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About Ironbark Sustainability

For nearly two decades, Ironbark Sustainabili ty has worked with councils and their communities
to reduce greenhouse emissions, tackle climate change and implement sustainability projects

and programs. We bring together a wealth of technical and financial analysis, maintenance and
implementation exper ience in the areas of building energy and water efficiency, climate action

and strategy development, public lighting and data management. We pride ourselves on

supporting our clients to achieve real action on sustainability.

Our Mission
The Ironbark missio  n is to achieve real action on sustainability for councils and their
communities.

Certified  |ronbark is a certified B Corporation. We have been independently assessed as meeting
the highest standards of verified social and environmental performance, public
coaration  frgnspar ency, and legal accountability to balance profit and purpose.
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1. Introduction

A cityds ab ieffectiveyactian@n niitigdtirgy climate change, and monitor
progress, depends on having access to good quality data. Planning for climate action
begins with developing a GHG inventory.

Global Protocol for Community -Scale Greenhouse Gas Inventories v1.1 (p9)

The Snapshot Climate portal has been developed by Ironbark Sustainability and Beyond
Zero Emissions to give councils and communities free access to high quality community
emissions data to support climate action planning.

Snapshot is the fir st national tool with data for every region in Australia. We use a

common framework to allow for comparison between municipalities and  regions. All the
municipal profiles add up to the national emissions total, meaning that no emissions go
unaccounted for.

Snapshot was founded on the principle of transparency. One of the core objectives of the

tool is to increase community and council capacity to understand and use community

emissions data. For this reason, the full methodology including calculations, data sources
and emissions factors is freely available in this document.

1.1  Verification

Snapshot has been developedw i t h i nput from Australiads | eading ex
decades of experience working with hundreds of councils and community groups

througho ut Australia . Through ongoing engagement with key stakeholders and industry

experts t he Snapshot data, methodology and calculations have been independently

verified as aligned with the GPC and with best practice industry standards for community

emissions profile development in Australia.

The development of community emissions profiles is complex and there are many

different approaches which can be considered to be aligned with the GPC and in line best
practice. All verification h as been undertaken in good faith to support council and
community access to high quality community emissions profiles and to increase

community emissions literacy and climate action planning capacity within the sector.

For more information please contact hello@snapshotclimate.com.au

CIU_SNP_005_Methodology_vla Page 10 of 119
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2. How to use this document

This document outlines the methods employed for calculating emissions for
municipalities as used by the Snapshot Climate portal.

The methods outlined in this document have been developed and shared with the
following objectives:

1  They are compliant with the GPC Protocol for Cities, meaning that the outputs are
compatible with international conventions such as the Global Covenant of Mayors for
Climate and Energy

1  They are consistent for municipalities across Australia, meaning that different towns

and cities can compare, aggregate, and track emissions with other municipalities
knowing that it is an apples -for -apples match.
T They 6sum to one6, meaning that the individual muni

together to equal the emissions for the whole country (only including the categories
that are within the scope of these profiles).

1 The methods only use data that is avail able for common usage, ensuring that others
can duplicate the outcome of the approach, improving transparency and verification
options.

2.1 Navigation
2.1.1 Methods by  sector

The document is structured sector by sector, so each segment of the donut has an
accompan ying methodology. For each sector you will find:

1 The approach i thisisthe elevator pitch and gives a brief overview of the method
and sources used and any notable exclusions for each emissions source

1 Thedetail i for each sectorthe data sources, emissions factors, and calculation
method are provided to give a full understanding of how the numbers were arrive d
atand to enable independent use of the data.

2.1.2 Methods by  state and year

In some cases, different methods have been used for different states or reporting years.
The availability of data can vary between states and over time. To ensure best practice

across all profiles it is therefore necessary in these cases to use different data sets and

method s. Table 44: Methodology overview by state in the Appendix lists the methods
state by state so you can easily understand which method applies to your profile.

CIU_SNP_005_Methodology_vla Page 11 of 119
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2.1.3 Nam ing conventions for methods

From the 2022/23 release a new naming convention for methods has been introduced

which has been established by Ironbark, based on the emissions sectors , Subsectors and
data tiers outlined in the GPC. Within the Methodology document e ach of the methods
outlined in this document has a corresponding method reference code. This is done for

the purpose of tracking methods over time, and for ensuring continuity with other work
being done in this space. This continuity will enable future reports to be reconciled with

previous reports without locking profiles into obsolete methods.

Table 1: Naming conventions explainer

e Sector Subsector Data Tier Method
Reference version No.
SEE RE_T1_V1 Stationary Energy Residential Tier 1 15t version of
Electricity the method
released
SEE RE TI V1
TR_AV_T2_V2 Transport Aviation Tier 2 2nd version of
the method
released
TR A T2 V2

As a user itis important to

1 Understand which methods have been used to develop the profiles for different
municipalities

1 Understand that different methods may have been used to develop previous versions
of the profile for your municipality

1 Take the impact of different methods into consideration when comparing profiles

For example, if your 201 8 profile uses SEE_RE_T1 V1 and the profile of a neighbouring
municipality uses SEE_RE_T1_V 2 itis important to understand you are not comparing

apples with appl es. Alternatively, as part ofthe latest update the electricity emissions for
all profiles have  been backdated across all years  to incorporate improvements to data

and methods. So, i fyou have a 2018 profile downloaded in 2019, this will differ from the

20 18 profile currently on the portal . The naming convention can help you keep track of
i mprovements to the methods used for your municipalit:
The previous Snapshot Methodology 2019 -2021 will remain available for download from

the Resources page of the Snapshot portal so that the methods and sources of any

historical profiles are still accessible. When doing any communications work comparing
Snap shot profiles, you can includ e the naming convention for the method and reference

to the appropriate Methodology document to help maintain clarity and transparency.
Where a method was developed and superseded before the release of Snapshot, it has

not been detailed in the available Methods documents to avoid confusion.
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2.1.4 Data sources and emissions factors

Data sources have a Source ID which is refe renced under the relevant methods sector
under the Base Data section . The full source reference canthenbeloo kedup inthe
References section using the Source ID code.

All emissions factors used are listed in the Appendix with the relevant table number
provided in the Emissi  ons Factors section for each sector. In some cases, a specific
emissions factor will not available, for example if the source data used has already been
converted into emissions. In these cases , the reason for not providing an emissions
factor will be outl  ined.

2.1.5 Regressions

Regressions are  formula which establish a relationship between two sets of data and are
used within many of the methods detailed in this document. Where a regression formula
has been used, this will be detailed within the Method section for the sector so the
calculation ¢ an be replicated.

2.2  Improving methods over time

The value of community emissions profiles in climate action planning is becoming
increasingly apparent. This is result ing in significant improvements in the availability of
activity data at the community sca le (such as commercial electricity consumption or km
travelled by bus). This is great news for the climate action sector.

Snapshot is always aiming to represent best practice in community emissions profiles. In
order to maintain this standard, it is essen tial that we update our approach to
incorporate the best available data sources and methods as they become available.

2.2.1 Changes to historical profiles

Where possible we will update historical profiles using new improved data and methods

to enable comparis on between different years. This also ensures that all Snapshot
profiles on the portal are consistent in their methods and represent best practice.
For this reason, you may find that the current Snapshot profiles on the portal differ from

versions you hav e downloaded previously. Cross referencing the  naming convention
outlined in Section  2.1.3 with the relevant Snapshot Methodology document (available
from the Resou rces page of the portal) will help you understand which methods have
been used for different profiles.

While changes to historical profiles may present a challenge in terms of communicating

these differences, it is important to note that methods are alway s changed to improve
accuracy and reliability. So, where a historical profile has been updated witha new
method , you can assume the outcome is a more accurate and reliable profile. For tips on
how to communicate these changes please visit the FAQs page of the Snapshot Climate
portal.

CIU_SNP_005_Methodology_vla Page 13 of 119



2.2.2 Differences in methods between other
municipalities

In some cases, certain data sets will not be available for all municipalities . For example,
Google EIE transport data is only available for municipalities which have a tot al volume
of travel over a set threshold. In these cases, itis important to understand that the
limitations of compar ing emissions totals developed using different data sources and
methods. Table 44: Methodology overview by state can be used to understand which
methods have been used in different municipalities.

2.2.3 Independently developed profiles

Some councils have developed their own profiles independently. Where the publication of

mul tiple different profiles such as within Council 6s
likely to cause confusion for the community, Council may request that their

independently developed profile be uploaded to Snapshot in place of the standard

profile. Inthese cases, this will be stated on the profile as displayed on the portal and

you will need to contact the council directly to get more information on the method
em ployed.

2.3 Citation

We encourage you to reference the Methodology when using it within your work to
support transparency across the sector. Where you wish to reference the methodology
please use the following citation:

Ironbark Sustainability. (2022, Novemb er). Snapshot Methodology 2022. Snapshot
Climate. https://snapshotclimate.com.au/resources/

For formal reporting purposes such as reporting to CDP Cities as part of GCOM, you can
attach the full PDF of this document as a reference for the methodology used.

2.4 Questions and feedback

If you have any questions around the Snapshot methodology, calculations or data
sources that are not answered in this document , orif you have any feedback or
suggestions you would like to share please feel free to email us your query at
hello@snapshotclimate.com.au

2.5 Disclaimer

Snapshot profile s have been developed in accordance with the Global Protocol for
Community -Scale Greenhouse Gas Emission Inventories (GPC) by experts certified under
the City Climate Planner Certificate Program.

The GPC is designed to promote best practice greenhouse gas (GHG) accounting and
reporting and was developed through an inclusive multi -stakeholder process. This
involved input from experts from nongovernmental organisations, governments, and

others convened by WRI, C40 and ICLEL. The methodology used to develop Snapshot
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profiles has been developed in good faith and BZE and Ironbark do not undertake any
duty to or accept any responsibility to any third party who may rely upon this document.
All rights reserved.

Data has been sourced from a variety of third parties (such a s Distribution Network
Service Providers (DNSPs)  and the Commonwealth Scientific and Industrial Research
Organisation (CSIRO). While every effort has been made to use data from reputable

sources and a thorough quality assurance process undertaken, neither Snapshot users
nor Snapshot are responsible for data inaccuracies by third parties.

3. Overviewof emissions reported

3.1 The Global Protocol for Community  -Scale
Greenhouse Gas Inventories (GPC)

The Global Protocol for Community -Scale Greenhouse Gas Inventories (GPC) was
developed by the World Resources Institute, C40 Cities and ICLEI to respond to the

challenge of inconsistency in municipal scale emissions reporting. The GPC offers a

robust and clear framework that builds on existing methodologies for calculati ng and
reporting municipal GHG emissions. It is the most credible municipal scale reporting
framework and is used worldwide.

All Snapshot profiles, both historical and current, have been developed in line with the

GPC. The GPC takes into consideration the vast variations in the type and quality of data
available an d provides practitioners  with flexibility in terms of acceptable calculation
methods and data sources . This allows for changes to be made to the methods and data
used while remaining aligned with the GPC,; this flexibility is critical to enabling

improvement. Where possible this document will use language around methods and data
that is consistent with the GPC to allow for easy cross referencing.

3.2 BASIC+

The GPC gives the option of selecting between two reporting levels: BASIC or BASIC+.

From the 2022 /23 release, Snapshot profiles are aligned with BASIC+ reporting as
outlined in the GPC ( Global Protocol for Community - Scale Greenhouse Gas Inventories
v1l.1, p13). Priorto the 2022 /23 release , Snapshot profiles met the requirements for
BASIC report plus agriculture and land use, and scope 3 stationary energy emissions.

The BASIC level covers scope 1 and scope 2 emissions from stationary energy and
transportation, as well as scope 1 and scope 3 emissions from waste.

BASIC+ involves additional data collection and calcula tion processes, requiring
emissions from IPPU, emissions and removals from AFOLU, scope 3 emissions from
stationary energy, and emissions from transboundary transportation.

Global Protocol for Community - Scale Greenhouse Gas Inventories v1.1 (p 12)
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3.3 Tiers of data

To improve understanding of the data that has been used for these methods, a tiering
structure has beene mployed based on the system used by the International Panel for
Climate Change and referred to within the GPC . When considering data, there are two
primary categories to consider: activity data, and conversion factors. Activity data is a
measurement of the activity that is generating emissions and is the primary mechanism

for establishing emissions figures (the only alternative being to measure carbon

emissions directly). Conversion factors are the variables that are use d to convert this
activity data into emissions estimates. This identifies three tiers:

Tier 1 : Largely modelled data, with little or no local activity data available (these methods will
take state, national, or international data, and scale them to the municipality using a

relevant metric).

Example: Residential electricity emissions for Victorian municipalities is calculated by scaling state
level energy consumption data to the municipal level based on the population, dwelling type and
SEIFA rating o f the municipality. ~ Conversion factors used are sourced from the National Greenhouse

Accounts Factors.

Tier2 : Local activity data, with conversion factors sourced from state, national, or

international references.

Example : Transport emissions for m unicipalities with Google EIE transport data are calculated

based on actual journey distance travelled per year by each transport mode (car, train, bus, tram)
Conversion factors used are sourced from the National Greenhouse Accounts Factors.
Tier 3 : Local activity data and locally sourced emissions factors, or actual activity - specific

local carbon emissions data.

Example:  For municipalities where there is a landfill site within the municipal boundary, and where
data is available, emissions for Soli d Waste could be calculated using site specific waste weights and
emissions factors. This is not currently the case for Snapshot as this data is not consistently

available.

