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Abstract. Concentrated solar power (CSP) plants can be coupled with seawater desalination 
via Multi-Effect Distillation (MED) by recovering the cycle’s ‘free’ waste heat. However, project 
viability, based on the payback period, is contingent upon systematic consideration of climate 
variability, topography, water resources, markets, and natural hazards. This study describes a 
data-driven method for screening and then selecting optimal sites in Australia by integrating a 
Geographic Information System (GIS), System Advisor Model (SAM), MATLAB program, and 
a Multi-Criteria Decision-Making (MCDM) model. Results for potential sites based on only 
climate, topography, water resources, markets, and infrastructure identify approximately 
2.13×105 km2 of land are suitable, granularly mainly located in the north-west and the south 
coastal regions with high solar resources (average direct normal irradiance (DNI) > 6 
kWh/m2day ). These regions encompass 56,000 km2 and 25,100 km2 of suitable areas, 
respectively, with potential payback periods as low as 12.2 years and 14.0 years. 
Queensland's northern coastal regions also show promise with a potential payback period of 
13.4 years, but the suitable area is only 2,070 km2 due to the marine protection areas in the 
eastern coastal zone. New South Wales faces hurdles due to topography and lower solar 
resources. Model results were consistent with the development of CSP installations in 
Australia, particularly, the Aurora facility in South Australia. This study provides a precise 
delineation of CSP-MED integration regions in Australia through the multi-dimensional 
analysis, offering insights into payback periods, and quantifying variable impacts on project 
geographical, technical, and economic feasibility.  

Keywords: Concentrated Solar Power, Multi-Effect Distillation, Geographical Information 
System, Techno-Economic Analysis, Site Selection  

1. Introduction

Concentrated solar power (CSP) plants offer advantages over other renewable energy 
systems, including economies of scale, thermal storage capacity, and the opportunity to utilize 
waste heat for combined electricity and water cogeneration. Water and energy are intricately 
linked in CSP plants, where pure water is required for wet cooling and for cleaning reflectors 
to mitigate the impact of dust deposition on the heliostat’s efficiency (the water usage for wet 
cooling is 15 times greater than that for mirror cleaning) [1]. It's estimated that cleaning 0.6 
litres of freshwater per m2 of concentrators incurs an additional cost of $0.2 per square meter 
annually [2]. Combining a desalination unit within CSP plants designed to produce this water 
can eliminate or reduce this extra cost. However, selecting suitable sites to ensure the project’s 
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financial feasibility is complex due to considering conflicting factors, including the availability 
of solar and water resources, topography, location of the residential area, constraints on land 
use, and natural disaster risks. These challenges indicate that a method to decide on feasible 
sites based on climate and market conditions is necessary. 

Although several site selection efforts have employed GIS and the Multi-Criteria 
Decision-Making (MCDM) method, there has been a lack of comparative techno-economic 
feasibility analysis of the selected sites [3]. The existing literature primarily focuses on the siting 
of solar power plants instead of a hybrid solar desalination plant [3], which requires a deeper 
analysis including parameters such as seawater salinity, distance to the coastline, and land 
elevation.  

In the previous work, the authors conducted a preliminary Geographical Information 
System (GIS)-based site selection and sensitivity analysis for key variables of several selected 
sites in Australia [4, 5]. The present study aims to extend this approach to evaluate the 
feasibility of a hybrid CSP and multi-effect distillation (MED) plant in Australia. [6].  

This study uses a proposed method that incorporates a System Advisor Model (SAM) 
for CSP plant modelling, an in-house MATLAB techno-economic model for integrated CSP-
MED system modelling, a GIS technique to screen the available area and an MCDM technique 
with an Analytical Hierarchy Process (AHP) for determining the factor weight to identify the 
best CSP-MED site in Australia. The factors include climate, topography, water resources, 
markets, land use, and natural hazards. 

2. Methods

The detailed method is shown in the flow diagram of Figure 1. Input data (~20) are utilised in 
the site screening tool on a 10km × 10km grided (high resolution) map of Australia.  

