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1 Concentrated solar power: history and context 

 

1.1 Renewable energy: a global perspective 

Whilst the definitions of renewable energy sources vary, it is commonly assumed that 
processes which involve the use or combustion of exhaustible resources are non-
renewable forms of energy production. This definition therefore excludes nuclear energy 
and all forms of energy production relying upon fossil fuels. Furthermore, some 
authorities exclude large scale hydropower schemes, with renewable sources therefore 
characterized as geothermal, wind, solar and biomass energy production.  

It should be borne in mind that, given the small scale of many renewable energy 
generation projects, the quality of data coverage at the international level is variable. 
However, the most recently published reviews of global energy production indicate that 
renewable energy sources, despite their small market share, have been experiencing a 
rapid sustained increase in installed capacity over recent years. The BP Statistical 
Review of World Energy 2009 indicates that combined geothermal, solar and wind 
electricity generation accounted for 1.5% of world electricity generation in 2008, 
increasing from 1.2% in 2006. There was a considerable variation at the national level, 
with wind power generation accounting for 20%, 11% and 7% of total electricity 
generation in Denmark, Spain and Germany respectively. Investment in the renewable 
sector as a whole totaled US$71 billion in 2007, representing an annual increase of 
30%, with most expenditure on wind power and solar photovoltaic panel installation (BP, 
2009).  
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Figure 1 Global and Australian solar capacity 1996-2008. Source: BP (2009) 
 

Data relating to solar power capacity at the global level generally refers to photovoltaic 
electricity generation. This has undergone sustained increases, with a doubling of 
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capacity every two years since 1996.  Global solar power capacity grew more rapidly by 
69% to 13.4 GW in 2008, the bulk of which (5.5GW) was present in Germany. Spain (3.3 
GW), Japan (2.1 GW) and the United States (1.2 GW) were the other major contributors 
(BP, 2009). In 2008, the total solar power capacity in Australia was 101 MW, 
representing 0.7% of global capacity. Whilst figure 1 highlights that domestic capacity 
has increased considerably since 1996, it is evident that this represents a diminishing 
proportion relative to the world total.  

 

1.2 Solar power: photovoltaic and concentrated solar power 

The growth of photovoltaic solar power as a source of electricity has been constrained 
mainly by the cost of the components required, leading to a high module upfront 
investment cost. Coupled with the need for technological innovation to increase the 
conversion efficiency from irradiation to electricity, the majority of installations have until 
recently been off-grid applications. However, government subsidies on installation 
together with feed-ins on electricity returned to the grid serve to offset these costs and 
stimulate demand, with some projections indicating that photovoltaic solar electricity 
could reach parity with that generated from coal-fired power stations in the near term 
(EDN, 2007). Furthermore, recent attention has been focused on Concentrating 
Photovoltaic Technology (CPV), which uses fields of heliostats to concentrate sunlight 
onto photovoltaic cells, resulting in much higher cell efficiency. This received 
considerable recent attention with the announcement of a 154 MW CVP power station in 
Mildura, Victoria, which was estimated to cost around $420 million (Cleantech Group, 
2006).  However, problems in attracting investment partners have placed the future of 
this project in doubt (The Australian, 2009).  

The renewed interest in concentrated solar power (also referred to as solar thermal 
electricity) partly reflects another constraint on photovoltaic solar power. As electricity is 
generated directly from sunlight, photovoltaic solar power modules do not incorporate a 
storage capacity for electricity generated, unless a battery is supplied with the module. 
Consequently, their application is more suited towards supplementing existing electricity 
supplies in on-grid areas or in conjunction with other electricity sources in more remote 
locations, whilst also restricting the scale of use to individual residences or, in some 
cases, small communities. Concentrated solar power (CSP) generation, however, 
utilizes various means to convert solar radiation to heat which can generate electricity 
either immediately or following storage. CSP generation therefore offers a means to 
potentially supply solar electricity in line with demand. The various types of CSP 
generation are described below. 
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1.3 Concentrated solar power 
technology 

a) Parabolic trough system 

These consist of parallel arrays of 
reflective surfaces or heliostats which 
track the movement of the sun, focusing 
its radiation on a receiver tube running 
along the length of each array. The tube 
is filled with a heat transfer fluid such as 
oil or a molten salt which is pumped to a 
heat exchanger and evaporator for 
steam and power generation. 

 

 

 

b) Solar tower / central receiver plants 

This approach uses a field of tracking 
heliostats which reflect sunlight to a 
centrally located receiver atop a tower. 
A similar process to the above is used to 
generate electricity from the heat 
transfer fluid. 

c) Parabolic dish plants 

This modular approach involves the 
tracking parabolic reflector and heat to 
electricity conversion system being 
mounted on the same rack. A Stirling 
engine, which is an externally heated 
hot gas engine, is commonly used as 
the conversion system, owing to their 
high efficiency, long working life and 
quiet operation. The heat absorber 
placed in the focal point of the dish is 
commonly cooled by gaseous hydrogen 
or helium which drives the Stirling 
engine.  
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In addition to the above, there are variants on the principle of concentrating solar 
radiation to generate electricity. These include solar chimneys, where air heated by 
the sun is directed through a chimney equipped with a rotating vane which generated 
electricity. Solar ponds involve the generation of electricity from highly saline water 
heated through contact with a heat-absorbing coating at the base of a pond. Linear 
Fresnel technology is at an earlier stage of development, involving the use of 
relatively inexpensive mirrored glass set at ground level in parallel lines which reflect 
sunlight towards a receiver. More recently, funding has been approved to construct a 
demonstration model of ammonia based thermochemical energy storage, whereby 
heat provided by a dish fuels the splitting of ammonia into hydrogen and nitrogen 
gases, which can be stored and recombined to generate electricity through a turbine 
(Canberra Times, 2007).  

However, most research and development of CSP is focused on the trough, tower 
and parabolic dish techniques which will be defined as CSP for the purposes of this 
discussion. A summary of the advantages and disadvantages of each of these is 
provided below. 

 

Method Output range Advantages Disadvantages 

Parabolic trough 30 – 150 MW, 
increasing to 320 
MW by 2030  

Storage of heat enables 
maintaining continuous 
supply 

Well-established technology 

Hybridisation with oil or gas 

Modular components 

Cogeneration of heat and 
electricity possible 

Maximum heat retention fluid 
temperature of 400 ºC, 
lowering steam efficiency 

Relatively low (20%) solar to 
electricity conversion 
efficiency

 
 

High stability required for 
heliostats 

Water needed for cooling and 
cleaning (alternatives are 
available) 

Solar tower 30 – 160 MW, 
increasing to 200 
MW by 2030  

Storage of heat enables 
maintaining continuous 
supply 

Operating temperatures up to 
800 ºC, increasing steam 
efficiency 

Solar to electricity conversion 
efficiency of around 23%

 
 

Hybridisation with oil or gas 

Modular components 

Simple operational procedure 

Cogeneration of heat and 
electricity possible 

High stability required for 
heliostats 

Water needed for cooling and 
cleaning (although 
alternatives are available) 

Parabolic dish 10 – 50 KW Completely self-contained 
units 

High solar to electricity 
conversion efficiencies of up 
to 30%

 
 

Simple operational procedure 

 

Prototype technology 

Thermal storage possible 
only via battery 

No hybridisation to date 

High stability required for 
heliostats 

Precise tracking of sun 
required 

Table 1 Descriptions of main CSP generation systems. Sources: Wyld Group (2008); The Energy Blog 
(2008); Trieb et al. (1997) 
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The relative importance of these attributes varies according to the requirements of 
each individual development. Cogeneration, also referred to as combined heat and 
power or CHP, refers to the utilisation of heat produced from the electricity 
generation process being used to generate steam as a heat source for other 
applications. One potential application of this in the context of CSP is the ability to 
use the steam as a fuel source for desalination plants and therefore would be of 
significance in arid coastal environments. Hybridisation refers to the integration of 
solar and fossil fuel subsystems in one electricity generating system. This offers 
potential advantages in terms of providing sufficient electricity to meet varying levels 
of demand, also referred to as dispatchability, as well as compensating for periods 
where solar generation may not be possible. Hybridisation also offers other benefits 
where the risk or cost of solar power may be seen as prohibitive. However, there are 
evident disadvantages relating to the ability to transport the fossil fuel required to 
power stations in more remote locations and the implications for CO2 emissions. 

