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This publication was prepared for the Greater Sydney Commission for the purpose of regional and district planning. No 
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ment. The NSW Government its agents, consultants or employees shall not be liable for any damage which may occur to 
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3D simulation of emissions growth                            

from 2016 to 2036 

Note: This report is provided subject to some important 

assumptions and qualifications:  

The results presented in this report are modelled estimates using 

mathematical calculations. The costs and potential delivery issues 

for the opportunities have not been considered. The data, 

information and scenarios presented in this report have not been 

separately confirmed or verified.  

Energy and greenhouse gas emission estimates are based on local 

climate and utility data available to the consultant at the time of the 

report. These consumption demands are, where necessary, 

quantified in terms of primary energy consumptions using scientific 

principles.  

The Kinesis software tool (CCAP) and results generated by it are 

not intended to be used as the sole or primary basis for making 

investment or financial decisions (including greenhouse gas credit 

trading decisions). Accordingly, the results set out in this report 

should not be relied on as the sole or primary source of information 

applicable to such decisions. 
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C40 is a network of global cities committed to addressing climate change.  
 

CO2-e or carbon dioxide equivalent, is the standard unit for measuring greenhouse gas emissions. The 

unit expresses the impact of each different greenhouse gas in terms of the amount of CO2 that would 

create the same amount of atmospheric warming. 

 

Collaboration Areas are a designated place where a significant productivity, liveability or sustainability 

outcome can be achieved through the collaboration of different levels of government and in some cases 

the private sector or landowners; and where the Greater Sydney Commission will seek to lead or be a 

major player in facilitating the collaboration.   

 

Global Protocol for Community Scale Greenhouse Gas Emission Inventories (GPC) provides a 

framework for accounting and reporting citywide greenhouse gas emissions. 

 

GPOP in this study means the Greater Parramatta Olympic Peninsula as defined by the Greater Sydney 

Commission  

 

Greater Sydney Region Plan is a long term plan for Greater Sydney. 

 

Land release areas are new Greenfield development areas such as the North West Priority Growth Area. 

 

Net-zero emissions means greenhouse gas emissions will be balanced through carbon offsetting and/or 

sequestration.  

 

Renewal corridors are areas that are adjacent to the planned additions/ improvements in public 

transport. These areas are set to increase their density with the layout of the light and heavy rail corridors.   

 

Renewable Energy Target (RET) is an Australian government scheme that sets a target on the amount 

of renewable energy to be delivered through the electricity grid. 

 

 
 

 
Statistical Area 1 (SA1) are a spatial geography used by the Australian Bureau of Statistics (ABS) and 
have been designed as the smallest unit for the release of census data. 
 

Strategic centres are identified in the Greater Sydney Region Plan where the mix of activities, size and 

location make them strategic centres for the community to access a wide range of goods, services and 

jobs. It should be noted that each strategic centres differs in scale and opportunities to provide jobs and 

services.   

 

Travel Zones (TZ) are the spatial base of Transport for NSW data collection, transport modelling and 
analysis.  TZs allow for detailed spatial analysis as they are smaller than local government areas, but 
generally larger than an ABS Statistical Areas.   
 

Urban Growth Projects includes the following urban transformation projects: Central to Eveleigh, The 

Bays, Sydney Metro Northwest, Parramatta Road and Parramatta North. 

 

Land use, transport and infrastructure interventions include interventions that affect emissions from 

our city’s built form, transport and energy supply, including: 

 

 Building efficiency 

 Renewable energy 

 Increasing recycling 

 Public transport 

 Electric vehicles 

 Increasing tree canopy cover 
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The purpose of this report is to provide the Greater Sydney Commission (GSC) with technical evidence on 

how land use, transport and infrastructure planning can help reduce greenhouse gas emissions to support 

the NSW Government’s aspirational long-term objective of achieving net-zero emissions by 2050. This 

report: 

 

1. Provides a detailed understanding of key land use, transport and infrastructure related greenhouse 

gas emissions across Greater Sydney; 

 

2. Quantifies the implications of the Greater Sydney Region Plan and housing allocation on future 

greenhouse gas emissions; and 

 

3. Analyses the opportunities for emission savings in land use, transport and infrastructure planning in 

Greater Sydney. 

 

This report documents a pilot methodology and approach to quantifying and understanding the 

implications of the Greater Sydney Region Plan and interventions on Greater Sydney’s greenhouse gas 

emissions, highlighting both the opportunities and challenges in meeting the net zero emission goal.   

 

The analysis included and documented in this report was undertaken using Kinesis’ suite of data analytics 

products, drawing on input from the GSC.  This report is supported by an Appendix which documents 

detailed results and assumptions included in the analysis. 

 

 

This study highlights the impact of future housing distribution on Greater Sydney’s greenhouse gas 

emissions and demonstrates the importance of place-based emission saving interventions in enabling 

Greater Sydney to support the NSW Government’s aspirational long-term objective of achieving net zero 

emissions by 2050. There were two key findings from this study: 

1. Land use, transport and infrastructure planning interventions in Greater Sydney play a 

significant role in reducing greenhouse gas emissions  

 

Greater Sydney contributes to approximately 38% of NSW’s total greenhouse gas emissions. 

 

This study highlights that interventions in land use, transport and infrastructure planning can enable 

Greater Sydney to reduce its overall emissions from energy, residential transport and waste by 50% 

by 2036.  These interventions include both government and market-led strategies across building 

standards, renewable energy, transport infrastructure and increased waste diversion. 

 

2. Placed-based interventions are needed that respond to local land use, infrastructure and 

transport patterns. 

 

Greater Sydney is not uniform and differences in land use, resource consumption and travel patterns 

mean that interventions are more achievable and effective in some areas than others.   

 

This study highlights how strategic centres, renewal corridors, collaboration areas and priority 

precincts will play a more significant role than other areas in reducing Greater Sydney’s emissions due 

to the opportunities that become available and possible through coordinated infrastructure delivery 

(both renewable energy and transport).   Significant residential development and renewal in these 

areas increase the effectiveness of interventions such as establishing higher BASIX targets and higher 

building performance standards towards achieving lower greenhouse gas emissions. 

 

In short, this study challenges us to reconceptualise how a metropolitan region can respond to reducing 

greenhouse gas emissions.  It moves us away from the view that Greater Sydney is a monoculture of 

density and highlights how both high density renewal areas and low density suburbs can be part of the 

solution in Greater Sydney supporting NSW’s Government’s aspirational long-term objective of achieving 

net-zero emissions by 2050.  This solution cannot be achieved without linking infrastructure delivery with 

housing and transport to deliver on this effectively. 

 

Finally, this work tested and developed a comprehensive land use, resource, travel pattern and 

greenhouse gas emission model of Greater Sydney that can be used for planning policy development 

moving forward.  While this report outlines the results for a single growth scenario and a suite of tested 

interventions, additional housing allocation scenarios and intervention opportunities could be incorporated 

into the model for further testing.  
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In the 2015 financial year1, Greater Sydney generated approximately 50 million tonnes of CO2-e from 

building energy consumption, transport, freight and waste generation (Figure 1). 