Tier 1 data is suitable for determining key emissions sources and sectors, and for

understanding the scale of emissions within your municipality. However, because it is

modelled, Tier 1 data should not be used for tracking emissions over time. While some

high -level trends such as the decarbonisation of the electricity grid may be visible in

modelled data, it is likely that trends observed will be the result of changes to the

variables used in modelling such as population, rather than direct changes to emiss ions.

Where Tier 2 or Tier 3 data can be sourced which meets the GPC requirements of
completeness and reliability, this is preferred. Emissions calculated using activity data

sourced for within the specific municipal boundary will be more accurate and wil | be able
to be used for more detailed tracking of trends in emissions over time. At present, most
sectors of emissions that are included within Snapshot are Tier 2. For an overview of

data tiers used for each sector and state please see Table 3.
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3.4 Scopes

Snapshot profiles have b e e n

accounting. In line with the requirements of

in Table 2 have been included within Snapshot.
2), methane (CH

type as either carbon dioxide (CO
converted into carbon dioxide equivalent (CO

prepared to

comply +wlewelofGHGBe GPCOs
GPC BASIC+ compliance, the scopes listed

Emissions are further defined by gas
20) and then

2-€) for comparison and to measure total

4) or nitrous oxide (N

impact.
{ N
4 a
w | ==
8 A . -
HH R r—% in-boundary out-of-boundary 2
. waste & waste &
agriculture, wastewater wastewater
forestry & other
land use A ( ' 2y other indirect
stationary fuel  ~~| S -
“ combustion 2 d:: | |
J i ool transmission &
e grid-supplied NSMSS
industrial 1-'9 w J oo sy distribution
processes & HE. - :
product use b ; =
in-boundary - U =~ T
transportation
out-of-boundary
\ transportation
\ 7
= |ventory boundary (including scopes 1, 2 and 3) === Geographic city boundary (including scope 1) ====Grid-supplied energy from a regional grid (scope 2)

Figure 1: GPC Reporting Boundaries

Table 2: Scopes included by emissions source

Sector ‘ Scopes included

Electricity

Scope 2 emissions from electricity consumption for stationary energy
sources

Scope 3 emissions from the transmission and distribution of electricity
stationary energy sources

Gas

Scope 1 emissions from  stationary energy sources (excluding energy
production supplied to the grid)

Scope 3 emissions from the transmission and distribution of gas
stationary energy sources

Transport

Scope 1 emissions from transportation fuel sources
Scope 2 emissions fromtra nsportation electricity sources
Scope 3 emissions from intra boundary transportation

Scope 3 emissions from the transmission and distribution of
transportation energy sources

CIU_SNP_005_Methodology_vila
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Waste Scope 1 emissions from waste sources (excluding emissions from
imported wa  ste)

Scope 3 emissions from waste generated within the boundary and
exported for treatment

Agriculture and Scope 1 emissions from livestock, land and aggregate sources located
Land Use within the boundary.
IPPU Scope 1 emissions from industrial processes and product use sources

located within the boundary.

3.5 Emissions factors

The majority of emissions factors used in Snapshot are sourced from the National

Greenhouse Accounts Factors: 2021 1. This ensures consistencywi t h Australiads Natio
Greenhouse Accounts and other community scale profiles being developed within

Australia. The emissions factors used within calculations for each sector can be found

within the relevant sector section and are listed in Appendix B i Emissions Factor Lookup

Tables .

3.6 Included categories

There are several categories of emissions that are not included in these methods. There

are various reasons for not including these categories such as lack of availability of data
In most instances, the emissions associated with these categories are included in the
profile within  another category , where this is the case it will be noted in Table 3. As
Snapshot and the data that drives it continues to improve , these categories will have
individual methods developed.

! National Greenhouse Accounts Factors: 2021 . https://lwww.industry.gov.au/data -and - publications/national -
greenhouse -accounts -factors -2021
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Table 3: Emissions ¢ ategory tiers and inclusions
Category

Stationary Energy 1 Grid - Supplied Electricity

‘ Tier/Inclusion

Tier 1 and Tier 2

Stationary Energy 1 Gas Tier 1 and Tier 2
Stationary Energy 1 Fugitive Emissions Not included
Stationary Energy 7 Additional Networked Energy Not included

Transport i On Road

Tier 1 and Tier 2

Transport 1 Aviation

Tier 2

Transport i Water

Included in On Road (for diesel)

Transport 1 Off Road

Included in On Road

Transport 1 Trains

Tier 2 , Tier 1 included in
Stationary Energy

Transport T Buses Tier 2, Tier1 included in On Road
Waste i Landfill Tier 1

Waste i Other solid waste Not included
Waste i Wastewater Tier 1
Agriculture i Livestock Tier 2
Agriculture i Crops Tier 2
Agriculture T Rice Cultivation Not included
Agriculture T Liming Not included
Agriculture i Crop Residues Not included
Agriculture 1 Urea Application Not included
Land Use and Land Use Change i Cropland to Forestland Tier 1

Land Use and Land Use Chang e i Grassland to Forestland Tier 1

Land Use and Land Use Change i Forestland to Cropland Tier 1

Land Use and Land Use Change i1 Bushfire Not included
Industrial Processes Tier 1 and Tier 2
Industrial Product Use i1 Refrigerants Tier 1

Industrial Product Use 1 Other Products Not included

CIU_SNP_005_Methodology_vla
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4.

4.1

Stationary  Energy - Electricity

Stationary energy, specifically electricity, re fers to electricity consumed at stationary
locations, which largely means buildings. It inc ludes electricity consumed by the
residential, commercial and industrial sectors.

Electricity Residential
4.1.1 Approach

Residential electricity is modelled using a combination of Tier 2 local activity data and
state level activity data which is apportioned to municipalities using relevant scaling
factors based on residential characteristics such as population and households . This

blen ded approach ensures residential electricity emissions are complete whilst also
enabling Tier 2 activity data  to be utilised where available.

Tier 2 activity data is available for certain NSW municipalities and all QLD municipalities.
All other municipalit ies use modelled state level data.

4.1.2 Included Categories

Residential electricity includes

1 Scope 2 emissions from electricity consumption for stationary energy sources.
1 Scope 3 emissions from the transmission and distribution of electricity stationary
energ y sources.

4.1.3 Base Data

Table 4:Base Data for Residential Electricity

Availability Description Granularity Source Source ID

QLD electricity municipality

QLD activity data by sector Municipality Energex SE-R1
NSW electricity municipality . .
NSW activity data by sector Municipality Ausgrid SE-R2
. State level stationary energy Australian Energy :
National activity data by sector State Statistics SE-R3

Australian Bureau

National Population Municipality of Statistics BMS-R1

Australian Bureau

of Statistics BMS-R2

National DWTD Dwelling type - Total Municipality

Australian Bureau

of Statistics BMS-R3

National SEIFA Municipality
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4.1.4 Emissions Factors

This section using the grid electricity emissions factors which are provided in

the Appendix.

415 Method SEE RE.T 2 V1 i

Table 45 in

Local Activity Data

Tier 2 residentia | electricity activity data is available from Ausgrid (NSW) and Energex
(QLD) and is available for 32 municipalities in NSW out of a possible 128 and all QLD

municipalities. Table 5 shows which NSW municipalities have tier 2

activity data.

reside ntial electricity

Table 5:NSW Municipalities with Tier 2 Residential Electricity Activity Data

Bayside, NSW

Ku-ring -gai, NSW

Randwick, NSW

Burwood, NSW

Lake Macquarie, NSW

Ryde, NSW

Canada Bay, NSW

Lane Cove, NSW

Singleton, NSW

Canterbury -Bankstown, NSW

Maitland, NSW

Strathfield, NSW

Central Coast, NSW

Mosman, NSW

Sutherland Shire, NSW

Cessnock, NSW

Muswellbrook, NSW

Sydney, NSW

Cumberland, NSW

Newcastle, NSW

Upper Hunter Shire, NSW

Georges River, NSW

North Sydney, NSW

Waverly, NSW

Hornsby, NSW

Northern Beaches, NSW

Willoughby, NSW

Hunters Hill, NSW

Parramatta, NSW

Woolahra, NSW

Inner West, NSW

Port Stephens, NSW

Emissions are derived by integrating the activity data alongside the emissions factors and

conversion factors.

Equation 1 shows the results.

Equation 1: Tier 2 Residential Electricity Emissions

OaQi ifQEeEl 606Gy 00O 6

Where:

‘Oa Qi i pRéstHe residential electricity emissions for municipality

inyear Kk

0 G is the tier 2
state j inyear k

h

residential electricity

‘0O "As the emissions factor for scope |

0 is 0.001 which

CIU_SNP_005_Methodology_vla
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i within state |

for municipality i within
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4.1.6 Method SEE RE T1 V1 1 Modelled Data

For municipalities without Tier 2 residential electricity activity data available a modelled
approach is required. Municipalities without tier 2 residential electricity activity data
currently include all municipalities in VIC, SA, WA, NT and TAS as well as 96

municipalities in NSW.

A regression model is used to estimate residential electricity activity data for
municipalities without tier 2 activity data based the municipalities with tier 2 activity

data across all reporting periods. Since residential electricity activity is largely driven by
population the dependant variable is electricity per capita and the independent variables

incorporate various combinations of socio -economi c index (SEIFA), population,

households and land size. Log transformations are applied to ensure normality. Equation

2 shows the model formulation
Equation  2: Regression Model for Residential Electricity Activity Data
v oow o wT w N oo “Y‘O "O,Iﬁa o T 79 v oo -G T 4
OU W OGr TUUQTW ' 00UO0 ¥y T 0YODO gy
I 0'Y0 ¥

Where

6 0 (0 &y isthe per capita residential electricity  activity data  for municipality i
with in state j year k

"Y'O "OQois the SEIFA rating for municipality i within statej inyear k

0 0 000 7Y; is the population divided by the households for municipality i within
statej inyear k

6'Y® 0 §5 isthe LOG(area) divided by the LOG(population) for municipality i
within state j inyear k

6 'Y'@D0 "Y; is the LOG(area) divided by the LOG(households) for municipality i
within state j inyear k

Table 6 shows the results of the regression model defined in Equation 2.

Table 6: Res idential Electricity Regression Model Summary

CONSTANT 2.48 <0.001 0.58
SEIFA -0.17 <0.001
POP_HOU -0.25 <0.001
ARE_POP 3.31 <0.001
ARE_HOU -1.67 <0.001
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The next stage is to derive the modelled residential electricity activity data for each
municipality. Equation 3 shows the results.

Equation  3: Residential Electricity Activity Data

5w

6QV U Q@ 60WGLE 00 @,
Where :

0 ‘00 0 Qy isthe modelled residential electricity  activity data where the tier 2
data is not available for municipality i within state j in year k

6 0 (0 &p isthe estimated per capita residential electricity activity data  for
municipality i within state j in year k

U §ﬁ is the populat ion for municipality i within state j in year k

It is important that the modelled residential electricity activity data and actual tier 2
residential electricity  activity data for each municipality sums to the residential electricity
activity data  state total based on the Australian Energy Statistics which is published

annually by the Department of Industry, Science, Energy and Resources. Therefore, a
correction factor is applied for each state and year for municipalities with modelled
residential electricity  activity data. Equation 4 shows results .

Equation 4: Correctio n Factor for Residential Electricity Activity Data
6 00O} BOOGOOGRY
B 600 U Q@

0P

Where :
0 "@ is the correction factor for state j and year k

0 ‘00 OfYisthe residential electricity  activity data based on the Australian Energy
Statistics for state  j and year k

0 Q0 O {Y isthe actual tier 2 residential electricity ~ activity data where available for
municipality i instate j andyear k

0 00 0 'Qp isthe modelled resid ential electricity  activity data where the tier 2 data
is not available for municipality i instate j in year k

0 = 277,777 is the conversion factor to convert GJ to KW

The final stage is to integrate the modelled activity data, emissions factors and
con version factors to derive the residential electricity emissions for municipalities without
tier 2 activity data. Equation 5 shows the results

Equation 5: Tier 1 Residential Electricity Emissions

CaQi i fREET 6000 Q, OO 69 6
h
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Where :

‘04 Qi i FREsthe residential electricity emissions for municipality i in state jin
year k

0 Q0 0 'Qp isthe modelled residential electricity  activity data where the tier 2 data
is not available for municipality i instate jin year k

‘0"As the emissio ns factor for scope |
0 "® isthe correction factor for state j inyear k

0 is 0.001 which is the conversion factor

4.1.7 Limitations and Considerations

Since residential electricity activity data is highly correlated with population and
households even the modelled data based on the regression model will be very accurate.
Therefore, there are no specific limitations or considerations.
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4.2

Electricity Commercial

421

Commercial

Approach

electricity is

modelled using a combination of

state level activity data which is apportioned to municipalities based on relevant scaling

factors using jobs data. This
are complete  whilst also ensuring

Tier 2 commercial electricity data is available in NSW and QLD. However, the QLD tier 2

dat a

i s not

compl et e

blended approach
Tier 2 activity data

(i .e. excl

is utilised where available.

udes key

between ¢ ommercial and industrial sectors. More information is provided in Section

4.2.7 .

