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Executive Summary

This study was commissioned by the Victorian Department of Sustainaiitity
Environment, to investigate the option of establishing greenhouse benchmark levels for
new housing, that take into consideration the combined effect of the building shell and
the choice of fixed equipment and appliances.

This would be an evolution of the ‘5 Star’ measures phased in between July 2004 and
July 2005, which comprise minimum thermal performance standards, water saving
measures and the requirement to install either a rainwater tank or a delaheeer.

Under the present 5 Star requirement, the maximum heating and cooling load of the
structure is pre-determined, but the actual greenhouse emissions will depend on the
outcome of subsequent decisions about energy form, equipment type, efficiency and
patterns of use. The policy assumes that improving the thermal performance of the
structure should lead to a more or less proportional reduction in greenhouse gas
emissions, all else being equal. However, this is not necessarily the ettsgg IBnits

or targets for greenhouse gas emissions directly would give more catiain p
outcomes, while allowing applicants the flexibility to lower their compkarasts.

This study:

Models the weighted average (‘benchmark’) energy consumption and greenhouse
gas emissions for new 5 Star residential (Class 1 and 2) buildings, includithg fixe
appliances (heating & cooling, water heating, lighting and cooking) lmsed

current market practices, for both gas-reticulated and non-gas areas;

Identifies a number of typical energy and appliance combinations which could
match the ‘benchmark’ emissions and estimates their capital costs, rgosisg
emissions and lifecycle costs;

Assesses whether there are combinations of thermal performance (5 sfieoy, hi
energy choice and appliance efficiency which are likely to have both lower
emissions and lower lifecycle costs than the current benchmark; and

Reviews the options for a flexible greenhouse target regime, taking into account
practicality, housing affordability, compliance and other risks and the need to
achieve both water saving and greenhouse objectives in an integrated way.

Findings

At the current rate of construction (about 38,000 new dwellings each year)idgtor
residential sector energy emissions are increasing by about 532,000 tonne$ ¢532 kt
CO.-e per annum from energy use in new housing (emissions from energy use in
existing dwellings is also rising, partly offset by dwelling demolitions ather

changes). Attached and detached houses (‘Class 1’) account for about 87% of new
dwellings and 86% of added emissions, Class 2 Low Rise apartments for 4% of new
dwellings and 3% of new emissions, and Class 2 High Rise apartments for 10% of
dwellings and 11% of new emissions.
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The energy-related emissions of the average new dwelling are neahligbésthan

the average emissions of existing dwellings. The emissions from the endrgsésc

by the 5 Star requirements — heating, cooling and water heating — areargtyfi

lower than in existing dwellings, but these gains appear to be more than outwsighed b
growth in emissions from lighting, which is not targeted by 5 Star.

The average emissions for cooking, appliances and electrical equipmenuanedts
be the same in new and existing dwellings, because there is no data on trends.
Although appliances in new dwellings are mostly bought at time of first otoopa
and so tend to be more energy-efficient than the existing average, theydlso lbe
larger and more numerous (if not at the time of first occupation, then shortly after

A major driver for increasing emissions from lighting, and a restraint ontredsic

from heating and cooling, is the increasing size of dwellings — the avenage ne
dwelling is estimated to have a 30% larger net conditioned floor area than thgeaver
existing dwelling.

It is also relevant to compare new dwellings meeting the 5 Star regulatibnsivat

would have happened if the 5 Star measures had not been introduced. The latter
scenario is called the ‘2.5 Star’ or ‘No-measures business-as-usua) (Ba&.

Figure S1 Annual emissions per dwelling: Existing, New 5 Star and New 2.5 Star
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Without the 5 Star measures, it is estimated that the average thermahpaderof

new dwellings would have been about 2.5 stars on the AccuRate rating scale, and
annual emissions from energy use would have been about 17 8e/¥¢(or 33%

higher than for existing homes (Figure S1). This is because there would have been
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very little improvement in thermal performance to compensate for theegeeze of
new dwellings and their greater lighting load.

The 5 Star regulations have largely compensated for the effects of largénglsvby
lowering the requirement for heating, cooling and water heating (but not liyhdmg
average emissions are only 6% higher than existing dwellings rather than 3&% hig
In other words, the 5 Star measures have meant that average emissions from new
dwellings are about 20% less than if the measures had not been implemented.

The difference amounts to about 3.6 t£Hyr per new dwelling: about 3.1 t G@/yr

due to the thermal performance impacts and 0.54€ due to the water efficiency

and solar water heater impacts. Without 5 Star, the annual emissions added by each
year’s cohort of new dwellings would have been about 136 kteZy® higher than it

is.

Scope for Reducing Emissions

This study also reviews the impact on emissions of adopting the set of equipment types
with the highest emissions and the set with the lowest emissions, and of inctieasing
thermal performance of Class 1 dwellings from 5 to 7 stars on the AccuRlate sca

The general findings are that:

the theoretical scope for reducing emissions is significant, but the tbabsebpe

for increasingemissions by poor energy and equipment choice is even greater; and
the scope for reducing emissions by energy and equipment choice is between 3 and
4 times as great as from increasing thermal performance by 2 full AecsRadt.

Figure S2 illustrates the saving available from each end use, as a peroétivege
Business as Usual (BAU) starting point of 532 kt,(20 Applying the lowest-

emissions equipment options available today (without assuming new technology), and
raising thermal performance to a minimum of 7 Stars for Class 1 dwellings, would
reduce new dwelling emissions by 36% below the BAU level.

Heating, cooling and water heating

The reductions in heating, cooling and water heating emissions achieved bydhe 5 St
regime have come from:

The increase in the minimum thermal performance standards of new dwellings to at
least 5 stars on the AccuRate scale;

A reduction in hot water requirements due to the 5 Star water efficiency
requirements (3* ratings for showers and taps, and pressure limitation); and

Higher installation rates for solar-gas and solar-electric watéerdsea

The potential for further reducing emissions in new dwellings has beeratstifyy

comparing the weighted average emissions being achieved by the currgptaerter
equipment mix with the least- and most- emissions-intensive options.
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Figure S2 Potential reductions in emissions as share of BAU case
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In general, the current equipment mix is much closer to the least-emissi@rsdptn

the highest-emissions options. This is because Victorians already piefehgez
available, and the 5 Star measures are leading to high use of solar. Even s®athere i
theoretical potential to halve average emissions from the end uses targgtSthby

and to reduce emissions from the end uses which could also be covered (lighting and
cooking) by about 60% (Table S1). Not all of the reduction indicated in Table S1 is
necessarily cost-effective, so the economic potential is somewhat lessditated.

Table S1 Estimated emissions reduction potential by end use

t CO-elyr tCOxrelyr tCO,elyr Potential 9
Wtd Avg lowest potential saving

per dwelling saving
Heating+cooling 2.90 1.92 0.98 34%
\Water heating 1.88 0.6C 1.28 68%
Cooking 0.80 0.3¢ 0.45 57%
Lighting 231 0.8¢ 1.43 62%
Appliances (no change assumed) 5.64 5.6¢ 0 0%
Common energy use, Class 2 buildings 0.47 0.2¢ 0.18 39%
Total 14.00 9.67 4.33 31%
5 Star end uses 4.78 2.52 2.26 47%
5 Star + lighting, cooking & common areas 8.36 4.0z 4.33 52%

Lighting

There are three main types of lighting design used in new homes:
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Basic, relying mainly on bayonet or screw fittings, some of which may heelim
(or eventually, relamped) with CFLs, and possibly with some linear fluoresagnt
well, with a lighting load of 9-12 W/f

Premium designs with a large number of dedicated high-energy lamps (eg LV
halogens), with a lighting load of 17-20 W#nand

Premium designs with a large number of dedicated low-energy lamps (eg 230V
micro-CFLs), with a lighting load of 4-6 W/m

At present there are no regulations in any State which effectively taylgtd energy
in new homes. Measure which rely on undertakings to install CFLs are of limited
value, because the presence of CFLs is hard to verify and can vary over ¢héhkfe
dwelling. In contrast, the installation of LV halogens or their low-energyabgunt,
the 230V micro-CFL, commits the dwelling to that type of lamp until the dwebling i
demolished or substantially altered.

The Building Code of Australia offers a precedent for a lighting emissienshmark
in that it sets standards (in the range 5-10 ¥Wetepending on room use) for residential
area lighting within accommodation and institutional buildings.

Class 2 Apartments

The average energy emissions for a new high rise apartment are comjzatable
average emissions for a new house, even excluding emissions from common area
energy use. With these included, emissions per high rise apartment are about 30%
higher than per house. Average emissions per occupant are twice as high.

By contrast, emissions from new low rise apartments are on average about 29% lowe
than per new house, although emissions feftonr area and per occupant are still
higher.

Common energy use (eg common area lighting and air conditioning, lifts, carpark
ventilation, swimming pool and gyms etc) needs to be covered in any greenhouse
benchmark regime..

Shared services which substitute for equipment in apartments, such as centrally
supplied heating, cooling and hot water, also need to be covered, although preliminary
analyses suggest that emissions per apartment are similar whethesetheses are
supplied centrally or individually.

Comparison with other regulations

The outcomes from the present 5 Star regime in Victoria are already e gudldtter
than the outcomes the BASIX program is achieving in NSW, except possibly in
alternative water supply and in common area energy use in apartments.

The 5 Star Requirements appear to be producing somewhat higher rates oatalar w
heater installations, similarly high levels of 3* showers and taps but a lateeofr
rainwater tank installations than BASIX. It is not possible to draw a firm gsioci

from current data, but it is likely that dwellings meeting BASIX have Baamitly

lower thermal performance standards than 5 AccuRate stars.
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The only areas where BASIX appears to have an advantage are:

More predictable greenhouse outcomes, since appliances and equipment need to be
specified, not just thermal performance; and

Greater flexibility, in that a wider range of options can be used to meet tBEXBA
‘energy’ target (which is in reality a greenhouse target) and ‘wabeyét.

However, this apparent advantage may be reduced somewhat by the scope for using
non-fixed appliances, garden and landscaping design towards compliance —
measures which are hard to verify, easy to reverse or both.

If a BASIX-style assessment tool is to be considered for Victoria,ahey issue
should be how to gain the apparent advantages of BASIX, without compromising the
areas where the current 5 Star requirements produce superior outcomes

A Greenhouse Benchmark

A greenhouse benchmark would retain the minimum 5 Star thermal performance
ratings for new homes, but would also estimate emissions and compare thengeb a tar
level.

