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Executive summary

» Understanding the spatial distribution of energy consumption in residential and commercial buildings in
Inner Melbourne will allow identification of appropriate investment, policy instruments and specific
actions to reduce the energy-use and the greenhouse gas (GHG) emissions footprint of the city. This
report presents the energy maps for the Cities of Melbourne, Port Phillip, Stonnington and Yarra for the
baseline year of 2011 and the 5-year forecast increments to 2026, based on simplified business-as-
usual (BAU) and different combinations of retrofit and new-build scenarios.

» The residential and commercial building energy data are determined using a bottom-up building stock
modeling approach based on a hierarchy of building typologies using CSIRO’s AusZEH tool and the US
Department of Energy’s eQUEST tool, respectively.

» The selected baseline year of 2011 was selected to match the recent Australian Census. This was
complemented by the participating council’s property databases (e.g., City of Melbourne’s Census of
Land Use and Employment [CLUE] database and other councils’ rate valuation property databases) and
other related sources. The energy intensity for each residential building typology (288 building
classifications in total) and commercial building typology (90 building classifications in total) in each
Statistical Area Level 1 (SA1) was calculated first using the AusZEH and eQUEST tools, respectively.
Results were then proportioned to all street blocks in the corresponding SA1 area according to the total
floor areas and households for each building type in each block. The residential energy maps show the
energy use for residential only, according to the spatial distribution of each residential building type in
each block. The same was undertaken for commercial energy maps. The total energy consumption map
shows the sum of the energy consumption of all relevant building types (residential and commercial) in
each block.

» The building stock energy simulation results were validated with actual data from CitiPower (for macro-
validation of residential and commercial energy use within its service area) and Melbourne Hospitals
(for selected micro-validation at block/parcel level). In both cases, modelling and simulation results
deviated less than 10% of actual energy data in the baseline year 2011. Considering the highly
heterogeneous building stock and the vastly different details of building age, type, occupancy and use
operating conditions, and the simplifications required for any building stock modelling work, this level
of deviation from actual data is generally considered within an acceptable range.

» We demonstrated the capability and value of a bottom-up building stock methodology to analyse the
spatial and temporal energy use in buildings at various levels that can be used to target specific analysis
objectives. Without further modelling and simulation, the current results, especially the 2011 baseline
set, can be used to identify intensive areas of energy use (“hot spots”) by:

e Location (specific block)

e Building type (up to various sub-classifications within the primary residential and commercial
building types; total of 288 residential and 90 commercial building types)

¢ End-use category (e.g. HVAC system, lighting, hot water system, plug-in appliances and equipment,
etc).

> Future scenarios capability is demonstrated by mapping the energy use forecasts on 5-year increments
to 2026. The BAU growth forecasts for Melbourne are based on projected block-level development
plans supplied by the City of Melbourne. The BAU forecasts for Port Phillip, Stonnington and Yarra are,
however, based on highly simplified assumptions that did not consider planned or preferred growth
areas, energy efficiency improvements and in what specific locations. The implications of these are that:

(a) The change in energy demand values and spatial distribution did not change significantly because
the growth was spread to every block that has properties;
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(b) If there was no initial development in a block in the base year, there would be no future
development growth in later years; and

(c) Spatial energy mapping for the BAU case is meaningful only for the City of Melbourne; it is not
meaningful for Port Phillip, Stonnington and Yarra, and thus, excluded. Only aggregate energy
consumption for the latter three councils is plotted to 2026.

This means that the three other Councils still need to develop more realistic BAU settings, as the basis
for a revised BAU scenario and spatial mapping of energy use. This may include land use, development
and re-zoning plans, among others.

» Future retrofit and new-build scenarios to 2026 considered minor, moderate and major levels of grid-
energy reduction for both the residential and commercial buildings. The reductions can be gained by
improved energy efficiency (including change of end-use behaviours) and/or installation of on-site
renewable energy system such as PV panels. Two voluntary uptake and improved regulatory
requirement scenarios (A and B) are considered in 2016, 2021 and 2026.

As in the BAU cases, spatial energy mapping for the retrofit and new-build scenarios is meaningful only
for the City of Melbourne; it is not meaningful for Port Phillip, Stonnington and Yarra, and thus,
excluded. Only the aggregate energy consumption values of future retrofit and new-build scenarios to
2026 for the latter three councils are plotted.

> To aid the viewing of all the scenarios considered, a web-based IMAP energy map viewer is provided
separately. Conversely, this report provides the background details and explanations of the data shown
in the web-based viewer.

» The full capability and value of the methodology would require additional (or separate) effort but can
be further demonstrated in:

e GHG emissions mapping and analysis — with the same capability as with the energy results in the
present study

e Peak energy demand analysis — to understand and identify detailed energy demand patterns
annually or by season (macro-level), and daily or by time of day (micro-level).

e Feasibility studies of distributed renewable energy options (what, how and where — including
specific and context-based assessment of the economics and effectiveness of different GHG
abatement options)

* Planning and/or assessment of policy and other intervention schemes alone or in cooperation with
other stakeholders (e.g. federal, state and local governments; utility companies; service companies;
and clients/customers/public).

> To maximise the value and applications of energy-relevant data sets, their collection and management
need to be made compatible with other protocols and platforms across jurisdictions and database
systems. In the near term, it would be ideal to:

e Harmonise the differences of terms and interpretations of building classification among Councils
and ABS datasets. Modelling will be better served if these differences can be ironed out in the years
to come.

e Establish a database of building energy certificates and disclosure information.

e Obtain detailed and higher resolution data about energy consumption patterns, including plug-in
appliances and equipment, fuel types and mix (if any), time/hours of operation, etc., for some
residential and commercial building types to help in optimising energy efficiency and GHG emission
reduction options.
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1 Introduction

1.1  Background

The Inner Melbourne Action Plan (IMAP) is a collaborative partnership between the Cities of Melbourne,
Port Phillip, Stonnington, Yarra and Maribyrnong (IMAP 2013). Analysis in this project has only been
conducted for the four foundation IMAP Councils: Melbourne, Port Phillip, Stonnington and Yarra. IMAP
aims to ‘make Melbourne more liveable' within the next five to ten years by implementing a series of
strategies and actions. It guides a collective and consistent approach to the future growth and development
of inner Melbourne.

IMAP has developed eleven strategies to achieve this goal. Under Strategy 9 (Sustainability Improves the
Environmental Performance of the Inner Melbourne Region), there is a Green Demonstration Project
entitled “Distributed Energy Project” that aims to identify opportunities for matching the local energy
demand and supply, including the distributed power generation. Results are intended to inform property
owners, developers and energy companies where the electricity demand is consumed most and what
appropriate technology could be used to pursue energy efficiency and distributed generation projects to
take advantage of network constraints and opportunities, and also to reduce the associated greenhouse
gas (GHG) emissions. A potential development will be incorporating distributed generation (DG)
technologies (e.g. solar power, wind power and co- and tri-generation) into the current centralised power
supply. Locally generated power may offset the cost of power transmission. The challenge is to analyse
spatially distributed information of energy consumption and identify hot spots for potential DG deployment
or other non-network solutions. For this, the Councils need a spatially distributed energy model for the
analysis of energy efficient mixes of supply and demand of energy sources.

1.2  Purpose

To achieve the above, the present study seeks to:

a) Understand and map the current distribution and type of end-use energy consumption in
residential and commercial buildings within the four Councils in the IMAP region that were studied
(‘the study area’). An important first step, this will be established as the 2011 baseline case.

b) Investigate the changes in end-use energy consumption and their spatial distribution considering
different future scenario settings on 5-year increments to 2026. The scenarios include:

e Business-as-usual (BAU), based on population growth, development plans (when available),
business and other trend projections; and

e Retrofit and new-build scenarios, based on different levels of grid-energy reduction for both
the residential and commercial buildings, and voluntary uptake or adoption by consumers.

Spatial mapping will be at the street block level across the study area.

A glossary of common terms and abbreviations are given in Appendix A.

1.3  Scope and limitations
The modelling and analysis does not cover the industrial sector, which is heterogeneous and only accounts

for about 4% of the total load (according to the data from CitiPower, the key electricity provider in the
IMAP study area) and is not amenable to the typology style modelling approach used herein.
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The BAU scenarios to 2026 are based on general trends (using easily accessible information or datasets)
and various simplifications although the models used can take into account more realistic input datasets for
a range of scenarios. With the detailed anticipated development plan to 2026 supplied by the City of
Melbourne, we have been able to present the spatial distribution of estimated changes in energy
consumption within the council at block-level. When the future development information and data are
partial or incomplete, we are unable to distribute local energy demand. In such a circumstance — as it was
for Port Phillip, Yarra and Stonnington in this report — energy demand trends for these three councils were
conducted per council geographic aggregate only.

Since the same constraints as above apply when evaluating the impacts of various retrofit and new-build
case scenarios, the resulting energy demand was spatially mapped for the City of Melbourne only. The
changes in energy consumption for all the retrofit and new-build scenarios for Port Phillip, Yarra and
Stonnington were conducted per council geographic aggregate only.

The energy map representation at the block level is constrained by the quality and accuracy of the supplied
GIS layer representing blocks (especially capturing the boundaries of nature reserves, water bodies and
other non-building related areas).

Furthermore, in choosing energy mapping at block-level in order to protect individual building privacy
parcel data, various local factors and details including the irregularity in shape and size of a cadastral parcel
makes it difficult to find a common geographic boundary to derive an aggregate representation for an area
as large as IMAP or each individual council. This challenging problem has not been overcome in the present
study. The practical implication is that when one tries to identify high energy intensity users, one that is
actually sitting on a small block (or area) will be appear to be a lower intensity user compared to a large
block (or area) with many small intensity users. Setting aside privacy concerns, for scientific data analysis
and modelling, the most ideal representation would be at the parcel level.

This analysis and report does not include any intervention options or optimal cost mixed options. We have
not considered herein peak energy demand modelling and analysis, and impacts of changing energy supply
system and mix. Later stages of the study can take these into account, for example, also considering the
economics of implementing various technologies and options such as installing localised DG power systems
compared to purchasing grid-delivered electricity.
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2 Method

2.1 Overview of methodologies

In order to identify and assess the feasibility and desirability of specific decision and/or investment options
to reduce the energy consumption and the associated GHG emissions in the building sector, the end-use
energy estimation methodology needs to:

* Be more specific, i.e. based on current status and context (e.g. age or condition and type of
building), and quantitative than general energy efficiency measures such as
“residential/commercial new builds”, “residential/commercial appliances”, “commercial retrofit
HVAC”, etc.

e Account for the spatial distribution of energy consumption (what, by whom, where, etc).

In other words, the analysis needs to go deeper and more detailed than what has been commonly assumed
or undertaken to date (e.g. Petchey 2010, Climateworks Australia 2010).

Building stock energy use modelling approaches have been reviewed extensively and critically by Swan and
Ugursal (2009), Kavgic et al. (2010), Higgins et al. (2011), Foliente and Seo (2012), Ren et al. (2012) and
Boulaire et al. (2013). These can be generally classified as either top-down or bottom-up approaches.

The top-down modelling approach works at an aggregated level, typically national, and is primarily focused
on broad econometric or technological impacts. But these are neither designed nor useful for investigating
the impacts and effectiveness of a specific action or policy. The bottom-up modelling approach works at a
disaggregated level, providing flexibility and the powerful capability to investigate the impact of a specific
action, measure or intervention at various levels of aggregation (i.e. building stock at the city, regional or
state level). However, this approach is highly dependent on the availability, reliability and quality of data at
the starting point of analysis (or level of disaggregation) and the nature and capability of the model used at
the lowest level of analysis. The modelling technique may be based on building physics, statistical models
or a hybrid of the two (Kavgic et al., 2010).

Using a statistical approach — and given highly granular and comprehensive energy consumption and
building stock data sets — Howard et al. (2012) mapped end-use energy intensity (KWh/m? floor area) for
space heating, domestic hot water, electricity for space cooling and electricity for non-space cooling
applications for each tax lot in New York City. However, their model assumed that such end use is primarily
dependent on building function (e.g. residential, educational or office) and not on construction type or the
age of the building.