4.2.2

Commercial

1 Scope 2 emissions from elect

Included Categories

energy sources.

electricity includes

Tier 2 local activity data and

ensures commercial electricity emissions

emitters)

ricity consumption for stationary energy sources.
1  Scope 3 emissions from the transmission and distribution of electricity stationary

4.2.3 Base Data
Table 7:Base Data for Commercial Electricity
Availability Description Granularity Source Source ID
NSW electricity municipality S . :
NSW activity data by sector Municipality Ausgrid SE-R2
National Sta_te_ level stationary energy State Aust_ra_llan Energy SE-R3
activity data by sector Statistics
National Jobs in the INDP level 1 Municipality Austra!lap Bureau BMS-R4
category of Statistics
4.2.4 Emissions Factors
This section using the grid electricity emissions factors which are provided in Table 45 of

the Appendix.

425 Method SEE_CO T2 V1 i

Tier 2 commercial electricity

available for 32 municipalities in NSW out of a possible 128.

shows the municipalities with

Tier 2 residential

municipalities have tier 2 commercial electricity activity data.

Emissions are derived by integrating the activity data alongside the emissions factors and
conversion factors.

CIU_SNP_005_Methodology_vla

Equation 6 shows the results.

Local Activity Data

activity data is available from Ausgrid (NSW). Data is

Table 5 in Section 4.1.5

electricity activity data . The same
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Equation  6: Tier 2 Commercial Electricity Emissions

CaQi ifQeEeEi 0Qy OO 6

h

Where:

‘04 Qi i fREsttHe commercial electricity emi  ssions for municipality

j inyear k

0 G, isthetier2 commercial electricity
state j inyear |

‘0O "As the emissions factor for scope |

0 is 0.001 which is the conversion factor

activity data

i within state

for municipality i within

4.2.6 Method SEE_CO_T1 V1 1 Modelled Data

For municipalities without

Tier 2 commercial electricity data available a modelled

approach is required. Municipalities without commercial electricity data currently include

all municipalities except for 32 municipalities i n NSW.

State level commercial electricity activity data is available via Table F of the Australian
Energy Statistics. This is scaled to the municipality level via jobs allocation. Commercial

jobs are based onth e Australian Bureau of Statistics

and are limited to the categories in Table 8.

Table 8: Electricity Commercial Subsectors

Subsector Subsector

Rental hiring and real estate

Wholesale trade .
services

jobs in the INDP level

1 category

Subsector

Healthcare and social
assistance

Professional, scientific and
technical services

Retail trade

Arts and recreation services

Accommodation and food
services

Administrative and support
services

Other services

Information media and . . .
L Public administration and safety
telecommunications

Financial and insurance

) Education and training
services

CIU_SNP_005_Methodology_vla

Scaling factors are derived by aggregating these jobs and apportioning state level

commercial activity data to the municipality level. Equation 7 shows the results.
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Equation 7: Scaling Factors for Commercial Electricity

6.0 0 6rRY
VB o
B 60U OyrY
Where:
"Y"g), is the scaling factor for municipality i within state | inyear k

0.0 0 OzRYis the total commercial jobs for municipality i with in state | in
year k

The modelled commercial electricity activity data for each municipality can be derived by
multiplying the state level commercial electricity data to Equation 7. Equation 8 shows
the results.

Equation 8: Commercial Electricity Activity Data
00 0UQ, 00O Y&
Where :

0 Q0 0 Qy isthe modelled commercial electricity  activity data where the tier 2
data is not available for municipality i within state j in year k

0 ‘00 'OfYisthe commercial electric ity activity data based on the Australian Energy
Statistics for state  j in year k

"Y'}, is the scaling factor for municipality i within state j inyear k
It is important that the modelled commercial electricity activity data and actual tier 2
commercial electricity activity data for each municipality sums to the commercial

electricity activity data  state total based on the Australian Energy Statistics which is
published annually by the Department of Industry, Science, En ergy and Resources.
Therefore, a correction factor is applied for each state and year for municipalities with
modelled commercial electricity activity data. Equation 9 shows results .

Equation 9: Correction Factor for Commercial  Electricity Activity Data
oo O 0QDOW BO0bSY
B oQbO0 Qj
Where :
0 "@ is the correction factor for state j in year k

0 ‘O0 'OfYisthe commercial electricity  activity data based on the Australian Energy
Statistics for state | in year k

0 Q0 O {Y isthe actual tier2 ~ commercial electricity  activity data where available
for municipality i within state jin  year j
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0 Q0 0 Qp isthe modelled commercial electricity  activity data where the tier 2
data is not available for municipality i instate jin year k

0 = 277,777 is the conversion fa ctor to convert GJto KW

The final stage is to integrate the correction factor alongside the activity data, emissions
factors and conversion factors to derive the commercial electricity emissions for
municipalities without tier 2 activity data. Equation 10 shows the results

Equation 10: Tierl Commercial Electricity Emissions

OCaQi i fjREET 0QUVQys OO 69 6
h

Where :

Od Qi i fRésttHe commercial electricity emissions for municipality i with in state j
in year k

0 Q0 0 'Qp isthe modelled commercial electricity  activity data where the tier 2
data is not available for municipality i within state j in year k

‘0O "As the emissions factor for scope |
0 "@ isthe correction factor for state j inyear k

0 is 0.001 which is the conversion factor

4.2.7 Limitations and Considerations

Tier 2 commercial electricity activity data is provided by Ausgrid. It is assumed that
Ausgridos defi niti asnsimbafto thejobsaiiveation metHodusing the

Australian Bureau of Statistics INDP level 1 category defined in this section.
Furthermore, it is assumed that the Ausg rid data is complete and contains all large
emitters.

CIU_SNP_005_Methodology_vla Page 28 of 119



e
Ironbark*

4.3 Electricity Industrial

4.3.1 Approach

There are a range of large emitting facilities across Australia, which in some instances

these emitters can be orders of magnitude higher than other sources of emis sions within
a municipality. Because of the scale of these emissions, they can significantly impact the

total emissions for a municipality, and without being properly accounted for can lead to

inflation of emission estimates for other municipalities withou t such facilities.

Therefore, industrial  electricity is modelled using a hybrid approach which incorporates
key emitters, via the safeguard mechanism, and state level activity data which is

apportioned to municipalities based on relevant scaling factors u sing jobs data. This
ensures industrial electricity emissions are complete whilst also ensuring location based

key emitters are incorporated.

4.3.2 Included Categories

Industrial electricity includes

1  Scope 2 emissions from electricity consumption for stationary energy sources.
1 Scope 3 emissions from the transmission and distribution of electricity stationary
energy sources.

4.3.3 Base Data

Table 9: Base Data for Industrial Electricity

Availability Description Granularity Source Source ID
National Sta_te_ level stationary energy State AusFra'Ilan Energy SE-R3
activity data by sector Statistics
National Safeguard Mechanism Operator Safegua_rd SE-R4
Mechanism
. National
National National Pollutants Operator Pollutants SE-R5
Inventory
Inventory
National Jobs in the INDP level 2 Municipality Austrapap Bureau BMS-R5
category of Statistics
National Jobs inthe OCCP level 1 Municipality Austra!la_n Bureau BMS-R6
category of Statistics
4.3.4 Emissions Factors
This section using the grid electricity emissions factors provided in Table 45 and
stationary energy emissions factors provided in Table 48, Table 49 and Table 50 of the

Appendix.
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435 Method SEE_IN T2 V1 - Key Emitters (Stage 1)

To identify the largest emitters in Australia, the primary source for information for the
large emitters is the Safeguard Mechanism Registry. Table 10 shows a summary of the
Safeguard Mechanism data by state in 2020.

Table 10 : Safeguard Mechanism Data by State, 2020

No. of Safeguard Mechanism Total Emissions for Safeguard

Facilities Mechanism Facilities (t CO 2€)
NSW 38 25,442,209
VIC 18 6,395,091
SA 10 6,820,754
WA 66 46,222,327
QLD 63 37,507,390
TAS 6 2,062,635
NT 9 9,981,573
ACT 0 0
Others 7 6,709,406

These facilities are not evenly distributed across the different activity sectors within the
community. Table 11 shows a summary of the Safeguard Mech anism data by ANZSIC
categories of industrial sectors in 2020. This shows the top emitting sector to be Oil and

Gas Extraction.

Table 11 : Safeguard Mechanism Data by Sector , 2020

Sector Emissions (t CO  :e)

Oil and Gas Extraction 41,297,758
Coal Mining 33,455,437
Iron Smelting and Steel Manufacturing 8,720,579
Iron Ore Mining 7,200,636
Cement and Lime Manufacturing 5,925,403
Port and Water Transport Terminal Operations 5,543,542
Alumina Production 5,258,984
Fossil Fuel Electricity Generation 5,137,823
Aircraft Manufacturing and Repair Services 3,354,498
Petroleum Refining and Petroleum Fuel Manufacturing 2,248,161
Aluminium Smelting 2,191,231
Explosive Manufacturing 1,708,542
Gold Ore Mining 1,477,315
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Fertiliser Manufacturing 1,433,772
Bauxite Mining 1,272,829
Rail Freight Transport 1,205,849
Nickel Ore Mining 921,477
Synthetic Resin and Synthetic Rubber Manufacturing 824,238
Industrial and Agricultural Chemical Product Wholesaling 800,136
Pulp, Paper and Paperboard Manufacturing 603,183
Basic Organic Chemical Manufacturing 561,618
Silver -Lead - Zinc Ore Mining 512,550
Other Food Product Manufacturing n.e.c. 351,980
Gas Supply 347,313
Other Metal Ore Mining 330,044
Glass and Glass Product Manufacturing 315,021
Copper, Silver, Lead and Zinc Smelting and Refining 292,446
Sewerage and Drainage Services 247,533
Mineral Sand Mining 246,459
Other Warehousing and Storage Services 237,434
Copper Ore Mining 229,614
Metal Coating and Finishing 217,171
Basic Inorganic Chemical Manufacturing 173,086
Water Passenger Transport 145,819
Railway Rolling Stock Manufacturing and Repair Services 119,792
Human Pharmaceutical and Medicinal Product Manufacturing 114,936
Other Basic Non -Ferrous Metal Manufacturing 107,847
Other Non -Metallic Mineral Product Manufacturing 58,758

To allocate the Safeguard Facilities to specific municipalities, they need to be mapped
onto a geographical  distribution. The Safeguard Mechanism data does not store specific
geographical information, so this cannot be applied directly. Therefore, the National
Pollutants Inventory (NPI) is integrated to derive the municipality for each Safeguard
facility. Thisi s a manual process which links specific facilities to the NPI registry. This
process needs to be done manually, since the different mechanisms of linkage (such as
facility name, organisation name, organisation ABN, ANZSIC codes) do not uniformly line
up. N ote that not every facility can be linked I there are multiple entries in the
Safeguard facility data that do not link to specific locations (such as ATGO gas

distribution networks). Table 12 shows the results of this process for the Safeguard
mechanism facilities in Victoria.
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Table 12 : Safeguard Mechanism Facilities Within Victoria

Facility Name Operator Emissions (tCO  2e) Municipality
Portland Aluminium ALCOA PORTLAND
614,289 Glenelg
Smelter ALUMINIUM PTY LTD
BEACH ENERGY .
Lang Lang 160,631 Cardinia
(OPERATIONS) LIMITED
BEACH ENERGY .
Otway 137,163 Corangamite
(OPERATIONS) LIMITED
BLUESCOPE STEEL Mornington
Western Port Works 108,159 .
LIMITED Peninsula
Victoria CSL AUSTRALIA PTY LTD 114,936 Hume
. . . ESSO AUSTRALIA Mornington
Gippsland Basin facility 1,835,088 .
RESOURCES PTY LTD Peninsula
MELBOURNE WATER Greater
Sewerage East 121,089
CORPORATION Dandenong
MELBOURNE WATER
Sewerage West 126,444 Wyndham
CORPORATION
. . MOBIL REFINING
Mobil Altona Refinery 600,131 Hobsons Bay
AUSTRALIA PTY. LTD.
Greater
Dandenong OCEANIA GLASS PTY LTD 110,628
Dandenong
Opal Australian Paper PAPER AUSTRALIA PTY
. 328,984 Latrobe
Maryvale Mill LTD
Qenos Altona
) QENOS PTY LTD 353,050 Hobsons Bay
Manufacturing
Qenos Botany
) QENOS PTY LTD 471,188 Hobsons Bay
Manufacturing
SHOALHAVEN STARCHES
Nowra Plant 351,980 Hobsons Bay
PTY LTD
. THE AUSTRALIAN STEEL
InfraBuild Steel Laverton
. COMPANY (OPERATIONS) 109,012 Wyndham
Steel Mill
PTY LTD
TT-Line - Victorian TT-LINE COMPANY PTY. -
) 145,819 Port Phillip
Operation LTD.
] VIVA ENERGY REFINING Greater
Geelong Refinery 985,025
PTY LTD Geelong
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The next stage is to make a determination of the proportion of emissions attributable to
electricity consumption and industrial processes. At this stage gas consumption of key
emi tters is excluded due to complications around the determination method whilst
ensuring the gas consumption activity data for each subsectors sums to the state totals.

Before the determination of electricity consumption can be calculated the determination

method for industrial processes is required. This method looks at the ratio of Scope 1

stationary energy emissions based on the Australian Energy Statistics and corresponding

stationary energy emissions factors ( Table 48, Table 49 and Table 50) for each sector

against the total scope 1 emissions for each sector bas
Greenhouse Accounts.  Equation 11 shows the results.