The most practical metric for a greenhouse benchmark is maximum emissions pe
annum per mof net conditioned floor area (NCFA), rather than total emissions per
dwelling or emissions per occupant, because:

NCFA needs to be estimated anyway for AccuRate modelling; and

Occupant numbers cannot be known directly, and there are no satisfactory
surrogates which cannot be ‘gamed’, eg by calling other rooms ‘bedrooms’ on
building applications in order to claim more occupants.

It is possible to relate all energy use — including hot water consumption amagight
to floor area. For hot water, this would require assumptions about the relationship
between number of occupants, floor area and hot water use.

If it is considered that higher than minimum thermal performance (ie 6 orsy star
ensures a more durable greenhouse reduction and so should be encouraged, this can be
reflected by incorporating weighting factors into the evaluation algorithm

The greenhouse benchmark should embody features which place some restraint on
floor areas. This could be done by adopting either (or both) of the following:

A tapering emissions pertarget; ie a fixed amount for all homes plus an area
allowance, so the overall tfimalue declines as floor area increases;

An absolute greenhouse budget: eg no home may have emissions higher than, say,
20 t CQ-elyr (with higher absolute limits where natural gas is not availables Thi
would not prevent the construction of very large homes, but would force them to be
thermally efficient and to use low-greenhouse energy equipment.

Setting benchmarks which correspond to the weighted average emissions calculated i
the present study would by definition drive average new dwelling emissions lowe
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because all designs which would result in emissions above the current average would
have to be modified — ie the ‘benchmark’ would become the ‘target’.

Factors to be included for determining compliance

The following factors should be taken into account in the calculation of the-e/@®
benchmarks for any given dwelling:

Space heating energy form and equipment type;

Space cooling energy form and equipment type;

Water heating energy form and equipment type;

Star rating of heating equipment (for some types)

Star rating of cooling equipment (for some types)

Star rating of water heating equipment (for some types)

Energy form of fixed hotplate

Energy form of fixed oven

W/m? lighting (or default values based on mode of lighting)

Thermal performance level, if higher than the minimum 5 stars (up to 7 stars).
The energy use of fixed water saving measures (other than pumps for connecting
rainwater tanks to toilet cisterns).

Different benchmarks should be set for Class 1 and 2 dwellings, for at least@ndliffe
climate zones and for dwellings with and without access to natural gas. Bsr2Cla
dwellings, there should be an additional allowance for common area emissions
(expressed as t/nof apartment NCFA), taking into account:

Shared services, if any (eg central provision of HVAC or hot water to apasinent
W/m? common area lighting (or default values based on mode of lighting)
Common area HVAC

Lifts

Carpark and other ventilation

Swimming pool and spa energy use.

The energy use and emissions of plug-in appliances such as clothes washers and
dishwashers should not be taken into account, because they are not part of the building
fabric and are not covered by building approvals.

For swimming pools installed at the time of construction, there should be separate
requirements for design features associated with low-energy operatiotindexis
requirements for water savings to offset the initial fill should remain.

The most direct way to take lighting emissions into account is on the basis ofrtiie W/
calculated from an actual lighting plan. A plan based on bayonet (or scravgyfitti

only would default to the assumption that most or all lamps would be incandescent. If
LV lamps were indicated (the presence or absence of which could be réwmdiked

on completion) this would give higher lighting emissions, and if dedicated low-energy
fittings were indicated this would give lower lighting emissions.

5_star energy report May 07 .doc 10



Although this approach would not reward the installation of more efficient appiance
or CFLs at the time of construction, neither would it penalise them. There aye ma
other policy options and programs which promote efficient appliances and CFLs.

A greenhouse benchmark regime will require building applicants to indicate theftype
heating and cooling equipment to be installed. This is no more onerous than the current
requirement to indicate the form of water heating. However, it will be reagetss

develop rules for instances where heating and cooling is not indicated. Asatlearly
dwellings in Victoria have space heating, it would be reasonable to assuméada

no equipment is indicated plug-in electric heating will be used. As this assumption
alone is likely to drive homes above the emissions benchmark, it will focus the

attention of home builders on specifying lower-emissions forms of heating.

It will also be necessary to formulate rules in the event chlblsenceof air

conditioning or evaporative cooling at the time of construction. Where the AccuRate
modelling predicts a high number of heat-stress days, some proportion of the
greenhouse loading for air conditioning could be incorporated in the original
greenhouse assessment, even if no cooling system is installed at the time of
construction. This would reflect the probability that air conditioning might beledta
later.

Deemed to comply

The calculation of annual emissions from any given dwelling design and equipment
options will require some computation, which could be carried out with the aid of a
‘front-end’ tool such as BASIX, provide it is calibrated to whatever bendhlagels
Victoria may wish to adopt.

There should also be a simple ‘deemed to comply’ option for Class 1 dwellings, which
would not need computation provided the following can be demonstrated:

Minimum 5 star AccuRate thermal performance;

Solar water heater (gas—boosted) in gas areas, LPG, solar-eleetactac heat
pump water heater in non-gas areas;

Gas or LPG central heating (5 star);

An evaporative cooler or ceiling fans installed, but no refrigerative AC;
Gas cooktop in gas area, LPG cooktop in no-gas area; and

No LV halogen lighting.

Integrating Water and Emissions Benchmarks

If a greenhouse benchmark regime is adopted there is no rationale for retagning t
‘solar water heater or rainwater tank’ requirement. Emissions front hvadéing

would be included in the benchmark calculations. If a homebuilder wished to install
low-energy lighting, say, to offset the higher emissions of a 5* gas wattarhe

compared with a solar-boosted water heater, say, that should be their decision (and in
most cases a more cost-effective way of saving a similar amount sfiens).

The potable water use benchmarks would then be decoupled from the greenhouse
benchmarks, although they could be calculated with the same computation tool and
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using many of the same input values. There would not need to be a rainwater tank,
provided that the water benchmark were met in other ways.

If a minimum 3* shower requirement is retained (on similar public interest gr@asnds

the retention of a minimum 5 star AccuRate rating) there is probably no need teelink t
water and greenhouse benchmarks, since 3* showers will tend to limit water heating
energy. If however higher flow showers are to be permitted, hot water use could
increase, and additional greenhouse savings would need to be found to offset the higher
water heating emissions.

*kkkk
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Glossary

Ance
paters

5 Star The group of Victorian regulations requiring 5 star thermal performa
for new dwellings, plus water saving measures and/or solar water h
(sometimes also written as Five Star)

5 star, 5*, | When used in association with buildings, the thermal performance r

6* etc as determined using AccuRate or other accepted thermal performar
modelling software; when used in association with appliances or
plumbing fittings, the water efficiency rating or the energy efficie
rating. (note: ‘star’ is lower case in contrast to 5 Star, above).

ABS Australian Bureau of Statistics

AGA Australian Gas Association

BCA Building Code of Australia

BV Brick veneer (wall construction)

CFA Conditioned Floor Area: the area of a house heated and cooled

CFL Compact fluorescent lamp

CH Central heater: may fuelled by natural gas (G) or LPG

DE Delivered energy

DG Double glazing

DSE Department of Sustainability and Environment

E - CAC Electric central air conditioner (capable of both cooling and heating

E — EVAP | Evaporative cooler (with electric fan)

E - RAC Electric room air conditioner (capable of both cooling and heating)

E — Resist Electric resistance (heating)

GFA Gross floor area: all enclosed area including garages

GJ Gigajoule (MJ x 1,000)

GLS General lighting service (ie fixture or lamp with bayonet or scitéing)

HH Household

HP Heat pump

HR High rise: apartment buildings of 4 storeys or more

HW Heavy weight (wall construction); eg double brick, concrete block

kPA KiloPascals; a measure of pressure

LE Low energy

LED Light emitting diode

LV Low voltage (eg LV halogen lamps, which require transformers)

LW Light weight (wall construction); eg timber frame with weathertear

LR Low rise: apartment buildings up to 3 storeys

MJ Megajoule

NatHERS National Home Energy Rating Scheme

NCFA Net conditioned floor area — see CFA

PIC Plumbing Industry Commission

R-value A measure of resistance to heat flow:

RFL Reflective foil laminate

RH Room heater; may fuelled by natural gas (G), LPG or Wood

RWT Rainwater tank

SEAV Sustainable Energy Authority of Victoria

SG Single glazing

SWH Storage water heater

UE Useful energy

ating
ce
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VCEC

Victorian Competition and Efficiency Commission

WELS

Water Efficiency Labelling and Standards
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1. Background

Policy Context

About a third of Victoria’s energy is used in the home, and energy-related greenhouse
gas emissions increased by nearly a third between 1990 and 2004. There were about
1.92 million households in Victoria in 2005, and new dwellings are being built at the
rate of about 35-40,000 per anninin other words, about 2% of the housing stock is
built new each year. Although new dwellings account for only a small share gfener
use in any one year, the energy characteristics of new dwellings theteéhm trends in
energy use for the whole stock over time.

Policies to contain the energy consumption of new dwellings in Victoria date back to
March 1991, when regulations for the insulation of new dwellings came into operation
via the Building Control Act. Nearly a third of the existing dwelling stockldesen
influenced by these regulations and by the subsequent 5 Star requirement (see next
section).

In July 2006 the GovernmentEnergy Efficiency for Victoria Action Plaannounced a
range of policies and programs to further improve household energy efficl28Ey (
2006). In relation t&nergy efficiency requirements for new housing (5 Star Hgmes)
it stated that ‘the Government will:

Further develop the 5 star approach, undertaking analysis to establish
sustainability performance standards for residential buildings, irtorporating
energy and water efficiency. As part of this, the Government will: consider the
current trade-off between saving energy or saving water; clagtyraments for

the installation of solar hot water systems; and examine the case for catisider
of other installed fixtures as part of sustainability performance smsess, and for
new homes and major renovations (inclusive of plumbing) to install gas-boosted
solar hot water system.

Implement a flexible tool to assess the sustainability performance of lidential
buildings for application both through the building system — as a basis for
meeting new sustainability performance standards — and in the planning
system — to meet sustainability design elemen®uring the development of this
tool, the Government will consider the inclusion of sustainability issue such as
stormwater and materials use, in addition to energy and water use in buildings’
(DSE 2006; original emphasis).

! The relationship between number of householdshamneber of dwellings is not a direct one. At any

give time about 2-3 % of dwellings are vacant pegdiccupation by tenants or new owners, and another
6-7% are vacant because they are second homesanarially rented weekenders. Therefore the
number of actual dwellings in Victoria is about 8% higher than the number of households.
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Current ‘5 Star’ Requirements

Thermal Performance

The regulations for the insulation of new dwellings which came into operation in
Victoria on 18 March 1991 established a minimum thermal performance standard
roughly equivalent to 2.2 stars on the National Home Energy Rating Scheme
(NatHERS) scale, although the NatHERS system was not then in existence.