The key distinguishing characteristics of CSP in comparison to other forms of solar 
power such as photovoltaics relate to scale and storage. Photovoltaics are suitable 
for individual residences and particular functions, such as hot water or swimming 
pool heating, with the scale of operation limited by the space available for 
photovoltaic cell installation. CSP facilities have been constructed ranging up to 100 
MW capacity, sufficient to provide 120,000 households with their annual electricity 
needs if an average daily household consumption rate of 20 kWh/day is assumed 
(EPA, 2007)1. Crucially, the use of media such as molten salt or graphite to store 
heat generated during the day in parabolic trough and solar tower installations 
enables continual supplies of electricity in non-daylight hours or during periods of no 
direct radiation. This storage capacity overcomes the principal hindrance of limited 
dispatchability associated with the early developments in solar power. 

 

                                                 
1
 Calculations assume full load operation all year round. 
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1.4 Concentrated solar power development: a global perspective 

Fundamental to the siting of CSP facilities is the availability of direct sunlight, termed 
beam irradiance. Indirect sunlight, whilst useful in the photovoltaic process, does not 
generate heat, hence locations with considerable cloud cover are unsuited for CSP.  
In 2009, installed CSP capacity reached 679 MW worldwide, with over 2,000 MW 
under construction (CSP Today, 2009a). The favoured locations for commercial CSP 
development have thus far been in the south-western United States and southern 
Spain (figure 2).   

� 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Regional distribution of global CSP capacity 2008. Source: Wyld Group (2008) 

 

The United States Department of Energy has set a target of 1,000 MW of new CSP 
systems to be installed and operational by 2010, with the focus of development in the 
south-west (NREL, 2008a). More recent estimates indicate that the United States 
had a total of 6 GW of planned CSP facilities in 2008 (Solar Energy Industries 
Association, 2008). Several large installations of around 300 MW capacity each are 
underway in south-east Spain, with plans for expansion in this region exceeding 
1,000 MW capacity in the medium term. Other locations where future CSP 
development is likely include Morocco, Algeria, South Africa, and the Middle East. 
China is also constructing a small experimental solar tower plant in Nanjing, with 
plans to generate at least 150 MW from solar thermal power stations by 2015 (CSP 
Today, 2009b). Figure 3 illustrates the anticipated scale of development and 
participation at the global level in CSP development over the next five years. 

North America (MW)

Online 418

Planned
2007-2012

2,954

Asia-Pacific (MW)

Online –

Planned
2007-2012

175

Middle East Africa (MW)

Online –

Planned
2007-2012

1,185

Europe (MW)

Online 12

Planned
2007-2012

2,046

Map shows the amount of solar energy, in hours, received each day on an optimally tilted surface during the worst month of the year.
(Based on accumulated worldwide solar insolation data.) 
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Figure 3 Stages of CSP expansion. Source: Emerging Energy Research (2009) 

 

1.5 Concentrated solar power development in Australia 

The first CSP installation in Australia was the ‘Big Dish’ parabolic dish prototype 
completed in 1994 at the ANU campus. This remains the world’s largest single dish 
and has led to planned replication of a six dish plant at Whyalla which would 
represent the first step in commercial application of this technology.   

Australia currently has commercial CSP installations underway at two locations. The 
Cloncurry Solar Power Pilot Project in Queensland is a 10 MW solar tower 
installation costing around $31 million utilising graphite blocks for heat storage. This 
is intended to provide sufficient energy to meet the needs of all the 3,500 residences 
in Cloncurry and is due for completion in 2010 (Sydney Morning Herald, 2007). The 
Liddell Solar Project in New South Wales is a hybrid Fresnel reflector array linked in 
to the existing coal-fired power station and intended to demonstrate the capacity for 
dual production with coal-fired stations. The solar component is expected to generate 
4.4 MWhr annually at a cost of $5.5 million and was due for completion in late 2008 

(Macquarie Generation, 2006).  

Along similar lines, an agreement is in place between the Queensland State 
government and a private solar thermal provider to construct a solar thermal plant 
generating around 23 MW annually to heat the existing Kogan Creek coal-fired power 
station’s feedwater (Ecogeneration, 2009). In addition, CSIRO is constructing a 5 
MW solar tower and gas hybrid demonstration plant at the National Solar Energy 
Centre in New South Wales.  

Future investment in CSP is inevitably subject to considerable speculation and 
revision in the light of economic circumstances. Worley Parsons announced 
ambitious plans for up to 34 hybrid CSP with coal or gas facilities across Australia in 
2008, each of around 250 MW capacity, although no further details have emerged. 
Details of current Australian government activities supporting solar power are 
provided in Section 1.8. 
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1.6 Economics of solar power development 

In addition to physical siting criteria which are the focus of this report, there are 
considerations relating to the economic viability of CSP which merit discussion. 
Estimates of the relative cost of CSP and other forms of electricity generation 
incorporate an unavoidable level of uncertainty, but can provide some comparative 
analysis.  

A recent comparative analysis of costs associated with a 100 MW parabolic trough 
CSP facility and natural gas fuelled plants using data from California reveals 
interesting comparisons between these two energy sources (NREL, 2006). Whilst the 
capital costs of the CSP plant were greater, the construction requirements and 
operational labour force required for the CSP plant were significant in generating 
more employment opportunities than the natural gas plant. Coupled with the effects 
of sourcing materials and labour for construction and the longer term fiscal impacts of 
tax revenues, the CSP plant was associated with proportionately higher jobs, 
earnings and government revenue per unit of electricity produced. 

The levelized cost of energy (LCOE) is a measure of the cost of energy production 
over the lifecycle of a plant under present day values. It incorporates capital costs, 
fuel costs, capacity factors and financial incentives to produce a comparable value 
across different technologies. The NREL survey compared projected LCOE values 
for the CSP and natural gas plant, revealing that the CSP facility was associated with 
a higher unit cost of electricity in the early stages of operation ($148 per MWhr as 
compared to $104 per MWhr). However, the model showed that parity was achieved 
after ten years of operation, with CSP and natural gas LCOE values of $115 per 
MWhr and $119 per MWhr respectively. Crucial to this was the effect of fuel 
purchasing which adds to the cumulative cost of natural gas plants over time (NREL, 
2006). 

New technologies are often described as experiencing a ‘learning curve’ whereby 
various factors contribute over time towards a reduction in fixed costs. With regard to 
CSP, these factors include improvements in technology, particularly in relation to the 
conversion efficiencies of the various CSP methods, and the cost savings associated 
with the possible replacement of oil with water as the heat transfer liquid. Practical 
experience with full scale models results in better operational and maintenance 
procedures and the increasing ability to realise economies of scale. In the longer 
term, this has resulted in the average cost of CSP electricity falling from around 
US50 ¢/kWh in the early 1980s to around US12 ¢/kWh in the late 1990s (Trieb, 
2000).  

The contemporary levelized cost of electricity generated from coal, gas and nuclear 
power varies according to national circumstances but is generally in the US4-7 
¢/kWh range (World Nuclear Association, 2009)2. Recent estimates indicate that the 
LCOE for CSP is around US10-12 ¢/kWh (Mills and Morgan, 2007), indicating that 
there is a considerable price differential. However, industry and analyst projections 
indicate that the LCOE for CSP will decrease significantly in the near future due to 
economies of scale and technological developments already underway (CSP Today, 
2009a). Figure 4 indicates that the levelised cost of parabolic trough and solar tower 
generated electricity could be in the order of US3-6 ¢/kWh by 2020, with a similar 
range applying to parabolic dish plants.  

 

� 

 

                                                 
2
 Values in US$ 2007. 
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Figure 4 Levelised cost of energy from CSP sources. Source: Sargent & Lundy Consulting 
Group (2003) 

 

It should be borne in mind that the above calculations do not include additional 
economic benefits associated with a value placed on greenhouse gas emissions. It 
has been estimated that a 100 MW parabolic trough system with 6 hours of storage 
capacity operating at 40% capacity would displace 191,000 tons of CO2 annually in 
comparison to a similar highly efficient new gas powered plant (NREL, 2006). If older 
gas or oil fired plants are compared, this could increase to approximately 250,000 
tons of CO2 per annum.  

