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 Executive Summary
The City of Melbourne has commissioned this Buildings Baseline Study to assist with key objectives including:
· informing the development of the Retrofit Melbourne Implementation Plan
· identifying specific and effective decarbonisation pathways for different sectors of the built environment
· supporting the development of effective and efficient policy and regulatory options to reduce greenhouse gas emissions
· supporting the City’s and stakeholders’ analysis of a wide range of built environment issues, by providing authoritative information on the City’s built environment, energy use and greenhouse gas emissions, in particular. 
Chapter 1 provides background to the study and acknowledges the many data sources and inputs that have been volunteered to the study.  Chapter 2 sets out the issues for study, and notes how these issues have been addressed, including a detailed description of the study’s methodology.  The key findings of the study are divided into Chapter 3 – Melbourne’s Buildings – and Chapter 4 – Energy Use and Greenhouse Gas Emissions in Melbourne’s Buildings.  These findings are supported by a set of Future Opportunities that could be explored (Chapter 5).
The study presents a snapshot of the city’s buildings, energy use and emissions in 2022, as this is most the recent year for which all key data inputs are currently available.
[bookmark: _Melbourne’s_Buildings]Melbourne’s Buildings
In 2022, the gross floor area (GFA) of Melbourne’s 14,087 buildings was 42 million square meters (sqm).[footnoteRef:1]   [1:  This excludes public outdoor spaces but includes carparks (open air and enclosed) and transport facilities. ] 

The three largest space-uses in the city are:
1. Residential – 13.8 million sqm
2. Offices – 8 million sqm
3. Unoccupied space (including construction) – 5.1 million sqm.[footnoteRef:2] [2:  These totals include associated common areas (walkways, shared facilities, etc).] 

An overview of the floor area and shares by space use type is shown in Figure 1.

[bookmark: _Ref170742925][bookmark: _Toc171951107]Figure 1:  Floor Area Shares by Space Use Type, City of Melbourne, 2022
View Floor Area Shares by Space Use Type, City of Melbourne, 2022 data table A.1 in appendix
Considering electricity and gas (but not minor fuels such as diesel or LPG), total energy consumption in Melbourne’s buildings in 2022 totalled 16.3 PJ, with electricity accounting for 59.1% of this total and fossil gas 40.9%.  Unsurprisingly, offices and residential dominate total energy use as well as floor area.  However, the higher average energy intensity of offices, as compared to residential, means that offices have a higher share of energy use (at 31%) than of floor area (19%) – see Figure 2. Put together, these two space uses account for 60% of building related energy use in Melbourne, while adding commercial accommodation and hospitals/healthcare brings the total of these four types to 78%.  Other significant energy users are education and retail, at 5% of total energy consumption each.

Figure 2:  Total Energy Use Shares by Space-Use Type, City of Melbourne, 2022
[bookmark: _Ref171951343][bookmark: _Toc171951108]View Total Energy Use Shares by Space-Use Type, City of Melbourne, 2022 data table A.2 in appendix.
Turning to greenhouse gas emissions, total emissions from the built environment in 2022 were 3.2 million tonnes CO2-e, with 88.4% of this total, or 2.83 Mt CO2-e, resulting from electricity consumption, and 11.6%, or 370 kt CO2-e, derived from fossil gas.  Figure 3 shows the distribution of these emissions by space use type. 

[bookmark: _Ref171867807][bookmark: _Ref171867802][bookmark: _Toc171951109]Figure 3: Greenhouse Gas Emission Shares by Space Use Type, City of Melbourne, 2022
View Greenhouse Gas Emission Shares by Space Use Type, City of Melbourne, 2022 data table A.3 in appendix
The City of Melbourne possesses valuable data resources, such as CLUE and Pathway, that have been vital in the delivery of this baseline study. There are, however, opportunities to improve these resources, including by developing a 'digital twin' of Melbourne's built environment. A digital twin would be a detailed and dynamic model that integrates new data regularly, allowing for simulations and analysis of various changes. This would involve enhancing the resolution of individual buildings, modelling stock turnover, simulating weather impacts, and characterizing energy loads. Ongoing matching of NABERS energy data with individual buildings would improve the accuracy of energy use models incorporated into a digital twin. 
Improving access to energy data is another critical opportunity. Enhancing collaboration between local governments and energy distributors, exploring alternative energy data sources, and potentially advocating for regulatory changes to increase data availability are key strategies. This would enable better policy development, emission pathway analyses, and inventory management. 
[bookmark: _Toc173876022]

1. [bookmark: _Toc181219275]Introduction
[bookmark: _Toc173876023][bookmark: _Toc181219276]1.1	Objectives
The City of Melbourne has commissioned SPR to prepare a Buildings Baseline Study of the city, its energy use and greenhouse gas emissions.  
The study aims to be a key resource for the City and for other stakeholders, that will help meet several objectives:
· it will inform the development of the Retrofit Melbourne Implementation Plan
· it will help the City to identify specific and effective decarbonisation pathways for different sectors in the built environment
· it will support the analysis and development of effective and efficient policy and regulatory options
· it will be of value to wider building sector and to researchers in related fields, by providing an authoritative set of insights into the city’s structure and energy use in particular. 
Overall, the study aims to support the City’s goal of achieving net zero greenhouse gas emissions by 2040.  The City estimates that buildings represent 66% of the municipality’s emissions, making this the key sector for abatement purposes.  
The Baseline Study will provide a solid grounding and key information required for these outcomes, by providing a detailed, spatially disaggregated and validated map of the city’s buildings by type, space use by type, other relevant building characteristics, energy use by fuel, and greenhouse gas emissions.
[bookmark: _Toc173876024][bookmark: _Toc181219277]1.2	Related Projects and Programs
This Baseline Study builds on a strong tradition of buildings-related data, programs and analysis at the City of Melbourne, in addition to making use of important data collections and research by other parties.  We briefly review some of the key resources that have informed this study.
[bookmark: _Ref168564978]1.2.1	Census of Land Use and Employment Data 
Melbourne’s Census of Land Use and Employment (CLUE) represents a best-practice resource for city-level data in Australia.  It is based on an annual census program that results in a full refresh every two years.  The data program commenced in 1962 and moved onto a 2-yearly basis in 2000.  
A team of census officers visits every establishment in every building in the City of Melbourne. The census generally involves an officer visiting businesses during normal operating hours to ask details about their business and premises.  Information collected includes trading name, activity description, a space type code, number of employees, number of parking spaces and capacity measures.  Participation is confidential and the published results do not provide specific details about individual businesses.
CLUE data includes:
· industry structure and type (ANZSIC code and number of establishments or business locations)
· floor space type and use (office, retail, industrial, accommodation or entertainment and office vacancy rates)
· employment type (full-time, part-time, casual or contractor)
· building information (number of floors, year of construction, gross floor area and lettable area)
· venue and capacity measures (cafe or restaurant seats, child care centre spaces, off-street car parking spaces, bicycle and shower facilities, residential dwellings, student dwellings, student beds, theatre and stadium seats, conference and meeting seats and gaming machines)
· spatial distribution (maps, CLUE small areas, blocks and customised regions).
1.2.2	Other Property Data
[bookmark: _Ref169082779]Separately from CLUE, the City of Melbourne maintains VMOnline, which is a portal to databases that hold and calculate statutory property valuations. The base property data include addresses, overlays, permits and owners come from Council records. Data such as building areas and property record structure are entered by Council. 
The base data are used in conjunction with a valuation model that is produced and maintained by a contracted valuation company to produce statutory valuations for rates, FSPL and land tax. The Valuer General for Victoria audits the database and transactions within it, as well as all submitted valuations.
Within this system is a property database, known as Pathway, that stores the City of Melbourne’s property occupancy and ownership details, such as land use and title and parcel information. Occupancy information is collected at the property by census officers. Ownership information is collected at the time of transfer from acquisition forms.
As discussed in the Methodology Section 2.4 below, we make use of the occupancy data from Pathway to add depth and detail to CLUE in several areas, including apartments, hotels, retail, data centres and coolstores.  This reflects the much higher number of land use descriptors in the data provided from Pathway (at least 341) as compared to the number of space use descriptors in CLUE (37), and it has assisted, in particular, in identifying high energy intensity spaces in the city.
[bookmark: _Ref170803402]1.2.3	Previous Studies, Data Sources and Acknowledgements
We draw on data from a number of data sources and past studies.  Key data sources include:
· CLUE and City of Melbourne property data, as above
· Tailored (and confidentialised) data from the National Australian Built Environment Ratings Scheme (NABERS) program
· Publicly-available data from the Commercial Buildings Disclosure (CBD) program
· Australian Bureau of Statistics (ABS) Census and building activity data
· Electricity and gas consumption data provided by gas distributors (APA, AusNet and MGM) and electricity distributors (Jemena and CitiPower)  
· Solar installation data from the Australian Photovoltaic Institute (APVI)
· Distributor data and energy consumption benchmarks from the Australian Energy Regulator (AER)
Existing studies reviewed and/or utilised for this project include SPR’s 2022 (national) Commercial Building Energy Consumption Baseline Study, which has provided reference energy intensities for building types that are not covered by NABERS or CBD (see below).  
For residential buildings, we refer to a number of CSIRO sources.  First, CSIRO provided tailored data to this project on newer (NatHERS rated) residential buildings in Melbourne from its Australian Housing Data portal,  Second, we draw on past work that SPR undertook in collaboration with CSIRO for ClimateWorks’ Renovation Pathways Australia project.  This provided data on typical housing archetypes, stock and energy profiles.  We also referred to CSIRO’s 2018 City of Melbourne Apartment Emissions Baseline Project.[footnoteRef:3]  [3:  Goldsworthy, M., Toscas, P. and Berry, A, CoM apartment emissions baseline project – Final Report, CSIRO, June 2018.] 

We refer to Energy Consult’s 2021 (national) Residential Baseline Study, for example for data on typical energy-using appliance profiles. 
We reviewed The City of Toronto’s Net Zero Existing Buildings Strategy, Final Report, March 2021, and Point Advisory’s Zero emissions commercial building – Final Report, August 2019, prepared for the City of Melbourne. 
A. Stephan & A. Athanassiadis, Quantifying and mapping embodied environmental requirements of urban building stock, discusses a potential ‘archetype’ model framework, but we do not use that framework for this study. 
[bookmark: _Toc173876025][bookmark: _Toc181219278]1.3	About SPR
Strategy Policy Research Pty Ltd (SPR) is consulting firm dedicated to making the business case for sustainability.  It has particular expertise, experience and an extensive track-record in building baseline studies.  This began with the first national Commercial Building Baseline Study project for the Australian Government, that commenced in 2010 and was published in 2012.  Partners in that project included BIS Shrapnel and Exergy Pty Ltd.  A major revision and update of this work was undertaken over the 5 years leading up to the publication of the 2022 Commercial Buildings Energy Consumption Baseline Study.  This project was undertaken by SPR, with important inputs from CSIRO.
SPR has also undertaken major baseline and related studies for:
· the Queensland Government (2018, and for QLD government buildings, 2022)
· the ACT (several studies)
· South Australian Government Buildings (2020)
· the City of Sydney (multiple projects including the Energy Efficiency Master Plan and Net Zero High-Rise).  
· ClimateWorks – SPR worked with CSIRO to build a highly detailed model of Australian housing, energy consumption and emissions for ClimateWorks’ Renovation Pathways Australia project.
On the energy side, SPR has prepared energy efficiency forecasts for AEMO since 2016, including contributing to the Integrated System Plan series, amongst many other projects.  


2. [bookmark: _Toc173876026][bookmark: _Toc181219279]Key Issues and Approaches
The following section defines most of the key technical terms used throughout this document. An additional glossary of some high-level concepts not described below is included at Section 7 for further reference.
[bookmark: _Ref168841660][bookmark: _Toc173876027][bookmark: _Toc181219280]2.1	CLUE
As noted in Section 1.2.1, CLUE is the key data resource that forms the groundwork for this Buildings Baseline Study.  When we compare this data source to similar systems managed by other major cities around Australia, CLUE is easily the most detailed and comprehensive, as well as the most accessible.  That said, CLUE is not without issues that are relevant in the context of this study, and these issues are reviewed below, along with the strategies that we use to manage them.
2.1.1	Energy Data
CLUE was not designed to collect data on energy use or emissions.  Generally, however, its identification of both the primary purpose type and of the floor area of major space uses for Melbourne’s buildings means that it is highly suitable for adding energy data.  There are some limitations, however, such as where space uses are identified that may or may not be associated with energy use (such as some common areas).  
In other cases, space uses that may be associated with relatively high- and also relatively-low energy intensity are grouped into one category – such as ‘commercial – accommodation’, for example – while other space uses that would be useful to separate, due to their high average energy intensity, are not identified in CLUE – such as supermarkets, coldstores and data centres, for example.  As discussed further in Section 2.2, in some cases we have been able to make use of the City of Melbourne’s separate property data to resolve some of these high-intensity areas. 
Fuels considered in analysis
This report deals with electricity and gas use in Melbourne’s buildings. There may be some buildings or space-uses that use other fuels, such as diesel, petrol, biomass or solar thermal hot water, in stationary applications. These minor fuels may be in regular daily use, such as biomass in fireplaces, or in emergencies, such as diesel generators in hospitals. Data on the use of these fuels is patchy, at best, and is unlikely to constitute a meaningful share of the City’s total stationary energy – as such, we have excluded them from our analysis.
2.1.2	Vacancies and Stock Turnover
CLUE collects data at least once every two years on every property in the city.  It therefore offers a series of 2-yearly ‘snapshots’ of the building stock, albeit that some parts of that snapshot will relate to two different years.  Importantly, though it does not aim to be a ‘stock turnover’ model that explicitly accounts for new construction and demolition.  However, at the time that the census is made, inevitably there are builds under construction, or extension, or demolition, or refurbishment/renovation (which could lead to a change in class/space use), or which are vacant, or blocks that are vacant awaiting redevelopment.  These represent the turnover of, change in, the stock.  It may be unclear, during a construction process, what the final floor area and space uses will be.  Also, the building sites will generally not be using electricity or gas, and so we exclude them from this study.
Similarly, most vacant areas will not be using energy, although smaller tenancies – of less than a whole floor – may use base building power, even if vacant, depending upon the sophistication of the energy management system and building management practices.  Practically, we exclude these areas from energy balance model. 
[bookmark: _Ref171020392]2.1.3	Shared Spaces
Shared spaces include common areas such as circulation areas and toilets, equipment installation, such as lift shafts and server rooms, and private covered parking.  In CLUE the bulk of these areas are separately identified, but the building type within which the shared spaces exist varies.[footnoteRef:4] Depending on the context, some of these areas will be unpowered – such as rooftops – but foyers and circulation areas may or may not be space-conditioned.  To estimate the likely energy consumption of these areas we apportion them proportionally to the composite space-uses within each building.  NABERS data for apartment buildings, which is not extensive, and only covers the energy consumption of common areas and some shared services, was used as a check point for energy intensities calculated using secondary sources.  For office buildings, common areas (both floor area and any energy consumption) are generally in either whole or base building ratings.  Generally, then, the NABERS observations of energy intensity can be applied to these common areas.  A limitation is that we do not know how much of the common area is unpowered, and this could be a subject for future research. In our model shared spaces have been apportioned the same energy intensities as the spaces with which they area associated, which have been drawn from a number of sources. This approach may not accurately reflect the energy intensity of these shared spaces. Further work would need to be done to develop an approach to accurately apportion these areas to other space-uses. [4:  Note: Shared spaces in buildings occupied by a single establishment may not be separately identified in the CLUE database.] 

A small area of shared space was not able to be associated with a primary space use, largely in cases where the building was solely associated with a “shared space”, primarily small equipment installation sites. These spaces have been included in the “other” space use category in our analysis.
[bookmark: _Ref168836014]2.1.4	Space Use
CLUE has two primary ways of classifying the use of floor area – first, each floor is assigned a ‘space type code’ (such as office, retail or others), which represents the predominant space use on that floor; and second, where an ‘establishment’ (occupant or tenant) occupies more than one floor, each floor may have a unique space use assigned to it.  However, within CLUE, individual tenancies on a single floor cannot be assigned different space uses.  This is limitation in the current context, as the energy intensity of the spaces may be quite different.  Examples could include buildings/floors with a primary purpose (or predominant space use) of residential, but where there are areas used as retail (cafes, restaurants, food halls), supermarkets or cold stores.  Another common example is where offices host a data centre or significant server room.
A similar limitation arises for the space use ‘commercial accommodation’, as this category includes low-energy intensity spaces, such as backpackers, and high-intensity spaces such as major tourist hotels.  NABERS data for hotels – which does not cover establishments such as backpackers, hostels or boarding houses – nevertheless indicates that energy intensity and quality rating (A, AA, AAA) are closely related), and this confirms the utility of breaking up this space use into at least two sub-groups, corresponding to high- and low- energy intensity.  
As discussed in next section, we make use of separate property data held by the City of Melbourne to identify several high-energy-intensity space uses, including where this are not the predominant space use in a building or on a floor.  This means that these areas, and therefore the space use as a whole, can be modelled more accurately.
[bookmark: _Ref168838167][bookmark: _Toc173876028][bookmark: _Toc181219281]2.2	Property Data
The City of Melbourne’s property data makes use of a much wider taxonomy of land use/space use descriptors than does CLUE, drawing on the Australian Valuation Property Classification Code (AVPCC).  The data provided for this project included 341 ‘land use’ descriptors – albeit, when applied to floor area within a building, these are better understood as space use descriptors.  The City of Melbourne was able to provide data for both the count of individual ‘occupancies’ within each building and for the sum of floor area on essentially the same taxonomy.  However, since these data sets used a common building identifier, we were able to match the floor area and the count of occupancies, at least where required.
For example, the occupancy data includes many more residential categories, including counts and floor area for each of apartment studios, apartments/flats with 1 – 7 bedrooms, and penthouses.  This data presented in Chapter 3.  A limitation with both CLUE and the Property data is that houses and townhouses (which are both ‘Class 1’ dwellings) are considered as one category.  We make use of ABS data (which links Census and building activity statistics) to establish the count of sub-type, and we estimate the split of floor area drawing on CSIRO data relating to the most common housing archetypes.  While houses and townhouses are assumed, in ratings tools such as NatHERS, to experience the same thermal loads in a given climate zone, there are often significant differences in the design of houses and townhouses, and this impacts on their energy performance.  A townhouse with one or, moreso, two common walls will typically require less space conditioning that a house with no common walls, as the townhouse common walls effectively share heat between neighbouring townhouses.  On the other hand, townhouses are generally smaller than houses and very often have less roof area, which is increasingly important for solar generation purposes.
Second, as noted in Section 2.1, we also make use of the occupancy data to identify the floor area of space uses that are likely to be associated with high energy intensity, including supermarkets, cafes, restaurants and others.  The advantage of the occupancy data for this study is that it identifies the floor area of these space use types even when they are not the dominant space use on a floor or for an establishment.  As a result, it offers finer resolution that CLUE which, as noted, assigns only one dominant space use per floor.
We note that are differences between the floor area totals shown for at least residential buildings in CLUE and in the Property data, but these are relatively small.  The residential floor areas shown in the Property data are only areas within apartments, while CLUE appears to take into account some other areas – although, in principle, these other areas should not include common area or carparks, as these are separately identified in CLUE. 
It is important to stress that, despite the issues noted, the combination of CLUE and Property data represents a remarkably detailed and comprehensive description of the City’s built environment.
[bookmark: _Toc173876029][bookmark: _Toc181219282]2.3	Energy Data
2.3.1	Top-Down Data Sources
Data on the metered consumption of electricity and gas has been provided to the City of Melbourne and to this study, by energy distributors on a voluntary basis, as acknowledged in Section 0 above.  The structure of these data inputs varies by provider, but generally they provide either annual (or, in some cases, monthly) consumption by customer type and by postcode.  Some of the gas data includes customer (or connection) numbers, and some of the electricity data includes information on solar purchases from customers (equivalent to exports from behind-the-meter solar systems).
The distributors’ ability to provide data to public interest studies such as this, and the resolution of that data, is limited by a number of factors:
1. privacy and confidentiality – individuals’ consumption of energy is regarded as private and/or confidential, and aggregation to the post code level (as a general rule) is sufficient to protect this privacy[footnoteRef:5] [5:  Exceptions are post codes 3050 and 3181 where data from energy suppliers is suppressed due to an insufficient number of separate parties being metered within that post code.] 

