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Who are we? 

Low Impact Development are ESD 

consultants with a decade of expertise in 

Environmentally Sustainable 

Development, who thrive on helping 

deliver better precincts, subdivisions, 

buildings, and organisations. We work to 

raise the bar with smart sustainable design 

and waste solutions, to create buildings 

that work with the planet, not against it. 

At LID we see and create opportunities 

while striving to provide financially and 

technically viable solutions. This decade is 

our moment to make a positive impact.  

Disclaimer 

This report is copyright and has been 

written exclusively for the Moreland City 

Council as an advisory engagement. This 

report is not subject to Australian Auditing 

Standards or Assurance Engagements. 

The content of this document represents 

the entirety of work output or 

recommendations offered by LID 

Consulting for this particular project. This 

content supersedes all other verbal 

discussions undertaken by LID Consulting 

representatives in relation to this project. 

LID consulting are not responsible for any 

liability and accept no responsibility 

whatsoever arising for the interpretation or 

application of the report’s content by 

Moreland City Council or by a third party.  
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Medium density dwellings: 

Minimum 3kW installation 

for 1-2 bedrooms. 1kW per 

additional bedroom 

Mandating the installation of minimum 

sized solar photovoltaic (PV) systems for 

key development types in Moreland 

Apartments: 

Step 1: Minimum 

photovoltaic solar zone 

(PVSZ) of 25% of site area.  

Step 2: Minimum 100% of 

coverage of PVSZ or 1 kW 

per dwelling, whichever is 

lesser. 

Industrial / warehouses: 

Minimum 1.5 kW plus 1 kW for 

every full 150 m2 of gross floor 

area. 

All roofs designed to 

accommodate potential 

future PV installations across 

the whole roof (excl 

plplantplant). 

For medium density developments, 

PV installation requirements will 

primarily be limited by roof top 

capacity. 

The range of operation for the PV 

standard was determined to be 3.0 – 

5.0 kW. 

Current apartment developments in 

Moreland will rarely have enough space 

to become a net zero emissions 

development through onsite energy 

generation alone.  

However, renewables can provide a 

significant contribution to reducing the 

emissions from developments and can be 

accommodated with other competing 

rooftop uses such as rooftop 

terraces/green roofs and plant 

infrastructure 

Industrial / warehouse developments 

provide a huge opportunity for large 

PV installations although energy use in 

these developments varies more than 

the other development types.   
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1 Executive Summary 
Moreland City Council (Moreland), building on a history of strong sustainability leadership, 

has formally declared a climate emergency and has committed to achieve net zero 

carbon emissions by 2040, ten years before the Victorian government timeframe.  

To achieve net zero emissions in the operation of a building requires all energy consumed in 

the building to be provided by renewable sources. This is an achievable outcome, whether 

renewable energy is generated onsite, purchased from offsite or a combination of both.  

While developers will sometimes lock in Green Power purchasing, Council cannot always 

impact how people purchase offsite energy, but it can guide some of the overall energy 

choice by mandating a renewable component from onsite rooftop solar PV electricity 

generation.  

In acting on these commitments, Moreland is seeking to mandate the installation of 

minimum sized solar photovoltaic (PV) systems for new dual occupancy and townhouse 

(medium density), apartment, and industrial / warehouse type developments within the 

municipality. It is seeking to do this by inserting solar PV system requirements into the 

planning scheme.  

No other jurisdiction in Australia currently has mandatory minimum PV requirements 

stipulated in their planning scheme (or equivalent) similar to those proposed by Moreland. 

The current position for councils Australia-wide is to recommend or require the use of 

sustainability tools that reward the inclusion of renewable energy as one of the options to 

address improved sustainability outcomes.  

This report identifies three different standards for mandating on-site solar PV electricity 

applicable to the three different building types that were the scope of this study (medium 

density development [dual occupancy and townhouses]; apartments; and industrial / 

warehouse developments).   

Table 1  Summary of recommended PV factor requirements by development type 

 Medium density (Dual 

Occupancy and 

townhouses) 

Apartment 

developments 

Industrial / Warehouse 

developments 

PV standard Minimum 3kW installation 

for 1-2 bedrooms. 1kW 

per additional bedroom  

Step 1: Minimum 

photovoltaic solar zone 

(PVSZ) of 25% of site 

area.  

 

Step 2: Minimum 100% of 

coverage of PVSZ or 1 

kW per dwelling, 

whichever is lesser. 

Minimum 1.5 kW plus 1 

kW for every full 150 m2 

of gross floor area. 

 

All roofs designed to 

accommodate potential 

future PV installations 

across the whole roof 

excluding plant 

allocated space 
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 Medium density (Dual 

Occupancy and 

townhouses) 

Apartment 

developments 

Industrial / Warehouse 

developments 

Can the standard 

achieve Net Zero 

Emissions alone? 

No – contributing 

measure but will require 

other actions 

No – contributing 

measure but will require 

other actions 

Potentially Yes – large 

roof spaces potentially 

provide the opportunity 

for sufficient PV 

renewables to offset 

energy use, and in some 

cases to be net positive 

i.e. net renewable 

energy exporters. This is 

particularly relevant 

where there are large 

roof spaces and low 

energy use eg 

warehouses.  

Contributing measures Offsite energy 

purchasing.  

Reduce energy 

consumption by energy 

efficient dwellings, fuel 

switching and efficient 

services and appliances 

Offsite energy 

purchasing.  

Reduce energy 

consumption by energy 

efficient dwellings, fuel 

switching and efficient 

services and appliances 

Minimum or above PV 

installations, or in high 

energy use sites 

potentially also off-site 

energy purchasing 

Cost as a proportion of 

total construction cost 

0.5 – 1.4% 0.18 – 0.34% 0.4 – 0.7% 

Cost able to be 

recouped by developer 

Expected – additional 

cost passed on to 

purchasers 

Expected Expected 

 

Medium density development 

Medium density development denotes dual occupancy and townhouses. This study 

confirmed that for medium density developments, PV installation requirements will primarily 

be limited by roof top capacity. For this reason, the range of operation for the PV standard 

was determined to be 3.0 – 5.0 kW. This range of operation also aligns with the minimum PV 

installation range specified by most best practice housing estates.  

The cost of the PV requirements as a proportion of total construction cost at 0.5 – 1.4% (from 

the case studies reviewed) is small and expected to be recouped by developers through 

an increased sale price. While the cost is passed on to new owners, when the additional 

capital cost is amortised over the life of the dwelling purchase loan, the annual savings 

should exceed the cost of the system and be a net positive investment from day one.   

In most dual occupancy and townhouse cases studies assessed, with current minimum 

building standards and energy and appliance choices, the size of PV installation required 

to offset current average energy use cannot be accommodated on the dwelling rooftops. 

However, installing a substantial PV system per the above minimum size will contribute 

significantly to reducing the emissions of dwellings. It also introduces all households to the 

benefits of onsite PV solar electricity systems and enables the addition of a battery, at a 

later date, to maximise the use of the generated solar electricity.  
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Apartment developments 

Similarly, current apartment developments in Moreland will rarely have enough space to 

become a net zero emissions development through onsite energy generation; However, 

they can provide an improved renewables contribution if required on all buildings. 

Additionally, significant PV installations can be accommodated with other competing 

rooftop uses such as rooftop terraces/green roofs and plant infrastructure.  

A review of rooftop and site space uses in this report confirms that a simple photovoltaic 

solar zone (PVSZ) of 25% of the site area is viable and appropriate to allocate to PV system 

installations.  This metric differs from other standards used in overseas jurisdictions, however 

is appropriate for the City of Moreland given Moreland’s commitment to lead on 

sustainability as identified in Section 3.2 of this report. The proposed standard of 25% of site 

area PVSZ sets a clear requirement up-front for building designers to adhere to, and ensures 

that a substantial PVSZ is retained in the event of alternate building designs and rooftop 

uses.  

Industrial/ warehouse developments 

Unlike townhouse and apartment developments, industrial/ warehouse developments with 

typically large, readily accessible and clear roof spaces often present an opportunity to 

achieve net zero emissions from large onsite renewable energy installations. These 

industrial/warehouse buildings however have the largest variation of energy consumption 

between different potential building occupants. Some of these spaces are used as 

infrequently accessed storage space, others are low energy use warehouses, higher 

energy use printing businesses, commercial kitchens or heavier use manufacturing 

industries. It is difficult to have one PV standard to apply to offset the energy use of such a 

wide variety of energy consuming uses.  

For this reason, the report proposes a mandatory PV standard based on the estimated 

minimum energy use for the smaller energy users, and a requirement that all industrial/ 

warehouse buildings be designed with capacity to accommodate PV electric panel 

coverage over the whole roof area excluding areas set aside for plant infrastructure. The 

cost implications of both measures are reasonable. 
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2 About this report  

2.1 Introduction  

In declaring a climate emergency and building on a history of strong sustainability 

leadership, Moreland City Council (Moreland) is seeking to mandate minimum capacity 

solar photovoltaic (PV) systems for new medium density, apartment, and industrial / 

warehouse type developments within the municipality. Moreland is seeking enable such 

actions through inserting solar PV system requirements, by way of standards, into the 

Moreland Planning Scheme.  

Sustainability consultancy Low Impact Development (LID) Consulting were engaged to 

prepare such standards and, in support, provide rationale and costings. The works 

undertaken included local and overseas research, discussion and contribution from industry 

experts, and regular stakeholder engagement with the Moreland project team (listed in 

Appendix 20 Contributors).  

Section 3 Background seeks to provide the necessary deeper discussion of elements and 

constraints that impact the goal of increased PV panel uptake within the City of Moreland. 

It also places this goal in the context of the wider Moreland goal of achieving net zero 

emissions within the municipality by 2040, and discusses contributing factors and 

technologies related to PV that support this net zero emissions goal.  

Section 4 Trends & insights from policy case studies summarises the overseas policy 

examples and compares the requirements of these PV policies with those put forward for 

Moreland in this report. More detail on overseas policy case studies can be found in 

Appendix 14. Current Australian regulation and tools used to encourage the uptake of PV 

panels in new developments are also discussed in this section. To date, grants rather than 

mandated requirements have played the biggest role in encouraging PV uptake, and 

detail on these is provided in Section 6 Grants.  

Section 5 PV Factor Recommendations commences with the Recommendations summary 

covering all three general development types considered in this report. Each of the three 

sub-sections following this Recommendation summary details the rationale behind the 

recommendations, and the costings supporting them.  

Section 7 Next Steps is the final section of the report. The appendices follow which detail 

the roof spaces, PV capacity and competing uses for roof top spaces for the three 

development types analysed.  
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19% 

3 Background 

3.1 Current State Nationally 

The voluntary uptake of residential solar PV in Australia is the highest per capita in the 

world,1 and the uptake is continuing at a fast pace.  The Clean Energy Regulator shows an 

increase in small scale installation panel numbers of 12% and capacity in kW of 19% in one 

year, 2019, over the slower growth in PV electric panel installations over the preceding 18 

years. See figure below. 

 

Figure 1 2019 increase in Small scale PV installations in Victoria 

The Clean Energy Regulator in the Australian Energy Council Solar report 2020 Q1 reported 

that there are 2.2 million solar panel installations throughout Australia.  

• Vic 17.9% of dwellings have PV installations 

• Qld 35.7% of dwellings have PV installations (highest state proportion). 

In addition, the Australian Energy Market Operator is making progress towards a higher 

penetration of renewable energy within the electricity grid. In the year to 9 June 2020, 

25.6% of national energy generation was supplied by renewables. In Victoria this 

percentage was 25.1%2. As the component of renewables increases, our grid supplied 

electricity gets closer to becoming a net zero source of electricity. At present Victoria is 

seeking to achieve 50% renewables by 20303.  

 
1 Blake Matich, ‘ANU Study Shows Australia Still Leading per Capita Renewable Uptake, but Policy Is Stifling 

Progress’, PV Magazine Australia, 4 September 2020, https://www.pv-magazine-australia.com/2020/09/04/anu-

study-shows-australia-still-leading-per-capita-renewable-uptake-but-policy-is-stifling-progress/. 
2 Dylan McConnell, Simon Holmes à Court, and Steven Tan, ‘OpenNEM - NEM’, accessed 9 June 2020, 

https://opennem.org.au/energy/nem. 
3 Department of Environment, Land, Water and Planning (DELWP), ‘Renewable Energy - Victoria’s Renewable 

Energy Targets’, Victoria State Government - Department of Environment, Land, Water and Planning, 9 April 

2020, Victoria, https://www.energy.vic.gov.au/renewable-energy/victorias-renewable-energy-targets. 
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The uptake of renewables is impressive, however with only 17.9% of Victorian dwellings 

having installed PV, there is potential to accelerate the uptake. By including PV in all new 

residential and industrial / warehouse developments, a larger proportion of their electricity 

would be from renewable sources. This will also enable building occupants to benefit from 

cheaper renewable rooftop energy.  

Whilst the current building code4 and various town planning frameworks encourage the 

uptake of renewable energy, other than the building code volume 2 Victorian amendment 

option of meeting mandatory 6 star energy rating requirements by one of: solar thermal hot 

water units, heat pumps (or a rain water tank), there are no minimum mandatory 

requirements for on-site renewables including PV. Moreland is seeking to amend this by 

introducing the first mandatory minimum capacity roof top PV in new developments.  

3.2 Moreland Policies and Actions  

Policies. Moreland is a proud climate leader with a long history of environmental and 

planning policies which support a safe and healthy future for generations to come.  

The Moreland City Council Plan (2017-2021) outlines Council’s goal to achieve net zero 

carbon emissions by 2040,5 ten years ahead of the state government target of 2050. The 

Moreland Zero Carbon – 2040 Framework and Action Plan sets the following priorities over 

the first five years (2020 – 2025) and beyond: 

• Energy Transition: Efficient and 100% Renewably Powered Energy 

• Sustainable Transport: Active or Zero Emissions Transport 

• Waste and Consumption: Circular Economy with Zero Waste 

The 2040 Framework and Action Plan aligns with Moreland City Council’s Notice of Motion 

(NOM) NOM33/18 to achieve zero carbon within the Planning Scheme.6 The approach to 

achieve a zero carbon Planning Scheme, tokened Environmentally Sustainable Design 

(ESD) Policy v2.0, seeks the following specific changes: 

 
4 Australian Building Codes Board (ABCB), National Construction Code - Volume 1: Building Code of Australia 

2019 Amendment 1, 2.1, vol. 1 (Commonwealth of Australia and the States and Territories 2020 - Australian 

Building Codes Board, 2020); Australian Building Codes Board (ABCB), National Construction Code - Volume 2: 

Building Code of Australia 2019 Amendment 1, 2.1, vol. 2 (Commonwealth of Australia and the States and 

Territories 2020 - Australian Building Codes Board, 2020). 
5 Moreland City Council, ‘Moreland City Council - Council Plan 2017-2021’ (Moreland City Council, 5 September 

2017), https://www.moreland.vic.gov.au/globalassets/areas/finance/council-plan-2017-21.pdf. (page 3)  
6 Moreland City Council, ‘Moreland City Council - Council Agenda Wednesday 8 August 2018’ (Moreland City 

Council, 8 August 2018), https://www.moreland.vic.gov.au/globalassets/key-docs/meeting/agenda-council-

upc/council-agenda-8-august-2018---no-attachments.pdf. 
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• Better Roofs: To address the current shortfall 

with new development committing to the 

installation of solar PV systems and/or the urban 

heat island effect; 

• Zero Waste Infrastructure: Improving waste 

infrastructure to target zero waste to landfill by 

2030; and 

• Future proofing buildings for electric charging 

infrastructure: Require the installation of specific 

electric infrastructure in new development 

As part of the Moreland City Council Plan, Moreland has published the Zero Carbon 

Evolution, getting on track to a carbon neutral Moreland community - Refresh to 2020 

(October 2018) outlining a strategy to reduce emissions by 22% on 2011 levels. By achieving 

this goal, it would see the City of Moreland on track to a zero-carbon future.7 

This document sets out a vision for the City of Moreland in 2020, including more 

comfortable and energy efficient homes and businesses (e.g. better insulated buildings), 

renewable energy sources (e.g. onsite solar PV systems or purchasing renewable energy 

from the grid), and the eventual phasing out of gas.  

To support these goals, a key strategic direction of 

the Zero Carbon Evolution framework is to generate 

local renewable energy that can be consumed, 

stored and sold within the City of Moreland. 

Moreland’s goal is to have an additional 44MW of 

solar PV installed on 2014 levels, supported by a 

range of initiatives and programs. This includes 

installing solar PV to new and renovated council 

buildings and those leased to community groups, 

and encouraging solar PV installations in new 

developments (via the Moreland Planning scheme’s 

statutory ESD Policy – clause 22.08).  

This PV factor document aims to provide guidance on a new standard regarding 

mandatory renewable energy requirements, and how it can be applied to different 

building typologies.  

 

  

 
7 Moreland City Council, ‘Zero Carbon Evolution - Getting on Track to a Carbon Neutral Moreland Community. 

Refresh to 2020.’ (Moreland City Council, October 2018), https://www.moreland.vic.gov.au/globalassets/zero-

carbon-evolution---refresh-to-2020.pdf. 

 

The Moreland City Council 

Plan (2017-2021) outlines 

Council’s goal to achieve 

zero net carbon emissions 

by 2040, ten years ahead 

of the state government 

target of 2050. 

 

A key direction of the 

Moreland Zero Carbon 

Evolution document is to 

generate local renewable 

energy that can be 

consumed, stored and 

sold within Moreland. 
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3.3 Net Zero Emissions  

  

Moreland’s long-term goal is to achieve net zero 

carbon emissions for development. To achieve this will 

require action on multiple fronts. 

 

Mandatory solar PV 

installations on all new 

developments enables 

reduced CO2 emissions at 

each site where this is 

mandated.  

 

Mandatory solar PV 

installations are the one key 

component of reducing 

emissions addressed in this 

report. However, this alone will 

often not reduce emissions to 

zero. Others measures to also 

be addressed more widely in 

policy should include: 

• Going fossil fuel free – 

i.e. no gas in new 

developments 

• Increasing building 

fabric energy efficiency 

• Increasing building 

services energy 

efficiency 

• Purchasing offsite green 

electricity or carbon 

offsets 

 

Energy supplied from electricity can 

be supplied from renewable sources 

and increasingly is, with the 

proliferation of rooftop solar and the 

shift in the Victorian electricity grid to 

renewables.  The Victorian grid target 

for electricity to be sourced from 

renewables is for 40% by 2025 and 

50% by 2030.  

Going fossil fuel free is possible 

where gas is not connected to 

buildings and electricity is the 

main source of energy. While the 

majority of Victorian homes rely on 

gas as their primary fuel source, 

this is not the case in other states 

where electricity is often the 

primary source of energy.  

 

Electricity powered technologies 

for heating, cooling and hot water 

generation (such as good heat 

pump units) can use less energy 

than their gas counterparts, similarly 

reducing emissions.  

 

Better energy ratings and 

buildings built to the design 

standard demonstrate a reduced 

need for energy for heating and 

cooling. This also contributes to 

reducing emissions where energy 

is not sourced from renewables.  

 

Where less energy is used to 

operate a building, and that 

energy increasingly comes from a 

renewable source, then emissions 

from buildings will drop. This will also 

make the final option of 

purchasing offsite green electricity 

or carbon offsets to achieve 

carbon neutrality more affordable.  
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3.3.1 Going fossil fuel (coal and gas) free 

Changing from direct fossil fuel use in our buildings to a renewable, zero emission energy 

source such as solar, wind, hydro is a critical component of enabling buildings to become 

net zero emissions.  

Although mains electricity in Victoria comes predominantly from high polluting fossil fuel 

brown coal, renewably sourced energy comprised 23.7% of the energy mix in the period 

September 2019 – September 2020.8 The performance of other Australian States confirms 

that much higher levels of renewables in the Victorian energy grid are possible. The 

Tasmanian electricity grid supply is predominantly from hydro-electricity sources, averaging 

99.1% zero emissions renewable from October 2019 - October 2020. South Australia, in the 

same period, averaged 56.8% from wind and solar renewables (from the Open NEM 

website).9 

 

Figure 2  Energy mix of mains electricity sources in Victoria (OpenNEM Sep 2019 – Sep 2020)  

 
8 Dylan McConnell, Simon Holmes à Court, and Steven Tan, ‘OpenNEM - Victoria’, n.d., 

https://opennem.org.au/energy/vic1/. 
9 Dylan McConnell, Simon Holmes à Court, and Steven Tan, ‘OpenNEM - Victoria’, n.d., 

https://opennem.org.au/energy/sa1/. 
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Figure 3  Graphical representation of monthly energy mix in Victoria (OpenNEM Sep 2019 – Sep 2020) 

While electricity can be supplied from renewable sources, gas currently cannot be burned 

with zero emissions. New buildings are therefore required to be built to run on electricity 

and not gas. 

Gas is used broadly and heavily in Victoria. Almost 90% of Melbourne homes are dual fuel 

(88%)10 – i.e. they use both gas and electricity, and 75% of average dwelling energy use is 

gas (Table 3). Gas is typically used for space heating, hot water heating and for cooking, 

and electricity for all other uses.11 

Table 2  Average daily energy use of Melbourne homes and split for dual fuel dwellings (almost 90% of 

dwellings)  

Average dwelling energy use Energy use per day % of total dwelling energy use 

Electricity  12 kWh/day 25% 

Gas  36.5kWh/day 75% 

Total energy consumption  48.5kWh/day 100% 

 

Continued plumbing of gas to new buildings will make it harder to substantially reduce their 

total greenhouse gas emissions. Once gas infrastructure is in place it is expensive to remove 

and replace it with electric equivalents. It is therefore critical that electricity replaces gas as 

the source of energy in new buildings at the construction stage.   

Based on this principle, Zero Carbon Moreland – Climate Emergency Action Plan 2020/21 – 

2024/25 priority Efficient and 100% Renewably Powered Energy directs that “Homes and 

businesses are powered only by electricity, following a supported phase-out of gas”. 

 
10 Department of Health and Human Services Victoria, ‘Victorian Utility Consumption Household Survey’, 

Department of Health and Human Services Victoria (DHHS), 3 May 2019, https://www.dhhs.vic.gov.au/victorian-

utility-consumption-household-survey. 
11 Department of Health and Human Services Victoria. 
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This choice to go gas free is not impossible to do.  It is already actively occurring in the 

space heating and cooling of new apartment developments whereby reverse cycle split 

systems (heat pumps and air-conditioning unit combined) are the typical source of heating 

and cooling. These systems and units work well in apartments, as these are often smaller 

spaces without higher ceilings. This can also occur in townhouses if the energy efficiency of 

the building fabric is improved and spaces are zoned off, both to minimise heat loss from 

heated spaces. 

The shift from gas for water heating should be even easier. Currently, Victoria has the 

highest share of gas-fired water heaters, however electric water heating is not unusual to 

Victorians or Australians. 

Table 3  Residential hot water heater energy source by state 

State Hot water heater energy source 

Victoria 70% gas  

WA 63% gas 

ACT 46% gas 

Tas 87% electricity 

Qld 67% electricity 

NSW 58% electricity 

Note Victoria also has an additional 7% of dwellings with gas-boosted solar - the highest share of solar-gas in 

Australia.12  

 

3.3.2 Increasing the energy efficiency of the building fabric  

The National Home Energy Rating Scheme (NatHERS) is a framework for assessing and 

benchmarking the energy efficiency of the building fabric including passive design. It is a 

star based system whereby the higher the star rating, the lower the amount of energy 

required to keep the dwelling at the same standard comfort level. A two-star uplift in rating 

can reduce heating and cooling energy consumption by more than 50%. The impact of 

energy ratings on heating and cooling loads is shown both in MJ and converted to kWh, 

per m2 of space (Table 4).   

Table 4  Combined energy consumed for heating and cooling per m2 per NatHERS star rating band 

Representative Moreland suburb NatHERS Climate zone 6 stars 7 stars 8 stars 

  MJ per m2 per annum 

Brunswick 21 114 83 54 

Fawkner 60 138 100 64 

  kWh per m2 per annum 

Brunswick 21 31.7 23.1 15 

Fawkner 60 38.3 27.8 17.8 

 

 
12 Paul Ryan and Alan Pears, ‘Unravelling Home Energy Use across Australia - Renew’, Renew, 23 May 2019, 

https://renew.org.au/renew-magazine/efficient-homes/unravelling-home-energy-use-across-australia/. 
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In Victoria, space conditioning (heating and cooling our buildings) is the largest 

component of residential buildings’ energy consumption (Figure 3), and Victoria has the 

highest energy consumption of all states (Figure 4). This is a significant opportunity for 

reducing operational energy consumption.   

 

Figure 4 Split of residential energy consumption by uses – Victoria 201513 

 

 
13 Ryan and Pears. 
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Figure 5  Energy consumption by state and usage 2015 14 

 

Well designed, insulated and sealed 

building fabric (roof/ceiling, floors, 

walls and windows) with controlled 

ventilation can significantly reduce 

the energy required to heat and cool 

buildings.  

 

3.3.3 Increasing the efficiency of services 

The next key element in chasing the goal of net zero emissions in new buildings is to 

maximise the efficiency of the services in those buildings. As demonstrated above, this 

should start with the efficiency of space heating given it is the greatest consumer of 

energy, followed by seeking the most efficient water heating, and then appliances.  

Drawing from the Renew article “Unravelling home energy use across Australia”,15 the 

efficiency of a reverse cycle air-conditioner / heat pump units is explained: 

“Reverse-cycle air conditioners (and heat pumps) are 300% to 600% efficient, 

providing 3 to 6 units of cooling energy per unit of electricity, while gas heaters are 

only 60% to 90% efficient, providing 0.6 to 0.9 units of heat per unit of gas burnt. Also 

… ducted heating systems (typically gas) use much more energy because they heat 

 
14 Ryan and Pears. 
15 Ryan and Pears. 

 
Efficient buildings consume much less 

energy and require a much lower level 

of onsite solar PV panels to become 

zero carbon emission buildings in their 

operation.  
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a much larger area and they are generally very lossy due to duct leaks and thermal 

losses”. 

The benefits of the shift to electric storage heat pumps for hot water (with the same 

technology as reverse cycle air-con units / heat pumps) are also clear from the comparison 

below.  

Table 5  Comparison of efficiency of hot water heating options16 

Gas heater type Annual MJ Annual kWh Daily kWh 
Percentage of 

gas hot water 

Gas water heaters 15,000 to 30,000 4,167 – 8,333 11.4 - 22.8 100% - 100% 

Electric resistive 12,000 to 16,000 3,333 – 4,444 9.1 - 12.2 80% - 53% 

Heat pump electric 2,000 to 6,000 555 - 1,667 1.5 - 4.6 13% - 20% 

 

More details on heat pumps can be found in Appendix 6 Background - Hot water heat 

pumps . 

3.3.4 Use of onsite renewables 

Onsite renewables have a definitive, immediate impact on the shift to renewables across 

the municipality. When new buildings incorporate onsite renewables, occupants 

automatically source a proportion of their energy from these zero emission sources.  

Furthermore, when the community augments their mains power supply with onsite 

generated renewables, the percentage of zero emission energy in the building’s energy 

mix increases. Without onsite renewables, the selection of zero emissions energy remains 

discretionary.  

3.3.5 Buying offsite green power 

Continuing to encourage building occupants in Moreland to use 100% green power is 

another Council strategy to meet Moreland’s Council’s zero emissions operational energy 

goals.  

Using electricity from our mains grid is becoming substantially greener, as the Victorian 

government has committed to transforming our electricity grid to 40% renewable by 2025 

and 50% renewable by 2030.17 

3.3.6 Impact of energy consumption on PV system for onsite net zero emissions 

The potential reductions in energy consumption available from improved energy ratings 

and shifting from gas hot water to electric storage heat pump hot water, gas to electric 

space heating and cooling, and the use of the most efficient in class versions of all other 

household appliances, are significant.  

Different dwelling energy consumption levels require different PV installation sizes to 

achieve a net zero emissions outcome as evidenced in Table 6 below. High energy use 

 
16 Ryan and Pears. 
17 Department of Environment, Land, Water and Planning (DELWP), ‘Renewable Energy - Victoria’s Renewable 

Energy Targets’. 



  Background 

 

© Low Impact Development Consulting | May 2021  Moreland Renewable Energy Standard | Page 12 

introduces space and cost challenges for onsite PV (due to insufficient roof space for 

match the energy requirements).  

Table 6  Different dwelling energy consumption levels and required PV installation sizes to offset these  

Fuel 

source 
No. House description 

Daily annual 

average energy 

consumption 

(gas and/or elec) 

kWh 

PV panel capacity 

to offset daily 

consumption kW 

Approximate no. 

of typical 330W 

panels to 

generate PV 

panel capacity 

D
u

a
l 
F
u

e
l 
h

o
m

e
s 

[1]  

Existing average dual fuel 

Melbourne home (from Table 

3)  

48.5 13.5 41 

[2]  
Modelled 6 star small 100m2 

dual fuel home  
35.4 9.8 30 

[3]  
Modelled 6 star medium 

160m2 dual fuel home  
48.9 13.6 41 

[4]  Existing 132m2 dual fuel home  35.5 10.0 30 

A
ll
 e

le
c

tr
ic

 

h
o

m
e

s [5]  

Estimated 7 star all-electric 

dwelling of the average size of 

the project case study 

dwellings ie 155m2 excl 

garages. (Brunswick and 

Fawkner climate zones - See 

below and Appendix 4) 

18.3 – 18.9 5.1 – 5.2 16 

 

[6]  

Estimated 7 star all-electric 

dwelling of 250m2 excl 

garages. (Brunswick and 

Fawkner climate zones - See 

below and Appendix 4) 

22.3 – 23.2 6.2 – 6.4 19 

 

[7]  

Best practice 8 star 85-125m2 

dwellings – the Paddock 

Castlemaine, all electric 

11.0 3.0 9 

 

Notes:  

•  The conversion of kWh overall daily consumption to panel installation size relies on 1kW of PV panels in 

Melbourne producing an annual average of 3.6kWh per day.18 

[1] Average annual total fuel consumed in existing Melbourne dwellings (both gas and electricity). This summary 

figure includes the full range of: star rating efficiencies that exist in current Melbourne dwellings, efficiencies 

of services, sizes and consumption patterns of occupants.19 

[2] Modelled average annual total fuel consumed for smaller higher energy rating 6 star dual fuel (gas and 

electricity) dwellings.20 

[3] Modelled average annual total fuel consumed for medium sized higher energy rating 6 star dual fuel (gas 

and electricity) dwellings.21 

[4] Based on records and bills of the Principal of LID Consulting’s own existing dwelling in Melbourne. A small-

medium size dwelling (132m2), size two-bed and study 6-star dwelling with passive design elements, duel fuel 

(gas and electricity).  

[5] Estimates discussed in Appendix 4. 

 
18 Clean Energy Council, ‘Consumer Guide to Buying Household Solar Panels (Photovoltaic Panels)’, 26 August 

2011, https://www.solarchoice.net.au/wp-content/uploads/Solar-Choice-Clean-Energy-Council-Solar-PV-

Consumer-guide.pdf. (page 4)  
19 Department of Health and Human Services Victoria, ‘Victorian Utility Consumption Household Survey’. 
20 Damien Moyse, Keiran Price, and Andrew Reddaway, ‘Reach for the Stars - The Value of Higher Efficiency 

Homes in Victoria’ (Renew, 10 September 2019). 
21 Moyse, Price, and Reddaway. 
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[6] Estimates discussed in Appendix 4. 

[7] Performance of seven all electricity, average 8 star 85-125m2 dwellings currently built at The Paddock Eco 

Village development in Castlemaine.22 Note their 8-star dwellings in the colder Ballarat location (i.e. NatHERS 

climate zone 66 Ballarat Aerodrome) will consume more heating than in the Melbourne climate zone, so 

their figures are even more impressive. These figures confirmed that the dwellings overall were consuming 

11kWh of electricity each day. Of this 4kWh was from the installed PV systems and 7kWh was from the grid. 

The houses also export 12kWh back to the grid - ie only use 25% on site from 4kW array, hence they are net 

positive producers of clean zero emissions energy. Note the dwellings have 4kW installed per dwelling to 

cover other common area power and ensure the development is net positive for energy23.  

 

The total capacity and number of PV panels 

required to service case study [1] in Table 7 above 

(which represents the average free-standing 

Melbourne dwelling), is large at approximately 41 

panels.  

Further examples discussed in Appendix 4 provide a 

more detailed look at dwellings with all-electric 

services. These examples consider the impact of 

energy ratings, the components of energy 

consumption, total consumption and the impact 

on required PV levels.  

3.4 Standard and Codes  

The following Australian and international standards should be considered when installing, 

operating and maintaining solar PV systems to ensure they are in keeping with best 

practice for quality and safety purposes.  

• NCC (National Construction Code) 2019 Currently efficient energy use is the main 

focus of the NCC 2019 Volume One Section J, although energy monitoring is 

considered in Part J8.3. 

• NCC (National Construction Code) 2022 Changes are being considered for this 

edition to better incorporate electric vehicle and photo voltaic solar panel 

provisions. Refer to Section 4.2.2 of this report for details. 

• NMI (National Measurement Institute) standards. 

• Moreland Planning Scheme Clause 22.08 - Objectives of Clause 22.08 are:   

o To reduce total operating greenhouse gas emissions. 

o To reduce energy peak demand through particular design measures (eg. 

appropriate building orientation, shading to glazed surfaces, optimise glazing 

to exposed surfaces, space allocation for solar panels and external heating 

and cooling systems). 

• AS/NZS 4777 Grid connection of energy systems via inverters. AS/NZS 4777.1 

Installation requirements and 4777.2 Inverter Requirement Standards specify the 

expected performance and behaviour of inverters at low voltages (such as 

households or small-scale commercial) and the necessary tests for compliance. At 

present, AS/NZS 4777.2 does not capture all the performance requirements needed 

 
22 Neil Barrett and Heather Barrett, ‘Sustainable House Day - The Paddock Eco Village’, 

https://sustainablehouseday.com/listing/the-paddock-eco-village/. 
23 Barrett and Barrett. 

 

The differences in energy 

consumption occur because 

of differences in the efficiency 

of the building orientation, 

fabric (walls, roof/ceiling, 

floor, windows and sealing), 

services, size the dwelling and 

consumption patterns of the 

occupants.  
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to optimise and support a secure power system under high levels of Distributed 

Energy Resources (DER) penetration, but it is currently being updated to better do 

so. Australian Standards relating to wiring rules, wind loads and structural dead loads 

should also be complied with.  

• Planning Practice Note 88 – Planning considerations for existing residential rooftop 

solar energy facilities (October 2018). Guidance on planning permit application for 

development that may overshadow an existing residential rooftop solar energy 

facility.  