 

 Approximately 55% of emissions are from buildings, including residential, commercial, retail and 

industrial buildings 

 

 Nearly 20% of emissions are from residential transport, including travel to work and leisure, while 10% 

of emissions are from rail and truck freight transport. 

 

 Approximately 10% of emissions are attributed to residential and commercial waste generation 

 

 Approximately 10% of emissions are attributed to freight emissions 

 

 Another 5% of emissions are from high voltage electricity customers.  High voltage customers can 

include large industrial users, rail stations, hospitals, universities and other large users. 

  

Due to data availability, emissions from aviation and agriculture have not been included in the analysis. 

 

 

 

                                                      

 

 

 
1 Sources: Kinesis analysis (2017) of the following datasets: 

• Ausgrid electricity consumption data (2014/15) 
• Endeavour electricity consumption data (2014 and 2015) 
• EPA Waste Consumption data (2014/15) 
• Transport for NSW Household Travel Survey data (2014/15) 
• Transport for NSW Freight transport data (2015/16) 

 
Note – freight transport data is for 2015/16 but for the purpose of this analysis has been assumed to be equivalent in 2014/15 

 

 

 

Figure 1: Greater Sydney’s greenhouse gas emissions from building energy consumption, residential transport, freight transport, 

waste and high voltage electricity.  Note: emissions from aviation transport and agriculture are not included in the above emission 

profile. 
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This study sought to analyse to what degree decisions about land use and transport planning 

interventions can reduce greenhouse gas emissions. 

 

A summary of several key findings and challenges are outlined below and shown in Figure 2: 

 

 Greater Sydney contributes to approximately 38% of NSW total greenhouse gas emissions2. 

 

 Significant reductions are required – There has been a steady downward trend on emissions 

reduction state-wide since 2007. Assuming a NSW linear pathway towards net-zero emissions, rapid 

emission reductions are required to achieve net-zero emissions by 2050. 

 

 Greater Sydney’s total emissions will increase by 32% - Under a Reference Case scenario 

(assuming consumption multiplied by growth in jobs and dwellings). 

 

 Land, transport and infrastructure planning policy will have a significant impact - Land use, 

transport and infrastructure planning policy can significantly contribute to reductions in greenhouse 

gas emissions through new building standards, building and precinct scale renewable energy, 

transport infrastructure and parking strategies and increased waste diversion. 

 

 Australian Government policy on renewable energy will play a significant role – Australian 

Government policy will influence NSW emissions and Greater Sydney emissions.  For example, 

through progressive improvements to the carbon intensity of the grid, Greater Sydney will drive further 

emission reductions to support NSW to achieve net-zero emissions. 

 

 Offsets and sequestration are expected to be required to bridge the gap between emission 

reductions in Greater Sydney and achieving NSW’s long-term objective to achieve net-zero emissions 

by 2050.  

 

What is net-zero emissions? 

 

Net-zero emissions means NSW greenhouse gas emissions will be balanced through carbon offsetting or 

sequestration. The more emissions are reduced or avoided, the less offsetting or sequestration is needed 

to achieve net-zero.  

                                                      

 

 

 
2 Assuming Greater Sydney’s contribution of approximately 50 million tonnes of CO2-e from building energy consumption, 

residential transport, freight transport and waste generation (excluding aviation and agricultural emissions). 

 

 

Figure 2: Greenhouse gas emissions from Greater Sydney and NSW, showing emission reduction pathways for Greater Sydney in 

the context of a NSW pathway towards net-zero emissions. 
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This study builds on two previous pieces of work undertaken by Kinesis for the Greater Sydney 

Commission: 

 

1. Analysis of electricity, gas, passenger transport and waste greenhouse gas emission and canopy 

cover data for the Greater Sydney Sustainability Profile and C40 GPC emissions reporting3. 

 

2. Integration of the above data with Sydney’s urban form, density, accessibility and centre typology to 

disaggregate electricity, gas, passenger transport and waste greenhouse gas emissions into small 

area geographies.  This creates an urban mosaic of Sydney to understand differences in consumption 

across different land use, zoning, density and accessibility. 

 

Drawing on this previous work, this study piloted a methodology analysing the land use, transport and 

infrastructure interventions on Greater Sydney’s greenhouse gas emissions (Figure 3).  To test these 

interventions, this study sought to apply a placed-based approach or the urban mosaic to Greater Sydney.  

Through this lens, locally specific interventions can be applied that respond to local land use differences 

(detailed further in page 13).   

 

Adopting this place-based approach provides the Greater Sydney Commission with an understanding of 

the effectiveness of each intervention on reducing greenhouse gas emissions across the Commission’s 

key focus areas4, namely: 

 

 Strategic centres 

 Renewal corridors 

 Collaboration areas 

 Land release areas 

 

For example, the installation of rooftop solar panels in land release areas has a higher impact than in a 

strategic centre like GPOP due to the amount of available roof area.  On the other hand, placed based 

strategies for Strategic Centres highlight in particular the role for precinct scale renewable energy 

strategies and managing parking at a precinct scale. 

 

The methodology used to develop the greenhouse gas emission model for Greater Sydney involved four 

key steps outlined in Figure  and discussed below. 

                                                      

 

 

 
3 C40 is a network of global cities committed to addressing climate change. The Global Protocol for Community Scale Greenhouse 
Gas Emission Inventories (GPC) provides a framework for accounting and reporting citywide GHG emissions. 
4 See Glossary of Terms for definitions of focus areas. 

 

 

 

Figure 3: Methodology for greenhouse gas emissions analysis across Greater Sydney 
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1. Analysis of consumption and generation patterns 

 

As discussed above, Kinesis analysed electricity, gas, residential transport and waste generation to a 

small area geography which is the combination of Travel Zones (TZ) and Statistical Area 1 (SA1)5.  

This geography covers geographies used by both Transport for NSW and the Australian Bureau of 

Statistics (ABS) Census to enable data to be communicated in both Travel Zone and SA1 format.  

 

Using data at this small area geography enables fine grain analysis of current (2015 financial year) 

greenhouse gas emissions to understand similarities and variations in electricity, gas, residential 

transport and waste generation in order to formulate greenhouse gas emission reduction 

interventions. 

 

2. Allocate land use growth scenario to 2036 

 

A land use growth scenario (residential dwellings and non-residential jobs to 2036) provided by the 

GSC was allocated to each TZ/SA1 geography in order to understand the implications of development 

for Greater Sydney’s greenhouse gas emissions. This land use growth allocation established a 

Reference Scenario in 2036 which reflects current (2015) consumption per dwelling and jobs 

multiplied by the growth in jobs and dwellings by type. This enabled an analysis of the implications of 

both existing and new interventions against the 2036 Reference case. 

 

3. Develop and analyse greenhouse gas emission reduction interventions 

 

Based on the allocation of housing and job growth to 2036, the analysis of emission growth was 

understood to identify key areas and sectors for policy intervention, answering for example, where is 

the highest amount of emission growth expected and in what sectors?   

