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Perth Solar City is the most comprehensive 
energy efficiency initiative in Western Australia.  

The broad-reaching Program developed and 
implemented more than 30 energy efficiency  
and renewable energy projects within Perth’s 
Eastern Region. 

Since its launch in November 2009, over 16,000 
households participated in the Program through 
one or more of the innovative energy efficiency 
and renewable energy products, services or 
technical trials. 

To deliver a program of this scale, a Consortia 
approach was used to bring together innovation, 
diversity and industry-leading expertise for the 
community. Western Power, as lead Consortium 
member, was accountable for the delivery of 
the Program on behalf of the Department of 
Climate Change and Energy Efficiency, as part 
of the Australian Government’s Solar Cities 
initiative.  Without the tremendous contribution of 
Consortium members, the success and benefits of 
the Perth Solar City program would not have been 
realised.  On behalf of Western Power, I would like 
to acknowledge and sincerely thank each of the 
Consortium members: Botanic Gardens and Parks 
Authority, Eastern Metropolitan Regional Council, 
Mojarra, Prospero Productions, Solahart, SunPower 
and Synergy, for working together and delivering a 
quality program to households.  

As a result of the community’s participation, the 
commitment and collaboration of the Consortium, 
and the comprehensive capture and analysis of 
participation data, the Program is now able to 
reflect on how each of the innovative products, 
services and trials have contributed to meeting the 
Program’s original objectives to: 

•	 identify and understand barriers to the uptake 
of energy efficiency and renewable energy in 
the residential sector 

•	 test new energy efficiency technologies by 
undertaking trials

•	 bring together industry, business, government 
and community to change the way we produce, 
use and save energy

•	 inform future government policy

The 2012 Annual Report is the second and final 
report published by Western Power, on behalf 
of the Perth Solar City program. This report is 
designed to be read as a stand alone document, 
without the need to refer back to the 2011 
Annual Report. As such, this report summarises 
project delivery, and details the data analysis and 
comprehensive evaluation conducted to assess the 
entire Program. 

For each of the energy efficiency products, 
services and trials, this report:

•	 provides a summary of project delivery

•	 accounts for achievement against project 
objectives 

•	 presents key results including data analysis of 
the effects of interventions on electricity use 
and evaluation of participant experience

•	 shares transferrable lessons 

Funding

Perth Solar City received $13.9 million in seed 
funding from the Australian Government’s Solar 
Cities initative.  A further $33.3 million of cash and 
in-kind support was contributed by the Perth Solar 
City Consortium. As at 30 September 2012, Perth 
Solar City had expended 95% of the allocated 
Australian Government funding. 

EXECUTIVE 
SUMMARY
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Smart Grid Trial

As part of Perth Solar City, the Smart Grid Trial 
and the enabling smart metering infrastructure has 
provided significant customer benefits while also 
contributing to a reduction in peak demand, and 
increased network efficiencies.

The Smart Grid Trial installed over 9,000 smart 
meters in four specific locations within Perth’s 
Eastern Region - the suburbs of Bassendean, 
Darlington, Forrestfield and Midland. Western 
Power has now proven the end-to-end smart 
grid technology, including the establishment of 
the Home Area Network as an open platform for 
delivering additional customer focused products 
and services.  

During 2012 Western Power surveyed the customer 
response to smart grid technology.  The survey 
found that 81% of trial participants were supportive 
of a wider smart meter deployment.   

The results of the smart grid enabled energy 
efficiency trials such as the Air Conditioning Trial 
(ACT), the In Home Display Trial (MAX), and the 
Time-of-Use Tariff Trial (PowerShift) has enabled 
Western Power to refine the cost benefit analysis 
of a larger scale smart meter deployment.

Air Conditioning Trial

Western Power and Synergy undertook an opt-in 
trial of the demand management of residential 
air-conditioners over the summers of 2010/2011 
(Year one) and 2011/2012 (Year two). The trial was 
designed to understand the technical feasibility 
and cost-effectiveness of air conditioner demand 
management as a tool for reducing electricity 
consumption at times of peak demand. 

The Air Conditioning Trial is the first of its kind in 
Australia to utilise smart grid infrastructure, and 
as a result participants reduced their household 
electricity demand at peak time by an average of 
25%, or 33% of air-conditioning load.

The trial was received positively, with 87% of 
households willing to participate in similar trials in 
the future, and 1 out 3 rating their trial experience 
as ‘10 out of 10’.   

In Home Display Trial

The In Home Display Trial is a Western Australia-
first which provides households with real-time 
electricity consumption information, enabled by 
a smart meter.  Households were provided an 
In Home Display (IHD) by Synergy that shows 
their electricity consumption in kWh and cost in 
real-time.  The majority of IHDs were deployed to 
households unsolicited by mail, during the first 
year of the trial.   The analysis post deployment 
indicates an average 1.5% reduction in total 
electricity consumption and 5% reduction during 
Super-Peak (2pm – 8pm weekdays). 

A qualitative survey showed that 82% of 
participants who paired their IHD felt the device 
was useful in reducing their electricity use, and 
would recommend it to others. 

Time-of-Use Tariff Trial

PowerShift is a voluntary three-part time-of-use 
tariff developed by Synergy for Perth Solar City. 
It is the first tariff in Western Australia that seeks 
to more closely align electricity consumption 
blocks with time based costs of generation. 746 
participants were recruited for the trial.  

The ability to view electricity costs in real-time via 
an IHD, as enabled by a smart meter,  provided 
participants with the capability to better manage 
their electricity use. Analysis shows an average 9% 
reduction in participant electricity consumption 
during Super-Peak.  When combined with an IHD, 
participants achieved an average 13% reduction in 
electricity consumption during Super-Peak.  

A qualitative survey showed that 77% of participants 
were willing to recommend the trial to others, and 
participate in the future.

Solar Photovoltaic Saturation 
Trial

Western Power’s network has seen a significant 
increase in the connection of small scale renewable 
energy systems in recent times. The Solar 
Photovoltaic Saturation Trial is investigating the 
effects of a high penetration of solar PV systems 
on Western Power’s network. The potential for 

The following 
has been achieved 
by the Perth Solar City 
Consortium to date:
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effects such as localised power quality issues and 
voltage compliance issues need to be researched. 
Findings from the trial show that approximately 
30% saturation of solar PV systems (by transformer 
size) can result in voltage rise outside of 
compliance limits at the customer level, but within 
appliance tolerance limits.

Residential solar photovoltaic 
systems 

The Perth Solar City program together with 
SunPower assisted households to generate 
their own electricity by providing a discount on 
SunPower residential solar PV systems. SunPower 
is the premium brand in the solar PV system 
market place, with the highest efficiency (19%) 
panel. SunPower installed 673 solar PV systems 
at an average size of 2.30kW, for a total installed 
capacity of 1.56MW. 

Analysis shows that the average household used 
41% less electricity from the network, or 8.15kWh 
per day.

Residential solar hot water 
systems

The Perth Solar City program together with 
Solahart provided a $1,100 discount (inc. GST) 
on family-sized Solahart solar hot water systems.  
Solahart installed 1,151 solar hot water systems 
during the Program.  

Households who replaced an electric storage or 
electric instantaneous hot water system with an 
electric-boosted solar hot water system achieved 
an average 18% reduction in average daily 
electricity use.

Marketing

The successful outcomes and customer benefits 
achieved through Perth Solar City could not have 
been realised without an accompanying broad 
reach marketing strategy.  A campaign, ‘Collective 
Impact’, was developed which utilised community-
based social marketing concepts to create a shift 
in community energy perceptions and attitudes, 
and to assist in enabling behaviour change.  The 

Collective Impact campaign positioned Perth Solar 
City as the educator and enabler for households 
on their energy efficiency journey. The campaign 
included cinema advertising, local art installations, 
local newspaper advertisements, billboards in 
high traffic areas, adshels and attendance and 
sponsorship at local festivals. Analysis suggests 
that the Collective Impact campaign had a ‘ripple 
effect’ on household electricity use, with an 
average 1.6% reduction within the broad reach 
marketing area.

Behaviour change

The Living Smart Households program (Living 
Smart) is the intensive behaviour change program, 
delivered by the Western Australian Department 
of Transport (in partnership with the Eastern 
Metropolitan Regional Council), for Perth Solar City. 
Living Smart utilises phone-based eco-coaching to 
support participants to reduce their energy, water 
and transport use. Eco-coaches provided the right 
information at the right time, and set simple and 
measureable targets for the household through the 
establishment of ‘social contracts’.

Households implemented a range of energy 
efficiency actions during and after participating 
in Living Smart, and achieved an average 7.5% 
reduction in electricity use. 

A qualitative survey showed that 90% of 
participant rated the service as positive or strongly 
positive.

Home Eco-Consultations

Over 3,500 Perth Solar City program participants 
were provided with a 90 minute Home Eco-
Consultation (HEC), delivered by Mojarra.  The 
HEC enabled participants to understand what 
was contributing to their energy consumption 
and subsequently make informed decisions about 
energy efficiency and renewable energy.  

Households implemented a range of energy efficiency 
actions after participating in an HEC, and achieved 
an average 12.3% reduction in electricity use. 

A qualitative survey found that 87% of participants 
rated the service experience as good or very good.
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Iconic projects

To support the engagement objectives of 
Perth Solar City, and to promote the Australian 
Government’s Solar Cities initiative, five solar 
photovoltaic (PV) installations were installed at 
iconic Perth locations. The selected locations are 
the Midland Atelier (60kW), the Central Institute 
of Technology (49kW), Kings Park and Botanic 
Garden (15kW), Perth Zoo (239kW) and Perth 
Arena (111kW).  The combined iconic site solar PV 
installations have a capacity of nearly 500kW. 

Demonstration projects

The Eastern Metropolitan Regional Council (EMRC) 
represents the six Local Government Authorities 
(LGAs) located within Perth’s Eastern Region: the 
Town of Bassendean, City of Bayswater, City of 
Belmont, Shire of Kalamunda, Shire of Mundaring 
and City of Swan. 

As part of Perth Solar City’s engagement strategy, 
fifteen renewable energy and energy efficiency 
demonstration projects were developed for 
implementation by the EMRC.  The installations 
were designed to educate the local community 
within Perth’s Eastern Region about the benefits 
of energy efficiency and renewable energy. The 
installations varied in scope and size and are 
located mainly on public access buildings within 
the community.  

School engagement

Perth Solar City implemented three energy efficiency 
projects within schools: twenty energy audits, a 
school based documentary (Eco SuperStar), and 
an energy saving competition (Bring It Down).

Mundaring Christian College won the Bring It Down 
competition, saving 7,601kWh of electricity.  This 
represented a 54% reduction on their benchmark 
or over $1,900 worth of electricity savings over 
a seven week period. The total combined energy 
savings of all participant schools amounted to over 
64,000kWh, or over $16,000. 

Numerous valuable lessons were learnt through the 
implementation of the Perth Solar City program.  
These lessons can inturn inform governments 
and energy utilities alike in the design of similar 
initiatives aimed at achieving energy efficiency, 
reducing peak demand or managing small scale 
renewable energy systems in the residential sector.  

Smart grid infrastructure and the accompanying 
energy efficiency products and services have 
the real potential to transform how customers 
understand and use electricity. 

The key lesson from the Perth Solar City program 
is that without fostering customer participation 
through education based community engagement, 
the successful deployment of new technologies and 
energy efficiency programs will be compromised.  

Energy efficiency programs must engage 
customers to demonstrate value, encourage 
participation and realise benefits.

Date:	 21 December 2012

		

Andrew Blaver

Program Implementation Manager 
Perth Solar City
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MESSAGE FROM WESTERN POWER’S  
CHIEF EXECUTIVE OFFICER

Western Power is 
committed to making a 
positive difference to 
energy affordability 
Paul Italiano,  CHIEF EXECUTIVE OFFICER, WESTERN POWER

Western Power has proudly managed the Perth 
Solar City program since February 2009.  In this 
short time Perth Solar City has developed and 
implemented more than 30 energy efficiency 
initiatives – from large scale solar installations to 
educating households on the benefits of smarter 
energy choices.

Western Power is committed to making a positive 
difference to energy affordability.  To this end 
we are dedicated to providing customers with 
greater visibility and control over their energy 
use.  Through Perth Solar City, Western Power 
has developed stronger connections with our 
customers and the community.   Perth Solar City’s 
extensive and professional community engagement 
programs have helped our customers make real 
savings and deliver ongoing behaviour change.

Over 16,000 households participated in the 
Program and our research has shown the strong 
potential for households to substantially reduce 
their energy consumption and electricity bills.

We have trialled a variety of different energy efficiency 
initiatives including solar energy, new network 
technologies and behaviour change programs.  
A key benefit of this comprehensive research is 
that Western Australia has a platform of solid 
information to support its future energy decisions.

 

Western Power is committed to efficiently 
providing a safe and reliable supply of electricity 
for West Australians at the lowest possible cost.  
Given that much of the equipment that makes up 
our electricity network has a 40 to 50 year life, we 
are constantly building and rebuilding the network 
– which means that we must continually plan and 
prepare for a distant and ever changing future.  

We all have a part to play in planning for the 
future and incorporating more sustainable energy 
solutions is an important part of this.  Western 
Power was proud to support the development of 
five unique and eye catching solar sites at iconic 
Perth locations - Perth Zoo, Kings Park, the Central 
Institute of Technology, the Midland Foundry, and 
the final installation at the new Perth Arena.

I would like to thank the Perth Solar City 
Consortium, ably assisted by the Program Office, 
for the service it has provided to our community 
through the delivery of a high quality Program.

Finally, I would like to thank the Australian 
Government for creating an important program 
that has invested in trials and research whilst 
bringing together all levels of government, industry 
and the community.

Paul Italiano
Chief Executive Officer, Western Power
Consortium Leader of Perth Solar City
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The Perth Solar City Program (the Program) is the 
most comprehensive energy efficiency initiative 
in Western Australia.  It is a unique partnership of 
industry, government and the community working 
together to change the way we produce, use and 
save energy.

Perth Solar City is part of the Australian 
Government’s $94 million Solar Cities program 
designed to trial new sustainable models for the 
supply and use of electricity.  The Solar Cities 
program is being implemented in seven separate 
electricity grid-connected areas around Australia - 
Adelaide, Alice Springs, Blacktown, Central Victoria, 
Moreland, Townsville and Perth.

The Solar Cities program is administered by the 
Federal Department of Climate Change and 
Energy Efficiency (DCCEE), in partnership with 
local and state governments, industry, business 
and local communities.

The overall objectives of the Australian 
Government’s Solar Cities program are to:

•	 demonstrate the environmental and economic 
impacts of integrating cost reflective pricing 
with the concentrated uptake of solar 
technology, energy efficiency and smart 
metering technologies 

•	 identify and implement options for addressing 
barriers to distributed solar generation, energy 
efficiency and electricity demand management 
for grid connected urban areas

The Perth Solar City program launched in 
November 2009 after securing $13.9 million in 
seed funding from the Australian Government’s 
Solar Cities program, and a further $33.3 million 
of cash and in-kind contributions from the Perth 
Solar City Consortium. 

To support the overall objectives of the Australian 
Government’s Solar Cities program, the Perth Solar 
City program objectives are to:

•	 identify and understand barriers to the uptake 
of energy efficiency and renewable energy in 
the residential sector of Perth’s Eastern Region

•	 test new energy efficiency technologies by 
undertaking trials

•	 bring together industry, business, government 
and community to change the way we produce, 
use and save energy

•	 inform future government policy

Leading Perth Solar City 

Perth Solar City is managed locally by Western 
Power – Western Australia’s largest electricity 
distributor.  Through the Funding Agreement 
with the DCCEE, Western Power is accountable 
for the overall Program delivery and manages its 
implementation through a dedicated Program Office.

The Perth Solar City Program Office (image 2-A) is 
responsible for ensuring that the activities detailed 
in each Consortium Agreement between Western 
Power and individual Consortium members are 
delivered on time, to a high standard, and in line 
with agreed funding arrangements.

The Program Office is also responsible for overall 
program management, including project reporting, 
marketing, communications, media, community 
engagement, quality assurance, qualitative 
evaluation, customer service and data management.

Positioned as the single destination for households 
to become more energy efficient, Perth Solar City 
has become a trusted educator, helping customers 
to attain their identified goals of reducing their 
energy costs and helping the environment.

INTRODUCTION2.0
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Image 2-A: The Perth Solar City Program Office
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Table 2-A: Perth Solar City Consortium

Consortium Member Activities

Western Power is Western Australia’s largest electricity 
distributor, connecting people with energy.  Western 
Power builds, maintains and operates the electricity 
network in the south west of Western Australia, bringing 
power to more than 1.5 million West Australians every day.

•  Program management – governance, 
compliance, quality assurance, program 
reporting, data management, marketing 
and communications, qualitative evaluation, 
customer service

•  Smart Grid Trial

•  Air Conditioning Trial – technical solution

•  Solar Photovoltaic Saturation Trial

•  School energy competition – Bring it Down

The Botanic Gardens and Parks Authority is a Western 
Australian State Government authority established to 
conserve and enhance Kings Park and Botanic Garden 
and Bold Park with the community, and to conserve 
biological diversity generally.

•  Kings Park Education Building

The Eastern Metropolitan Regional Council (EMRC) is a 
progressive and innovative regional Local Government 
Authority working on behalf of six member councils 
located in Perth’s eastern suburbs:

•  Town of Bassendean    •  Shire of Kalamunda

•  City of Bayswater         •  Shire of Mundaring 

•  City of Belmont            •  City of Swan

Providing services in waste management, environmental 
management and regional development.

•  Behaviour Change via the Department of 
Transport’s Living Smart program 

•  Demonstration projects at 15 Local 
Government Authority sites

•  Sustainable Communities Competition

Mojarra provides renewable energy and energy efficient 
solutions to residential and commercial clients and are 
based in Cannington, Western Australia. 

•  3,500 Home Eco-Consultations

•  20 School energy audits

Prospero Productions is one of Australia’s leading 
independent documentary production companies based 
in Fremantle, Western Australia. Prospero Productions 
have made quality, multi-award winning documentaries 
and documentary series for nearly 20 years.

•  Eco Superstar documentary

Solahart pioneered solar water heating in Australia in 1953 
and are a leading manufacturer of solar hot water systems, 
supplying over 80 countries worldwide.   Solahart design 
and manufacture virtually all solar water heaters, including 
many of the components in Perth, Western Australia.

•  1,190 residential solar hot water systems

SunPower has been developing world record-breaking 
solar technology since the 1970s. SunPower is the global 
leader in developing high-efficiency solar solutions for 
homes, businesses, commercial buildings and utilities. 

•  825 residential solar PV systems

•  Iconic solar PV installations:
   - Central Institute of Technology
   - Midland Atelier
   - Perth Zoo - stage one and two

Synergy is Western Australia’s largest energy retailer, with 
over 900,000 residential and business customers.

•  2,200 In Home Displays

•  375 Air Conditioning Trial participants recruited

•  1,000 Time of Use Tariff trial participants 
    recruited

•  Iconic solar PV installation - Perth Arena
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energy solutions you can use

The Perth Solar City Consortium

Western Power is supported by a Consortium 
of local industry leaders including the Botanic 
Gardens and Parks Authority, the Eastern 
Metropolitan Regional Council, Mojarra, Prospero 
Productions, Solahart, SunPower and Synergy.

To deliver on the objectives of the Perth Solar 
City program, the Consortium brings together 
a comprehensive range of energy efficiency 
products, services, engagement programs and 
technical trials (table 2-A).
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Perth’s Eastern Region

Perth’s Eastern Region was home to the Perth 
Solar City program, after the Eastern Metropolitan 
Regional Council (EMRC) was successful in its bid 
to host a Solar City.

Perth’s Eastern Region stretches from the edge of the 
Perth central business district, along the Swan River, 
to the Swan Valley, and up to the Perth Hills (image 
2-B).  Home to approximately 300,000 people 
from diverse cultural backgrounds, Perth’s Eastern 
Region is one of Perth’s fastest growing areas.  The 
Region encompasses 2,100 square kilometres or 
around one-third of the Perth metropolitan area and 
includes substantial parklands, river foreshore areas, 
national parks, state forests and water catchments.

n

The Region is a major transport hub, 
accommodating the international and domestic 
airport terminals and Kewdale Intermodal 
Freight Terminal, as well as major roads and rail 
infrastructure linking Perth to regional centres of 
the state and to the rest of Australia.

The EMRC’s six member Councils include the Town of 
Bassendean, City of Bayswater, City of Belmont, Shire 
of Kalamunda, Shire of Mundaring and City of Swan.

Perth’s Eastern Region is an ideal location to host 
a trial such as Perth Solar City, with its multiple 
demographic and geographic types. 

Image 2-B: Perth Solar City’s target location
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Participation in Perth Solar City

Between the Program launch on 5 November 2009 and the end of the community participation phase 
on 30 September 2012, a total of 16,283 households participated in the Perth Solar City program (image 
2-C). Additionally, 17,082 households were used as a control dataset. 

Image 2-C: Perth Solar City participation structure
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Sites Control Within EMRC
33,365 17,082 7,175

Outside EMRC
9,907

Participant Solar PV system
16,283 659

Solar hot water
1,151

Level 1 Level 2

Home Eco-Consultation
3,517

Living Smart
6,342

Air Conditioner Trial
384

MAX In Home Display
2,251

TOU Tarrif Trial (total recruited)
746

Living Smart - completed
4,835

Paired
1,252

Unpaired
999

Powershift  (Current at 30/09/12)
625

TOU Tarrif Trial (Attrition) 
121

Sites with smart meter Sites with PSC intervention
9,269 2,728

Sites without PSC intervention
6,278

Sites with smart meter removed
263

Meter Type

Non-smart meter
7,175

Non-smart meter
9,907

Smart meter
111

Non-smart meter
548

Smart meter
86

Non-smart meter
1,065

Smart meter
575

Non-smart meter
2,942

Smart meter
1,132

Non-smart meter
3,703

Smart meter
384

Non-smart meter
0

Smart meter
1,235

Smart meter
999

Smart meter
399

Non-smart meter
226

Smart meter
76

Non-smart meter
45

*

*Testing and quality control
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Program expenditure

As at 30 September 2012, the Perth Solar City program had expended $13,159,508 (94.7%) of the $13.9 
million funding from the Australian Government (table 2-B). 

		  Table 2-B Perth Solar City program expenditure to 30 September 2012

Forecast Cash / 
In-Kind Forecast DCCEE Forecast  

Total
Actual Cash / 

In-Kind
Actual  
DCCEE

Actual  
Total

 Total expenditure $29,141,819 $13,159,508 $42,301,328 $30,945,751 $13,159,508 $44,105,258
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TECHNOLOGY
SMART GRID TRIAL 
AIR CONDITIONING TRIAL 
IN HOME DISPLAY TRIAL 
TIME-OF-USE TARIFF TRIAL 
PHOTOVOLTAIC SATURATION TRIAL 
RESIDENTIAL SOLAR PV SYSTEMS 
RESIDENTIAL SOLAR HOT WATER SYSTEMS

SMART GRID TRIAL 
AIR CONDITIONING TRIAL 
IN HOME DISPLAY TRIAL 
TIME-OF-USE TARIFF TRIAL 
PHOTOVOLTAIC SATURATION TRIAL 
RESIDENTIAL SOLAR PV SYSTEMS 
RESIDENTIAL SOLAR HOT WATER SYSTEMS
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3.1 Background

Smart grid, and the enabling smart metering 
infrastructure, is new technology shown to enable 
customers to better manage their electricity use, 
help reduce peak demand, facilitate the greater 
uptake and management of renewable generation, 
as well as increasing network efficiency. 

Peak load growth is a significant challenge for the 
Western Australian electricity market, contributing to 
growth in the capacity requirements of the network 
and generation, and contributing to increased energy 
prices. Affordability of electricity is a growing concern. 

The Perth Solar City program has provided Western 
Power with a unique opportunity to prove smart 
grid technology, and to quantify the costs and 
benefits that accrue to customers and the network.

Western Power’s Smart Grid Trial is strategically 
significant for the State of Western Australia as 
its outcomes have contributed towards informing 
government and the community of the societal 
costs, benefits, risks, and mitigating actions 
associated with a broader deployment. Experience 
and evidence from this trial has assisted Western 
Power in setting a strategic direction for future 
planning, design and operations.