The publication of the Australian Government’s Carbon Pollution Reduction Scheme 
in 2008 clarified the likely form of a national emissions trading scheme (ETS) in 
greenhouse gases. The proposed ETS is a system whereby companies are allocated 
a quantity of permits enabling emissions to be made up to a prescribed limit. These 
permits may be traded between companies according to their individual 
circumstances, enabling those with surplus permits to sell on to other companies. 
Whilst the price of individual permits will be determined by the market, a ceiling of 
$40 per tonne of CO2 equivalent (tCO2-e) has been set for the first year of operation 
(2010-11), with the ceiling increasing by 5% in real terms annually thereafter. 

With regard to CSP, this has clear implications in terms of cost-effectiveness of 
electricity generated. In addition to the factors inducing a reduction in cost outlined 
above, an ETS offers additional highly significant potential cost advantages to CSP. 
Assuming a permit price of $25 tCO2-e, the estimated emission savings obtained 
through comparing a 100 MW parabolic trough system with a similar new gas-fired 
station (NREL, 2006) would amount to approximately $4.8M worth of carbon credits 
annually. 

The Garnaut Report highlighted that, under the scenario of a $25 tCO2-e permit price 
increasing by 4% in real terms annually, the benefits to the renewable energy sector 
would become apparent after approximately ten years of operation (Garnaut, 2008). 
This delay would reflect the ability of coal-fired power stations to maintain their 
market share through carbon capture and storage technology over the short term. 
The rising permit price, coupled with the outcomes of ongoing research and 
development of renewable energy and the cost advantages of these ‘clean’ 
technologies, would eventually be manifest in an increasing market share for 
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renewable energy. Over the longer term, the demand for electricity from the transport 
sector, alongside further refinement of technology, would result in the replacement of 
fossil fuel by renewables as the major energy provider.  

This points towards the imminent expansion of CSP following the implementation of 
the ETS on financial grounds alone, particularly given the higher ceiling price of 
permits than that envisaged under the Garnaut Report. The potential cost 
advantages of CSP generation can be further illustrated through comparing the 
relative CO2 emissions per kilowatt hour of electricity generated from different energy 
sources. These are listed in Table 2, which summarises emissions associated with 
fuel extraction, material manufacture, plant construction, operation and 
decommissioning, expressed relative to the electricity generated over the plant 
lifetime (usually estimated to be 25 years). It should be remembered that these are 
indicative estimates, the ranges for each energy type reflecting the variety of 
technologies used and differing methods of calculation. 

 

Generation method Greenhouse gas cost (g CO2-e/kWh) 

Coal 881 – 1224 

Oil 692 

Gas 389 – 659 

Nuclear 7.8 – 120 

Tidal 76 – 130 

Wind 36 – 125 

Wave 90 – 92 

Geothermal 23 – 41 

Hydro 3.7 – 26 

Photovoltaic 15 – 280 

Parabolic trough CSP (50MW) 110 – 140 

Parabolic trough CSP (160MW) 70 

Solar tower CSP (30MW) 90 

Solar tower CSP (100MW) 60 – 80 

Solar tower CSP (200MW) 30 

Parabolic dish CSP (12kW) 22 

Hybrid parabolic trough / oil 450 – 800 

Hybrid parabolic trough / natural gas 300 

Table 2 Greenhouse gas emissions associated with various electricity generation sources. Source: 
Lenzen (1999) 
 

It is evident that the three main solar power-only systems are associated with 
greenhouse gas costs per unit of electricity generated which are comparable with or 
lower than all other non-fossil fuel based systems. This underlines the scale of the 
relative savings associated with CSP technology which could be made under an ETS 
through avoided CO2 emissions. Economies of size are also evident, indicating that 
increasing the capacity factor in the form of adding more heliostats or a heat storage 
capacity results in marginal increases in greenhouse gas cost. Operation and 
maintenance activities, which also incur greenhouse gas emissions, are 
proportionately lower in larger plants. These gains are less pronounced, however, 
with modular systems such as parabolic dish CSP. 

However, increasing the capacity of CSP plants through hybridisation with fossil fuel 
sources causes the overall greenhouse gas cost to increase by around a factor of 
ten. Further increases in hybrid plant capacity result in a proportionate increase in 
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greenhouse gas cost, as the greenhouse gas contribution from fossil fuel combustion 
far outweighs other contributions from plant construction. 

In discussion, if LCOE projections are correct, by 2020 electricity produced from CSP 
technology could be as low as AUD5 ¢/kWh. This is comparable to the price of 
electricity generated from new coal fired sources without the variability of ongoing 
fuel costs (Energy Research Institute, 2010). Furthermore, an ETS could add an 
extra operating cost to fossil fuel based energy production and an additional revenue 
stream to CSP production. Two common approaches to addressing the current 
disparities in production costs between renewable and nonrenewable energy sources 
include ongoing subsidies (i.e. Feed-in-Tariff) and upfront subsidies (i.e. direct 
investment, government loan, or Investment Tax Credit), (Energy Research Institute, 
2010). The most viable solution however, is context specific and invariably up to 
government policy makers.  

 

1.7 Site requirements for solar power development 

Fundamental to the siting of CSP facilities is the total annual direct irradiation, also 
termed direct normal irradiance or beam radiation, measured in kilowatt hours per 
square metre (kWhm2). A minimum requirement for CSP of around 2,000 kWhm2 is 
commonly cited (Philibert, 2005). It is estimated that an area of CSP generation 
measuring 250 km by 250 km receiving around 2,500 kWhm2, typical of many hot 
desert environments, could meet present day global electricity demand (Peak 
Energy, 2008). Modeling has demonstrated that the efficiency of a parabolic trough 
CSP system increases from around 10% to 14% as the total annual irradiation 
increases to 2,500 kWhm2. By contrast, the efficiency of photovoltaic cells remains 
constant at around 11% regardless of total irradiation. At higher irradiation levels 
exceeding 2,000 kWhm2, a slight decrease in photovoltaic efficiency occurs due to 
the effect of higher temperatures (Quaschning, 2004). When assumptions regarding 
costs were built into the model, the CSP plant was found to be more economical over 
a ten year period than photovoltaics in areas receiving total irradiation levels in 
excess of 1,600 kWhm2. 

It is therefore reasonable to assume that CSP facilities require total annual direct 
irradiation in excess of around 2,000 kWhm2. Land requirements may also be 
significant, with previous experience indicating that around 2 ha (20,000 m2) is 
needed for every 1 MW in the case of parabolic trough systems (Philibert, 2005). 
Other factors, particularly those relating to the ability to connect to the electricity 
transmission grid, will be significant siting criteria.  

 

1.8 Prospects for solar power development in Australia and the Wheatbelt  

The restructuring of the electricity industry nationally under the National Electricity 
Market in the early 1990s was directed towards introducing a competitive wholesale 
market for electricity generation. In Western Australia, reforms initiated in 2003 have 
resulted in measures designed to encourage private sector involvement, reduce 
consumer prices and improve the reliability of electricity supply. The Wholesale 
Electricity Market (WEM) introduced in 2006 covers the South West Interconnected 
System (SWIS) in Western Australia and includes various features designed to 
facilitate the entry of renewable electricity generators into the WEM. These recognise 
the intermittent nature of some forms of renewable electricity generation and avoid 
some of the obligations placed upon other providers.    

Whilst there are evident economic reasons supporting an increased role for CSP at 
the international level, the principal hurdle in the short term remains the need to 
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develop large scale facilities which can demonstrate its viability domestically. In the 
past, cheaper fossil fuel prices and direct as well as indirect subsidies or incentives to 
fossil fuel-based electricity generation served to discourage investment in solar as 
well as other renewable technologies. In light of the drive to reduce greenhouse gas 
emissions and mitigate the effects of fluctuating fossil fuel prices, several domestic 
initiatives are underway which could facilitate the development of renewable energy 
sources. 

The principal source of Federal government funding directed towards solar power 
involves the Solar Flagships Program which is a component of the Clean Energy 
Initiative announced in the May 2009 Budget. The Solar Flagships Program 
represents an allocation of $1.6 billion over the period 2009-2015 towards the 
construction of up to four solar power stations with a total capacity of 1000 MW. This 
would represent a total capacity comparable to existing advanced coal-fired power 
stations and would constitute the world’s largest solar energy project. Under the 
terms of the program, up to two solar thermal and two photovoltaic technologies will 
be developed. Construction of these is expected to start in 2012 following competitive 
selection, planning and other regulatory processes commencing in 2010, with 
commissioning envisaged from 2015.  