Equation 11 : Proportion of Industrial Processes Emissions

04 Qi | WOWY BOG Qi | RO
04 Qi | ROVRY

C-

o
R
=

Where :

0 "OQ is the proportion of industrial processes emissions for state j inyear k by
sector m

04 Qi | ®WOP isthe Australian Energy Statistics scope 1 stationary energy
emissions for state  j inyear k by sector m

06 Qi | ¥BOQYiIi s Australiads National Greenhouse Accoul
emissions for state  j inyear k bysector m

Once the proportion of industrial processes emissions for each safeguard facility have
been accounted for a proportion of the remaining emissions are then allocated to
electricity emissions.  Equation 12 shows the remaining emissions.

Equation 12 : Remaining Emissions after Industrial Processes Allocation
04 Qi i "VOEHQERE Qp 0. 0§; Oa Qi | WO@HR
Where :

046 Qi i "VOa H'QERE 1Qthe remaining emissions for municipality i within
state j inyear k by facility n within sector m after industrial processes allocation

0 "'Olﬁﬁ is the proportion of indu  strial processes emissions for state j inyear k by
sector m
04 Qi i WOE) i is the total safeguard emissions for municipality i within state

j inyear k by facility n within sector m

The next stage is to determine the proportion of electricity emissions based off the
remaining emissions in Equation 12. Thi s met hod uses Austrasei ads Natio
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Account Emissions and calculates the ratio of scope 2 emissions relative to scope 1
emissions for each state and sector. Equation 13 shows the results.

Equation 13 : Electricity Emissions for Key Emitters
04 Qi | WOOKY

VO Taar T ;o

Where :
6_'0 Op i is the proportion of electricity emissions for state j inyear k bysector m

Oa Qi | WMONKEYis Australiads National Greenhouse Acco
state j inyear k by scope | and sectorm

The final stage is to multipl y the proportion of electricity emissions by the remaining
emis sions of each safeguard facility after the industrial processes allocation method.
Equation 14 shows the results.

Equation 14 :Tier 2 Indus trial Electricity Emissions
0aQi i (QEF 1000z 0VaQi | VOEDHQERE Q
Where :

Oa Qi | fRs & ihe electricity emissions for municipality i within state j inyear k
by facility n within sector m

0 O 0k isthe proportion of electricity emissions for state j inyear k bysector m

04 Qi i "NO& Q&R iQthe remaining emissions for municipality i within
state j inyear k by facility n within sector m after industrial processes allocation

4.3.6 Method SEE_IN _T1 V1 - Modelled Data (Stage 2)

State level indust rial electricity consumption activity data is available via Table F of the
Australian Energy Statistics by subsector. This is scaled to the municipality level via
Australian Bureau of Statistics INDP level 2 category jobs allocation. This is integrated
wit h the key emitters emissions data to ensure electricity industrial emissions are

complete whilst also incorporating location based key emitters.

Due to the different subsectors between Australian Energy Statistics and Australian

Bureau of Statisticsamanu  a | |l ookup table is derived to compare 6.
These lookup tables are provided in Table 56 and Table 57 inthe Appendix. Table 13

shows the industrial subs  ectors used in this section.
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Table 13 : Industrial Electricity Subsectors

Subsector Category

Mining Non - metallic mineral products
Manufacturing Machinery and equipment
Textile, clothing, footwear and leather Electricity gas and water
Wood and wood products Construction

Pulp, paper and printing Transport services and storage

Scaling factors are derived by apportioning state level industrial activity data to the
municipality level for each sector in Table 13. Equation 15 shows the results.

Equation 15 : Scaling Factors for Industrial Electricity Consumption

o Q0 0 Gni
Y Q:, h B N Z oy
B Q0 Gii
Where:
“Y&hi s the scaling factor for municipality i within state j inyear k for sector

m

‘@ U 6rR¥ isthe industrial jobs for  municipality i with in state j inyear k for
sector m

The modelled industrial electricity activity data for each municipality can be derived by
multiplying the state level industrial electricity data to Equation 15. Equation 16 shows
the results.

Equation 16 : Modelled Industrial Electricity Activity Data
0000 Qrr 000 ORG "Y'k
Where :

0 Q0 0 Qf isthe modelled industrial electricity  activity data where the tier 2
data is not available for municipality i within state j in year k for sector m

0 Q0 O}y, isthe commercial electricity  activity data b ased on the Australian
Energy Statistics for state j and year k for sector m

Y& i is the scaling factor for municipality i within state j inyear k for sector m

The final stage is to integrate the activity data, emissions factors and conversion factors
to derive the modelled tier 1 industrial electricity emissions for all municipalities.
Equation 17 shows the results
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Equation 17 : Modelled Industrial Electricity Emissions

Oa Qi i 06 ir 000 0 Qrr ‘00 6
h

Where :

Oa Qi i W6 Yy isthe modelled industrial  electricity emissions for municipality
with in state j in year k for sector m

0 Q0 0 Qpp isthe modelled industrial electricity  activity data for municipality i
within state j year k for sector m

‘0O"As the emissions fac  tor for scope |

0 is 0.001 which is the conversion factor

4.3.7 Method SEE_IN_T 12 V1 - Hybrid Approach (Stage 3)

The next stage is to integrate the key emitter data in Section 4.3.5 and modelled
emissions in Section  4.3.6 to derive the industrial electricity emissions for each

mun icipality. It is important that key emitters industrial emissions and modelled

industrial emissions for each municipality and sector sums to the industrial electricity
emissions data by sector  state total s based on the Australian Energy Statistics which is
published annually by the Department of Industry, Science, Energy and Resources.

Therefore, the key emitters data is removed from the Australian Energy Statistics state

totals for each sector and the remaining emissions are apportioned to each municipalit y
based on jobs allocation. A correction factor is applied for each state , sector and year.
Equation 18 shows results .

Equation 18 : Correcti on Factor for Industrial Electricity = Emissions

6 04 i RO B Oa Qi i ®Oe

0 R B'Oa Qi { Wb Qi
Where :
0 "y is the correction factor for state j and year k for sector m
04 Qi | ®WOP isthe industrial electricity emissions based on the Australian

Energy Statistics for state j and year k for sector m

04 Qi | WOERE isth e key emitters industrial electricity emissions for
municipality i within state j and year k for sector m

‘0a Qi | W6 fr isthe modelled industrial electricity emissions where the
industrial emissions is less than the sum of the key e  mitters for municipality i
within state j and year k for sector m

0 = 277,777 is the conversion factor to convert GJ to KW
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The final stage is to integrate the correction factor alongside the modelled industrial

electricity emissions for municipalities that have no key emitters data or where the key

emitters data is less than the modelled state level data for each sector. Pleas e note for
municipalities where the key emitters data is higher than the modelled state level data

for each sector the key emitters data is used. Equation 19 shows the results .

Equation 19 : Industrial Electricity Emissions
04 Qi i 0O & NOa Qi | WOgE OaQi i 7Rg ¢

CaRU TR elgaqi | g ¢t b'e  'QQGQI i OEE 0a'Qi i (QF & i

Where :

‘04 Qi | fRE 8&sithe industrial electricity emissions for municipality i with in state j
in year k for sector m

04 Qi | WOERE isthe total industrial electricity key emitters emissions
municipality i within statej and year k for sector m

0 '@y isthe correction factorfor state j withinyear k for sector m

4.3.8 Limitations and Considerat ions

A proportion of the key emitters emissions data via the Safeguard Mechanism is

allocated to each of the electricity and industrial processes sector S. This allocation

method uses data from Australian Ener gy StGaeenhaidei cs and

Accounts to effectively derive a n electricity ratio component at the state and sector level.
However, the proportion of electricity and industrial process for each facility is likely to
vary considerably even within each sector and state.
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5. Stationary Energy - Gas

Stationary energy, specifically gas, relates to gas consumed at stationary locations,
which largely means buildings. Itin cludes gas consumed by the residential, commercial
and industrial sectors.

5.1 Gas Residential
5.1.1 Approach

Residential gas is modelled using a combination of Tier 2 local activity data and state
level activity data which is apportioned to municipalities based on relevant scaling

factors based on residential characteristics such as population, households, and ga S
connections . This ensures residential gas emissions are complete whilst also enabling
Tier 2 activity data  to be utilised where available.

Tier 2 activity data is available for certain NSW municipalities. All other municipalities
use modelled state level data.

5.1.2 Included Categories

Residential gas includes :

1 Scope 1 emissions from stationary energy sources (excluding energy production
supplied to the grid)

1  Scope 3 emissions from the transmission and distribution of gas stationary
energy sources

5.1.3 Base Data

Table 14 : Base Data for Residential Gas

Availability Description Granularity Source Source ID
. State level stationary energy Australian Energy
National activity data by sector State Statistics SE-R3
NSW residential gas .
NSW municipality activity data Municipality Jemena SE-R6
NSW, VIC, Australian Gas
QLD, SA and Natural Gas Availability Postcode SE-R7
Networks
NT
TAS Tas Gas Pipeline Locator Postcode Tas Gas Networks SE-R8
WA WA Gas Pipeline - Network Postcode ATCO SE-R9
Coverage Maps
. . L Australian Bureau
National Population Municipality of Statistics BMS-R1
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Australian Bureau

National DWTD Dwelling type - Total Municipality BMS-R2

of Statistics

Australian Bureau

National SEIFA Municipality BMS-R3

of Statistics

Local Government Area Australian Bureau

National Municipality BMS-R9

Concordances of Statistics

Australian Bureau

National Postcode Concordances Postcode BMS-R10

of Statistics

5.1.4 Emissions Factors

This section using emissions factors for the consumption of gaseous fuels (scope 1) and

natural gas leakage emissions factors (scope 3) which are provided in Table 46 and

Table

47 of the Appendix respectively.

Scope 3 emissions factors are derived by multiplying the unaccounted for gas emissions
fact or by the gas leakage emissions factors for each gas type and applying a conversion

factor.

Equation 20 shows the results.

Equation 20 : Scope 3 Gas Emissions Factor

09 000 0°0Yd6 0 6

Where :

‘0@ is the scope 3 gas emissions factor for state jandgastype g
‘0"000y;, is the gas leakage emissions factor for state j and gastype g
'0"0Y6 "Gs the unaccounted for gas emissions factor for state j

0 is 0.0055 is the conversion factor

5.1.5 Method SEG_RE_T 2_V1 i Local Activity Data

Tier 2 residential  gas activity data is available from  Jemena and is available for 64

municipalities in NSW out of a possible 128. Table 15 shows which NSW municipalities
have Tier 2 residential gas activity data.
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Table 15 : NSW Municipalities with Tier 2 Residential Gas Activity Data

Municipality

Municipality

Municipality

Municipality

Bathurst Regional,

Cumberland, NSW Lane Cove, NSW Penrith, NSW
NSW
Bayside, NSW Dubbo Regional, NSW Leeton, NSW Randwick, NSW
Blacktown, NSW Fairfield, NSW Lithgow, NSW Ryde, NSW
. Shellharbour,
Bland, NSW Forbes, NSW Liverpool, NSW
NSwW
Blayney, NSW Georges River, NSW Maitland, NSW Singleton, NSW
Blue Mountains, Goulburn Mulwaree, )
Mosman, NSW Strathfield, NSW
NSW NSW
- Sutherland Shire,
Burwood, NSW Griffith, NSW Narrandera
NSwW
Camden, NSW Hawkesbury, NSW Narromine, NSW Sydney, NSW
. The Hills Shire,
Campbelltown, NSW Hilltops, NSW Newcastle, NSW NSW
Canada Bay, NSW Hornsby, NSW North Sydney, NSW Waverly, NSW

Canterbury -
Bankstown, NSW

Hunters Hill, NSW

Northern Beaches,
NSW

Willoughby, NSW

Wingecarribee,

Central Coast, NSW Inner West, NSW Oberon, NSW NSW
Cessnock, NSW Junee, NSW Orange, NSW Wollondilly, NSW
Coolamon, NSW Kiama, NSW Parkes, NSW Wollongong, NSW

Cootmundra -
Gundagai Regional,
NSW

Ku-ring -gai, NSW

Parramatta, NSW

Woollahra, NSW

Cowra, NSW

Lake Macquarie, NSW

Port Stephens, NSW

Yass Valley, NSW

Emissions are derived by integrating the activity data alongside the emissions factors and

conversion factors.

Equation

OaQi ifQEeEl 606Gy 00O 6

Where:

‘04 Qi i fQésghe residential

year k

0 G isthe tier 2

year k
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h

residential gas

activity data

Equation 21 shows the results.

gas emissions for municipality

for municipality

i with in state j in

i within statej in
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‘0 "Ois the emissions factor for scope

0 is 0.001 which is the conversion factor

5.1.6 Method SEG_RE_T1 V1 i Modelled Data

For municipalities without Tier 2 residential gas activity data available a modelled
approach is required. Municipalities without Tier 2 residential  gas consumption activity
data currently include all municipalities except for 64 municipalities in NSW.

A regression model is used to estimate residential gas activity data for municipalities
without Tier 2 activity data based the municipalities with Tier 2 activity data across all
reporting periods.  Since residential gas consumption is largely driven by popula tion the
dependant variable is  gas per capita and the independent variables incorporate various
combinations of socio  -economic index (SEIFA), population, households and land size.