In 2000 the Sustainable Energy Authority of Victoria (SEAV) commissioned ewevi

of the effectiveness of the regulations (EES 2000), and in 2002 SEAV commissioned a
study of the costs and benefits of introducing mandatory thermal performandarsis
based on the achievement of specified ratings using the FirstRate and I$atHER
thermal simulation software (ACG 2004).

Following these studies, the Victorian government decided in 2003 to implement a
minimum 4 star rating requirement for new dwellings to be constructed fron2 Qody
and a minimum of 5 stars for dwellings constructed from July 2005. This was a
significant increase in thermal performance standards from the 1991 insulation
regulations.

Efficient Water Use and Solar Water Heating

In conjunction with the 5 star thermal performance standards, the government also
decided to implement a number of additional water and energy saving measures for
Class 1 and 2 buildings connected to a new reticulated water supply:

Shower flow rates to be between 7.5 and 9.0 litres/min (ie shower heads must be 3*
under the new WELS rating or AAA under the old rating scheme);

Supply pressure to be no higher than 500 kPA (ie a pressure reducing valve must be
fitted where supply pressure is higher); and

Flow rates to taps over basins, kitchen sink and laundry troughs to be between 7.5
and 9.0 litres/min (ie all must be 3* under the WELS rating — taps for different
applications had different A ratings under the old scheme).

In addition, new Class 1 dwellings were to be fitted with either:

A solar or heat pump water heater (to be gas-boosted where reticulated natural gas
is available), or

A rainwater tank (of not less than 2,000 litres, and supplied with runoff from not
less than 50/of roof area), plumbed to all sanitary flushing systems.

These proposals were the subject Bfegulatory Impact Statemgniblished by the

Plumbing Industry Commission (PIC 2003), supported Bgrefit-Cost Analysis
prepared by the Allens Consulting Group (ACG 2004). They were implemented in
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July 2004 by means of tidumbing (Water and Energy Savings) Regulations 2004
made under sections 2217277V and 262 of the Building Act 1993 and, in the case of the
solar water heater or rainwater tank option, via Practice Notes refdri@ndause Vic
1.2.2(a)(ii) of Volume Two of the Building Code of Australia (BCA) 2005.

Reviews of the 5 Star Requirements

The ‘5 Star Requirements’, as they are now generally called, comprisetheat
performance requirements, the water saving measures and the rainwaseddank/

water heater option phased in between 1 July 2004 and 1 July 2005. During that period
various combinations of thermal performance rating and water saving measuges
permitted, as set out in the Building Commission Practice Notes 2004-55 and 2005-55.
A further variation was the acceptance of connection to a dual-pipe recyckrd wat

supply (where available), plumbed to all sanitary flushing fixtures, ageanative to a
rainwater tank for Class 1 dwellings.

Since July 2005, it has been mandatory for all new homes built in Victoria to comply
with the above measures. Two issues have emerged:

There is a perceived lack of flexibility for home builders to undertakenalige
measures which may save equal amounts of water and energy, at perhaps;less cost
and

The rainwater tank and the solar water heater alternatives servertdifibjectives.
The achievement of the government’s water saving objectives, and indeed its
greenhouse objectives, is compromised by allowing what is in effect a random or
price-driven choice between them. Furthermore, the actual pattern of choice is
uncertain, since there is no central data collection.

VCEC Review

In October 2005 the Victorian Competition and Efficiency Commission published its
final report on housing regulation in Victoria, which among other matters reviéeed t
5 Star Requirements (VCEC 2005). Two of the recommendations were:

Recommendation 5.3

That the implementation of the 5 Star scheme be more clearly related to the
Victorian Government’s energy efficiency objectives. The choice of avadam

tank in lieu of a solar water heating system should be removed and substituted
with the choice of an alternative high efficiency water heating system. |
addition, the scheme should incorporate more flexibility through the
accreditation and use of more contemporary software packages.

Recommendation 5.4
That the water saving regulation in the 5 Star scheme be more clearly related t
the Victorian Government’s water efficiency objectives via the removaleof t

tradeoff between water saving and energy saving measures. Furtheateainw
tanks should not be included in any mandated choice. Rather, individual
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consumers should be left to decide whether they would invest in this facility on
its own merits as a water saving measure.

In April 2006 the Victorian Government responded to the specific recommendations of
the VCEC in the following terms:

Response to Recommendation 5.3: Supported-in-part

The Victorian Government regards the 5 Star scheme as an important initiative
towards achievement of its energy efficiency objectives. Consumersyalread
have considerable flexibility in meeting their obligation. Nevertheless, the
Government is actively pursuing further progress in these areas, such as the
imminent introduction of the AccuRate software packagetlamdlevelopment

of performance-based measures for achieving its sustainability objectives

Response to Recommendation 5.4: Supported-in-part

The Victorian Government considers that the 5 Star scheme (including its water
saving elements) is clearly aligned with the Government’s objectivenérgy
efficiency and water conservation. Nevertheless, the Government supports
developing greater clarity around the purpose of the objectives of the scheme
with a view to providing consumers with greater flexibility for achievireges
saving. The issues surrounding mandated choices will be considéned in

further development of performance-based meas(vestoria 2006, emphases
added).

DSE Review

In late 2005 the DSE commissioned a review of the water efficiency aspdogsDof

Star Requirements, with the aim of exploring the options for a performance-based
rather than a prescriptive approach to the water-saving measures requiegd i
dwellings (GWA 2006). The review developed a model of household water use and
used it to estimate the average water use in new 5 Star houses (the ‘tadjethat
water use would be in the absence of the 5 Star regulations (the ‘baseline’).

The difference between these two values represented the estimatednsdaathains
water supply which the current, prescriptive 5 Star regulations are achiéihing
estimate is highly sensitive to the assumptions about compliance patterns, and in the
absence of reliable information it was assumed that 50% of houses comply via a
rainwater tank and 50% comply via the installation of a solar water Keater.

The review then examined a range of options which could achieve equivalent
reductions in mains water supply, under a performance-based regime. These options
included both water-efficiency measures and alternative water supply neakwes
concluded that several combinations of options could achieve the same level of
reduction in mains water use as the present 5 Star Requirements, and some of these
could do so at lower cost.

2 This 50/50 split among complying dwellings hasrbeenfirmed by recent information (Building
Commission, personal communication, 15 Feb 2060wever, there is still some uncertainty about
levels of non-compliance, because some completedlidgs may have been approved before July 2005.
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Water Use and Greenhouse Links

As the VCEC review indicated, there is indeed considerable overlap between
household water use and greenhouse gas emissions, and it is important to understand
these links. Otherwise there is a risk that the benefits of a more flegiblgiance

regime will be obtained at the cost of a reduction in the water or greenhouse saving
currently being achieved.

GWA (2006) calculated that the water-related requirements of the exas8tay

measures are delivering greenhouse gas savings of about 545-ego@0annum per

new house, compared with the ‘no regulations’ case. About half the saving comes from
those houses which install a solar water heater as part of their compliaigegi@abl
(‘component A’). The other half of the greenhouse savings (‘component B’) comes
mainly from the hot water saved by the requirement to install 3* shower heads. The 3*
tap and pressure limiting valve requirements save relatively little Het.wa

The transition to a water-saving target that can be achieved through flepiiges
unavoidably raises the issue of how the water-related greenhouse gas redurtgns be
achieved under the present regime can be preserved.

If the selection of water-saving measures is made more flexible, andehe sol
performance criterion is potable water consumption, some householders will opt for
measures which save cold water only. This would mean that the ‘Component B’ of the
water-related greenhouse savings would on average be reduced.

There would almost certainly be consequences for ‘Component A’ as well. If the
water-saving measures were made performance-based, it would be both iesbnsist
and impractical to preserve the existing rate of solar water heatelaitisitain new
homes by prescriptive measures. It would not be possible to specify or enforce a
requirement that ‘50% of new homes must have a solar water heater’.

Increasing the solar water heater requirement by imposingeienynew Class 1

dwelling (in addition to a performance-based water saving target) wouldsediea
compliance burden and cost compared with the present regime, and drive up the
average price of new housing. All housing and planning industry stakeholders
consulted expressed the view that, while they welcomed moves to make the 5 Star
measures more flexible, they would strongly oppose any changes that led to aseincre
in compliance burden and cost.

If the option of forcing every new home to have a solar water heater were ruled out, the
remaining options would be:

1. Abandon the mandatory solar water heater requirement without adding any new
greenhouse requirement. This would almost certainly lead to a massive drop in
solar water heater installations in new homes and to an increase in wager heat
related greenhouse gas emissions compared with the present regulation.

2. Developbothwater-heating related greenhouse targatbwater use targets for
new homes, and require them to be satisfied through performance-based choices
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about water efficiency, alternative water supply and water heaterngpe a
efficiency — ie limit the compliance options to the water supply and watengeati
systems.

3. Develop a performance-based greenhouse target for the dwelling as a wtiole, a
allow it to be satisfied by any combination of appliances (space heatess, spac
coolers, cookers and lighting, as well as water heaters) and, possibly,ity rais
thermal performance higher than the minimum 5 star level.

The present study in effect explores the third of these options.

Thermal Performance, Energy and Greenhouse

Selection of energy form and product type

The present regulations specify that new Class 1 dwellings must meetaumini
thermal performance rating of 5 stars (the somewhat different requirefoe@iass 2
dwellings are discussed later). This rating indicates the amount of energypthad
need to be added in winter, and removed in summer, to maintain standard comfort
conditions. The higher the star rating, the lower the maximum allowable’NoHch

for heating plus cooling.

However, the calculated heating and cooling loads do not on their own indicate the
actual type or amount of energy that will be used for heating and cooling the home
when built and occupied.

If there is no heating or cooling equipment installed, there will be no energy use. Of
course, internal temperatures would then move outside the standard comfort conditions
for some of the time. Most homes in Victoria have some form of fixed heating system
installed at the time of construction, but the proportion installing cooling is

significantly lower. The better the summer-time thermal performantteafwelling,

the less often the home will drift outside standard comfort conditions, so the more

likely that householders will tolerate those periods without relying on mechanica
cooling.

The key determinant of energy use and greenhouse gas emissions is the choice of
energy form — whether the home will be all-electric, or whether it will usealagas

or other energy forms such as solar, LPG or wood. Natural gas and LPG have
inherently lower greenhouse gas intensities than electricity and wood, res\abée
energy form, has a lower intensity still (Table 1).