CSIRO’s structured cross-typology approach is a novel contribution to bottom-up modelling approaches
because it enables different stakeholders (e.g. policy makers, property portfolio owners, utility companies
and building tenants) to assess the impacts of their specific actions or decisions, considering a range of
typologies of buildings (by type, age and function), appliances, lighting system, heating and cooling systems,
and occupancy patterns. This is achieved using physics-based building energy simulation models for
residential and commercial buildings (Foliente and Seo 2012, Ren et al. 2012 and Grozev et al. 2013).
Residential and commercial end-use energy intensities are then mapped for each block within the study
area.

2.2  Datasets and mapping

The modelling, presentation and analysis of energy consumption can be done at various spatial levels of
detail, depending on data availability and objectives of the stakeholder. As our modelling data were largely
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from 2011 Census data, which were aggregated to the Statistical Area Level 1 (SA1) (ABS 2011), we
modelled energy consumption at the SA1 level.

Figure 1 gives the relative sizes of spatial levels of SA1, block and cadastre (land parcel).

SAl area

.~ Land parcel area

o Block area

A7

Figure 1: Spatial levels of detail in the context of the study area (Cities of Melbourne, Port Phillip, Stonnington and
Yarra)

The Councils carry out a property census for the purpose of rate evaluation once every two years. Their
data are collected at the cadastral level, which relates data to the boundary of the associated land parcel.
In order to preserve privacy and commercially sensitive information we selected the street block level for
the spatial presentation of energy end-use consumption. Each council provided the GIS layer representing
blocks within its boundary.

For the present study, we obtained input data from the following datasets:

e Census data for the study area at the SA1 level
e CLUE dataset for the City of Melbourne, and
e Valuer-General’s property evaluation dataset for the cities of Port Phillip, Stonnington and Yarra.

Our main input data for residential modelling came from Australian Bureau of Statistics (ABS) Census of
Population and Housing. The Australian Census has been held at five-year intervals since 1961. The 2011
Census was the most recent census. These data were extracted at SA1 level using the ABS TableBuilder tool
(ABS 2011b). TableBuilder provides flexibility in selecting and combining any variables contained in the
Census output record file and does not limit data selection to predefined table structures.

Our main input data for commercial property modelling came from the CLUE dataset or council’s property
valuation dataset. These data are surveyed and assessed once every two years by each council.

In addition to data that characterize the building, the City of Melbourne’s CLUE database also recorded the
following for every property in the census area within its jurisdiction:
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Cadastral ID for the building that the property is located in
Construction/refurbishment date of the building (from which the age is derived)
Floor number

P wnNPR

Australian and New Zealand Standard Industrial Classification (ANZSIC) of the main type of business

in the property

5. Space (in square metres) used by key building type (retail, wholesale, manufacturing, transport,
storage, education, hospital, entertainment, sport & recreation, residential, parking, common area,
unoccupied, performance, etc.)

6. Total number of employees and related employment status.

From the CLUE dataset, we can estimate, for each commercial building, the floor space for various building
types. For each building type, we can then simulate the energy consumption intensity (MWh per m?).

Finally, we note below the following limitations when mapping Census Data to the parcel level:

e There were inconsistencies in the accuracy of census data vs Council datasets

e The building structure classification differs between those used in the census and those use by the
Councils

e There was a mismatch between council property and parcel layer (i.e., property record contains no
parcel information), and

e Rates extraction was from 2012-2013 yet census data is from 2011.

2.3  Energy consumption modelling

2.3.1 GENERAL

The CSIRO’s cross-typology bottom-up approach was used for both residential and commercial buildings’
energy use calculations. The building stock energy modelling process is similar but since different factors
and operating conditions determine the energy consumption in residential and commercial buildings,
different building modeling tools were used for each building typology under each type of building.

The residential building typologies were modeled using AusZEH (Ren et al. 2011; 2013), which uses the
same computational engine for the residential building thermal performance modeling software known as
AccuRate (Delsante 2004; 2005).

The commercial building typologies were modeled using eQUEST (eQUEST 2013) following the method
outlined in Foliente and Seo (2012).

2.3.2 RESIDENTIAL BUILDINGS

Figure 2 shows the residential building stock energy modelling process. As noted earlier, the primary
geospatial boundary selected for analysis is the SA1 level to match the census data set. The following
classification attributes, defined mostly by the census definitions®, were used:

e Dwelling structure (high rise, detached, semi-detached, low rise) (classification from Structure of
Residential Dwellings (ABS 2011b); count data from ABS census 2011)

* Dwelling age (pre 1991, 1992-2006, 2007-2011) (Building age counts from CLUE or Property
Valuation databases?)

! The only two exceptions are: property age data (taken from council property data) and electricity/gas dominance ratio (Ren et al. 2011)).
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e Occupancy type (couple with no child, couple with child, single parent with child, other)
(classification from Family Household Composition (ABS 2011b); count data from ABS census data
2011)

e Operation hours (half day, all day, evening) (from Labour Force LFSP (ABS 2011))
e Electricity/gas supply ratio (70%:30%) (from Ren et al. 2011)

The classification resulted in a table of classified residential building stock at SA1 level (

Table 1).

Table 1: Examples of residential building stock types in an SA1

SAl Dwelling Dwelling age (CLUE database) Occupancy, Dwelling

Structure etc. number in

Pre 1991 1992 -2006 2007 -2011 2011 Census

Dwelling type 1 Detached 0.265957 0.56383 0.170213 Etc. 38

Dwelling type 2  Semi- 0.265957 0.56383 0.170213 46
detached

Dwelling type 3 Low 0.085223 0.827863 0.086914 0

Dwelling type 4 High 0.085223 0.827863 0.086914 29

% CLUE database was used in the modelling for City of Melbourne, whereas Property Valuation databases were used in the modeling for other three
IMAP councils that were studied.
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Figure 2: Residential building stock energy consumption modelling process

For each SA1 area, there are 4 (dwelling structure) x 3 (dwelling age) x 4 (occupancy types) x 3 (operation
hours) x 2 (electricity/gas ratios) = 288 property stock types (see Appendix B for complete details).

Figure 3 shows the simulation process for each building type in SA1. Then, we aggregated the total energy
to the corresponding SA1 area proportionally by total property number or by total floor space for each
building type in that area (Equation 1):

Total energy consumption in SA1 = (1)

Pro rata factor for building type in SA1 X Energy intensity for building type in SA1

Building types in SA1

Aggregated simulation results were validated against the electricity consumption data in SA1 areas serviced
by CitiPower, the main electricity distribution network service provider in the IMAP area (see Section 3.2.1
for details).

Although not undertaken in this study, GHG emissions due to energy use can be estimated using a
conversion factor for consumed electricity and the proportion of gas in the residential sector.
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Building type in SA1 Energy consumption in SA1

Energy consumption for Type 1

Typel Energy

Type 2 . Energy consumption for Type 2
P .| consumption &y P! P

Type 3 . lati Energy consumption for Type 3

Type 4 simulation Energy consumption for Type 4

Type n Energy consumption for Type n

Figure 3: Energy consumption simulation by building type and SA1 area

2.3.3 COMMERCIAL BUILDINGS

For each SA1 area, the selected office building prototypes follow the low-rise (LR), medium-rise (MR) and
high-rise (HR) classifications of Cordell Costing Solutions (2003). For streamlined modeling, the structural
frame — whether concrete or steel —is assumed not to affect energy performance, and 2-storey, 6-storey
and 20-storey building models are assumed sufficient to proxy LR, MR and HR buildings, respectively. Thus,
the baseline specifications of the office building prototypes are shown in
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Table 2. Details for each commercial type, such as floor area and activity profiles for occupancy, lighting,
power, equipment and HVAC systems are shown In Table 3.

A summary of the Councils’ commercial property stock for the purpose of building stock modeling is as
follows:

e Building structure (3 types: LR, MR and HR) (classification from Cordell Costing Solutions (2003);
count data from CLUE or from CLUE or Property valuation databases)
0 LR: concrete construction with 1-3 storeys
0 MR: concrete construction with 4-7 storeys and lifts
0 HR: concrete construction with more than 8 storeys and lifts
e Business type (structure and count data from CLUE or Property valuation databases):
0 Commercial accommodation

0 Community use

0 Educational/research

0 Entertainment/recreation-indoor
0 Hospital/clinic

0 Office

0 Retail

0 Storage

0 Wholesale

(0}

Workshop/studio
e Age of building: Ideally a different set of prototypes would be defined for each size of building,

stratified by age of building shell and age of HVAC (the latter is significant due to improvements in
efficiency of HVAC). For the building age, Geoscience Australia (2010) classified two types: Pre and
post 1980. This study extends this into three classifications:

0 Pre 1980,

0 Post 1980 and

0 Lessthan 5 years.

The first two cases are based on the Geoscience Australia data and new construction is allocated in
the ‘Less than 5 years’ category.

Thus, for each SA1 area, there are 3 (building structure) x 10 (business type) x 3 (building age) = 90 property
stock types (see Appendix B for complete details).

Climatic differences affect HVAC loads applied to the various prototypes. This study considered only one
single climate zone in the IMAP region. In addition, different fuel mix types in the commercial building stock
are not considered in the present study; energy estimates have been assumed to be supplied by electricity
only (for simplicity and to limit the total number of commercial building typologies).

The specific procedure follows the concept shown as Steps 2, 3 and 4 in Figure 4. Each prototype building is
modelled using eQUEST 3.64 for each SA1 (this tool runs DOE-2.2 as its simulation engine and performs an
hourly simulation of a building for a year (Zhu, 2006)). That is, for each prototype t in a given SA1 s, the
model parameters are established for an average building of type p in SA1 s; the building model is then run;
and the results from this run (energy usage and GHG) are scaled up by a factor of A/a, where A is the total
floor space of buildings of type p in's, and a is the average floor space of each such building.

The individual building’s energy performance is expressed in terms of energy intensity, and the associated
GHG emissions are expressed in terms of carbon intensity.
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Table 2: Specification of commercial building prototypes by size

Building type

Total floor area (m2) Depending on the commercial type

Wall Brick 150mmHW Metal framed glass

Glazing 20% single colour Double glazing
tinted

HVAC system DX VAV with reheat (Chilled
water)

Temp. Heating 22

Table 3: Floor area activity profiles for occupancy, lighting, equipment, HVAC system

Commercial types Floor area (m2) Occupancy, lighting, power, HVAC profiles etc

Community use 930 for all types (low, medium and Assumed to be similar to low rise building
high rise) energy profile.

Benchmarked ABCB’s energy profile of class 9b
(Theatre) by ABCB*

Entertainment/recreation 6,050 for all types

Office 2,450 for low Benchmarked ABCB’s energy profile of class 5

i ABCB*
9,600 for medium (Office) by ABC

32,000 for high

Storage 18,580 for all types Benchmarked ABCB'’s energy profile of class 7
(Warehouse) by ABCB*

Workshop/studio 2,000 for all types Benchmarked ABCB’s energy profile of class 8
(Workshop) by ABCB*

*ABCB (2002) Activity Profiles for Class 1, 2,3,5,6,7,8,9a ,9b building energy use, ABCB

**Green Star (2010) Green Star Education v1: Energy calculator guide, Green Building Council Australia.
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Figure 4: Commercial building stock energy consumption and GHG emissions modelling process (from Foliente &
Seo 2012)

2.3.4 GROWTH FORECAST FOR BUSINESS-AS-USUAL SCENARIO TO 2026

The BAU forecasts for the City of Port Phillip, Stonnington and Yarra are based on general property growth
projections as described below. Because of incomplete information, we did not consider planned or
preferred growth areas, energy efficiency improvements and in what specific locations.

For residential property growth, we used the population and household number projections taken for each
Council area from the website http://forecast.id.com.au. These data are used to calculate the percentage
increases over the study snapshot years (2016, 2021, 2026). These percentages are then applied to the
detailed population and household numbers taken from ABS for 2011 to produce projections for each SA1
within the Council areas.