 

Drawing on previous project experience, a desktop review and agency feedback, a suite of 

greenhouse gas emission reduction interventions were analysed and tested.  These interventions 

were selected based on their ability to test land use, transport and infrastructure planning policies. The 

costs and potential delivery issues for these interventions was not part of the scope of this study.  

 

 

 

 

 

                                                      

 

 

 
5 Travel Zones (TZs) are the spatial base of Transport for NSW data collection, transport modelling and analysis. 
TZs allow for detailed spatial analysis as they are smaller than local government areas, but generally larger than an ABS Statistical 
Areas.  Statistical Area 1 (SA1s) are a spatial geography used by the Australian Bureau of Statistics (ABS) and have been 
designed as the smallest unit for the release of census data. 

4. Place based analysis of interventions 

 

Finally, the impact of interventions was analysed at a local level, including for example, the ability and 

impact of new building standards in growth areas, compared with retrofitting programs in existing 

buildings. This report presents details of how each intervention plays out at this local level. 

 

In addition, while this study outlines the results for one land use growth scenario and the selected suite of 

tested interventions, additional housing allocation scenarios and intervention opportunities could be 

incorporated into the model for further testing and analysis. 

 

The analysis is based on six districts, as per the release of the six draft district plans in November 2016. 

These six districts were West, South West, South, North, Central West and Central.  
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Scope of greenhouse gas emissions used in this study 

Greenhouse gas emissions analysed in this study include stationary electricity and gas, residential 

transport and waste emissions from residential and non-residential sectors, with the following exclusions: 

 

 Freight transport 

 Aviation transport 

 Agricultural/mining emissions 

 High voltage emissions 

 
These emission sources, while considered important, were excluded due to data availability and the 

project focus on land-use, transport and infrastructure related greenhouse gas emission reduction 

intervention testing. 

 

Consumption and generation data was converted to greenhouse gas emissions using industry standard 

emission factors (see Appendix for more details). 

 

 

Sector  Source  Geography  Notes  

Electricity  
Ausgrid  

Endeavour Energy 

Suburb 

Postcode  
Includes all electricity usage reported under residential tariff. 

Non-residential 
Electricity  

Ausgrid 

Endeavour Energy 

Suburb 

Postcode  

Includes all electricity usage reported under non-residential tariffs 
excluding high voltage.  Does not include supply to services such 
as public lighting and bus shelters. 

Residential gas  Jemena  LGA  Includes all gas consumption reported under the residential tariff.  

Non-residential 
gas  

Jemena  LGA  
Includes all gas consumption reported under the business 
(commercial and industrial) tariff.  

Resident 
transport  

Transport for NSW 
Household Travel 
Survey  

LGA  
Travel of residents from all modes (e.g. car, bus, train, etc) and all 
trips to all areas both within and outside Greater Sydney.  

Residential 
waste  

. EPA  LGA  
. Residential waste that is collected within the local government 

area, including the amount of waste that is recycled, green waste 
and waste that goes to landfill. 

Non-residential 
waste  

Kinesis estimate 
based on various 
sources  

LGA  
Landfill and recycled waste is estimated by Kinesis based on 
waste generation rates per job multiplied by jobs by sector (see 
more details in Appendix) 

Table 1: Scope of greenhouse gas emissions and source of data used in this study 
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A single housing and job growth projection scenario was used to understand the implications of land use 

on Greater Sydney’s greenhouse gas emissions.   

 

Expected new housing and job supply was sourced from the Greater Sydney Commission in June 2017.  

This data was analysed as follows to create a 2036 residential dwelling and job growth scenario: 

 

Housing supply to 2036 was provided by meshblock and was analysed as follows to create a residential 

dwelling growth scenario: 

 

 Turnover/replacement rates (5:1) 

 New dwelling types categorised as follows: 

 If in a strategic or local centre, all new dwellings are apartments 

 If currently density was greater than 80 dwellings/ha in 2011 then all new dwellings are apartments 

 If within 800m of a station, all new dwellings are apartments 

 If there are less than 5 new dwellings in the SA1/TZ then all dwellings are detached 

 If within land release areas than the dwelling type is determined as 60% detached, 30% attached, 

10% apartments. 

 

Job projections in 2036 was provided by travel zone (TZ) for the following job categories.  No additional 

analysis was required to create the job growth scenario: 

 

 Education (Education and training) 

 Health (Health care and social services) 

 Industrial (Heavy industry, light industry and warehousing) 

 Population Serving (Retail trade, accommodation, food and community services) 

 Knowledge Intensive (Professional services, public administration, finance, insurance etc) 

 

Figure 4 and Figure 5 outline the results of the housing and job growth projection scenario:  

 

 Residential dwellings are projected to grow by 39% from 2015 to 2036.  This growth will be primarily 

driven by increasing multi-unit dwellings (apartments). 

 

 Jobs are expected to grow by 34% from 2015 to 2036. All industries are projected to grow by 24-47%. 

 

 
Figure 4: Residential dwellings growth scenario used in study (Thousands of dwellings).  Source: Greater Sydney Commission, 

June 2017  

 

 

 

Figure 5: Job growth projection scenario used in study (Thousands of job).  Source (see notes right) 
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The spatial distribution of housing and jobs growth under the projection scenario is shown in Figure 6 and 

Figure 7.  Dwellings growth to 2036 under the projection scenario is focused along transport corridors, 

centres and in growth areas.  Job growth, on the other hand, has the highest percentage growth in 

Western Sydney regions. 

 

The distribution of housing and jobs plays a significant role in the expected growth in Greater Sydney’s 

greenhouse gas emissions.  Housing located near transport corridors will be less reliant on private vehicle 

use, and associated transport emissions.  Similarly, the job growth in Western Sydney has the potential to 

reduce travel distances to employment and services, again reducing private vehicle use and associated 

transport emissions. 

 

 

 

Figure 6: Percent dwellings growth between 2015- 2036

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

Figure 7: Percent jobs growth between 2015-2036 

Spatial distribution of residential dwellings growth (2015-2036) Spatial distribution of non-residential jobs growth (2015-2036) 
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What is the urban mosaic? 

Patterns of energy consumption, transport use and recycling rates differ significantly across Greater 

Sydney. Through the analysis of data it is possible to identify patterns of similarity to understand how 

urban form affects greenhouse gas emissions and how land use, transport and infrastructure interventions 

can be applied to reduce these emissions.  As an example, areas around rail stations show similar 

patterns of car use and car ownership rates.  These areas can be grouped to apply transport and parking 

strategies specific to these car use patterns.  Similarly, the urban form of low density areas have similar 

energy demand patterns associated with detached dwelling typologies.  This urban form also has larger 

roof areas that enable rooftop solar panels to supply the energy demand. 