Smart grid provides an enabling platform to test 
the capabilities and measure the benefits to both 
the customer and the network. These benefits may 
be accrued through the application of: 

•	 customer applications – development, 
deployment and customer response to electricity 
management tools such as In Home Displays

•	 community engagement – the opportunity 
to test and understand the most effective 
communications and engagement strategies 
for the smart meter installation, as well as the 
recruitment of householders to participate in 
one or more of the smart grid enabled products 
and services, such as MAX (In Home Display 
Trial), ACT (Demand Management Trial) and 
PowerShift (Time-Of-Use Tariff Trial)

•	 demand management  - development, 
deployment and quantification of demand 
response products such as ACT, MAX, 
and PowerShift as tools to reduce energy 
consumption, particularly at peak times 

•	 distributed generation - a Solar PV Saturation 
Trial to understand and manage the aggregated 
impact of the large-scale uptake of distributed 
generation by households

•	 distribution automation and operational efficiencies 
- the ability to test grid automation and remote 
applications to increase network efficiency, reduce 
costs, enhance reliability and power quality 

•	 system integration and efficiencies - Western 
Power technical and business processes, 
including improved outage management 
processes and response times

In order to adequately test these applications, 
the meter and secure two-way communications 
technology was designed to align with the 
Ministerial Council on Energy (MCE) recommended 
minimum functional requirements (Appendix A) 
including, but not limited to:

•	 remote meter reading and data collection

•	 remote connection and disconnection of supply 

•	 remote meter software and tariff configuration

•	 remote communications configuration and 
Home Area Network (HAN) Energy Services 
Portal provision and management, and HAN 
service provision, including real-time energy and 
pricing information to consumers

•	 demand management functions (planned 
and emergency) and interfaces with system 
management control and monitoring systems    

•	 real time outage and restoration data integration 
with existing trouble call and customer 
management systems

•	 power quality measurement

SMART GRID 
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A key enabling technology of the smart grid is 
the smart meter and associated communications 
infrastructure. The Smart Grid Trial under Perth 
Solar City replaced basic function electronic and 
electro-mechanical meters with advanced function 
electronic meters that are communications 
enabled, accommodating the two-way flow of 
electricity and information. 

The establishment of the customer HAN  - an open 
communications platform enabled in the home by 
the smart meter, provides for additional services to 
customers. This includes access to real time energy 
consumption information via a number of tools 
such as In Home Displays, computer-based USB 
portals and intelligent devices, and smart-phone 

applications, as well as participation in incentive 
based appliance demand management trials (for 
example air-conditioners).

The smart grid end to end system designed for 
Perth Solar City is integrated wirelessly from the 
customer meter through to Western Power’s 
network management system via a radio frequency 
mesh, and ethernet backbone (image 3-A). 

The technology was chosen through a competitive 
worldwide tender process to source a best-of-
breed, end-to-end application suitable for both 
the Western Australian energy market and local 
geographic conditions. The tender comprised of 
smart meters, the communications system and the 
smart grid network management system.  

HAN – Home Area Network  |  LMC – Last Mile Communications (RF Mesh – Silver Springs)     
Backbone Comms – Substation Equipment Access Link and 3G  |  SSN – Silver Springs Networks    
NMS – SSN Network Management System for Smart Grid-AMI  |  UIQ – SSN Utility IQ Product Suite

HAN LMC BACKBONE NMS BACK OFFICE
SYSTEMS

Business
SystemsTelstra 3G

WP SEAL
Ethernet

Customer HAN

Point to Point Solution

3G Access
Point

900 Mhz
Mesh

Gas & Water
Metering

IHDs
Smart

Thermostats

Customer
Load

Control

Smart
Meter

Smart
Meter

Relay
Ethernet
Access
Point

Operational
Systems

UIQ

Image 3-A: End to end system

Progress

Western Power’s Smart Grid Trial as part of Perth 
Solar City has three core objectives:

•	 to prove end-to-end smart grid technology 
including the establishment of the HAN as an 
open platform for delivering additional services 
to customers

•	 to understand customer response to smart grid 
technology

•	 to develop a robust cost benefit analysis for a 
wider roll-out of the smart grid technology

Key results

Deployment – meter installations 
As at 30 November 2011 Western Power exceeded 
its target of 8,767 smart meters, installing a total 
of 8,944 smart meters in the EMRC suburbs of 
Bassendean, Darlington, Forrestfield and Midland.

Operation – MCE benchmarks, HAN, network 
management system 
As at 30 November 2011, the three key elements 
of the smart grid infrastructure - smart meters, 

communications infrastructure, and the network 
management system - have been successfully 
deployed and are operating as planned or exceeding 
performance benchmarks, including the HAN. 

Evaluation – community engagement 
A survey of 104 smart meter recipients was 
conducted during October 2010, with the 
following results: 

•	 level of satisfaction: 82% of customers surveyed 
rated the smart meter installation process as 
either excellent, very good, good or neutral.  6% 
of recipients rated the process as very poor

•	 level of understanding regarding the benefits of 
the smart meter (unprompted and prompted):  
62% of smart meter recipients did not 
understand the benefits of smart meters

•	 interest in receiving further smart meter related 
information: 88% of recipients wanted to know 
more about the benefits of their smart meter
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This further involved tendering for smart meters 
and associated communications infrastructure, 
field deployment services, evaluating and testing 
smart meters, and installing, commissioning and 
enabling the HAN by integrating smart meters to the 
communications backbone. This would provide an 
open and upgradable platform that aligns with MCE 
minimum recommended functional requirements. 

As an outcome of the tender, Western Power 
selected Landis and Gyr to provide the smart meter 
(image 3-B), with Silver Springs Networks providing 
the smart grid network management platform.  

The Smart Grid Trial has installed over 9,000 smart 
meters in four specific locations within Perth’s Eastern 
Region - the suburbs of Bassendean, Darlington, 
Forrestfield and Midland (image 3-C). 

These suburbs were selected as well-suited 
locations due to a strong variability between the 
selected locations of demographic, geographic and 
infrastructure factors, including:

•	 percentage owner/  occupier 

•	 the Index of Relative Socio-Economic Disadvantage 

•	 average electricity consumption 

•	 power quality and reliability benefits

•	 demand response benefits

•	 ability to test communications technology

•	 sufficient number of meters

Image 3-B: Perth Solar 
City smart meter
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TRIAL REGION MIDLAND
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Image 3-C: Selected Smart Grid 
Trial locations within Perth’s 
Eastern Region
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3.2 Objectives and progress

Western Power’s Smart Grid Trial as part of Perth Solar City has three core objectives:

•	 to prove end-to-end smart grid technology including the establishment of the HAN as an open 
platform for delivering additional services to customers

•	 to understand customer response to smart grid technology and associated energy efficiency and peak 
demand programs

•	 to develop a robust cost benefit analysis for a wider roll-out of the smart grid technology

To achieve these objectives, Western Power established Key Performance Indicators (KPIs), as outlined in 
table 3-A: 

Table 3-A: Key Performance Indicators for the Smart Grid Trial

Key Performance Indicator Timeframe Status Comments

 Deployment

Installation locations selected 2009/10 Complete
Locations selected in Bassendean, 
Darlington, Forrestfield and Midland

Procurement (meters, 
communications and system 
integration services) completed

2009/10 Complete Procurement completed

Lab/ field testing of meters and 
communications completed

2009/10 Complete
Lab testing complete for single phase, 
three phase and CT meters

Pre-deployment customer 
notification campaign completed

2009/10 Complete Customer notification campaign complete

Installation of 8,767 smart meters 
completed

2010/11 Complete
Meter installation complete.  Installation 
target exceeded

Validation of sites completed 2010/11 Complete Site validation audit complete

Installation of 40 point-to-point 
meters on iconic, demonstration  
and school sites

2011/12 Complete

Point-to-point meters installed on all 
eco-house, residential test sites, iconic, 
demonstration and school sites where 
mesh coverage was not achieved 

 Operation
MCE function 1, 2 and 9 – half hour in-
terval data recorded and remotely read

2010/11 Complete
Interval data receipt performing above 
benchmarks

MCE function 6 – tamper alarm 
detection

2011/12 Complete
Tamper alarm functionalist validated and 
integrated into business systems

MCE function 15 and 16 – HAN enabled 2010/11 Complete HAN enabled with performance above SLA.  

MCE function 12 – remote connect/ 
disconnect

2011/12 Complete Performance above SLA

MCE function 10, 11 and 18 – 
appropriate import/ export and 
power quality data captured

2011/12 Complete Data collection achieved 

 Evaluation
Cost benefit analysis completed 2010/11 Complete Cost benefit analysis complete 
Customer notification – evaluation 
completed

2010/11 Complete Evaluation completed

Business as usual operation model 
completed

2011/12 Complete
Metering operational processes identified and 
documented. Smart meters will remain ring-
fenced until trial completion in June 2013. 

Cost-Benefit Analysis 2011/12 Complete

Smart Grid cost benefit analysis com-
pleted. Regulatory submission for wider 
application of smart grid technology com-
pleted. Submission approved by Regulator.  

Ongoing evaluation and data analysis 
of asset performance

2012/13 On track
Evaluation and analysis of asset perfor-
mance included in this report

Energy efficiency/ customer benefits 
of HAN applications quantified 

2012/13 On track
Analysis of PSC interventions included in 
this report 
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3.3 Key results

Key results are provided below for each of the three 
Key Performance Indicators outlined in section 3.2:

•	 deployment

•	 operation

•	 evaluation

3.3.1	Deployment

Western Power’s target was to install 8,767 smart 
meters, along with associated communications 
infrastructure. As at 30 September 2012, a 
total of 9,276 smart meters had been installed 
in Bassendean, Darlington, Forrestfield and 
Midland (table 3-B). A breakdown of smart meter 
installations by type and location is provided in 
image 3-D. 

Table 3-B: Smart meter deployment

Sub-Project Program target Achieved

Smart meters 
installed

8,767 9,276

Point to point 
smart meters 
installed

40 22

Due to the trial nature of the Program, the meter 
exchange rate after installation is higher than 
normally seen. Western Power removed or replaced 
276 meters for the following reasons:

•	 181 exchanged for maintenance or evaluation 
testing

•	 32 exchanged due to an upgrade or changes to 
the site’s power supply

•	 63 removed due to site abolishment or urban 
development

Current Transformer smart meters

Sites with large electricity loads can require a 
Current Transformer (CT) meter. Perth Solar City 
had 32 iconic, demonstration and school sites 
which required a CT solution. 

Western Power tested and installed 14 CT smart 
meters.  As the meters were not commercially 
available at the time, Western Power had meters 
specifically manufactured for the trial. These CT 
smart meters were installed at selected Perth 
Solar City iconic and demonstration sites such as 
Midland Atelier, Kalamunda Library and Altone Park 
Leisure Centre. 

Point to point smart meters

A point-to-point solution is required where a 
communications mesh is not available. The point 
to point solution utilises existing 3G carriers for 
remote communication, and is significantly more 
operationally and cost intensive when compared with 
a mesh solution.  Western Power installed 22 point-
to-point smart meter solutions, including 12 CT, 
three single-phase and seven three-phase meters. 

Three phase gross solar PV system data

Without gross metering, it is not possible to collect 
the gross generation data from a solar PV system. 
Gross data is used to measure the performance 
of a system against simulations or manufacturer 
specifications. Western Power collected the gross 
output data of 46 residential solar PV systems 
installed at households that had a smart meter.  

This was achieved at single-phase smart meter 
sites by configuring the spare second element 
in the meter to record gross solar PV system 
output, whilst simultaneously recording overall net 
measurement as per market requirements. A total 
of 32 single-phase sites were configured this way. 
At three-phase sites, a second meter is required, 
and a total of 14 additional meters were installed. 

Image 3-D: breakdown of smart meter installations by phase and suburb
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Image 3-E: Performance against Service Level Agreement benchmarks for 4 hourly data reads 
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Limitations exist in some three-phase sites due to 
the restricted size of the meter-board preventing 
installation of a second meter.  

3.3.2	 Operation

The three key elements of the smart grid 
infrastructure - smart meters, communications 
infrastructure and the network management 
system - have been successfully deployed and are 
operating as planned or exceeding performance 
benchmarks, including the Home Area Network. 

The benchmarks for each of the operational KPIs 
are outlined below, along with performance against 
these benchmarks. Overall, the Perth Solar City 
smart grid system has consistently exceeded 
performance benchmarks. 

Note: the information provided below includes 
benchmarks and performance from Western 
Power’s regional Smart Grid Trial under the Green 
Town project. The Green Town project included the 

installation of 2,173 smart meters in the Western 
Australian south coastal towns of Denmark and 
Walpole, which is not part of the Perth Solar City 
program. 

MCE function 1, 2 and 9 – Half hour interval data 
recorded and remotely read

Interval data transfer to the Western Power back 
office is measured by performance against the 
following benchmarks: 

Category Bench-
mark Achieved

Interval data transfer - within 4 hours 99.00% 99.66%

Interval data transfer - within 24 hours 99.90% 99.91%

The performance of data transfer for the period 1 
October 2011 to 30 September 2012 was above the 
required benchmarks (image 3-E and 3-F).   

Image 3-F: Performance against Service Level Agreement benchmarks for daily interval data reads 
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During June 2012, Western Power transitioned 
smart meter interval data delivery to market 
daily. This has resulted in less data spikes when 
compared with delivery at the end of 60 day billing 
cycle. Daily delivery of data has also resulted in the 
quicker detection of meter faults. 

For the 9,000 meters currently in service under 
Perth Solar City, Western Power would traditionally 
conduct meter reads every 60 days, representing a 
total of 54,096 reads per annum. Under the smart 
grid platform, interval data is recorded every half 
hour, representing a total of 157,680,000 intervals 
per annum, and a total of 3,285,000 daily reads 
published to market annually. 

To accommodate for the significant increase in meter 
data, the interval data engine component of Western 
Power’s market systems (used for commercial and 
contestable customers) was upgraded. Western 
Power’s interval data capacity is within the forecast 
growth of industrial and commercial customers 
for the foreseeable future. However, any additional 
wider roll-out of smart meters on the SWIS would 
require new investment and expansion of Western 
Power’s interval data systems.

Network Management System 

The Network Management System for the Smart 
Grid Trial, known as Utility IQ (UIQ) is provided 
by Silver Springs Networks. UIQ is the central 
control and monitoring point for the smart 
meters and communications infrastructure. In 
the event of system down-time, Western Power 
would be unable to remotely read meters or issue 
service commands to meters, such as reconnect/ 
disconnect commands. 

Category Benchmark Achieved

Network management 
System availability time

99.50% 99.96%

During the period 1 October 2011 to 30 September 
2012, the Network Management System 
experienced 3.5 hours of total down time, or 
0.04%, exceeding the performance benchmark 
(image 3-G). 

Backhaul communication infrastructure

The backhaul communication infrastructure 
provides the ‘large pipe’ communications link 
from the Western Power back office into the 
suburbs where the last mile mesh commences.  
This infrastructure is made up of existing Western 
Power fibre and microwave communication links to 
substations, or a public carrier 3G private ethernet 
cloud to redundant access entry points, which 
provide access into the last mile radio-frequency 
mesh. Backhaul communication is a critical 
component in the two way transfer of data between 
individual meters and the Western Power back 
office. The specific performance benchmarks for 
backhaul communication connection availability are:

Category Benchmark Achieved

Backhaul communication 
connection availability

99% 100%

Since the inception of the backhaul communications 
network in April 2010, the availability of the 
infrastructure has not dropped below 100%. A 
backhaul link failure for an ethernet access point 

Image 3-G: UIQ availability
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occurred in the Bassendean trial area from 3 to 17 
April 2012. No loss of communication with customer 
meters was recorded as the Ethernet access point 
was backed up by the 3G access point in Bassendean.

MCE function 6 – Tamper alarm detection

Meter tampering can occur when electrical wiring 
in a premise is altered to bypass a meter. This can 
result in safety issues for meter readers and the 
general public through potential electric shock 
or fire. Detection of meter tamper can often take 
months and result in revenue loss and cross-
subsidisation by other consumers. 

A meter in the Forrestfield trial location appeared to 
lose communications after approximately three days 
following installation. A ‘last gasp’ message was the 
last recorded event from the meter. This indicated 
a possible tamper, as the meter had a state change 
from ‘active’ to ‘unreachable’, indicating a loss of 
communications. Following a site visit, the meter was 
found to have been tampered with. 

The early detection of a possible tamper, in this 
case within three days, minimised the potential fire 
and safety risk for residents and resulted in minimal 
revenue loss. In addition, the remote detection 
reduced the safety risk to technicians attending the 
site. Western Power has completed the integration 
of meter tamper alarms into the metering business 
system. This allows automatic work allocation and 
investigation following receipt of a tamper alarm.

 

MCE function 15 and 16 - Home Area Network 
enabled

Interfacing with an In Home Display to provide 
real-time energy consumption information to 
households, and the load management of in-
home appliances such as air-conditioners via the 
HAN has been achieved using an open standard 
(chapter 4 and 5). 

The specific performance of the HAN can be 
measured in the time period within which a 

command is received remotely by a HAN-enabled 
device (issued from Western Power’s head office). 
For example, commands are issued to participating 
air-conditioners during a load-cycling event as part 
of the opt-in Air Conditioning Trial (chapter 4). The 
specific performance benchmarks for the HAN are:

Category Benchmark Achieved

Command received by 
device – within 3 hours

90% 100%

Command received by 
device – within 12 hours

99% 100%

In Home Display real-time 
updates from meter – 
within 10 seconds

90% 100%

Throughout the Smart Grid Trial, the HAN operated 
as expected for 100% of commands where the 
design of the installation is within the distance limits 
of the HAN Zigbee wireless technology. 

Some communication issues were encountered 
where meter points are located more than 50 
metres from the home. During 2012, Western 
Power tested and overcame this issue with the use 
of an external antenna attached to the meter, or 
through the use of signal repeaters.

The main drawback with the repeater technology is 
that the repeaters require a constant power source, 
which would either need a plug-in or connection to 
the electricity wiring on the premises, or a battery/
solar solution. 

Through lessons learnt within the trial, Western 
Power has contributed to the draft Zigbee Smart 
Energy Profile 2.0 standard, as recommended by 
the Standing Council on Energy and Resources 
(SCER) in the national minimal functional 
specifications of smart meters. A future solution 
to overcome HAN distance issues is currently 
included in the draft standard, and will allow the 
use of the power-line connection to the residence 
to carry the Zigbee signal. 
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MCE function 12 - Remote connect and disconnect

Disconnections and reconnections can be 
requested by a building occupier to allow electrical 
or maintenance work on the property. Alternatively 
they may be requested by the retailer after a 
customer leaves a premises, or as a result of 
non-payment of electricity accounts. The ability 
to remotely disconnect and reconnect the power 
supply to an individual premises offers benefits to 
the customer and the network operator by:

•	 negating the requirement for a vehicle and 
qualified contractor to visit the site. Cost and 
productivity efficiencies result as not only is the 
time taken to carry out the work significantly 
reduced, but field resources can also be utilised 
for alternative purposes

•	 significantly reduced power restoration 
time. Power can be restored within minutes 
of a reconnection request being submitted. 
Currently, reconnection can take two business 
days in the Perth metropolitan area, and up to 
five business days for regional customers 

•	 potentially reducing customer costs in the case 
of customer-requested disconnections and 
reconnections, as generally the cost for these 
services is passed on to the requestor

Targeted performance benchmarks for the remote 
connection and disconnection of power supply are: 

Category Benchmark Achieved

Remote connect/ 
disconnect – within 10 
minutes

90% 100%

Remote connect/ 
disconnect – within 1 hour

99% 100%

Remote connect/ dis-
connect – within 6 hours

99% 100%

Over the duration of the trial, Western Power has 
completed remote customer connections at 275 
sites and disconnections at 280 sites using the 

smart grid technology. In all cases, disconnection 
and connection commands were received and 
activated by the meter within zero to two minutes. 

The average time to achieve remote disconnection 
or reconnection of power supply was 49 and 21 
seconds respectively (image 3-I). This significantly 
exceeds the service benchmarks outlined above. 

Note: disconnection time is calculated from UIQ 
to meter point only. Additional automation time 
periods for downstream commands, such as 
automated requests via the electricity retailer, have 
not been included here. 

Connection and reconnection times under the 
business as usual approach rely on field technicians 
attending sites following the receipt of a service 
order. During 2011/12 Western Power completed 
11,549 metropolitan disconnections and 11,680 
reconnections. The average business as usual time 
to complete a metropolitan service request was 
five days for a disconnection, and 1.5 days for 
reconnection (image 3-H).

Use of the smart grid infrastructure provides the 
opportunity to significantly reduce this time frame, 
and associated costs. Western Power’s Smart Grid 
Cost Benefit Analysis estimates the wider use of 
smart grid technology for remote connection and 
disconnection will save the electricity supply chain 
approximately $6 million over a 20 year period. 

A manually performed metropolitan reconnection 
request is, on average, completed within 1.5 business 
days, and disconnection within 5.4 business days 
of the initial service request.  To calculate the 
average number of days to complete a service 
request, a same day service is counted as zero 
days. By using AMI functionality, and subject to 
business process integration, the disconnection 
service could be improved to a same day service, 
complying with the prescribed times for the Western 
Australian metering code. The reconnection service 
could also be improved and offered as a potential 
24/7 service if appropriate retailer, network and 
regulatory processes are introduced.   
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MCE function 10, 11 and 18 - Appropriate import/ export and power quality data captured

The capture of power quality data provides opportunities to understand and potentially implement measures 
that will increase the operating efficiency of the network and reduce expenditure. Datasets captured are: 

Image 3-I: Connect/disconnect timeframes (using smart grid)
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Image 3-H: Business as usual connect/disconnect timeframes (non-smart grid)
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Recording these datasets provides the network 
operator with the ability to:

•	 detect power quality issues prior to customer 
complaints, and allow planners to identify 
locations for improvement

•	 identify voltage non-compliance and proactive 
remedial action

•	 improve identification of overloaded transformers

•	 validate network modelling tools and 
subsequently rectify identified power quality 
issues (section 3.3.3)

•	 identify phases of connection and load on each 
phase (section 3.3.3)

•	 identify locations for capacitor installations to 
optimise power factor and improve the capacity 
and efficiency of the existing network

•	 correlate photovoltaic system output with 
power quality data for the purposes of the Solar 
PV Saturation Trial (chapter 8)

Data capture results for the Perth Solar City Smart 
Grid Trial are: 

Criteria Results

MCE 
function 10

Successful in 100% of three phase 
smart meters. During February 2012, 
Western Power successfully captured 
and remotely retrieved single phase 
reactive power measurements for the 
purposes of power factor analysis 

MCE 
function 11

Successful in 100% of renewable 
energy sites

MCE 
function 18

Successful in 100% of sites selected 
for PV Saturation Trial

MCE function 19 - Loss of supply detection and 
outage alarm 

The detection of network outages is largely reliant on 
customers self-reporting. Initially, a single call triggers 
a single point fault response (low priority). When 
subsequent calls are received, Western Power utilises 
predictive modelling to determine the severity and 
extent of the fault, and responds accordingly. 

During storm events additional secondary faults 
(also known as nested faults) can often occur.  
Secondary faults regularly affect the power 
supply to an individual customer (e.g. a fallen 
tree damaging an overhead service lead) and are 
mostly unrelated to the primary fault. 

Currently, upon resolution of the primary fault, 
the ability for crews in the field to recognise 
any secondary faults is limited, as power supply 
visibility is only available at the transformer or 
fuse level. This can contribute to both extended 
outages for those affected by secondary faults and 
the inefficient repeated dispatching of crews to a 
single area. 

Via the smart grid, Western Power can gain visibility 
into network outages at any individual meter point 
(image 3-J). This enables a quicker response and 
resolution of outages, resulting in better outcomes 
for customers. Upon restoration of power supply, 
smart metering enables the immediate visibility 
of any meter points without power supply caused 
by a secondary fault. This allows service crews to 
easily identify and restore power to all customers 
who may have otherwise remained without supply 
following resolution of the original fault.
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An example of this benefit was observed in the 
Darlington trial area. A fault occurred at 2:49am 
on 1 August 2012. Under the conventional (non-
smart meter) fault resolution process, the second 
customer call (which was not received until 5:30am) 
triggered a Western Power investigation. Meanwhile, 
34 smart meters sent ‘last gasp’ messages at 
2:49am, which would have triggered a Western 
Power investigation and faster power restoration. 

Furthermore, through smart metering, Western Power 
was able to identify that power had been restored 
to all 34 sites, and that no nested faults existed. 
This is particularly beneficial in the case of sensitive 
customers, such as those with life support equipment. 

3.3.3	 Evaluation

Network benefits

Network benefits analysed during 2012 have 
focused on the following:

•	 transformer utilisation 

•	 phase balancing 

•	 unscheduled meter reads

Transformer utilisation 

Many network businesses, including Western 
Power, rely on mapping tools and bi-monthly/
quarterly meter reads to estimate and plan for 
transformer utilisation. A critically overloaded 
transformer is one that is nearing 135% of its 
nominal capacity at any time. Overloaded 
transformers will require reconfiguration or 
replacement to ensure adequate capacity and 
power quality is maintained. However, current 
mapping tools and meter readings can produce 
results that do not accurately reflect actual 
transformer peak loading. 

Western Power analysed critically overloaded 
transformers during the summer of 2011/12, which 
were located in the Perth Solar City area.  The 
Anstey transformer (image 3-K and 3-L), located 
in  Bassendean, was forecast to reach 147% of 
its nominal capacity. Furthermore, plans were in 
development to install a new transformer and 
reconfigure the low voltage network accordingly.  

