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Effect of small solar Photovoltaic (PV) systems on network peak demand 

 

Introduction 

Ausgrid’s demand management and energy efficiency team has looked at the effect of small solar PhotoVoltaic 
(PV) connections on peak demand across the Ausgrid electricity network. 

This analysis was undertaken as part of a submission to the review into Solar Feed-in-tariffs in NSW being 
conducted by the NSW Independent Pricing and Regulatory Tribunal. 

Peak demand is growing each year across the electricity network, however this growth varies from winter to 
summer seasons and between different substations and the cables that take power from these substations into 
homes and businesses. 

Peak demand is fuelled by customer’s electricity use at peak times of the day and night. It traditionally occurs on 
very hot days or very cold nights when demand for cooling and heating increases the demand for electricity.  

The effect of these peaks in electricity use is important because it drives a large part of the investment in the 
electricity network, which is funded via the network component of customer’s electricity bills. 

 

Findings 

The findings of this preliminary investigation suggest that small solar PV is having a small effect on reducing 
summer peak demand on the electricity network.  Despite the rapid uptake of rooftop solar under the NSW Solar 
Bonus Scheme, the amount of peak demand reduction was not significant enough to contribute to any potential 
deferral of network investment. 

Charmhaven Zone Substation on the Central Coast was identified as having the greatest potential for network 
investment deferral. However, the higher than average levels of solar connections were still estimated to be too 
low to offset the need for an additional zone substation transformer. If the uptake of solar connections on this 
substation was about three times higher, then there could be enough peak reduction to defer a transformer 
upgrade for one year. The value of this deferral is estimated to be equivalent to a feed-in tariff of one cent a 
kilowatt hour for 10 years, but only for the solar customers supplied by this zone substation. 

It is concluded that small solar PV systems installed in Ausgrid’s network area as a result of the NSW Solar 
Bonus Scheme have not reduced peak demand sufficiently to defer the need for investment in the electricity 
network. 
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Effect of Solar PV on winter system peak 2010 

The winter system peaks for 2010 were analysed and found to occur consistently between 6pm to 7pm, with four 
of the top five peaks in 2010 occurring between 6:00 to 6:30pm; the other was in the half hour between 5:30pm to 
6:00pm (the 4th peak day).  Nearly every other day in winter had a system peak occurring between 6pm to 7pm. 

For Sydney, sunset is before 4:55pm in June, before 5:15pm in July, and before 5:36pm in August, so the 
contribution of solar to reducing winter peaks is highly unlikely. The remainder of this analysis focuses on 
analysing the effect of solar PV on summer peaks. 

 

Figure 1:  Ausgrid network demand profile – top five system peak winter days in 2010 
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Effect of Solar PV on summer system peak 2011 

Ausgrid System Peak  

The top five days on the Ausgrid network in 2011 all occurred during the working week of 31 Jan 2011 to 4 Feb 
2001. Time of system peak occurred in the half hour between 3:30 to 4:00pm – EST, (or 4:30 to 5:00pm Eastern 
daylight savings time). See Figure 2 below showing system load profiles on each of the five days. 
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Figure 2:  Ausgrid network demand profile – top five system peak summer days in 2011 

Estimated contribution of small solar systems to reducing summer system peak 

The total rated generation capacity of small solar systems (<10kW) connected to the Ausgrid network on 
28/1/2011 was 55.2 MW, consisting of 29,061 connections. Interval data from a sample of 26,744 gross 
connected solar systems was analysed for the period of the summer peak (31 Jan 2011 to 4 Feb 2011). Figure 3 
(next page) shows solar generation profiles for each of the five peak days. The total rated generation capacity of 
these systems (using panel sizes) was recorded as 51,594 kW.  

Three of the summer system peak days had smooth solar profiles with a combined solar peak of around 36,600 
kW at 12:00 to 12:30 AEST (or 13:00 to 13:30 daylight savings time). The capacity factor at this time was around 
71% on these days or around 710 Watts per 1kW of installed solar panels based on panel rated capacity. The 
other two days had a diminished solar generation profile, with the peak day (on 3 Feb 2011), having noticeably 
less output throughout the day. 