2. customer types – there are significant issues, discussed below, regarding the accuracy of the characterisation of customer types, both for electricity and gas, albeit that there are different issues that arise for each fuel
3. metered consumption – in the case of electricity, data on metered consumption increasingly underestimates actual, or underlying, consumption, due the increasing prevalence of solar systems behind the meter.  Customers’ self-consumption of self-generated energy is not metered, while net exports from customers’ premises to networks is metered (as it generally attracts feed-in tariffs)
A scope (rather than energy data) limitation is that, by focusing on one year (FY2022), as a snapshot of the City of Melbourne, change over time in city’s energy use is not illuminated.  A specific issue in this context is the extent to which energy consumption and emissions in FY2022 may be impacted by the legacy of COVID–19 impacts, such as lower utilisation of office space in the city, and increased work-from-home.  Since we have captured at least some energy data for multiple years, we do offer in Chapter 4 some observations around these trends, but we note that a fuller exploration of them is not within the scope of this study.
Regarding the three factors noted above as limitations arising from the structure of energy data inputs, the privacy and confidentiality issue has the practical implication that the data provided by energy distributors is not linked to the individual buildings that are the subject of this study.  Therefore, and as described further below, we are required to use two primary approaches to overcome this limitation:
1. we make use of other data sources that do provide (in some cases, on a confidential basis) observations of fuel use in specific buildings – primarily data the NABERS and CBD programs, supplemented by data from the national Commercial Buildings Energy Consumption Baseline study and other sources (see Section 2.3.2)
2. to undertake top-down/bottom-up data reconciliation, making use of a model of the building stock, and average fuel intensities of different space uses with the city, to reconcile all of the available data, include aggregate fuel consumption by postcode and customer type, as provided by the energy distributors.  
Further methodological details are provided in Section 2.4.
[bookmark: _Ref169086129]2.3.2	Bottom-Up Data Sources
As also acknowledged in Section 1.2.3, we are very grateful for significant data inputs to this study from both the NABERS and CBD programs.  
NABERS/CBD
NABERS provided data, on a confidential basis, derived from its historical records of ratings by building type in Victoria.  CBD is not confidential, but publicly-disclosed in line with that program’s intention of mandatory disclosure.
[bookmark: _Ref169087744][bookmark: _Toc171951162]Table 1:  NABERS Data Record Count by Building Type (Melbourne/VIC)
	Building Type
	Record Count
	Shares of Records by Building Type

	Offices
	4,907
	87.9%

	Shopping centres (base buildings) 
	478
	8.6%

	Hotels
	58
	1.0%

	Public hospitals
	50
	less than 1%

	Apartment buildings (common areas)
	48
	less than 1%

	Data centres
	30
	less than 1%

	Residential aged care and retirement living
	7
	less than 1%

	Warehouses and cold stores
	6
	less than 1%

	Total
	5,584
	100%



In total the NABERS (energy) data provided comprises over 5,500 individual data records, although this will include multiple ratings of some buildings over time (since 2009, in this data sample), and therefore the total count of NABER-rated buildings will be lower than this.  Also, while the majority of records provided fall within the City of Melbourne, some may be outside.   
From a methodological perspective, but also considering privacy and confidentiality, this study only includes the actual individual energy use or emissions of individual buildings where these buildings are associated with publicly available NABERS data. For other buildings, even those with NABERS ratings, results are modelled. The intention, as noted, is to characterise the overall energy consumption and emissions by building type, rather than identifying specific buildings.
Considering Table 1, it is apparent that most of the ratings data provided relates to offices.  This is partly because offices were the first sectors to be covered by the program, while some sectors – such as warehouses and cold stores, aged care and retirement living and public hospitals – have only recently been covered by the program.  However, the Table also reflects the differing degrees of voluntary engagement with the NABERS that has come from different sectors.  Hotels, for example, have been covered by NABERS since at least 2009 but account for only 1% of the data records for Melbourne.  Noting this data contains records that date from 2009 onwards, only some of them are recent enough to be representative of current energy intensities, only offices and shopping centres are well-represented – however, given the paucity of data from other sources, we nevertheless use data from the whole sample to provide at indicative information about plausible energy intensities.
Another important issue with the NABERS energy intensity data is that the sample of buildings represented in the NABERS data is not representative of the broad average of buildings in the same sectors across Australia.  In the case of offices, there is strong interaction between the CBD program, discussed below, and NABERS, with CBD representing around 75% of NABERS-rated office floor area.  Therefore, the CBD criteria for mandatory disclosure – including features such as a 1,000 sqm minimum floor area, which applies to primary purpose offices only, owned or occupied by Constitutional corporations – distort the NABERS sample when compared to the average space, without these constraints.
A second effect occurs for all building types rated under NABERS, the voluntary nature of the rating also distorts the sample, from a statistical point of view.  Professor Ross Garnaut, in the seminal 2008 Climate Change Review, noted that an inherent danger with voluntary disclosure is that it may lead to ‘adverse selection’, as well-performing buildings are likely to have that performance information disclosed, while poorly-performing buildings are likely to have that performance information withheld from the market to the extent possible.  He notes: 
Ensuring that both parties in a transaction have access to sufficient information will generally be the most effective way to address information asymmetry. Disclosure schemes, such as energy efficiency ratings, complement an emissions trading scheme as they assist individuals to act on the price signal.  
Disclosure schemes will be far more effective if they are mandatory, as sellers are only likely to apply voluntary labels to high-performing products, leaving consumers unable to select among average and poorly performing products. [emphasis added][footnoteRef:6] [6:  The Garnaut Climate Change Review: Final Report © Commonwealth of Australia 2008, p. 412.  ] 

CBBS (2022)
For building types not covered by NABERS or CBD, or another high-quality source of archetype specific energy intensity data, and for alternative perspectives on those building types that are covered by these programs, we also make use of data compiled for the national Commercial Buildings Energy Consumption Baseline Study (2022).  This data source also has certain limitation, such as the degree to which fuel intensity data is available varies by geography and building type.  Nevertheless, it has provided useful reference values, which are then validated via top-down, bottom-up model reconciliation.
[bookmark: _Ref169085975][bookmark: _Toc173876030][bookmark: _Toc181219283]2.4	Methodology
2.4.1	Defining the City’s Building Stock
The CLUE database, a commendably comprehensive and informative asset, sits at the core of the space-use model developed for this baseline study. In maintaining the CLUE database, the City regularly captures the space-use mix across the LGA at a relatively granular level, in turn enabling the detailed fuel-use modelling associated with this report.
Limitations of relying entirely on CLUE include less disaggregation in space-use type when compared with the “land-use type” data provided by the City – CLUE includes 38 space-use types while the land-use type data includes 339 distinct space uses. While it would not be valuable to apportion a separate fuel-use intensity to each of these space-uses, nor is sufficient data likely to exist to do so in a credible way, some valuable/interesting space-uses are missing from the CLUE data. Examples of high-intensity space uses missing from CLUE include supermarkets and cool rooms. CLUE also omits a range of data which provides greater context/differentiation between the range of fuel-use intensities within a large space-use type like retail and, importantly, residential apartments.
To overcome these limitations in the CLUE data, we incorporated information provided by the City derived from the property/rates database. Key information gleaned from this source included counts of apartments, which avoided the need to estimate these totals using census data, and more detailed data on the makeup of CLUE space-use categories such as retail and education/research. This process was facilitated by the City’s use of consistent Property IDs across datasets – this approach should be retained and expanded as new datasets are developed and existing datasets expanded.
[image: A transparent funnel shape with three blue circles of the same size labelled: Land-use type data, CLUE data and Property data. An arrow point down from the bottom of the funnel to the text 'Combined space-use model' ]
[bookmark: _Toc171951110]Figure 4:  Combined Space Use Model Overview
As became clear during the production of the final fuel-use and emission totals, many of the City’s largest buildings use behind-the-meter embedded networks to supply electricity to individual apartments or tenancies. To enable an accurate count of residential and commercial fuel-use, we manually matched publicly available data from the Energy and Water Ombudsman to properties in the combined space-use model. 
2.4.2	CLUE space-use titles
The CLUE database uses 37 unique space-use descriptors to catalogue the City’s building stock. To make the data tables included in this report more comprehensible, we have combined multiple, related space-uses to give us 14 categories.[footnoteRef:7] These categories, and the space-use types they encompass, are show in Table 2.  [7:  Note: These space-use categories are unrelated to the energy intensities applied to spaces. See Table 4 for more information.] 

[bookmark: _Ref171020240][bookmark: _Ref171020228][bookmark: _Toc171951163]Table 2: High-level Space-Use Categories used in Charts
	Space-use description used in charts
	CLUE space-use types

	Office						
	Office

	Residential
	Student Accommodation
Institutional Accommodation
Residential Apartment
House/Townhouse

	Retail
	Retail – Shop (our energy-use calculations this space use into Retail – Shop and Retail – Supermarket)	
Retail - Stall	
Retail - Showroom	
Retail - Cars	
Wholesale

	Manufacturing/light industrial
	Manufacturing
Workshop/Studio
Storage

	Transport
	Transport
Transport/Storage - Uncovered

	Education
	Educational/Research

	Hospitals/healthcare
	Hospital/Clinic

	Commercial accommodation
	Commercial Accommodation (our energy-use calculations divided this space into sub-categories to capture the spread of intensities)

	Entertainment/recreation
	Entertainment/Recreation - Indoor

	Unoccupied
	Unoccupied - Under Construction
Unoccupied - Under Renovation
Unoccupied - Under Demolition/Condemned
Unoccupied - Unused	
Unoccupied - Undeveloped Site

	Community/public use
	Performances, Conferences, Ceremonies
Public Display Area
Community Use

	Parking
	Parking - Private Uncovered	
Parking - Commercial Covered	
Parking - Commercial Uncovered

	Other
	Equipment Installation associated with Data centres
Private Outdoor Space
Residual shared spaces unable to be associated with a primary space uses

	Outdoor space
	Square/Promenade	Park/Reserve	Sports and Recreation - Outdoor



CLUE also includes several shared spaces, namely “Common Areas”, “Equipment Installation” and “Parking – Private Covered”. These spaces were allocated to other spaces in the database proportionally, as discussed in 2.1.3.
2.4.3	Use of Postcodes
This study uses postcodes to disaggregate the City’s building stock geographically. This approach was adopted as it aligned with that taken by energy distributors, who provide consumption data by postcode, and allowed for greater granularity than the use of the alternative “CLUE small area”. For example, postcodes 3050 and 3181, containing the Royal Melbourne and Alfred Hospitals respectively, are not separated out in the CLUE small area field, obscuring the outsized energy consumption of these two areas. The approximate relationship between these two geographical indicators is described in Table 3 below.
[bookmark: _Toc171951164]Table 3: Relationship Between CLUE Small Areas and Postcodes
	CLUE small area
	Postcode

	Melbourne (CBD)
	3000

	East Melbourne
	3002

	West Melbourne
	3003

	South Yarra
	3004
3141
3181

	Southbank
	3006

	Docklands
	3008

	Parkville

	3010
3050
3052

	Kensington

	3031
3032

	North Melbourne
	3051

	Carlton

	3053
3054

	Port Melbourne
	3207


2.4.4	Developing a Bottom-Up Understanding of Fuel Use in the City’s Buildings
A range of data sources were required to develop a detailed understanding of the fuel-use intensities of the City’s major building archetypes. A detailed description of the intensities applied to archetypes, and the methodology used in their development, is included in Table 4 below.
[bookmark: _Ref169271503][bookmark: _Ref169601226][bookmark: _Toc171951165]Table 4:  Fuel Use by Archetype
	Archetype/s
	Methodology
	Intensities (electricity as kWh and gas as MJ)
	Notes/limitations

	Office
	Our model applies an energy intensity to each size segment of a building drawn from the Victorian NABERS for offices dataset. Energy consumption figures based on whole building, tenancy and base building ratings (combined or disaggregated as appropriate) drawn from the non-public NABERS dataset, divided area, were used in calculating intensities for each building size class. 
The resulting weighted average intensity across all office space in the city is 107 kWh/m2/year for electricity and 251 MJ/m2/year for gas. 
	For the portion of a building under 1,000 m2: 191 kWh/m2/year & 356 MJ/m2/year

For the portion of a building 1,000 – 5,000 m2: 180 kWh/m2/year & 308 MJ/m2/year

For the portion of a building 5,000 – 10,000 m2: 96 kWh/m2/year & 337 MJ/m2/year

For the portion of a building 10,000 – 20,000 m2: 79 kWh/m2/year & 248 MJ/m2/year

For the portion of a building 20,000 – 40,000 m2: 58 kWh/m2/year & 166 MJ/m2/year

For the portion of a building 40,000 – 60,000 m2: 60 kWh/m2/year & 128 MJ/m2/year
For the portion of a building over 60,000 m2: 58 kWh/m2/year & 177 MJ/m2/year
	The coverage of the NABERS dataset is skewed towards larger buildings and larger portfolios, both because of mandatory disclosure and because larger commercial property owners are more likely to be actively monitoring energy efficiency in their portfolios. The result of this skew is that less efficient, smaller buildings are unlikely to appear in the dataset. To manage this challenge, our model applies a weighting to energy intensity numbers for smaller spaces drawn from the NABERS dataset. Further research on energy use in these buildings would allow for a fine-tuning of these weightings to improve accuracy.

	House/townhouse
	Model separates this space use into a townhouse/terrace and a standalone house archetype and applies average energy consumption figures drawn from the AER’s residential consumption benchmarks to the average floor areas drawn from CLUE data.[footnoteRef:8]  [8:  https://www.aer.gov.au/industry/registers/resources/guidelines/electricity-and-gas-consumption-benchmarks-residential-customers-2020] 

	Townhouse/terrace: 52 kWh/m2/year and 370 MJ/m2/year

Standalone house: 27 kWh/m2/year and 181 MJ/m2/year
	

	Residential apartment
	Model separates this space into high, mid and low-rise apartment archetypes and applies energy intensities for each drawn from the CSIRO’s apartment emissions baseline project provided by the city. 
	High-rise apartment: 50 kWh/m2/year & 153 MJ/m2/year

Mid-rise apartment: 40 kWh/m2/year & 204 MJ/m2/year

Low-rise apartment: 29 kWh/m2/year & 208 MJ/m2/year
	

	Hospital/Clinic
	Where available, the model applies actual energy consumption figures drawn from NABERS. If no public NABERS energy figures available, intensities drawn from Victorian government figures and the CBBS.[footnoteRef:9] [9:  https://www.vhba.vic.gov.au/news/sustainability-performance-report-2018-2020] 

	Sites over 5,000 m2: 293 kWh/m2/year & 306 MJ/m2/year 

Sites under 5,000 m2: 220 kWh/m2/year and 269 MJ/m2/year
	

	Commercial Accommodation - low
Commercial Accommodation - med
Commercial Accommodation - high
	Model applies a set percentile of the NABERS Hotels data (which is weighted to larger tourist hotels) to the various accommodation types contained in “land-use type” data provided by the City.
	Commercial Accommodation 15th percentile: 93 kWh/m2/year & 194 MJ/m2/year

Commercial Accommodation 30th percentile: 142 kWh/m2/year & 220 MJ/m2/year

Commercial Accommodation 50th percentile: 165 kwh/m2/year & 399 MJ/m2/year
	Accommodation split was applied to actual buildings, not averaged, as such, this approach will capture the distinctions between buildings containing different accommodation types.

	Educational/Research
	Model modifies the standard education figures drawn from the CBBS to account for the 84% of education spaces in the city that is likely to have higher than average consumption.
	82 kWh/m2/year & 102 MJ/m2/year
	Universities and research institutions in the City represent a much higher share of educational space use than the average in the CBBS captures.

	Retail - Stall
Retail - Showroom
Retail - Cars
Wholesale
	Model applies the standard retail figures drawn from the CBBS.
	137kWh/m2/year & 167 MJ/m2/year
	

	Retail - Shop
	Model modifies the standard retail figures drawn from the CBBS to account for the 18% of retail in the city that is likely to have higher than average consumption.
	162 kWh/m2/year & 197 MJ/m2/year
	This averaged approach does not capture the concentration of higher intensity retail space uses in contexts such as food courts. 

	Supermarkets

	The model separates supermarkets from general retail using “land-use type” data provided by the City and applies figures drawn from work done by SPR for the Commonwealth Government.[footnoteRef:10] [10:  This work is not currently publicly available.] 

	356 kWh/m2/year & 68 MJ/m2/year
	

	Institutional Accommodation
Student Accommodation
	Model applies the energy intensity figures calculated for low-rise apartments.
	29 kWh/m2/year & 208 MJ/m2/year
	The wide range of “institutional accommodation” types means this average will not capture distinctions between buildings (i.e. prisons and convents)

	Storage
	Model applies the standard warehouse figures drawn from the CBBS.
	33 kWh/m2/year & 41 MJ/m2/year
	

	Community Use
	Model applies the standard religion building figures drawn from the CBBS.
	50 kWh/m2/year & 61 MJ/m2/year
	

	Entertainment/Recreation – Indoor
Performances, Conferences, Ceremonies
Public Display Area
	Model applies the standard entertainment and recreation building figures drawn from the CBBS.
	89 kWh/m2/year & 108 MJ/m2/year
	Some “public display areas”, such as the showgrounds, may have non-standard usage patterns that mean modelled results are not representative of actual consumption. Any overestimation as a result of these usage patterns will be trivial in the context of the City’s total energy use.

	Manufacturing
Workshop/Studio
	Model increases the standard factories and other secondary production buildings figures drawn from the CBBS to account for the limited number of large, low-intensity manufacturing buildings in the City.
	137kWh/m2/year & 167 MJ/m2/year
	The very wide range of manufacturing intensities likely to be present in the City is not captured in these numbers – see Section 2.4.6.

	Transport

	Model applies the standard transport building figures drawn from the CBBS.
	21 kWh/m2/year & 26 MJ/m2/year
	Given the nature of transport buildings in the City (i.e. underground and heavily ventilated), this figure may be an undercount, though not a meaningful one in relation to the City’s overall demand.

	Parking - Commercial Covered
	Model applies the standard transport building electricity figures drawn from the CBBS. The model assumes this space consumes no gas.
	17 kWh/m2/year
	

	Parking - Private Uncovered
Parking - Commercial Uncovered
Transport/Storage – Uncovered
Private Outdoor Space
	Model applies a standard electrical demand assumption for outside lighting drawn from the Green Building Council.[footnoteRef:11] [11:  https://www.gbca.org.au/docs/greenstar_bmmethodology.pdf] 

	13.4 kWh/m2/year
	As this standard figure is derived from the Green Building Council, it represents a higher standard which may not be representative.

	Unoccupied - Under Construction
Unoccupied - Under Renovation
Unoccupied - Under Demolition/Condemned
Unoccupied - Unused
Unoccupied - Undeveloped Site
	Model applies a small standard electrical demand to construction and renovation sites to reflect limited lighting and plug load. Other unoccupied spaces have no energy use associated with them in our model.
	13.4 kWh/m2/year
	Construction sites can consume significant energy depending on the nature of the development/activity (though much of this consumption is diesel, and outside the scope of this report) – the standard figure applied in our model will not capture the diversity of energy use across these spaces.

	Square/Promenade
Park/Reserve
Sports and Recreation - Outdoor
	No electricity or gas use is applied to these space uses in the model.
	
	Energy use is likely to be unmetered and omitted in the distributor data provided.

