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Evaluating the Performance of CST Systems in the Grid-connected Locations
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Achieving cost competitiveness when implement CST technologies requires that that combination of
site characteristics, plant sizing and technology selection be optimised. Despite the benefits of high solar
availability to CST plant performance, the large distances and uneven distribution of Australia’s
electricity network can result in a trade-off between the additional cost arising from moving the plant to
a better location and the improved plant’s financial performance. In this study, economic and financial
performance of eight different central receiver plant designs, as the most promising CST technology, in
several grid connected locations across Australia are investigated and optimum systems are identified.
For each location, solar tower systems with the nominal net capacities of 100 MWe and thermal storage
capacities from 6 to 18 hours are optimised. LCOE and capacity factor are the metrics used to assess
the economics and technical performance of the systems. It is noteworthy that this study is not an
electricity network analysis, nor does it compare CST with other electricity generation technologies and
solely provides an insight into economic viability of CST systems across Australia.

Methodology

Figure 1 shows the Australian electricity networks. The National Electricity Market (NEM) consists of the
networks of Queensland, New South Wales, Victoria, South Australia and Tasmania. Two separate
networks service Western Australia, namely; South West Interconnected System (SWIS) and North
West Interconnected System (NWIS). The Northern Territory has a small network in the northern area
called the Darwin Katherine Interconnected System (DKIS). Vast inland areas are not connected to any
major electricity network and are serviced by local generators. As the figure shows, NEM has been
divided into 43 polygons. This is based on AEMO’s 2013 100% Renewables Study. SWIS and NWIS
networks have also been split into two polygons. Seven representative NEM polygons have been
selected based on the solar resource availability as well as the climate. Table | lists the selected zones
and the polygons each represent.

Table I. The NEM representative polygons

Selected 3 9 11 7 08 36 40
Zone
12,13, 18
19, 20, 21
Represented | 12,4 | 900t | 717 | 252632 | 22,2820 | 5000 | 30,41, 42
C 30, 33, 34 ’
35

SAM (version 2018.11.11) has been used to optimise and model CST systems at different locations.
Solar tower cost estimates and LCOE calculation methodology are based on Meybodi and Beath (2016)
with cost data has been updated to reflect the technology’s cost reductions in recent years.
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Figure 1. Australian Electricity Networks

Results

Figure 2 shows the estimated LCOE values and Figure 3 provides the capacity factors for the optimised
systems at twelve Australian locations. The optimum systems and their corresponding LCOE and
capacity factor values are also provided in Table Il. It should be noted that although the dispatch
optimisation function of SAM has been used to maximise the generation during the peak hours (taken
to be 3 hours starting from 5 pm), the deviation from SAM’s normal operation to maximise the output
and minimise LCOE is insignificant with the maximum difference in LCOE being in the order of 2%.

As the results show, the LCOE curve for all the locations nearly flattens around the storage capacity of
14 hours. The optimum storage size for most of the plants is 14 hours, but relatively minor variation is
present for most sites over the range of 14 to 16 hours. Only 3 locations have 15 hours as their optimum
storage capacity and 16 hours is the optimum size for only one zone. Port Hedland appears to be the
most attractive site to build a CST plant with a 14 hours storage plant offering an LCOE of approximately
10 c/kWh with a capacity factor of 83%. At the other extreme, Zone 40 in Tasmania is the worst potential
site with LCOE of 16.5 c/kWh and capacity factor of 58%. This is not a surprising finding as it is
consistent with the solar resource availability map provided in Figure 1 of Beath (2012).
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Figure 2. LCOE versus thermal storage size
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Figure 3. Capacity factor versus thermal storage size
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Table Il. The optimum storage sizes

Location Opgr;:;?:igtc()rrf;\ge LCOE (c/kWh) Capacity Factor (%)

Zone 3 14 11.01 79.50

Zone 9 14 10.57 80.00

Zone 11 15 12.32 75.60

Zone 27 14 11.61 74.47

Zone 28 14 11.39 75.90

Zone 36 16 14.70 65.65

Zone 40 15 16.48 58.11
Darwin 15 14.07 66.71
Geraldton 14 12.32 68.67
Kalgoorlie 14 12.60 68.56
Newman 14 11.24 76.48

Port Hedland 14 9.97 82.99
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