Table 1 Average greenhouse gas intensity of energy forms, Victoria

kg CO-e/GJ delivered kg CEe/kWh
Point of use Indirect Total Total
Electricity 0.0 407.4 407.4 1.467
NG 51.9 11.7 63.6 0.229
LPG 59.4 7.8 67.2 0.242
\Wood (a) 14.0 0.0 14.0 0.056

Source: AGO (2005) (a) Includes® and CH emissions, not CO
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Connection to the natural gas supply is a key factor in a home’s energy and appliance
mix. If gas is connected at the time of construction, it is likely that:

Gas will be used for water heating, space heating and hotplates (the oJén is sti
likely to be electric, because of consumer preferences);

If/when cooling is installed, it is more likely to be evaporative than refiye,
since the heating load that could be met by a reverse cycle air conditibner w
already be met by gas.

If gas is not connected at the time of construction, it is not likely to be connatged |
unless there are special incentives such as those the Victorian governmeaning tof
householders in regional areas where the gas grid is being extended. If nothas or
form of fixed heating is installed at the time of construction, it is likelytth@home
will rely on portable electric heaters (ie radiators, fan heaters atled-tolumn
heaters). Alternatively, reverse cycle air conditioning may be liedtiter for both
heating and cooling.

Thus the 5 Star Requirements do not, on their own, allow the projection of actual
heating and cooling energy. This can only be done by projecting the enengydiod
appliance types which will be installed.

The Requirements also have indirect implications for energy use for lvesting in
Class 1 dwellings, via the solar water heater compliance option. If sdkarveating

Is selected, then it must be gas-boosted if the house is in an area where natural gas
supply is available. If the rainwater tank is the preferred compliance opteos,Star
Requirements have no further influence over water heating energy.

The 5 Star Requirements currently have no bearing at all on energy usatfoglig
cooking or other appliances.

Product energy efficiency

There are further choices regarding the type of equipment and its efferigney.

For example, a gas-connected house can be heated with a central heatamor a r
heater in the living area only and no fixed heating in the bedrooms (which raises the
probability that plug-in electric heaters will be used). Furthermore, thieegdsr could
be at the upper end of the efficiency scale — say 5* on the AGA label — or at the low
end, such as a log-effect room heater. The lower the efficiency, the more gas the
appliance will use for the same useful heat output.

Similarly, a 3* gas water heater uses more energy than a 5* model to hsatnhe
guantity of water, and more efficient solar water heaters needs less\garstrgy,
whether gas or electricity, than those which just meet the minimum perfarevets
in the 5 Star Requirements.

The energy used for lighting can also vary widely, depending on the number and type

of light fittings installed. A given dwelling can be fitted with any comnalbion of
incandescent lamps, compact fluorescent lamps (CFLS), linear fluoresuopstdalow
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voltage (LV) halogen lamps, some in standard fittings which can take sevepal lam
types interchangeably, and some in dedicated fittings which only take one tgpepof |
Therefore there is a very wide range of possible lamp configurationsgatiddi

energy loads. A further complication is that some lighting will probably begedvi
by plug-in lamps, so even a detailed inventory of the fixed lighting installatynnot
indicate the full extent of lighting energy use.

A large part of a home’s energy use will be due to electric appliancesjaipinent —
everything from refrigerators to television sets to pool pumps. Nearly alls# fiteg
into a standard socket, unlike most heating, water heating and lighting equipment,
which is ‘fixed’ by wiring or plumbing at the time of installation. Even if applenc
are present and installed at the time of building completion, it is difficufgteeahey
are fixtures in the same way as water heaters, say, because in mosieyasas be
easily removed by an untrained person without the need for special skills or tools.
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A Performance-based Approach

Principles

Under the present 5 Star Requirement, the maximum heating and cooling load of the
structure is pre-determined, but the actual greenhouse emissions will depend on the
outcome of subsequent decisions about energy form, equipment type and efficiency and
patterns of use. There is an unstated assumption that improving the thermal
performance of the structure should lead to a more or less proportional reduction in
greenhouse gas emissions, all else being equal.

This is not necessarily the case. For example, a lower requirement ferhsading

could increase the tendency to use electric heating rather than gaseasingthe
greenhouse emissions from the heating task even though the delivered energy
requirement is lower. This greenhouse penalty could be reduced (but not overcome,
given the high greenhouse gas intensity of Victorian electricity supply) dléutric
heating is provided by a reverse cycle air conditioner rather thararesidteaters, but
this will add a cooling load which contributes to summer peak demand.

Also, even if the 5 Star Requirements restrain greenhouse gas emissions fiogh hea
and cooling, they will not necessarily influence emissions from watemieatd will
certainly have no influence over lighting or other energy uses.

Therefore the current 5 Star Requirements with regard to thermal perferaranc

Uncertain in their impacts, even for their main target (heating and coolang\g;
and

Limited in their scope.

Given that a reduction in greenhouse gas emissions is one of the main objectives of the
current policy, then that objective can be pursued more directly by:

Setting greenhouse targets directly (rather than indirectly, as anpresnd

Widening the scope beyond heating and cooling, to include other fixed equipment
energy use within the home (the choice of non-fixed equipment such as plug-in
appliances is beyond the scope of a policy that targets building approvals).

Furthermore, if greater certainty of outcome is an objective of thentyrodéicy, then it

will be better served by having distinct and explicit targets for thermiirpgnce,
greenhouse and water use. This need not conflict with the objective that designers a
builders should have flexibility in how they meet these targets. However, mbeting
objectives (firm greenhouse reductions as well as greater compliexitity) will

require an explicit analysis of the impacts of the current rules and ofaditeroptions,
and a more structured approach to tradeoffs than the current arrangementeaxrash |
key tradeoffs (eg water saving vs energy saving) to random choice.
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This study

This study was commissioned by the Victorian Department of Sustainaiitity
Environment, to investigate the option of establishing greenhouse benchmark levels
(tonnes C@-e per annum per dwelling, pefor per person) for new housing, that take
into consideration the combined effect of the building shell and the choice of key fixed
appliances

It follows a study, also commissioned by DSE, on water saving requirerfiogmew
housing (GWA 2006). In combination, the two studies apply a consistent analytical
approach to the thermal performance, greenhouse and water saving elements and
objectives of the 5 Star Requirement.

The project was guided by a Steering Committee chaired by DSE, widsegpation
from the Building Commission and the Plumbing Industry Commission.

Terms of Reference
The DSE’s terms of reference require the consultant to:

Model the ‘benchmark’ energy consumption and greenhouse gas emissions for a
range of new 5 Star residential (Class 1 and 2) buildings, including fixed ajgglianc
(heating & cooling, water heating, lighting and cooking), based on curakem
practices and for both gas reticulated and non-gas reticulated areas;

Identify a number of typical energy and appliance combinations which could match
the ‘benchmark’ emissions and estimate their capital costs, running cosspamis
and lifecycle costs;

Assess whether there are combinations of thermal performance @5 siginer),
energy choice and appliance efficiency which are likely to have both lower
emissions and lower lifecycle costs than the current benchmark (withoutiagsag
monetary value to greenhouse gas emissions); and

Review the options for a flexible greenhouse target regime for new dwetlings
Victoria, taking into account practicality, housing affordability, complkaand

other risks and the need to achieve both water saving and greenhouse objectives in
an integrated way.

The DSE gives the following policy context for the study:

The Government is interested in moving from a 5 Star rating based on building
shell thermal efficiency to greenhouse benchmarks (represented by a t@res C

per annum figure) based on the combined impact of the thermal performance of the
building shell and the energy consumption of key fixed appliances. The aim is
ultimately to achieve a better (or at least equal) greenhouse outcoms tha

currently the case with the existing 5 Star regulations while providingpifiex

and facilitating a least-cost approach. The project analysis will beusegport

policy development of greenhouse benchmarks for new housing comprising:
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A minimum thermal performance of 5 Stars for the building shell;

Greenhouse performance benchmark (tonnese€Cger annum) based on the
combined impact of the building shell (5 Star or above) and the projected
energy consumption of fixed appliances. (The impacts of applying different
benchmarks to different climate zones, to gas vs non-gas reticulated areas and
varying benchmarks by floor area, number of bedrooms or other indicators of
likely occupant numbers should be considered); and

The alternatives of a flexible compliance option and a simple ‘deemed to
satisfy’ approach.

The full terms of reference are at Appendix 1.

Structure of This Document

Chapter 2 details assumptions about the design, construction and climatic zone
distribution of new housing in Victoria, and summarises their heating and cooling
loads, as modelled using the AccuRate thermal performance software package
Chapter 3 analyses the energy consumption and greenhouse gas emissions from new
housing, for each of the main end uses (heating, cooling, water heating, cooking,

lighting and appliances), using the following approach:

Describe the main technical options for meeting that end use, with their energy
efficiency characteristics and ranges;

Estimate the share of the new housing market supplied by that technology or
equipment type;

Calculate weighted average energy use and hence weighted aversgjereni

Identify the lowest and highest greenhouse options, and compare them with the
weighted average in terms of capital cost, lifetime energy cost andiensis

The study covers Class 2 (apartment) buildings as well as Class hétkéaa
attached single-family houses), so Chapter 3 also examines the impacedfetergy
uses such as common area lighting, lifts and garage ventilation.
Chapter 4 considers the options for:
maintaining the current outcomes of the 5 Star Requirements in terms of thermal
performance, level of emissions and mains water use while increasimgxibéity
of compliance options; and

improving the outcomes in greenhouse terms, while at least maintaining current
thermal performance and water use targets.

Chapter 5 presents the key findings and conclusions.
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This document should be read in conjunction with the Excel files [Output Analysis-
04.xls], [Vic DSE Appliance Model 2006 V1.xIs] and [AccuRate area correction
starbands.xls].

Sources of Information

The data underlying the calculations has been collected from a number of soutces, bot
published and unpublished.

Information on housing commencements by building type was collected from several
published sources, including the Australian Bureau of Statistics (ABS), and the
Victorian Building Commission’s Pulse database.

Information on natural gas connection rates and the ownership of appliances and
equipment for the whole housing stock was obtained from the ABS, particularly the
seriesEnvironmental Issues: People’s Views and Pract{@d3S 4602.0).

However, these data sources cover the entire stock, and information about new
dwellings is more difficult to obtain. The following sources were used:

Unpublished research made available by the Building Commission, water and
energy suppliers;

Commercial research on new home builders’ practices and appliance sales to ne
dwellings (BIS-Shrapnel 2006, 2006a); and

Discussions with selected builders, building industry associations and energy
suppliers.

The AccuRate modelling described in Chapter 2 was undertaken specificallysfor thi
project by Robert Foster of Energy Efficient Strategies, Warragul. dly Tsaacs, and
Energy Strategies, Canberra, assisted with the provision of AccuRate iepaini
copies of house plans.