By analysing voltage data from the smart meters, 
Western Power was able to determine that 40 of 
the 146 meters had been incorrectly mapped to 
the Anstey transformer. As a result of the smart 
meter data analysis and subsequent correction of 
mapping tools, reconfiguration of the local network 
was not required. 

This method of validating network models, 
and integrating it into an automated dynamic 
network management system, can deliver 
ongoing network benefits and potentially delay 
infrastructure expenditure. 

In addition, such analysis can assist Western Power 
in its efforts to continually improve its validation 
of those parts of the network to which sensitive 
customers are connected. This in turn further 
ensures customer safety during planned and 
unplanned outages.  

Phase balancing 

Electricity is supplied to residential households 
across three phases (red, white and blue). 
Electricity supply would ideally be balanced 
across each phase. However, single phase metered 
sites on a low voltage network can be unequally 
distributed between the three phases. This 
can lead to unbalanced phase loading and the 
underutilisation of transformers, excessive voltage 
drop, power quality issues and premature ageing 
of transformers.

Image 3-K: Anstey transformer LV network Image 3-L: Anstey transformer distribution LV network 
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Resultant issues are identified largely via 
customer complaints regarding power quality and 
overvoltage. The current methods of determining 
phase allocation require site visits, using costly 
resources. Utilising the smart grid solution, low 
voltage alarms at the meter point can trigger 
phase allocation analysis. Analysis can then be 
undertaken remotely using instantaneous voltage 
readings captured by the smart meter to determine 
phase allocation. 

A quality-of-service alarm from smart meters in 
Darlington highlighted power quality issues on the 
Ryecroft 2 low voltage network. Using the smart 
meters to identify the phase connection of single 
phase meters determined that load imbalance on 
the phases north of the transformer was causing 
excessive voltage drop for customers on the 
overloaded phase (image 3-M).  

Following the analysis, Western Power was able 
to balance the phase allocation, thus proactively 
avoiding transformer degradation while enhancing 
power quality. 

Unscheduled meter reads

Unscheduled or ‘special reads’ are required when 
customers query meter readings or when a customer 
moves in or out of a property. This is required for around 
20-25% of sites annually. Manual reads, requiring a 
meter reader to attend the site, cannot always be 
achieved on the desired date. Further, manual reads 
are hand-written and entered into a database. 

Under a smart grid solution, such special reads are 
completed remotely and on the required date. These 
readings also provide more accurate billing. Reduced 
site visits represent a quantifiable cost saving. 

Western Power utilised smart meters to conduct 
a total of 1,255 special reads for the period 1 
February to 31 July 2012 (image 3-N and 3-O).  
This method significantly reduced deviation from 
the targeted read date for business as usual 
special reads. 

Under a wider smart meter deployment it is 

estimated that this will save approximately $12.9m 
in operational expenditure over 20 years, and result 
in improved customer experience. 

Participant evaluation

Western Power commissioned TNS to undertake 
detailed participant evaluation for the Perth 
Solar City technical trials. This included the smart 
meter as the platform enabling additional energy 
efficiency products and services. 

A total of 463 smart meter recipients were 
interviewed. This included households who 
received a smart meter and participated in a 
trial (In Home Display, Time-of-Use Tariff or Air 
Conditioning Trial) as well as those that only 
received a smart meter. The objectives of the 
analysis were to understand the following:

•	 perceived impact of smart meters on electricity 
usage and electricity bills

•	 participant attitudes towards smart meters

•	 support for smart meter technology

Perceived impact of smart meters on electricity 
usage and electricity bills

Approximately 36% of recipients perceived the 
smart meter to be a tool to help them reduce 
electricity use (image 3-P). A total of 37% of 
households perceived the smart meter to have 
reduced their electricity bills. A minor proportion 
perceived the smart meter to have increased their 
electricity usage (3%) and electricity bills (6%).  

Participant attitudes towards smart meters

Attitudes towards smart meters were positive, with 
customers responding that smart meters assisted 
with the monitoring and subsequent reduction of 
electricity use (image 3-Q). The most common 
concern regarding smart meters were billing issues 
and a perceived lack of communications regarding 
trial outcomes.
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Image 3-M: Phase loading on Ryecroft 2

Image 3-N: Service level - Business as usual special reads 
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Image 3-R: Support for smart meter technology Image 3-S: Level of support for large scale rollout
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Table 3-C: Smart meter related enquiries and responses (1 October 2011 - 30 September 2012) 

Reason for enquiry Number of enquiries Western Power response/ action

Import/ export meter recently 
installed by customer (e.g. for 
Renewable Energy Buyback 
Scheme). 

1
Western Power and Synergy refunded the 
cost of the import/ export meter installation if 
installed within the preceding 12 month period.  

Perceived high bill  
(enquiry received via electricity 
retailer).

3
Investigation undertaken following each call. In 
all cases the meter was found to be recording 
consumption correctly.

Radio frequency safety. 2
Radio frequency explained to callers, including 
the fact that smart meters fall within safe 
exposure limits. Callers satisfied with explanation. 

Blank display on meter. 2 Meter exchanged.

Request for register reads by 
customer.

1
Register reads and reading instructions 
provided.

Follow-up on the proposed meter 
installation date. 

2 Installation date confirmed with recipient.

How to read meter enquiry. 2
Recipient sent ‘how to read your meter’ 
instructions via email/ post.

Support for smart metering technology

81% of households were either ‘somewhat 
supportive’ or ‘very supportive’ of smart meter 
technology (image 3-R). 

Non-smart meter households

Western Power commissioned TNS to complete 
a survey of households outside of the Perth 
Solar City trial area, to understand community 
attitudes to smart meters. Perth’s Eastern Region, 
the Perth Solar City smart meter trial area, was 
deliberately excluded from the survey. A total of 
401 households were surveyed from across the 
wider Perth metropolitan area. 

Approximately seven in ten (68%) members 
of the community reported that they knew 
at least ‘a little’ about smart meters prior to 
the survey. Approximately three in ten (29%) 
members of the community reported that they 
knew ‘nothing’ about smart meters. During the 
survey, respondents were provided with general 
information on smart meters. 

Approximately 70% of households surveyed were 
supportive of a wider smart meter deployment. 
A further 16% were neither supportive nor 
unsupportive. The majority of the community 

(86%) could be described as being in a state of 
‘positive apathy’ in relation to the rollout of smart 
metering technology (image 3-S). 

Approximately 14% of all households surveyed were 
likely to be unsupportive of the rollout of smart 
meters, for the following reasons: 

•	 will lead to higher electricity costs (4% of all 
households)

•	 don’t want to pay for installation (1%)

•	 invasion of privacy / security concerns (2.5%)

•	 money would be better spent improving existing 
power infrastructure (2%)

•	 wouldn’t change how much electricity is used / 
unnecessary (0.5%)

•	 bad press from Eastern States / Today Tonight 
(1.5%)

•	 not reliable / faulty (0.5%)

Customer enquiries

As the majority of meters were installed during 
2010, Western Power received few enquiries from 
customers for the period 1 October 2011 – 30 
September 2012 (table 3-C). 
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		  3.4	 Transferrable lessons 

		  OVERALL PROJECT

Subject Barrier Outcome and/or lesson

Network 
modelling

Benefit:  
Validation of network 
mapping tools. 

Outcome: 
Analysis of smart meter data enabled a more accurate network model, which in 
turn delivered greater efficiencies to outage management and asset utilisation. 

Lesson:
Where available, point of connection (smart meter) information should be 
integrated into network mapping tools.  

Network 
modelling

Benefit:  
Validation of the location 
of sensitive and life 
support customers.

Outcome:  
Management of outages in critical locations can be completed with reduced 
risk of code breaches.

Lesson:
Point of connection (smart meter) information reduces the risk of safety 
breaches.

Timeline BARRIER:  
Aggressive timeline for 
meter deployment.  As 
the key enabler for 
other technical trials, all 
8,767 smart meters were 
scheduled to be deployed 
within the first six months 
of the Smart Grid Trial.

Outcome:  
A smaller trial in the field for a subset of the targeted meters was not 
completed prior to the full trial deployment.  This resulted in the occurrence of 
technical and/ or billing impact issues on a larger scale than anticipated.  

Lesson:
In order to test the end-to-end impact of such a new technology, a smaller 
subset could have been implemented prior to full deployment.  This would 
have mitigated a number of the early teething problems experienced.

The opportunity to delay the rollout of the final 477 meters (5.4% of total 
deployment) offered Western Power the ability to test the lessons and 
learnings of the initial rollout.  

Product maturity Barrier:  
Western Power was a 
close follower behind 
the Victorian roll-out of 
single phase smart meters, 
however Western Power 
became a market leader in 
the deployment of three 
phase smart meters.

Outcome:  
SliverSprings Version of UIQ to support three phase meters was not available 
at the time of the three phase smart meter rollout.  The mitigation strategy 
to manually probe reads for three phase meters failed (strategy passed in lab 
testing, however failed in the field).

Lesson:
Smart meter deployments should continue with basic readings until 
communications are proven.  Once proven, a parallel meter reading process 
should be run for a minimum of one billing cycle.

Publication of 
interval data to 
market

Barrier:  
Electricity retailer 
requested interval data 
for all smart meter 
installations from the date 
of installation.

The version of UIQ to 
collect three-phase 
interval data was delayed. 

Outcome:  
Western Power implemented a mitigation strategy to manually read three 
phase meters.  However, the mitigation strategy (field manual data collection 
process) subsequently failed due to file incompatibilities, causing some delays 
in billing to customers.  

Lesson: 
Smart meter deployments should continue with basic readings until the end-
to-end interval data transfer processes are proven and agreed by all parties.  
Once proven, a parallel meter reading and data transfer process should be run 
for a minimum of one billing cycle.
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Resourcing Barrier:  
Limited experience in 
the Australian service 
consulting industry 
on smart grid scope, 
architecture and 
deployment.

Outcome:  
Western Power utilised additional internal resources.  As a result of smart grid 
functions being undertaken internally, Western Power achieved cost savings 
of up to 30%, whilst achieving the same level of service.  

Lesson:
Where possible, develop and maintain internal smart grid capacity and capability.  

Meter installation 
process

Barrier: 
Some cases of incomplete 
or mismatched site data 
following meter exchange.

Outcome: 
Around 0.02% of meters were installed on incorrect or mismatched sites.  This 
resulted in late or mismatched bills.  A full site audit for all deployed meters 
was required.

Lesson:
For a wider rollout, the contracted meter installer will require deployment 
management tools, such as wireless PDAs integrated with Western Power’s 
asset management system, to handle 10,000 meters per month.  This is 
required together with sufficient oversight by Western Power.

Installed smart meters must be capable of being read manually.  

		  Engagement

Subject Barrier Outcome and/or lesson

Information-
based 
engagement

BARRIER:  
As part of the meter 
exchange process, all 
smart meter recipients 
were provided with 
information-heavy 
communication materials.

Outcome: 
62% of smart meter recipients did not understand the immediate benefits of 
smart meters.

88% of smart meter recipients wanted to know more about the benefits of 
their smart meter.

Lesson:
Under trial conditions in contained areas, it remains difficult to provide broad 
education-based engagement.  However, a comprehensive education based 
customer engagement campaign prior to a wider roll-out is essential in raising 
awareness about the benefits associated with smart meters.  

Technical trials Benefit:  
Smart meter recipients 
were provided with the 
opportunity to benefit 
from smart grid enabled 
product and service trials.  

Outcome:  
Demonstrated benefits of smart grid. 

Lesson:
Smart meter roll-out must be closely followed by opportunities for customers 
to benefit (save money, help the environment). 

Recruitment and 
engagement 
for smart 
meter enabled 
technical trials

BARRIER:  
Lack of clear incentives 
and/ or drivers for 
deployment partner/s.

Outcome:  
Ineffective delivery against contract milestones required significantly more 
contract management and oversight than anticipated.  

Lesson:
Engagement and recruitment for smart grid enabled products and services 
should be undertaken by organisations for which energy efficiency and 
demand-side management is part of its core business or is appropriately 
supported by regulatory-based incentives. 

Acquisition of 
customer energy 
consumption 
data by third 
parties

Barrier:  
Inability for third party 
providers to acquire the 
energy consumption data 
of its customers.

Outcome:  
Historical consumption data not readily available to create benchmarks.

Lesson:
Data acquisition processes should be streamlined to allow simple customer 
agreement and subsequent access to historical consumption data.  
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		  Smart meters

Subject Barrier or Benefit Outcome and/or lesson

Smart meter 
interval data

Benefit:  
Interval data delivers 
mutual benefit, by 
providing customers with 
the opportunity to better 
manage their electricity 
use, and networks to 
reduce consumption at 
peak time. 

Outcome: 
Customers reduce electricity costs, while networks can achieve better 
utilisation of existing assets and potentially defer costly network 
augmentation. 

Lesson:
Under a wider rollout of smart meters, interval data should be published to 
market as the norm. 

Gross solar PV 
system output

BARRIER: 
Inability of three phase 
metering technology 
to accommodate 
gross metering for 
energy import/ export 
applications. 

Outcome:  
To achieve gross import/ export metering in a three phase scenario requires 
the installation of a second meter.

Lesson:
A cost effective and flexible solution for 3 phase gross import/ export 
metering is required.

HAN / Zigbee 
Issues

BARRIER:  
On large sites, some 
meter points are located 
significant distances from 
the home

Outcome:  
HAN range has proven to have a limit of around 50 meters.

Lesson:
HAN range limitations should be anticipated, and external antennae or relay 
devices tested and made available as required. 

Legacy systems Barrier:  
Smart meter technology 
specifications do not 
currently include support 
for legacy systems such as 
pulse output 

Outcome:  
Existing hard-wired electricity monitoring systems may be incompatible with 
smart meters.

Lesson:
Work with industry to develop technical solutions to support legacy systems. 
Support of legacy systems could be achieved using the HAN as an interface. 

		  Communications infrastructure 

Subject Barrier Outcome and/or lesson

Communications BARRIER: 
3G coverage used solely 
as the communications 
platform to support a 
point to point meter 
solution outside of the 
RF-mesh network is 
less reliable and more 
expensive (upfront and 
on-going) 

Outcome: 
Loss of communication with meter, leading to increased maintenance and 
costs and poor overall performance. 

Lesson:
Installation of 3G point-to-point solutions to individual premises is a 
technically feasible solution, however due to cost and performance issues, 
should only be deployed in exceptional circumstances where mesh coverage 
cannot be achieved. 
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4.1	Bac kground

The continuing uptake of refrigeration air 
conditioner systems, in particular over the last 10 to 
15 years, is recognised as a key driver of increasing 
peak demand for electricity in the South West 
Interconnected Network (SWIN). 

Demand for electricity is greater during hot 
weather, and peaks in demand correlate strongly 
with maximum daily temperatures. The increase in 
peak demand, which must be supported by costly 
network augmentation, has resulted in the less 
efficient use of existing network resources (image 
4-A).  For example, the top 10% of electricity 
supply is used less than 0.5% of the time.  Western 
Power’s network is built to cater for spikes in peak 
demand, which only occur during a few days in 
summer, as demonstrated in image 4-B. 

“The Western Power 
trial is the first of 
its kind in Australia…
and provides 
perhaps the nation’s 
first illustration of 
what the intelligent 
networks of the 
future may look like, 
particularly in regard 
to demand response.”
Mark Paterson 
Chair of Standards Australia EL-054 Committee

Image 4-C demonstrates the gap in electricity 
demand (trial households) between the 2011 
summer average and the system peak day on 25 
February 2011. 

As part of Perth Solar City, Western Power 
undertook a Demand Response (DR) trial of 
residential air-conditioners. Over the summer 
periods of 2010/2011 (Year one) and 2011/2012 
(Year two), households were invited to opt-in 
to the trial. The Air Conditioning Trial (ACT) 
researched the technical feasibility and cost-
effectiveness of DR as a tool for reducing 
electricity consumption at times of peak demand.

Participants were paid an incentive, and the trial 
utilised Western Power’s Smart Grid (chapter 3) to 
wirelessly communicate with air-conditioners to 
cycle the compressor while the fan continued to 
run. The trial is the first of its kind in Australia to 
utilise smart grid infrastructure.

By selecting and constraining the operation of 
air-conditioners during certain time periods, DR of 
air-conditioners has the potential to significantly 
reduce participant aggregated electricity 
consumption at peak times without noticeably 
impacting the comfort levels of participants. The 
aggregated reduction of demand during times of 
peak use may in turn contribute to the deferment 
of capacity investment to supply these peaks. 

  

36



0

0.5

1

1.5

2

2.5

3

3.5

4

A
ve

ra
ge

 u
se

 p
er

 h
ou

se
ho

ld
 (

kW
)

2008 average

20% increase
in 10 years

2001 average 2009 average 2010 average

02.0
0

05:0
0

08:0
0

11:
00

14
:0

0
17

:0
0

20
:0

0
23

:0
0

Image 4-A: Average load per household during summer 
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Image 4-B: System electricity demand from 1 July 2011 to 30 June 2012
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Progress

As at 30 November 2011, the first year of ACT had 
been completed. 

6,600 smart meter households were invited to 
participate in Year one via an Expression of Interest 
(EOI) campaign.  Of these, 788 EOIs were returned 
(11.9%). with 625 considered suitable for further 
assessment. A total of 202 households successfully 
participated in Year one of the trial (26.8% of the 
respondents or 3.1% of the original invitees). 

Key results

Performance of the Smart Meter Enabled DR 
Technology 
Ten Air Conditioning Trial demand response 
events were run between January 2011 and 
March 2011.  These events confirmed the end-
to-end functionality of the smart grid and HAN 
infrastructure, including DREDs.  

Effect on Peak Electricity Demand 
The average reduction recorded across all events 
ranged between 154.64W and 891.91W per air-
conditioner, or up to 20% of the peak demand of 
participant households.
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Air-Conditioner

DRED Air-Conditioner 
Interface

Meter

The trial uses custom-designed Demand Response 
Enabling Devices (DREDs) installed in the air-
conditioners of eligible participants. The DRED was 
designed and manufactured in Australia specifically 
for the purposes of the Perth Solar City trial. The 
DREDs receive signals from the smart meter via 
the Home Area Network (HAN), allowing the 
operation of the air-conditioner’s compressor to be 
controlled via remote signals initiated by network 
operators (image 4-D). 

Synergy is the monopoly electricity retailer in the 
Western Australian South-West Interconnected 

System (SWIS) residential sector (for electricity 
users below 50MWh/annum). As a Perth Solar City 
Consortium member, Synergy was responsible 
for the engagement and recruitment of trial 
participants. The Air Conditioning Trial was 
branded ACT in the marketplace and was offered 
to all households who had previously received a 
smart meter. The financial incentive to participate 
in the trial was a $100 electricity bill credit in Year 
one and $200 in Year two.

Image 4-D: End-to-end process for DR of air-conditioners
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The DRED was designed 
and manufactured in 
Australia specifically 
for the purposes of the 
Perth Solar City Trial

Image 4-C: 2011 Load Profile Comparison – summer average vs system peak day (25 February 2011)
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4.2	 Objectives and progress

The key objectives of ACT were to:

•	 test and prove the operation of the end-to-end 
technology for DR of air-conditioners (Year one 
and two) 

•	 measure the demand reduction achieved 
through the use of DR of air-conditioners (Year 
one and two) 

•	 determine the potential of using DR of air-
conditioners to defer costly network investment 
- cost of demand reduction (Year two)

•	 understand overall participant response, as well 
as the most effective means of engaging and 
recruiting participants to such trials (Year two)

Specific Key Performance Indicators (KPIs) of ACT 
included:

Activity Key Performance Indicator Timeframe Progress

Technology Procure DRED 2010/11 Complete

Test DRED 2010/11 Complete

Recruitment
Develop marketing and 
communications material 

2010/11 Complete

Recruit 375 participant 
households

2011/12 Complete

Install DREDs on 
participating households

2011/12 Complete

Provide technical support as 
required

2011/12 Complete

Trial
Complete 10 load-control 
events

2011/12 Complete

Pay incentive to participant 
households

2011/12 Complete

Evaluation
Post Implementation 
review of Year one and two 
recruitment 

2011/12 Complete

Post Implementation 
review of Year one and two 
technology performance

2011/12 Complete

Undertake analysis on 
reductions in peak demand

2012/13 Complete

4.2.1	 Technology

DRED procurement

Western Power completed a design specification 
for the DRED device during March 2010 and 
released it to tender. As a result of the tender, it 
was discovered that local industry knowledge and 
experience to develop, install and provide ongoing 
support for the DRED was minimal. As such, a 
successful vendor was selected to develop the 
DRED, while a separate vendor was selected for 
the installation and support functions. 

The technical specification of the DRED and 
the development of prototypes for testing were 
completed during June 2010. Zigbee certification 
was also achieved for the devices, which were 
manufactured as two types:

•	 type A – for compressor control, generally 
suitable for non-inverter, older air-conditioners 
(image 4-E)

•	 type B – for thermister control, generally 
used for newer air-conditioners, and the most 
commonly used DRED (image 4-F)

 
Image 4-E: Type A DRED

 

Image 4-F: Type B DRED
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DRED testing

End to end testing and the ability of the DRED 
to pair with smart meters via the HAN was 
successfully completed by Western Power at the 
end of October 2010. 

Some initial technology performance issues 
were uncovered, including the device losing its 
secure connection with the smart meter Network 
Management System (NMS) after two minutes, 
but were resolved with support from the DRED 
developer and NMS vendor. 

4.2.2	 Recruitment

Marketing and communications material

6,600 smart meter households were invited to 
participate in Year one of the trial via an Expression 
of Interest (EOI) campaign that included a letter, 
brochure, form and reply paid envelope. This was 
further supported by website content, and a call 
centre for enquiries.

To be eligible to participate, households were 
required to complete an EOI form and return it to 
Synergy. Completion of the EOI formed part of a 
recruitment process.  The recruitment process was 
refined in Year two (2012) to reduce the number of 
site visits required by technicians, and decrease the 
customer attrition rate (image 4-G). 

During Year two, households that successfully 
prequalified (step two) received a ‘Yes’ pack and 
were scheduled for a site visit. Households that 
did not qualify received a ‘No’ pack promoting 
alternative energy efficiency offers available 
through the Perth Solar City program. 

Once site visits were completed using an external 
contractor, and DREDs were installed (completion of 
step five), successful participants received a ‘congrat-
ulations’ postcard (image 4-H). Participants whose 

Congratulations, we are pleased to confirm a device has successfully been 
installed at your home to enable your participation in the Perth Solar City Air 
Conditioning Trial (ACT).

Please ensure your air conditioning unit is in the cooling mode (usually a 
snowflake symbol) during the summer. The unit should not be set in either the 
Heat or Auto mode during the summer. Our technician will ensure the settings 
are correct following installation of the device. 

Thank you for playing your part in helping to create a more sustainable future.

If you have any further queries please contact us on 1800 729 265 or visit 
our website at synergy.net.au/act

air-conditioners were deemed unsuitable on either of 
the site visits were provided with a ‘regrets’ postcard. 

Recruitment of households

Sub-Project Program Target Achieved

ACT participants 375
377 

(384 DREDs installed)

The total target for the Air Conditioning Trial 
was 375 participants. In Year one, a total of 208 
participants were recruited, including seven who 
had two air conditioning systems. 

During Year one, Synergy recruited participants 
primarily via a large mail out to 6,600 customers 
who had received a smart meter as part of the Perth 
Solar City program. A $200 incentive was offered to 
participants, $100 for each year of participation.

Although 788 EOIs were received, only about half 
of the potential participants had suitable air-
conditioners for the trial. Further attrition occurred 
between the on-site assessment and installation of 
the communications device.

Image 4-G: ACT participation process 

Year one

Step 1	 Expression of Interest received

Step 2	 Prequalification by Synergy

Step 3	 Site visit 1: Assessment of air-conditioner

Step 4	 Customer Agreement completed

Step 5	 Site visit 2: Installation of DRED

Step 6	 Participation in trial events

Step 7	 Payment of $100 by Synergy
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Image 4-H: ACT ‘congratulations’ postcard

Year two

Step 1	 Expression of Interest received

Step 2	 Prequalification by Synergy & Western Power

Step 3	 Site visit: Assessment of air-conditioner/ 	
	 Customer agreement completed/ 		
	 installation of DRED 

Step 4	 Participation in trial events

Step 5	 Payment of $200 by Synergy
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Year two of ACT continued towards the program 
target of 375 participants. 169 participants were 
recruited in Year two, bringing the total to 384 
participants across 377 sites. Some households had 
multiple air-conditioners fitted with the DRED.

Synergy commenced recruitment for Year two of the 
trial via a large mail out to 5,400 customers offering 
an increased incentive of $200 for the single year and 
entry into a prize draw valued at $2,000 (image 4-I). 

