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Executive Summary

KEY FINDINGS

e Improved energy efficiency in buildings could save up to an estimated $16.7 billion in
infrastructure costs by 2020, in the context of energy infrastructure spending of
around $165 billion.

e Australia could eliminate all forecast growth in energy consumption and related
carbon emissions from residential, commercial and industrial buildings to 2020
through cost effective energy efficiency improvements.

o After allowing for the costs of implementation, these energy efficiency improvements
could deliver a net economic benefit of $1 billion per year.

e Subject to a carbon price of $32 per tonne of carbon dioxide, emissions savings from
cost effective energy efficiency measures could be increased by a further 36%,
reducing total 2020 building sector emissions to 7% below 2010 levels (see Figure 28
below).

BACKGROUND

Meeting Australia’s energy needs sustainably will be a major challenge for the next decade.
Electricity consumption is forecast to increase by over 20 percent in the next 10 years, while
peak electrical demand is increasing even more rapidly, with almost 30 percent growth
forecast from 2010 to 2020. Natural gas consumption is forecast to rise by almost 50
percent and gas peak demand is set to increase by around 40 percent by 2020. An
unprecedented level of energy sector capital expenditure has been proposed to meet this
growth in total and peak demand. Over $46 billion in electricity network infrastructure alone
is planned over just the next five years. Electricity generation and gas infrastructure will add
significantly to this figure. This unprecedented expenditure is resulting in dramatic increases
in consumer energy tariffs.

Coupled with the urgency of reducing national greenhouse gas emissions, Australia’s
growing demand for energy highlights the importance of implementing policy that
encourages and facilitates energy efficiency from both supply and demand perspectives.
Currently, energy efficiency is usually only evaluated in terms of payback times on average
retail energy to consumers. However, as growth in peak demand and new infrastructure
expenditure are increasing rapidly, there is increasing need to understand their impact on
the marginal or incremental cost of supply. In other words, it is important to understand and
quantify the value of energy efficiency in avoiding additional, new energy supply costs.

Energy efficiency is often described as offering the largest, cheapest and quickest way to
manage energy demand and reduce greenhouse gas emissions. However, the relationship
between energy efficiency measures and their impact on peak demand — which is the
primary driver of investment in new capital-intensive infrastructure — is not well understood.
This research examines the relationships between energy efficiency measures in the
building sector and peak energy demand and analyses and quantifies the avoidable
infrastructure costs associated with those energy system impacts. By improving
understanding of avoidable and deferrable energy system infrastructure costs, the research
aims to assist in the development of policy instruments to moderate peak demand growth
and reduce total energy consumption, and thereby deliver low cost emissions abatement for
Australia.
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APPROACH

This research combines two parallel and complementary work packages.

The first examines the relationship between technical building energy performance
improvements relating to electricity and gas end uses (e.g. lighting, Heating Ventilation and
Air Conditioning (HVAC), water heating, appliances) and impact on electricity and gas peak
demand in critical summer and winter seasons, when energy systems are most constrained.
This analysis establishes projected energy uses in residential, commercial and industrial
buildings in 2020, then models the total energy savings achievable from a specified suite of
building Energy Savings Measures (ESMs). It then estimates the peak demand impact of
those energy savings by taking into account the time of day and year that those savings
occur (for electricity, this means determining the megawatts (MW) of peak demand reduced
for every megawatt hour (MWh) of energy saved).

The second work package quantifies the marginal costs of energy supply in the
generation/production and delivery of gas and electricity to the consumer, by researching the
historical and proposed infrastructure investment over the next five years, and projecting
these annually out to 2020. Combining these packages then enabled the quantification of
the potential infrastructure savings achievable through energy efficiency measures in
buildings.

The analysis is based around two scenarios, ‘Moderate’, and ‘Accelerated’, which differ in
the degree of market penetration and the speed of uptake of the measures.

ENERGY SYSTEM IMPACTS

Both ‘Moderate’, and ‘Accelerated’ scenarios were found to deliver significant reductions in
peak demand in summer and winter, with much greater impacts on the electricity system
that on the gas network. Therefore the majority of the discussion and key results discussed
below relate predominantly to electricity. For the key peak season of summer, the steep
projected peak electricity demand growth is reduced by over 5,000 MW in the Moderate
Scenario and over 7,000 MW in the Accelerated Scenario. This equates to the elimination of
between 43 and 58 percent respectively of total summer projected peak demand growth to
2020.

Savings in total energy consumption are estimated at over 26,000 gigawatt hours (GWh) per
annum in the Moderate Scenario, eliminating around 19% of total forecast 2020 building
sector electricity usage.

VALUE OF INFRASTRUCTURE SAVINGS

Infrastructure savings were quantified on an annual basis, including avoided capital and
maintenance costs associated with electricity generation, transmission and distribution, as
well as gas production/processing, transmission and distribution. The fuel cost associated
with electricity generation (which is the main component of the ‘variable’ costs seen in Table
43 below) was separately quantified throughout the analysis. The annual infrastructure cost
savings associated with a full rollout of identified energy efficiency technologies and
approaches were produced by jurisdiction. Table 43 below illustrates results for the
Moderate Scenario.
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Table 43 Annual infrastructure and fuel cost savings: Moderate energy efficiency scenario

($2010 million p.a.)

Electricity Gas
Generation| Network Sub-total: Variable Prod. | Trans. | TOTAL
Fixed Elec | Component
NSW+ACT 229 743 972 405 0 1 1,378
QLD 201 400 601 264 -1 0 864
SA 70 167 236 38 0 0 275
TAS 18 31 49 33 0 0 83
VIC 166 209 375 183 14 12 584
WA 100 76 175 60 -1 0 235
TOTAL 784 1,625 2,408 982 13 14 3,418

Overall it was found that both scenarios defer significant energy system infrastructure
investment:

e The Moderate Scenario, which saves 19% of total forecast annual energy
consumption from the three building sectors, results in approximately $2.4 billion per
annum of avoided fixed infrastructure costs.

e The Accelerated energy efficiency Scenario, which saves 25% of total annual
electricity consumption from the three building sectors, would result in approximately
$3.3 billion per annum of avoided fixed infrastructure costs.

These annual infrastructure savings are expressed as metrics per m? of building area
in Section 4.3 of the report, as required by the research brief.

The variable (fuel) component adds a further $1.0 to $1.3 billion per year in savings.

COST OF IMPLEMENTATION

In addition to assessing the infrastructure savings, the costs of implementing the energy
efficiency measures in each scenario were also calculated. The large majority of measures
were found to have net economic benefits, as indicated in the cost curve for the Moderate
Scenario below (Figure 25), where those measures below zero on the vertical axis result in a
net economic gain after factoring in infrastructure savings.
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Figure 25 Net costs of peak demand reduction for Energy Savings Measures (incl.
infrastructure and fuel savings): Moderate Scenario

Note: a larger version of this and other cost curves can be found on pages 91 and 92.

COMPARISON OF SCENARIOS

Table 50 summarises the main energy system impacts and economic and environmental
costs and benefits of each scenario.

Table 50: Comparison of Moderate and Accelerated Scenarios

Moderate Accelerated
Electricity System Impacts
Max Seasonal Peak Reduction (MW) 5,283 7,236
% of 2020 total summer peak demand eliminated 10% 13%
% of 2010-2020 peak growth eliminated (Winter-Summer) 36-43% 50-58%
Energy Saved (GWh/a 26,345 35,794
Annual Environmental Benefits
Emissions abated (full fuel cycle; megatonnes/annum - Mt/a) 29 39
% of 2010-2020 building sector emissions growth eliminated 100% 136%
- Infrastructure Savings $2,435 $3,337
- Fuel Savings $982 $1,334
Total Savings (infrastructure + fuel) $3,418 $4,671
Cost of Building ESMs -$2,468 -$5,883
Net benefit excl. carbon $950 -$1,212
Net benefit incl. $20 per tonne carbon emissions $1,522 -$437
Cumulative Economic Costs/Benefits by 2020 ($m)
- Infrastructure Savings $12,175 $16,685
- Fuel Savings $4,910 $6,670
Total Savings (infrastructure + fuel) $17,090 $23,355
Cost of Building ESMs -$12,341 -$29,416
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Moderate Accelerated
Net benefit excl. carbon $4,749 -$6,061
Net benefit incl. $20 per tonne of carbon emissions $7,609 -$2,185

Note: Economic costs are negative, economic benefits/savings are positive

Table 50 above reveals the following:

e Through the Moderate Scenario, eliminating 36-43% of peak demand growth yields
infrastructure plus fuel savings totalling $3.4 billion p.a. at a cost of $2.5 billion/a,
yielding a net benefit to society of almost $1 billion p.a.