 

For the purposes of this study, an urban mosaic was established for Greater Sydney which sought to 

identify and define areas of Sydney that reflected similar attributes, such as its centre type, housing 

density, access to public transport and whether or not it was subject to urban renewal, growth or new 

public transport corridors (see examples on page 16).  The key elements of Greater Sydney’s ‘urban 

mosaic’ used in this study include: 

 

 Centre Type (Strategic and Large Local Centres,) 

 

 Access to public transport 

 Within 800m of a high frequency stop (>15min frequency in AM peak) 

 Further than 800m from a high frequency stop 

 

 New public transport corridors 

 

 Zoning and residential density (residential lot area) 

 Low (less than 40 dwellings / ha) 

 Medium (40 to 80 dwellings / ha) 

 High (80 to 120 dwellings / ha) 

 Super high (>120 dwellings / ha) 

 Commercial zoning 

 

 Corridors and growth areas 

 Collaboration Areas 

 Priority Precincts Urban Renewal 

 Priority Precincts Land Release 

 Urban Growth Projects 

 

 Age of development (1881, 1948, 1968, 1988, 2005, not urban) 
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This section outlines the analysis and results from exploring net-zero emissions for Greater Sydney.  The 

results are summarised in three sections: 

 

1. Current emission profile and growth 

 

This section sets up the context for Greater Sydney’s current and projected growth in emissions 

resulting from the housing and job projection scenario to 2036 

 

2. The importance of place 

 

Visualising the results at a high level hides insights for policy development. As such, this study 

investigated emissions for each component of the urban mosaic to better understand results and aid 

in policy formulation. This section outlines the differing characteristics of geographies in the urban 

mosaic across Greater Sydney. 

 

3. Pathways to net- zero emissions 

 

This section outlines the greenhouse gas emission reduction interventions explored in this study and 

demonstrates the importance of place. 

This report is supported by an Appendix which documents key assumptions and sources of data included 

in the analysis. 

 

Notes on establishing a Reference Scenario 
 

In order to understand the implications of greenhouse gas emissions growth, a Reference Scenario was 

established against which emission reductions from various existing, proposed and potential emission 

reduction interventions could be measured.   

 

This Reference Scenario is a scenario that assumes growth in land use (dwellings and jobs) but with 

current energy consumption, transport use and waste generation, i.e: 

 

 Current (2015 financial year) electricity and gas consumption, residential transport use and waste 

generation per dwelling and jobs multiplied by the growth in jobs and dwellings by type. 

 Current (2015 financial year) greenhouse gas emission intensities (e.g. kgCO2-e per kWh). 

 

This enables the implications of both existing and new policy interventions to be understood, such as the 

expected reductions through the continued implementation of the Australian Government Renewable 

Energy Target (RET) and current NSW BASIX policy targets, alongside the implications of new and 

emerging interventions such as electric vehicles and shared autonomous vehicles. 

 

Figure 8 and 9 show growth in Greater Sydney’s greenhouse gas emissions by sector and source from 

residential and non-residential electricity and gas consumption, residential transport and waste generation 

(see Table 1).  

 

The key inferences are: 

 

 Electricity and gas consumption from residential and non-residential buildings currently generate 68% 

of the total emissions analysed in this study, and will continue to do so in 2036. 

 

 Total emissions will increase by 32%, largely driven by growth in energy consumption from new 

buildings, rather than transport or waste 

 

Figure 10 shows Greater Sydney’s residential greenhouse gas emissions by residential building type. 

While detached homes continue to contribute the largest emissions, multi-unit dwellings primarily drive the 

growth in emissions due simply to the growth in new apartments. 

 

Figure 11 shows Greater Sydney’s non-residential greenhouse gas emissions by non-residential building 

type. Population serving businesses (retail and retail services) will continue to generate the largest 

emissions and also generate the largest growth in emissions. 



 

  15 

 
Figure 8: Greater Sydney greenhouse gas emissions by sector (2015 - 2036 Reference Scenario) 

 

 

 

 
Figure 9: Greater Sydney greenhouse gas emissions by source (2015 - 2036 Reference Scenario) 

 
Figure 10: Greater Sydney residential greenhouse gas emissions by building type (2015 - 2036 Reference Scenario) 

 

 

 

 

Figure 11: Greater Sydney non-residential greenhouse gas emissions by job type (2015 - 2036 Reference Scenario) 
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Figure 12 shows projected growth in greenhouse gas emissions by TZ/SA1 geography across Greater 

Sydney under the 2036 Reference Scenario, highlighting areas of high dwelling and jobs growth.  For 

example, the North West Priority Growth Area, South West Priority Growth Area and Western Sydney 

Airport Priority Growth Area areas show significant growth, starting from a low base of very few dwellings 

and jobs (and associated emissions).  High emissions growth is also expected along major public 

transport corridors and urban renewal areas where significant dwelling and jobs growth is projected under 

this scenario.  

 

 

 

Figure 12: Percent greenhouse gas emission growth under a Reference Scenario (% growth by 2036) 

 

Figure 13 maps absolute growth in greenhouse gas emissions by SA1/TZ by 2036 under the Reference 

Scenario. This map shows significant absolute greenhouse gas emission growth in major growth areas 

such North West Priority Growth Area, South West Priority Growth Area and Western Sydney Airport 

Priority Growth Area areas, GPOP and major urban renewal corridors such as Central to Eveleigh. 

 

 

 

 

 

Figure 13: Absolute greenhouse gas emission growth under a Reference Scenario (t CO2e growth by 2036) 

 

 

 

 

Percent growth in greenhouse gas emissions (2015-2036 Reference Scenario) Actual growth in greenhouse gas emissions (2015-2036 Reference Scenario) 
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Averages can hide insights.  Visualising the results at the metropolitan scale hides the variability 

between how different parts of Sydney consume resources, travel and emit greenhouse gas emissions.  

An understanding of these variations helps inform both metropolitan and place based interventions. 

 

Figure 14, for example, outlines the variability in the emission profile between each of Greater Sydney’s 

districts, highlighting the higher transport emissions associated with private travel in the West City District, 

and the higher energy demand from buildings in the Central City and East City Districts.  This is further 

highlighted when looking at centre types (Figure 15). 

 

Understanding this variability is important as interventions will have different impacts that respond to these 

variabilities.  For example: 

 

 Areas with a high proportion of transport emissions will save more emissions from improved public 

transport, vehicle efficiency and electric vehicles 

 

 Areas with a high proportion of residential building emissions will respond to residential building 

efficiency strategies and building level renewable energy strategies 

 

 Areas with a high proportion of non-residential building emissions will respond to commercial building 

efficiency policies and lend themselves to precinct scale renewable energy strategies. 

 

 

 
Figure 14: Greenhouse gas emissions by district by sector (under 2036 Reference Scenario) 

 

 

 

 
Figure 15: Greenhouse gas emissions by centre typology by sector (under 2036 Reference Scenario) 
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Where new dwelling and job growth occurs also determines where interventions that relate to new 

development (such as BASIX or parking rates) can have the biggest impact.   

 

Figures 16 and 17 outline where the most greenhouse gas emission growth is expected to occur between 

2015 and 2036 under the Reference Scenario highlighting the importance of interventions that focus on 

Strategic Centres and Urban Renewal Corridors, and multi-unit apartment developments.  