Low response rates prompted a revision of the mar-
keting strategy. New initiatives implemented included:

•	 an outbound direct calling campaign

•	 advertising in local newspapers

•	 requesting participating households to 
refer a neighbour (an additional $2,000 gift 
voucher prize draw was available to referring 
households)

These initiatives increased response rates by over 
400%, with improvements largely attributed to the 
outbound direct calling campaign. 

Of 595 EOIs received in Year two, 34% of the 

potential participants had suitable air-conditioners. 
However, attrition between assessment and 
recruitment was much lower than in Year one. This 
is due to the combination of on-site assessment and 
communications device installation into one site visit. 

Expression of Interest Attrition

Of the 1,383 EOIs passed on to Western Power by 
Synergy, 1,006 households did not participate in the 
trial. The reasons for attrition included (image 4-J):

•	 technical 

-	 inability to install the DRED or communicate 
effectively with it due to distance or other 
obstacles between the air-conditioner and 
the Smart Meter 

•	 unsuitable air-conditioner

-	 below the required air-conditioner electrical 
load threshold (<1.5kW electrical capacity) 

-	 evaporative rather than refrigerative 
(compressor-based) unit

•	 engagement

-	 inability to contact the householder 
-	 participant opted-out during the process 

Image 4-I: ACT brochure

Image 4-J: Attrition by type
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Installation of DREDs 

DRED installation was a relatively complex process 
due to the presence of different brands and models 
of air-conditioner units, and could take anywhere 
between one to two hours. Generally, installation 
involved taking the cover off the air-conditioner 
unit, wiring the DRED to the unit by either cutting 
into the thermistor circuit or the power supply to 
the compressor. For installations in the ceiling, this 
process was considerably more involved. 

Once the DRED was installed it was commissioned 
via a phone call to a Western Power operator, who 
sent a command to the smart meter to initiate a 
pairing window for approximately five minutes, 
during which time a button on the DRED must be 
pressed to ‘pair’ it to the smart meter. 

Some DREDs became ‘un-paired’ from the smart 
meter and required a re-visit. This occurred during 
Year one due to inconsistent communication 
protocols between the DRED and smart meter. 
At the beginning of Year two, before trial events 
were performed, the smart meter firmware was 
revised and an update implemented remotely. 
This successfully prevented additional DREDs 
becoming ‘un-paired’. For future implementation, 
an automatic pairing functionality would largely 
avoid the requirement for a re-visit.

4.2.3 Commencement of trial events

Event parameters

Nineteen DR events were conducted across Year 
one (10) and Year two (nine) of the trial.  Year one 
events were to test the technology and Year two 
events to validate ACT as a demand response tool.  

Some of the key variables considered whilst 
designing the event plan included:

•	 selecting days to align with peak load periods

•	 time of day and event duration

•	 duty cycle to be applied

•	 mechanism used to minimise aggregate load 
fluctuation

•	 participants to be included 

Selecting event days

Several factors are generally accepted as contributors 
to the occurrence of a peak demand day:

•	 Maximum daily temperature greater than 35 
degrees celcius

•	 a hot day during the working week

•	 a hot day after several preceding hot days

•	 a hot day during the school term

Using the above factors as guidelines, Western 
Power staff selected 19 suitable event days across 
the two-year trial. 

Time of day and event duration

Typically, system peak occurs at approximately 
4pm while residential peak starts at around 7pm. 
To understand the effects of DR on both system-
wide and residential peak load, events were run 
from 4pm to 8pm. 

Duty cycle

Duty cycle refers to the ratio of time that the air-
conditioner’s compressor is cycled ‘off’ to the time 
it is cycled ‘on’.  The sum of the two intervals is the 
cycle time. Two duty cycles were applied in the trial:

1.	 50% or 15/15: meaning 15 minutes off followed 
by 15 minutes on (image 4-K)

2.	 67% or 10/20: meaning 10 minutes off followed 
by 20 minutes on (image 4-L)

Whilst the air-conditioner’s compressor is off it 
will not draw current, providing a load reduction 
over the cycle period.  However, the air conditioner 
will not provide cooling whilst the compressor is 
cycled off, and longer off periods have the greater 
potential to impact comfort levels. Establishing 
two alternative duty cycles provided comparative 
data on their respective impact on peak reduction, 
and provided an opportunity to assess whether 
participant reactions varied with the duty cycle. 

Cycling configurations

The cycling configuration refers to the point of 
time at which a duty cycle begins once a DR event 
has commenced.  For the trial, two different cycling 
configurations were used:

•	 randomised (image 4-M)

•	 non-randomised (image 4-N)

The first configuration, called randomisation, has 
load control commands sent to the DREDs to 
stagger the initiation of the event randomly for 
participating air-conditioners. Randomisation is 
relatively simple to configure and hence preferable 
for large scale operations.
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Image 4-K: Graphical representation of the 15/15 duty cycle

Image 4-L: Graphical representation of the 10/20 duty cycle

Image 4-M: Graphical representation of a 15/15 duty cycle with randomised configuration

Image 4-N: Graphical representation of a non-randomised 15/15 duty cycle with 2 subgroups
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Where a non-randomised configuration is 
specified, the participant group is divided into 
two subgroups for a 15/15 duty cycle, or three 
subgroups for a 10/20 duty cycle. Alternative event 
commencement times were programmed for each 
sub group to provide a balanced off cycle profile - 
as one group is cycled on, another is cycled off.

These cycling configurations in combination with 
the duty cycle results in four possible permutations:

1.  15/15 Randomisation

2. 15/15 Opposing 

3. 10/20 Randomisation

4. 10/20 Opposing 

Data comparison

The project employed two approaches using 
control groups for data comparison as a means 
of understanding what the household peak would 
have otherwise been.  

The first control group was comprised of 
customers that had expressed interest in the 
project, and had provided air conditioner details, 
but had ultimately not become a participant. 

To achieve an alternative control group (comprised 
of trial participants) two events were split into four 
‘half’ events. For example, Event 5 was split into 
event 5A and event 5B, and participants were either 
‘active’ or ‘passive’ (control group) in one half event, 
and alternated for the second half (table 4-A). 

4.3	Key  results

Key results of ACT focus on:

•	 performance of the smart meter enabled DR 
technology

•	 probability of air-conditioner use 

•	 peak demand reductions

•	 impact on network infrastructure

•	 participant evaluation  

•	 future scenarios

4.3.1	 Performance of the smart 
meter enabled DEMAND response 
technology 

During Year one, 10 DR trial events were run 
between January and March 2011.  These events were 
run to test and prove the technology (table 4-B).

The first six events involved smaller groups of 
participant’s air-conditioners, and were run for 
between one and four hours.  These events 
confirmed the end-to-end functionality of the 
smart grid and HAN (chapter 3) infrastructure, 
including the DREDs.

Events were initiated by a command sent remotely 
from Western Power to the DRED, via the smart 
meter. Commands were received by 100% of 
the selected DREDs within a two minute period, 
consistently above performance benchmarks. The 
results of the first summer trial confirmed that the 
smart grid infrastructure can be used for wireless 
demand management of air-conditioners.

4.3.2 	 Probability of air- 
conditioner use

As anticipated, the probability of an air-conditioner 
being switched on increases as the daily temperature 
increases, and is not affected by size (table 4-C).

4.3.3	 Impact of ACT on Average 
Load Reductions

The total air-conditioning load able to be reduced 
increased as the temperature increased. Maximum 
reductions were achieved on a 15/15 duty cycle when 
the temperature was between 38 and 42°C (image 
4-O).  Under all temperature scenarios, the 15/15 duty 
cycle delivers greater load reduction than 10/20.

Among the distribution of air-conditioner sizes 
for all participants, the most typical size ranged 
between 2 - 3.5kW.  To determine the effect of 
air-conditioner size on load reduction potential, air-
conditioners were separated into four electrical size 
categories; under 2kW, 2-3kW, 3-4kW and over 4kW. 

The load reduction per air-conditioner was an 
average of 33% on a 15/15 duty cycle, and 18% on a 

Table 4-C: Probability of air-conditioner use by size

< 2 kW 2-3 kW 3-4 kW > 4 kW ALL

Number A/C On 41 81 35 21 178

Number A/C Off 32 51 23 12 118

Percent A/C On 56.16% 61.36% 60.34% 63.64% 60.14%
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Table 4-A: Event list for Year two of ACT

Event 
No. Date Time of 

event Duty cycle
Random 

configuration 
(Y/N – phase)

Split (Y/N) Min daily 
temp (°C)

Max daily 
temp (°C)

1 24/01/12 2-4 pm 15/15 N-simultaneous N 20.8 37.9

2 31/01/12 4-8 pm 15/15 N - opposing N 17.6 35.2

3 01/02/12 4-8 pm 15/15 N - opposing N 23.5 37.4

4 20/02/12 4-8 pm 15/15 Y N 19.5 36.2

5A 21/02/12 4-8 pm 10/20 Y Y 24.1 35.8

6 22/02/12 4-8 pm 10/20 Y N 18.9 36.9

7 06/03/12 4-8 pm 15/15 N - opposing N 17.9 38.8

5B 09/03/12 4-8 pm 10/20 N - opposing Y 17.7 38.1

8A 12/03/12 4-8 pm 15/15 Y Y 14.5 40.0

10 28/03/12 4-8 pm 15/15 Y N 13.9 30.3

8B 29/03/12 4-8 pm 15/15 N - opposing Y 18.3 32.8

Table 4-B: Event list for Year one of ACT 

Event 
No. Date Time of 

event
Duty 
Cycle

No. of 
households   Specific objectives and comments

1 27/01/2011 4-5 pm 15/15 20
- test systems and technology
-	pilot event for Zigbee technology
- no randomisation

2 10/02/2011 4-5 pm 15/15 40
-	test systems and technology (20 new participants)
- no randomisation

3 15/02/2011 4-5:30 pm 15/15 40
-	test systems and technology with a new set of customers
- no randomisation

4 16/02/2011 4-5:30 pm 20/10 80
-	test systems and technology with event 2 & 3 

participants with a new duty cycle
- randomisation

5 23/02/2011 4-7 pm 15/15 60
-	test systems and technology with new participants at 

dispersed locations
- no randomisation

6 25/02/2011 1-5 pm 20/10 50
-	test systems and technology with new participants at 

dispersed locations
- no randomisation

7 3/03/2011 2:10-6 pm 15/15 180
-	test systems and technology with all available participants
- no randomisation

8 09/03/2011 2:10-6 pm 15/15 185
-	test systems and technology with all available participants
- no randomisation

9 15/03/2011 3:10 to 7 pm 15/15 186
-	test systems and technology with all available participants
- randomisation

10 24/03/2011 3:10 to 7 pm 15/15 188
-	test systems and technology with all available participants
- randomisation
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10/20 (image 4-P). Load reductions are consistent 
regardless of air-conditioner size. The average 
household reduced their overall peak demand by 
approximately 25% during trial events. 

This indicates that larger air conditioners will 
provide a bigger kilowatt reduction and hence a 
bigger dollar per kilowatt value as compared to 
smaller ones. Although there are relatively few 
air-conditioner units greater than 4kW, their total 
electrical load is considerable. This suggests that 
future demand management strategies should 
initially target the larger air-conditioners and then 
successively include smaller units (image 4-Q).

4.3.4 Impact on network 
infrastructure

The impact of demand response of residential air-con-
ditioners on network infrastructure is variable, and is 
dependant upon the mix of customer types (residen-
tial or commercial) connected to the local network. 

A positive impact is likely to be achieved 
predominantly in residential load areas, which are (or 
are becoming) constrained. To illustrate this, Western 
Power conducted two case studies on feeders which 
have a good representation of trial participants - 
Forrestfield and Hadfields. Both case studies used a 
15/15 duty cycle during Air Conditioning Trial events. 

The peak load day on the Forrestfield (image 4-R) 
and Hadfields (image 4-S) feeders were used in the 
analysis. Western Power extrapolated the effect of 
a 10% penetration of participants. This is based on a 
13% EOI rate for ACT, and supported by a 20% partic-
ipation rate and 33% EOI rate in SA Power Network’s 

Image 4-O: Average load reduction per cycling air-conditioner given daily maximum temperature
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For event 8A, participants were divided into two sub-
groups – a participant group and a control group.  
The maximum temperature on this day was 40oC. 
The Demand Response event took place between 
4:00pm and 8:00pm.  The event used randomised 
30 minute cycles (15 minutes ‘off’ and 15 minutes 
‘on’), of the air-conditioner’s compressor.  Each cycle 

was repeated eight times over the four hour event.

The image indicates the peak demand of the active 
participant group (those whose air conditioners 
were cycled) was approximately 25% less than that 
of the passive group (those whose air conditioners 
were not cycled) during the event.  
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Image 4-P: Relative load reduction by air-conditioner size and duty cycle

Image 4-Q: Effect of air-conditioner size and duty cycle on load reduction

Image 4-R: Effect of demand response on Forrestfield feeder 
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Image 4-S: Effect of demand response of air-conditioners on Hadfields feeder
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2010 Glenelg Trial. It is assumed the distribution 
and size of air-conditioners will remain the same.

As a primarily residential feeder, the potential for 
deferment of augmentation on the Forrestfield 
feeder can be clearly defined (image 4-T).  

Alternately, due to the mixed commercial and 
residential profile of the Hadfields feeder, peak 
load was reached prior to 4pm. As a result the 
demand response of residential air-conditioners 
had little effect on the peak feeder load. Given the 
large commercial element of this load, this feeder 
may be more appropriate for a demand response 
initiative that includes the commercial sector. 

It is possible however to reduce aggregate 
load on both of the residentially dominated 
distribution transformers (image 4-U and 4-V). 
Even the Hadfields distribution transformer showed 
significant peak load reduction due to demand 
response.  This highlights that it is possible to 
selectively target residential elements of the 
network at different scales.

The results suggest there is significant potential 
to defer network augmentation. The trial also 
showed that conducting demand response events 
limited to residential air-conditioners has less 
potential for reducing peak load on predominantly 
commercial feeders. 

The rate of peak load growth on primarily residential 
feeders will determine the resultant period of 
deferment of network augmentation achievable 
as a result of the demand response of residential 
air-conditioners.  As a result of reducing peak 
electricity demand by between 2.5% and 5% on 
the Forrestfield feeder, deferment of 
augmentation for up to two years would 
have been possible. 

It should be noted that the demand 
response of residential air-conditioners 
is one of several demand management 
programs (including access to real-
time consumption information, tariffs, 
education etc) that could be conducted 
concurrently in constrained areas.

4.3.5 Participant Evaluation

Perth Solar City commissioned market researcher 
TNS to undertake detailed participant evaluation 
for the Perth Solar City technical trials, including 
ACT. The objectives of the analysis were to 
understand the following:

•	 overall participant experience

•	 motivation for participation

•	 satisfaction during sign-up and installation

•	 experience during the trial

•	 willingness to participate in the trial in the  
future / recommend to others

•	 behaviour change

Overall participant experience 

The overall participant experience of the Air 
Conditioning Trial was very favourable.  Four out of 
five participants (85%) had a positive experience of 
the trial, with more than one third (38%) rating the 
experience as 10 out of 10 (image 4-W). 

The top four motivations for participating in 
the trial (image 4-X) were; ‘wanting to reduce 
electricity bills’ (28%), ‘invited to participate in the 
trial by Synergy’ (23%), ‘wanting to save energy’ 
(15%), and ‘wanting to receive the incentive (11%).    

Image 4-W: Overall Participant Experience
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Image 4-T: Deferment of investment on Forrestfield feeder

Image 4-U: Forresfield distribution transformer

Image 4-V: Hadfields distribution transformer

Image 4-X: Motivation for participating in ACT
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Sign-up and installation

Participants felt that the sign-up and installation 
process for ACT was well communicated, with 
87% of participants not having any concerns with 
being involved in the trial.  However, of the 13% 
of households who were concerned, there were 
three main themes; concerns about increased 
electricity usage, resultant lack of control of their 
air-conditioner, and overall effectiveness of the trial.

90% of ACT participants were satisfied with the 
sign-up and installation process.  In particular, 
participants overwhelmingly felt that the sign up 
and installation process was ‘easy’.  Of the 10% 
who were affected by implementation issues, the 
majority (75%) indicated that the issues were 
easily overcome. 

Experience during the trial

Over three quarters (76%) of participants indicated 
that they felt ‘no change’ in comfort levels over 
the trial period (image 4-Y).  With no perceived 
reduction in amenity, the participant experience of 
the trial was much more likely to be positive. 

Approximately one in five participants indicated that 
they noticed when an ACT event was activated.  Of 
these participants, 34% perceived their air-conditioner 
to be cycling weekly, every two or three days, and 
even daily through the summer period (image 4-Z).  
This is significantly more often than was actually 
run throughout the trial.

The incentive received by ACT participants also 
contributed to a positive participant experience.  
The majority of participants (80%) felt that the 
incentive provided was ‘about right’.

Perceived outcomes

Approximately 28% of ACT participants perceived 
that their electricity use decreased as a result 
of participating in the trial.  Compared with the 
other Perth Solar City technical trials, In Home 
Display (71%) and Time-of-use Tariff (63%), this 
is significantly lower. However, considering the 
main objective of the trial was to reduce peak 
demand on the infrequent days of network peak 
(and not necessarily to reduce overall electricity 
consumption), this is a positive outcome.  

The willingness to participate in future DR programs 
was significantly positive at 87% (image 4-AA). 
ACT participants are more willing than other 
trial participants to join a trial in the future.  ACT 
participants were likely to act as strong advocates 
for the trial, with the majority willing to recommend 
the trial to other households (image 4-AA).  

Impact on behaviour change

Participation in ACT increased awareness of how 
air-conditioners were being used by participants, 
and resulted in a reported sustained reduction in 
use for around half of participants (image 4-AB).  

There was a relatively low incidence of ‘modified 
behaviours’ as a result of participation in the trial.  
A minority of participants set their temperature 
cooler and left the air-conditioner on longer than 
usual while participating in the trial (image 4-AC). 

As a result of participation, a number of related 
energy efficiency actions and behaviours were 
undertaken by participants (image 4-AD).  

Image 4-Y: Perceived frequency of ACT events

Image 4-Z: Perceived frequency of device being 
switched on by participants who perceived a 
change in their comfort levels 
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Image 4-AA: Willingness to participate in ACT in the future and recommend to other households

Image 4-AB: Level of behaviour change (positive)

Image 4-AC: Level of behaviour change (modified)

Image 4-AD: Other impacts of ACT
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4.3.6   Future deployment

To assess future deployment models and costs, 
two scenarios have been developed. The scenarios 
are based on current and developing technologies, 
policies and standards. These scenarios have 
been used to develop predictable costs on a per 
participant and per kilowatt peak reduction basis.

Scenario 1 models the retro-fitting of existing air-
conditioners with DREDs similar to that of the trial. 

Scenario 2 models air-conditioners which have 
been manufactured with demand response 
capability as per the Australian Standard AS4755. 

The main difference in cost is the reduced cost of 
assessment and installation required under Scenario 2.

Scenario 1: Retro-fitted technology 

Assumptions:

•	 contractor achieves 80% success rate in the 
assessment of air-conditioners and installation 
of demand response enabling devices (up from 
61% in ACT Year two)

•	 30% reduction in technology costs due to 
developing market and economies of scale

Scenario 2: Demand response capable air 
conditioner (AS4755 compliant) 

Assumptions:

•	 air-conditioner is manufactured with demand 
response capability as per AS4755 

•	 DRED is pre-fitted at the time of air-conditioner 
installation 

•	 30% reduction in technology costs due to 
developing market and economies of scale

Scenario comparison

As expected, the cost associated with a residential 
air-conditioner demand response program 
is significantly less for Scenario 2 (AS4755 
compliant). For the purposes of cost effectively 
reducing electricity use at peak time through the 
demand response of residential air-conditioners, 
Western Power supports the development and 
introduction of AS4755 (image 4-AE).  

Further, the trial found that a 33% reduction of air 
conditioner load can be achieved regardless of the 
size of the air-conditioner (image 4-AF). Therefore 
the opportunity exists for Western Power to initially 
target larger (+3 kW) air-conditioners for demand 
response under Scenario 1 at a cost of approximately 
$200 to $300/kW of demand reduction. 

 

Image 4-AE: Comparative costs for 
large scale implementations 

Image 4-AF: Comparative unit cost of demand 
reduction by air-conditioner size
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		         4.4	 Transferrable lessons

		         4.4.1 	 Recruitment

Subject Barrier or Benefit Outcome and/or lesson

Recruitment and 
engagement

BENEFIT:
Direct mail followed by 
outbound calling

Outcome:
The most effective method of recruiting participants to ACT was via direct 
mail in combination with a follow-up outbound phone call. 

Lesson: 
Direct mail in combination with outbound calling should be utilised as part of 
an overall recruitment strategy.  

Recruitment and 
engagement

Barrier:
A high participant 
attrition rate occurs 
during a prolonged sign-
up process

Lesson:
A lower attrition rate can be achieved through a combination of:

•	 obtaining accurate customer information with regards to air conditioner 
size and type. 

•	 merging the assessment of air conditioners with the installation of the 
DRED.

•	 providing customers with access (via telephone) to technical experts 
during home visits.

		         4.4.2    TECHNICAL

Subject Barrier or Benefit Outcome and/or lesson

Load reductions per 
air-conditioner

BENEFIT:
A 33% reduction in air 
conditioner electrical 
load can consistently be 
achieved regardless of air-
conditioner size

Outcome:
Greater net load reductions are achieved for larger air-conditioners.

Lesson: 
Future initiatives should provide an incentive to participants based on air-
conditioner’s size. In short, incentives paid per kilowatt of air conditioner size.

Proving the 
technology

BENEFIT:
The end-to-end technical 
solution performs as 
designed, including the 
DRED, communication 
via the Smart Meter, and 
control via UIQ

Outcome:
Nineteen DR events were successfully conducted during Year one and Year 
two. 

Lesson:
Smart grid infrastructure can be utilised to conduct residential demand 
management.

Air-conditioner 
interface with  
smart grid

Barrier:
Interfacing with air-
conditioners is complex 
and invasive  

Outcome:
A customised device (DRED) was required.

Lesson:
Use of the AS4755 standard for demand response interfaces should be 
mandated. Alternative DRED devices/interface should be sought to reduce 
the cost of remotely managing priority appliances such as air-conditioners. 

Home Area Network Barrier: 
Fully enclosed metal meter 
boxes impede HAN per-
formance – lost or reduced 
communication between 
smart meter and DRED

Lesson: 
Testing and commissioning of DREDs should include the meter box being 
fully closed to ensure adequate communication prior to leaving site.  Where 
commissioning fails, a repeater or antenna (at the meter) should be installed 
to improve communications performance.
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Home Area Network BENEFIT:
A signal repeater 
increases the range 
between the smart meter 
and other Zigbee devices

Outcome: 
50% improvement in signal range (25 to 30 meters). 

Lesson: 
Use where signal strength is marginal or intermittent.

Customer energy 
saving behaviours.

Barrier:
Energy efficiency 
programs encouraging 
customers to switch off 
standby power can result 
in air conditioners being 
switched off at the wall 

Outcome:
When initiating a demand response event, a command is sent from Western 
Power via the smart meter to the DRED in the air conditioner. Commands 
are sent on multiple occasions, commencing from up to 24 hours prior to 
the scheduled event. However, if an air conditioner is switched off at the wall, 
the DRED command will not be received. When the air conditioner is then 
switched on during an event period, the DRED will not be activated. 

Lesson: 
Provide communications to customers as part of trial, requesting that air 
conditioners remain on stand by when not in use during summer. 

Note: Electricity saved during the course of events outweighs that saved on 
stand-by. 

Pairing of the DRED 
and the smart meter

Barrier
Inability to remotely pair a 
DRED to the smart meter

Outcome: 
Once a DRED permanently loses connection with the meter (‘un-pairing’), it 
is necessary to visit the customer site to re-commission the DRED. Un-pairing 
only occurred during the 10 month gap between Year one and Year two events.   

Lesson: 
Remote pairing should be added to the functional specification of the device.

4.4.3 Communication and Support

Subjects Barrier Outcome and/or lesson

Customer Feedback BARRIER:
Lack of communication of 
trial outcomes

Outcome: 
Participants unsure as to overall results and benefits of the trial. 

Lesson:
Communications plan should include updates of trial progress and results to 
participants. 
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Load reductions are 
consistent regardless 

of air-conditioner size.  
The average household 

reduced their overall 
peak demand by 

approximately 25% 
during trial events. 
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5.1	Bac kground

Households in Western Australia currently receive 
an electricity bill approximately every 60 days. 
This is a limiting factor in a householder’s ability to 
better manage their electricity use. 

Perth Solar City provided a Western Australia-first 
trial, to test In Home Display (IHD) technology and its 
impact on residential electricity use.  Householders 
were provided an IHD that showed their electricity 
consumption in real-time, both in units (kWh) and in 
cost ($).  This information allowed them to monitor 
and understand their electricity use (through cause 
and effect), which may in turn have an impact on 
their electricity consumption behaviour.

