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2%���� ����������������	����� �������	�&�	��������	�������	�&�1������	a’��&����%�����&���
emissions to 60% below 2000 levels by 2050. To achieve this, the share of the NSW energy mix 
coming from renewable sources will need to grow substantially. The National Renewable Energy 
Target commits Australia to source 20% of its energy from renewable sources by 2020. This study 
	������������ �?�"�������’��	�"���	&��	����	�����%��%������	����������� development areas in 
NSW would help grow solar investment. 
This study aims to: 
 Determine the feasibility of large scale solar projects in NSW and to test the concept that the  

co-location of solar plants into a precinct to facilitate sharing of infrastructure may expedite 
financial viability; 

 Identify potential areas for solar precincts in NSW; 
 Compare different solar technologies; and  
 Identify whether there is a role for Government to support large scale solar projects.  

This study considered five types of technology: thin film photovoltaic, mono-crystalline 
photovoltaic, solar trough, solar tower and a solar trough gas hybrid. Five areas were selected to 
assess the feasibility of a solar precinct in NSW: Broken Hill, Darlington Point, Dubbo, Moree and 
Tamworth. Key conclusions are set out below.  
�����������	�
������
�����
��
A solar precinct is technically feasible at all five of the areas considered in detail as part of this 
study. However, there is variation in levelised costs between each of the five areas and the 
technologies. The high capital costs of solar technology remain the most significant factor 
affecting the feasibility of solar electricity generation. Other area specific factors such as land 
prices and transport costs are relatively insignificant as a proportion of total costs. Water costs are 
also relatively insignificant but the availability of water is an important issue. Delivered gas prices 
are an important factor for solar-gas hybrid technology.  
The most significant technical issue is the connection and integration of large scale solar capacity 
to the electricity network. Importantly, with the exception of Darlington point, it was technically 
feasible to connect a 1,000MW precinct to the TransGrid network without significant network 
strengthening. However, there may be some regulatory challenges as solar power stations are 
presently regarded by the market rules as intermittent and currently there are no mechanisms for 
re-designating solar generation as conventional dispatchable generation. 
������
�����������	�������	��
�����������������	�
������
The benefit of developing a precinct as opposed to a standalone plant is very area specific and 
highly dependent on the existing transmission infrastructure. Nonetheless, there are non-financial 
benefits of a precinct over a standalone plant such as reduced risk and uncertainty, easier 
environment and planning approvals, increased viability of onsite manufacturing and additional 
jobs creation. Whilst not having a significant direct impact on project costs, these benefits may in 
turn lead to better financing terms for developers and facilitate quicker development of large scale 
solar projects. Sensitivity analysis showed that improved financing can reduce the levelised cost 
by 6-7%. 
����������
�������
�����
���
���
Of the five areas considered, Broken Hill appears the most favourable location for a 250 MW plant 
due to high levels of solar resource and minimal additional transmission infrastructure required to 
connect a 250 MW plant. The high cost of the additional transmission infrastructure required for a 
1,000MW precinct make a Broken Hill precinct less favourable. Moree is the most favourable area 
for a 1,000 MW precinct as the additional transmission costs compared to other areas are 
outweighed by higher electricity production as a result of higher solar resource.
����������
�������
�����
��
�������� 
Of the technologies modelled, solar trough gas hybrids currently have the lowest levelised cost for 
all areas with the exception of Moree. Solar tower systems are forecast to provide the lowest 
levelised costs of the solar-only technologies considered. The inclusion of thermal storage to a solar 
tower plant or precinct may allow electricity to be scheduled for dispatch at peak periods where it 
can be sold for a higher price.  

Both PV technologies considered were forecast to have levelised costs of electricity higher than the 
solar thermal options.  
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�����
���
�����������!����
� 
Compared to new entrant gas generators, solar trough gas hybrid plants, and to a lesser extent, solar tower plants do 
not appear to become cost competitive for around 15 to 20 years. However, this timing is dependent on REC prices 
and the introduction of CPRS. The inclusion of thermal storage to solar tower plants may improve financial viability
such that tower may become cost competitive under CPRS within 5 to 10 years. Thin film and mono-crystalline 
photovoltaic technology does not appear to be financially viable in the foreseeable future without significant cost 
reductions or efficiency improvements.  
�������
���
�"
�������������
�������������!����������
The most significant factors affecting financial viability of a large scale solar project are the high capital costs of solar 
electricity generation and the current uncertainty about future revenues. The price trajectory of solar technology over 
the next 5 to 10 years, as well as more certainty about REC prices and a CPRS, will be significant in determining when 
financial viability is achieved. 
������������
����
�������
�#$��%�!
��
���
Large upfront capital costs, combined with high transaction costs, a long gestation period from early development to 
construction commencement, uncertainty about future revenues and technology risk, make financing of large scale 
solar projects difficult. These issues may prevent industry developing a large scale solar project in NSW in the 
foreseeable future. By providing assistance, the Government could bring forward the development of large scale solar 
projects in NSW.  
The solar industry is still a relatively new market and, despite good solar resource, Australia has lagged behind in 
industry development. Establishing a solar plant or precinct will promote the development of the Australian solar 
industry and generate employment opportunities. By supporting a project of this size, Australia may be better 
positioned to become a global leader in solar technologies and local production of such technologies should 
significantly reduce their cost in Australia. In addition, by bringing forward the development of large scale solar projects, 
the Government will enhance greenhouse gas reductions, helping to achieve the NSW State Plan commitment to play 
	��������	�������	�&�1������	�’��&����%�����&�����	��	�������4�C�
������������"����
���7����������	�&��%�����	�����
Renewable Energy Target to source 20% of its energy from renewables by 2020.  
Any potential role of government should focus around reducing transaction costs and gestation period (through the 
provision of a pre-approved site and access to key infrastructure such as transmission, water and gas); provision of 
capital funding (through upfront grant, debt or equity); or improving certainty over revenue streams (through a Power 
Purchase Agreement). In essence, both capital funding and PPAs will improve investor and developer confidence and 
will be beneficial in bringing forward the development of large solar projects in NSW. A PPA allows any assistance to 
be spread over a 20 to 30 year time horizon and reduces the risk that the project will not deliver the expected quantities 
of solar energy generation. However, the PPA is more expensive to government than an upfront capital grant (by 
around $75m-$115m) because it is cheaper for government to borrow money than a private developer. On their own, 
measures to reduce transaction costs are unlikely to be enough of an incentive to bridge the financial viability gap. 
However, government may wish to supplement any capital funding or PPA with support to industry to facilitate easier 
permitting and access to infrastructure. 
#
&����
	��
This study is a pre-feasibility study to test the concept of developing large scale solar precincts as well as identify some 
of the best areas and technologies in NSW for large scale solar projects. Whilst large scale solar projects may not be 
financially feasible at the moment, there are some potentially large economic benefits for society in terms of reduced 
greenhouse gas emissions and industry generation that may warrant Government playing a role in bringing forward the 
development of large scale solar projects. The magnitude of these benefits is highly dependent on the area and 
technology under consideration, as well as the level of government assistance and the extent to which it advances the 
large scale solar industry in NSW. Once a specific area and technology are selected it will be important to undertake: 
 A more detailed feasibility study;  
 A full economic appraisal to quantify the economic benefits and assess the economic viability of any proposed 

government assistance; and  
 Develop a roadmap to maximise the benefits from supply chain and industrial development. 

� �
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Executive Summary 
Background and Objectives 
2%���� ����������������	����� �������	�&�	��������	�������	�&�1������	a’��&����%�����&���
emissions to 60% below 2000 levels by 2050. To achieve this, the share of the NSW energy mix 
coming from renewable sources will need to grow substantially. 

In the same way that the NSW Government is facilitating wind investment through the establishment 
of wind ������
�������&�����	����#��%	�������	������������ �?�"�������’��	�"���	&��	����	����
whether dedicated solar development areas in NSW would help grow solar investment. 

<���%	�������-�#�1!$+)’������y aims to: 
 Determine the feasibility of large scale solar projects in NSW and to test the concept that 

the co-location of solar plants into a precinct to facilitate sharing of infrastructure may expedite 
financial viability; 

 Identify potential areas for solar precincts in NSW; 
 Compare different solar technologies; and  
 Identify whether there is a role for Government to support large scale solar projects.  

Technologies considered 

For the purposes of this study a solar precinct is defined as the co-location of solar plants into a 
precinct to facilitate sharing of infrastructure, particularly access to the electricity network. A precinct 
could involve up to 1,000 MW of generation capacity including: 
 Solar photovoltaic (PV) technology (thin film and mono-crystalline have been considered 

in this study); 
 Solar thermal technology (trough and tower have been considered in this study); and/or  
 Solar-gas hybrids (solar trough gas hybrid has been considered in this study).  

Areas considered 

This study is a pre-feasibility study to examine the concept of a solar precinct and, as such, does 
not involve identification of a specific land allotment area for development. For the purpose of this 
study an area is defined as general locations within approximately a 20km radius of a town. A 
preliminary list of sixteen potentially suitable areas in NSW for a solar precinct development was 
determined using geospatial analysis of factors such as solar resource, transmission access and 
land availability. Preliminary quantitative analysis of these factors yielded high level estimates of 
electricity generation and project costs for each area. The sixteen areas were ranked based on an 
estimated cost per MWh basis and a qualitative evaluation of environmental, water and land issues. 
A shortlist of five areas was then selected for more detailed analysis of the trade-offs between 
feasibility factors. 

The five areas selected for further analysis were: 
 Broken Hill; 
 Darlington Point; 
 Dubbo; 
 Moree; and 
 Tamworth. 

Approach 
There are a number of area specific factors that affect the feasibility of a solar precinct as set out in 
���������� . This study assessed each of these factors for the five identified areas in addition to 
forecast solar technology capital costs. Whilst this analysis is sufficient for this pre-feasibility study 
to test the concept of large scale solar precincts and compare areas, more detailed analysis would 
be required for the identification and development of a specific site. 
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Study Findings 
This study sought to answer a number of questions, including: 

 Is a solar precinct feasible?  
 How does a 250MW plant compare with a 1,000 MW precinct? 
 Where is a suitable area for a solar precinct? 
 What is a feasible technology? 
 When might large scale solar projects become financially viable? 
 What are the key factors affecting financial viability? 
 What is the role of Government?  

�����������	�
������
�����
��

A solar precinct is technically feasible at all five of the areas considered in detail as part of this study. However, there 
is variation in levelised costs between each of the five areas and financial viability is dependent on factors such as 
the area and technology chosen, as well as factors beyond a developers control such as the introduction of CPRS or 
REC prices. 

This study shows that a solar precinct, defined as up to 1,000 MW of generation capacity to facilitate sharing of 
infrastructure, is technically feasible at all five of the areas considered in detail as part of this study. 

However, there is variation in levelised costs between each of the five areas and financial viability is dependent on 
factors such as the area and technology chosen, as well as factors beyond a developers control such as the 
introduction of CPRS or REC prices. ���������& shows the components of levelised cost for each area and 
technology for a 1,000 MW precinct with construction commencing in the financial year ended June 2015. 

The high capital costs of solar technology remain the most significant factor affecting the feasibility of solar electricity 
generation; local solar resource and transmission infrastructure costs also play an important part in determining the 
relative merit of potential areas. Existing suitable transmission infrastructure is significant in lowering capital costs 
compared to other areas. Other area specific factors such as land prices are relatively insignificant as a proportion of 
total costs. Water costs are also relatively insignificant but the availability of water is an important issue. None of the 
areas considered are believed to have sufficient available water resource for wet cooling of solar thermal precincts. 
Delivered gas prices are an important factor for solar-gas hybrid technology, as is evident by the results showing 
Darlington Point as the area with the lowest gas prices and the most suitable area of those considered for a 250 MW 
hybrid plant. There are a range of other site specific factors that will influence the feasibility of a solar plant or precinct 
such as transport costs. However, as this study does not look at specific sites it is not possible to include these. It has 
been assumed that a site would be selected with good access to transport. In addition, these other costs are likely to 
be a small proportion of the total costs so will not significantly affect the levelised cost model.  

The most important technical issue is connection and integration of large scale solar capacity to the electricity 
network. Importantly, with the exception of Darlington Point, it was technically feasible to connect a 1,000MW precinct 
to the TransGrid network without significant network strengthening. However, there may be some regulatory 
challenges as solar power stations are presently regarded by the market rules as intermittent because they have 
limited or no energy storage capability and cannot be relied on individually to contribute to the secure supply of 
electricity. There are no mechanisms for re-designating solar and other renewable generation as conventional 
dispatchable generation because the Rules lack a definition of intermittency and designate intermittent generators 
solely by type. Addressing this, and other regulatory challenges, will assist in the penetration of solar generation into 
the electricity supply market. 
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How does a 250 MW plant compare with a 1,000 MW precinct? 
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What is the most feasible area? 
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What is the most feasible technology? 
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What are the key factors affecting financial viability? 
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Large upfront capital costs, combined with high transaction costs, a long gestation period from early development to 
construction commencement, uncertainty about future revenues, and technology risk, make financing of large scale 
solar projects difficult. These issues may prevent industry developing a large scale solar project in NSW in the 
foreseeable future. 

By providing assistance, the Government could bring forward the development of large scale solar projects in NSW. 
This will benefit society in terms of carbon emission reductions and the potential for industry development in 
Australia. 

Any potential role of government should focus around reducing transaction costs and gestation period through the 
provision of: a pre-approved site and access to key infrastructure such as transmission, water and gas; capital 
funding through upfront grant, debt or equity; or improved certainty over revenue streams through a PPA. In essence, 
both capital funding and PPAs will improve investor and developer confidence and will be beneficial in bringing 
forward the development of large solar projects in NSW. A PPA allows any assistance to be spread over a 20 5 30 
year time horizon and reduces the risk that the project will not deliver the expected quantities of solar energy 
generation. However, the PPA is more expensive to government because it is cheaper for government to borrow 
money than a private developer. On their own, measures to reduce transaction costs are unlikely to be enough of an 
incentive to bridge the financial viability gap. However, government may wish to supplement any capital funding or 
PPA with support to industry to facilitate easier permitting and access to infrastructure. 

Whilst it is clear that solar will play an important part of the future supply of electricity the timing of this is uncertain. 
This study shows that large scale solar projects are unlikely to be financially viable for the next 10-20 years and it is 
hard to see a developer making financial investments in large scale solar power plants in the short term. There is 
much uncertainty in the market around both capital costs and potential revenue sources. 

In addition, a large scale solar project requires infrastructure (transmission, gas, water), land and environmental and 
planning approvals which while not a significant proportion of the total cost provide further risk and uncertainty around 
a proposed project, particularly in terms of the gestation period from early development to construction 
commencement.  

The role of government in providing assistance to bring forward the development of large scale solar projects 
depends on the extent of benefits to society and if they outweigh the costs of assistance. The main benefits to society 
from the advancement of large scale solar projects in NSW include: 

 �����"����		��"������
��"	��
By bringing forward the development of large scale solar projects, the Government will enhance greenhouse gas 
reductions. The magnitude of these benefits depends on the technology, area and how many years the project is 
brought forward. If the Government were to bring forward investment of a solar thermal tower precinct  by 10-15 
years at Moree, the most favourable area, this would generate greenhouse gas emission savings of around 3.2 
(10 years) to 4.8 (15 years) million tCO2-e. This is a reduction of 5-7% of current greenhouse gas emissions 
from electricity in NSW and will go a significant way to achieving the NSW State Plan commitment to play its part 
	�������	�&�1������	�’��&����%�����&�����	��	�������4�C�
������������"����
���7����������	�&��%�����	�����
Renewable Energy Target to source 20% of its energy from renewables by 2020. 

 :"��	
�����'��$��"
��"���	
�����
The solar industry is still a relatively new market and, despite good solar resource, Australia has lagged behind in 
industry development. Establishing a solar plant or precinct will promote the development of the Australian solar 
industry and generate employment opportunities. Whilst, the employment impact will be dependent on the 
technology and site chosen, overall, solar technology plants, particularly photovoltaic, generate significantly more 
jobs than OCGT and CCGT plants for construction. For example, construction employment for a 1,000 MW solar 
PV precinct is around 10,000 full time equivalent (FTE) compared to around 5,000 for solar thermal and 1,000 for 
OCGT. During operation, photovoltaic technology does not require significant maintenance so employment is 
limited. Solar thermal technology generates around 20% more operational employment than OCGT and CCGT 
plants. Employment is higher if onsite manufacturing occurs.  

In addition, by supporting a project of this size, Australia may be better positioned to become a global leader in solar 
technologies and local production of such technologies should significantly reduce their cost in Australia. 
The potential roles for government are wide ranging. As discussed above, the main barriers in the large scale solar 
industry are focused around the large upfront capital cost requirements, long-term financial uncertainty and the high 
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transaction costs (e.g. access to grid, planning and environmental approvals). Any potential role of government 
should focus around addressing these issues and generally fall into the following three categories: 

 Reducing transaction costs and gestation period through providing a pre-approved site and provision of access 
to key infrastructure such as transmission, water and gas; 

 Capital funding through upfront grant, debt or equity; and 
 Improved certainty over revenue streams through a PPA.  

Measures to reduce transaction costs and gestation periods reduce the risks and uncertainty, facilitating the early 
engagement of debt providers and financiers. However, given the large financial viability gap that currently exists in 
the market, on its own this is unlikely to be enough to induce investors into the market.  

Capital funding significantly reduces the levelised cost, making solar energy sources competitive with traditional 
sources and reducing the amount of upfront capital required. It can be structured as a grant, debt or equity providing 
flexibility for the Government to recoup some of its money.  

A PPA will provide certainty over future revenue streams for a developer, making it easier for developers to access 
cheaper financing. In addition, it does not require large upfront funding from the Government, allowing any assistance 
to be spread over a 20 to 30 year time horizon, and reduces the risk that the project will not deliver the expected 
quantities of solar energy generation. However, the PPA is more expensive to government than an upfront capital 
grant (by around $80m-$100m) because it is cheaper for government to borrow money than a private developer. 

In essence, both capital funding and PPAs will improve investor and developer confidence and will be beneficial in 
bringing forward the development of large solar projects in NSW. A PPA allows any assistance to be spread over a 
20 I 30 year time horizon and reduces the risk that the project will not deliver the expected quantities of solar energy 
generation. However, the PPA is more expensive to government than an upfront capital grant (by around $75m-
$115m) because it is cheaper for government to borrow money than a private developer. On their own, measures to 
reduce transaction costs are unlikely to be enough of an incentive to bridge the financial viability gap. However, 
government may wish to supplement any capital funding or PPA with support to industry to facilitate easier permitting 
and access to infrastructure.  

Next Steps 
This study is a pre-feasibility study to test the concept of developing large scale solar precincts as well as identify 
some of the best areas and technologies in NSW for large scale solar projects. Whilst large scale solar projects may 
not be financially feasible at the moment, there are some potentially large economic benefits for society in terms of 
reduced greenhouse gas emissions and industry generation that may warrant Government playing a role in bringing 
forward the development of large scale solar projects. The magnitude of these benefits is highly dependent on the 
area and technology under consideration, as well as the level of government assistance and the extent to which it 
advances the large scale solar industry in NSW. Once a specific area and technology are selected it will be important 
to undertake: 

 A more detailed feasibility study;  
 A full economic appraisal to quantify the economic benefits and assess the economic viability of any proposed 

government assistance; and  
 Develop a roadmap to maximise the benefits from supply chain and industrial development. 
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1.0 Introduction 
1.1 Background 
J$�	������%��&��	����������%��&����������"	��������������������	���%�����&������	�&����������8� ��
have been an international pioneer in greenhouse gas trading and a driving force in the establishment 
��������	�������	��	��������	�&���%���8�+���������	�����������������������&������%��M�������bon’�
D�
���������������	"�����	������%��&�������	�����������������������"�	��
����%��&���	����	����8K�
NSW State Plan 2010 

Electricity generation currently accounts for 38% of all NSW greenhouse gas emissions and is 
growing on average by about 2% each year. Demand for electricity will continue to rise as both 
population and the economy grow. Without changes to the way electricity is generated, transmitted 
and used, current emissions from electricity of 63 million tonnes of carbon dioxide equivalent (CO2-e) 
are expected to increase to over 105 million tonnes CO2-e by 20501. It is likely that a carbon price 
would be introduced at some point well before 2050, however the longer it is deferred, the greater the 
economic cost of meeting �%�������’� emissions reduction target. 

2%���� ����������������	����� �������	�&�	��������	�������	�&�1������	a’��&����%�����&���
emissions to 60% below 2000 levels by 2050. To achieve this, the share of the NSW energy mix 
coming from renewable sources will need to grow substantially. The national Renewable Energy 
Target commits Australia to source 20% of its energy from renewables by 2020. To achieve the 
targeted emissions reductions in the decades after 2020, it is reasonable to assume that renewables 
would continue to grow, especially as carbon prices rise. 

In the same way that the NSW Government is facilitating wind investment through the establishment 
of wind renewable energ�����	����#��%	�������	������������ �?�"�������’��	�"���	&��	����	����
whether dedicated solar development areas in NSW would help grow solar investment.  

This study has been issued by NSW Department of Environment, Climate Change and Water 
(DECCW), to be overseen by a Steering Committee consisting of the Clinton Climate Initiative, 
Transgrid, Industry & Investment NSW, NSW Department of Planning and the Land and Property 
Management Authority (LPMA). 

1.2 Objectives 
This pre-feasibility study determines the economic, technical and environmental feasibility of large 
scale solar precincts at one or more areas in NSW. This study: 

 Informs the NSW Government how best to develop a large-scale solar industry in NSW; 
 Determines the feasibility of solar precincts; 
 Selects potential areas for solar precincts (subject to feasibility being demonstrated); and 
 Highlights the key measures, risks and issues for the NSW Government in the development and 

implementation of solar precincts. 
  

                                                           

1 Data provided by NSW DECCW 
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1.3 Scope and Deliverables 
For the purposes of this study a solar precinct is defined as the co-location of solar plants into a precinct to facilitate 
sharing of infrastructure, particularly access to the electricity network. A precinct could involve up to 1,000 MW of 
generation capacity including one or a combination of: 

 Solar photovoltaic (PV); 
 Solar thermal technology; and/or  
 Solar-gas hybrids.  

This study is a pre-feasibility study to examine the concept of a solar precinct and as such, does not involve identification 
of a specific land allotment area for development. For the purpose of this study an area is defined as general locations 
within approximately a 20km radius of a town.  

The key deliverables from the study are: 

1) An assessment of the technical and environmental feasibility of a 1,000 MW solar precinct in selected areas within 
NSW; 

2) An assessment of the project economics and cost-effectiveness of the precinct, comparing the levelised cost of 
solar plants within the precinct against optimally scaled stand-alone plants (up to around 250 MW) and the likely 
timeframe for independently financially viable solar plants; 

3) A risk assessment of all factors material to precinct viability in each area; 
4) A ranking of potential areas for a solar precinct, based on the technical, environmental and economic feasibility and 

the risk assessment; and 
5) Identification of a business model and key measures required for successful development of the precinct. 

1.4 Document Structure 
The remainder of this document is structured as follows: 

� �$
���� sets out the approach to the study. 

� �$
���& summarises the three stage technical feasibility assessment. 

� �$
���8 assesses the economics of each technology at each area. 

� �$
���, assesses project risks.  

� �$
���; considers the role for government. 

� �$
���< lists references. 

�$$�"��=�� presents the detailed process used to select five areas. 

�$$�"��=�0 presents the detailed technical assessment of the five areas including information on technology selection, 
technology costs, energy generation, transmission connections costs, land requirements, water requirements, gas 
requirements, and planning and environmental approvals.  

�$$�"��=�� presents detailed solar technology characteristics. 

�$$�"��=�3 presents transmission component costs. 

�$$�"��=�� presents Direct Normal Radiation graphs for each area. 

�$$�"��=�� presents summary technology and area matrices. 
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2.0 Methodology 
2.1 Overview 
The assessment of solar precinct feasibility followed a four stage process as shown in ����������: 

 Phase 1: Technical and environmental feasibility. 
 Phase 2: Economics and cost effectiveness. 
 Phase 3: Risk assessment, business models and role for government. 
 Phase 4: Summary and recommendations. 