¢ All benefits of the Accelerated Scenario are around 35-37% higher than for the
Moderate Scenario.

¢ While both infrastructure and emissions savings are higher in the Accelerated
Scenario, the costs are significantly higher. The cumulative net cost of the
Accelerated Scenario to 2020 is about $6.1 billion. If the value of avoided carbon
dioxide emissions is included at a price of $20/t CO,, then the cumulative net cost of
the Accelerated Scenario to 2020 falls to around $2.2 billion.

By 2020 the cumulative infrastructure savings from making buildings 19% more energy
efficient (Moderate Scenario) could total over $12 billion. After factoring in further fuel
savings and the costs of implementing energy efficiency, the result is a net economic
benefit of $4.7 billion.

EMISSIONS SAVINGS

The emissions savings delivered through the modelled building energy efficiency measures
are substantial, with the Moderate Scenario eliminating all emissions growth from the
building sector to 2020. The Accelerated Scenario goes even further, eliminating 136% of
the 10-year forecast emissions growth (reducing building sector emissions to 7% below
2010 levels), as shown in Figure 28 below.

Emissions from the building sector could thus be stabilised at a net benefit to society of
$1 billion per annum.

Further accelerating emissions reductions to deliver a declining emissions trajectory would
come at a net cost of $1.2 billion per annum, but becomes cost neutral at a carbon price of
$32 per tonne. Thus building energy efficiency measures offer an attractive value proposition
to deliver low or negative cost emissions reductions.
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Institute for Sustainable Futures & Energetics July 2010

Figure 28 Emissions trajectories for the buildings sector by scenario, 2010-2020

Notes: BAU = Business as Usual

AVOIDED INFRASTRUCTURE COSTS PER SQUARE METRE

Metrics were calculated to show the avoidable value of electricity and gas infrastructure per
square metre (m?) for every 1% of energy reduction achieved through building energy
efficiency measures, shown in Table 45 below. The amended version of Table 45 presents
the avoidable cost associated with electricity infrastructure only (1a), which includes
generation and network capital and fixed operations and maintenance (O&M); and the
combined electricity and gas infrastructure cost savings (3a).

Table 45 (amended) - Annual avoided infrastructure value per m? per percentage
reduction in energy consumption

Building Sector

Commercial Residential Industrial Total
316,985,123 1,666,829,199 47,421,238 2,031,235,560
Floor Area* m2 m2 m?2 m?2

la. Fixed electricity infrastructure
value per % electrical energy $0.243 $0.024 $0.092 $0.064
(GWh) savings

3a. Fixed electricity + gas
infrastructure value per % overall $0.318 $0.037 $0.092 $0.090
energy (GJ) savings
Notes:

* Floor areas exclude Northern Territory as no infrastructure savings value could be calculated for this
jurisdiction.

To demonstrate how these metrics are applied, a worked example is provided here.

If, for example, the Department wished to determine the avoidable fixed (capital and
maintenance) infrastructure value associated with a suite of proposed commercial building
sector efficiency measures that reduce electricity consumption by 20%, this would be
calculated using the following method:

1. Select the appropriate commercial sector metric from Table 46: $0.243/m?/annum for
every percent of electrical energy reduction achieved.

Building Our Savings: Reduced Infrastructure Costs from Improving Building Energy Efficiency viii
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2. Multiply this metric by the expected 20% electrical energy savings:
20 x $0.243/m?*/annum = $4.86/m?*annum.

3. Multiply this figure by the floor area of the commercial building sector:* 316,985,123
m? x $4.86/m?/annum = $1,540,547,698/annum ($1.5 billion/a).

4. If a total rather than an annual figure is desired, multiply this value by the average
lifespan of the suite of energy efficiency measures (in years). If for a set of savings
mandated by the Building Code of Australia this was in the order of 10 yrs:?
$1.5 billion/annum x 10yrs = $15 billion.

IMPLICATIONS FOR BUILDING CODE STANDARDS

Given the application of this report in the context of standards development for the Building
Code of Australia (BCA), it is worth noting that although the focus of the Energy Savings
Measures in this report has been on retrofitting, many such measures can equally be applied
through BCA standards, such as high efficiency lighting, hot water demand reduction
(although this is often covered in local government controls), and heating and cooling
reductions from passive design standards.

Strong BCA controls will be increasingly advantageous in the medium to long term, although
are likely to produce relatively limited national efficiency gains within the 2020 timeframe of
this analysis. Thus the critical determinant of the impact that the BCA could have on the
scenario outcomes in this report depends on when compliance with its standards are
triggered in relation to retrofit works (particularly commercial). The significance of the
findings in this report could feasibly provide an impetus to review the application of the BCA
in the context of retrofits.

CONCLUSION

It has been demonstrated that there is highly significant economic value from energy
efficiency measures in the building sector that is currently not valued when determining the
cost effectiveness of these or other ‘demand side’ approaches to the delivery of energy
services. This value lies in the ability of building energy performance improvement to not
only reduce total energy consumption, but also reduce the peak demand on the system,
thereby deferring the need for capital intensive new generation and network infrastructure.
Other demand management options such as standby generation, cogeneration, trigeneration
and dynamic peak pricing also offer potential to deliver further savings.

This research, through improving the understanding of avoidable and deferrable energy
system infrastructure costs, can assist in the development of energy policy that effectively
manages energy demand at the lowest cost to society, the economy and the environment.

! This floor area excludes the Northern Territory, however total national values are shown in Section
2.4,

% Note that the lifespan of ESMs included in this study range from 5 to 30 years, with an average
lifespan of 14.5 years.
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1 Introduction

1.1 Background

Meeting Australia’s energy needs sustainably will be a major challenge for the next
decade. Electricity consumption is forecast to increase by over 20 percent in the next 10
years,® while peak electrical demand is increasing even more rapidly, with almost 30
percent growth forecast from 2010 to 2020. Natural gas consumption is forecast to rise
by almost 50 percent and gas peak demand is set to increase by around 40 percent by
2020.* An unprecedented level of energy sector capital expenditure has been proposed to
meet this growth in total and peak demand. Over $46 billion in electricity network
infrastructure alone is planned over just the next five years. Electricity generation and gas
infrastructure will add significantly to this figure. This unprecedented expenditure is
resulting in dramatic increases in consumer energy tariffs.

Coupled with the urgency of reducing national greenhouse gas emissions, Australia’s
growing demand for energy highlights the importance of implementing policy that
encourages and facilitates energy efficiency from both supply and demand perspectives.
Currently, energy efficiency is usually only evaluated in terms of payback times on average
retail energy to consumers. However, as growth in peak demand and new infrastructure
expenditure are increasing rapidly, there is increasing need to understand their impact on
the marginal or incremental cost of supply. In other words, it is important to understand
and quantify the value of energy efficiency in avoiding additional, new energy supply costs.

Reducing energy consumption through energy efficiency provides the opportunity to avoid
or delay infrastructure investment. However, while there are relatively well-established
bodies of research on both the costs of energy system infrastructure and the total energy
reductions achievable from energy efficiency measures, there has been remarkably little
work on the relationship between them. That is, on the impact of building energy efficiency
measures on reducing peak demand for energy, which drives investment in new
infrastructure. This research quantifies and provides analysis of this relationship.

Greater understanding of avoidable and deferrable energy system infrastructure costs and
the ability to quantify these benefits has the potential to be a key driver for the
development of policy instruments to promote both moderated peak demand and reduced
total energy consumption. With the former reducing costs and the latter reducing
emissions, significant and cost effective energy savings can be delivered across the
economy. Failure to appreciate the potential for energy savings to reduce the need for new
energy infrastructure could lead to large overinvestment in capital, slowing both economic
growth and emissions abatement.

Other benefits include the increase reliability of energy delivery, and enable greater
reduction and management of greenhouse gas emissions, an increasingly significant
factor as we approach low carbon economic environments on an international and
domestic level.

¥ AEMO. 2009a, Electricity Statement of Opportunities.