Log transformations are applied to ensure normality. The gas availability index for each
municipality is not required since this is 1 (100%) for all municipalities with tier 2

residential gas activity data. Equation 22 shows the model formulation

Equation 22 : Regression Model for Residential Gas Activity Data

v v Y N oo “Y‘O "O,Iﬁa SO T TP Y U G A
OU W OGr T TUUQTﬁ [ 00UO0 ¥y T O0YODO gy
[0 'Y@O ¥
Where

6 0 (0 &y isthe per capita residential gas consumption for municipality i with in

state j in year k

"Y'O "OfRois the SEIFA rating for municipality i within state j inyear k

0 0 000 7Y; is the population divided by the households for municipality i within

state j inyear k

6'Y® 0 §5 isthe LOG(area) divided by the LOG(population) for municipality i
within state j inyear k

O "YU 7Y; is the LOG(area) divided by the LOG(households) for municipality i
within state j inyear k

Table 16 shows the results of the regression model defined in Equation 22.
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Table 16 : Residential Gas Regression Model Summary

CONSTANT 13.75 <0.001 0.09
POP_HOU -2.64 <0.001
ARE_POP -47.75 <0.001
ARE_HOU 40.91 <0.001

The R? value of 0.09 suggests there is a great deal of uncertainty around modelling
residential gas activity data.

Gas is not available in all municipalities, and in many municipalities, it is unevenly

available. To accommodate this, gas scaling is done based o n registered availability. For
eastern states, gas availability is listed by postcode and for other states this is estimated

based on various data sources. Therefore, gas availability at the municipality level can

be estimated using geospatial overlays for eastern states. Equation 23 shows the results.

Equation 23 : Gas Availability

BO i OB
"0y i R
BU g
Where
"O0y, is the gas availability for municipality i within state |
"00+, is the gas availability for postcode p within state j

0 hh IS the proportion of postcode p in municipality i within state |

The modelled residential gas activity data for each municipa lity can be derived by
multiplying the population to Equation 22 and integrating the gas availability index.
Equation 24 shows the results.

Equation 24 : Residential Gas Activity Data
600 0 Qr= 080 &y 00g; OB
Where :

0 Q0 0 Qy is the modelled residential gas activity data where the tier 2 data is
not available for municipality i instate j andyear k

6 0 M & isthe estimated per capita residential  gas consumption for municipality
within state j in year k

00 §ﬁ is the population  for municipality i within state | in year k

"00y, is the gas availability index for municipality i within state j
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It is important that the modelled residential gas activity data and actual tier 2 residential
gas activit y data for each municipality sums to the residential gas activity data  state
total based on the Australian Energy Statistics which is published annually by the

Department of Industry, Science, Energy and Resources. Therefore, a correction factor is
applied for each state and year for municipalities with modelled residential gas activity
data. Equation 25 shows results .

Equation 25 : Correction Factor for Tier 1 Residential Gas Activity Data
oo O 8O0 BB0BSY
o] —
BoObO Q@

Where :
0 "@ is the correction factor for state j in year k

0 ‘O0 OfYisthe residential gas activity data based on the Australian Energy
Statistics for state | in year k

0 ‘00 0 }Y isthe actual tier 2 residential gas activity data where available for
municipality i within state j and year Kk

0 00 0 Q@ isthe modelled residential gas activity data where the tier 2 data is not
available for municipality i instate j andyear k

0 = 1,000,000 is the conversion facto r

The final stage is to integrate the correction factor alongside the activity data, emissions
factors and conversion factors to derive the residential gas emissions for municipalities
without tier 2 activity data. Equation 26 shows the results

Equation 26 : Tier 1 Residential Gas Emissions

OaQi i fREETI 600 @, OO 69 0
h

Where :

‘04 Qi i fREstthe residential  gas emissions for municipality i with in state j in year
k

0 Q0 0 'Qp isthe modelled residential gas activity data where the tier 2 data is not
available for municipality i within state j and year k

‘O0is the emissions factor for scope |
0 "@ isthe correction factor for state j inyear k

0 is 0.001 which is the conversion factor
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5.1.7 Limitations and Considerations

Due to the difficulties modelling residential gas consumption thereisa great deal of
uncertainty around modelled residential gas emissions. The key limitations are around
uneven gas availability within each municipality and that gas consumption is not strongly
correlated with various population and household factors.
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5.2 Gas Commercial
5.2.1 Approach

Commercial gas is modelled based on state level activity data which is apportioned to
municipalities based on relevant scaling factors using jobs data. Tier 2 commercial gas

data is available in NSW. However, the NSW Tier 2 datais no tcomplete (i.e., excludes
key emitters) and it also doesno6t properly distinguis
sectors.

5.2.2 Included Categories

Commercial gas includes :
1  Scope 1 emissions from stationary energy sources (excluding energy production
supplied to the grid)

1  Scope 3 emissions from the transmission and distribution of gas stationary
energy sources

5.2.3 Base Data

Table 17 : Base Data for Commercial Gas

Availability Description Granularity Source Source ID
National State Ieve_l commercial gas State Aust_ra_llan Energy SE-R3
consumption data Statistics
NSW residential gas .
NSW municipality activity data Municipality Jemena SE-R6
NSW, VIC, Australian Gas
QLD, SA and Natural Gas Availability Postcode SE-R7
Network s
NT
TAS Tas Gas Pipeline Locator Postcode Tas Gas Networks SE-R8
WA WA Gas Pipeline Network Postcode ATCO SE-R9
Coverage Maps
National Jobs in the INDP level 1 Municipality Austra!la_n Bureau BMS-R4
category of Statistics
. Local Government Area - Australian Bureau
National Concordances Municipality of Statistics BMS-R9
National Postcode Concordances Postcode Austra!larl Bureau BMS-R10
of Statistics
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5.2.4 Emissions Factors

This section using emissions factors for the consumption of gaseous fuels (scope 1) and
natural gas leakage emissions factors (scope 3) which are provided in Table 46 and

Table 47 of the Appendix respectively.

Similarly,
unaccounted for gas emissions factor by the gas leakage emissions factors for each gas
Equation 20 for more details.

to Sectio n 5.1.4 , Scope 3 emissions factors are derived by multiplying the

type and applying a conversion factor. See

5.25 Method SEG_CO _T1 V1 i Modelled Data

State level commercial gas consumption activity data is available via Table F of the

Australian Energy Statistics. This is scaled to the municipality level via jobs allocation.

Commercial jobs are based on the Australian Bureau of Statistics jobsinthe IN DP level 1
category and are limited to the categories in Table 8.

Table 18 : Gas Commercial Subsectors
Subsector

‘ Subsector Subsector

Wholesale trade

Rental hiring and real estate
services

Healthcare and social
assistance

Retail trade

Professional, scientific and
technical services

Arts and recreation services

Accommodation and food
services

Administrative and support
services

Other services

Public administration and
safety

Information media and
telecommunications

Financial and insurance

} Education and training
services

Scaling factors are derived by aggregating these jobs and apportioning state level

commercial activity da  ta to the municipality level. Equation 27 shows the results.

Equation 27 : Scaling factors for commercial gas
506 &oY
Y %
Where:
“"Y'g), is the scaling factor for municipality i within state | inyear k
0.0 0 OyYis the total commercial jobs for municipality i with in state j in

year k
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The next stage is to incorporate the gas availability index and scaling factors defined in
Equation 27 to derive the residential gas activity data for each municipali ty. Equation 28
shows the results.

Equation 28 : Commercial Gas Activity Data

0000 Qr YE 000 Opy "O0;

Where:
0 Q0 0 Qj isthe modelled activity data for municipality i within state j in
year k
“Y &, is the scaling factor for municipality i within state j inyear k
0 ‘00 O}Yisthe commercial gas activity data based on the Australian
Energy Statistics for state j andyear k
"O0y, is the gas availability index for municipality i within state |
It is important that the modelled commercial gas activity data for each municipality

sums to the commercial gas activity data  state total based on the Australian Energy
Statistics which is published annually by the Department of Industry, Science, Energy

and Resources. Therefore, a correction factor is applied for each state and year .
Equation 29 shows results .

Equation 29 : Correction Factor for Commercial Gas Activity Data

.. O 0000%
0® i
BoQU UL Q
Where :
0 "@ is the correction factor for state j in year k

0 ‘00 OfYisthe commercial gas activity data based on the Australian Energy
Statistics for state  j in year k

0 Q0 0 'Qp isthe modelled commercial gas activity data where the tier 2 data is
not available for municipality i within state j and year k

0 = 1,000,000 is the conversion facto r

The final stage is to integrate the modelled activity data alongside the emissions factors
and conversion factors to derive the commercial gas emissions for each municipality.
Equation 30 shows the results
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Equation 30 : Commercial Gas Emissions

CaQi i fREET 000 Q, OO 69 6

h

Where :

‘04 Qi i fREsttHe commercial gas emissions for municipality

year k

0 Q0 0 Qp isthe modelled commercial gas

and year k

‘0O "As the emissions factor for scope |

i with in state j in

activity data form  unicipality i in state |

0 "@ isthe correction factor for state j inyear k

0 is 0.001 which is the conversion factor

5.2.6 Limitations and Considerations

Tier 2 commercial gas data is available in N SW. However, the NSW tier 2 data is not

complete (i.e. excludes

key emitters)

commercial and industrial sectors. As better and more specifically complete data

becomes available this will be incorporated where p
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5.3 Gas Industrial
5.3.1 Approach

There are a range of large emitting facilities across Australia,

and in some instances

these emitters can be orders of magnitude higher than other sources of emissions within

a municipality. Because of the scale of these emissions, they can significantly impact the

total emissions for a municipality, and without being prope

rly accounted for can lead to

inflation of emission estimates for other municipalities without such facilities.

However, emissions for these facilities are typically only provided as a total and not split

by an electricity and gas component. Due to the co

mplications around gas relative to

electricity (i.e. gas availability) industrial gas is modelled based on state level activity

data which is apportioned to municipalities based on relevant scaling factors using jobs
data. As soon as the gas component of t
accurately this will be incorporated into the methodology.

5.3.2

Industrial

Included Categories

gas includes :

he key emitters can be modelled more

1  Scope 1 emissions from stationary energy sources (excluding energy production

supplied to the grid)

1 Scope 3 emiss ions from the transmission and distribution of gas stationary

energy sources

5.3.3 Base Data

Table 19 : Base Data for Industrial Gas

Availability Description ‘ Granularity Source Source ID

National State Ieve'l industrial gas State Aus@ra'llan Energy SE-R3
consumption data Statistics
NSW residential gas T

NSW municipality activity data Municipality Jemena SE-R6

NSW, VIC, Australian Gas

QLD, SA and Natural Gas Availability Postcode SE-R7

Networks

NT

TAS Tas Gas Pipeline Locator Postcode Tas Gas Networks SE-R8

WA WA Gas Pipeline Network Postcode ATCO SE-R9
Coverage Maps

National Jobs in the INDP level 1 Municipality Austra!la_n Bureau BMS-R4
category of Statistics

. Local Government Area S Australian Bureau
National Concordances Municipality of Statistics BMS-R9

CIU_SNP_005_Methodology_vla
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National

Postcode Concordances

Australian Bureau

Postcode of Statistics

BMS-R10

5.3.4 Emissions Factors

This section us es emissions factors for the consumption of gaseous fuels (scope 1) and
natural gas leakage emissions factors (scope 3) which are provided in
Table 47 of the Appendix respectively.

Table 46 and

Similarly to Section 5.1.4 , Scope 3 emissions factors are derived by multiplying the
unaccounted for gas emissions factor by the gas leakage emissions factors for each gas

type and applying a conversion factor. See

5.3.5 Method SEG_IN T1 V1

Equation 20 for more details.

T Modelled Data

State level industrial gas consumption activity data is available via Table F of the

Australian Energy Statistics. This is scaled to the
Due to the different subsectors between Australian Energy Statistics and Australian

Bureau of Statistics

These lookup tables are provided in

a manual |l ookup

Table 56 and Table 57 in the Appendix.

shows the industrial subsectors used in this section.

Table 20 : Industrial Gas Subsectors

Subsector Category

Mining

Non - metallic mineral products

municipality level via jobs allocation.

tabl e is
Table 20

Manufacturing

Machinery and equipment

Textile, clothing, footwear and leather

Electricity gas and water

Wood and wood products

Construction

Pulp, paper and printing

Transport services and storage

Scaling factors are derived by apportioning state level industrial gas activity data to the

municipality level for each sector in

Equation

Where:

31 : Scaling Factors for Industrial Gas Consumption

Table 20. Equation 31 shows the results.

L L
" B0 &
Y&k i s the scaling factor for municipality i withinstate j inyear k for sector

m

Q0 U 6r}¥ isthe industrial jobs for  municipality i with in state j inyear k for

sector m
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The next stage is to incorporate the gas availability inde x and scaling factors to derive
the industrial gas activity data for each municipality. Equation 32 shows the results.

Equation 32 : Industrial Gas Activity Data
0Q0 0 Qrg "YERR 000 ORG OO
Where:

0 00 0 Qj isthe modelled activity data for municipality i within state |
in year k for sector m

Y& i isthe scaling factor for ~ municipality i within state j inyear k for
sector m

0 ‘00 ‘O}% isthe industrial gas activity data based on the Australian
Energy Statistics for state j and year k for sector m

"O0y, is the gas availability index for municipality i within state |

The final stage is to integrate the activity data, emissions factors and conversion factors
to derive the industrial gas emissions for all municipalities. Equation 33 shows the
results .