The Australian Centre for Renewable Energy (ACRE) will be set up during 2009-
2010 as part of the Clean Energy Initiative and will act to promote the development 
and commercialisation of renewable technologies including solar through a 
commercial investment approach. This is potentially significant, as collaborative 
efforts involving venture capital investments are considered to have underpinned 
many of the technological advances made with regard to CSP in the United States 
(NREL, 2008b). 

The Federal Government has also provided various incentives to encourage and 
subsidise the installation of photovoltaic cells for households or small communities in 
urban and rural areas. These include the Renewable Remote Power Generation 
Programme, the Solar Homes and Communities Plan (replaced by the Solar Credits 
scheme in mid 2009) and the Solar Cities initiative. 

Other government programs have been directed towards facilitating the adoption of 
renewable electricity sources by retailers. Since 2001, the Australian Government’s 
Mandatory Renewable Energy Target (MRET) initiative has imposed a legal 
requirement on electricity retailers to purchase an annual percentage of their 
electricity from renewable sources. This serves to encourage the development of 
renewable energy in general as well as stimulating power generation opportunities in 
regional and remote areas. These were initially intended to achieve a national target 
of generating 9,500 GWhr from renewable sources by 2010. Independently of this, 
Western Australia has committed to a renewable energy target of 15% by 2020 and 
20% by 2025 for the South West Interconnected System (Parliament of Australia, 
2009b). As the SWIS accounts for approximately 56% of total electricity generated 
within the State, this implies that renewable sources would supply 8.4% and 11.2% of 
the state’s electricity by 2020 and 2025 respectively. This represents a considerable 
increase from the proportion of 1.3% supplied by renewable sources in 2003-04. In 
order to provide impetus to this initiative, the State government sector has also 
undertaken to purchase 20% of its electricity from renewable sources by 2010. The 
Australian Government has since proposed that State schemes be replaced by a 
national expanded MRET of 45,000 GWhr of renewable electricity generation by 
2020. 

In addition to the MRET, the GreenPower program enables residential and 
commercial customers to buy their electricity from government approved renewable 
energy sources. The program stipulates that, since July 2006, all GreenPower sales 
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must be fully derived from renewable generators built after 1997. Currently, around 
10% of Australian homes and 34,000 businesses purchase GreenPower, with annual 
sales in 2008 in the order of 1.8 million MWhr (GreenPower, 2009). Within Western 
Australia, total GreenPower sales have increased from 4,041 MWhr in 2000-01 to 
56,462 MWhr in 2007.  

Currently, solar power accounts for a small fraction of GreenPower sales, 
representing just 0.6% of sales in 2007, with wind accounting for over 75%. This 
indicates the limited ability of CSP to benefit from the MRET and similar programs, 
which reflect the high start-up costs of CSP in comparison to other renewable energy 
sources, particularly wind, geothermal and biomass. In the longer term, however, 
national targets for CO2 emissions representing a reduction of 60% below 2000 
levels by 2050 will open up further opportunities for CSP as the demand for low-
emission electricity generation increases. 

The Western Australian government has invested $30 million in the Low Emissions 
Energy Development Fund. This was set up in 2007 to promote emission reductions 
from the energy sector and to provide support for technology designed to reduce 
greenhouse gas emissions. The Regional Grants Scheme under the Royalties for 
Regions initiative represents a $40 million scheme designed to assist in attracting 
investment and increasing jobs in regional areas of Western Australia. This could 
serve as a means to encourage applications to develop CSP in light of its 
demonstrated economic and environmental benefits and suitability to remote and 
regional areas within Western Australia. 

However, there are no schemes at the national or state level designed solely to 
support concentrated solar power in particular. By contrast, other countries are 
directly supporting the establishment of CSP. For example, Spain currently 
guarantees that above-market rates in the order of US20 ¢/kWh will be paid to solar 
thermal power plants, in addition to allowing hybridisation with natural gas of up to 
15% of plant capacity to ensure dispatchability. Similar schemes are in operation in 
Portugal, France, Greece and Israel. The United States Government established a 
30% investment tax credit for CSP installations from 2005 to 2007, which was 
extended for a further eight years in 2008. Independent analyses indicated that this 
extension could potentially increase investment by US$51 billion and create an 
additional 34,000 jobs in CSP alone over the period 2009-2016, whilst the total 
impact in the solar energy sector could amount to US$232 billion involving 276,000 
jobs created over this period (Navigant Consulting, 2008). Furthermore, many states 
have established mandatory or voluntary renewable energy requirements which 
encourage investment in CSP and other renewables (Wyld Group, 2008). At the 
international level, funding and assistance through the Global Environment Facility, 
the MDG Carbon Facility and other United Nations Development Programme 
activities specifically supports CSP and other renewable energy projects, particularly 
in developing countries (Mariyappan and Anderson, 2001). 

It is therefore apparent that the prospects for CSP in Australia will be largely 
predicated on the willingness of the Federal and State government to facilitate its 
development through targeted funding, incentives or other initiatives. This is reflected 
in experience overseas, which has highlighted the crucial role of government 
incentive programs in stimulating the solar energy market (NREL, 2008b).  

However, the context of Western Australia, and the Wheatbelt in particular, constitute 
potentially optimal locations for the development of CSP with regard to the 
environmental setting and the nature of electricity demand and supply. The 
Wheatbelt as a whole receives an average of 18-21 MJ of insolation per m2 daily 
(Bureau of Meteorology, 2009). This equates to around 1,800-2,100 kWhm2 annually, 
indicating that regions within the Wheatbelt receive more than the recommended 
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minimum of 2,000 kWhm2 annual insolation required for CSP generation (Philibert, 
2005). The other prime site factor relating to the availability of large expanses of flat 
terrain also serves to highlight the suitability of the Wheatbelt for potential CSP 
generation.  

The provision of adequate and reliable energy for the current and future needs of the 
Wheatbelt is recognised as a priority activity by the Wheatbelt Development 
Commission (2009) in the current strategic plan for 2009-2013. The estimated 
resident population of the Wheatbelt was 72,393 in 2007, with average annual growth 
of 0.1% over the preceding decade (Wheatbelt Development Commission, 2008). 
Current projections indicate a growth in population of around 1% per annum to 
almost 90,000 by 2031 (Wheatbelt Development Commission, 2006). However, the 
dispersed nature of predominantly small settlements and the absence of a single 
central urban area render the provision of basic services such as electricity a key 
issue for economic development.  

The Wheatbelt’s energy is provided by Synergy and Western Power via the South 
West Interconnected System. The majority of lines are of 132 kv and 66 kv capacity, 
with a larger 220 kv line running from Muja to Kondinin via Narrogin and thence via 
Merredin to Kalgoorlie/Boulder. The projected increase in residential energy 
consumption in Western Australia, which could amount to around 2.8% per annum 
from 2005 to 2020, is largely driven by increased usage of electrical appliances and 
information technology equipment (DEWHA, 2008).  

Furthermore, the mining industry has specific requirements for medium to large scale 
power supplies which are currently largely met by off-grid fossil fuel sources, 
reflecting the relatively cheap fuel prices over the past decade. However, recent 
volatility in fuel prices, particularly gas, may shift some momentum towards CSP 
given the lack of a fuel price component. One barrier remains the relatively short 
lifespan of some mines in comparison to a CSP plant, which may cause the plant to 
exceed the mine’s life expectancy. In cases where mines are present in reasonably 
close proximity to settlements, or where hubs of mining or other industrial activities 
are present, this may be of less significance. 

It has been recognized that incorporating renewable production into the current 
system will require upgrading connections within existing grids Australia wide 
(Melbourne Energy Institute, 2010). The specific impact a lack of transmission and 
distribution capacity has on development of renewable production facilities in the 
Wheatbelt is unknown, however as Trieb (2205) identified, for small renewable 
energy projects the cost of interconnection to the grid will be significant regardless of 
capacity. The cost of interconnection becomes less important in comparison to 
overall costs as the size of the project increases but additional infrastructure would 
be required.  
 

In their review of the Australian Sustainable Energy Zero Carbon Australia 
Sustainable Energy Plan, Sinclair Knight Merz indicated that presumably a number of 
CSP and wind farms could be constructed without significant improvements to the 
nation’s current transmission infrastructure, however further analysis would be 
required (Melbourne Energy Institute, 2010). Costly grid improvements could be 
avoided through a phased replacement of non-renewable generation sources with 
renewable production and or flattening electricity demand peaks. Alternatively, supply 
and demand could be managed through Smart Grid technology where expected 
demand is brought forward, load is delayed from nonessential services and excess 
load is shed.     
 