* AEMO. 2009b, Gas Statement of Opportunities. Aggregate Demand Forecasts, 8 Dec 2010 Avail
from http://aemogas.com.au/index.php?action=filemanager&doc _form name=

download&folder id=1049&doc id=5888, Accessed 5 March 2010.
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1.2 Drivers for this research

The Department of Climate Change and Energy Efficiency (‘the Department’) has
commissioned the Institute for Sustainable Futures, University of Technology Sydney (ISF)
and Energetics to undertake this research to gain a greater understanding of the “hidden
value” of deferrable energy infrastructure investment that can be unlocked through
improvements in building energy performance.® As this value stream has the potential to
be the single most significant source of economic benefit from energy efficiency, the
research has the potential to provide a solid foundation for strengthening government
action on energy efficiency. Quantification of this economic relationship will assist the
Department in producing more accurate cost-benefit analyses in its evaluation of new
regulatory measures to improve energy efficiency. The Department’s immediate interests
are associated with strengthening energy efficiency provisions in the Building Code of
Australia (BCA), but the relevance of this research extends beyond this focus to other
broader policy support for energy efficiency and peak demand management.

Establishing the consideration of this value stream as a routine part of the economic
assessment process for energy efficiency could help nurture the concept of an allowable
“budget” for new and increased spending on energy efficiency and peak load
management. By furthering the justification for energy efficiency through this research, the
Department has the ability to unlock significant additional energy savings in the building
sector, tapping a large source of low cost greenhouse gas emissions reductions. This aim
is core to Australia’s international and domestic climate change abatement commitments.

1.3 Aim and Scope
Aim

The key aim of this research is to shed greater light on the relationship between energy
system infrastructure costs and building energy performance. The key output of this
research is to quantify the potential cost savings from deferred or avoided energy system
infrastructure related to improvements in building energy performance, and to represent
these savings as a $/m? building floor area metric for each of the residential, commercial
and industrial building sectors. To achieve this aim it is necessary to establish both:

¢ the peak demand reduction per unit of energy saved from energy efficiency
measures (essentially the peak MW/MWh energy saved, and gas equivalent); and

¢ the economic value associated with the avoiding peak demand growth (in $/MW
and gas equivalent).

The purpose of this research is to enable the Department to enhance economic
justification for developing policy instruments that effectively enhance energy efficiency in
commercial, industrial and residential building sectors.

It is an additional aim of the research team to provide results that can be applied as
broadly as possible in the quantification of the environmental and economic benefits of
energy efficiency and peak demand management.

Scope

For the purpose of analysing “building energy performance” this report focuses primarily
on end use energy efficiency. That is, actions that deliver equal or greater levels of energy

® The Department’s term “building energy performance” is used interchangeably with “building
energy efficiency” throughout this report.
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services such as cooling, heating, lighting and appliances, with less energy input. The
analysis intends to cover the entire Australian building stock in the residential, commercial
(which includes the sub-sectors office, retail, health, education and hotels) and industrial
sectors. However, analysis of the industrial sector excludes industrial processes and was
limited solely to electricity usage for lighting.

The specific technologies and actions that are included in the analysis, referred to as
building “Energy Savings Measures”, or ESMs, cover both electricity and gas usage and
are detailed in Section 2.2. The analysis is performed on a state-by-state basis, but also
includes assessment of the variability between avoidable infrastructure costs in rural and
urban settings.

Most of the buildings that will exist in Australia in 2020 have already been built. While
some ESMs apply to new buildings, the majority of ESMs analysed focus on retrofit
measures as these are the elements that will have a tangible impact on infrastructure
investment by 2020. While the metrics ($/m?) presented are applicable across a range of
new and existing buildings, only a very limited amount of the reported total infrastructure
savings by 2020 ($) are thus directly achievable through the use of building standards.

Standby generation, cogeneration, trigeneration and dynamic (peak) pricing have also
been analysed semi-quantitatively, outside the framework of the model as these demand
management options were foreseen to make a valuable contribution to bolster efforts to
avoid infrastructure investment on larger scale.

The modelling of ESMs is structured around two scenarios: Moderate and Accelerated.
Actual measures in both scenarios are similar, but the market penetration is greater and
timeframe to replacement are shorter in the Accelerated Scenario. Further defining
characteristics of these scenarios are detailed in Section 2.

1.4 Structure of this Report

The report comprises five sections. The primary research was structured as two parallel
and complementary work packages: Section 2, completed by Energetics, and Section 3,
completed by ISF. A brief explanation of each section follows:

Section 2: This section examines the relationship between technical building energy
performance improvements relating to electricity and gas end uses (e.g. lighting, HVAC,
water heating, appliances) and impact on peak demand in critical summer and winter
seasons, the main driver of energy system infrastructure investment. The modelling is
performed according to two scenarios.

Section 3: This section establishes the relationship between timing and volume of energy
usage and marginal costs of energy infrastructure supply. It draws on available Australian
data relating to historic and projected energy system infrastructure costs, energy
consumption and peak demand.

Section 4: This section combines the outputs of Sections 2 and 3 to communicate the
impact of each scenario on the energy system and the associated avoided infrastructure
costs. This analysis is performed by jurisdiction over the period 2010-2020.

Section 5: Conclusion.

Appendices then follow with more detailed information on the analysis that was performed
at the level of individual ESMs.
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2 Building Energy Efficiency and Peak Demand

The overarching objectives of this section are to analyse the current energy using
characteristics of buildings in Australia, to examine the relationship between energy
consumption and peak demand, and to develop estimates of the potential energy and
peak demand reductions associated with a range of cost-effective savings opportunities.
A 10-year timescale is used for this assessment, with energy savings assessed relative to
a 2020 business-as-usual baseline.

2.1 Context & Definition

In very simple terms, buildings can be categorised as:

¢ Residential — including houses and other dwellings;

¢ Commercial — including offices, retail, hotels / accommaodation, hospitals,
education, other public facilities, communication, culture / leisure / recreation
facilities;

¢ Industrial — all buildings housing some form of industrial processing

Stationary energy consumption by all buildings, excluding industrial processes, typically
includes:

e Heating, Ventilation and Air Conditioning, or HVAC;

e Pumping;

e Lighting;

o Water Heating;

o Appliances;

e Computer Equipment;

e Other equipment such as lifts, escalators and miscellaneous motors

In energy consumption terms, the residential and commercial sectors are forecast by the
Australian Bureau of Agricultural and Resource Economics (ABARE) to consume 959.7
Petajoules (PJ) by 2019-20°. This is 19.8% of forecast final energy consumption in
Australia, and represents a forecast 25.8% growth from ABARE’s 2009-10 final energy
consumption data for these sectors. While energy consumption itself is lower than other
sectors such as mining, manufacturing and transport, much of the residential and
commercial sectors’ energy demands are met by electricity, which in Australia has high
greenhouse gas emissions per unit consumed relative to other fuels, due to heavy reliance
on coal-fired generation.

In addition, energy efficiency improvement potential in these sectors is reported to be
higher than in other sectors.” Several market-based and regulatory processes have been
designed and implemented to improve the energy efficiency of Australia’s buildings in the
past decade or so. These include, among others:

¢ Building Code of Australia (BCA) — Section J on energy efficiency;

® Andrew Dickson, Muhammad Akmal and Sally Thorpe. 2003, Australian Energy, National and
state projections to 2019-20, ABARE report for the Ministerial Council on Energy, ABARE e-Report
3.10, June 2003.

" See http://www.ret.gov.au/Documents/mce/energy-eff/nfee/about/model.html
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e National Australian Building Energy Rating System, or NABERS, which has to date
been developed for certain types of Office, Retail and Hotel accommodation
facilities;

¢ Mandatory disclosure of energy efficiency performance of buildings, whereby
building owners must disclose a valid Building Energy Efficiency Certificate to
prospective buyers and lessees at the point of sale and lease of office space over
2,000 square metres. The certificate will include a NABERS Energy base building
star rating, an assessment of the lighting energy efficiency of tenancies and some
suggestions on how to improve the building's energy efficiency;®

e Green Star Buildings, which is an assessment tool that rates the design
performance of a range of building features, including energy consumption;

¢ The Commonwealth Government’s Energy Efficiency Opportunities Program,
under which many of Australia’s largest commercial sector companies (consuming
over 0.5 PJ of energy per year) are required to assess and report on cost effective
efficiency improvement potential across 80% of their portfolio;

e Australian governments have sought to implement efficiency improvements across
public facilities, in recent times via mechanisms such as Energy Performance
Contracting;

e Voluntary energy efficiency programs, such as Greenhouse Challenge Plus, the
Sustainable Energy Development Authority of NSW (SEDA) Energy Smart
Buildings Program and information and tools provided by all states’ and territories’
governments to help individuals and business save energy;

¢ Arange of residential building rating tools such as BASIX in NSW, National Home
Energy Rating System (NatHERS), and the ACT Home Energy Rating System
(ACTHERS); and

¢ Minimum Energy Performance Standards (MEPS), under which many appliances
that are sold in Australia have been required to improve their energy efficiency,
with some significant savings achieved in refrigerators, lighting, water heating and
other appliances.