Equation 33 : Industrial Gas Emissions

OaQi | (RE i 000 0 Qrr 00 ¢
h

Where :

‘04 Qi i fRE 8dsithe industrial gas emissions for municipality i in state j in year k
for sector m

0 00 0 Qpp isthe modelled industrial gas activity data for municipality i in state j
in year k for sector m

‘0O "As the emissions factor for scope |

0 is 0.001 which is the con  version factor

5.3.6 Limitations and Considerations

Key emitters data has been excluded due to complications around apportioning the gas
component for each key emitter within each sector.
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0. Industrial Processes and Product Use
(IPPU)

The industrial processes and product use (IPPU) sector covers the greenhouse gas

emissions resulting from various industrial activities that produce emissions which are
not directly the result of energy consumed during the process , and the use of man -made
greenhouse gases in products T namely refrigerants.

6.1 Product Use 1 Refrigerants
6.1.1 Approach

This method takes data from Australiads National Gr ee
alongside relevant scaling factors to derive product use emissions for refriger ation and
air conditioning

6.1.2 Included Categories

Scope 1 emissions from  refrigerant product use within the boundary. Refrigerants
include residential refrigeration, commercial refrigeration, industrial refrigeration,
residential air conditioning, commercia | air conditioning and transport air conditioning.

6.1.3 Base Data

Table 21 : Refrigerants Base Data

Availability Description Granularity Source Source ID
National DWTD Dwelling  type - Municipality | ABS BMS-R2
Total
National Jobs in the INDP level 1 Municipality ABS BMS-R4
category
National Jobs in the INDP level 2 Municipality ABS BMS-R5
category
. Register of motor vehicles L
National by LGA and vehicle type Municipality ABS TRA-R1
National Refrlg_eratlon_an_d air - State Australiads NGA-R1
condition emissions Greenhouse Accounts
6.1.4 Emissions Factors
There are no emissions factors since these are e mbedded in Australiaés Nati on
Greenhouse Accounts product use emissions
6.1.5 Method IPPU PU T1 V1 - Modelled Da ta
State | evel refrigerants emissions data, which is pub

Greenhouse Accounts  (AEGIS) , is available by eight subsectors. These 8 subsectors are
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condensed into 6 subsectors by aggregating similar subsectors after applying suitab le
Table 22 shows the AEGIS categories for
and scaling factors.

scaling factors to the municipality level.
refrigerants and the corresponding snapshot emissions categories

Table 22 : AGEIS Refrigerants concordances

Snapshot . .
. Snapshot Scaling Scaling
AGEIS Category refrigerant D Factor Factor ID
category
Stand -alone Commercial SCA Commercial CR Commercial C_JOBS
Applications refrigeration jobs
Industrial refrigeration IR IR Transport jobs T_JOBS
including food processing Industrial
and cold storage refrigeration
Medium and large MLCF Industrial IR Food F_JOBS
commercial refrigeration refrigeration processing jobs
DR Residential RR Households HOU
Domestic refrigeration refrigeration
MAC Transport air TAR Passenger VEH
Mobile air -conditioning conditioning Vehicles
Domestic stationary air DSAR Residential air RAC Households HOU
conditioning conditioning
Commercial air CAC Commercial air CAC Commercial C_JOB
conditioning conditioning Jobs
TR Industrial IR Heavy Vehicles H_VEH
Transport refrigeration refrigeration

For each subsector of emissions, a specific scaling factor has been established, to scale

the state emissions to the municipality level. Equation 34 shows the results

Equation 34 : Scaling Factors for refrigeration

. 0.0 0 GrpY

Y&k R =
Fhi. B 8.0 0 &Y

,‘Y,‘ YO O GrpY
LB B "Y0 0 &ifY

,‘Y,‘ QU 0 GriRY
L B "Q0 0 &Y

o 00 "y

YHR - BTO8 v

o w Ok

ML B oOR
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o OwO'k
Y ®hn A
B OwOR
Where:
6.0 0 &iYis th e number of commercial jobs (defined as the sum of all
commercial jobs) of municipality i with in state j inyear k
“YO 0 Ox}Yis the number of transport jobs (defined as INDP level 1 category
6Transportation, Po sdfrmunicipalayri withio staei 1) o epr k
"Q0 0 &rYis the number of food processing jobs (defined as INDP level 2
categories O6Food Product Manufacturingd and O6Beyv
Manuf act wirmumcgpdity i withinstate | inyear k
"O0 “¥; is the number of households (defined as sum of &6DWTD Dwelling T
i T ot adf Mupicipality i within state j inyear k
@ 'O, is the number of passenger vehicles (defined as sum of O6passenger
vehicles6, dédcampervansd and ofimurgcipdlityco mmer ci al v e
within state j inyear k
"Ow O'fy is the number of heavy vehicles (defined as sum of &éLight rigid
trucksé6, O6Heavy rigid tr uclofsninicpality ©oOwathhin i cul at ed t
state j in year k
The final step is to integrate the refrigerant emissions by state and sector. Equation 35

shows the results

Equation 35 : Refrigerant emissions by subsector

Oa Qi i iQ ¢ I"YRhr Oa Qi | WOWVY'Y

Oa Qi i iR € I YBRhr Oa Qi i ®OOKR'Y
YhR Oa Qi i ®OOYY +

Yn 04 Q@& 0 00KRY

0a Qi i Q¢ €1 YE&kr Oa Qi i OOKR'Y
OaQi i Qe ET Y&hn Oa Qi i WOLEYY
O0a Qi | Q¢ &1 "YE&kr Oa Qi i Q¢ g

OaQi i Q& &i "Y&n 04 Qi i OOKR'Y
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Where:
04 Qi | fRE &sithe refrigerant emissions of municipality i with in state j inyear j
by sector m
“Y&hi s the scaling factor municipality i within state j inyear k by sector m
Oa Qi i ®OWEYYis the refrigerant emissions of state j inyear k for by m

6.1.6 Limitations and Considerations

None.
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6.2 Industrial Processes
6.2.1 Approach

There are a range of large emitting facilities across Australia, which in some instances

these emitters can be orders of magnitude higher than other sources of emissions within

a municipality. Because of the scale of these emissions, they can significantly impact the
total emissions for a municipality, and without being properly accounted for can lead to

inflation of emission estimates for other municipalities without such facilities.

Therefore, industrial processes is modelled using a hybrid approach whic h incorporates
key emitters, via the safeguard mechanism, and national level activity data which is

apportioned to municipalities based on relevant scaling factors using jobs data. This

ensures industrial processes emissions are complete whilst also ensuri ng location based
key emitters are incorporated.

6.2.2 Included Categories

Scope 1 emissions from  industrial processes  within the boundary. Industrial processes
include cement manufacturing, basic inorganic chemical manufacturing and primary
metal and metal product manufacturing.

6.2.3 Base Data

Table 23 : Industrial Processes Base Data

Availability Description Granularity Source Source ID
National Jobs in the INDP level Municipality | ABS BMS-R7
4 category
State level stationary .
National energy activity data by State AusFra.Ilan Energy SE-R3
Statistics
sector
National Safeguard Mechanism Operator Safeguard Mechanism SE-R4
National National Pollutants Operator National Pollutants SE-R5
Inventory Inventory
National Indps§r|a| processes State Australiads N& NGA-R1
emissions Greenhouse Accounts

6.2.4 Emissions Factors

There are no emissions factors since these are embedd

Greenhouse Accounts industrial processes emissions. However, the indust rial processes
component of the key emitters uses the stationary energy emissions factors which are

provided in Table 44, Table 45 and Table 46 of the Appendix. See Section 4.3.5 for more
information.
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6.2.5 Method IPPU IP. T 2 V1 - KeyEmitters (Stage 1)

In Section 4.3.5 the proportion of industrial processes emissions component for key
emitters via the safeguard mechanism are detailed in Equation 11. Therefore, the
modelled industrial processes component for each key emitter can be calculated.
Equation 36 shows the results.
Equation 36 : Industrial Electricity Emissions for Safeguard Facilities

06 Qi i (R4 ¢ 0.0§; 04 Qi i 0O e

Where :

Oa Qi i fR§ &sithe industrial processes emissions for operation n with in sector
m within state j inyear k

0 "Ogf, is the proportion of industrial processes emissions for state j inyear k by
sector m
04 Qi i WOy isthe safeguard emissions for operation n with in sector m

within state j inyear k

6.2.6 Method IPPU_IP_T1 V1 - Modelled Data (Stage 2)

National level industrial processes emissions data, which is published by Austras
National Greenhouse Accounts (AEGIS) , is available by  five sectors. At this stage, not all

emissions sources for  industrial processes  have been included. The determination has

been if the source accounts for 5% or more of total industrial processes  emissions. It

should be noted that, even th ough emissions from a particular source may be below 5%

it is possible that it may be more significant for specific regions. Table 24 shows the

national AEGIS industri  al processes emissions by sector in 2020.

Table 24 : National AEGIS Industrial Processes Emissions, 2020

National Industrial Proportion National
Sector Processes Emissions Industrial Processes Included
(Mt CO :e) Emissions (Mt CO  2€)
Mineral Industry 5.2276 25.3% Yes
Chemical Industry 4.7307 22.9% Yes
Metal Industry 10.4872 50.8% Yes
Non -Energy Products from
0.1784 0.9% No
Fuels and Solvent Use
Electronics Industry Not Available No

Therefore, industrial processes are limited to mineral industry, chemical industry and

metal industry sectors. Also, mineral industry is limited to cement production and lime
production, and chemical industry is limited to ammonia production and nitric aci d
production. These constraints are required since this data is scaled to the municipality
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level via jobs allocation and the jobs categories need to align well with industrial
processes emissions categories. Table 25 shows the AEGIS categories for industrial
processes and the corresponding scaling factors based on jobs allocation

Table 25 : Industrial Processes Category Concordances

AGEIS Sector ‘ AGEIS subsector ‘ Scaling Factor
. Cement Production and Cement and Lime Manufacturing
Mineral Industry ) .
Lime Production Jobs
. Ammonia Production and Basic Inorganic Chemical
Chemical Industry . . . ]
Nitric acid Production Manufacturing Jobs

Primary Metal and Metal Product

Metal Indust -
Y Manufacturing Jobs

Equation 37 : Scaling Factors for Industrial Processes

60 0 GRY

“Y“ h T T I T T
R Bo0O WO BEY
o 0 "00.0 O &rY
i B 6086 6 &Y
oy 0000® O &Y
i BGOOOO® O Gy
Where:
6 0 0 0 O;Yisthe num ber of cement and lime manufacturing jobs of

municipality i with in state j inyear k

6 "06.0 0 6riYis the num ber of basic inorganic chemical manufacturing jobs of
municipality i with in state j inyear k

0000 ® U &LYisthe num ber of primary metal and metal product
manufacturing jobs  of municipality i with in state j inyear k

The final stage is to integrate Australiadés National
processes emissions by sector. Equation 38 shows the results.

Equation 38 : Modelled Industrial Processes Emissions

OaQi | W6 Eir 0OaQi i ROOKYY "Y&ii
Where:

0a Qi | W6 fy isthe modelled industrial processes emissions for
municipality i in state j inyear k by sector m

04 Qi | WO Yisthe AEGIS industri al processes emissions for state |
inyear k bysector m
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m

6.2.7 Method IPPU IP_T1 2 V1 - Hybrid Approach (Stage

3)
The next stage is to integrate the key emitter data in Section 6.2.5 and modelled
emissions in Section  6.2.6 to derive the industrial processes emissions for each
municipality. It is important that key emitters industrial processes emissions and
modelled industrial processes emissions for each municipality and sector sums to the
industrial processes emissions da ta by sector state total s based on the Australian Energy
Statistics which is published annually by the Department of Industry, Science, Energy
and Resources. Therefore,  the key emitters data is removed from the Australian Energy
Statistics state totals for each sector and the remaining emissions are apportioned to
each municipality based on jobs allocation. A correction factor is applied for each state ,
sector and year. Equation 39 shows results .

Equation 39 : Correction Factor for Industrial Processes Emissions
50 6 0VaQi i WO BOa&a Qi i ©O&K
0 ®k P e L
n BO&aQi i @5 Kir
Where :
0 "@; is the correction factor for state j and year k for sector m

Oa Qi | @WOPG isthe industrial processes emissions based on the Australian
Energy Statistics for state j and year Kk for sector m

Oa Qi | WOERE isthe key emitters industrial processes emissions for
municipality i instate j andyear k forsector m

0a Qi | W6 iy isthe modelled industrial processes emissions where the
industrial processes emissions is less than the sum of the key emitters  for
municipality i instate j andyear k forsector m

0 = 277,777 is the conversion factor to convert GJ to KW

The final stage is to integrate the correction factor alongside the modelled industrial

processes emissions for municipalities that have no key emitters data or where the key

emitters data is less than the modelled state level data for each sector. Please note for
municipalities where the key emitters data is higher than the modelled state level data

for each sector the key emitters data is used. Equation 19 showsther esults .