A recent review concluded that the SWIS could accommodate significant renewable 
electricity generation capacity, provided that certain policies and systems were in 
place to avoid and offset the costs of renewable energy (Econnect, 2005). Given the 
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distribution of demand within the Wheatbelt, renewable sources would be favoured 
by the adoption of a distributed generation model, whereby modular or small-scale 
generation is developed either for direct local consumption or for export to the 
transmission grid. Currently, distributed generation accounts for around 2-5% of 
national electricity generated in Australia, compared to a global average proportion of 
10% distributed generation, reaching 40-50% in northern European countries. 
(Baynes et al., 2007).  
 

Recently published research outlines the benefits of distributed energy technologies 
(comprising distributed generation, energy efficiency and demand management) at 
the national level in great detail (CSIRO, 2009). A principal finding in relation to the 
current study is that distributed electricity generation represents an effective early 
greenhouse gas mitigation option, reflecting the low emission modular technology 
which can be constructed over short timescales to match trends in demand. 
However, distributed generation in Australia has thus far been limited to diesel-
powered generation in remote off-grid areas, combined heat and power (CHP) 
systems in commercial or industrial locations and other niche applications.  

Public acceptance of distributed electricity generation rests more upon the perceived 
safety, efficiency and reliability of the system in comparison to centralised power 
generation, with financial and environmental consequences being accorded lower 
priority (CSIRO, 2009). The same study concluded that younger consumers with 
higher levels of education and income living in smaller family units were considered 
more likely to accept distributed generation. From an investment perspective, any 
distributed generation system would have to be competitive with electricity costs 
generated by existing centralised plants. Baynes et al. (2007) concluded that solar 
thermal systems would be a ‘prime candidate’ for power generation in the SWIS by 
around 2015 once commercial demonstration of their cost-effectiveness had been 
proven. Other studies have demonstrated that distributed generation can offer the 
most cost-effective solution to problems of reliability in rural regions, out-competing 
options such as adding new overhead lines or underground cables whilst also 
avoiding power losses associated with long distance transmission which can 
approach 10% (Transmission and Distribution World, 2006). Furthermore, the 
increasing costs of CO2 emissions associated with electricity generated from fossil 
fuels renders distributed generation using renewable sources more economically 
viable in a greater range of settings. A final point of particular relevance to the 
Wheatbelt involves the greater security of electricity supply associated with 
distributed generation. The impact of events such as bushfires on electricity supply 
can be lessened through network islanding and eliminating the reliance of large 
areas upon potentially vulnerable transmission and distribution infrastructure 
(CSIRO, 2009). 

These considerations underline the value of CSP in contributing towards a distributed 
electricity generation model for regions such as the Wheatbelt. Given the relatively 
small power demands of rural communities and off-grid mines, these may be met in 
many cases by a single 20MW CSP power plant (Wyld Group, 2008).  Of great 
significance in this context are new developments focusing upon constructing ‘micro-
CSP’ systems (CSP Today, 2009c). These involve adaptations to parabolic trough 
technology to enable lower cost construction of modular systems generating 2-5 MW 
which would be particularly suitable for the distributed generation market.  

The price of CO2 under the proposed ETS could add weight to arguments favouring 
CSP. Modeling has demonstrated that, in the case of rural or remote off-grid 
locations, hybrid parabolic dish and diesel systems with capacities of 5-10 MW would 
become economically viable over diesel-only and compressed natural gas systems 
by 2020 under carbon prices of $30 tCO2-e and $55 tCO2-e respectively (Wyld 
Group, 2008). In end-of-grid locations where coal is a competitor, CSP with storage 
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capability such as parabolic trough or solar tower systems would be economically 
viable for high load duties under carbon prices of $50 tCO2-e by around 2020. 

Any significant changes to CSP at the state level with regard to remote and rural 
power supplies would, however, be contingent upon the expiry of current supply 
contracts which have tended to favour compressed natural gas. These contracts 
represent 75% of the estimated 200 MW load associated with rural and remote areas 
and are due to terminate in approximately twenty years’ time (Wyld Group, 2008). 
Nationally, the potential market for CSP in remote and rural areas of Australia could 
therefore increase from around 50 MW to 200-250 MW in two decades. 

 

1.9 Conclusions 

This section has provided an outline of the current status of CSP technology and its 
role as a supplier of electricity. It has underlined the proven potential of CSP, 
particularly with regard to the improved dispatchability of electricity and the cost-
effectiveness of generation. Despite the known advantages, however, CSP remains 
in need of direct incentives to provide the necessary momentum to generate 
investment in full scale facilities. These are underway in a limited number of cases 
overseas but are notably lacking in Australia, despite the environmental advantages 
of CSP, the projected increases in domestic electricity demand and the increasing 
government attention towards reducing greenhouse gas emissions. Such incentives 
would facilitate further reductions in cost through economies of scale, reduced cost of 
component materials and greater confidence on behalf of investors. It is hoped that 
this research into identifying optimal sites for CSP generation in the Wheatbelt 
represents one activity which assists CSP in fulfilling its evident potential. Forest  
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2 Geographical information systems and CSP site targeting 

 

2.1 Traditional GIS site targeting 

The use of geographical information systems (GIS) for solar power site targeting has 
become more advanced over the past decade as data quality and availability 
improves and modeling techniques become more sophisticated. The flexibility gained 
from using a GIS for this type of analysis is the ability to vary data inputs and spatial 
analysis techniques to suit specific applications.  As long as the spatial data exists it 
can, in theory, be incorporated into the analysis. Common inputs in CSP site 
targeting include annual radiation, slope of land, proximity to electricity transmission 
and road network infrastructure, economic suitability of land and current land use.  

Early solar power site targeting analyses used analog maps and field visits to identify 
appropriate locations for the construction of solar power generation facilities (Casal, 
1987). Once identified, ground instrumentation or site specific calculations were used 
to estimate the amount of incoming solar radiation at each specific location. 

An advance in geographically based site targeting came in the late 1990s when a 
GIS was used along with digital maps to exclude areas of inappropriate land use and 
topographic relief in Tunisia (Vandenbergh et al., 1999). Distance to gas and 
electricity transportation networks was used to develop a continuous surface 
depicting cost associated with power distribution across the study area. Once 
appropriate locations were identified combining several layers of spatial information, 
incoming solar radiation was estimated at each site to calculate the cost of 
production in comparison to current power generation methods (i.e. fossil fuels). 

While previous applications first excluded locations based on physical characteristics 
such as land cover and topographic relief, with solar radiation values being 
calculated for each acceptable location, a demonstration study by the DLR-Institute 
of Technical Thermodynamics (DLR-ITT), Stuttgart, Germany illustrated how a GIS 
could be used to create a solar radiation surface across a large region. Using cloud 
cover data, amount of suspended aerosols and water vapor, a continuous surface of 
direct normal irradiation was interpolated across Morocco (DLR-ITT, 2001). The 
study highlighted the incorporation of land use, land cover, slope and infrastructure 
information to identify specific locations for solar thermal development.  

A similar study, albeit on a larger scale, was conducted for the south-west USA by 
the National Renewable Energies Laboratory (NREL) This integrated direct normal 
solar radiation, land slope, environmental sensitivity, and contiguous lands in a GIS 
to identify locations with high potential for CSP development (Anders et al., 2005). 
This study provided a snapshot of a large portion of the USA which was later 
integrated into a Web-based GIS application available to the public.         

The NREL has also advanced the availability of GIS based renewable energy site 
targeting capabilities for developing nations through the development of the freely 
downloadable Geospatial Toolkit (GsT) (SWERA, 2005). This standalone application 
provides a decision making tool using NREL climate data and global datasets (i.e. 
elevation, land use, political boundaries) with information provided by partner 
countries on local resources where available (i.e. transport networks and electricity 
Infrastructure) to locate sites for wind and solar based energy production. 

Most recently, a site targeting analysis for an integrated CSP-desalination plant was 
conducted for the planned city of Duqum, Oman (Gastli et al., 2010). This study 
conducted an analysis of an integrated system to supply the community with potable 
water and an extended power supply. Slope, proximity to seawater, and availability of 
sufficient land were first used to limit the number of potential sites within or around 
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Duqum, for which solar radiation values were modelled and then used to calculate 
production capacity. This study highlights the flexibility of the GIS as development 
sites were selected based on their integrated (CSP and desalination) production 
capacity.        