 

 

 

 

 

Figure 16: Greenhouse gas emission growth by geography (2015 to 2036) 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 17: Greenhouse gas emission growth by residential dwelling and job type (2015 to 2036) 
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A range of greenhouse gas emission reduction interventions were tested to analyse to what degree 

decisions on land use, transport and infrastructure interventions can help reduce greenhouse gas 

emissions to support the NSW Government’s aspirational long-term objective of achieving net-zero 

emissions by 2050. 

 

The details of each intervention and key assumptions are outlined in Table 2 and the results of these 

interventions both at the metropolitan and local scale are outlined in the following pages. 

 

 

 

 
 

Intervention Urban Mosaic Application Assumptions 

RET All Greater Sydney 

• Extrapolates NSW contribution to current renewables to growth in 
national renewables under the Australian Government Renewable 
Energy Target (RET). 

Current 
BASIX 

New dwellings across Greater 
Sydney (variable targets by 
typology) 

• BASIX Energy 50 for single dwellings 
• BASIX Energy 45 for low rise 
• BASIX Energy 40 for mid rise 
• BASIX Energy 25 for high rise 

Higher BASIX 

New dwellings across Greater 
Sydney (variable targets by 
typology) 

• BASIX Energy 60 for single dwellings 
• BASIX Energy 50 for low rise 
• BASIX Energy 45 for mid rise 
• BASIX Energy 40 for high rise 

New dwellings in 
UrbanGrowth NSW Projects, 
Collaboration areas, Priority 
Precincts (Urban Renewal 
and Land Release) 

• BASIX Energy 75 for single dwellings 
• BASIX Energy 65  for low rise 
• BASIX Energy 60  for mid rise 
• BASIX Energy  55  for high rise 

New Building 
Standards 

New commercial floor space 
in Strategic Centres 

• Knowledge intensive - Equivalent to approximately NABERS 6-star 

New buildings across Greater 
Sydney (variable reductions 
by typology) 

• Lighting, equipment and heating, ventilation and air conditioning 
(HVAC) upgrades 
• Population Serving (retail) – ~20% reduction 
• Education – ~30% reduction 
• Health – ~30% reduction 
• Industrial – ~20% reduction 

Residential 
Retrofits 

Existing dwellings across 
Greater Sydney (variable 
reductions by typology) 

• Lighting and appliance efficiency 
• Detached – ~20% reduction on 50% of homes 
• Attached – ~30% reduction on 50% of homes 
• Apartments – ~5% reduction on 25% of homes 

 

 

Intervention Urban Mosaic Application Assumptions 

Non-
Residential 
Retrofits 

Existing dwellings across Greater 
Sydney (variable reductions by 
typology) 

• Lighting, equipment and heating, ventilation and air conditioning 
(HVAC) upgrades 
• Knowledge Intensive (commercial) - ~25% reduction on 75% of 

buildings 
• Population Serving (retail) – ~13% reduction on 50% of buildings 
• Education – ~13% reduction on 50% of buildings 
• Health – ~30% reduction on 50% of buildings 
• Industrial – ~10% reduction on 50% of buildings 

Building 
Renewables 

Building level rooftop solar panels 
installed on individual buildings 
outside major renewal areas and 
centres 

Implemented and servicing individual buildings only (i.e. rooftop solar 
panels generation  is exported to the grid): 
• 70% take-up in new buildings 
• 50% take-up in existing buildings 
• kW varies by building type based on expected roof area and solar 

access 

Precinct 
Renewables 

Renewables implemented and 
managed at a precinct scale (i.e. 
embedded network) across major 
renewal areas and centres  

Implemented on buildings but servicing precincts as a whole (i.e. through 
an embedded network to distribute local renewables across the 
precinct): 
• 70% take-up in new buildings 
• 50% take-up in existing buildings 
• kW varies by building type based on expected roof area 

Transport & 
Parking 

All residential travel across 
Greater Sydney. 

• Impact of increased local employment and local housing density due 
to job and dwelling projections.  This is used by the VKT model to 
calculate expected travel due to new local employment and services 
(see Appendix for more details). 

Strategic Centres, New Public 
Transport Corridors, 
UrbanGrowth NSW Projects, 
Collaboration areas, Priority 
Precincts 

• Impact of new proposed public transport 
• Incorporating low parking rates for new dwellings (variable) 
• Incorporating car share (variable based on estimated take-up) 
These variables are used by the VKT model to calculate expected travel 
due to new local employment and services (see Appendix for more 
details). 

Electric 
Vehicles & 
Vehicle 
Efficiency 

All residential travel across 
Greater Sydney 

• EVs at 36.9% of vehicle stock based on high growth scenario (see: 
Electric Vehicles, AEMO Energia August 2016) 

• Remaining stock vehicle efficiency based on Target A from 
https://infrastructure.gov.au/roads/environment/forum/files/Vehicle_F
uel_Efficiency_RIS.pdf which assumes a Standard phased in from 
2020 with a fleet average target of 105g/km in 2025 for new 
passenger and commercial vehicles up to 3.5 tonnes. Improvements 
in vehicle efficiency up to five times faster than BAU, resulting in an 
overall fleet average 33 per cent better than expected under BAU in 
2025. 

Waste 
Diversion 

All residential and 
commercial/industrial waste 
streams 

• Assuming 2014-2021 Waste Avoidance and Resource Recovery 
(WARR) Strategy Targets, see 
http://www.epa.nsw.gov.au/resources/wastestrategy/140876-WARR-
strategy-14-21.pdf 

• Increase waste diverted from landfill to 85% 

Canopy 
Cover 

Areas of priority urban greening 
• Greenhouse gas reductions due to estimated reduction in cooling 

demands, increased walking/cycling and sequestered carbon in new 
trees. See appendix for more details. 

Table 2: Greenhouse gas emission reduction interventions investigated in this study. 
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Figure 18 shows the greenhouse gas emission reduction potential from each intervention for the Greater Sydney region. Cumulatively, the interventions can achieve a 50% reduction in emissions across Greater 

Sydney.  Overall, more than half of the potential emission reductions are attributable to land use, transport and infrastructure planning interventions, including BASIX, new building standards, renewable energy, waste 

diversion, transport, parking and canopy cover strategies).   

 

The biggest drivers of the reduction are implementing building and precinct scale renewables, the impact of the 2020 Renewable Energy Target (RET) and a higher waste diversion policy. At an aggregate level, 

interventions that relate to new buildings have a lower impact in reducing the total emissions as these interventions would only apply to the 2015-2036 growth component of the emissions, equivalent to less than 25% of 

the projected 2036 Reference Scenario. 