	Shared spaces not associated with primary space use

	The small area of shared spaces not able to be associated with a primary space use (which appear to primarily be small equipment installation sites) were allocated an energy intensity based on the  other industrial building CBBS category 
	17 kWh/m2/year & 20 MJ/m2/year
	


2.4.5	Combining Fuel-Use and Space-Use Data
The study results, set out in Chapter 4, were developed by applying the fuel-use figures above with a refined space-use database. This approach ensures building fuel-use and emission totals reflect the diversity of space-uses within a given building. 
For smaller and low fuel-use space-use categories the modified CLUE database was linked with a simple lookup table derived from the CBBS with 2022 fuel-use intensities. For higher priority space uses where more complex fuel-use calculations were warranted, the CLUE database was linked with individual calculators, which drew on a range of data inputs, such as NABERS, the AER, CSIRO and academic sources.
2.4.6	Solar Generation
Our model calculates behind-the-meter energy generation using APVI installed capacity data and a standard production factor of 3.6 kWh/kW/day.[footnoteRef:12] We then subtract solar export data provided by distributors to produce a figure that represents “obscured” consumption not captured in provided totals. This behind-the-meter consumption is subtracted from total electricity consumption in our emission calculations. [12:  https://www.energy.gov.au/solar/get-know-solar-technology/solar-panels] 

Exported generation is not counted in our calculations, or otherwise netted off wider energy consumption in the LGA, as this renewable generation is already reflected in statewide electricity emission factors.
2.4.7	Outliers
Capturing outlier sites, with significantly above average fuel-intensity, is a challenge when determining representative fuel-use by space-use type. Without site-specific fuel-use data, balancing bottom-up fuel-use factors with top-down data for the postcodes containing these high-intensity sites, such as data centres and certain manufacturers, would throw off the average of the space-use categories with which they are associated. We have incorporated publicly available data, where it could be located, for identified high-intensity sites in the combined space-use model. We were not able to locate relevant data for several possible high-intensity sites and have applied the same fuel-use intensity to these sites as has been applied to the broader space-use. As such, modelled results for these sites will not be an accurate representation of their fuel-use.
2.4.8	Emission factors
To align our calculations with the City’s existing emission reporting, our model uses emission factors provided by council staff. These emission factors are:
· Electricity: 1.07 kg CO2-e/kWh
· Fossil gas: 55.53 kg CO2-e/GJ
Given the outsized contribution stationary electricity consumption makes to the City’s total emissions, the LGA emission totals listed in this report are closely linked to the factors used in calculations. The share of Victoria’s total electricity produced using zero-carbon renewable sources has increased rapidly in recent years, which has led to a corresponding decline in grid emission intensity. This decline is reflected in the falling Victorian grid emission factors provided by the Clean Energy Regulator to participants in the National Greenhouse and Energy Reporting (NGER) scheme.[footnoteRef:13] A brief analysis of CO2 intensity for the Victorian NEM region for the first half of 2024 implies an emission intensity closer to 0.8 kg CO2-e/kWh.[footnoteRef:14] Figure 49 demonstrates at a high-level the impact falling emission intensity of grid electricity on the City’s emissions. [13:  https://cer.gov.au/schemes/national-greenhouse-and-energy-reporting-scheme/report-emissions-and-energy/amendments-to-national-greenhouse-and-energy-reporting-legislation]  [14:  https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/market-operations/settlements-and-payments/settlements/carbon-dioxide-equivalent-intensity-index] 



3. [bookmark: _Toc173876031][bookmark: _Toc181219284]Melbourne’s Buildings
[bookmark: _3.1_Overview_of][bookmark: _Toc173876032][bookmark: _Toc181219285]3.1	Overview of Total Floor Space
Melbourne’s total floorspace, excluding public outdoor space, but including open-air carparks and transport facilities, totalled 42.24 million sqm gross floor area (GFA) at the end of 2022.  The three largest space-uses in the LGA are residential, at 13.85 million sqm, office space, at 8.03 million sqm, and unoccupied space, including construction sites, at 4.94 million sqm. 

[bookmark: _Ref171871225][bookmark: _Toc171951111]Figure 5: Gross Floor Area (sqm) of Space-Use (excluding public outdoor space), City of Melbourne FY2022
View Gross Floor Area (sqm) of Space-Use (excluding public outdoor space), City of Melbourne FY2022 data table A.4 in appendix.
As would be expected, postcode 3000, covering the CBD, contributes the largest share of total floorspace in the LGA – almost three times the next largest postcode – see Figure 6. Other significant postcodes by floorspace include 3006 and 3008, covering Docklands and Southbank. The significant scale of these postcodes highlights the contribution high and medium-rise residential apartments make to total floorspace in these areas, which can also be seen in the high average number of floors above ground in these postcodes – see Figure 7.

[bookmark: _Ref171951368][bookmark: _Toc171951112]Figure 6: Total Floorspace (sqm) by Postcode, City of Melbourne, FY2022
View Total Floorspace (sqm) by Postcode, City of Melbourne, FY2022 data table A.5 in appendix.

[bookmark: _Ref169172425][bookmark: _Toc171951113]Figure 7:  Average Number of Floors by Postcode
View Average Number of Floors by Postcode data table A.6 in appendix.
[bookmark: _3.2_Space_Use][bookmark: _Toc173876033][bookmark: _Toc181219286]
3.2	Space Use by Type
3.2.1	Office Space
As might be expected, the majority of office space in the Melbourne LGA occurs in postcode 3000, covering the CBD – see Figure 8. The other significant concentration of office space occurs in postcode 3008, which extends west from Spencer St to encompass Docklands and the growing cluster of office buildings surrounding Docklands Stadium and lower Bourke St.

[bookmark: _Ref171871858][bookmark: _Toc171951114]Figure 8: Distribution of Office Floor Space (sqm) by Postcode[footnoteRef:15] [15:  Note: Postcodes with less than 20,000 sqm of office space excluded for readability] 

View Distribution of Office Floor Space by Postcode data table A.7 in appendix
Total office space within the LGA is highly concentrated in a relatively small number of buildings. Although there are 1,594 buildings containing office space in the LGA, 65% of total office space and associated shared space occurs in the 107 buildings with over 20,000 m2 of this space-use – see Figure 9.  This value rises to 70% in the CBD.  The implication of this concentration of space-use in a relatively small number of buildings on energy use are discussed in more detail in Chapter 4.

[bookmark: _Ref171872006][bookmark: _Toc171951115]Figure 9: Total Floorspace (sqm) of Office Buildings by Size
View Total Floorspace of Office Buildings by Size data table A.8 in appendix.
CBD/NABERS rated buildings in CLUE
Although matching the full, non-public NABERS for offices dataset to the CLUE database was not possible, the publicly available CBD dataset includes XY coordinates, which could be matching to polygons and associated property IDs in GIS files provided by the City. Using this approach, 162 ratings were matched with entries in the CLUE database. This number represents 42.7% of the 379 buildings to ever receive a NABERS rating of any type in the City, see Figure 10.

[bookmark: _Ref171011405][bookmark: _Toc171951116]Figure 10: All Office Buildings to Have Ever Had a NABERS Rating Compared with Buildings Currently Disclosed Through CBD
View All Office Buildings to Have Ever Had a NABERS Rating Compared with Buildings Currently Disclosed Through CBD data table A.9  in appendix.
Analysing the relationship between this data and additional information derived from building data provided by the City, it is clear that newer, higher grade office buildings have higher ratings. Figure 11 shows the average NABERS rating in the CBD dataset by office grade, as recorded by the City. Premium office buildings had the highest average NABERS rating, at 5.2, while the average rating of D Grade buildings was 3.5.

[bookmark: _Ref170665013][bookmark: _Toc171951117]Figure 11: CBD/NABERS Rating by Office Grade
View CBD/NABERS Rating by Office Grade data table A.10 in appendix
As shown in Figure 12, there is a clear relationship between the age of a building (or the age of its most recent major refurbishment), and its NABERS rating. The average year of construction/refurbishment for the highest rated buildings is 2010, while the lowest rated buildings constructed/refurbished in 1988. Although the relationship between age and rating is less glaring among the mid-ranked buildings, it is nonetheless evident.
[bookmark: _Toc171951118][bookmark: _Ref170663847]Figure 12: Year of Construction or Major Refurbishment by CBD/NABERS rating[footnoteRef:16] [16:  Note: Lower rated buildings have been grouped to compensate for a small sample size.] 

View Year of Construction or Major Refurbishment by CBD/NABERS rating  data table A.11 in appendix.
As described in Section 2, there is a relationship between the size of a building and its energy intensity. This relationship can be seen inFigure 13, in which the largest office buildings with which a NABERS rating could be associated in the CLUE database have an average rating of 5.3, while the smallest buildings, those under 5,000 m2 have an average rating of 3.7. Only 22 out of 1,315 buildings in the LGA with under 5,000 m2 of office space were matched with NABERS ratings. Between this small dataset and both the relative absence of very low-rated buildings in the City’s CBD dataset and the improbability of the smallest, least efficient, buildings being rated, it is highly likely this average rating overestimates the energy efficiency of these spaces. Conversely, 76 of the 107 buildings with over 20,000 m2 of office space were able to be matched with a NABERS rating, giving a much greater degree of confidence averages shown in Figure 13 are likely to be representative of buildings in those size ranges.

[bookmark: _Ref171872368][bookmark: _Toc171951119]Figure 13: Average NABERS Rating by Building Office Floor Area
View Average NABERS Rating by Building Office Floor Area data table A.12 in appendix.
[bookmark: _3.2.2_Residential]3.2.2	Residential
To capture the range of energy intensities associated with residential dwellings in the LGA, the CLUE database was adjusted using land-use and apartment count data provided by the City to break the total residential stock into five archetypes. The characteristics used to define these archetypes in the model are set out in Table 5.
[bookmark: _Ref170222423][bookmark: _Toc171951166]Table 5: Residential Dwelling Archetype Characteristics
	Residential Space-Use Type
	Defining characteristic one
	Defining characteristic two

	High-rise apartment
	Residential Apartment predominant space-use
	>10 floors

	Medium-rise apartment 
	Residential Apartment predominant space-use
	5-10 floors

	Low-rise apartment
	Residential Apartment predominant space-use
	1-4 floors

	Townhouse/terrace
	House/Townhouse predominant space-use
	200 m2 max floor area
Multiple units associated with property

	Standalone house
	House/Townhouse predominant space-use
	N/A (all “house/townhouse” not captured by above)



Our modelling suggests the City contained 106,074 dwellings in 2022, including student accommodation.[footnoteRef:17] Census 2021 counts 103,029 dwellings in the City of Melbourne LGA, which validates the accuracy of our estimate. Though a longitudinal analysis of Melbourne’s building stock is outside the scope of this study, it is clear there has been significant construction of residential apartments in the LGA in recent years, particularly high-rise developments of over ten stories.  CLUE data indicates 121 apartment buildings with over 100 apartments were completed in the decade between 2012 and 2022, 40 of which contained over 400 apartments. The impact of this rapid increase in the number of high-rise apartments buildings can be seen in Figure 14, which shows these apartments now dominate the City’s stock of residential dwellings. [17:  This total does not include institutional accommodation as the wide range of dwelling types included in this residential space-use type makes an accurate estimate difficult, and the number of dwellings is likely to be very small.  ] 

The result of this significant growth in high-rise apartments is that these dwellings now represent the largest single space-use category in the city, at 8,239,495 m2 (including associated shared areas), and dominate both the count of dwellings and the total floor area by dwelling type – see Figure 15.

[bookmark: _Ref171022444][bookmark: _Toc171951120]Figure 14: Count of Dwellings by Residential Space-Use Type, City of Melbourne, FY2022
View Count of Dwellings by Residential Space-Use Type, City of Melbourne, FY2022 data table A.13 in appendix.

[bookmark: _Ref171422488][bookmark: _Toc171951121]Figure 15: Total Residential Floorspace by Residential Space-Use Type, City of Melbourne, FY2022
View Total Residential Floorspace by Residential Space-Use Type, City of Melbourne, FY2022 data table A.14 in appendix.
The effect of this move towards high-rise apartments as the predominant dwelling type in the LGA is that 31% of floorspace in the innermost postcodes (300X) is now associated with residential space-uses. This cluster of apartment-heavy postcodes can be seen in Figure 16, which also includes the more traditional residential areas in the north of the LGA (postcodes 3031, 3051, 3052, 3053).[footnoteRef:18] The share of space in postcode 3006, which covers Southbank, associated with residential space is comparable to these established residential neighbourhoods. Notably, the average height of residential building in postcode 3006 is almost 30 storeys – see Figure 17. [18:  Note: This data relates only to the portion of the listed postcodes in the City of Melbourne LGA area. The small area of postcode 3141 in the City is not representative of the wider postcode.] 


[bookmark: _Ref170747942][bookmark: _Toc171951122]Figure 16:  Residential Floorspace as a Percentage of Total Floorspace by Postcode (excludes postcodes with no residential space)
View Residential Floorspace as a Percentage of Total Floorspace by Postcode (excludes postcodes with no residential space) data table A.15 in appendix.

[bookmark: _Ref169276429][bookmark: _Toc171951123]Figure 17: Average Number of Apartment Building Floors Above Ground
View Average Number of Apartment Building Floors Above Ground data table A.16 in appendix.
[bookmark: _3.2.3_Education_and]3.2.3	Education and Healthcare
[bookmark: _Toc171951124]Despite education and healthcare making up a relatively small portion of the total floor-space in the LGA, 4.2% and 2% respectively, these spaces are overrepresented in particular postcodes, as can be seen in Figure 18. These space-uses are also more fuel-intensive than the LGA-wide average, as will be discussed in more detail below.
[bookmark: _Ref170748669]Figure 18: Distribution of Education and Healthcare Floorspace by Postcode, City of Melbourne, FY2022
View Distribution of Education and Healthcare Floorspace by Postcode, City of Melbourne, FY2022 data table A.17 in appendix.
[bookmark: _3.2.4_Unused_Space]
3.2.4	Unused Space
Unused space is a major space-use (or space-unuse) in the LGA, indeed it is the third largest – see Figure 19.  We assume that this space is largely unpowered, and therefore this space use – if it can be considered as such, is not modelled in Chapter 4.[footnoteRef:19]  While roughly a fifth, or 1.08 million sqm, of the total unused area is associated with construction or renovation sites, a much larger area, 3.86 million sqm, was identified as being unused and not under development at the time of the last CLUE census. [19:  Noting that this will not always be the case, depending on factors such as the nature of building controls, building management systems, and management practices.  However, spaces that are able to be depowered are likely be so when left vacant for any material length of time.] 


[bookmark: _Ref170748702][bookmark: _Toc171951125]Figure 19: Unused Floorspace by Category, City of Melbourne, FY2022
View Unused Floorspace by Category, City of Melbourne, FY2022  data table A.18.in appendix.
Although the largest area of unused space was associated with postcode 3000, this reflects the outsized share of total floor area in that postcode. The postcodes with the largest share of total floor area unused and not under construction are 3003 and 3207, encompassing West Melbourne and Port Melbourne/Fishermans Bend – see Figure 21.
[bookmark: _Toc171951126]Figure 20: Distribution of Unused Floorspace (sqm) by Postcode, City of Melbourne, FY2022
View Distribution of Unused Floorspace (sqm) by Postcode, City of Melbourne, FY2022 data table A.19 in appendix.

[bookmark: _Ref170748792]Figure 21: Unused Space as a Percentage of Total Floorspace by Postcode, City of Melbourne, FY2022
View Unused Space as a Percentage of Total Floorspace by Postcode, City of Melbourne, FY2022 data table A.20 in appendix.


Count of unused buildings by primary space-use
It was difficult to accurately determine the last active primary space-use of the 962 buildings identified as unused in CLUE. Using the more detailed land-use description data we were able to associate previous primary space-uses to unused buildings, though these descriptors do not align with those used in CLUE (i.e. categories such as “Retail/Office/Carpark” and “Residential/Retail/Office”). Figure 22 shows the top ten land-use descriptors, which accounted for 63% of total unused buildings in the CLUE database – as can be seen, a mix of offices and retail constitute the largest share.

[bookmark: _Ref170756209][bookmark: _Toc171951128]Figure 22: Top Ten Land-Use Descriptors of Unused Buildings
View Top Ten Land-Use Descriptors of Unused Buildings data table A.21 in appendix.
Of the 145 buildings identified as unused office buildings, 81 were associated with an office grade in the CLUE database. As can be seen in Figure 23, no Premium or A Grade building was identified as unused in the CLUE database. The 81 B, C and D grade buildings identified as unused represent 7.6% of the 1,068 buildings associated with these grades in the CLUE database.

[bookmark: _Ref170756488][bookmark: _Toc171951129]Figure 23: Grade of Unused Office Buildings
View Grade of Unused Office Buildings data table A.22 in appendix.
Estimated allocation unused space to CLUE space-use
Although, similar to building counts, it was challenging to accurately associate unused space with a previous primary space use, cross referencing additional vacancy data provided by the City with both land-use and CLUE data allowed us to make an estimate of this distribution. As can be seen in Figure 24, in our estimate office space accounts for the largest share of unused space in the LGA, on 44.1%. Transport, retail and light industrial/manufacturing are the next largest contributors, on 15.4%, 10.7% and 9.3% respectively.

[bookmark: _Ref171013375][bookmark: _Toc171951130]Figure 24: Estimated Share of Unused Space by Previous Space-Use
View Estimated Share of Unused Space by Previous Space-Use data table A.23 in appendix.
Applying this estimate to the 3,855,804 sqm of non-construction/renovation related unused space in the LGA gives the floorspace allocation shown in Figure 25.
[bookmark: _Ref171015222][bookmark: _Toc171951131]
Figure 25: Estimated Allocation of Unused Floor Space to Previous Space-Use
View Estimated Allocation of Unused Floor Space to Previous Space-Use data table A.24 in appendix.
[bookmark: _3.3_Building_Primary][bookmark: _Toc173876034][bookmark: _Toc181219287]3.3	Building Primary Space-Use
This study has employed space-use as its primary unit of analysis, as applying fuel intensities to individual space-uses captures a fuller picture of an individual building’s total energy-use. The multi-purpose nature of many of Melbourne’s buildings, particularly in the CBD, is also often such that associating them with a single primary space-use does not accurately reflect their functional use. That said, there are a number of interesting observations that can be drawn from an analysis of the primary space-use data, including the dominance of houses/townhouses. Of the 14,567 entries in the CLUE database, 14,087 include a primary space-use designation, with the balance made up of open areas and undeveloped sites. Of this total, 61%, or 8644, are houses/townhouses, despite this space-use constituting only 3.9% of floor area in the LGA.

Figure 26: Count of Buildings, FY 2022
[bookmark: _Toc171951132]View Count of Buildings, FY 2022 data table A.25 in appendix.
Of non-house/townhouse primary space-use buildings, apartment buildings make up 26%, offices 14% and entertainment buildings 10%. 16% of buildings were also listed as unoccupied and not under construction or renovation, though this total includes former residential dwellings.

Figure 27: Count of Buildings by Primary Space Use (excluding House/Townhouse), FY 2022
[bookmark: _Toc171951133]View Count of Buildings by Primary Space Use (excluding House/Townhouse), FY 2022 data table A.26 in appendix.
[bookmark: _3.4_Embedded_Networks][bookmark: _Toc173876035][bookmark: _Toc181219288]3.4	Embedded Networks
It became clear in the development of this baseline study that a large share of some space-uses sit behind embedded networks.  An embedded network refers to an arrangement where there is a single meter for electricity – and/or, in some cases, for gas – for the entire building, with these fuels (or services, such as hot water) then being on-sold to individual apartment/unit owners by the building owner or manager.  While these arrangements have been regulated under the National Energy Law, they have nevertheless been controversial, particularly in Victoria, with major policy reviews and important regulatory changes occurring in recent years.[footnoteRef:20] [20:  See, for example, Victorian Government, Department of Environment, Land, Water and Planning, Embedded Networks Review – Final Recommendations Report, January 2022. ] 

This finding is also relevant to the allocation of fuel use by customer type, as described below.  The majority, 136, of the 241 embedded networks identified by analysing the Energy and Water Ombudsman’s embedded network register were associated with residential apartment buildings.[footnoteRef:21]  [21:  https://www.ewov.com.au/members/find-an-embedded-network-member] 

Of the 32 embedded networks associated with construction sites, many of these developments appear to also be residential apartment buildings which are likely to have been completed between 2022 and 2024. Of the 241 identified embedded networks, at least 126 were associated with buildings identified as having been completed since 2012, indicating developers are still installing embedded networks in new developments.  This data is shown in Figure 28.

[bookmark: _Ref169190426][bookmark: _Toc171951134]Figure 28:  Number of Embedded Networks by Building Type, City of Melbourne, FY2024
View Number of Embedded Networks by Building Type, City of Melbourne, FY2024 data table A.27 in appendix.
The installation of embedded networks appears to be particularly associated with very large apartment buildings – of the 40 residential apartment buildings containing over 400 apartments built since 2012, 31 were associated with an embedded network. The effect of this trend can be seen in Figure 29, which shows that 31% of all apartment floor area (including student accommodation) in the LGA is associated with an embedded network. 

[bookmark: _Ref170476265][bookmark: _Toc171951135]Figure 29: Apartment Floor Area Behind Embedded Networks, City of Melbourne, FY2024
View Apartment Floor Area Behind Embedded Networks, City of Melbourne, FY2024 data table A.28 in appendix.
[bookmark: _Toc173876036]

4. [bookmark: _Toc181219289]Energy Use and Greenhouse Gas Emissions in Melbourne’s Buildings
[bookmark: _4.1_Overview_of][bookmark: _Toc173876037][bookmark: _Toc181219290]4.1	Overview of Energy Consumption
Total (stationary) energy consumption in the City of Melbourne’s buildings in 2022 was 16,272 TJ, with 59.1% of this total, 9,611 TJ, derived from electricity, and 40.9%, 6,661 TJ, derived from fossil gas.  These totals exclude energy consumption that is associated with trains and trams, construction projects, and some specific manufacturing sites, which are discussed further in Section 4.2.6 below.  
The relatively high share of gas in total energy consumption is a characteristic of Melbourne, and Victoria more generally, given the early and extensive development of the gas network, low gas prices (in the past), and heating-dominated climate.