Each of these phases is discussed below. 
����������� �'��'��#�����$$���� �

 

2.2 Phase 1: Technical and Environmental 
Feasibility 

There are three objectives of this Phase: 

 To identify up to five suitable areas in NSW for a solar precinct. 
 To assess the technical feasibility of a 250 MW and 1,000 MW solar precinct in selected areas 

within NSW.  
 To consider whether the precinct could include one or a combination of solar photovoltaic (PV); 

solar thermal technology; and/or solar-gas hybrids.  
This study is a pre-feasibility study to test the concept of a solar precinct. This study does not involve 
identification of specific sites and for the purpose of this study an area is defined as general locations 
within approximately a 20 km radius of a town.  

This study does not specify what mix of technologies should be in the precinct rather, developers will 
decide which technology is the more feasible. Instead this study considers each technology 
separately within the precinct.  

Qualitative factor assessment (GIS)

Initial regions selection

Detailed technical factor and trade-
off assessment

Potential sites selection

Economics assessment

Technical and 
commercial risk 

assessment

Role for 
government

Summary

Phase
1       2      3      4
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�����>������"
	�

Access to water is required for general cleaning and maintenance of all the technologies to be considered in this study. 
In addition, solar thermal plants have the option of using water cooling for the steam turbine generator (STG), which 
would require a long term, secure and reliable water supply. Water supply can be problematic in inland Australia, and the 
report has concluded that water cooling option for a solar thermal plant for the scale of capacity being considered by this 
project is not an option. 

?�	�

Solar thermal plants require small quantities of gas for heat transfer fluid (HTF) freeze protection and standby ancillary 
operations. Another option for solar thermal power generation is the use of much larger quantities of gas for hybrid co-
firing to either improve the steam cycle efficiency or for the use in a standalone boiler for raising steam for the steam 
turbine generator when the solar based electrical output of the plant decreases. For this J%
�	�K���-firing option, 
proximity to a gas pipeline is necessary and area evaluation will require review of gas availability and logistics. 

�"'���"��"
��

At 250 MW or more the proposed solar generation plant will occupy a significant area. It will be important to avoid areas 
of high environmental value that may cause constraints to development.  

��""�"��

Both the 250 MW and 1,000 MW plants will require planning approvals. Local conditions will affect approvals, particularly 
any environmental issues and the degree of community support and acceptance.  

���$���������������+	�����
��-�����

If there are opportunities for embedded load around the precinct this could potentially reduce the amount of transmission 
capacity required and therefore cost.  

���$�������"��	
�����'��$��"
�

There may be scope for the solar precinct to provide opportunities to support industry development.  

Selecting favourable areas is a trade off between all of the factors discussed above. For example, Broken Hill has high 
solar resource, but does not have ready access to high capacity transmission infrastructure. This study aims to assess 
the different tradeoffs to identify favourable areas and assess feasibility at these areas. The factors also vary for the 
different technologies (e.g. water and possibly gas are more important for solar thermal technologies). 

AECOM, with assistance from the steering committee, grouped the factors into primary and secondary factors, as set out 
in ��������. Primary factors are core to the assessment. Secondary factors are important considerations in the five 
shortlisted areas. 

There are a range of other factors that will influence the feasibility of a solar plant or precinct such as transport costs. 
However, as this study does not look at specific sites it is not possible to include these. It has been assumed that a site 
would be selected with good access to transport. In addition, these other costs are likely to be a small proportion of the 
total costs so will not significantly affect the levelised cost model.  
��������� ���	����
�����
��	�

�����������
��	� ����"��������
��	�

 Solar resource�
 Transmission and distribution infrastructure�
 Land availability, topography and cost�
 Water requirements�
 Gas�
 Environmental factors�

 Planning 
 Scope for embedded (symbiotic) load 
 Scope for industry development 
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������ Technology-Area Matrices 
Assessing technical feasibility involves collecting technology specific information (such as costs, efficiency, land 
requirements, water requirements) and combining this with area specific information (such as solar resource, distance 
from transmission and distribution infrastructure, availability and price of land). AECOM has developed technology and 
area matrices that are combined to assess areas and feed into the cost model in Phase 2. This analysis was undertaken 
for both a 250 MW plant and a 1,000 MW plant. Technology and area factors were examined in parallel to capture any 
trade-offs between them. 

���������& sets out the approach used to assess the technical feasibility. In summary: 

 Technology matrices list characteristics related to a particular type of technology; 
 Area matrices list characteristics related to a specific area; and 
 Technology-area matrices combine these characteristics to determine technical feasibility of a particular technology 

and a particular area. 
���������&� �$$���� �
��� �	�����

  

250 MW

1 GW

250 MW

1 GW

Technology matrices Area matrices

250 MW

1 GW

Technology-area matrices

Cost model
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����&� Technology Matrices 
The precinct could include one or a combination of solar photovoltaic (PV); solar thermal technology; and/or solar-gas 
hybrids. �������� sets out the information collected for each technology considered in this study. A completed table is 
presented �$$�"��=��. 

��������� ��� "�������
��=�

� ����
���	
��	� @"�
	� ��� "�����
�5� ������ ����� ?�	�2������

��"����>������"
	�      

Land size �

2.3 ha / 
MW
p 

   

Total hectares (250 MW)� ha    
Total hectares (1000 MW) ha    
*�
�����>������"
	� �    
Operations� ML / MWp�    
Feed water� ML / MWp / year�    
?�	���>������"
	� ��    
Operations� GJ / MWp�    
��� "�������	
�� �    
Total Technology cost $ / Wp    
�""������"
�"�"�����	
	 �    
Total annual maintenance $ / MWp    
��6���$��������
���"
�"�"�� � 

   

Frequency Years    

��&��� Area Matrices 
To ensure all suitable areas within NSW were considered AECOM undertook a three stage filter approach:  

 Stage 1: Qualitative factor assessment using GIS to identify potential areas; 
 Stage 2: Preliminary quantitative factor assessment to select up to five areas; and 
 Stage 3: More detailed assessment of shortlisted five areas. 
�
�����A�B���
�
�'�����
����		�		��"
��	�"��?:��

Stage 1 involved the use of spatial analysis to identify a long list of areas with a mix of solar resource, transmission 
connection capability, land availability, water availability and gas connection capability, though not necessarily all in the 
same area. 

�
�����A�������"����>��"
�
�
�'�����
����		�		��"
�

Stage 2 involved a basic quantitative factor assessment using rules of thumb for the primary factors to identify five areas 
for a more detailed technical assessment. �������& sets out an area matrix demonstrating the type of information 
collected for each potential area. A completed table is presented in �$$�"��=��. 
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�������&� �������
��=�

������ ����
���	
��	� ����	�
������� ������� �����C� �����D�

������"�
�	�� � � �
*��
 ���
Average daily insolation     

?�"���
��"�
Capacity factor     

���"	��		��"��
Distance to substation 
Distance to 330kV line 
Total cost 
Cost per watt 

    

��"����	
�     
*�
�����	
�     
?�	�
Distance to pipeline 
Total cost 

    

�"'���"��"
�����
��	�
Heritage sites 
Mining leases 
Wetlands 

    

The key step is combining the technology and area matrices to assess the technical feasibility at each area. �������8
sets out an example technology-area matrix. For Stage 2, a high level quantitative assessment was made using rule of 
thumb to identify the tradeoffs between the different factors and identify the five areas to be selected for more detailed 
analysis. �
�������8� ��� "����4�������
��=�

����� ��� "����� �"�����
?�"���
��"�

��� "�����
��	
�

�E3�
��	
�

��"����	
�
E�
�'������
�

*�
�����	
�
E�
�'������
�

?�	���	
� �"'���"�
�"
�

���	�
���
��

Area 1 PV         
 Solar thermal         
 Gas hybrid         
Area 2 PV         
 Solar thermal         
 Gas hybrid         
Area 3 PV         
 Solar thermal         
 Gas hybrid         
Area N PV         
 Solar thermal         
 Gas hybrid         

AECOM prepared the technology and area matrices and held a workshop with the Steering Committee to complete this 
process and shortlist five areas. 

�
����&A�3�
��������
����		�		��"
�

Stage 3 involves a more detailed assessment of all factors for the five areas to assess technical feasibility and feed into 
the economic assessment of this study. 
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2.4 Phase 2: Economics 
The objective of Phase 2 was to assess the economics and cost-effectiveness of the precincts, comparing the levelised 
cost of solar plants within the precinct against optimally scaled stand-alone plants (up to around 250 MW) and the likely 
timeframe for independent financially viable solar plants. 

Phase 2 was split into three tasks: 

� Calculation of levelised costs; 
� Estimation of potential revenue; and 
� Comparison of aggregated and disaggregated areas. 

��8��� Calculation of Levelised Costs 
Levelised costs were calculated using a spreadsheet model that used the following inputs: 

� Capital costs; 
� Operating costs; and 
� Weighted average cost of capital (WACC). 
The WACC is discussed in ���
��" 8����.

��8��� Estimation of timing of commercial feasibility 
Levelised costs were calculated for a range of construction commencement years to be compared against the forecast 
price of new entrants using conventional generation technology. Inputs included: 

� The long run marginal cost of open cycle and combined cycle gas turbine plant; and 
� Carbon Pollution Reduction Scheme (CPRS) impacts. 

��8�&� Comparison of Aggregated and Disaggregated Areas 
This task brings together the outputs of previous modelling to assess the economic feasibility of solar precincts. The 
modelled price was used to: 

� Determine the most attractive areas for development of a solar precinct; 
� Assess the cost-effectiveness of a solar precinct compared to a similar capacity made up of a number of stand-

alone plants; and 
� Determine the likely timeframe for economic feasibility. 
Sensitivity testing was also conducted on a few key factors such as electricity generation and capital costs. 

2.5 Phase 3: Risk Assessment and Role for Government 
The third phase of the project identified and assessed the risks to feasibility, looked at the most appropriate role for the 
NSW Government to address risks where appropriate and reviewed possible business models to aid the development of 
the precinct. A key output of this stage is the analysis of options for support by the NSW Government to facilitate the 
development of solar precinct(s).  

2.6 Phase 4: Summary 
Phase 4 summarised the previous phases in terms of: 

� Project economics of the precincts, comparing the levelised cost of solar plants within the precinct against stand-
alone plants; 

� Potential areas for a solar precinct, based on the technical, environmental and economic feasibility and the risk 
assessment; and 

� Identification of a business model and key measures required for successful development of the precinct. 
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Technical Assessment



������Pre-Feasibility Study for a Solar Power Precinct 
 

17 December 2010 11

3.0 Technical Assessment 
3.1 Technology  
There are two principal types of solar technologies:  

 Solar photovoltaic (Solar PV) technologies that convert sunlight directly into electricity; and 
 Solar thermal technologies that focus sunlight to create heat to produce steam that is used 

indirectly to generate electricity using steam turbiness. 
This study focuses on two types of solar PV, namely mono-crystalline and thin film, and two types of 
solar thermal, namely trough and tower. It also considers the pote��	�������M%
�	�	�	ng’��������%������
by gas co-firing. These technologies were selected for inclusion in this study because they represent 
a range of differences in terms of manufacturing processes, costs and efficiencies. For more 
information on the selection of these technologies see ���
��"�0�� of �$$�"��=�0. 

3.2 Summary of Area Selection Process 
As discussed in ���
��"����, AECOM used a 3 stage process to identify five areas on which to 
assess technical feasibility:  

 Stage 1: Qualitative factor assessment using GIS;  
 Stage 2: Preliminary quantitative factor assessment to identify five areas for technical 

assessment; and 
 Stage 3: Detailed technical assessment for five areas.  

Stages 1 and 2 are to identify the five areas for more detailed analysis. Full details of Stages 1 and 2 
can be found in �$$�"��=��. Stage 3 is a more detailed technical assessment of the five areas 
identified in stage 2. Full details of stage 3 can be found in �$$�"��=�0.  

�������&��� �����	���
��"�$����		�

 
 �

Stage 1 

•Solar Flagships area identification
•Qualitative GIS assessment

Stage 2 

•High level electricity generation assessment
•High level costs assessment
•High level environmental barriers assessment

Stage 3

•Detailed electricity generation assessment
•Detailed costs assessment
•Detailed environmental barriers assessment

Area selection
(See appendix A)

Detailed 
technical 
assessment

(See appendix B)
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&����� Stage 1: Qualitative Factor Assessment 
Stage 1 consisted of a qualitative factor assessment using GIS mapping to identify potential areas for a solar precinct 
and was also informed by project locations as identified by Solar Flagships proponents2. Sixteen areas, as set out in 
�����&��, were identified after assessment of the following key factors: 

 Solar resource; 
 Transmission line access I proximity and capacity of the line; 
 Proximity to the gas pipeline; 
 Land value; and 
 Proximity to a major surface water source. 

 
�����&��� �;�����	����"
�������"�>���
�
�'�����
����		�		��"
�

 Armidale 
 Balranald  
 Bourke 
 Broken Hill 
 Buronga 
 Cobar 

 Darlington Point 
 Dubbo 
 Hay 
 Inverell 
 Lake George  
 Moree 

 Nyngan 
 Tamworth 
 Wagga Wagga 
 Wellington 

 

 

&����� Stage 2: Preliminary Quantitative Factor Assessment 
This section provides an overview of the selection process undertaken to identify five areas on which to perform more 
detailed analysis. Further explanation of this process is presented in �$$�"��=��. 

A basic quantitative factor assessment was undertaken in Stage 2 on the sixteen areas identified in Stage 1 to shortlist 
five areas. The assessment included preliminary analysis of: 

 Electricity generation (MWh); 
 Costs (including transmission, land, water and gas); and 
 Environmental barriers. 

As a result of Stage 2, the sixteen areas were ranked based on electricity generation and cost analysis. Qualitative 
environmental, water and land issues were also included for consideration in the selection of the five areas. 

A workshop was held to discuss these results and finalise the selection of five areas.�The results�showed that the top five 
ranked areas, in terms of cost per MWh, are clustered in the north east largely due to better insolation from latitude 
effects and relatively low transmission costs to connect at 330kV. However, the differences between areas were small in 
terms of cost per MWh and selection based purely on cost per MWh would exclude consideration of non financial factors 
such as land gradient and water availability. As such, the final selection of the five areas to be analysed in more detail 
was based on the following criteria in order to capture trade-offs between feasibility factors and conduct more detailed 
analysis on a variety of scenarios: 

 Geographic spread; 
 Land gradient; 
 Water availability; 
 Gas availability for hybrid plant; and 
 Distance to transmission network to illustrate costs of connection. 

  

                                                           
2 Note AECOM was only given broad locations and no other details of the solar flagship proponents.  
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Based on the above criteria, the following areas were selected for more detailed assessment:  

 Broken Hill;  
 Darlington Point; 
 Dubbo; 
 Moree; and  
 Tamworth. 

3.3 Detailed Technical Assessment  
This section provides an overview of the detailed technical assessment of the five areas identified in Stage 2. Further 
detail is presented in �$$�"��=�0. 

&�&��� Generation Potential 
The electrical output of a solar plant is a function of both solar technology characteristics and area specific characteristics 
such as the latitude, longitude, altitude, ambient temperature and wind speed as well as the global, direct, diffuse and 
albedo components of the solar resource. To enable the generation potential of the areas to be compared on a common 
basis AECOM developed generic system designs for each of the solar technologies and then undertook detailed solar 
generation modelling to estimate annual electricity production per MWp of installed capacity. �������&�� compares 
energy generation potential (MWh / MWp / year) between each of the five areas under consideration and each of the 
different technologies. For the hybrid generation the solar and gas generation components are shown separately, where 
the proportion of gas generation is based upon output smoothing and extended generation in to the shoulder periods. 
Energy storage was not evaluated as a core part of this study, enabling the comparison of technologies on a common 
basis such that both photovoltaic and thermal technologies dispatch into the same electricity market. 
�������&��� �"�������"���
��"����������"�����
�� "�����+�* /�*$/����-�
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The connection costs developed in this study only consider the direct costs of connection to the TransGrid network, such 
as lines, substation extensions and minor local upgrades. However, connecting new generation into the grid will alter 
power flows and potentially create generation and load constraints, either for the new generator or other generators and 
consumers in the market. Under the current electricity market rules the generation proponent would need to pay the 
costs of deep system upgrades required as a result of its connection. Of the five areas considered, Darlington Point is 
likely to need significant network strengthening for a 1,000 MW precinct. The impact would be reduced if the proposed 
TransGrid SA-�� �M��<’�9$������������:�<��������������&�����%���8 

The integration of large scale solar capacity to the electricity network faces regulatory challenges. The three dominant 
challenges of integrating large scale renewable energy into the power system include: 

 Allocation of the cost and risk of grid extensions; 
 Accommodation of intermittent renewable generation; and 
 Achieving technical compliance under the National Electricity Rules (NER). 
2%�����������������%��&��J������!��	�	����������*�!-����	��K�9�!�!:�	��	��������������������%���	�����%�����&��
�
sharing the cost of connection between the first and subsequent proponents in a particular region. The accommodation 
of wind farms into the electricity system may aid the acceptance of the technical characteristics of other types of 
renewable energy including solar, as the amount of wind capacity increases to meet Large-scale Renewable Energy 
Target requirements.  

Currently solar power would normally be designated as intermittent generation by type under the Rules. There are no 
mechanisms for re-designating solar and other renewable generation as conventional dispatchable generation because 
the Rules lack a definition of intermittency and designate intermittent generators solely by type. Addressing this, and 
other regulatory challenges, will assist in the penetration of solar generation into the electricity supply market. 

&�&�&� Land Availability 
Generation at a scale as large as a solar precinct requires significant areas of land to harvest solar energy. The land 
requirements vary depending on the details of the specific technology. There is a trade off between minimising land area
and cabling/piping requirements by placing solar collectors closer together and placing solar collectors further apart to 
maximise generation potential (the closer solar collectors are placed together the more they shade each other). Other 
land factors such as gradient and aspect must also be considered as they influence generation output. 

To compare areas on a common basis generic layouts for each technology were developed assuming flat land. As 
illustrated in �����&�&, land requirements vary by solar technology, with mono-crystalline PV requiring the least amount 
of land at around 1 hectare per MW and solar thermal between 2.5-3.5 hectares per MW.  
�����&�&� ��"����>������"
	�+ ��
���	-�

��� "����� �����$����*�
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��
�������+ �-�
�,)��*� ��?*�

��"�4���	
��"���5� 1.04 260 1035 
� �"������5� 3.3 830 3322 
�����
���� � 2.4 600 2400 
�����
�#��� 3.5 875 3500 
2������ 2.4 600 2400 
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The analysis revealed it is unlikely that water cooling is feasible for a 1,000 MW plant at any of the areas considered; 
Tamworth and Dubbo may be able to support a 250 MW plant with water cooling. As such, water cooled solar thermal 
generation has not been considered as part of this study. 
�����&�,� ����������#�
����$
��"�������� �������

����� �����������$
��"�
Broken Hill Town supply (may not be feasible for 1,000 MW precinct) 
Darlington Point Purchase river extraction licence, treat and pump 
Dubbo River extraction, pipeline and treatment plant 
Moree Groundwater supply, pipeline and treatment plant 
Tamworth River extraction, pipeline and treatment plant 

&�&�,� Gas 
Solar thermal technology requires small quantities of gas for freeze protection of the heat transfer fluid and standby 
ancillary operations. Another option for solar thermal generation is the use of gas for hybridisation to either improve the 
steam cycle efficiency or for the use in a standalone boiler for raising steam during periods of low solar generation. Gas 
is not required for mono-crystalline and thin film PV technologies. 

The availability and price of gas depend on the volume required, supply profile and the distance from the nearest gas 
pipeline; proximity to a gas pipeline is therefore advantageous for feasibility. Gas will have a cheaper unit price if required 
in large volumes for hybrid generation, although gas pipelines would need to be constructed for precincts not located 
close to existing pipelines. �����&�; summarises the assumed delivered gas prices. Darlington Point may provide the 
cheapest access to gas as it is close to the NSW-Victoria gas pipeline. Gas prices have been costed as delivered price 
per GJ. 
�����&�;� ��"�����'�������	���	
�������	����
 �����$�"
�+./?G-�

�
0��1�"�2��

3���"�
�"�
���"
� 3����� ������ ���#��
 �

Road delivery 13.0 9.2 11.8 13.0 11.8 
Piped delivery (hybrid only) 7.2 6.4 7.4 8.4 7.4 

������� ������

&�&�;� Environmental 
As noted, a solar plant of 250 MW or more will occupy a significant area of land. It will be important to avoid areas of high 
environmental value that may cause constraints to development. AECOM considered major environmental constraints at 
each of the five areas. Whilst environmental constraints are present in each of the areas, these constraints do not 
necessarily preclude any area from hosting a solar precinct.  

&�&�<� Embedded Load 
AECOM considered two types of embedded load I firstly, load within the local region and secondly, potential load within 
the precinct itself. Any embedded load reduces the size and therefore cost of network connections Ifrom the 
transmission network to the edge of the precinct and within the precinct itself, respectively. 

Of the five areas considered, Dubbo and Tamworth have the greatest local loads which may reduce the costs of 
transmission. However, both of these sites have relatively low transmission costs. Preliminary research and 
communication with local councils has not identified any significant loads that might be co-located in precincts. However, 
if the components for solar generation, such as PV panels, are manufactured at plants co-located within solar precincts 
there are many potential benefits, including: 

 Local load reduces the need for transmission connection; 
 Local manufacturing reduces transport costs and damage to delicate components; and 
 Development of industry in regional areas where employment costs are lower. 

Benefits of local manufacturing have not been included because the scope depends on the particular technology chosen. 
Once a technology and area is identified, a roadmap should be developed to maximise these benefits.  
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4.0 Economic Feasibility 
4.1 Introduction 
To assess the relative cost effectiveness of the various technologies and areas under consideration, 
AECOM has estimated electricity generation costs and revenues for each option and compared 
generation costs on a per MWh basis.  

This is analogous to the price per MWh of a long term power purchase agreement (PPA) required to 
ensure the financial viability of the precinct, also known as the levelised cost of electricity (LCOE). 

The key issues affecting the levelised cost of electricity for a solar precinct are: 
 Capital costs of generation and transmission infrastructure; 
 Operating and maintenance expenses including the purchase of water and gas; 
 Total dispatched electricity (a product of both local solar insolation and technology efficiency;
 The timing of expenditure and revenue; and 
 Project financing costs. 

The methodology developed by AECOM to estimate the required levelised cost for financial viability is 
discussed in ���
��"�8�� and the results are presented in ���
��"�8�&. Technology and area options 
with a lower estimated levelised cost are financially preferable to those that require a higher levelised 
cost. 

AECOM has undertaken sensitivity analysis to test how the required electricity price responds to 
changes in key variables. This is discussed in ���
��"�8�8. 

4.2 Methodology 
AECOM has developed a discounted cash flow model to estimate the price required by a new entrant 
to the electricity generation market.  

Project cash flows have been evaluated for each year of the economic life of the plant, with costs and 
revenues in future years discounted to equivalent present values using an estimate of the cost of 
capital for the project.  

As the electricity sale price is both an input into the calculation of the project revenues and the value to 
be determined by the modelling process, an iterative calculation process is used to determine the 
electricity sale price required to produce an internal rate of return for the project equal to the cost of 
capital. This represents the lowest viable electricity price, or levelised cost of electricity, for that project. 

The model is simpler than would actually be used for financing purposes and does not consider 
changes to debt gearing ratios over the life of the asset or other such strategies that can be used to 
maximise returns on equity. As such, levelised cost estimates may be considered to be conservative 
and actual levelised costs may potentially be lower than those estimated. 

8����� Cashflows 
Net project cash flows are calculated from the sum of individual revenue and expenditure items for 
each year of the economic life of the asset. 

'
!
(
��

Revenue from electricity sales is equal to electricity production in each year multiplied by the sale price 
in that year. Total annual electricity production varies by area and technology. Electricity prices are 
assumed to be indexed to inflation to maintain a constant real value. 