• Clause 55.03-5, 55.07-1, 58.03-1 – Energy efficiency objectives. Ensure that 

development is sited and designed so that the performance of existing rooftop solar 

energy systems on dwellings are not unreasonably reduced.  
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4 Trends & insights from policy case 

studies 
The uptake of solar PV technology has traditionally been driven through subsidies in the 

form of Renewable Energy Certificates (RECs), Feed in Tariffs (FiT) and rebates.24 This is 

similar to the approach taken overseas.  

In April 2001, the Australian government established the Renewable Energy Target which 

aimed to deliver at least 20% of Australia’s electricity from renewable sources by 2020.25 

The Victorian Government has committed to a net zero GHG emissions target by 2050 

which will enable Victoria to contribute to the Paris Agreement that aims to keep global 

warming below a 2 degree rise from pre-industrial levels.26 This target will require GHG 

emissions to be reduced as far as possible, with any remaining emissions to be 

counteracted through carbon offset programs. A key objective is to ensure that at least 

50% of Victoria’s energy is to be provided from renewable sources by 2030.27 

Moreland is aiming to achieve a net zero carbon emissions target by 2040, 10 years before 

the Victorian Government timeframe. To do so, Moreland is looking to becoming a leader 

in strategy, policy and the implementation of initiatives that support achieving this goal.  

Renewable energy policies from different levels of government globally can be seen 

striving for a more sustainable energy outcome. Key examples have been selected as case 

studies to further inform this report and exploration into mandating renewable energy 

technologies for Moreland. 

4.1 Policy Case Studies Comparison  

International jurisdictions with PV requirements for new developments have been 

compared to the recommended Moreland PV factors for a selection of representative 

case studies within the three development types. A summary of the PV requirements of 

these jurisdictions applied to representative case studies from this project follows in Table 7.  

More details can be found on each jurisdiction’s requirements in Appendix 14.  

 
24 Andrew Chapman, Benjamin McLellan, and Tetsuo Tezuka, ‘Residential Solar PV Policy: An Analysis of 

Impacts, Successes and Failures in the Australian Case’, Renewable Energy, 2016, 1265–79. 
25 Chapman, McLellan, and Tezuka. 
26 Department of Environment, Land, Water and Planning (DELWP), ‘Victoria’s Net Zero by 2050 Emissions 

Reduction Target’, Victoria State Government - Department of Environment, Land, Water and Planning, 9 June 

2016, https://www.climatechange.vic.gov.au/media-releases/victorias-net-zero-by-2050-emissions-reduction-

target. 
27 Department of Environment, Land, Water and Planning (DELWP), ‘Renewable Energy - Victoria’s Renewable 

Energy Targets’. 
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Table 7  Recommended Moreland PV requirements in comparison to overseas policies reviewed – for the project’s building case studies. 

Case study Type 
Moreland 

[1]  

California 

(CZ2)28, 

USA 

Santa 

Monica, 

USA 

San 

Francisco, 

USA [2]  

Fremont, 

USA 

New York, 

USA [3] 

Waiblingen, 

Germany 

Hamburg, 

Germany  

Berlin, 

Germany   
Haryana, India 

2. Hope St,

Brunswick

Townhouse 

Unit 1, 3 

bed 

4.0 kW 2.2kW 2.3kW 4.1 kW 2.1kW 

100% SRZ. 

Minimum 

4kW. 

6.9 kW [4] 

Mandatory 

2023 but no 

minimum 

Mandatory 

PV system or 

green roof 

Min 1 kW, or 

5% connected 

load 

3. Pascoe

Vale Rd, Oak

Park

Townhouse 

Unit 2, 2 

bed 

3.0 kW 1.7kW 1.3kW 2.6 kW 1.5kW 

100% SRZ. 

Minimum 

4kW. 

3.3 kW [5] 

Mandatory 

2023 but no 

minimum 

Mandatory 

PV system or 

green roof 

Min 1 kW, or 

5% connected 

load 

6. Albert St,

Brunswick

Townhouse 

Unit 8, 3 

bed 

4.0 kW 2.3kW 2.7kW 1.1 kW 2.1kW 

100% SRZ. 

Minimum 

4kW. 

3.5 kW [6] 

Mandatory 

2023 but no 

minimum 

Mandatory 

PV system or 

green roof 

Min 1 kW, or 

5% connected 

load 

7. Nicholson

St, Brunswick

East

Apts 14.0 kW NA 37.5kW 9.7 kW NA 

100% SRZ. 

Minimum 

4kW. 

3.0 kW [7] 

Mandatory 

2023 but no 

minimum 

Mandatory 

PV system or 

green roof 

Min 1 kW, or 

5% connected 

load 

13. Westgarth

St, Fitzroy
Apts 19.4 kW NA 57.8kW 7.9 kW NA 

100% SRZ. 

Minimum 

4kW. 

19.4 kW [8] 

Mandatory 

2023 but no 

minimum 

Mandatory 

PV system or 

green roof 

Min 1 kW, or 

5% connected 

load 

25. Dawson

St, Coburg

North

Ind / WH 

WH1, 
2.5 kW NA 6.0kW 6.7 kW NA 

100% SRZ. 

Minimum 

4kW. 
46.8 kW [9] 

Mandatory 

2023 but no 

minimum 

Mandatory 

PV system or 

green roof 

If connected 

load > 50 kW, 

then min 10 kW 

PV system 

26. Babbage

Dr,

Dandenong

South

Ind / WH 15.5 kW NA 47.8kW 78.1 kW NA 

100% SRZ. 

Minimum 

4kW. 

216.1 kW 

[10] 

Mandatory 

2023 but no 

minimum 

Mandatory 

PV system or 

green roof 

If connected 

load > 50 kW, 

then min10 kW 

PV system 

Note: 

• TH = townhouse, WH = industrial/warehouse

• Minimum PV requirements for locales other than Moreland are an estimate based on the available information and interpretation of policy requirements.

[1] Moreland PV minimum requirements as per Section 5.1.2.

[2] Applicable for buildings < 10 storeys. Requirement is for 15% of roof area set aside of solar. PV size assumes 330W panels. Assume roof area calculated from

top view per plans provided (see Appendix 2).

28 Renvu Solar, ‘California Solar Mandate - Calculate Solar System Size’, Renvu Solar, 2020, https://www.renvu.com/Browse?website=solar#Plan-and-

Design/California-Solar-Mandate/California-Solar-Mandate-Calculate-Solar-System-Size. 
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[3] Note NYC requirements are for 100% of the available roof to be Sustainable Roofing Zone (SRZ) – ie. 100% of the available roof is to include solar PV (minimum

4kW) and/or a green roof system. Where a 4kW PV is proposed, the remaining SRZ area to be either additional PV panels or a green roof system29.

[4] Per Appendix 1.2 Hope Street Brunswick, 50% of suitable area to be covered by PV. PV size assumes 21 x 330W panels = 6.9 kW capacity.

[5] Per Appendix 1.3 Pascoe Vale Road Oak Park, 50% of suitable area to be covered by PV. PV size assumes 10 x 330W panels = 3.3kW capacity.

[6] Per Appendix 16 Albert St Brunswick, 50% of suitable area to be covered by PV. PV size assumes 12 x 330W panels = 3.3kW capacity. Due to the flat roof, it

can be considered that the non-suitable area is the spacing between panels inclined at a 10-degree pitch.

[7] Roof area (ex. Roof terrace) = 30.5 x 50% = 15.3m2. Assumes 1.7m2 PV panel area = 9 PV panels x 330W = 3.0kW capacity. Roof area has been assumed to

only consider suitable roof area (i.e. PV Solar Zone PVSZ per Appendix 2)

[8] Roof area (ex. Roof terrace) = 199.7 x 50% = 99.9m2. Assumes 1.7m2 PV panel area = 58.8 PV panels x 330W = 19.4kW capacity. Roof area has been assumed

to only consider suitable roof area (i.e. PVSZ per Appendix 2)

[9] Roof area = 482.5 x 50% = 241.3m2. Assumes 1.7m2 PV panel area = 142 PV panels x 330W = 46.8kW capacity. Roof area has been assumed to only consider

suitable roof area (i.e. PVSZ per Appendix 3)

[10] Roof area = 2226.6 x 50% = 1113.3m2. Assumes 1.7m2 PV panel area = 654.9 PV panels x 330W = 216.1kW capacity. Roof area has been assumed to only

consider suitable roof area (i.e. PVSZ per Appendix 3)

29 New York City Department of Buildings, ‘Buildings Bulletin 2019-010’ (New York City Department of Buildings, 24 October 2019). 



  Trends & insights from policy case studies 

© Low Impact Development Consulting | May 2021 Moreland Renewable Energy Standard | Page 18 

4.2 Australia 

4.2.1 Current Planning Scheme Requirements 

Incorporating Renewable Energy Systems 

Within Moreland City Council’s Planning Scheme, there are several components facilitating 

the incorporation of renewable energy infrastructure within development. However such 

planning requirements are particularly weak, not ensuring a definitive outcome that PV 

infrastructure will in fact be provided. 

With respect to prescriptive requirements, the Victoria Planning Provisions (VPPs) Particular 

Provisions provides criteria to be met pursuant to clauses 54, 55, 56, and 58 by reference to 

energy efficiency and solar access.  Such criteria generally includes: 

• That development achieves and protects energy efficient dwellings and residential

buildings.

• That the orientation and layout of development reduces fossil fuel energy use and

makes appropriate use of daylight and solar energy.

• That a building is sited and designed to ensure that the energy efficiency of existing

dwellings or that the performance of existing rooftop solar energy systems on

dwellings on adjoining lots are not unreasonably reduced.

• Adequate solar access to existing north-facing windows.

• Solar access to secluded private open space or communal outdoor open space

areas.

• That cooling loads of dwellings meet relevant performance criteria.

It may be inferred, through an implied argument, that development is required to include 

PV infrastructure to address the requirement that a building makes appropriate use of solar 

energy in an effort to reduce fossil fuel energy use and ensure the delivery of an energy 

efficient building. However the extent of such argument is limited given the lack of specific 

detail requiring the inclusion of renewable energy systems on new development. Instead 

Currently in Australia, there is no legislation mandating the inclusion of solar PV panels 

for new building developments.  

Council’s often condition the inclusion of solar PV panels in new developments, but the 

PPF does not clearly mandate this requirement  

In addition, a range of voluntary sustainability tools reward the inclusion of solar PV 

panels, without necessarily requiring the inclusion of solar PV panels.  

Best practice housing estate projects typically set minimum solar PV installation sizes 

between 2 – 5kW per dwelling and often require other complementary measures such 

as minimum levels of energy efficiency for dwellings, and encourage all electricity 

dwellings (gas free).  
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the language targets the development’s energy efficiency, reduced use of fossil fuel 

energy, orientation and layout specifically.  

As such, under the VPPs Particular Provisions, the explicit reference for development to 

include PV infrastructure or relevant guidance is not provided. 

With respect to the Planning Policy Framework (PPF), clause 15.02-1S provides: 

• Objective: to encourage ‘development that is energy and resource efficient,

supports a cooler environment and minimises greenhouse gas emissions’.

• Strategies (include):

o ‘improve the energy, water and waste performance of buildings and

subdivisions through environmentally sustainable development’ and improve

efficiency in energy use through greater use of renewable energy

technologies and other energy efficiency upgrades’.

Of prominence however is clause 15.02-1L (translated from clause 22.08 under the Local 

Planning Policy Framework (LPPF)) regarded as Council’s statutory ESD Policy. The statutory 

ESD Policy is centred upon a development demonstrating that the overarching objective 

of ‘Best Practice’ is achieved. A thematic strategy under clause 15.02-1L Energy 

Performance encourages: 

• Inclusion of or space allocation for renewable technologies.

Whilst positively encouraging or alluding to the incorporation of renewable energy, the 

specific language articulated within the new clause 15.02-1L strategy (formerly objective) is 

not binding nor assertive to necessitate the inclusion of renewable energy systems. The 

strategy can be satisfied by simply allowing space allocation only.   

Previously clause 22.08-2 Energy Performance, encouraged: 

‘to reduce energy peak demand through particular design measures (e.g. 

appropriate building orientation, shading to glazed surfaces, optimise glazing to 

exposed surfaces, space allocation for solar panels and external heating and 

cooling systems)’.  

Similarly, there were issues with this clause 22.08 objective: 

• The language utilised referred merely to space allocation (i.e. roof area).

• There was no requirement for the physical incorporation of solar panels.

• Spatial allocation for solar panels was only referenced as one of several example

measures to address peak energy demand.

Furthermore, the clause only stated that the list of 

thematic ESD objectives (i.e. energy performance, 

water resources, transport) should be satisfied 

where applicable, taking into consideration the 

Decision Guidelines that were also articulated 

within the ESD Policy. This approach to ‘should’ is at 

odds with mandating that development provides 

renewable energy systems.  

There was and still is no 

mandated requirement for 

PV within the VPP and PPF 

frameworks. 
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Overshading Solar PV Arrays 

An express right to solar access remains a contentious issue. The express right has not been 

articulated in the PPF or VPP, particularly with respect to solar panels being granted access 

to direct sunlight. The Victorian Civil and Administrative Tribunal (VCAT) has offered 

guidance in deliberations on several matters which raise this concern in the context of 

development and overshading. Most notably Chen v Melbourne CC & Ors (Red Dot) [2012] 

VCAT 1909 (13 December 2012) expressed the requirement:  

'for consistent statewide provisions by which to assess impacts through the 

introduction of clearer guidelines and standards capable of providing greater 

certainty to all stakeholders'.  

This was due to the matter concerning overshading which reduced the efficiency of the 

solar collecting panels by 50%-70%. The loss was deemed unreasonable and contrary to the 

objectives of the planning scheme.  

Matters such as Chen led to the introduction of Amendment VC149 (gazetted in October 

2018).  The Amendment incorporated changes to the Victoria Planning Provisions, and aims 

to address the issue regarding overshading to solar systems due to new development and 

works. 

In response to the amendment, DELWP prepared Planning Practice Note (PPN) 88- Planning 

considerations for existing residential rooftop solar energy facilities (October 2018) to 

mitigate and manage impact.  

The Practice Note advises that the following be taken into consideration: 

• The extent to which an existing rooftop solar energy facility on an adjoining lot is

overshadowed by existing buildings or other permanent structures.

• Whether the existing rooftop solar energy facility on an adjoining lot is appropriately

located.

• The effect of overshadowing on an existing rooftop solar energy facility on an

adjoining lot.

• Relevant factors to consider in determining whether the impact is unreasonable or

not include:

o The extent of existing overshadowing of the rooftop solar energy facility from

existing buildings or permanent structures.

o Whether the new development meets the side and rear setback and north-

facing windows standards for residential development under clauses 54 and

55.

o Whether the protection of the existing rooftop solar energy facility will

unreasonably constrain or compromise the proposed new development.

o The type of existing rooftop solar energy facility.  A multiple string system is less

affected by shading than a single string which is more vulnerable to shading,

or any other system features such as micro inverters or bypass diodes which

can operate with partial shading.

o Whether the siting of the existing rooftop solar energy facility takes into

account the potential future development of adjoining lots promoted or

permitted under the planning scheme.
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o The extent to which the existing rooftop solar energy facility has been located

to protect it from overshadowing through placement higher on the roof and

further from existing lot boundaries.

The matter John Gurry & Assoc Pty Ltd v Moonee Valley CC & Ors (Red Dot) [2013] VCAT 

1258 (12 July 2013), articulated various factors to be treated as reference points when 

decision-makers take into consideration potential overshading; noting however that each 

decision must be treated on its own facts.  

• Primary Factors:

o The ultimate test of 'reasonableness', not avoiding overshading altogether;

[25]

o Constituting 'legitimate expectations' in light of the strategic planning

controls and policies affecting the subject land; [26]-[28] and

o Whether relevant solar panels been placed in an unreasonably vulnerable

position on the host building. [29]-[35].

• Other Factors:

o The model of solar panels involved;

o The amount of supporting evidence any one party has provided (e.g.

photos, vertical shadow diagrams and/or a professional report by a solar

consultant) to advance the case about the likely extent of overshading; and

o The length of time which the solar panels were installed on the host building.

Through Amendment VC149, DELWP has aimed to address the statutory planning 

framework regarding overshading to solar panels; particularly with respect to broader 

development and works. This is notwithstanding the Primary Factors that have emerged 

from John Gurry, as well as, contextualising energy efficiency impacts in light of Chen. 

4.2.1.1 Sustainable Design Assessment in the Planning Process (SDAPP) 

Victorian Councils that have Local Planning Provision ESD Policies in their Planning Schemes 

typically refer to or rely on the Sustainable Design Assessments in the Planning Process 

(SDAPP) framework. This is to encourage improved sustainability in private developments.   

As a part of the SDAPP framework, there are a set of SDAPP Factsheets developed for each 

thematic ESD category including a specific Factsheet for ‘Energy Efficiency’.  The SDAPP 

‘Energy Efficiency’ Factsheet states that it is Council’s Best Practice standard to “Provide 

on-site renewable energy generation”. Council ESD Officers and Planners encourage 

developers to incorporate renewable energy by referring them to the SDAPP Factsheets, 

particularly the ‘Energy Efficiency’ factsheet. 

The former clause 22.08 Council ESD Policy did not refer to the SDAPP framework. However, 

the Sustainable Design Assessment in the Planning Process (IMAP, 2015) framework is 

explicitly referenced as a part of the Policy Guidelines under clause 15.02-1L. The SDAPP 

Factsheets are indirectly a part of the SDAPP framework.  

Therefore, it may be argued that an applicant is required to provide on-site renewable 

energy systems in order to demonstrate that Council's Best Practice standard has been met 

as per the SDAPP framework and factsheet however, which in turn addresses the Best 

Practice objective within Council’s ESD Policy. 
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However, the application of and documentation referenced within the Policy Guidelines of 

Council’s ESD Policy is limiting; the SDAPP Framework only needs to be ‘consider[ed] as 

relevant’ to support the preparation of a Sustainable Design Assessment or Sustainability 

Management Plan. Additionally, guidelines do not serve as binding instruments 

necessitating prescriptive and inflexible requirements. Therefore, the approach towards the 

utilisation of the SDAPP framework considers the SDAPP factsheets as informative materials 

which aim to guide best practice development through a quasi-formal manner.  

As such, the mandatory uptake of on-site renewable energy systems while facilitated 

through the use of the SDAPP factsheets is not comprehensively supported in the current 

policy setting. The incorporation of renewable systems therefore remains voluntary, to be 

considered as relevant, by the applicant. 

4.2.1.2 Assessment Tools 

Built Environment Sustainability Scorecard (BESS) – Energy Category 

The Built Environment Sustainability Scorecard (BESS) is an assessment tool created by local 

governments in Victoria. It provides builders and developers a means to demonstrate how 

a proposed development demonstrates ESD at the planning stage, supporting planning 

permit applications. Moreland City Council’s ESD Policy clause 15.02-1L (previously clause 

22.08-4) indicates that the BESS Assessment tool may be used to support an application in 

meeting the respective ESD Policy objective and strategies. 

The BESS Assessment tool comprises of 9 thematic ESD categories . Of the 9 thematic 

categories, the category pertaining to ‘Energy’ requires a user to demonstrate how a 

development responds to respective energy efficiency criterion. Points are awarded to 

satisfy a category and achieve an overall performance score. 

The issue however is that the renewable energy component of the ‘Energy’ category is 

discretionary. Renewable energy is not mandatorily required to be addressed by the user 

to achieve a 50% minimum score to pass the category.  

Green Building Council of Australia (GBCA) – Renewable Energy Credits 

The GBCA has a suite of sustainable assessment tools under the Green Star assessment tool 

framework.  With respect to planning purposes, Moreland’s ESD Policy lists the Green Star 

framework as a tool that may be utilised to demonstrate that the objective and strategies 

of the ESD Policy have been addressed. Of the suite of tools, the most appropriate for a 

building asset, is the Green Star Design & As Built assessment tool. The assessment tool 

rewards development through the accrual of points paired with respective credits. 

Whilst renewable energy systems are not specifically stated, the Green Star Design and As 

Built v1.3 tool30 references the incorporation of renewable energy technologies throughout, 

specifically under Credits: 

• 15 Greenhouse Gas Emissions,

• 16 Peak Electricity Demand Reduction,

• 30A Innovative Technology or Process and

30 Green Building Council of Australia (GBCA), ‘Green Star Design & As Built v1.3 - Submission Guidelines’ (Green 

Building Council of Australia (GBCA), 2 September 2019). 
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• 30C Improving on Green Star Benchmarks.

Renewable energy is defined within the Green Star guidelines as “any source of energy 

that can be used without depleting its reserves including sunlight or solar energy, wind, 

wave, biomass and hydro energy”.31 

The inclusion of renewable energy is often coupled within the tool with eliminating the use 

of fossil fuels on site (e.g. gas), on-site storage, electricity based hot water heat pumps and 

where the peak demand load on the electricity network infrastructure is reduced.32 Varying 

degrees of Innovation points can be awards for different levels of provision of on-site 

renewable energy generation.33 

The new Green Star homes tool is designed to apply to volume-built freestanding, dual 

occupancy and townhouse homes. At present, only volume builders can certify their 

homes using this tool, however it can also be used as a guide for other similar one-off 

developments.  

This tool requires homes generate enough renewable energy onsite to balance the 

predicted energy use over a 12-month period. This can be satisfied by the prescriptive 

pathway, a performance justified pathway, or the home must be connected to a 

community renewable project. The prescriptive pathway requires the following installation 

sizes for Melbourne:  

Table 8 Green Star Homes PV requirements by dwelling size 

Homes up to 150 m2 Homes 150 – 250 m2 Homes 250-350 m2 

Melbourne dwellings 5 kW 7.5 kW 10 kW 

In addition, the tool requires homes achieve a minimum 7.5 star energy rating. 

Living Building Challenge 4.0 

For projects pursuing a voluntary Living Building Challenge (LBC) 4.0 certification, the 

objective is to provide a resilient and decentralised energy infrastructure, powered entirely 

by renewables.34 All developments must achieve the ‘core imperative’ to reduce the 

project’s total net annual energy consumption when compared to a typical reference 

building. A reference building is to have a comparable climate, size, use and occupancy. 

New buildings are required to demonstrate a 70% reduction against the reference building, 

with no on-site consumption of fossil fuels or wood products.35 

Projects have the option of exceeding the core LBC requirements and aim for a net 

positive carbon outcome where the development supplies 105% of the project’s energy 

needs through on-site renewable energy on a net annual basis.36 

31 Green Building Council of Australia (GBCA). 
32 Green Building Council of Australia (GBCA). 
33 Green Building Council of Australia (GBCA). 
34 International Living Future Institute, ‘Living Building Challenge 4.0 - A Visionary Path to a Regenerative Future.’ 

(International Living Future Institute, June 2019). 
35 International Living Future Institute. 
36 International Living Future Institute. 
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This tool is a demanding tool and to date has not been commonly used to demonstrate 

ESD Planning Policy compliance  

EnviroDevelopment v3 

The voluntary EnviroDevelopment tool covers a range of development types including 

residential subdivisions, multi-unit residential, mixed use, retail, commercial and industrial.37 

The tool makes reference to alternative energy sources (including solar power) under 

Criteria 3.3 Reduction in greenhouse gas emissions with the intent of the criteria is to reduce 

greenhouse emission within the project.38 

The tool aims to address this by providing an Alternative Energy Sources pathway (Criteria 

3.3.1) to contribute to the intent. However, the criteria does not outline a minimum solar 

power system requirement or mandate its inclusion as another pathway can be pursued. 

The required supporting documentation for Criteria 3.3.1 is a statement from the engineer 

showing capacity and guidance regarding optimal positioning for performance.39 The 

capacity of the solar power system, a target for greenhouse gas emissions reduction or 

percentage of renewable energy contribution is not explicitly stated. As a result, the criteria 

of 3.3.1 can be easily achieved.  

To date has not been commonly used to demonstrate ESD Planning Policy compliance 

4.2.2 National Construction Code 

The National Construction Code (which includes the Australian Building Code) sets the 

minimum requirements for how all building types in Australia must be built. There are 

currently no requirements for the installation of PV electric systems for medium density, 

apartment or industrial / warehouse developments. There is an option to partially meet 

medium density developments sustainability compliance requirements with renewable 

energy solar thermal collector hot water systems. However, there are no solar thermal 

collector hot water or renewable energy requirements for apartments or industrial / 

warehouse developments.  

The Australian Building Code is due to be updated in 2022 with the alleged inclusion of 

updated energy efficiency provisions. 

4.2.3 Best Practice Projects 

4.2.3.1 Standalone dwellings in housing estates 

In lieu of government mandated requirements, there are a growing number of housing 

estates where solar panels (either photovoltaic or solar water heater system) are stipulated 

by the developer as a Design Guideline requirement. Some of these are as follows: 

37 EnviroDevelopment, ‘EnviroDevelopment - National Technical Standards Vol. 3’ (Urban Development Institute 

of Australia (UDIA), 2019). 
38 EnviroDevelopment. 
39 EnviroDevelopment. 
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Table 9  Details of PV and net zero emissions elements of Australian best practice housing developments 

Housing subdivisions: 

Development name 

Minimum PV 

requirements 

Other comments 

The Paddock  

Castlemaine VIC – townhouse estate of 

27 dwellings 

4kW per 

dwelling 

· Net positive energy – more energy generated

than is consumed – exported to grid.

· Grid and micro-grid connected.

· All electric (gas free).

· EV charging.

· Average 8.1 energy star rating across all

dwellings (7.9 – 8.3 stars).

· Living Building Challenge standard.

The Cape  

Cape Patterson Vic – class 1 

Standalone housing estate (medium 

size development) 

2.5kW per 

dwelling 

· Average 4 – 5kW PV arrays installed.

· Minimum 7.5 star energy ratings.

· All electric estate (gas free). Heat pump hot

water, heating and cooling, induction

cooktops.

· The whole estate is exporting more to grid than

it is using.

Mullum Creek 

Donvale Vic – class 1 standalone 

housing estate (small size) 

4kW per 

dwelling 

· Minimum 7.5 star energy ratings.

Aquarevo 

Lyndhurst Vic – class 1 standalone 

housing estate (large size) 

3kW per 

dwelling 

· 2.5kW PV inverter.

· 5kWh battery included with every dwelling.

· Connected Sonnen battery community.

The Amble 

Girraween WA - class 1 standalone 

housing estate (large size) 

4kW per 

dwelling 

· PV solar panels provided by developer /

Infinite Energy.

· Infinite Energy own the panels on the roof.

· Infinite energy invoice for the energy used

from panels at a guaranteed electricity at 40%

off the energy retailer Synergy’s rate.

· Synergy invoice for net grid power use.

Salt – Barwon Water development 

Torquay VIC - class 1 standalone 

housing estate (large size) 

2.5kW per 

dwelling 

· Goal for the community powered by 100%

renewable energy.

· Incentives for battery installation.

· Minimum 7.5 star energy rating.

· Electric vehicle charge infrastructure, car share

platforms and onsite bicycle storage, with

active travel linkages to amenities and co-

working spaces.

DecoHousing 

Denmark WA (small size) 

4kW per 

dwelling 

· 49kW central PV installation shared for 12

dwellings.

· Strata titled dwellings.

· Hempcrete construction.
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Ginniderry ACT 

Subdivision (large size) 

Minimum PV 

system size of 2 

– 5kW.

Min size relates

to the size of

the block:

0 < 250  2kW 

251< 350 3kW 

351< 500 4kW 

> 500    5kW 

· A PV system with a hybrid invertor must be

installed at every home.

· Instead of gas heating, all homes can be fitted

with reverse cycle air conditioners,

· Gas hot water systems are replaced with an

electric heat-pump hot water system.

· In place of gas stoves, homes are to have

more efficient Induction cooktops.

· A Demand Management System is to be

installed capable of home power

management, smart meter connections and

installed to manage the photovoltaic array,

inverter and AC connection to the electrical

distribution network. the hot water system,

heating and cooling systems, lighting systems,

security system, smart plugged devices. Eg the

Reposit Power Demand Management System.

Denman Prospect, Molonglo Valley, 

Canberra ACT (large size) 

3kW per 

dwelling 

· The development had a partnership with

ActewAGL to bulk purchase solar PV systems

for the first 350 dwellings, and is estimated to

reduce the installation cost of solar by half40.

4.2.3.2 Best practice project case study 

The Spanos’ Cape Patterson new home is a three-bedroom, 153 m2 dwelling (similar size to 

the average dwelling areas from the project case study medium density dwellings) that has 

been rated at 8.3 Stars.41 It uses a combination of direct solar electricity generated from its 

6kW PV system, stored solar electricity from its (small) 4.8kWh battery, and mains grid 

electricity. The home isn’t connected to the mains gas network and doesn’t use bottled 

gas or wood for fuel. 

The addition of the electric vehicle with its 64 kWh battery (13 times the capacity of the 

small house battery) should ensure the house is better placed to reduce this grid reliance 

even further. 

4.2.3.3 Apartments 

A small number of apartment developments are voluntarily including solar panels (either 

photovoltaic or solar water heater system). Some of these are as follows: 

40 Willow Aliento, ‘Denman Prospect to Be Australia’s First Mandated Solar Suburb’, The Fifth Estate, 15 October 

2015, https://www.thefifthestate.com.au/urbanism/planning/denman-prospect-to-be-australias-first-mandated-

solar-suburb/. 
41 Damien Moyse, ‘A Winning Formula: High-Performance House plus EV’, Renew, 1 July 2019, 

https://renew.org.au/renew-magazine/efficient-homes/a-winning-formula-high-performance-house-plus-ev/. 
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Table 10  Details of PV and net zero emissions elements of Australian best practice apartment developments 

Apartments Installed PV and other features 

The Stewart Collective 

Brunswick  

· 7.5 star NatHERS average

· All electric development - 100% fossil fuel free

· EV charging capable

· Rooftop solar PV system coupled with a Power division control

system (Allume SolShare)42

Mirvac – Tullamore – Folia Apartment 

Building, Doncaster 

· 70kW PV array with power division control system (Allume

SolShare)43

Mirvac – all new apartment projects · PV array with power division control system (Allume SolShare)

Nightingale Housing – The Commons · 7.5 star NatHERS rating44

· 4.9kW system

Nightingale Housing – Nightingale 1 · 8.2 star NatHERS rating45

· 18kW system46

Nightingale Village · 7.5 star minimum NatHERS rating

· 100% carbon neutral in operation, powered by GreenPower

· 100% electric (no gas) building47

Site C: Duckett St Brunswick · 25.0kW

Site D: Duckett St Brunswick  · 13.0kW

Site E: Duckett St Brunswick  · 12.2kW

Site F: Duckett St Brunswick · 22.0kW

GreenEdge – Nine storey multi-residential 

in Richmond.  

Developer: Richmond Icon.  

Designer: Armsby Architects. 

· 9 star NatHERS energy rating for every apartment48

· 3.7kw solar PV connected to hot water heat pumps49

The General - High St Northcote 

Designer: C.Kairouz Architects 

· 7.5 star energy ratings

· 130m2 of building integrated PV (BIPV) solar panels on

balustrading50

Breese Street by Milieu, located in 

Brunswick.   

Designers: DKO and Breathe Architecture 

· 7.5 star NatHERS

· 30kW rooftop solar PV panels

· No consumption of fossil fuels onsite. Induction cooktops,

hydronic heating, solar PV systems and purchased GreenPower

supplies the building51

42 The Real Estate Conversation, ‘The Sun Shines on Brunswick East’s New Solar Multi-Residential Project’, The 

Real Estate Conversation, 23 October 2019, https://doi.org/10/23/the-sun-shines-brunswick-easts-new-solar-

multi-residential-project/1571787779. 
43 Mirvac, ‘Sustainability - Tullamore’, Mirvac - Tullamore Doncaster, n.d., https://tullamore.mirvac.com/why-

mirvac/sustainability. 
44 Nightingale Housing, ‘The Commons’, Nightingale Housing, 2020, www.nightingalehousing.org/the-commons. 
45 Nightingale Housing, ‘Nightingale 1’, Nightingale Housing, 2020, 1, www.nightingalehousing.org/nightingale-1. 
46 Mark Baljak, ‘Nightingale 1 Reaches a Construction Milestone’, Urban.com.au, 27 March 2017, 

https://www.urban.com.au/news/nightingale-1-reaches-a-construction-milestone. 
47 Nightingale Housing, ‘Nightingale Principles’, Nightingale Housing, n.d., 

www.nightingalehousing.org/nightingale-principles. 
48 Willow Aliento, ‘Richmond Apartment Project Aims for Nine Star NatHERS’, The Fifth Estate, 26 August 2014, 

https://www.thefifthestate.com.au/innovation/residential-2/richmond-apartment-project-aims-for-nine-star-

nathers/. 
49 Council Alliance for a Sustainable Built Environment (CASBE), ‘Green Edge Apartments – City of Yarra’, 

Council Alliance for a Sustainable Built Environment (CASBE), 2018, 

https://www.casbe.org.au/casestudies/green-edge-apartments/. 
50 C.Kairouz Architects, ‘The General - Sustainable Building Design’, C.Kairouz Architects (blog), 2020, 

https://ckarchitects.com.au/ck-portfolio/the-general/. 
51 Milieu Property, ‘Breese Street Brunswick | Milieu Property’, Milieu, n.d., 

https://milieuproperty.com.au/space/breese-street-brunswick. 
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5 PV Factor Recommendations & 

Rationale 

5.1 PV Factor Recommendations 

International best practice, industry standards and expert discussions have informed the 

following recommendations for PV factors to be applied to new medium density, 

apartment and industrial/warehouse developments.   

The following content is intended to be a draft version of a potential PV standard or factor 

clauses to be incorporated within the Moreland Planning Scheme.  

5.1.1 Purpose of clause 

• To encourage development designs that support the Moreland goal of net zero

emissions by 2040.

• To maximise the onsite generation and use of renewable electricity from PV solar

panels while balancing provision of communal space and access to ecology.

• To future proof new residential developments so they can readily accommodate

renewable energy generation.

• To ensure any impact of the introduction of electricity generating Photo Voltaic (PV)

solar panels on the electricity network is minimised.

• To discourage the use of gas in new developments.52

• To provide certainty and guidance to landowners about the amount of renewable

electricity being sought.

5.1.2 Required PV solar system details 

The following table sets out the requirements for the installation of PV solar panels in the 

listed building typologies.  

Table 11  Recommended PV factor 

Building typology Requirements 

Medium Density 

developments 

(Dual occupancy 

and townhouses) 

PV Factor Requirements 

A minimum of 3.0 kW PV solar electricity panels are to be 

installed for each 1-2 bedroom dwelling. 

An additional 1.0 kW is to be installed for every additional 

bedroom.  