While it is evident that there are many initiatives in place or in development that target
energy consumption by buildings, there is by comparison extraordinarily little focus on the
impact of building energy use on peak enerqgy demand. However, rising network energy
costs as a result of unprecedented investment in electricity transmission and distribution
network systems to meet growing peak demand, particularly from air conditioning, is
leading to a greater level of attention being paid to this aspect of energy use.

Section 3 of this report goes in to greater detail regarding current infrastructure spending
plans and this aspect is not addressed here. The aim of this section is to take a closer
look at the end use of energy in homes and commercial buildings to develop a greater
understanding of the relationship between energy use and peak demand. This will then
enable the development of a greater understanding of the relationship between energy
savings and savings in peak demand.

8 Refer to http://www.climatechange.gov.au/en/what-you-need-to-know/buildings/commercial/
disclosure.aspx
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2.2 Building energy consumption in Australia

2.2.1 Residential Buildings

The Australian Government recently published a revised residential baseline study®
covering the period 1986 to 2020. High level outputs from this study are presented below.
These form the main information source about residential electricity and natural gas
consumption for this study.

2.2.1.1 Electricity Use

The forecast 2010 and 2020 electricity use by technology and state is shown in Table 1
below.

Table 1 - Residential Baseline Electricity Use in 2010 and 2020 (from DEWHA)

State Air Space Cooking Water Appliances Total
Conditioning Heating Heating &
Equipment

2010 Residential Baseline

NSW 4.00 PJ 5.50 PJ 3.40 PJ 18.00 PJ 44.30 PJ 75.20 PJ
VIC 0.90 PJ 3.80 PJ 1.60 PJ 6.20 PJ 32.10 PJ 44.60 PJ
QLD 5.00 PJ 0.70 PJ 2.50 PJ 9.60 PJ 28.00 PJ 45.80 PJ
SA 1.30 PJ 1.30 PJ 0.60 PJ 2.60 PJ 10.10 PJ 15.90 PJ
WA 1.30PJ 0.70 PJ 0.70 PJ 1.90 PJ 14.10 PJ 18.70 PJ
TAS 0.00 PJ 1.20 PJ 0.30 PJ 2.20PJ 3.20 PJ 6.90 PJ
NT 0.80 PJ 0.00 PJ 0.10 PJ 0.30 PJ 1.10 PJ 2.30 PJ
ACT 0.10 PJ 0.60 PJ 0.20 PJ 0.70 PJ 2.10PJ 3.70 PJ
TOTAL 13.40 PJ 13.80 PJ 9.40 PJ 41.50 PJ 135.00 PJ 213.10 PJ

2020 Residential Baseline

NSW 5.20 PJ 5.70 PJ 3.20 PJ 16.30 PJ 53.70 PJ 84.10 PJ
VIC 1.00 PJ 4.60 PJ 1.60 PJ 5.60 PJ 38.90 PJ 51.70 PJ
QLD 6.90 PJ 0.80 PJ 2.80 PJ 8.70 PJ 36.50 PJ 55.70 PJ
SA 1.60 PJ 1.60 PJ 0.50 PJ 2.30 PJ 11.70 PJ 17.70 PJ
WA 1.70 PJ 0.90 PJ 0.70 PJ 1.90 PJ 17.80 PJ 23.00 PJ
TAS 0.10 PJ 1.40 PJ 0.30 PJ 2.00 PJ 3.60 PJ 7.40 PJ
NT 1.00 PJ 0.00 PJ 0.10 PJ 0.30 PJ 1.40 PJ 2.80 PJ
ACT 0.10 PJ 0.60 PJ 0.20 PJ 0.60 PJ 2.50 PJ 4.00 PJ
TOTAL 17.60 PJ 15.60 PJ 9.40 PJ 37.70 PJ 166.10 PJ 246.40 PJ

o Energy Efficient Strategies. 2008, Energy Use In The Australian Residential Sector 1986 — 2020,
Department of the Environment, Water, Heritage and the Arts.
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This baseline contrasts with ABARE's forecast for the same years, shown below in Table

210

Table 2 - Comparison between DEWHA and ABARE residential baseline electricity use

State ABARE ABARE ABARE DEWHA Electricity  Difference
Total Energy  Primary Energy  Electricity  Baseline
Residential 2009-10
NSW (incl ACT) 145.1 PJ 61.9 PJ 83.2PJ 78.9 PJ 4.3 PJ
VIC 180.2 PJ 133.4 PJ 46.8 PJ 44.6 PJ 2.2PJ
QLD 58.4 PJ 13.6 PJ 44.8 PJ 458 PJ -1PJ
WA 43.2 PJ 249 PJ 18.3 PJ 18.7 PJ -0.4PJ
SA 37.1PJ 19.1PJ 18 PJ 159 PJ 2.1PJ
TAS 14.6 PJ 8.7 PJ 59PJ 6.9 PJ -1PJ
NT 3.5PJ 1PJ 25PJ 2.3PJ 0.2 PJ
TOTAL 482.1 PJ 262.6 PJ 219.5PJ 2131 PJ 6.4 PJ
Residential 2019-20
NSW (incl ACT) 177.8 PJ 74.6 PJ 103.2 PJ 88.1 PJ 15.1 PJ
VIC 222.3PJ 163.4 PJ 58.9 PJ 51.7 PJ 7.2PJ
QLD 77.7PJ 15.8 PJ 61.9 PJ 55.7 PJ 6.2 PJ
WA 56.2 PJ 31.2PJ 25PJ 23 PJ 2PJ
SA 43.7 PJ 21.7PJ 22 PJ 17.7 PJ 4.3 PJ
TAS 16.1 PJ 9.7 PJ 6.4 PJ 7.4PJ -1PJ
NT 4.3 PJ 1.1PJ 3.2PJ 2.8PJ 0.4 PJ
TOTAL 598.1 PJ 317.5PJ 280.6 PJ 246.4 PJ 34.2PJ

As Table 1 and Table 2 show, the recent DEWHA forecast estimates that the rate of growth
in electricity use in the residential sector will be slower than the forecast by ABARE over
the next decade.

We can also examine the residential baseline at the level of individual end use equipment
and can observe some of the high level changes that have occurred and are forecast to
occur over the period to 2020. The table below shows changes in electricity consumption
over the periods 2000-2010 and 2010-2020, based on estimated data from various graphs
in the baseline study, and organised in descending order based on forecast consumption
in 2020.

19 Dickson et al., above n.6.
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Table 3 - Changes in Appliance Electricity Use 2000-2020 (estimated from DEWHA)

Item

Televisions

Water Heating
Lighting

Refrigerators

Other Standby

Air Conditioning

Space Heating

Cooking

Other Electricity
(Small Miscellaneous)