 

 

Figure 18: Estimated greenhouse gas reduction potential for the Greater Sydney Region 

2015 
Emissions

Projected 
Growth 

in 
Emissions

2036 
Reference 
Scenario 

Emissions

2020 RET Current
BASIX

Higher
BASIX

New
building

standards

Residential
retrofits

Non-
residential

retrofits
Building

renewables
Precinct

renewables
Waste

diversion Transport
& parking

EVs
+ Vehicles 
efficiency

Canopy 
cover

2036
Low

Emissions
Scenario

42 

14 

56 

28 

1%

1%
1%

1%
1%

8% 

1% 

1%

2% 

1%

2% 
3% 

6% 

6% 

5% 

6% 

4% 
7% 

1%

<1% 50% 

1%

Shared  

autonomous 

vehicles 

(▼4%) 

 

1%

1%

1% 1%

Million tonnes of CO2-e/year 

‘000,000 



 

  21 

 

While the intervention analysis outlined in Figure 19 

provides an aggregate pathway for emission 

reductions across Greater Sydney, the impact of 

interventions will be felt differently in different 

locations.   

 

Put differently, the mosaic of communities across 

the District, with different communities, built forms 

and rates of change, will present different 

opportunities for reducing emissions. In areas 

where more change and growth is expected there 

will be greater potential to introduce precinct-wide 

infrastructure and more efficient buildings. Adopting 

a place-based approach for each area is necessary 

to achieve the best sustainability outcomes. 

Figure 9 highlights the variability in emission 

reductions across Greater Sydney, highlighting 

potential high emission reduction areas, including: 

 

 Renewal corridors 

 Strategic Centres 

 Collaboration Areas 

 Growth Areas 

 

Figure 19 identifies high performance, low 

emissions precincts which leverage local 

opportunities and proposed new growth in Greater 

Sydney to reduce greenhouse gas emissions and 

support NSW to achieve net-zero emissions. This 

is further highlighted in Figure 20 which presents a 

3D visualisation of potential reductions showing key 

precincts and corridors. 

 

Two examples of potential high performance low 

greenhouse gas precincts are shown on the 

following pages: 

 

 Greater Parramatta Olympic Park (GPOP) 

 Example Land Release area Figure 19: Estimated greenhouse gas reduction potential across Greater Sydney, shown by SA1/TZ.  Percent reduction shown compared to 2036 Reference Scenario 
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Figure 20: Estimated greenhouse gas reduction potential across Greater Sydney, shown by SA1/TZ. 

 

 

North West Priority Growth Area 

GPOP 

Sydney Strategic Centre 

Liverpool 

Penrith 

NOTE 

The height represents the intensity of emission reductions (i.e. tonnes Co2-e per ha)  

The colour represents the overall emission reduction (i.e. total tonnes C02-e) 
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Estimated greenhouse gas reduction potential for GPOP  

 

Figure 21 shows the greenhouse gas reduction potential from each intervention for the GPOP, delivering a cumulative reduction in emissions of approximately 70%. Placed based strategies for GPOP highlight in 

particular the role for precinct scale strategies, including: 

 

 Precinct scale renewable energy strategies, where rooftop solar panels installed at the building level but generated electricity is managed across buildings to meet more than building level demands. 

 Transport and parking strategies, where low to zero parking rates are provided in buildings and parking is managed at a precinct scale, establishing the framework for shared-autonomous electric vehicles. 

   

 

Figure 21: Estimated greenhouse gas reduction potential for an urban renewal site - the GPOP Strategic Centre 
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Estimated greenhouse gas reduction potential for a land release area  

 

Figure 22 shows the greenhouse gas reduction potential from each intervention for a land release area, delivering a cumulative reduction in emissions of approximately 75%. Placed based strategies for this growth area 

highlight the role of: 

 

 Higher BASIX targets for new residential dwellings, due to the significant amount of growth expected in land release areas 

 Building level renewable energy strategies, where, due to the relatively low density of the growth area, significant roof space is available for individual dwelling rooftop solar panels 

 Electric vehicles in areas with current high levels of private vehicle use. 

  

 

Figure 22: Estimated greenhouse gas reduction potential for a land release area  
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While the examples of GPOP and the a land release are on previous pages show the potential for significant percent emission reductions in these growth areas, Figure 23 outlines the potential for emission reductions 

across all  area types.  This shows the difference between the Reference Scenario (in light blue) and potential for emissions reduction (in dark blue) highlighting that land release areas, strategic centres and urban 

renewal will deliver the most efficient and low emission outcomes for Greater Sydney. 

 

Emission Reduction Potential by Area Type  
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Figure 23: Estimated greenhouse gas reduction potential for each area type 
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As outlined in Table 2, the analysis on the previous pages assumes a grid co-efficient (emissions per kWh of electricity) that is in line with the current Renewable Energy Target policy.  This policy sets targets on the 

amount of renewable energy to be delivered through the electricity grid to 2020.  An additional scenario was modelled to reflect progressive improvements to the emissions intensity of the electricity grid beyond the 

existing Renewable Energy Target.   

 

Figure 24 highlights the impact of the electricity grid emissions intensity reducing from 0.99 kgCo2-e/kWh in 2014/15 to approximately 0.5 kgCo2-e/kWh in 2036.  Cumulatively, the policy interventions can achieve a 65% 

reduction in emissions across Greater Sydney.  Critically, this analysis shows the significant role of the electricity grid in delivering low emissions electricity to Greater Sydney.  In addition, it highlights that with a lower 

emission electricity grid, the impact of building standards, retrofits and local renewable energy is reduced, and the impact of electric vehicles is increased. 

 

Figure 24: Estimated greenhouse gas reduction potential for the Greater Sydney Region 
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This pilot study highlights the impact of future housing distribution on Greater Sydney’s greenhouse gas 

emissions.  It suggests there are a number of pathways where changes to the way development and 

urban and transport systems are planned and designed would make a significant contribution to the 

reduction of greenhouse gas emissions. 

This study also challenges us to reconceptualise how a metropolitan region can respond to reducing 

greenhouse gas emissions.  It moves us away from the view that Greater Sydney is a monoculture of 

density and highlights how both high density renewal areas and low density suburbs can be part of the 

solution in Greater Sydney supporting NSW’s Government’s aspirational long-term objective of achieving 

net-zero emissions by 2050.   

 

While this study has not specifically addressed implementation, it has highlighted that the delivery of the 

pathways outlined in this report will require linking infrastructure with housing and transport to effectively 

reduce emissions. 

 

Based on the analysis and findings of this study, the following next steps for the NSW Government are 

suggested: 

 

 Establish potential low emissions precincts to identify local renewable energy generation opportunities, 

greater use of public transport and precinct based parking solutions. 

 

 Verify the emission reduction opportunities on low emissions precincts, to ensure the pathways 

identified in this study can be applied at a variety of scales, growth scenarios and intervention 

opportunities. 

 

 Quantify the likely costs and benefits and implementation pathways of the potential emission reduction 

opportunities for low emissions precincts, including: 

 

- Local renewable energy infrastructure delivery 

- Improved building efficiency standards (such as higher BASIX Targets) 

- Precinct scale parking solutions, incorporating car sharing and electric vehicles 

- Local waste management and diversion from landfill 

- Urban greening through increased tree canopy cover 
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This documents key assumptions and sources of data included in the analysis, including: 

 Key Challenges & Assumptions 

 Tree Canopy Analysis Approach 

 Emission factors 
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Some key challenges encountered in this project are outlined below: 

• Greenhouse gas emissions analysed in this study include stationary electricity and gas, residential 

transport and waste emissions from residential and non-residential sectors, with the following 

exclusions: 

o Freight transport 

o Aviation transport 

o Agricultural/mining emissions 

o High voltage emissions 

 

These emission sources, while considered important, were excluded due to data availability and the 

project focus on land-use, transport and infrastructure related greenhouse gas emission reduction 

intervention testing. 