Figure 1. Flow diagram for proposed CSP-MED site selection method 

The first stage involved applying constraints to the variables using GIS to carry out an 
initial screening, (e.g., urban areas, forests, and mountainous regions [7]). In addition, these 
cogeneration plants should be near infrastructure for efficient material transportation, electricity 
grid, distance to the coastline, and power stations. Also, these sites should not be prone to 
natural disasters, such as earthquakes, hurricanes, and floods. All of the above constraint 
layers are summarised in Table 1. 
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Table 1. Constraints and related justification for each parameter in the GIS screening process [8-12] 

Layer Feasibility Constraint Applied 
Climate Ensure the area with DNI>5 kwh/m2/day 
Topography Avoid high-slope areas and high-elevation areas 
Nature hazard Avoid flood, earthquake, and cyclone-prone areas 

Land use Avoid agriculture, urban, and heritage areas 
Proximity to the power grid, roads and railways, groundwater 

The Quantum Geographic Information System (QGIS), was selected as the GIS 
screening tool. The variables considered in QGIS are global solar radiation, ambient 
temperature, wind speed, slope, elevation, population density, accessibility, hydrology, land 
availability, and seawater salinity. These variables and their descriptions are summarised in 
Table 2 and the GIS pre-screening map is illustrated in Figure 2. 

Table 2. Inputs used in QGIS 

Inputs Geographical tool Descriptions 
DNI, ambient temperature, wind 
speed, Slope, elevation, 
population density, seawater 
availability 

Zonal statistics Statistics (mean and standard 
deviation) calculated from the 
values of raster cells falling 
within zones defined by the 
grid 

Earthquake frequency Count points in the 
polygon 

Count the point number in the 
zones defined by the grid 

Distance to the power grid (line), 
road and railways (points), 
groundwater (points), residential 
(points), heritage area (points) 

Distance to the 
nearest hub (line to 
hub or points) 

Indicate the distance to the 
nearest line vector or point 
vector 

Agriculture area, build-up area, 
cyclone risk area, flood hazard 
area 

Joins Load the reclassified data to 
create the map and eliminate 
the unsuitable areas 

Following this, the regions were assessed using the MCDM method and assigned a 
score with the weight factor of each variable determined by the AHP method [13-15]. This step 
was crucial in defining and optimizing the comparison of variables that could not be quantified 
through techno-economic analysis. Suitability scores are assigned to the selected variables 
under investigation according to the references  [7-12, 16-20]. 

The remaining variables, namely direct normal irradiance (DNI), ambient temperature, 
wind speed, distance to seawater, elevation, and seawater salinity and seawater temperature, 
were subjected to analysis using a techno-economic model, with a focus on the payback 
period. The techno-economic model comprises two sections: the first section involves 
simulating the CSP plant using the System Advisor Model (SAM), while the second section 
incorporates the CSP-MED model in MATLAB code [21, 22]. Each subsystem, including the 
PTC, the Regenerative Feedwater Heating Rankine Cycle, and the cascaded MED system, is 
defined, and their interactions are modelled to evaluate system performance. Table 3 shows 
the design condition for the CSP-MED plant. This model was validated and published by the 
coauthors [19, 22]. 
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Table 3. CSP-MED design conditions [21] 

Input Parameters Value Input Parameters Value 
Net power output 50 MW Solar multiple 2 
High-pressure turbine inlet temperature 373°C Thermal storage 8 hours 
Low-pressure turbine inlet temperature 373°C HTF hot temperature 391°C 
Pumps isentropic efficiency 86% HTF cold temperature 293°C 
Turbine isentropic efficiency 85% 
Air cooler specific power (percentage of 
the net power generation) 

5% MED design conditions 

Closed feedwater heater effectiveness 80% MED steam temperature 70°C 
Low-pressure turbine splitting ratio 50% Gain output ratio 10.36 

Subsequently, the project’s payback period, which concludes the levelized cost of water 
(LCOW) and electricity (LCOE) to calculate the number of years required to recover the project 
investment is used as the key indicator of this study. Suitable areas are determined by 
amalgamating the results obtained from the two abovementioned steps, ensuring that the 
MCDM score surpasses 40 points and the PB does not exceed 40 years. A 50 MWe CSP plant 
was determined according to most existing CSP plant capacity with an 8h thermal storage hour 
for nighttime operation. 