Swimming Pools and
Spas

Miscellaneous IT

Computers

Electric Kettles
Freezers
Dishwashers

Clothes Dryer
Microwaves

Clothes Washer Front

Home Entertainment -
Other

Monitors

Set Top Boxes
Games Consoles
Clothes Washer Top
Water Beds

DVD VCR &
Combination Units

2000 PJ

10.00 PJ

47.40 PJ

22.00 PJ

22.50 PJ

4.90 PJ

5.20 PJ

9.90 PJ

9.20 PJ

6.30 PJ

5.50 PJ

1.50 PJ

1.10 PJ

3.60 PJ

6.00 PJ

1.80 PJ

2.40 PJ

2.10 PJ

0.20 PJ

3.20 PJ

0.82 PJ

0.01 PJ

0.08 PJ

1.90 PJ

1.35PJ

1.35PJ

2010 PJ

21.20 PJ

41.50 PJ

28.20 PJ

21.00 PJ

12.00 PJ

13.40 PJ

13.80 PJ

9.40 PJ

7.50 PJ

6.90 PJ

4.80 PJ

4.60 PJ

4.00 PJ

5.00 PJ

2.50 PJ

2.70 PJ

2.60 PJ

1.25PJ

3.20 PJ

1.15PJ

2.40PJ

0.65 PJ

1.50 PJ

0.65 PJ

1.20 PJ

2020 PJ

46.00 PJ

37.70 PJ

24.00 PJ

20.20 PJ

18.60 PJ

17.60 PJ

15.60 PJ

9.40 PJ

8.70 PJ

8.00 PJ

7.00 PJ

5.90 PJ

4.50 PJ

4.00 PJ

3.00 PJ

2.90 PJ

2.60 PJ

245PJ

2.15PJ

1.50 PJ

1.35PJ

1.30 PJ

0.80 PJ

0.60 PJ

0.55 PJ

PJ increase
2000-2010

11.20 PJ

-5.90 PJ

6.20 PJ

-1.50 PJ

7.10 PJ

8.20 PJ

3.90 PJ

0.20 PJ

1.20 PJ

1.40 PJ

3.30 PJ

3.50 PJ

0.40 PJ

-1.00 PJ

0.70 PJ

0.30 PJ

0.50 PJ

1.05PJ

0.00 PJ

0.33 PJ

2.39PJ

0.57 PJ

-0.40 PJ

-0.70 PJ

-0.15PJ

Some high level observations on this forecast include:

% increase
2000-2010

112%

-12%

28%

-7%

145%

158%

39%

2%

19%

25%

220%

318%

11%

-17%

39%

13%

24%

525%

0%

40%

23900%

713%

-21%

-52%

-11%

PJ increase
2010-2020

24.80 PJ

-3.80 PJ

-4.20 PJ

-0.80 PJ

6.60 PJ

4.20 PJ

1.80 PJ

0.00 PJ

1.20 PJ

1.10 PJ

2.20PJ

1.30 PJ

0.50 PJ

-1.00 PJ

0.50 PJ

0.20 PJ

0.00 PJ

1.20 PJ

-1.05PJ

0.35PJ

-1.05PJ

0.65 PJ

-0.70 PJ

-0.05 PJ

-0.65 PJ

e The dramatic recent and forecast rise in energy consumption by televisions
represents the largest energy use and percent increase in energy, driven by larger
TV sizes, increased viewing hours and greater levels of ownership.

% increase
2010-2020

117%

-9%

-15%

-4%

55%

31%

13%

0%

16%

16%

46%

28%

13%

-20%

20%

7%

0%

96%

-33%

30%

-44%

100%

-47%

-8%

-54%
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¢ Energy labelling and MEPS are not included in the forecast for energy use by TVs.

e Energy consumption by electric water heating continues to decline over the
baseline period, but remains a significant contributor to residential energy use.

e The removal from sale of incandescent lamps will see a decline in overall lighting
energy use in Australian homes, however growth in other lamp types, in particular
quartz halogen, will see lighting remain a significant contributor to household
energy use.

¢ MEPS will continue to push down the energy consumed by refrigerators, in spite of
overall increasing stock. The study estimates that there are about 1.4 refrigerators
per household in Australia.

e Much of the expected significant increase in air conditioning and heating demand
over the study period is estimated to have already occurred, though further
sizeable increases are forecast in the 2010-2020 period.

Figure 1 below illustrates the expected contribution to residential electricity demand by
major appliances in 2020.

Figure 1 - Forecast electricity consumption by major residential appliances in 2020

Air Conditioning
7.1%

Other Standby
7.5%

Refrigerators
8.2%

Space Heating
6.3%

Other Electricity (Small
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This contrasts significantly with residential energy end use in 2000, as shown in Figure 2
below.
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Figure 2 - Electricity consumption by major residential appliances in 2000
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2.2.1.2 Natural Gas Use

The forecast 2010 and 2020 gas use by technology and state is shown in Table 4 below.

Table 4 - Residential Baseline Natural Gas Use in 2010 and 2020 (from DEWHA)

State Gas Space
Heating

2010 Residential Baseline

NSW 5.40 PJ
ViC 70.60 PJ
QLD 0.10 PJ
SA 3.10 PJ
WA 3.00 PJ
TAS 0.10 PJ
NT 0.00 PJ
ACT 5.00 PJ
TOTAL  87.30PJ

2020 Residential Baseline

NSW 7.10 PJ
VIC 92.90 PJ
QLD 0.20 PJ
SA 4.10 PJ
WA 4.00 PJ
TAS 0.40 PJ
NT 0.00 PJ
ACT 7.20 PJ
TOTAL 115.90 PJ

It is evident from this data that:

Gas Cooking

2.50 PJ

3.70 PJ

0.50 PJ

1.00 PJ

1.30 PJ

0.00 PJ

0.00 PJ

0.20 PJ

9.20 PJ

3.50 PJ

4.20 PJ

0.60 PJ

1.10 PJ

1.60 PJ

0.00 PJ

0.00 PJ

0.20 PJ

11.20 PJ

Gas Water
Heating

10.60 PJ
20.70 PJ
2.10 PJ
3.80 PJ
5.80 PJ
0.00 PJ
0.00 PJ
1.00 PJ

44.00 PJ

11.60 PJ
18.90 PJ
2.40 PJ
3.30 PJ
5.70 PJ
0.10 PJ
0.00 PJ
1.10 PJ

43.10 PJ

Gas Appliances  Total
and Equipment

(Pool / Spa)

1.10 PJ 19.60 PJ
0.70 PJ 95.70 PJ
0.30 PJ 3.00 PJ
0.20 PJ 8.10 PJ
0.10 PJ 10.20 PJ
0.10 PJ 0.20 PJ
0.10 PJ 0.10 PJ
0.00 PJ 6.20 PJ
2.60 PJ 143.10 PJ
1.30 PJ 23.50 PJ
0.90 PJ 116.90 PJ
0.50 PJ 3.70 PJ
0.30 PJ 8.80 PJ
0.10 PJ 11.40 PJ
0.10 PJ 0.60 PJ
0.10 PJ 0.10 PJ
0.00 PJ 8.50 PJ
3.30 PJ 173.50 PJ

e Natural gas consumption in Victoria far exceeds consumption in all other states,
accounting for two-thirds of current and forecast use;

e Space heating is clearly the dominant purpose for which gas is consumed, also
accounting for two thirds of end use;

¢ Victoria and the ACT are the significant users of natural gas on a per-capita basis,
at about 17.5 GJ/person per year;'" and

"Derived using population statistics at http://www.abs.gov.au/ausstats/abs@.nsf/mf/3101.0
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e The main trends occurring in natural gas consumption over the forecast period
include a significant rise (33%) in space heating, and an overall decline in gas
usage for water heating driven by trends in Victoria.

Figure 3 below illustrates the expected contribution to residential natural gas demand by
major appliances in 2020.

Figure 3 - Forecast natural gas consumption by major residential appliances in 2020
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2%

Gas Water Heating
25%

Gas Cooking
6%
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2.2.2 Commercial Buildings

Unlike the residential sector, there has been no comparable baseline study carried out for
the commercial sector recently. Such a study would contribute significantly to the
enhancement of understanding about state, sectoral and end use energy and peak
demand across the broad commercial sector.

For the purpose of this study, we have drawn on a range of sources to inform the
development of energy use and demand estimates. For the energy use analysis we have
drawn on studies by EMET Consultants'? and ABARE™ together with an extensive internal
Energetics database that covers all major commercial sub-sectors.

2.2.2.1 Electricity Use

EMET's input to the National Framework on Energy Efficiency included modelling of
energy use in the commercial sector in 2000 and 2010; for this study we have extended
this estimate to 2020 via simple extrapolation.

In order to develop further granularity at the sub-sectoral level to aid later work on
understanding sub-sector demand, Energetics drew on prior work we performed for the

12 Sustainable Energy Authority Of Victoria. 2004, Energy Efficiency Improvement in the
Commercial Sub-Sectors, Prepared by EMET Consultants Pty Limited, Version 1.3 February 2004
* ABARE, above né.
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Australian Greenhouse Office.™* Utilising the two data sources, a simple energy end use
baseline for the Australian commercial sector was developed, as shown in Table 5 and
Table 6 below.