• Key data inputs for this project (electricity, gas, household travel patterns, waste consumption, 

dwellings, jobs) was provided at different geographies, e.g. Ausgrid at suburb, Endeavour at postcode, 

transport data at LGA and TZ.  Data alignment and disaggregation was required to enable analysis 

and localise intervention testing (e.g. interventions specific to a corridor or project, areas of certain 

accessibility) rather than generic interventions that do not respond to these differences. 

• Dwelling projections are not available by typology. This affects interventions like BASIX where targets 

are differentiated between single dwellings and apartments.  Assumptions were required to enable this 

analysis. 

• Limitations of low sample-size data e.g. car ownership rates by SA1 for areas which currently do not 

have certain housing typologies.  This creates “outliers” that had to be treated separately.  

Key Assumptions included in this study are outlined below: 

• Intervention analysis was undertaken using the Kinesis CCAP Precinct model.  The CCAP Precinct 

model, draws on local climate, demographic and travel pattern datasets for Greater Sydney to provide 

network-level analysis and scenario modelling across energy, renewables, transport, car use, car 

share, parking and greenhouse gas emissions. 

• For this project, local demand profiles for different housing and non-residential floor space typologies 

were incorporated and analysed in CCAP Precinct to determine the potential reduction possible 

through various interventions such as higher BASIX targets, higher NABERS performance and 

efficiency upgrades. 

• Assumptions for each energy intervention are outlined in Table A1. 

 

 

 

Intervention Urban Mosaic Application Assumptions 

RET All Greater Sydney 

• Extrapolates NSW contribution to current renewables to growth in 
national renewables under the Australian Government Renewable 
Energy Target (RET).   

Current 
BASIX 

New dwellings across Greater 
Sydney (variable targets by 
typology) 

• BASIX Energy 50 for single dwellings 
• BASIX Energy 45 for low rise 
• BASIX Energy 40 for mid rise 
• BASIX Energy 25 for high rise 

Higher BASIX 

New dwellings across Greater 
Sydney (variable targets by 
typology) 

• BASIX Energy 60 for single dwellings 
• BASIX Energy 50 for low rise 
• BASIX Energy 45 for mid rise 
• BASIX Energy 40 for high rise 

New dwellings in 
UrbanGrowth NSW Projects, 
Collaboration areas, Priority 
Precincts (Urban Renewal 
and Land Release) 

• BASIX Energy 75 for single dwellings 
• BASIX Energy  65 for low rise 
• BASIX Energy  60 for mid rise 
• BASIX Energy  55 for high rise 

New Building 
Standards 

New commercial floor space 
in Strategic Centres 

• Knowledge intensive - Equivalent to approximately NABERS 6-star 

New buildings across Greater 
Sydney (variable reductions 
by typology) 

• Lighting, equipment and heating, ventilation and air conditioning 
(HVAC) upgrades 
• Population Serving (retail) – ~20% reduction 
• Education – ~30% reduction 
• Health – ~30% reduction 
• Industrial – ~20% reduction 

Residential 
Retrofits 

Existing dwellings across 
Greater Sydney (variable 
reductions by typology) 

• Lighting & appliance efficiency 
• Detached – ~20% reduction on 50% of homes 
• Attached – ~30% reduction on 50% of homes 
• Apartments – ~5% reduction on 25% of homes 

Non-
Residential 
Retrofits 

Existing dwellings across 
Greater Sydney (variable 
reductions by typology) 

• Lighting, equipment and heating, ventilation and air conditioning 
(HVAC) upgrades 
• Knowledge Intensive (commercial) - ~25% reduction on 75% of 

buildings 
• Population Serving (retail) – ~13% reduction on 50% of buildings 
• Education – ~13% reduction on 50% of buildings 
• Health – ~30% reduction on 50% of buildings 
• Industrial – ~10% reduction on 50% of buildings 

Building 
Renewables 

Building level solar PV 
implemented on individual 
buildings outside major 
renewal areas and centres 

Implemented and servicing individual buildings only ((i.e. rooftop solar 
panels generation is exported to the grid): 
• 70% take-up in new buildings 
• 50% take-up in existing buildings 
• kW varies by building type based on expected roof area and solar 

access 

Precinct 
Renewables 

Renewables implemented 
and managed at a precinct 
scale (i.e. embedded network) 
across major renewal areas 
and centres  

Implemented on buildings but servicing precincts as a whole (i.e. through 
an embedded network to distribute local renewables across the precinct): 
• 70% take-up in new buildings 
• 50% take-up in existing buildings 
• kW varies by building type based on expected roof area 

Table A1 – Energy intervention assumptions used in this study 
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• Transport modelling was also undertaken in CCAP Precinct, drawing on the Sydney Vehicle 

Kilometres Travelled (VKT) Regression Model originally developed and subsequently updated by 

Transport for NSW Transport Performance and Analysis.  This model provides the analysis and 

impacts of residential transport interventions, including the impact of increasing local employment and 

local housing density, new public transport, parking rates, electric vehicles and vehicle efficiency.  

See:  

• http://atrf.info/papers/2006/2006_Corpuz_McCabe_Ryszawa.pdf  

• www.bts.nsw.gov.au/.../CP2011-5-Prediction-Vehicle-Kilometres-Travelled.pdf.aspx  

• The VKT model is further enhanced through additional components, such as car share drawing on 

GoGet car share usage and member datasets for Greater Sydney in 2014, 2015 and 2016. 

• Assumptions for each Transport & Waste intervention are shown in Table A2. 

 

• The expected greenhouse gas emission reductions from increased canopy cover looked at three 

components: 

• Cooling and related reductions in air conditioning demands 

• Increased local walking and cycling potential 

• Carbon sequestration from new tree planting 

• Canopy cover analysis was not uniform but responded to existing canopy cover and potential urban 

greening priority areas to address key heat and amenity issues (see maps on following page) 

• Cooling demand reductions from increased canopy cover was calculated by increasing the thermal 

ratings of buildings within areas where canopy cover was increased.  For residential dwellings this 

related to a 1-star improvements in NatHERS rating and for non-residential buildings it related to a 5% 

reduction in cooling demands. 

• Increased local walking and cycling potential from increased canopy cover was calculated by applying 

the current walking/cycling rates of areas of similar accessibility levels of higher canopy cover (Source: 

Transport for NSW Household Travel Survey). 