 

2.2 Web-based GIS 

Web-based GIS systems have become a convenient medium for the delivery of 
information concerning the geographic distribution of solar production potential. 
Internet based applications allow users to query the solar productivity of spatial 
locations, but tend to lack a high level of spatial sophistication in terms of offering 
users an analysis incorporating all relevant geographic information. Whilst these tools 
provide information for decision making, they do not necessarily provide specific 
geographic solutions to site targeting problems which may vary by application. 

One of the first web-based applications available to the public for examining the 
spatial distribution of solar radiation information was developed by the European 
Commission’s Joint Research Centre (Huld et al., 2003). Using solar irradiation 
values at 182 ground stations, atmospheric turbidity values and a digital elevation 
model, global irradiation values were interpolated across Central and Eastern Europe 
using GRASS GIS. The web-based application allows users to query the global 
irradiation values on a horizontal surface and an optimally inclined surface, and 
average annual PV power generation potential for locations across the region.  

Covering a large portion of North America, NREL has produced the Solar Powered 
Prospector tool, a web based GIS application which allows users to browse annual 
and monthly solar radiation grids (2009). The radiation grids can be manipulated to 
exclude lands with varying degrees of slope and allow annual solar radiation variation 
at a specific location to be examined in relation to the location of road and electrical 
transmission line networks, water features and land ownership.  

The Solar and Wind Energy Resource Assessment (SWERA) within the United 
Nations Development Program has produced the Renewable Energy Resource 
EXplorer (RREX), which is an on-line Geographic Information System tool for 
examining renewable resource data. Through this interactive system, users can view 
information for many locations around the world including solar radiation, wind and 
climate data (SWERA, 2009). 

The city of Boston, USA has recently produced a Web-based GIS application that 
allows users the ability to query solar power potential for the rooftops of the city’s 
buildings (ArcNews Online, 2008). To develop the data, the application uses the 
ArcGIS Solar Radiation tool in conjunction with a 3 dimensional representation of the 
city’s buildings or digital elevation model (DEM) to calculate incoming solar radiation 
on rooftops within the city. 

Similarly, the SUN-AREA project sponsored by the University of Osnabrück and the 
TOPSCAN topographical information company in Germany has developed a GIS 
application to calculating the solar potential of rooftops throughout the country 
(ArcNews Online. 2009). Using digital elevation data to model form, inclination, 
orientation, and clouding, solar suitability, potential power output, CO2 reduction, and 
investment volume is calculated for each subarea of a roof. 
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Application Geographic Approach 
to Modeling 

Approach to Solar 
Radiation Modeling 

Resolution Geographic Data Comments 

Spain (Casal, 1987) Site specific once 
identified 

Direct normal irradiation 
on a flat surface 

Not available Slope; agricultural 
productivity; road 
transportation 

Does not use a GIS 

Tunisia  (Vandenbergh et 
al., 1999) 

Site specific once 
identified 
 

- Not stated Not stated Arid lands; slope; gas 
network; power network; 
cost of production and 
operation 

Solar radiation surface not used 
in site selection application  

Morocco (DLR-ITT, 2001) Grid surface modeled 
using cloud cover, 
aerosols and water vapor 

Direct normal irradiation 
on a flat surface 

1km x 1km Land cover; land use; 
slope; cost of production 
and transmission 

Conceptual model only. Coarse 
resolution 

Central and Eastern 
Europe, (Huld et al., 2003) 

Grid surface modeled 
using turbidity values 

Global irradiation on a 
horizontal surface and 
inclined surface 

1km x 1km None Coarse resolution 
Does not incorporate other 
geographic data 
Innovative model developed in 
GIS GRASS 

Southwest USA  
(Anders et al., 2005) 

Grid surface modeled 
incorporating cloud cover  
 

Direct normal irradiation 
on a flat surface 

10km x 10km Slope; environmentally 
sensitive lands; 
contiguous area 
 

Very coarse resolution. 
Topography not considered in 
solar radiation modeling. 
Power network not considered in 
modeling procedure 

Various countries: 
Geospatial Toolkit 
(SWERA, 2005) 
 

Grid surface modeled 
incorporating cloud cover 

Direct normal irradiation 
on a flat surface 

10km x 10km to 
40km x 40km 

Slope; land use; political 
boundaries; road 
transportation; power 
network 
 

Very coarse resolution. 
Topography not considered in 
solar radiation modeling. 
Availability of data depends upon 
contributions from partners. 

Boston, USA 
(ArcNews Online, 2008) 

ArcGIS solar radiation 
modeled 

Total normal irradiation 
(direct and diffuse) 
incorporating 
topography 

Not stated Slope; topography Solar potential calculated based 
on a flat roof scenario 
Does incorporate shading from 
adjacent buildings 

Solar Powered Prospector 
tool (NREL, 2009) 

Grid surface modeled, 
incorporating cloud cover 

Direct normal irradiation 
on a horizontal surface 

10km x 10km Slope; environmentally 
sensitive lands; 
contiguous area 
 

Same data used for the 
Southwest USA  
Study (Anders et al., 2005) now 
available in a web-based GIS 

Table 3 Summary of approaches used to model solar radiation for site targeting 
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Application Geographic Approach 
to Modeling 

Approach to Solar 
Radiation Modeling 

Resolution Geographic Data Comments 

Global Renewable Energy 
Resource Explorer 
(SWERA, 2009) 

Grid surface modeled, 
incorporating cloud cover 

Direct normal irradiation 
on a horizontal surface 

10km x 10km to 
100km x 100km 

Not available Resolution varies by country 
100km x 100km grid cells 
available for Australia only 

Germany 
(ArcNews Online, 2009) 

Grid surface modeled, 
incorporating cloud cover 
and modeled in ArcGIS 

Total normal irradiation 
(direct and diffuse) 
incorporating 
topography 

Not stated Slope; topography Incorporates roof form, 
inclination, orientation, cloud 
cover and shading from 
obstructive features to calculate 
solar suitability, potential power 
output, CO2 reduction and 
investment required 

Oman (Gastli et al., 2010) ArcGIS modeled Total normal irradiation 
(direct and diffuse) 
incorporating 
topography 

40m x 40m Slope; proximity to 
coast; contiguous area  

High resolution assessment, 
incorporating topographic 
effects. 
Does not address issues of 
atmospheric attenuation of solar 
radiation. 

Table 3 (contd.)  
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2.3 GIS considerations in solar power resource analysis 

The studies and applications discussed above provide an overview of the uses of 
geographic analysis and GIS in the examination of solar power resources for site 
specific applications or across large regions. Each application has positives and 
negative aspects which are summarised in Table 3. From the literature, it is evident that 
there are two primary approaches to the calculation of solar radiation on the surface of 
the earth. The first is to use satellite based estimations of incoming solar radiation at the 
top of the atmosphere which is then combined with cloud cover information (or other 
atmospheric attenuation criteria such as aerosols or water vapor) to estimate radiation 
on the ground. This approach, calibrated using ground instruments, provides highly 
accurate estimations but does not take into account topographic characteristics such as 
shadowing and aspect, and is dependent on the resolution of the satellite data (which 
can be in excess of 40km by 40km resolution). 

Alternatively, solar radiation can be modeled at the surface of the earth using the path 
and angle of the sun throughout the year. This approach allows users to incorporate the 
impact of topography on local radiation values and is only constrained by the resolution 
of the digital elevation model along with computing power. The detriment of this 
approach is that atmospheric attenuation of solar radiation is often estimated by a single 
transmissivity constant which may or may not be calibrated using satellite derived 
information or ground-based measurements. 

Whilst the geographic inputs for site targeting vary by application, slope is the most 
common factor in excluding locations for project development, with cutoff points ranging 
from 1% to 5%. Other factors include the proximity to infrastructure (power and road 
networks), cost of transmission and the exclusion of environmentally sensitive lands, 
water features and certain types of land uses or land cover. In general, inclusion or 
exclusion of specific geographic information is application driven but is often impacted by 
data quality and availability. 
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3 Methods 

 

3.1 Study area 

Figure 5 shows the boundaries of the area under the jurisdiction of the Wheatbelt 
Development Commission in Western Australia. The Wheatbelt extends over 
155,256km2 and is home to around 72,000 people. The population is distributed 
relatively evenly across the 44 local government areas within the region, with the service 
centres of Northam, Narrogin, Merredin and Moora accounting for approximately 16,000 
people in total. Whilst agriculture remains the mainstay of the region’s economy, 
minerals, manufacturing and retail are significant secondary activities. Figure 5 also 
shows the location of the two nearest Bureau of Meteorology solar radiation monitoring 
sites at the airports of Geraldton and Kalgoorlie-Boulder.  
 