The financial evaluation of the solar component in the CSP plant is derived from the 
financial model provided by the SAM software, specifically utilizing the calculation mode for 
the Power Purchase Agreement Single Owner of CSP Parabolic Trough projects. The costs 
associated with the pipes are determined through interpolation based on the plant's elevation 
and distance to the seawater. The economic model assumptions used are presented in Table 
4.  

Table 4. Economic model assumptions [23, 24] 

Parameters Symbol Value 
Plant availability FC 96% 
Operational period n 25 years 
Operating and maintenance-specific cost 𝑍𝑍𝑂𝑂&𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶  66 $/kWh·year 
Real debt interest rate 𝑘𝑘𝑑𝑑 6.5% 
Annual insurance rate 𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖 1% 
Power purchase agreement PPA 20 cents/kWh 
Water purchase agreement WPA 1.5 $/m3 

The total investment cost (𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖), capital recovery factor (𝑐𝑐𝑐𝑐𝑐𝑐), LCOE and LCOW are 
calculated using the following formulas: 

𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖  (1) 

𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑘𝑘𝑑𝑑(1 + 𝑘𝑘𝑑𝑑)𝑖𝑖

(1 + 𝑘𝑘𝑑𝑑)𝑖𝑖 − 1
+ 𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖 (2) 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =  
𝑐𝑐𝑐𝑐𝑐𝑐 × 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖�1 − 𝐿𝐿𝑝𝑝� + 𝑍𝑍𝑂𝑂&𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶

𝐿𝐿𝐸𝐸𝐸𝐸𝑐𝑐 × 𝐹𝐹𝐿𝐿
 (3) 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =  
𝑐𝑐𝑐𝑐𝑐𝑐 × 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝐿𝐿𝑝𝑝 + 𝑐𝑐𝑐𝑐𝑐𝑐 × �𝑍𝑍𝑀𝑀𝑀𝑀𝑀𝑀 − 𝑍𝑍𝑃𝑃𝑖𝑖𝑝𝑝𝑃𝑃� + 𝑍𝑍𝑂𝑂&𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 × 𝐹𝐹𝐿𝐿
 (4) 

𝐿𝐿𝐸𝐸𝐸𝐸𝑐𝑐 and 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 represent the annual electricity generated (kWh/year) and the annual net water 
production (m3/year), respectively. It is important to highlight that 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 considers the water 
consumption of the CSP plant, which is relatively minor compared to the total water output of 
the MED system. This study assumes an equal market price for the water used for plant 
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operations and the water intended for sales. 𝐿𝐿𝑝𝑝  denotes the percentage of electricity 
production allocated to operate the desalination plant. Finally, the payback period (PB) can be 
determined by considering power purchase agreements (PPA) and water purchase 
agreements (WPA) using the following formula: 

𝑃𝑃𝑃𝑃 =
(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 × 𝐿𝐿𝐸𝐸𝐸𝐸𝑐𝑐 + 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 × 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷) × 𝑛𝑛

(𝑃𝑃𝑃𝑃𝑃𝑃 × 𝐿𝐿 +𝐿𝐿𝑃𝑃𝑃𝑃 × 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷) × 𝐹𝐹𝐿𝐿
(5) 

3. Result and discussion

3.1. GIS pre-screening result

After extracting the constraint layer, suitability recognition and mapping for CSP-MED sites in 
Australia were conducted, as illustrated in Figure 2. Then, the MCDM scoring, and the 
technical-economic analysis were applied to the preliminary screening results, respectively. 
The projection of the current or future CSP plant in Australia onto the map revealed that the 
preliminary GIS site selection method agreed with realistic CSP location choices in Western 
Australia, Queensland, and New South Wales.  

Figure 2. GIS pre-screening CSP-MED potential map with current and future CSP plants in Australia. 

Following the initial screening and further analysis, the available land area for CSP-
MED installation amounted to 2.13 x 105 square kilometres, constituting 2.76% of the total 
national land area. Within the entire Australian territory, the MCDM scores for suitable regions, 
after removing areas scoring below 40 points, exhibited a mean value of approximately 54.7 
points, while the average payback period amounted to 19.1 years. The highest MCDM score 
observed was 80.3 points and the minimum payback period is around 8.32 years. Figures 3 
(a) and 3 (b) display the chosen region suitable for CSP-MED with categorized payback and
MCDM scores.