• Carbon sequestration from new tree planting was applied by multiplying increased canopy cover by 

the amount of emissions per mature tree (approximately 20 kgCo2-e/year) sourced from: 

• Australian Government FullCAM model (The Full Carbon Accounting Model (FullCAM) is the 

model used to construct Australia’s national greenhouse gas emissions account for the land 

sector).  http://www.environment.gov.au/climate-change/climate-science-data/greenhouse-gas-

measurement/land-sector 

• City of Sydney Urban Forest Strategy 

(http://www.cityofsydney.nsw.gov.au/__data/assets/pdf_file/0003/132249/Urban-Forest-Strategy-

Adopted-Feb-2013.pdf) 

Intervention Urban Mosaic Application Assumptions 

Transport & 
Parking 

All residential travel across 
Greater Sydney. 

• Impact of increased local employment and local housing density due to 
job and dwelling projections.  This is used by the VKT model to 
calculate expected travel due to new local employment and services  

Strategic Centres, New 
Public Transport Corridors, 
UrbanGrowth NSW Projects, 
Collaboration areas, Priority 
Precincts 

• Impact of new proposed public transport 
• Incorporating low parking rates for new dwellings (variable) 
• Incorporating car share (variable based on estimated take-up) 
These variables are used by the VKT model to calculate expected travel 
due to new local employment and services  

Electric 
Vehicles & 
Vehicle 
Efficiency 

All residential travel across 
Greater Sydney 

• EVs at 36.9% of vehicle stock based on high growth scenario (see: 
Electric Vehicles, AEMO Energia August 2016) 

• Remaining stock vehicle efficiency based on Target A from 
https://infrastructure.gov.au/roads/environment/forum/files/Vehicle_Fue
l_Efficiency_RIS.pdf which assumes a Standard phased in from 2020 
with a fleet average target of 105g/km in 2025 for new passenger and 
commercial vehicles up to 3.5 tonnes. Improvements in vehicle 
efficiency up to five times faster than BAU, resulting in an overall fleet 
average 33 per cent better than expected under BAU in 2025. 

Waste 
Diversion 

All residential and 
commercial/industrial waste 
streams 

• Assuming 2014-2021 Waste Avoidance and Resource Recovery 
(WARR) Strategy Targets, see 
http://www.epa.nsw.gov.au/resources/wastestrategy/140876-WARR-
strategy-14-21.pdf 

• Increase waste diverted from landfill to 85% 

Canopy 
Cover 

Areas of priority urban 
greening 

• Greenhouse gas reductions due to estimated reduction in cooling 
demands, increased walking/cycling and sequestered carbon in new 
trees.  

Table A2: Transport, waste and tree canopy intervention assumptions used in this study 

 

 

http://atrf.info/papers/2006/2006_Corpuz_McCabe_Ryszawa.pdf
http://www.bts.nsw.gov.au/.../CP2011-5-Prediction-Vehicle-Kilometres-Travelled.pdf.aspx
http://www.environment.gov.au/climate-change/climate-science-data/greenhouse-gas-measurement/land-sector
http://www.environment.gov.au/climate-change/climate-science-data/greenhouse-gas-measurement/land-sector
http://www.cityofsydney.nsw.gov.au/__data/assets/pdf_file/0003/132249/Urban-Forest-Strategy-Adopted-Feb-2013.pdf
http://www.cityofsydney.nsw.gov.au/__data/assets/pdf_file/0003/132249/Urban-Forest-Strategy-Adopted-Feb-2013.pdf
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CURRENT CANOPY COVER 

(Source: SPOT5 Woody Extent and Foliage Projective Cover (FPH) 5-10m, 2011 

NSW Office of Environment and Heritage. Averaged to SA1 (2016)) 

TEMPERATURE DURING HEAT WAVE 

(Source: CSIRO Landsat 5 LST (Land surface temperature) for 02/02/2011 (2011).  

POPULATION MOST VULNERABLE TO HEAT WAVE 

(Source: Kinesis analysis of vulnerable age profiles and heat wave data) 

POTENTIAL URBAN GREENING PRIORITY AREAS 

(Source: Kinesis analysis) 
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• Aligned to GPC Reporting protocol on use of emission factors and scopes (see: 

http://www.iclei.org/activities/agendas/low-greenhouse gas-city/gpc.html).  

• Emission factors used in this study are outlined in Table A3. 

 

 

 

 

 

 

 

 

 

 

 

 

Table A3: Emission factors and sources used in this study 

 

 

Resource Type Scope 2014/15 Factor Unit Source

Electricity scope2 0.86 kg CO2-e/kWh Table 7.2: NGER Technical Guidelines 2014 (Jul 14, for 14/15 reporting year); Table 41 (Latest Estimate): NGA Factors 2014 (July)

Electricity scope3 0.13 kg CO2-e/kWh Table 7.2: NGER Technical Guidelines 2014 (Jul 14, for 14/15 reporting year); Table 41 (Latest Estimate): NGA Factors 2014 (July)

Natural Gas scope1 0.05133 kg CO2-e/MJ Table 2.3.2A Item 17: NGER Technical Guidelines 2014 (Jul 14, for 14/15 reporting year); Table 37: NGA Factors 2014 (July)

Natural Gas scope3 0.0128 kg CO2-e/MJ Table 2.3.2A Item 17: NGER Technical Guidelines 2014 (Jul 14, for 14/15 reporting year); Table 37: NGA Factors 2014 (July)

Car as Driver scope1 0.086206344 kg CO2-e/km NGER 2014/15; NGA 2014/15 - Table 40

Car as Driver scope3 0.192895068 kg CO2-e/km NGA Factors 2014/15

Train scope2 0.036666667 kg CO2-e/km https://bitre.gov.au/collaboration/files/alctf_technical_report.pdf; Kinesis estimate

Train scope3 0.073333333 kg CO2-e/km https://bitre.gov.au/collaboration/files/alctf_technical_report.pdf; Kinesis estimate

Bus scope1 0.03 kg CO2-e/km https://bitre.gov.au/collaboration/files/alctf_technical_report.pdf; Kinesis estimate

Bus scope3 0.06 kg CO2-e/km https://bitre.gov.au/collaboration/files/alctf_technical_report.pdf; Kinesis estimate

Ferry scope1 0.125666667 kg CO2-e/km http://atrf.info/papers/2013/2013_junjian_zhao.pdf; Kinesis estimate

Ferry scope3 0.251333333 kg CO2-e/km http://atrf.info/papers/2013/2013_junjian_zhao.pdf; Kinesis estimate

Tram scope1 0.053533333 kg CO2-e/km https://bitre.gov.au/collaboration/files/alctf_technical_report.pdf; Kinesis estimate

Tram scope3 0.107066667 kg CO2-e/km https://bitre.gov.au/collaboration/files/alctf_technical_report.pdf; Kinesis estimate

Other Mode scope1 0.066414602 kg CO2-e/km Kinesis Estimate

Other Mode scope3 0.13692568 kg CO2-e/km Kinesis Estimate

Commercial and industrial waste scope1 1.1 kg CO2-e/kg NGA 2014/15 - Table 44;

Municipal solid waste scope1 1.2 kg CO2-e/kg NGA 2014/15 - Table 44;

Green waste scope1 0.0043 kg CO2-e/kg IPCC 2006;

http://www.iclei.org/activities/agendas/low-carbon-city/gpc.html