[bookmark: _Toc171951136]Figure 30:  Total (Stationary) Energy Consumption (TJ) by Fuel Type, City of Melbourne, FY2022
View Total Energy Consumption by Fuel Type, City of Melbourne, FY2022 data table A.29 in appendix.
The distribution of energy consumption across the LGA by post code (see Figure 25) broadly reflects the distribution of floor area, although the CBD, home to a greater concentration of more energy intensive space-uses, is slightly over-represented in the data. However, as shown in Figure 32 the CBD contains 34% of total floor area in the LGA while accounting for 38% of total energy consumption, or 6,165 TJ. Other overrepresented areas include postcodes 3050 and 3181, both home to major hospitals, and the inner-residential areas covered by postcodes 3051, 3052 and 3053. On the other hand, postcode 3003, covering West Melbourne and the Port of Melbourne contains 11% of total floorspace in the LGA, while consuming only 5% of total energy, reflecting the large areas of low-intensity storage and industrial space in the area.

[bookmark: _Toc171951137]Figure 31: Total Stationary Energy Consumption (TJ) by Postcode, City of Melbourne, 2022
View Total Stationary Energy Consumption (TJ) by Postcode, City of Melbourne, 2022 data table A.30 in appendix.

[bookmark: _Ref171951417][bookmark: _Toc171951138]Figure 32: Comparison of Floor Area and Energy Consumption by Postcode, City of Melbourne, 2022
View Comparison of Floor Area and Energy Consumption by Postcode, City of Melbourne, 2022 data table A.31 in appendix.
As shown in Figure 33 – despite the CBD being overrepresented in total energy consumption, postcode 3000 compared favourably with other postcodes in the share of total energy consumed in the postcode that derived from electricity – 62% compared with an average 59% across the LGA. This above average electrification rate likely reflects the above average share of office space in the postcode, which uses less gas than other space-uses. Inversely, the postcodes with above average gas consumption as a proportion of total energy consumption were those with above average rates of non-apartment housing (3051, 3052 & 3053), or with major hospitals (3050 & 3181).

[bookmark: _Ref171951492][bookmark: _Toc171951139]Figure 33: Share of Energy Consumption by Fuel by Postcode, City of Melbourne, 2022
View Share of Energy Consumption by Fuel by Postcode, City of Melbourne, 2022 data table A.32 in appendix
[bookmark: _Toc173876038][bookmark: _Toc181219291]4.2	Energy Use by Space-Use Type
[bookmark: _4.2.1_Overview]4.2.1	Overview
As shown in Figure 34, office spaces are the single largest contributor to the total energy consumption in the LGA, accounting for 32% of the total. Residential accommodation, including student and institutional accommodation, is the second largest energy consumer in the LGA on 27.8% of the LGA total. Other significant energy consuming space-uses include hospitals/healthcare, at 10.4% of total consumption, commercial accommodation at 8.5%, and retail and education, at 4.8% each.

[bookmark: _Ref171951511][bookmark: _Toc171951140]Figure 34:  Total Energy Use (TJ) by Space-Use Type, City of Melbourne, 2022
View Total Energy Use by Space-Use Type, City of Melbourne, 2022 data table A.33 in appendix.
Figure 35 shows the contribution energy consumption associated with each space-use makes to the total energy consumption within the postcode.[footnoteRef:22] Central postcodes (300X) have a more diverse range of space-uses contributing to their total energy consumption, reflecting their more diverse economic and built form.  [22:  Note: Results are not representative for postcodes in which only a small portion of the area falls withing the LGA, such as 3032 or 3141.] 


[bookmark: _Ref171951536][bookmark: _Toc171951141]Figure 35:  Shares of Total Energy Consumption by Space-Use Type and Post Code, City of Melbourne, 2022
View Shares of Total Energy Consumption by Space-Use Type and Post Code, City of Melbourne, 2022 data table A.34 in appendix.
Figure 36 shows the contribution each fuel makes to total energy consumption by space-use across the LGA. Unoccupied (construction and renovation) and parking are both outliers as our model allocated zero gas-use to these spaces. Of space-uses with significant electricity and gas consumption, the range of total energy provided by gas was between 24%, for retail, and 49%, for residential.[footnoteRef:23]  [23:  Note: Our model does not capture the full extent of industrial gas use in the LGA, as discussed in Section 2.4.5] 


[bookmark: _Ref171951559][bookmark: _Toc171951142]Figure 36: Share of Total Energy Use by Fuel by Space-Use
View Share of Total Energy Use by Fuel by Space-Use data table A.35 in appendix
[bookmark: _4.2.2_Office_Energy]4.2.2	Office Energy Consumption
Despite office space representing the largest single source of energy consumption in the LGA, there are signs significant progress has been made reducing both the total energy intensity of these spaces, as well as their fossil fuel intensity.
Our analysis used NABERS data to characterise energy-use in office buildings. NABERS data is not a representative sample of all office space as it skews toward larger buildings/tenancies, which are more likely to be owned/leased by institutional investors with the capacity and capability to invest in energy efficiency interventions. Many major institutional commercial property investors have also set ambitious emission reduction targets. As such, we used a wider Victorian dataset in this exercise to ensure we captured a sample of high-intensity/low-rating buildings. As can be seen in Figure 37, this approach still captures much more data on larger low-intensity/high-rating buildings, despite 60.3% of buildings containing office space in the LGA containing less than 1,000 m2. We therefore used a weighted average approach to allocate smaller spaces a representative energy-intensity not skewed by larger, energy-efficient offices.

[bookmark: _Ref169268981][bookmark: _Toc171951143]Figure 37: Average Energy Consumption by NABERS Star Rating, Victoria
View Average Energy Consumption by NABERS Star Rating, Victoria data table A.36 in appendix.
[bookmark: _Ref171943209][bookmark: _Toc171951144]Further analysis of the distribution of office space energy use across the LGA highlights the relationship between the size of office spaces and their energy intensity. Figure 38 shows postcodes in the LGA, with >20,000 m2 of office space, ranked by the size of the average office space recorded in CLUE. The intensity/size distribution shown in Figure 38 reflects the generally falling energy intensity our model applies to offices space, which is in turn drawn from the Victorian NABERS for offices dataset. Given 64.6% of all office space in the LGA is associated with large office spaces >20,000 m2, this suggests that the bulk of office space is currently operating at relatively low energy-intensity.

Figure 38: Energy Consumption in relation to Average Office Floor Area by Postcode (excl. postcodes with <20,000 m2 of office space)
View Energy Consumption in relation to Average Office Floor Area by Postcode (excl. postcodes with <20,000 m2 of office space) data table A.37 in appendix.
The effect of large, high efficiency buildings on the distribution of office space energy consumption can be seen in Figure 39, in which the 1,315 buildings under 5,000 m2, while representing only 14% of total office space, contribute 23% of associated energy use. Conversely, the 29 buildings containing over 60,000 m2 of office space account for 30% of the LGA total while consuming only 21% of associated energy. 

[bookmark: _Ref171951599][bookmark: _Toc171951145]Figure 39: Total Energy Consumption (TJ) by Office Floor Area Size Class
View Total Energy Consumption by Office Floor Area Size Class data table A.38 in appendix.
[bookmark: _4.2.3_Residential_Energy]4.2.3	Residential Energy Consumption
In data provided by energy distributors, residential energy consumption in 2022 totalled 1,442 TJ - 899 TJ of electricity consumption and 543 TJ of gas consumption.  However, it appears that there is considerable misallocation of energy consumption by sector, with residential consumption under-reported and commercial consumption over-reported.  This misallocation is likely a result of two related factors:
1. Electricity consumption associated with embedded networks (discussed in more detail in Section 3.1.6) does not appear to be recorded as residential consumption in distributor data, but rather as commercial.  This is likely due to one meter carrying the load of sometimes many hundreds of apartments, with the load size and shape of that meter indicating to distributors that it is a commercial building.  Given the scale of apartment floorspace associated with an embedded network, 4.3 million sqm, and the relative energy intensity of high-rise apartment buildings, this omission obscures a large portion of total residential energy consumption.
2. Gas consumption associated with apartment building central services, such as space and water heating, does not appear to be recorded as residential consumption in distributor data. This omission can be seen in distributor data provided for postcode 3000, which records only 19 TJ, or 0.3% of the LGA’s total gas consumption, as residential, despite the postcode containing 27.9% of total residential floorspace.  A similar pattern can be seen in the other apartment-heavy postcodes, particularly 3006 and 3008.  Although we do not have data on the fuel mix of every building, it appears that the majority of the large and new apartment buildings built in Melbourne in recent years use gas. 
Our analysis shows that total energy consumption attributable to residential accommodation, including associated shared spaces, student accommodation and institutional accommodation totals 4,608 TJ; electricity constitutes 46.4%, or 2140 TJ, of this total, while gas represents 53.6%, or 2,468 TJ – see Figure 40. 

[bookmark: _Ref170744793][bookmark: _Toc171951146]Figure 40: Total Residential Energy Consumption (TJ) by Fuel, Original and Modelled, City of Melbourne, 2022
View Total Residential Energy Consumption by Fuel, Original and Modelled, City of Melbourne, 2022 data table A.39 in appendix.
Our revised gas consumption results are broadly consistent with wider Victorian residential fuel-use trends; for example, 64% of total consumption in the Declared Transmission System is associated with residential and small commercial customers.[footnoteRef:24] Further, CSIRO modelling prepared for the City in 2018 indicated that gas contributed 56% - 73% of total energy consumption in apartment buildings, depending on archetype. A desktop search of real estate listings in large apartment buildings built since 2018 does not indicate there has been a significant shift away from gas in the sector since the CSIRO’s work was completed. [24:  See section 1.1.2 of AEMO’s Victorian Gas Planning Report: Update https://aemo.com.au/-/media/files/gas/national_planning_and_forecasting/vgpr/2024/2024-victorian-gas-planning-report-update.pdf] 

Figure 41 shows the contribution each residential space-use type makes to the total residential energy use. These shares are broadly reflective of the distribution of residential space-use types, with high-rise apartments making up 57% of total energy use, mid-rise and low-rise apartments contributing 9.8% each, townhouses/terraces and standalone houses contributing 11.4% and 5.4% respectively, and institutional and student accommodation making up the balance.

[bookmark: _Ref171951613][bookmark: _Toc171951147]Figure 41: Breakdown of Total Energy Use (TJ) by Fuel by Residential Space-Use Type
View Breakdown of Total Energy Use by Fuel by Residential Space-Use Type data table A.40 in appendix.
[bookmark: _4.2.4_Solar_Generation]4.2.4	Solar Generation 
Modelled solar generation represents 0.64% of total energy consumption in the LGA. Of this 0.64%, 77%, or 0.49% of total energy consumption, is consumed behind the meter, and is therefore considered in our model – see Figure 42.

[bookmark: _Ref169776206][bookmark: _Toc171951148]Figure 42: Use of Solar Generation
View Use of Solar Generation data table A.41 in appendix.
As shown in Figure 43, the largest share of solar generation is produced by installations between 10 and 100 kW in size. This size installation is generally associated with commercial or light industrial sites, given the roof area required, although average residential installations have been approaching 10 kW in recent years.[footnoteRef:25] [25:  https://www.energycouncil.com.au/media/bytccxig/australian-energy-council-solar-report-q2-2023.pdf] 

[bookmark: _Toc403992346][bookmark: _Toc403992581][bookmark: _Toc419982306]
[bookmark: _Ref169776176][bookmark: _Toc171951149]Figure 43: Solar Generation by Installation Size
View Solar Generation by Installation Size data table A.42 in appendix.
Solar generation was relatively evenly distributed across the LGA, though postcodes with higher shares of industrial space and detached residential dwellings were slightly overrepresented in the data. This overrepresentation likely reflects the ease of installation on these buildings, and the greater share of roof space as a proportion of total floor space in these areas.

[bookmark: _Toc171951150]Figure 44: Solar Generation by Postcode (kWh)
View Solar Generation by Postcode data table A.43 in appendix.
[bookmark: _4.2.5_Change_in]4.2.5	Change in Gas Use
While a longitudinal analysis of energy-use in the LGA is outside the scope of this report, there is understandable interest among policy-makers in the rate of change in gas connections. In response to this interest, and to provide additional context to the wider report’s findings, we have included some high-level analysis of gas connection trends and their relevance to the LGA’s building stock.
Data sourced from distributors indicated there were 23,171 gas connections in the LGA in 2022, split between residential, with 9,686 connections, commercial, with 13,364 connections, and industrial (or other very large consumers), with 121 connections. It is likely these numbers do not capture either the extent or the sectoral distribution of connections due to the issues discussed in Section 2.4.4. To overcome this challenge, we have developed an estimate of gas connection rates derived from Victoria-wide gas and electricity distributor RIN submissions.
As can be seen in Figure 45, gas connections in Victoria have risen since 2011 across all customer types by between 6% - 21%. Residential connections have largely tracked population, suggesting limited behavioural change occurred during this period due to shifts in policy or consumer preference. Commercial and industrial connections have increased by a smaller amount, a result that may reflect structural changes in the economy (i.e. fewer, larger firms), or behaviour change as a result of policy or financial drivers. 

[bookmark: _Ref171022482][bookmark: _Toc171951151]Figure 45: Change in Gas Connections by Customer Type (Victoria, FY2011 baseline)
View Change in Gas Connections by Customer Type (Victoria, FY2011 baseline) data table A.44 in appendix.
Figure 46 shows the share of electricity customers who are also connected to the gas network. In 2011, 77.7% of residential electricity customers were also connected to gas, by 2022 this figure had risen marginally to 78.7%. Similarly, in 2011 18.1% of non-residential electricity customers were also connected to the gas network, a figure that fell marginally to 17.9% by 2022.
Our analysis did not identify any data which suggested that the rate of gas connections in the LGA’s building stock diverges significantly from these state-wide trends. As described in Section 4.2.3., our analysis of residential apartment energy-use indicated gas consumption in this archetype is broadly consistent with statewide data, indicating connection rates are also likely to be consistent.
Using these connection figures and residential dwelling counts derived from CLUE data, of 106,073 dwellings in the LGA (apartments, houses/townhouses and student accommodation), 83,480 are likely to be connected to the gas network – noting this may be via apartment shared services, and not an individual metered connection. Using ANZIC industry counts included in the CLUE database, of 13,821 non-residential establishments in the LGA, 2,467 would be expected to be connected to the gas network.[footnoteRef:26] [26:  Note: Space-use is the primary unit of analysis in this report, and limited work was done to interrogate how establishment counts interacted with space-use in multi-use/multi-establishment buildings. Many of these buildings offer shared services, similar to apartment buildings, which may mean multiple establishments are serviced by a single connection. As such, this number should be treated with caution as it will not represent the true number of businesses in the LGA that rely on gas for cooking, space heating or hot water provision. ] 


[bookmark: _Ref169797611][bookmark: _Toc171951152]Figure 46: Share of Electricity Customers with Gas Connections
View Share of Electricity Customers with Gas Connections data table A.45 in appendix.
[bookmark: _4.2.6_Industrial_Sector][bookmark: _Ref170732836]4.2.6	Industrial Sector
We were not able to balance industrial gas consumption in our model with actual results provided by the distributors. Though we used the distributor’s post-code level consumption breakdown as a guide only, due to the challenges identified in Section 2.4.4, this data did suggest the modelled shortfall is a result of a limited number of large sites in postcode 3027 consuming gas at a significantly above average MJ/m2 level.
A review of the more detailed land-use type descriptors provided by the City identified four categories likely to capture outlier industrial sites: “Industrial (Manufacturing)”, “Workshop/Studio”, “Batching Plant” or “Industry”. Although 140 of these sites were identified across the LGA, only four postcodes, 3003, 3031, 3051 and 3027, contained more than ten. Figure 47 shows the average floor area of these industrial sites by postcode; the average industrial site in postcode 3027 is almost five times the size of identified industrial sites in any other postcode. 
These averages suggest that the bulk of industrial sites in postcodes 3003, 3031 and 3051 are smaller workshops or light fabrication sites, and are likely to be reasonably accurately captured by the archetype averages described in Table 4. Postcode 3027, on the other hand, is home to several large manufacturers producing food products and advanced materials – reflected in the larger average industrial site area. Absent fuel consumption figures for these large sites, which do not appear to be publicly available, we were unable to resolve the identified shortfall in modelled gas consumption without applying an unreasonably high fuel intensity to all manufacturing sites across the LGA.

[bookmark: _Ref169600910][bookmark: _Toc171951153]Figure 47: Average Industrial Site floor Area by Postcode
View Average Industrial Site floor Area by Postcode data table A.46 in appendix.
[bookmark: _4.3_Greenhouse_Gas][bookmark: _Toc173876039][bookmark: _Toc181219292]4.3	Greenhouse Gas Emissions
[bookmark: _Hlk169276115]Total emissions arising from energy consumption in the City’s built form in 2022 was 3.2 Mt CO2-e, with 88.4% of this total, 2.83 Mt CO2-e resulting from electricity consumption, and 11.6%, or 370 kt CO2-e, derived from fossil gas.[footnoteRef:27] [27:  Note: All electricity emission figures are net of solar generation consumed behind the meter.] 


[bookmark: _Toc171951154]Figure 48: Total Greenhouse Gas Emissions (kt CO2-e) by Fuel Type, Built Environment, City of Melbourne, 2022
View Total Greenhouse Gas Emissions by Fuel Type, Built Environment, City of Melbourne, 2022 data table A.47 in appendix.
The outsize contribution of electricity to the LGA’s total emissions reflects the very high emission intensity of the Victorian grid, given its ongoing reliance on brown coal to supply a large portion of total generation. The Victorian Government has set ambitious renewable energy targets, which, if met, will see 40% of electricity produced using renewable sources in 2025, rising to 65% in 2030 and 95% in 2035.[footnoteRef:28] As the Victorian grid decarbonises, both the City’s total emissions, and share of electricity emissions as a proportion of total emissions will fall. Figure 49 demonstrates the influence of grid emission intensity on the City’s overall stationary energy emissions. [28:  https://www.energy.vic.gov.au/renewable-energy/victorian-renewable-energy-and-storage-targets] 


[bookmark: _Ref170666974][bookmark: _Toc171951155]Figure 49: Impact of Grid Emission Intensity of Stationary Energy Emissions in the City of Melbourne (kt CO2-e)
View Impact of Grid Emission Intensity of Stationary Energy Emissions in the City of Melbourne (kt CO2-e) data table A.48 in appendix.
[bookmark: _4.3.1_Greenhouse_Gas]4.3.1	Greenhouse Gas Emissions by Postcode
The distribution of greenhouse gas emissions by postcode is shown in Figure 50.

[bookmark: _Ref171947478][bookmark: _Toc171951156]Figure 50: Greenhouse Gas Emissions (kt CO2-e) by Postcode, City of Melbourne Built Environment, 2022
View Greenhouse Gas Emissions by Postcode, City of Melbourne Built Environment, 2022 data table A.49 in appendix.
As a function of energy consumption, and particularly electricity consumption, the distribution of emissions across the LGA also broadly reflects the distribution of floor area. As is the case with overall energy consumption, the CBD is slightly overrepresented in the modelled emissions data. As Figure 51 shows, the CBD contains 34% of total floor area in the LGA while accounting for 40% of total emissions.

[bookmark: _Ref171951629][bookmark: _Toc171951157]Figure 51: Comparison of Floor Area and Greenhouse Gas Emissions by Postcode, City of Melbourne Built Environment, 2022
View Comparison of Floor Area and Greenhouse Gas Emissions by Postcode, City of Melbourne Built Environment, 2022 data table A.50 in appendix.
Figure 52 shows the contribution electricity and gas make to total emissions by postcode.[footnoteRef:29] Results are broadly consistent across the LGA, though gas makes up a larger share of total emissions in postcodes 3181 and 3050, both the locations of large hospitals. [29:  Note: Results are not representative for postcodes in which only a small portion of the area falls withing the LGA, such as 3032 or 3141.] 