52 Moreland City Council, ‘Zero Carbon Moreland - Climate Emergency Action Plan 2020/21-2024/25’ (Moreland 

City Council, 13 November 2019). (page 7) 
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The development is required to install PV equivalent to the sum of 

the individual dwelling requirements.  

Where there is insufficient roof area to meet the above 

requirements for the development as a whole, the PV solar panel 

installation is to be maximised on the two largest suitable and 

available roof orientations, and efficient electric heat pump 

storage hot water unit(s) must be installed.  

The use of gas or gas boosted solar for hot water heating is not 

considered to effectively reduce greenhouse gas emissions. 

Apartment 

developments 

Part A - PV solar zone  

A minimum of 25% of the site area is to be allocated on the 

roof(s) for a PV solar zone to prioritise renewable energy.  

The PV solar zone must be: 

• suitable roof, balcony or other area that can facilitate

substantial energy generation from PV panels; and

• non-shaded, non-self-shaded, accessible space; and

• an area other than a void or lightwell, skylight, drone

landing pad, green roof, roof terrace, mechanical plant or

other plant to be installed (unless the solar is installed over

part of the green roof, roof terrace or plant – the area

allocated for the PV solar zone and these uses need not

be mutually exclusive) and can include the top of lift and

stair shafts where suitable; and

• readily accessible for cabling from the switchboards,

inverters and potential battery location to the PV solar

zone location

No solar thermal collector hot water panels are allowed within 

the PV solar zone.  

Part B – Installed PV panels requirements 

PV solar electric panels are to be installed within the PV solar 

zone according to the following requirements:  

• 1kW for each dwelling; or

• 100% coverage of the PV solar zone; or

• Greater than the above.

The system should be designed to maximise use of on-site 

generated electricity consumption (i.e. minimise electricity 

exported out to the grid).  

Industrial/ warehouse 

developments 

PV Factor Requirements 

Per warehouse tenancy, install a minimum 1.5 kW PV solar 

electricity system plus 1 kW of PV solar electricity capacity for 

every full 150m2 of gross floor area (GFA).  
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E.g. a 500 m2 warehouse would require 1.5 kW + 3x1 kW = 4.5 kW

Metering is to be provided to detail the level of electricity 

generated by the panels and used on site, and also the level 

exported to the grid.  

All Industrial / warehouse roofs must be designed to be able to 

accommodate potential future PV electric panel coverage over 

the whole roof excluding areas set aside for plant or areas 

significantly shaded by other structures. 

Infrastructure should be designed to be able to accommodate 

future expanded PV electric panel systems.  

5.1.3 Design considerations 

Roof design is to consider maximising the space for PV or the PV solar zone (PVSZ). 

It is expected that the structure can accommodate the required PV solar panels, has 

accessible space/ducts for cabling from the switchboard(s), inverter(s) and a potential 

battery location for connection to the PV solar zone location(s).  

The location of the space for PV or PV solar zone (PVSZ), inverters, potential batteries must 

be shown on plans.   

Medium density dwellings are to be designed to maximise energy efficiency and use of on-

site generated electricity consumption (i.e. minimise electricity exported out to the grid). 

The inclusion of storage hot water supplied by heat pumps (where hot water is heated 

during the day by the renewables) is recommended. A battery storage system, or an 

electric vehicle with large battery and ‘vehicle to house’ capability while not mandatory, 

will also assist significantly with greater use of on-site generated electricity.  Proposed PV 

solar systems should be capable of accommodating connection to a battery if required in 

the future.  

For medium density developments, where PV arrays (groups of panels) are installed on 

more than two orientations, more expensive micro inverters are required for each panel. 

The developer has the choice to install up to the PV factor potentially with the inclusion of 

some micro-inverters, or install efficient heat pump hot water units. Efficient heat pump hot 

water units are those units with the higher STC (Small Scale Technology Certificate) values. 

For apartments the use of onsite generated electricity during the day can be assisted by 

the heating of communal storage hot water using maximum efficiency heat pumps or the 

inclusion of Power Division Control System (PDCS) units. Power Division Control Systems 

(PDCS) work behind the meter to distribute solar power to individual dwellings, which is 

particularly valuable when the electricity generated from the installed PV system exceeds 

common area power use. While not mandated further use of onsite energy can also be 

assisted by the inclusion of batteries.  
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Solar PV panels are to be located on the required roof area with consideration to the 

following:  

• Panels should be orientated primarily to the north, but can be oriented to the north

east, east, north west or west, or a combination of these orientations as required to

optimise solar power generation time with power use.

• Panels ideally should be installed on a minimum 10 degree tilt for self-cleaning and

maintaining performance. (Per Clean Energy Council Guidelines and the Australian

Standards for self-cleaning and maintenance of the panels).

• South facing raking roofs are not ideal for PV panels and steep falls to the south

should be minimised if PV capacity is to be maximised. Where there is a fall to the

south on a raking roof, a frame on the roof will need to counter the fall so that the

minimum tilt for north facing panels is still 10 degrees. For example where there is a

12 degree fall to the south, north facing panels would need to be set on a 22

degree angle as a minimum. Also the shading effect from these panels is increased

on south facing roofs, so again capacity is reduced. The alternative on low fall south

facing roofs might be to set panels to face east and west.

• Panels are not to be adversely overshadowed by surrounding obstructions (e.g.

building structure, parapets, trees, neighbours etc.).

• Planning Practice Note 88 (PPN-88) – provides guidance for developments that may

overshadow an existing residential rooftop solar energy facility.

• Clause 55.03-5, 55.07-1, 58.03-1 – Ensure that developments are sited and designed

so that the performance of existing rooftop solar energy systems on dwellings are not

unreasonably reduced.

In all apartment developments the structural capacity of the proposed PV solar zone roof 

or structure, is to be confirmed by structural engineers. In industrial/ warehouse 

developments the whole roof is to be confirmed suitable by structural engineers for 

potential future PV solar panel installation. In simple residential dwelling constructions, 

structural capacity is to be confirmed according to best practice industry standards.  

5.1.4 Verification 

Items to be shown on plans: 

• A roof plan is to be provided

• The pitch of the roof(s).

• For medium density developments: the location for PV panels, inverter, heat pump

hot water service (or equivalent), and potential battery and EV charging station are

to be shown on plans.

• For apartment developments:

o Roof areas in m2 for:

▪ PV solar zone

▪ green roof or roof terrace

▪ mechanical plant
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▪ other plant

▪ highly shaded/poor access/unsuitable roof space

o Location for PV solar zone (PVSZ), and its estimated effective PV capacity,

locations for the inverter, heat pump hot water service system (or equivalent),

and potential battery or EV charging station are to be shown on plans.

• For industrial/ warehouse buildings:

o Roof areas in m2 for:

▪ PV panels

▪ green roof or roof terrace

▪ mechanical plant

▪ other plant

▪ highly shaded/poor access/unsuitable

o Location for the inverter and potential heat pump hot water service.

The installation of the proposed number of panels is to be verified by the installer of the 

panels, ESD consultant, or electrical engineer as appropriate.   

5.1.5 Decision Guidelines 

Before deciding on an application, in addition to the required PV factors, the responsible 

authority must consider, as appropriate: 

• Achieving Net Zero (carbon) Emissions requires the complementary actions of not

relying on fossil fuel energy sources (such as gas), reducing energy consumption

through an energy efficient building fabric and efficient services and appliances,

the provision of renewable energy, and purchasing the balance of energy not

generated by onsite renewables from offsite renewables. All components are to be

considered and optimised to achieve net zero emissions developments.

• For medium density development, the inclusion of storage hot water supplied by

efficient heat pumps (where hot water is heated during the day by the renewables)

is considered a basic step contributing to maximising on-site use of energy

generated by PV solar electricity panels, reducing onsite energy consumption and

contributing to lower greenhouse gas emissions. The use of gas for hot water heating

is not considered to effectively reduce greenhouse gas emissions.

• For apartments, the use of heat pumps for the supply of communal hot water, is also

considered a basic step contributing to maximising on-site use of energy generated

by renewables. Further steps might include a power division control system that can

deliver PV to individual dwellings, embedded networks, or encouraging daytime

charging of electric vehicles.

• A power distribution feasibility letter/assessment incorporating renewables should be

provided for multi-dwelling developments beyond 6 dwellings to support the goal of

maximising use of onsite generated renewable energy (and potentially offsite

renewable energy supply). This feasibility letter may be from a power division control

system (PDCS) provider (e.g. the Allume SolShare or equivalent - typically suitable for

smaller developments of size 6-60 dwellings) or an Embedded Network Manager
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(typically for larger developments beyond 50 dwellings). This requirement is to ensure 

developers are aware of the options that support larger PV installations.  

• Where the use of an industrial/ warehouse building typology is known, greater levels

of PV solar electricity panels, beyond the above factor, may be required.

• Where it can be demonstrated that rooftops are fully shaded and the required

capacity cannot be met, energy efficiency initiatives must be substantially better

than standard or minimum practice. Where the development is not able to meet the

requirements of the prescribed PV factor when there are such constraints, then an

alternative design solution and calculation could be provided to demonstrate the

energy consumption saving and how this would compare to the other5wise required

PV system sizing.

• Consider the requirements of PPN-88 and relevant planning scheme clauses (55.03-5,

55.07-1 and/or 58.3-1) – relevant for developments that may overshadow or impact

an existing residential rooftop solar energy facility.
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5.2 Medium Density 

Rooftop solar PV is a 

key contributor to 

Moreland’s drive to 

deliver net zero 

carbon emission 

buildings 

.

The PV factor basically 

requires minimum of 3.0 

kW PV solar electricity 

panels are to be installed 

for each 1-2 bedroom 

dwelling. An additional 1.0 

kW is to be installed for 

every additional 

bedroom.  

Constraints and 

considerations in 

establishing a solar PV 

factor for medium 

density dwellings 

Distribution Network Service 

Providers (DNSPs e.g. Jemena 

and Citipower) seek to ensure 

the power generated by PV 

systems is used on site where 

possible. To this end they set 

export limits of 5 kW which 

discourages installations 

without batteries being 

greater than 6.6 kW. 

Rooftop capacity is a major 

constraint to the size of 

mandated solar PV installations 

in medium density dwellings in 

Moreland. A review of typical 

case study buildings shows the 

capacity of 2.6 – 7.3 kW. 23.4% 

of dwellings could 

accommodate <4 kW. Only 

36.7% could accommodate 5 

kW or greater. 

Cost – the installation of solar 

PV systems is a recognisable 

asset to purchasers. 

Purchasers might pay a small 

increase in the total value of 

the dwelling 0.5-1.3%, which 

is amortised in repayments 

over the life of the loan ie full 

payment is delayed, yet the 

energy saving benefits are 

immediate.  

Home installed batteries have 

not been included in the PV 

factor due to their expense 

and potential other future 

technical developments that 

might reduce their need. 

. 

The requirements of 

sustainability best practice 

estates locally (low and 

medium density) have also 

been considered. These set 

minimum solar PV systems 

requirements in the range of 

2 – 5 kW. 

Maximising opportunities to use 

onsite generated renewable 

energy onsite is important to 

meet DNSP requirements and 

further increase the economic 

benefits of solar PV installations. 

The inclusion of storage hot water 

supplied by heat pumps (where 

hot water is heated during the 

day by the renewables) is 

recommended. 

Simplicity – scaling up 

requirements is based on 

bedrooms not area.  

Solar PV systems are also fast 

becoming an expected 

inclusion in dwellings.  



  PV Factor Recommendations & Rationale 

© Low Impact Development Consulting | May 2021 Moreland Renewable Energy Standard | Page 35 

5.2.1 Development Characteristics 

Townhouse roofs are most commonly hip roofs but also raking roofs or flat roofs. Different 

roof designs impact the area of useable roof space and subsequent capacity for PV solar 

panels. Roofs with large numbers of hips and small segments of roof generally reduce the 

number of PV solar panels that can be installed.  

A micro-grid in a townhouse development where excess PV generation in one dwelling 

can be shared with other dwellings would be of considerable cost and less beneficial than 

a battery installed at the dwelling with a PV system.  

Townhouses like most houses are typically supplied by single phase power. Supply costs 

increase for PV panel systems if units are 3-phase.  

Embedded networks are infrequent in townhouse developments, as they typically only 

become viable for embedded network managers when the extent of power purchased in 

bulk is similar to that purchased by approximately 50 or more dwellings. Although there are 

examples, such as The Paddock, where embedded networks have been used on smaller 

townhouse developments.   

Figure 6  East and South elevation of Case Study 3: Pascoe Vale Rd Oak Park, illustrating hip roof designs 
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Figure 7  East elevation of Case Study 1: Downs St Pascoe Vale, illustrating raking roof designs 

5.2.2 Renewable Energy Factors 

With Moreland’s population growing significantly, medium density development is a part of 

the City of Moreland’s strategy towards providing an extra 38,000 dwellings in the next two 

decades.53 

The following standard is provided to contribute to the renewable energy targets and zero 

carbon goals of Moreland. The standard is intended to provide flexibility to medium density 

development of different scales, roof design and structure, and site orientations.  

PV Factor Requirements 

See 5.1.2 

5.2.3 Comments on Factors 

5.2.3.1 About the Goal – net zero emissions buildings 

Moreland’s mandate is to drive the shift to net zero carbon emission buildings (discussed 

further in Section 3.2).  

53 Moreland City Council, ‘Medium Density Housing Review’ (Moreland City Council, 10 October 2018). (page 1) 
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This is an achievable outcome and can occur if all 

energy consumed on site is supplied from renewable 

zero emission sources.  

These sources could include energy generated onsite 

via PV panels, offsite with the purchase of 100% of 

mains (grid) electricity from renewable sources (as 

detailed in Appendix 5), or a combination of both.  

As seen in Section 5.2.3.2 below there are physical roof 

space area limitations on medium density 

development that affect how much onsite PV 

electricity can be generated. Because of this, and 

with current building energy efficiency and fuel use 

outcomes, a combination of onsite and offsite 

generated zero emissions sources would be the most 

likely current path to net zero emissions. 

The size of required onsite PV panel installations is a 

matter that Council urban planning can impact on. 

While being investigated it is untested whether the 

Urban Planning field can readily influence that dwelling occupants purchase their grid 

supplied electricity from 100% (or less) renewable resources. Council also cannot impact 

the pace at which the national grid shifts towards 100% renewables.  

To have a definitive, immediate impact on the shift to renewables across the municipality, 

Council must maximise the proportion of energy consumed by building occupants from 

onsite renewable sources.  

5.2.3.2 Physical rooftop capacity limits of case studies 

When considering what PV system size requirements should 

be applied to medium density development, it is important 

to understand practical limitations such as the range of 

roof space availability on this development type.  

Roof space capacity of the case study dwellings typically 

ranges from 8 panels to 22 panels or 2.6 kW to 7.3 kW with 

the two largest dual occupancy layouts (from the same 

development) able to accommodate 42 panels or 13.9 

kW (Table 12).  

The following table identifies the capacity of the flat and 

pitched rooftops for the case study townhouse 

developments.  

The roof design of 

many townhouse 

developments limits 

the number of PV 

electric panels and 

hence kW capacity 

that can be installed. 

Zero emissions can be 

achieved when all 

energy consumed is 

from renewable 

electricity sources.  

To have a definitive, 

immediate impact on 

the shift to renewables 

across the municipality, 

Council must maximise 

the proportion of energy 

consumed by building 

occupants from onsite 

renewable sources. 
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Table 12  Estimated maximum PV capacity of case study rooftops 
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1 Downs St 

Pascoe Vale 

Jemena Dual occ 

townhouses - 

raking roofs 

1 268 3 18 13.9 

2 268 3 20 13.9 

2 Hope St 

Brunswick 

Citi-power Dual occ 

townhouses - 

hip roofs 

1 229 3 22 7.3 

2 246 3 22 7.3 

3 Pascoe Vale Rd 

Oak Park 

Jemena Townhouses - 

hip roofs 

1 213 3 18 5.9 

2 123 2 20 6.6 

3 134 2 15 5.0 

4 121 2 13 4.3 

5 134 2 13 4.3 

6 124 2 18 5.9 

7 174 3 20 6.6 

4 Leighton Cres 

Fawkner 

Jemena Townhouses - 

hip roofs 

1 184 4 14 4.6 

2 136 2 10 3.3 

3 157 3 14 4.6 

4 191 4 12 4.0 

5 206 3 14 4.6 

6 136 2 8 2.6 

7 122 2 11 3.6 

8 123 2 10 3.3 

9 164 4 8 2.6 

5 Stuart St Noble 

Park 

United Townhouses - 

hip roofs 

1 144 2 14 4.6 

2 144 2 14 4.6 

3 144 2 14 4.6 

4 144 2 14 4.6 

5 115 2 11 3.6 

6 116 2 12 5.0 

6 Albert St 

Brunswick 

Citipower Townhouses - 

flat/raking 

roof 

1 - 2 229 3 15 5.0 

3-8,

11-19
180 3 12 4.0 

9,10, 20 180-190 3 11 3.6 

21 - 29 180-221 3 12 4.0 



  PV Factor Recommendations & Rationale 

© Low Impact Development Consulting | May 2021 Moreland Renewable Energy Standard | Page 39 

Amongst the 30 different dwelling layouts included in these case studies there is variation in 

the maximum physical capacities (Table 13): 

Table 13  Townhouse case study roof capacity summary 

Maximum installed capacity 

range  

Number of dwelling layouts Percentage of dwelling layouts within each 

PV panel capacity range 

<2.0 KW 0 

2.0 – 2.9kW 2 6.7% 

3.0 – 3.9kW 5 16.7% 

4.0 – 4.9kW 12 40.0% 

=>5.0kW 11 36.7% 

Total number of dwelling layouts 30 

Approximately one quarter of the townhouse unit types can accommodate less than 4.0 

kW of panels, and another 40% can accommodate a panel capacity of up to 4.9 kW i.e. 

almost two thirds of the dwellings’ PV capacity sits below 5 kW. Also, of the two 

development layouts with capacity for only 2.0 -2.9 kW, one is a two bedroom, and one is a 

four bedroom (due to its complex hip roof design).  

Clearly there are a substantial number of typical dwelling types, primarily with complex hip 

roofs, that significantly physically restrict the size of PV installations.  

Understanding the capacity on hip or pitched roofs is relatively straight forward, however 

on flat roofs where mounting racks are more commonly used, different tilts, panel 

separation distances and orientations may be considered depending on times of the year 

or day when the electricity generation from the PV is to be optimised.  

In the table, where roofs are flat, a 10 degree tilt has been assumed which allows 

maximising the number of panels on the roof while still providing enough tilt for reasonably 

effective self-cleaning. In one case study example, the east facing panels have also been 

omitted due to expected shading from other townhouses within the development.  

5.2.3.3 Maximising onsite power use and DNSP export limits 

In parallel with physical roof space constraints, distribution network supply providers (DNSPs 

e.g. Jemena and Citipower) seek to ensure the power generated by PV systems is used on

site where possible (see comment by Citi-power and Powercor in Section 5.3.3.9).

DNSPs have a mechanism to ensure power is used on site, or to control the export of power 

to the grid, via setting export limits (i.e. limiting the amount of power that can leave the 

site’s Title boundary).  

Export limits can become significant and frustrating for owners with large installations if not 

much electricity is consumed on site. If excess power generated onsite is exported offsite 

(to the mains power network), then DNSP export limits may be exceeded. Where this occurs 

the mains grid feed in tariffs do not accrue i.e. the owner who has generated excess power 

is not financially renumerated. To avoid this scenario, the industry typically installs small 

scale domestic PV systems that cannot exceed the export limits  
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As of December 2020, both Jemena and Citipower have 

the same export limits, allowing a maximum 5 kW inverter 

size or requiring grid export limiting devices to restrict 

export to that from a 5 kW inverter, which both 

effectively equate to maximum PV panel installation sizes 

of 6.6 kW.  

(Note the inverter converts the DC power generated in 

the panels to domestically usable AC power. An inverter 

that allows 5kW AC power to be exported to the grid 

can accommodate PV panels of 6.6 kW of DC capacity. 

For this reason, 6.6 kW is a common upper level single 

phase residential PV panel installation as it meets most of 

Australia’s network requirements for a simple approval 

process and permission to export (receive a feed in tariff) 

up to 100%). 

In addition to the standard 5 kW export limit set by the DNSPs, where the street substation 

cannot handle a certain level of onsite PV generated electricity from medium density 

development being exported back to the grid, the DNSPs will restrict the level of export 

from sites.54 Therefore, dwellings may not even be allowed to export the full 5 kW of power. 

The restriction may be lower on certain days.  

The impact of export limits, where no return is obtained 

from excess electricity generated and returned to the 

grid, is that it does not make financial sense to oversize 

PV systems. It also confirms the value in maximising onsite 

electricity usage so exports are minimised.  

While the solar industry encourages installations to the 

standard export limit, they also recognise that where 

onsite generation is low, the maximum size is not 

economic. An article in Solar Choice by James Martin II notes:55 

“The times we would generally recommend going smaller than 6.6kW would be 

when you’ve got insufficient, unshaded roof space available or where your budget 

doesn’t allow going for a larger system. Additionally, if you know that the energy 

consumption levels for your home are extraordinarily low, a smaller system 

(2kW or 3kW) might be more appropriate than 6.6kW”. 

5.2.3.4 Optimising daytime energy use 

When sizing solar PV electric systems, optimising daytime energy use is another significant 

factor in system design size. This is because it is more financially attractive to reduce the 

electricity purchased from the grid (for example at $0.25 - $0.30 per kWh), by using the 

onsite generated power during the day when it is generated, than to obtain the feed in 

tariff credits from electricity exported to the grid (typically currently valued at $0.11 - $0.13 

54 Anthony Jijo and Craig Harris, ‘Moreland EV and PV Project - Sharing Load and PV Generated Power on Site’, 

1 October 2020. 
55 James Martin II, ‘Solar System Size Limits: How Much Does Your Local Network Allow?’, Solar Choice, 31 

January 2019, https://www.solarchoice.net.au/blog/solar-system-size-limits-by-network. 

In addition to physical 

roof-space capacity 

limits, DNSPs provide 

export limits that 

typically limit PV 

installations to an upper 

size of 6.6kW, and may 

limit export further on 

certain days.  

The impact of export 

limits is that it makes 

sense to not oversize PV 

systems. 

https://www.solarchoice.net.au/blog/partial-shading-is-bad-for-solar-panels-power-systems/
https://www.solarchoice.net.au/blog/2kw-solar-pv-systems-cost-productivity-and-return-on-investment/
https://www.solarchoice.net.au/blog/3kw-solar-pv-systems-pricing-output-and-returns/
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per kWh). In addition, the DNSPs state a preference for users maximising use on site of onsite 

generated power, rather than exporting to the grid.  

The ideal way to maximise the use of onsite generated 

power is to shift power use to daytime where possible. 

The following energy uses can be shifted to during the 

day, whether dwelling occupants are at home or not: 

• hot water generation (and storage in insulated

tanks)

• washing machines

• dishwashers

This shows the importance of reverting to storage hot 

water units in dwellings from instantaneous hot water. 

(And these should be the most efficient heat pump 

types as explained in Sections 3.3.4 and Appendix 6). 

The following energy uses generally only consume 

onsite generated electricity when someone is at home: 

• heating/cooling,

• lighting,

• other household appliances such as computers, kettles, toasters, cooktops, ovens

televisions.

Increasingly, these other household uses are occurring during the day more than what 

might be thought. In Moreland (as in wider Melbourne) a very large proportion of the 

population will potentially be at home during the traditional ‘working week’, which 

suggests some of these loads would occur during the day.  

While 93.1% of the population are currently in the labour force, 58% are employed full time 

(both in line with Greater Melbourne). This represents 54% of the community. The remaining 

46% of the community are either not employed or employed part time/casual. This large 

component of the population would include part time workers at home during the day 

such as evening hospitality or shift workers, unemployed people, those at home with 

special care needs, mothers at home with children, non-working partners, and retirees. 56 

Not included in this large proportion (46%) of people at home are the full-time workers who 

work from home. With the inclusion of these people, and the change in work patterns that 

have arisen from the coronavirus in 2020, it would appear reasonable to expect that 

approximately 50% of residents in Moreland (as in wider Melbourne) would be at home for 

some part of the traditional 9-5 pm working day, thus using energy during the day.  

5.2.3.5 Best practice Australian estates and Green Star Homes 

Australian best practice housing developments require a range of minimum PV electric 

systems of 2 – 5 kW as shown in Section 4.2.3.1 Table 10. It should be noted that minimums 

do not necessarily represent the typically installed PV sizes, and in some instances, micro-

56 .idcommunity, ‘City of Moreland: Community Profile - Employment Status (2016 Census)’, .idcommunity, n.d., 

https://profile.id.com.au/moreland/employment-status.  

Opportunities exist to 

maximise daytime 

energy use.  

Daytime energy use is 

higher when people are 

at home. 

Almost half of the 

population is at home 

during part of the 

traditional 9-5 workday.  
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grids or batteries are also included in estates as a means to maximise the use of power 

generated onsite.  

As discussed in Section 4.2.1.2 Green Star Homes is a new rating tool developed by the 

Green Building Council of Australia designed to apply to volume built freestanding, dual 

occupancy and townhouse homes. The minimum size of PV systems required by this tool 

ranges from 5-10 kW depending on house size (Table 8).  

5.2.3.6 Sizing the PV factor range 

Developing a factor to provide recommended PV system installation levels to townhouses 

must take into account the items discussed in the preceding sections.  

Selecting the optimum size for installations requires a range of considerations.  A PV factor 

could be potentially specified for any of the following scenarios ie if dwellings continue to 

be built to be moderately energy efficient with dual fuel energy (business as usual) or 

energy efficient all electric type homes.  

Table 14  Different PV sizing options – possible options for the PV factor minimum 

PV system sized to: PV size in kW 

Offset the average annual energy consumption of existing 

Melbourne dual fuel dwellings (see Section 3.3.6) 
13.5 

Offset the modelled annual energy consumption of future small 

(120 m2) 6 star Melbourne dual fuel dwelling57 (see Section 3.3.6) 
10 

Offset the estimated annual energy consumption of an all-

electric dwelling of the average size of the project case study 

dwellings i.e. 155 m2 (excl garages) medium sized 7 star 

Melbourne dwelling (see Section 3.3.6 and Appendix 4) 

5.1- 5.2 

Offset the actual annual energy consumption of small - medium 

sized 8 star The Paddock Castlemaine dwelling (see Section 

3.3.6) 

3.0 

Be maximised up to the DNSP export limit (see Section 5.2.3.3) 6.6 

Consider project case study roof top capacity limitations (see 

Section 5.2.3.2) – Nominated Moreland PV factor minimum 
3.0 - 5.0 

Align with minimum requirements from best practice Australian 

free-standing dwelling requirements in new estates (see Section 

4.2.3.1) 

2.0 - 5.0 

Align with the modelled requirements by Green Star Homes tool 

for minimum 7.5 star homes (designed for new estate volume 

built homes). (See Section 5.2.3.5) 

5 kW for dwellings up to 150 m2 

7.5 kW for dwellings 150 – 250 m2 size 

10 kW for dwellings beyond 250 m2 in size 

It is difficult to achieve net zero emissions onsite similar to the Paddock dwellings until a suite 

of elements change such as achieving higher dwelling energy ratings, considering the size 

of houses, going all electric with efficient services, and maximising the PV capacity of 

rooftops.  

57 Moyse, Price, and Reddaway, ‘Reach for the Stars - The Value of Higher Efficiency Homes in Victoria’. 
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Based on the project case studies, it is recommended that the minimum level of PV panels 

required should be 3 kW per dwelling for the smaller dwellings (see Section 5.2.3.2 Table 42 

townhouse rooftop capacity that considered 30 dwelling layout types). This minimum 

installation size can be accommodated by 93% of the 

case study dwellings which appears reasonable. 

Where this cannot be achieved, dwellings must 

maximise the PV installation and also it is mandatory to 

install a heat pump hot water service.  

Further, from Table 42, the maximum roof space 

capacity of two thirds of the dwellings sits within the 3.0 

– 5.0 kW range. It seems sensible with current

capacities to aim for a minimum requirement that sits

within this range.

When considering the appropriate range, it is worth 

noting that a range of 3.0 to 5.0 kW also sits within the range of PV requirements for the 

Australian best practice estates (which typically contain townhouses and freestanding 

houses).  

The other supporting factor for this range is the case study from the best practice all 

electric development at The Paddock in Castlemaine. At The Paddock the dwellings are 

able to offset their own energy consumption with 3.0 kW but actually have 4.0 kW to ensure 

net positive energy generation. This sits at the lower end of the nominated range for 

Moreland, but is a level of PV that would work to deliver a net zero emissions home, albeit 

for a best practice energy efficient home.  

5.2.3.7 Determining how the PV factor scales up 

Once the minimum and optimum range of the PV 

factor is set (based on practicalities such as roof 

space capacity and ambitious best practice energy 

use), the decision becomes how to apply the factor 

simply and fairly for different dwellings. There were two 

logical options:  

1. Set a fixed component and scale a factor

based on building size; or

2. Set a fixed component and scale a factor

based on bedroom numbers.

The relationship of both dwelling size or bedroom numbers to energy use are not neat linear 

relationships. Different fuels are used within similar dwellings, different numbers of people 

live in the same size dwellings, and different occupants have different energy usage 

patterns, creating a large range in energy uses.  

The table below lists typical dwelling energy uses, and comments on the primary driver for 

variations in use. There are certain uses that are primarily substantially fixed for a given 

dwelling, whether there is one or more persons living in the dwelling. There are other uses 

that vary with the size of the dwelling, and others that are more impacted by the number 

of people within the dwelling. None of these drivers are absolute – different behaviours of 

In addition to a fixed 

minimum of 3.0kW, the 

scaling can be based 

on area, or occupants. 

Occupants can be 

estimated based on 

bedroom numbers. 

Due significantly to roof 

space and DNSP 

limitations, the 

townhouse PV factor 

should require minimum 

PV systems of between 

3.0 – 5.0 kW.  
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occupants will commonly ensure two or more of the drivers will be at play - but there is 

value in considering them when trying to determine how the PV factor should be scaled. 

Table 15  Drivers for different levels of energy use 

Dwelling energy use Primary drivers 

of use 

Explanation 

Heating and cooling Area Energy consumption is driven by area where the whole 

house or living area is heated. When parts of the house 

are heated with second or third occupants studying in a 

bedroom, the secondary driver is people.  

Hot water People Showers are the largest domestic hot water use and 

increase in number (although not necessarily total time) 

with the number of occupants in a dwelling. 

Lighting Fixed Fixed for main living, dining, kitchen area rooms. Some 

variable for additional people. 

Oven Fixed Minimal difference if one person or 4 people assuming 

one meal is cooked for all 

Stovetop Fixed Minimal difference if one person or 4 people assuming 

one meal is cooked for all 

Microwave oven Fixed / People May be fixed if meals for more than one person are 

cooked in the microwave, or more driven by people 

where the microwave is used for re-heating one meal at 

a time. 

Fridge Fixed Most dwellings have one fridge regardless of occupants. 

the secondary driver might be people as size of fridges 

might vary with size of household.  

Washing machine People More people, more dishes and more wash cycles 

Dishwasher People More people, more dishes and more wash cycles 

TV Fixed Most dwellings have one TV which is often viewed by 

multiple people, although there is a secondary element 

of people as more people will often mean multiple TVs 

Computer(s) + IT devices People More people, more devices 

Toaster, kettle People More people, more uses of toasters, and kettles 

Miscellaneous appliances People Hair dryers, power tools, games consoles etc. 

As dwelling size increases, there is often an approximate linear relationship with heating 

and cooling. Energy rating star bands assign a level of heating or cooling required per m2 

to keep that space at a comfortable temperature. Clearly, when the area of the space to 

be heated or cooled increases, so too would the expected energy use. While heating and 

cooling is the most significant energy use within a dwelling, this is the major energy use that 

is driven by building area.  
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While bedrooms are not spaces where energy use is high, 

they represent the potential for an extra person in the 

dwelling. From the table above, it can be seen that 

adding extra people to the dwelling impacts on various 

energy uses. Therefore, along with area, the number of 

people in a dwelling is also a significant driver of 

increased energy use.  

Considering practicalities and given there is no standard 

total energy consumption rule based on size of dwelling, 

it is recommended that the factor be scaled up based 

on bedrooms. This adds simplicity to the factor. There are 

no area calculations required and comparison to a table 

to determine requirements. A designer can quickly add 

the number of rooms in a dwelling and immediately 

know their PV electric panel system requirements.  

This approach also removes the potential issues associated with creating a threshold area 

cut off, where the dwellings with 1 m2 more space above this threshold need to scale up in 

the PV requirements compared to the dwelling that has 1 m2 less of floor area. A scaling 

factor based on rooms is less likely to influence design whereby designers modify the design 

to lower the PV factor requirements and sit below threshold area levels.  

Given the PV factor range has been discussed, and scaling proposed to be by bedrooms, 

the following two options have been recommended as the PV factor requirements:  

Table 16  PV factor required PV installation size in kW 

Dwelling size 

Option A (Recommended) - 

PV factor required PV 

installation kW 

Option B - PV factor 

required PV installation kW 

Number of dwellings from 

case study layouts 

1 -2 bedroom 3.0 3.0 15 

3 bedroom 4.0 3.5 12 

4 bedroom 5.0 4.0 3 

5 bedroom 6.0 4.5 0 

In addition, where the requirements of the PV factor cannot be achieved, dwellings must 

maximise the PV installation on suitable orientations and it is also mandatory to install the 

heat pump hot water service. 

5.2.3.8 Batteries excluded from the factor 

Batteries have not been proposed as part of the PV factor requirements for new 

developments for a number of reasons: 

1. their current expense ranging from $700 - $1,200 per kWh58 and sizes in excess of

5kWh would typically be required per dwelling as described in section 4.2.3.2;

58 Jason Svarc, ‘Home Solar Battery Systems - Comparison and Costs’, Clean Energy Reviews, 22 May 2020, 

https://www.cleanenergyreviews.info/blog/home-solar-battery-systems. 

While bedrooms are 

not spaces where 

energy use is high, 

they represent the 

potential for an extra 

person in the 

dwelling.  

This extra person can 

impact on many 

energy uses. 
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2. the potential for new technologies or service delivery approaches such as peer to

peer trading to reduce their importance; and

3. the potential for electric vehicles to supplant some home batteries by providing

significantly greater storage capacity for no additional cost beyond that of

purchasing the electric vehicle.

Also, as noted in Section 4.2.3.2 Best practice project case study, a small 5 kWh battery 

may be close to being sufficient to power an all-electric home throughout the evening, 

although in some circumstances larger sized batteries may be required.  