Imputation credits paid to investors to prevent double taxation are included in the net project cashflow 
as a revenue item reflecting their value to equity investors.  

)�����

Project capital costs for each technology and area are provided as an output of the technology and 
area matrices. Capital costs have been assumed to be incurred evenly over the duration of 
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AECOM has used a post-tax nominal Weighted Average Cost of Capital (WACC) to represent the cost of capital faced by 
a firm entering the electricity generation market and to discount future cash flows to present values. Whilst there are a 
variety of alternative WACC definitions available, AECOM has adopted the “vanilla WACC” as shown in �>��
��"��.
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AECOM believes that this definition is the most appropriate formulation for estimating the cost of capital for investment in 
electricity generation assets. As noted by Officer (2005): 

The “Vanilla WACC” is more accurate for finite life investments than alternative formulations because of the 
tax effect and cross product effects of taxation and depreciation. The taxes applicable to the company or entity 
can be accurately identified when they occur in the net cash flows. 

The resulting WACC is 9.6% (post tax nominal). 

4.3 Levelised Cost of Electricity 
The levelised cost results are presented for construction beginning in the financial year ending June 2015. 2015 was 
selected to present the results as this was considered the earliest feasible start for any large scale solar project. The 
CPRS is currently scheduled to be in place around 2015 and there are long lead times from early development through 
to construction. In addition, the estimates of future costs and revenue are more uncertain the further forward a time 
period is considered. Whilst the results for 2015 are presented below, the model calculates levelised cost for 
commencement in each year and this is presented in ���
��"�8�8�8. The levelised cost results for the 1,000 MW precinct 
presented below assume a single developer for the precinct unless otherwise stated. 

8�&��� Levelised Cost of Electricity for a 250MW Plant 
�����8���shows estimated levelised costs per MWh for a 250 MW plant. Levelised costs range from $162 per MWh for a 
solar thermal hybrid plant at Darlington Point to $270 per MWh for a thin-film PV plant at Moree. Broken Hill has the 
lowest levelised costs for all solar only technologies. Solar thermal hybrid plant offers the lowest levelised cost for all 
areas, followed by solar tower, solar trough, mono-crystalline PV and thin-film PV. 
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8�&��� Levelised Cost of Electricity for a 1,000 MW Precinct 
�����8�� shows estimated levelised costs per MWh for a 1,000 MW precinct. The results have been presented for three 
scenarios to reflect how a precinct may work in practice: 

 A 1,000 MW precinct I assumes one developer for the whole plant or an infrastructure sharing agreement (such as 
a SENE type agreement for transmission) to share the costs across all four plants; 

 First 250 MW stage of 1,000 MW precinct I assumes four individual developers; and�
 Last 250 MW stage of 1,000 MW precinct I assumes four individual developers.�
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For the 1,000MW precinct, levelised costs range from $156 per MWh for a solar thermal hybrid precinct at Darlington 
Point to $281 per MWh for a thin-film PV precinct in Broken Hill. For a 1,000MW precinct, Moree has the lowest levelised 
cost for all solar only technologies. As for the 250MW plant, solar thermal hybrid plant offers the lowest levelised cost for 
all areas with the exception of Moree, followed by solar tower, solar trough, mono-crystalline PV and thin-film PV. With 
the exception of Broken Hill, levelised costs for a 1,000 MW precinct are generally lower than those for a 250 MW 
standalone plant for the same year of commencement of construction. 

For the first 250MW plant of a 1,000MW precinct, levelised costs range from $162 per MWh for a solar thermal hybrid 
plant at Darlington Point to $375 per MWh for a thin-film PV plant in Broken Hill. For the last 250MW plant of a 1,000MW 
precinct, levelised costs range from $142 per MWh for a solar tower plant at Moree to $243 per MWh for a thin-film PV 
plant in Darlington Point. For all areas other than Broken Hill, the levelised costs of the first 250 MW stage essentially 
match the levelised costs of the standalone 250 MW plant because of similar transmission costs. However for Broken 
Hill, the large first stage transmission costs for a 1,000 MW precinct are reflected in the higher levelised costs for the first 
250 MW stage when compared with the standalone 250 MW plant. For all plants, except Broken Hill, the levelised cost of 
the last plant is significantly lower than the first plant, reflecting high connection costs of the first plant (particularly 
transmission connection) as well as reduced capital cost in later periods. In practice, a SENE type agreement would be 
used to spread the high transmission connection costs over subsequent plants.  

Overall, the sharing of infrastructure costs across a number of plants does not have a big impact on the levelised cost 
because it is such a small proportion of total costs. A SENE type agreement, which allows for the large transmission 
costs to be spread across a number of plants will be most beneficial in areas where significant infrastructure upgrade is 
required. In addition, by reducing the costs of the first plant, a SENE type agreement may induce investors into the 
market earlier than otherwise, particularly in the early stages of large scale solar development when commercial viability 
is marginal.  
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4.5 Cost Sensitivity 
Large scale solar electricity generation is a relatively new market and there is considerable uncertainty surrounding 
future values for a number of key variables. AECOM has used the best available information to produce the price 
estimates presented in ���
��"�8�&. Changes to these underlying assumptions may result in significant variation in the 
estimated generation costs.  

Sensitivity analysis has been undertaken to explore how generation costs may change in response to changes in 
assumed parameter values. 

Key factors for which sensitivity analysis has been undertaken include: 

 Solar Electricity Generation; 
 Generation technology capital costs; 
 Energy storage; 
 Transmission infrastructure capital costs and staging; and 
 Project financing. 

8�,��� Solar Electricity Generation 
The solar generation potential assessed in this study is sensitive to the technical modelling parameters and techniques 
used to define the solar systems as well as uncertainties in the solar resource. The solar generation potential can be 
refined with fine tuning of the designs, system models and solar resource datasets, however this is a highly involved and 
time consuming process. The relative importance and significance of refined and optimised designs on the levelised cost 
of electricity can be assessed indirectly by sensitivity testing the levelised cost of electricity to changes in the solar 
generation potential.  
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The modelling parameters and techniques used in this study are described in ���
��"�0�& of �$$�"��=�0. The technical 
modelling included a number of sensitivity tests to assess the changes in generation potential due to uncertainties in 
system configuration, modelling parameters and techniques; however the technical modelling sensitivity tests did not 
encompass the full range of factors that influence the generation potential.  

The following scenario illustrates how the levelised cost of electricity changes with an assumed change in generation 
potential.  �����8�8 summarises the assumed positive and negative changes in electricity generation potential used to 
illustrate the impact on the levelised cost of electricity. �����8�, shows the estimated levelised cost of electricity and 
percentage change relative to the base case in response to the assumed increase in solar generation potential, and 
�����8�; shows the comparable change for a decrease in solar electricity generation potential. 
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8�,�&� Energy Storage 
Energy storage was omitted as a core component of this study as this enables the solar PV and solar thermal 
technologies to dispatch into the same market and be compared on a common basis.  

The inclusion of energy storage for solar systems will affect financial viability through two mechanisms: 

 Increased capital cost for both the storage technology itself and the associated increased size of solar collectors 
 Improved electricity generation and dispatch. 

The combination of the above factors may accelerate the point at which the levelised costs for tower becomes cost 
competitive against new entrant OCGT plants. 

8�,�8� Transmission Infrastructure Capital Costs 
As shown in �������8�� and �������8��, transmission costs are most significant for a 250 MW standalone plant at Moree 
and a 1,000 MW precinct at Broken Hill. Excluding transmission infrastructure costs reduces the levelised cost of 
electricity by between 8-12% for a 250 MW plant at Moree and 11-16% for a 1,000 MW precinct at Broken Hill with 
smaller reductions of between 3-5% for a 250 MW plant at Dubbo and 3-4% for a 1,000 MW precinct at Moree. For all 
other areas considered, transmission infrastructure costs are far exceeded by solar electricity generation capital costs, 
resulting in only minor reductions in levelised costs of electricity when transmission infrastructure costs are excluded. 

8�,�,� Transmission Infrastructure Construction Staging 
As a 1,000 MW precinct will be built over a number of years and as an aggregate of individual plants within the precinct, 
there are a number of alternate options for constructing and funding the transmission infrastructure required for the entire 
1,000 MW precinct. AECOM has assumed that transmission expansion would be staged efficiently to lower overall 
precinct transmission costs and that the associated capital and financing costs would be spread across all plants within 
the precinct. However, alternatives such as incremental expansion of transmission infrastructure for each 250 MW stage 
or a single build out of all the required transmission infrastructure for the fully developed precinct may be considered. 

Incremental expansion of transmission capacity results in a 1-2% lower overall levelised cost for a 1,000 MW precinct at 
Broken Hill primarily due to the fact that the first 250 MW stage requires minimal transmission infrastructure expansion 
and so capital expenditure is deferred until the second stage is constructed. The relative insignificance of transmission 
costs compared to the generation plant capital costs for a 1,000 MW precinct at all locations considered other than 
Broken Hill, result in insignificant changes in levelised costs as a result of alternative transmission infrastructure staging 
and funding. 

8�,�;� Project Financing 
As debt and equity finance are priced differently, the proportion of overall project financing provided as debt, known as 
the gearing ratio, will influence the levelised cost of electricity. AECOM has assumed a debt gearing of 60%. However, 
debt providers may be willing to lend a higher proportion of total funding requirements for later developments within a 
precinct after operational and financial performance of earlier plants has been proven or if suitable performance 



��������������	
	�	�����������������������������	����
�

��������
�������� 0(�

&�����������������"	����
����%����&����"	����8�2%���	�#�������	����	�*�%���
�����������8�@	&%���&���	�&��	����������
�%����	&%�����"���&�������������	����9 1$$:������%��%	&%�����"��������
��%�����-���"����&��8��

1��	��������	���%����
��&���	�&����	�������4�C�����7C���������	����4��C�������	���	����"��	�����������������������
���%����&	���������(�7C�������	�������%
�	�����%����&8�

$��"�����#�	��	�"������D��&����%�����D�������
�����%	&%����	�*�����������	�������������9���%��������	������%	���������%����1�
��������������������	"����	�*������	������	�%����&������������������������������%����&:���%	&%���������������
�����
�F�	�	�	�"������������
����F�	������������������	�&8�

1��	��������	����
�������F�	���	����	�&����������587C������7C��������	"��#��%	������	�����	���	�	�&�����
��&���	�&����	��
���4�C�9������	�&�	���� 1$$������8�C��������-����	���:�������	����������"��	���������������������������%����&	���
����
�(C�����6���C�����%
�	�����%����&8�

8�,�<� ���������&�%	�������	�&�
2%��$����������%�?�"������������������	��	���)�����6�,��&����%������
�	�%���������%��E(87�
	��	���$�����!���&�
<�	�	��	"��9$!<:8�$!<�	���������%�����������&�%	������&����9���:#��%	�%����"	����������E�87�
	��	���	������	�&�����
���������	�������������������	������#����) #�	�����	�&����������������������������	���8��

 %	�����%������	�&��	���������������	��
���	"	�����"����
��������������D������������������������%�����&���#��%��	������
���������������������&�%	�������	�&������"��	����������%���
������������������	�&�����F�������9E0�7��	��	��:�����%��������
�"�	��
�������	�&�	������������������	�����������	���������8�

�����8��)��%�����%��������	�&���"��	�������������������	�	��������������&���%��&�������
��������������8�'�"��	����
���������������������7��) ���������������������#����) �����	���������%����������%����&�����%������������	�������%��
���������&�%	�������	�&��������������&��������������	�������"��������"��������������8�
�����8��)� ��'��	�����	
�������
����
��+./�* -��"��$����"
����� �"����������	����	��(���������	 �$	���"��"��+�)�,���"	
���
��"�

�����"����"
-�

��� "����� 0��1�"�2�� 3���"�
�"�
���"
� 3����� ������ ���#��
 �

�,)��*���"
�
��"�4���	
��"���5� E�7��9�07C:� E�74�9�07C:� E�40�9�0(C:� E��0�9�0�C:� E�7(�9�07C:�
� �"������5� E�46�9�0�C:� E��7�9�0�C:� E�5��9�0�C:� E�6��9��6C:� E����9�00C:�
�����
���� �+���-� E�05�9�0(C:� E�(6�9�0(C:� E�7(�9�00C:� E�7(�9�0�C:� E�(6�9�0(C:�
�����
�#���+���-� E����9�0(C:� E��6�9�0(C:� E��(�9�00C:� E��7�9�0�C:� E����9�0(C:�
2������+���-� E����9��0C:� E��7�9��0C:� E�0(�9���C:� E�((�9���C:� E�0��9���C:�

�%)))��*������"�
��
��"�4���	
��"���5� E�(��9�6C:� E����9���C:� E����9���C:� E��7�9���C:� E��5�9���C:�
� �"������5� E�74�9�6C:� E��4�9���C:� E����9���C:� E����9���C:� E��(�9���C:�
�����
���� �+���-� E����9�6C:� E�56�9���C:� E�56�9���C:� E��(�9���C:� E�6��9���C:�
�����
�#���+���-� E�46�9�6C:� E�7��9���C:� E�70�9���C:� E�(��9���C:� E�7(�9���C:�
2������+���-� E�4(�9��C:� E�((�9��C:� E�7��9��C:� E�77�9��C:� E�7��9��C:�

������� ������

�

� �



Pre-Feasibility Study
for a Solar Power Precinct

Final report

Risk Assessment 



��������������	
	�	�����������������������������	����
�

��������
�������� 07�

78�� �	�*�1����������
2%���������	��������	�	&��	�������%��"��	�����	�*���������	����"����	�&�������������	�����������&��������
������&������	����	���
������	�	���������	�����������������&����	�&��%�����D�����%���&%�����	
	�	�#�
��"��������#��	����	�&#����������	�������������	��8�2%���	�*������������	���������������%�����D����
�%������	���	�%��%��������������	�����������&���%����	�*8�<����	"������	����������D����#����������
��
�-����������������&�������������������#�	��	��������������%����"������������������������%���	�*�
���	��
������%	�&���%���	�*��%������	�%����	���	�%���%������*�%����������
���%����8�2%��������������	�������	�*�
�����	�	&��	����%�������������������&	
���
����	��������%�������������"�������������������	��"	�
	�	�8�
<�����������	���������%�������	������������
��������"�������������%���
�	��������������	�	��8�
��"���������������&��������	�����������������D�����%�"��
��������"	�
�����������%��	��F�	��
���
�	"	�	���������D�����	�*8��

2%���	�*�����	-�����%����	�������,���
����#��	�����%����	���	�*�������	������	�%��%����"������������
�%������	����	�����#�%���"���	��������������������%����������	�	�����������������D�����	�*���%����-	��8��

�

�



�
��

�
�

�
��
��
��
�	

	
�	�
�
�
��
�
���
���
��
��
��
��
��
��
��
��
�	
��
��

� ��
��
��
��

�
���
��
��

04

��
�
��
,�
��

!
�	
1�
�
�

��=

�

��
�6
��

��
��
��

!
�	
1�

�
�"

	�
>�

�"
��
�

��
1�
� 
��

��
+�
#
%��

��
%�

 �
� 

-�

�
��
"�

�
��
�

+�
#
%�

�
��
��
�
%�

 �
� 

-�

�
#
"�
���

���
�	
1�

+�"
��
	�
��
"�
��
��

�#
"�
�-
�

�
�
�
��

��
"�
�$


��
"	
�

!
�
��
��
��

��
'

7�

�
��
��
�

�
��
�%
��
��

1
&�
��
�
��
��

9�
�
1
:�

�
��
��
��
��
	�
&�
�
�
1
���
�

��
��
��
	�
��
��
D�
��
�"
	�

	
�	�
�

�
��
D�
��
��
��
��
��
��

��
��
��
��

)
��
A@
	&
%�

@
	&
%�

�
�"
��
��
��
�

$
��
�	
��
��
�%
�
��
�	�
�
��
��
	�%
��
�

��
��
�

��
�%
��
��
���
��
*�
���
���
��
��
�	
��
�%
��

��
�D
��
���
��
��
��
��
�

�
��
�	

�
�

�
��
D�
��
�

�
�"
��
��
�
��
��

!
F�
	�
��	
��
��
	�
&�
��
��
��
D�
��
�

	�
��
��
	�
&�
��
"�
��
��
��
���
��
��

�"
��
��
�#
�	�
��
��
��
���
��
��
��
�

��
��
	&
��
�-
�%
��
&�
��	
�*
�

�

�
��
D�
��
��
��
�
�

)
��
	�
�
�

)
��
A@
	&
%�

�
�"
��
��
��
�

�
��
��
�

��
��
��
��
��
�	
��
��
�%
8
��
���
�&
�


�
��
��
��
�%
��
�8�

�
���
�&
���
�%
��
��
&
��
��
��
��
��

@
��
&	
�&
�

�

�
��

�	
��
��
	�
&�

�
��
��
	�
&�
��
��
��
D�
��
��	
��
��
��

��
��
�%
	��
��
��
�
��
�

� �

�
��
D�
��
��
��
��
��
��

��
��
��
� �

'�
�
A)
��
�

@
	&
%�

�
�"
��
��
��
A9&
�"
�:�

)
	�
	�
	�
��
��
��
��
�"
��
��
�
��
���
	�
*�

��
��
��
��
8
�

�
��
��
��
�
��
��
��
��
�%
��
��
1&
��
��
��
��

��
���
"�
��
��
��
��
��
��
�	
��
��

�
��
��
"	
��
8�

?
�"
���
	�
��
�	
��
��
��
��
��8
�

�
��
�	

�
�

!
��
��
�	�
	�
�

)
��
*�
��

�
��
	�
��
��
��
��
��
��
�
��
�%
��
��

��
"�
��
��
��
���
��
��
��
���
��
��
�

��
���
�*
��
9�
��
���
��
��
�	�
�:
�

�
��
�	�
��
��
�"
��
	�

�
��

��
"�
��
��

)
��
	�
�
�

)
��
A@
	&
%�

�
�"
��
��
��
�

'�
�&
���
��
��
��
��
�	�
	�
��
�	�
��
��
��
�
	�
8�

@
��
&	
�&
8�

�
��

!
��
��
�	�
	�
�

)
��
*�
��

)
��
��
	�
���
��
��
��
��
	�
��
��
!
$
�

��
	�
��
��
��
��
��
��
9�
��
��

��
��
��
	�
�:
�

�
��
��
��
��
��
��
D�
��
�

��
�%
���
��
#��
��
��
��
�

��
��
��
��
	

��
��
�

��

��
�"
	�
��
��
��
��
��

'�
�
A)
��
�

@
	&
%�

�
�"
��
��
��
�

'�
�&
���
��
��
!
$
��
�	�
��
��
��
�
	�
8�

@
��
&	
�&
8�

$
��
��
��
��
��
��
���
��
�
!
$
��
���
��
*�
�

�&
��
��
��
��

�
��

!
��
��
�	�
	�
�

2�
��
��
	�
�	
��
�

�
��
��
�

�
��
�
��
��"
��
�
��
��
�
�

��
��
��
�	�
��
�&
��
��
��
� �

�
��
D�
��
��
��
�
��
��

��
�D
��
�� �
��
��
��
��

��
��
��
��

'�
�
A)
��
�

@
	&
%�

�
�"
��
��
��
�9?
�"
�:�

!
��
�
��
�&
�&
��
��
���
��
��
	�
��
��
	�
��
�
L�
��

!
��
��
�	�
	�
�

2�
��
��
	�
�	
��
�

�
��
��
�

$
��
��
��
	�
��
��
���
��
��
��

�
	��
�

��
��	
��
��
��
��
���
��
&�
��

��
��
�	
�
�

'	
�
	��
��
��
��
��

��
��
�	
�
�9)
 
:��
��
�

%�
��
��
��
"�
��
��

)
��
	�
�
��

@
	&
%�

�
�"
��
��
��
�

�
�
��
�
��
��
�	
��
��
��
��
	�
��
��
	�
��
�

�
	�%
���
��
��
	�
�	
��
��
��
�
��
*�
��
�"
	�
��

��
�"
	�
��
�92
�
�
�
:�

�
��

!
��
��
�	�
	�
�

2�
��
��
	�
�	
��
�

�
��
��
�

�
�F
�	
��
�
��
���
��
��
��
��	
��
�

�
��
�
	��
	�
&�
��
��
�
��
��

��
��
�	�
&�
��
���
��
�

)
��
	�
�
�

)
��
A@
	&
%�

?
�"
��

)
	�
	�
	�
��
��
��
��
�
��
��
��
��
��
��
�
�

��
&�
&�
�
��
�8�

$
��
��
�
��
��
�&
��
�%
��
��
��
	��
	�
&�

��
��
��
��

L�
��



�
��

�
�

�
��
��
��
�	

	
�	�
�
�
��
�
���
���
��
��
��
��
��
��
��
��
�	
��
��

� ��
��
��
��

�
���
��
��

0�

��
�6
��

��
��
��

!
�	
1�

�
�"

	�
>�

�"
��
�

��
1�
� 
��

��
+�
#
%��

��
%�

 �
� 

-�

�
��
"�

�
��
�

+�
#
%�

�
��
��
�
%�

 �
� 

-�

�
#
"�
���

���
�	
1�

+�"
��
	�
��
"�
��
��

�#
"�
�-
�

�
�
�
��

��
"�
�$


��
"	
�

!
�
��
��
��

��
'

7�

!
��
��
�	�
	�
�

2�
��
��
	�
�	
��
�

�
��
��
�

�
�F
�	
��
�
��
���
��
��
��
��

�%
��
&�
��
��
��
��
��
��
��
	�
��
��

��
��
���
��
��
��
�

��
��
��
��
�

��
��
��
	�
��

�
��
D�
��
��
��
�
��
��
�

��
��
	

�
��
��
D�
��
��
��
�

��
��
��
�	
�&
�

)
��
A@
	&
%�

@
	&
%�

?
�"
��A
9�
�"
��
��
��
:�
!
��
�
��
�&
�&
��
��
���
	�%
���
&�
��
��
��

9�%
	�
�	�
��
��
��
��
��
��
���
��
��
��
�

��
"�
��
��
��
��
��
��
��
�
!
)
:�

L�
��

'�
��
�

��
��
	��
	�
&�

�
��
D�
��
��
��
�
��
��
�

��
��
	

�
��
��
D�
��
��
��
�

��
��
��
�	
�&
�

)
��
	�
�
�

@
	&
%�

?
�"
��A
9�
�"
��
��
��
:�
)
	�
	�
	�
��
��
	"
��
��
��
��
��
��
��
8�

!
��
�
��
�&
�&
��
��
���
	�%
��
�
��
��
��
��
�

��
��
�	�
&�
��
�	�
��
���
���
��
��
��
�

��
��
%�
��
�

�
��
���
��
��
	��
	�
&�
��
���
�
	�
&�
��
��
��

��
��
��
��
��
��
��
��
��
��

L�
��

 
��
��
�

�
��
�
	��
	�
&�
��
��	
&%
��
�

�
��
D�
��
��
��
�
��
��
�

��
��
	

�
��
��
D�
��
��
��
�

��
��
��
�	
�&
�

)
��
	�
�
�

@
	&
%�

�
�"
��
��
��
A9?
�"
�:�

!
��
�
��
�"
��
��
�
��
���
�&
�&
��
��
���
��
�

	�
��
�	�
�	
��
��
�
��
��
��
�� �
��
*�
�

�&
��
��
��
��

L�
��

 
��
��
�

<�
��
��
	�
��
��
�F
��
�	�
�
��
��

"�
��
�
��

�
��
D�
��
��
��
�

��
���
��
��
��
��
��

��
��
��
��
��
��
��
�

'�
�
A)
��
�

)
��
A@
	&
%�

�
�"
��
��
��
�

;
��
��
	�
��
	�
��
��
��

�
��
�
��
��
8�<
���
��
�

��
��

�
��
��
�	�
��
��
��
��
��
��
��
��
�

F�
��
	�
��
��
��
��
	&
��
��
��
	��
��
��
��
�

���
��
�
��
���
��
��
8�

�
	�
*�
��
��
�
	�
��
��
��
��
���
��
��
��

�&
��
��
��
���
��
"�
��
�
��

�
��

 
��
��
�

 
��
��
��
�	�
��
	�
��
��
��
�

<�
��
��
��
��
��
��
��
	�
&�

��
��
��
��
��
��
��
��
��
��

��
��
��
��

)
��
	�
�
�

)
��
	�
�
�

�
�"
��
��
��
�

<�
��
��
#��
� 
��
��
��
��
"	
��
��

1
&�
��
�
��
��9
 
�1
:��
	�%
��
��
	�
��
�

��
	�
	�
&�
��
��
��
��
��
�	�
�8
�<�
��
��
#��
	�
*�

��
��
�
	�
��
��
��
��
��
��
��
��
��
�	�
	�
&�

�
��

 
��
��
�

�
��
�
	��
	�
&�
��
���
��
��
	�
��
	�
��

�
��
D�
��
��
��
�
��
��
�

��
��
	

�
��
��
D�
��
��
��
�

��
��
��
�	
�&
�

'�
�
A)
��
�

@
	&
%�

?
�"
��A
9�
�"
��
��
��
:�
)
	�
	�
	�
��
��
	"
��
��
��
��
��
�
��
��
��
��
�

��
��
��
�&
�&
��
��
�8�

$
��
��
�
��
��
�&
��
�%
��
��
��
	��
	�
&�

��
��
��
��

L�
��

?
��
�9@


�	�
�

��
�
:�

1
"�
	��

	
�	�
�
��
��
��
��
�	�
�
��
�

��
��
�
�

�
��
��
��
��
���
"�
��
��

'�
�
A)
��
�

@
	&
%�

�
�"
��
��
��
�

?
��
��
��
��
�
1
&�
��
�
��
���
	�%
�

��
��
��
�	�
��
�&
��
��
��
��
��
�

�
��

?
��
�9@


�	�
�

��
�
:�

�
�	�
��
	�
��
��
��
�

�
��
��
��
��
���
"�
��
��

��
��
��
�D
��
��"
	�

	
�	�
�

)
��
	�
�
�

@
	&
%�

�
�"
��
��
��
�

?
��
��
��
��
�
1
&�
��
�
��
���
	�%
��
��
	�
��
�

��
	�
	�
&�
��
��
��
��
��

�
��



�
��

�
�

�
��
��
��
�	

	
�	�
�
�
��
�
���
���
��
��
��
��
��
��
��
��
�	
��
��

� ��
��
��
��

�
���
��
��

05

��
�6
��

��
��
��

!
�	
1�

�
�"