For commercial property growth, we used the following assumptions:

e The Australian Construction Industry Forum (ACIF 2013) forecasting data is used, which considered
future population, economic (wage, GDP) and social (unemployment, etc) at a macroeconomic
level

e Current market value of each commercial type (Rawlinsons 2013) to convert future commercial
building stock into building floor area

e Refurbishment or retrofit of existing building stock is not considered

* Assumed 1% of existing commercial building demolished every year.

The BAU growth forecasts for the City Melbourne are based on projected block-level development plans to

2026 supplied by the council. Data and assumptions from the sources cited above are used only as needed
to fill-in or verify specific information from the council’s projected development plans.
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2.3.5 MAPPING OF RESULTS

From the SA1 area results, which were validated with CitiPower energy consumption data where relevant
(see Section 3.2.1), we then distributed the end-use energy to each block as expressed in Equation (2). This
is very similar to Equation (1), except that in Equation (2), we summed up the energy of building types in
any block, rather than in any SA1 area, based on the distribution of floor area for each building type in the
whole block:

Total energy consumption in a block = (2)

Floor area for a building type in the block X Energy intensity (per m2) for the building type
Building types in the block

Results were then mapped based on a GIS block layer, which we simply derived by performing GIS
intersection of all paved roads within the study area. As noted earlier, this approach missed some of the
important boundaries such as those for nature reserves, water bodies and other non-building related areas.
A more accurate GIS block layer is needed. (See Section 2.2 for other mapping notes).

12 | IMAP Energy Maps 2011-2026 — Final Report



3 Baseline energy and BAU forecast scenarios

3.1 Introduction

In this Section we present the baseline energy consumption for the residential and commercial sectors in
the four IMAP councils that were studied. The baseline year of 2011 matches the most recent ABS Census
data set, supplemented with local Council data sets, and validated with electricity consumption data from
CitiPower.

The 15-year BAU forecasts to 2026 from the 2011 baseline energy results are based on either: (a) council-
wide development plans to 2026, or (b) highly simplified projections of building population growth, as
described in Section 2.3.4. The City of Melbourne’s BAU forecasts are based on the former, while those for
the Cities of Port Phillip, Stonnington and Yarra are based on the latter.

The main mapping results presented herein are:

e the four IMAP councils’ 2011 baseline energy consumption values and distribution
e the City of Melbourne’s projected development plans and BAU forecasts of energy consumption to
2016, 2021 and 2026.

Spatial energy mapping for the BAU case is meaningful only for the City of Melbourne; it is not meaningful
for Port Phillip, Stonnington and Yarra because we did not have their council-wide development plans to
2026, and thus, excluded. Only aggregate energy consumption values for the latter three councils are
plotted to 2026. Supplementary maps are given in Appendix C.

3.2 Baseline energy consumption 2011

3.2.1 VALIDATION

The electricity supply in the study area is provided by a number of distribution network service providers,
but the primary supplier is CitiPower (Figure 5).

We developed a method for validating modelled energy demand against the electricity supply data in
matching locations, as provided by CitiPower. This included a map outlining the boundaries relating to the
geographical coverage of each zone substation (see Figure 6) and a corresponding database detailing half-
hourly energy consumption for a given year.

The total electricity supplied by Citipower into the areas identified in Figures 5 and 6 in 2011 was 4,524
GWh via 21 zone substations (note that this does not constitute the whole study area). However, a
breakdown of energy consumed by commercial, residential and industrial customers on a per substation
level is not available. However, CitiPower indicated that about 4% of the total usage in its service territory is
for industrial consumption. This leaves a total of 4,343 GWh for commercial and residential customers.
Compared to the sum of simulated energy consumption (3,912 GWh as shown in Table 3), the modelling
results under-estimated CitiPower’s actual data by 9.93% (calculated as: [model — actual]/[actual] x 100%).
Generally, a deviation of +/- 10% is considered very satisfactory for studies of this kind.
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Figure 5: Electricity distributors of IMAP councils (Courtesy of City of Melbourne)
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Figure 6: CitiPower zone sub-station approximate geographical coverage area (Courtesy CitiPower)
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Table 4: Modelled electricity consumption Data in CitiPower’s electricity supply area within the study area

Modeled CitiPower supplied  Error % of
electricity (actual) (GWh) modeled
consumption consumption
(GWh) against actual

Commercial building energy demand (modelled) in 3,579

CitiPower supply area

Residential building electricity demand (modelled) 333

in CitiPower supply area

Total 3,912 4,343 -9.93%

It should be noted that the notion of geographical boundaries representing the coverage of zone
substations was only an approximation. Any zone substation could be feeding to an adjacent area
dependent on the increase in load over time (e.g., cross-feeders). The best example is the ‘DLF’ zone
substation in Fishermans Bend. This zone substation also supplies electricity to Federation Square and
Crown Casino, among others. In these instances, it is difficult to determine the extent of cross-feeding and
apportion the load to a particular zone substation. Accordingly, it was not possible to accurately assess the
accuracy of the modeled electricity consumption against the electricity supply data provided at a zone
substation level.

In order to gain confidence over the finer scale of the modelling, a limited parcel level validation was
undertaken using actual electricity and natural gas consumption data in the baseline year 2011 at the Royal
Woman'’s Hospital, the Royal Melbourne Hospital and the Royal Children’s Hospital (collectively called
herein the “Melbourne Hospitals”). These hospitals have some of the highest intensity energy consumption
within the City of Melbourne. Together, their total energy consumption in 2011 was 138,056 MWh.

Figure 7 shows the location and energy modelling results for these three hospitals. The simulation
modelling results shown have been calculated based on the energy intensity data for the hospital typology
in Table 2 from modelling (Section 2.3.3); thus, in this case, the differences in the three hospitals’ modelled
results are based only on different floor areas. The sum of 124,361 MWh for the three hospitals is
compared to the combined actual 2011 consumption of 138,056 MWh sourced from the appropriate
authority.

In this micro-validation case, the modelling results for the three hospitals under-estimated the actual data
by 9.9% (calculated as: [model — actuall/[actual] x 100%). Considering the general modelling approach
described earlier in Section 2.3.3, this deviation at the building/parcel level may be considered very good.
Even if these results came from very detailed building energy modelling of these hospitals, which can be
undertaken selectively for any “hot spot” area or location in the study area, this level of deviation from
actual data can be considered acceptable. But specific or individual building energy modelling requires
more detailed input data and more effort in constructing specific building models and usage scenarios.
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Children:

Figure 7: Micro-validation of building energy consumption in three hospitals in the City of Melbourne: modelling
results total for the three hospitals is 124, 361 MWh while actual energy consumed in 2011 is 138,056 MWh

3.2.2 ENERGY CONSUMPTION RANGE AND DISTRIBUTION

To facilitate comparison across maps for different years and energy uses, the total energy consumption for
a block is presented following the same or consistent concept of visualising energy demand changes over
the lower and higher bands of a percentile-based classification (also known as the tails of a frequency
distribution). This is illustrated in Figure 8, with a higher resolution 5-percentile increment at the highest
and the lowest bands of the full range of energy consumption values (i.e. the lower and the upper 30"
percentile) and a 10-percentile increment in the middle band, around the median (which is the 50"
percentile).

Here's a description behind each map’s classification:

¢ The City of Melbourne’s total energy demand, retrofit and new-build options and commercial
classifications are based on applying the percentiles presented on the right column in Fig. 8 over
the Council’s 2011 Baseline Energy Demand total (the values on the left being the resulting range).

¢ The City of Melbourne’s residential energy demand is based on applying the percentile ranges on
the right column of Fig. 8 over the Council’s 2011 residential energy demand (thus, resulting on
different ranges of energy consumption bands on the left).

¢ The total IMAP residential, commercial and combined energy demand classification are based on
applying the percentiles presented in Fig. 8 over the IMAP areas’ 2011 baseline total estimates
(thus, also resulting on different ranges of energy consumption bands on the left).

There are alternative ways of visualising the spatial distribution of energy consumption of baseline and
different future scenario cases. The final choice will depend on the primary questions that need to be
addressed. To serve different purposes, the main sets of data resulting from building stock modelling may
need further processing before any GIS mapping.
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Figure 8: Example of an energy consumption band classification for spatial energy use mapping at block level, based
on percentiles (right column) with a higher resolution at the tails of the distribution (i.e. 5-percentile increments at
the highest and the lowest bands)

3.2.3 BASELINE ENERGY MAPS (2011)

In this section, we present the 2011 baseline energy maps for all the studied Councils: Residential (Figure 9),
Commercial (Figure 10) and Total (Residential and Commercial) (Figure 11 and Figure 12).

The comparative totals and proportions of residential vs. commercial are shown in Figure 12.

Separate Council maps of 2011 baseline energy consumption are presented in Appendix C.
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Figure 9: Residential energy consumption by block in the baseline year 2011
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Figure 10: Commercial energy consumption by block in the baseline year 2011
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Figure 11: Total (Residential + Commercial) energy consumption by block in the baseline year 2011
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Figure 12: Total (Residential + Commercial) energy consumption by council in the baseline year 2011

3.2.4 ILLUSTRATIVE ANALYSIS OF RESULTS

The current results, especially the 2011 baseline set, can be used to identify hotspots for energy use by:

* Location
e Building type
e End-use category
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For example, the 2011 baseline energy use distribution by end-use categories for commercial buildings can
be mapped as shown in Figure 13. Modelling and simulation results using our approach and the eQUEST
tool already provide these data sets at SA1 level and so they are mapped in Figure 13 at block level using
the same approach as in the previous sub-sections. Individual Councils can then undertake more detailed
geographic information analysis energy end-use categories for specific building types (Appendix B).

For another example, the 2011 baseline energy daily usage profiles for residential buildings are plotted as
shown in Figure 14 for each Council. This is possible because the AusZEH tool’s analysis output is available
at set intervals (i.e. hourly). Detailed analysis of these patterns is not part of the present study.

These two examples demonstrate new ways of analysing the spatial and temporal energy use at various
levels to meet specific objectives.

Commercial Buildings 2011 Baseline Energy Total Lift and Others

Megawatt Hours
0

-8

I s2- 187

[ 188 -344

345 - 535

536 - 848

849 - 1408
[ 1409 - 2637
I 2638 - 7166
I 7167 - 148183

Figure 13: Total commercial building energy consumption in the IMAP area by end-use category in 2011
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Figure 14: Residential building energy 24-hour consumption profile by Council in 2011

3.3 BAU forecast scenario to 2026

The following tables, figures and charts present the 15-year BAU forecasts to 2026 from the 2011 baseline
energy results based on council-wide development plans to 2026 for the City of Melbourne, as shown in
Figure 15, and on simplified and evenly distributed projections of building population growth, as described
in Section 2.3.4, for the Cities of Port Phillip, Stonnington and Yarra. This means that spatial energy
mapping for the BAU case is meaningful only for the City of Melbourne.

The BAU approach with the three other Councils, in the absence of council-wide development plans to
2026, means that the change in energy demand values and spatial distribution would not change
significantly because the growth is spread to every block that has properties. And If there was no initial
development in a block in the base year, there would be no future development growth in later years. Thus,
spatial mapping of energy consumption is not meaningful. Only aggregate energy consumption values are
plotted and compared to 2026 for the other three councils.

In all cases, the BAU forecasts did not include potential energy efficiency improvements; these are explicitly
considered in the retrofit and new-build forecasts (Section 4).
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Figure 15: Projected development areas in the City of Melbourne in 2016 (top right), 2021 (bottom left) and 2026
(bottom right)

3.3.1 RESIDENTIAL BUILDINGS

Considering the BAU case for the City of Melbourne, the starting point is the 2011 baseline residential
energy demand shown in Figure 16 (and extracted from Figure 9, noting the change in the energy
consumption band values between the two figures because the of the percentile-based classification as
discussed in Section 3.2.2).
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Figure 16: Spatial distribution of 2011 baseline residential energy consumption by block in the City of Melbourne

On the basis of the projected development plans in Figure 15, and with further details and consideration of
likely dwelling types and residential household trends in these development areas, we calculated the BAU
forecasts to 2026, as shown in Figure 17. Note that Figures 16 and 17 have the same energy band
classification (and colour) schemes; thus, with this series of maps the evolution of residential energy
consumption in the City of Melbourne from 2011 to 2026 can be easily gleaned.