Table 5 - Commercial electricity baseline by end use technology, 2010 (figures in PJ)

g ]
(%]
= = = 3
8 d  F8 2 =
o c L O c o]
& S 53 = e
> 3 = 15 ] 8., Q
3 5 g = el < “ 52 3 .
2 n £ 2 = E I £< 5 < ®
< ° < SES) 3] o ] B = o —
3 8 = & 55 3 8 g2 £ § € £
[ i e} o O L T <@ O 4 O -
Air 2.33 3.12 1.50 1.60 0.48 2.76 1.90 4.66 2.35 6.00 26.7
Handling
Cooling 3.11 4.16 1.70 2.00 0.47 2.69 2.50 4.54 3.13 6.30 30.6
Pumping 0.33 0.44 0.20 0.10 0.07 0.42 0.40 0.71 0.33 0.80 3.8
Heating 0.39 0.52 0.30 0.40 0.09 0.52 0.60 0.88 0.39 1.10 5.2
Other 6.28 8.40 1.00 4.10 0.86 4.96 7.50 8.37 6.32 9.60 57
Lighting 11.90 15.93 1.00 4.70 0.96 5.52 2.40 9.32 11.97 114 75.1

TOTAL 24.46 32.74 5.73 12.96 2.94 16.97  15.38 28.63 24.61 3538 198.8

! Energetics. 2000, Cost Effective Policies To Reduce Greenhouse Gas Emissions From Non-
Residential & Residential Buildings: Draft Final Report, Prepared by Energetics Pty Ltd for the
Australian Greenhouse Office.
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Table 6 - Commercial electricity baseline by end use technology, 2020 (figures in PJ)

g 3
o - )
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g 5 3 2 <52 5 o) 8¢ S 3
o ] I S [ o E
2 ) £ g = B g S E o < @
= k) < SR o q S| o T ol —
3 g 5 § 55 3 3 8y £ g = g
[ L ) o oo | T <@ O 4 O =
Air 2.90 3.88 1.80 2.00 0.59 3.43 2.40 5.78 2.92 7.50 33.2
Handling
Cooling 3.86 5.16 2.10 2.50 0.58 3.36 3.10 5.66 3.88 7.80 38.0
Pumping 0.42 0.56 0.30 0.10 0.09 0.52 0.50 0.88 0.42 1.00 4.8
Heating 0.48 0.64 0.40 0.50 0.11 0.66 0.80 1.12 0.48 1.40 6.6
Other 7.83 10.49 1.20 5.20 1.07 6.19 9.40 10.44 7.88 11.90 71.6
Lighting 14.80 19.81 1.20 5.90 1.20 6.92 3.00 11.68 14.89 14.20 93.6

TOTAL 30.41 40.70  7.03 16.26 3.66 21.16  19.28 3571 3059 4398 2478

In order to then disaggregate energy use by state / territory and to compare overall energy
use estimates we can look at ABARE®® data, shown in Table 7.

Table 7 - Commercial electricity baseline by State / Territory, 2010

State / Territory ABARE ABARE ABARE Adjusted to  State % of
Total Primary Electricity Baseline Total
Energy Energy Use
NSW 88.9 PJ 26.1 PJ 62.8 PJ 61.99 PJ 31%
Victoria 779 PJ 30.4 PJ 47.5PJ 46.89 PJ 24%
Queensland 52 PJ 5PJ 47 PJ 46.39 PJ 23%
Western Australia 299 PJ 10.2 PJ 19.7 PJ 19.45 PJ 10%
South Australia 20 PJ 6 PJ 14 PJ 13.82 PJ 7%
Tasmania 6.5 PJ 0.7 PJ 5.8 PJ 5.76 PJ 3%
Northern Territory 5.6 PJ 0.8 PJ 4.8 PJ 4.74 PJ 2%
TOTAL 280.8 PJ 79.2 PJ 201.6 PJ 199 PJ 100%

5 ABARE, above n13.
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Table 8 - Commercial electricity baseline by State / Territory, 2020

State / Territory Total Primary Electricity Adjusted to  State % of
Energy Energy Use Baseline Total
NSW 108.1 PJ 29.1PJ 79 PJ 73.82 PJ 30%
Victoria 100 PJ 38.7 PJ 61.3 PJ 57.28 PJ 23%
Queensland 73.1PJ 6 PJ 67.1 PJ 62.70 PJ 25%
Western Australia 41.1PJ 13.5PJ 276 PJ 25.80 PJ 10%
South Australia 24.8 PJ 7.4PJ 17.4 PJ 16.26 PJ 7%
Tasmania 7.2PJ 0.7 PJ 6.5 PJ 6.074 PJ 2%
Northern Territory 7.3PJ 1PJ 6.3 PJ 5.887 PJ 2%
TOTAL 361.6 PJ 96.4 PJ 265.2 PJ 247.8 PJ 100%

We can see from the above tables that there is excellent agreement between the baseline
from EMET and the ABARE data for 2009-10, and that there is reasonably good
agreement between the baseline and ABARE for 2020. On this basis the baseline
developed here is taken as reasonable for use in this study, and ABARE data can then be
used to develop state estimates as shown.

Simple estimates of electricity end use by state / territory in 2020 were then developed by
adjusting cooling and pumping energy from the total electricity use in Table 8 to reflect
higher or lower cooling requirements (on a year-round basis) in each jurisdiction. This in
turn adjusts the end use electricity by other end use technology so that each state’s total
electricity use is equal to the adjusted amount shown in Table 9. Electricity end use
estimates by state are shown below.

Table 9 - Commercial electricity end use by State / Territory, 2020 (GWh)

State / Air Cooling Pumping Heating Other Lighting TOTAL
Territory Handling

NSW 2,796 3,144 397 558 5,928 7,681 20,504
VIC 2,305 1,708 216 460 4,888 6,333 15,910
QLD 2,226 3,472 439 444 4,720 6,115 17,415
WA 997 989 125 199 2,114 2,739 7,163
SA 629 623 79 125 1,333 1,727 4,516
TAS 244 181 23 49 518 672 1,687
NT 188 439 55 38 399 517 1,635

Building Our Savings: Reduced Infrastructure Costs from Improving Building Energy Efficiency 15



Institute for Sustainable Futures & Energetics July 2010

2.2.2.1 Natural Gas Use

Natural gas consumption by the commercial sector in Australia is small, with ABARE
estimates of 61.6 in 2009-10 and 77 PJ in 2019-20.° This is just 44% of the gas
consumption forecast for the residential sector.

Based on EMET?" the use of fuels in the commercial sector is dominated by:

e Cooking in the Wholesale and Retail sector;

e Heating in Government Administration and Community Services;

e Hot water in Government Administration and Community Services;
e Heating in the Wholesale and Retail sector;

o Hot water in the Wholesale and Retail sector.

Together these uses account for 85% of total non-electric fuel consumption. If we apply
this data to ABARE, then over 65 PJ in 2020 will be consumed in these activities and
sectors.

The distribution of this energy source by state was derived from ABARE,*® using the
breakdown by State/Territory for the ‘Commercial and services’ sector as estimated in
2007/08. The results are shown in Table 10.

Table 10 - Commercial sector natural gas consumption in 2019/20 by jurisdiction

State/Territory 2019/20 natural gas
consumption (PJ)
NSW+ACT 16.3
VIC 46.0
QLD 0.5
WA 51
SA 8.5
TAS 0.2
NT 0.4
Australia 77.0

2.2.3 Industrial Buildings

For the purpose of this study we are only considering lighting energy consumption and
demand associated and not in other energy end uses. Air conditioning is used in a wide
range of industrial activities, but estimation of this consumption and its distribution at a
regional and sub-sectoral level is beyond the scope of this study. Air conditioning in some
industries is also a process requirement and not just provided as a service to workers —
e.g. the pharmaceuticals industry and, increasingly, some food manufacturing sub-sectors.

'° ABARE, ibid.
' EMET, above n12.
'8 ABARE - Australian energy statistics — 2009 Energy update.
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As lighting is an un-metered sub-set of industrial energy consumption, we must rely on
estimates to develop an understanding of electricity use and demand.

Greenlight Australia'® developed an estimate of lighting energy consumption by lamp type
and market sector. Graphed findings in this report suggest that industrial lighting energy
consumption is about 3 TWh (10.8 PJ) per year, which corresponds to 500 MW in demand
at 6,000 annual operating hours. This baseline reference extrapolated to 2020 amounts to
an estimated electricity use of 4.4 TWh per annum at this time (16.0 PJ).