	�
>�

�"
��
�

��
1�
� 
��

��
+�
#
%��

��
%�

 �
� 

-�

�
��
"�

�
��
�

+�
#
%�

�
��
��
�
%�

 �
� 

-�

�
#
"�
���

���
�	
1�

+�"
��
	�
��
"�
��
��

�#
"�
�-
�

�
�
�
��

��
"�
�$


��
"	
�

!
�
��
��
��

��
'

7�

?
��
�9@


�	�
�

��
�
:�

�
��
�
	��
	�
&�
��
���
��
��
	�
��
	�
��

�
��
D�
��
��
��
�
��
��
�

��
��
	

�
��
��
D�
��
��
��
�

��
��
��
�	
�&
�

'�
�
A)
��
�

@
	&
%�

?
�"
��A
9�
�"
��
��
��
:�
)
	�
	�
	�
��
��
	"
��
��
��
��
��
�
��
��
��
��
�

��
��
��
�&
�&
��
��
�8�

$
��
��
�
��
��
�&
��
�%
��
��
��
	��
	�
&�

��
��
��
��

L�
��

�
��
��
���
��
��
��
�
!
��
	�
��
��
��
��
��
��
��
"�
	��

	
�	�
�

��
���
�%
	�
"�
� �

'�
�
��
��%
��
�

�-
��
��
��
��
��
��
��
	�
��

��
��
��
"�
��
��

'�
�
�

)
��
A@
	&
%�

?
�"
�A9
�
�"
��
��
��
:�
�
��
�	
��
��
��
��
���
��
	��
�	�
&�
��
�

��
��
��
��
��
	��
�

L�
�0
�

!
�"
	��
��
��
��

;
��

�
��
��
��
��
��
��
��
��
�"
��
��

�
��
D�
��
��
��
��
��
��

��
��
��
��

)
��
	�
�
�

@
	&
%�
�

?
�"
��

<�
��
�	�
	�
��
	�
��
��
��
���
��
��
�"
��
��

��
��
��
��
#
��
��
��
�	�
"�
�"
��
��
��
�

��
�	�
��
��
��
��	
�
��
��
��
��
��
8�$
��
��
��
�

�
��
�&
��
��
���
���
��
��
��
�

L�
��

$
��
	��
��$
��
��
�

;
��
��
��
�	�
��
��
��
��
��
	��
��

��
��
��

+
"�
��
��
��
8�

�
��
��
�	�
���
��
��
��
��
�

"	
�

	�	�
�

)
��
	�
�
�

)
��
A@
	&
%�

�
�"
��
��
��
�

�
��
�	
��
��
��
��
�
��
��
��
	�
��
��
��
��
��
��
��

��
��
	�
&�
��
�
��
��

�
	��
�	�
��
��
�	�
	�
��
�

��
��
	�	
"	
�	�
��
	�
��
��
��
��
�
	�
A�	
��
��
	�
��

�
��
��
8�<
��
��
�
�!
�
$
��
��
���
��
��
	�%
�

��
��
��
�	�
��
��
��
���
��
��
�	�
��

�
��

+
��
��
�	�
��
��
��

)
�	
��
��
��
��
�

��
��
��

+
B
)
��
��
��
�	�
��
��
��
���
��
�

�	�
��
�	
��
��
��
��
��
��
	�
��
��
��
��
�

��
��
��
	�
��

�
��
��
�	�
���
��
��
��
��
�

"	
�

	�	�
�

)
��
	�
�
�

)
��
A@
	&
%�

�
�"
��
��
��
�

�
��
�	
��
��
��
��
�
��
��
��
	�
��
��
��
��
��
��
��

��
��
	�
&�
��
�
��
��

�
	��
�	�
��
��
�	�
	�
��
�

��
��
	�	
"	
�	�
��
	�
��
��
��
��
�
	�
A�	
��
��
	�
��

�
��
��
8�<
��
��
�
��
��
���
��
	�
��
�+
B)
�

�&
��
��
��
���
��
��
��
	�
��
��
��
��

��
��
��	
��
�

�
��

2�
�%
��
��
&
�

2�
�%
��
��
&
��
��
��
��
���
��
��
��
�

��
��
-�
��
��
��
	�
��
��
��
�#�

�"
�	
��

	
�	�
#
���
�	�

	
�	�
�

�
��
��
��
��
���
"�
��
��

��
��
��

�
� �
��
"	
��
�

�	
��	
��
��	
��
�

'�
�
A)
��
�

)
��
A@
	&
%�

�
�"
��
��
��
�

2�
�%
��
��
&
��
��
"	
��
��&
��
��
��
��
��
��
��

��
���
��
��
��
8� �

 
��
*	
�&
��
��
��
�8
�

!
-�
��
���
��
��
���
��
��
��
��
��
��
��
���
���
	��
��

��
��
��
�%
��

�
��

���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
��

0 �1
��%
��
&%
�	�
��
��
�
��
	�
��
��
	�
��
�%
�"
��
	�
�	
��
��
��
�%
��
�

��
*�
���
F�
	��
��
���
��
��
��
��
�
��
���
��&
��
��
��
��
��
��
��
�&
	"
��
��%
��
	�
��
���
��
��
��
��%
	�
��
��
���
�"
��
��
��
��
�
�
��
��
���
��
��
��
���
*�
��
��
	��
�	�
&�
�%
��
��
�"
��
8��



�
��

�
�

�
��
��
��
�	

	
�	�
�
�
��
�
���
���
��
��
��
��
��
��
��
��
�	
��
��

� ��
��
��
��

�
���
��
��

06

��
�6
��

��
��
��

!
�	
1�

�
�"

	�
>�

�"
��
�

��
1�
� 
��

��
+�
#
%��

��
%�

 �
� 

-�

�
��
"�

�
��
�

+�
#
%�

�
��
��
�
%�

 �
� 

-�

�
#
"�
���

���
�	
1�

+�"
��
	�
��
"�
��
��

�#
"�
�-
�

�
�
�
��

��
"�
�$


��
"	
�

!
�
��
��
��

��
'

7�

<�
��
��
��
��

;
��
"�
	��

�
��
��
���
��
��
��
�
���
�

��
��	
��
��
��
��

�
��
D�
��
�"
	�

	
�	�
�
��
��

��
"�
��
��
��
���
	�
*8
�

�
��
D�
��
��
��
��
��
��

��
��
��
��

'�
�
�

@
	&
%�

�
�"
��
��
��
�

�
���
��
��
��
�%
��
��
�D
��
���
��
%�
�%
��
�

	�
��
��
��
��
	�
��

�
�	
��

�
��
��
��
�
�*
��

��
��
��
�"
��
�	�
��
��
��
��
���
��

��
	�
��
��

	�
��
��
��
�	�
��

�
��

�
��
	�
��
��
	�	
��
��

�
��
	�
��
��
��
��
�

��
�
�
��
	�
A�
&�
��
	�
��
��
��%
��

��
"�
��
��
��
��

�
��
D�
��
��
��
�
��
��

��
�D
��
���
��
�

��
��
��
�	
�&
�

'�
�
�

@
	&
%�

?
�"
�A9
�
�"
��
��
��
:�
 
��
���
���
��
��
��
��
��
��
��
��
��
�

��
�
�
��
	�
A�
&�
��
�
��
��
��
��
�	�
��

��
�&
��
�
�
��

L�
��

1
��
	�	
��
��
�

,
��
��
	��
�

;
��
��
��
��
��
��
���
��

��
��
	��
�

��
�%
��
��
	�
��
��
�
�

��
"�
��
��
��
��

;
��
��
�	�
"�
��
�
��
��

)
��
	�
�
�

)
��
	�
�
�

?
�"
��

�
���
�&
��
��
��
�
	�
��
��
��

	
�	�
�

L�
��

�



Pre-Feasibility Study
for a Solar Power Precinct

Final report

Role of Government
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;���&� Other Benefits 
Other benefits that may result from supporting a project of this size include: 

 Australia may be better positioned to become a global leader in solar technologies; and 
 Local production of solar technologies, which is viable for projects of this size, should significantly reduce the 

cost of solar technology in Australia, which in turn should increase take up in other markets such as 
residential and commercial buildings and further decrease GHG emissions. 

;���8� Summary 
Whilst this study provides an indication of the likely economic benefits that may result from large scale solar 
projects, the magnitude of these benefits is highly dependent on the area and technology under consideration, as 
well as the level of government assistance and the extent to which it advances the large scale solar industry in 
NSW. Once an area and technology are selected it will be important to undertake: 

 A more detailed feasibility study;  
 A full economic appraisal to quantify the economic benefits and assess the economic viability of any 

proposed government assistance; and  
 Develop a roadmap to maximise the benefits from supply chain and industrial development. 

6.3 Types of Assistance 
As discussed above, the main barriers in the large scale solar industry are focused around the uncertainty in 
capital costs and revenues and the subsequent difficulty in securing financing. Other major barriers are the high 
transaction costs and long gestation period from early development to construction commencement which 
exacerbates securing financing. Any potential role of government should focus around addressing these issues. 
�����;�, sets out some options for different roles government could take which generally fall into the following 
three categories: 

 Reducing transaction costs and gestation period through providing a pre-approved site and provision of 
access to key infrastructure such as transmission, water and gas; 

 Capital funding through upfront grant, debt or equity; and 
 Improved certainty over revenue streams through a PPA. 
�����;�8 sets out the costs to government of providing a PPA or an upfront capital grant to make a 1,000 MW 
solar tower precinct at Moree, the most viable area, financially viable. REC revenue, which was excluded from the 
levelised costs presented in ���
��"�8�&, has been included in the analysis. The amount of assistance required 
depends on when construction commences and whether a CPRS is in place. The cost to government of providing 
a PPA is around $1.1bn if construction commences in 2015 and between $0.7bn and $1bn if construction starts in 
2020 depending on whether a CPRS exists and the targets set. An upfront capital grant would cost the 
government around $1bn if construction started in 2015 and between $0.7bn and $0.9bn if construction 
commenced in 2020, depending on whether a CPRS exists. CPRS has an increasing impact over time due to the 
increasing permit prices, whilst the impact of RECs diminishes over time as the scheme is phased out in 2030 
and REC prices decrease as CPRS permit prices increase. A PPA allows any assistance to be spread over a 20 
I 30 year time horizon and reduces the risk that the project will not deliver the expected quantities of solar energy 
generation. However, the PPA is more expensive to government than an upfront capital grant (by around $80m-
$100m) because it is cheaper for government to borrow money than a private developer.  
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6.4 Summary 
Whilst it is clear that solar will play an important part of the future supply of electricity, the timing of this is 
uncertain. This study shows that large scale solar projects are unlikely to be financially viable for the next 10-20 
years and it is hard to see a developer making financial investments in large scale solar power plants in the short 
term. There is much uncertainty in the market around both capital costs and potential revenue sources. 

In addition, a large scale solar project requires infrastructure (transmission, gas, water), land and environmental 
and planning approvals, which while not a significant proportion of the total cost add further risk and uncertainty 
around a proposed project, particularly in terms of the gestation period from early development to construction 
commencement.  

The role of government in providing assistance to bring forward the development of large scale solar projects 
depends on the extent of benefits to society and if they outweigh the costs of assistance. The main benefits to 
society from the advancement of large scale solar projects in NSW include: 

 �����"����		��"������
��"	��
By bringing forward the development of large scale solar projects, the Government will enhance greenhouse 
gas reductions. The magnitude of these benefits depends on the technology, area and how many years the 
project is brought forward. If the Government were to bring forward investment of a solar thermal tower 
precinct  by 10-15 years at Moree, the most favourable area, this would generate greenhouse gas emission 
savings of around 3.2 (10 years) to 4.8 (15 years) million tCO2-e. This is a reduction of 5-7% of current 
greenhouse gas emissions from electricity in NSW and will go a significant way to achieving the NSW State 
���������	�������������	��������	�������	�&�1������	a’��&����%�����&�����	��	�������4�C�
������������"����
by 2050, and meeting the national Renewable Energy Target to source 20% of its energy from renewables by 
2020. 

 :"��	
�����'��$��"
��"���	
�����
The solar industry is still a relatively new market and, despite good solar resource, Australia has lagged 
behind in industry development. Establishing a solar plant or precinct will promote the development of the 
Australian solar industry and generate employment opportunities. Whilst, the employment impact will be 
dependent on the technology and site chosen, overall, solar technology plants, particularly photovoltaic, 
generate significantly more jobs than OCGT and CCGT plants for construction. For example, construction 
employment for a 1,000 MW solar PV precinct is around 10,000 full time equivalent (FTE) compared to 
around 5,000 for solar thermal and 1,000 for OCGT. During operation, photovoltaic technology does not 
require significant maintenance so employment is limited. Solar thermal technology generates around 20% 
more operational employment than OCGT and CCGT plants. Employment is higher if onsite manufacturing 
occurs. �

By supporting a project of this size, Australia may also benefit through improved positioning to become a global 
leader in solar technologies, and local production generating significant cost reductions of solar technology.  
Whilst this study provides an indication of the likely economic benefits that may result from large scale solar 
projects, the magnitude of these benefits is highly dependent on the area and technology under consideration, as 
well as the level of government assistance and the extent to which it advances the large scale solar industry in 
NSW. Once an area and technology are selected it will be important to undertake: 

 A more detailed feasibility study;  
 A full economic appraisal to quantify the economic benefits and assess the economic viability of any 

proposed government assistance; and  
 Develop a roadmap to maximise the benefits from supply chain and industrial development. 

The potential roles for government are wide ranging. As discussed above, the main barriers in the large scale 
solar industry are focused around the large upfront capital cost requirements, long-term financial uncertainty and 
the high transaction costs (e.g. access to grid, planning and environmental approvals). Any potential role of 
government should focus around addressing these issues and generally falls into the following three categories: 
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 Reducing transaction costs and gestation period through providing a pre-approved site and provision of 
access to key infrastructure such as transmission, water and gas; 

 Capital funding through upfront grant, debt or equity; and 
 Improved certainty over revenue streams through a PPA.  

Measures to reduce transaction costs and gestation periods reduce the risks and uncertainty, facilitating the early 
engagement of debt providers and financiers. This option can be implemented to varying degrees from provision 
of a fully pre-approved and connected site to a commitment to facilitate discussions with appropriate 
parties.Government can also potentially recoup some of these costs as developers are more concerned with the 
time and uncertainty than the costs. However, given the large financial viability gap that currently exists in the 
market, on its own this is unlikely to be enough to induce investors into the market.  

Capital funding significantly reduces the levelised cost, making solar energy sources competitive with traditional 
sources and reducing the amount of upfront capital required. It can be structured as a grant, debt or equity 
providing flexibility for the Government to recoup some of its money.  

A PPA will provide certainty over future revenue streams for a developer, making it easier for developers to 
access cheaper financing. It also does not require a large upfront funding from the Government, allowing any 
assistance to be spread over a 20-30 year time horizon, and reduces the risk that the project will not deliver the 
expected quantities of solar energy generation. However, the PPA is more expensive to government than an 
upfront capital grant (by around $75m-$115m) because it is cheaper for government to borrow money than a 
private developer. 

In essence, both capital funding and PPA will improve investor and developer confidence and will be beneficial in 
bringing forward the development of large solar projects in NSW. On their own, measures to reduce transaction 
costs are unlikely to be enough of an incentive to bridge the financial viability gap. However, government may 
wish to supplement any capital funding or PPA with support to industry to facilitate easier permitting and access to 
infrastructure. 
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Appendix A Area Selection Process 
As set out in � �$
���&�), the selection of five areas on which to conduct detailed analysis was based on the first 
�������&������1!$+)’�����%�	��������	
	�	�����%�����&: 

 Stage 1: Qualitative factor assessment using GIS; and 
 Stage 2: Preliminary quantitative factor assessment. 

A.1 Stage 1: Qualitative factor assessment 
The qualitative assessment involved the use of spatial analysis to identify areas with a mix of solar resource, 
transmission connection capability, land availability, water availability and gas connection capability, though not 
necessarily all in the same area. 

As a starting point, DECCW provided information on areas that were included in Round 1 of the Solar Flagship 
Scheme. GIS layers for the feasibility factors in ���
��"������ were used to compare areas. ���������� shows the 
location of each area and the combined GIS layers.  

This process identified 16 potential areas to take forward to the Stage 2 analysis. ���������sets out a summary 
of the key factors at each of the 16 potential areas. The selection includes a range of areas to assess the trade-
offs between the various factors. For example, Bourke has excellent solar resource, relatively low land values but 
poor transmission infrastructure.  
��������� ��
�"
���	����$����"�
�����	�

����� ��������
�

Armidale  Excellent solar resource 
 Excellent transmission line access - proximity to 330kV line 
 Proximity to gas pipeline 
 Regional centre may have high relative land values 

Balranald  Excellent solar resource 
 Good transmission line access - proximity to 220kV line 

Bourke  Superior solar resource 
 Poor transmission line access -proximity to 66 kV line 
 Regional centre but relatively low land values 

Broken Hill  Superior solar resource 
 Good transmission line access - proximity to 220kV line 
 Not close to a major surface water source 
 Regional centre but relatively low land values 

Buronga  Excellent solar resource 
 Good transmission line access - proximity to 220kV line 

Cobar  Excellent solar resource 
 Moderate transmission line access - proximity to 132kV line 
 Not close to a major surface water source 

Darlington Point  Excellent solar resource 
 Excellent transmission line access - proximity to 330kV line 
 Proximity to gas pipeline 

Dubbo  Excellent solar resource 
 Moderate transmission line access - proximity to 132kV line 
 Proximity to gas pipeline 
 Regional centre may have high relative land values 
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����� ��������
�

Hay  Excellent solar resource 
 Moderate transmission line access - proximity to 132kV line 

Inverell  Excellent solar resource 
 Moderate transmission line access - proximity to 132kV line 
 Regional centre may have high relative land values 

Lake George  Good solar resource 
 Excellent transmission line access - proximity to 330kV line 
 Proximity to gas pipeline 
 Regional centre may have high relative land values 

Moree  Excellent solar resource 
 Moderate transmission line access - proximity to 132kV line 
 Not close to a major surface water source 

Nyngan  Excellent solar resource 
 Moderate transmission line access - proximity to 132kV line 

Tamworth  Excellent solar resource 
 Excellent transmission line access - proximity to 330kV line 
 Proximity to gas pipeline 
 Not close to a major surface water source 
 Regional centre may have high relative land values 

Wagga Wagga  Excellent solar resource 
 Excellent transmission line access - proximity to 330kV line 
 Proximity to gas pipeline 
 Regional centre may have high relative land values 

Wellington  Excellent solar resource 
 Excellent transmission line access - proximity to 330kV line 

������� ������
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A.2 Stage 2: Preliminary quantitative factor assessment 
Stage 2 involved a basic quantitative factor assessment on the 16 areas identified in Stage 1 to identify five areas 
for a more detailed technical assessment. The following factors were assessed at a high level for both a 250 MW 
and a 1,000 MW precinct at each area: 

 Solar resource;�
 Transmission cost;�
 Land availability and cost;�
 Water availability and cost;�
 Gas availability and cost; and�
 Environmental barriers to development.�

This assessment was undertaken for mono-crystalline PV, thin film PV and solar trough technologies and draws 
on technology matrices �������� and �������&. 

The key assumptions used for this analysis are discussed below.  
��������� ��� "�������
��=�+�,)��*-�

�
@"�
	�

��"�4���	
��"��
�5� � �"������5� �����
���� �

?�"����     
Mounting frame N/A Static Static Static 
Cooling type Air / water Air Air Air 
��"�� � � � �
Land size  ha / MWp 1.03 3.32 2.40 
Total hectares ha 259 830 600 
*�
��� � � � �
Cleaning kL / m2 mirror surface 0.06 0.06 0.06 
Dust control ML / ha  0.03 0.03 0.03 
?�	� � � � �
Operations GJ / MWp 0 0 190 
Hybrid GJ / MWh 0 0 0 

������� ������

�������&� ��� "�������
��=�+�%)))��*-�

�
@"�
	�

��"�4���	
��"��
�5� � �"������5� �����
���� �

?�"���� � � � �
Mounting frame N/A Static Static Static 
Cooling type Air / water Air Air Air 
��"�� � � �  
Land size ha / MWp 1.03 3.32 2.40 
Total hectares ha 1035 3322 2400 
*�
��� � � �  
Cleaning kL / m2 mirror surface 0.06 0.06 0.06 
Dust control ML / ha  0.03 0.03 0.03 
?�	� � � �  
Operations GJ / MWp 0 0 190 
Hybrid GJ / MWh 0 0  

������� ������
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�����Pre-Feasibility Study for a Solar Power Precinct 

17 December 2010 A-14 
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�
Each solar plant will require varying amounts of water for operation and maintenance depending on the 
technology (PV, solar thermal or gas hybrid) as well as the size of the plant (250 MW and 1,000 MW).  

As with other factors, the price of water depends on the quantity and reliability that is required. In principle, water 
can be transported by pipeline to virtually any selected area. In many inland locations however, the prolonged 
drought has highlighted the limited water resources available and the high cost of transporting from high security 
sources. The water for the solar precinct can be drawn from: 

 Existing treated town supplies; 
 Rivers and storages; 
 Groundwater reserves; or  
 Treated wastewater.  