Then Table 5 and Figure 18 how the BAU residential forecasts in the combined study area (all four Councils)
to 2026. The bar charts are further broken down to reveal the relative distribution of growth by dwelling

type.

Table 5: Residential energy consumption by Council in years 2011, 2016, 2021 and 2026

Residential energy consumption (GWh) Growth rate base year 2011=100%

2011 2016 2021 2026 2011 2016 2021 2026
Melbourne 194.8 3114 391.0 511.4 100.00% 160% 201% 262%
Port Phillip 225.0 239.9 253.5 265.2 100.00% 107% 113% 118%
Stonnington 209.8 239.8 251.5 264.0 100.00% 114% 120% 126%
Yarra 163.6 189.3 207.7 224.8 100.00% 116% 127% 137%
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Figure 17: Projected BAU residential energy consumption by block in the years 2016, 2021 and 2026 in the City of
Melbourne
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Figure 18: Residential energy consumption forecast based on the BAU case by dwelling type in each Council to 2026
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3.3.2 COMMERCIAL BUILDINGS

In a similar fashion, the starting point for the BAU commercial energy demand forecast is the 2011 baseline
commercial energy demand shown in Figure 19 (and extracted from Figure 10, noting the change in the
energy consumption band values between the two figures because of the percentile-based classification as
discussed in Section 3.2.2).
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MwWh

o
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| — KM

Figure 19: Spatial distribution of 2011 baseline commercial energy consumption by block in the City of Melbourne

On the basis of the projected development plans in Figure 15, and with further details and consideration of
likely commercial building types and related trends in these development areas, we calculated the BAU
forecasts to 2026, as shown in Figure 20. Note that Figures 19 and 20 have the same energy band
classification (and colour) schemes; thus, with this series of maps the evolution of commercial energy
consumption from 2011 to 2026 in the City of Melbourne can be easily gleaned.

Then Table 6 and Figure 21 show the BAU commercial forecasts in the combined study area (all four
Councils) to 2026. The bar charts are further broken down to reveal the relative distribution of growth by
commercial building type in each Council.
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Figure 20: Projected BAU commercial energy consumption by block in the years 2016, 2021 and 2026 in the City of
Melbourne
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Table 6: Commercial energy consumption by Council in years 2011, 2016, 2021 and 2026

Commercial energy consumption (GWh) Growth rate 2011/12=100%

2011/12 2015/16 2020/21 2025/26 2011/12 2015/16 2020/21 2025/26
Melbourne 3047.5 3382.3 3661.0 3846.0 100% 111% 120% 126%
Port Phillip 770.4 807.4 858.0 897.7 100% 105% 111% 117%
Stonnington 416.1 455.8 491.6 525.7 100% 110% 118% 126%
Yarra 564.5 639.7 705.8 769.0 100% 113% 125% 136%
Total 4798 5351 5882 6340 100% 112% 123% 132%
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Figure 21: Commercial energy consumption forecast based on BAU trends by commercial building type in each
Council to 2026
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3.3.3 COMBINED BUILDING STOCK

Combining the energy consumption in residential and commercial building stock within the City of
Melbourne, given the projected council-wide development plans in Figure 15, the BAU forecasts to 2026
from the 2011 baseline (Figure 22) are shown in Figure 23.
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Figure 22: Spatial distribution of 2011 baseline energy consumption in commercial and residential buildings,
mapped by block, in the City of Melbourne

Then Table 6 and Figure 24 show the BAU commercial forecasts in the combined study area (all four
Councils) to 2026. The bar charts are further broken down to reveal the relative distribution of growth by
building type in each Council.
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Figure 23: Projected BAU commercial and residential building energy consumption, mapped by block, in the years
2016, 2021 and 2026 in the City of Melbourne
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Table 7: Total residential and commercial energy consumption by Council in years 2011, 2016, 2021 and 2026

Total (residential + commercial) energy consumption

(GWh) Growth rate base year 2011=100%
2011/12  2015/16  2020/21  2025/26 2011/12  2015/16  2020/21  2025/26
Melbourne 3,242.3 3693.7 4052.0 4357.5 100% 114% 131% 134%
Port Phillip 9953  1,047.3 1,115 1,162.9 100% 105% 112% 117%
Stonnington 625.9 695.7 743.1 789.7 100% 111% 119% 126%
Yarra 728.2 828.9 913.5 993.8 100% 114% 125% 136%
Total 5,591.7 6,269.8 6,885.6 7,428.7 100% 112% 123% 133%
8,000
7,000 Residential RES-ST
| | = mRES-PP
6,000 —
- LJ ™ RES-MEL
5,000 1
g RES-YR
® 4,000
= COM-YR
3,000 S
: g COM-ST
2,000 £
8 B COM-PP
1,000
H COM-MEL
2011 2016 2021 2026

Year (Building type by IMAP Councils)

Notes:  Type- RES: Residential, COM: Commercial
Council- ST: Stonington, PP: Port Phillip, MEL: Melbourne, YR: Yarra

Figure 24: Total building energy consumption forecast based on BAU trends by building type and by Council to 2026
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4 Retrofit and New-Build Forecasts to 2026

4.1 Overview

Many factors can influence and impact the energy consumption landscape in IMAP to 2026. The demand
for grid-supplied energy will be affected by:

e The range and effectiveness of various energy efficiency measures (demand-side factors);

e The incorporation and effectiveness of on-site renewable energy generation systems (supply-side
factors); and

* The adoption or uptake rate by residential and by commercial building stakeholders of one or both
of these types of measures.

These measures can be implemented through:

e voluntary, or
e regulatory/mandatory means,

and applied to:

* the existing building stock, through various levels of retrofit measures; and/or
* new buildings and developments.

This section presents the types and combinations of the above-mentioned factors that have been
considered in forecasting the future energy consumption patterns in the IMAP study area to 2026. The five-
yearly forecast estimates from the 2011 baseline to 2026 parallel the analysis undertaken for the BAU case
that has been presented in the previous section.

As in the previous section, since we did not have the council-wide development plans to 2026 for the Cities
of Port Phillip, Stonnington and Yarra, only the trends in aggregate energy consumption values are
presented along with those from the City of Melbourne. The spatial distribution of energy consumption for
selected combinations of future retrofit and new-build scenarios in Melbourne is also presented.

To aid the viewing of all the scenarios considered, a web-based IMAP energy map viewer is provided
separately. Conversely, this report, and this section in particular, provides the background details and
explanations of the data shown in the web-based viewer.

4.2 Possible intervention schemes

The variety and range of possible alternative interventions and scenarios settings for analyses are
reproduced from Foliente and Seo (2012), and given in

Table 8 and Table 9. A council’s or a single agency/stakeholder’s action can be analysed alone orin
combination with cooperative actions or policy instruments by others (see the bottom row in
Table 8 and Table 9).

Table 8: A typology of policy instruments and intervention schemes for GHG emission reductions in buildings (from
Foliente and Seo [2012], adapted from the concept in UNEP [2007]).

Simplified type Sticks Carrots Tambourines
Brief description Mandatory, legal or regulatory Benefits-based schemes, Advocacy, awareness and education,
schemes, including mandatory whether financial or non- including any programs that influence
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financial schemes’ financial (not mandatoryz) behaviours (not mandatoryz)

Rebates and incentives
Tax exemptions or reductions

Examples ¢ Building codes
¢ Planning regulations

¢ Energy efficiency information
campaigns

¢ Procurement regulations ¢ Capital subsidies and grants, * Voluntary certification and labelling
¢ Appliance and equipment loan subsidies ¢ Voluntary disclosure programs
standards ¢ Energy efficiency certificate ¢ Professional and trades education
¢ Mandatory certification and schemes and training programs
disclosure programs
¢ Taxation and levies
¢ Banned product(s)
Stakeholders ¢ Government ¢ Government * Government
(primary actors) ¢ Financial institutions ¢ Industry

Utility industry Individual firms

Building and property Education and training institutions

industry * NGOs

Investors Consumers and community
organizations

'Mandatory financial schemes are included in this type because failure to comply is subject to specific legal or other formal consequences from
relevant government authorities.
%In non-mandatory or voluntary schemes, failure to follow or adopt has no legal consequences.

Table 9: A typology of energy demand/consumption and supply systems that determine associated GHG emissions
in a building (from Foliente and Seo [2012])

Energy demand

Typology Occupancy or use
classes Physical building Energy ‘load’ profile Energy supply
Description ¢ Location and climate zone ¢ Heating, ventilation & air- e Type of use or ¢ Energy supply mix
¢ Age or year built (and year conditioning (HVAC) system occupancy by type (electricity,
of last major renovation or ¢ Hot water system * Occupancy and gas, diesel,
refurbishment) * Lighting operating pattern renewables, etc.)
* Physical characteristics and  « All ‘built-in’ and ‘plug-in’ or (e.g. hours of and source (grid,
properties of building ‘pluggable’ appliances and operation) district or ‘near-site’
(main construction type, equipment; energy rating * Number of or on-site etc.)
features of building  Other equipment (e.g. lifts) occupants ¢ Nature/type, size
envelope, etc.) * Socio-demographic and age of low- or
* Energy efficiency rating profile of occupants zero-emission
energy source(s)
Stakeholders  + Government ¢ Government ¢ Owners ¢ Clients or owners
(primary * Industry * Utility firms * Facility managers * Investors
actors)  Professionals ¢ Building and property e Tenants o Utility firms
¢ Clients/owners industry

* [nvestors

Clients or owners
* Facility managers
* Tenants

As noted earlier, CSIRO has developed a structured cross-typology approach that enables different
stakeholders (e.g. policy makers, property portfolio owners, utility companies and building tenants) to
assess the impacts of their specific actions or decisions (Table 8), considering a range of typologies of
buildings (by type, age and function), appliances, lighting system, heating and cooling systems, occupancy
patterns and energy supply systems (Table 9). This is achieved using physics-based building energy
simulation models for residential and commercial buildings (Foliente and Seo 2012, Ren et al. 2012 and
Grozev et al. 2013) and a novel integration of spatial diffusion and choice modelling with multi-criteria
analysis (Higgins et al. 2011, Higgins and Foliente 2013, Higgins et al. 2013 and Higgins et al. 2014). With
this cross-typology approach, it would be possible to investigate the impacts of a wide range of
combination of factors and actions in Tables 8 and 9, alone or in combination.
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In the present study, however, we are employing a simpler approach of projecting the future impact of a
selected combination of factors and settings on the energy consumption in the IMAP study area. The
efficiency or grid-energy reduction effects of demand-side and supply-side factors are applied directly to
the BAU forecasts presented in the previous section. The selected measures discussed and agreed with
IMAP stakeholders are described next.

4.3  Selected scenario settings

4.3.1 RETROFIT

The range of “retrofit” options in the present study includes both demand-side and supply-side options of
reducing grid-supplied energy, termed herein as “energy efficiency” and “on-site generation”, respectively.

Energy efficiency intervention schemes are classified into three: “Minor”, “Moderate” and “Major”. A
minor intervention scheme is one that is relatively easy to implement for residential and commercial
buildings such as “tuning” of the building performance and/or replacing lighting systems with more energy
efficient alternatives. A major intervention scheme is one that requires major effort and thus, more cost
such as chiller replacement, upgrade of lifts, water heating system replacement, etc, in addition to the
other measures already included in the moderate and minor schemes. A moderate scheme sits between
the minor and major schemes. Depending on the level of intervention scheme, various solar energy uptake
rates are also considered.