Equation 40 : Industrial Processes Emissions
04 Qi 1,00 gRis QG Qi | WOEE OaQi [ Q¢ ¢ i

O R TiRE e loaqi i tpg ¢ 69, QQGQI | QOfKE 0G'Qi i Q& i
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Where :

Oa Qi | fRE &sithe industrial processes emissions for municipality i with in state j
in year k by sector m

Oa Qi | WOERE isthe total industrial processes key emitters emissions
municipality i within statej andyear k by sector m

0 "Qn isthe correction factor for state j inyear k bysector m

6.2.8 Limitations and Considerations

Due to data privacy issues with Australiabdés National Greenhouse Accou
processes emissions data, this data is incorporated at a national level instead of a state
level. There are likely to be idiosyncrasies within each state that impact industri al

processes emissions above and beyond national jobs allocation.

A proportion of the key emitters emissions data via the Safeguard Mechanism is

allocated to each of the electricity and industrial processes sectors. This allocation

method uses datafromAu st rali an Energy Statistics and Australia
Accounts to effectively derive a n electricity ratio component at the state and sector level.

However, the proportion of electricity and industrial process for each facility is likely to

vary co nsiderably even within each sector and state.
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7. Transport

Transport covers emissions associated with most forms of transport. Exclusions are
consistent with those outlined in the GPC reporting format, such as transport within
industrial facilities.

7.1 On Road Transport T Modelled Data
7.1.1 Approach

On Road transport is modelled based on vehicle registration data which is available at

the municipality level by fuel type and is mapped against state -based fuel sales data to
estimate on road transport emissions .

This methodology is applied to all municipalities prior to 2018 and post 2018 this

methodology is applied to municipalities without google EIE transport data. Currently

there are 169 municipalities with google EIE transport data which are predominantly

inner -city municipalities with a population greater than 25,000. Therefore, this modelled

approach for on road transport is applied to 368 mun icipalities nationwide  without google
EIE transport data

7.1.2 Included Categories

This methodology includes all vehicle types but is limited to petrol and diesel fuel types.
Scopes included are:

1  Scope 1 emissions from transportation fuel sources
1 Scope 3 emi ssions from the transmission and distribution of transportation
energy sources

7.1.3 Base Data
Table 26 : Modelled On Road Transport Base Data

Availability Description ‘ Granularity Source Source ID
Register of motor . TRA-R2
. . . Australian Bureau of
National vehicles by LGA Municipality L
Statistics
and fuel type
Australian Petroleum TRA-R3
. Total fuel sales Statistics, Department of
National State )
by fuel type Climate Change, Energy, the
Environment and Water

7.1.4 Emissions Factors

This section uses fuel combustion emissions factors which are provided in Table 50 of the
Appendix.
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7.1.5 Metho d TR_OR_T1 V1 - Modelled Data

The state level fuel sales data is scaled to the municipality level based on the proportion
of vehicle registrations by fuel type relative to the state. Equation 41 shows the scaling
factors.

Equation 41 : Fuel Sales Scaling Factor

o WOk i
Yhh mooae
B wO&n
Where
Y&k i is the scaling factor for municipality i within state j inyear k by fuel
type m
W'O"Ry s the total registered vehicles for municipality i instate jinyear k

by fueltype m

The next stage is to derive the fuel sales activity data for each fuel type at the
municipality level.  Equation 42 shows the results.

Equation 42 : Fuel Sales On Road Transport Activity Data Calculations
0 Qrrn  Y®hr OYOi
Where

0 Qi is modelled fuel sales activity data for municipality i instate j inyear
k for fuel type m

Y&k is the scaling factor for municipality i within state j inyear k for fuel
type m
"OYO{}, is the total fuel sales for state j inyear k forfuel type m

The final stage is to integrate the activity data, emissions factors and energy content
factors to derive  the onroad emissions for each fuel type at the municipality level
Equation 43 shows the results

Equation 43 : Modelled On Road Emissions
OaQi i fRE eI 0QGrr ©O 0@ "0O0;
Where

Oa Qi i fRE &sithe modelled on road transport emissions for municipality i
with in statej inyear k forfueltype m

0 Qi is the modelled fuel sales activity data for municipality i within state |
inyear k forfueltype m
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‘00 is the energy content factor for fuel type m

‘0’Q, is the emissions factor for fuel type m and gastype g

7.1.6 Limitations and Considerations

This approach assumes registered motor vehicles are a good approximation for vehicles
that are currently in use. Furthermore, this approach assumes that vehicle usage is
constant relative to vehicle registrations within each state.
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7.2

On Road Transport

7.2.1 Approach

I Google EIE Data

This method utilises Google EIE activity data aggregated to the municipal boundary, and
then applies a series of functions to convert this to estimated emissions. The activity

data represents kilometres travelled for trips that are wholly within the munici

pal

boundary (Scope 1) and trips that begin or end within the municipality boundary but not

both
Figure 2.

(Scope 3).

Thi s

met ho d-i

sdtuced

aAdenvifyédbust b€l 6

Google EIE data is only available for municipalities which meet certain privacy thresholds
including, but not limited to, having a population more than 25,000. Google EIE data is

currently available for 169 municipa

Google EIE data includes total distance by boundary (inbound, outbound and

lities nationally from 2018 onwards.

inboundary) and by transport mode including automobiles, motorcycles, rail, tram, bus,
walking and cycling. This section is limited to automobi

Figure 2: GPC Methods for On Road Transport
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7.2.2 Included Categories

This methodology is limited to automobiles, buses and motorcycles and incorporates all
fuel types including petrol, diesel, hybrid, hydrogen, LPG and EV. Please note
automobiles is defined as passenger vehicles only and excludes medium and heavy
vehicles. See Section 7.2.6 for more details.  Scopes included are:

1 Scope 1 emissions from transportation fuel sources

=

Scope 3 emissions from intra boundary transportation
1 Scope 3 emissions from the transmission and distribution of transportation
energy sources

7.2.3 Base Dat a
Table 27 : EIE On Road Transport Base Data

Availability ‘ Description Granularity Source Source ID
NSW Vehicle
NSW registrations by vehicle State Transport for NSW TRA-R4

type and fuel type

Specific Activity data (total
municipalities distance) by transport Municipality Google EIE TRA-R5
nationally mode and boundary type

7.2.4 Emissions Factors

This section uses fuel combustion emissions factors and fuel efficiency metrics by vehicle
type which are both provided in Table 50 and Table 51 of the Appendix respectively .
7.25 Method TR_OR T2 V1 1 Loca | Activity Data

The EIE activity data for total distance travelled for each municipality is derived by

aggregating the distance travelled for varying boundary types. Inbound and outbound

data is multiplied by 50% for completeness and to avoid double counti ng. Equation 44
shows the results .

Equation 44 : Total distance travelled

O'0rY O0i% ™ O0YRY; 0O'0e¥

Where:
‘0"0™¥yYis the total distance for municipality i inyear j fortransport mode m
‘O'0"YrY; is the distance for municipality i inyear j fortransport mode m and
boundary b

The next stage isto  breakdown the total distance travelled for each transport mode
(automobiles, motorcycles and buses) by fuel type. Equation 45 shows the scaling
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function to covert total distance by fuel type and vehicle type. This data is not currently
freely available at the municipality level and thus state level data for NSW is u sed
nationally.

Equation 45 : Scaling function for fuel type and transport mode

®OEx

Y& Boom

Where

"Y'®r isthe scaling factor  for fuel type finyear j by transport mode m

@ 'O"R), is the total registered vehicles in NSW for fuel type finyear j by
transport mode m

This scaling function is used to derive the total distance activity data by fuel type and
vehicle type. Equation 46 shows the results

Equation 46 : EIE On Road Transport activity data calculations
=mgr w0 r-iab
Where:

0 Qi is the EIE on road activity data for municipality i inyear j for fuel type
f by transport mode m

"Y'@ is the scaling factor for fuel type f inyear j by transport mode m
‘0 "0"¥yYis the total distance for municipality i in year j for transport mode  m

The final stage is to integrate the EIE activity data, fuel efficiency, emissions factors and
energy content factors to derive the EIE onroad emissions for each fuel type at the
mun icipality level . Equation 47 shows the results

Equation 47 : EIE On Road Emissions

Ca Qi i fREET 071G

o
o
o
£
o)

Where

Oa Qi i fRE 8sithe total emissions for municipality i inyear j forfuel type f
and transport mode  m

0 Qi is the EIE activity data for municipality i in year j for fuel type f and
transport mode m

‘06 is the energy content factor for fuel type f

‘0"Q is the emissions factor for fuel type fand gastype ¢
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"0Q, isthe fuel efficiency for fuel type f and transport mode m

7.2.6 Limitations and Considerations

This approach is limited to automobiles (passenger vehicles), buses and motorcycles and

doesndét incorporate medi um Staaevdl ElRdata spaciellyfoe hi cl| es .
automobiles has been matched against external emissions data sets including AEG IS and

it is apparent that the automobiles EIE data is limited to passenger vehicles and excludes
medium and heavy vehicles. Section 7.3 accounts for this exclusion

There are privacy constraints around whether a municipality has EIE data but there are
additional privacy constraints at the sector and boundary level for a specific transport

mode for each municipality. For example, there are instances where EIE data ,
specifically for all transport modes outside of automobiles , is present one year and
absent another year (i.e. bus data for a municipality is non -zero pre -covid in 2018 and
2019 but it is zero in 2020 and 2021 due to privacy thresholds).
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7.3 On Road Freight
7.3.1 Approach

This method

at the municipality level is calculated by integrating on road freight vehicle registrati

is limited to municipalities with EIE data since the EIE automobile category
is limited to passenger vehicles and excludes on road freight. Therefore, on road freight

data alongside Australi ads

road freight emissions.

7.3.2 Included Categories

This methodology is limited to
trucks, heavy rigid trucks,

Nati onal

articulated trucks and non

1 Scope 1 emissions from transportation fuel sources
1  Scope 3 emissions from the transmission and distribution of transportation
energy sources

7.3.3 Base Data

Table 28 :0n Road Freight Tra

nsport Base Data

on

medium and heavy -duty trucks . These include light rigid
-freight carrying trucks.

Availability Description Granularity ‘ Source Source ID
Register of motor .
. . L Australian Bureau of
National vehicles by LGA and Municipality L TRA-R1
. Statistics
vehicle type
. Medium and heavy - Australiads
National ) o State NGA-R1
duty vehicle emissions Greenhouse Accounts
7.3.4 Emissions Factors
There are no emissions factors since these are e mbedded in Australiabs

Greenhouse Accounts

7.35 Method TR_ORF T1 V1

Austral

iadbs National

medium and heavy duty on road transport

- Modelled Data

emissions .

@mowede statedeves om roddemissions tasa for,

but not limited to, Buses, Medium Duty Trucks and
separate category for Buses these are excluded and the state emissions for Medium Duty
Trucks and Heavy -Duty Trucks are aggregated for each year. These are apportioned to

the municipality level based on the proportion of vehicle registrations of trucks which

include light rigid trucks, heavy rigid trucks, articulated trucks and

trucks relative to the state. Equation 48 shows the results.
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Equation 48 :0n Road Freight Emissions for Municipalities with EIE Data

0400 | ot fod ol | Bbiooy. QL0
a Qi i Qe a Qi i, © m
Where
Od& Qi i fRé&siHe total emissions for municipality i within state j inyear k

0a Qi i ®OWV, isthe mediumand heavy -duty emissions (AEGIS) for state
j inyear k

"‘Ow O’k isthe total number of heavy vehicles for municipality i within state |
in year k

7.3.6 Limitations and Considerations

This approach assumes registered motor vehicles are a good approximation for vehicles
that are currently in use. Furthermore, this approach assumes that vehicle usage is
constant relative to vehicle registrations within each state.
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7.4 Rail Transport
7.4.1 Approach

This method utilises Google EIE activity data aggregated to the municipal boundary, and

then applies a series of functions to convert this to estimated emissions. The activity

data represents kilometres travelled for trips that are wholly within the munici pal

boundary (Scope 1) and trips that begin or end within the municipality boundary but not

both (Scope 3). This methodiesduced adenvifyédbwast h€i G
Figure 2 in Section 7.2.1 .

Google EIE data is only available for municipalities which meet certain privacy thresholds
including, but  not limited to, having a population more than 25,000. Google EIE data is
currently available for 169 municipalities nationally from 2018 onwards.

Google EIE data includes total distance by boundary (inbound, outbound and
inboundary) and by transport mode including automobiles, motorcycles, rail, tram, bus,
walking and cycling. This section is limited to rail .

7.4.2 Included Categories

This methodology is limited to rail, specifically passenger rail, and excludes rail freight
Scopes included are:

Scope 1 emissi ons from rail fuel sources
Scope 2 emissions from rail electricity sources
Scope 3 emissions from intra boundary transportation

= =4 -4 =

Scope 3 emissions from the transmission and distribution of transportation
energy sources

7.4.3 Base Data
Table 29 : EIE Rail Transport Base Data

Availability Description Granularity Source Source ID
Specific Activity data (total

municipalities distance) by transport Municipality Google EIE TRA-R5
nationally mode and boundary type

7.4.4 Emissions Factors

This section uses emissions intensity factors for rail which are provided in Table 52 of the
Appendix.

CIU_SNP_005_Methodology_vla Page 70 of 119



e
ronbark®

745 Method TR_RL T2 V1 - Local Activity Data

The EIE activity data for total distance travelled for each municipality is derived by

aggregating the distance travelled for varying boundary types. Inbound and outbound

data is multiplied by 50% for completeness and to avoid double counting. See Equation
44 in Section 7.2.5 for further details.

The EIE activity data for rail i s integrated with the emissions intensity and conversion
factors to derive the municipality level emissions. Equation 49 shows the results.