Information on lighting in new dwellings was supplied Beacon Lighting, &tand
Steve Beletich Associates, Sydney.

We are grateful to all parties who assisted us with information.

Where data sources are incomplete or conflicting (as is often the casm)thtbes have
relied on their own estimates.

5_star energy report May 07 .doc 26



Comparison with ‘BASIX’

The flexible compliance approach to the 5 Star Requirements examined in the present

study, and the preceding study on water efficiency, has some elementsnmorcovith
the BASIX rating system in NSW. However, there are also importantetiffes, as

summarised in Table 2.

It is difficult to make an informed judgement about many aspects of BASIK f
published sources because the calculation algorithms and weightings are ssibbgce
although it is possible to infer them (approximately) by systematiaalii<ing through
the public ‘front-end’ using different input settings.

Table 2 Comparison of 5 Star Requirements and BASIX

5 Star Requirement

BASIX

Coverage

New Class 1 and Class 2 dwellin
in Victoria (from June 2004)

gdew Class 1 and Class 2 dwelling
in NSW (from Oct 2005)

All alterations & additions (Oct
2006)

JS

Thermal performance target

5 Star (M3heating and cooling
loads combined) — values
published in BC (2006)

Heating and cooling loads must
each be lower than the maximum
loads (as calculated by BASIX).
Actual values not published, but i
the range 4 to 5 stars AccuRate

h

Means of demonstrating
thermal performance
compliance

1. Simulation method only, using
FirstRate (Version 4.05 or later),

NatHERS (Version 2.32A or later
BERS (Version 3.2 or later)

1. Deemed to comply option
(‘Rapid’)

2. BASIX calculator (‘DIY’)
3. Simulation method, using
FirstRate (Version 4.05),
NatHERS (Version 2.32B)
BERS (Version 3.2)

Water use target

No explicit target

No expliciget; but claimed to
be ‘40% lower than current NSW
average household water use’
(lesser reduction in some regions

Means of demonstrating
water use compliance

Presence of showers, WCs and taggeaching required water score

with required flow rates/ratings

using BASIX calculator

Greenhouse target

No explicit target

No expliqigéd, but claimed to
be ‘40% lower than current NSW
average household emissions’
(lesser reduction for Class 2)

Means of demonstrating
greenhouse compliance

Not applicable

Reaching required energy score
using BASIX calculator

Obligations and tradeoffs
permitted?

Solar water heater or rainwater
tank (or reticulated recycled wate
supply) obligatory

Solar water heater helps toward
energy score, but not essential
Rainwater tank or recycled water
help water score, but not essentig

Reported outcomes
(note: no data on actual
compliance outcomes)

50% of houses have RWT

50% of houses have SWH

100% of houses have 3* showers
and taps (GWA 2006)

100% of houses have RWT

25% of house have SWH or HPs
100% of houses have 3* showers
and taps (BASIX 2006a)

Swimming pools and spas

Not covered

Covered

Non-fixed appliances

Not covered

Can be used tosvangrgy target
in Class 2 dwellings

Gardens and landscaping

Not covered

Can be useddewater target

Common areas and facilitigs

Not covered

Takenactmount in Class 2
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The objectives of the 5 Star Requirements in Victoria, of BASIX in NSW or of any
other comparable approaches and programs are to achieve average leveisabf ther
comfort in new dwellings that are highttan they would have been in the absence of
the programand average greenhouse gas emissions and water consumption that are
lower than they would otherwise have been.

The appropriate reference for measuring the improvement intended or achieved is what
is likely to occur in the absence of the program (generally called ‘busisessial’ or

BAU), not what has occurred in the past. Appliance efficiencies, constructtboase

and other factors are continually changing for a range of reasons, so itidtdiff

assess the effectiveness of a program by comparing results only withsthas

BASIX does with its ‘40% lower’ and ‘25% lower’ objectives (which, it should be

noted, are difficult to verify even in their own narrow terms because of the lack of
published data).

As Table 2 indicates, the physical outcomes are not dissimilar — the 5 Star
Requirements appear to be producing somewhat higher rate of solar wager heat
installations, a lower rate of rainwater tank installations and similagly levels of 3*
showers and taps. It is not possible to draw a firm conclusion from current data, but it
is likely that dwellings meeting BASIX have significantly lower thaf performance
standards than 5 stars.

The only areas where BASIX appears to have an advantage are:

More predictable greenhouse outcomes, since appliances and equipment need to be
specified, not just thermal performance; and

Greater flexibility, in that a wider range of options can be used to meet tBEXBA
‘energy’ target (which is in reality a greenhouse target) and ‘wateyét.

However, this apparent advantage may be reduced somewhat by the scope for using
non-fixed appliances, garden and landscaping design towards compliance —
measures which are hard to verify, easy to reverse or both.

If a BASIX-style assessment tool is to be considered for Victoria, thkey ssue

should be how to gain the apparent advantages of BASIX, without compromising the
areas where the current 5 Star Requirement produces superior outcomes.
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2. Thermal Performance of New Homes

Building Types and Climatic Zones

In order to model heat loads for new dwellings using AccuRate, it is necessalgdo m
assumptions about the number of dwellings, their physical characteristicaaterials
of construction and the external climate.

Building Form

Class and Type

Building activity is notoriously cyclic. About 40,000 new dwellings were constilucte
in Victoria in 2001/02 (ACG 2004), but the ABS reports about 36,000 dwelling
approvals for 2005/06. A value of 38,000 new dwellings per annum is used in the
present study.

The distribution of dwelling types by Class, form and construction type is based on
ABS data for dwelling completions in Victoria in 2004/05, which indicated that:

Detached Class 1 dwellings (houses) accounted for 73.8% of dwellings built
that year;

Attached and semi-detached Class 1 dwellings accounted for 13.0%; and
Class 2 dwellings (flats or apartments) accounted for 13.2%.

Class 1 dwellings were further divided into single storey (69% of Class 1) and two or
more storeys (31% of Class 1), based in data supplied by the Building Commission.

Table 3 Summary of assumptions about dwelling numbers, form and location

Melbourne Warmer Cooler | All of Share of | Share with
and coastal zones  zones | Victoria new |natural ga
dwellings| available

Class 1 Detachdd 20472 182 5749 28,044 73.8% 90%

Class 1 Attached 4446 247 247 4,940 13.0% 95%

Class 2 Low Rise 1300 41 27 1,368 3.6% 90%

Class 2 High Rige 3648 0 0 3,648 9.6% 1009
29866 2111 6024 38,000 100.0P% 929

Share of new 78.6% 5.6% 15.99 100.0%

Gas available 98% 63% 73% 92%

Source: author estimates based on ABS and BC &&a.Table 5 for zone explanation

Class 2 dwellings are divided into Low Rise (LR) apartments in buildings up to 3
storeys in height, and High Rise (HR) apartments in buildings of 4 or morgsstore
which would require lifts. ABS reports that in 2004/05, 73% of Class 2 dwellings were
in HR buildings and 27% in LR buildings.
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Figure 1 Share of dwellings by type and climate zone
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In LR buildings the majority of units will be either on the ground floor or top floor, and
so will share either none or one horizontal surface (floor or ceiling) wittha@nonit.

Only units in 3 story buildings will share both a floor and a ceiling, and no more than a
third of units in those buildings will be in this situation. In HR buildings the majority

of units will have shared floors and ceilings. Therefore, apartments wereddinide

the following subgroups for thermal modelling purposes:

On the ground floor of a LR building, with another unit above;

On the uppermost floor of LR building, with another unit below;

On the corner of a HR building (ie exposed on 2 sides), with other units above
and below; and

On the face of a HR building (ie exposed on one side only), with other units
above and below.

Dwelling Plans

The layout plans for modelling were selected to match the average floorereased

by the ABS and the Building Commission. Another selection criterion was that
thermal performance should be relatively insensitive to orientation. Traesteefictual
builder practice: high volume builders tend to avoid plans which can only meet 5 star
thermal performance requirements for a limited range of orientations.

The plans for thermal simulation modelling were selected from a set of apjateky

160 plans obtained from high volume home builders in Victoria, held by the Australian
Greenhouse Office (AGO). The plans for detached dwellings were drawn from a
sample of those lodged with Victorian local councils in 1999. The apartment plans

% This contrasts with specialised ‘passive solatd®designs, which are intended to maximise héat ga
in specific orientations and where performancetieporientations can be significantly different.

5_star energy report May 07 .doc 30



were loosely based on plans used in the Docklands development. These were provided
with the kind assistance of Mr Tony Isaacs. Table 4 summarises the Net@wmulit

Floor Areas (NCFA) and the glazing ratios for the plans selected fondhe

simulation. NCFA excludes garages, verandahs and some utility rooms.

Table 4: Summary of floor area and glazing Dwelling Types Modelled

Type Sub Type Proportion  Plan Net Glazing
of all new Conditio | to NCFA
dwellings ned Floor ratio

(a) Area nf
Class 1 Single Storey 50.7% A 179.5 20%
Detached B 180.4 23%
2 or more storey 23.1% C 275.6 24%
D 268.7 21%

Cl 1 Attached | All 13.0% E 156.5 21%

Class 2 Flats | Low rise — Ground floor 1.8% F (b) 108.8 28%

Low rise — Upper floor 1.8% F (b) 108.8 28%
High Rise — Corner 2.4% G 127.0 27%
High Rise — Face 7.2% H 127.0 27%

(a) Table 3 (b) Identical plans — only differensén heat loads from upper and lower horizontafesas
Climate and Gas Supply Zones

The AccuRate modelling software identifies 13 distinct climate zones in Vicldre
majority of these zones contain very few existing dwellings and very litiebonéding
activity. In consultation with the Steering Committee, four representdimeate

zones were selected for modelling (see Table 5): two representing Mellaoairne
coastal regions (using Tullamarine and Moorabbin climate data, equallyteadigone
representing cooler parts of the State (using Ballarat climatgatataone representing
the warmer parts (using Mildura data).

For the purposes of calculating weighted averages, the simplifying pissamwas

made that all new dwellings are built in the four modelled climatic zones. The number
of new dwellings allocated to each zone under this assumption is indicated in Table 3.