Table 10 shows the specific energy efficiency measures that describe each intervention level for
commercial and residential buildings. The major and moderate levels for residential buildings are further
classified to common dwellings (e.g. single-detached, units and other medium-density-type housing) and
apartments.
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Table 10: Minor, moderate and major energy efficiency settings for commercial and residential retrofit scenarios

Level of grid-energy reduction Description of interventions included

Minor interventions such as

- Re-commissioning, management system etc;
Examples:

- Tuning-up,

- Installation of lighting control;

- Replacing CFL into LEDs and/or T12 into T5
Upgrade central plant, replace elevator & electric
appliances & hot water heating + all the 'Minor'
interventions above
Moderate Examples:

- HVAC chiller replacement;

- Elevators & appliances;

- Water heating
Upgrade central plant, waste energy reduction + ‘Minor’
Major & ‘Moderate’ interventions
- Energy waste reduction

Minor

Commercial

Metering
Behavior change
- Eliminating standby power
- Water efficient showerheads
- Less use cloth dryer etc
Replacement of energy efficient appliances
Water heating
Thermal insulation
Replacing CFL into LEDs and/or T12 into TS
+ all the 'Minor' interventions above
Water heating
Car park lighting
Replacing CFL into LEDs and/or T12 into TS
+ all the 'Minor' interventions above
HVAC retrofit (New A/C, High efficient gas/electric heater
Common Dwellings | etc)
+ all the ‘Minor’ & ‘Moderate’ interventions above
HVAC retrofit
Apartments Common area elevators
+ all the ‘Minor’ & ‘Moderate’ interventions above

Minor

Common Dwellings

Moderate

Residential

Apartments

Major

4.3.2 NEW-BUILD

For new residential buildings, future changes are based on improvements to current regulations. For
example, the Building Code of Australia (BCA) energy performance requirement for new housing is a
minimum of 6 stars (NatHERS) since 2010. This means that in the IMAP service area (i.e. in the Tullamarine
climate zone), a new residential building’s thermal envelope should meet an energy performance target of
around 138 MJ/m?/year (based on heating and cooling demand). A plausible future scenario is a further
energy efficiency requirement like a 12.5% to 20% further reduction (uptake scenario A), or even a 15% to
50% further energy reduction (uptake scenario B) for new residential buildings.

For new commercial buildings, in the absence of a BCA minimum requirement, we use the local
government’s current requirements as the starting point. In many councils, a new office building is required
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to have a NABERS Energy rating of 4 or 4.5 stars (NABERS, 2014°). The City of Melbourne requires at least a
5-star NABERS Rating for new office development having more than 2,000 square metres of gross floor area
(Melbourne Planning Scheme Clause 22.19). Thus, in this case, we assume a 5-star requirement for all new
commercial office buildings as the base case (current). As before, two future scenarios are considered:
scenario A will require a moderate energy reduction from the current case (a 12.5% to 20% further energy
reduction), and scenario B will have a higher energy reduction (a 15% to 50% further energy reduction).

The selected energy reduction requirements for new buildings (residential and commercial) are
summarised in Table 11. Table 12 presents a summary of energy efficiency measures based on the City of
Melbourne’s planning scheme. .

Table 11: Projected minimum energy performance requirement for new residential & commercial building

Scenario 2013 2016 2021 2026
A 138 M (6 star) 121 117 110
Residential -
B 138 M (6 star) 117 97 69
A 271 MJ (5 star)® 237 230 217
Commerecial .
B 271 M (5 star) 230 190 136

*A: Moderate regulation (further energy reduction with 12.5% to 20% during 2016 to 2026 for current building code)
**B: Tough regulation (further energy reduction with 15% to 50% during 2016 to 2026 for current building code)

Table 12: Energy efficiency measures based on Melbourne’s planning scheme’

Current Energy efficiency measures

Note

Residential House Minimum 5 star (NaTHERS)
Semi-Detached Stringency increased Assumed the same as House
APT Stringency increased

Commercial Office 5 NABERS star
Retail N/A Assumed similar to Office
Educational 5 points for Ene-1 credit under the GBCA's

Green Star- Education.

Accommodation

5 star rating for Green Star — Multi Unit
residential rating.

Others

N/A

® NABERS (2014) Fact Sheet 2: How is NABERS being used?, retrieved from website (www.nabers.gov.au) on 22 May, 2014.

* Obtained from NABERS Energy for Office Reverse Calculator (v.10.0) with 50 hrs a week for 5 stars to achieve.

* CoM (2014) Melbourne Planning Scheme: 22.19-5 Performance Measures, retrieved from the website
(http://www.melbourne.vic.gov.au/BuildingandPlanning/Planning/planningschemeamendments/Documents/AmendmentC187/C187_22_
19 Local_Policy_Adopted.doc) on 22 May, 2014.
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4.3.3 ON-SITE ENERGY GENERATION

In order to reduce grid-supplied energy, and in addition to energy efficiency measures, we considered the
potential for widespread adoption of solar photo voltaic (PV) panels in both existing and new buildings. The
general assumptions for the forecasts are as follows:

e No solar PV installation in high-rise buildings.

* No solar PV in Retail shop, Warehouse, Storage and big Hospitals.

e Each solar panel produces 185.04 watt of power.

* Solar PV systems can be effectively installed and used at 10% of a building’s roof area.

Specific details considered in applying solar PV energy systems in the scenario forecast analysis are
presented in Table 13.

Table 13. On-site solar PV energy generation assumptions

Type Roof size of Potential Note
prototype (mz) Solar PV
Residential House 240* 1.8 kWp See note (A)
Semi-Detached 140* 1.2 kWp
APT - - Not considered
Commercial Office 8.8 kWp Only considered low & medium rise
1600 with the same roof size. See note
(8)
Retail - - Not considered
Warehouse - - Not considered
Educational 3000 14.5 kWp See note (A)
Hospital - - Not considered
Healthcare 1000 4.5 kWp See note (A)
Entertainment - - Not considered
Hotel - - Not considered
Motel 1600 8.8 kWp See note (A)
Community 1600 8.8 kWp See note (A)
Storage - - Not considered

* ABS (2014) Building approvals, Australia, Australian Bureau of Statistics.

(A): Obtained PV panel size (1.3mx1.9m) with PV array considering available roof size (10% of total roof area)
multiplying PV panel power generation (185watt a panel).

(B): Consider an office building with 40m x 40m of roof area, for example, with a marginal space 32m in length available.
Twenty four PV panels can be installed (32m/1.3m per panel = 24.6 panels). Since this study assumed that only 10% of
roof size is available for PV installation, the other side length available would be 5m at maximum (160m, 10% of roof
area). Thus, a maximum of 2 arrays can be installed in this office building (5m/2.26m). Then total solar PV power can be
calculated as 24 (panels) x 0.185 (kW/panel) x 2 (array) = 8.8 kWp.
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4.3.4 SUMMARY SETTINGS FOR RETROFIT AND NEW-BUILD SCENARIOS

The summary details of alternative scenarios with different retrofit and new-build settings are given in
Table 14. The included measures for minor, moderate and major reduction scenarios have previously been
presented in Table 10.

For existing buildings, only the Energy Efficiency (demand-side) and On-Site Generation (supply-side) apply.

For new buildings, in addition to the Energy Efficiency and On-Site Generation, potential increases in
minimum building energy performance through regulation (or Building Code requirements) are also
considered.

Two uptake scenarios (A or B) are considered for each energy reduction scenario relating to Energy
Efficiency and On-Site Generation. Two mandatory levels of minimum performance requirement for new
buildings (also labelled A or B) are taken into account.

Energy consumption calculations based on the above scenario settings are shown in Appendix D.
4.4  Forecast scenario results and analysis

4.4.1 AGGREGATE RESULTS — ALL COUNCILS

Starting with the aggregate results and trends for all councils, Figure 25 shows the energy reduction effects
for different intervention schemes under two different uptake and regulation scenarios (A & B). In this
figure, the BAU scenario shows energy demand in IMAP councils having 117.8 GWh per year of annual
energy increase and thus reaching 7,568 GWh in 2026. This is 30% more than the 2011 baseline year.

With different intervention schemes, the future energy demand decreases compared to the BAU. The
reductions are 1% to 4% for ‘Minor’, 2% to 10% for ‘Moderate’ and 3% to 12% for ‘Major’ intervention
schemes over the 2016 to 2026 period in the Scenario A (moderate uptake and regulation). But in Scenario
B (higher uptake and tougher regulation for new buildings), the energy reduction effects are much higher
as shown in Figure 22b. With ‘Minor’ intervention under scenario B, the energy reduction effect shows 2%
in 2016 but it continuously increases to 8% less than the BAU in 2026. The ‘Moderate’ intervention scheme
shows 4% to 17% less energy demand than the BAU case from 2016 to 2026. This is almost twice the
energy reduction effect for the ‘Minor’ intervention scheme. With the ‘Major’ intervention scheme, the
energy reduction is 5% in 2016, which is similar to that in the ‘Moderate’ case (4% less than BAU). In
2021,the energy demand shows 6,562 GWh in the IMAP councils under the ‘Major’ intervention case,
which is a 9% energy reduction comparied to the BAU (7,072 GWh). This is 2% less than that for the
‘Moderate’ intervention, which has 6 424 GWh (11% less than BAU). This is because the uptake rate for
‘Major’ intervention scheme is lower compared to the ‘Moderate’ case as shown in Table 14. However,
when both uptake rates are similar like in 2026 (50% for both), the energy reduction effect of ‘Major’
intervention scheme represents much higher: 21% less (1,243 GWh) than BAU (7,568 GWh), or 4% higher
energy reduction effect than that for the ‘Moderate’ case in Figure 22b.

Figure 26 presents the energy reduction effect of the different intervention scheme under two different
uptake and regulation scenarios for each council.
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Table 14. On-site solar PV energy generation assumptions
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Figure 25: Total Energy demand for IMAP councils with uptake and regulation Scenarios A and B
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Figure 26. Energy demand of different intervention scenarios for IMAP councils
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4.4.2 SPATIAL ENERGY DISTRIBUTION - CITY OF MELBOURNE

The projected energy demand in the City of Melbourne in 2016, 2021 and 2026, based on three different
intervention and grid-energy reduction measures (Minor, Moderate and Major) and different uptake and
new regulation settings (Scenario A and B) is spatially mapped in Figures 27, 28 and 29, respectively.

2016 Energy Demand
Minor Intervention
Scenario A

2016 Energy Demand
Minor Intervention
Scenario B

2016 Projection Retrofit 2016 Projection Retrofit

MWh MWh

L Ll

[ ey [

.77 . o7

. - 1567 . - s

T 1506 - 15463 T rrsos - 15460

W 1s4ee - 10328 I 15464 - 16328

T 1529 23194 B 1629 25104
23195. 30020 23195 30020
30027 38657 30927 38057
38058 46388 as0ss. 4365
16389 54120 4638054120
s0121. 57085 s4121. 57085

T s7oss.- ovest T 7006 - s1est

I oves2- 05717 N oves2- o517

I 5716 - 0562 I o570 oose2

I oose - 7e0s I ooscs - 75055

e . oo

] ]
i i
‘ o os . : ‘ o os 4 :
|=——— ] =]

2016 Energy Demand
Moderate Intervention
Scenario A

2016 Energy Demand
Moderate Intervention
Scenario B

2016 Projection Retrofit 2016 Projection Retrofit

MWh Mwh

L L

[ ey [

.77 I oo 7

. - 1567 . - s

T 11sos - 1546 I rrsee - 15460

N 1519328 I 1514 10328

T 1529 23194 T 10529 - 25108
23195. 30020 23195 30020
30027 38657 30027 38057
38058 46388 38655 46385
16389 54120 4838054120
s0121. 57085 s4121. 57085

T s7oss.- ovest T 57960 o161

I oves2- 05717 I oves2- 05717

I 5716 - 0562 I o571 oose2

I oose - 7e0s I o5t 75055

e . 7o

] .
i i
‘ o os . : ‘ o o5 s :
|=——— ] =]