[bookmark: _Ref171951645][bookmark: _Toc171951158]Figure 52:  Percentage Shares of Greenhouse Gas Emissions by Postcode and Fuel, City of Melbourne Built Environment, 2022
View Percentage Shares of Greenhouse Gas Emissions by Postcode and Fuel, City of Melbourne Built Environment, 2022 data table A.51 in appendix.
[bookmark: _4.3.2_Greenhouse_Gas]4.3.2	Greenhouse Gas Emissions by Space Use Type
As shown in Figure 53, offices are the single largest contributor to the total emissions in the LGA, accounting for 32% of all building-related emissions in 2022. Residential accommodation, including student and institutional accommodation, is the second largest source of emissions in the LGA at 23.9%. Commercial accommodation, hospitals/healthcare and retail were the next largest contributors to LGA emissions, at 9.1%, 8.4% and 5.8% respectively. 
Figure 53 shows the contribution each fuel makes to the total emissions of each space use. As one would expect, those space uses with above average gas consumption, such as hospitals and residential spaces, have higher gas emissions. Inversely, those spaces using very little gas have little to no gas associated emissions.
Figure 52 shows the contribution electricity and gas make to total emissions by postcode.[footnoteRef:30] Results are broadly consistent across the LGA, though gas makes up a larger share of total emissions in postcodes 3181 and 3050, both the locations of large hospitals. [30:  Note: Results are not representative for postcodes in which only a small portion of the area falls withing the LGA, such as 3032 or 3141.] 


[bookmark: _Ref171951662][bookmark: _Toc171951159]Figure 53: Greenhouse Gas Emissions by Space Use Type (kt CO2-e), City of Melbourne Built Environment, 2022
View Greenhouse Gas Emissions by Space Use Type, City of Melbourne Built Environment, 2022 data table A.52 in appendix.

Figure 54: Share of Total Emissions by Fuel by Space-Use
View Share of Total Emissions by Fuel by Space-Use data table A.53 in appendix.
[bookmark: _4.3.3_Power_Purchase]4.3.3	Power Purchase Agreements
Power Purchase Agreements (PPAs) are a contracting model in which a large consumer of electricity contracts with a project developer to purchase some or all of the output of a, generally, new renewable generation facility. There are a range of approaches parties use when designing PPAs, such as Contracts for Difference (CFDs) and supply-linked agreements, though all “renewable” agreements rely on the exchange of Large Generation Certificates (LGCs) under the Commonwealth Renewable Energy Target (RET).
These agreements have been increasing in popularity in recent years, led in no small part by the City of Melbourne itself, which, along with 13 project partners signed the Australian first Melbourne Renewable Energy Project (MREP) in 2017. A number of other PPA’s signed in recent years would influence the City’s emission profile, a non-exhaustive list of these agreements is discussed in more detail below:
[bookmark: _Toc171951167]Table 6: Power Purchase Agreements Relevant to LGA Emissions
	Deal
	Annual offtake
	Relevance to City of Melbourne

	MREP 1
	88 GWh
	All project participants, except the other member LGAs, have a footprint in the City of Melbourne. Some participants, such as the City itself, contracted for their entire electricity supply, while others contracted for a portion of their needs.

	MREP 2
	110 GWh
	The majority of project participants have a footprint in the LGA, including major commercial property owners.

	CSL
	114 GWh
	CSL’s global headquarters, along with a major vaccine production facility, are both within the LGA. These facilities are very likely to be supplied with 100% renewable energy given CSL’s PPA was designed to offset the firm’s entire electricity demand. 

	Equinix
	Contracted for capacity, but annual generation ~400 GWh
	Equinix’s ME1 data centre is in Port Melbourne and is likely covered by their PPA.

	Amazon
	325 GWh
	The electricity supply to Amazon’s corporate office in Melbourne CBD is likely covered by their PPA.

	Telstra Club 1 (includes Coca-Cola Amatil, ANZ and the University of Melbourne)
	Total offtake not made public, but likely 600+ GWh
	Telstra, ANZ and the University of Melbourne all have a significant presence in the LGA.


	IFM & QIC
	Up to 400 GWh nationwide
	Major infrastructure assets in the LGA including the Port of Melbourne, Citylink and Southern Cross Station are covered by the deal.



Several other PPAs, such as those signed by the supermarket chain Aldi and the National Broadband Network Company, would also have a small influence on the City’s emissions. It would be difficult to match all PPAs relevant to the City to specific buildings in the combined space-use model, as many participants, such as the City of Melbourne, University of Melbourne, Port of Melbourne, major banks and commercial property owners have multiple distinct sites across the LGA. None of the datasets SPR used in our analysis contained sufficient detail to allow an accurate allocation of renewable consumption to specific site.  Because of the commercial nature of many agreements, a similar challenge would confront efforts to identify which of an officer’s facilities are covered by PPAs, and to what extent their consumption is offset by renewable generation.
Our analysis of the PPAs described above suggests there is likely to be over 400 GWh of electricity consumption in the LGA covered by renewable energy agreements. At a 2022 emission intensity of 1.07 kg CO2-e/kWh, this would represent a 428 kt/CO2-e, or 15.1%, reduction on the electricity emission totals described above. Further work would need to be done to refine this estimate using publicly available data, and to develop an approach to allocating renewable consumption to specific sites.
Table 7: Potential Emission Savings by Total PPA Offtake in LGA
	Annual PPA offtake in LGA
	Avoided emissions
	% electricity emissions reduction

	200 GWh
	214 kt/CO2-e
	7.6%

	300 GWh
	321 kt/CO2-e
	11.3%

	400 GWh
	428 kt/CO2-e
	15.1%

	600 GWh
	642 kt/CO2-e
	22.7%


[bookmark: _Toc173876040][bookmark: _Toc181219293]4.4	Validation of Results
Data provided by utility distributors has, to date, been the primary source of information on the allocation of electricity and gas consumption data to sectoral end-use. Throughout the process of developing a bottom-up model of the City’s fuel-use, it has become clear there are several shortcomings in the use of distributor data as the sole input to assumptions about the distribution of fuel-use across sectors. These shortcomings include:
· The use of embedded networks in large apartment buildings, which leads to a misallocation of this consumption from residential to commercial.
· The use of large, centralised gas hot water systems in major apartments leading to a significant misallocation from residential to commercial.
· The omission, or inconsistent use of several postcodes from energy data, including postcode 3050, which obscures the hospital complex’s 545 TJ total energy consumption among surrounding postcodes.
As a result of these shortcomings in the distributor allocation of consumption to postcodes and customer type, these sub-categories were not used in balancing the bottom-up fuel-use model with actual consumption. Instead, the whole-of-LGA figures, adjusted in line with the correspondences provided by council staff, were used to calibrate the model’s outputs. 
Our modelled results returned a total energy consumption across the LGA’s building stock of 16,272 TJ, which represents 94.3% of the 17,249 TJ of energy consumption provided in distributor data (including behind the meter solar consumption). Modelled electricity use was 9,611 TJ, which represents 93.1% of actual consumption at 10,323 TJ. Modelled gas consumption was 6,661 TJ, which represents 96.1% of actual consumption provided by distributors. 
There are two main factors contributing to the “missing” 977 TJ in our modelled results. Quantifiable factors include:
· ~265 TJ, or 27%, is associated with gas consumed by outlier manufacturing sites in postcode 3027.
· ~362 TJ, or 37%, is associated with electricity consumed by Metro Trains and Yarra Trams – a total drawn from the City’s emissions reporting for 2022.
Factoring in these known omissions brings to 97.9% the total share of energy accounted for in our modelled results and leaves 350 TJ, or 36% of the identified shortfall, unaccounted for. Given our model applies only a nominal energy intensity to construction sites, it is possible the unaccounted-for shortfall reflects a higher energy intensity for these spaces. 

[bookmark: _Toc171951161]Figure 55: Composition of Shortfall between Modelled and Actual Consumption (TJ)
View Composition of Shortfall between Modelled and Actual Consumption (TJ) data table A.54 in appendix
[bookmark: _Toc173876041]

5. [bookmark: _Toc181219294]Future Opportunities
[bookmark: _Toc173876042][bookmark: _Toc181219295]5.1	Overview
Overall, the City of Melbourne has excellent data resources in at least its CLUE and Pathway products, both of which have provided major inputs into this study.  At the same time, there would be opportunities to build on these resources, in particular to assist in guiding the city’s transition to zero emissions and ensuring that the needs and circumstances of all parts of the built environment are taken into account.  The following opportunities are identified, and could developed or scoped in further detail if required.  
[bookmark: _Toc173876043][bookmark: _Toc181219296]5.2	A Digital Twin?
One opportunity to build on the current project would be develop the building stock and energy model built for this project into a full ‘digital twin’ of Melbourne’s built environment.  A digital twin implies an accurate and detailed model of a system, ideally accepting new data on a regular or even real-time basis, that can used for simulating many kinds of potential changes and understanding the likely consequences.
Practically that might mean:
· adding greater resolution of individual buildings
· modelling stock turnover (demolitions, new construction, vacancies)
· simulating effects such as weather-impacts
· charactering energy loads and load profiles
· integrating other developments, as noted further below.
A use-case, value analysis and/or benefit cost analysis can help to scope the case for a digital twin, and importantly establish key limitations and areas where adding information (and cost) might not be justified by the added value created.  There is the danger of seeking create levels of certainty and precision, or spatial resolution, that are simply not necessary or valuable.  At the same time, the process of working through each potential element of digital twin can create value in itself, by leading to greater understanding of:
· what are inherent data limitations, and which limitations might be overcome or relaxed?
· what frequency of updating data (on the building stock and its energy use and emissions) is necessary and valuable?  why?
· what synergies can be realised with existing data systems – inside and outside of the City of Melbourne’s control?
Overall, if this were considered an interesting potential, a likely next step would be a feasibility and scoping analysis, which would also generate cost and benefit estimates for a digital twin project.
[bookmark: _Toc173876044][bookmark: _Toc181219297]5.3	Improving Energy Data Access
With or without a digital twin, there would be value for the City of Melbourne in improving its access to energy data, to the extent that this is feasible.  There would be a number of pathways that could be explored:
1. Building on existing collaborative processes between Victorian local governments and energy distributors.  We understand that consultative arrangements already exist, and it is possible a co-ordinated approach between Councils would have value not only for the Councils, for inventories, abatement policy development, emissions pathway analyses and the like, but also for distributors, by standardising reporting arrangements and reducing associated administrative costs.
2. Exploring alternative/additional energy data sources.  This general strategy is based on the observation that vast quantities of energy-related data already exist and, to the greatest extent possible, we should avoid duplicating existing data collections.  However, some parties hold energy data for specific reasons – such as AEMO for market settlements, or the AER as regulation information notices – and don’t necessarily have a mandate to make that data available in a statistical manner.  Collaborative projects could be framed that access such data sources, but supply to data owners the expertise, or system design resources, that they may not have in-house.  There is also an existing project being conducted by CSIRO to access AEMO data for statistical purposes, and it may be that a collaborative project with either CSIRO could achieve a similar end.  There are also existing data services providers – such as Geoscape Australia, for example – that hold data that is likely to add value to the City of Melbourne, but such providers will require payment for data services, and so again there would a need to scope out a value case and benefit cost analysis for accessing such data.  We also note that this study does not capture data on minor fuels used in the built environment, such as diesel and LPG, and that different data capture strategies are likely to be required if these fuels were to be brought within the scope of future Baseline Study or model.
3. To the extent that the above collaborative approaches do not yield the quantity and/or quality of data required, the City of Melbourne, or representative bodies such as MAV or ALGA, could make representations to the National Government for regulatory changes that would require energy companies (and potentially others) to provide specific information.  The National Energy Law, for example, already imposes a range of reporting obligations on energy companies, and these certainly capable of being tailored where a reasonable use case is made.  In some cases, state government or indeed City of Melbourne regulatory powers may be able to be used for similar purposes.
Overall, we would argue that is necessary for all levels of government to have access to appropriate information resources, including models building upon such information, to enable efficient decision-making leading cost-effective solutions, be they in the area of emissions abatement, or indeed in many other aspects of the built environment.
[bookmark: _Toc173876045][bookmark: _Toc181219298]5.4	Gas Connections and Exposure
It was noted in Chapter 3 that Melbourne has a relatively high use of fossil gas.  As the emissions-intensity of electricity consumption continues to fall and, indeed, to fall rapidly, gas use will occupy a higher and higher share of the LGA’s total greenhouse gas emissions.  Therefore, understanding the city’s degree of exposure to gas, the exact nature of gas demand and end-use, by sector and potentially for key gas-using sites or buildings, will be critical if the City is to map effective abatement strategies, including gas substitution possibilities such as electrification and green hydrogen.
This study was not able to capture complete information on the number of gas connections in the city, nor to explore trends over time, nor to investigate the apparent misallocation of reported consumption between sectors, nor to identify specific gas emissions abatement opportunities, but these could all form valuable follow-on projects.
[bookmark: _Toc173876046][bookmark: _Toc181219299]5.5	Greenhouse Gas Emissions Abatement Opportunity Analysis
A key rationale for a Buildings Baseline Study for the City of Melbourne is to enable the City to identify strategic and cost-effective emissions abatement opportunities and strategies.  In this context, it would be feasible to build on the existing project, along with the other opportunities discussed in this Chapter, to model a range of opportunities by building type and fuel.  It would be ideal to add detail to the model such as the end-use of the different fuels in different contexts, in order to establish feasible and optimal abatement options.  For example, with electrification emerging as a key opportunity for rapid and cost-effective abatement, mapping the end-uses of fossil gas by sector would enable efficient targeting of abatement strategies.  As noted in Chapter, there are some large industrial gas users in the city, and it may be that alternative strategies, such as green hydrogen or other innovative solutions, may be preferred options in some cases.  Exploring these options would require at least additional analysis, but might also be facilitated through targeted consultations or other complementary strategies.
[bookmark: _Toc173876047][bookmark: _Toc181219300]5.6	NABERS/CBD Data Matching
A specific opportunity to build on the existing project would be to undertake a detailed matching of NABERS energy data with individual buildings in the City, beyond the existing point-in-time matching of the limited CBD dataset conducted for this report.  This could be done as a one-off exercise, with the key benefit being to help validate the wider model of the energy use of the whole class of buildings.  Alternatively, it may be possible to explore with NABERS standing data-sharing arrangements that could see a model or digital twin of the city being updated regularly when new NABERS ratings are undertaken.
Similarly, there are projects underway that may well lead to a wider range of building types and spaces being rated under NABERS and CBD in coming years.  The CBD data, by intention, will be publicly disclosed, but it may again be possible to automate the process of data capture by the City from the CBD program.  Accessing this growing pool of NABERS and CBD data would add detail and accuracy the city’s digital twin, enabling more accurate assessment of the need and case for specific policy interventions.
[bookmark: _Toc173876048]

6. [bookmark: _Toc181219301]Summary and Conclusion
In summary, this baseline study identified several key insights into the nature and distribution of energy use and associated emissions across the City’s buildings, both by space-use type and by geographic location.  In 2022, total energy consumption in the City of Melbourne's buildings was 16,272 TJ, with 69.1% coming from electricity and 40.9% from fossil gas. This high reliance on gas is characteristic of Melbourne and the wider Victoria region, reflecting historical factors such as the development of the gas network and the region's heating-dominated climate. The distribution of energy consumption by postcode shows that the Central Business District (CBD) is slightly overrepresented, accounting for 38% of total energy consumption despite having 34% of the total floor area – this reflects the CBD’s concentration of more energy intensive space-uses.
When examining energy consumption by space-use type, office spaces emerge as the largest contributor, accounting for 31% of total energy use. Residential accommodations, including student and institutional housing, are the second-largest consumers at 28%. Hospitals and healthcare facilities, commercial accommodation, retail, and educational spaces also contribute significantly to the total energy consumption. The data indicates a slightly above average electrification rate in the CBD and surrounds compared to other postcodes, reflecting the high share of office space and non-gas intensive spaces uses in these areas. In contrast, areas with high rates of non-apartment housing and major hospitals show above-average gas consumption, suggesting areas for possible future work.
In terms of energy efficiency, there are positive signs, especially in office buildings where progress appears to have been made in reducing both energy intensity. Larger office spaces tend to be more energy-efficient than smaller ones, which is encouraging given that a substantial portion of office space in the LGA is associated with these larger, more efficient spaces. A review of CBD/NABERS data indicates the construction or refurbishment of modern, efficient office space is a driver of this trend. Residential energy consumption, however, appears underreported in distributor data due to misallocation of this consumption to a commercial user class. 
This problem appears to be primarily associated with those buildings using embedded electricity networks and central gas services. Our revised analysis suggests that total residential energy consumption is significantly higher than initially reported, with the underreporting of residential gas use particularly pronounced. This misallocation has serious implications for the allocation of the City’s human and financial resources, and it suggests additional efforts may be required to understand and influence the energy-use patterns in this building class. 
The Victorian Government’s move to restrict new gas connections in apartment buildings should, over time, drive changes in the proportion of total residential energy consumption derived from gas, but existing users may require support or advice on fuel switching as existing plant comes up for replacement.
Greenhouse gas emissions from the City's built environment totalled 3.2 Mt CO2-e in 2022, with electricity consumption contributing 88.4% due to the high emission intensity of the Victorian grid. As the grid decarbonizes, both total emissions and the share from electricity are expected to decrease. Offices and residential accommodations are the largest sources of emissions, accounting for 32% and 24%, respectively. PPAs play role in offsetting the City’s emissions, with several large agreements covering consumption within the LGA signed in recent years, though the scale of associated emission reductions was not able to be quantified in this report.
[bookmark: _Ref171021855][bookmark: _Toc173876049]

7. [bookmark: _Toc181219302]Glossary of Terms
Baseline Study: A comprehensive analysis of the current state of a subject, in this case, buildings in the City of Melbourne, including their energy use and greenhouse gas emissions. It serves as a reference point for future comparisons and helps in planning and implementing improvements.
Behind-the-Meter: Refers to energy systems, like solar panels, that generate electricity for use on-site, reducing reliance on the grid. Behind-the-meter systems can lower energy costs and contribute to sustainability by generating renewable energy locally.
Bottom-Up Data: Detailed data collected from individual buildings or smaller units, used to build a comprehensive model from the ground up. This data provides a granular view of energy use and emissions, allowing for more precise analysis and targeted interventions.
Building Envelope: The physical barrier between the conditioned interior of a building and the outside environment, including walls, roofs, windows, and doors. A well-designed building envelope improves energy efficiency by minimizing heat loss in winter and heat gain in summer.
CLUE (Census of Land Use and Employment): A data collection program by the City of Melbourne that captures information on land use, employment, and building characteristics through regular censuses. This data includes industry structure, floor space use, employment type, building information, and spatial distribution.
Demand Response: A strategy to adjust the demand for power instead of adjusting the supply. During peak demand periods, demand response can help balance the grid by incentivizing consumers to reduce or shift their energy use.
Embedded Network: A private electricity network within a building or a precinct that buys electricity in bulk and then onsells it to individual occupants. Embedded networks are common in apartment buildings and commercial complexes.
Energy Distributors: Companies responsible for the delivery of electricity and gas to consumers, often involved in providing consumption data for studies. These companies maintain the infrastructure for energy delivery and play a key role in managing energy supply and demand.
Energy Efficiency: The practice of using less energy to provide the same service, reducing energy waste and emissions. Energy efficiency measures include upgrading lighting, improving insulation, and optimizing HVAC systems.
Energy Intensity: A measure of the energy consumption per unit area (e.g., kWh/m²) or unit of output, used to assess the energy efficiency of buildings. High energy intensity indicates greater energy consumption per unit area, suggesting potential areas for efficiency improvements.
NABERS (National Australian Built Environment Ratings Scheme): A program that provides performance ratings for buildings in Australia, focusing on energy and water usage, indoor environment quality, and waste management. NABERS helps building owners and tenants understand and improve their environmental performance.
Net Zero Greenhouse Gas Emissions: A state where the total greenhouse gases emitted are balanced by the total greenhouse gases removed from the atmosphere. 
Property Data: Information maintained by the City of Melbourne on property valuations, ownership, and occupancy. This data is used in conjunction with CLUE for detailed building analyses, providing insights into building characteristics and usage patterns.
Renewable Energy: Energy generated from natural sources that are continuously replenished, such as solar, wind, and hydroelectric power. Renewable energy reduces dependence on fossil fuels and lowers greenhouse gas emissions.
Retrofitting: The process of making modifications to existing buildings to improve their energy efficiency and reduce greenhouse gas emissions. Retrofits can include upgrading insulation, installing energy-efficient windows, and replacing old HVAC systems with more efficient ones.
Spatially Disaggregated: Data that is broken down and analysed in smaller geographical units, providing detailed insights into specific areas. 
Top-Down Data: Aggregate data collected from broad sources, such as energy distributors, providing a high-level overview of consumption patterns. This data is useful for understanding overall trends and making broad policy decisions.