It is difficult to undertake a high level analysis of water availability, given the need for detailed assessment 
including exploration of options to bring the water to the area. The approach adopted for Stage 2 assessed 
current water sources and quality, current surplus supply capacity, a combination of available supply sources and 
good local supply and treatment infrastructure. Where water is not available within proximity of the 16 areas, 
AECOM has identified how water could be transported to the area and the cost of this; this information is 
summarised in �������<� 
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Armidale 7.42 95 0.5 7.9 
Balranald 6.22 200 1.0 7.2 
Bourke 7.42 200 1.0 8.4 
Broken Hill 6.22 200 1.0 7.2 
Buronga 6.22 110 0.6 6.8 
Cobar 7.42 70 0.4 7.8 
Darlington Point 6.22 30 0.2 6.4 
Dubbo 7.42 0 0.0 7.4 
Hay 6.22 120 0.6 6.8 
Inverell 7.42 150 0.8 8.2 
Lake George 7.42 15 0.1 7.5 
Moree 7.42 200 1.0 8.4 
Nyngan 7.42 120 0.6 8.0 
Tamworth 7.42 0 0.0 7.4 
Wagga Wagga 6.22 0 0.0 6.2 
Wellington 7.42 45 0.2 7.6 

������� ��:����	��"�+�))I-��$�"������?�	������"�����'�������	���	
	%�"��
 ��"��"��	��
 ��"�D�*�

D�
�� ��
�����'�������	
����"�����$�
��"����	
�)���

����;� �"'���"��"
�����
��	�
Due to the strategic nature of the study and the broad areas under investigation, AECOM identified environmental 
features and areas of national, state and regional importance. Features and areas that are recognised on a state 
and regional level for their high environmental value are often large in size, exhibit unique characteristics and are 
intrinsically linked to their surrounding environment. For these reasons they are potential constraints to 
development and it is highly recommended that they are avoided.  

This approach of identifying environmental features of State and regional importance has been adopted as it will 
distinguish between and allow comparison of regional locations much more readily than identifying environmental 
matters of local importance, which are likely to be more prevalent and exist at most, if not all, of the 16 areas.  

State and regionally important environmental features that have been identified as part of Phase 1 include the 
following: 

 World heritage areas 
- The World Heritage List includes 890 properties that form part of the cultural and natural heritage which 

the World Heritage Committee considers as having outstanding universal value. 
 National parks 
 Current mining leases 
 State Environmental Planning Policy No 14 I Coastal Wetlands (SEPP 14) and Ramsar wetlands 

- SEPP 14 is made under the Environmental Planning and Assessment Act 1979. The aim of this policy 
is to ensure that the coastal wetlands are preserved and protected in the environmental and economic
interests of the State. The Ramsar Convention is an intergovernmental treaty that embodies the 
commitments of its member countries to maintain the ecological character of their Wetlands of 
International Importance and to plan for the "wise use", or sustainable use, of all of the wetlands in their 
territories.  

 Hydrology 
- Only major water bodies were considered, being rivers and lakes. The availability of water has been 

assessed in further detail in a separate hydrology assessment. 
���������, below illustrates the distribution of State and regionally important environmental features identified for 
comparison of the 16 areas. The proximity of State and regionally important environmental features to the 16 
areas is outlined in ��������). The table allows comparison of environmental constraints across the areas. 
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A.3 Summary of area selection (Stage 2 analysis) 
The information from the technology and area analysis was combined to rank areas on a cost per MWh basis and 
to qualitatively present environmental, water and land issues. ��������� summarises this information. A 
workshop was held to discuss these results and finalise the selection of five areas on which to perform more 
detailed analysis.  

���������, shows that the top five ranked areas are clustered in the north east largely due to better insolation 
from latitude effects and relatively low transmission costs to connect at 330kV. However, the differences between 
areas are small in terms of cost per MWh. Indeed, selection based purely on cost per MWh would exclude 
consideration of factors such as land gradient and water availability. 

The selection decision was therefore based on the following criteria in order to capture trade-offs between 
feasibility factors and conduct more detailed analysis on a variety of scenarios: 

 Geographic spread; 
 Land gradient; 
 Water availability for water cooled solar thermal; 
 Gas availability for hybrid plant; and 
 Distance to transmission network to illustrate costs of connection. 

Due to the land gradient issues potentially ruling out some technologies it was agreed that a precinct is not 
required to host all solar technologies.  

Based on the above criteria the following areas were selected for more detailed assessment: 

 Broken Hill; 
 Darlington Point; 
 Dubbo; 
 Moree; and 
 One area in the corridor along the 330kV transmission line from the Queensland border south to Tamworth. 

Inverell, Armidale and Tamworth each had high rankings, are all clustered in the north east of NSW, and may be 
constrained by land gradient. It was agreed that one area along the 330kV transmission line corridor from the 
Queensland border south to Tamworth be considered. This area would be of sufficiently low gradient to install up 
to 1,000 MW of solar trough, as the gradient at Inverell, Armidale and Tamworth may prevent the installation of 
such a large trough facility. An area close to the 330kV transmission line would also allow direct connection to the 
network via a new substation.  

Given the comparatively higher gradient in the north eastern NSW areas of Inverell, Armidale and Tamworth, 
spatial analysis was conducted to identify potential areas along the 330kV transmission line corridor, moving 
northwards from Tamworth through Armidale and Dumaresq to the NSW-Queensland border. While some land of 
less than 1% gradient was identified in the far north at the border, this land corresponds to Bebo State Forest. 
Tamworth was selected as the fifth area because it has more land at 4% gradient than Armidale or Inverell. 
Inverell has a reasonable amount of 4% land but there are pockets of 11% gradient scattered throughout the 20 
km radius. Tamworth also has access to a gas pipeline. 

Therefore areas within 20 km of Broken Hill, Darlington Point, Dubbo, Moree and Tamworth were selected for 
more detailed assessment. 
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Appendix B Detailed Factor Assessment 

B.1 Technology 
0����� :"
�����
��"�
There are two principal types of solar technologies:  

 Solar photovoltaic (solar PV) technologies that convert sunlight directly into electricity; and 
 Solar thermal technologies that focus sunlight to create heat to produce steam that is used indirectly to 

generate electricity using steam turbines. 
This section focuses on technical characteristics of two types of solar PV, namely mono-crystalline and thin film, 
�����������������������%�����#�����������&%����������8�<��������	���������%��������	�������M%
�	�	�	�&’��olar 
thermal by gas co-firing. These technologies were selected for inclusion in this study because they represent a 
range of differences in terms of manufacturing processes, costs and efficiencies. These differences in costs and 
performance of individual technologies clearly affect cost of generation.  

0����� � �
�'�
����
�� "�����
A photovoltaic solar cell is a semiconducting device that produces electricity directly from sunlight. Solar cells are 
combined to form a solar panel module; multiple modules are then combined to form an array. Modules are 
essentially a protective package of glass or polymer laminate used to encapsulate the solar cells. In addition to 
the PV module, other system components include mounting frames and electrical wiring. Grid connected PV also 
requires inverters to convert the PV generated direct current into an alternating current, transformers to increase 
the AC voltage, and further electrical equipment and switchgear for the grid connection.  

0������� � �
�'�
������
������	�

There are four broad categories of PV in the market today: mono-crystalline, poly-crystalline, thin film and 
concentrating PV (CPV): 

 ��"�4���	
��"���"��$��4���	
��"��are fundamentally similar technologies, with poly-crystalline being 
slightly less efficient than mono-crystalline and having slightly lower costs. Poly-silicon is the primary 
ingredient used to manufacture crystalline solar cells. Poly-silicon can be cast into ingots and sliced up to 
form poly-crystalline wafers, then further processed to form poly-crystalline solar cells. Alternatively, through 
a series of energy intensive processes, poly-silicon can be refined to produce a single crystal ingot which is 
sliced up into single crystal wafers, and then further processed to form mono-crystalline solar cells. This 
study selected mono-crystalline as the higher efficiency variant (to compare with thin film), and does not 
consider poly-crystalline technology further. 

 � �"�����solar panels are manufactured using a different technique to crystalline technologies. Typically the 
thin film solar panel starts as a pane of glass and the thin film material layers are applied to the glass 
substrate using a series of vapour deposition and laser etching, or similar processes. It is common for the 
panels to be supplied with simple mounting brackets on the back of the panel, rather than with full aluminium 
frames for a number of reasons such as cost, the encapsulation techniques, typically edge to edge active 
area and large physical size of thin film technologies. 

 ��"��"
��
�"���5�uses a mirror or magnifying lens to�concentrate sunlight onto a PV cell to increase the 
effective sunlight the cell receives and increase electrical output. The mirrors or lenses tend to be lower cost 
than the solar cells and hence a key benefit of concentrating solar PV is significantly higher energy yield per 
solar cell. Thus concentrating PV is potentially cheaper and more efficient than other forms of solar PV. 
There are some technical challenges with CPV, particularly the high accuracy positioning of the solar cells 
required during encapsulation, the high operating temperature of the solar cells where active or passive 
cooling may be required, and the cell lifetime with long term temperature cycling. As with solar thermal 
concentrating technologies CPV only works in direct sunlight, and the majority of CPV technologies need to 
be mounted on tracking frames in order to achieve solar concentration. CPV is presently in the early stages 
of commercial development with very different technology types and configurations emerging. Due to the 
difficulty of identifying a representative CPV technology and limited availability of public domain cost and 
performance data, CPV has not been considered further in this study.

In summary, this study selected the mono-crystalline and thin film technologies to compare and contrast PV 
performance between potential precinct areas.  
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0������� �����	��"��
���1�"��	�	
��	�

Solar panel performance improves when panels are oriented to face the sun. Performance can therefore be 
improved by mounting the panels on a static frame with a fixed tilt to face the sun, and further improved if 
mounted on frames that track the sun in one or both axes. However yield benefits from tracking arrays must be 
weighed against land utilisation requirements in addition to increased capital and operating costs to purchase and 
maintain the additional equipment required for a tracking array. For the purposes of this study static mounting 
frames have been used to simplify computationally intensive modelling and enable comparison of areas on a 
common static-mounted basis.  

0�����&� ��"����
���"��$����		�	�

�������0���sets out the crystalline PV solar panel manufacturing process. 

�������0��� :�	
��
��"����$��4	����"�
�����	
��"��	����"�	����$�"����"����
���"��$����		�	
���	�

 
������� R�"��������

There are two types of manufacturing processes used: 

 The majority of mono-crystalline solar cells are produced by a few very large capacity factories. These cells 
(high value, small volume) are then typically shipped out to solar panel factories around the world (closer to 
market) where the cells are connected together and encapsulated in glass (low value, high volume) to make 
the final solar panel product. These local factories are called crystalline solar panel encapsulation factories.  

 There are also a number of solar cell manufacturers that are vertically integrated and combine the full 
manufacturing process under one roof from processing raw poly-silicon through to producing the final solar 
panel product. 

Thin film solar panel factories typically have lower annual manufacturing capacities than crystalline silicon cell 
factories. Hence (as with crystalline solar panel encapsulation factories) it is more common for the thin film 
factories to be spread out across the globe to supply local markets. More recently there has been a trend towards 
establishing thin film production line factories adjacent to large PV projects (e.g. Masdar City). 

0���&� �����
 �����
Solar thermal refers to technology that uses solar energy to indirectly generate steam to feed a conventional 
steam turbine generator. Mirrors are used to conce��������%���un’������&������������	"��#�%���	�&��%��������������
the receiver which then transfers the heat to the power generation system.  

There are four main types of solar thermal systems, parabolic trough, dish, tower and Compact Linear Fresnel 
Reflector (CLFR), with the main difference between systems being the method used to concentrate solar energy 
onto a receiver: 

 ���������
����  systems use parabola-shaped mirrors to focus sunlight onto receiver tubes that contain a 
heat transfer fluid (HTF). The fluid is pumped through heat exchangers to produce steam to generate 
electricity using a steam turbine. 

 3�	 �	�	
��	 use an arrangement of mirrors to form a parabolic dish that focuses sunlight onto a receiver 
at the focal point of the dish. The solar energy is either converted to electricity directly by a Stirling engine 
mounted at the focal point or the receiver uses heat transfer fluid to transfer heat from the focal point to a 
heat exchanger to raise steam to generate electricity.  

 �����
�#��	 are conceptually similar to the dish systems but at a much larger scale. A large field of mirrors 
(heliostats) are used to focus sunlight onto a receiver at the top of a centrally placed tower. The cold HTF is 
pumped up the tower and circulated through the receiver, the hot HTF is then returned to a ground level heat 
exchanger used to raise steam to generate electricity. Solar towers can achieve very high HTF temperatures 
enabling a more efficient steam cycle compared to solar troughs. �������0�� shows a simulated view of the 
Ivanpah Solar Electric Generating System (ISEGS) project upon completion. 
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Augmenting a solar thermal plant with storage capability is a potential solution to resolve the disparity 
between solar thermal output and consumer demand. Molten salt thermal storage is one option that enables 
an improved match between electricity demand and electricity output. Lower temperatures and efficiency 
losses incurred when transferring heat from the heat transfer fluid to the storage medium make storage less 
of a compelling issue for solar trough. Molten storage, however, has a high capital cost of approximately 
$0.5m per MW (Sargent & Lundy, 2003) and is untested at the scale in this study and is therefore not 
considered. 

 ���$��
���"�������	"��!����
��	 are similar to parabolic troughs however they use a field of flat mirrors 
individually tilted to reflect sunlight onto an overhead receiver tube. Compared to parabolic troughs, CLFR 
allow for a denser array of reflectors, leading to a small land footprint. 

The steam cycle associated with solar thermal systems can be either water or air cooled. The selection between 
wet and dry cooling is primarily driven by water availability and water quality. Evaporative water cooling can 
increase plant efficiency due to the avoided requirement for high power electric fans. However, this is partly offset 
by changes to the steam cycle efficiency due to the different operating conditions. Significant efficiency 
improvements can only be achieved in cases where large water bodies such as lakes or the sea are available for 
cooling. In most high solar resource locations there are constraints on the available water supply. As such, dry air 
cooling has become the most commonly adopted process. AECOM has assumed that air cooling for comparative 
area analysis. Air cooling will increase capital costs for the total plant by approximately 1.25% if potential savings 
from avoided water infrastructure requirements are ignored. 

For the purposes of this study, AECOM has focused on trough and tower solar thermal technologies as both are 
more commercially advanced than dish or Fresnel reflectors, and therefore have more information available 
relative to other forms of solar thermal technologies.  
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The energy generation of a solar plant varies throughout the day and across seasons as it is a function of 
available sunlight. It is also severely impacted by the presence of clouds. The practical implication for large-scale 
solar plants is that their energy generation profile may not coincide with peak energy demand. Electrical network 
issues may also arise with large quantities of capacity moving online and offline.  

Augmenting a solar thermal plant with gas-assist is a potential solution to resolve the disparity between solar 
thermal output and consumer demand. 

Hybridising a solar thermal plant with gas is a possible cost-effective option, particularly in the case where 
legislation allows renewable energy credits to be claimed for the proportion of generation not due to gas. (In some 
countries renewable credits apply only when all of the system is solar powered and consequently the gas-assist 
option is often disregarded). The advantage of the gas-assist hybrid is to improve the steam cycle efficiency or to 
raise steam in a standalone boiler during periods of low solar generation. It is therefore able to better match 
electrical demand fluctuations and be more attractive to purchases of electricity. 

This study has not considered a solar-assisted gas plant where the majority of generation is from gas, as the 
purpose of this study is to assess the economic feasibility of a solar precinct and not a plant with gas as the 
primary fuel.  

0���8��� 2������	�
��"�

As the purpose of the gas-assist hybrid in this study is to supplement solar generation to meet peak demand, this 
study assumes a load-following gas-assisted solar trough plant. Electricity is predominantly produced by the solar 
trough and the gas component only provides the remaining fraction necessary to follow a targeted load profile 
(see �������0�&). That is, the shape of the total solar and gas output profile is the same as the shape of the target 
load profile. The maximum output of the overall hybrid system corresponds to the maximum power that the solar 
trough can deliver.  

AECOM assessed solar and gas generation following four load profiles either continuously for 24 hours per day or 
constrained between morning and evening shoulder (7am to 8pm) periods: 

 Base load (continuous generation at full power) 
 Local substation load; 
 NSW demand profile (scaled to the size of hybrid plant); and 
 Country Energy net system load profile (NSLP). 

The analysis found that continuous production corresponds to a predominantly gas-fired plant, effectively a solar-
assisted gas plant. Therefore, this study assumed the hybrid plant will follow load as defined by the shoulder 
constrained scaled NSW demand profile; constrained with a 7am to 8pm shoulder period to reduce gas 
consumption. 
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A gas-assist hybrid system can be implemented in a number of ways depending on the intended application and 
capital cost. Potential configuration options for a gas-assist solar thermal plant include: 

 Gas-fired steam boiler; 
 Gas boiler; 
 Combined cycle gas turbine; and 
 Steam accumulator. 
�����0�� provides a comparison of the features of each type of gas-assist configuration. �����0�� shows that 
the gas-fired heat transfer fluid boiler and gas-fired steam boiler are both well adapted to a load following 
application. For the purposes of this study, AECOM has selected the gas-fired heat transfer fluid boiler to assist 
the solar trough plant; where a boiler is used with a heat transfer fluid and heat exchanger for co-mingling with 
heat collected from the solar trough field, and the combined heat is used to raise steam for driving the steam 
turbine. A simplified configuration is shown in �������0�8.  
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Load following � � X X 
Optimise steam cycle efficiency � � X X 
Recovery support � � X � 
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B.2 Technology costs 
0����� :"
�����
��"�
This section discusses the following costs for each technology: 

 Capital costs across the different technologies now and how they are expected to change over time; 
 Annual operating and maintenance costs; 
 Any major periodic maintenance costs; and 
 Staging of construction. 

System capital costs are the key determinant of overall generation costs as solar power systems generally have 
no ongoing fuel costs and other cost items such as operating and maintenance expenses are relatively minor by 
comparison.  

0������� 0��1����"���"��5���	
	�

2%��������	�������������	��������������/����%����&���	�����������������%��J�������������K�����������������8�
However, the cost per watt is often misleading when considered in isolation, due to very significant differences in 
the efficiency and quality of solar panels. Furthermore, although the cost of the solar panel is the dominant cost 
component in the overall cost for a solar project, the use of low cost (low efficiency) solar panels is offset by 
increased costs associated with extra mounting frames, longer cable runs and additional land requirements to 
achieve a specified installed capacity. For these reasons it is important that comparison of the costs per watt of 
solar panels are considered in the context of both efficiency and quality. AECOM has therefore selected a utility 
scale mono-crystalline solar panel and a thin film solar panel on the basis of indicative costs being available and 
used the characteristics of these panels (efficiencies, land requirements) throughout this study.  

�������0�, illustrates the variation in the price of solar panels in the past decade. The costs per watt are averaged 
J����	����	���K��������������*��	�������������%��%�&��"��	��	���	�����	�	��������F���	���������	�	��������������8�
There have been a significant number of factors that have influenced the price of solar panels over this last 
decade, including: 

 Rising demand for solar panels due to global recognition of climate change and security of supply issues; 
 <�	�	����"�	��
	�	�����J�%���K��������	�	����������%��micro-electronics industry followed by a subsequent 

shortage of raw poly silicon; 
 A dramatic and sustained drop in the price of raw poly silicon since 2008; 
 The price of raw poly silicon now stabilising; 
 Economies of scale volume manufacturing and closure of many smaller facilities; 
 Improved solar panel efficiencies; 
 Higher capacity solar panels; 
 Vertical integration of manufacturing processes; and 
 J,���-
���K���	����%��*�������	������	�%����&���	���������������	�&�������	����	�	����&�"��������

incentives for solar projects in various countries. 
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replacement annually, and therefore the cost of replacing them is 0.1% of the capital cost for panels and frames 
respectively. Electrical inspection and testing costs are based on three factors: 

 Basic electrical inspection cost of $15,000 per MWp; 
 Replacement of failed electrical equipment assumed to be 0.1% of electrical capital costs; and 
 Cost to inspect each string of solar panels, assumed to be $40 per string. 

Therefore annual maintenance costs are assumed to be $31,500 per MWp and $30,100 per MWp for 250 MW 
and 1,000 MW respectively. There are small economies achieved by scaling up to 1,000 MW. 

0�����8� ��6���$�����������"
�"�"�����	
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Major maintenance activities are assumed to occur every 12 years to replace all inverters and half of the electrical 
equipment at a cost $882,000 per MWp for 250 MW and $823,000 per MWp for 1,000 MW plants. This is based 
on the typical design life of power inverters and electrical equipment. Note that some inverter manufacturers are 
now offering 20 year extended equipment warranties so these costs may reduce. 

0�����,� ��"	
���
��"�	
���"��

As a 250 MW PV precinct is a relatively unprecedented development, it is unlikely that 250 MW of PV could be 
supplied, installed and commissioned in a single year. Instead, construction and commissioning is likely to be 
staged over a number of years.  

First year construction activities include project preparation works for the entire precinct such as levelling land, 
switchyard construction and installation of the first stage of generation capacity by year end. No electricity 
generation is assumed during year one.  

Additional generation capacity is assumed to come online in each subsequent year until the final precinct capacity 
of 250 MW or 1,000 MW is reached. Construction activity for a 1,000 MW precinct is assumed to occur in 250 MW 
blocks for comparison purposes against the standalone 250 MW plant. Generation capacity staging is shown in 
�����0�&. 
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250 MW 0 125 250       
1,000 MW 0 125 250 375 500 625 750 875 1000 
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AECOM has assumed an effective generation life of 25 years for mono-crystalline PV systems, resulting in a 
gradual reduction in total precinct capacity as each stage is decommissioned at the end of its economic life. 

0���&� � �"�����
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Capital cost considerations are analogous to those presented above for mono-crystalline PV. A specific utility-
scale thin film panel has been selected for the purposes of this study to compare areas on a common cost basis. 
Details of the technical characteristics of this solar panel can be found in �$$�"��=��. 

�����0�8 presents the capital costs of the utility-scale thin film panel selected for this study. The total installed 
cost is around $4.6 per watt, with 55% of this driven by the panel and frame costs. These capital costs are 
conservative and towards the top end of the price range, reflecting the relatively high quality and efficiencies of 
the panels.  

These assumptions assume a thin film production line factory will be established adjacent to the project site. As 
discussed above for mono-crystalline PV, anecdotal evidence suggests that once a development requires more 
than 30MW per year it becomes cheaper to establish an onsite production line.  
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There is limited public information available about future capital costs for solar tower. However, there is 
considerable research and development effort being undertaken by a variety of companies towards the goal of 
significant cost reductions.  

Google, which has invested in two solar tower technology companies, BrightSource and eSolar as well as 
undertaking their own independent research, has recently announced that it has developed a prototype mirror 
using new materials in the reflective surface and mirror substrate that has the potential to halve heliostat costs in 
the next one to three years5. As shown in �����0�H, the heliostat field represents a significant proportion of total 
capital costs and as such, developments in this area have the potential to cause significant reductions in overall 
capital costs. 

Increases in production volumes of components used in solar towers will result in further cost reductions. Bill 
Gross, eSolar CEO and founder has stated that: 
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�	�g gets more efficient in the supply 
chains as you get up to those volumes 6. 

Additional cost reductions are likely to be achieved through: 

 The use of larger system sizes providing economies of scale, including power blocks; 
 Reductions in component costs due to improved technical design and manufacturing techniques; and 
 The use of storage to increase the proportion of full load hours. 

Based on the available information and potential for further cost reductions, AECOM has assumed a 25% 
reduction in tower capital costs by 2014, resulting in a total capital cost $3.67 per watt in 2014. Beyond 2014, 
capital costs are assumed to decline by a further 25% by 2025 representing improvements in mirror 
manufacturing, after which costs are assumed to be constant in real terms. 
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Annual maintenance is assumed to be 41,500 USD per MW based on Sargent & Lundy (2003), equivalent to 
50,700 AUD per MW at PPP exchange rates. 
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No major periodic maintenance in addition to the usual power block maintenance requirements has been 
assumed for solar tower systems. 
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As for solar trough systems, most large solar tower projects under development make use of sequential 
construction and commissioning of individual generating units. AECOM has assumed an individual generating 
system size of 125 MW can be constructed and commissioned each year for a 250 MW precinct and that 
construction of individual 250 MW systems occurs every two years for a 1,000 MW precinct. The 125 MW 
individual unit capacity is based on the system assumed for solar electricity generation modelling and comparable 
with capacity staging for planned tower developments such as the ISEGS project which will use phases of 100 
MW and 200 MW to reach a final capacity of 400 MW. 