2016 Energy Demand
Major Intervention
Scenario A

2016 Energy Demand
Major Intervention
Scenario B

2016 Projection Retrofit 2016 Projection Retrofit

MWh Mwh

L L

[ ey [

.77 I oo 7

. - 1567 . - s

T 11sos - 1546 I rrsee - 15460

N 1519328 I 1514 10328

T 1529 23194 T 10529 - 25108
23195. 30020 23195 30020
30027 38657 30027 38057
38058 46388 38655 46385
16389 54120 4838054120
s0121. 57085 s4121. 57085

T s7oss.- ovest T 57960 o161

I oves2- 05717 I oves2- 05717

I 5716 - 0562 I o571 oose2

I oose - 7e0s I o5t 75055

e . 7o

] .
i i
‘ o os . : ‘ o o5 s :
|=——— ] =]

Figure 27. Projected spatial energy demand distribution within the City of Melbourne in 2016 under different
intervention scenarios (‘Minor’ at the top, ‘Moderate’ in the middle and ‘Major’ in the bottom) and different
scenarios for uptake rate and new regulations (Scenario A on the left and Scenario B on the right)
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Figure 28. Projected spatial energy demand distribution within the City of Melbourne in 2021 under different
intervention scenarios (‘Minor’ at the top, ‘Moderate’ in the middle and ‘Major’ in the bottom) and different
scenarios for uptake rate and new regulations (Scenario A on the left and Scenario B on the right)
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Figure 29. Projected spatial energy demand distribution within the City of Melbourne in 2026 under different
intervention scenarios (‘Minor’ at the top, ‘Moderate’ in the middle and ‘Major’ in the bottom) and different
scenarios for uptake rate and new regulations (Scenario A on the left and Scenario B on the right)

The preceding maps and figures provide a static way of viewing the future energy demand results. A
dynamic way of viewing the calculated estimates of energy-use in three-dimensions and from different
perspectives is possible with the web-based IMAP energy map viewer that comes with this report.
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4.5 Some limitations and applications — present and future

4.5.1 GENERAL

Combining the building stock energy modelling and simulation with the visualisation and mapping
capability demonstrated herein, provides a number of immediate and prospective applications. These will
be bounded (or constrained) by:

e The way the building typologies and sub-typologies have been classified and modelled (and thus,
the type and number of unique models analysed; in the present case, 288 residential types and 90
commercial types)

e The capability and level of detail included in the building energy modelling tools used in the study
(i.e. AusZEH for residential energy and eQUEST for commercial building energy, the extent fuel mix
is considered and modelled, etc)

e The data type, level of detail and alignment available for modeling, calibration and validation

e The assumptions and data types and sources for future forecasts and scenarios.

¢ The completeness, level of detail and reliability of future development plans council-wide.

In other words, the modelling and visualisation capability are

4.5.2 EXTENSIONS AND FUTURE APPLICATIONS

In the same manner the energy maps have been presented here, the associated GHG emissions from
energy use in 2011 in the study area can also be mapped and analysed. The residential building modelling
approach already incorporates a simple electricity/gas sub-typology, thus the results can be converted to
equivalent GHG emissions in a fairly straightforward manner. The commercial building modelling assumed
only electricity supply for all end-uses (i.e. no natural gas) for simplicity and lack of readily available data
across many different commercial building types that meet the modelling requirements. Thus, a sub-
typology for different fuel mix needs to be introduced here to obtain the equivalent GHG emissions for
commercial buildings. In either or both cases, if the actual fuel-mix data/information are also available for
validation (i.e. from relevant utility companies or building owners), then the building emissions maps can
also be generated. The GHG emission hotspots can be identified and different types of actions (energy
efficiency, distributed generation or demand response options) can be assessed technically and
economically.

Other potential application include:

e Peak energy demand analysis — to understand and identify detailed energy demand patterns
annually or by season (macro-level), and daily or by time of day (micro-level).

e Feasibility studies of distributed renewable energy options (what, how and where — including
specific and context-based assessment of the economics and effectiveness of different GHG
abatement options)

e Policy and other intervention schemes — optimised with others (e.g. federal, state and local
governments; utility companies; service companies; and clients/customers/public).
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5 Conclusions and future work

The spatial distribution of energy consumption in residential and commercial buildings in four IMAP
Councils, together and by individual Councils, were presented at block level for:

e The baseline year of 2011
e The Business-As-Usual (BAU) case in 2016, 2021 and 2026
e Arange of retrofit and new regulation scenarios in 2016, 2021 and 2026.

To aid the viewing of all the scenarios considered, a web-based IMAP energy map viewer is provided
separately. Conversely, this report provides the background details and explanations of the data shown in
the web-based viewer.

The energy use estimates were determined using a bottom-up building stock modelling approach based on
a hierarchy of building typologies and using CSIRO’s AusZEH tool for residential buildings and the US
Department of Energy’s eQUEST tool for commercial buildings.

The baseline year was 2011 to match data from the most recent Australian Census. These were
complemented by the participating Council’s property databases (City of Melbourne’s CLUE database and
other Councils’ rate valuation property databases) and other related sources). The energy intensity for each
residential building typology (288 building types in total) and commercial building typology (90 building
types in total) in each statistical area SA1 was calculated and validated with actual data from CitiPower (for
macro-validation) and Melbourne Hospitals (for micro-validation) then proportioned to all street blocks in
the corresponding SA1 area according to their total floor areas for each building type in each block. The
sum of the energy consumption of all building types in each block was then the calculated as the energy
consumption (residential and commercial, respectively) in the block. In both cases, modelling and
simulation results deviated less than 10% from the actual energy data in the baseline year 2011.
Considering the highly heterogeneous building stock and the vastly different details of building age, type,
occupancy and use operating conditions, and the simplifications required for any building stock modelling
work, this level of deviation from actual data may be considered within an acceptable range.

We have demonstrated new ways of analysing the spatial and temporal energy use at various levels and
that can be used to target specific analysis objectives. Without further modelling and analysis, the current
results, especially the 2011 baseline set, can be used to identify hotspots for energy use by:

e Location (specific block)

e Building type (up to various sub-classifications within the primary residential and commercial
building types; total of 288 residential types and 90 commercial types)

e End-use category (e.g. HVAC system, lighting, hot water system, plug-in appliances and equipment,
etc)

The modelling and mapping capabilities were further demonstrated in calculating and visualising energy
use forecasts on 5-year increments to 2026.

The BAU growth forecasts for Melbourne are based on projected block-level development plans supplied
by the City of Melbourne. The BAU forecasts for Port Phillip, Stonnington and Yarra are, however, based on
highly simplified assumptions that did not consider planned or preferred growth areas, energy efficiency
improvements and in what specific locations. Thus, the spatial energy mapping for the BAU case is
meaningful only for the City of Melbourne; it is not meaningful for Port Phillip, Stonnington and Yarra, and
thus, excluded. Only aggregate energy consumption for the latter three councils is plotted to 2026.

Projected council-wide development plans, with details of size and type of development in designated
areas, are needed for revised scenario analysis and spatial mapping of energy use in both the BAU case and
the set of retrofit and new regulation scenarios. This may include land use, development and re-zoning
plans, among others.
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Other prospective applications, but requiring further work, include:

GHG emissions mapping and analysis — with the same capability as with the energy results in the
present study

Peak energy demand analysis — to understand and identify detailed energy demand patterns
annually or by season (macro-level), and daily or by time of day (micro-level).

Feasibility studies of distributed renewable energy options (what, how and where — including
specific and context-based assessment of the economics and effectiveness of different GHG
abatement options)

Policy and other intervention schemes — optimised with others (e.g. federal, state and local
governments; utility companies; service companies; and clients/customers/public).

The building stock energy analysis and map representations depend heavily on the quality, completeness
and nature of energy performance-related datasets and block/parcel representation (GIS) datasets. To
maximise the value and applications of energy-relevant data sets, their collection and management need to
be made compatible with the protocols and platforms across jurisdictions and database systems — for
example, harmonising with the protocols of the Australian Urban Research Infrastructure Network (AURIN;
http://www.aurin.unimelb.edu.au). Either way, in the near term, it would be ideal to:

Harmonise the differences of terms and interpretations of building classification among councils
and ABS datasets. Modelling will be better served if these differences can be ironed out in the years
to come.

Establish a database of building energy certificates and disclosure information.

Obtain or research additional data about energy consumption patterns, including plug-in
appliances and equipment, fuel types and mix (if any), time/hours of operation, etc., to help in
optimising energy efficiency and GHG emission reduction options.
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Appendix A: Glossary and Abbreviations

Al. Glossary

Block refers to a city block, which is primarily bounded by main roads and also takes into account similar
space use (CoM 2012).

Bottom-up approach calculates the energy demand of a sample of individual buildings, which is based on
the physical properties of the buildings and their energy use (e.g. for lighting, appliances, and water
heating), and the results are scaled-up to represent the building stock of the region studied. This approach
is used for starting with segmentation of the building stock into archetype buildings, followed by
characterization of buildings and quantification of all the buildings represented by the archetype buildings.

Building is a structure that contains Floors and Establishments (i.e. businesses owned by owners).

Building/property stock aggregated building inventory (building type, occupancy type, floor area etc) by
census geography (e.g., block, statistical area level 1 or 2 etc)

Commercial building covers the majority of commercial building types including stand-alone offices (base
buildings, tenancies, whole buildings), hotels, shopping centres (base buildings, tenancies, whole buildings),
supermarkets (tenancies, whole buildings), hospitals, schools, vocational education and training buildings,
universities and public buildings (including galleries, museumes, libraries and law courts) (DCCEE 2012).

Industrial building includes buildings such as factories, warehouses, coolrooms and freezers (DCCEE 2012).
This report did not cover industrial buildings.

Map base is a cadastral GIS database providing information about land parcels and building details. It
enables assignment and mapping of various energy demands and capacity outputs in line with potential
policy settings.

Property is a space in building/buildings that has value, runs business or accommodates people, and
attracts rate/levy.

Statistical Areas Level 1 (SA1s) will be the smallest region for which a wide range of Census data will be
released. They will have an average population of about 400. They will be built from whole Mesh Blocks
and there will be approximately 55,000 SA1s covering the whole of Australia (ABS 2011).

A2. Abbreviations

ABCB Australian Building Codes Board

ABS Australian Bureau of Statistics

ACIF Australia Construction Industry Forum

ANZSIC Australian and New Zealand Standard Industrial Classification
AURIN Australian Urban Research Infrastructure Network

AusZEH Australian Zero Emission house

BAU Business As Usual

BCA Building Code of Australia

Building Type, LR for Low Rise, MR for Medium Rise and HR for High Rise
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CFL Compact Fluorescent Lamp

CLUE Census of Land Use and Employment

CoM City of Melbourne

CSIRO Commonwealth Scientific and Industrial Research Organisation

DG Technologies Distributed Generation Technologies (e.g., solar power, wind power and co- and tri-
generation)

DX Direct Expansion (of air conditioning plant)
GA GeoScience Australia

GDP Gross Domestic Product

GHG Green House Gases

HVAC Heating, Ventilation and Air Conditioning
IMAP Inner Melbourne Action Plan

LED Light Emitting Diode lamp

LFSP Labour Force Status, which is derived using responses to questions on full/part-time job, job last week,
hours worked, transport to work, looking for work and availability to start work.