8. [bookmark: _Toc181219303]Appendix 1: Accessible Data Tables
[bookmark: _Figure_1:_Floor][bookmark: _Floor_Area_Shares]Table A.1	Floor Area Shares by Space Use Type, City of Melbourne, 2022
	Space Use Type
	Floor Area Share (%)

	Residential
	33%

	Office
	19%

	Unoccupied
	12%

	Transport
	9%

	Parking
	6%

	Education
	5%

	Commercial accommodation
	4%

	Entertainment/recreation
	3%

	Manufacturing/light industrial
	3%

	Retail
	2%

	Community/public use
	2%

	Hospitals/healthcare
	2%

	Other
	0%



Return to Executive Summary
[bookmark: _Total_Energy_Use]Table A.2	Total Energy Use Shares by Space-Use Type, City of Melbourne, 2022
	Space Use Type
	Share of Total Energy Use (%)

	Office
	31%

	Residential
	28%

	Hospitals/healthcare
	10%

	Commercial accommodation
	8%

	Retail
	5%

	Education
	5%

	Entertainment/recreation
	4%

	Manufacturing/light industrial
	3%

	Community/public use
	2%

	Transport
	1%

	Parking
	1%

	Other
	1%

	Unoccupied
	0%



Return to Executive Summary
[bookmark: _Greenhouse_Gas_Emission]Table A.3	Greenhouse Gas Emission Shares by Space Use Type, City of Melbourne, 2022
	Space Use Type
	Share of Greenhouse Gas Emissions (%)

	Office
	32%

	Residential
	24%

	Commercial accommodation
	9%

	Hospitals/healthcare
	8%

	Retail
	6%

	Education
	6%

	Entertainment/recreation
	4%

	Manufacturing/light industrial
	4%

	Community/public use
	3%

	Transport
	2%

	Parking
	1%

	Other
	1%



Return to Executive Summary
[bookmark: _Gross_Floor_Area]Table A.4	Gross Floor Area of Space-Use (excluding public outdoor space), 
City of Melbourne FY2022
	[bookmark: _Table_2:_High-level][bookmark: _Figure_5:_Gross]Space Use Type
	Gross Floor Area (m2)

	Residential
	                                  13,846,042 

	Office
	                                    8,025,215 

	Unoccupied
	                                    4,935,776 

	Transport
	                                    3,693,513 

	Parking
	                                    2,457,153 

	Education
	                                    1,928,660 

	Commercial accommodation
	                                    1,685,219 

	Entertainment/recreation
	                                    1,403,258 

	Manufacturing/light industrial
	                                    1,355,910 

	Retail
	                                        970,624 

	Community/public use
	                                        962,833 

	Hospitals/healthcare
	                                        937,339 

	Other
	                                        204,113 



Return to Melbourne’s Buildings
Table A.5	Total Floorspace by Postcode, City of Melbourne, FY2022
	[bookmark: _Figure_6:_Total]Postcode
	Total floor area (m2)

	3000
	                                  14,449,391 

	3008
	                                    4,932,936 

	3006
	                                    4,699,602 

	3003
	                                    4,554,571 

	3207
	                                    2,889,075 

	3053
	                                    2,405,042 

	3051
	                                    1,993,957 

	3002
	                                    1,509,643 

	3031
	                                    1,217,846 

	3052
	                                    1,176,902 

	3004
	                                        915,519 

	3141
	                                        559,432 

	3010
	                                        411,306 

	3050
	                                        340,227 

	3181
	                                        214,067 

	3032
	                                        131,106 

	3054
	                                             5,036 



Return to Melbourne’s Buildings
[bookmark: _Average_Number_of]Table A.6	Average Number of Floors by Postcode
	Postcode
	Average number of floors (-)

	3000
	                                                     8 

	3002
	                                                     3 

	3003
	                                                     2 

	3004
	                                                     5 

	3006
	                                                   12 

	3008
	                                                     7 

	3010
	                                                     5 

	3031
	                                                     2 

	3032
	                                                     1 

	3051
	                                                     2 

	3052
	                                                     2 

	3053
	                                                     2 

	3054
	                                                     1 

	3141
	                                                     2 

	3207
	                                                     2 



Return to Melbourne’s Buildings
Table A.7	Distribution of Office Floor Space by Postcode
	[bookmark: _Figure_8:_Distribution]Postcode
	Total Office Floor Space (m2)

	3000
	                                    4,532,679 

	3008
	                                    1,588,642 

	3006
	                                        567,074 

	3002
	                                        290,967 

	3207
	                                        283,534 

	3053
	                                        202,746 

	3004
	                                        191,170 

	3051
	                                        133,921 

	3003
	                                        118,731 

	3031
	                                          51,860 

	3052
	                                          34,660 

	3010
	                                          21,423 



Return to Space Use by Type
[bookmark: _Total_Floorspace_of]Table A.8	Total Floorspace of Office Buildings by Size
	[bookmark: _Figure_9:_Total]Office Buildings Size
	Count of Buildings (-)
	Total Floor Area (m2)

	0 - 1,000 m2
	939
	312,287

	1,000 - 5,000 m2
	376
	837,816

	5,000 - 10,000 m2
	99
	701,051

	10,000 - 20,000 m2
	73
	992,192

	20,000 - 40,000 m2
	47
	1,264,770

	40,000 - 60,000 m2
	31
	1,498,729

	60,000+ m2
	29
	2,418,371



Return to Space Use by Type
[bookmark: _All_Office_Buildings]Table A.9	All Office Buildings to Have Ever Had a NABERS Rating Compared with Buildings Currently Disclosed Through CBD
	[bookmark: _Figure_10:_All]Category
	Number of Buildings (-)

	Total ever rated
	379

	Ever rated - base building
	235

	Ever rated - whole building
	114

	Ever rated - tenancy only
	30

	Currently disclosed through CBD
	162



Return to Space Use by Type
[bookmark: _CBD/NABERS_Rating_by]Table A.10	CBD/NABERS Rating by Office Grade
	[bookmark: _Figure_11:_CBD/NABERS]Building Grade Category
	NABERS rating (stars)

	D Grade
	3.5

	C Grade
	4.0

	B Grade
	4.0

	A Grade
	4.8

	Premium
	5.2



Return to Space Use by Type
[bookmark: _Year_of_Construction]Table A.11	Year of Construction or Major Refurbishment by CBD/NABERS rating
	[bookmark: _Figure_12:_Year]NABERS rating
	Year of Construction (-)

	0-3
	1987

	3.5
	2000

	4
	1998

	4.5
	2002

	5
	2002

	5.5
	2004

	6
	2010


[bookmark: _Figure_13:_Average]
Return to Space Use by Type
[bookmark: _Average_NABERS_Rating]Table A.12	Average NABERS Rating by Building Office Floor Area
	Building Office Floor Area (m2)
	Average NABERS rating (stars)

	0 - 5,000
	3.7

	5,000 - 10,000
	4.2

	10,000 - 20,000
	4.1

	20,000 - 40,000
	4.6

	40,000 - 60,000
	5.0

	60,000+
	5.3


[bookmark: _Table_5:_Residential]
Return to Space Use by Type
Table A.13	Count of Dwellings by Residential Space-Use Type, City of Melbourne, FY2022
	[bookmark: _Figure_14:_Count]Residential Space Use Type
	Count of Dwellings (-)

	High-rise apartment
	66,432 

	Mid-rise apartment
	10,665 

	Low-rise apartment
	10,410 

	Townhouse/terrace
	10,053 

	Standalone house
	2,785 

	Student accommodation
	5,728 



Return to Residential
[bookmark: _Total_Residential_Floorspace]Table A.14	Total Residential Floorspace by Residential Space-Use Type, City of Melbourne, FY2022
	[bookmark: _Figure_15:_Total]Residential Space-Use Type
	Total Residential Floorspace (m2)

	High-rise apartment
	                                    8,239,495

	Mid-rise apartment
	                                    1,351,439 

	Low-rise apartment
	                                    1,463,570 

	Townhouse/terrace
	                                        933,849 

	Standalone house
	                                        903,760 

	Student accommodation
	                                        805,371 



Return to Residential
[bookmark: _Residential_Floorspace_as]Table A.15	Residential Floorspace as a Percentage of Total Floorspace by Postcode (excludes postcodes with no residential space)
	[bookmark: _Figure_16:_]Postcode 
	Residential Floorspace as a Percentage of the Total (%)

	1. 3000
	27%

	2. 3002
	43%

	3. 3003
	14%

	4. 3004
	34%

	5. 3006
	50%

	6. 3008
	35%

	7. 3031
	65%

	8. 3051
	57%

	9. 3052
	54%

	10. 3053
	59%

	11. 3054
	3%

	12. 3141
	89%



Return to Residential
[bookmark: _Average_Number_of_1]Table A.16	Average Number of Apartment Building Floors Above Ground
	[bookmark: _Figure_17:_Average]Postcode
	Average Number of Floors Above Ground (-)

	3000
	18

	3002
	4

	3003
	6

	3004
	13

	3006
	29

	3008
	23



Return to Residential
Table A.17	Distribution of Education and Healthcare Floorspace by Postcode, City of Melbourne, FY2022
	[bookmark: _Figure_18:_Distribution]Postcode
	Education and Healthcare Floorspace as a Percentage of the Total (%)

	3000
	5%

	3002
	13%

	3003
	1%

	3004
	9%

	3006
	2%

	3008
	1%

	3010
	80%

	3031
	3%

	3032
	0%

	3050
	74%

	3051
	3%

	3052
	33%

	3053
	12%

	3054
	0%

	3141
	8%

	3181
	95%

	3207
	4%



Return to Education and Healthcare
[bookmark: _Unused_Floorspace_by]Table A.18	Unused Floorspace by Category, City of Melbourne, FY2022
	[bookmark: _Figure_19:_Unused]Unused Space Categories
	Unused Floorspace (m2)

	Under construction/renovation
	1,079,972 

	Other
	3,855,804 



Return to Unused Space
[bookmark: _Distribution_of_Unused]Table A.19	Distribution of Unused Floorspace by Postcode, City of Melbourne, FY2022
	[bookmark: _Figure_20:_Distribution]Postcode
	Unused Floorspace (m2)

	3000
	1,312,925 

	3003
	711,154 

	3207
	669,473 

	3008
	439,595 

	3006
	193,935 

	3051
	180,258 

	3053
	115,894 

	3031
	104,780 

	3004
	53,387 

	3002
	43,461 

	3052
	22,358 

	3010
	7,048



Return to Unused Space
[bookmark: _Unused_Space_as][bookmark: _Toc171951127]Table A.20	Unused Space as a Percentage of Total Floorspace by Postcode, City of Melbourne, FY2022
	[bookmark: _Figure_21:_Unused]Postcode
	Unused Space as a Percentage of the Total Floor Area (%)

	3207
	24%

	3003
	16%

	3054
	11%

	3000
	9%

	3051
	9%

	3008
	9%

	3031
	9%

	3004
	6%

	3053
	5%

	3006
	4%

	3002
	3%

	3052
	2%

	3010
	2%



Return to Unused Space
[bookmark: _Top_Ten_Land-Use]Table A.21	Top Ten Land-Use Descriptors of Unused Buildings
	[bookmark: _Figure_22:_Top]Space Use Type
	Count of Buildings (-)

	Office
	145

	Retail/Office
	97

	Warehouse/Store
	85

	Shop
	62

	Retail/Residential
	53

	Retail
	48

	Retail/Office/Carpark
	35

	Industrial (Manufacturing)
	33

	Current Re-development Site - Commercial
	27

	Office/Parking
	25



Return to Unused Space
[bookmark: _Grade_of_Unused]Table A.22	Grade of Unused Office Buildings
	[bookmark: _Figure_23:_Grade]Building Grade Category
	Count of Buildings (-)

	D Grade
	35

	C Grade
	26

	B Grade
	20

	A Grade
	0

	Premium
	0



Return to Unused Space
[bookmark: _Estimated_Share_of]

Table A.23	Estimated Share of Unused Space by Previous Space-Use
	[bookmark: _Figure_24:_Estimated]Previous Space Use Type
	Unused Space as a Percentage of the Total Floor Area (%)

	Office
	44%

	Transport
	15%

	Retail
	11%

	Residential
	9%

	Manufacturing/light industrial
	9%

	Outdoor space
	6%

	Education
	2%

	Commercial accommodation
	2%

	All other 
	2%



Return to Unused Space
[bookmark: _Estimated_Allocation_of]Table A.24	Estimated Allocation of Unused Floor Space to Previous Space-Use
	[bookmark: _Figure_25:_Estimated]Previous Space Use Type
	Unused Space Floor Area (m2)

	Office
	1,688,769 

	Transport
	588,118 

	Retail
	408,056 

	Manufacturing/light industrial
	355,728 

	Residential
	363,070 

	Outdoor space
	240,364 

	Education
	79,439 

	Commercial accommodation
	69,506 

	All other 
	62,753 



Return to Unused Space
Table A.25	Count of Buildings, FY 2022
	[bookmark: _Figure_26:_Count]Primary Space Use Category
	Building Count (-)

	House/Townhouse
	8,644 

	All other
	5,443 



Return to Building Primary Space-Use
[bookmark: _Count_of_Buildings]Table A.26	Count of Buildings by Primary Space Use (excluding House/Townhouse), 
FY 2022
	[bookmark: _Figure_27:_Count]Primary Space Use (excluding House/Townhouse)
	Building Count (-)

	Residential apartments
	1,409 

	Other unoccupied
	844 

	Offices
	784 

	Entertainment/recreation
	531 

	Manufacturing/light industrial
	390 

	Retail
	387 

	Education
	220 

	Commercial accommodation
	160 

	Other
	154 

	Institutional and student accommodation
	130 

	Community/public use
	123 

	Under construction or renovation
	118 

	Parking
	98 

	Hospitals/healthcare
	80 

	Transport
	15 



Return to Building Primary Space-Use
[bookmark: _Number_of_Embedded]Table A.27	Number of Embedded Networks by Building Type, City of Melbourne, FY2024
	[bookmark: _Figure_28:_]Building Type
	Count of Embedded Networks (-)

	Apartment buildings
	136

	Construction sites
	32

	Other
	73



Return to Embedded Networks
[bookmark: _Apartment_Floor_Area]Table A.28	Apartment Floor Area Behind Embedded Networks, City of Melbourne, FY2024
	[bookmark: _Figure_29:_Apartment]Embedded/Non-Embedded Network Category
	Apartment Floor Area (m2)

	Embedded network apartment area
	4,195,178 

	Non-embedded network apartment area
	7,664,696 



Return to Embedded Networks
[bookmark: _Total_Energy_Consumption]Table A.29	Total Energy Consumption by Fuel Type, City of Melbourne, FY2022
	[bookmark: _Figure_30:_]Fuel Type
	Total Energy Consumption (TJ)

	Gas
	                                             6,661 

	Electricity
	                                             9,611 



Return to Overview of Energy Consumption
[bookmark: _Total_Stationary_Energy]

Table A.30	Total Stationary Energy Consumption by Postcode, City of Melbourne, 2022
	[bookmark: _Figure_31:_Total]Postcode
	Total Stationary Energy Consumption (TJ) 

	3000
	6,165 

	3006
	1,806 

	3008
	1,730 

	3053
	935 

	3002
	869 

	3051
	730 

	3207
	653 

	3003
	630 

	3052
	610 

	3050
	545 

	3031
	480 

	3004
	383 

	3181
	331 

	3141
	192 

	3010
	155 

	3032
	 57 

	3054
	 2 



Return to Overview of Energy Consumption
[bookmark: _Comparison_of_Floor]Table A.31	Comparison of Floor Area and Energy Consumption by Postcode, City of Melbourne, 2022
	[bookmark: _Figure_32:_Comparison]Postcode
	Floor Area as a Percentage of the Total (%)
	Energy Consumption as a Percentage of the Total (%)

	3000
	34%
	38%

	3006
	11%
	11%

	3008
	12%
	11%

	3053
	6%
	6%

	3002
	4%
	5%

	3051
	5%
	4%

	3207
	7%
	4%

	3003
	11%
	4%

	3052
	3%
	4%

	3050
	1%
	3%

	3031
	3%
	3%

	3004
	2%
	2%

	3181
	1%
	2%

	3141
	1%
	1%

	3010
	1%
	1%

	3032
	0%
	0%

	3054
	0%
	0%



Return to Overview of Energy Consumption
[bookmark: _Share_of_Energy]Table A.32	Share of Energy Consumption by Fuel by Postcode, City of Melbourne, 2022
	[bookmark: _Figure_33:_Share]Postcode
	Electricity Consumption as a Percentage of the Total (%)
	Gas Consumption as a Percentage of the Total (%)
	LGA average electricity share (%)
	LGA average gas share (%)

	3000
	62%
	38%
	59%
	41%

	3002
	61%
	39%
	59%
	41%

	3003
	67%
	33%
	59%
	41%

	3004
	63%
	37%
	59%
	41%

	3006
	62%
	38%
	59%
	41%

	3008
	60%
	40%
	59%
	41%

	3010
	73%
	27%
	59%
	41%

	3031
	48%
	52%
	59%
	41%

	3032
	74%
	26%
	59%
	41%

	3050
	23%
	77%
	59%
	41%

	3051
	54%
	46%
	59%
	41%

	3052
	50%
	50%
	59%
	41%

	3053
	55%
	45%
	59%
	41%

	3054
	70%
	30%
	59%
	41%

	3141
	41%
	59%
	59%
	41%

	3181
	37%
	63%
	59%
	41%

	3207
	76%
	24%
	59%
	41%



Return to Overview of Energy Consumption
[bookmark: _Total_Energy_Use_1]Table A.33	Total Energy Use by Space-Use Type, City of Melbourne, 2022
	[bookmark: _Figure_34:_]Space Use Type
	Energy Use (TJ) 

	Office
	5,099 

	Residential
	4,608 

	Hospitals/healthcare
	1,688 

	Commercial accommodation
	1,366 

	Retail
	777 

	Education
	768 

	Entertainment/recreation
	599 

	Manufacturing/light industrial
	497 

	Community/public use
	391 

	Transport
	188 

	Parking
	145 

	Other
	93 

	Unoccupied
	51 



Return to Overview of Energy Use by Space-Use Type
[bookmark: _Shares_of_Total]Table A.34	Shares of Total Energy Consumption by Space-Use Type and Postcode, City of Melbourne, 2022
	[bookmark: _Figure_35:_]Postcode
	Office (%)
	Retail (%)
	Manufacturing/ Light Industrial (%)
	Other (%)
	Transport (%)
	Education (%)
	Hospitals/ Healthcare (%)
	Entertainment/ Recreation (%)
	Community/ Public Use (%)
	Residential (%)
	Commercial Accommodation (%)
	Parking (%)
	Unoccupied (%)

	3000
	45%
	7%
	1%
	0%
	0%
	4%
	4%
	4%
	2%
	20%
	12%
	1%
	0%

	3002
	27%
	1%
	0%
	0%
	0%
	1%
	30%
	6%
	2%
	24%
	9%
	0%
	0%

	3003
	18%
	6%
	12%
	0%
	19%
	2%
	0%
	1%
	2%
	36%
	2%
	0%
	2%

	3004
	37%
	2%
	0%
	0%
	0%
	7%
	18%
	3%
	3%
	27%
	2%
	1%
	0%

	3006
	21%
	4%
	1%
	0%
	0%
	2%
	0%
	5%
	6%
	40%
	18%
	2%
	0%

	3008
	47%
	5%
	2%
	0%
	0%
	1%
	0%
	3%
	0%
	32%
	6%
	2%
	0%

	3010
	13%
	0%
	0%
	1%
	0%
	77%
	0%
	4%
	3%
	0%
	0%
	1%
	0%

	3031
	10%
	3%
	11%
	0%
	0%
	2%
	1%
	3%
	1%
	67%
	0%
	0%
	0%

	3032
	5%
	0%
	0%
	0%
	1%
	0%
	0%
	0%
	95%
	0%
	0%
	0%
	0%

	3050
	0%
	0%
	0%
	0%
	0%
	1%
	98%
	0%
	0%
	0%
	0%
	1%
	0%

	3051
	18%
	6%
	8%
	0%
	0%
	3%
	3%
	2%
	2%
	55%
	2%
	0%
	1%

	3052
	5%
	0%
	0%
	0%
	0%
	13%
	42%
	1%
	0%
	35%
	2%
	1%
	0%

	3053
	20%
	3%
	1%
	0%
	0%
	11%
	4%
	3%
	3%
	50%
	3%
	1%
	0%

	3054
	35%
	7%
	0%
	0%
	0%
	0%
	0%
	0%
	53%
	4%
	0%
	0%
	0%

	3141
	0%
	0%
	0%
	0%
	0%
	9%
	0%
	1%
	2%
	87%
	0%
	0%
	0%

	3181
	1%
	0%
	0%
	0%
	0%
	10%
	89%
	0%
	0%
	0%
	0%
	0%
	0%

	3207
	33%
	5%
	33%
	13%
	9%
	7%
	0%
	0%
	0%
	0%
	0%
	0%
	0%



Return to Overview of Energy Use by Space-Use Type
[bookmark: _Share_of_Total]Table A.35	Share of Total Energy Use by Fuel by Space-Use
	[bookmark: _Figure_36:_Share]Space Use Type
	Electricity Consumption as a Percentage of the Total (%)
	Gas Consumption as a Percentage of the Total (%)

