you can. Thankyou.

20. Diesel Powered Energy Supply Systems – System Details.
If you have a Diesel component to your Stationary* Energy Supply System, please
complete the table below. If not, please go to question 20.
* (Stationary Systems do not include tractors, utes, cars and trucks etc).
Main Gen Sets

Rated Power
(kVA)

Age

Brand

Condition

Gen 1
Gen 2
Gen 3
Gen 4
What is the Peak and Average Load of the Diesel Gen Sets (kW)?

What are the Diesel Gen Sets used for and how many hours to they generally operate?

Who is responsible for the maintenance of the Diesel Gen System?

21. Diesel Fuel.
Are there any difficulties in securing a Diesel Supply? If so, what are they?

What is the approximate amount of Diesel Fuel Used in a year for Electricity? (in
litres).

What is the approximate amount of Diesel Fuel Used in a year for Water Pumping
and Stationary Machinery? (in litres).
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Do you claim the Diesel Fuel Rebate?

YES
NO
UNSURE

22. The Water Supply – System Details.
Please fill in the tables below regarding the specifications of water bores and
pumps on your property. If you do not own or operate a particular type of bore or
pump (i.e. no Windmills) please leave that part blank. Please estimate if exact
values are unknown.

Diesel Bores.
Number of Diesel Bores

Average Depth/Range of Depth
(i.e. 40m (between 20 & 60m))

Number currently in
working condition

Diesel Surface Pumps.
Diesel Pump

Power Rating (i.e. 10
hp, 2200 W).

Pump Capacity
(m3/hr)

Working?

1
2
3

Windmills.
Number of Windmills

Average Depth/Range of Depth
(m)

Number currently in
working condition

Solar Bores.
Solar
Bore
1
2
3
4

Bore Depth
(m)

Number of
Panels

Panel
Rating (W)

Capacity
(m3/hr)

Brand

Working?
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Solar Surface Pumps.
Solar
Pump
1
2
3
4

Head Height
(m)

Number of
Panels

Panel
Rating (W)

Capacity
(m3/hr)

Brand

Working?

Other Water Supply Technologies (i.e. Hydraulic Rams, “Run of the
River” Pumps).

23. Renewable Energy Electricity Supply – System Details
If your property operates a Renewable Energy Electricity Supply (or has a Renewable
component) please fill in the tables below. If you have no Renewable components to
your electricity supply please go to question 24. Again, if you do not own or operate
any of the following system components (i.e. there is no wind turbine component to the
system) please leave that part blank. Please estimate if exact values are unknown and
providing information about costs are optional.

Solar Power Supply.
Panel Brand

Model

Number of Panels Panel Rating (W) Cost (Approx.)

Wind Power Supply.
Turbine Brand

Model

Number of
Turbines

Turbine Rating (W) Cost (Approx.)

Inverter/Regulator.
Brand

Model

Type (i.e. Sine)

Rating (W)

Cost (Approx.)
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Battery System.
Brand

Type (i.e. Number of
Total
wet/dry cell) Batteries Storage (Ah)

System
Voltage

Condition System Cost
(Approx.)

Any Other Renewable Energy Systems?

Who installed the Renewable Energy System(s) and when?

Has the Renewable Energy System been installed to the relevant Australian Standards?

YES
NO
UNSURE
How long has the Renewable Energy System been in place?

What were the main reasons behind installing a Renewable Energy System?

Has the Renewable Energy System currently operating to your satisfaction/met your
expectations, or the sales pitch?

Was the system purchased with government rebate assistance, upfront payment or any
other method of payment? (This question is optional.)
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24. Your Opinions on Renewable Energy Supply Systems
Has the Renewable Energy System been cost effective and how much money do you
estimate you are saving (or not) by using Renewable Energy Supply Systems instead of
other sources of energy/fuel?

If the Renewable Energy System replaced a conventional system (i.e. Diesel generator),
in your opinion, how would the running, maintenance and capital costs compare
between the two types of systems?

Have any Batteries needed replacing? If so what was the approximate lifetime of the
Batteries?

From your experience, has Renewable Energy Systems been as reliable as Diesel
Powered Energy Systems?

How would you summarise your dealings with the Renewable Energy Industry in terms
of sales service and after sales support?

Are there any other finance options, or government rebates for Renewable Energy
Systems that you would recommend?

Thank you for taking the time to fill out this survey.
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For any other comments, or anything else you would like to say, please use the
remainder of this page. We hope this hasn’t taken up too much of your time and we
look forward to compiling the results and sharing our results with you. Thanks again.
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Appendix P: Introduction Letter & Survey
Division of Science and Engineering
Energy Studies
South Street, Murdoch
Western Australia 6150
Telephone: (08) 9360 2865
Facsimile: (08) 9360 6332
email: K.Lyon@murdoch.edu.au
http://energy.murdoch.edu.au/
CRICOS Provider Code: 00125J
A.B.N. 61 616 369 313

Letter to Participants

Project Title:
Renewable Energy in Western Australia’s Off-Grid Farming and Pastoral Properties
Dear Sir/Madam,
I, Mark McHenry, am an Honours student in Energy Studies at Murdoch University, exploring Renewable
Energy in Western Australia’s Off-grid Farming and Pastoral Properties under the supervision of Katrina
Lyon.
The aim of this study is to find out what renewable energy technologies are being used in stand-alone
power systems alongside conventional technologies, what are some of the costs involved and what
opinions are held on the performance of these systems.
My reason for undertaking this project, having grown up on a farm, is to assist farmers and pastoralists in
practical applications for renewable energy technologies in conjunction with conventional energy supply
systems in areas that do not have access to a reliable electricity grid.
It would be much appreciated if you could assist in this research by filling in the consent form below and the
attached survey.
The survey will take approximately 20 minutes to complete. It contains questions about:
•
your power system and its use;
•
estimated costs of maintenance and ongoing costs; and
•
how well you think your system is performing.
You can decide to withdraw your consent at any time. All information given during the survey is confidential
and no names or other information that might identify you will be needed or used in any publication arising
from the research. If you wish, I can provide you with results and feedback on the conclusion of this study if
you are interested - some contact details will then be required, but will remain confidential in any case.
If you have any questions about this project please feel free to contact either myself, Mark McHenry, on
0430 485 306 or my supervisor, Katrina Lyon on 9360 2865. My supervisor and I are happy to discuss with
you any concerns you may have on how this study has been conducted, or alternatively you can contact
Murdoch University's Human Research Ethics Committee on 9360 6677.
Yours sincerely

Mark McHenry
Please feel free to keep this page for your records.
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