MWh Mega Watts Hour (energy consumption)

NABERS National Australian Built Environment Rating System
PV Photovoltaic (panels)

SA1 Statistical Area Level 1

VAV Variable Air Volume (a type of heating, ventilating and air conditioning system)
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Appendix B: Classification of building stock

B1. Residential building typologies

Residential Dwelling structure Dwelling age Occupancy type Operation hours Electricity/gas
typology ID dominated dwelling
R1 High Pre 1991 CoupleNocChild Half Day Electricity portion
R2 High Pre 1992 CoupleNoChild Half Day Gas portion

R3 High Pre 1993 CoupleNoChild All Day Electricity portion
R4 High Pre 1994 CoupleNoChild All Day Gas portion

R5 High Pre 1995 CoupleNoChild Evening Electricity portion
R6 High Pre 1996 CoupleNoChild Evening Gas portion

R7 High Pre 1997 CoupleWithChild Half Day Electricity portion
R8 High Pre 1998 CoupleWithChild Half Day Gas portion

R9 High Pre 1999 CoupleWithChild All Day Electricity portion
R10 High Pre 2000 CoupleWithChild All Day Gas portion

R11 High Pre 2001 CoupleWithChild Evening Electricity portion
R12 High Pre 2002 CoupleWithChild Evening Gas portion

R13 High Pre 2003 SingleParentChild Half Day Electricity portion
R14 High Pre 2004 SingleParentChild Half Day Gas portion

R15 High Pre 2005 SingleParentChild All Day Electricity portion
R16 High Pre 2006 SingleParentChild All Day Gas portion

R17 High Pre 2007 SingleParentChild Evening Electricity portion
R18 High Pre 2008 SingleParentChild Evening Gas portion

R19 High Pre 2009 Other Half Day Electricity portion
R20 High Pre 2010 Other Half Day Gas portion

R21 High Pre 2011 Other All Day Electricity portion
R22 High Pre 2012 Other All Day Gas portion

R23 High Pre 2013 Other Evening Electricity portion
R24 High Pre 2014 Other Evening Gas portion

R25 High 1992 - 2006 CoupleNocChild Half Day Electricity portion
R26 High 1992 - 2006 CoupleNoChild Half Day Gas portion

R27 High 1992 - 2006 CoupleNocChild All Day Electricity portion
R28 High 1992 - 2006 CoupleNoChild All Day Gas portion

R29 High 1992 - 2006 CoupleNocChild Evening Electricity portion
R30 High 1992 - 2006 CoupleNoChild Evening Gas portion

R31 High 1992 - 2006 CoupleWithChild Half Day Electricity portion
R32 High 1992 - 2006 CoupleWithChild Half Day Gas portion

R33 High 1992 - 2006 CoupleWithChild All Day Electricity portion
R34 High 1992 - 2006 CoupleWithChild All Day Gas portion

R35 High 1992 - 2006 CoupleWithChild Evening Electricity portion
R36 High 1992 - 2006 CoupleWithChild Evening Gas portion

R37 High 1992 - 2006 SingleParentChild Half Day Electricity portion
R38 High 1992 - 2006 SingleParentChild Half Day Gas portion

R39 High 1992 - 2006 SingleParentChild All Day Electricity portion
R40 High 1992 - 2006 SingleParentChild All Day Gas portion

R41 High 1992 - 2006 SingleParentChild Evening Electricity portion
R42 High 1992 - 2006 SingleParentChild Evening Gas portion

R43 High 1992 - 2006 Other Half Day Electricity portion
R44 High 1992 - 2006 Other Half Day Gas portion

R45 High 1992 - 2006 Other All Day Electricity portion
R46 High 1992 - 2006 Other All Day Gas portion

R47 High 1992 - 2006 Other Evening Electricity portion
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R48
R49
R50
R51
R52
R53
R54
R55
R56
R57
R58
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High
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R105 Detached 1992 - 2006 CoupleWithChild All Day Electricity portion

R106 Detached 1992 - 2006 CoupleWithChild All Day Gas portion
R107 Detached 1992 - 2006 CoupleWithChild Evening Electricity portion
R108 Detached 1992 - 2006 CoupleWithChild Evening Gas portion
R109 Detached 1992 - 2006 SingleParentChild Half Day Electricity portion
R110 Detached 1992 - 2006 SingleParentChild Half Day Gas portion
R111 Detached 1992 - 2006 SingleParentChild All Day Electricity portion
R112 Detached 1992 - 2006 SingleParentChild All Day Gas portion
R113 Detached 1992 - 2006 SingleParentChild Evening Electricity portion
R114 Detached 1992 - 2006 SingleParentChild Evening Gas portion
R115 Detached 1992 - 2006 Other Half Day Electricity portion
R116 Detached 1992 - 2006 Other Half Day Gas portion
R117 Detached 1992 - 2006 Other All Day Electricity portion
R118 Detached 1992 - 2006 Other All Day Gas portion
R119 Detached 1992 - 2006 Other Evening Electricity portion
R120 Detached 1992 - 2006 Other Evening Gas portion
R121 Detached 2007 -2011 CoupleNocChild Half Day Electricity portion
R122 Detached 2007 -2011 CoupleNoChild Half Day Gas portion
R123 Detached 2007 -2011 CoupleNoChild All Day Electricity portion
R124 Detached 2007 -2011 CoupleNoChild All Day Gas portion
R125 Detached 2007 -2011 CoupleNoChild Evening Electricity portion
R126 Detached 2007 -2011 CoupleNoChild Evening Gas portion
R127 Detached 2007 -2011 CoupleWithChild Half Day Electricity portion
R128 Detached 2007 -2011 CoupleWithChild Half Day Gas portion
R129 Detached 2007 -2011 CoupleWithChild All Day Electricity portion
R130 Detached 2007 -2011 CoupleWithChild All Day Gas portion
R131 Detached 2007 -2011 CoupleWithChild Evening Electricity portion
R132 Detached 2007 -2011 CoupleWithChild Evening Gas portion
R133 Detached 2007 -2011 SingleParentChild Half Day Electricity portion
R134 Detached 2007 -2011 SingleParentChild Half Day Gas portion
R135 Detached 2007 -2011 SingleParentChild All Day Electricity portion
R136 Detached 2007 -2011 SingleParentChild All Day Gas portion
R137 Detached 2007 -2011 SingleParentChild Evening Electricity portion
R138 Detached 2007 -2011 SingleParentChild Evening Gas portion
R139 Detached 2007 -2011 Other Half Day Electricity portion
R140 Detached 2007 -2011 Other Half Day Gas portion
R141 Detached 2007 -2011 Other All Day Electricity portion
R142 Detached 2007 -2011 Other All Day Gas portion
R143 Detached 2007 -2011 Other Evening Electricity portion
R144 Detached 2007 -2011 Other Evening Gas portion
R145 Semi-detached Pre 1991 CoupleNoChild Half Day Electricity portion
R146 Semi-detached Pre 1992 CoupleNoChild Half Day Gas portion
R147 Semi-detached Pre 1993 CoupleNoChild All Day Electricity portion
R148 Semi-detached Pre 1994 CoupleNoChild All Day Gas portion
R149 Semi-detached Pre 1995 CoupleNoChild Evening Electricity portion
R150 Semi-detached Pre 1996 CoupleNoChild Evening Gas portion
R151 Semi-detached Pre 1997 CoupleWithChild Half Day Electricity portion
R152 Semi-detached Pre 1998 CoupleWithChild Half Day Gas portion
R153 Semi-detached Pre 1999 CoupleWithChild All Day Electricity portion
R154 Semi-detached Pre 2000 CoupleWithChild All Day Gas portion
R155 Semi-detached Pre 2001 CoupleWithChild Evening Electricity portion
R156 Semi-detached Pre 2002 CoupleWithChild Evening Gas portion
R157 Semi-detached Pre 2003 SingleParentChild Half Day Electricity portion
R158 Semi-detached Pre 2004 SingleParentChild Half Day Gas portion
R159 Semi-detached Pre 2005 SingleParentChild All Day Electricity portion
R160 Semi-detached Pre 2006 SingleParentChild All Day Gas portion
R161 Semi-detached Pre 2007 SingleParentChild Evening Electricity portion
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R219 Low Pre 1993 CoupleNoChild All Day Electricity portion

R220 Low Pre 1994 CoupleNoChild All Day Gas portion
R221 Low Pre 1995 CoupleNocChild Evening Electricity portion
R222 Low Pre 1996 CoupleNoChild Evening Gas portion
R223 Low Pre 1997 CoupleWithChild Half Day Electricity portion
R224 Low Pre 1998 CoupleWithChild Half Day Gas portion
R225 Low Pre 1999 CoupleWithChild All Day Electricity portion
R226 Low Pre 2000 CoupleWithChild All Day Gas portion
R227 Low Pre 2001 CoupleWithChild Evening Electricity portion
R228 Low Pre 2002 CoupleWithChild Evening Gas portion
R229 Low Pre 2003 SingleParentChild Half Day Electricity portion
R230 Low Pre 2004 SingleParentChild Half Day Gas portion
R231 Low Pre 2005 SingleParentChild All Day Electricity portion
R232 Low Pre 2006 SingleParentChild All Day Gas portion
R233 Low Pre 2007 SingleParentChild Evening Electricity portion
R234 Low Pre 2008 SingleParentChild Evening Gas portion
R235 Low Pre 2009 Other Half Day Electricity portion
R236 Low Pre 2010 Other Half Day Gas portion
R237 Low Pre 2011 Other All Day Electricity portion
R238 Low Pre 2012 Other All Day Gas portion
R239 Low Pre 2013 Other Evening Electricity portion
R240 Low Pre 2014 Other Evening Gas portion
R241 Low 1992 - 2006 CoupleNocChild Half Day Electricity portion
R242 Low 1992 - 2006 CoupleNoChild Half Day Gas portion
R243 Low 1992 - 2006 CoupleNocChild All Day Electricity portion
R244 Low 1992 - 2006 CoupleNoChild All Day Gas portion
R245 Low 1992 - 2006 CoupleNocChild Evening Electricity portion
R246 Low 1992 - 2006 CoupleNoChild Evening Gas portion
R247 Low 1992 - 2006 CoupleWithChild Half Day Electricity portion
R248 Low 1992 - 2006 CoupleWithChild Half Day Gas portion
R249 Low 1992 - 2006 CoupleWithChild All Day Electricity portion
R250 Low 1992 - 2006 CoupleWithChild All Day Gas portion
R251 Low 1992 - 2006 CoupleWithChild Evening Electricity portion
R252 Low 1992 - 2006 CoupleWithChild Evening Gas portion
R253 Low 1992 - 2006 SingleParentChild Half Day Electricity portion
R254 Low 1992 - 2006 SingleParentChild Half Day Gas portion
R255 Low 1992 - 2006 SingleParentChild All Day Electricity portion
R256 Low 1992 - 2006 SingleParentChild All Day Gas portion
R257 Low 1992 - 2006 SingleParentChild Evening Electricity portion
R258 Low 1992 - 2006 SingleParentChild Evening Gas portion
R259 Low 1992 - 2006 Other Half Day Electricity portion
R260 Low 1992 - 2006 Other Half Day Gas portion
R261 Low 1992 - 2006 Other All Day Electricity portion
R262 Low 1992 - 2006 Other All Day Gas portion
R263 Low 1992 - 2006 Other Evening Electricity portion
R264 Low 1992 - 2006 Other Evening Gas portion
R265 Low 2007 -2011 CoupleNocChild Half Day Electricity portion
R266 Low 2007 -2011 CoupleNoChild Half Day Gas portion
R267 Low 2007 -2011 CoupleNocChild All Day Electricity portion
R268 Low 2007 -2011 CoupleNoChild All Day Gas portion
R269 Low 2007 -2011 CoupleNocChild Evening Electricity portion
R270 Low 2007 -2011 CoupleNoChild Evening Gas portion
R271 Low 2007 -2011 CoupleWithChild Half Day Electricity portion
R272 Low 2007 -2011 CoupleWithChild Half Day Gas portion
R273 Low 2007 -2011 CoupleWithChild All Day Electricity portion
R274 Low 2007 -2011 CoupleWithChild All Day Gas portion
R275 Low 2007 -2011 CoupleWithChild Evening Electricity portion
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R276 Low 2007 -2011 CoupleWithChild Evening Gas portion