Upon extracting the constraint layer on MCDM scores and payback periods, it is 
observed that areas, where current and future CSP plants are established in Queensland and 
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NSW regions, are not necessarily suitable for CSP-MED cogeneration plants. This is not 
surprising as stand-alone CSP plants are installed inland at sites with high solar resources, 
which tend to be far from the coastline. For example, the CSP plants in Mt Isa, Jemalong, and 
Sundrop CSP projects are 300 km, 350 km, and 12 km from the coastline, respectively. As 
such, this indicates that sites suitable for the CSP plant do not necessarily align with CSP-
MED and it is important to conduct an integrated site feasibility assessment. Linking a MED 
process with Sundrop’s CSP plant would decrease the payback period of the current plant by 
37.5% from 16 years to 10 years.  

Figure 3. (a) Final MCDM score map (b) Final payback period map. 

In terms of specific regions, Western Australia (WA) and South Australia (SA) exhibit 
higher feasibility for CSP-MED, with the Northern Territory (NT), Queensland (QLD), Victoria 
(VIC), and New South Wales (NSW) also displaying some suitable areas. However, the 
payback periods and the extent of suitable regions in Queensland and New South Wales are 
not ideal in comparison. Figure 4 and Figure 5 provide a zoomed-in representation with 
payback periods and MCDM scores of the predicted CSP-MED potential areas in Australia. 

The DNI in Western Australia is notably favourable, with an average daily DNI of 6.75 
kWh/m2 in selected areas. The northern regions exhibit even higher values, with an average 
daily DNI of 7.57 kWh/m2, while the southern regions have a slightly lower average of 6.41 
kWh/m2. This variance in DNI levels contributes to varying payback periods, with the northern 
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regions having an average payback period of 12.2 years, with a minimum of 8.32 years, and 
the southern regions having an overall average payback period of 19.3 years, with a minimum 
of 9.33 years. The total suitable area in Western Australia is approximately 56,000 km2, 
accounting for 26.3% of the total suitable land area. Notably, most suitable areas surround 
Perth in the southern part of Western Australia. The coastal areas of Western Australia have 
lower population densities compared to the eastern regions and are concentrated in a few 
major cities, such as Perth in the south, Geraldton in the west, and Karratha in the northwest. 
Although the majority of the northern regions of Western Australia has a very high DNI 
resources, limited access to electricity grids, a lack of infrastructure, and vulnerability to 
hurricanes, all reduce the extent of suitable land areas for CSP-MED. 

Figure 4. Zoomed-in payback period map for CSP-MED potential areas. 

Figure 5. Zoomed-in MCDM score map for CSP-MED potential areas. 
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South Australia also demonstrates high feasibility for CSP-MED, with 25,100 km2 of 
suitable land, primarily concentrated near Port Augusta. While the DNI in this region is lower 
compared to Western Australia, with an average daily DNI of 6.04 kWh/m2, it is still favourable. 
The payback period in this region is relatively favourable, with an average of 14.0 years and a 
minimum of 9.96 years. However, due to the DNI limitations, the minimum payback period is 
longer than that of Western Australia. 

Queensland faces challenges due to its eastern coastal regions being unsuitable for 
CSP-MED due to their proximity to marine protection areas, particularly the Great Barrier Reef. 
Only certain coastal regions in the northern part of Queensland have been identified as partially 
suitable, covering an area of 2,070 km2. Despite having a smaller suitable area compared to 
other regions, Queensland has lower payback periods due to its favourable DNI (average daily 
DNI of 6.24 kWh/m2) and proximity to the coast. The average payback period in this region is 
13.4 years. 

The Northern Territory's suitable regions are in the coastal areas around Darwin, 
covering an area of 9,088 km2. However, the population is concentrated at a distance from the 
coast, and the electricity grid distribution is also distant from the coast, resulting in relatively 
average payback periods (average of 19.71 years) despite a relatively good daily DNI of 6.14 
kWh/m2. 

New South Wales exhibits the lowest suitability for CSP-MED, with only 6,390 km2 of 
suitable land areas. The eastern coastal regions of NSW have the highest elevations in 
Australia and a significant mountain range, resulting in higher pumping and pipeline 
infrastructure costs. Additionally, the average daily DNI in this region is lower, at 5.97 kWh/m2. 
These factors contribute to an average payback period of 27.90 years for most areas in NSW. 
In Victoria, the challenge lies in insufficient solar resources, resulting in lower CSP efficiency. 
Most areas in Victoria have significantly higher payback periods. 