Equation 49 : EIE Rail Emissions
04 Qi i Q¢ ®IGr 0OQG o
Where

Oa Qi i fRssttHe modelled rail emissions for municipality i~ within state j in
year k

0 G, isthe EIE rail activity data for municipality i within state j inyear Kk
‘O"Gs the emissions  intensity factor

0 equals 0.001 the conversion factor

7.4.6 Limitations and Considerations

This approach is limited to passenger rail and excludes rail freight.

There are priv acy constraints around  whether a municipality has EIE data but there are
additional privacy constraints at the sector and boundary level for a specific transport

mode for each municipality. For example, there are instances where EIE data ,
specifically for all transport modes outside of automobiles , Where it is present one year
and absent another year (i.e. rail data for a municipality is non -zero pre -covid in 2018
and 2019 but it is zero in 2020 and 2021 due to privacy thresholds).
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7.5 Tram Transport
7.5.1 Approach

This method utilises Google EIE activity data aggregated to the municipal boundary, and

then applies a series of functions to convert this to estimated emissions. The activity

data represents kilometres travelled for trips that are who lly within the municipal

boundary (Scope 1) and trips that begin or end within the municipality boundary but not

both (Scope 3). This methodiesduced adenvifyédbwast h€i G
Figure 2 in Section 7.2.1 .

Google EIE data is only available for municipalities which meet certain privacy thre sholds
including, but not limited to, having a population more than 25,000. Google EIE data is
currently available for 169 municipalities nationally from 2018 onwards.

Google EIE data includes total distance by boundary (inbound, outbound and
inboundary) and by transport mode including automobiles, motorcycles, rail, tram, bus,
walking and cycling. This section is limited to trams .
7.5.2 Included Categories
This methodology is limited to trams . Scope included are:

1 Scope 2 emissions fromtra  m electricity sources

1  Scope 3 emissions from intra boundary transportation
1  Scope 3 emissions from the transmission and distribution of tra m energy sources

7.5.3 Base Data

Table 30 : EIE Tram Transport Base Data

Availability Description Granularity Source Source ID
Specific Activity data (total

municipalities distance) by transport Municipality Google EIE TRA-R4
nationally mode and boundary type

7.5.4 Emissions Factors

This section uses energy efficiency factors for tram ( Table 53) and grid electricity scope
factors ( Table 45) which are both provided in the Appendix.

755 Method TR_TM_T2 V1 - Local Activity Data

The EIE activity data for total distance travelled for each municipality is derived by

aggregating the dist  ance travelled for varying boundary types. Inbound and outbound

data is multiplied by 50% for completeness and to avoid double counting. See Equation
44 in Section 7.2.5 for further details.
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The EIE activity data for tram is integrated with the emissions factors, energy efficiency
factors and conversion factors to derive the mu nicipality level emissions. Equation 50
shows the results.

Equation 50 : EIE Tram Emissions

OaQi i fREET 0Gr ORR OO O
h

Where

Oa Qi i fRéstthe model led tram emissions for ~ municipality i in state j in
year k

0 Qi isthe EIE tram activity data for municipality i instate jinyear k
‘O"®; is the emissions factor for state j inyear k for scope |
‘O'Gs the energy efficiency factor

0 equals 0.001 the conversion factor

7.5.6 Limitations and Considerations

There are privacy constraints around whether a municipality has EIE data but there are
additional privacy constraints at the sector and boundary level for a specific transport

mode for each municipality. For example, there are instances where EIE data ,
specifically for all transport modes outside of automobiles , where it is present one year
and absent another year (i.e. tram data for a municipality is non -zero pre -covid in 2018
and 2019 but it is zero in 2020 and 2021 due to privacy thresholds).
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7.6 Aviation Transport
7.6.1 Approach

Aviation transport emis  sions is modelled by integrating aviation data between the top

routes in Australia  and a larger number of regional airports . The aviation data for the top
routes is monthly data which includes the airport codes of origin and destination,

number of passenge rs and trips as well as the distance between the two airports. There

are 41 airports included in this data set.

Also, a larger number of regional airports are included by integrating a separate data set

which includes 92 airports and once the main 4 1 airpo rts are excluded there are an
additional 51 regional airports or 92 airports in total. Six regional airports are excluded

since they are not part of any Australian municipality leaving 86 airports in total . This
regional data set is also monthly but is lim ited to the total number of trips per airport.

The destinations of regional airports were manually extracted via Wikipedia.

7.6.2 Included Categories

This methodology includes 86 airports of which 41 are considered main airports and 45
regional airports. Data is limited to domestic flights and excludes air freight. Table 31
shows the 41 main airports and their corresponding municipality. Scopes included are:

1 Scope 1 emissions from  aviation fuel sources

1  Scope 3 emissions from intra boundary transportation

1  Scope 3 emissions from the transmission and distribution of tr ansportation
energy sources

Table 31 : Main Airport Lookup

CBR ACT Unincorporated ACT EMD QLD Central Highlands
ABX NSW Albury GLT QLD Gladstone

ARM NSW Armidale Dumaresq ISA QLD Mount Isa

CFS NSW Coffs Harbour MKY QLD Mackay

DBO NSW Dubbo MOV QLD Isaac

NTL NSW Port Stephens ROK QLD Rockhampton
PQO NSW Egrstﬁ":gagq“a”e - TSV LD | Townsville

QNA NSW Ballina ADL SA West Torrens
SYD NSW | Bayside PLO SA ;‘;"r‘]’ﬁ]rjge

T™MW NSW Tamworth Regional HBA TAS Clarence

WGA NSW Wagga Wagga LST TAS Northern Midlands
ASP NT Alice Springs MEL VIC Hume
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AYQ NT Macdonnell MQL VIC Mildura
DRW NT Darwin BME WA Broome
BDB QLD Bundaberg GET WA Greater Geraldton
BNE QLD Brisbane KGI WA Kalgoorlie -Boulder
CNS QLD Cairns KTA WA Karratha
HTI QLD Whitsunday PER WA Belmont
MCY QLD Sunshine Coast PHE WA Port Hedland
OOL QLD Gold Coast ZNE WA East Pilbara
PPP QLD Whitsunday

Table 32 shows the 45 regional airports and their corresponding municipality.

Table 32 : Regional Airport Lookup
BHQ NSW | Broken Hill ONG QLD Mornington
GFF NSW | Griffith PMK QLD Palm Island
MIM NSW | Bega Valley RMA QLD Maranoa
MRZ NSW | Moree Plains WEI QLD Cook
MYA NSW | Eurbodalla WTB QLD Toowoomba
OAG NSW | Orange CED QLD Ceduna
WOL NSW | Shellharbour KGC QLD Kangaroo Island
ELC NT East Arnhem MGB QLD Grant
GOV NT East Arnhem OoLP QLD Roxby Downs
MNG NT West Arnhem WYA QLD Whyalla
ABM QLD Northern Peninsula BWT TAS Waratah/Wynyard
AUU QLD | Aurukun DPO TAS Devonport
CNJ QLD Cloncurry FLS TAS Flinders
CTL QLD Murweh KNS TAS King Island
CTN QLD | Cook MEB TAS Moonee Valley
DMD QLD Doomadgee ALH WA Albany
EDR QLD Pormpuraaw CVQ WA Carnarvon
HID QLD Torres EPR WA Esperance
HVB QLD | Fraser Coast KNX WA \Qi’zq”bd;fg; -East
IRG QLD | Lockhart River LEA WA Exmouth
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KUG QLD Torres Strait Island ONS WA Ashburton
KWM QLD Kowanyama PBO WA Ashburton
LRE QLD Longreach

7.6.3 Base Data

Table 33 : Aviation Transport Base Data

Availability Description Granularity Source Source ID

. Australian Domestic Airline ) .
National L . Airport x Airport BITRE TRA-R5
Activity T Time Series

National Airport Traffic Data Airport BITRE TRA-R6
. ICAO Carbon Emissions . .
National Airport x Airport ICAO TRA-R7
Calculator

7.6.4 Emissions Factors

This section uses fuel combustion emissions factors which are provided in Table 49 of the
Appendix.

7.6.5 Method TR_AV_T2 V1 - Local Activity Data

A robust method is used to approximate the aircraft fuel burn for each journey using

simple linear regression based on the distance between airports and approximate aircraft

fuel burn for each journey between the major cities across Australia. The aircraft fuel
burn per trip for all combinations of the major cities is derived from the ICAO Carbon

Emissions Calculator. This is applied to main and regional airports to estimate the

aircraft fuel burn for each flight. Since the distance is unknown for the 51 re gional
airports a manual process is undertaken by researching the main destinations of these

airports and deriving the total distance across all destinations. Table 34 shows results of
the regression analysis.

Table 34 : Regression Analysis for Estimating Aircraft Fuel Burn
VEUEDI Coefficient R?

Constant 1317.876 0.926

Distance 3.658 -
The results suggest the model is an excellent fit for estimating the aircraft fuel burn
since 92.6% of the variation is explained by distance between airports. The next stage is
to derive the total estimated aircraft fuel burn activity data for each municipality by
integrating the total trips for each air port within Australia alongside the estimate aircraft

fuel burn for each flight.
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Equation 51 : Total estimated aircraft fuel burn

0 Gy YYOUR popYoHULYOOYVY 8
h
Where
0 G isthe e stimated total aircraft fuel burn for municipality i within state
j inyear k
"Y'Y "O0; }¥ is the total number of trips between airport m and airport n
within municipality i inyear j
‘00X is the distance between airport m and airport n within municipality
i
0 equals 0.78 which is a conversion factor
The final stage is to multipl y the activity data by the emissions factors and energy content
factors to derive the total aviation emissions at the municipality level. Equation 52 shows
the results.

Equation 52 : Aviation Emissions
O Qi i [REEBI 0'Gr OO 006 06
Where
‘04 Qi i fRéEsttHe emissions for municipality i within state j inyear k

0 G is the estimated total aircraft fuel burn activity data for municipality
within state j inyear k

‘0"0O's the emissions f actor for gastype g
‘O 6is the energy content factor

0 equals 0.000001 is the conversion factor

7.6.6 Limitations and Considerations

This approach is limited  domestic flights including the top routes in Australia and a number
of regional airports. Therefore, several minor regional airports are excluded due to data
availability.
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8. Waste

Waste covers emissions associated with the breakdown of waste materials. There are
two primary categories of waste that apply to the GPC BASIC profile: Solid Waste and

Wastewater.

8.1 Solid Waste
8.1.1 Approach

This method takes data from the Waste generation and

resource recovery in Australia, a

study developed by Randall Environmental Consulting which breaks down solid waste

generation by sector and

Accounts solid waste emissions data

state. THatisnali Greenhousee gr at ed

used to derive solid waste emissions by sector at the municipality level.

8.1.2 Included Categories

(AEGIS) and alon gside relevant scaling factors is

Solid waste includes residential, commercial and industrial, and construction and
demolition sectors.  Scopes included are:

1 Scope 1 emissions from waste sources (excluding emissions from imported

waste)

1 Scope 3 emissions from waste generated within the boundary and exported for

treatment

8.1.3 Base Data
Table 35 : Solid Waste Base Data

Availability Description Granularity ‘ Source ‘ Source ID
National Solid Waste by Sector State Randell Consulting WST-R1
Australiads
. Managed waste
National . . State Greenhouse NGA-R1
disposal sites
Accounts (AEGIS)
. . L Australian Bureau
National Population Municipality L BMS-R1
of Statistics
. Commercial Jobs and L Economic
National o Municipality ] BMS-R8
Building Approvals Indicators
8.1.4 Emissions Factors
There are no emissions factors since these are e mbedded in Australiabs

Greenhouse Accounts
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8.1.5 Method WS SW T1 V1 - Modelled Data

State level solid waste generation data by sector, which is publish ed by Randall
Consulting, is scaled using relevant factors to represent wast e generation for the
municipality. For the residential sector, solid waste generation is scaled by the ratio of

population of municipality relative to the state. For the commercial and industrial sector,

solid waste generation is scaled by the ratio of com mercial jobs of municipality relative

to the state. For the construction and demolition sector, solid waste generation is scaled

by the ratio of building approvals of municipality relative to the state. Equation 53 shows
the results .

Equation 53 : Scaling factors for solid waste

o 0 0 @
Y h A
W B OO @5
o 0.0 0 GrpY
R B&U0 U 6rEY
o 80@0 ¥
Yhn T v
B6&0OO LY
Where:
Y& i isthe scaling factor for municipality i within state j inyear k by sector

m

0 O §j is the population  for municipality i with in state j inyear k

0.0 0 OyYis the number for commercial jobs for municipality i within state |
inyear k
60 ® 0 Y isthe number for building approvals for municipality i within

state j inyear j

The next step is to derive the proportion of solid waste generation by state and sector.
This stepis necessarysince Australiabés National Golieveasth ouse Account
emissions data is aggregated for all sectors. Equation 54 shows the results.

Equation 54 : Proportion of Solid Waste Generation by State and Sector

5 gt Yo R
VYW '®y W
Where:
0 ."Y& '@y is the proportion solid waste generation for state j inyear k by
sector m relative to all sectors
Yo 'Qf is the solid waste generation for state j inyear k by sector m
The final step i s t o Nationale@eerhbuse Aacaurtsrsalitl wasté s

emissions by state  and sector. Equation 55 shows the results.
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