R278 Low 2007 -2011 SingleParentChild Half Day Gas portion

R280 Low 2007 -2011 SingleParentChild All Day Gas portion

R282 Low 2007 -2011 SingleParentChild Evening Gas portion

R284 Low 2007 -2011 Other Half Day Gas portion

R286 Low 2007 -2011 Other All Day Gas portion

R288 Low 2007 -2011 Other Evening Gas portion

B2. Commercial building typologies

Commercial Building Business type Building age
typology ID structure

Cc2 LR Commercial accommodation Post 1980

c4 LR Community use Pre1980

Cé LR Community use Less than 5 years

Cc8 LR Educational/research Post 1980

C10 LR Entertainment/recreation-indoor Pre1980

C12 LR Entertainment/recreation-indoor Less than 5 years

c14 LR Hospital/clinic Post 1980

C16 LR Office Pre1980

C18 LR Office Less than 5 years

C20 LR Retail Post 1980

C22 LR Storage Pre1980

C24 LR Storage Less than 5 years

C26 LR Wholesale Post 1980

Cc28 LR Workshop/studio Pre1980

C30 LR Workshop/studio Less than 5 years

C32 MR Commercial accommodation Post 1980
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C34 MR Community use Pre1980

C36 MR Community use Less than 5 years

C38 MR Educational/research Post 1980

C40 MR Entertainment/recreation-indoor Pre1980

Cc42 MR Entertainment/recreation-indoor Less than 5 years

C44 MR Hospital/clinic Post 1980

C46 MR Office Pre1980

c4a8 MR Office Less than 5 years

C50 MR Retail Post 1980

C52 MR Storage Pre1980

C54 MR Storage Less than 5 years

C56 MR Wholesale Post 1980

C58 MR Workshop/studio Pre1980

C60 MR Workshop/studio Less than 5 years

C62 HR Commercial accommodation Post 1980

ce4 HR Community use Pre1980

C66 HR Community use Less than 5 years

Cce8 HR Educational/research Post 1980

C70 HR Entertainment/recreation-indoor Pre1980

C72 HR Entertainment/recreation-indoor Less than 5 years

C74 HR Hospital/clinic Post 1980

C76 HR Office Pre1980

C78 HR Office Less than 5 years

C80 HR Retail Post 1980

C82 HR Storage Pre1980
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c84 HR Storage Less than 5 years

C86 HR Wholesale Post 1980

Cc88 HR Workshop/studio Pre1980

C90 HR Workshop/studio Less than 5 years
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Appendix C: Energy Maps by Council

C1. City of Melbourne

Residential energy consumption

2011 Baseline
Residential Energy Demand

2011

MWh
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[ 553689
[ 690-827
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1104 - 1379

1380 - 1655
[ 1656-1930
[ 1931-2068
[ 2069 - 2206
I 2207 - 2344
I 2345 - 2482
I 2283 - 2620
I 2521 +

 — 1KM

City of Melbourne residential energy consumption in Year 2011
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2016 BAU
Residential Energy Demand

2016 Projection
MWh

o
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| — 1KM

City of Melbourne residential energy consumption in Year 2021
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2026 BAU
Residential Energy Demand

2026 Projection
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City of Melbourne residential energy consumption in Year 2026
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2011 Baseline
Commercial Energy Demand

2011

MWh

o

I - - ss06
B 3s67- 7731
B 7732 - 11597
I 11598 - 15463
[ 15464 - 19328
[ 19320- 23194

23195 - 30926
30927 - 38657
38658 - 46388
46389 - 54120
[ 54121-57985
[ 57986 - 61851
I 61852 - 65717
I 65718 - 69582
I 69563 - 78033

I 75034 +
0 05 1 2
| — KM

2016 BAU
Commercial Energy Demand

2016 Projection
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City of Melbourne commercial energy consumption in Year 2016
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2021 BAU
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2021 Projection
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City of Melbourne commercial energy consumption in Year 2021
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City of Melbourne commercial energy consumption in Year 2026
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Total energy consumption
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Total Energy Demand
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City of Melbourne total (residential + commercial) energy consumption in Year 2011
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City of Melbourne total (residential + commercial) energy consumption in Year 2016
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2021 BAU
Total Energy Demand

2021 Projection
MWh
o
B ' - 3866
B 3s67- 7731
B 7732 - 11597
I 11598 - 15463
[ 15464 - 19328
[ 19320- 23194
23195 - 30926
30927 - 38657
38658 - 46388
46389 - 54120
[ 54121-57985
[ 57986 - 61851
I 61852 - 65717
I 65718 - 69582
I 69563 - 78033

I 75034 +
0 05 1 2
| — KM

City of Melbourne total (residential + commercial) energy consumption in Year 2021
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City of Melbourne total (residential + commercial) energy consumption in Year 2026
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C2. City of Port Phillip

Residential energy consumption
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City of Port Phillip residential energy consumption in Year 2011
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Commercial energy consumption
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City of Port Phillip Commercial energy consumption in Year 2011
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Total (residential + commercial) energy consumption

2011 Total Energy Demand
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City of Port Phillip total (residential + commercial) energy consumption in Year 2011
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C3. City of Stonnington

Residential energy consumption
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Stonnington Base Map

Residential MWh
o
227
B 2c- 454
I 455 - 530
I 6a1-007
I w08 - 1134
[ n35-1361
1362- 1814
1315 - 2268
2269 - 2722
2723-3175
[0 21763402
I 2403-3629
I 3530- 3656
I 557 - 4082
I 1053 - 4309
I 4:10- 4536

City of Stonnington residential energy consumption in Year 2011
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Commercial energy consumption
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City of Stonnington commercial energy consumption in Year 2011
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CA4. City of Yarra
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Appendix D: Future Scenario Energy Calculation
Methods

D1. Residential Buildings

For residential buildings, the energy consumption calculations in a case with ‘Minor’ intervention/reduction
scheme under scenario A in 2016 are undertaken as follows:

MinorZ%e® A (kWh) =
{NEWEES + NEWESS,.., + NEWZ) +
{(GENES, xUptake™) +( GENEES o xUptakey™) + (GENZE? xUptake™* } +
{(Energyess, x MinoZ228) + (Energye s, X MInor22,,...) +(Energyf®s* x Minor22i9)x Uptake(RESZ, |

Minor,
= {(NewDetachy™**x BCATEA) + (New(Seri - Detach) ™ BCALES,,,) + (New( APT) X BCATS)
+ {{GENS, xUptakePV) 2152 +( GENZS, xUptakePV)Zi5%, .., ) + (GEN2ZS xUptakeZiet}
+{(Energ}§(§§ch x MinorZ%8, xUptake Detach22%4) + (Ener gy .o, X Mino22e  xUptakeSemi — D)2064) }
+(Energy’ms x Minor2s® xUptake APT)2164)

Minor

Where,

Minoréé’;s"*: Total energy reduction (kWh) of residential building comparing to BAU with Minor

intervention under Scenario A in 2016

NEWZ22 :Energy reduction for new Detach when applied BCA 2152 in 2016

(= New(Detach)**® xBCAZ%>"), New(Detach)**® :New Detach Stock in 2016 (househol d)
BCAZS" - BCAenergy gap for Detach for 2011(1150kWh/ HH / year)
NEWZZS e - Energy reduction for new Semi - detach when applied BCAZe4 - in 2016

(= New(Semi - Detach)**®x BCAZ 5

i—Detach
New(Semi — Detach)®™ : Semi - Detach Stock in 2016 (househol d)
BCAZY suacn - BCA energy gap for Semi - Detach for 2011 (671kWh / HH / year)

NEW 2 : Energy reduction for new APT when applied BCA 25> in 2016
(= New(APT) ' x BCAZA

BCAYY :BCAenergygapfor APT (671kWh/ HH / year)
GENZX®, :Renewable energy (PV) from detached in 2016 (= 2431kWh/ HH / year)
GENZY ... :Renewable energy (PV) from Semi - detached in 2016 (= 1621kWh/ HH / year)
GENZ2? : Renewableenergy (PV) from APT in 2016(assumed 0)
Uptake(PV)2ae Uptake(PV )24 . Uptake(PV) 2524 :Uptake rate of PV
for Detach, Semi - Detach and APT of scenario A in 2016 (=1%)
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ENERGY 0, ,ENERGYZR® L ocns ENERGY 231° : Energy consumption of

Detach ?

Detached (BAU case) Semi - Detach and APT in 2016 (kWh/year)
Uptake (APT )24 - Uptake rate (%) of Minor Intervention for APT in 2016 (with scenario A)

Minor *

Uptake(Semi — Detach) 24 : Uptakerate (%) of Minor Intervention

for Semi - Detach housein 2016 (with scenario A)
Uptake (Detach)Z** : Uptake rate (%) of Minor Intervention for Detach housein 2016 (with scenario A)

MinorZo, , MinorZ ..., Minor 2:° :Minor intervention schemefor energy reduction of

Detach, Semi - Detach and APT in 2016

Similar calculations are undertaken for the ‘Moderate’ and ‘Major’ reduction schemes with scenarios A and
B uptake and new building code requirements. These are repeated for the years 2021 and 2026.

D2. Commercial Buildings

)

For commercial buildings, the energy consumption calculations in a case with ‘Minor
intervention/reduction scheme under scenario A in 2016 are undertaken as follows:

MinoZge* (KWh) =

(New(Office L) x BCAZSA )+ (New(Office M) x BCAZEA )+ (New(Office H) 2 x BCAZSA )
+ (New(Hotely x BCA3 )+ (New(Motel) ™ x BCALA )+ (New(Retai) s x BCADS ) +
(New(\Narehouse)2016 xBC. 20131/2@;;) + (New(SchooI) *1xBC 20;&{*) + (New(Hospi tal)****x BCAﬁ%;‘jQ)
+ (Nev\( Healthcar§™®x BCA oo+ (New( Entertainnent)*°x BCAS A ) +
(New(Communit))2016 xBC. ngmy) + (Nevv(Stor age>*°xBC 2‘;%‘;9’*6)

+{ (GENG G, +GENGS,, + GENG + GENEN, + GENES ot GENELS ) XUptalk@y ™} +

ficeL hool

016 H 2016,A 016, H 2016,A 016, H 2016,A
(Energyicer X MinOGice ) + (ENEr ¥sicen % MinOGygican ) +(EN€rgyicen X MinoGyicey
+ (Energyis x MinoEgis*) +(Energyfs x Minori*) + (Energyfis x Minogsis*
016 H 2016A 016 H 2016,A 016 H 2016,A 2016,A
+ (Energ)&/arehousex Mi norl\larehousg + (Energ hool x Mi nor&:hool ) + (Ener ospital x Mi no“—!ospita]) x UptadeOM) Minor
016 H 2016 A 016 H 2016,A
+ (Energ eajthcarex M I no';—iealthcare) + ( Energ ntertai nnent X MI nOIIEntertai nnent
016 H 2016,A 016 H 2016,A
+ (Energ orm\unityx M I norCorm\unity) + (Ener orage>< MI norSorage)
where

Minor23” : Total energy reduction (kWh) of Commercial Building comparing to BAU with
Minor Intervention under Scenario Ain 2016

NEW (Commercial Type)*™® : Commercial Building Stock (m?) by Type (Low/Medium/High rise Office,
Retail, Hospital, Healthcare Hotel, Motel, Warehouse, Entertainment, Community, Storage etc

in 2016
BCA.S*:BCAEnergylmprovemert (kWh) by Type (Office, Retail, Hospital etc) in 2016
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GENGio . GENGric v GENZYS  GENGRS, , GENZER e GENGS ., - Renewableenergy (PV) from

Office,M 1 Motel 1 School * Community

Low riseOffice, Mediumrise Office, Motel, School, Healthcareand Community in 2016

Uptake2®* :Uptake rateof commercial PV of scenario A in 2016
Energyr,s :Energy consumption (MJ) of existing Low, Medium, High rise Office, Retail, Warehousg,

School, Hospital, Healthcare Entertainment, Hotel, Motel, Community and Storage in 2016
Uptake(COM )24 - Uptake rate (%) of Minor Intervention for Commercial Buildingin 2016 (with Scenario A)

Minor

Minor 2> : Minor intervention schemeof energy reduction for Low, Medium, High rise Office, Retail,

Warehouse, School, Hospital, Healthcare, Entertainment, Hotel, Motel, Community and Storage in 2016
(with Scenario A)

Similar calculations are undertaken for the ‘Moderate’ and ‘Major’ reduction schemes with scenarios A and
B uptake and new building code requirements. These are repeated for the years 2021 and 2026.
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