Dwelling occupants should first reduce their energy consumption as much as possible 

before batteries are sized and considered. Further, at the design and construction stage of 

dwellings, it is difficult to predict energy consumption patterns of unknown dwelling 

occupants so setting battery requirements would be challenging. 

5.2.3.9 PV panels provide no net cost to the developer. Benefits accrue to the dwelling occupants 

While the developer would pay for the initial capital outlay on the installation of PV panels 

(representing an additional cost of 0.5 – 1.3% per Section 5.2.4.1 of this report) the inclusion 

of PV panels would make the development relatively more attractive than others and 

developers would be expected to generally recoup the expenditure by increased house 

prices.59 The Growing the Market for Sustainable Homes Industry Roadmap report 60 says 

sustainable homes require less energy to heat and cool, enhance occupant comfort and 

are more resilient to climate and weather extremes. It also says research suggests 

sustainable homes have wider appeal and market potential than previously thought. 

The benefits of installed PV systems to dwelling owners are confirmed with solar PV system 

paybacks in Melbourne estimated at 5-6 years.61 Such benefits are delivered in reduced 

electricity costs from day one of ownership, while the minimal additional yet artificial 

premium built into their loan value will be absorbed and paid for over the life of the loan, 

typically 20-30 years.  

So whether the occupants gain most by using a high proportion of their PV system 

generated electricity and receive reduced mains electricity bills, or they export most of 

their PV system generated power and receive reductions off their mains electricity bills by 

obtaining feed in tariffs, occupants are set to gain from the inclusion of the PV panels from 

day one of occupying their new dwelling. There is no delay in the benefits from or familiarity 

with the PV system, or apprehension to purchase a system when it is already installed. These 

benefits demonstrate the value in the existence of a factor that drives change that may 

not otherwise occur as rapidly.   

59 Scotty Thornton, ‘Does Solar Boost Property Value?’, Origin Energy (blog), 6 February 2020, 

https://www.originenergy.com.au/blog/does-solar-boost-property-value/. 
60 Deo Prasad and Low Carbon Living CRC, ‘Growing the Market for Sustainable Homes: Industry Roadmap’ 

(Australian Sustainable Built Environment Council (ASBEC), June 2019), 

https://www.asbec.asn.au/wordpress/wp-content/uploads/2019/06/190701-ASBEC-CRCLCL-Growing-Market-

for-Sustainable-Homes-web.pdf. 
61 Alison Potter, ‘Solar Panel Payback Times’, CHOICE, 10 July 2018, https://www.choice.com.au/home-

improvement/energy-saving/solar/articles/solar-panel-payback-times. 
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The only potential downside of the PV factor requirement is that it may lead to developers 

installing the absolute cheapest panels possible. It is recommended this be monitored in 

the event of the PV factor being established and applied.   

5.2.3.10 Expectations are changing – accelerating take up of Solar panels 

As demonstrated in Section 3.1 the growth in take up of solar PV electric panels is 

accelerating as the community is either seeking to live more sustainably or recognising the 

value of PV electric panels in helping to buffer against increasing energy prices.  

PV electric panel systems are becoming increasingly appreciated and valued. Their 

inclusion in new developments may become an expectation in the near future. 

5.2.4 Costs 

The following details the cost of PV solar electric panels as a proportion of the total project 

construction cost (excluding land purchase and finance). Background workings can be 

found in Appendix 15.2.  

5.2.4.1 PV solar panels installation as a percentage of total construction costs for representative 

Case Studies 

PlanCost cost planners provided a cost estimate of $1,000 - $1,500 per kW of PV capacity 

installed. From Appendix 15.3 Table 34, the cost of the PV panels as a proportion of total 

construction cost ranges from 0.5% - 1.3% for the case studies investigated. The average 

percentage of cost associated with the installation of a PV solar electric system is 0.9% of 

the total development cost.  

5.2.4.2 Payback on PV solar panels installation 

While installing PV solar panels will add additional development costs, they will generate 

long term electricity cost savings for dwelling occupants. It can be assumed that in most 

cases developers will seek to recoup the cost of the PV panel installation in their sale price, 

so the dwelling purchasers will ultimately pay for the PV panels and expect to see a return 

with reduced electricity costs or an increased rental price due to the attractive nature of 

PV panels and cheaper electricity to renters. The Choice magazine website article Solar 

Panel Payback times from 2018 suggests:62  

“Melbourne has a payback period of around six years. It has mid-range system 

prices and lower than average retail electricity prices, but fewer available sunshine 

hours. This payback rate is for a 5 kW system where households export 75% of their 

solar generation back to the grid typical when people are not at home most days of 

the week”.  

The article also notes that if households with a 5 kW system use 50% of the generated 

electricity and only export 50% to the grid, the payback period shortens to 5 years.  

It should be noted that the recommendations of this report for typically 3.0, 4.0 or 5.0kW PV 

solar panel installations would be expected to see higher onsite use levels, and lower 

export figures, thus shortening the payback period further. Where dwellings can shift more 

energy uses from gas to electricity and this electricity consumption occurs during the day, 

62 Potter. 
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as is possible with a return to storage hot water heaters and using efficient heat pumps, 

then onsite usage will increase further and paybacks will shorten further.   

5.2.4.3 Cost premium for a hot water heat pump or solar boosted electric storage hot water 

heaters 

Heat pumps have been included as a recommendation or requirement in some 

circumstances within the PV factor. There is a cost premium associated with purchasing a 

heat pump hot water unit that is effective in the Melbourne climate. This cost premium is in 

relation to more widely used gas instantaneous hot water units.  

The costs associated with the purchase of heat pumps compared to electric boosted solar 

thermal and continuous flow gas hot water units is outlined below:  

Table 17  Indicative comparison of hot water unit options (supply only) 

Hot water unit type 
Prices incl GST but excl 

freight or installation 

Cold climate (Melbourne) appropriate Heat Pump 315L glass 

lined tank or stainless steel tank.  

Higher end of Small Scale Technology Certificate (STC) rebates 

available ie amongst the best performing unit at 34 STCs. STC 

credits claimed/included in quoted price (valued at $34 each 

total $1156 as at Feb 2021)63 

$3,100 - $4000 

Electric Boost Solar thermal hot water unit - 3.6kW 330L vitreous 

enamel storage Tank with 2 x collector panels.  

Higher end of Small Scale Technology Certificate (STC) rebates 

available ie amongst the best performing unit at 35 STCs. STC 

credits claimed/included in quoted price (valued at $34 each 

total $1190 as at Feb 2021). 64 

$2000 

Continuous flow gas heater (external 26L per minute unit) 65 66 $850 - $1,200 

All purchasers installing either of the above efficient electric hot water heaters are eligible 

for the STC rebate.  

63 G-Store, ‘G-Store Quotation - Reclaim Energy Heat Pump’, 22 February 2021. 
64 Living Solar, ‘Living Solar Quoteation - Rinnai Sunmaster Electric Boost Solar Storage Tank’, 2 February 2021.  
65 Bunnings Warehouse, ‘Rheem 26L 60° Natural Gas Continuous Flow Hot Water Unit’, Bunnings Warehouse, 13 

April 2021, https://www.bunnings.com.au/rheem-26l-60-natural-gas-continuous-flow-hot-water-unit_p5104153. 
66 PlumbingSales.com.au, ‘Rinnai B26 NATURAL GAS 60C B26N60A Builders Continuous Flow Hot Water Heater’, 

PlumbingSales.com.au, 13 April 2021, https://plumbingsales.com.au/hot-water/rinnai-hot-water/rinnai-builders-

series/rinnai-b26-builders-series-natural-gas-set-60c.html. 
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5.3 Apartments 

Developments are also required to 

achieve either the minimum 25% 

of site area or a minimum of 1kW 

per apartment.

Flexibility is built into the PV factor. If the 

requirement was only for 1kW per 

apartment, then in higher density of 

apartments per site area, the percentage 

of roof space put aside for PV would 

become much greater than 25% - more 

like 40-50% in our case studies. 

The rationale for developers installing PV 

panels at the time of construction of a new 

development include: 

• An immediate impact of renewables

from the day the building first

operates;

• Simplification of installing a common

property asset prior to the existence of

the owner’s corporation;

• Better more integrated roof and solar

PV system design; and

• Costs are expected to be recouped

by developers and immediate returns

for apartment owners.

With typically high density and vertical built form apartments in Moreland have insufficient 

roof space for PV panel installations at the scale needed to meet a building’s total energy 

consumption. For these developments to achieve net zero emissions, a contribution from 

offsite renewable energy is required.  

Despite this, setting aside a minimum portion of the roof space for PV panels (to be known as 

the PV solar zone - PVSZ) is valuable, and will ensure that renewables are a larger component 

of the energy mix for all new apartment developments. 

A range of other relevant technologies 

and considerations are assessed and 

described in this section including power 

division control systems (PDCS), 

embedded networks, electric heat pump 

storage hot water systems, and support 

from distribution network service providers 

(DNSPs) to maximise the onsite 

consumption of onsite generated 

electricity. 

This report proposes a PV solar 

zone (PVSZ) of 25% of the site area. 

The feasibility of this recommendation has 

been established through a review of 17 

apartment case studies and 

demonstrated in multiple tables.  

The PVSZ is based on site area rather than 

roof area, as a percentage of roof area 

will lead to reduced PV solar installation 

capacity where roof areas are reduced.  

Further the PVSZ is based on site area to 

give developers a clear indication on the 

space required to be included in designs 

for solar PV systems, right from the 

commencement of their design. It gives 

prominence to providing space for PV 

rather than fitting PV in where there is 

space at the end of the design process. 

The costs installing PV 

panels are also shown to 

only be a small proportion 

(0.18 – 0.34%) of total 

construction costs. 

(excluding land and 

financing). 
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5.3.1 Development Characteristics 

Apartment roofs are generally flat although they are sometimes raking. 

Apartments differ from medium density developments in that the roof area of apartment 

developments, other than private open space area, is typically common area under the 

management of the owner’s corporation. Post the establishment of the owners corporation 

(once the first dwelling is sold) the installation of PV solar panels must be a decision of the 

owner’s corporation. 

In denser municipalities such as the City of Moreland, apartments are more commonly 

vertical rather than horizontal in form. While the most common height is 4 storeys, 

apartment heights in the project building case studies range from 4 – 10 storeys. Apartment 

numbers also range from 4 – 64 although in the very large outlier development at Olive York 

Way there are 325 apartments.  

A review of the project building case studies below confirms that the footprint of most 

apartment development sites are not large – typically less than the 1960’s traditional 

quarter acre block (approximately 1,000 m2).  

The density of dwellings on site is high with the calculated site area per apartment ranging 

from 16 – 69 m2. If all developments were built to the boundary, this range would represent 

the maximum available rooftop area per apartment, potentially available to PV solar.  

The case studies also show that apartments are not built to the boundary on all sides and 

contain voids, so that the available roof area per apartment ranging from 9 – 66 m2 is even 

less than the site area per apartment.  

Table 18  Summary of building case study characteristics (apartments) 

Case 

study 

no. 

Case Study address Levels incl 

ground 

excl 

basements 

Number 

of apts 

Site 

area 

m2 

Site 

area 

per apt 

m2 

Total 

roof 

area m2 

Roof top 

area 

per apt 

m2 

Total roof 

area - % 

of total 

site area 

7 
Nicholson St Brunswick 

East 
6 19 442 23 362.1 19 82% 

8 Sydney Rd Coburg North 4 13 308 24 278.9 21 91% 

9 John St Brunswick East 4 14 581 42 382.8 27 66% 

10 John St Brunswick East 4 28 1157 41 768.5 27 66% 

11 Sydney Rd Brunswick 4 4 277 69 262.4 66 95% 

12 Sydney Rd Brunswick 4 13 369 28 289.9 22 79% 

13 Westgarth St Fitzroy 7 24 611 25 300.2 13 49% 

14 Brunswick Rd Brunswick 10 46 1173 25 794.4 17 68% 

15 Nicholson St Brunswick 5 64 1895 30 1529.2 24 81% 

16 Duckett St Brunswick 7 37 706 19 501.3 14 71% 

17 Duckett St Brunswick 8 28 527 19 340.6 12 65% 

18 Duckett St Brunswick 8 39 716 18 473.7 12 66% 

19 Duckett St Brunswick 9 43 765 18 379.8 9 50% 
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Case 

study 

no. 

Case Study address Levels incl 

ground 

excl 

basements 

Number 

of apts 

Site 

area 

m2 

Site 

area 

per apt 

m2 

Total 

roof 

area m2 

Roof top 

area 

per apt 

m2 

Total roof 

area - % 

of total 

site area 

20 Snell Grove Oak Park 4 14 774 55 592 42 76% 

21 Sydney Rd Brunswick 7 61 1776 29 952.7 16 54% 

22 Scott St, Dandenong 5 27 1106 41 635.2 24 57% 

23 
Olive York Way 

Brunswick West 
9 325 5292 16 3285.8 10 62% 

Average (Note average 

number of apartments 

skewed by case study 

No. 23. Figure in 

brackets excludes case 

study No. 23)  

6.2 47 (29.6) 

Note: Total roof area above includes the following area components: Appropriate available roof space – PV 

solar zone, Inaccessible or shaded roof space, Shared rooftop garden / terraces m2, Lift / stairs shaft roof, 

Mechanical plant. 

The case studies and table also show the roof areas sitting at between 49% and 95% of the 

site areas. Of these case studies, thirteen out of seventeen (76%) show roof area as a 

significant reduction on the site area, sitting between 49 - 79% of the site area.  

Roof space is reduced below the site area due to: 

• Setbacks

• Voids / lightwells

• Ground garden space

• Uncovered driveways and paths

In addition, the case studies show there are competing uses for roof space including: 

• Shared rooftop garden / terraces

• Private balconies / terraces

• Lift / stairs shaft roof

• Mechanical plant

• Other plant

• Unusable roof space that is inaccessible or shaded

• Landing zones for drone deliveries

With vertical form, generally not large sites, and a reduction from site area to roof area the 

case studies demonstrate that there is limited roof space available for competing uses on 

apartment roof tops within the City of Moreland.  

Examples of roof space uses are included below. All apartment case study roof space 

assessments are provided in Appendix 2. The definition of total roof area is the sum of all of 
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the other uses excluding private terraces, lightwells, voids, landscaped ground level or 

podium, and driveways.  

Figure 8  Case Study 7: Nicholson St, Brunswick East – Roof uses 

Figure 9  Case Study 7: Nicholson St, Brunswick East – rendered 3D image 
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Figure 10  Case Study 9: John St, Brunswick East – Roof uses 

The limited roof space on apartment building roof tops 

in Moreland generally removes the opportunity for 

onsite rooftop PV electric panels to fully offset the total 

energy consumption within the building.  

The energy consumption within apartment 

developments is made up of energy consumed: 

• Within apartments:

o to heat and cool the apartment

o for lighting

o for hard wired loads such as cooking

o for plug loads – fridge, dishwasher,

washing machine, dryer, kettles, toaster,

computer, TV and all other plug in

electrical devices.

• Within the common area:

o basement and common area

mechanical systems

o to provide hot water

o lifts, sliding doors and controls

o lighting

o facilities such as pools or gyms

Common area power consumption can be very significant. Studies suggest that where 

common area energy services are inefficient and/or extensive, electrical consumption can 

The limited roof space 

on apartment roof tops 

in Moreland removes 

the opportunity for 

onsite rooftop PV 

electric panels to fully 

offset the total energy 

consumption within the 

building.  

But maximising space 

for PV panels can allow 

them to be a greater 

contributor. 
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be as high as 60% of the energy use of the development.67 This is clearly an area of focus to 

improve the energy efficiency of apartment developments.  

In these developments, where common area energy consumption is high, a large amount 

of PV solar electric panels would be required to offset common area power usage, so 

maximising space for solar panels is important.  

Other apartment developments that have efficient services, less residents, and do not 

include all of the above services, will have significantly lower common area energy 

consumption. Where common area energy consumption is lower, and energy generated 

by onsite PV systems exceeds daytime common area use, this excess on site generated PV 

electricity would also ideally supply electricity for apartments to use.  

However, as alluded to in Section 3.3.6 and for medium density development in Section 

5.2.3.1, providing net zero emissions energy from onsite renewables alone can be a 

challenge. The following demonstrates this for apartment developments.   

Of the above loads, the predicted energy consumption of the dwellings to heat and cool 

each apartment can readily be estimated based on the energy rating the apartment is 

required to achieve (trialling options of the current Building Code mandatory 6 star energy 

rating, as well as 7 and 8 star energy ratings that are increasingly being achieved.  

Table 19  Combined energy consumed for heating and cooling per m2 per NatHERS star rating band 

Representative 

Moreland suburb 

NatHERS Climate 

zone  
6 stars 7 stars 8 stars 

MJ per m2 per annum 

Brunswick 21 114 83 54 

Fawkner 60 138 100 64 

kWh per m2 per annum 

Brunswick 21 31.7 23.1 15 

Fawkner 60 38.3 27.8 17.8 

We can estimate the required energy to heat and cool a typical size apartment of 68.6 m2. 

(Average apartment size determined from one of our more representative case studies in 

Nicholson St Brunswick).  

Table 20  Combined energy consumed for heating and cooling for an average sized apartment (68.6 m2) per 

NatHERS star rating band 

Representative 

Moreland suburb 

NatHERS Climate 

zone 

6 stars 

Total kWh /annum 

7 stars 

Total kWh /annum 

8 stars 

Total kWh /annum 

Brunswick 21 2174 1584 1029 

Fawkner 60 2627 1907 1221 

67 Chris Byrne, ‘Sustainability Upgrades’, NSW Fair Trading, 14 June 2018, New South Wales, Australia, 

https://www.fairtrading.nsw.gov.au/housing-and-property/strata-and-community-living/strata-

schemes/sustainability-upgrades. 
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We can also estimate the typical annual electricity generation from a 1 kW PV panel 

installation within the City of Moreland as 1,314 kWh (based on 3.6 kWh being the average 

daily production of solar cells in Melbourne).68)  

From each scenario it becomes apparent that only when the apartments are built to a 

standard approximating 8 stars can a portion of an apartment’s energy consumption be 

offset with a 1 kW PV system installation per apartment. Other efficiencies will also be 

required.  

While using onsite PV systems to offset the total energy consumption in apartments and 

common areas is difficult, as installation sizes increase, it becomes more worthwhile. In the 

absence of batteries, this value is maximised when power generated can cover daytime 

energy uses. This opportunity is best realised by using PV panel generated electricity for a 

combination of common area and in-apartment power. The arrangement of supplying 

power from PV panels to common areas and apartments can be best facilitated by a 

number of measures including the use of embedded networks, (see Appendix 9), power 

division control systems (see Appendix 10) and in future peer to peer trading (see Appendix 

11).  

5.3.2 Renewable Energy Factors 

PV Factor Requirements 

See 5.1.2 

5.3.3 Comments on Factors 

While the opportunity for onsite rooftop PV electric panels to fully offset the total energy 

consumption in vertical form apartment developments is a challenge, the best approach is 

certainly to aim to maximise the space available for PV to offset energy consumption 

during the day or to factor in the inclusion of batteries.  

5.3.3.1 Strategy of the PV solar zone (PVSZ). 

With the limited roof space and competition for uses on 

apartment roofs in Moreland, the strategy for 

incorporating a dedicated minimum PV solar zone in the 

PV factor is to ensure that each development incorporates 

a minimum area of roof space for a PV solar zone and 

removes the potential for other uses to exclude the 

potential for PV solar installations. This strategy is not 

unusual, also being applied in California where the solar 

zone area is calculated as being 15% of the total roof area. 

Of key consideration in allocating a minimum PV solar zone is to determine a metric for 

calculating this and to not preclude other desirable and necessary roof top uses.  

68 Clean Energy Council, ‘Consumer Guide to Buying Household Solar Panels (Photovoltaic Panels)’. (page 4) 

The strategy is for 

allocating a minimum 

PV solar zone while 

not precluding other 

desirable and 

necessary roof top 

uses 
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5.3.3.2 Strategy for calculating the PV solar zone 

The level of PV able to be accommodated on a 

building (deemed the PV solar zone) is primarily 

recommended as being a factor of the site area. 

The strategy is based predominantly upon the 

findings from the Moreland apartment case studies 

per Table 18 detailed in Section 5.3.1 of this report. 

The case studies indicate that when looking at an 

apartment development in plan view (which 

represents the absolute maximum potential area of 

horizontal solar possible for a given site), there is a 

very wide range of apartment building forms and 

roof uses. Some buildings have a large roof area as a 

proportion of the site area, while others have much 

smaller roof areas (ranging from 95% - 49% 

respectively).  

Where roof areas are significantly reduced in some 

designs, a PV solar zone based on a percentage of 

roof area, will lead to reduced PV solar installation 

capacity. This is not ideal when Moreland is seeking 

to embed worthwhile PV solar electricity installations 

in all new developments.  

In addition, to specify a PV solar zone as a 

percentage of roof area will not apply a consistent 

standard across all developments. There would be 

freedom for designers to impact what would be deemed as available roof space. 

The table below shows the variation in different roof space uses and also plan view area 

uses. In the case studies investigated, differences in roof areas are due not only to setbacks 

and voids but often also due to private balconies projecting without roof space above, 

shared rooftop gardens or terraces, inaccessible roof space unsuitable for PV, and 

uncovered access ways (roads, paths). For more detail refer to the Apartment roof plan 

views in the appendices. 

To ensure the PV solar 

zone area is protected it is 

recommended to be 

calculated as a 

percentage of the site 

area. 

A PV solar zone based on 

a percentage of roof area, 

will lead to reduced PV 

solar installation capacity 

where roof areas are 

reduced.  

In addition, calculations 

are simplified where the PV 

solar zone is a percentage 

of site area, and a 

consistent standard is 

applied across all 

developments. 
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Table 21 Apartment building case studies showing actual alternative plan view uses. 
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7 
Nicholson St Brunswick 

East 
8% 50% 7% 0% 0% 10% 18% 7% 7% 

8 
Sydney Rd Coburg 

North 
7% 0% 1% 0% 0% 3% 16% 0% 73% 

9 John St Brunswick East 34% 0% 5% 0% 0% 0% 0% 0% 60% 

10 John St Brunswick East 17% 0% 1% 0% 0% 17% 7% 0% 59% 

11 Sydney Rd Brunswick 6% 28% 8% 4% 0% 7% 38% 0% 17% 

12 Sydney Rd Brunswick 17% 25% 5% 0% 0% 9% 5% 0% 44% 

13 Westgarth St Fitzroy 51% 0% 5% 9% 0% 4% 3% 0% 33% 

14 Brunswick Rd Brunswick 24% 10% 5% 0% 0% 10% 29% 3% 24% 

15 Nicholson St Brunswick 15% 28% 2% 6% 0% 11% 23% 0% 22% 

16 Duckett St Brunswick 20% 17% 6% 0% 0% 6% 15% 3% 33% 

17 Duckett St Brunswick 25% 15% 4% 4% 0% 10% 2% 0% 40% 

18 Duckett St Brunswick 21% 21% 4% 0% 0% 7% 7% 10% 34% 

19 Duckett St Brunswick 41% 10% 1% 0% 0% 8% 8% 1% 30% 

20 Snell Grove Oak Park 3% 0% 3% 6% 0% 1% 8% 6% 60% 

21 Sydney Rd Brunswick 27% 9% 3% 1% 0% 14% 19% 5% 21% 

22 Scott St, Dandenong 35% 0% 2% 0% 0% 0% 25% 8% 31% 

23 
Olive York Way 

Brunswick West 
16% 0% 1% 9% 0% 19% 2% 2% 50% 

Average 38% 

Note: Appropriate space for PV on existing case study designs is calculated as space provided for PV and/or lift 

shaft roofs where available. 

Further, to specify a PV solar zone as a percentage of roof area will be subject to 

conjecture as definitions of what comprises the roof area will vary. For example, does the 

roof area include shaded roof space, include tops of lift shafts, or other less common uses? 

It is added complexity that can be avoided.  

For simplicity a flat percentage of the site area is proposed for designers to accommodate 

PV solar panels. The advantage of this approach is that designers can readily calculate the 

area of the site that needs to be set aside for installing PV solar panels – deemed the PV 

solar zone, and design with this in mind. 



  PV Factor Recommendations & Rationale 

© Low Impact Development Consulting | May 2021 Moreland Renewable Energy Standard | Page 58 

5.3.3.3 Determining the PV solar zone percentage 

From the project case studies and above table, available appropriate roof space ranges 

from 7% to 73% of the total site area. Of the 17 case studies, only five have available roof 

spaces that fall below the 25% threshold, with three as currently designed having available 

roof space close at 20-25%, and the remaining two case studies less than 20%.  

Each of the non-complying case studies have been addressed individually to understand if 

requirements to provide 25% of the site area as a PV solar zone is spatially feasible. 

Table 22  Review of case studies that do not meet the 25% PVSZ threshold 

Case study address Comment 

7. Nicholson St, Brunswick East The top of the stair and lift shafts are considered available for PV panels 

representing 7% of the site area. The shared rooftop gardens and 

terraces are fully unshaded and represent 50% of the site area. If 18% of 

the site area (36% of the rooftop terrace area) is shaded with PV panels 

over, the requirements for the PV solar zone will be met. Feasible. 

11. Sydney Rd, Brunswick Despite the new development being significantly constrained by the 

existing building to be retained, the existing PV solar zone made up by 

part of the existing north facing roof and the top of the stair and lift shaft 

represents 17% of the site area. The shared rooftop gardens and terraces 

represent 28% of the site area. If 8% of the site area (29% of the rooftop 

terrace area) is shaded with PV panels over, the requirements for the PV 

solar zone will be met. Feasible. 

14. Brunswick Rd, Brunswick The existing PV solar zone made up by the allocated PV solar zone and 

the top of the stair and lift shaft represents 24% of the site area. The 

shared rooftop gardens and terraces are fully unshaded and represent 

10% of the site area. If 1% of the site area (10% of the rooftop terrace 

area) is shaded with PV panels over, the requirements for the PV solar 

zone will be met. Feasible. 

15. Nicholson St Brunswick The existing PV solar zone made up by the allocated PV solar zone and 

the space above the mechanical plant as indicated on the plans 

represents 22% of the site area. The shared rooftop gardens and terraces 

are fully unshaded and represent 28% of the site area. If 3% of the site 

area (11% of the rooftop terrace area) is shaded with PV panels over, the 

requirements for the PV solar zone will be met. Feasible. 

21. Sydney Rd Brunswick The existing PV solar zone made up by the allocated PV solar zone as 

indicated on the plans represents 21% of the site area. The top of the 

stairs and lift shaft represents a further 3% of site area and is available to 

contribute towards the PV solar zone. The shared rooftop gardens and 

terraces are partially shaded with PV panels over. The unshaded 

balance of the rooftop gardens represents 9% of the site area. If shading 

over the rooftop terrace area is increased a further 1% of the site area 

(which equates to a further 11% of the rooftop terrace area), the 

requirements for the PV solar zone will be met. Feasible. 

The above analysis relies on the fact that the PV solar zone and roof top terraces do not 

need to be mutually exclusive. Both are desirable outcomes. Meeting the requirements to 

provide the PV solar zone should not work against goals to provide communal green roof 

top spaces. 
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The following images provide examples of solutions where PV solar is provided as shading 

above useable spaces. Two of the three examples are cases where PV solar shading has 

been provided over rooftop terraces.   

Figure 11  Roof terrace with PV solar places above to provide shading – Yarra Valley Grammar. Image by LID 

Consulting 

Figure 12  Standard rooftop poly or mono crystalline PV panels used to provide shelter/ shading – Bus stops at 

Latrobe University. Image courtesy Environmental Technology Solutions 
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Figure 13  Thin film Amorphous Silicon PV panels solutions –these have a lower energy density than standard 

rooftop poly or mono crystalline PV panels, but are more transparent. Image courtesy Environmental 

Technology Solutions. 

Figure 14  Thin film Amorphous Silicon PV panels solutions. Image courtesy Environmental Technology Solutions. 
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The above analysis confirms 25% of the site area is not a problem on infill sites included in 

the case studies investigated. It is also shown to not be a problem on apartment sites in less 

dense neighbourhoods where there are setbacks on all sides. The setbacks on all sides 

create more garden area around these developments, so there will typically be less 

demand for more expensive rooftop gardens.  

5.3.3.4 PV installation requirement: 100% of PVSZ or 1 kW per apartment 

The requirement for the PV solar zone to be 25% of the site area or for 1 kW of solar PV per 

apartment is to be applied evenly to all developments. There is no stepped requirement, 

just flat rates. There is value in the simplicity and fairness of this. The factor allows developers 

to choose which of the two options they follow, there is also flexibility in the factor. 

The maximum requirement to supply up to 1 kW of solar per apartment should not be cost 

prohibitive. As discussed in Section 5.2.4 Costs, PlanCost cost planners has advised that the 

cost of 1 kW of PV panels approximates $1,000 - $1,500 including installation.   

The following table shows the expected PV outcomes of both components of the PV 

factor.  

Table 23  Comparison of PV outcomes per 25% PV solar zone or 1 kW per apartment requirement 

Case 

study 

no. 

Case Study address 
Number 

of apts 

Site area 

m2 

PV solar 

zone -25% 

of site 

area m2 

PV System at 

10 degrees tilt 

able to fit 

within 25% 

PVSZ (kW) 

PV system 

required if 1 

kW per apt 

(kW) 

7 Nicholson St Brunswick East 19 442 110 14 19 

8 Sydney Rd Coburg North 13 308 77 10 13 

9 John St Brunswick East 14 581 145 18 14 

10 John St Brunswick East 28 1157 289 38 28 

11 Sydney Rd Brunswick 4 277 69 9 4 

12 Sydney Rd Brunswick 13 369 92 12 13 

13 Westgarth St Fitzroy 24 611 153 19 24 

14 Brunswick Rd Brunswick 46 1173 293 37 46 

15 Nicholson St Brunswick 64 1895 474 60 64 

16 Duckett St Brunswick 37 706 177 22 37 

17 Duckett St Brunswick 28 527 132 17 28 

18 Duckett St Brunswick 39 716 179 22 39 

19 Duckett St Brunswick 43 765 191 24 43 

20 Snell Grove Oak Park 14 774 194 24 14 

21 Sydney Rd Brunswick 61 1776 444 56 61 

22 Scott St Dandenong 27 1106 277 35 27 

23 Olive York Way Brunswick West 325 5292 1323 168 325 

• Note: Bolded items in the last two columns represent the smaller of the two PV factor component

outcomes for each site.

• Note: The size of the PV system in the PVSZs shown below are based on panels being installed at the

most space efficient 10-degree pitch with reduced separation distances and minimised overshadowing

calculated using the methodology discussed in Section 5.2.4 Costs.
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In the case studies investigated, where the site area per apartment is 30 m2 or less (more 

dense sites), then the 100% coverage component of the PV factor delivers the smaller 

requirement for PV panel installation. On such sites this component of the PV factor ensures 

other competing uses for roof tops, such as roof top terraces, are not squeezed out as an 

option for roof space use.  

Alternatively, where the site area per apartment is greater than 30 m2, then the 1 kW per 

apartment component of the PV factor delivers the smaller requirement and ensures an 

upper limit to the mandatory requirement for installed PV capacity (although developers 

can install a larger PV system if they choose). 

5.3.3.5 Alternative 1 kW per apartment guaranteed 

An alternative PV factor might be to require roof space to install 1 kW of panels per 

dwelling. Per the calculation methodology in Section 5.2.4 Costs, at 10 degree tilt with 300 

W 1.7x1.0 m panels facing north, and a shading derate factor of 97.5% (i.e. allowing only 

2.5% shading), 1 kW would require that approximately 8 m2 (7.9 m2) of roof space be made 

available in each PV Solar zone for each apartment in the development.  

This alternative PV factor requirement would see a requirement for larger than 25% of the 

site area m2 to be set aside for the PV solar zone in some of the case study buildings 

however would better ensure 1 kW of PV solar panel was installed as a factor per 

apartment.  See the table below for the required site percentage to ensure 1 kW per 

apartment for the project case studies.  

Table 24  Percentage of site area required for PVSZ to accommodate 1kW per apartment 10-degree tilt panels 

Case 

study 

no. 

Case Study address 
Site 

area m2 

25% of 

site 

area m2 

No. of 

apts 

Site area 

per apt 

m2 

Area 

available 

for PV 

panels per 

apt m2  

Area of 

roofing 

required 

for PVSZ 

[1] 

% of site 

area 

required 

for PVSZ 

[1] 

7 
Nicholson St Brunswick 

East 
442 110 19 23 5.8 150.1 34% 

8 
Sydney Rd Coburg 

North 
308 77 13 24 5.9 102.7 33% 

9 John St Brunswick East 581 145 14 42 10.4 110.6 19% 

10 John St Brunswick East 1,157 289 28 41 10.3 221.2 19% 

11 Sydney Rd Brunswick 277 69 4 69 17.3 31.6 11% 

12 Sydney Rd Brunswick 369 92 13 28 7.1 102.7 28% 

13 Westgarth St Fitzroy 611 153 24 25 6.4 189.6 31% 

14 Brunswick Rd Brunswick 1,173 293 46 25 6.4 363.4 31% 

15 Nicholson St Brunswick 1,895 474 64 30 7.4 505.6 27% 

16 Duckett St Brunswick 706 177 37 19 4.8 292.3 41% 

17 Duckett St Brunswick 527 132 28 19 4.7 221.2 42% 

18 Duckett St Brunswick 716 179 39 18 4.6 308.1 43% 
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Case 

study 

no. 

Case Study address 
Site 

area m2 

25% of 

site 

area m2 

No. of 

apts 

Site area 

per apt 

m2 

Area 

available 

for PV 

panels per 

apt m2  

Area of 

roofing 

required 

for PVSZ 

[1] 

% of site 

area 

required 

for PVSZ 

[1] 

19 Duckett St Brunswick 765 191 43 18 4.4 339.7 44% 

20 Snell Grove Oak Park 774 194 14 55 13.8 110.6 14% 

21 Sydney Rd Brunswick 1,776 444 61 29 7.3 481.9 27% 

22 Scott St Dandenong 1,106 277 27 41 10.2 213.3 19% 

23 
Olive York Way 

Brunswick West 
5,292 1,323 325 16 4.1 2567.5 49% 

Note: [1] Based on 7.9m2 requirement for 1 kW panels per apt - zone 

In some cases, the percentage of site areas is less 

than the 25% PV Solar zone, and others not much 

greater at around 25-35% of the site area. 

However, where the site area available per 

apartment is below 20 m2 (i.e. a higher density of 

apartments per site), the percentages of the site 

area required to accommodate 1 kW per 

apartment is between 40-50%. This is becoming a 

significant figure, but may be achievable if 

Moreland chooses to prioritise PV installations 

above some other uses such as green roofs, room 

for plant, and common or communal space areas. 