Total operating capacity by year for both 250 MW and 1,000 MW solar tower precincts is shown in �����0�I. 
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5 http://www.reuters.com/article/idUSTRE61P58V20100226  
6 http://www.e360.yale.edu/content/feature.msp?id=2248  
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As for photovoltaic technologies, solar tower prices are assumed to be set at the commencement of construction 
of each stage and are constant during the construction period of that stage. 

As for the other solar technologies considered, generation capacity is assumed to have a 25 year operating life 
with total precinct capacity being reduced gradually as each stage is decommissioned.  

0���;� ?�	4�		�	
���	����
���� � ������
0���;��� �����"
���$�
����	
	�

The capital cost for the gas-assisted hybrid system is divided into three major parts: 

 Solar trough. It has previously been estimated at 4.8 million AUD per MW for 250 MW and 4.3 million AUD 
per MW for a 1000 MW system (see ���
��"�0���8��). 

 Gas boiler. The gas boiler is assumed to have a capital cost of 0.3 million AUD per MW, equivalent to $0.3 
per watt.  

 Gas supply. The volume of gas required by a gas assisted solar system is of such a volume that a pipeline is 
the only viable method of delivery and therefore incurs extra capital costs for the pipe system. Gas costs are 
included in the gas supply price rather than plant capital cost (see ���
��"�0�<�&��). 

0���;��� ������	
	���$�
����	
	�

Capital costs for the solar trough component of the hybrid system are assumed to be the same as for the solar 
trough-only plant with costs declining to $3.82 per watt in 2014. 

Capital cost for the gas component of the hybrid system is not anticipated to change in real terms. 

0���;�&� �""����$���
�"���"�����"
�"�"�����	
	�

Annual operating and maintenance costs for the trough component of the hybrid system are assumed to be the 
same as for a trough-only plant as set out in ���
��"�0���8�&. Additional costs that arise from purchasing gas are 
discussed in ���
��"�0�<�&.  

AECOM has assumed negligible additional costs for the maintenance of the boiler. The gas supply price also 
allows for operating and maintenance costs of any gas pipeline. 

0���;�8� ��6���$�����������"
�"�"�����	
	�

As per the solar only trough system, no major periodic maintenance is assumed for the gas-assisted solar trough 
hybrid in addition to usual power block maintenance.  

0���;�,� ��"	
���
��"�	
���"��

AECOM has assumed that the additional construction required for a trough-gas hybrid plant compared to a trough 
only plant will occur in parallel with trough system construction without significantly increasing the total 
construction time for each stage. As such, the construction and decommissioning of the hybrid plant are 
analogous to that for the trough-only plant shown in �����0�< and capital costs for the trough component are set 
at the commencement of construction of each stage. 
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0�&�&� ��"�4���	
��"���"��
 �"������5�
Electricity generation for mono-crystalline and thin film PV technologies was calculated using the PVsyst software 
package. PVsyst is an analysis tool developed by the University of Geneva to simulate the real world performance 
of solar photovoltaic systems. The tool interprets parameters set by the user and undertakes the array of 
calculations required to estimate energy generation of an installation over the course of a year. 

The parameters used in the calculation of energy generation included the following: 

 Weather data; 
 Longitude and latitude; 
 Elevation; 
 Physical layout (panel tilt angles, spacing, cross shading, string interconnection); 
 Area topography; 
 External shading; 
 Type and characteristics of solar panels; and 
 Type and characteristics of power inverter. 

The technical characteristics of the specific solar panels and power inverter selected for this study are described 
in �$$�"��=��. Default values were assumed for energy loss from cables joining the solar panels; detailed design 
would determine the size of cables required to minimise energy losses.  

The optimal layout of the area (the arrangement and spacing of panels and mirrors) was determined by a manual 
iterative process. The model assumed that the study areas are flat and that there is no external shading as a 
result of nearby trees or buildings. �����0��) presents the electricity generation for mono-crystalline and thin film 
PV in megawatt-hours per megawatt peak (MWh per MWp). 
�����0��)� ��"�4���	
��"���"��
 �"������5����
����
����"���
��"�+�* �$����*$-�

� 0��1�"�2�� 3���"�
�"�
���"
� 3����� ������ ���#��
 �

Mono-crystalline 1652 1578 1585 1684 1589 

Thin film 1661 1590 1600 1694 1609 

������� ������

0�&�8� �����
���� �
The solar trough generation potential was modelled by calculating the effective beam energy on the parabolic 
aperture of a single axis tracking using a calculation algorithm benchmarked against published estimates for 
generation potential for projects in California. The calculated solar trough generation potentials were sensitivity 
tested at the shortlisted areas using the Solar Advisor Model (SAM) software (2009 version). Embedded within 
SAM is software developed by the University of Wisconsin called TRNSYS, which is a validated, time dependent 
algorithm that uses hourly weather data to simulate the performance of a solar trough. 

The parameters used in the calculation of energy generation included the following: 

 Distance between solar collector arrays (SCAs) in a row; 
 Row spacing; 
 Collector tilt; 
 Aperture and focal length; 
 Mirror reflectivity; 
 Incidence angle coefficients; 
 Type of heat transfer fluid; and 
 Inlet/outlet temperature of the HTF. 
�����0����presents the electricity generation for solar trough at each area. 
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�����0���� �����
���� ����
����
����"���
��"�+�* �$����*$-�

� 0��1�"�2�� 3���"�
�"�
���"
� 3����� ������ ���#��
 �

Solar trough estimated 
generation potential 
figures as used in the 
LCoE model base case 
(benchmarked against 
published Californian 
project estimations) 1858 1693 1716 1927 1692
SAM Model Sensitivity 1 1943 1749 1806 2056 1782 
SAM Model Sensitivity 2 777 700 722 822 713 
SAM Model Sensitivity 3 2332 2099 2167 2467 2138 
SAM Model Sensitivity 4 1554 1399 1445 1645 1426 
SAM Model Sensitivity 5 1566 1357 1392 1675 1364 
SAM Model Sensitivity 6 1921 1703 1741 2018 1687 
SAM Model Sensitivity 7 1743 1530 1567 1846 1525 

������� ������

The model sensitivity testing does not encompass all of the factors that can impact on generation potential but 
clearly demonstrates the significant variation in generation potential depending on the configuration of the solar 
trough system and impacts of operational problems resulting in sub-optimal performance. AECOM has assumed 
that operational problems would be rapidly rectified and hence the low end generation potentials estimates are 
unlikely to be representative of the long term performance of any solar trough system.

0�&�,� �����
�#���
As with solar trough, the solar tower generation potential was modelled by calculating the effective beam energy 
on the dual axis tracking mirrors using a calculation algorithim benchmarked against published estimates for 
generation potential for projects in California. The calculated solar trough generation potentials were sensitivity 
tested using the SAM software to model electricity generation of solar towers at each area. A 250 MW area was 
modelled in this analysis as two 125 MW central towers, due to a perceived capacity limit per tower of 200 MW. 
The 200 MW capacity limit per tower is based on construction difficulties that would arise from the tower height 
required, for example the RSEP 150 MW plant involves a 200m high tower. 

The following system components are incorporated within the simulation:

� A field of flat, sun-tracking heliostats that focus solar radiation onto a receiver;
� A cylindrical receiver atop a tower comprised of several panels, which contain vertical heat transfer tubes;

and
� Steam generation occurs via a heat exchanger within the power block as it drives a steam turbine to produce 

electricity.
An optimisation algorithm within SAM was used to design the solar field and receiver tower for each area. �����
0.12�lists the heliostat and receiver input parameters entered into SAM and �����0��& itemises the optimised 
tower and receiver parameters. The simulation results, in terms of net electricity generation per year, are 
presented in �����0��8. 
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�,)��*� � �
Solar generation (MWh/MWp) 1858 1693 1716 1927 1692 
Gas generation (MWh/MWp) 1652 1817 1794 1583 1818 
Total hybrid (MWh/MWp) 3510 3510 3510 3510 3510 
Annual gas demand (GJ/MWh) 12.7 12.7 12.7 12.7 12.7 
Boiler Efficiency 28.4% 28.4% 28.4% 28.4% 28.4% 
Percentage of Solar 53% 48% 49% 55% 48% 
�%)))��*� � �
Solar generation (MWh/MWp) 1858 1693 1716 1927 1692 
Gas generation (MWh/MWp) 1652 1817 1794 1583 1818 
Total hybrid (MWh/MWp) 3510 3510 3510 3510 3510 
Annual gas demand (GJ/MWh) 12.7 12.7 12.7 12.7 12.7 
Boiler Efficiency 28.4% 28.4% 28.4% 28.4% 28.4% 
Percentage of Solar 53% 48% 49% 55% 48% 

������� ������
0�&�<� ��"	�
�'�
��
The modelled electrical output of each technology at each area is dependent on three main factors: 

 Weather data; 
 Modelling technique (software application), and 
 System design 

A high level sensitivity analysis was conducted on each of the above factors for selected technologies to provide a 
sense check on the estimated electrical output. 

0�&�<��� *��
 �����
��

Given that the electrical output is dependent on the quantity of solar energy available at the area, the modelling 
for solar generation potential was also calculated using BoM long term averaged global solar resource, 
temperature and wind data. The results (see ���
��"�8�,�, �����8�<) illustrate that there are differences between 
the solar data sets and that these differences are not consistent between areas. The results also illustrate the 
non-linear sensitivity of the generation potential for the different solar technologies to changes in the solar 
resource. 

0�&�<��� �����"��
�� "�>���

The  PVsyst �������e’������������*	�&���&��	�%� was used to calculate the effective beam component of the solar 
resource incident on the solar thermal plants concentrating mirrors. Calculation algorithms benchmarked against 
published estimates for Californian solar projects were developed to estimate the solar thermal generation 
potential at the different areas based on the differences in beam solar energy available for concentration. The 
SAM software was used to sensitivity test how these estimated generation potentials vary with different system 
configurations and changes to parameters. The modelling tests illustrated that the solar thermal systems’�
generation potentials are very sensitive to configuration and that performance drops significantly when the plant 
experiences operational impacts that result in sub-optimal performance (See �����0��� and �����0��8). 

0�&�<�&� ��	
�����	��"�

Changes in generation potential associated with Photovoltaic layout  tilt angle and row spacing were investigated 
in order to derive a generic layout suitable for comparing areas on a common basis. The following expanded scale 
graph illustrates the estimated mono-crystalline PV generation potential for various tilt angles and row ����	�g’� 
for Moree. As the solar panels are arranged more closely together, distinct step changes in generation potential 
arise with small changes in tilt angle as a result of string shading where one row of solar panel shades the row 
behind. The layout chosen has approximately 3% loss in generation potential compared to an ideal system that 
does not experience any inter-row shading. Other shading influences (such as hills, power lines, buildings and 
trees) can have a dramatic impact on the performance of solar PV arrays although individual shading sources 
may be less significant when the impacts are averaged across a large PV array. This study assumed that the PV 
arrays are installed in flat regions with no external shading factors  



�������������	
	�	�����������������������������	����

��������
�������� ,��0�

�������0�I� ��"	�
�'�
�������"�4���	
��"���5������
��� �"��	��"�
�
��"����
�������

�
������� ������

�����%������������&%#��%�����	&����������������%������������	�&#��	������������	"	������%����������������	��
"��	�
������������	�	����������������	����������&���%��&���	������&�&������	���	���%�����������T��C8�2%��
����	�	"	������	�&�	��	�������%�������������&%�������	�	��&������	�������
��"�������	�	"������%��	��	��������&���
�����	�	���������%��%�����������	����������8�2%	��	����������%������
��	���%��������%������&%��%�����*�������
����*	�&�������%�����&	�&����	�����������	���������0��)�9���������������%�������������������	���������������������:8�
2%	���%�����%����%����������F�	��������	�������	&�#�����	�����	&������������D�������������%���	&%��������"��&��
�����������������%������	"�������������	"������������������	������%��%����%����-	������������������&�	��
�
���
��8��
�������0��)� �����
���� �$���������������

�
������� �����%�!��+�))I-�

���������������	&��������������%���������%��&���	��������������%�	&%�#�%��	������"��	�
���#�%����������������	��
"��	�
���������	������������	"	��������	�	�&8�2%������	�	"	������	�&�	��	�������%���������������������	�	��&������	���
���"���
������-	������T��C�������	�&�����%	�%�����������	���%��&��8�2�����������	�	��&������	���	�������

1650

1660

1670

1680

1690

1700

1710

1720

1730

1740

14 19 24 29 34

M
W

h/
M

W
p

tilt angle

Moree - sensitivity of yield to changes in tilt angle and array footprint

infinate (no 
shading)

25,077  m2

17,221  m2

13,293  m2

12,311  m2

11,329  m2

10,347  m2

8,972  m2



�������������	
	�	�����������������������������	����

��������
�������� ,��(�

����	�	"������%��&���	���	������������	"	��������	�	�&#��	�%���������	�������	������������	"	�������6�C������C�
����	�&�������	�	��&������	�����������
��7C8�

<�����������"��	������%�����	&������	������������������%	���������%#�
��%�����%������������������	����	��$��	����	��
9��!������<�!?�:�������	�����	��������	���1)8�2%��������%�	&%�#�����	"���%�	&%�������	������#�%��	������
������	�����������������	�	�������������
��%��%����!���7��) ��	��������%��<�!?������) ��	�����������������
�&�	�����%�����������������	���%�	���������	"��M1���	���	�������$���	�	���	��’����������G�&�����&��������
�������
�%�����������������%���1)�������	�&�������������8�

0�&�H� ��������
!�����	�	��&������	����������	�������������%����%����&�������%������	����	������) %�����) ���������#��%����
) ��	���%�����������	�&����������������������������������������	�	���8��������0�������������0��;���������
����&�&������	���9) %�A�) ��A����:�
����������%�����%���	"�������������%���	�����������%����&	��8�2%���	&����
	������������%�������%������������	�����#�)�����%����%��%	&%����������	�	��&������	���������	��#����������
�,��*���
@	��#��%	��������	�&������	��#���

������2������%����������	�	������"�������������	�	������) �8�2%��������%�"��
�	������������������%�������	��	��#�	������	�����#��	����������	���%����
	���������������������	������������
	����	��	����	&�	�	������	����������%������������������%��"��	�������%����&	���
������������8��������%������
���%����&	��������������������������	������������������%������%�	���������������	&�	�	������	����"���	��������
�	�%�%	&%���"��������	�����	����	��	������%����)���������,��*���@	��8�1��%��&%��%�����������������	��&����������
)���������,��*���@	��������	"���������	�&������	��#���

������2������%#��%��%	&%�����
	��������������	�&�
���������������������%�����	�	��������������/�����������%��%����%����	�������������	"���������	����"������	���%�	��
����������������%�����������������������%���������������%��&���	�%��%���������%���������%����&	��89����
�$$�"��=��:88�
�����0��;� �������������"���
��"�+�* �/��*$-�

��� "����� 0��1�"�2�� 3���"�
�"�
���"
� 3����� ������ ���#��
 �

)�����������	����/� �#47�� �#7�5� �#757� �#45(� �#756�
2%	���	����/� �#44�� �#76�� �#4��� �#46(� �#4�6�
����������&%�9�	�:� �#575� �#460� �#��4� �#6��� �#46��
������������9�	�:� �#�4�� �#�57� �#�6�� �#00(� �#�75�
2������
������&������	��� �#575� �#460� �#��4� �#6��� �#46��
?���&������	���9�7��) :� �#47�� �#5��� �#�6(� �#750� �#5�5�
?���&������	���9�#����) :� �#47�� �#5��� �#�6(� �#750� �#5�5�

������� ������



�������������	
	�	�����������������������������	����

��������
�������� ,��7�

�������0���� �"�������"���
��"����������"�����
�� "�����

�
������� ������

0�&�H��� !������"��
��"	�

2%��&������	���������	�������%��������������	������	�	"������%�����&��������������������8�2%���������	�	���	�����	�%�
�%����������������������������"�	��
��������%����	��������	���������
��������%���1�1�����,�)�������	��������
����������������%����	���������
�������������	�������&������
������������������������������	���%	������8�
@������%����&�	���������%��&��
��#��	����������	���������������������%���������������������%��������������
D�������
������������	��8�+�����������������	�������������	����	��	����	�	��#�	��	���������������%�����	��
�����	
������
	���������������������	�&����������&	��������������%��&��
��#��	����#��	������������
�������	������������������
�%�����������������
������
�	�%�������%���	���������	�	������%�����%����&�������	����������%�	�������	&������%�������8�
����	�����	�������	�	��%	&%�F���	�������������������	�������������D������"���������&�����	����	��#����	�	�����
	����"���	�"����������	������	���%�����D���#���������������	���������"����
����	����	�&���������������	�	����
�%���
������	�&��%����"��	������������������	�	�8�

� �

0

500

1,000

1,500

2,000

2,500

Broken Hill Darlington 
Point

Dubbo Moree Tamworth

M
W

h/
M

W
p/

Ye
ar Mono-crystalline PV

Thin film PV

Solar trough (air)

Solar tower (air)

Hybrid (solar)

Hybrid (gas)



�����Pre-Feasibility Study for a Solar Power Precinct 

17 December 2010 B-26 

B.4 Connection to the electricity network 
0�8��� :"
�����
��"�
Connection of a solar precinct of 250 MW or greater capacity is likely to require nearby transmission infrastructure 
to be upgraded or new infrastructure to be constructed, incurring a cost that depends on: 

 Distance from the precinct to the nearest transmission line; 
 Voltage rating of the line; 
 Construction of a new substation; and 
 Connection directly to an existing substation (if possible). 

Constructing the solar precinct relatively close to existing high voltage transmission lines or substations would 
reduce the extent of transmission upgrading required and therefore improve precinct feasibility. �������0�H shows 
the location and voltage of transmission and distribution lines, and the location of selected substations. 

In addition to technical transmission issues, there are also regulatory issues to consider given the size of the 
precinct.  

����������	���	�	��	���%��������	�&��	�����	����%�������J��
����	��K��	���
�������	�����%��&��
������
��%�
substations that provide supply at lower voltages via transformers and high voltage switching stations that connect 
circuits at the same voltage without transformers. 

0�8��� ���"	��		��"���	
	��
���� ������
0�8����� ��""��
��"	�

Generally the most cost-effective option for a new connection is to take advantage of existing infrastructure by 
extending an existing substation. To connect directly from the plant to a transmission line requires a new 
switching station to be constructed. There are large fixed costs with a substation such as area earthworks, roads, 
control buildings and telecommunications that need to be established, along with the switchgear bays.  

Early analysis revealed that the most efficient connection voltages were 330 kV for up to 1,000 MW or 220 kV 
(where available) for up to 250 MW only. 

Connections at 132 kV were comparable in cost to 220 kV and 330 kV for 250 MW connections over short 
distances, but would require more substation plant and multiple transmission lines at higher ratings, making it 
uneconomic. 330 kV is able to deliver power at greater distances with fewer losses compared to 132 kV and 
220 kV, making it the preferred technical solution. 

In order to test the impact of a precinct, this study has considered construction and connection of transmission 
infrastructure to cater for 250 MW modules to match the construction build-out identified in �$$�"��=�0��, 
including: 

 Standalone 250 MW installation; 
 Single stage delivery of transmission infrastructure sufficient for 1,000 MW; 
 Planned 1,000 MW precinct with four stage delivery of transmission infrastructure; and 
 Incremental expansion of for initial 250 MW plant followed by additional 750 MW delivered over total of 4 

stages (not initially planned for total 1,000 MW). 

0�8����� !���"��"���

The electricity rules do not require network redundancy for connection of solar generation as it is classified as 
J<�����	������&������	��K8�2%�����������%��������	��	����������	����	���%	�������%�"���%��������
����������������
as possible by using single circuits only with no redundancy. This means however, that a single fault or planned 
maintenance on the transmission line or associated plant would disconnect generation for the duration of the 
outage. Additional circuits would provide greater security and increased ability to deliver energy to the market, at 
the cost of increased capital expenditure. 

0�8���&� 3��$���	
�����"	
���"
	��"����	
	�

Connecting new generation into the grid will alter power flows and potentially create generation and load 
constraints, either for the new generator or other generators and consumers in the market. The exact nature and 



�����Pre-Feasibility Study for a Solar Power Precinct 

17 December 2010 B-27 

effect of these constraints can only be predicted by sophisticated load flow modelling and simulation of market 
behaviour, and is beyond the scope of this report. 

In particular, TransGrid have advised that deep system constraints would be expected to occur for 1,000 MW
connections to the western extremities of the grid (e.g. Darlington Point) - although the impact would be reduced if 
the proposed Transgrid SA-�� �MSNI’�9$����������te) Interconnector goes ahead. There is also the possibility of 
deep system constraints for connections elsewhere on the network, although the impact to the 500 kV network is 
likely to be less severe. 

Deep system constraints might typically be ameliorated by transmission line and/or plant upgrades. Under the 
current electricity market rules the generation proponent would need to pay the costs of deep system upgrades 
required as a result of its connection. 

The connection costs developed in this study only consider the direct costs of connection to the TransGrid 
network, specifically lines, substation extensions and minor local upgrades. Deep system costs are not included. 

0�8���8� ��)�15���""��
��"	�#�	
����3���"�
�"����"
�

There is an existing 220 kV transmission line connecting Broken Hill to Darlington Point via Buronga and 
Balranald. This line is currently rated for 381 MVA from Darlington Point to Buronga and 95 MVA from Buronga to 
Broken Hill, as limited by existing substation plant ratings. TransGrid have advised that upgrading certain plant 
would enable the Buronga to Broken Hill section to be rated at 400 MVA. 

Installations of 250 MW are therefore able to be connected at 220 kV line directly to Balranald and Buronga, or to 
Broken Hill with some plant upgrades. This is significantly cheaper than building a 330 kV transmission line for a 
connection of 250 MW to Darlington Point. 

Connections at 220 kV were costed for 250 MW installations to Broken Hill, Balranald and Buronga, a standard 
connection comprising: 

 A step-up transformer and 220 kV circuit breaker at the generator; 
 A single circuit 220 kV transmission line from the generator to the nearest Transgrid 220 kV substation; and 
 A single bay extension of the existing 220 kV TransGrid substation. 

Connections of 500 MW and above would require a new 330 kV transmission line to Darlington Point due to rating 
limits of the existing 220 kV line. 

If building the generation in stages (for an ultimate planned development of up to 1,000 MW) it may be most 
efficient to build a full capacity 330 kV line for the first stage rather than a connecting at 220 kV and then having to 
build an additional 330kV connection later. 

0�8���,� &&)�15���""��
��"	�

For all areas not in the vicinity of 220 kV the preferred connection voltage is at 330 kV. Connections would be 
made either directly into an existing TransGrid substation, or by connecting to an existing 330 kV line by 
establishing a new 330 kV substation at the point of connection. A standard TransGrid 330 kV single circuit line 
has a rating of 1280 MVA, and is therefore suitable for connections of up to 1,000 MW.  

A standard 250 MW connection to an existing 330 kV substation would comprise: 

 A step-up transformer and 330 kV circuit breaker at the generator; 
 A single circuit 330 kV transmission line from the generator to the nearest TransGrid 330 kV substation; and 
 A single bay extension of the existing 330 kV TransGrid substation. 

A standard 250 MW connection to an existing 330 kV line would comprise: 

 A step-up transformer and 330 kV circuit breaker at the generator; 
 A single circuit 330 kV transmission line from the generator to the nearest TransGrid 330 kV line; and 
 Establishment of a new 330 kV switching yard laid out for breaker and a half with two diameters and three 

330 kV circuit breakers. 
A standard 1,000 MW connection to an existing 330 kV substation would comprise: 

 Four step-up transformers and a single 330 kV circuit breaker at the generator; 
 A single circuit 330 kV transmission line from the generator to the nearest TransGrid 330 kV substation; and 
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 A single bay extension of the existing 330 kV TransGrid substation. 
A standard 1,000 MW connection to an existing 330 kV line would comprise: 

 Four step-up transformers and a single 330 kV circuit breaker at the generator; 
 A single circuit 330 kV transmission line from the generator to the nearest TransGrid 330 kV substation; and 
 Establishment of a new 330 kV switching yard laid out for breaker and a half with two diameters and three 

330 kV circuit breakers. 