A preliminary check of Sydney weather data for 3 February showed that the amount of sun hours recorded for the 
3 February was 5.7 hours, compared to 11, 12.3 and 12.8 hours for the previous three days (31 Jan to 2 Feb). 
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Figure 3:  Ausgrid network total solar gross generation – top five summer days in 2011 

The estimated impact of solar on reducing network summer peak is reduced due to the system peak time differing 
from the solar peak time. The estimated output of the gross connected sample of small solar systems at the time 
of system peak on 3 February was 16.7MW or 32% of the total solar rated capacity of 51.6MW of this sample set. 

Below is a table showing the estimated impact of solar on the top five 2011 system summer peak days, using the 
sample profiles of the 26,744 units and scaling up by the total rated generation capacity installed as at 28/1/2011 
(55.2 MW). 

Table 1: Estimated solar impact on Ausgrid network summer peaks for Summer 2010/11 

Summer 
Peak 
Day 

Date Day 
Time of 

Peak 
(EST) 

Actual 
System Peak 

(MW) 

Estimated 
Solar impact 

(MW) 
% Reduction 

1 3/02/2011 Thu 4:00 PM 6,072 18.0 0.30% 
2 1/02/2011 Tue 4:00 PM 5,922 22.5 0.38% 
3 2/02/2011 Wed 4:00 PM 5,802 21.6 0.37% 
4 4/02/2011 Fri 3:30 PM 5,553 23.9 0.43% 
5 31/01/2011 Mon 4:00 PM 5,423 22.9 0.42% 

 

As at 26 September 2011, Ausgrid had a total of 96.3 MW of small solar systems connected to the network, with a 
further 12.5 MW that is proposed to be connected. By summer 2011/2012, the total rated capacity of small solar 
systems connected to the Ausgrid network will be approximately double that of summer 2010/2011. 
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Analysis of zone substations with high penetration of solar connections 

An analysis of connected and proposed solar system data was performed using all data across the network to 
identify the zone substations with the highest concentration of small solar system connections. The graph below 
shows that of the 204 zone substations in the Ausgrid network area, 25 had greater than 1.0 MW of small solar 
connected, with 5 zone substations having greater than 1.4 MW of solar connected. 
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Figure 4:  Rated solar capacity connected by Zone Substation 

The top five zone substations with the highest penetration of solar connections (as at 26 September 2011) are 
listed below in more detail with some further comments about the characteristics of these zone substations. 

1. Pennant Hills zone substation has 2.33 MW of small solar systems connected spread over many of the 11kV 
feeders. No individual feeder had above 200kW of currently connected solar, but many feeders are in the 100 
to 200kW range. This zone has a typical residential summer zone profile with summer peak time around 4:30 
to 5:30pm but also has summer and winter peaks of around the same magnitude. The summer peak in 
2010/11 occurred on Saturday 5 February between 5pm to 5:30pm. 

 
2. Avoca zone substation has 1.86 MW of small solar systems connected and has a residential type zone 

profile with summer peaks ranging between 4:00 to 6:30pm, indicating strong residential load (A/C). This zone 
substation is winter peaking, so any benefit of solar on summer peaks would not necessarily lead to a 
network benefit in winter.  The summer peak in 2010/11 occurred on Saturday 5 February between 3:30pm to 
4pm. 

 
 



Research Paper (continued) 

6  
October 2011 

3. Nelson Bay zone substation currently has 1.79 MW of small solar systems connected with two of the 11kV 
feeders at this zone in the top ten list of 11kV feeders of connected solar capacity. The summer peak occurs 
later in the day at around 5pm to 6pm. The summer peak in 2010/11 occurred on Thursday 3 February 
between 5pm to 5:30pm. 

 
4. Sefton zone substation has 1.49 MW of small solar systems connected spread over twenty 11kV feeders, 

with not more than 130kW connected to a single 11kV feeder. Sefton also appears to be a summer peaking 
zone with peaks between 4pm to 5pm. The summer peak in 2010/11 occurred on Saturday 5 February 
between 4:30pm to 5pm. 

 
5. Charmhaven zone substation has 1.45 MW of small solar systems connected, with summer peaks around 

4pm to 6pm. The feeder with highest solar penetration on the Charmhaven zone substation has 195kW 
connected. The summer peak in 2010/11 occurred on Thursday 3 February between 4pm to 4:30pm. 

We have conducted analysis of the estimated solar contribution to zone substation peak demand for the top four 
summer peak days in 2011 in each case. To understand the potential for solar to delay network investment, it is 
informative to compare these demand reductions to the annual demand growth rate at these zone substations. 
This information is presented in the table below. 