As a Perth Solar City Consortium member, Synergy 
was responsible for the procurement and deployment 
of IHDs, and the recruitment of trial participants. The 
IHD was branded MAX (MAXimise your savings) 
and was provided free of charge to over 2,200 
households. Synergy is the single electricity retailer 
in the Western Australian residential sector (for 
energy users below 50MWh/annum). 

The IHD was enabled by Western Power’s Smart 
Grid (chapter 3). The IHD communicates wirelessly 
with the smart meter via the Home Area Network 
(HAN) to provide real time electricity consumption 
information. The device is portable within the 
home, and allows householders to view the change 
in consumption and cost as a result of switching 
appliances on or off. Western Power also provided 
ongoing technical support to IHD participants.

Two generations of the IHD (procured from Canadian 
manufacturer Energy Aware) were developed for the 
Perth Solar City Trial, providing: 

•	 standard energy consumption information 
(generation 1 and 2)

•	 micro-generation information (generation 2 only)

The standard first generation IHD (image 5-A) has 
four main functions:

•	 electrical energy consumption information in units 
and dollars

•	 historical electricity consumption based on a user 
defined date and time 

•	 coloured lights representing time-based tariff 
consumption blocks

•	 current tariff rate in dollars per unit

The micro-generation capable, second generation 
IHD has additional functionality to show the 
household’s net generation, for example when a 
solar PV system is installed on the home. 

Prior to participants receiving an IHD, Western Power 
pre-matched the IHD to their smart meter. Once 
the IHD was received, the householder followed a 
relatively simple pairing process (image 5-A).  

IN HOME DISPLAY 
TRIAL

Image 5-A: Perth Solar City 
standard model IHD

Pairing the IHD is achieved 
by pressing both buttons 

simultaneously
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5.2	 Objectives and progress

The objectives of the In Home Display Trial under 
Perth Solar City are:

•	 to test the IHD technology via Western Power’s 
smart grid enabled Home Area Network

•	 to test the customer response to the IHD as a 
single method of providing participants with access 
to real time electricity consumption information 

 
The specific Key Performance Indicators (KPIs) 
developed for the trial are:

Activity Key Performance Indicator Timeframe Progress

Technology
Complete HAN interoperability 
testing of IHD for meter and 
network management system

2010/11 Complete

Recruitment
Develop marketing and 
communications material 

2010/11 Complete 

Recruit participant households 2010/11 Complete

Deploy 2,200 IHDs 2010/11 Complete 

Provide technical support as 
required

2010/11 Complete

Evaluation
Understand customer 
response via pairing rates 

2011/12 Complete

Understand customer 
response via impact on 
electricity consumption

2011/12 Complete 

5.3	Key  results

Key results for the trial will focus on:

•	 technology

•	 recruitment

•	 effect on electricity consumption 

•	 participant evaluation

5.3.1	 Technology

Complete interoperability testing

Western Power carried out end to end system 
testing, functional testing and user acceptance 
testing for the first generation of IHDs. The IHD 
communicates wirelessly with the participant 
household’s smart meter via the HAN - an open 
communications platform. Prior to deployment, the 
IHDs required a series of laboratory-based tests to 
ensure successful integration with the selected smart 
meter and network management system (UIQ). 

For second generation IHDs, Synergy and Western 
Power worked with the IHD manufacturer to define 
the requirements to enable the display of net 
micro-generation via the HAN, reportedly a world 
first application. 

Progress

As at 30 November 2011, Synergy had deployed 
1,931 IHDs representing 87% of their program 
target.  1,544 IHDs were deployed to smart meter 
households without the householder specifically 
opting in to the trial.  397 MAX units were deployed 
to households that specifically opted-in to the trial.  

During this period, Western Power was able to test 
the IHD technology via its smart grid enabled Home 
Area Network.  Western Power completed end to end 
system testing, functional testing and user acceptance 
testing for the first and second generation IHDs.

Key results

Paring rates to 30 November 2011:

•	 56% of all IHD recipients paired their device units.

•	 The pairing rate for IHDs when received 
unsolicited through the mail was significantly 
lower than for those households who were pre-
engaged (table 5-A).

Effect on electricity consumption -  
preliminary analysis

Analysis was completed for 813 participant 
households who received and paired IHDs in 
the period 9 February 2011 to June 30 2011.  An 
average of 6.82% reduction of electricity use was 
evident in the immediate timeframe following the 
deployment of the first IHDs.  This equated to a 
$114.44 cost saving per household per year.

Table 5-A: Pairing rates for IHDs by deployment 
mechanism 

Campaign
Type of 
IHD

Number 
of IHDs

Number of 
IHDs paired

Pairing 
rate

Group 1
First 
generation

201 151 75%

Group 2
First 
generation

100 75 75%

Group 3
First 
generation

1,199 590 52%

Group 4 
& 5

Second 
generation

400 255 64%

TOTAL 1,900 1,071 56%

2
0
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Six Synergy and Western Power employees 
participated in an interoperability pilot prior to the 
mass deployment of IHDs. The pilot was conducted 
to ensure that bench-testing of IHDs in the lab had 
adequately uncovered any/all integration issues in 
the end-to-end operational process. 

Considering that interoperability testing was 
conducted during office hours, the pilot uncovered 
several technical issues, for example Sunday tariffs 
not correctly registering in the IHD.

5.3.2	 Recruitment

Synergy was responsible for the engagement 
and subsequent recruitment of participants, as 
well as the deployment of IHDs as part of Perth 
Solar City. Synergy’s target was to recruit 2,200 
smart meter households to participate in the trial. 
Synergy developed a unique brand - MAXimise 
energy savings - and developed information-based 
marketing materials (image 5-B).

Participant recruitment methods

Synergy’s main recruitment method was to 
package the IHD and send it unsolicited via mail 
to approximately 1,500 smart meter households 
(including 345 households with a solar PV system). 
These households were pre-selected by Synergy 
without any prior engagement, and therefore 
without the householder specifically opting-in to 
the trial. The remainder of the MAX units were 
deployed to households as part of various other 
campaigns, including as an incentive for customers 
to participate in trials such as ACT (chapter 4) and 
PowerShift (chapter 6). 

Sub-Project Program target Achieved

IHDs deployed 2,200 2,251

The majority of IHDs were deployed during the 
June 2011 quarter (image 5-C).
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As part of Perth Solar City, an Australian Government initiative aimed at changing the way we all think about and use energy, Synergy is trialling a number of new technologies to help you understand how they can improve your energy use around the home. One of these is Max™, an In Home Display (IHD) unit. Max™ is yours to keep* and may help you save money on electricity. To switch Max on, simply press either the <L> or <R> buttons at the top of the unit. Once Max is on you will need to join the network. You can do this by holding either the <L> or <R> buttons for three seconds. Max may take up to five minutes to complete the network joining process. You will need to fully charge Max before use. 
For more information about how Max works and how he can help you around your home, please read the user manual inside the box.

This trial is one of the largest of its kind in Australia to date. Because of this, we would really like to hear from you with any information, feedback or ideas you would like to share. Please email us at max@synergy.net.au

Max is a trademark of the Electricity Retail Corporation 
trading as Synergy.
*In accepting this IHD, you consent to receiving messages 
from Synergy on your IHD from time to time.

SYNB0722_Postcard.indd   2

13/4/11   2:06:24 PM

SYNB0722_Postcard.indd   1
13/4/11   2:06:23 PM

Image 5-B: MAX deployment letter
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Pairing rates

The IHD units required a simple pairing process to 
calibrate the unit to the smart meter. Households 
were required to complete this step once in 
posession of their IHD. The pairing rates for IHDs 
show the number of households who are active 
participants in the trial. Recipient households who 
do not pair the IHD to their smart meter were not 
considered active participants. 

The pairing rate for IHDs across all recruitment 
strategies was 56%. As the prominent recruitment 
strategy used by Synergy was to provide 
participants with the IHD unsolicited through the 
mail, a 56% take-up rate is considered high when 
compared with other PSC trials.  This shows an 
initial high-level of interest in receiving a free energy 
efficiency product in the mail. 

Technical support 

As the MAX deployment partner, Synergy provided 
the following participant support:

•	 dedicated enquiry line 

•	 initial trouble-shooting of technical issues, 
such as replacement of faulty units, return of 
unwanted units, replacement of batteries as 
required

•	 the escalation of more technical issues to 
Western Power, such as pairing with smart 
meter, loss of HAN signal, and reprogramming 
to support tariff changes 

Western Power also provided on-going technical 
support for the HAN (image 5-D), as well as the 
technical support required to pre-pair the IHDs.  

For pre-pairing, Synergy would pre-allocate an IHD 
to a household and inform Western Power prior 
to deployment. Western Power would then pre-
pair the device to UIQ and request that the vendor 
(SilverSprings Networks) open an unlimited join 
window in the system to allow customer connection 
following receipt of their IHD. Once the join window 
is established, approval for dispatch was provided 
to Synergy. Upon receiving their IHD in the mail, the 
customer was required to remove the IHD from the 
box and complete the pairing process (image 5-A).
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Image 5-C: Deployment of IHDs
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Home Area Network

Issue identified - unsolved

Workaround in place

Issue solved

Smart 
Meter

UIQ ISSUE 
Excessive lag time In consumption change  
update. UIQ vendor Issued firmware upgrade.

IHD ISSUE 
IHD displays incorrect after meter reset.  
Limitation of IHD model. Customer required  
to reset IHD.

IHD ISSUE 
No energy generation support.
Enhanced IHD is generation capable.

IHD ISSUE
IHD not flashing 5 minutes prior to next tariff 
block as per specifications. Workaround 
Implemented via UIQ.

UIQ ISSUE
Support TOU tariff pricing in Western
Standard Time (not GMT). Fix UIQ 4.2.8.

UIQ and IHD Issue
Running total screen will not accurately calculate
the $ used for TOU customers.

HAN ISSUE
Limits of HAN coverage +50 metres for IHD 
joining with smart meter. External antenna on 
meter and Zigbee repeaters as solution.

IHD ISSUE
Battery failure on enhanced IHD causes data
synchronisation failure, multiple reboots and  
event ‘storm’ on UIQ. New batteries sent.

UIQ ISSUE
Inability to set plus 300 second join window 
through UIQ. Workaround provided by vendor.

UIQ ISSUE
HAN certificate missing from meter NIC.  
Can’t be joined with HAN devices.  
HAN certificates installed.

UIQ ISSUE
Electricity consumption cost not displayed on
weekends. Fix UIQ 4.2.8.

Image 5-D: Overview of technical support provided by Western Power

During the Super-
Peak period, IHD 
participants 
reduced their 
electricity use 
by 5.0%
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Image 5-E: IHD impact on total electricity consumption  
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Image 5-F: IHD impact on Super-Peak

5.3.3 Effect on electricity 
consumption

Perth Solar City commissioned Data Analysis 
Australia (DAA) to provide analysis on the effect of 
the IHD on reducing overall participant electricity 
consumption. The analytic methodology developed 
and used by DAA is attached as Appendix B.

Total electricity consumption

Analysis was completed for 1,137 participant house-
holds who had paired their IHD. Participants reduced 
their electricity use by an average of 1.5% (image 5-E). 

Table 5-B shows the extrapolated annual cost 
and greenhouse gas savings for participants who 
paired their IHD.

Table 5-B: Extrapolated annual cost and 
greenhouse gas emissions savings

Customer 
Group

Electricity cost 
savings per household 

($/year)*

Greenhouse 
Gas savings (kg 

CO-e/year)^

IHD $25.17 93

* Calculation based on unit cost of $0.248866 per kWh – 
the A1 all-time rate as at 30 September 2012
^ based on emission co-efficient of 0.92kg/CO2-e per kWh 
(National Greenhouse Account Factors July 2012)

This is a decrease on the 6.7% preliminary result 
reported in the Perth Solar City 2011 Annual Report. 
Several factors are likely to have contributed to this 
difference, including:

•	 increased number of participants included in 
2012 analysis

•	 the preliminary analysis included the period of 
approximately 6 months post IHD deployment. 
The 2012 analysis includes a significantly longer 
period post IHD deployment

•	 the majority of participants were not engaged 
as to the opportunity and benefits of using the 
IHD prior to receiving it

•	 a significant minority of participants stopped using 
their IHD as a result of technical issues such as faulty 
battery and/or loss of pairing with the smart meter 
(section 5.3.4)

IHD in combination with other products and services

IHD participants who also participated in other Perth 
Solar City products and services (including the 
Home Eco-Consultation and Living Smart) reduced 
their average electricity consumption by 21.4%. This 
is nearly double that of households who participated 
in the Home Eco-Consultation and Living Smart 
programs combined (without an IHD). However, it 
should be noted that the sample size of the former 
is relatively small at 76 participants, and therefore 
should only be considered indicative. 

Effect on Super-Peak consumption 

Perth Solar City commissioned Data Analysis Australia 
(DAA) to provide analysis of the effect of the IHD on 
reducing participant electricity consumption during 
the allocated Super-Peak (2pm – 8pm on weekdays). 
The analytic methodology developed and used by 
DAA is attached as Appendix B.

During the Super-Peak period, IHD participants 
reduced their electricity use by 5.0% (image 5-F). This 
is supported by approximately 49% of households 
reporting sustained reductions in air-conditioner 
use as a result of using the IHD (section 5.3.4).

5.3.4  Participant Evaluation 

Perth Solar City commissioned TNS to undertake 
detailed participant evaluation for the technical 
trials, including the IHD Trial. The objectives of the 
analysis were to understand the following:

•	 overall participant experience

•	 motivation for participation

•	 sign-up and activation 

•	 trial impact

•	 trial outcomes

•	 behaviour change

A total of 210 IHD participants responded to a 
quantitative survey and 20 participants were 
involved in the qualitative evaluation, either in a 
focus group or one-on-one interview. It should be 
noted that 77% of quantitative survey respondents 
paired their IHD. This is a higher representation 
than the trial as a whole (56%).  

Average reduction 1.5% Average reduction 5.0%
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Overall participant experience 

Four out of five participants (82%) had a positive 
experience of the trial, with more than one third (36%) 
rating the experience as ‘10 out of 10’ (image 5-G).
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Image 5-G: Overall participant experience
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Image 5-H: Motivation for participating in trial
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Sign-up and activation

The majority of trial participants found the sign 
up and activation process to be ‘easy’ (image 5-I).  
However, there were a slightly higher number of 
implementation issues when compared to other 
Perth Solar City technical trials. 

Of those participants who experienced issues 
during the IHD Trial the most common were 
difficulties in pairing the device to the smart 
meter and maintaining the connection.

Participant motivation

The most significant motivation for participation 
by households who paired the device was to 
reduce their electricity bill (31%) (image 5-H). 

Image 5-I: Ease of sign up / activation of the IHD
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Image 5-K: Frequency of using IHD within household
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Image 5-J: Reasons for not pairing IHD
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Trial impact

The initial reaction of survey respondents to 
receiving the IHD was positive (94%), with 
participants typically being ‘intrigued’ and 
recognised the potential value of the device 
as a tool to monitor energy use. Feedback 
from participants included:

•	 “Positive.  It seemed like a bonus and 
appreciation for taking part in the Solar 
City program”

•	 “Didn’t know that it was being sent so it 
was a surprise”

•	 “Excited and intrigued with possibilities 
to manage our power consumption” 

Survey respondents who did not pair their 
IHD provided some insight into the reasons 
(image 5-J).

Of those who paired the device, 
approximately 78% reported referring to it 
daily (image 5-K). 

The majority of IHD Trial participants 
(71%) perceived a reduction in household 
electricity use.  This perception is likely to 
have contributed to the positive experience 
of the overall trial.   

Participant households were likely to act 
as strong advocates for the IHD Trial. 
Approximately 74% of IHD Trial participants 
indicated that they would be willing to 
participate again in the future, whilst 77% 
were willing to recommend the trial to 
others (image 5-L). 
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Image 5-M: Awareness generated by using an IHD

Image 5-N: Level of behaviour change, by appliance
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Behaviour change

The IHD Trial was successful in increasing 
awareness of energy use, and assisting participants 
to adopt energy saving behaviours around the 
household (image 5-M).   Some of this knowledge 
was reported to have resulted in behaviour change.  
For example, some participants found it easy to 
reduce consumption in appliances such as air-
conditioners and clothes dryers (image 5-N). 
However, participants reported more difficulty in 
reducing consumption in ‘every day’ appliances 
such as the vacuum cleaner and microwave/oven.  
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Image 5-O: Barriers to behaviour change

Image 5-P: Facilitators to behaviour change
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Image 5-Q: Reasons for no longer using IHD
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Affordability of energy efficient appliances 
appeared to be one of the biggest barriers 
preventing further behaviour change, while 
‘not being sure’ of how to achieve further 
savings or make further changes was also 
reported (image 5-O).

The IHD was considered to be a significant 
facilitator in reducing electricity use as it 
showed how much electricity was costing 
in real-time (image 5-P).  Higher electricity 
costs and energy consciousness were also 
important facilitators. 

The biggest reason provided for ceasing 
or reducing use of the IHD was that it was 
‘no longer required’, or only used on an ‘as 
needs’ basis (image 5-Q).  However, technical 
and battery issues were also identified as 
significant contributors to participants no 
longer using their device. 
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5.4	 Transferrable lessons

The IHD Trial shows the potential benefit of providing access to real-time energy information to 
households. A number of recruitment and technical learnings have emerged from the IHD Trial to date.

		  5.4.1	 Recruitment

Subject Barrier or Benefit Outcome and/or lesson

Engagement of 
households by 
retailer

BARRIER:  
The majority of IHDs 
were sent to households 
unsolicited.

Outcome:  
44% of recipients did not pair the IHD with the smart meter. 

Lesson:  
In order to maximise the benefits of IHDs, they should be made available to 
engaged and motivated participants via an opt-in program.

Data capture 
on deployment 
strategies

BARRIER:  
Limited data capture on 
different IHD deployment 
strategies. 

Outcome:  
There was an inability to evaluate the success of different IHD deployment 
strategies (pre-engaged vs non opt-in). 

Lesson:  
Clearly define objectives for data capture with deployment partner. Closer 
management of deployment partner data capture process prior to, and during 
deployment. 

Targeted 
deployment

Benefit:  
Reduction of electricity 
use at peak times. 

Outcome:  
A 5% reduction in electricity consumption during peak periods was achieved. 

Lesson:  
Consider deployment of IHDs, as part of a broader demand management 
strategy, in areas of the network with peak demand constraints.   

Engagement  
and recruitment

BARRIER:  
Lack of clear incentive 
and/or driver for 
deployment partner.

Outcome:  
The delivery of IHDs within the target area was not as effective as anticipated.

Lesson:  
Engagement and recruitment for smart grid enabled products and services 
should be undertaken by organisations for which energy efficiency and 
demand-side management is part of core business, or is appropriately 
supported by regulatory-based incentives. 

Consortium 
Agreement

Barrier:  
Lack of prescriptive 
engagement and 
recruitment methodology 
in the Consortium 
Agreement. 

Outcome:  
IHD deployment was undertaken to meet basic contractual targets, 
irrespective of the effectiveness of the method of deployment. 

Lesson:  
Contracts for the delivery of smart grid enabled products and services should 
include provisions for engagement and recruitment methodology. 
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“Our bill has dropped from 
around $100, to about  
$30 - $40, which is great” 
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		  5.4.2	 TECHNICAL

Subject Barrier or Benefit Outcome and/or lesson

Home Area 
Network

BARRIER:  
Suitability of 2.4GHz 
wireless for extended  
HAN signal coverage.

Outcome:  
In instances where the smart meter was a significant distance from the home 
(typically beyond 50m), or multiple physical barriers exist (i.e. multiple walls), 
signal coverage was beyond the range of the wireless technology. As a result, 
some participants found repeated pairing attempts inconvenient, and/or were 
unable to continue in the trial.  

Lesson:  
Range extension can be achieved via antennas, repeaters or a wired solution, such 
as using the power-line connection to the residence to carry the zigbee signal.

Technical 
support for the 
deployment of 
new technology

BARRIER:  
The IHD technology is a 
relatively new technology 
in Australia 

Outcome:  
Ongoing technical support, including replacement of faulty batteries, is 
required for the duration of the trial. 

Lesson:  
Roles and responsibilities for technical support should be clearly defined. 

Technical support for IHDs should be integrated into business-as-usual 
processes prior to larger scale deployments.   

Deployment of 
basic function 
IHD

BARRIER:  
Lack of choice for house-
holders between differing 
methods of providing access 
to real-time electricity 
consumption information 

Outcome:  
The trial was limited to identifying the effectiveness of a basic function IHD. 

Lesson:  
Further trials should be conducted, which provide greater choice to 
householders including USB connections or smart-phone applications. 

CASE STUDY 
IN HOME DISPLAY AND TIME-OF-USE TARIFF
Scott lives with his partner and daughter and 
participated in the In Home Display and Time-of-Use 
Tariff Trials. His main motivation for participating 
in the trials was to reduce their carbon footprint; 
“we have always been quite energy conscious, and 
since we have moved into this house we have tried 
to become more self-sufficient – growing our own 
vegetables and having chickens”. Scott was aware 
of similar trials being conducted in other states and 
was delighted when he received an invitation to 
participate in the trials in Perth. 

Participating in the In Home Display and Time-
of-Use Tariff Trials allowed Scott to reduce his 
household electricity bill by around two thirds: 

Initially Scott signed up to participate in the Time-of-
Use Tariff Trial, and then received a phone call to ask 
if he would like an in home display. “We were very 
happy to get the MAX – it has made participating 
in the PowerShift trial that much easier for us.” The 
In Home Display was placed in the kitchen and was 
used intensively in the first few weeks to determine 
how much electricity each appliance was using:    

“Our bill has dropped from around $100, to about 
$30 - $40, which is great”.   

“We tested each appliance by leaving it plugged in 
and turning everything else off – our old fridge was 
a major energy sucker”. 

Once Scott and his partner developed an 
understanding of how much electricity each appliance 
used, the In Home Display was used on a more 
occasional basis for spot checks.  Scott would have 
liked the In Home Display to have an alarm to provide 
more instant notification when energy usage peaked: 

“It would be a good reminder for our daughter if an 
alarm went off when she has her lights, TV, hairdryer 
and hair straightener on all at the same time!”. 

Some of the direct changes made by participating 
in the In Home Display and Time-of-Use Tariff  
Trials were the purchase of new energy efficient 
appliances, turning appliances off standby and using 
main lights less often.  Scott and his family have 
also changed the timing of some of their activities – 
particularly the washing machine and cooking times: 

“I have become a bit obsessive – I will stay up 
until 10pm just to put the washing on and we have 
started to cook a bit later too”. 

The trial has also increased general energy awareness 
within the household and they have taken up 
activities such as half filling the kettle, flushing the 
toilet less often and placing egg timers in the shower. 

After having participated in the Perth Solar City 
trial, Scott is seeking more information on having 
solar panels and a grey water system installed. 

(Scott, MAX and PowerShift, 45 – 54, Self Employed).  
Source: Market research survey TNS, 2012.
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6.1	Bac kground

PowerShift, a voluntary three-part time-of-use 
tariff, was developed by Synergy for Perth Solar 
City. PowerShift is the first tariff in Western 
Australia which seeks to more closely align 
electricity consumption blocks with time-based 
costs of supply. PowerShift provides customers 
with the financial incentive to reduce household 
electricity costs by shifting consumption away 
from times of peak demand.  

Prior to PowerShift, Western Australian households 
on the South West Interconnected System (SWIS) 
had two electricity tariff choices:

•	 A1 tariff: a subsidised all-time tariff where 
customers are charged one flat rate (24.89c/
kWh), regardless of when the electricity is used

•	 SmartPower: a four–part time-of-use (TOU) 
tariff where premium charges occur from 
11am – 5pm on weekdays (45.88c/kWh during 
weekdays in summer)

Peak electricity demand on the SWIS generally 
occurs in summer between 4pm and 8pm on 
weekdays.  Peak demand places significant strain 
on Western Power’s electricity network, resulting 
in the inefficient use of existing network resources, 
and requiring costly network augmentation. 
Neither of the existing retail tariffs reflect the 
increased cost of electricity supply during peak 
demand periods, nor encourages households to 
use electricity outside of peak periods. 

The price structure, as at 30 September 2012 is 
shown in table 6-A. 

Table 6-A: PowerShift consumption blocks and 
charges 

Period Time  Rate (c/kWh)

Super-
Peak 

Weekdays -  
2pm to 8pm

40.15

Peak Weekdays - 7am to 
2pm and 8pm to 10pm 
Weekends - 7am to 10pm

23.08 

Off-Peak All days - 10pm to 7am 13.04

The fixed network supply charge for PowerShift is 
38.23 cents per day, compared to 41.55 cents per 
day for the A1 tariff. This provides participants with 
a further incremental benefit. 