0�8���;� ��""��
��"�$����"��

Standardised connection options were developed for connection of both 250 MW and 1000 MW generation to 
lines and substations at 220 kV and 330 kV. These options were broken into modular components and costed as 
follows: 

 Generator transformers and circuit breakers; 
 Transmission lines, per km; 
 New substations for connection to existing transmission lines; and 
 Extensions to existing substations. 

Base component cost assumptions are presented in �$$�"��=�3. The component assumptions used to develop 
cost estimates for a 250 MW plant and 1,000 MW precinct under different construction staging scenarios are 
summarised in �����0��<, �����0��H, �����0��I and �����0��).  

An assessment of feasible connection options was made for each area based on published Australian Energy 
Market Operator (AEMO) line ratings and typical line and substation equipment ratings at 132 kV, 220 kV and 
330 kV. For each feasible option a connection estimate was built up using component costs as above. 

The following general assumptions were made: 

 Power factor of generation is 0.9, so each 250 MW connection requires 280 MVA (rounded up) capacity in 
lines and transformers; 

 TransGrid line from Buronga to Broken Hill has 400 MVA capacity after local substation plant upgrades; 
 TransGrid 220 kV lines connecting Buronga, Balranald and Darlington Point has at least 280 MVA capacity; 

and 
 Country Energy 132kV networks west of Armidale and Wellington do not have 280 MVA capacity. 

A location cost adjustment of an additional 20% was applied to Broken Hill to allow for higher costs of construction 
in this remote area. 

At the 1,000 MW scale, AECOM has considered both single stage and a four-stage construction for the 
generation component. Only a single stage of major construction was costed for the transmission infrastructure at 
330 kV, since the standard single circuit 330 kV transmission line and substation plant can accommodate the full 
1,000 MW. Minor protection and control modifications for each stage as the load increases have been allowed for. 

This study assumed that the construction of transmission infrastructure for the four-stage 1,000 MW precinct 
occurs in years 1, 3, 5 and 7. 

�������0����presents transmission costs on a per watt basis for a 250 MW plant and a 1,000 MW precinct under 
different staging scenarios. The comparison shows that there can be significant economies of scale when 
increasing capacity from 250 MW to 1,000 MW. For example the transmission cost for 250 MW at Moree is $0.55 
per watt; this more than halves to $0.15 per watt for 1,000 MW. The cost per watt increases for Broken Hill 
because current infrastructure is sufficient for a 250 MW plant but would require significant upgrades for a 1,000 
MW precinct. 
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�����Pre-Feasibility Study for a Solar Power Precinct 
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0�8�&� !����
�����		��	�
Three challenges dominate the task of integrating large scale renewable energy into the power system: 

 Allocation of the cost and risk of grid extensions; 
 Accommodation of intermittent renewable generation; and 
 Achieving technical compliance under the National Electricity Rules (NER). 

Addressing these challenges will assist in the penetration of solar generation into the electricity supply market. 

0�8�&��� ������������"
�D�
#��1��=
�"	��"	�

Under the current National Electricity Rules (Rules), any extension or strengthening of the existing network 
needed to connect to any new sources of generation (dispatchable or intermittent) must be fully funded by the 
generation proponent. The cost of this extension or strengthening of the network to connect generation in remote 
locations, which offer high yield renewable energy sources, may render the generation project unviable. 

2%�����������������%��&��J������!��	�	����������*�!-����	��K�9�!�!:�	��	��������������������%	���%�����&��
y 
sharing the cost of connection between the first and subsequent proponents in a particular region. SENE would 
help to reduce economic barriers for initial development and connection of large scale solar generation, by 
providing a mechanism for the regulated customer base to underwrite the cost, and therefore reduce the risk of 
transmission extensions. 

0�8�&��� :"
����

�"
���"�#������"���
��"�

Renewable energy generation such as solar and wind power stations are presently regarded by the market rules 
as non-dispatchable because they have limited or no energy storage capability and cannot be relied on 
individually to contribute to the secure supply of electricity. The energy conversion system used in solar thermal is 
a conventional generator and therefore technical compliance is not a problem under the Rules. 

Currently solar power would normally be designated as intermittent generation by type under the Rules. There are 
no mechanisms for re-designating solar and other renewable generation as conventional dispatchable generation 
because the Rules lack a definition of intermittency and designate intermittent generators solely by type. 

0�8�&�&� ��� "�������$��"���

The accommodation of wind farms into the electricity system may aid the acceptance of the technical 
characteristics of other types of renewable energy including solar, as the amount of wind capacity increases to 
meet Large-scale Renewable Energy Target requirements.   

 �
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�����0��I� � �"������5�#�
�����>������"
	�

���$�	�� *�
����	����$����"�
������ ��"��/��"������� �""���#�
�����>������+���/��*$-�
Panel cleaning� 0.064 kL / m2 15,879 m2 / MWp� 1.016 
Dust control 0.026 ML / ha 3.32 ha / MWp 0.085 
Total   1.102 

������� ��������	����"���������""������
���

0�;���&� ����� �

Electrical output is directly related to the amount of solar energy reflected from mirror surfaces onto the receiver. 
As such, regular cleaning with demineralised water is needed to ensure the reflectivity of the mirror surface and 
maintain efficiency. Water consumption for cleaning purposes is therefore effectively a function of capacity (mirror 
surface area).  

AECOM has calculated that 0.064 kL of water per square metre of mirror surface is required per year for washing 
purposes based upon water requirements published by Solar Millennium as part of their planning application 
documentation. Solar Millennium data indicates total annual water consumption of 0.74 ML per MWp used as 
follows: 

 38% solar mirror washing; 
 8% dust control; 
 26% feed-water makeup; 
 27% ancillary equipment heat rejection; and 
 2% domestic. 

Based on this usage, AECOM has calculated annual water requirements as shown in �����0�&). 

�����0�&)� �����
���� �#�
�����>������"
	�

���$�	�� B��"
�
�� @"�
	�
Mirror cleaning 0.064 kL / m2 mirror surface 
Feed water 0.1924 ML / MWp 
Dust control 0.026 ML / ha 
Ancillary equipment 0.1998 ML / MWp 
Domestic 0.0222 ML / MWp 
Total 0.76 ML / MWp / year 

(250 MW and 1,000 MW) 
������� �������"��	�	���	����"���������""������
��

In addition, the steam cycle associated with solar trough systems can be either water or air cooled. The selection 
between wet and dry cooling is primarily driven by the availability and quality of water. Evaporative water cooling 
can increase plant efficiency due to the avoided requirement for high power electric fans. However, this is partly 
offset by changes to the steam cycle efficiency due to the different operating conditions. 

Significant efficiency improvements can only be achieved in cases where large water bodies such as a lake or the 
sea are available for cooling. In most high solar resource locations there are constraints on the available water 
supply. As such, air cooling has become the most commonly adopted process. Air cooling will increase capital 
costs for the total plant by approximately 1.25% if potential savings from avoided water infrastructure 
requirements are ignored. 

As discussed in ���
��"�0�;�&, the supply of sufficient quantities of water for water-cooled solar thermal is 
unlikely, particularly at the 1,000 MW scale and was therefore not considered by this study.�

0�;���8� ��#���

Solar towers require water for similar operating purposes as solar troughs, such as mirror cleaning and steam 
generation. AECOM has assumed the same unit rates of water consumption for solar towers as for solar trough 
systems shown in �����0�&). However, different system configurations in terms of mirror surface area, land 
requirements and system capacity will result in different water consumption between individual systems. AECOM 
has assumed air cooling for analysis on a common basis. 
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0�;���,� 2������

This study assumes that the gas-hybrid option is hybridised with solar trough technology. In comparison with the 
solar trough, the additional water requirements are relatively insignificant and are not considered in this study. 
Therefore water requirements for this option is equivalent to that assumed for solar trough as presented in �����
0.30. 

0�;�&� *�
����'������
�%�>���
���"����	
�
It is difficult to undertake a high level analysis of water availability, given the need for detailed assessment 
including exploration of options to bring water to an area. Potential water sources are: 

 Existing treated town supplies; 
 Rivers and storages; 
 Groundwater reserves; and 
 Treated wastewater. 

Water quality is an important factor as clean (possibly demineralised) water is needed for washing and 
demineralised water is needed for steam cycles. Drawing water from existing treated town supplies represents the 
best opportunity for consistency in quality. The quality of water drawn from rivers and dams will vary depending on 
the location and may vary widely in quality at the location itself as flows and levels fluctuate. The lowest quality 
(and lowest price) water is likely to be sourced from wastewater treatment plants. If relatively consistent quality 
specifications could be maintained by the wastewater operators, the efficiency of additional treatment required 
before use in the power generation plant could be improved and treatment costs reduced.  

As with other factors, the price of water depends on the quantity and reliability that is required. In principle, water 
can be transported by pipeline to virtually any selected area. In many inland locations however, the prolonged 
drought has highlighted the limited water resources available and the high cost of transporting from high security 
sources.  

AECOM assessed current water sources and quality, available supply sources and capacity, local supply and 
treatment infrastructure, town usage and climate impacts. Where water is not available in proximity to the five 
areas, this study has identified how water could be transported to the area and the cost of transport. 

�����0�&� shows that Dubbo and Tamworth have the highest daily town water supply capacity as expected, 
given their status as major regional centres. Conversely, Darlington Point and Moree have the lowest daily town 
water supply capacity. The western areas of Broken Hill and Darlington Point have experienced severe rainfall 
deficiency and Darlington Point currently has Level 1 water restrictions in force. Tamworth has permanent water 
restrictions in place while Broken Hill, Dubbo and Moree have no restrictions at present. Water quality is good to 
excellent in all areas, with Tamworth the worst performing due to some chemical non-compliance in the five years 
to 2009. 

The availability of water from town supply, surface water, groundwater and treated wastewater is summarised in 
�����0�&�.  
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available, water 
treatment 

Tamworth 1. Extraction from 
Peel River if a high 
security licence is 
available and 
construct pipeline and 
treatment plant 
2. Purchase 
groundwater, 
construct pipeline and 
treatment plant 
3. Extraction from 
Chaffey Dam id high 
security licence is 
available, construct 50 
km pipeline to town 
and water treatment 
plant 
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Air cooled 
River Extraction, pipeline and 
treatment plant 
 
Water cooled 
River extraction if volume is 
available, otherwise 44 km pipeline 
from Chaffey Dam 

������� ������

0�;�8� *�
�������"	�"��
To extract water from rivers or aquifers for commercial purposes, a water licence or approval needs to be issued 
by the NSW Office of Water. Within NSW, two pieces of legislation govern water licences and water trading (the 
buying and selling of water licences or annual allocation water): 

 The Water Management Act 2000 (WMA 2000), which controls the issue of new water licences and the 
trade of water licences and allocations for those water sources (rivers, lakes and groundwater) in NSW 
where water sharing plans have commenced. 

 The Water Act 1912, which covers issues of water licensing in all other areas. 

0�;�8��� ����"	�	�

When applying for a new access licence, two different application procedures are used depending on the Act 
under which the water extraction falls.  

Generally under the WMA 2000, new water access licences for commercial purposes (irrigation, industry, and 
mining) that have a share of the available water are no longer being granted, although an established online 
application process is available for use. The application will be assessed by the NSW Office of Water against the 
water sharing plan rules applicable to the relevant water source and provisions of the Water Management Act 
2000 and Regulations 2004. In the event that the application is unsuccessful, an existing licence would need to be 
purchased on the water market if a permanent share of water needs is required. However for most water sources 
it is still possible to apply for: 

 Specific purpose licences (such as domestic and stock, Aboriginal cultural, or local water utility access 
licences) depending on the rules in the water sharing plan. Granting of the licence is not automatic and will 
need to be assessed by the NSW Office of Water.  

 Zero share licences. Although this will not provide the licence holder with an allocated share component, it 
allows the licence holder to have a water account and to buy allocation water on an annual basis or share 
component from another licence holder.  

Water access licences may also become available under a controlled allocation order. Under this order the 
Government may make licences available in a specific water source through a tender or auction process. 

In some water sources covered by the Water Act 1912, new water licences may still be granted. However, in other 
areas there is an embargo in place, particularly on water licences for irrigation and industry. In these areas 
licences from DECCW can only be obtained for specific exempt purposes such as town water, stock and domestic 
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supply, domestic hydro-electric schemes, hydro-static testing of pipelines, and drought relief. To obtain an 
irrigation or industrial licence in an embargoed water source, licensed entitlement must be purchased from an 
existing licence holder. For surface water or groundwater licences in a water source that is not embargoed or for a 
non-embargoed purpose an application form must be completed and submitted for assessment by the NSW 
Office of Water. 

0�;�8��� *�
�������"�	��"��
�����

There are two types of water access licence dealings: 

 General water dealings  
 Water allocation assignment dealings  

General water dealings under the Water Management Act 2000 include the trading of water access licences, as 
well as any change to water access licences on the WAL Register. Water access licences are maintained on the 
Water Access Licence Register (WAL Register) by LPMA. The details of each water access licence on the WAL 
Register are publicly available. General water dealings only take effect when registered�by LPI on the WAL 
Register. Some general water dealings, including assignment of share component and change of nominated 
work, require consent by the NSW Office of Water, before registration with LPI. 
�������0��I� �����		�������"����#�
�������"�	�

 

 

Water allocation assignment dealings refers to a volume of water (in megalitres) credited to a water access 
licence water allocation account, where all or part of the water allocation can be traded. 

Water allocation assignment dealings under the Water Management Act 2000 in regulated and major inland 
groundwater systems must be lodged with State Water. 

Water allocation assignment dealings in unregulated rivers and groundwater systems not managed by State 
Water are available in very limited circumstances where extraction is metered. The NSW Office of Water is the 
consent and registration authority for these dealings. 
�������0��)�������		�����#�
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There are three main categories of approvals that can be granted. 

���
���(		������"���		��!����

A water supply work approval authorises its holder to construct and use a specified water supply work at a 
specified location. Approvals cannot be traded to another property or location. Approvals may be granted by the 
NSW Office of Water to construct and operate water supply works such as pumps, bores, spearpoints or wells 
and to use water for a particular purpose, such as irrigation. Approvals that replace the former Water Act 1912 
licences will reflect the water supply works that were authorised by those licences.  

Each approval includes conditions to minimise adverse impacts.  

���
��(�
��		��!����

This approval simply allows for extraction and use of water from a water supply source. Approvals that replace the 
former Water Act 1912 licences will reflect the water use/s that were authorised by those licences. Activities 
subject to approvals under the Environmental Planning and Assessment Act 1979 do not require water use 
approval from the Office. Each approval includes conditions to minimise adverse impacts.  

*���!�����		��!����+��������
������!�����		��!����

Under the WMA, a controlled activity means:  

 The erection of a building or the carrying out of a work (within the meaning of the Environmental Planning 
and Assessment Act 1979); 

 The removal of material (whether or not extractive material) or vegetation from land, whether by way of 
excavation or otherwise; 

 The deposition of material (whether or not extractive material) on land, whether by way of landfill operations 
or otherwise; or  

 The carrying out of any other activity that affects the quantity or flow of water in a water source. 
Before a controlled activity is undertaken, an application form must be submitted to the NSW Office of Water. 

*���!�����		��!����+��,(��
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Groundwater is a complex and often very fragile resource which plays an important role in natural ecosystems. 
Groundwater sources (aquifers) are often connected to surface water flows and it is important that they are 
managed sustainably and that their quality is protected.  

Landholders considering accessing groundwater in New South Wales must obtain the relevant approval or licence 
from the NSW Office of Water before any drilling or bore construction takes place.  

In an area covered by a water sharing plan for a groundwater source, the Water Management Act 2000 requires: 

 Water supply works approval to construct a bore, well or spear point: and 
 Water access licence to access the water. 

In all other areas, that is, those still covered by the Water Act 1912, users must obtain a Groundwater licence.  

0�;�8�8� �$$���
��"������		�

In each of these cases, a separate application form needs to be completed and submitted to the NSW Office of 
Water for assessment. 

0�;�,� ��������
�����0�&8�summarises the annual water requirements for each technology. 
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B.8 Planning 
Planning approval in NSW is governed by the Environmental Planning and Approvals Act 1979 (EP&A Act). 
Under the EP&A Act, approval/consent can be achieved via three pathways, outlined under Part 3A, Part 4 and 
Part 5 of the Act. Given the nature and scale of the proposed solar precinct, it is likely that it would be eligible for 
��������������M��D�����"��������’������������01�����%��!�B1�1��8������01����"	����������������	������
approvals process in which the Minister for Planning is the approval authority.  

Development of a solar precinct may also require approval at a Commonwealth level. Commonwealth 
environmental approval is issued under the Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act). The Commonwealth approvals process is separate and in addition to the State approvals process, 
however there is provision for these processes to be undertaken concurrently through a single approvals process 
through Commonwealth accreditation of the State process via a bilateral agreement or a one-off accreditation.  

A solar precinct is consistent with the strategic objectives for NSW as set out in the State Plan: Investing a Better 
Future, which emphasises the need for increased use of renewable sources of energy. Accordingly, there is 
strong strategic planning justification for the establishment of a solar precinct in NSW.  

0�H��� :"
�����
��"�
This section examines the planning framework applicable to the proposed solar precinct and provides a review of: 

 The approvals process and approval authority; 
 Assessment requirements for the project; 
 Indicative consultation requirements (key stakeholders, community and government agencies); and  
 Indicative timeframes for approval. 

Planning approval in NSW is governed by the Environmental Planning and Approvals Act 1979 (EP&A Act). 
Under the EP&A Act, approval/consent can be achieved via three pathways, outlined under Part 3A, Part 4 and 
Part 5 of the Act. Given the nature and scale of the proposed solar precinct, it is likely that it would be eligible for 
��������������M��D�����"��������’������������01�����%��!�B1�1��8������01����"	����������������	������
approvals process in which the Minister for Planning is the approval authority.  

Development of a solar precinct may also require approval at a Commonwealth level. Commonwealth 
environmental approval is issued under the Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act). The Commonwealth approvals process is separate and in addition to the State approvals process, 
however there is provision for these processes to be undertaken concurrently through a single approvals process 
through Commonwealth accreditation of the State process via a bilateral agreement or a one-off accreditation.  

A solar precinct is consistent with the strategic objectives for NSW as set out in the State Plan: Investing a Better 
Future, which emphasises the need for increased use of renewable sources of energy. Accordingly, there is 
strong strategic planning justification for the establishment of a solar precinct in NSW. The NSW Government has 
taken a proactive approach to supporting delivery of renewable energy projects and has introduced measures to 
streamline the application process. These measures include: 

 A commitment to assess major project applications for renewable energy projects within 4 months (from 
exhibition period and excluding the time taken for the proponent to prepare a submissions report or preferred 
project report in response to issues raised during the consultation period); 

 The introduction of a Project Delivery Unit to assist the proponents of renewable energy schemes with 
negotiating the major project assessment process; 

 The declaration of renewable energy projects with a peak generating capacity of 30 megawatts or more to 
be Critical Infrastructure; and 

 Critical Infrastructure fees under Section 245H of the Environmental Planning and Assessment Regulation 
2000 are being waived for renewable energy projects classified as critical infrastructure from August 2009 to 
30 June 2011. 
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If a project is likely to have significant impacts on a matter of National Environmental Significance (NES), the 
project may require Commonwealth approval in addition to State approval. Matters of NES include: 

 World Heritage sites,  
 National Heritage listed properties; 
 Wetlands of National Importance; 
 Commonwealth listed Migratory species; 
 Commonwealth listed Threatened species; 
 Nuclear action; 
 Commonwealth marine area; and 
 Commonwealth land. 

Where it is considered that a project may have a significant impact upon matters of NES, a referral is submitted to 
the Commonwealth Department of Environment, Water, Heritage and the Arts (DEWHA) and is subject to a 
determination period of 20 working days (which includes a 10 day exhibition period). This process results in a 
������	���	���
��%��$����������%�)	�	������������%��%����%�����D����	����M��������������	�n’#���F�	�	�&������"���
under the EPBC Act. 

If it is deter�	�����%����%�����D����	����M��������������	�n’����������������"	���������������������	����F�	���8�There 
are five different levels of assessment, depending on the significance of the project and how much information is 
existing. Controlled actions may be assessed using one of the following assessment approaches: 

 Accredited assessment (e.g. bilateral agreements with the relevant State, allowing assessment to be 
undertaken via the State process); 

 Assessment on referral information (assessment undertaken solely on the information provided in the 
referral form);  

 Assessment on preliminary documentation (referral form and any other relevant material identified by the 
Minister as being necessary to adequately assess a proposed action);  

 Assessment by Environmental Impact Statement (EIS) or Public Environment Report (PER); or  
 Assessment by public inquiry.  

The process and timing requirements differ for each type of assessment under the EPBC Act. In order to 
streamline the assessment and approvals process, it is recommended that the process of accredited assessment 
be pursued to allow for one set of approvals documentation and one assessment process. Should an appropriate 
bilateral agreement not be in place for NSW at the time of the application, provision is made in the EPBC Act for 
the one-off accreditation of a State process subject to consultation with DEWHA. 

0�H�&� �
�
���$$��'�	�
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The principal environmental and planning legislation in NSW is the EP&A Act. Under the EP&A Act consent or 
approval can be achieved via three pathways:  

 Part 3A: Major development of State or regional planning significance; identified under State Environmental 
Planning Policy (Major Development) 2005 (Major Development SEPP); 

 Part 4: Local development and designated development; and 
 Part 5: Development which does not require consent under Part 4 or approval under Part 3A; often 

development carried out by or on behalf of public authority. 
Given the intended scale of a solar precinct it is assumed that the capital investment value for the project would 
exceed $30m and as such the project would be eligible for assessment under Part 3A of the EP&A Act, subject to 
declaration by the Minister. Part 3A provides for a consolidated approvals process in which the Minister for 
Planning is the approval authority. 

0�H�&��� ���
�&��

Part 3A projects are generally developments that, in the opinion of the Minister for Planning are of State or 
regional environmental planning significance. The Major Development �!���	����	�	�������&��	������M��D���
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��"��������’. It is anticipated that the solar precinct project would fall within Schedule 1, Group 8 - Transport, 
Communications, Energy and Water Infrastructure I Generation of Electricity or Heat or Co-generation being: 

H/��������
�����
�������������������	�	
������
���������
	����������
�	�	
��������
����
��	����-generation 
(using any energy source including gas, coal, bio-fuel, distillate and waste and hydro, wave, solar or 
wind power), being development that: 

a) has a capital investment value of more than $30 million; or 
b) has a capital investment value of more than $5 million and is located in an environmentally 

sensitive area of State significance. 

0�H�&�&� ���
����:"���	
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If a project has been declared as a project to which Part 3A applies, the Minister may make an additional 
declaration that the project is also a Critical Infrastructure project, if the Minister is of the opinion that the project is 
essential to the State for economic, environmental or social reasons. In November 2009, the Minister for Planning 
���������������
�������&����D������	�%������*�&������	�&������	�����0����&�������9) :������������
��M$�	�	����
<�������������’. This declaration was published in the NSW Government Gazette on 27 November 2009. As such 
the proposed solar precinct project is likely to be deemed Critical Infrastructure.  

The declaration of a project as Critical Infrastructure is intended to: 

 Ensure the timely and efficient delivery of essential infrastructure projects; 
 Allow the NSW Government and the planning system to rapidly and readily respond to the changing needs 

of the State; 
 Provide certainty in the delivery of these projects; 
 Provide for scrutiny to ensure environmental outcomes are appropriate; and 
 Focus on delivering outcomes essential to the NSW community.  