Note also 1 kW per apartment is easier to accommodate if PV panels are installed east-

west facing and back to back – see image below – as there is no self-shadowing of panels 

by other panels and the ground coverage rate to account for this is not relevant. For 

percentages of space required to accommodate PV panels with this configuration see 

Appendix 16.1. 

Figure 15  Back to back east-west facing PV electric panels. Slightly less efficiency per panel than all panels 

facing north, but allows more panels per m2 and assists providing a balanced load in the morning & afternoon.69 

69 Solar Constructions, ‘Solar Mounting Solutions’, Solar Constructions, n.d., http://www.solar-

constructions.com/wordpress/solar-mounting/. 

For higher density of 

apartments per site, the 

percentages of the site area 

required to accommodate 

1kW per apartment is 

between 40-50% - a figure 

that may limit other uses such 

as open space and 

accommodating plant. 
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5.3.3.6 The PV factor impact on installed PV capacity in building case studies 

Per the table below, in 13 of the 17 case studies, the PV system size in the development 

application is less than the recommended required PV factor in this report. In these 13 

cases the proposed PV in the development application ranges from 0% - 92% of the 

recommended required PV factor.  

The effect of the PV factor will be to increase the size of the PV installations in 13 of the 

developments per the table below, ranging from an increase of 1.1 to 12 times the 

development application proposed PV system size i.e. significant increases.  

Note in the 4 case studies where the development application PV system installation size is 

larger than the minimum PV system sizing per the PV factor requirements, the PV factor will 

not change the developer’s decision to install the larger solar PV system. The PV factor 

requirements are a minimum only and developers can exceed the requirements of the PV 

factor.  

Table 25  Comparison of PV outcomes per PV factor requirement and development submission 
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Actual Case study 

Development submission 
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7 
Nicholson St Brunswick 

East 
19 14 19 4.0 29% 

3.5x 

8 Sydney Rd Coburg North 13 10 13 20.0 200% 0 

9 John St Brunswick East 14 18 14 21.0 150% 0 

10 John St Brunswick East 28 38 28 42.0 150% 0 

11 Sydney Rd Brunswick 4 9 4 0.0 0% 4x 

12 Sydney Rd Brunswick 13 12 13 0.0 0% 12x 

13 Westgarth St Fitzroy 24 19 24 12.0 63% 1.6x 

14 Brunswick Rd Brunswick 46 37 46 11.5 31% 3.2x 

15 Nicholson St Brunswick 64 60 64 15.0 25% 4.0x 

16 Duckett St Brunswick 37 22 37 25.0 114% 0 

17 Duckett St Brunswick 28 17 28 13.0 76% 1.3x 

18 Duckett St Brunswick 39 22 39 12.2 55% 1.8x 

19 Duckett St Brunswick 43 24 43 22.0 92% 1.1x 
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20 Snell Grove Oak Park 14 24 14 5.0 36% 4.8x 

21 Sydney Rd Brunswick 61 56 61 30.0 54% 1.9x 

22 Scott St Dandenong 27 35 27 5.0 19% 7.0x 

23 
Olive York Way 

Brunswick West 
325 168 325 53.5 32% 

3.1x 

5.3.3.7 No solar thermal hot water systems allowed within the PVSZ 

For the reasons identified in Net Zero Emissions Section 3.3.1 Going fossil fuel (coal and gas), 

which outlines Victoria’s high reliance on gas for hot water heating, and because solar 

thermal hot water units predominantly rely on gas to augment solar water heating, the use 

of gas boosted solar thermal hot water is discouraged. In addition, solar thermal hot water 

is suitable for only one use, heating water not generating electricity, so where space is 

valuable it is appropriate to have this space for the more flexible service. 

5.3.3.8 Increased viability of PV in apartments 

We know the total energy consumption for common areas and apartment dwellings will 

not be offset by a PV installation equivalent to 1 kW per apartment. In many cases the 

electricity generated by such a PV installation will not offset the common area energy 

consumption.  

However in developments where more electricity is generated than able to be consumed 

during the day by common area energy consumption, there are new commercialised 

technologies that find a use onsite for the generated electricity. The technologies monitor 

energy use in apartments and direct the onsite generated electricity to those apartments 

rather than exporting it offsite to the grid. Given the purchase price of electricity is typically 

approximately twice the price of the feed in tariff received for electricity exported to the 

grid, such technologies help maximise the economic returns on installing PV solar systems in 

apartment developments.  

This new technology is known as a power division control system Appendix 10 includes a 

feasibility assessment from a power division control system provider which confirms their 

technology is applicable and suitable for improved PV outputs to all apartment 

developments particularly up to 50-60 dwellings.  

In addition, advice from the consulted Embedded Network Manager (ENM) is that PV solar 

panels are an attractive option to ENMs on developments greater than 50-60 dwellings. 

Once the PV solar panels are paid off, the ENM can supply power to the building at no cost 

but charge a cost to the occupants. As PV panels are attractive to ENMs they are 

generally happy to fund additional PV installations.   

5.3.3.9 Support for onsite power use 

Apartment developments are now better placed to consume all onsite generated power 

on site due to high common area use or technology such as power division control systems 

(PDCS). Network distribution supply providers (DNSPs) are satisfied that PV panels on 

rooftops will be manageable moving forwards. Daniel Bye - Head of Customer 
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Connections & Requests, Strategy & Customer Group Citipower and Powercor has 

commented on the PV factor requirements provided in this report: 

“This is an amazing step forward. This document clearly outlines the requirements for 

the developers. 

I also like the comment the system should be designed to maximise use of on-site 

generated electricity consumption (i.e. not exported out to the grid).  

We are having real troubles at the moment as we are unable to allow a lot of 

customers to export into the grid. We will allow the connection but will limit the 

export back into the network”. 

5.3.3.10 Why developers should install the PV panels 

For immediate impact. Panels should be installed to have an impact on energy generation 

straight away from completion of the development rather than leaving them to be 

installed at a potential future date.  

For decision making simplicity. Proceeding to install a PV system is much simpler when 

decisions can be undertaken by one party, the developer, rather than by committee, as 

occurs once the owner’s corporation is established.  

Discussion with owners corporation experts confirmed 

the challenges in Victoria of obtaining approval for 

new owners corporation expenditure that causes a 

change to common property. If not installed by the 

developer, the PV panel system would need to be 

voted on and agreed by owners corporation 

members, generally in significant numbers. Obtaining 

such approvals for PV systems would, in many 

apartment buildings, be a challenging task.  

An indication of the challenges the processes to 

obtain approval for common property work are 

included in Appendix 6.  

If not installed by the 

developer, once the 

owner’s corporation is 

established the PV system 

installation will need to be 

voted on and approved 

by the required owner’s 

corporation members. 
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For better roof and system design. Requiring solar PV 

systems to be included at the design and construction 

stage will more reliably include better roof layout and 

structural design, as the developer will be responsible for 

PV panel installation rather than it being someone else’s 

responsibility once they have sold out of the 

development. Similarly, the developer is incentivised to 

consider simple cabling and inverter storage locations 

(and optionally allow for the later inclusion of batteries if 

desired).  

There are also potential benefits of having new load 

centres (switchboards) within apartment developments 

designed to accommodate PV electric panel systems at 

the time of their installation. While it is common practice 

to design load centres with spare capacity, it is not a 

requirement, so having PV panels installed by the 

developer ensures load centres have the space to 

accommodate PV panels and load centres do not need 

to be upgraded at an additional cost, as may sometimes occur with retrofitted PV panels. 

There is no net cost to the developer. Benefits accrue to the dwelling occupants. As 

indicated above and in Section 5.3.4 Costs, the developer may not pay for the additional 

expenditure on the actual PV system if an embedded network manager is engaged, or 

alternatively they would generally recoup the expenditure on the structure, infrastructure 

and installation of the solar PV system by increased apartment prices.  

In addition, apartment owners will obtain the benefits from the PV installation when the PV 

system is used fully to offset the common area power consumption, reducing the owners 

corporation expenses. The benefits to PV owners are confirmed with solar PV system 

paybacks in Melbourne at 5-6 years.70 These benefits are delivered in reduced costs from 

day one of ownership, while the additional small extra in their loan value will be spread out 

and paid for over the life of the loan, typically 20-30 years.  

Where tenants are occupying apartments, they should not be bearing any additional costs 

from the PV capital cost being added to the apartment cost, unless they are also receiving 

reduced electricity bills for their own apartment through an embedded network, a power 

division control system or even a traditional metering installation if connected to 

apartment’s energy system.  

For the above reasons we believe the PV factor requirements to be a practical outcome 

based on the review of the provided case studies.  

70 Potter, ‘Solar Panel Payback Times’. 

Designing for PV 

panels to be installed 

by the developer will 

help to ensure the roof 

is PV panel ready, and 

the development is 

properly designed for 

a solar PV system.  

This should ensure 

avoiding potentially 

more costly retrofitting 

expenses. 
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5.3.4 Costs 

The following describes the cost of PV solar electric panels as a proportion of the total 

project construction cost (excluding land purchase and finance). Background workings 

can be found in Appendix 9.  

5.3.4.1 Cost of creating a PV solar zone 

A PV solar zone is a PV ready space on the roof to which 

there is an allocated and readily accessible route from 

inverter location to the solar zone.  

On many apartment roofs this will just be the flat (or 

pitched) area of non-trafficable roof. In such cases the 

cost of creating a dedicated space for a PV solar zone 

can be minimal. The panels can be fixed directly on top 

of the completed roof or on racks fitted to the roof.  

There may be a need for structural engineers to 

strengthen roof members to accommodate PV solar 

panel installations, as PV electric panels require a 

minimum superimposed dead load structural allowance 

of 15 kg/m2 (0.15 kPa) across the whole PV solar zone on 

flat roofs.71 Discussions with structural engineer Andrew 

Bell Director of Kennedy Bell Infrastructure (Civil 

engineers) confirmed that any potential upsizing of roof 

members to accommodate for this additional small load 

allowance would be minimal.72 Foo et al. (2020)'s recommendation to the ABCB for 

structural strengthening in other building types at construction in preparation for later PV 

panel system installations similarly considers these works low cost and high benefit. 

Figure 16  Courtesy Halcol Energy – PV electric panels fixed directly to an apartment development raking roof 

71 Grace Foo et al., ‘Distributed Energy Resources (DER) in the NCC’ (Delta Q, 19 June 2020). 
72 Andrew Bell, Typical PV system installations on roofs, 17 March 2020. 

In most cases the cost 

of establishing a PV 

solar zone will be 

minimal, and less than 

that of competing roof 

space uses.  

Structural members 

may need minimal 

upsizing to 

accommodate PV 

electric panels on non-

trafficable roofs 
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Figure 17  RMIT Brunswick – image courtesy Zero Carbon Moreland 

Alternatively, where roof top terraces are created and space is more restricted due to 

these, solar zones may be created by a number of split solar zones or by a structure(s) 

above terraces, plant or lift and stairwell shafts. In addition, the roof is a functional space 

and there are no competing uses for the space. 

Where there are competing uses for the roof space such as roof top terraces and gardens 

or mechanical plant, the structure required for PV electric panels will be less than required 

for these significantly heavier loadings. The majority of mechanical plant will significantly 

exceed 15 kg/m2 loadings as will soil and paving for the roof top terrace/garden. In 

addition to significant loading roof top gardens include other expenses such as more 

complex waterproofing and protection, water retention and drainage capability, multiple 

different soil and bedding profiles, planting and irrigation. Placing panels on a rooftop solar 

zone is a cheaper proposition than these alternative uses for roof space. 

Where a PV solar zone runs over the top of a lift shaft there would be no additional 

structural requirements to support the minimal loading from the PV panels. 

The scenario when a roof top solar zone is most expensive would be when the PV solar 

zone is partly made up by incorporating a free-standing overhead shading structure similar 

to the images shown in Section 5.3.3.3 Figures 11, 13 and 14. In this case the cost of 

preparing a PV solar zone would include the cost of the overhead structure plus the cost of 

additional strengthening required to the building for fixing the structure to. While this cost is 

acknowledged, it is very difficult to estimate, and can be mitigated as designers have the 

choice to not use overhead structures to create the PV solar zone. The review of site plan 

view and roof top space undertaken in this report confirms that in 70% of case studies the 

space available for PV solar zone exceeded the recommended 25% of site area 

requirement, so an overhead solution might only be necessary for 30% of the cases. 

However, with the known 25% of site area requirement known to designers it should be easy 

for designers to avoid a reliance on overhead structures.  
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5.3.4.2 Costs of PV solar installations as a proportion of construction cost 

The following workings describe the cost of PV solar electric panels as a proportion of the 

total project construction cost (excluding land purchase and finance).  

Installed PV solar electricity prices: As described in townhouse costs Section 5.3.4 of this 

report, cost planners PlanCost have provided a cost range of $1,000 - $1,500 per kW of PV 

panels installed (price includes panels, inverter and installation). For apartment installations 

which are bigger than domestic installations a conservative cost rate of $1,250 per kW has 

been utilised for analysis, which offsets cost reductions due to the volume and good clear 

access, with the expectation that better-quality panels will be purchased.   

PV solar panels installation as a percentage of total construction costs for representative 

Case Studies. The following table draws from the installation costs of $1,250 per kW and 

above tables to estimate the comparative cost of the scenarios of where: 1) the solar zone 

size determines the maximum PV panel capacity installation, and 2) where the 1 kW per 

dwelling determines the maximum PV capacity.    

Table 26 Cost assessments of two alternative determinants of required PV capacity for representative case 

studies.  

Case study 

Building 

floor 

area 

(m2) 

PV 

System 

required 

(kW) 

Scenario 

1) Total

cost of

panels

per PVSZ

Total kW 

required 

if 1 kW 

per apt 

Scenario 

2) Total

cost of

panels

per 1 kW

per apt

Total 

construction 

cost 

Percentage of 

PV cost (mid-

range) of total 

build cost 

7. Nicholson St,

Brunswick East
2,316.8 14.0 $17,500 19.0 $23,750 $ 7,013,417 0.25-0.34% 

10. John St,

Brunswick East
5,050.2 36.8 $46,000 28.0 $35,000 $15,287,965 0.23-0.30% 

13. Westgarth

Fitzroy
3,465.4 19.4 $24,250 24.0 $30,000 $10,490,459 0.23-0.29% 

14. Brunswick

Rd, Brunswick
8,768.6 37.3 $46,625 46.0 $57,500 $26,544,306 0.18-0.22% 

In both scenarios 1 and 2 the difference in total cost is not significant in the total scheme of 

expenses (within the range of 0.18 – 0.34% of total costs) and Moreland should be confident 

in demanding that installations include the maximum number of north facing panels at a 

10-degree pitch.

Expectations are that developments with substantial PV solar panels included would also 

be able to be marketed with the added advantage of reduced common area costs, 

reduced dwelling electricity costs or a combination of both due to the onsite PV electricity 

generation.  
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Where common area electricity consumption is not 

sufficient to take up all of the electricity generated by 

onsite PV panels during the day, developers may wish to 

incorporate a power division control system that will 

optimise distribution of power within the building to 

where it is most needed during the day. This facility 

minimises any power return to the electricity grid from PV 

panel generation, supporting DNSP goals to limit feed in 

to the grid and also reduce mains electricity purchases 

and hence shorten the payback period of the PV 

electric panel installation. The cost to install a power 

division control system such as the Allume Solshare for 

optimised onsite electricity use is  approximately $10,000 

for a system that can manage power distribution to 15 

different users (cost per user $666) within the apartment 

building (including a portion to common area and/or 

commercial tenants if desired).73 A report from the power 

division control system provider, Allume, suggests that the 

payback period from the inclusion of the Solshare system 

is approximately 4 years.  

Developers who incorporate embedded networks might also be in a position to have 

embedded network managers fund the installation of the solar PV panels as part of their 

contract. This shifts the upfront cost of the system away from developers and onto 

embedded network providers. Note that this typically means the embedded network 

provider becomes the owner of the solar PV system and will resell any generated electricity 

to the occupants at the agreed upon rate. It can be arranged that the solar PV system 

ownership is given back to the owner’s corporation once the solar PV installation cost has 

been paid back (typically 4-5 years). Alternatively, the owners corporation may own the PV 

panels but the embedded network manager may provide a loan to the owners 

corporation to install the PV panels.  

5.3.4.3 Installation during construction vs retrofitting 

There would be benefits of having new switchboards within apartment developments 

designed to accommodate PV electric panel systems at the time of their installation. While 

most new apartment switchboards should be designed for the additional circuit capacity, 

they might not always be, and switchboard replacements or upgrades might be required 

in these instances. For such reasons it is more advantageous and cost beneficial to ensure 

that switchboards, circuit capacity and wiring is taken into consideration more 

appropriately as a part of a new build as opposed to retrofitting. 

73 Jack Taylor, Allume SolShare - features, applicability and costs, interview by Craig Harris and Vickie Huang, 18 

June 2020. 

With proposed PV 

electric panels of up to 

1kW per apartment, the 

incremental costs of PV 

panels is not 

substantial.  

Power division control 

systems cost an 

additional $666 per 

dwelling for optimising 

onsite electricity use 

where common area 

use is less than 

electricity generated 

by the PV system.  
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5.4 Industrial/ Warehouse 

 

For these reasons, determining and applying a PV factor for these buildings at the 

development application stage is difficult. 

The resolution is to set a factor with two parts. 

The PV factor requires all 

industrial / warehouse 

developments to be able to 

structurally accommodate solar 

PV systems over 100% of the 

available roof space.  

The cost of accommodating this 

additional structural loading is not 

considered significant, particularly when 

compared to retrofitting structural 

strengthening at a later date.   

The addition of this structural capacity is 

considered also worthwhile given the 

great potential of these roof spaces to 

accommodate solar PV panels either to 

create net zero emission buildings or to 

act as urban solar farms. 

The PV factor requires the 

inclusion of a PV system to cover 

the estimated base level of 

lighting and appliance energy 

consumption applicable to all 

intended uses.

The base level of the PV factor aligns with 

the goals of distribution network service 

providers (DNSPs) Citipower and Jemena 

to minimise export of electricity back to 

the grid.  

The base level of PV factor ensures all 

tenants are introduced to the operation 

and financial benefits of a solar PV 

system. 

The base level of PV factor does not 

preclude Council’s planning department 

from requiring a larger solar PV installation 

where the specific use of a building is 

known. 

Often the future use and likely energy consumption within these buildings are not known 

at the time of the new building development application.  

However, there is a wider range of energy use profiles for industrial warehouse buildings 

than for residential developments. Uses range from simple storage spaces with a very 

low level of energy consumption, to retail shops, and higher energy uses such as printing, 

manufacturing, commercial kitchens or cool stores.  

Due to the generally large and readily accessible, clear roof spaces, industrial / 

warehouse buildings are potentially the best placed of the three development types in 

this report, to accommodate sufficient onsite solar PV systems to deliver net zero 

emissions buildings.  
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5.4.1 Development Characteristics 

Industrial / warehouse buildings typically have relatively large flat metal roof areas suitable 

for PV panel installation.  

In most cases, each warehouse will have its own metered three phase electricity supply 

and load centre (switchboard).  

A direct individual network connection to each warehouse is more common although 

embedded networks are feasible where there are sufficient multiple tenancies.  

Most industrial/ warehouse buildings will have an office space component and large open 

plan industrial/ warehouse process or storage space.  

The future use of industrial/ warehouse spaces is not always known at the application for 

planning permit stage. Projected energy consumption would vary very significantly from a 

storage space to a manufacturing site or cool/ refrigerated storage facility.  

A survey of a typical industrial zone street in Coburg North, included a cross section of 

smaller industrial/ warehouse uses:  

• Marble bench top manufacturer

• Mechanic

• Wholesale bakery

• Meat company (direct to the public)

• Funerals

• Appliances repairs

• Auto repairs

• Fruit and vegetable wholesalers

• Renewable energy contractors

• Poultry factory outlet

• Construction fasteners supplier

• Storage

A constant demand for electricity in warehouses is typically lighting and equipment load, 

with lighting in commercial buildings accounting for up to 40% of electricity use,74 and 

potentially up to 80% in unrefrigerated warehouses.75 The advantages of installing solar PV 

systems to warehouses is that these building types typically have large roof areas and a 

daytime demand for electricity.  

5.4.2 Renewable Energy Factors 

The following standard/guidelines intends to tap into the expected constant electricity 

loads of warehouses such as lighting and office equipment to inform the primary metric 

and associated formula.  

74 Energy Rating, ‘Energy Rating - Lighting’, Energy Rating, n.d., 

https://www.energyrating.gov.au/products/lighting. 
75 Supply Chain & Logistics Association of Australia (SCLAA), ‘Factsheet No.2 - Energy Efficiency for 

Warehousing, Refrigerated Stores & Materials Handling’ (Supply Chain & Logistics Association of Australia 

(SCLAA), n.d.), https://sclaa.com.au/energy-efficiency/assets/pdfs/SCLAA_factsheet_No2_2040118.pdf. (page 

3)
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PV Factor Requirements 

See 5.1.2 

5.4.3 Comments on Factors  

The PV factor for industrial/ warehouse developments has been developed with the 

following considerations in mind. 

5.4.3.1 PV factor background and context 

The PV system sizing factor could be linked to roof capacity, with a percentage of the total 

roof area to be filled with PV solar panels. However, this approach does not relate to the 

projected energy consumption within a building. It also runs the risk of low energy use 

storage type warehouses being required to have high numbers of PV panels that routinely 

and un-economically feed excess energy back into the grid while also potentially causing 

grid stability issues for electricity distributors. 

We were unable to estimate the energy consumption 

of industrial/ warehouse buildings as we were not able 

to source any published energy density rates (i.e. 

energy consumption by building type per m2) that 

cover industrial/ warehouse buildings. This is perhaps 

not surprising because the large range of energy 

consumption levels that would occur with the wide 

range of uses of this type of building.  

(While the NABERS requirement has built benchmark 

energy consumption data for offices, shopping 

centres, data centres, hotels and the common area of 

apartment buildings, there is no NABERS framework for 

industrial/ warehouse buildings. Similarly, the Baseline 

Energy Consumption and Greenhouse Gas Emissions in 

Commercial Buildings in Australia report November 

2012 only covers offices, hotels, retail buildings, 

hospitals, schools, tertiary education buildings and 

public buildings).   

Consideration of the expected energy use of the 

space can be problematic at the urban planning 

stage, as these developments are often speculative 

developments, with the final use of the space not 

known until after the urban planning phase of 

development.  

To relate the installation size back to a potential base 

electricity consumption, without automatically exporting power back to the grid, a PV 

factor that considers a minimum energy consumption level for all industrial/ warehouse 

developments is proposed based on expected constant electricity loads of lighting and 

office equipment.  

Due to the range of uses 

possible within industrial/ 

warehouse buildings, 

often unknown at the 

time of application for a 

planning permit, the 

recommended PV factor 

is based on estimated 

minimum energy 

consumption uses 

common to most 

developments i.e. lighting 

and office electricity 

consumption. 

This is aimed at ensuring 

all industrial / warehouse 

developments will be 

able to use their 

electricity on site.  
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5.4.3.2 Support for onsite power and not over specifying power generation when end uses are 

not known 

A key feature of establishing this factor was to ensure most electricity generated onsite 

could be used on site and not generate grid stability issues by excessive feedback into the 

grid (an issue commonly raised by Distribution Network Service Providers (DNSPs)). Hence 

the factor is not as demanding on the size of PV installations as it could be.  

Feedback from Daniel Bye - Head of Customer Connections & Requests Strategy & 

Customer Group Citipower and Powercor confirmed their support for the PV factor and 

their concern with excessive onsite generation and export back to the grid.  

“This is an amazing step forward. This document clearly outlines the requirements for 

the developers. 

I also like the comment the system should be designed to maximise use of on-site 

generated electricity consumption (i.e. not exported out to the grid).  

We are having real troubles at the moment as we are unable to allow a lot of 

customers to export into the grid. We will allow the connection but will limit the 

export back into the network”. 

5.4.3.3 PV factor calculation detail 

To calculate a consistent electricity use for warehouses at an urban planning stage is a 

challenge as it is often unknown what the end use of the tenancy will be. Uses of 

warehouses can range from an office and storage facilities, to more energy intensive 

fabrication and factory operations. In order to inform the standard/ factor, a consistent 

approach for electricity demand in the form of computers in offices, and lighting across 

offices and warehouses has been assumed.  

The PV factor size for warehouses is informed by the following formula (detailed formula). 

This formula inputs the: 

• office area multiplied by the standard maximum lighting illumination density for

offices, plus

• the warehouse area multiplied by the standard maximum lighting illumination

density for warehouses plus

• the average computer power consumption per person based on the actual office

area.

This figure is extended out to get annual kWh energy consumption for an operating 

warehouse then converted to the required kW panel size.   

𝑆𝑜𝑙𝑎𝑟 𝑃𝑉 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠𝑖𝑧𝑒 (𝑘𝑊)

= (
0.001 [(𝐴𝑂  × 4.5) + (𝐴𝑊𝐻 × 4) + (90 ×

𝐴𝑂
10)] × ℎ𝑜𝑢𝑟𝑠 × 𝑑𝑎𝑦𝑠 × 𝑤𝑒𝑒𝑘𝑠

3.6 × 365
) 

This formula takes into account the following variables:  

• AO = office area

• AWH = warehouse area (including mezzanine and other floors)
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• 4.5 = Maximum illumination power density for offices per NCC 2019 Volume 1 (Table

J6.2a) (W/m2)

• 4 = Maximum illumination power density for wholesale storage areas per NCC 2019

Volume 1 (Table J6.2a) (W/m2)

• 90 = the average amount of power (W) used for a desktop computer.76

• 10 = square meters to be provided per person (m2/person) for an office space, per

NCC 2019 Volume 1 (table D1.13). This represents the maximum number of

occupants within the office space.

• 3.6 = the amount of electricity (kWh) generated in Melbourne per 1 kW solar PV

installed, per day, averaged over the year.

• Hours, days and weeks should be input per the expected operational times of the

building (eg. 8 hours a day, 5 days a week, 52 weeks a year etc.).

While this formula would be a good standard basis for 

calculating the required solar PV system size it was 

requested by the Moreland stakeholder group for the 

formula to be simplified, if possible, to expedite the 

planning process. Multiple factors were trialled and the 

following simplified factor was settled on as providing a 

similar outcome to the more detailed formula:  

Per warehouse tenancy, install a minimum 1.5kW 

solar PV system. For every complete 150 m2 of 

gross floor area (GFA), an additional 1 kW of solar 

PV capacity is required. 

For an explanation on how the detailed formula was distilled to the simpler PV factor for 

industrial/ warehouse buildings has been included in Appendix 17.  

5.4.3.4 The PV factor is conservative but justifiable 

Note that by referring to the NCC 2019 BCA for guidance on room occupancy density and 

lighting maximum illumination power density, both the detailed formula and simplified 

factor are estimating the upper lighting energy consumption limits allowable for a typical 

office and storage warehouse building use. However, fridges, and more occasional use 

appliances such as reverse cycle air-conditioners, ovens, sandwich makers, printers and 

other miscellaneous energy consumption sources are not accounted for in the factor. It is 

most likely a conservative estimate of typical base 

energy consumption in warehouse developments.  

In addition, the estimates are to cover base 

electricity use in simple storage type warehouse 

developments and is almost certainly a lower base 

level than would be used in many of the other uses 

that are common for this type of development (see 

examples from Coburg North in Section 5.4.1 of this 

report). 

76 Jack Brown, ‘Home Entertainment and Office Equipment’, YourHome, 2013, 

https://www.yourhome.gov.au/energy/home-entertainment-and-office-equipment. 

The industrial / 

warehouse PV factor 

has been developed 

to be simple to apply 

and can be estimated 

easily by all 

developers.  

The PV factor is 

conservative. Daytime 

energy use is expected 

to be greater and 100% 

of power is expected to 

be used on site 
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Short of knowing what or who may occupy the warehouse tenancy at the urban planning 

stage, it is difficult to formulate a standard or factor beyond the information on hand and 

provided by industry resources, such as the NCC BCA.  

5.4.3.5 Install a system on each development to introduce tenants to its value (familiarity) 

The value of requiring a minimum PV system to be installed during construction as a 

condition of the planning permit, is it provides an introduction to the technology – its 

electricity generation levels and economic benefits.  Along with required metering, having 

PV systems installed from the start of the operation of every new industrial/ warehouse 

space ensures every factory tenant will become aware of the reduced mains power 

consumption benefits of rooftop PV electric panels. This introduction to PV electric panels 

and hands on experience with renewable energy will be expected to make more tenants 

inclined to upgrade to higher levels of PV if electricity use patterns and paybacks also 

support this position.  

5.4.3.6 All roofs designed and constructed to be able 

to accommodate potential future full PV panel 

coverage  

As stated in this report, the PV factor is conservative. 

Many uses within this industrial / warehouse building 

type will consume more electricity during the day 

than is generated by the PV panels that are 

required to be installed. For this reason, where the 

mandated introduction to PV technology increases 

a tenant’s interest in enlarging solar PV systems, to 

remove impediments to greater PV uptake, all roofs 

should be designed to be able to accommodate 

solar PV systems over 100% of the roof space.  

The loading required to design for PV panels on roof space is minimal. A minimum 

superimposed dead load of 15 kg/m2 (0.15 kPa) is required to accommodate PV panels on 

flat roofs.77 This loading would be expected to have a minimal impact on roof member 

sizing.78 In addition, the value in future proofing a roof to accommodate PV panels is much 

less expensive if incurred at the initial roof construction stage compared to retrofitting.79 

While the concern of DNSPs about excess power being fed back into the mains grid has 

been addressed in this document, this additional requirement for roofs to have the 

capacity to accept 100% coverage of PV electric systems ensures the potential 

opportunities expressed by many stakeholders in the power industry of being able to utilise 

large industrial/ warehouse rooftops as sites for large urban power installations that can act 

as localised power plants are still a possibility and not lost. Over time, as the grid stability 

issue is resolved, the value of these roof spaces as localised urban power plants will 

become unlocked.  

77 Foo et al., ‘Distributed Energy Resources (DER) in the NCC’. 
78 Bell, Typical PV system installations on roofs. 
79 Foo et al., ‘Distributed Energy Resources (DER) in the NCC’. (page 3) 

All roofs will be required to 

be designed to 

accommodate PV 

installation over 100% of the 

roof. This is to support future 

expansion of solar PV 

systems where higher 

energy consumption levels 

exist or where potential for 

large scale grid export is 

viable.  
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Further investigation or clarity on ways to resolve this issue would unlock the potential of 

these large expanses of rooftop.  

5.4.3.7 Council Urban Planning may require greater levels of PV where specific uses of buildings 

are known 

It was discussed during a Moreland stakeholder consultation that Moreland’s planning 

department may require greater levels of PV where specific uses of buildings are known 

and daytime electricity consumption would support additional electricity generation from 

rooftop PV solar panels. This PV factor is not intended to restrict this requirement for 

additional capacity in any way.   

5.4.3.8 Installation during construction vs retrofitting 

There would be benefits of having new load centres 

(switchboards) within individual units of industrial/ 

warehouse developments designed to 

accommodate PV electric panel systems at the 

time of their installation. While most new industrial/ 

warehouse unit load centres should be designed for 

the additional circuit capacity, they might not 

always be and switchboard replacements might be 

required in these instances.  

Cost efficiencies in bulk buying and installation (as 

compared to individual warehouse owners 

purchasing and installing their own PV systems) would also be available with developments 

that involve multiple industrial/ warehouses tenancies 

5.4.4 Costs 

The following sub-sections describe the cost of PV solar electric panels as a proportion of 

the total project construction cost (excluding land purchase and finance). Background 

workings can be found in Appendix 10.  

5.4.4.1 Costs of PV solar installations as a proportion of construction cost 

The costs to install PV panels per the PV factor requirements on industrial/ warehouse 

developments are small. 

As described in the medium density development costs Section 5.2.4 of this report cost 

planners PlanCost have provided a cost range of $1,000 - $1,500 per kW of PV panels 

installed (price includes panels, inverter and installation). For smaller industrial installations, 

similar to which are similar to domestic installations, a cost rate of $1,250 per kW has been 

utilised. For larger industrial installations that are bigger than domestic installations a cost 

rate of $1,000 per kW has been utilised, which recognises cost reductions due to the 

volume and good clear access, with the expectation that better quality components will 

be purchased.   

Based on industrial/ warehouse total construction and PV factor PV system requirements 

detailed in Appendix 107, the cost of PV factor required PV installations as a proportion of 

total construction cost equates to 0.4 – 0.7%. 

Installing scalable PV 

electric panel systems at 

the time of construction will 

reduce costs from 

upgrading infrastructure to 

accommodate retrofitted 

PV systems.  
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5.4.4.2 Cost to ensure structures can accommodate full PV capacity 

A minimum superimposed dead load structural allowance of 15 kg/m2 (0.15 kPa) to 

accommodate future solar PV on 100% of roof space for all new warehouses in all climate 

zones. The cost assessment in Foo et al. (2020)'s recommendation to the ABCB for these 

works are considered: high cost to retrofit, low cost to include in new builds and high 

benefit – equal highest priority of actions identified in the report.80  

(Costs from a range of low, medium or high – low being insignificant with respect to the 

overall build and design cost, medium being up to 10% additional costs and high being 

more than 10% additional costs; Benefits from a range of low, medium or high -low being 

nice to have, medium being will assist with the uptake of new PV technology, and high 

being necessary to facilitate the uptake of this technology, and will inhibit the uptake of 

this technology if not adopted). 

In both case studies the cost of PV system installations is not significant in the total scheme 

of expenses (within the range of 0.4 – 0.65% of total costs).   

Expectations are that developments with substantial PV 

solar panels included would also be able to be 

marketed with the added advantage of operational 

electricity costs. Developers would be expected to see 

a return on their initial investment.  

Developments, where embedded networks are 

incorporated, might also be in a position to have 

embedded network managers fund the installation of 

the panels as part of their contract. This shifts the upfront 

cost of the system away from developers and onto 

embedded network providers. Note that this typically 

means the embedded network provider becomes the 

owner of the solar PV system and will resell any 

generated electricity to the occupants at the agreed 

upon rate. It can be arranged that the solar PV system 

ownership is given back to the property owners once 

the solar PV installation cost has been paid back 

(typically 4-5 years). 

80 Foo et al. 

The costs of PV system 

installations due to the 

PV factor are not 

considered significant 

as a proportion of total 

construction costs.  

Developers would be 

expected to re-coup 

these costs whether 

from purchasers or 

other avenues. 
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6 Grants 
As mentioned in Section 4, the uptake of solar PV technology has traditionally been driven 

through government policy in Australia and overseas.  

The following represents current solar PV grants in Australia. Such grants may be accessed 

to support the adoption of the PV factors developed in this report.   