 

Figure 5 Location of study area   

 

3.2 Data sources 

Geographic data used in this application were identified from the literature and through 
consultation with the Wheatbelt Development Commission. The data used in this study 
include solar radiation information, agricultural productivity, environmental sensitivity, 
and the location of transmission lines, substations, roads, water features, and aboriginal 
heritage sites (Table 4). This information was combined using a GIS to identify the most 
suitable locations for medium to large scale solar power production in the Wheatbelt.  
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Data Source 

Solar Radiation Modeled - ArcGIS  

Power Grid (Transmission Lines and 
Substations)  

Western Power  

Agricultural Productivity  Department of Food and Agriculture 

Environmentally Sensitive Areas  Department of Environment and Conservation  

Aboriginal Heritage Sites Department of Indigenous Affairs  

Road Network  Landgate  

Water Features Geoscience Australia  

Digital Elevation Model (DEM)  Shuttle Radar Topographgy Mission  

Table 4 Data sources used to identify appropriate sites for CSP facilities in the Wheatbelt 

 
The primary sourcing consideration in this study was solar radiation data. While Australia 
has abundant sunlight, no site targeting applications exist for the nation, providing little 
insight into the availability of solar radiation data. As identified earlier, two approaches 
exist, satellite-derived estimations and ground-based calculations. Two satellite-derived 
solar radiation data sets exist for Australia. One is derived by the US National 
Aeronautics and Space Administration (NASA) and the other is available from the 
Australian Bureau of Meteorology (BoM). These are summarised in Table 5, together 
with the ArcGIS solar radiation model.  
 

 NASA BoM ArcGIS 

Data source  Satellite-Derived  Satellite-Derived  Ground-Based Model  
(view shed analysis)  

Data type  Real (GOES – 4)  Real (GOES – 9, 
MTSAT-1R)  

Simulated  

Method of 
analysis 

SRB 3.0 - NASA  Weymouth and 
Marshall (1994 and 
2001; cited in BOM, 
2010) 

Fu and Rich (2000, 
2002)  

Transmissivity 
estimation 

Cloud cover-based  Albedo-based  Estimated (can use 
ground based 
instrumentation to 
increase accuracy)  

Cloud data source  International Satellite Cloud 
Climatology Project DX 
dataset  

 User-estimated  

Elevation  Horizontal surface  Horizontal surface  DEM (slope and 
aspect considered)  

Measure  MJ/m
2
/day  MJ/m

2
/day WH/m

2
/day 

Resolution  30km x 30km  6km x 6km  90m x 90m (or better)  

Cost  Free  $1200 (research 
purposes)  

ArcGIS: Approx. 
$5000  
SRTM – DEM: Free  

Table 5 Comparison of solar radiation and site specification data available for this study 

 

It should be noted that after this analysis was completed the 3Tier company released a 
3km by 3km resolution solar radiation dataset for Australia which was not examined for 
this study (3Tier, 2009). The product is a satellite derived estimation using a process 
similar to the NASA solar radiation dataset and takes into account the effects of 
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elevation but not topographic relief. This data can be purchased but quotes have not 
been obtained for the present study.   

The information produced by NASA is a free data set using the NASA-derived solar 
radiation budget (SRB), incorporating information on cloud cover, ozone, aerosols, 
temperature and humidity (NASA, 2009). Whilst highly calibrated using ground 
instrumentation, NASA solar radiation data is estimated for a horizontal surface and 
does not incorporate the influences of elevation and topographic relief and is only 
available for Australia at a 40km by 40km resolution. 

The Australian BoM produces satellite-derived solar radiation data based on an 
algorithm developed by Weymouth and Marshall (1994 and 2001; cited in BOM, 2010) 
incorporating cloud albedo information to estimate atmospheric attenuation. The data set 
is calibrated using ground instrumentation throughout Australia but, as with the NASA 
dataset, does not incorporate the influences of elevation and topographic relief and is 
available at a resolution of 6km by 6km. Additionally, to access the data requires a 
yearly subscription to the Bureau’s climate data or a one time data acquisition fee. It 
should be noted that the purchase cost for the dataset for research purposes was in 
excess of $1200 and would be more for a commercial application.  

 

3.3 Modeling solar radiation 

Solar radiation data for the Wheatbelt region was calculated using the ArcGIS solar 
radiation model, as exemplified in similar previous studies detailed in Table 3. Two 
sources of incoming solar radiation data were utilised. The NASA satellite-derived 
radiation data gives values on a 40km x 40km grid basis, which was used along with the 
BoM satellite-derived data on a 6km x 6km basis. Following statistical analysis to ensure 
no significant differences were present, these two datasets representing monthly 
averages between 1999 and 2005 were combined to yield a single grid of incoming solar 
radiation.  

However, radiation passing through the atmosphere undergoes attenuation, with the 
resulting ratio of radiation reaching the earth’s surface to extra-terrestrial radiation being 
termed the transmissivity index. This index was derived for the ArcGIS solar radiation 
model through comparing a range of ESRI satellite-derived index values to those 
computed from ground-based observations at the two BoM stations located at Geraldton 
and Kalgoorlie-Boulder. Statistical comparison of the ESRI values between 0.6 and 0.64 
with the ground station data using analysis of variance (ANOVA) revealed no significant 
differences. A transmissivity index of 0.62 was selected as this exhibited the closest 
degree of correlation with the ground-based data. 
 
Following the application of the transmissivity index to the average incoming solar 
radiation, the calculated radiation at the earth’s surface was applied to a digital elevation 
model on a 90m x 90m basis obtained from the Shuttle Radar Topography Mission 
(SRTM). This resulted in a modeled grid of solar radiation at a very fine scale for the 
entire Wheatbelt region which was used as the basis for further modeling. 
 

3.4 Land suitability modeling 

To produce a suitability mask identifying lands unsuitable for a CSP facility, locations 
were identified by combining information on environmentally sensitive lands, Aboriginal 
heritage sites, water features and slope (Figure 6). Environmentally sensitive lands, 
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provided by the Department of Environment and Conservation (DEC), were used to 
identify locations subject to restrictions on clearing of native vegetation (2005). The 
vector based dataset was converted to a continuous grid, corresponding to the 90m by 
90m DEM used to calculate incoming solar radiation. Areas of environmental sensitivity 
were given a value of 0 and all others a value of 1. 

A similar procedure was conducted for Aboriginal Heritage Sites and water features. 
Aboriginal Heritage Sites were sourced from the Western Australian Department of 
Indigenous Affairs (2008) and water features from Geoscience Australia (2003). Both 
vector based dataset were converted to continuous grids, again corresponding to the 
90m by 90m DEM used to calculate incoming solar radiation. Areas of Aboriginal 
Heritage and water features where converted to 0 and all others given a value of 1. 
 

 

Figure 6 Flow diagram of land suitability modeling  

 
The DEM was used to identify all locations with an unsuitable slope where grid cells with 
a value of >4% were given a value of 1 and all other cells were given a value of 0. The 4 
grids were then combined and reclassified once again so that a suitability mask was 
produced identifying areas unsuitable for CSP facility development with a value of 1 and 
all other areas a value of 0 (Figure 7). 
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Figure 7 Land suitability map 

 

3.5 Land capability modeling 

To develop a grid of land capability, information relating to the spatial distribution of 
agricultural productivity, proximity to power transmission lines and substations, and the 
location of transportation infrastructure were combined (Figure 8). Agricultural 
productivity (based on yield estimates) provided as an experimental dataset by the 
Department of Food and Agriculture Western Australia (DAFWA) estimated yield 
potential for soil classes based on annual rainfall and soil capability. The vector based 
dataset was converted to a continuous grid corresponding to the 90m by 90m DEM used 
to calculate incoming solar radiation and scaled from 0 to 1 so that cells with the lowest 
level of yield potential were given a value of 1 and cells with the highest level of 
capability were given a value of 0. 