Synergy is responsible for the engagement 
and recruitment of participants to PowerShift. 
Participant households require an interval 
capable meter which can either be a smart 
meter recently installed under Perth Solar City, 
or a reprogrammable electronic meter. There are 
approximately 20,000 households with interval 
capable meters in the Perth Solar City target area.

6.2	 Objectives and progress

The key objectives of the Time-of-Use Tariff Trial 
are to:

•	 understand the potential for a voluntary peak-
demand based price signal to shift household 
electricity consumption (from periods of peak 
demand to periods of off-peak demand)

•	 understand the potential for a voluntary peak-
demand based price signal to reduce household 
electricity costs  

A total of 746 households were recruited to the 
voluntary trial, representing 74.6% of the target for 
participation. 

TIME-OF-USE TARIFF 
TRIAL

shifting 
consumption 
away from 
times of peak 
demand
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Sub-Project Program 
Target Achieved

Time-of-use tariff participants 1,000 746

PowerShift pricing review

As a result of the carbon price pass through and 
state-wide annual tariff price increases, a review of 
the PowerShift tariff rates was completed during 
May 2012. All PowerShift rates received the carbon 
price pass through, while the annual state-wide 
tariff increase was limited to the Super-Peak rate 
(table 6-B). The resultant rate changes came into 
effect on 1 July 2012. 

Table 6-B: June 2012 tariff pricing review – 
PowerShift and A1

Period Time 

Rate to 
30 June 

2012 
(c/kWh)

Rate as 
at 1 July 

2012  
(c/kWh)

Super-Peak 
Weekdays - 2pm 
to 8pm

36.62 40.15

Peak

Weekdays - 7am 
to 2pm and 8pm 
to 10pm  
Weekends - 7am 
to 10pm

20.83 23.08

Off-Peak 
All days - 10pm 
to 7am

10.78 13.04

Supply charge Per day 36.49 38.23

A1 All-time 21.87 24.89

Supply charge Per day 36.49 41.55

Recruitment of participant households

Most existing electricity meters (mechanical) 
record cumulative consumption, which is then 
read for billing every 60 days. PowerShift requires 
participants to have an interval capable meter. An 
interval capable meter is a digital meter capable of 
recording electricity use by programmed time-
bands, including every half-hour. 

As PowerShift is a time-based tariff, whereby 
participants are charged different rates at different 
times of the day, the meter is required to be 
configured to record electricity consumption for 
these specific time periods. There are two types of 
interval capable meter:

•	 an electronic meter - requiring programming 
to the new time-of-use tariff time periods, and 
manually read every 60 days

•	 a smart meter - records half hourly interval data 
and is capable of being read remotely

To market PowerShift, Synergy identified three 
groups of potential participants (table 6-C).

Progress

Synergy originally proposed a target of 5,000 
Powershift participants within the Perth Solar 
City target area. However, the target was 
reviewed during 2010/11 and subsequently 
reduced to 1,000 participants. As at 30 
November 2011, Synergy had recruited 427 of the 
targeted 1,000 households to PowerShift.

Prior to the commencement of the recruitment 
campaign for PowerShift, Synergy developed 
an interactive web-based calculator to assist 
households in determining the appropriateness 
of the product. The PowerShift calculator enables 
customers to see how much money they could save 
per annum by shifting various percentages of their 
consumption to off-peak periods.

Of the 427 households who signed up for 
PowerShift, a total of 94 households have 
requested to return to the A1 all-time tariff – 
representing an attrition rate of 22%.

Key results

The broad objective of PowerShift is not to 
reduce a householder’s overall electricity 
consumption, but rather it seeks to:

•	 reduce electricity consumption at times of 
peak demand (Super-Peak) 

•	 reward householders for changing their 
electricity consumption behaviour to reduce 
consumption at times of peak demand 

As such, preliminary analysis seeks to understand 
the reductions in electricity consumption at 
Super-Peak, as well as the effects of shifting 
behaviour on household electricity costs. 

Analysis was completed using NEM 12 (interval) 
data for 334 participant households who had 
signed up for and remained on PowerShift 
in the period 1 August 2010 to 30 June 2011. 
The preliminary analysis shows a reduction in 
electricity consumption during the Super-Peak 
of 10.9%. 
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Table 6-C: Target Groups 

Group Description
Approx no. of 

households
PowerShift 

participants

Group 1
Customers that have a basic meter installed at their home  
These customers would require a meter exchange

100,000 111

Group 2 Customers that have an electronic meter installed at their home 15,000 160

Group 3 Customers that have received a smart meter as part of the Program 7,000* 475

*Number of smart meters installed at time of campaign

Group 1 (basic meter) participants require a meter 
exchange to an interval capable meter. Participants 
in Group 2 and 3 have interval capable meters 
requiring configuration to PowerShift. 

Participation – Group 1 (basic meter households)

Participation from households in Group 1 required a 
meter exchange costing $176.15 for a single phase 
meter or $276 for a three phase meter. This cost is 
considered a barrier to participation as it is likely 
to negate the savings made from changing to the 
PowerShift tariff in the short term. To remove this 
barrier, Western Power agreed to waive the meter 
exchange cost for up to 500 participants. 

A traditional marketing campaign, which included 
the mass mail-out of a letter to households, was 
conducted in two phases. The letter included 
general information about PowerShift, and relied 
on customers understanding their own energy use 
across an average day as the means of assessing 
suitability (image 6-A). 

Phase 1 was completed during April and May 2012. 
Phase 2 was completed during July to September 
2012. A total of 17,642 households received the 
mass mail-out across the two campaigns, which 
yielded a total of 111 recruited households. The sign-
up rate for this campaign was therefore 0.6%.  

Participation – Group 2 (electronic meter 
households)

Approximately 15,000 customers within the 
Program target area have a reprogrammable 
electronic meter. Participation from households in 
Group 2 required a meter reprogram costing $66. 
Western Power and Synergy agreed to waive this 
cost to participants. 

A traditional marketing campaign, which included 
the mass mail-out of a letter, was conducted 
for approximately 8,000 households. The letter 
included general information about PowerShift, 
and relied on customers understanding their own 
energy use across an average day as the means of 
assessing suitability (image 6-B). This campaign 
recruited 160 households, a sign-up rate of 2.0%.

Participation - Group 3 (PSC smart meter 
recipient households)

Analysis of a household’s 30 minute interval 
data collected remotely via the smart meter 
provides a profile of the households average daily 
electricity use (image 6-C). This profile enables an 
understanding of the household’s consumption 
at different times of the day. The PowerShift time 
bands can then be overlayed to the profile (image 
6-D), in order to calculate the expected electricity 
costs for the householder on PowerShift. The 
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Image 6-A: PowerShift direct mailer to Group 1 households

resultant cost on PowerShift can then be compared 
to the cost on the A1 tariff. In short, the suitability 
of switching tariffs becomes easily evident. 

During June 2012, this method was used to 
analyse smart meter households as a means of 
understanding who could benefit from switching to 
PowerShift. One full year of electricity consumption 
data for the period 1 June 2011 to 30 May 2012 
was used to calculate electricity costs under both 

the PowerShift and A1 rates. An example of this 
analysis for the randomly selected household is 
provided in table 6-D. The results show that the 
example household could save approximately $234 
per year on PowerShift based on their current 
consumption profile. In turn, when presented with 
this information, customers are able to make a 
more informed decision about the opportunity and 
benefits of switching to PowerShift.  
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Image 6-B: Group 2 PowerShift brochure

 

PowerShift™ is a three part time-of-use pricing product 
that lets you take advantage of variable electricity rates, 
depending on when you use electricity.

Put simply, the more electricity you can shift to off peak, 
the greater your potential to save.

PowerShift™ is a key component of Synergy’s commitment 
to trial new energy management products as part of 
Perth Solar City, a $73.5 million Federal Government initiative.

Synergy seeks to work with customers to encourage the 
more effi cient use of electricity and, in particular, to help 
reduce peak demand.

Using power in the cheaper time periods not only means 
electricity bill savings, it helps ensure a more consistent and 
reliable energy supply.

How does PowerShift work?
Unlike the fl at rate Home Plan™ (A1) Tariff, where the 
price is the same regardless of when you use electricity, 
PowerShift has three different rates depending on the time 
of day that you use it. 

A higher rate is charged during the super peak period, and 
the peak rate is charged at the same rate as the Home Plan™ 
(A1) Tariff. 

However, you have the opportunity to make signifi cant 
savings by using your electricity during the off-peak times 
as shown below:

Rate Time period Rate

Super peak Weekdays – 2pm to 8pm 36.62c/kWh

Peak Weekdays  – 7am to 2pm
– 8pm to 10pm

Weekends – 7am to 10pm

20.83c/kWh

Off-peak All days – 10pm to 7am 10.78c/kWh

Supply charge per day 38.23c/day

Synergy seeks to work 
with customers to 

encourage the more 
effi cient use of electricity 
and, in particular, to help 

reduce peak demand.

What is 
PowerShift?

1.  Weekends all 
year round

2.  Weekdays all 
year round

Current Standard Residential Home Plan (A1)
 Tariff 20.83 cents/kWh incl. GST.

20.83
cents/kWh

Peak

    20.83
cents/kWh

Peak

36.62
cents/kWh
Super peak

10.78
cents/kWh

Off peak

20.83
cents/kWh

Peak

10.78
cents/kWh

Off peak

■ 7am to 2pm
■ 2pm to 8pm
■ 8pm to 10pm
■ 10pm to7am

■ 7am to 10pm
■ 10pm to 7am

All prices quoted include GST and are effective as at 1 July 2010. 
Prices and time periods are subject to change at any time.

SYNB0604_Powershift_DL_FNL.indd   3-4 6/9/10   10:45:05 AM

Is PowerShift right for me?  
If you currently use electricity during the cheaper periods, 
or are able to modify your behaviour to do so, then 
PowerShift may be just the thing for you. To fi nd out more, 
see our qualifying checklist or try our easy to use web 
calculator at synergy.net.au/powershift

What information will I need to switch 
to PowerShift?
First you need to fi nd out if your meter is compatible. 
Next, you need to determine whether the product meets 
the needs of your household. 

Once this has been identifi ed we can arrange to switch 
you to PowerShift over the phone and arrange the 
reprogramming of your meter. If you require and consent 
to a meter replacement, the charge for this will appear on 
your next account. 

How do I make the switch?
Simply call us on 1800 729 265 and we can determine if 
you have a compatible meter and arrange the switch for 
you over the phone. There will be no charge for switching to 
PowerShift if you have a compatible meter.

©Synergy 2010. PowerShift and Home Plan are trademarks of Electricity Retail 
Corporation trading as Synergy.

What if I don’t have a compatible meter?
If you don’t have a compatible meter, you’ll need to have one 
installed. The charges for installing a compatible meter are:

Type Single phase Three phase

Existing home $171 $268

Am I locked in for a period of time?
You will be supplied with electricity under the terms and 
conditions of your existing Synergy agreement. You 
can switch back to the fl at rate Home Plan (A1) Tariff at 
any time and at no extra cost to you. Just call Synergy 
on 1800 729 265. 

Will PowerShift save me money?
The amount you save with PowerShift depends on your 
ability to shift as much of your energy use to the off-peak 
period and limit your usage during the super peak period.  
Visit our calculator at synergy.net.au/powershift to see how 
this will work for you.

For more information and tips on PowerShift, simply visit 
our website at synergy.net.au/powershift 

The amount you save 
with PowerShift depends 
on your ability to shift as 
much of your energy use 
to the off-peak period.

SYNB0604_Powershift_DL_FNL.indd   7-8 6/9/10   10:45:07 AM

BR
O

C0
01

0S
EP

T1
0 

   
   

Pr
in

te
d 

on
 1

00
%

 re
cy

cl
ed

 p
os

t-
co

ns
um

er
 w

as
te

. PowerShift. 
Shift your energy use and save.

SYNB0604_Powershift_DL_FNL.indd   1-2 6/9/10   10:45:01 AM

How PowerShift helps you save.
The amount you save with PowerShift depends on your 
ability to shift as much of your electricity usage as possible 
to the cheaper PowerShift periods.

PowerShift rewards you for shifting your energy 
consumption out of the network’s ‘super peak’ period 
(the time when most people are using electricity and 
causing strain on the network), into off-peak periods 
(between 10pm – 7 am).  

You can use these and other appliances during off-peak 
periods to save money:

Electric water heaters• 
Reticulation bore pumps• 
Swimming pool pumps• 
Washing machines• 
Clothes dryers• 
Dishwashers• 
Air conditioners• 

You may need to have a timer fi tted by a licensed electrician 
for these appliances.

To help shift your usage and benefi t from the cheaper rates, 
here’s what to do: 

Manually switch your appliances on or off at the • 
right times
Use timers already fi tted to certain appliances, such • 
as dishwashers, washing machines, swimming 
pool pumps and air conditioners
Look for models with built-in timers when buying • 
new appliances
Install simple plug-in timers.• 

Save money 
by choosing 
which appliances 
to run during 
off-peak times.

SYNB0604_Powershift_DL_FNL.indd   5-6 6/9/10   10:45:05 AM
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Image 6-C: Average load profile – randomly selected smart meter household

Image 6-D: Average load profile with PowerShift overlay – randomly selected smart meter household 
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Table 6-D: Analysis of electricity costs – randomly selected household

 Household average consumption 34.92kWh/day

 Rate ($/kWh) Units (kWh) Annual cost

A1 all time tariff $0.2489 12,747  $3,172.73

 
PowerShift time-of-use tariff 

Super-Peak $0.4015 2,487  $998.53

Peak - weekday $0.2308 3,559  $821.42

Off-Peak - all days $0.1304 4,262  $555.76 

Peak - weekend $0.2308 2,439  $562.92

Total  12,747  $2,938.63

Saving on PowerShift   $234.10

 
1kWh movement from Super-Peak to weekday Peak (260 weekdays in year)

Total 12,747 $2,894.25

Saving on PowerShift with 1kWh shift $278.48
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Image 6-E: Annual cost savings based on tariff comparison for Powershift and A1
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This analysis was completed for 7,041 smart meter 
households, and as a result it was identified that 1,295 
households could save greater than $50 each per year 
by switching to PowerShift (table 6-E and image 6-E). 

A marketing campaign was then developed to 
target households that demonstrated a minimum 
of $50 saved. Each household was sent a letter 
outlining the potential dollar savings from switching 
to PowerShift (image 6-F). Some households were 
also followed up with an outbound phone call. 

Table 6-E: Potential savings on PowerShift for PSC 
smart meter households

Savings No. of Households % of households

$0 - $49 2,721 39%

$49 - 149 1,295 18%

$150+ 230 3%

No Saving 2,795 40%

Total 7,041 100%

A total of 209 households were recruited through 
the campaign, a sign-up rate of 19.4%. Further, 
the targeted campaign using smart meter interval 
data resulted in more cost-effective recruitment of 
households than traditional methods (table 6-F).

The recruitment campaign targeted households 
that would save money by switching to PowerShift, 
while maintaining their current daily electricity 
consumption profile, and shifting consumption 
away from Super-Peak periods to achieve further 
savings. This strategy was used to increase 
participation in the trial, and to understand 
customer acceptance. As part of the wider 
introduction of a voluntary time-of-use tariff, a 
range of consumption profiles should be targeted 
using interval data to encourage behaviour change. 
This will further maximise benefits for customers 
and the electricity network.  

Attrition rate for PowerShift

Of the 746 PowerShift households, a total of 121 
households returned to the A1 all-time tariff (as at 
30 September 2012 at no cost). This represents an 
attrition rate of 16% (image 6-G). The attrition rate 
is due to a combination of the following:

•	 change of occupancy

•	 change in circumstance

•	 increase in electricity bill

•	 inability to shift consumption away from the 
Super-Peak period
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Image 6-F: PowerShift targeted campaign letter
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Table 6-F: Recruitment cost breakdown for PowerShift trial

Cost
Households 

targeted
Total 

Acquisitions
Uptake rate

Cost per 
acquisition

Targeted recruitment $11,679 1,073 209 19.4% $55.88

Traditional recruitment^ $8,704 11,267 65 0.6% $133.91

^Does not include additional waived costs for meter exchange

Image 6-G: Attrition rate for PowerShift
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6.3	Key  results

Key results for PowerShift focus on:

•	 impact on consumption at time of Super-Peak

•	 impact on days of network peak

•	 participant electricity cost savings 

•	 effect on participants total electricity 
consumption

•	 effect of additional products used in conjunction 
with PowerShift (In Home Display)

•	 participant feedback

6.3.1	 Impact on consumption at 
time of Super-Peak

The broad objective of PowerShift is to incentivise 
participants via a price signal to reduce electricity 
consumption at times of peak demand (Super-Peak).

Perth Solar City commissioned Data Analysis 
Australia (DAA) to analyse the effect of PowerShift 
on participant electricity consumption during 
Super-Peak (2pm – 8pm on weekdays). The 
analytic methodology developed and used by DAA 
is attached as Appendix B.

Analysis was completed using interval data for 232 
participant households who had signed up for Pow-
erShift in the period 1 August 2010 to 30 June 2012. 

The analysis shows 
an 8.9% average 
reduction in electricity 
consumption during 
Super-Peak 

Table 6-G: Reduction in electricity consumption 
during Super-Peak

Average 
consumption 
Super-Peak 
Pre-Power-
shift (kWh)

Average 
consumption 
Super-Peak 
Powershift 

(kWh)

Reduction in 
Super-Peak 

consumption 
(kWh)

% reduc-
tion during 
Super-Peak

5.34 4.87 0.47 8.9%

The load reductions during Super-Peak accumulate 
to 28.7 MWh annually for the 232 participants 
analysed. 

6.3.2	 Impact on days of network 
peak

A time-of-use price signal such as PowerShift 
does not specifically target critical peak days, but 
provides an on-going price signal as an incentive 
to change electricity consumption behaviour. 
However, it is questionable if customers will 
respond to the price signal on extreme weather 
days during summer, where the need for comfort 
may outweigh the cost. These extreme weather 
days are likely to correlate with days of electricity 
network peak. 

DAA provided analysis of the effect of PowerShift 
on reducing consumption during the Super-Peak 
period on the critical demand days of 2011 and 
2012 on the electricity network. The analytic 
methodology developed and used by DAA is 
attached as Appendix B. 

The analysis showed that 
PowerShift households 
reduced their Super-Peak 
consumption on days of 
network peak by 11.8%

6.3.3	 Participant electricity 
cost savings 

Analysis was conducted by Western Power, 
calculating the difference in electricity cost 
incurred by PowerShift households, versus staying 
on the standard A1 rate. 

Costs were calculated for 205 smart meter 
households who were on the PowerShift tariff 
versus the A1 tariff for the full period 1 July 2011 
to 30 June 2012. Image 6-H shows the amount 
of savings for PowerShift households relative to 
staying on the A1 tariff. 

A total of 77% of households saved money during 
the 12 month period, as a result of participating in 
PowerShift. The average across all 205 households 
was a $57 saving per year. It should be noted that 
tariff prices were reviewed and adjusted at 1 July 
2012, with the resulting rate changes likely to be 
more beneficial to PowerShift participants. 

It is important to note that this analysis seeks 
to compare costs between PowerShift and the 
A1 tariff only. It does not take into account any 
additional electricity cost savings from reducing 
overall electricity consumption as a result of 
switching to PowerShift (section 6.3.4).
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6.3.4	 Effect on total electricity 
consumption

PowerShift’s main objective is to incentivise 
households to shift their consumption away from 
the Super-Peak period. Time-of-use tariffs have been 
shown to have limited benefit for overall consumption 
reduction, as they largely focus on load shifting1.  

DAA provided analysis on the effect of PowerShift 
on reducing overall participant electricity 
consumption. The analytic methodology developed 
and used by DAA is attached as Appendix B.

The average household reduced their overall 
electricity use by 5.1% (image 6-I). As a result 
of this Perth Solar City trial, there is evidence 
to suggest that time-of-use tariffs can reduce 
electricity use at peak time, as well as reduce 
overall household electricity consumption. 

1 NEWSHAM, G. R. & BOWKER, B. G. 2010. The effect of utility time-
varying pricing and load control strategies on residential summer 
peak electricity use: A review. Energy Policy, In Press, Corrected Proof.

This reduction is supported by qualitative research 
(section 6.3.6), whereby 68% of households 
reported adopting more energy saving behaviours 
as a result of the price signal.

Image 6-I: PowerShift – effect on overall 
electricity consumption 

 

$/pa savings

Customers who lost 
(47)

Average = $57Customers who saved 
(158)

-2
20 -2

0

-1
80

-1
60

-1
4

0

-1
20

-1
0

0

-8
0

-6
0

-4
0

-2
0 20 4
0 60 80 10
0

12
0

14
0

16
0

18
0

20
0

22
0

24
0

26
0

28
0

30
0

32
0

34
0

36
0

38
0

4
0

0

4
20

4
4

0

4
60

4
80

M
or

e

0

5

10

15

20

25

30

35

Average reductions 5.1%

19.77
18.76

without intervention with intervention

U
ni

ts
 p

er
 d

ay
 (

kW
h)

0

5

10

15

20

25
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6.3.5	 Effect of In Home Display 
used in conjunction with 
PowerShift 

Providing households with a time-of-use tariff 
together with the means to view electricity costs in 
real time has the potential to increase reductions in 
electricity use at peak time.  

As part of the data analysis conducted for Perth 
Solar City by DAA, the combined effect of the MAX 
In Home Display and PowerShift was analysed.  
Analysis shows that participants that used an In 
Home Display together with PowerShift saved an 
average of 13.1% during the Super-Peak period and 
6.3% overall (table 6-H). In short, it is apparent that 
the combination achieves a greater result. 

Table 6-H: Reduction in electricity consumption 
during Super-Peak

Products
Reduction during 

Super-Peak 
(kWh)

Reduction in total 
consumption 

(kWh)

PowerShift 
overall

8.9% 5.1%

IHD overall 4.8% 1.5%

PowerShift 
and IHD

13.1% 6.3%

6.3.6	 Participant feedback

Perth Solar City commissioned market researcher 
TNS to undertake detailed participant evaluation 
of the Perth Solar City technical trials, including 
PowerShift. The objectives of the evaluation were 
to understand the following:

•	 overall participant experience

•	 motivation for participation

•	 perceived change in electricity use and 
electricity bills

•	 behaviour change

-	 behaviour change implemented as a result of 
the trial

-	 facilitators of behaviour change during the trial

-	 barriers to behaviour change during the trial

•	 willingness to participate in future programs

A total of 72 PowerShift participants responded to 
the quantitative evaluation.  

Overall participant experience

76% of PowerShift trial participants rated their overall 
Perth Solar City experience positively (image 6-J). 21% 
of participants rated their experience as ‘10 out of 10’. 

Image 6-J: Overall participant experience of the 
PowerShift trial
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Motivation for participation

The desire to reduce electricity costs (63%) was 
the most compelling reason for households to 
participate in the PowerShift trial (image 6-K).  
This was measurably higher when compared with 
other Perth Solar City technical trials. In short, 
participants had a high expectation that PowerShift 
would reduce their electricity bills. 

Perceived change in electricity use and electricity bill

During the trial, 61% of PowerShift participants 
perceived an overall decrease in their electricity 
use. However, there was a significant minority (21%) 
that felt that PowerShift increased their electricity 
bill, despite perceiving reduced overall electricity 
use (image 6-L).

There are several reasons why decreased electricity 
use may not have translated to decreased 
electricity costs for some PowerShift participants. 
These include:

•	 inability to shift electricity use from Super-Peak 
periods

•	 reduced electricity use during lower rate periods

•	 tariff increases

Due to the higher expectations among PowerShift 
participants of reducing their electricity costs, 
failure to do so will likely result in higher 
dissatisfaction rates when compared with other 
Perth Solar City technical trials. 

Participants experience and willingness 

The overall participant experience of the 
PowerShift trial was positive (image 6-M). However, 
it had a slightly weaker positive result when 
compared with other Perth Solar City technical 
trials, as some households perceived the trial to 
have increased their electricity bills.  This in turn 
resulted in a slightly lower willingness to continue 
with PowerShift in the future. Despite this, the 
majority (77%) of PowerShift participants were still 
willing to participate in the future, and recommend 
the program to other households. 

Image 6-K: Motivation for participating in 
PowerShift trial

Image 6-L: Perceived change in energy use/ 
electricity bills
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Willingness to participate in PowerShift in the future 
and recommend program to other households
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Image 6-M: Willingness to participate in PowerShift in the future and recommend program to other households

Behaviour Change

The PowerShift trial resulted in perceived sustained 
behaviour change (time-of-use) for the majority of 
participants (image 6-N). This included changing the 
time of day a number of large appliances, such as air 
conditioners and pool pumps, were used. In addition, 
the PowerShift trial also resulted in a number of 
additional positive impacts, such as adopting more 
energy saving behaviours (image 6-O).   