Table 27  Summary of solar PV related grants available across Australia 

State Program Overview 

VIC Solar Homes Program The Solar Homes Program offers up to 1,000 rebates per year of up to 

$4,838 for a solar-battery system in 2019-20. 

Solar PV panel rebate81 From 1st January 2020, rebates for rooftop panels will be $1,850. 

Interest free loans of up to $1,850 are also available. Eligibility criteria 

applies. The program has recently been expanded to cover rental 

properties as well as owner occupier properties.  

Solar Hot Water Rebate82 The Victorian government offers a rebate of up to $1,000 for 

installing a solar hot water system at your property. This could be a 

good option if you already have solar panels and/or aren't eligible 

for the solar panel rebate (as you can only apply for one of these 

rebates for your home). 

Moreland ‘Solar on 

Leased Facilities’ 

Program83 

Council facilities that are leased to community groups can install 

solar PV at no upfront cost via Council’s Solar on Leased Facilities’ 

program.  

ACT Solar battery storage 

discount84  

The current rebate is $825 per kilowatt (kW) up to a maximum of 

30kW. A typical household system of 5 kW would be eligible for 

about $4,000 in financial support. 

Solar for Low Income 

Program85 

Available to homeowners who hold an Australian Government 

Pensioner Concession Card and do not currently have rooftop solar 

PV installed. If you meet the eligibility requirements, a subsidy of up 

to 50% of the total cost of a solar system is available. A three-year 

interest-free loan is also available to assist with paying off the 

remainder of costs. 

QLD Interest-free loans and 

grants86 

Interest-free loans and grants for solar panel installation and storage. 

There are one of three packages available: loans for solar, loans 

and grants for battery storage or loans and grants for combined 

solar and battery storage. The value of this incentive varies but 

applicants can receive up to $10,000 for a combined solar and 

battery storage system for homes. 

81 Department of Industry, Science, Energy and Resources, ‘Rebates and Assistance - Solar PV Panel Rebate’, 

Energy.gov, 2020, https://www.energy.gov.au/rebates/solar-pv-panel-rebate; Solar Victoria, ‘Solar Panel (PV) 

Rebate’, Solar Victoria, 21 October 2020, http://www.solar.vic.gov.au/solar-panel-rebate; Solar Victoria, ‘Solar 

Rebates for Rental Properties’, Solar Victoria, 24 September 2020, http://www.solar.vic.gov.au/rentals.. 
82 Solar Victoria, ‘Solar Hot Water Rebate’, Solar Victoria, 25 September 2020, http://www.solar.vic.gov.au/solar-

hot-water-rebate. 
83 Moreland City Council, ‘Zero Carbon Moreland - Climate Emergency Action Plan 2020/21-2024/25’. (p. 13)  
84 Department of Industry, Science, Energy and Resources, ‘Rebates and Assistance - Solar Battery Storage 

Discount’, Energy.gov, 2020, https://www.energy.gov.au/rebates/solar-battery-storage-discount. 
85 Amy Bradney-George, ‘Solar Rebates in Australia’, Finder, 23 September 2020, 

https://www.finder.com.au/solar-rebates-in-australia. 
86 Bradney-George. 
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NSW Free solar PV for low 

income households87 

The Solar for Low Income Households Trial assists eligible low income 

New South Wales households with the installation of a free 3 kW solar 

PV system. This a trial and only available for up to 3,000 households.   

SA Solar home battery 

assistance88 

Assists households to access state government subsidies and loans of 

up to $3,000 to pay for the installation of home battery systems. 

87 Department of Industry, Science, Energy and Resources, ‘Rebates and Assistance - Free Solar PV for Low 

Income Households’, Energy.gov, 2020, https://www.energy.gov.au/rebates/free-solar-pv-low-income-

households. 
88 Department of Industry, Science, Energy and Resources, ‘Rebates and Assistance - Solar Home Battery 

Assistance’, Energy.gov, 2020, https://www.energy.gov.au/rebates/solar-home-battery-assistance. 
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7 Next Steps 
The following should be considered when developing measures to enhance the uptake of 

PV electric panel systems within the City of Moreland. 

1. Implementation of the PV factor recommendations identified in this report within the

Moreland Planning Scheme.

2. Providing educational material to developers - Supporting developers with

education to increase awareness of new technologies (such as those discussed in

Section 3 of this report) that present opportunities to maximise the benefits of the

requirements recommended in this report.

3. PV factor review to check quality of installed panels - A potential downside of the PV

factor requirement is that it may lead to developers installing the cheap and poor-

quality PV panel systems. It is recommended that through Council’s pro-active

enforcement and compliance regime a review should be undertaken to confirm

there are no issues with developers installing poor quality systems that do not work.

4. Impacting Owners Corporation rules - Where Council has opportunities to impact on

Owners Corporation rules at the establishment of the Owners Corporation (which

occurs on settlement of the first apartment), Council should seek to ensure PV

management frameworks and rules are included in the OC rules.

5. Incentives and Grants - Incentives and Grants are an option to improve the uptake

of PV. Examples are provided within Section 6 of this report.
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Appendix 1 Medium density case study 

roof plans 
The case studies in this appendix were provided by Moreland City Council (and other 

councils where relevant) to enable a study of the capacity of rooftops to accommodate 

PV panels.  

Note that following mark ups are not to scale. 

1. Downs St Pascoe Vale
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2. Hope Street Brunswick
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3. Pascoe Vale Road Oak Park
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4. Leighton Crescent Fawkner
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5. Stuart St Noble Park

6. Albert St Brunswick
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Appendix 2 Apartment case study roof 

plans  
The case studies in this appendix were provided by Moreland City Council (and other 

councils where relevant) to enable a study of the capacity of rooftops to accommodate 

PV panels. Where renders or 3D views are available, these have also been included to 

better illustrate the scale and design of the building.  

Note that following mark ups are not to scale. 

7. Nicholson St, Brunswick East
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8. Sydney Road, Coburg North

9. John St, Brunswick East
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10. John St, Brunswick East

11. Sydney Rd, Brunswick
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12. Sydney Rd, Brunswick
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13. Westgarth St, Fitzroy
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14. Brunswick Rd, Brunswick
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15. Nicholson St Brunswick
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16. Duckett St Brunswick
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17. Duckett St Brunswick
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18. Duckett St Brunswick
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19. Duckett St Brunswick
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20. Snell Grove Oak Park
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21. Sydney Rd Brunswick
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22. Scott St Dandenong
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23. Olive York Way Brunswick West
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Appendix 3 Industrial/ Warehouse case 

study roof plans 
The case studies in this appendix were provided by Moreland City Council (and other 

councils where relevant) to enable a study of the capacity of rooftops to accommodate 

PV panels. 

24. Joyce Crt, Coburg North
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25. Dawsons St, Coburg North
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26. Babbage Dr, Dandenong South
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Appendix 4 Estimated energy use & PV 

by dwelling size and star rating  
Sustainability Victoria is currently developing a tool to calculate the energy consumption of 

a home’s fixed appliances as part of the Zero Net Carbon Homes pilot program. The tool 

has not yet been released. In lieu of this the energy use for different size all electric 

dwellings in both NatHERS (energy rating) climate zones that apply within Moreland i.e. 

zone 21 and 60 have been estimated. Details are included in the following tables.  

Table 28  Total PV installation sizes to offset all electric dwellings energy consumption (Climate Zone 21) 

Brunswick NatHERS Climate zone 21 energy use and required PV 

offset capacities 

Totals for dwelling size for different 

energy ratings – generally kWh 

6 stars 7 stars 8 stars 

Energy use MJ per m2 per annum–Brunswick–NatHERS climate zone 

21  
114 83 54 

Energy use kWh per m2 per annum–Brunswick-NatHERS climate zone 

21 
31.7 23.1 15 

80m2 dwelling (conditioned space) 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

2,536 1,848 1,200 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

725 528 343 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for small dwelling.  

1000 1,000 1,000 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

3614 3614 3614 

Estimated total annual electricity consumption (kWh) 5,338 5,142 3,956 

Estimated total daily electricity consumption (kWh) 14.6 14.1 10.8 

PV system to offset total energy load kW (for net zero emissions) 4.1 3.9 3.0 

120m2 dwelling 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

3,804 2,772 1,800 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

1087 792 514 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for small-medium 

dwelling.  

1250 1,250 1250 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

3,745 3,745 3,745 

Estimated total annual electricity consumption (kWh) 6,082 5,787 5,509 

Estimated total daily electricity consumption (kWh) 16.7 15.9 15.1 

PV system to offset total energy load kW (for net zero emissions) 4.6 4.4 4.2 
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155m2 dwelling - Moreland case study average conditioned area ie 

excl garage/carport 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

4,914 3,581 2,325 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

1404 1023 664 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for larger dwelling. 

1500 1,500 1500 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

4,161 4,161 4,161 

Estimated total annual electricity consumption (kWh) 7,065 6,684 6,325 

Estimated total daily electricity consumption (kWh) 19.4 18.3 17.3 

PV system to offset total energy load kW (for net zero emissions) 5.4 5.1 4.8 

200m2 dwelling 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

6,340 4,620 3,000 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

1811 1320 857 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for larger dwelling. 

1667 1,667 1667 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

4,490 4,490 4,490 

Estimated total annual electricity consumption (kWh) 7,968 7,477 7,014 

Estimated total daily electricity consumption (kWh) 21.8 20.5 19.2 

PV system to offset total energy load kW (for net zero emissions) 6.1 5.7 5.3 

250m2 dwelling 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

7,925 5,775 3,750 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

2264 1650 1071 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for larger dwelling. 

1667 1,667 1667 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

4,818 4,818 4,818 

Estimated total annual electricity consumption (kWh) 8,749 8,135 7,556 

Estimated total daily electricity consumption (kWh) 24.0 22.3 20.7 

PV system to offset total energy load kW (for net zero emissions) 6.7 6.2 5.8 
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Table 29  Total PV installation sizes to offset all electric dwellings energy consumption (Climate Zone 60) 

Fawkner NatHERS Climate zone 60 energy use and required PV offset 

capacities 

Totals for dwelling size for different 

energy ratings 

6 stars 7 stars 8 stars 

Energy use MJ per m2 per annum – Fawkner – NatHERS climate zone 

60 
138 100 64 

Energy use kWh per m2 per annum – Fawkner – NatHERS climate 

zone 60 
38.3 27.8 17.8 

80m2 dwelling 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

3,064 2,224 1,424 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

875 635 407 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for small dwelling.  

1000 1,000 1,000 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

3614 3614 3614 

Estimated total annual electricity consumption (kWh) 5,489 5,249 4,020 

Estimated total daily electricity consumption (kWh) 15.0 14.4 11.0 

PV system to offset total energy load kW (for net zero emissions) 4.2 4.0 3.1 

120m2 dwelling 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

4,596 3,336 2,136 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

1313 953 610 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for small-medium 

dwelling.  

1250 1,250 1250 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

3,745 3,745 3,745 

Estimated total annual electricity consumption (kWh) 6,308 5,948 5,605 

Estimated total daily electricity consumption (kWh) 17.3 16.3 15.4 

PV system to offset total energy load kW (for net zero emissions) 4.8 4.5 4.3 

155m2 dwelling - Moreland case study average conditioned area ie 

excl garage/carport 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

5,937 4,309 2,759 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

1696 1231 788 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for larger dwelling. 

1500 1,500 1500 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

4,161 4,161 4,161 

Estimated total annual electricity consumption (kWh) 7,357 6,892 6,449 

Estimated total daily electricity consumption (kWh) 20.2 18.9 17.7 

PV system to offset total energy load kW (for net zero emissions) 5.6 5.2 4.9 
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200m2 dwelling 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

7,660 5,560 3,560 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

2189 1589 1017 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for larger dwelling. 

1667 1,667 1667 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

4,490 4,490 4,490 

Estimated total annual electricity consumption (kWh) 8,346 7,746 7,174 

Estimated total daily electricity consumption (kWh) 22.9 21.2 19.7 

PV system to offset total energy load kW (for net zero emissions) 6.4 5.9 5.5 

250m2 dwelling 

250m2 dwelling 

Space heating/cooling total annual electricity use based on 

NatHERS rating - converted to kWh 

9,575 6,950 4,450 

Space heating/cooling total annual electricity use (kWh) reduction 

in annual electricity load due to the improved Co-efficient of 

Performance/Energy Efficiency Ratio from heat pump space 

heaters/reverse cycle air-conditioners. COP/EER of 3.5 assumed for 

all reverse cycle units.  

2736 1986 1271 

Hot water heat pumps annual electricity use (kWh) – estimate based 

on heat pump use from Table 5. Use assumed for larger dwelling. 

1667 1,667 1667 

Estimated energy consumption excluding heating and cooling (kWh) 

– from details below

4,818 4,818 4,818 

Estimated total annual electricity consumption (kWh) 9,221 8,471 7,756 

Estimated total daily electricity consumption (kWh) 25.3 23.2 21.3 

PV system to offset total energy load kW (for net zero emissions) 7.0 6.4 5.9 

The following table represents the basis for dwelling energy consumption calculations used 

above.  

Table 30  Assumptions behind energy consumption figures 

The average Australian home size is 186.3 m2 (from the CommSec Economic 

Insights Australian home size summary November 2019).  

The average Melbourne home uses 4380 kWh per year, equivalent to 12 kWh 

per day excluding gas for heating, hot water and cooking per the DHHS 

Victorian Utility Household Consumption survey 2015. Note the Victorian 

Energy Usage Profiles report 2019 by Acil Allen states in Table 3.5 that the 

average annual energy consumption for dwellings with mains gas is 4432 kWh 

per year. 89 These annual electricity consumption figures in dual fuel dwellings 

are very similar.  

Cooling is included in this 12 kWh figure as cooling is generally supplied by 

electricity (fans, reverse cycle AC units or evaporative cooling). Cooktop 

cooking is not included as in 88% of Melbourne homes this would be 

undertaken partially by gas, but it is assumed that both of these energy 

consumptions offset each other in Melbourne. This is based on the graph in 

Adjusted 

daily kWh 

based on 

floor areas 

Annual elec 

kWh 

consumption 

89 Acil Allen Consulting Pty Ltd, ‘Report to Essential Services Commission - Victoria Energy Usage Profiles: Profile 

Calculation Methodology and Results’, 1 March 2019. 
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Section 3.3.2 showing 3% of the energy consumed by Victorian dwellings is for 

cooking (cooktop, oven, microwave, other) and also the Renew article 

“Unravelling home energy use across Australia”90 which suggests only 3% of 

energy use is for cooling in Victoria.  

Approximate adjustments 5% every 30m2 

80m2 - less 17.5% 9.9 3614 

120m2 - less 10% 10.26 3745 

155m2 - less 5% 11.4 4161 

186.3m2 - per above 12.0 4380 

200m2 - plus 2.5% 12.3 4490 

250m2 - plus 10% 13.2 4818 

Figure 18  Table from Renew article “Unravelling home energy use across Australia” 

90 Ryan and Pears, ‘Unravelling Home Energy Use across Australia - Renew’. 
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Appendix 5 Background - Renewable 

energy  
There are multiple types of renewable energy in Australia: solar, wind, hydro, geothermal, 

bioenergy and wave generated energy.91 Of these, solar energy is the most appropriate 

and applicable at a building scale.  

There are two main forms of solar energy, solar photovoltaic (PV) and solar thermal. Both 

capture energy during daylight hours and convert this to electricity or thermal energy most 

effectively when the sun is shining.  

Solar PV converts sunlight into Direct Current (DC) electricity. A solar inverter then converts 

this into Alternating Current (AC) electricity which can be used in household appliances at 

the time of generation.92 

Solar thermal converts sunlight into thermal energy(heat), and is often used to produce hot 

water. Solar hot water systems typically require a booster system to ensure the hot water 

reaches the required temperature or an adequate supply of hot water is supplied to 

occupants when weather conditions are unfavourable, such as during overcast skies.93 The 

solar thermal component effectively preheats the water, with the remainder of the heat 

generated by the gas or electricity booster heater. Where this boosting is via electricity it is 

boosted by resistance heating, not more efficient air-source heat pumps. In summer when 

there is plenty of energy to heat the water, there may be no requirement for a booster. In 

winter or during overcast skies the booster will be required more.  

The key advantage of solar PV systems over solar 

thermal is the flexibility to use the generated electricity 

for multiple requirements including heating, hot water 

generation, supporting direct wired and plug load 

computers and appliances. Solar thermal systems are 

typically limited to heating hot water only.  

At present, solar PV systems are primarily made up of 

rooftop solar or solar farms using poly or mono 

crystalline Photo Voltaic (PV) panels. Building 

integrated PV (BIPV) wall panels using thin film 

Amorphous Silicon PV panels solutions (or alternatives) 

might one day significantly augment rooftop solar PV 

panels however earlier investigations for this report suggest BIPV has not progressed as fast 

as hoped and is currently not a commonly integrated renewables solution for many 

buildings.  

91 Clean Energy Council, ‘Clean Energy Australia 2020 - Factsheet’, 8 April 2020, 

https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-

australia-report-2020-fact-sheet.pdf. 
92 Australian Renewable Energy Agency (ARENA), ‘Solar Energy’, Australian Renewable Energy Agency, 4 

September 2020, https://arena.gov.au/renewable-energy/solar/. 
93 Chris Riedy and Geoff Milne, ‘Hot Water Service’, YourHome: Australia’s guide to environmentally sustainable 

homes, 2013, https://www.yourhome.gov.au/energy/hot-water-service. 

The key advantage of solar 

PV systems over solar 

thermal is the flexibility to use 

the generated electricity for 

multiple requirements. Solar 

thermal systems are typically 

limited to heating hot water 

only. 
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The discussion in Section 3.3 Net Zero Emissions confirms the importance of zero carbon 

emission renewable energy sources to provide the energy required for reduced energy 

consuming buildings. Offsite renewable energy sources are large solar sites or wind farms 

that generate electricity that is fed into the grid and can be purchased in a wide number 

of arrangements. The preference stated for maximising onsite renewable electricity 

generation, from a building owners’ point of view, is a financial preference. Once the 

onsite solar PV installation is paid off, the electricity generated can be free from that point 

onwards.  

In addition to the financial benefits of onsite consumption of onsite generated electricity 

from solar panels, distribution network supply providers (DNSPs) prefer onsite consumption 

to reduce the incidence of grid instability issues that occur when too much solar is exported 

back into the grid.94 However, the Australian Energy Market Operator (AEMO) is planning 

for this increased export to the grid.  

The forecast by Energeia of the National Electricity Market’s (NEM) annual solar PV 

generation,95 EV consumption and net consumption impact by year for the Neutral 26% 

scenario (i.e. no government intervention and policy changes) is displayed below and 

shows a continual and very significant increase in the generation of PV solar generated 

electricity. The graph also forecasts an increase in electricity consumed by electric vehicles 

(EVs) with the results still showing significant excess generation produced by solar PV 

systems to be used either by the customer or exported to the grid.96  

Figure 19  Solar PV Generation, EV Consumption and Net Grid Impact by Year (NEM; Neutral 26% Scenario) 

94 Daniel Bye, ‘Moreland Council PV Solar Panels Policy - Draft’, 29 July 2020. 
95 Energeia Pty Ltd, ‘Distributed Energy Resources and Electric Vehicle Forecasts - Prepared for AEMO’ (Energeia 

Pty Ltd, 13 June 2019). 
96 Energeia Pty Ltd. 
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Overall, the forecast sees the net load to be served by the NEM network falling overall on a 

per customer basis due to the impact of solar PV, while also becoming significantly lower in 

the middle of the day, with the daily peak period shifting into the evening period. 

Wind energy is generated by a turbine that spins an electric generator, producing 

electricity. Wind energy can be captured and converted 24 hours of the day, based on 

when there is wind. However, generation of electricity from wind can be compromised by 

surround structures and buildings, creating turbulence, and is often the less favoured system 

for installation to buildings, compared to solar energy systems.97 Thus, wind energy is 

generally generated in wind farms and the energy distributed in the electricity grid, 

although is a suitable energy source for providing substantial component of night time 

power needs.  

97 Geoff Stapleton and Geoff Milne, ‘Wind Systems’, YourHome: Australia’s guide to environmentally sustainable 

homes, 2013, https://www.yourhome.gov.au/energy/wind-systems. 
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Appendix 6 Background - Hot water heat 

pumps  
The importance of hot water generation to PV electric panels is that hot water can be 

generated during the day from the electricity generated by PV panels and stored in 

insulated tanks for use throughout the day or night. Storage hot water systems are 

effectively a battery allowing the energy from PV panels to be used after the sun has gone 

down.  

In addition, with water heating the second largest consumer of household energy use, 

energy efficient electric systems such as heat pumps, coupled with renewable zero carbon 

energy is a key strategy towards achieving zero net carbon emissions by 2040, per the 

Moreland City Council Plan.98  

As gas is a fossil fuel and represents a very significant portion of the energy consumed for 

hot water purposes,99 Moreland is encouraging new developments to transition away from 

gas services towards efficient electricity powered units as these align with Council’s goals 

of reducing emissions and ensuring developments have the infrastructure to become zero 

net carbon emissions developments.  

Storage electric resistance hot water units have been common Australia wide, particularly 

when gas was not available or connected. However, this inefficient resistance heating 

technology has been replaced by a much more energy efficient air-source heat pump 

technology.   

A heat pump works by extracting heat from the surrounding environment using a 

refrigerant that is compressed by electricity.100 An air-source heat pump extracts heat from 

the air. When the refrigerant is compressed, heat is expelled which is then used to heat 

water. The heated water is then stored in a storage tank for use by occupants as required, 

and the refrigerant is expanded. The cycle then repeats to continue to heat the water. A 

heat pump system is two-three times more efficient that a conventional electric resistance 

hot water system ie it operates on about half to one third of the electricity.101 Heat pump 

systems with a higher number of STCs (Small Technology Certificates) are more efficient.  

It is also better to select a heat pump that uses CO2 with a global warming potential (GWP) 

of 1 as the refrigerant or propane with a global warming potential of 3.3102 rather than the 

other refrigerants with much higher GWP than even methane e.g. R32 which has a GWP of 

675.103 The significance of the global warming potential of a refrigerant is if it is released into 

98 Moreland City Council, ‘Moreland City Council - Council Plan 2017-2021’. 
99 Ryan and Pears, ‘Unravelling Home Energy Use across Australia - Renew’. 
100 Sustainability Victoria, ‘Heat-Pump Water Heaters’, Sustainability Victoria (Sustainability Victoria, n.d.), 

https://www.sustainability.vic.gov.au/You-and-your-home/Save-energy/Hot-water/Choose-a-hot-water-

system/Heat-pump-water-heaters; Riedy and Milne, ‘Hot Water Service’. 
101 Energy.gov, ‘Heat Pump Water Heaters’, Energy Saver, n.d., https://www.energy.gov/energysaver/water-

heating/heat-pump-water-heaters. 
102 Walid Chakroun, ‘Low-GWP Alternatives in Commercial Refrigeration: Propane, CO2 and HFO Case Studies’ 

(United Nations Environment Programme, 2014), 

https://ccacoalition.org/en/file/918/download?token=x4NvpkHn. 
103 Daikin, ‘R-32 Is a next Generation Refrigerant That Efficiently Carries Heat and Has Lower Environmental 

Impact.’, Daikin Global, 2020, https://www.daikin.com/corporate/why_daikin/benefits/r-32/. 
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the atmosphere during use or end of life disposal which is not uncommon, high GWP gases 

immediately impact global warming. Due to the millions of air-conditioning heat pump 

units around the world, the leakage of refrigerants with high GWP is seen as the greatest 

emissions threat that can be an opportunity to reduce greenhouse gas emissions.104  

Heat pumps are preferable to electric boosted solar thermal hot water units as when there 

is no sun the efficient air-source heat pump still draws heat from the air to operate. When 

there is no sun the solar thermal evacuated tubes or flat plate do not warm up, so the hot 

water must be heated by the booster using the less efficient resistive (hot electric wire 

similar to a radiator) method.  

By coupling the efficient heat pump hot water system with solar PV, the heat pump not 

only uses the onsite PV generated renewable zero emissions power for hot water 

generation, it also reduces reliance on mains electricity.  

104 Paul Hawken, Drawdown: The Most Comprehensive Plan Ever Proposed to Roll Back Global Warming, 1st ed. 

(Penguin Books Ltd, 2017). 
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Appendix 7 Background - Batteries, 

Electric Vehicles, Grid stability and PV 
In addition to storage hot water services, other potential daytime energy uses such as 

electric vehicle charging, washing machines and dryers are other examples of loads that 

can utilise PV solar energy generated during the day.  

Where energy generation exceeds consumption on site, then renewable electricity can be 

exported back to the grid to calculate the level of net renewable energy (or net carbon 

emissions) from operations of a building (and potentially vehicle if an electric vehicle is 

included). 

While exporting back to the grid helps increase the renewable energy component of grid 

power and net renewable energy position for a building (percentage of renewables vs 

mains electricity – still predominantly fossil fuel driven in Victoria) there are other 

considerations such as grid stability and financial returns that make batteries an attractive 

option.  

From a grid stability point of view, Distribution Network Service Providers (DNSPs) such as 

Citipower, Powercor, Jemena, United Energy and Ausnet would prefer electricity 

generated to be used on site to not impact on grid stability. The response from 

engagement and sharing the draft requirements of this report with Citi-power and 

Powercor’s Daniel Bye - Head of Customer Connections & Requests, Strategy & Customer 

Group confirm this.105 

“This is an amazing step forward. This document clearly outlines the requirements for 

the developers. 

I also like the comment the system should be designed to maximise use of on-site 

generated electricity consumption (i.e. not exported out to the grid).  

We are having real troubles at the moment as we are unable to allow a lot of 

customers to export into the grid. We will allow the connection but will limit the 

export back into the network”. 

Grid stability issues arise predominantly in summer if too much solar energy is going back 

into the grid. Issues arise when PV panels come online or offline quickly as clouds move 

over the panels and DNSPs need to manage this to ensure sufficient energy across the grid 

to meet demands. 

The financial issues of exporting back to the grid relate to the relatively low financial return 

paid by energy retailers for electricity fed back into the grid, compared to the rate paid for 

purchasing electricity at most times. The residential feed in tariff is generally around $0.11 or 

$0.12 per kWh, while peak purchase electricity rates are $0.24 - $0.31 per kWh. A way to 

minimise the export of electricity back to the grid and to reduce the amount of mains 

electricity purchased is to include batteries in the energy infrastructure mix.  

105 Bye, ‘Moreland Council PV Solar Panels Policy - Draft’, 29 July 2020. 
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While direct electricity trading is currently not 

common between different buildings, and to 

cover times when renewable power is not 

being generated, batteries will be important. 

However, batteries have not been proposed as 

a part of the PV factor requirements for new 

development. This is due to:   

• their current expense (discussed in

Section Error! Reference source not f

ound. of this report);

• the potential for new technologies or

service delivery approaches such as

peer to peer trading to reduce their

importance; or

• electric vehicles to supplant some home batteries by providing significantly greater

storage capacity for no additional cost beyond that of purchasing the electric

vehicle.

Batteries have not been 

proposed as part of the PV factor 

requirements for these new 

developments given separate 

batteries current expense and 

the potential for new 

technologies or service delivery 

approaches or EV batteries to 

reduce their importance. 
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Appendix 8 Background - PVs in 

Apartments and Common Area energy 

consumption 
Where new apartment developments have PV solar, to-date this has commonly been in 

the form of a single common ownership PV system. The electricity generated from this 

system is allocated to power common area energy needs. This is a simple system that 

optimises the payback of the PV installation where the available roof space is small and/or 

daytime common area electricity consumption is large enough to consume all of the 

electricity generated by the PV solar system. This approach provides a shared benefit to all 

owners by reducing common area electricity costs.   

However, where available roof space is larger or common area daytime electricity 

consumption is smaller than the electricity generated by the PV electric system, other 

options could be considered to optimise the value of installing PV systems.  

An option might be for apartment dwellings to install their own PV systems on the rooftop. 

The issue with providing PV solar systems for individual apartments include:  

• the potential limited roof space if all apartments wish to have PV solar installations;

• replication of infrastructure (with each dwelling having its own separate cabling and

inverter, and with their own maintenance requirements); and

• the missed opportunity where residents, if acting as individual dwellings, are unable

to on-sell excess electricity to apartment occupants on site.

Due to the above factors, there has been a lack of PV uptake for individual apartments. 

This has been a missed opportunity as there are numerous advantages providing PV 

electric systems to apartment buildings: 

• Less solar PV is generally required per apartment when compared to standalone

dwellings (On average, apartments use 79% of the electricity per occupant of

detached and semi-detached houses).106

• Apartment loads show more diverse peak times than houses, resulting in greater

benefits from aggregating diverse loads.

• Load profiles often have higher daytime load and are flatter than household

loads.107

• Common area loads can be significant loads (daily demand can vary from 2 to 15

kWh per day per apartment.108

With significant daytime energy loads, there is great potential for significant daytime 

energy use within many apartment developments. This factor makes such developments 

well suited for optimising PV without the added expense of a battery.  

106 Mike Roberts et al., ‘Photovoltaics on Apartment Buildings - Project Report’ (UNSW Sydney, 2019), 

http://ceem.unsw.edu.au/sites/default/files/documents/Solar_Apartments_Final_Report_2019_4_3.pdf. 
107 Roberts et al. 
108 Roberts et al. 
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Unfortunately, due to the above and other issues the potential for PV systems in apartments 

has not been unlocked on a wide scale. Reasons for this include that embedded networks 

have not been trusted or widely used and there have not been mechanisms for monitoring 

and trading excess generated power between residents.  

However, conditions are changing. Embedded networks and mechanisms such as a power 

division control system and peer to peer trading will be discussed in the following sections.   
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Appendix 9 Background - Embedded 

Networks 
“An embedded network is a supply arrangement where a site owner or manager 

purchases electricity for an entire site and on-sells it to each tenant”.109 

Embedded networks are an alternative distribution network to the traditional apartment 

electricity supply arrangement. Unlike traditional power supply infrastructure which provides 

an individual mains power supply and one meter to each dwelling, embedded networks 

allow one power supply to the cluster of dwellings/tenancies and branching off behind the 

switchboard. 

Embedded networks are becoming the norm in residential developments of 50 to 60 

dwellings or greater (LID Consulting note an embedded network was included at The 

Paddock in Castlemaine which comprises 27 townhouses) and more common in non-

residential commercial and industrial / warehouse developments where there are a larger 

number of individual tenancies,110 and where Embedded Network managers (ENMs) can 

use the purchasing power of the combined dwellings or tenancies and common area 

energy use to negotiate alternative electricity tariffs from electricity suppliers. Embedded 

networks are not common in smaller developments.  

ENMs can provide benefits to developers of buildings, owners and also be attractive to 

tenants by supplying energy to the site at a wholesale rate, but on-selling to occupants at 

a lower or equivalent rate to the retail rate. The difference between the wholesale rate 

and the rate electricity is sold to the occupants for is the income to the ENM and if set up 

this way or on embedded network renewal can represent an income to the owners via the 

Owner’s corporation to offset energy, maintenance or other bills. Where the rate electricity 

is sold to the occupants is below retail, then the embedded network is likely to be designed 

and operating in the interest of all parties.  

Where embedded networks have been structured not in the interest of the end occupant, 

this has historically contributed to a number of issues. Some ENMs have provided large 

benefits to building developers, and themselves while owners and/or tenants have been 

disadvantaged, paying higher than retail electricity rates, and being locked into long term 

contracts, sometimes up to 25 years. This is possible because the developer is the only 

owner before the lots are sold and Owners corporation established, allowing the developer 

to use this power to retain all of the benefit of the embedded network.  

Fortunately, rules are changing so that embedded networks contracts should not be 

locked in long term, which will encourage competition in the industry when embedded 

network contracts are up for re-negotiation.  

109 Prolux, ‘Embedded Networks Facilitating Cheaper Electricity for Industrial and Commercial Buildings’, Prolux 

Electrical Contractors, 18 October 2016, https://proluxelectrical.com.au/interval-metering/embedded-

networks-facilitating-cheaper-electricity-for-industrial-and-commercial-buildings.html. 
110 Prolux. 
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9.1 Renewable energy systems in embedded networks 

PV solar panels are supported by Embedded Network Managers when there is enough roof 

space to be substantial or when the PV can offset large portions of the common area 

power consumption. Often in taller apartment dwellings roof space can become limited as 

lift shafts, plant and potentially roof top gardens compete for roof space.  

While adding PV solar panels reduces the grid electricity demand within a development, 

ENMs are careful to ensure the reduction in mains demand from PV generated power does 

not shift them into another wholesale rate range with electricity suppliers. The attraction of 

PV panels to ENMs is that the power they generate is effectively free, without a wholesale 

price other than the cost of the panels. So once paid for, the power generated from PV 

panels enlarges the margin to the ENM on any electricity sale. Embedded Network 

Managers are often happy to fund the larger investments in solar panels that owner’s 

corporations are unable or unwilling to fund. The returns are particularly good for ENMs 

when developments have a high daytime common property demand. At present, 

interviews with Andrew McMeekin of Active (Embedded Network Managers) suggested 

that ENMs were not yet prepared to fund batteries in developments, although these are 

probably less necessary in the larger developments suited to embedded networks, where 

daytime common energy consumption is such that much of the power generated from PV 

panels is consumed at the time of generation.  

McMeekin also confirmed that more developers and owner’s corporations are requiring PV 

panels, and that electrical distributers support its inclusion in developments where 

electricity can be consumed at the time of generation. (Distributers are less supportive of 

PV when a large amount of PV generated electricity is exported back into the grid causing 

instability where supply is high, but demand is low). Supplying PV in conjunction with 

batteries when appropriate, can reduce the load capacity requirements for 

developments, reduce the potential need for expensive supply substation upgrades that 

cost developers and suppliers, and reduce the amount of electricity exported back to the 

grid.  
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Appendix 10 Background - Power Division 

Control System   
A power division control systems (PDCS) is an option to optimise the onsite consumption of 

PV generated electricity. This type of system provides an alternative to an embedded 

network, individual PV solar systems or peer to peer trading.   

A PDCS allows for the PV system, including panels, inverters and cabling to be common 

(shared) infrastructure, with the solar generated electricity output then divided up between 

apartment residents, common area or non-residential uses.  

Figure 20  Image illustrating how a PDCS such as the Allume SolShare connects PV systems to dwelling/tenancy 

meters111 

111 Allume Energy Australia, ‘The SolShare Technology Explained - Residential’, Allume, n.d., https://public-res.s3-

ap-southeast-2.amazonaws.com/downloads/Allume+SolShare+Explained+-+Residential.pdf. 