The key differences between the assessment of Critical Infrastructure projects and other major developments are: 

 An application for a Critical Infrastructure project can be lodged without the consent of landowners. 
 There are no merit-based appeal rights in relation to a decision regarding a Critical Infrastructure project and 

no opportunity for judicial review proceedings in the Land and Environment Court (LEC) to challenge the 
declaration or to remedy or restrain a breach of the EP&A Act in relation to the way the decision was made 
(unless the proceedings are brought or approved by the Planning Minister).  

 Exemption from other environmental laws. Critical Infrastructure projects are exempt from administrative 
orders which may be used by public authorities to enforce environmental laws such as interim protection 
orders, stop work orders, or environment protection notices. 

0�H�&�8� ��"��$
��$$��'���"�����6��
��$$��'��

Within the Part 3A approvals process there are two types of approval that can be pursued:  

1) Concept Approval; and  
2) Project Approval.  
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The environmental assessment requirements (EARs) for major developments and critical infrastructure projects 
are discretionary. The Director-General for Planning determines the form of environmental assessment that is 
required for a Part 3A project and the issues that the assessment must cover through the issue of EARs for the 
project. 

0�H�&�;� ��"	�
�
��"�

The environmental assessment report must be made publically available for at least 30 days. During that period 
any person can make a written submission to the Director-General about the project. In response to the issues 
raised in the public submissions, the Director-General can require the proponent to submit: 

 A response to any of the issues; 
 A report outlining any proposed changes to the project to address those issues; or 
 A revised statement of commitments. 

0�H�&�<� �����		����
��

In deciding whether to approve a Part 3A project, the Minister is not bound by the provisions of any Local 
Environmental Plan (LEP) however, the Minister may choose to take them into account in deciding whether to 
approve a project. Where an LEP prohibits the type of development being applied for under Part 3A the Minister 
for Planning can only approve the development if the project application is also accompanied by a concept plan. 
Notwithstanding this, the Minister cannot approve a Part 3A project, which is located within an environmentally 
sensitive area of State Significance or a sensitive coastal location if the development would have been prohibited 
under the relevant LEP. 

0�H�&�H� �����		��"��:"����
�'�����������	�

Following a declaration from the Minister that Part 3A of the EP&A Act applies to the project, a preliminary 
environmental assessment (PEA) is required to be undertaken. The PEA informs the EARs, which are issued by 
DoP to guide the content of the environmental assessment.  

An environmental assessment is subsequently prepared and lodged with DoP. The environmental assessment is 
publicly exhibited (for a minimum of 30 days), to provide an opportunity for stakeholder and public comment, 
which may require a response in the form of a submissions report and/or preferred project report dependent upon 
the issues raised.  

In determining the timeframe for the project the key variable would be the preparation time for the environmental 
assessment, which would be heavily dependent on the nature and type of studies required. The DoP has 
undertaken to assess major project applications for renewable energy projects within 4 months, from exhibition 
period and excluding the time taken for the proponent to prepare a preferred project report/submissions report in 
response to issues raised during the consultation period.  

�����0�&<�outlines the key stages of the Part 3A approvals process and indicative timeframes for each stage.  
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��F���������)	�	���r’����	�	��� 1 I 3 months  
Submit project application and preliminary environmental 
assessment which would include: 
 Project description; 
 Project justification; 
 Site context; 
 Consideration and evaluation of alternatives; 
 Consideration of other approvals required; 
 Details of consultation to be undertaken; and 
 Assessment methodologies. 

�	�������?������’����F�	��������9�?��:�	����� 3 months 
Prepare and lodge Environmental Assessment (EA) 
Pre-exhibition review/ Adequacy review I DoP may seek advice 
from relevant Government agencies to ensure consistency with 
DGRs and that the EA is adequate for exhibition. 

1 month 

EA placed on exhibition (minimum 30 days) Less than 4 months  
(NSW Government is committed to 
assessing Part 3A applications for 
renewable energy projects within 4 
months, taken from the exhibition 
period and excluding the tie taken to 
prepare a preferred project 
report/submissions report in response 
to comments/issues raised during the 
exhibition stage). 

Respond to issues and modify the concept design and/or 
Statement of Commitments. 
Issue Preferred Project Report (PPR) including the revised 
Statement of Commitments if necessary. 
Note: the PPR will be exhibited for a 30 day period. 
DoP undertake an assessment and prepare a draft assessment 
report for the Director General (DG). 
DG will consult with Government agencies before finalising the 
assessment report, including reference to the Statement of 
Commitments. 
Assessment Report submitted to Minister for determination. 

Total time (estimated) 8 I 11 months  
������� ������
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Consultation is required with relevant State and Commonwealth Government agencies and utility providers. It is 
anticipated that the following agencies would be consulted during the assessment and approvals process (the list 
of consultees would be confirmed in the EARs for the project): 

 NSW Department of Planning; 
 NSW Department of Environment, Climate Change and Water; 
 NSW Department of Industry and Investment; 
 Local Aboriginal Land Council(s) and Traditional Owners; 
 NSW Heritage Branch; 
 NSW Roads and Traffic Authority; 
 NSW Rural Fire Service; 
 Catchment Management Authorities; and 
 TransGrid. 
!����"���"�������

 Regional Organisation of Councils; 
 Relevant local government authority; and 
 Local community including general public and local interest groups. 
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 National Electricity Market; 
 Network Operators; and 
 Electricity Retailers. 
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B.9 Environment 
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This appendix considers environmental issues associated with the five selected areas and builds on the 
preliminary analysis employed to shortlist down from sixteen to five areas (see �$$�"��=��). More detailed 
analysis of each area has identified important environmental features on a local and regional scale that are 
potential constraints to a solar precinct. As such, a radius of 20 km around each regional centre has been used for 
analysis. This approach allows for comparison of the five areas and assists with assessing feasibility. 
Environmental features include: 

 Ecology: 
- Threatened flora and fauna; 
- Endangered ecological communities (EECs); 
- Critical habitat; and 
- Ramsar wetlands. 

 Aboriginal and European heritage database searches; 
 Discussion of significance of native title and aboriginal land claims; 
 Identification of urban areas; and 
 Identification of other potential constraints. 

An outline of the likely planning approval framework for a new solar development has not been included within this 
report. However, depending on the preferred location of the solar precinct, it is likely that the proposal will trigger 
key environmental legislation and reference to these has been included where relevant.  

The analysis reveals that environmental constraints are present in each of the areas. However these constraints 
do not necessarily preclude any area from hosting a solar precinct. Further investigation is required to ascertain 
the potential impacts of a solar precinct on these constraints. 

0�I��� �"'���"��"
����"	
���"
	���$	�
The following environmental constraints maps (�������0���, �������0��&, �������0��8, �������0��, and �������
0��;) provide an orientation and summary of the key issues that are discussed in the following sections. 
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Preliminary database searches of the National Parks and Wildlife Service (NPWS) Atlas of NSW Wildlife and 
Commonwealth EPBC Act Protected Matters Search Tool identified the potential occurrence within the five areas 
of the following: 
 Threatened flora and fauna species; 
 EECs recorded or predicted to occur; 
 Critical habitat; and 
 Ramsar wetlands. 

These searches provide species and EECs that are listed and protected under the Threatened Species 
Conservation Act 1995 (TSC Act) and/or the EPBC Act. The results are presented in �����0�&H and �����
0�&I10. 

The five areas each have a relatively similar number of threatened species within each class as shown in �����
0�&H. As such, the presence of threatened species cannot be used as a means of distinguishing between areas. 

The Commonwealth EPBC Act Protected Matters Search Tool lists several Ramsar wetlands as occurring within 
the areas. However, examination of the wetland boundaries on the Department of Environment, Water, Heritage 
and the Arts (2010) Australian Wetlands Database revealed that these wetlands are not located within the areas. 
Consequently, protected wetlands are unlikely to be impacted, and as such the presence of Ramsar wetlands is 
not a factor that may be used to differentiate between areas. 

In all areas except for Broken Hill, the EECs listed in �����0�&I�cover the majority of the area whereas Broken
Hill does not contain any listed EECs, as can be seen in figures in ���
��"�0�I��. Based on the legislation 
outlined below, using this criterion it would be advisable to locate a proposed solar precinct in an area that does 
not contain EECs. Although Broken Hill is the only area that does not contain any EECs, this mapping is only a 
broad, indicative representation of the EEC distribution, and therefore it does not necessarily preclude the other 
areas from development. Ground truthing of the chosen area will determine what locations exist without EECs 
within Darlington Point, Dubbo, Moree and Tamworth. 

No critical habitat was identified as occurring in any of the areas. 
�����0�&H� D���������
 ���
�"���������"�����"��	$����	 
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� 0���	� ��$ ����"	� �����	� !�$
��	� ��"
	�
Broken Hill 20 24 37 20 27 
Darlington Point 0 2 0 0 1
Dubbo 3 2 8 5 8
Moree 3 0 0 2 2
Tamworth 2 5 7 8 9

������� D�*���
�	����D�*�*�������"�������"#��
 ���0����
����
��
�����

��	������ �����

                                                           
10 Detailed database results are available upon request 
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Broken Hill Lake Pinaroo None 
Darlington Point Fivebough and 

Tuckerbil Swamps 
 Buloke Woodlands of the Riverina and Murray-Darling Depression 

Bioregions 
 Weeping Myall Woodlands 
 White Box-Yellow Box-Blakely's Red Gum Grassy Woodland and 

Derived Native Grassland 

Dubbo Macquarie Marshes 
Nature Reserve  
 

 Natural grasslands on basalt and fine-textured alluvial plains of 
northern New South Wales and southern Queensland  

 Weeping Myall Woodlands 
 White Box-Yellow Box-Blakely's Red Gum Grassy Woodland and 

Derived Native Grassland 

Moree Gwydir Wetlands  Natural grasslands on basalt and fine-textured alluvial plains of 
northern New South Wales and southern Queensland 

 Weeping Myall Woodlands 
 White Box-Yellow Box-Blakely's Red Gum Grassy Woodland and 

Derived Native Grassland 

Tamworth -  Natural grasslands on basalt and fine-textured alluvial plains of 
northern New South Wales and southern Queensland 

 Weeping Myall Woodlands 
 White Box-Yellow Box-Blakely's Red Gum Grassy Woodland and 

Derived Native Grassland 
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The NSW Threatened Species Conservation Act 1995 (TSC Act) provides for the protection of threatened 
species, populations and ecological communities, their habitats and critical habitat. Where approval under Part 5 
of the EP&A Act is required, a determining authority must not carry out an activity or grant approval in relation to 
������	"	���%���	��J�	*��K����%�"��J���	&�	�	�����������K��������%���������J����	��#��������	���#������&	����
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Threatened species, populations, ecological communities or their habitats listed under the TSC Act are all located 
in the vicinity of the five areas (see �����0�&H and �����0�&I). Depending on their proximity to the proposed 
���*�#�����	��������%�����D���’��	����������%����	����#��%�����D����������	"	��������������������������������
approval under the TSC Act. This may involve Seven Part Test(s) to assist in deciding whether there is likely to be 
a significant effect on any threatened biota, and potentially a Species Impact Statement to further assess the 
significance of the impact if there is reasonable doubt regarding the likely impacts, or where detailed information is 
unavailable. 
/!����
��0���
��������1����!
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The Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) regulates 
actions that may have a significant impact on matters of National Environmental Significance (NES), which 
include: 

 Nationally threatened species and ecological communities; 
 1������	�’�� �����@��	��&��properties; 
 Ramsar wetlands of international importance; 
 Migratory species listed under the EPBC Act (species protected under international agreements); 
 Commonwealth marine areas; 
 Nuclear actions, including uranium mining; and 
 National heritage. 
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National Parks and Wildlife Act 1974 
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0�I�,� �������"����"������	��"��D�
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0�I�,��� �������"����"������	�

There are several thousand parcels of land subject to Aboriginal Land Claim under the NSW Aboriginal Land 
Rights Act 1983 (ALR Act). The Minister for Aboriginal Affairs administers the ALR Act, however any claims for 
�����������������������%	��1����������&���	�������������J���	��
���$����������K�������	����	������	���04#�����
determined by the Minister for Lands.  

If the land proposed for a solar precinct is already subject to an Aboriginal Land Claim, the proposed solar 
precinct would not be able to proceed until the Minister has determined the claim not to be claimable Crown lands. 
$������%�"��%�����%���J������	���K��������%��������%������������"	�	�����������%��1'��1���%�"��
����
exhausted. The date of the determination is at the date of the claim. 

The definition of claimable Crown lands under section 36 of the ALR Act includes lands that are not lawfully used 
or occupied or are lands that are not needed, or likely to be needed, for an essential public purpose, or in the 
opinion of the Minister for Lands, are needed or likely to be needed as residential lands. Therefore it follows that 
land which is required for a solar plant could be argued to be not claimable Crown land in the event a land claim is 
made. 

If land required for a solar precinct has the effect of attracting an Aboriginal Land Claim, all work has to stop until 
the Minister has determined the claim. 

0�I�,��� D�
�'����
��

Native title needs to be addressed under the Commonwealth Native Title Act 1993 (NTA) prior to any dealings or 
development of land. The existing title of land to be used for a solar precinct has relevance to Native Title Claims.  

Grants of freehold land extinguish Native Title and, in addition, Schedule 1 of the NTA under the heading 
J��%�������<��������K��������������	�	��	���������	��������%����-�	�&�	�%����	"��2	���8 Included are certain types of 
leases; for example, a special lease under section 75 or 75B of the Crown Lands Consolidation Act 1913 that 
permits the lessee to use the land solely or primarily for (for example) agriculture. This particular lease would 
extinguish Native Title. The majority of crown land in the Western Division of the State is subject to a lease.  

As a general proposition, the reservation of Crown land for a particular purpose does not, by that event alone, 
extinguish Native Title. Native Title issues and particularly the history of the tenure of the land that is proposed to 
be developed must be examined in detail. 

If it is established that Native Title has not been extinguished, there are a number of avenues which can be 
explored to enable the proposal to proceed. 

The Minister for Lands is nominated under the NTA as the State Minister administering the Native Title process 
for the State of New South Wales. The LPMA has the administrative carriage of Native Title claimant applications 
for the Minister which are commenced in NSW on behalf of Native Title Claim groups. (Personal communication, 
Pieta Laing, Land and Property Management Authority May 2010). 

0�I�;� @���"��"���������'��$��"
�
Urban development within the five selected areas is illustrated in ���
��"�0�I��. These areas are likely to contain 
sensitive receivers such as residential and commercial properties, including churches, hospitals, nursing homes 
and child care centres that may be subject to noise, dust and traffic during construction of a solar precinct, and/or 
those that may be impacted by a change in the surrounding visual setting and/or landscape character.  

Outside the urban centre of each of the regional areas, scattered rural residential properties occur on lots of 
variable size. Rural properties are likely to be more sensitive to an increase in noise, relative to urban receivers, 
given the relatively quiet ambient noise. 

0�I�< �
 ���$�
�"
�����"	
���"
	
Other environmental features that may represent a potential constraint to the development of a solar precinct 
include: 

 Historic Sites; 
 Nature Reserves; 
 State Recreation Areas; 



�����Pre-Feasibility Study for a Solar Power Precinct 

17 December 201076 B-76 

 Regional Parks; 
 Designated Wilderness; 
 Karst Conservation Sites; and 
 State Game Reserves. 

Wongarbon Nature Reserve is located approximately 16 km southeast from the Dubbo central business district 
(�������0��8) and Midkin Nature Reserve is located approximately 14 km northwest from the Moree CBD (�������
0��,). No�Historic Sites, State Recreation Areas, Regional Parks, Designated Wilderness, Karst Conservation 
Sites or State Game Reserves exist within the other areas. 

The above Nature Reserves do not preclude the selection of Dubbo or Moree for the proposed development. 
However the Reserves should be avoided when selecting an area in order to avoid triggering the National Parks 
and Wildlife Act 1974, which provides for the protection of Nature Reserves. 

0�I�H� ��������
Based on the findings of this data collation task, there are environmental constraints in each of the regional areas. 
These restrictions do not necessarily preclude any one area from development, but highlight the need to 
undertake further investigation to ascertain the potential impacts on these constraints. �����0�8��summarises 
the number of constraints by category. 

The maps produced as part of this environment analysis illustrates the locations within the five areas that are 
potentially unsuitable for development from an environmental perspective. If these locations are avoided, subject 
to further environmental investigation, any of the five areas may still be suitable for the development of a solar 
precinct. 
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Broken Hill 28 0 0 547 566 0 Present 
Darlington 
Point 

33 3 0 40 78 0 0 

Dubbo 52 3 0 556 613 1 0 
Moree 35 3 0 60 99 1 0 
Tamworth 47 3 0 243 293 0 Present 
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Once a preferred area has been selected, it is recommended that further field studies are undertaken to confirm 
the reliability of the desktop information gathered during this study for that area, including but not limited to: 

 Ground truthing to confirm desktop information and improve understanding of local topography; 
 Confirmation of the classification of agricultural land within and adjacent to the preferred area; and 
 Environmental Impact Assessment involving: 

- Review of statutory framework; 
- Stakeholder consultation; 
- Flora and fauna site survey; 
- Acoustic assessment; 
- Heritage impact assessment report; 
- Impact assessment of any relevant Aboriginal Land Claims or Native Title holders; 
- Traffic impact assessment; and 
- Assessment of alternatives. 
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B.10 Embedded load 
AECOM considered two types of embedded load I firstly, load within the local region and secondly, potential load 
within the precinct itself. Any embedded load reduces the size and therefore cost of network connections from the 
transmission network to the edge of the precinct and within the precinct itself, respectively. 

0��)��� ���������
TransGrid has advises the following maximum loads at its substations in 2009 as set out in �����0�8�. 
Wellington and Tamworth have the greatest local loads, which reduce the cost of transmission. 
�����0�8�� ��"
 ������$�����������))I�+�*-�

��"
 � 0��1�"�2�� 3���"�
�"� 3�����
+*��"�
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������ ���#��
 �

January 20 15 169 24 105 

February 19 16 172 25 114 

March 18 13 142 22 91 

April 18 14 122 29 75 

May 19 11 131 30 80 

June 21 13 141 34 94 

July 20 12 148 29 92 

August 19 13 148 20 89 

September 20 11 140 18 80 

October 19 12 134 19 77 

November 19 14 176 26 112 

December 18 14 174 27 109 
������� ���"	?����

0��)��� ��
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Preliminary research and communication with local councils has not identified any significant loads that might be 
co-located in precincts. Darlington Point and Moree are agricultural regions where the main electricity 
consumption is from food processing. There are mining activities around Broken Hill, but these are not compatible 
with solar precincts. 

Dubbo Council (Wellington) expects organic growth in electricity demand. However, there is potential for 
manufacturing due to good water and transport access. The Council has held discussions with a manufacturer 
interested in developing a facility that could employ up to 300 staff, although no development applications has yet 
been lodged. 

Tamworth has not identified any growth beyond business as usual trends. 

Notwithstanding the above, components for solar generations, such as PV panels, could be manufactured at 
plants co-located within solar precincts. There are many benefits of co-locating manufacturing, including: 

 Local load reduces the need for transmission connection; 
 Local manufacturing reduces transport costs and damage to delicate components; and 
 Development of industry in regional areas where employment costs are lower. 

Benefits of local manufacturing have not been included because the scope depends on particular technology 
chosen. 
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Appendix C Solar technology characteristics 

C.1 Mono-crystalline 
A 315 watt mono-crystalline solar panel with the following technical characteristics at standard test conditions 
(standard test conditions: irradiance of 1000W/m², air mass 1.5, and cell temperature 25° C) has been selected 
for the comparative analysis of areas in this study. 
��������� ��"�4���	
��"��$�"��
�� "����� ����
���	
��	�

��� "����� D���"��$�#���
��
�"��+*$-�

5�$$�+5-� :�$$�+�-� 5���+5-� :	��+�-� ������
�����+�U-�

Si-mono 315 54.7 5.76 64.7 6.14 1.631 

 

The following graphs illustrate how this mono-crystalline solar �����’��������	"���������������	�	����	���-�������
���"��������������&�����J����������K�������	�&�����	�	���8 

 

Mono-crystalline Solar Panel Power 
5 real world conditions 

 

The effective solar panel power is proportional to 
the incident irradiation (the sunnier the day; the 
more power available). The solar panel warms up 
during operation and gets hotter with higher levels 
of incident irradiation as illustrated on the graph 
legend. Due to temperature impacts on efficiency 
(see right) the effective power of the solar panel 
with an incident irradiation of 1000W/m2 under 
J����������K�����	�	����	���	&�	�	����������� than 
the 315 watt power plate rating quoted under the 
	����	��������������������J��������������
����	�	���K8� 

 

Mono-crystalline Solar Panel Efficiency 
5 real world conditions 

 

At very low irradiation levels (dawn/dusk) there are 
a number of factors (such as internal resistances 
and internal diode losses) that manifest as a 
sudden drop in efficiency as illustrated at the left 
end of the graph.  

1��J�	&�	�	����K�9����	��:���"�������	����	��	����%����
useful power is available from the sun, the 
efficiency of mono-crystalline solar panels is very 
sensitive to temperature; the hotter the solar panel 
the lower the efficiency.  

High altitude sites tend to have lower ambient 
temperatures than low lying sites, which enables 
the panels to run cooler improving efficiency. 
Windy sites assist with cooling the solar panels and 
improving efficiency. 

 

For the purposes of this study, the following configuration of mono-crystalline panels was assumed:  

 Each string consists of 12 solar panels; 
 There are 8 strings (96 solar panels) per row width; and 
 There are 3 solar panels in row height. 
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C.2 Thin film 
A 360 watt amorphous silicon thin film solar panel with the following technical characteristics at standard test 
conditions (standard test conditions: irradiance of 1000W/m², air mass 1.5, and cell temperature 25° C) has been 
selected for the comparative analysis of areas in this study. 
��������� � �"�����$�"��
�� "����� ����
���	
��	�

��� "����� D���"��$�#���
��
�"��+*$-�

5�$$�+5-� :�$$�+�-� 5���+5-� :	��+�-� ������
�����+�U-�

a-Si 360 146.4 2.46 187.6 3.00 5.72 

 

2%��������	�&�&���%��	����������%����%	���%	���	��������������’��������	"��power and efficiency is expected to vary 
�����������&�����J����������K�������	�&�����	�	���8 

 

Thin Film Amorphous Silicon Solar Panel Power 
5 real world conditions 

 

The thin film solar panel also has a lower effective 
power rating under real world conditions compared 
to the 360 watt plate rating under the ideal (cool) 
standard test conditions.  

The thin film panel is expected to run slightly hotter 
than the mono-crystalline solar panel (less incident 
energy is converted to electricity) as illustrated in 
the graph legend.  

 

Thin Film Amorphous Silicon Solar Panel Efficiency 
5 real world conditions 

 

The efficiency of thin film amorphous silicon 
technology drops as the solar panel gets hotter.  

Thin film efficiency is slightly less sensitive to 
temperature effects than the mono-crystalline 
technology. 

Thin film technology is more resilient to long term 
operation at high temperatures compared to mono-
crystalline technology. 

 

 

For the purposes of this study, the following configuration of thin-film panels was assumed:  

 Each string consists of 4 solar panels; 
 There are 24 strings (96 solar panels) per row width; and 
 There are 1 solar panel in row height. 

 �
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Gas-fired heat transfer fluid boiler 
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Gas-fired steam boiler 
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Combined cycle gas turbine 
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Steam accumulator
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AECOM is a global provider of professional 
technical and management support 
services to a broad range of markets, 
including transportation, facilities, 
environmental, energy, water and 
government.  With approximately 51,000 
employees around the world, AECOM is 
a leader in all of the key markets that 
it serves.  AECOM provides a blend of 
global reach, local knowledge, innovation, 
and technical excellence in delivering 
solutions that enhance and sustain 
the world’s built, natural, and social 
environments.  A Fortune 500 company, 
AECOM serves clients in more than 100 
countries and had revenue of $6.3 billion 
during the 12-month period ended June 30, 
2010.  More information on AECOM and its 
services can be found at www.aecom.com. 