Table 2: Summary of solar impact on summer peak 2011 at top five zone substations 

Zone 
Zone peak 

 
Date and Time 

Zone 
peak 

 
MVA 

Rated Capacity 
of Solar 

Connected at 
time of summer 

peak 2010/11 
(MW)  

Estimated 
solar 

impact at 
time of 

summer 
peak 

2010/11 
(MW) 

Estimate
d % peak 
reduction 

 

Zone 
demand 
rate of 

growth in 
MVA/yr 

Solar 
impact 
as % of 

zone 
annual 

demand 
growth 

Pennant Hills 5/02/2001 17:30 83.75 1.33 0.38 0.5% 1.20 32% 
Pennant Hills 3/02/2011 17:30 79.84 1.33 0.33 0.4% 1.20 28% 
Pennant Hills 2/02/2011 17:00 79.85 1.33 0.49 0.6% 1.20 41% 
Pennant Hills 4/02/2011 17:00 75.64 1.33 0.54 0.7% 1.20 45% 
Avoca 5/02/2011 16:00 43.27 0.93 0.50 1.2% 0.58 86% 
Avoca 3/02/2011 18:00 40.50 0.93 0.18 0.4% 0.58 31% 
Avoca 1/02/2011 18:30 39.71 0.93 0.11 0.3% 0.58 19% 
Avoca 2/02/2011 18:30 36.70 0.93 0.11 0.3% 0.58 19% 
Nelson Bay 3/02/2011 17:30 44.28 0.97 0.31 0.7% 0.66 47% 
Nelson Bay 5/02/2011 18:00 42.64 0.97 0.26 0.6% 0.66 39% 
Nelson Bay 2/02/2011 17:30 38.76 0.97 0.35 0.9% 0.66 53% 
Nelson Bay 1/02/2011 17:30 37.73 0.97 0.34 0.9% 0.66 52% 
Sefton 1/02/2011 17:00 76.06 0.68 0.27 0.4% 1.53 18% 
Sefton 2/02/2011 16:30 72.95 0.68 0.33 0.5% 1.53 22% 
Sefton 3/02/2011 17:00 72.40 0.68 0.27 0.4% 1.53 18% 
Sefton 31/01/2011 16:30 70.39 0.68 0.33 0.5% 1.53 22% 
Charmhaven1 3/02/2011 16:30 44.24 0.93 0.24 0.5% 1.51 16% 
Charmhaven1 1/02/2011 17:30 43.73 0.93 0.31 0.7% 1.51 21% 
Charmhaven1 5/02/2011 17:30 43.50 0.93 0.31 0.7% 1.51 21% 
Charmhaven1 2/02/2011 18:00 39.77 0.93 0.24 0.6% 1.51 16% 
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1The current forecast for Charmhaven Zone Substation, is that it will become constrained in summer 2016/17. The 
proposed supply side investment is a transformer upgrade at an estimated cost of $6.9m. 

The above data shows that the estimated demand reduction on these zone substations due to solar installations 
ranges from 0.3% to 1.2% of peak demand for the peak days analysed, with an average of 0.6%. 

When the solar impact is calculated in terms of the annual summer demand growth, the impact of solar ranges 
between 14% to 86% of the annual summer demand growth, with an average of 32%.   

The total rated solar capacity connected across the network and at these five zone substations will have 
increased by about double by summer 2011/12, so it could be expected that the solar impact will be around twice 
as effective by summer 2011/12.  
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Analysis of 11kV distribution feeders with high penetration of solar connections 

A detailed analysis was performed of the five 11kV distribution feeders with the highest penetration of solar 
connections (as at 26 September 2011). Feeder analysis showed that based on connected solar, sixty 11kV 
feeders had above 200kW of solar connected to them. Data was sorted based upon connected generation 
capacity due to the possibility of speculative proposals still being present on the proposed connections, due to the 
60c cut-off date.  

The top five 11kV distribution feeders with solar connected are supplied from Homebush Bay, Flemington, Lake 
Munmorah, Raymond Terrace & Lisarow zone substations. Solar contribution to peak demand for each of these 
feeders is summarised below: 

Table 3: Summary of solar impact on summer peak at top five 11kV feeders  

Zone 
11kV 

Feeder 
No. 