Table 5 Victorian climate zones modelled in this study

Zone No | Reference Share of existing | Estimated share | Represents:

Location dwellings of new dwellings
62 Moorabbin Airport 41.6% 39.3% South and East Melbourne growth area|
60 Tullamarine 25.0% 39.3% West and North Melbourne growth areg
66 Ballarat Aerodrome 10.9% 15.9% Inland cities
27 Mildura AMO 2.7% 5.6% Riverina

Other zones 19.8% NA Rest of Victoria (climates not modelled)

Source: EES estimates

Although not necessary for thermal modelling purposes, the availability oBhgas

is a critical factor in determining the likely mix of heating equipment and othe
appliances. Based on information from the ABS and the gas utilities, it is testima
that nearly 92% of new dwellings have access to a natural gas supply — 98% in the
Melbourne and coastal zone, 63% in the Warmer zone and 73% in the Colder zone.
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Construction Types

The materials and construction of the floor, walls and to a lesser degree th#acf
both the insulating characteristics and the thermal mass of the building shell.oSthe m
common floor/wall combinations were modelled. Alternative roof types (eg\se

tile) were not considered. In general, roof type and colour (as distinct from roof
insulation value) have little effect on thermal performance.

ABS approvals data for new dwellings constructed in Victoria in 2004/05 was used to
determine the construction type share used in modelling (Table 6). Some 42
combinations of plan and construction type were modelled (Table 7). Because the
occurrence of timber floored apartments flats is so low, these combinationsotere
modelled.

Table 6: Construction Types — New Dwellings 2004/05, Victoria

Wall Type Share of all new
Dwelling Type Floor Type dwellings
Class 1 Detached Lightweight Timber 6.5%
Class 1 Detached Lightweight Concrete 7.8%
Class 1 Detached Brick Veneer Timber 11.9%
Class 1 Detached Brick Veneer Concrete 41{9%
Class 1 Detached Heavy Weight Timber 1.0%
Class 1 Detached Heavy Weight Concrete 419%
Class 1 Attached Lightweight Timber 0.3%
Class 1 Attached Lightweight Concrete 1.2%
Class 1 Attached Brick Veneer Timber 2.1%
Class 1 Attached Brick Veneer Concrete 7.1%
Class 1 Attached Heavy Weight Timber 0.2%
Class 1 Attached Heavy Weight Concrete 1.4%
Class 2 Lightweight Timber 0.2%
Class 2 Lightweight Concrete 0.7%
Class 2 Brick Veneer Timber 0.0%
Class 2 Brick Veneer Concrete 3.5%
Class 2 Heavy Weight Timber 0.1%
Class 2 Heavy Weight Concrete 8.8%
All new dwellings All types All types 100.0%

Source: ABS

Apart from the construction type, the determinants of thermal performancdeand t
demand for heating and cooling, are:

Glazing area, glass and window frame characteristics and shading;

The amount of insulation added to the ceilings, walls and floors;

Orientation;

Ventilation and air changes;

Whether the whole dwelling is heated and cooled, the living zones only or the
bedroom zones only; and

when the home is occupied and hence the time pattern of heating and cooling.
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The modelling of these factors is described in detail in Appendix 2.

Table 7: Penetrations of Sample Dwellings/Constructions

Share of new

Plan Type & sub-type Wall Construction Floor Construction dwell
wellings
Lightweight Timber 2.2%
Lightweight Concrete 2.7%
A Detached Single Brick Veneer Timber 4.1%
Storey Brick Veneer Concrete 14.4%
Heavy Weight Timber 0.3%
Heavy Weight Concrete 1.7%
Lightweight Timber 2.2%
Lightweight Concrete 2.7%
B Detached Single Brick Veneer Timber 4.1%
Storey Brick Veneer Concrete 14.4%
Heavy Weight Timber 0.3%
Heavy Weight Concrete 1.7%
Lightweight Timber 1.0%
Lightweight Concrete 1.2%
c Detached Two Storev Brick Veneer Timber 1.9%
Brick Veneer Concrete 6.6%
Heavy Weight Timber 0.1%
Heavy Weight Concrete 0.8%
Lightweight Timber 1.0%
Lightweight Concrete 1.2%
Brick Veneer Timber 1.9%
D Detached Two Storey Brick Veneer Concrete 6.6%
Heavy Weight Timber 0.1%
Heavy Weight Concrete 0.8%
Lightweight Timber 0.3%
Lightweight Concrete 1.2%
E Semi Detached — Brick Veneer Timber 2.1%
Two Storey Brick Veneer Concrete 7.7%
Heavy Weight Timber 0.2%
Heavy Weight Concrete 1.4%
. Lightweight Concrete 0.1%
F Low Rise flat - Brick Veneer Concrete 0.5%
Ground Floor g
Heavy Weight Concrete 1.2%
. Lightweight Concrete 0.1%
G b%vp\)/elj:rigsf':alglgor Brick Vene_er Concrete 0.5%
Heavy Weight Concrete 1.2%
: . Lightweight Concrete 0.1%
G CH:L?rr:]eF?se Flat - Brick Veneer Concrete 0.7%
Heavy Weight Concrete 1.6%
Lightweight Concrete 0.3%
H High Rise Flat - Face Brick Veneer Concrete 2.1%
Heavy Weight Concrete 4.8%
All types 100.0%
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Thermal Performance Modelling

Approach

Orientation, Insulation and Glazing

The aim of the modelling was to manipulate the insulation levels and glazing
characteristics of each of the plans and combinations in Table 7 to achieve the
regulated minimum thermal performance level. Each Class 1 plan wasttated
through the four cardinal points, and the least favourable orientation was sedected f
modelling purposes. The following options were then applied to the design, until the
AccuRate modelling returned a rating of at least 5.0 Stars:

Added ceiling insulation: range from nil to a maximum of R4;
Added wall insulation: range from nil to maximum of R2;
Added floor insulation (timber floors only): nil to maximum of R1.5.

If the maximum insulation options did not achieve 5 stars with the default glazing
assumption of aluminium frames and single glazed windows, glazing systenalthe
performance was increased in steps, up to a maximum of double glazing with low-
emissivity glass and argon gas fill, and improved frames.

Because the statutory 5 star thermal performance level was achievedendhdt
favourable orientation, the average thermal performance achieved was about5.2 sta
This is considered to reflect realistic compliance behaviour by buflders.

For Class 2 apartments, the requirement in the Building Code of Australia is that the
average performance of all the dwelling units in the building meets the 5 si@darsta
with a caveat that no individual unit may have a thermal performance of less than 3
stars. Given this regulatory requirement, the orientation selected for mgawedis the
one for which the performance was closest to the mean performance across the four
cardinal points. None of these ‘least favourable’ orientations returned a panf@m
level of less than 3 stars. This approach worked well for the low rise apartraéents

not for the high rise apartments, where the orientation closest to the meampade
across each of the four cardinal points was found in many combinations of climate and
construction type to be significanthygherthan the target of 5 stars (despite the total
absence of insulation and the use of standard single glazing in standard window
frames). In these instances a less favourable orientation was selectedt ooeltha
return a performance value close to 5 stars.

Thermostat Settings
The default thermostat settings in the AccuRate software for eachieckoe were

generally used (Table 8), but hours of operation were varied to more agcarati|
actual user behaviour (see Appendix 2). At the request of DSE the bedroom heating

“ It is assumed that builders will not bother to fifipdonstruction to suit more favourable orientagp
or modify designs by differential insulation (eg.BR2n one part of a ceiling and R3.0 in anothes} jo
get as close to 5.0 as possible. Itis also asstinae there is 100% compliance with the regulation
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thermostat setting for overnight heating (0:00 — 7:00) was reset to “OFF” i.e. tighea
was applied overnight. The resultant schedule of hours of operation and thermostat
settings for each occupancy profile in each climate is described in Apg&ndix

Table 8: AccuRate Default Thermostat settings (°C) for selected @tiate Zones

Location AccuRate Heating Cooling
Zone Living Bed 7:00-9:00| Bed 00:00- All Spaces;
7:00-24:00 | & 16:00-24:00 7:00 (a) Times as for heating
Moorabbin 62 20.0 18.0 15.0 24.0
Ballarat 66 20.0 18.0 15.0 23.5
Mildura 27 20.0 18.0 15.0 25.0
Tullamarine 60 20.0 18.0 15.0 24.0
(a) Set to zero (no heating) at DSE’s request.
Zoning

By default AccuRate assumes that the entire habitable area of a dweliohgd{ng

garages and specified utility areas) is subject to space heating aing.cdolreality

many householders will limit heating (and cooling even more so) to certain &thas o
house. For example, while it is common practice to heat the entire dwelling with

ducted space heating, cooling is often limited to a living area or possibly some bedroom
spaces on an upper floor.

To gauge the potential impacts of such zoning on the intensity of space heating and
cooling demand, AccuRate simulations were first conducted with all spaces
conditioned. A second run was conducted with only the living spaces conditioned. As
expected, partial space conditioning produced a lower total heat load (MJ) but a higher
load intensity (MJ/rf) than conditioning the whole dwelling, because the conditioned
spaces lose heat to, or gain heat from, the unconditioned spaces. Bedroom only space
conditioning cannot be directly simulated using AccuRate, but bedroom-only
conditioning loads were estimated using the procedure described in Appendix 2.

Results

There are many ways to present the outputs of the modelling. For illustratioth@nly
outputs for the most common housing forms and construction types are illustrated here;
the rest are detailed in Appendix 2. The most common new dwelling type in Victoria is
a single storey Class 1 brick veneer with concrete slab on ground floor. This accounts
for nearly 29% of new dwelling construction.

Table 9 summarises the insulation levels and glazing standards needed to achieve 5 sta
thermal performance in the most common brick veneer dwelling type, and in the
variants with the lowest thermal mass: a lightweight wall with timber flGdns

illustrates the extent to which additional insulation and higher performaaziagls

required to compensate for lack of thermal mass. The table also illugheates

influence of plan layout — although Plans A and B have almost identical conditioned
floor areas, higher insulation levels are necessary.
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Table 9 Insulation and glazing required to meet 5 star thermal performance,

selected cases

House type Climate Zone| Wall Ceiling Floor Window glazing | Window
insulation | insulation | insulation | (a) frames(b)

Brick veneer wall,| Mildura R2.0 R3.5 Nil SG Generic 0L
concrete floor, Tullamarine R1.5 R3.5 Nil SG Generic Q1
1 storey, Plan A | Moorabbin R1.5 R3.5 Nil SG Generic Q1
179.5 M Ballarat R1.5 R3.5 Nil SG Generic 1
Brick veneer wall | Mildura R1.5 R3.5 Nil SG, toned Generic 08
concrete floor, Tullamarine R2.0 R4.0 Nil SG Generic Q1
1 storey, Plan B | Moorabbin R2.0 R4.0 Nil SG Generic Q1
180.4 i Ballarat R2.0 R4.0 Nil SG Generic 01
Lightweight wall, | Mildura R2.0 R4.0 Nil DG, LE, argon| Generic 23
timber floor, Tullamarine R1.5 R3.5 Nil DG Generic 16
1 storey, Plan A | Moorabbin R1.5 R3.5 Nil DG Generic 16
179.5 i Ballarat R1.5 R3.5 Nil DG Generic 16
Lightweight wall, | Mildura R2.0 R4.0 R1.5 DG, LE, argon  Generic 3
timber floor, Tullamarine R2.0 R4.0 RFL DG, LE, argop  Generic|23
1 storey, Plan B | Moorabbin R2.0 R3.0 RFL DG Generic 16
180.4 nf Ballarat R2.0 R3.0 RFL DG, LE, argon  Generic P3

(a) SG = single glazing, DG = double glazing, LEow-emissivity glass
aluminium frame; other (enhanced) options listedjppendix 2.