MCDM scores for each region are displayed in the figures, with Western Australia and 
South Australia having average scores of 57.64 points and 56.10 points, respectively. These 
regions exhibit favourable payback periods and show high feasibility when considering other 
parameters, including population, topography, infrastructure, and natural hazards. Queensland 
and the Northern Territory yield more moderate MCDM scores, with averages of 40.4 points 
and 45.1 points, respectively. This is due to the relatively average distribution of population 
and infrastructure in these regions. It is noteworthy that New South Wales receives an average 
MCDM score of 54.2 points, indicating suitability for CSP-MED plant establishment from a 
conventional perspective. However, when factoring in the payback period, it becomes evident 
that most New South Wales sites are unsuitable for CSP-MED technology. In such cases, 
combining photovoltaic (PV) and RO might be a more suitable alternative, especially when 
considering solar-powered water desalination. 

4. Conclusion

This study evaluated the feasibility of implementing CSP-MED plants in Australia. It employed 
a comprehensive geographical approach, including GIS screening, MCDM techniques, and an 
in-house techno-economic MATLAB model, to identify suitable sites. The results show that 
there is a 2.13 x 105 km2 suitable for CSP-MED installation in Australia. Across the entire 
country, the MCDM scores for viable areas, after eliminating those with scores below 40 points, 
averaged around 54.65 points, with an average payback period of approximately 19.08 years. 
Western Australia and South Australia emerged as highly feasible areas due to favourable 
solar conditions and infrastructure. Queensland showed potential in its northern coastal 
regions, while New South Wales faced challenges due to its mountainous terrain and lower 
solar resources. Simultaneously, the conclusion underscores the paramount significance of 
certain factors in influencing CSP-MED technology and its economic viability. According to the 
analysis, the current CSP plants are not suitable for CSP-MED except for the Sundrop CSP 
as it is near the coastline.  These findings emphasize the importance of considering both 
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technical and economic factors when selecting CSP-MED plant locations, providing valuable 
insights for sustainable energy projects in Australia.  
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Data availability statement 

The data supporting the findings of this article are derived from multiple sources and are 
available as follows: 

Map Spatial 
resolution Data source 

Map data and 
referenced 
databases 

DNI 9 arc-sec 
(nominally 250 m) 

Historical data 
(1994/1999/2007 to 
2021) 

Solargis [25] 

Ambient 
temperature 

30 arc-sec 
(nominally 1 km) 

Historical data 
(1994-2021) Solargis [25] 

Wind speed 3 km Historical data 
(1998-2017) 

Global Wind Atlas 3.0 
[26] 

Population 
density 

30 arc-sec 
(nominally 1 km) 

Historical data 
(2020) CIESIN [27] 

Slope degree 30 m Historical data 
(2023) Ersi [28] 

Elevation 30 arc-sec 
(nominally 1 km) 

Historical data 
(2023) Solargis [25] 

Distance to 
seawater 0.01 degrees Historical data 

(2009) NASA OB.DAAC [29] 

Seawater 
salinity 25 km Historical data 

(2010-2019) CEDA Archive [30] 

Groundwater 
map, Land 
use, Build up 
area 

10 m Historical data 
(2017-2022) Karra et al. [31] 

Power grid 1 km Derived map according 
to historical data (2020) Predictive method [32] 

Power station - Historical data 
(2018) 

World Resources 
Institute [33] 

Road and 
railway 30-500 m Historical data 

(1980 – 2010) CIESIN [34] 

Protected area 
and heritage at best 2 meters Historical data 

(2023) 
IUCN and UNEP-
WCMC [35] 

Earthquake 
frequency 

- Historical data 
(1970 to 2014) OCHA [36] 

Cyclone risk at best 2 meters 
1000 years return 
period based on 
historical data 

UNISDR [37] 

Flood risk 
potential at best 2 meters 

1000 years return 
period based on 
historical data 

World Resources 
Institute [38] 

These data are not publicly available due to third-party licensing restrictions. For further details 
on data access and use, please contact the corresponding author, Greg Leslie, at 
g.leslie@unsw.edu.au.
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