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(1) Overview

This paper presents an analysis of the potential impact of integrating photovoltaics (PV) into the Western Australian (WA) electricity networks (the South West Interconnected System (SWIS), North West Interconnected System (NWIS)) and regional grids. It uses real time load and Australian Bureau of Meteorology (BOM) measured climate data to assess PV’s ability to reduce peak generation requirements, defer network augmentation, reduce system losses, and reduce the cost of conventional supply. It then identifies existing market opportunities for PV in WA, 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 system benefits provided by PV.
(2) Methods

The impact of PV on the Western Australian SWIS and regional grids was assessed using half hour load, insolation and PV data. Load data was taken from Perth locations (because they represent the largest population centre in WA and were likely to have a load profile that is a good match to PV output), from Edge of Grid locations (to provide diversity in load and solar insolation characteristics, and since many are on very long feeders with high losses), and from regional locations (because they have a high cost of supply, a good solar resource and potential correlation of load with PV output). Because quality PV data were not available, the PVSYST simulation program was used to simulate hourly PV output data for all load locations, assuming a number of different orientations and azimuth angles. PV’s ability to reduce peak generation requirements was assessed using the Western Australian Reserve Capacity Mechanism, which values capacity provided at specific times of the year. PV’s ability to defer network augmentation was assessed using the network operator’s (Western Power) weighted average cost of capital methodology and projected demand growth. PV’s ability to reduce system losses was assessed using the network operator’s Transmission Loss Factors and Distribution Loss Factors. PV’s ability to reduce the cost of conventional supply was assessed using the Marginal Cost Administrative Prices (MCAP) for large centralised generation and the average generation costs for small-scale diesel systems. 
(3) Results

PV’s ability to offset peak generation and defer network augmentation was greatest in urban areas where its output correlated with commercial load profiles. At the time of the very highest annual half-hourly load, PV contributed between 33% and 60% of its rated capacity in urban areas and between 12% and 40% in Edge of Grid locations. PV’s ability to reduce system losses is also greatest where it tracks the load profile. This, however, rarely occurred on the long rural feeders where most losses occur. PV’s ability to reduce the cost of large centralised generation generally occurred when the timing of PV production correlated well with the timing of load, but not always, because MCAP spot prices did not always correlate with load. PV was able to result in significant cost savings in areas where diesel generation was used. The average corresponding values of the identified PV benefits are shown in Table 1 and Table 2, and in WA they accrue to the electricity retailer. These values are indicative only. The actual values will vary from system to system and will be influenced by a number of factors including orientation, location, temperature, shading and maintenance of the panels and balance of system equipment. All values are in Australian dollars, where at the time of writing 1AUD = 0.6 Euros. Values per W use a 12% discount rate over 20 years. The average cost of a 1kWp PV system in WA is currently $13,000 (€7,800).

Table. 1: Summary of approximate benefits provided by PV in the SWIS 
	Benefit
	Average value

/W 
	Average value

/kWh

	PV orientation
	North
	West
	North
	West

	Offsetting convent. generation
	$1.20
	$1.20
	7.8c
	8.6c

	Providing firm capacity 
	$0.55
	$0.75
	3.5c
	5.1c

	Deferring network augmentation
	$0.12
	$0.12
	0.8c
	0.8c

	Reducing line losses
	$0.22
	$0.21
	1.4c
	1.6c

	Total
	$2.09
	$2.28
	13.5c
	16.1c


All values are in Australian dollars, where 1AUD ≈ € 0.6; discount rate is 12% over 20 years.
Table. 2: Value of electricity generated by 1kW simulated PV: Generation cost

	Location
	Value in year 1
	Disc Value per Watta

	Carnarvon
	$190 
	$3.00

	Carnarvon Solar Farm
	$220 
	$3.50

	Marble Bar
	$550 
	$8.65

	Meekatharra
	$500 
	$7.85

	Port Hedland
	$100 
	$1.60


All values are in Australian dollars, where 1AUD ≈ € 0.6; discount rate is 12% over 20 years.
(4) Conclusions

The average value that the electricity retailer in the SWIS derives from PV is approximately equal to the value paid by the retailer to residential system owners through their net metered tariff, but less than the retailer paid to businesses that own PV. The value that the retailer derives from PV in areas served by diesel power stations is considerably greater than the value currently paid by the retailer to PV system owners. Residential PV system owners on the SWIS can currently receive an $8,000 rebate from the Australian Government as well as approximately $500 in renewable energy certificates, and these, together with the value obtained through their sales tariff mean a 1kWp system would pay for itself in about 20 years, assuming a 6% discount rate. Business PV systems are not eligible for the rebate and generally receive a lower tariff and so are unlikely to pay for themselves in the system’s lifetime. PV systems that offset diesel generation can currently receive a rebate equal to half the system’s capital cost, and this, combined with the sales tariff currently available mean a 1kWp system would pay itself off in about 25 years. If a Feed-in Tariff equal to the cost of diesel generation were available, a 1kWp system would pay itself off in less than 15 years.