Feeder 
Peak 

(MVA) 
Peak Date Time 

Rated 
Capacity 
of Solar 

Connecte
d at time 

of 
summer 

peak 
2010/11 

(MW) 

Estimated 
solar 

impact at 
time of 

summer 
peak 

2010/11 
(MW) 

% peak 
reduction 

Demand 
rate of 

growth in 
MVA/yr 

Solar 
impact as 

% of 
annual 

demand 
growth 

Homebush1 19 4.88 31/01/2011 14:30 0.54 0.15 2.9% 0.22 67% 
Flemington1 25 4.80 3/02/2011 15:30 0.42 0.07 1.5% 0.08 95% 

Lake 
Munmorah 

7 6.84 5/02/2011 19:00 0.29 0.01 0.1% 0.17 6% 

Raymond 
Terrace 

2005 6.98 3/02/2011 18:00 0.19 0.03 0.4% 0.13 23% 

Lisarow 9 4.14 5/02/2011 18:00 0.28 0.04 0.8% 0.03 122% 
 

1The high penetration of solar on Homebush Bay and Flemington is due to the Newington Olympic Village solar 
systems being supplied by these zone substations. 

 
The above data shows that the estimated demand reduction on these 11kV feeders due to solar installations 
ranges from 0.10% to 2.90% of peak demand for the peak days analysed, with an average of 1.20%. The 
estimated solar impact as a % of annual demand growth ranged between 6% and 122%.  
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Discussion of potential of solar to defer network capital expenditure 

An analysis was performed of all 204 zone substations in the Ausgrid network area, to identify locations where 
solar PV could potentially defer the need for a network investment by a year or more. Only a small numbers of 
cases were found where zone substations with emerging capacity constraints due to growth in summer peak 
demand also had significant solar penetration. 

Notwithstanding the recent very high uptake of solar PV due to the NSW Solar Bonus Scheme, we have not 
identified any zone substations with a summer demand constraint within the next five years where there is also 
sufficient connected solar PV generation to defer a network capacity investment, even by as little as one year.  

The Zone substation with the most potential to benefit from a deferment of investment was Charmhaven zone, 
where summer demand is forecast to reach capacity limits in 2016/17. The proposed network investment to 
address this constraint is a transformer upgrade at an estimated cost of $6.9m. However with an annual summer 
demand growth rate of 1.5 MVA per year for this zone, there is insufficient reduction in peak demand due to solar 
PV to defer this investment by a year.  

In the hypothetical case that there was sufficient solar PV installed at Charmhaven zone to reduce demand by 
1.5MVA and defer this investment by a year (i.e. approximately 4.5MW or three times the amount to be installed 
by summer 2011/12 under the Solar Bonus Scheme), the potential savings due to capital deferment would be 
around $600,000 (i.e. $6.9m at 7.47% real discount rate plus some savings in operating expenditure). To 
translate this into a c/kWh contribution to a buyback tariff, we need to divide this deferment saving by the kWh 
production of the installed PV systems over the likely timeframe of a solar bonus scheme (nominally assumed to 
be ten years). Assuming average solar production of 1300 kWh/kWp installed, the total solar energy production is 
58,500,000 kWh. This translates into a solar buyback benefit of around 1c/kWh, specifically for customers 
connected to this zone. 

It is important to understand that this analysis has been made for a zone substation with a best case scenario for 
solar to achieve network cost savings. For some zone substations the capacity investment driver is the winter 
peak, when there would be no benefit from solar PV. Also, our data indicates that in every case analysed there is 
insufficient solar PV installed at any zone substation to enable deferral of network investment, even for only one 
year. In addition there are many zone substations that are not forecast to be constrained in the foreseeable future. 
Taking these things into consideration, when averaged across all zone substations the solar buyback benefit is 
likely to be significantly lower than the 1c/kWh derived for Charmhaven zone. 

This consideration of network cost savings has focused specifically on zone substations. Potential savings on 
other levels of distribution network infrastructure, such as the 11kV distribution feeders, have not been 
considered. However, given that we have observed peak reductions at the 11kV feeder level at similar levels to 
those at zone substations, it is reasonable to expect that the potential benefits at other levels of the network would 
at best only be comparable to those for zone substations. 

On balance therefore it is likely that, averaged over the whole distribution network, the investment savings due to 
solar PV would translate into a solar buyback benefit of significantly less than 1c/kWh. 

 


