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About CEEM and this report
The UNSW Centre for Energy and Environmental Markets (CEEM) undertakes interdisciplinary
research in the design, analysis and performance monitoring of energy and environmental markets
and their associated policy frameworks. CEEM brings together UNSW researchers from the
Faculty of Business, the Faculty of Engineering, the Australian Graduate School of Management,
the Institute of Environmental Studies, and the Faculty of Arts and Social Sciences, working
alongside a growing number of international partners. Its research areas include the design of spot,
ancillary and forward electricity markets, market-based environmental regulation, the integration
of stochastic renewable energy technologies into the electricity network, and the broader policy
context in which all these markets operate.

This report presents an analysis of the potential impact of integrating photovoltaics (PV) into the
Western Australian electricity networks (the South West Interconnected System (SWIS) and
North West Interconnected System (NWIS)) and regional grids. It extends previous CEEM
analysis of the Newington Olympic Village at Homebush Bay in NSW, and focuses particularly
on assessing PV’s ability to reduce peak generation requirements, defer network augmentation,
reduce system losses, influence power quality and reliability, and reduce the cost of supply. It then
identifies existing market opportunities for PV, examines whether these capture the identified
benefits, and identifies barriers preventing PV systems from taking full advantage of these
opportunities. Lastly it discusses strategies for capturing the identified system benefits.

The corresponding authors for this report are:

Dr Rob Passey Dr Muriel Watt

r.passey@unsw.edu.au m.watt@unsw.edu.au

www.ceem.unsw.edu.au
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Load data
Perth locations were chosen because they were likely to have a load profile that peaks in the
middle of the day and so provide a good match to PV output. Two of the selected substations
had a summer peak with a commercial profile and so were a good match to north facing PV
output (Forrest Ave and Osborne Park). Two substations had an early afternoon summer peak
due to a mixed commercial/residential profile and so provided a possible match to west
facing PV (Midland Junction and North Perth).

The three ‘Edge of SWIS’ locations were chosen to provide diversity in load and solar
insolation characteristics, and according to the length of the network they serviced. Katanning
substation was selected because the associated feeder is particularly long (over 200km) and is
in a region in need of augmentation. The Geraldton substation was selected because it is
distant to Katanning and so may have different solar insolation characteristics, is linked to the
Kalbarri 20kWp PV system, and has an early afternoon summer peak that could correlate
well with PV output. The Merredin 132/66 substation was selected because it was one of the
few Edge of SWIS substations that had a summer peaking profile in 2006 and was reasonably
distant to Katanning and Geraldton and so again, may have different load and solar insolation
characteristics.

The regional locations were selected on the basis of having a high cost of supply, a good solar
resource and potential correlation of load with PV output. Carnarvon was selected because of
the availability of PV data from the Carnarvon Solar Farm, and because the Carnarvon power
station is in need of an upgrade and potential alternative energy sources are being considered.
Marble Bar was selected because it has a high cost of supply (from diesel generators) and is
to be replaced within the next two years and so provides an opportunity for integration of PV
into a diesel system. Meekatharra was selected because it has a high cost of supply (also from
diesel generators) and is distant to Marble Bar and so likely to have a different solar
insolation profile. Port Hedland was selected because it is part of the NWIS (rather than being
only in a small town), and is of particular interest to Horizon Power, which is currently
considering supply options, and it also provides an opportunity to evaluate the potential
benefits of using PV along the Pilbara coast.

PV and insolation data
Limited amounts of actual PV data were available. However, apart from that for the
Carnarvon and Kalbarri PV systems, they were often for short periods, or for periods that
didn’t match the load data, or weren’t near to the load locations. Thus, solar insolation data
were used to simulate PV data for all load locations. However, since 2004 detailed insolation
data have been collected in only one WA location, and so it was necessary to use 2003/04
load data for the SWIS and Edge of SWIS comparisons. Only 2005/06 load data were
available for the regional locations and so Reference Meteorological Year (RMY) insolation
data were used (which is a composite of the 12 months of best fit). In this case the solar data
used does not necessarily match the real data for the years studied and so the correlation
results presented here between load and PV output are indicative only.

If solar technologies are to play an increased role in WA’s energy supply, more solar
insolation and PV system monitoring are needed.

The solar data were used in the PvSyst simulation program to simulate hourly PV output data,
assuming a number of different orientations – north, north west, and west with an azimuth of
either 25, 45 or 90 degrees. PV data from smaller systems were used if they corresponded to
the times and approximate locations of demand peaks. The Hybrid Optimization Model for
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Correlation between PV and load

The correlation between PV output and local load was studied to determine PV’s contribution
to offsetting peak load.

It was found that the SWIS (Perth) locations’ peak load periods generally had a good overall
correlation to either simulated north-facing or west-facing PV. However, where there were
significant residential loads, the peak tended to occur later in the day, and so PV was not as
successful in offsetting peak load – see Figure 2 and Figure 3.

Figure 2: Daily Summer Average, Forrest Ave

Figure 3: Daily Winter Average, North Perth

Simulated PV sometimes correlated well with peak loads, but on other occasions it didn’t (eg.
Figure 4 compared to Figure 5).