Personal factors such as the motivation of cost 
savings and the desire to save electricity were 
the biggest facilitators of behaviour change for 

the PowerShift trial (image 6-P). Feedback from 
participants included:

•	 “knowing it would be cheaper to use major 
appliances during the night hours made it easier 
to choose to run things like pool filters and 
clothes dryers ‘after hours’”

•	 “the tariff times guide we created for all family 
members to refer to”

The biggest reported barrier to behaviour 
change, particularly when using those ‘everyday’ 
appliances, was inconvenience due to lifestyle/
work hours (image 6-Q). 

Image 6-N: Level of behaviour change, by appliance
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Image 6-O: Other impacts of PowerShift trial

Image 6-P: Facilitators to behaviour change

Image 6-Q: Barrier to behaviour change
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		  6.4	 Transferrable lessons

Subject Barrier Outcome and/or lesson

Real-time 
display 
consumption 
and pricing

Benefit:  
The provision of real-
time information via the 
MAX In Home Display for 
PowerShift households.

Outcome:  
Greater electricity savings achieved at Super-Peak and overall. 

Lesson:  
Time-of-use tariff participants should be provided with the tools enabling 
them to see cost in real-time.

Tariff design Benefit:  
The design of the 
PowerShift tariff used 
a simple year-round 
weekday shoulder-peak-
shoulder design. 

Lesson:  
Straight forward time-of-use tariffs enable householders to better adjust to 
time-based pricing. 

Recruitment Benefit:  
Smart meter interval 
data allows targeted 
recruitment at lower cost. 

Outcome:  
A 19.6% uptake rate was achieved through a targeted campaign using smart 
meter interval data. 

Lesson:  
Prior to the wider introduction of a voluntary time-of-use tariff, smart meter 
interval data should be used as part of a targeted recruitment campaign. 

Customer 
opportunity 

Benefit:  
Analysing smart meter 
interval data to provide 
customers with greater 
information upon which 
to base decisions.

Outcome:  
The information barrier regarding suitability for a time-of-use tariff is reduced. 

Lesson:  
Smart meter interval data is a prerequisite for enabling customers to 
understand the opportunity provided by a voluntary time-of-use tariff, and 
should be used prior to the wider introduction of a voluntary time-of-use tariff. 

Participant 
feedback

Barrier:  
Lack of feedback to 
participants during trial 

Outcome:  
Participants requested more on-going communication regarding the trial: 
both for own household progress as well as overall trial results. 

Lesson:  
Time-of-use participants need to be better supported with on-going 
personalised information (such as via electricity bills) to understand their 
progress and associated costs. 

Default pricing Barrier:  
The default tariff in 
Western Australia is still 
below cost-reflectivity

Outcome: 
Uptake of alternative tariffs is likely to be low.

Lesson: 
Until standard all-time tariffs are increased to cost-reflectivity, householders 
are unlikely to look for alternatives.

Latency period Barrier: 
Time-of-use tariffs are 
not common in Western 
Australia

Outcome: 
Campaigns for voluntary time-of-use tariff products often have a significant 
latency period.

Lesson: 
The benefits of voluntary time-of-use tariffs are not easily identifiable to 
a household in the Western Australian marketplace. Correct pricing and 
education-based engagement would help to overcome this barrier. 
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7.1	Bac kground

The uptake of residential solar photovoltaic 
(PV) systems in Western Australia has increased 
significantly in recent years (image 7-A). This 
is largely due to considerable PV system cost 
reductions to the consumer as a result of reduced 
manufacturing costs, increased competition in 
the marketplace, and various state and federal 
government incentives (image 7-B). As at June 
2012, it was estimated that there were 127,439 PVs 
connected to the distribution network, with a total 
capacity of 251MW.

The effects of this increased penetration of small-
scale residential solar PV systems on the electricity 

network are not fully understood. The potential for 
such effects as localised power quality issues and 
voltage compliance issues needs to be researched. 

The Photovoltaic (PV) Saturation Trial is a Perth 
Solar City initiative seeking to investigate the 
effects of a high penetration of PV systems on 
Western Power’s distribution network.

Results of a successful trial will be used to provide 
recommendations regarding the methods of 
evaluating and managing high levels of solar 
PV system penetration on existing low voltage 
networks. This would include the development 
of guidelines for the design of future networks to 
accommodate the increasing amount of distributed 
energy generation in Western Australia.

For the purposes of the trial, a minimum 
saturation level of 30% by number of customers 
was established (29% by transformer size). A 
residential distribution transformer (low voltage) 
was selected in one of the four existing Perth 
Solar City smart meter deployment locations. 
Smart meters enable the capture and analysis of 
power quality data at the household (meter point). 
In order to achieve the 30% saturation target, a 
significant discount was offered to households 
supplied by the targeted transformer.

SOLAR PHOTOVOLTAIC 
SATURATION TRIAL
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Image 7-B: Solar PV system applications received and incentives 

Image 7-A: Uptake of solar PV systems on SWIS 

84



2
0

11
 re


-cap


Progress - 2011

Participant recruitment and installation 

Western Power developed a brand for the trial - 
Solar Collective - and partnered with Perth Solar 
City Consortium member SunPower to produce 
a compelling proposition for target households 
to purchase and install a solar PV system. A 
further solar PV system discount of $2,500 was 
added to the existing Program discount. 

By December 2010, the minimum target of 18 
participants was exceeded with a total of 20 
participants recruited. All 20 solar PV systems 
were installed during January and February 
2011. The 20 new systems combined with the 
five existing PV systems in the area provided a 
saturation level of 32% (25 solar PV systems in 
a total of 77 houses in the target area). The 20 
solar PV systems added 35.5kW of renewable 
generation to the local distribution network, 
with the average system size being 1.7kW.

A power quality data logger was installed on 
the Pavetta1 distribution transformer in order to 
measure and evaluate network performance.

Key results - 2011

Transformer voltage profile and compliance

Initial results show that reverse power flow into 
the high voltage (HV) network occurred regularly 
on clear days during the winter months.

The results show that short term voltage 
excursions outside the +6% limit occurred for 
at least one of the homes at the end of the 
low voltage (LV) network. The voltages at the 
customer level are within tolerance levels, and 
as such are not expected to cause any damage 
to appliances. This household connection point 
view, as enabled by the smart meters, flags the 
need to potentially address voltage regulation 
issues on saturated solar PV networks. 

From these preliminary results it is clear that a 
relatively simple adjustment on the distribution 
transformer tap to a lower level, could allow 
somewhat larger PV penetration on this network 
while still maintaining voltages within limits for 
customers at the end of the LV network.
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The key objectives of the Solar PV Saturation Trial 
are to:

•	 provide research data on the performance of the 
local network under a high level of PV penetration  

•	 investigate the extent to which Power Quality (PQ) 
issues (such as high/ low voltage and/ or voltage 
distortion) might occur as a result of an increasing 
penetration of PV systems on the electricity network

•	 investigate the extent to which PQ issues might 
effect the operation of a solar PV system

In order to achieve these objectives, specific Key 
Performance Indicators (KPIs) were developed for 
the Solar PV Saturation Trial (table 7-A).

7.3 	K EY RESULTS

Key results for the Solar PV Saturation Trial focus on:

•	 installing the requisite number of solar PV 
systems in the trial area

•	 understanding solar PV system performance

•	 evaluation of Power Quality at Low Voltage 
transformer 

•	 evaluation of Power Quality at customer meter

•	 options to Improve the capacity of the 
distribution network to host PV Generation

•	 impact of solar PV on the network peak

7.3.1 	 Installing the requisite 
number of solar PV systems in 
the trial area

A distribution transformer in the suburb of 
Forrestfield was selected, known as Pavetta1, 
which supplies a total of 77 households. Western 

Power partnered with Perth Solar City Consortium 
member SunPower to provide an added incentive 
for these households to purchase and install a 
solar PV system, and achieve the required level of 
saturation for the trial. As at 30 September 2012, 
34 out of 77 customers had solar PV systems 
installed (table 7-B and image 7-C), achieving a 
penetration level of 44% (by number of customers) 
and 29% (by transformer size).

Image 7-C: Solar PV systems installed on Pavetta1 
as at 30 September 2012

Table 7-B summarises customer and solar PV 
system data for Pavetta 1 as of May 2012. Please 
note that some of the phase allocations have 
changed since the 2011 Annual Report due to:

•	 some customers being connected to a different 
phase due to pole replacements; and 

•	 more accurate identification of PV phase 
connections of PV customers.

Table 7-B shows that both customer electricity 
demand (load) and solar PV system generation are 
not equally balanced across the three phases. The 
decision not to balance load and generation was 

Table 7-A: Key Performance Indicators for the Solar PV Saturation Trial

Activity Key Performance Indicator Timeframe Progress

Recruitment Select target location 2010/11 Complete

Develop communication materials 2010/11 Complete

Achieve uptake of minimum 30% saturation 2010/11 Complete

Installation Install solar PV systems 2010/11 Complete

Install data loggers 2010/11 Complete

Evaluation Undertake analysis of network impacts of saturated solar PV 2011/12 Complete

Undertake analysis of network support provided by saturated 
solar PV

2011/12 Complete
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intentional, in order to provide a realistic picture as 
to how a high penetration of solar PV systems might 
impact the Western Power network into the future.

7.3.2 	 Understanding solar PV 
system performance (output)

Prior to the availability of gross PV generation 
data collected via the smart meter, Western Power 
modelled the likely output of solar PV systems 
based on manufacturer performance specifications 
and average weather data. Twelve households’ 
solar PV systems were configured using the smart 
meter to enable the capture of gross solar PV 
system generation data. 

Validation of eleven months of solar PV system 

generation data shows a good correlation between 
actual and estimated yield values (image 7-D). It 
should be noted that for the months of October 
2011 and June 2012, the actual solar PV system 
generation is more than 10% lower than the 
simulated output. This is likely a result of weather 
variability. The months of October 2011 and June 
2012 had more overcast days than average and 
hence lower solar irradiation. 

The graph does not cover a full year, as gross PV 
metering data was only available from October 2011. 

The normalised average daily solar PV system yields 
are measured as kWh produced per kW of solar PV 
system capacity (table 7-C). Output from the trial 
solar PV systems tested was consistent with well 
performing solar PV systems in Perth.

Table 7-B: Solar PV system connections on Pavetta1

Customer 
Connection Phase

No. of 
Customers

No. of PV 
Customers

PV Capacity 
Installed (kW)

PV Penetration by 
No. of Customers

PV Penetration by 
Transformer Capacity

3 Phase 26 14

Red 14 4 18.3 13% 9.16%

White 17 4 16.0 12% 7.98%

Blue 20 12 24.3 19% 12.15%

Total 77 34 58.6 44% 29.3%

Notes:
1.	 Includes single-phase and three-phase customers. Solar PV systems at three-phase locations are wired to one of the phases (b, w, r)
2.	Four of the three-phase customer PV phase connections have not been confirmed and have been assumed to be distributed as follows:  

R-0, W-2, B-2
3.	Some of the pre-existing PV system capacities have been estimated due to lack of data
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Image 7-D: Comparison of actual vs simulated solar PV system output  

Table 7-C: Average daily yield efficiency (kWh/kWp)

Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 Apr-12 May-12 Jun-12 Jul-12 Aug-12

4.46 5.31 5.42 5.59 5.25 5.06 4.07 3.33 2.36 3.28 3.35
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7.3.3 	 Evaluation of Power 
Quality at Low Voltage 
transformer 

The transformer scatter plot of load profiles across 
all four seasons of the year are derived from 5 
minute average readings from the transformer 
logger (image 7-E). The scatter plots show a clear 
load pattern for each season. Key observations are:

•	 the largest amount of reverse power flow occurs 
during spring. This can be explained by the fact 
that solar PV systems operate close to their 
peak performance in late spring, and the load on 
the transformer is the lowest of the four seasons

•	 demand for electricity in winter and spring has 
predictable and consistent patterns

•	 demand for electricity in summer has the largest 
dispersion, which is due mainly to demands for 
cooling (air-conditioners) on the hottest days

•	 demand for electricity in autumn mimics spring, the 
difference being there are a number of hot days in 
early autumn that display a summer-like pattern

The largest percentage of voltage non-compliance 
at both the transformer and customer levels 
occurred during spring. 

Electricity is supplied to residential households 
across three phases (red, white and blue). 
Electricity supply would ideally be balanced 
across each phase. On the Pavetta 1 network, it is 
apparent that the average transformer load and 
generation per phase is unbalanced (image 7-F).

Image 7-G shows what the transformer load would 
have been without solar PV system generation on 
the LV network.

It is apparent the blue phase is the most heavily 

loaded, while the red phase is the most lightly loaded. 
In addition, the largest amount of solar PV system 
generation occurs on the blue phase, while the least 
on the white phase. This unbalance is likely to have 
implications on customer level voltage compliance.

During spring, from early morning to early evening, 
the average voltage levels on the LV side of 
the distribution transformer show that the blue 
phase sits nearly one volt higher than the other 
two phases (image 7-H). This period of the day 
is somewhat coincident with the hours of solar 
PV system generation. However, it is unlikely that 
the solar PV system generation unbalance in the 
Pavetta 1 network alone can cause such a large 
voltage difference, and is likely to also be as a 
result of load unbalance. 

Transformer compliance with power quality 
standards

The transformer histograms are based on 5 minute 
average readings provided by a data logger on the 
transformer (image 7-I).  

The voltage histogram shows that the Pavetta 
1 transformer LV voltage remained compliant 
for 99.6% of the time with the average voltage 
sitting at nearly 250V. This is fairly typical of other 
distribution transformers on Western Power’s 
network with lower solar PV system penetration in 
the LV network. Generally the average voltage of 
transformers sit near the upper limit to ensure that 
customer voltage remains above the lower limit at 
times of high demand.

It can be inferred from the transformer voltage 
histogram that the impact of solar PV systems on 
transformer voltage is relatively small at the 29% 
penetration level (transformer load) existing in the 
Pavetta 1 network. 
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Image 7-E: Transformer load profiles by season
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Image 7-F Transformer average daily load profile with solar PV system – spring 

Image 7-G: Transformer average daily load profile without solar PV system – spring 

Image 7-H: Transformer average daily voltage
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Image 7-I: Pavetta1 transformer steady state voltage histogram 

Image 7-J: Pavetta1 transformer voltage total harmonic distortion histogram 

The voltage Total Harmonic Distortion (THD) 
histogram shows that the voltage distortion on the 
transformer remained well within the regulated 
limits at all times (image 7-J). It can be inferred 
that the impact of solar PV systems on transformer 
voltage distortion is very small at the 29% 
penetration level existing in Pavetta1.

 

7.3.4	 Customer Load and Power 
Quality Results

Customer load profiles

For the first time, smart metering infrastructure has 
enabled visibility of load and voltage profiles at the 
customer level. 

The average load demand profiles for solar PV 
system and non- solar PV system customers on 

Pavetta 1 were calculated using data obtained from 
the smart meters (image 7-K). The load profile for  
solar PV system customers was obtained from a 
group of 12 solar PV customers for which gross 
PV metering was enabled (by wiring the output of 
their solar PV system to the second element of the 
smart meter). The orange load profile is the average 
demand of all non-solar PV system customers.

During winter and autumn, solar PV system 
customers shifted some of their demand to early 
morning and night time (non-sunlight) hours. This 
behaviour is likely to be a result of those customers 
maximising their revenue from the 47¢/kWh net 
feed-in tariff available at the time. In short, customers 
seeking to maximise their return under such a feed-in 
tariff will endeavour to use less electricity at times 
when their solar PV system is generating electricity. 
This increases the reverse power flow to the network.
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Image 7-K: Comparison of average daily loads for solar PV system and non-solar PV system customers by season
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Customer voltage compliance

As previously stated, the largest number of reverse 
power flow events occurred during spring. Addition-
ally, the largest number of voltage non-compliance 
issues, all of which were high voltages above the 
+6% compliance limit, occurred during spring.

The two customer level histograms show the 
customer voltage for the entire year (image 7-L) as 
well as for spring (image 7-M).

The histogram confirms that solar PV system 
customer voltage measured at the customer meter 
was, on average, higher than for non-solar PV 
system customers. Non-solar PV system customer 
compliance occurred approximately 99.6% of the 
time, whilst solar PV system customer compliance 
occurred approximately 98% of the time. 

It is important to note that even though voltages 
exceeded the +6% steady state limits, they did not 
approach the +10% equipment tolerance limit, and 
hence no risk to customer equipment resulted from 
the trial. 

During spring, voltage compliance of the non-solar 
PV system customers remained the same as for the 
entire year at 99.6%. However, compliance for solar 
PV system customers was lower in the spring season 
(95%) when compared to the entire year (98%).

Additionally, during spring, over-voltage non-
compliance occurred more frequently for 
customers connected to the blue phase. The blue 
phase has the highest daytime voltage and the 
most solar PV system connections.

Power quality evaluation - key findings

Key findings of the power quality evaluation are:

•	 over-voltage non-compliance at the customer 
level is increased during the occurrence of 
reverse power flow (i.e. grid-feeding solar PV 
generation) into the LV network

•	 the load to solar PV system generation ratio is 
a key factor in voltage excursions – the times of 
high PV generation and low load are the main 
contributors to voltage excursions

•	 given that non-solar PV system customer 
voltage compliance remained relatively constant 
throughout the year, it can be deduced that a 
significant proportion of voltage rise, causing 
over-voltage, occurs in the service lead (the 
wire that connects the overhead lines to the 
connection point on the home) 

•	 preliminary analysis of preventative measures to 
address voltage non-compliance suggested a 
relatively simple adjustment on the distribution 
transformer ‘tap’ to a lower level. This would 
allow a somewhat larger PV penetration on this 
network while still maintaining voltages within 
limits for customers at the end of the LV network. 
However, subsequent analysis of the full year 
voltage shows that there is little room to ‘tap’ 
voltage down on the distribution transformer. 
This measure would likely reduce high voltage 
non-compliance at the expense of low voltage 
non-compliance, as each ‘tap’ on the distribution 
transformer steps the voltage by approximately 6V 

•	 solar PV system generation has little influence 
on voltage harmonic distortion
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7.3.5	 Options to Improve the 
Capacity of the Distribution 
Network to Host solar PV 
system Generation 

The findings of the trial conclude that excursions 
from voltage compliance limits, as a result of 
29% saturation of solar PV (by transformer size), 
can occur. Given continued penetration of local 
generation on the network, such as residential solar 
PV systems, there is potential for voltage excursions 
to exceed appliance tolerance limits in the future.

As a result, a strategy to manage voltage 
regulation, mainly at the customer level, is required. 
The PV Saturation Trial has identified a range of 
measures to potentially manage voltage regulation 
on the distribution network, where there is high 
penetration of distributed generation such as solar 
PV systems. These measures include: 

HV distribution network - voltage regulators

HV distribution network occurs between the 
substation and the point of connection with the 
distribution transformer. Voltage can be remotely 
managed by automatic voltage regulators which 
enables the adjustment of the voltage on the LV 
network. 

On the edge of the network, customer voltage 
has a wider range of variability, and during 
summer these customers are susceptible to low 
voltages due to high loads. By introducing voltage 
regulation algorithms that include the level of 
local generation penetration, there is potential to 
further improve the networks capacity to absorb 
additional distributed generation.

Distribution transformer - automatic LV regulators

Rather than regulate voltage on the HV network 
(costly), it can be locally managed through the 
installation of automatic voltage regulators (AVRs) 
on the LV side of the distribution transformer. These 
devices dynamically adjust voltage for the distribution 
network to maintain pre-programmed limits. These 
devices would be required to accommodate and 
manage occurrences of reverse power flow into the 
network from solar PV system customers. 

LV distribution lines - increase service line size

The amount that voltage drops or rises between the 
customer connection and the network is directly 
related to the cross-sectional size of the service line. In 
mitigating the magnitude of voltage rise experienced 
by solar PV system customers, it is possible to 
install larger service lines to customer homes.

LV distribution lines - phase balancing

During the trial, it was noted that load and solar 
PV system generation were not optimally balanced 
across all three phases. As a result, customers 
connected to a phase with more generation 
exhibited a greater frequency of over-voltage. 
Conversely, customers connected to a more heavily 
loaded phase exhibited a greater frequency of 
under-voltages. Note that these two scenarios are 
not mutually exclusive. By undertaking a phase 
balancing exercise, customer phase allocation 
is changed in order to more evenly distribute 
generation and loads across the three phases, 
which reduces the occurrence and magnitude of 
over and under voltage for customers.

Customer level - smart grid enabled solar PV 
system inverters

Smart inverters are solar PV system inverters that 
can form a communications link with the utility to 
have additional onboard functionality that enables 
voltage management at the customer level. With 
these inverters, solar PV systems have the potential 
to become a resource for better power quality 
management, rather than contributing to power 
quality issues. At present, these technologies and 
the relevant standards for their implementation are 
under development.

Currently, Western Power chairs the standards 
committee which is revising the standards for grid 
connected inverters (AS4777). This standard is also 
being aligned with the requirements of the demand 
response standards under development (AS4755). 
These standards will contain requirements and 
recommendations for smart functions and demand 
response modes for grid connected inverters that 
will enable better network management. 
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One possible voltage control strategy at the customer 
level would be to require solar PV system inverters 
to draw reactive power. This could be achieved by 
inverters having a volt-var droop characteristic like 
a static-compensator or static-var compensator.

Conclusion

In order to effectively manage the impact of an 
increased saturation of local generation, such as 
solar PV systems, a mix of the strategies could be 
implemented by utilities. Enhanced smart inverter 
policies and standards are a longer-term solution 
to potentially benefit customers and the network. 

7.3.6	 Impact of solar solar PV 
systemS on network peak

Western Power has utilised smart meter and Solar PV 
Saturation Trial data to analyse the impact of solar 
PV systems on the network peak. The network peak 
usually occurs on weekday afternoons during summer. 
In order to understand the impact on network peak, 
validation of the output of solar PV systems under 
summer weather conditions was required. 

Analysis from the Solar PV Saturation Trial shows 
that during summer, the average daily maximum 
output is approximately 80% of the solar PV 
system capacity (image 7-N). 

Image 7-N: Average generation per kW capacity

Effect of solar solar PV system orientation

The maximum daily solar PV system output can 
be expected if PV panels are oriented due north. 
In many residential installations, due north is not 
practical. As part of the Solar PV Saturation Trial, 
north-west and north-east solar orientations were 
tested. Both orientations were found to have 
similar daily kWh output. However, solar PV panels 
facing north-west have a greater potential to 
reduce afternoon peak electricity consumption. 

When the network peak occurs (approximately 
4:30pm), the panels facing north-east were 
producing approximately 20% of their average 
summer maximum output, whereas the panels 
facing north-west were producing approximately 
50%. Western Power’s analysis of the overall effect 
of solar PV systems on the network revealed that, 
at present, the solar PV system contribution to 
reducing overall peak demand is nearly 30% of the 
total installed solar capacity.

Effect of solar PV system on the Western Power 
network summer peak day

At the whole-of-network level, there is evidence to 
suggest that solar PV system penetration across 
the network resulted in an estimated peak load 
reduction of up to 1.52% during 2012 (image 7-O 
and table 7-D). 
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2012 Estimated Summer Profile without PVs

Estimated load with PV
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2017 Estimated Summer Profile without PVs

Estimated load with PV

Image 7-O: Estimated impact of solar PV systems on 2012 peak day

Image 7-P: Estimated impact of solar PV systems on 2017 Peak Day

Table 7-D: Estimated impact of solar PV on 2012 Peak Day

Scenario Peak Load (MW) Reduction (%) Peak Load Time

Estimated 2012 peak load without solar PV systems 3,941.3

Estimated summer profile with solar PV systems 3,881.4 1.52% 4:45 PM

Peak load reduction from solar PV systems 59.9

Table 7-E: Estimated impact on solar PV systems on 2017 Peak Day

Scenario Peak Load (MW) Reduction (%) Peak Load Time

Estimated 2017 peak load without solar PV systems 4,584.5

Estimated summer profile with solar PV systems 4,438.2 3.19% 4:45 PM

Peak load reduction from solar PV systems 146.3
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Image 7-Q: Padbury Substation load profile – 2012 summer peak day

Solar PV system uptake has fluctuated significantly 
during recent years. Using a linear model based on 
installations to January 2012, Western Power can 
forecast solar PV system growth on the network 
through to 2017. Western Power can also forecast 
total demand during summer 2017. The forecast 
increase in solar PV system penetration may result 
in a peak load reduction of as much as 3.19% by 
2017 (image 7-P and table 7-E).

As found in the analysis, the impact of solar PV 
systems on the whole of system peak largely 
reduces the need for the equivalent generation at 
the mid-afternoon (4-5pm) peak periods. However, 
the impact of solar PV systems on the network 
is more acute at the local (substation) level, and 
differs on a case-by-case basis, depending on the 
time of day of the local peak.

Substation summary

Western Power modelled the estimated impact of 
solar PV system generation on the actual 2012 peak 
day for the Padbury and Canningvale substations. 
These substations are amongst the 10 most prolific 
in terms of solar PV system penetration. 