As a check, the baseline floor area projected in 2020 for the Class 8 of the BCA (see
Section 2.4) and a typical light power density for such applications (14 Watts/m?) were
used to derive an estimated annual electricity usage for lighting systems of 4.2 TWh
(15.2 PJ), which is very close to the estimate derived from Greenlight Australia above.

As natural gas usage/consumption was not considered in the industrial sector, a baseline
was not developed for 2020 for this sector.

2.3 Peak energy demand and buildings

2.3.1 Commercial buildings - electricity

A number of analyses were carried out in order to gain an understanding of commercial
sector electrical demand. Initially it is useful to look at the sector’s overall profile as it
relates to the system peak.

In order to do this, interval data were collated that are representative of the various
commercial sub-sectors (and for which Energetics developed an end-use model), and their
composite load profile was scaled up to the total commercial sectors energy consumption.

Load profiles for a hot day in summer (9 February 2010) and a cold day in winter (7 July
2009) were constructed for all regions except the Northern Territory, and the scaled
commercial sector profiles for these two days was overlaid. These graphs are shown
below in Figure 4 and Figure 5.

92004, Greenlight Australia, Discussion Paper for Improving the Efficiency of Lighting in Australia,
2005-15, National Appliance and Equipment Energy Efficiency Program, September 2004
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Figure 4 - Scaled commercial sector load profile and Australian electrical demand:
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This graph shows that there tends to be a very strong correlation between commercial
buildings energy demand and system demand in summer, and so we would expect, in
general, that measures to improve energy efficiency — especially technology change —
would have a reasonably good correlation with the achievement of peak demand

reduction.

Figure 5 - Scaled commercial sector load profile and Australian electrical demand:
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Unlike in summer, it is clear from this profile that, in general, commercial sector demand
tends to be in decline at around the time of the system peak in winter, indicating that it is
residential demand that primarily drives the winter peak. This means that we would expect
a lower correlation between energy efficiency and peak demand for commercial buildings
in winter; however there will remain opportunities to impact on demand, especially where
after-hours control of end use technologies can be improved to accelerate the above
decline in demand.

In a similar manner to above we can scale our composite load profile to Australia and to
each jurisdiction in 2020, using the energy use model that was developed. This gives us a
nominal peak in summer and winter for each sub-sector and state / territory.

We then used a model of summer and winter end use demand for our sample sites to
develop an end use breakup by jurisdiction, shown from Table 11 to Table 17. Since this is
a composite profile it will not differentiate proportional contribution to demand by end use
application, and since it is based on the demand for a single day it will not reflect the actual
peak for individual buildings. This is inherently then a conservative view of end use
contribution to peak demand in the commercial sector.

Building Our Savings: Reduced Infrastructure Costs from Improving Building Energy Efficiency
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Table 11 - NSW 2020 commercial end use electrical demand

End Use Technology NSW 2020 - NSW 2020 -
Summer Winter

Air Handling 544 MW 413 MW
Cooling 1,549 MW 468 MW
Pumping 164 MW 110 MW
Heating 36 MW 171 MW
Other 504 MW 502 MW
Lighting 694 MW 552 MW
STATE TOTAL 3,491 MW 2,218 MW

Table 12 - Victoria 2020 commercial end use electrical demand

End Use Technology VIC 2020 - VIC 2020 -
Summer Winter
Air Handling 423 MW 321 MW
Cooling 1,205 MW 364 MW
Pumping 128 MW 86 MW
Heating 28 MW 133 MW
Other 390 MW 388 MW
Lighting 540 MW 428 MW
STATE TOTAL 2,714 MW 1,720 MW

Table 13 — QLD 2020 commercial end use electrical demand

End Use Technology QLD 2020 - QLD 2020 -
Summer Winter
Air Handling 461 MW 351 MW
Cooling 1,311 MW 397 MW
Pumping 139 MW 93 MW
Heating 31 MW 145 MW
Other 429 MW 429 MW
Lighting 588 MW 470 MW
STATE TOTAL 2,960 MW 1,885 MW
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Table 14 — WA 2020 commercial end use electrical demand

End Use Technology WA 2020 - WA 2020 -
Summer Winter
Air Handling 190 MW 144 MW
Cooling 542 MW 164 MW
Pumping 58 MW 39 MW
Heating 13 MW 60 MW
Other 176 MW 175 MW
Lighting 243 MW 193 MW
STATE TOTAL 1,220 MW 775 MW

Table 15 - SA 2020 commercial end use electrical demand

End Use Technology SA 2020 - SA 2020 - Winter
Summer

Air Handling 120 MW 91 MW

Cooling 341 MW 103 MW
Pumping 36 MW 24 MW

Heating 8 MW 38 MW

Other 111 MW 110 MW

Lighting 153 MW 122 MW

STATE TOTAL 769 MW 488 MW

Table 16 — Tasmania 2020 commercial end use electrical demand

End Use Technology TAS 2020 - TAS 2020 -
Summer Winter
Air Handling 45 MW 27 MW
Cooling 128 MW 61 MW
Pumping 14 MW 3 MW
Heating 3 MW 14 MW
Other 41 MW 32 MW
Lighting 57 MW 33 MW
STATE TOTAL 288 MW 171 MW
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Table 17 — NT 2020 commercial end use electrical demand

End Use Technology NT 2020 - NT 2020 -
Summer Winter
Air Handling 43 MW 33 MW
Cooling 123 MW 37 MW
Pumping 13 MW 9 MW
Heating 3 MW 14 MW
Other 41 MW 40 MW
Lighting 55 MW 44 MW
STATE TOTAL 277 MW 177 MW

In order to check this modelling approach, further analysis of a range of commercial sector
data was undertaken to look at the relationships between summer peak demand and
annual energy use (commercial buildings winter peak will occur in mornings or during the
day, and not in the evening which the above modelling reflects, hence comparison to
winter is not useful). In total, several hundred data sets were used in this analysis, drawn
from all commercial sub-sectors, all states and territories, and covering a range of building
sizes.

The key measure that was sought to be derived was the summer peak demand to annual
energy use ratio, for comparison with the above data at the whole-building level. The
above states’ summer demand was then scaled to a level at which the derived ratios for
the second sample would be reached. Since this is looking at the average of the individual
peak demands over a month, this will tend to present a much less conservative view of
states commercial sector peak demand.
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Table 18 - Second scenario derived for summer peak demand in 2020 — commercial sector

NSW 2020 Modelled Peak Modelled Peak Actual Peak Revised State Check - Revised
-Summer  Demand in Demand : Demand : Demand using Demand as % of
Summer 2020  Energy Ratio Energy Ratio, the second AEMO SOOQO in
second sample ~ sample ratios ~ 2020%°

NSW 3,491 MW 17% 21.34% 4,375 MW 22%

VIC 2,714 MW 17% 22.51% 3,580 MW 27%

QLD 2,960 MW 17% 25.24% 4,395 MW 30%

WA 1,220 MW 17% 19.00% 1,360 MW 21%

SA 769 MW 17% 18.93% 855 MW 20%

TAS 288 MW 17% 30.91% 521 MW 30%

NT 277 MW 17% 19.57% 320 MW NA

This clearly shows that the actual commercial peak is very likely to be greater than the
first, conservative model indicates. It also indicates that the contribution of commercial
sector buildings to peak demand in Queensland may be higher than in all other states.
The sample size for Tasmania and the Northern Territory is small.

As shown above we can compare the estimated commercial peak demand with the
AEMC's forecast of summer demand in each part of the National Electricity Market from
their Statement of Opportunities; essentially this serves to sense-check estimates and
confirm if they are reasonable.

2.3.2 Residential buildings

Unlike the commercial sector, where interval data and energy audit techniques are
widespread and can be used to characterise energy end use and demand, there is nothing
like this level and quality of data in the residential sector. The most comprehensive end
use study reviewed was the BRANZ HEEP project” from New Zealand. One notable
aspect of the reports related to this project is the vast differences that can be seen in
energy use and technology patterns on a range of levels — climate, house size, socio-
economic factors, number of occupants and others. The limited number of studies in
Australia (see for example, Myors et al,?? ISF?® and ETSA?") that are reported in literature
similarly suggest that there is a very wide range of technologies, behaviours and
occupancy patterns across all regions.