Appendix 10 - Background - Power Division Control System 

© Low Impact Development Consulting | May 2021 Moreland Renewable Energy Standard | Page 131 

Australian company Allume has developed the SolShare 35 one of the first known power 

distribution control systems. The SolShare system monitors energy consumption of 

connected units in real time, and can direct generated power to the spaces within the 

building where energy is being used. This feature 

delivers an increase in on-site consumption of on-site 

(renewable) generated electricity of between 30 

and 35% compared to where individual dwelling PV 

systems are installed (when there is approximately 1 - 

1.5 kW of PV per connected apartment or other 

space).112 

As shown in the image below, the Allume SolShare 35 

system is scalable and suitable for use on most 

apartment case study buildings, in multiple 

configurations.  

The system also allows flexible allocation of PV. Residents who do not want to take up the 

benefits of solar do not need to. It can also be configured to being ‘Fully optimised’ or 

‘Optimised with equal sharing’. A ‘Fully optimised’ scenario, maximises the onsite 

consumption of generated electricity by sending the electricity to where electricity is being 

used within the building during the day. An ‘Optimised with equal sharing’ configuration, 

ensures units are allocated and equal allowance of the solar energy that is generated.  

Figure 21 The Allume SolShare-35 20kW AC unit is the white box shown on the left, connected to the PV inverter, 

and switchboard. The SolShare 35 has dimensions of 920mm height, 485mm width and 270mm depth. 

112 Allume Energy Australia. 

Power Division Control 

Systems (such as Allume) 

allows increased onsite 

consumption of 

generated electricity 

from onsite solar PV 

systems.  
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The cost of a SolShare 35 unit, with connections available for up to 15 units, ranges from 

$8,000 to $15,000, excluding installation. A smaller and cheaper Solshare unit suitable for up 

to 9 units is expected to be released in late 2020. Allume have advised that the installation 

of a SolShare unit is estimated to take from half to a full day.  

Table 31  Allume Solshare35 system feasibility assessment for different apartment development sizes 

Case study 
No. 

apt 

Mixed use 

tenancy (m2) - 

e.g. retail,

offices, F&B

Current 

PVSZ 

capacity 

(kW) 

Allume notes 
SolShare 

appropriate 

Nicholson Street, 

Brunswick East - apts 

plus Ground Floor (GF) 

retail 

19 65.9 3.9 

Too little solar capacity for apts. 

Would only recommend solar 

system for the common light and 

power 

No 

Sydney Road, Coburg 

North apts plus GF retail 
13 0 28.6 

Yes 

John St Brunswick East - 

plus GF office 
14 39.4 44.6 

Retail unit can have its own 

separate system. The size of 

which can be determined by 

the client. 

Yes 

John St Brunswick East 28 0 86.7 

Common light and power can 

be connected to the SolShare 

system or have its own, separate 

system if more solar capacity is 

desired. 

Yes 

Sydney Rd Brunswick - 

double storey Victorian 

shop at front 

4 83 8.4 

The apartments must be three-

phase for option 1. They can be 

single-phase for option 2. 

Yes  

Sydney Rd Brunswick - 

GF 2 x retail 
13 82 20.4 

Yes 

Westgarth St Fitzroy 24 0 25.4 
Yes 

Brunswick Rd Brunswick 

- GF 2x retail. FF 1x

Office

46 1431 36.2 

Option 1 for only the apartments 

to be connected. Option 2 for 

everything to be connected. 

Yes 

Nicholson St Brunswick - 

GF 4x retail  
64 842 38.2 

Option 1 for only the apartments 

to be connected. Option 2 for 

everything to be connected. 

Yes 

Duckett St Brunswick - 2 

x GF retail/offices 
37 155 29.9 

I think that the Nightingale 

developments have an 

embedded network 

Yes 

Duckett St Brunswick - 

GF Food and Beverage 
28 86 26.6 

I think that the Nightingale 

developments have an 

embedded network 

Yes 

Duckett St Brunswick - 

GF 1x retail 
39 180 30.9 

I think that the Nightingale 

developments have an 

embedded network 

Yes 

Duckett St Brunswick - 

GF 1xfood and 

beverage 

43 297 29.4 

I think that the Nightingale 

developments have an 

embedded network 

Yes 
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Case study 
No. 

apt 

Mixed use 

tenancy (m2) - 

e.g. retail,

offices, F&B

Current 

PVSZ 

capacity 

(kW) 

Allume notes 
SolShare 

appropriate 

Snell Grove Oak Park - 

GF 5 x retail 
14 350 59.1 

Retail unit can have its own 

separate system. The size of 

which can be determined by 

the client. 

Yes 

Sydney Rd Brunswick - 

GF 5x retail 
61 576 48.1 

Common can have its own 

system if desired. One SolShare 

system can be connected to the 

5 retail units instead of 15 

apartments. 

Yes 

Notes: 

• Typical SolShare capacity of 1-1.5kW per apartment;

• Quantity of solar for retail should be determined on a case by case basis;

• Typically, an apartment will be connected with just one SolShare output whereas a retail unit will be

connected to three outputs;

• All the proposed solutions are flexible. If a client wants more solar, less solar, fewer apartments connected,

more retail units connected etc. we can reconfigure the connections.
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Appendix 11 Background - Peer to Peer 

energy trading  
Worldwide, systems are being developed to support more efficient use of onsite electricity 

via peer to peer trading of electricity between building occupants.  

Successful trials as part of the RENeW Nexus Project have recently concluded in Western 

Australia for peer to peer trading of electricity between separate dwellings and also 

retailers.113 The owners of PV solar panels will be able to trade their unused renewable 

power to other users, at a price set by themselves or the market, rather than relying on the 

low feed in tariff currently provided by electricity retailers. This will shorten payback times on 

installed PV solar panels and quickly lead to these assets becoming income generators 

and vastly more attractive installation proposition.  

Ensuring roof space is available for PV panels will be a major focus in the design of new 

buildings.  

In March 2020 the Swiss Federal Office of Energy’s funded project, Quartierstrom,114 

announced it had successfully completed its one-year microgrid trial, which saw locally 

produced solar energy traded between neighbours.115 The project was deployed in a small 

community of 37 households in Walenstadt, and deployed blockchain technology. 

Blockchain technology potentially allows consumers to participate in the new distributed 

renewable energy market and gain better value for their unused solar power, by 

automating transactions in real time.  

The price community members obtained for selling their excess electricity within their 

community microgrid was greater than that obtained from fed in tariffs from electricity 

retailers. 

Australian company Power Ledger has also developed a trading platform using blockchain 

that enables certain building occupants to trade solar energy with each other and 

monetise their roof space.116 It means residents or occupants can buy from those closest to 

them, keeping the investment, profit and benefit of renewables within the community. The 

microgrid platform can be used in shopping centres, apartment complexes, office 

buildings and retirement villages.117 

There is much work happening in the space of developing energy trading, that will 

hopefully lead to better returns on excess generation from localised PV electric panels. 

113 Power Ledger, ‘RENeW Nexus, Australian Government, Australia’, Power Ledger, n.d., 

https://www.powerledger.io/client/renew-nexus/. 
114 Quartierstrom, ‘Quartierstrom - What You Need to Know at a Glance’, Quartierstrom, n.d., https://quartier-

strom.ch/index.php/en/the-essentials-in-brief/. 
115 Yasmin Ali, ‘Switzerland Community Successfully Trials Local Blockchain Electricity Market’, Microgrid 

Knowledge, 3 March 2020, https://microgridknowledge.com/blockchain-electricity-market-successfully-trialed-

switzerland/. 
116 Power Ledger, ‘UGrid’, Power Ledger, n.d., https://www.powerledger.io/products/ugrid/. 
117 Power Ledger. 
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Appendix 12 Moreland population data 
The following data was used to inform Section 5.2.3.4 of this report. The data is sourced from 

the 2016 census data for the City of Moreland. 118 

Figure 22  Employment status for City of Moreland residents 

Figure 23  Participation in labour force for City of Moreland residents 

118 .idcommunity, ‘City of Moreland: Community Profile - Employment Status (2016 Census)’. 
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Appendix 13 Owners corporations and 

resolutions 
The information below does not constitute legal advice. Independent advice should be 

sought on a case by case basis. The below should be treated as background guidance 

only.  

It is the owners corporation responsibility to look after the common property area for all 

owners (not tenants). This principle is outlined in strata title legislation. 

An owners corporation comes into existence in a multi-dwelling development once the first 

property is sold. Once the owners corporation exists, getting approval for expenditure in 

common areas, as is often required for PV systems to be installed on rooftops, can be 

challenging as outlined below.  

For this reason, installing PV solar electric panels during construction of the development 

rather than retrofitting, is a simpler way to ensure PV solar panels are included in the 

development in a co-ordinated manner.  

The following notes are taken from discussions with Julie McLean, Strata Community 

Australia and confirmed over a number of meetings.  

Dwellings within apartment buildings typically regard the roof area and switch room/meter 

(if any) as common or shared facilities, owned by strata. With regards to solar PV systems in 

new builds, solar PV panels and inverters can be installed and outputs divvied up much like 

a communal hot water system, or HVAC system might be; the solar panel system can be a 

shared facility, or as individual systems associated with each dwelling, or a hybrid (e.g. a 

Power Division Control System).  

Ideally, PV and EV equipment should be installed when the building is being developed, 

prior to the existence of the owners corporation, rather than retro-fit when a full 

complement of owners would be represented. The owners corporation is established when 

the Plan is registered and moves from the developers control to owners’ control when the 

first lot settlement takes place. 

In Victoria there are challenges when retro fitting equipment or infrastructure into an 

existing building with an owners corporation. Typically, ordinary or special resolutions are 

required to be voted on, and approval by significant numbers of owners corporation 

members to effect changes to common property such as the installation of shared solar PV 

systems and EV infrastructure.  

A simpler, ordinary resolution is possible if it does not require a planning or building permit, is 

not deemed significant, and costs less than twice the annual owners corporation 

expenditure budget. An ordinary resolution requires a simple majority (i.e. >50%) of those 

present at a general meeting (or proxies) to confirm acceptance for the expenditure. If 

there is not a quorum of at least 50% of representatives from each lot, the resolution 

becomes an interim resolution which lasts for 28 days. After that time, if 25% of lot 

representatives do not object in writing, then the resolution will pass.  
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The more challenging special resolution is required for the EV or PV work if the work does 

require a planning permit, is deemed significant, or the cost exceeds twice the annual 

budget. A special resolution requires 75% of lot owners to attend the meeting (or respond 

to ballot) and vote in favour to pass the resolution.  If those present do not represent 75% 

but do represent 50% or more and they vote in favour of the resolution then an interim 

special resolution is passed. If less than 50% vote, the resolution fails. Resolutions can be put 

again as often as desired to try to pass, but they can be challenging to get them 

approved, they may need some lobbying or need a champion(s) within a building to 

obtain support and completed ballots. Again, the interim special resolution will be passed 

in 28 days provided not more than 25% of lot owners object in writing.  

An added complication is that the definition of work that is deemed a “significant” change 

to common property is not clear. If work is approved under an ordinary resolution and 

undertaken it might be subject to legal challenge if it is found that it was actually significant 

and should have been approved under the special resolution approval process. For this 

reason, owners corporations (or other interested stakeholders) should seek legal advice on 

whether the installation of solar PV infrastructure is deemed ‘significant’ or not.    

The above confirms the challenge of obtaining approval to install solar PV (or EV) 

infrastructure in an apartment development once a building has been built. The benefits of 

installing solar PV at the time of construction is the lower overall community wide economic 

cost i.e. it is more efficient in terms of installation costs, time saved, and processes regarding 

owners corporation and planning approval.  
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Appendix 14 Overseas case studies 

14.1 United States 

14.1.1 California 

The US state of California has a set of energy and environmental policies targeting a 

reduction in energy consumption and greenhouse gas emissions across a range of sectors, 

including buildings and aims to achieve the energy savings of buildings in a cost-effective 

manner.119 

As part of its 2019 Building Energy Code, and taking effect from January 2020, new low-rise 

residential dwellings (up to three storeys) are required to provide solar panels to meet the 

home’s estimated annual electricity requirements.120 The expectation is for the developer 

to supply the panels,121 with the Californian Government estimating the new PV 

requirements to add an average of $8,400 to building costs.122 

The capacity of solar PV required for low-rise residential dwellings is calculated using the 

following formula (per requirement §150.1(c)14, Joint Appendix JA11 and 150.1-C):  

𝒌𝑾𝑷𝑽 =
(𝑪𝑭𝑨 × 𝑨)

𝟏𝟎𝟎
+ (𝑵𝑫𝒘𝒆𝒍𝒍 × 𝑩)

Where: 

kWPV kWdc size of the PV system 

CFA Conditioned floor area 

NDwell Number of dwelling units 

A Adjustment factor from Table 

150.1-C 

B Dwelling adjustment factor from 

Table 150.1-C (right)  

Table 150.1-C – CFA and Dwelling Adjustment 

Factors: 

 Climate Zone A - CFA B – Dwelling units 

1 0.793 1.27 

2 0.621 1.22 

3 0.628 1.12 

4 0.586 1.21 

5 0.585 1.06 

6 0.594 1.23 

7 0.572 1.15 

8 0.586 1.37 

9 0.631 1.36 

10 0.627 1.41 

11 0.836 1.44 

12 0.613 1.40 

13 0.894 1.51 

14 0.741 1.26 

15 1.56 1.47 

16 0.59 1.22 

Averages (by LID) 0.716 1.29 

119 California Energy Commission, ‘2019 Building Energy Efficiency Standards - Frequently Asked Questions’ 

(California Energy Commission, n.d.), 

https://ww2.energy.ca.gov/title24/2019standards/documents/Title24_2019_Standards_detailed_faq.pdf. 
120 Eric Wesoff, ‘California’s Solar Mandate to Deliver More than 1 GW’, PV Magazine, 14 February 2020, 

https://www.pv-magazine.com/2020/02/14/californias-solar-mandate-to-deliver-more-than-1-gw/. 
121 Jack Flemming, ‘Starting in 2020, All New Homes in California Must Come with Solar Panels. Builders Are 

Getting Ready’, Los Angeles Times, 14 December 2018, https://www.latimes.com/business/realestate/hot-

property/la-fi-solar-mandate-20181214-story.html. 
122 California Energy Commission, ‘2019 Building Energy Efficiency Standards - Frequently Asked Questions’. 
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As California’s mandate for solar PV panels has only been in place since January 2020, and 

coupled with the impact of external factors (i.e. COVID-19), it is not yet understood how this 

change in regulation has impacted the State’s construction, property and energy 

industries.  

For all other buildings not considered low-rise residential dwellings, the 2019 Building Energy 

Code details that the building’s roof area is required to be solar ready. The intent of the 

solar ready requirements is to provide an area of the roof called the solar zone, which is 

free of penetration, shading and appropriately orientated.123 The solar zone area is 

calculated as being 15% of the total roof area (excluding skylight areas) and serves as a 

suitable place for solar panels installations at a future date.124 The 2019 Building Energy 

Code outlines exceptions to the solar zone requirement, where the minimum solar zone 

area can be reduced if the solar access to the building is limited.  

14.1.2 Santa Monica City (California) 

From May 2017, the City of Santa Monica has required all new residential and commercial 

buildings to install a solar PV system as part of the city’s efforts to reduce consumption of 

fossil fuels in buildings in order to reach carbon neutrality by 2050.125 

The Santa Monica Municipal Green Building Ordinance states that all new single-family 

dwellings to install a minimum solar PV system of 1.5 W per square foot of the building (i.e. 

1.5 W per 0.09 m2, or 16.1 W per 1 m2). This is a stronger requirement than that required by 

the State of California. As Santa Monica is located in Climate Zone 6 (CZ6 Torrance), the 

California solar PV minimum is 2.6 kW (assumes no battery on a 210 m2, 3-bedroom 

townhouse). For Santa Monica, the same dwelling would require a 3.38 kW solar PV system. 

In addition to the above, the ordinance also outlines requirements for the heating of new 

pools with renewable energy. This can be provided by either:  

• a solar collector that is equal to or greater than 70% of the surface area of the pool;

or

• a renewable energy system that provides at least 60% of the total energy necessary

for the heating of the pool.

Where there is a conflict between the provision of solar PV requirements and pool heating, 

the solar PV requirements will take precedence (e.g. where there is insufficient roof space 

to accommodate both requirements).126 

123 California Energy Commission, ‘Chapter 07 Photovoltaic, Community Shared Solar, Battery Storage, and 

Solar Ready Buildings’, California Energy Commission, 2019, https://www.energy.ca.gov/sites/default/files/2020-

06/07-PV_BatteryStorage_and_SolarReady_ada.pdf. (page 7) 
124 California Energy Commission, ‘Chapter 09 Solar Ready’, California Energy Commission, n.d., 09, 

https://ww2.energy.ca.gov/2018publications/CEC-400-2018-018/chapters/09_SolarReady.pdf.(page 9)  
125 Christian Roselund, ‘Santa Monica Mandates Solar PV on New Buildings’, PV Magazine, 4 May 2016, 

https://www.pv-magazine.com/2016/05/04/santa-monica-mandates-solar-pv-on-new-buildings_100024445/. 
126 City of Santa Monica, ‘Green Building - Solar Ordinance’, Office of Sustainability and the Environment, 24 

June 2020, https://www.smgov.net/Departments/OSE/Categories/Green_Building/Solar_Ordinance.aspx. 
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Multi-family dwellings, hotels, motels and non-residential buildings are required to provide a 

solar PV system with a minimum of 2 W per square foot (i.e. 2 W per 0.09 m2, or 21.5 W per 1 

m2).127 

14.1.3 San Francisco (California) 

In the City of San Francisco, the Better Roofs Ordinance requires new residential and 

commercial buildings of less than 10 storeys facilitate the development of renewable 

energy facilities and Living Roofs.128 

Renewable energy facilities can be provided by solar panels, either solar PV panels or solar 

thermal (hot water) systems. Living Roofs are defined by the ordinance as the sum of 

contained planted greenspace surface areas. The ordinance requires that at least 15% of 

the roof space is solar panels, or 30% of the roof space is a Living Roof, or a combination of 

both.129 

The provision of solar panel technology in new construction supports the City’s goal to 

reduce GHG emissions by 40% by 2025 (compared to 1990), and use 100% renewable 

energy by 2030.  

14.1.4 Fremont (California) 

The Fremont City Council, since 2017, has required new housing development to install solar 

panels, as well as, wiring for electric vehicle charging stations to reduce energy 

consumption.130 The council’s action attempts to place Fremont at the forefront of 

California’s goal of getting all new homes built to a “zero net energy” level by 2020. 

The size of the solar panel system mandated for both single-family and multifamily housing 

built in the city will be determined by the size of the homes on a sliding scale, up to 4,499 

square feet (i.e. less than 418 m2). Homes 4,500 square feet or larger (i.e. greater than or 

equal to 418 m2) will be measured differently, though still subject to the requirements. 

The City, in October, also approved a code change that will require new residential and 

commercial developments with parking spaces to be “EV ready.” That means they must be 

equipped with conduit, wiring and any special circuitry needed for installation of electric 

vehicle charging stations. 

As a result, Fremont’s sustainability coordinator, Rachel DiFranco said a single-family home 

with a two-car garage would in most cases need a large specialised outlet and a 

dedicated circuit in the garage so a resident can plug in an electric vehicle charger.  

For most new multifamily or commercial projects, the city is also requiring that 10 percent of 

the parking spaces come with a charging station installed. 

127 Joel Cesare, ‘Santa Monica City Council Votes in Aggressive Renewable Energy Requirement on New 

Construction; Implementation Begins in 30 Days’, City of Santa Monica, 28 April 2016, 

https://www.santamonica.gov/press/2016/04/28/santa-monica-city-council-votes-in-aggressive-renewable-

energy-requirement-on-new-construction-implementation-begins-in-30-days. 
128 City and County of San Francisco, ‘Planning, Green Building Codes - Better Roof Requirements, Including 

Living Roofs - Ordinance No. 221-16’, 17 October 2016, https://sfbos.org/sites/default/files/o0221-16.pdf. 
129 San Francisco Planning Department, ‘Zoning Administrator - Bulletin No.11 Better Roofs Ordinance’, April 

2017, https://default.sfplanning.org/publications_reports/ZAB_11_Better%20Roofs_051517.pdf. 
130 Joseph Geha, ‘Fremont Adopting Stricter Solar, EV Guidelines for Homes’, East Bay Times, 8 May 2017, 

https://www.eastbaytimes.com/2017/05/03/fremont-to-require-solar-panels-ev-chargers-in-new-homes/. 
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14.1.5 New York City (New York) 

The City of New York has legislated two laws as part of the city’s Climate Mobilization Act, 

effective from November 2019. Local Laws 92 and 94 will require a sustainable roofing zone 

on all available roof areas, for all new construction and buildings undertaking major roof 

renovations.131 100% of the sustainable roofing zone is to be fulfilled by the provision of solar 

PV panels, a vegetated green roof or a combination of both. The available roof area 

excludes areas occupied by rooftop structures, water towers, mechanical equipment, and 

other structures.132 

The requirements are structured to allow for different compliance pathways and flexibility, 

taking into account different services that often utilise roof space, such as fire code 

setbacks and mechanical equipment.133 

There are also different requirements for different building types, roof slopes and scale of 

development. The requirements are summarised in Figure 24 below. Note where a solar PV 

system pathway is pursued, a minimum of 4 kW is to be provided with the remaining 

balance of the sustainable roofing zone to consist of additional solar PV panels, or a green 

roof system.134 Large roofs will not meet the objective of this law by only providing a 4kW PV 

system.  

Figure 24  Compliance path for sustainable roof zone pursuant to Local Law 92 and 94 of 2019.135 

131 Urban Green Council, ‘NYC’S Sustainable Roof Laws’ (The Nature Conservatory, December 2019). 
132 New York City Department of Buildings, ‘Buildings Bulletin 2019-010’. 
133 Urban Green Council, ‘NYC’S Sustainable Roof Laws’. 
134 New York City Department of Buildings, ‘Buildings Bulletin 2019-010’. 
135 New York City Department of Buildings. 
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14.2 Europe 

14.2.1 Germany 

Germany seems to be implementing requirements for both government and private 

buildings, but while mandatory, they seem to be loosely worded to require PV installations 

but allow interpretations by the building developer depending on the suitability of the 

space.  

The Germans have an arrangement that appears similar to Embedded Networks. It is 

called "Mieterstrom" and is sometimes applied in multi-unit dwelling developments (about 

54% of the German population live in this kind of building). In Mieterstrom developments a 

solar system is installed by the grid electricity supplier, PV generated electricity is sold to the 

residents, and surplus electricity that is not consumed in the apartment building can be fed 

into the grid. The tenant’s grid electricity supplier takes full responsibility for the entire 

electricity supply with the corresponding legal rights and obligations 136 137. Unfortunately, 

the billing process is complicated, so the take up is not as good as its potential.  

Germany is organised in Federal states and the situation differs from region to region. 

Hamburg is the first German state to have an obligation to use photovoltaics in new 

buildings (private or owned by the municipality) although it will come into effect on the 1st 

January 2023 138. The long-term goal is to use all suitable roofs in Hamburg for either green 

roofs or photovoltaics, according to the law published at the end of February 2020. As of 

January 1, 2023, all owners should ensure that a photovoltaic system is built and operated 

in new buildings; including on shared third-party spaces. However, there are also 

exceptions to the obligation. There is no need to install a photovoltaic system if this 

contradicts other public law obligations, is technically impossible or economically 

unjustifiable.139 

Berlin - As part of Berlin’s plan to become carbon neutral by 2050, the city is planning on 

targeting solar PV installations for new buildings (private or owned by the municipality). The 

goal in Berlin is to cover 25% of the city’s electricity needs by PV solar installations by 2050.140 

Baden-Württemberg (state) - In the state of Baden-Württemberg, the introduction of a 

photovoltaic obligation for new buildings is planned but not yet in place,141 but some 

municipalities have already introduced it ahead of the state led initiative.  

136 Claudia Hanisch and Craig Harris, ‘Mieterstrom for Germany Buildings’, 18 May 2020, Fraunhofer Institute.  
137 Bundesamt für Justiz (Federal Office of Justice), ‘Electricity and Gas Supply Act (Energy Industry Act - EnWG): 

Section 43 Requirement for Planning Approval’, Bundesamt für Justiz (Federal Office of Justice), n.d., 

http://www.gesetze-im-internet.de/enwg_2005/__43.html. 
138 Solarbe, ‘Hamburg Is a Pioneer in Photovoltaics in Germany’, Solarbe, 30 April 2020, 

http://en.solarbe.com/home/article/info/catId/21/id/1012.html. 
139 Solarbe. 
140 Cecilia Keating, ‘“Solarcity Masterplan”: Berlin Eyes 4.4GW of Rooftop Solar by 2050’, PV Tech, 12 March 

2020, https://www.pv-tech.org/news/berlin-wants-4.4gw-of-rooftop-solar-by-2050. 
141 Baden-Württemberg, ‘Photovoltaik-Pflicht für Neubauten im Land’, Baden-Württemberg.de, 6 December 

2020, https://www.baden-wuerttemberg.de/de/service/presse/pressemitteilung/pid/photovoltaik-pflicht-fuer-

neubauten-im-land-1/. 
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Waiblingen - The town of Waiblingen, in the state of Baden-Württemberg, has had 

guidelines for solar systems since 2006.142 The requirement only applies to land owned by 

the municipality but as a result of the regulations, there have been solar systems installed to 

500 to 550 residential buildings in the town.143 The requirement outlines that at least 50% of 

flat roofs should be covered with solar systems, either solar thermal or solar PV systems. For 

sloping roofs, this is usually considered as 50% of the suitable area.144 The final specifications 

of the systems are agreed individually with buyers.  

Whilst the requirement is not legally binding, the town has not experienced significant 

resistance and has found that investors see financial benefits in installing solar thermal and 

PV systems.  

The focus in PV installations has also changed in recent years away from feed-in tariffs 

towards a higher level of self-consumption.145  

Tübingen in the state of Baden-Württemberg, is a university city where the majority of 

residents are students of university and education institutions in the region. Since July 2018, 

the city has mandated a minimum solar PV installation of 1 kW but this requirement was 

exceeded on most cases. Additionally, there is a program covering solar PV installations for 

city owned buildings.146 

14.2.2 Vienna (Austria) 

Vienna, Austria, aims to have 30% of its energy supplied from renewable sources and up to 

70% by 2050.147 Previously, there was already a mandate for solar PV systems to be installed 

on industrial buildings. However, more recently, there has been an amendment to the 

building code, extending solar PV requirements to residential and educational buildings.148 

For non-residential buildings, where solar PV systems are considered impractical due to 

legal, technical or economic reasons, developers must demonstrate alternative options for 

generating an equivalent amount of solar energy.149 

The minimum obligation for residential buildings is to be calculated so that the electricity 

produced by the solar PV system is consumed directly by the dwelling. However, it is 

anticipated that many building owners will go above and beyond the minimum 

requirements, installing larger systems to take advantage of the incentives on offer.  

Additionally, new buildings including residences, offices, and commercial and public 

buildings (e.g. schools and kindergartens) located in a climate protection area must 

connect heating, cooling and hot water systems to either a renewable energy system or 

district heating. These can be systems such as geothermal, solar, heat pumps, biomass, use 

142 Claudia Hanisch and Craig Harris, ‘Mandatory Solar Requirements for Germany and Europe’, 16 May 2020, 

Fraunhofer Institute. 
143 Hanisch and Harris. 
144 Hanisch and Harris. 
145 Hanisch and Harris. 
146 Hanisch and Harris. 
147 Ein Service Der Stadt Wien (City of Vienna), ‘Citizens’ Power Plants’, Smart City Wien, n.d., 

https://smartcity.wien.gv.at/site/en/citizens-power-plants/. 
148 Benjamin Wolf, ‘Solar Roofs for All New Buildings in Vienna & a Turbocharged Climate Budget’, Metropole, 30 

May 2020, https://metropole.at/solar-roofs-for-all-new-buildings-in-vienna/. 
149 Wolf; Hanisch and Harris, ‘Mandatory Solar Requirements for Germany and Europe’, 16 May 2020. 



Appendix 14 - Overseas case studies 

© Low Impact Development Consulting | May 2021 Moreland Renewable Energy Standard | Page 144 

of waste heat or district heating.150 It is expected that by mid-2020, 80% of new buildings in 

Vienna will be located in a climate protection area.151 

14.2.3 Barcelona (Spain) 

The City of Barcelona in Spain is the first European city mandating the use of solar hot water 

systems to supply 60% of the hot water to all new and renovated buildings, as well as 

buildings with a change in use.152 This was driven by the Solar Thermal Ordinance (STO) in 

2000 (which was limited to buildings consuming more than 0.8 MW per day) and inspired a 

similar piece of national legislation, the Technical Building Code in March 2006 which was 

applicable to all new, renovated or change of use buildings, regardless of size and hot 

water energy consumption.153 

Whilst not specifically relating to mandatory solar PV policy, the objective of the STO has 

been to reduce the city’s GHG emissions in the building sector.154 

At first, there were some concerns regarding the implementation of the STO, including 

increased building costs, lack of information and experience, availability of qualified 

installation contractors and maintenance of the solar hot water panels. Many of these 

concerns were alleviated with education and engagement with the industry:  

• the additional cost of a solar hot water system was found to be relatively small,

approximately 0.5 to 1% of the total building cost,

• a series of discussion panels and a pilot project demonstrated how a project could

implement the solar hot water system,

• the Barcelona Energy Agency (BEA) worked with the industry to set up specific solar

energy courses to upskill contractors, and

• during the review of the STC in 2006, the ordinance was updated to include

requirements for the quality of solar hot water installations and also a maintenance

contract.155

For the Barcelona Energy Agency (BEA), a key factor of the success of the STO has been 

ensuing that stakeholders are educated in the use and maintenance of the solar panels. 

Along with the BEA encouraging regular serving to maintain performance, the Porta Porta 

(Door to Door) education campaign has worked with body corporates to confirm the 

energy reduction targets are being met and solar systems are working as intended.156 

The success of the Barcelona STO meant that the ‘Barcelona Model’ has been used by 

over 70 other Spanish municipalities as a roadmap to reducing greenhouse gas emissions 

associated with hot water systems.157 In 2006 national legislation was introduced, requiring 

150 City of Vienna, ‘Climate Protection Areas: No More Fossil Fuels for New Buildings’, CIty of Vienna, n.d., 

https://www.wien.gv.at/english/environment/energy/climate-protection-areas.html; Hanisch and Harris, 

‘Mandatory Solar Requirements for Germany and Europe’, 16 May 2020. 
151 Hanisch and Harris, ‘Mandatory Solar Requirements for Germany and Europe’, 16 May 2020. 
152 C40 Cities, ‘Barcelona’s Solar Hot Water Ordinance’, C40 Cities, 3 November 2011, 

https://www.c40.org/case_studies/barcelonas-solar-hot-water-ordinance. 
153 European Solar Thermal Industry Federation (ESTIF), ‘Solar Ordinances’, 08/2007, European Solar Thermal 

Industry Federation (ESTIF), n.d., http://www.estif.org/policies/solar_ordinances/. 
154 Centre for Clean Air Policy, ‘The Solar Thermal Ordinance for Efficient Water Heating in Barcelona, Spain’ 

(Centre for Clean Air Policy, n.d.). 
155 Centre for Clean Air Policy. 
156 C40 Cities, ‘Barcelona’s Solar Hot Water Ordinance’, 40. 
157 Centre for Clean Air Policy, ‘The Solar Thermal Ordinance for Efficient Water Heating in Barcelona, Spain’. 
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all new buildings demonstrate that between 30 to 70% of the hot water energy needs 

could be met by the designed solar hot water system.158 

14.3 India 

14.3.1 Haryana (India) 

India has a national goal to install 100 GW of solar energy capacity by 2022, with an 

expected 40 GW to be from rooftop solar systems.159 In the state of Haryana, a goal has 

been set for 1.6 GW of rooftop solar by 2022.160 To support this target, from September 2015, 

all buildings on a plot size of 500 square yards (i.e. 418 m2) or more are required to install 

rooftop solar power systems.161 This policy is mandatory for all buildings including residences, 

schools, hotels, offices and malls, that meet or exceed the plot size, irrespective of whether 

the building is new or existing.162 

Solar PV installations for new and existing buildings are required to be a minimum of 1 kW. 

With residential buildings, the requirement is to install at least 1 kW or 5% of the connected 

load, whichever is greater. Note the connected load is considered to be the sum of all 

electrical equipment connected at a supply point; regardless of whether the equipment is 

being used or not. 

Privately owned educational buildings are required to install a minimum 5 kW PV system or 

5% of the connected load. Government buildings and educational facilities with a 

connected load greater than 30 kW are required to install a 2 kW system, or 5% of 

connected load.  

Other building types with 50 kW to 1,000 kW connected load will be required to install a 

minimum solar PV system size of 10 kW, or 5% of the connected load. Where a building’s 

connected load is greater than 1,000 kW, a minimum PV system of 50 kW, or 3% of the 

connected load is required.163 

For all instances, where the connected load requirement results in a higher PV system 

specification, the larger PV system is required to be installed.  

158 European Solar Thermal Industry Federation (ESTIF), ‘Solar Ordinances’. 
159 Malti Goel, ‘Solar Rooftop in India: Policies, Challenges and Outlook’, Green Energy & Environment, 2016, 

129–37. 
160 Renewable Energy Department Chandigarh, ‘Haryana Government Renewable Energy Department’ 

(Renewable Energy Department Chandigarh, 14 March 2016). 
161 Renewable Energy Department Chandigarh. 
162 Praveen Jose, ‘Haryana Makes Solar Power Must for All Buildings’, The Times of India, 1 January 2015, 

https://timesofindia.indiatimes.com/city/gurgaon/Haryana-makes-solar-power-must-for-all-

buildings/articleshow/45712811.cms. 
163 Don, ‘Indian State Makes Solar Mandatory’, Energy Matters, 6 January 2015, 

https://www.energymatters.com.auhttps://www.energymatters.com.au/renewable-news/compulsory-solar-

india-em4630/. 
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Appendix 15 Medium density tables and 

supporting calculations 

15.1 Installed PV solar prices 

PlanCost cost planners have provided a cost range of $1,000 - $1,500 per kW of PV panels 

installed (price includes panels, inverter, installation). This costing range has been applied 

to the PV factor requirement from this report for 2, 3, and 4 bedroom dwellings.  