In cases where the load on the substation is 
primarily residential, solar PV system installations 
are likely to have a negligible impact on substation 
peak load. An example of this is the Padbury 
substation, which is estimated to host around 
6.09MW of installed solar PV system generation as 
at 30 June 2012. 

Modelling the impact of aggregated solar PV system 
found a 0.19% reduction on peak demand (image 
7-Q and table 7-F). This is due to the fact that most 
substations that cater for a primarily residential load, 
such as Padbury, peak later in the day when solar 
PV system generation is minimal or zero. 

In cases where the load on the substation is a mix 
of commercial and residential, the peak time is 
often earlier in the day. In this situation, solar PV 
systems are generating at their highest level. An 
example of a mixed-use substation is Canningvale, 
which is estimated to host around 6.21MW of 
installed solar PV generation as at 30 June 2012.

Modelling the impact of aggregated solar PV 
systems found a 6.24% reduction on peak demand 
(image 7-R and table 7-G).

Table 7-F: Padbury substation load profile – 2012 summer peak day

Scenario Peak Load (MW) Reduction (%) Peak Load Time

Estimated 2012 peak load without solar PV systems 73.42

Estimated summer profile with solar PV systems 73.28 0.19% 6:45 PM

Peak load reduction from solar PV systems 00.14
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Image 7-R: Canningvale substation load profile – 2012 summer peak day7.0
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Substations that have a high concentration of 
solar PV systems, and a mix of residential and 
commercial customers, should be identified for 
further study, and careful consideration given to its 
impact when forecasting future load requirements. 
In instances where aggregated solar PV systems 
can reduce the local zone substation peak, it may 
enable the deferment of expenditure associated 
with asset upgrades. 

Key findings 

Key findings from the study are:

•	 solar PV systems are estimated to have reduced 
the 2012 whole-of-network peak load by up to 
1.52% (59.9 MW)

•	 in aggregate, continued growth in the number 
of solar PV systems is estimated to reduce the 
system peak by up to 3.19% (146 MW) in 2017

•	 the impact of solar PV systems on substation 
peak load is highly dependent on the time of 
substation peak. For example, the impact of 
solar PV system on a mixed use substation may 
be as great as a 6.24% 

7.3.7	 Research and 
Collaboration

A number of concurrent research projects are 
being undertaken by Curtin University, including:  

•	 phase identification using smart meter voltages

•	 reactive power capability of solar PV system 
inverters for voltage management

•	 hot day load modelling

•	 impact of solar PV system on distribution 
transformer life

•	 use of LV regulators to address voltage compliance 
on networks with high solar PV system penetration

Table 7-G: Canningvale Substation load profile – 2012 summer peak day

Scenario Peak Load (MW) Reduction (%) Peak Load Time

Estimated 2012 peak load without solar PV systems 70.06

Estimated summer profile with solar PV systems 65.69 6.24% 2:15 PM

Peak load reduction from solar PV systems 4.37
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		  7.4	 Transferrable lessons

Subject Barrier or benefit	 Outcome and/or lesson

Solar PV 
Saturation Trial

BARRIER:  
Solar PV system 
penetration beyond 
30% (by transformer 
size) is likely to result in 
excursions beyond upper 
voltage limits, particularly 
during spring.

Outcome:  
Penetration beyond trial limits are likely to result in local power quality issues 
requiring mitigation. 

Lesson:  
Solar PV system penetration levels should be monitored, with a mix of 
mitigation strategies, such as voltage regulators and phase balancing, assessed 
and applied as required.  

Substation peak 
demand

Benefit:  
Where substation peak 
demand coincides with 
solar PV system output, 
peak demand on local 
substations can be 
reduced.

Lesson:  
Increased solar PV system generation should be taken into account during 
network forecasting and planning, as it may lead deferment of network 
augmentation on parts of the local network. 

Smart Inverters Benefit:  
Utilisation of smart 
inverter technology 
to assist in managing 
network power quality. 

Lesson:  
Standards for grid-connected inverters (AS 4777) should include smart 
functionality.  

Solar PV 
orientation 

Benefit:  
Solar PV systems facing 
north-west produce 
approximately 50% of 
their summer maximum 
output at the time of 
network peak. 

Outcome:  
West facing solar PV systems produce the most benefit in terms of reducing 
peak demand. 

Lesson:  
North-West facing solar PV should be considered as a demand management 
tool to reduce peak electricity consumption on appropriate parts of the 
network.   
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8.1	Bac kground

By installing solar photovoltaic (PV) systems, 
householders can generate their own electricity, 
and offset electricity consumption costs.  This may 
include the export of surplus power to the local 
distribution network for which the householder is 
paid by the electricity retailer.

Perth receives an average of 7.9 sun hours per day  
and as such has premium conditions for generation 
of solar power.  SunPower, with dealers located 
in the heart of the Perth Solar City region, is the 
premium brand in the solar PV market place, and 
has the highest efficiency panel at 20% efficiency.  

Perth Solar City assisted households in Perth’s 
Eastern Region to take full advantage of these 
factors by providing a financial discount on 
SunPower residential solar PV systems. Between 
April and September 2012, the residential PV 
discount was made available to the wider Perth 
metropolitan area. 

This discount was made available via selected 
SunPower dealers in Perth’s Eastern Region, and was 
in addition to other incentives such as Renewable 
Energy Certificates (RECs), and the Western 
Australian residential net feed-in tariff (NFiT) and 
Renewable Energy Buyback Scheme (REBS).

SunPower dealers received Perth Solar City 
customer referrals from the Living Smart program, 
through the Perth Solar City call centre and 
website, and directly from the public.  The solar PV 
system discount was promoted through a range of 
broad reach marketing methods as well as through 
larger scale solar PV systems at iconic locations as 
the Perth Zoo and Midland Foundry (chapter 13).

SunPower has also sponsored other Perth Solar 
City initiatives such as the Sustainable Communities 
competition and the Eco House competition 
(chapter 10).  

8.2	 Objectives and progress

SunPower’s objective was to install a total of 825 
residential solar PV systems at a minimum size of 
1.05kW per system.  However, due to the Western 
Australian Government’s closure of the residential 
net feed-in tariff and a reduction in price of the 
Renewable Energy Certificates, demand for 
residential solar PV decreased significantly. 

This decline in sales was addressed by:

•	 increasing the discount available on residential 
solar PV systems via targeted campaigns

•	 offering the residential solar PV discount to the 
wider Perth metropolitan area between April 
and September 2012 (chapter 10).  

SunPower achieved 80% of the overall program 
target for residential solar PV systems.

The final quarter of the program was the largest 
quarter in terms of systems installed (image 8-A).

Sub-Project Program Target Achieved

Residential PV systems 825 659

RESIDENTIAL SOLAR 
PHOTOVOLTAIC SYSTEMS
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1.  Bureau of Metrology. (2011). Climate statistics for 
Australian locations.  Retrieved 13 December 2011, from 
http://www.bom.gov.au
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Progress

As at 30 November 2011, SunPower had achieved 52% of the 
residential PV target, installing a total of 429 systems.

Strong solar PV system sales occurred for the period January to 
June 2011, with a subsequent sharp decline in sales following 1 
July 2011. This was concurrent with the reduction in RECs as well 
as the ending of the net feed-in tariff.

Key results

As at 30 November 2011, the total installed capacity of residential 
solar PV systems under Perth Solar City was 976kW, with an 
average system size of 2.27 kW. 

Preliminary analysis was undertaken using data from 6,064 
smart meter households: 348 with a solar PV system and 5,716 
households without a solar PV system.

Analysis indicates that for the majority of half-hour intervals where 
the solar PV system is generating electricity, the average interval 
demand was significantly less than that of customers without solar 
PV system generation. However, customers with solar PV system 
generation had slightly higher electricity demand (4.3 kW) at peak 
times (5:30pm – 8:30pm) than customers without (4.2 kW).

Preliminary analysis was completed for 360 households with 
a SunPower solar PV system installed. The analysis showed an 
average electricity reduction from the electricity grid of 57.9%, or 
11.36 kWh per day.
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8.3	Key  results

Key results for residential solar PV systems will 
focus on:

•	 system installation sizes

•	 demographic trends

•	 effect on electricity consumption

•	 participant satisfaction

8.3.1	 System installation trends

Average system size

The total installed capacity of residential solar PV 
systems under Perth Solar City was 1.56MW. The 
average system size installed was 2.30kW.

8.3.2	Demo graphic trends

Table 8-A shows the income band for households 
that purchased a solar PV system through Perth 
Solar City.  The income band $50-001 - $100,000 
was the most prevalent.  

Table 8-A: Household income bands of solar PV 
system purchasers 

Income band Known Number % of total

$0-20,000 19 3%

$20,001-
$50,000

59 9%

$50,001-
$100,000

148 22%

$100,001-
$150,000

81 12%

$150,000+ 45 7%

Unknown 307 47%

TOTAL 659  

8.3.3	 Energy demand trends

Perth Solar City commissioned Data Analysis 
Australia (DAA) to conduct analysis on the effect 
of solar PV systems on electricity consumption.  
The analytic methodology developed and used by 
DAA is attached in Appendix B.

The analysis was completed for 440 households 
who had a solar PV system installed as part of 

Perth Solar City. Households with solar PV systems 
showed an average reduction in total consumption 
from the electricity grid of 41% or 8.15kWh per day.   
For year two, the average total reduction is less 
than the 58% or 11.36kWh per day observed in the 
first year of the trial (image 8-B).  

The second year analysis comprised of a larger 
sample size and a longer data period.  In addition, 
there are some external factors which may have 
contributed to the difference.  During year one, the 
Western Australian net feed-in tariff was available, 
and provided customers with an added incentive to 
conserve electricity in order to maximise the export 
and therefore sales to the grid. The net feed-in 
tariff was abolished at the beginning of year two. 
Consequently, households were incentivised to use 
the electricity they generate rather than export it 
to the electricity network. 

Table 8-B shows the average annual cost and 
greenhouse gas emission savings for year two of 
the trial. 

Note: Due to different rates of purchase, calculations 
do not include any payment for electricity 
generated and exported to the electricity grid. 

Table 8-B: Average annual cost and greenhouse gas 
emission savings for solar PV system households  

Customer 
group

Electricity cost 
savings per 
household 

($/year)*

Greenhouse
Gas savings  

(kg CO-e/ 
year)^

Residential solar PV $740.38 2,737

* Calculation based on unit cost of $0.248866 per kWh - 
   the A1 all-time rate as at 30 September 2012 
^ Based on emission co-efficient of 0.92kg/CO2-e per kWh 
  (National Greenhouse Account Factors July 2012)

8.3.4	 Participant satisfaction 

Image 8-C highlights the reasons households 
purchased a solar PV system.  ‘Cost-savings’ was 
the most significant motivator to purchase a solar 
PV system, followed by ‘doing the right thing for 
the environment’.  

The level of satisfaction for solar PV system 
performance was high, with 77% indicating they 
were ‘very satisfied’ (image 8-D).  This indicates 
that participant householders expectations for 
purchasing a solar PV system through Perth Solar 
City were met.   
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Image 8-B: Average reduction in electricity 
consumption  fom the grid

Image 8-C: Motivators for households in purchasing a solar PV system
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Image 8-A: Residential solar PV system installations by month and cumulative 
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		    8.4	 Transferable lessons

Subject Barrier or benefit Outcome and/or lesson

Federal and state 
government 
solar PV system 
rebates/
incentives 

BARRIER: 
Impact of changes to available government 
rebates/incentives on solar PV system purchases.

Outcome: 
Uncertainty in the market place as to the availability 
of rebates/incentives. 

LESSON: 
Changes to rebates/incentives should be clearly 
communicated by government and industry.  

Federal and state 
government 
solar PV rebates/
incentives

BENEFIT: 
Federal (RECs) and State Government (NFiT) 
rebates and incentives. 

Outcome:  
Increased solar PV system sales.

However, uncertainty over the continuation and/or 
reduction or cessation of financial incentives results in 
significant spikes and drops in demand. 

Lesson:  
Longer term certainty is required with respect to PV 
rebates and incentives.

WA net feed-in 
tariff

Barrier: 
Through net feed-in tariffs, solar PV system 
households are receiving greater incentive to feed 
electricity into the grid, as opposed to using it 
directly to offset consumption.

Outcome: 
Solar PV system households are deferring electricity 
consumption to periods where solar PV system 
generation is minimal (generally late afternoons/ early 
evening). This has the potential to increase electricity 
demand at a time when the network is experiencing 
peak demand in certain locations.

Lesson:  
Net feed-in tariffs may have adverse network effects. 
Alternative incentive models should be investigated

Premium brand BARRIER: 
High cost of premium SunPower brand in 
competition with other brands in target area.

Outcome: 
Conversion rate of customer enquiries was relatively 
low, particularly after reductions in incentives and 
rebates.

Potential participants are purchasing lower cost 
alternative systems.

Lesson:  
Informational barriers regarding the benefits of 
purchasing a premium brand are required to be 
overcome. 

Premium brand Benefit: 
A premium brand offers high quality workmanship, 
longer warranties and professional customer 
service. 

Outcome: 
Customer satisfaction is high.

Lesson:  
Whilst utilising a premium solar PV system brand does 
have barriers, high customer satisfaction and quality 
service provide good outcomes for energy efficiency 
programs. 
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The level of satisfaction 
for solar PV system 

performance was high, 
with 77% indicating they 

were ‘very satisfied’
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9.1	Bac kground

Heating water represents 25% of an average Perth 
household’s energy costs. Solar hot water systems 
are proven to be more cost effective than most 
other storage and instantaneous systems for 
heating water1. This is particularly the case in the 
Perth metropolitan area which receives an average 
of 7.9 sun hours per day2.

The Perth Solar City program and Solahart 
provided a $1,100 discount (inc. GST) on family-
sized Solahart solar hot water systems to residents 
in Perth’s Eastern Region. Solahart are a Western 
Australian based company which manufactures 
solar hot water systems in Perth. 

The Perth Solar City discount is made available via 
selected Solahart dealers, and is offered for both 
gas and electric boosted solar hot water systems. 
The discount is provided in addition to other state 
and federal government rebates. 

During 2010 and 2011, Solahart dealers received 
the bulk of Perth Solar City customer referrals 
from the Living Smart program, through the Perth 
Solar City call centre and website, and directly 
from the public. Methods used to promote the 
solar hot water discount during 2012 included local 
newspaper advertising (image 9-A), the Eco House 
open days, community workshops and direct 
marketing (chapter 10). 

RESIDENTIAL SOLAR 
HOT WATER SYSTEMS
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$1,100 off your solar hot water with Perth Solar City*

Residents of Perth are eligible to receive this exclusive discount off a solar hot water system 
from Solahart, through the Australian Government’s Perth Solar City program. 

Over 16,000 residents of Perth have joined the Perth Solar City program, WA’s most 
comprehensive energy efficiency program.   

Don’t miss out on this chance to save. Program closes 30 September 2012. 

For more information, visit www.perthsolarcity.com.au or call 1300 993 268. 

*Discount is inclusive of GST and available for new homes, or when replacing a gas or electric system for a Solahart heat pump or solar water 
heater 260L and above, within the Perth Metropolitan Region. The Region includes the coastal strip from Yanchep in the north to Rockingham 
in the south, and inland to The Lakes and Helena Valley in the east, as defined by Landgate. Eligibility terms and conditions apply, to view visit 

www.perthsolarcity.com.au. Discount cannot be used in conjunction with any other Solahart offer.

1 Australian Government. 
(2010). Technical Manual 
- Design for lifestyle and 
the future. Retrieved from 
http://www.yourhome.
gov.au/technical/fs61.html 

2  Bureau of Meteorology. 
(2011).  Climate statistics 
for Australian locations.  
Retrieved 13 December 
2011, from http://www.
bom.gov.au/

Image 9-A: Solahart local newspaper advert
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Heating water 
represents 25% 

of an average 
Perth household’s 

energy costs

Heating water 
represents 25% 

of an average 
Perth household’s 

energy costs

Heating water 
represents 25% 

of an average 
Perth household’s 

energy costs

Progress

As at 30 November 2011, Solahart had achieved 51% of the 
residential solar hot water target, installing a total of 610 systems. 

Key results

System installation trends

The vast majority of households (98%) purchased an electric 
boosted solar hot water system.  

Type of system Number Percentage

Electric boosted solar 599 98%

Gas boosted solar 11 2%

Total 610

Gas storage and electric storage hot water systems were the most 
common types of water heating system being replaced. 

Demographic trends

Of the 610 participants, a total of 48% disclosed their annual 
household income level. 

Of the known income bands, the most common was $50,001 - 
$100,000 annual household income. 

Energy consumption trends

Preliminary analysis was completed for 175 participant households 
who had replaced an electric storage or electric instantaneous 
hot water system with an electric-boosted solar hot water system 
during the period 7 January 2010 to 30 June 2011. An average 15% 
reduction in electricity use was evident.
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9.2	 Objectives and progress 

Solahart’s objective is to utilise the Perth Solar City 
discount to sell and install 1,190 family-sized solar 
hot water systems on households in the Perth Solar 
City target area. 

Sub-Project Program Target Achieved

Residential Solar Hot 
Water systems

1,190 1,151

Solahart achieved 97% of their target for the Program. 

The rollout of Perth Solar City products and 
services beyond the original target area (chapter 
10) provided a significant number of sales during 
the final two quarters of the program (image 9-B). 

 

9.3	Key  results

Key results for residential solar hot water systems 
will focus on:

•	system installation trends

•	demographic trends

•	effect on electricity consumption

•	participant satisfaction 

 
At the time of writing this report, 1,144 out of 1,151 solar 
hot water system data sets were available for analysis.

9.3.1	 System installation trends

Type of system installed

The following tables show the type of solar hot 
water system purchased by participants in the 
program to date (table 9-A), and the average cost 
of each system type (table 9-B). The vast majority 
of households (98%) have purchased an electric 
boosted solar hot water system.  

Table 9-A: Type of solar hot water system 

Type of system Number Percentage

Electric boosted solar 1,125 98%

Gas boosted solar 19 2%

Total 1,144
	

Average cost to household

Table 9-B: Average cost to household 

Average cost – electric boosted solar $3,723.80

Average cost – gas boosted solar $4,592.00
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System replacements

Gas storage and electric storage hot water systems 
are the most common types of water heaters being 
replaced (table 9-C). 

Table 9-C: Replacement of existing hot water 
system by type (including unknown or new home)

System replacing Number Percentage

Electric Instantaneous 51 5%

Electric storage 288 25%

Gas instantaneous 152 13%

Gas storage 416 36%

Heat pump 4 0%

Unknown or new home 233 20%

Total 1,144

Of the 911 systems that were installed to replace an 
existing hot water system (233 for new dwellings), 
32% were replacing electric storage systems 
(image 9-C).

9.3.2	Demo graphic trends

Solar hot water system purchases by income band

Demographic data extracted from the Program 
database for 1,144 participants, shows that a total 
of 468 (41%) disclosed their annual household 
income level (table 9-D).  

Table 9-D: Household income bands for solar hot 
water participants

Income band Number Percentage

$0 - $20,000 27 2%

$20,001 - $50,000 98 9%

$50,001 - $100,000 169 15%

$100,001 - $150,000 112 10%

$150,000+ 62 5%

unknown 676 59%

TOTAL 1,144  

Of the known income bands (468 participants), 
the most common was $50,001 - $100,000 annual 
household income (image 9-D).

 

Electric instantaneous
Electric storage
Gas instantaneous
Gas storage
Heat pump

 

$50,001 - $100,000
$100,001 - $150,000
$150,000+
$0 - $20,000
$20,001 - $50,000

Electric instantaneous  (6%)

Electric storage  (32%)

Gas instantaneous  (17%)

Gas storage  (45%)

Heat pump  (0%)

$50,001 - $100,000  (36%)
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$0 - $20,000  (6%)

$20,001 -$100,000  (21%)
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Image 9-C: Replacement of existing hot water 
system by type (excluding unknown or new home)

Image 9-D: Known income bands
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Access to reticulated gas

37% of participant households are not connected 
to reticulated gas or are connected to bottled gas 
(table 9-E and image 9-E). This is reduced from 
43% of participant households in 2011. 

Table 9-E: Access to reticulated gas

Gas type Count Percentage

Bottled gas 211 18%

Gas connection – unspecified 31 3%

Reticulated gas 670 59%

No connection 219 19%

Unknown 13 1%

TOTAL 1,144

 
Ownership Status

92% of participant households were owner-
occupied (table 9-F and Image 9-F). 

Table 9-F: Ownership status (including unknown)

Gas type Count Percentage

Owner/Occupier 1055 92%

Owner/holiday 8 1%

Rental 46 4%

Unknown 35 3%

TOTAL 1,144

9.3.3	 Energy consumption trends

Effect on electricity consumption – preliminary results

Perth Solar City commissioned Data Analysis Australia 
(DAA) to provide preliminary analysis on the effect 
of the installation of solar hot water systems on 
electricity consumption. The analytic methodology 
developed and used by DAA is attached in Appendix B. 

In order to understand the effect of solar hot water 
on electricity consumption, analysis was completed 
for 235 participant households. These households had 
replaced an electric storage or electric instantaneous 
hot water system with an electric-boosted solar hot 
water system during the period 7 January 2010 to 30 
June 2012. An average 18.2% reduction in electricity 
use is evident (image 9-G). 

 

Image 9-E: Access to reticulated gas

Image 9-F: Ownership status (excluding unknown)

Image 9-G: Effect on electricity consumption
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Table 9-G shows the average annual cost and 
greenhouse gas emission savings for the 175 
participant households. 

Table 9-G: Average annual cost and greenhouse 
gas emission savings for solar hot water 
households (electric to solar-electric conversion)

Customer  
Group

Electricity cost 
savings per 
household  

($/year)*

Greenhouse 
Gas savings  

(kg CO-e/ 
year)^

Solar Hot Water $372.77 1,378

* Calculation based on unit cost of $0.248866 per kWh - 
   the A1 all-time rate as at 30 September 2012 
^ Based on emission co-efficient of 0.92kg/CO2-e per kWh 
  (National Greenhouse Account Factors July 2012)

9.3.4	 Participant satisfaction

During September 2012, Perth Solar City surveyed 
178 participants to understand their motivations 
for participation, and their subsequent satisfaction 
with the Program. 

Survey respondents were asked to rate motivators 
on a scale of 1 to 5, where 1 was low and 5 was 
high motivation. The most significant motivator for 
households to purchase a solar hot water system 
was ‘cost-savings’, rating 4.57 out of 5 followed by 
‘doing the right thing for the environment’, rating 
4.31 out of 5 (image 9-H).  

The level of satisfaction for solar hot water system 
performance was significant, with 90% indicating 
they were either ‘satisfied’ or ‘very satisfied’ (image 
9-I).  The high level of performance satisfaction 
suggests that expectations for purchasing a solar 
hot water system were met.

Image 9-H: Participant motivation for purchase

Image 9-I: Satisfaction of system performance

 

Doing the right
thing for the
environment

Cost-savings Set an
example for
my children

The
neighbours
have one

Recommended
by family or

friends

Other

W
ei

g
ht

ed
 a

ve
ra

g
e

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

4.31
4.57

3.42

1.73

2.28

3.09

 

0

10

20

30

40

50

60

70

80

%
 o

f 
re

sp
on

d
en

ts

Very
satisfied

Very
dissatisfied

SatisfiedDissatisfied Neither
satisfied or
dissatisfied

111PERTH SOLAR CITY ANNUAL REPORT 2012



		  9.4	 Transferrable lessons

Subject Barrier or benefit Outcome and/or lesson

Purchase of 
solar hot water 
systems

Barrier: 
The split incentive barrier between renters and 
landlords.

Outcome: 
The majority (92%) of participants were owner 
occupier households. 

Lesson:
Alternative subsidies for landlords to increase energy 
efficiency of rental properties should be trialled. 

Community 
engagement

BENEFIT:  
Grassroots community engagement activities, 
such as the Eco House open day and community 
workshops, provided excellent engagement 
opportunities for Solahart dealers.

Outcome: 
Customers engaged with Perth Solar City solar hot 
water dealers directly.  

Lesson:
Grassroots community activities which enable 
direct engagement between customers and service 
providers are an effective method of overcoming 
information barriers.  

Federal 
and state 
government 
rebates/
incentives 

Barrier: 
Changes to available government rebates/
incentives. 

Outcome: 
Uncertainty in the market place as to the availability 
of rebates/incentives. This resulted in confusion about 
applicable rebates and subsequently reduced sales 
activity. 

Lesson:
Changes to rebates/incentives should be clearly 
communicated by government and industry.  

Installation by 
booster type

Barrier: 
37% of households either have no access to 
reticulated gas or bottled gas only.

Gas boosted solar hot water systems (average 
cost $4,614.91) are more expensive than electric 
boosted (average cost $3,557.50).

Outcome:
98% 