	Parking
	100%
	0%

	Unoccupied
	100%
	0%

	Retail
	76%
	24%

	Other
	75%
	25%

	Entertainment/recreation
	75%
	25%

	Community/public use
	75%
	25%

	Manufacturing/light industrial
	75%
	25%

	Education
	74%
	26%

	Transport
	74%
	26%

	Commercial accommodation
	66%
	34%

	Hospitals/healthcare
	61%
	39%

	Office
	60%
	40%

	Residential
	51%
	49%


Return to Overview of Energy Use by Space-Use Type
Table A.36	Average Energy Consumption by NABERS Star Rating, Victoria
	[bookmark: _Figure_37:_Average]Star Rating
	Total Rated Floor Area (m2)
	Average Electricity Consumption Intensity (MJ/m2)
	Average Gas Consumption Intensity (MJ/m2)
	Total Energy Consumption Intensity (MJ/m2)

	0
	29,163 
	628
	568
	1195

	0.5
	 -   
	398
	536
	934

	1
	21,268 
	169
	503
	672

	1.5
	11,151 
	160
	472
	632

	2
	25,370 
	137
	441
	578

	2.5
	61,484 
	127
	353
	480

	3
	142,509 
	103
	369
	473

	3.5
	186,082 
	82
	285
	367

	4
	827,439 
	71
	196
	267

	4.5
	1,089,595 
	62
	156
	219

	5
	1,390,825 
	52
	106
	158

	5.5
	1,839,744 
	35
	112
	147

	6
	195,057 
	23
	72
	95



Return to Office Energy Consumption
Table A.37	Energy Consumption in Relation to Average Office Floor Area by Postcode (excl. postcodes with <20,000 m2 of office space)
	[bookmark: _Figure_38:_Energy]Postcode
	Energy Consumption Intensity (MJ/m2)
	Average Office Floor Area (m2)

	3008
	                                                515 
	                               19,858 

	3000
	                                                607 
	                                 7,580 

	3006
	                                                683 
	                                 6,832 

	3004
	                                                749 
	                                 8,312 

	3207
	                                                758 
	                                 2,675 

	3002
	                                                813 
	                                 3,730 

	3010
	                                                919 
	                                 3,060 

	3053
	                                                933 
	                                 1,193 

	3052
	                                                941 
	                                 2,166 

	3003
	                                                961 
	                                     848 

	3031
	                                                966 
	                                     570 

	3051
	                                             1,003 
	                                     690 



Return to Office Energy Consumption
Table A.38	Total Energy Consumption by Office Floor Area Size Class
	[bookmark: _Figure_39:_Total]Building Office Floor Area (m²)
	Electricity Consumption (TJ)
	Gas Consumption (TJ)
	Percentage of Total Office Floor Space (%)

	0 - 1,000
	214.37
	111.03
	4%

	1,000 - 5,000
	556.65
	275.75
	10%

	5,000 - 10,000
	395.39
	226.52
	9%

	10,000 - 20,000
	439.65
	303.83
	12%

	20,000 - 40,000
	436.08
	324.28
	16%

	40,000 - 60,000
	428.4
	314.48
	19%

	60,000+
	615.52
	457.3
	30%



Return to Office Energy Consumption
[bookmark: _Total_Residential_Energy]Table A.39	Total Residential Energy Consumption by Fuel, Original and Modelled, City of Melbourne, 2022
	[bookmark: _Figure_40:_Total]Energy Use Type
	Distributor Data (TJ)
	Modelled Data (TJ)

	Gas
	543 
	2,468 

	Electricity
	899 
	2,140 



Return to Residential Energy Consumption
[bookmark: _Breakdown_of_Total]Table A.40	Breakdown of Total Energy Use by Fuel by Residential Space-Use Type
	[bookmark: _Figure_41:_Breakdown]Residential Space Use Type
	Electricity Use (TJ)
	Gas Use (TJ)

	High-rise apartment
	1,418 
	1,207

	Townhouse/terrace
	176 
	  347 

	Low-rise apartment
	161 
	291 

	Mid-rise apartment
	188
	264

	Student accommodation
	93
	168 

	Standalone house
	88 
	                 162 

	Institutional accommodation
	16 
	   28 



Return to Residential Energy Consumption
[bookmark: _Use_of_Solar]
Table A.41	Use of Solar Generation
	[bookmark: _Figure_42:_Use]Solar Generation Type
	Solar Generation (TJ)

	Consumed behind the meter
	76

	Exported
	22



Return to Solar Generation
[bookmark: _Solar_Generation_by]Table A.42	Solar Generation by Installation Size
	[bookmark: _Figure_43:_Solar]Solar Installation Size (kW)
	Solar Generation (TJ)

	<10
	23

	10-100
	59

	>100
	16



Return to Solar Generation
[bookmark: _Solar_Generation_by_1]Table A.43	Solar Generation by Postcode
	[bookmark: _Figure_44:_Solar]Postcode 
	Solar Generation (kWh)

	3207
	3,310,002 

	3008
	3,094,470 

	3000
	2,984,094 

	3006
	2,940,222 

	3031
	2,915,577 

	3052
	2,755,457 

	3053
	2,579,382 

	3003
	2,420,388 

	3051
	2,308,698 

	3002
	1,006,524 

	3141
	504,941 

	3004
	257,551 

	3054
	204,334 

	3005
	-   



Return to Solar Generation
[bookmark: _Change_in_Gas]Table A.44	Change in Gas Connections by Customer Type (Victoria, FY2011 baseline)
	[bookmark: _Figure_45:_Change]Year
	Residential Change in Gas Connections (%)
	Commercial Change in Gas Connections (%)
	Industrial Change in Gas Connections (%)
	Population Change (%)

	2011
	0%
	0%
	0%
	0%

	2012
	2%
	0%
	2%
	2%

	2013
	4%
	1%
	3%
	4%

	2014
	5%
	2%
	3%
	6%

	2015
	7%
	3%
	3%
	9%

	2016
	9%
	4%
	5%
	11%

	2017
	11%
	4%
	6%
	14%

	2018
	12%
	5%
	5%
	16%

	2019
	15%
	5%
	5%
	18%

	2020
	17%
	6%
	5%
	19%

	2021
	19%
	6%
	5%
	18%

	2022
	21%
	7%
	6%
	20%



Return to Change in Gas Use
Table A.45	Share of Electricity Customers with Gas Connections
	[bookmark: _Figure_46:_Share]Postcode
	Residential Electricity Customers as a Percentage of the Total (%)
	Non-Residential Electricity Customers as a Percentage of the Total (%)

	2011
	78%
	18%

	2012
	78%
	18%

	2013
	78%
	18%

	2014
	78%
	19%

	2015
	78%
	19%

	2016
	78%
	18%

	2017
	78%
	18%

	2018
	78%
	18%

	2019
	78%
	18%

	2020
	78%
	18%

	2021
	79%
	18%

	2022
	79%
	18%



Return to Change in Gas Use
[bookmark: _Average_Industrial_Site]Table A.46	Average Industrial Site Floor Area by Postcode
	[bookmark: _Figure_47:_Average]Postcode
	Average Industrial Site Floor Area (m2)

	3051
	                                1,016 

	3031
	                                  1,538 

	3003
	                           2,246 

	3207
	                          11,171 



Return to Industrial Sector
[bookmark: _Total_Greenhouse_Gas]Table A.47	Total Greenhouse Gas Emissions by Fuel Type, Built Environment, City of Melbourne, 2022
	[bookmark: _Figure_48:_Total]Fuel Type
	Greenhouse Gas Emissions (kt CO2-e) 

	Gas
	                                         370

	Electricity
	                                 2,830



Return to Greenhouse Gas Emissions
[bookmark: _Impact_of_Grid]Table A.48	Impact of Grid Emission Intensity of Stationary Energy Emissions in the City of Melbourne
	[bookmark: _Figure_49:_Impact]Grid Emissions Intensity (kg CO2-e/kWh)
	Electricity Emissions (kt CO2-e)
	Gas Emissions (kt CO2-e)

	1.07
	2,830 
	370 

	0.8
	2,116 
	370 

	0.6
	1,587 
	370 

	0.4
	1,058 
	370 

	0.2
	529 
	370 



Return to Greenhouse Gas Emissions
Table A.49	Greenhouse Gas Emissions by Postcode, City of Melbourne Built Environment, 2022
	[bookmark: _Figure_50:_Greenhouse]Postcode
	Greenhouse Gas Emissions (kt CO2-e)

	3000
	1,268 

	3006
	368 

	3008
	343 

	3053
	174 

	3002
	174 

	3207
	153 

	3003
	135 

	3051
	133 

	3052
	107 

	3004
	80 

	3031
	79 

	3050
	61 

	3181
	48 

	3010
	36 

	3141
	29 

	3032
	13 

	3054
	0 



Return to Greenhouse Gas Emissions by Postcode
[bookmark: _Comparison_of_Floor_1]Table A.50	Comparison of Floor Area and Greenhouse Gas Emissions by Postcode, City of Melbourne Built Environment, 2022
	[bookmark: _Figure_51:_Comparison]Postcode
	Floor Area as a Percentage of the Total (%)
	Emissions as a Percentage of the Total (%)

	3000
	34%
	40%

	3006
	11%
	11%

	3008
	12%
	11%

	3053
	6%
	5%

	3002
	4%
	5%

	3207
	7%
	5%

	3003
	11%
	4%

	3051
	5%
	4%

	3052
	3%
	3%

	3004
	2%
	2%

	3031
	3%
	2%

	3050
	1%
	2%

	3181
	1%
	2%

	3010
	1%
	1%

	3141
	1%
	1%

	3032
	0%
	0%

	3054
	0%
	0%



[bookmark: _Percentage_Shares_of]Return to Greenhouse Gas Emissions by Postcode
Table A.51	Percentage Shares of Greenhouse Gas Emissions by Postcode and Fuel, City of Melbourne Built Environment, 2022
	[bookmark: _Figure_52:_]Postcode
	Electricity Emissions as a Percentage of the Total (%)
	Gas Emissions as a Percentage of the Total (%)

	3207
	94%
	6%

	3032
	94%
	6%

	3010
	94%
	6%

	3054
	93%
	7%

	3003
	92%
	8%

	3004
	90%
	10%

	3000
	90%
	10%

	3006
	90%
	10%

	3002
	89%
	11%

	3008
	89%
	11%

	3053
	87%
	13%

	3051
	86%
	14%

	3052
	84%
	16%

	3031
	83%
	17%

	3141
	79%
	21%

	3181
	76%
	24%

	3050
	62%
	38%



Return to Greenhouse Gas Emissions by Postcode
[bookmark: _Greenhouse_Gas_Emissions]Table A.52	Greenhouse Gas Emissions by Space Use Type, City of Melbourne Built Environment, 2022
	[bookmark: _Figure_53:_Greenhouse]Space Use Type
	Greenhouse Gas Emissions (kt CO2-e)

	Office
	1,023 

	Residential
	767 

	Commercial accommodation
	292 

	Hospitals/healthcare
	270 

	Retail
	187 

	Education
	179 

	Entertainment/recreation
	141 

	Manufacturing/light industrial
	115 

	Community/public use
	92 

	Transport
	54 

	Parking
	43 

	Other
	24 

	Unoccupied
	15 



Return to Greenhouse Gas Emissions by Space Use Type
[bookmark: _Share_of_Total_1]Table A.53	Share of Total Emissions by Fuel by Space-Use
	[bookmark: _Figure_54:_Share]Space Use Type
	Electricity Emissions as a Percentage of the Total (%)
	Gas Emissions as a Percentage of the Total (%)

	Parking
	100%
	0%

	Unoccupied
	100%
	0%

	Transport
	100%
	0%

	Other
	99%
	1%

	Retail
	95%
	5%

	Entertainment/recreation
	94%
	6%

	Community/public use
	94%
	6%

	Manufacturing/light industrial
	94%
	6%

	Education
	94%
	6%

	Commercial accommodation
	91%
	9%

	Office
	89%
	11%

	Residential
	82%
	18%

	Hospitals/healthcare
	80%
	20%



Return to Greenhouse Gas Emissions by Space Use Type
[bookmark: _Composition_of_Shortfall]Table A.54	Composition of Shortfall between Modelled and Actual Consumption
	[bookmark: _Figure_55:_Composition]End-Use Category
	Shortfall between Modelled and Actual Consumption (TJ)

	Outlier Manufacturing
	265

	Public Transport
	362

	Unaccounted
	350



Return to Power Purchase Agreements
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3000	3008	3006	3003	3207	3053	3051	3002	3031	3052	3004	3141	3010	3050	3181	3032	3054	14449390.661718981	4932935.7362204213	4699601.7526645493	4554571.2192747332	2889075.49	2405041.9741960666	1993957.331106463	1509642.666915274	1217845.5432938102	1176901.5083658532	915518.76755759935	559431.71999999986	411305.87000000005	340226.57999999996	214067.02000000002	131106.1	5035.51	
3000	3002	3003	3004	3006	3008	3010	3031	3032	3051	3052	3053	3054	3141	3207	8.3260207190737354	2.5005500550055006	2.0800727934485894	4.6117647058823525	11.580524344569289	6.5594594594594593	4.568965517241379	1.6289326668626873	1.3333333333333333	1.8824833702882484	2.0188902007083827	2.2565880721220526	1.3	2.0616352201257864	1.8208955223880596	
No. of Floors




3000	3008	3006	3002	3207	3053	3004	3051	3003	3031	3052	3010	4532678.593733266	1588641.7795544064	567073.74018382956	290967.34677817806	283533.61573612294	202745.69996222341	191169.84989696514	133921.21562489809	118730.93046542874	51859.857509093279	34660.070132741406	21423.310339162181	
Number of buildings	
0 - 1,000 m2	1,000 - 5,000 m2	5,000 - 10,000 m2	10,000 - 20,000 m2	20,000 - 40,000 m2	40,000 - 60,000 m2	60,000+ m2	939	376	99	73	47	31	29	Floorspace of buildings	
0 - 1,000 m2	1,000 - 5,000 m2	5,000 - 10,000 m2	10,000 - 20,000 m2	20,000 - 40,000 m2	40,000 - 60,000 m2	60,000+ m2	312286.68004886713	837816.43436845206	701050.72167832404	992191.67296048813	1264769.5876635313	1498729.4572563707	2418370.6127946996	Building office floor area class


Count of Buildings


Total floor area (m2)





Total ever rated	Ever rated - base building	Ever rated - whole building	Ever rated - tenancy only	Currently disclosed through CBD	379	235	114	30	162	
Count of Buildings




D Grade	C Grade	B Grade	A Grade	Premium	3.5	4.0454545454545459	3.989795918367347	4.8359375	5.2142857142857144	
NABERS rating




0-3	3.5	4	4.5	5	5.5	6	1987.2222222222222	2000.4285714285713	1998.4	2002.2727272727273	2002	2004.32	2009.625	



0 - 5,000 m2	5,000 - 10,000 m2	10,000 - 20,000 m2	20,000 - 40,000 m2	40,000 - 60,000 m2	60,000+ m2	3.6818181818181817	4.1904761904761907	4.1333333333333337	4.6388888888888893	5.041666666666667	5.3125	Building office floor area


NABERS rating




High-rise apartment	Mid-rise apartment	Low-rise apartment	Townhouse/terrace	Standalone house	Student accomodation	66432.171668650568	10665.116093810275	10409.98978725246	10053	2784.8056204200602	5728.3907911087772	
Count of Dwellings




High-rise apartment	Mid-rise apartment	Low-rise apartment	Townhouse/terrace	Standalone house	Student accomodation	8239495.0923579605	1351438.5783107115	1463569.6431560575	933849.13518530235	903759.76362223085	805370.51787197834	

3000	3002	3003	3004	3006	3008	3031	3051	3052	3053	3054	3141	0.26980035605770963	0.42529817729142683	0.14315363884402557	0.3444069472755118	0.49706561927392773	0.35072112291964469	0.64744818728260223	0.56590826655288373	0.53771500821802609	0.58787414412142125	3.1133813128827643E-2	0.88535690545341594	



3000	3002	3003	3004	3006	3008	18.495614035087719	3.992481203007519	6.1684210526315786	12.666666666666666	29.388059701492537	22.692307692307693	
No. of Floors Above Ground




3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	5.2267059727477666E-2	0.12517276185071011	8.0452829236757582E-3	8.6331976944276953E-2	1.9309718890559886E-2	1.2712458723342361E-2	0.79898778978572371	2.5263207555522076E-2	0	0.73588420136069099	3.2741955899710913E-2	0.32571233624732204	0.11904547953787221	0	7.7301634326606972E-2	0.94991503494878948	4.0824079408132423E-2	




Under construction/rennovation	Other	1079971.809806617	3855804.2801933838	
Total other unused	
3000	3003	3207	3008	3006	3051	3053	3031	3004	3002	3052	3010	1312925.4529194329	711153.60650199931	669473.27134642925	439595.09036344278	193935.40852704181	180258.44528533777	115894.40566716835	104780.39604224876	53386.947718634699	43461.158344598043	22357.721381687646	7048.4375375782256	
% unused	
3207	3003	3054	3000	3051	3008	3031	3004	3053	3006	3002	3052	3010	0.23541382539514621	0.15797941038486096	0.1103276612355874	9.1778205950739031E-2	9.0853525064928359E-2	8.9795844561079266E-2	8.6416270317394211E-2	5.9370699181430141E-2	4.9728229615667092E-2	4.2192644755877154E-2	2.9433290786278102E-2	1.9064773475463842E-2	1.8725105432149333E-2	



Office	Retail/Office	Warehouse/Store	Shop	Retail/Residential	Retail	Retail/Office/Carpark	Industrial (Manufacturing)	Current Re-development Site - Commercial	Office/Parking	145	97	85	62	53	48	35	33	27	25	
Count of Buildings




D Grade	C Grade	B Grade	A Grade	Premium	35	26	20	0	0	
Count of Buildings



% of unused space	

Office	Transport	Retail	Residential	Manufacturing/light industrial	Outdoor space	Education	Commercial accomodation	All other 	0.43798099672301466	0.15252792475824342	0.10582908372431968	9.4161958568738199E-2	9.2257870566109526E-2	6.2338283632400633E-2	2.0602484857664159E-2	1.8026340913041495E-2	1.627505625646819E-2	
Unused floor area	
Office	Transport	Retail	Manufacturing/light industrial	Residential	Outdoor space	Education	Commercial accomodation	All other 	1688769.0018079632	588117.82513184904	408056.23399317556	355728.29221033212	363070.0828807326	240364.22084971936	79439.149296800795	69506.04244873047	62753.431574078117	

House/Townhouse	All other	8644	5443	
Count	
Residential apartments	Other unoccupied	Offices	Entertainment/recreation	Manufacturing/light industrial	Retail	Education	Commercial accomodation	Other	Institutional and student accomodation	Community/public use	Under construction or rennovation	Parking	Hospitals/healthcare	Transport	1409	844	784	531	390	387	220	160	154	130	123	118	98	80	15	
No. of Buildings




Apartment buildings	Construction sites	Other	136	32	73	

Embedded network apartment area	Non-embedded network apartment area	4195177.9492367953	7664695.8824599124	

Gas	Electricity	6660.5889620093731	9611.1631741792771	
energy	
3000	3006	3008	3053	3002	3051	3207	3003	3052	3050	3031	3004	3181	3141	3010	3032	3054	6165.1648147474098	1805.5947204018737	1729.9449367409268	934.64214307037753	868.55467136159962	729.97009995589019	653.08925313868053	630.32573748306743	609.75467730224705	544.84905214719538	479.8423050386088	383.11372057094661	331.43822214274593	191.75365932411185	154.87670847276374	56.577224414378662	2.2601898758249614	
Floor area	3000	3006	3008	3053	3002	3051	3207	3003	3052	3050	3031	3004	3181	3141	3010	3032	3054	0.34074206631019849	0.11082488179106667	0.11632730784892503	5.6715123221177728E-2	3.5600031430913871E-2	4.7021023726322067E-2	6.8129485542723633E-2	0.10740480652407011	2.7753409205455212E-2	8.0231416394593077E-3	2.8718941620700277E-2	2.158954407882489E-2	5.0480771425823598E-3	1.3192384696005643E-2	9.699316414816965E-3	3.0917126172126707E-3	1.1874618954496072E-4	Energy consumption	3000	3006	3008	3053	3002	3051	3207	3003	3052	3050	3031	3004	3181	3141	3010	3032	3054	0.37888758156756702	0.1109649843046835	0.1063158363194029	5.74395513923616E-2	5.3378066731358295E-2	4.4861186050912397E-2	4.013638160614548E-2	3.8737422510340021E-2	3.7473203389458129E-2	3.3484350522734546E-2	2.9489283085343435E-2	2.354471217140134E-2	2.0368932575221682E-2	1.1784450606130394E-2	9.5181334607669782E-3	3.477021032575218E-3	1.3890267359704069E-4	