Accordingly, a bottom-up model of summer and winter peak demand for the residential
sector was not sought to be constructed, but rather to employ a Conservation Load Factor
(CLF) approach to developing peak demand savings estimates associated with a range of
energy saving techniques. The concept of a CLF to describe energy to peak demand
relationships is introduced in Section 2.5.

2 AEMO. 2009a, Electricity Statement of Opportunities.

1 BRANZ. 2005, Study Report No SR 141, Energy Use in New Zealand Households, Report on the
Year 9 Analysis for the Household Energy End-use Project, BRANZ 2005.

2 Myors P, O’'Leary R & Helstroom R. 2005, Multi-Unit Residential Buildings Energy and Peak
Demand Study, October 2005.

23 |SF. 2006, Study of Factors Influencing Energy Use in Newington, Final Report, Institute for
Sustainable Futures, October 2006.

** ETSA Utilities. 2010, Demand Management Program, Interim Report No. 3, June 2010.
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2.3.3 Industrial buildings

Industrial lighting is likely to have a high correlation with peak demand in both summer and
winter. Industrial facilities tend to have long operating hours, often 24-hour operation over
5 to 7 days with annual shutdowns for maintenance, or over 2 daily shifts over 5 to 7 days.
In either scenario lighting is likely to run through the day and into the evening, and where
there is a drop in load with some operations closing in the afternoon, this may be
compensated for by external night lighting at operating premises.

Recall that energy use from industrial lighting was estimated to be 4.45 TWh per year in
2020 based on 6,000 average operating hours. This gives an average demand of 742 MW
at this time. Based on experience, we estimate that a load factor of 80% at summer peak
and 70% at winter peak is reasonable to use. This gives:

o 594 MW of industrial lighting demand coincident with summer peak demand

e 520 MW of industrial lighting demand coincident with winter peak demand

2.4 Floor areas of buildings

Peak demand reduction per square meter of building space is one of the key metrics to be
derived from this research project. This section presents the data on floor areas.

2.4.1 Floor areas in the residential sector

The DEWHA baseline study? allows energy use indicators to be determined at the fuel
source and state / territory level. Table 19 and Table 20 below show electricity and gas use
per square metre and per occupied household.

Table 19 - Residential energy use per square metre (from DEWHA baseline)

2010 Elec (MJ/m?) 2020 Elec MJ/ m? 2010 Gas MJ/ m? 2020 Gas MJ/ m?

NSW 188.00 165.88 49.00 46.35
VIC 141.59 128.93 303.81 291.52
QLD 162.41 142.82 10.64 9.49

SA 163.92 152.59 83.51 75.86
WA 129.86 119.17 70.83 59.07
TAS 230.00 205.56 6.67 16.67
NT 230.00 200.00 10.00 7.14

ACT 194.74 166.67 326.32 354.17
AUS 164.18 146.58 110.25 103.21

% Energy Efficient Strategies, above n9.
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Table 20 - Residential energy use per occupied home (from DEWHA baseline)

NSW
vIC
QLD
SA
WA
TAS
NT
ACT

AUS

2010 Elec
(GJ/home)

27.03

21.42

26.41

23.80

21.52

33.33

31.94

27.01

24.92

2020 Elec
(GJd/home)

26.85

21.97

26.39

24.62

22.42

33.48

33.33

25.97

25.14

7.05

45.97

1.73

12.13

11.74

0.97

1.39

45.26

16.73

2010 Gas
(GJd/home)

2020 Gas
(GJ/home)

7.50

49.68

1.75

12.24

11.11

271

1.19

55.19

17.70

Projections of floor areas in 2020 per State/Territory are presented in the Table 21 below.
These were used when developing peak load reduction metrics.

Table 21 - Residential floor area per square metre (from DEWHA baseline)

State/Territory

NSW
vIC
QLD
SA
WA
TAS
NT
ACT

AUS

MJ/m®
electricity

165.88
128.98
142.82
152.59
119.17
205.56
200

166.67

146.58

PJ elec (DEWHA)

84.1

51.7

55.7

17.7

23.0

7.4

2.8

4.0

246.4

2.4.2 Floor areas in the commercial sector

In 2007 the Centre for International Economics?® estimated the quantity of Australia’s
lettable floorspace in a report commissioned by the Property Council of Australia. Using an

Floor area (m2)

506,993,007

400,837,339

390,001,400

115,997,116

193,001,594

35,999,222

14,000,000

23,999,520

1,680,829,198

%6 CIE (Centre for International Economics). 2007, The size, structure and nature of Australia’s

commercial property stock, Prepared for the Property Council of Australia, December 2007.
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industry estimate of the ratio of commercial floor space to workers employed, the CIE
estimated that Australia housed approximately 330 million m? of lettable commercial
floorspace. In 2009, the CIE?" projected growth in commercial property stock to 2050.
Estimated projections of the lettable commercial floorspace in 2020 were further
processed in order to:

e Get an appropriate allocation per State/Territory. This step was undertaken by
using the population distribution per climate zone and the climate zone allocation
for each State and Territories.?®

e Adjust the allocation per building classes to get a full alignment with the energy
baseline developed for this project. This additional step was only required for two
sub-classes.

The results of that modelling, i.e. the estimates of the lettable commercial floorspace by
building function, used when assessing the peak load reduction capacity, are reported in
Table 22 below.

Table 22 - Commercial floor area per square metre (from CIE baseline)

Floor area (m2) NEZVTJ' vIC QLD SA WA TAS NT AUST
Food Stores 4,194,168 4,072,102 3,334,232 3,269,730 3,187,990 692,294 871,844 19,622,360
gteoﬂggmem 5,614,383 5,450,984 4463259 4376916 4,267,496 926,717 1,167,065 26,266,820

Communication

1,001,666 943,484 819,569 773,173 753,845 160,401 223,199 4,

675,337

Services

Culture &

Eggﬁﬁgl"” / 1,575,100 1,529,259 1,252,155 1,227,932 1,197,235 259,088 327,417 7,369,086
Services

Education 10,902,646 10,585,339 8,667,263 8,499,501 8,287,108 1,799,603 2,266,340 51,007,891
Hospitals 7,457,115 7,240,085 5,928,173 5813490 5,668,158 1,230,880 1,550,115 34,888,016
Accommodation,

Cafes & 18,039,819 17,514,794 14,341,091 14,063,658 13,712,078 2,977,673 3,749,948 84,399,061
restaurants

S;Eﬁirﬁzsb“c 4,240,464 4,146,081 3,347,760 3,313,538 3,230,702 704,871 866,485 19,849,902
Retail not

elsewhere 4,219,685 4,096,876 3,354,517 3,289,623 3,207,385 696,506 877,148 19,741,741
classified

Offices 13,659,071 13,261,542 10,858,534 10,648,472 10,382,269 2,254,582 2,839,319 63,903,791
Industrial 10,607,315 10,298,603 8,432,483 8,269,354 8,062,627 1,750,856 2,204,949 49,626,187
Total 81,511,432 79,139,150 64,799,037 63,545,478 61,956,892 13,454,371 16,943,830 381,350,191

2T CIE. 2009, Economic evaluation of energy efficiency standards in the Building Code of Australia,
Department of the Environment, Water, Heritage and the Arts.
%8 CIE 2009, ibid.
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Based on the above table, we used a total floor area of 331,724,000 m? for the commercial
sector (after deduction of the 49.6 million m? contribution of buildings dedicated to
industrial activities).

2.4.3 Floor areas in the industrial sector

When developing metrics assessing peak load reduction potential in the industrial sector

we used the projected commercial floor space for industrial applications estimated by the
CIE for the year 2020.?° The projected 49.6 million m?were deducted from the floor space
for the commercial sector to avoid double counting.

The projected 16 PJ of annual electricity usage for lighting in industrial buildings derived in
Section 2.2.3 Industrial Buildings gives a lighting density of 15 W/m? if we use the
49.6 million m? of industrial floor area derived from the DEWHA baseline.*

ASHRAE?! recommended a maximum power density of 2.2 Watts/sq.ft in 2000;
corresponding to 23.68 W/m?. This is about 60% above the lighting density derived above.

2.5 Linking building energy performance improvements & peak
demand

The relationship between energy consumption and peak demand has not been studied
extensively and systematically in Australia. Most of the research appears to be at a state
level or in relation to specific needs — for example pricing and load cycling trials in various
distribution areas, or state-based estimates of demand reduction potential. Examination of
peak to energy relationships at sub-sectoral technology at state or climate areas does not
appear to be reported in li