Road centerline data, obtained from Landgate, Western Australia was further processed 
to create a continuous grid surface (using the 90m by 90m DEM) where each grid 
cellvalue represent the distance to the nearest road. These values were then scaled so 
that cells closest to a road were given a value of 1 and those furthest were given a value 
of 0. 

The location of power transmission lines and substations (under strict licensing 
agreement), were sourced from Western Power and processed to create two continuous 
grid surfaces where grid values represent distance to the closest transmission line or 
substation. These grids were then combined so that each resulting grid cell retained the 
value of the shortest distance (either to the transmission line or a substation).These 
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values were scaled so that values of 1 represent grid cells closest to either a 
transmission line or substation and values of 0 represent grid cells furthest away. 
 

 

Figure 8 Flow diagram of land capability modeling 

 
Finally, the 3 grids were combined and scaled from 0 to 1 so that cells with a value of 1 
represented locations closest to a transmission line or substation and a road, and have 
low agricultural productivity (Figure 9). 
 

 
Figure 9 Land capability map 
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3.6 CSP target modeling 

The final CSP target map was produced by combing the Solar Radiation grid, the 
Capability Index and the Suitability Mask as shown in Figures 10 and 11.  

 

 

Figure 10 Flow diagram of CSP target modeling  

 

 
Figure 11 CSP target modeling map 
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First, the Solar Radiation grid was scaled from 0 to 1 so that cells with a high level of 
solar radiation were given a value of 1 and cells with lower levels of solar radiation were 
given a value of 0. Then, the Suitability Mask was used to remove grid cells from both 
the Solar Radiation Grid and Capability Index, thereby eliminating areas unsuitable for a 
CSP facility. Finally, the masked Solar Radiation grid and masked Capability Index were 
combined and scaled one last time from 0 to 1 so that grid cells with a value of 1 
represented locations with a high level of solar radiation, low level of potential yield, and 
close proximity to a road and either transmission line or substation (Figure 11). 
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4 Results 

 

The procedures outlined in Section 3 enabled the identification of areas of relative 
suitability for CSP siting based upon solar radiation, land suitability and land capability. 
Whilst figure 11 provides a means of identifying overall potential, further refinement of 
these data is necessary to enable actual site identification. This was conducted through 
highlighting areas where overall potential was more than one standard deviation above 
the mean. Figure 12 illustrates the distribution of these regions with highest overall 
modeled CSP potential. 

 
Figure 12 Map showing areas of highest modelled CSP potential 
 
This indicates that high levels of CSP suitability exist along the eastern border of the 
region, due primarily to limited agricultural production potential. These locations are very 
distant from population centers which are predominantly located in the western portion of 
the region. However, the Yilgarn region is characterised by a number of iron ore and 
gold mining sites, including existing large operations at Koolyanobbing and future plans 
for other locations such as Parker Range. Electricity supply to these remote sites could 
be met by CSP installations. Additionally, lands surrounding the Mortlock and Salt River 
systems and Lake Brown have been identified as suitable but may pose a risk to 
flooding at some point. 

The largest tracts of suitable lands have been identified along the Great Eastern 
Highway between Cunderdin and Southern Cross. This is not surprising given the 
proximity to road and transmission infrastructure as well as lands with limited agricultural 
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production potential. This region holds promise as there is potential to provide CSP to 
Southern Cross and Merredin (each with over 1000 residents) and other surrounding 
localities such as Cunderdin, Tammin and Kellerberrin located along the Great Eastern 
Highway. This area includes the Collgar wind farm under construction south-east of 
Merredin which will generate up to 220MW and connect into the 220kv Perth-Kalgoorlie 
transmission line. Any CSP development in this region would therefore need to be 
strategically co-ordinated with this existing major project.   

To the south of the Great Eastern Highway potential CSP sites exist between Bruce 
Rock and Kondinin along a north-south running transmission line. However, this area 
provides limited access to transportation infrastructure and proximity to population 
centers. Potential exists between Kondinin and Hayden along the Kondinin-Hayden 
Road but again lacks proximity to population centers. 

Along the Great Southern Highway locations between Narrogin and Wagin exhibit high 
levels of suitability as well as a few locations directly south of Wagin. Locations in this 
region are close to transmission and transportation infrastructure and have potential to 
service Narrogin and Wagin.  

Adjacent to the Wheatbelt’s coastline several areas of high suitability exist including the 
stretch between Guilderton and Ledge Point, directly north of Cervantes and north of 
Jurien Bay. The area between Guilderton and Ledge Point exhibits limited agricultural 
production potential and close proximity to transmission and transportation 
infrastructure. Suitable sites north of Cervantes and Jurien Bay are not necessarily close 
to utility infrastructure but have limited agricultural production potential and provide high 
levels of incoming solar radiation. Again, this area includes the Emu Downs wind farm 
east of Cervantes which necessitates consideration in any site selection process.  

Between Muchea and Gingin, potential sites exist along the western flanks of the Brand 
Highway primarily due to proximity to utility infrastructure. These locations fall along one 
of two main transmission lines stretching from Perth to Geraldton. Further north along 
the Midlands road between Moora and Watheroo, suitable locations flank the western 
side of the second main transmission line connecting Geraldton and Perth. 

In the far northern reaches of the Wheatbelt two potential regions have been identified, 
between Wubin and Butine west of the Mullewa-Wubin Road, and along both sides of 
the Great Northern Highway. While these locations provide limited access to 
transmission infrastructure, high levels of incoming solar radiation enhance their 
suitability in terms of CSP siting.  
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5 Conclusions 

 

This project was designed to facilitate the identification of potential sites for concentrated 
solar power (CSP) production in the Wheatbelt region of Western Australia. CSP 
capitalises upon the principal assets of this region with its abundant sunlight and large 
expanses of relatively flat land, both of which are fundamental requirements. It should be 
underlined that CSP offers significant advantages over photovoltaic solar power in that 
the problem of intermittent supply is overcome through storage of heat, thereby enabling 
electricity to be generated throughout the night and in cloudy conditions.  

The report includes a detailed review of current national and international policies 
relating to CSP development. In the past, CSP has suffered from intermittent investment 
and the inevitable technical difficulties associated with a relatively new technology. 
However, governments in the United States and Europe have channelled significant 
economic assistance towards CSP with the intention of stimulating technological 
development with the longer term aim of reducing unit cost of CSP generated electricity 
to a level comparable with fossil fuels. This stands in contrast to policies in Australia, 
where CSP competes for funding with other renewable energy sources, resulting in 
Australia lagging behind other countries in the development and adoption of CSP. The 
slow rate of CSP development in Australia is of particular concern given the suitability of 
the Australian environment for CSP and the need to reduce the greenhouse gas 
emission intensity of electricity generation in line with national or international targets. 

Identifying potential locations for CSP production facilities in the Wheatbelt requires the 
use of geographical information systems (GIS) to integrate and overlay spatial datasets.  
Incoming solar radiation was modelled using a high resolution digital elevation model 
which includes the effect of topographic features, cloud cover and other variables. These 
data were combined with spatial datasets representing agricultural productivity, 
environmental sensitivity, water features, Aboriginal heritage sites, transport networks 
and electricity transmission infrastructure.  

Using this procedure, a detailed map showing areas of most potential for CSP 
production in the Wheatbelt has been generated. This 90m x 90m continuous surface 
model indicates that potential sites exist across the region, including the far east, central 
sections and northern coastal areas. Some key aspects of these potential sites have 
been discussed in this report. This can now be used as a means to identify locations 
where consultation and discussion with local residents and businesses can identify 
stakeholder opinions with regard to CSP. If a suite of optimal sites can be identified, 
ground-based monitoring would be necessary to confirm the modelled incoming solar 
radiation. At the same time, existing leaders in CSP technology should be approached to 
explore issues of financing, whilst detailed discussions with Western Power would be 
necessary to examine the many technical issues of power transmission and electricity 
purchase. 

Whilst the development of any energy source is inevitably fraught with difficulties, this 
report has taken the first step through identifying the potential for exploring CSP as a 
means to capitalise upon the obvious natural assets of the Wheatbelt. The opportunity to 
develop a reliable, effective and efficient means to generate low emission electricity 
would realise significant economic and environmental benefits, whilst also attracting 
international attention through the application of this technology for the present and 
future residents of the Wheatbelt.   
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