. (b) Generic 01 = standard

Figure 2 to Figure 5 illustrate the annual heating plus cooling load foraheBRingle
storey brick veneer house in each of the 4 climate zones, at the same veticalbe
loads are calculated by multiplying the M3/malues produced by AccuRate by the net
conditioned floor area. AccuRate allows different M¥alues in different climate

zones for any given star rating.

The diagrams also illustrate the energy impacts of different heagmes (whole

house and part of the house, all day and workday). Figure 5 illustrates the cesallts f
four climate zones. The energy required for heating in the Colder Zone @Babar
obviously much higher than in the other zones, as is the energy required for cooling in
the Warmer Zone (Mildura). There are also slight differencesdsetthe two
Melbourne zones.

Figure 7 and Figure 8 illustrate the impact of construction type, by showihg#tiag

plus cooling load for house plan B, located in the Warmer Zone (Mildura) and the
Colder Zone (Ballarat) respectively. In theory the total GJ/yr valresaich heating

and cooling regime should be identical, since the aim of the modelling was to dhieve
stars. The fact that there are slight variations reflects the diffictithanipulating
insulation and glazing levels standards to reach 5 Stars exactly for differen
construction types. The diagrams also show that the lighter the thermadfrttaess
structure, the higher the share of the total load that is cooling rather than heating
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Figure 2 Brick veneer, concrete floor — Mildura climate zone
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Figure 3 Brick veneer, concrete floor — Tullamarine climate zone
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Figure 4 Brick veneer, concrete floor — Moorabbin climate zone
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Figure 5 Brick veneer, concrete floor — Ballarat climate zone
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3. Energy Use and Greenhouse Emissions

Heating and Cooling

Equipment Types and Energy Use

Types
The following types of heating and cooling equipment are considered:

Electric resistance (code E — Resist);

Electric room air conditioner (E — RAC); capable of heating and cooling oneor tw
spaces only, although a dwelling may have more than one unit;

Electric central air conditioner (E — CAC); capable of heating and coatitig b

living and bedroom zones, by ducting air to each space or by having several air
handling systems connected by refrigerant pipework to a central condenser;

Gas room heater (G — RH); capable of heating one space only (typically the living
zone, although flued convection room heaters are permissible in bedrooms);

Gas central heater (G — CH); capable of heating both living and bedroom zones, by
ducting air to each heated space;

LPG room heater (LPG — RH) and LPG central heater (LPG — CH); idemtical t
their natural gas counterparts; installed where no natural gas supyéylabke;

Wood room heater (Wood — RH); and

Evaporative cooler (E — Evap).

For modelling purposes it is assumed that the living zone and the bedroom zone can
have different forms of heating, or (in the case of the bedroom zone), no heating at all
If both zones are heated, the energy type and form of heating and cooling can be
different (eg G-RH in the living zone and E-RAC in the bedroom zone) except for
central systems (G-CH and E-CAC), where it is assumed that the both zonésweust
the same form of heating (and, for E-CAC, the same form of cooling).

This is something of a simplification, since many households will have more than one
form of heating in the same zone (ABS 2005 indicates an average of 1.33 main heaters
per Victorian household). For example many new houses have a gas log effect heater
in the living room as well as a gas central heating system. The latter i®ouseair

heating, but the room heater is used occasionally for aesthetic reasonsrly$imila

electric heaters may be used if only a few rooms are occupied when tlz lceating

is turned off. It is not possible to model all these modes of heating behaviour, but the
ability to select a different heating form for each zone is a reasonabjeaoise.

Table 10 summarises the 26 combinations of heating and cooling equipment selected
for modelling. Some involve only one piece of equipment that is capable of heating the
entire dwellings (and in the case of E-CAC, cooling it as well), while otheodvie up

to 3 separate items of heating and cooling equipment.
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Table 10 Heating and cooling combinations modelled

Option LR BR
Heat Cool Heat Cool

Using gas No cooling 1 G-CH 0 G-CH 0

2 G-RH 0 G-RH 0

3 G-RH 0 E - Resist 0

4 G-RH 0 0 0
Using gas With cooling 5 G-CH E-EVAPG-CH E-EVAP

6 G-CH E-CAC G-CH E - CAC

7 G-CH E-RAC G-CH 0

8 G-RH E-EVAP 0 E - EVAP

9 G-RH E-RAC E-Resist 0

10 G-RH E - RAC 0 0

11 G-RH 0 0 E - RAC

12 G-RH 0 E - Resist E-RAC
No ga: No cooling 13 LPG - CH 0 LPG - CH 0

14 LPG - RH 0 E - Resist 0

15 LPG - RH 0 0 0

16 E - Resist 0 E- Resist 0

17 E - Resist 0 0 0

18 Wood - RH 0 E- Resist 0

19 Wood - RH 0 0 0
No ga With cooling 20 E-CAC E-CAC E-CAC E-CAC

21 LPG-RH E - EVAP 0 E - EVAP

22 LPG-RH E-RAC E -Resist 0

23 LPG-RH E-RAC 0 0

24 LPG-RH 0 E - Resist E-RAC

25 Wood-RH E-RAC E - Resist 0

26  Wood -RH E - RAC 0 0

Energy Efficiency

The ‘useful energy’ (UE) required for heating and cooling is calculated thhe heat

load (GJ/yr) modelled by AccuRate. The Delivered Energy (DE) requiremeendie

on the efficiency of the heating or cooling equipment installed. The efficidriaglo

heaters (natural gas. LPG and wood) is less than 100%, since a proportion of the heat is
lost in the flue gases rather than released into the heated 3paces.

The efficiency of an electric resistance heater within a space is ribnii6@%,
because there is an exact correspondence between electricity usedtarddeced —
even energy that is initially converted to fan power ends up as heat in the space.

The heat pump technology in air conditioners adds or removes more thermal energy
than the electrical energy consumed, because motor power is used to pump energy
between the conditioned space and the ambient environment. The ratio of thermal

® The only common exception to this is unflued rdueaters, which release their combustion products
into the space. Unflued natural gas heaters éeetafely excluded by regulation in Victoria, altigh
they are common in NSW. There is some use of adflLlPG heaters in Victoria, but these are being
discouraged for health reasons, so are not incliddte present study.
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energy flow to electric power is called the ‘Coefficient of Perfaroea (COP)Y If an

air conditioner has a COP of 2.5, it adds 2.5 kWh of heat to a space for every kWh of
electricity consumed. Compared with resistance heating it appear230¥%eefficient

in its use of electricity (the rest of the heat comes from the outside eneinbnuwhich
cools down by an imperceptibly small amount).

The ‘average’ efficiency shown for each technology type in Table 11 indicates the
estimated weighted average for all units sold. The ‘high’ and ‘low’ valuesatadihe
extremes of the efficiency range on the market. In some cases the auer@ge is
towards the lower end of the range, and in other cases towards the higher end.

Ancillary Energy Use

Most modern fuel heaters use some ‘ancillary’ electricity as welfafe and controls.

The electricity use of electronic controls is a form of ‘standby’ enéngfat it is more

or less constant year round, at an estimated average of 5W. Fan energy, on the other
hand, varies with actual hours of operation, and tends to be higher in colder areas,
because heaters tend to run more hours per year. Heater fan energy haslleésrca

on the basis of 1W of fan power pef heated area, and the operating hours are
estimated by dividing the heat load by the estimated MJ/hr output.

Most evaporative coolers use electricity only for fans, so annual energy coisumpt
can be estimated from total run time and fan wattage. There is verjligtealian

data on evaporative cooler use, but what there is suggests that where instakked they
used about one day in 3 during the cooling season in Melbbufssuming higher

usage in inland zones (both Warmer and Colder) indicates the annual kWh usage in
Table 11. As an external crosscheck, the reported average annual energy use for
evaporative cooling in homes in Southwest of the USA is 438 kWh/yr (Kinney, 2004).

Table 11 Efficiency and ancillary energy assumptions for new heating and cooling

equipment
Equipmen Efficiency range (a) Ancillary electricity (kWh/yr)
Average High Low Coastal Warmer Coldey
Heating [E - RAC 290% 400% 2600
E - CAC 280% 390% 25000
E - Resist 100% 100% 100%
G - RH 75% 80% 65% 169 10¢€ 201
G -CH 80% 90% 70% 117 72 151
LPG - RH 75% 80% 65% 169 10€ 201
LPG - CH 80% 90% 70% 117 72 151
\Wood - RH 60% 65% 55% 63 31 78
Cooling |E - RAC 300% 410% 270%
E - CAC 290% 400% 2600
E - Evap 162 39z 198

(a) Author estimates, based on EES (2006) and stheces

® COP is a dimensionless ratio, since kW or kwWh déteenoved is divided by kW or kwWh electricity
delivered. Cooling COP is now called ‘Energy Effitcy Ratio’ (EER), but is measured in the same
units (KW/kW).

" Unpublished survey data from Yarra Valley Water.
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Ancillary energy is not separately calculated for heat pumps and resisteaters:
electricity is the only form of energy used, and the efficiency estioosers all motor

and control energy. The ‘high’ efficiencies estimated for air conditicarerbased on

the more stringent minimum performance standards (MEPS) to take effect in 2008 or
2009. It is assumed that any change in Victorian building regulations thabhoay f

this and other studies will not be implemented before 2008 at the earliest.

Greenhouse Gas Emissions

Table 12 shows an example of the calculation of greenhouse gas emissions from each
of the 26 heating and cooling mode options, for Class 1 dwellings in the Coastal Zone.
These are calculated in the following way:

1. Start with the zone heat loads calculated by AccuRate. Different loads apply
depending on which zones are heated and cooled with that combination of
equipment. For example, the weighted average useful energy (UE) load for
both heating and cooling entire Class 1 dwellings in the coastal zone is 28.3
GJlyr. Heating the living zone only requires 21.9 GJ/yr;

2. Divide the UE value by the efficiency for that mode of heating/cooling ineTabl
11 and add the corresponding ancillary electricity values to produce three sets
of delivered energy (GJ/yr DE for heating and cooling): for equipment of
average, high and low efficiency;

3. Multiply the DE value by the greenhouse gas intensity factor for thatyenerg
form in Table 1, to produce annual emissions (tonnes&ld);

Three levels of efficiency are estimated for each appliance, so ¥t&ipoiZ is

repeated with each level of efficiency. Table 12 and Figure 9 summarissitis fer

the Coastal Zone. Where natural gas is available (options 1 to 12) the lowegiremiss
are 1.9 t CQ@-elyr, for the high appliance efficiency case of Option 1 (gas central
heating, no cooling). The highest emissions are 4.9:t&D, for the low appliance
efficiency case of Option 9 (gas heating and room air conditioning in the liwivey z
resistance heating in the bedroom zone).