Electricity share of postcode total	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	0.6232784348965571	0.60630530007763794	0.66891933079633714	0.62812244205935808	0.61991062475996583	0.59793422017362796	0.732720752994515	0.47757825183360841	0.74305929453709618	0.2303418137656566	0.53798990625837506	0.50364890056005485	0.55474878574107322	0.70004699448526941	0.40787748118315992	0.37079803861026006	0.75758848816433977	Gas share of postcode total	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	0.3767215651034429	0.39369469992236206	0.33108066920366286	0.37187755794064192	0.38008937524003417	0.40206577982637204	0.267279247005485	0.52242174816639153	0.25694070546290382	0.76965818623434346	0.46201009374162494	0.49635109943994515	0.44525121425892678	0.29995300551473059	0.59212251881684008	0.62920196138973994	0.24241151183566023	LGA average gas	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	0.4093344654135993	LGA average electricity	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	0.5906655345864007	




Office	Residential	Hospitals/healthcare	Commercial accommodation	Retail	Education	Entertainment/recreation	Manufacturing/light industrial	Community/public use	Transport	Parking	Other	Unoccupied	5099.2524518874079	4607.8128720016048	1688.4380758475477	1366.4554025195066	776.92148470155973	767.80459436671515	599.19137890385184	496.97494274656833	391.49605817186125	187.77929945441247	145.32571367001401	93.210631924000012	51.089229993600007	
Office	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	0.44639420196645863	0.27250591997485057	0.1809391392617197	0.37394225383655388	0.21442823711628353	0.4724863499581034	0.12717922435402534	0.10441740330640435	4.8321770921688344E-2	1.6455647711116297E-4	0.18395449932269067	5.346070639904274E-2	0.20232865387789867	0.3529972473364224	2.7453283455200457E-3	1.10733563994421E-2	0.32922058104865237	Retail	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	7.1369369799701252E-2	5.9394369787404916E-3	6.4552246937964547E-2	1.5803991876052394E-2	4.4770185311165708E-2	5.0006143179794682E-2	4.6823574181779288E-3	3.0579591783921663E-2	0	1.4976863851896007E-3	5.7130678073086791E-2	4.5324142456018022E-3	2.6342160429641437E-2	7.200595330865997E-2	2.0981076395706899E-3	1.4111311398776296E-3	4.7980095456086586E-2	Manufacturing/light industrial	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	5.7078207970075673E-3	2.0742894991263596E-3	0.11850804976153248	2.6462278082401564E-3	7.8827986435614922E-3	1.946080101145764E-2	3.2523109696703206E-3	0.11399830083769563	0	0	7.9700845998958214E-2	4.9753191903566783E-4	6.2719418304171669E-3	0	4.2455358270195894E-4	0	0.33187036172732071	Other	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	3.1368206010875849E-4	1.2426796327143898E-3	3.0121535693297041E-3	4.8218372269387503E-4	4.4235291285202143E-4	3.8031268280681046E-5	1.314594053603642E-2	4.7130317111535969E-4	0	0	6.3808092965471548E-4	4.7609442093070141E-4	1.5239977894863073E-3	2.0175296105755785E-3	9.8155102053029252E-4	0	0.12649744726768192	Transport	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	2.1904288380992595E-4	4.1757993130291191E-4	0.18528598516071612	2.2824245466773088E-3	0	4.2927402210834256E-3	0	9.5635757642777294E-4	5.4054967023492969E-3	0	5.8202679811909168E-4	5.6559743260329242E-4	0	0	0	0	9.101443395789284E-2	Education	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	3.8507015231054979E-2	6.522610554373579E-3	2.2196171334369647E-2	6.9286634942692854E-2	1.8817188309815838E-2	1.2916978864007793E-2	0.77306773056193567	2.1499780462325365E-2	0	1.2343122741112789E-2	2.5354913061993386E-2	0.12667673561354073	0.10592422531909716	0	8.9403958369048325E-2	9.9857506528693657E-2	7.0613065113345128E-2	Hospitals/healthcare	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	4.1526020902193157E-2	0.30085739891116187	1.8036885227892879E-3	3.4792114426140421E-2	2.0020766268345276E-3	3.7397467116093066E-3	0	1.0421556529898681E-2	0	0.97565790984690492	2.6821275412736739E-2	0.42472020488787537	4.0354167061871365E-2	0	0	0.88533422157213404	4.1390025359810701E-4	Entertainment/recreation	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	4.1787947435936453E-2	5.7719317524645895E-2	8.8742384601003723E-3	0.1751940134031254	5.1043863156314068E-2	2.7915027580877601E-2	4.1969026781887069E-2	3.0400122440265579E-2	0	7.3568865414629341E-4	1.9028316662400173E-2	1.216926211555607E-2	3.3688606021057513E-2	0	1.0866590840196944E-2	1.3784467912764001E-3	2.1967383599366306E-3	Community/public use	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	2.0917876483762289E-2	1.7818283344681368E-2	1.5484235822585452E-2	3.0284695817520413E-2	5.8302706647675173E-2	4.5796674732204576E-3	2.6970111355653976E-2	8.9425472498582351E-3	0.94627273237596232	0	1.7721580182203461E-2	2.7225899889206555E-3	3.3413925399280356E-2	0.53478029121727089	1.8048569999000529E-2	0	0	Residential	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	0.19717790829572152	0.23543974708020804	0.35909782475004343	0.2681135155390143	0.4018127380390622	0.32012047907000507	7.1801644445927736E-4	0.67366320069453778	0	0	0.55327219401063055	0.34982824893441411	0.50440383286033197	3.819897852707118E-2	0.87221102764459291	0	0	Commercial accommodation	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	0.12370187653143042	9.481415752514645E-2	1.7010131524386265E-2	1.8722029463065195E-2	0.18276113630812213	6.4464484805180966E-2	0	2.826500358540372E-4	0	0	2.4118463751559051E-2	1.8405774992710403E-2	3.4979898392483395E-2	0	2.0674702590918678E-3	0	0	Parking	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	9.0510088157283401E-3	3.5357686790386542E-3	6.2762904968509847E-4	8.0030400981859848E-3	1.6985978664469534E-2	1.9050041153385749E-2	5.6531331677519975E-3	2.818121740831492E-4	0	9.6010358955351538E-3	3.9683157716387703E-3	5.7845205039024914E-3	6.6468701765465873E-3	0	2.5509479283167551E-4	9.4533756857624715E-4	1.9337681548586502E-4	Unoccupied	3000	3002	3003	3004	3006	3008	3010	3031	3032	3050	3051	3052	3053	3054	3141	3181	3207	3.3262287970869404E-3	1.1128103640094386E-3	2.2608505844778106E-2	4.4687452003770186E-4	7.5073826384378095E-4	9.2950870299336643E-4	3.3621484104020224E-3	4.0853737376121291E-3	0	0	7.708810024328442E-3	1.6031854586585513E-4	4.1217208418879558E-3	0	8.9774750691474093E-4	0	0	



Electricity	
Parking	Unoccupied	Retail	Other	Entertainment/recreation	Community/public use	Manufacturing/light industrial	Education	Transport	Commercial accommodation	Hospitals/healthcare	Office	Residential	1	1	0.76264769288472667	0.75361693687000419	0.7470725995316162	0.7469766092554212	0.74519854051817136	0.7432432432432432	0.74257425742574257	0.66334906555188411	0.61263172178053527	0.5989632919167267	0.51468090439640513	Gas	
Parking	Unoccupied	Retail	Other	Entertainment/recreation	Community/public use	Manufacturing/light industrial	Education	Transport	Commercial accommodation	Hospitals/healthcare	Office	Residential	0	0	0.2373523071152733	0.24638306312999583	0.2529274004683838	0.2530233907445788	0.25480145948182864	0.2567567567567568	0.25742574257425743	0.33665093444811595	0.38736827821946473	0.40103670808327335	0.48531909560359482	



Total rated floor area	29163.17	0	21268.06	11151.130000000001	25369.989999999998	61484.08	142508.57999999999	186081.97100000002	827439.4099999998	1089594.9590000003	1390824.956	1839743.87	195056.511	Electricity	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	627.72194483658666	398.28517377939539	168.8484027222041	159.86784926729396	136.49553744404315	126.95236913360336	103.39860898199953	82.311688863183846	70.779168604019006	62.288414680523481	51.783452661889115	34.779609359426765	22.854098113136043	Gas	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	567.728064884579	535.52947842090725	503.33089195723539	472.38579194643245	441.4406919356295	352.87478482234752	369.27540994373811	284.88591680921087	195.94715770185516	156.44040522768231	106.07706461804385	112.34761962272493	72.45640808165588	Total energy	1195.4500097211658	933.81465220030259	672.17929467943952	632.25364121372638	577.93622937967268	479.82715395595085	472.67401892573764	367.19760567239473	266.72632630587418	218.72881990820579	157.86051727993296	147.12722898215171	95.310506194791927	Star rating


Energy intensity (MJ/m2)


Floor area (m2)




Energy consumption	3008	3000	3006	3004	3207	3002	3010	3053	3052	3003	3031	3051	514.51206893128904	607.1672126225352	682.7515813317907	749.39854910814472	758.32427430774624	813.44622476929317	919.42371847472884	932.71959257443598	940.50345697093883	960.58033022745815	966.14009168663324	1002.6886601300773	Energy consumption	3008	3004	3000	3006	3002	3010	3207	3052	3053	3003	3051	3031	379.17717433735999	512.72736030619785	579.3993756348442	683.62593529583933	913.48614610752031	1328.6958666512774	1234.5060172772526	1899.2000246319506	1608.3687898164887	2187.6781802272108	2331.3843399367588	2045.8888085290105	Postcode average office space area	3008	3000	3006	3004	3207	3002	3010	3053	3052	3003	3031	3051	19255.049967856594	7838.6642644397407	7065.2504502918409	6456.5774956452342	3609.0167782179792	3010.8463096262944	2006.9781792881777	1975.3425184288626	1142.03020827208	810.96485443244865	659.24567988190404	563.12761970267331	Average office floor area	3008	3000	3006	3004	3207	3002	3010	3053	3052	3003	3031	3051	19858.022244430082	7579.7300898549602	6832.2137371545732	8311.7326042158766	2674.8454314728579	3730.3505997202315	3060.4729055945973	1192.6217644836672	2166.2543832963379	848.07807475306242	569.8885440559701	690.31554445823758	
Floor area (m2)


Energy consumption (MJ/m2)




Electricity	
0 - 1,000m2	1,000 - 5,000 m2	5,000 - 10,000 m2	10,000 - 20,000 m2	20,000 - 40,000 m2	40,000 m2 - 60,000	60,000 m2+	214.3735981391149	556.64559212714619	395.3890817566562	439.64724338827563	436.08499785614799	428.40061513366913	615.51565305779422	Gas	
0 - 1,000m2	1,000 - 5,000 m2	5,000 - 10,000 m2	10,000 - 20,000 m2	20,000 - 40,000 m2	40,000 m2 - 60,000	60,000 m2+	111.03428787379963	275.75264257909811	226.52060916342026	303.83096799195886	324.27972040569688	314.48033734906915	457.29710506556427	% of total office floor space	
0 - 1,000m2	1,000 - 5,000 m2	5,000 - 10,000 m2	10,000 - 20,000 m2	20,000 - 40,000 m2	40,000 m2 - 60,000	60,000 m2+	3.891318470088264E-2	0.10439800266508989	8.7356003186195297E-2	0.12363427675668544	0.15759946137026268	0.18675255754662118	0.30134651377426291	Building office floor area


Energy consumption (TJ)





Gas	
Distributor data	Modelled data	543	2467.5739580030868	Electricity	
Distributor data	Modelled data	899	2140.2389139985175	
Energy Use (TJ)



Electricity	
High-rise apartment	Townhouse/terrace	Low-rise apartment	Mid-rise apartment	Student accomodation	Standalone house	Institutional accomodation	1417.9940784236569	176.24080615063136	161.30502718669121	188.3805942857143	92.779308609114196	88.025287317941405	15.513812024767773	Gas	
High-rise apartment	Townhouse/terrace	Low-rise apartment	Mid-rise apartment	Student accomodation	Standalone house	Institutional accomodation	1207.4608377835152	347.45034249430404	291.30992351452898	263.59714285714301	167.5554306399317	162.18300516326551	28.01727555039745	
Energy Use (TJ)





Consumed behind the meter	Exported	75.773901159178905	22.439999520331298	

<	10 kW	10-100 kW	100 kW+	23.26084204092696	58.728797399291615	16.224261239291611	
Generation	
3207	3008	3000	3006	3031	3052	3053	3003	3051	3002	3141	3004	3054	3005	3310001.5697172	3094470	2984094	2940222.0836412003	2915576.5699177179	2755457.1482651997	2579382	2420388.0000000005	2308698	1006524	504940.56929999997	257551.15473000004	204333.98207040003	0	
Residential	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	0	1.8442868254647776E-2	3.6487636919811453E-2	5.3955021984562562E-2	7.1994222823299911E-2	9.0247784979451781E-2	0.11125352373814934	0.12434069975328953	0.14822055051326999	0.17132424626941684	0.19343241466053215	0.210061563456796	Commercial	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	0	7.7184039058721511E-4	6.1747231246972942E-3	1.5562456247419903E-2	3.2740392382115006E-2	4.1320385561199942E-2	4.2038376622211333E-2	4.6112975893450425E-2	5.3669831810594246E-2	5.5213512591768391E-2	6.2994740715478198E-2	7.0856742833551756E-2	Industrial	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	0	1.9093078758949816E-2	3.1026252983293576E-2	2.7446300715990475E-2	2.9832935560859256E-2	4.6539379474940433E-2	5.6085918854415412E-2	5.4892601431981089E-2	5.2505966587112311E-2	5.2505966587112311E-2	5.0119331742243534E-2	5.9665871121718367E-2	Population	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	0	2.0454630407613621E-2	4.2408768653785386E-2	6.4483893201960282E-2	8.7490251122418816E-2	0.11473022673013573	0.13810333566457686	0.15985017200821189	0.18048411494998845	0.19452231809032342	0.18238323873829715	0.19733660393617214	Year





Residential	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	0.7767767901975684	0.77699914618139188	0.77693217203168385	0.78012877285804771	0.78040334724302374	0.78193069040053698	0.78108839416189801	0.77777927563237925	0.77853827150053756	0.7830332261242714	0.79030446044226499	0.78745918643404988	Non-residential	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	0.18093479832852324	0.18064269074895492	0.18107290443878185	0.1850352101333024	0.18694119793717409	0.18479178368472746	0.18159522056218169	0.18079917857448446	0.1787690221304786	0.17910927139396596	0.17924609896926894	0.17846973570975005	




3051	3031	3003	3207	1016.4794444444444	1538.4262499999998	2245.8804545454545	11170.784814814815	
Floor area (m2)




Gas	Electricity	369.8625050603805	2829.7300767699521	
Electricity emissions	
1.07	0.8	0.6	0.4	0.2	2830	2115.6860387065062	1586.7645290298797	1057.8430193532531	528.92150967662656	Gas emissions	
1.07	0.8	0.6	0.4	0.2	370	370	370	370	370	Grid Emission Intensity (kg CO2-e/kWh)


kt CO2-e




Emissions	
3000	3006	3008	3053	3002	3207	3003	3051	3052	3004	3031	3050	3181	3010	3141	3032	3054	1268.0594198548108	367.8037682348052	343.07774066222879	174.44473262007705	174.41197649268565	152.80300837416021	134.655842526714	133.44105869809474	106.89335810072737	79.501240946035011	79.267013386710573	60.588208860959249	48.107927151225354	35.545747057420741	29.090489479291744	13.302530477778655	0.35744144850925336	
Floor area	3000	3006	3008	3053	3002	3207	3003	3051	3052	3004	3031	3050	3181	3010	3141	3032	3054	0.34074206631019849	0.11082488179106667	0.11632730784892503	5.6715123221177728E-2	3.5600031430913871E-2	6.8129485542723633E-2	0.10740480652407011	4.7021023726322067E-2	2.7753409205455212E-2	2.158954407882489E-2	2.8718941620700277E-2	8.0231416394593077E-3	5.0480771425823598E-3	9.699316414816965E-3	1.3192384696005643E-2	3.0917126172126707E-3	1.1874618954496072E-4	Emissions	3000	3006	3008	3053	3002	3207	3003	3051	3052	3004	3031	3050	3181	3010	3141	3032	3054	0.39610127726460631	0.11489015427780379	0.10716653269522938	5.4490964950843351E-2	5.448073298245542E-2	4.7730781254563912E-2	4.2062186030746164E-2	4.1682726347246811E-2	3.3390072272519326E-2	2.4833649425080775E-2	2.4760484213761574E-2	1.8925822040538543E-2	1.5027380493995154E-2	1.1103356507048434E-2	9.0869401374892803E-3	4.1552858096372026E-3	1.116532964346711E-4	



Electricity emissions	3207	3032	3010	3054	3003	3004	3000	3006	3002	3008	3053	3051	3052	3031	3141	3181	3050	0.94359079666786927	0.93931687173630918	0.9361970978102645	0.92588130973522698	0.91535594141518084	0.9004045006198651	0.89853426182773433	0.89722140585642507	0.89181004063100022	0.88839213417472385	0.86960076021410693	0.86173905826234976	0.84450702855918947	0.83030768944842959	0.78664337406839124	0.75928470435749407	0.61566171109875856	Gas emissions	3207	3032	3010	3054	3003	3004	3000	3006	3002	3008	3053	3051	3052	3031	3141	3181	3050	5.6409203332130703E-2	6.0683128263690787E-2	6.3802902189735458E-2	7.4118690264772982E-2	8.4644058584819132E-2	9.9595499380134844E-2	0.10146573817226573	0.10277859414357497	0.10818995936899976	0.11160786582527614	0.13039923978589307	0.13826094173765022	0.15549297144081053	0.16969231055157041	0.21335662593160878	0.24071529564250593	0.38433828890124139	



Emissions	

Office	Residential	Commercial accommodation	Hospitals/healthcare	Retail	Education	Entertainment/recreation	Manufacturing/light industrial	Community/public use	Transport	Parking	Other	Unoccupied	1023.1544502586376	766.70762299229091	291.79269474615336	269.86843898174129	187.26799275951529	179.31242102596738	140.67145077525123	115.20206885511331	91.789811151221699	53.81712164429436	42.917619036692997	23.819458553374954	15.030353591980148	
Electricity emissions	Parking	Unoccupied	Transport	Other	Retail	Entertainment/recreation	Community/public use	Manufacturing/light industrial	Education	Commercial accommodation	Office	Residential	Hospitals/healthcare	1	1	0.99519244636032955	0.99320701305677406	0.94837845106264484	0.94051013944492201	0.94048651902334957	0.94015068849662409	0.93937178007775857	0.91150134233836622	0.8913618159212422	0.82277150116208952	0.80425979252262159	Gas emissions	Parking	Unoccupied	Transport	Other	Retail	Entertainment/recreation	Community/public use	Manufacturing/light industrial	Education	Commercial accommodation	Office	Residential	Hospitals/healthcare	0	0	4.807553639670413E-3	6.7929869432259721E-3	5.1621548937355106E-2	5.9489860555078017E-2	5.9513480976650456E-2	5.9849311503375899E-2	6.0628219922241405E-2	8.8498657661633826E-2	0.10863818407875778	0.17722849883791042	0.19574020747737844	



Outlier manufacturing	
265	Public transport	
362	Unnacounted	
350	TJ




Residential	Office	Unoccupied	Transport	Parking	Education	Commercial accomodation	Entertainment/recreation	Manufacturing/light industrial	Retail	Community/public use	Hospitals/healthcare	Other	0.32778625744594886	0.18998608375449375	0.11684780409513928	8.7438904693044439E-2	5.8169765093118615E-2	4.5658420397366783E-2	3.9895276828985374E-2	3.3220241589140678E-2	3.2099327475354988E-2	2.2978198989477103E-2	2.2793757592168479E-2	2.2190229322643765E-2	9.3573272311789748E-4	
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