Table 32  Estimated PV solar system process per kW 

PV system cost – supply and install total ($) 

Number of bedrooms PV system required (kW) Low = $1000/kW High = $1500/kW 

2 3.0 $3,000 $4,500 

3 4.0 $4,000 $6,000 

4 5.0 $5,000 $7,500 

Where an installation sits on the price range depends on a number of factors:164 

• Panel quality

• Inverter quality

• Equipment requirements

o Are the panels lying flat on the roof and are fixings simple? Or are rack

mountings required?

o How many roof faces or orientations the panels are installed on? Most

inverters allow to connect panels to up to two roof faces. If greater than two

faces are proposed, a power optimiser is required to be added to the

installation. Alternatively, micro inverters can be used. Power optimiser or

micro inverters are also important to include if there is some shading of panels

as these can ensure only the shaded panels lose efficiency during shading,

not the whole system.

• The size of the installation – larger installations will generally be more price

competitive.

• The simplicity of the installation – whether the surface is clear and easy to access

and traverse, whether access equipment is required and for how many days,

whether roof edge protection is required. PV panels will usually be placed on the

upper (and generally less shaded) roof of most townhouses. This will generally be

double or triple storey so access costs may become significant part of installations.

Placement of roofing edge protection may cost an additional $500 to each

dwellings’ installation, although this may be avoided if panels are installed during

construction while roofing contractor’s edge protection is in place.

164 Brad McPherson and Alex Smith, Solar PV installations, interview by Craig Harris, n.d. 
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15.2 Medium density construction costs per square metre 

To enable understanding the cost of PV panels as a percentage of the total construction 

cost, the total construction cost has been estimated for three of the medium density case 

studies. The dwelling estimates are based on the following costing sources: 

• The BMT Quantity Surveyors Average Building Costs in Australia Construction Cost

Table exclusive of GST https://www.bmtqs.com.au/construction-cost-table has been

used as the basis for calculating the square meter cost rate.

• A medium level of finish has been used ($/m2).

• Dwellings are assumed to be double storey.

• Prices correct at time of writing/referencing (01/09/2020).

• The BMT Quantity Surveyors Average Building Costs in Australia Construction Cost

Table and the following additional percentage cost rates have been confirmed in

discussion with Simon Grimes of PlanCost – Cost Planners. The BMT figures are the

base tender price construction costs. In determining the total construction cost an

additional 10% is added to account for the following:

o +5% for fees by designers and consultants

o +5% for contingencies and escalation in prices

o Site connections, infrastructure upgrades, landscaping, roof top gardens,

external car park costs can account for up to an additional 10% of

construction costs, but are not always applicable, and hence, not

accounted for in the above ‘Total construction costs plus contingencies and

fees’ column.

• The following cost excludes land purchase and financing costs.

Table 33  Medium density total construction cost per m2 

Number of bedrooms 
BMT medium finish construction 

costs ($/m2) excl GST165 

Total constructions costs plus contingencies 

and fees (+10%) ($/m2), excl GST [2] 

2 bedroom $2,512 $2,763 

3 bedroom $2,574 $2,831 

4 bedroom [1] $2,638 $2,901 

[1] As the construction cost for a four-bedroom townhouse is listed, it is assumed the cost difference

(percentage increase) between a three- and four-bedroom townhouse is the same as between the two- 

and three-bedroom townhouse.

[2] Site connections, infrastructure upgrades, landscaping, roof top gardens, external car park costs can

account for up to an additional 10% of construction costs, but are not always applicable, and hence, not

accounted for in the above ‘Total construction costs plus contingencies and fees’ column.

165 BMT Tax Depreciation, ‘Average Building Costs in Australia’, BMT Tax Depreciation: Quantity Surveyors, 2021, 

https://www.bmtqs.com.au/construction-cost-table.  

https://www.bmtqs.com.au/construction-cost-table
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15.3 PV system costs as a percentage of total construction costs 

Summary of observations are as follows: 

• The dual occupancy dwellings of the Hope St, Brunswick case study generally have

a larger floor area for a 3-bedroom dwelling. Hence the cost of the solar PV system

forms a smaller percentage of overall construction cost.

• The 2-bedroom dwellings (per the case study development at Pascoe Vale Rd, Oak

Park) were found to have a larger percentage of cost associated with the solar PV

systems.

• The average percentage of cost associated with the installation of a solar PV

system, calculated across both low and high cost systems, is 1.0%.

Table 34  PV system costs as a percentage of townhouse total construction costs  

Case study Unit 
Area 

(m2) [1] 
# Beds 

PV System 

required (kW) 

Total 

construction 

cost ($) [2] 

Percentage of PV cost of 

total build cost (%) 

Low cost PV 

system 

High cost PV 

system 

2. Hope St,

Brunswick

1 240 3 4.0  $680,017 0.6% 0.9% 

2 259 3 4.0  $733,304 0.5% 0.8% 

3. Pascoe Vale

Rd, Oak Park

1 213 3 4.0  $601,956 0.7% 1.0% 

2 123 2 3.0  $340,426 0.9% 1.3% 

3 132 2 3.0  $363,913 0.8% 1.2% 

4 121 2 3.0  $333,518 0.9% 1.3% 

5 134 2 3.0  $371,374 0.8% 1.2% 

6 124 2 3.0  $341,255 0.9% 1.3% 

7 174 3 4.0  $492,380 0.8% 1.2% 

6. Albert St,

Brunswick

1 229 3 4.0  $649,212 0.6% 0.9% 

2 182 3 4.0  $516,504 0.8% 1.2% 

3 180 3 4.0  $508,972 0.8% 1.2% 

4 183 3 4.0  $518,656 0.8% 1.2% 

5 180 3 4.0  $508,972 0.8% 1.2% 

6 183 3 4.0  $518,656 0.8% 1.2% 

7 180 3 4.0  $508,972 0.8% 1.2% 

8 183 3 4.0  $518,656 0.8% 1.2% 

9 180 3 4.0  $508,972 0.8% 1.2% 

10 180 3 4.0  $508,972 0.8% 1.2% 

11 183 3 4.0  $518,656 0.8% 1.2% 

12 180 3 4.0  $508,972 0.8% 1.2% 

13 183 3 4.0  $518,656 0.8% 1.2% 

14 180 3 4.0  $508,972 0.8% 1.2% 

15 183 3 4.0  $518,656 0.8% 1.2% 

16 180 3 4.0  $508,972 0.8% 1.2% 
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Case study Unit 
Area 

(m2) [1] 
# Beds 

PV System 

required (kW) 

Total 

construction 

cost ($) [2] 

Percentage of PV cost of 

total build cost (%) 

Low cost PV 

system 

High cost PV 

system 

17 183 3 4.0  $518,656 0.8% 1.2% 

18 180 3 4.0  $508,972 0.8% 1.2% 

19 183 3 4.0  $518,656 0.8% 1.2% 

20 191 3 4.0  $539,608 0.7% 1.1% 

21 181 3 4.0  $513,559 0.8% 1.2% 

22 185 3 4.0  $522,620 0.8% 1.1% 

23 194 3 4.0  $549,688 0.7% 1.1% 

24 194 3 4.0  $550,424 0.7% 1.1% 

25 203 3 4.0  $576,048 0.7% 1.0% 

26 198 3 4.0  $561,637 0.7% 1.1% 

27 213 3 4.0  $601,984 0.7% 1.0% 

28 212 3 4.0  $600,342 0.7% 1.0% 

29 222 3 4.0  $628,514 0.6% 1.0% 

[1] The area is the Gross Floor Area (GFA). Typically, GFA can be defined as the sum of the fully enclosed

covered floor area and the unenclosed covered floor area of a building at all floor levels, measured in a

square metre rate. Simply, it includes porches, balconies & garages

[2] Total construction cost represents the construction cost plus 10% allowances. Does not yet include cost of

PV systems.
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Appendix 16 Apartment tables and 

supporting calculations 

16.1 Alternative 1 kW per apartment guaranteed 

As discussed in Section 5.3.3 Comments on Factors, 1 kW per apartment is easier to 

accommodate if PV panels are installed east-west facing and back to back – see image 

below – as there is no self-shadowing of panels by other panels and the ground coverage 

rate to account for this is not relevant. The percentages of site area required to 

accommodate PV panels with this configuration is tabled below. 

Figure 25  Back to back east-west facing PV electric panels.  

Slightly less efficiency per panel than all panels facing north, but allows more panels per m2 and assists 

providing a balanced load in the morning and afternoon. Source Solar Constructions166 

Figure 26  Standard PV panel size – calculation of area required per kW for east-west panel installations 

166 Solar Constructions, ‘Solar Mounting Solutions’. 
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Table 35  Percentage of site area required for PVSZ to accommodate 1kW per apartment with back to back 

east-west panels 

Case 

study 

no. 

Case Study address Site 

area 

m2 

25% of 

site 

area m2 

Number 

of apts 

Site 

area 

per 

apt 

m2 

Area 

availabl

e for PV 

panels 

per apt 

Area of 

roofing 

required 

for PVSZ 

[1] 

% of site 

area 

required 

for PVSZ 

[1] 

7 Nicholson St Brunswick East 442 110 19 23 5.8 138.70 31% 

8 Sydney Rd Coburg North 308 77 13 24 5.9 94.90 31% 

9 John St Brunswick East 581 145 14 42 10.4 102.20 18% 

10 John St Brunswick East 1157 289 28 41 10.3 204.40 18% 

11 Sydney Rd Brunswick 277 69 4 69 17.3 29.20 11% 

12 Sydney Rd Brunswick 369 92 13 28 7.1 94.90 26% 

13 Westgarth St Fitzroy 611 153 24 25 6.4 175.20 29% 

14 Brunswick Rd Brunswick 1173 293 46 25 6.4 335.80 29% 

15 Nicholson St Brunswick 1895 474 64 30 7.4 467.20 25% 

16 Duckett St Brunswick - 706 177 37 19 4.8 270.10 38% 

17 Duckett St Brunswick - 527 132 28 19 4.7 204.40 39% 

18 Duckett St Brunswick - 716 179 39 18 4.6 284.70 40% 

19 Duckett St Brunswick - 765 191 43 18 4.4 313.90 41% 

20 Snell Grove Oak Park 774 194 14 55 13.8 102.20 13% 

21 Sydney Rd Brunswick 1776 444 61 29 7.3 445.30 25% 

22 Scott St Dandenong 1106 277 27 41 10.2 197.10 18% 

23 
Olive York Way Brunswick 

West 
5292 1323 325 16 4.1 2372.50 45% 

Note: [1] Based on 7.3m2 requirement for 1kW panels per apt – zone 

In some cases, the percentage of site areas is less than the 25% PV solar zone, and others 

not much greater at around 26-31% of the site area. However, where the site area 

available per apartment gets below 20 m2 (i.e. a higher density of apartments per site), the 

percentages of site area required to accommodate 1 kW per apartment is between 38-

45%. This is becoming a significant figure but may be achievable if Moreland elects to 

prioritise PV installations above some other uses.  
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16.2 PV system cost as a percentage of total construction cost 

Apartment construction costs per m2. Costs of apartments have been estimated and 

based on the BMT Quantity Surveyors Average Building Costs in Australia Construction Cost 

Table exclusive of GST https://www.bmtqs.com.au/construction-cost-table with similar 

assumptions where relevant and additional build up as advised by PlanCost i.e. 

• A medium level of finish has been used ($/m2).

• Prices correct at time of writing/referencing (01/09/2020).

• The BMT Quantity Surveyors Average Building Costs in Australia Construction Cost

Table and the following additional percentage cost rates have been confirmed in

discussion with Simon Grimes of PlanCost – Cost Planners. The BMT figures are the

base tender price construction costs. In determining the total construction cost an

additional 10% is added to account for the following:

o +5% for fees by designers and consultants

o +5% for contingencies and escalation in prices

o Site connections, infrastructure upgrades, landscaping, roof top gardens,

external car park costs can account for up to an additional 10% of

construction costs, but are not always applicable, and hence, not

accounted for in the above ‘Total construction costs plus contingencies and

fees’ column.

• The following cost excludes land purchase and financing costs.

Table 36  Square meter cost rate for medium finish apartment buildings (to be applied to apartment GFAs – 

Gross Floor Areas).    

Description 
BMT medium finish 

construction costs ($/m2) 

Total constructions costs including 

contingencies and fees (+10%) ($/m2) 

4-8 level unit complex, including

lift, concrete structure, basement

parking

$2,752.00 $3,027.20 

Estimate of PV panels requirements according to the PV factor 

The apartment PV factor requires that PV electric panels are to be installed either for 1 kW 

per dwelling or to provide 100% coverage of the PV solar zone. Estimates of the required 

kW capacity of panels in the nominated 25% of site area PV solar zone are provided below 

for two case studies.  

The PV solar zone capacity is estimated with panels installed at 10 degrees which is the 

preferred angle to maximise output, although not mandated as higher tilts will provide a 

more even generation of power throughout the year which may be desirable for a 

particular site. Panels are also assumed to be facing due north (provides the greatest 

access to sunlight for most of the day). Back-to-back east-west facing panels will provide 

more panels as less access space is required between rows of panels, however each panel 

will not be as productive.  

Explanation of table: 

• The shading derate factor is a scaling factor applied to the PV array power output

to account for the extent of shading of the panels. We have selected a 0.975

https://www.bmtqs.com.au/construction-cost-table
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shading derate factor to position the panels such that they are not shaded for 97.5% 

of the time ie shaded for 2.5% of the time.  

• The minimum tilt recommended for PV panels is 10 degrees so that there is a degree

of self-cleaning from rain.

• The capacity varies according to the tilt of the panels. Panels on a higher tilt will cast

a longer shadow, so the Ground Coverage Ratio (c/d below) of panel length

(Collector width = c below) divided by horizontal distance plus shadow (pitch = d)

will reduce as the tilt increases.

Figure 27  Ground cover ratio diagram 

Figure 28  System Advisor Model version 2017,9,5 (SAM 2017,9,5). 
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Table 37  Calculation of PV solar zone capacity at different tilt angles including preferred 10-degree tilt 

Case study 7 - Nicholson Street, Brunswick East 

PV panel layout Fixed 

10degree 

tilt 

Fixed 

20degree 

tilt 

Fixed 

30degree 

tilt 

Fixed 

40degree 

tilt 

GCR for 0.975 Shading derate factor 0.72 0.57 0.48 0.42 

Roof area (m2) (solar zone – 25% of site 

area 442 m2) 
110.5 110.5 110.5 110.5 110.5 

Max Area available for PV panels (m2) 79.6 63.0 53.0 46.4 

Max number of PV panels 47 37 31 27 

300 W PV panel area (m2) 1.7 

Total kW value for installation (DC) 14.0 11.1 9.4 8.2 

Table 38  Calculation of PV solar zone capacity at different tilt angles including preferred 10-degree tilt 

Case study 13 - Westgarth St Fitzroy 

PV panel layout Fixed 

10degree 

tilt 

Fixed 

20degree 

tilt 

Fixed 

30degree 

tilt 

Fixed 

40degree 

tilt 

GCR for 0.975 Shading derate factor 0.72 0.57 0.48 0.42 

Roof area (m2) (solar zone – 25% of site 

area 611 m2) 
152.75  152.8 152.8 152.8 152.8 

Max Area available for PV panels (m2) 110.0 87.1 73.3 64.2 

Max number of PV panels 64.7 51.2 43.1 37.7 

300 W PV panel area (m2) 1.7 

Total kW value for installation (DC) 19.4 15.4 12.9 11.3 
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Appendix 17 Industrial/ Warehouse tables 

and supporting calculations 

17.1 Explanation of simplified PV factor 

The simplification of the detailed industrial/ warehouse PV factor described in Section 

5.4.3.3 can be justified in two parts.  

The fixed base value of 1.5 kW is the size of PV installation required to cover the base 

energy consumption of an average office area of 104.1 m2 (derived from the warehouse 

case studies) per warehouse tenancy. From the Building Code office spatial allowances of 

10 m2 per person (BCA Part D1.13) this office space area equates to 10.4 occupants. 10.4 

people using 90 W computers would consume 936.5 W of electricity. Across 8 hours, 5 days 

a week for 52 weeks, this equates to 1,947.8 kWh per year.  

A Melbourne based solar PV system is able to generate an average of 3.6 kWh per day. For 

a solar PV system to supply the annual computer energy consumption, a 1.48 kW system is 

required (i.e. 1,947.8 kWh per year = 5.34 kWh per day, divided by 3.6 kWh = 1.48 kW solar 

PV system). This has been rounded up to 1.5 kW for the purposes of simplifying the factor.  

Based on the above, each warehouse is required to provide at least 1.5 kW per warehouse 

to cover standardised estimated office computer use electricity consumption.  

For every 150 m2 of gross floor area (GFA), each warehouse is required to provide an 

additional 1 kW of solar PV capacity. This was calculated by looking at the following 

formula which only accounts for warehouse and office lighting consumption (i.e. no 

computer equipment):  

𝑆𝑜𝑙𝑎𝑟 𝑃𝑉 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠𝑖𝑧𝑒(𝑘𝑊) =
0.001[𝐴𝑂  × 4.5 + 𝐴𝑊𝐻 × 4] × ℎ𝑜𝑢𝑟𝑠 × 𝑑𝑎𝑦𝑠 × 𝑤𝑒𝑒𝑘𝑠

3.6 × 365

When applied against the warehouse case studies, with the solar PV system size divided by 

the total GFA area, the formula found there was an average ratio of 6.45 kW solar PV 

system size (or PV capacity) per 1,000 m2, or 0.65 kW per 100 m2. The inverse relationship 

equates to 1 kW of PV capacity per 155 m2. For the purposes of the simplified factor, this 

has been rounded down to 150 m2.  

When combining the two parts and to further justify the simplified factor, the case studies 

were assessed both against the detailed formula and simplified factor, in the following 

table. The comparison shows the general effectiveness of the simplified factor as an 

estimate of the more accurate detailed factor. 
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Table 39  Accuracy of simplified formula when compared against more detailed formula 

Case 

study 

no. 

Case study 

Solar PV 

system size - 

detailed 

formula (kW) 

Solar PV system 

size - simplified 

factor (kW) 

Difference 

(%) 

24. Joyce Court, Coburg North 8.59 9.05 5.1% 

25. Dawson Street, Coburg North 4.89 6.69 26.9% 

26. Babbage Drive Dandenong South 17.05 16.31 -4.5%

Carmen St Truganina 36.39 35.70 -1.9%

Constance Crt Epping 12.28 11.71 -4.9%

Mercier St Coburg North 5.00 4.72 -5.9%

Graystone Crt Epping 53.24 49.53 -7.5%

Silvretta Crt Clyde North 13.94 13.61 -2.4%

Paramount Rd West Footscray 59.12 67.68 12.6% 

Average 1.9% 

Note that an additional six warehouse developments have been included for the purpose of assessing 

warehouse factor calculations, to provide a breadth of warehouse types and scales.  

17.2 Industrial / warehouse construction costs per square metre 

Costs of industrial/ warehouse developments have been estimated and based on the BMT 

Quantity Surveyors Average Building Costs in Australia Construction Cost Table exclusive of 

GST https://www.bmtqs.com.au/construction-cost-table with similar assumptions where 

relevant and additional build up as advised by PlanCost i.e.  

• A medium level of finish has been used ($/m2).

• Prices correct at time of writing/referencing (01/09/2020).

• The BMT Quantity Surveyors Average Building Costs in Australia Construction Cost

Table and the following additional percentage cost rates have been confirmed in

discussion with Simon Grimes of PlanCost – Cost Planners. The BMT figures are the

base tender price construction costs. In determining the total construction cost an

additional 10% is added to account for the following:

o +5% for fees by designers and consultants

o +5% for contingencies and escalation in prices

o Site connections, infrastructure upgrades, landscaping, roof top gardens,

external car park costs can account for up to an additional 10% of

construction costs, but are not always applicable, and hence, not

accounted for in the above ‘Total construction costs plus contingencies and

fees’ column.

• The following cost excludes land purchase and financing costs.

https://www.bmtqs.com.au/construction-cost-table
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Table 40  Square meter cost rate for medium finish industrial/ warehouse buildings (to be applied to apartment 

GFAs – Gross Floor Areas).    

Description 
BMT medium finish 

construction costs ($/m2) 

Total Constructions costs including 

contingencies and fees (+10%) ($/m2) 

High Bay Warehouse, standard 

configuration, concrete floor, pre-

cast concrete wall clad 

$1,456.00 $1,601.60 

17.3 PV system costs as a percentage of total construction costs 

The following table draws from the installation costs of $1,250 per kW and above table to 

estimate the total construction cost of two representative case studies.    

Table 41  Cost assessments of required PV capacity for two representative case studies. 

Case study 
Unit 

# 

Area 

(m2) 

PV System 

required 

(kW) 

Total build 

cost ($) 

PV cost rate 

per 1kW 

PV system 

cost – supply 

and install 

total ($) 

PV cost to 

total build 

cost (%) 

Dawson St, 

Coburg North 

1 277 2.5 $443,643 $1250 $3125 0.7% 

2 277 2.5 $443,643 $1250 $3125 0.7% 

Babbage Dr, 

Dandenong 

South 

1 2222 15.5 $3,558,755 $1000 $15,500 0.4% 
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Appendix 18 Abbreviations and 

definitions 
Term Definition 

Alternating Current (AC) A form of electrical current, in which the direction of the flow of electrons 

changes back and forth at regular intervals. The electricity grid supplies 

electricity to homes in AC form. Most everyday household plug-in appliances 

use Alternating Current (AC). 

Apartment As defined by clause 73.01 under the Victoria Planning Provisions an 

apartment is a dwelling located above the ceiling level or below the floor 

level of another dwelling and is part of a building containing two or more 

dwellings. 

Distinguishing between Class 1 and Class 2 development for classification 

purposes, with respect to the BCA NCC, is not be considered for planning 

purposes. 

Array A group of multiple solar panels connected together and designed to supply 

solar power. Also known as a PV array, solar array etc.  

Building Code of Australia 

(BCA) / National 

Construction Code (NCC) 

The Building Code sits with the Plumbing Code to form the National 

Construction Code of Australia. The terms BCA or NCC are often used inter-

changeably. Section J of the Building Code addresses energy efficiency 

requirements in new buildings.  

Capacity 

The capacity of a solar power system is commonly its maximum output. 

Capacity is measured in Watts (W) or kilowatts (kW). 1kW = 1000W. Capacity 

can be referred to as the size of a system, e.g. 3 kW.  

Direct Current (DC) A form of electrical current flowing consistently in the same direction. The 

current that is generated by photovoltaic cells is in DC form, as is energy 

stored in associated batteries.  

Embedded Network An embedded network is a supply arrangement where a site owner or 

manager purchases electricity for an entire site and on-sells it to each 

tenant167.   

For more detail see Appendix 9. 

Electricity Distributor 

Electricity distributors own and maintain the power lines, poles, and 

substations that carry electricity to grid connected properties. Distributers are 

often called distribution network service providers (DNSPs).  

Electricity Retailer Organisations that sell electricity to residences and businesses. 

Environmentally Sustainable 

Design (ESD)   

ESD is the term used when considering sustainability specifically in relation to 

the built environment.  

Feed in Tariff (FiT) A Feed-in Tariff is an agreed amount paid to customers for any unused 

electricity produced by their solar power system and fed back to the 

electricity grid. 

Greenhouse gases (GHGs) Greenhouse gasses are any gas that has the property of absorbing infrared 

radiation (net heat energy) emitted from Earth's surface and reradiating it 

back to Earth's surface, thus contributing to the greenhouse effect.168  

The primary greenhouse gases in Earth's atmosphere are water vapor, carbon 

dioxide, methane, nitrous oxide, and ozone.169  

167 Prolux, ‘Embedded Networks Facilitating Cheaper Electricity for Industrial and Commercial Buildings’. 
168 Michael Mann, ‘Greenhouse Gas’, Encyclopedia Britannica, 19 March 2019, 

https://www.britannica.com/science/greenhouse-gas. 
169 Mann. 
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Term Definition 

Green Power GreenPower is a government accredited renewable energy product offered 

by most electricity retailers to households and businesses in Australia. 

GreenPower is 100% renewable energy. The GreenPower program that makes 

sure the GreenPower individuals and businesses buy from GreenPower 

Providers supports greater renewable energy generation in Australia.170 

Inverter A solar inverter converts DC electricity (the energy produced by solar panels) 

into AC electricity. AC electricity is the form of electricity drawn from power 

points.  

Kilowatt (kW) A standard unit of electrical power. Also referred to when sizing up the 

capacity of a system (e.g. a PV panel system or an inverter system).  

Kilowatt Hour (kWh) A unit of energy equivalent to 1kW of electricity supplied over one hour. 

Medium Density For the purposes of this report, medium density development refers to dual 

occupancy and townhouse developments (i.e. 5 dwellings on a lot). 

Distinguishing between Class 1 and Class 2 development for classification 

purposes, with respect to the BCA NCC, is not be considered for planning 

purposes. 

Meter A device that records the consumption and supply of electricity into or from a 

residential or commercial building. 

National Construction Code 

(NCC)  

See also Building Code. The NCC is Australia’s primary set of technical design 

and construction provisions for buildings. The series of codes sets the minimum 

required level for the safety, health, amenity, accessibility and sustainability of 

new buildings. 

National Metering Identifier 

(NMI)  

A unique 10 or 11 digit number used to identify every electricity network 

connection point in Australia. Every connection to the national electricity 

network is given its own NMI including homes and businesses.171 

It is used for identifying your network connection point, collecting metering 

usage data, requesting any electricity connection works to be done at your 

premises and transferring from one electricity retailer to another.172 

National Measurement 

Institute (NMI) meters 

NMI pattern approved meters are required to be installed to be able to sell 

electricity by the kWh. 

Owners corporation An owners corporation (formerly body corporate) manages the common 

property of a residential, commercial, retail, industrial or mixed-use property 

development. You are likely to be a member of an owners corporation if you 

own a flat, apartment or unit.173 

In Victoria a ‘body corporate’ became an owners corporation on 31 

December 2007, when the Owners Corporations Act 2006 came into force. 

This law sets out the duties and powers of owners corporations.174 

Photovoltaic (PV) Technology that converts sunlight into electrical energy 

Photovoltaic (PV) system The complete combination of individual elements such as panels, mounting, 

wiring, safety switches and inverter which make up a system. Residential solar 

PV systems can supply  a household’s power needs, depending on factors 

such as the size of the system and a household’s electricity demand. A PV 

system may also be referred to as a PV electric system. 

170 GreenPower, ‘Renewable Energy Made Easy’, GreenPower, 2021, https://www.greenpower.gov.au/. 
171 Ergon Energy, ‘What Is The National Metering Identifier (NMI)?’, Ergon Energy, 2020, 

https://www.ergon.com.au/network/connections/metering/what-is-the-nmi. 
172 Ergon Energy. 
173 Consumer Affairs Victoria, ‘What Is an Owners Corporation’, Consumer Affairs Victoria, 4 October 2020, 

https://www.consumer.vic.gov.au:443/housing/owners-corporations/buying-into-an-owners-corporation/what-

is-an-owners-corporation. 
174 Consumer Affairs Victoria. 
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Term Definition 

Power division control 

system (PDCS)  

A PDCS allows for the PV system to be common (shared) infrastructure, with 

the solar generated electricity output then divided up between different 

apartment residents, common area or non-residential uses.  

For more detail see Appendix 10 

Power Purchase Agreement 

(behind the meter)  

A behind the meter PPA is a physical PPA with the solar generation units 

installed behind a customer’s meter. Behind the meter PPAs are 

advantageous as they allow for the sale of electricity without the need for the 

use of the grid.175  

A behind the meter PPA can be an agreement in which a solar company 

pays for the installation and maintenance of a system for a residence or 

business at no upfront costs. Electricity users then purchase the power that the 

panels produce, at a rate that is usually lower than rates from the energy 

retailer.  

PV An abbreviation for photovoltaic 

PV Solar Zone (PVSZ) This is the space on a roof top set aside for the minimum solar PV 

(photovoltaic) panel installation required by the PV factor in this report. The PV 

solar zone can exceed the minimum area required for the minimum PV 

installation.  

Renewable Energy 

Certificates (RECs) 

General term covering two types of certificates: small-scale technology 

certificates (STCs) and large-scale generation certificates (LGCs). RECs have a 

monetary value and are traded in a market for purchase by other parties, 

which can contribute towards meeting renewable energy targets.  

Single Phase Power Three phase power is delivered through the poles and wires of electrical grids, 

but generally only single phase is required in individual dwellings, where 

electrical loads do not warrant a greater three phase supply. 

Single-phase power supplies are most commonly used when typical loads are 

lighting or heating, rather than large electric motors.176  

Small Scale Technology 

Certificates (STCs) 

Under the Small-scale Renewable Energy Scheme, eligible small-scale 

renewable energy systems are entitled to a number of small-scale technology 

certificates. 

The number of certificates that can be created per system is based on its 

geographical location, installation date, and the amount of electricity in 

megawatt hours (MWh) that is: 

• generated by the small-scale solar panel, wind or hydro system over

one or five years, or a single maximum deeming period, or

• displaced by the solar water heater or heat pump over the course of

its lifetime of up to 10 years.

As a guide, one certificate is equal to one megawatt hour of eligible 

renewable electricity either generated or displaced by the system.177 

Solar thermal collector Solar collectors trap and use heat from the sun to raise the temperature of 

water. The two main types are flat plate and evacuated tube collectors. Solar 

thermal collectors (panels) do not directly generate electricity as PV panels 

do. Solar thermal collectors only heat water.178  

175 LawEditor, ‘A Short Guide to Power Purchase Agreements (PPA) in Australia’, Law Quarter, 31 January 2018, 

https://lawquarter.com.au/short-guide-power-purchase-agreements-ppa-australia/. 
176 Fluke, ‘What Is the Difference between Single-Phase and Three-Phase Power?’, Fluke, 21 May 2019, 

https://www.fluke.com/en-us/learn/blog/power-quality/single-phase-vs-three-phase-power. 
177 Australian Government - Clean Energy Regulator, ‘Small-Scale Technology Certificates’, Renewable Energy 

Target, 31 May 2018, http://www.cleanenergyregulator.gov.au/RET/Scheme-participants-and-industry/Agents-

and-installers/Small-scale-technology-certificates. 
178 Riedy and Milne, ‘Hot Water Service’. 

http://www.cleanenergyregulator.gov.au/RET/Pages/About%20the%20Renewable%20Energy%20Target/How%20the%20scheme%20works/Small-scale-Renewable-Energy-Scheme.aspx
http://www.cleanenergyregulator.gov.au/RET/Pages/Scheme%20participants%20and%20industry/Agents%20and%20installers/Deeming-period-decline.aspx
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Term Definition 

Three Phase Power Three phase power is delivered through the poles and wires of electrical grids. 

Residential homes are usually served by a single-phase power supply, where 

typical loads are lighting or heating, while commercial and industrial facilities 

usually use a three-phase supply which can better accommodate higher 

loads such as for large electric motors.179 

Note: above definitions are generally from AGL,180 SolarQuotes,181 LID Consulting and other sources (as 

specified).  

179 Fluke, ‘What Is the Difference between Single-Phase and Three-Phase Power?’ 
180 AGL, ‘Solar Energy Glossary of Terms’, AGL, n.d., https://www.agl.com.au/solar-renewables/solar-

energy/things-to-consider/glossary-of-solar-terms. 
181 SolarQuotes, ‘Solar Power Glossary’, SolarQuotes, n.d., https://www.solarquotes.com.au/glossary.html. 
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Appendix 19 Building Case Studies 
Moreland has provided a number of building case studies to inform and demonstrate the 

outcomes of the relevant standard/factor. Additional case studies were provided by LID to 

fully assess apartment developments. The case studies reviewed are as follows:  

Table 42  Summary of building case studies for the project. 

Case 

Study 

no. 

Suburb Building typology 
No. of dwellings/ 

tenancies 

Number 

of levels 

1. Downs Street, Pascoe Vale Townhouses (dual occupancy) 2 2 

2. Hope Street, Brunswick Townhouses (dual occupancy) 2 2 

3. Pascoe Vale Road, Oak Park Townhouses 7 2 

4. Leighton Crescent, Fawkner Townhouses 9 2 

5. Stuart Street, Noble Park Townhouses 6 2-3

6. Albert Street, Brunswick Townhouses 29 3 

7. Nicholson Street, Brunswick East Apartment development 19 6 

8. Sydney Road, Coburg North Apartment development 13 4 

9. John Street, Brunswick East Apartment development 14 4 

10. John Street, Brunswick East Apartment development 28 4 

11. Sydney Road, Brunswick Apartment development 4 4 

12. Sydney Road, Brunswick Apartment development 13 4 

13. Westgarth Street, Fitzroy Apartment development 24 7 

14. Brunswick Road, Brunswick Apartment development 46 10 

15. Nicholson Street, Brunswick (LOT 1) Apartment development 64 5 

16. 
Duckett Street, Brunswick 

(Nightingale Village Site C) 
Apartment development 37 7 

17. 
Duckett Street, Brunswick 

(Nightingale Village Site D) 
Apartment development 28 8 

18. 
Duckett Street, Brunswick 

(Nightingale Village Site E) 
Apartment development 39 8 

19. 
Duckett Street, Brunswick 

(Nightingale Village Site F) 
Apartment development 43 9 

20. Snell Grove, Oak Park Apartment development 14 4 

21. Sydney Road, Brunswick Apartment development 61 7 

22. Scott Street, Dandenong Apartment development 27 5 

23. Olive York Way, Brunswick West Apartment development 325 9 

24. Joyce Court, Coburg North Warehouse development 2 1 

25. Dawson Street, Coburg North Warehouse development 2 1 

26. Babbage Drive, Dandenong South Warehouse development 1 1 
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Appendix 20 Contributors 
We would like to thank all contributors to this project – your input has been invaluable.  

Without diminishing the assistance of the many people involved, we would particularly like 

to thank Will Tolis from Moreland City Council for his work as the client-side project lead 

liaison throughout this project.  
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Andrew McMeekin 
Business Development 

Manager 

Active Utilities Pty Ltd – Embedded Network 
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Alex Smith Manager Solarflow 
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Sales and Marketing 

Manager 
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Mick Harris Founder and Principal 
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installers, experts 

Jack Taylor 
Business Development 

Manager 
Allume Energy 

Sonia Molina Technical Sales Allume Energy 

Moreland Council Stakeholder 
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Kathryn Skidmore Team Leader ESD Moreland City Council 
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Unit Manager Strategic 

Planning 
Moreland City Council 
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Stuart Nesbitt 
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Officer 
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Victoria Hart 
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Unit Manager (Acting)  
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Will Tolis ESD Strategic Planner 
Moreland City Council (Client Project 

Manager) 
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Chloe Wright Sustainable Transport Officer Yarra City Council 

Euan Williamson ESD Advisor Yarra City Council 
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Christine (Chris) Byrne President and Co-founder 

Green Strata – Non-profit association 

focussed on improving the sustainability of 

residential multi-unit properties for owners and 

occupiers 

Julie McLean 
Immediate past President 

Senior Strata Consultant 
Strata Community Australia 
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