Where natural gas is not available (options 13 to 26) the lowest emissions are 1.1t
CO.-elyr, for the high appliance efficiency case of Option 19 (wood room heating in
the living zone, no cooling). The highest emissions are 10.24€0@ for Option 16
(electric resistance heating in both the living zone and the bedroom zone, no cooling —
as electric resistance heating is 100% efficient, there is no high or laveretly case).

The annual emissions of each equipment option may be compared with the weighted
average for all new dwellings constructed in that zone (the calculation of aeight
average emissions is described in the next section). If the emissions argéHewer
comparison value is negative, and if the emissions are higher, the comparison value is
positive. Table 13 indicate the high and low values in each climate zone. For example,
in the warmer zone, the emissions for options where gas is used range from 2.7 t CO
elyr above the weighted average to 1.0 t-@Qr below the weighted average. The

range is widest in the Colder zone, and for the options where gas is not used: from 9.0 t
CO.-elyr above the weighted average to 5.9 +-€0Qr below. Itis in these cases that

the choice of heating and cooling equipment can have the largest greenhouse impact
whether positive or negative.
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Table 12 Estimated useful energy and greenhouse gas emissions for heating and
cooling equipment serving Class 1 dwelling in Coastal zone

Option (a) UE (b) t CO-elyr Compared with weighted average(c
GJiyr Average High Low Average High Low

efficiency efficiency efficiency| efficiency efficirey efficiency

1 25.1 2.2 1.9(d) 25 0.4 -0.6(d) 0.1
2 25.1 2.4 2.2 2.7 -0.2 -0.3 0.1
3 25.1 4.1 4.0 4.4 15 1.4 1.8
4 21.9 2.1 2.0 2.4 -0.5 -0.6 -0.2
5 28.9 2.4 2.2 2.7 -0.2 -04 0.1
6 28.9 2.7 2.3 3.1 0.1 -0.3 0.5
7 28.3 2.6 2.3 2.9 0.0 -0.3 0.3
8 25.7 2.3 2.2 2.6 -0.3 -04 0.0

9 28.3 4.6 4.3 4.9(e) 2.0 1.8 2.3(e)
10 25.0 2.5 2.3 2.9 -0.1 -0.3 0.3
11 22.8 2.2 2.1 2.5 -0.4 -0.5 -0.1
12 26.1 4.3 4.1 4.5 1.7 1.5 1.9
13 25.1 2.3 2.0 2.6 -3.7 -3.9 -3.4
14 25.1 4.2 4.1 4.5 -1.7 -1.8 -1.4
15 21.9 2.2 2.1 2.5 -3.7 -3.9 -3.4
16 25.1 10.(f) 10.2(f) 10.2(f) 4.3(f) 4.3(f) 4.3(f)
17 21.9 8.9 8.9 8.9 3.0 3.0 3.0
18 25.1 2.8 2.7 2.8 -3.2 -3.2 -3.1
19 21.9 0.6 0.6(g) 0.6 5.3 -5.4(g) 5.3
20 28.9 4.2 3.0 4.7 -1.8 -2.9 -1.3
21 25.7 24 2.3 2.7 -3.5 -3.6 -3.2
22 28.3 4.7 4.4 5.0 -1.3 -1.5 -1.0
23 25.0 2.6 2.4 3.0 -3.3 -3.6 -3.0
24 26.1 4.4 4.2 4.6 -1.6 -1.7 -1.3
25 28.3 2.8 2.7 2.8 -3.2 -3.2 -3.1
26 25.0 1.3 1.1 1.4 -4.7 -4.8 -4.6

(a) Refer Table 10 (b) Depends on which zones eadeld and cooled; includes ancillary electricily (c
Coastal zone weighted average is 2.59 +-€@r where natural gas is available and 5.95 1-€fgr
where gas not available. (d) Lowest emission optibere gas used. (e) Highest emission option where
gas used. (f) Highest emission option where gasised. (e) lowest emission option where gas nat.use

Table 13 Average, highest and lowest emission options for heating & cooling

Climate  Emissions t Ceelyr t CQ-elyr compared wit
Zone weighted average
Qas No gas G_as No gas
available available
Coastal Wtd avg 2.6 6.0 0.0 0.0
High 4.9 10.2 2.3 4.3
Low 1.9 0.6 -0.6 -5.4
Warmer  Witd avg 2.0 2.9 0.0 0.0
High 3.6 5.2 1.7 23
Low 1.0 0.3 -1.0 -2.6
Colder Wtd avg 3.8 6.7 0.0 0.0
High 7.2 15.7 34 9.0
Low 2.9 0.8 -0.8 -5.9
45
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Weighted Average Greenhouse Emissions

The ‘benchmark’ for greenhouse gas emissions from heating and cooling in new
dwellings depends on the proportion of each type of heating and cooling equipment
installed in new dwellings. This can be estimated directly, or built up fromadss of

the share of new dwellings adopting each of the 26 appliance combinations in Table 10,
plus the many other combination that are feasible (‘category analysisgn e

limitations of the available data, there is no reliable basis for detailegbcat@nalysis,

so the weighted average emissions are derived by estimating the percemtagshipw

of each type of heating and cooling equipment in the Living Zones and Bedroom Zones
of new dwellings.

The ABS reports the form of main heatingexistingdwellings, but not in new
dwellings. Information on typical appliance selections in new dwellinggyaiasd
from discussions with selected energy utilities, who have a wider perspentiv
industry practices than individual builders.

The choices of heating system depends on three main factors:
whether natural gas is available;
the form of the dwelling; and
the climate zone.

The new dwelling stock is therefore analysed in 13 different segments to account for
these factors (Table 14). It was assumed that all Class 2 High Rise gsvalienbuilt

in the Coastal Zone and natural gas is always available to them (although not
necessarily always used). Figure 13 illustrates the estimatex$ sifdneating and
cooling equipment installed in new dwellings aggregated by climate zone, ane Figur
14 illustrates the shares aggregated by dwelling class. Figure 1%&ibgdine shares
aggregated for all new dwellings in Victoria (ie all 13 segments) anda@sthem

with the shares for the whole Victorian building st8ckt this level of aggregation,

the modelling estimates for new dwellings can be compared with the histtoal s
averages for the whole of Victoria.

Table 14 Groupings for calculating weighted average heating and cooling
appliance consumption, and share of new dwellings

Dwelling class Natural gas available Natural gas not available
Coastal Warmer Colder Coastal Warmer Colder
Class 1 62.9% 3.8% 12.0% 1.2% 2.3% 4.5%
Class 2 low rise 3.1% 0.1% 0.1% 0.3% 0.0% 0.09
Class 2 high rise 9.6% NA NA NA NA NA

For houses, Victorians have historically shown a strong preference for rgtsiral
heating where gas is available, and for LPG and wood heating where it is not. The
preferred form of main heating is clearly shifting from room heatersritval heaters,
and the utilities report that central heating is installed in the greairitpgajew gas-

connected homes.

® The ABS data cover ‘main heating’. The closestesponding factor in the modelling is Living Zone
heating. The ABS does not report types of secgnideating.
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Figure 13 New Home heating and cooling in Victoria, by Climate Zone
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Figure 15 Whole Stock and New Home Heating and Cooling Equipment, Victoria
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Victorians do not appear to use the reverse cycle capabilities of their aiti@oerd

for heating, where they have an alternative. The ABS data indicate that2296 of
Victoria households had a reverse cycle air conditioner in 2005, but less than 4% of
these used it as the main form of heating. However, the majority of high-resiende/

rely on reverse cycle air conditioning (whether part of a whole-buildisigsyor for

that unit only) for both heating and cooling. Where gas is connected to individual HR
units, it tends to be used for hotplates only.

Low and High Greenhouse Options

The annual greenhouse gas emissions for heating and cooling a new 5 star house with
the main equipment options are indicated in Figure 10 (for the Coastal Zone), Higure
(Warmer Zone) and Figure 12 (Colder Zone). Not all of the 26 options given the same
level of thermal comfort — some have no cooling at all (as indicated) wherees othe
heat and cool only part of the dwelling.

The vertical scale is identical in all diagrams, to illustrate the difterén heating and
cooling energy (and emissions) between the three climate zones. (Theesissn
whole-house electric resistance heating are so much higher than the dtives thyait

they are off the scale in Figure 12). The two horizontal lines shown for each eone ar
the weighted average emissions for new houses in the gas-connected partsrwd,the z
where the heating options are gas, electricity and wood, and for the tlestzohe,

where the heating options are LPG, electricity and wood.

The ranking of greenhouse options is much the same in all three climate zones,
although the absolute differences in tonnes-€@er annum for heating are highest in
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the Colder Zone, and the absolute differences in tonngse@@r annum for cooling
are highest in the Warmer Zone.

Within each Zone, there are some differences in the ranking of options whése gas
available, and where it is not.

Where gas is available:

The highest greenhouse option is, if course, electric resistance heating;

The lowest greenhouse option is wood;

The next lowest greenhouse options are gas room heating and gas cemtig| heat
which are the optionshostlikely to be used,;

Reverse cycle air conditioners are significantly higher greenhouse oftaongds
(but tend not to be used for heating);

The relative efficiency of the heaters has a larger impact on emissiaais f
conditioners than any other form of heating.

In other words, there is not much scope for reducing greenhouse gas emissions from
heating wherever gas is available — gas tends to be the most preferred mollasas we
the lowest greenhouse option (other than wood). For cooling, the lowest greenhouse
option (apart from no cooling at all) is evaporative.

The only measures bearing on heater choice that could be significant in reducing
emissions are avoiding the least efficient gas heaters and refxigexiatconditioners.

Where natural gas isotavailable, the greenhouse ranking of options is much the same,
except that LPG heating occupies the same position in the greenhouse rankings as
natural gas would. The measures bearing on heater choice that could be significant
reducing emissions are:

avoiding the least efficient LPG heaters and refrigerative air condisioner

avoiding resistance heating; and

encouraging wood heating (although whole-house wood heating is rare, so wood
heating in the living zone may be coupled to electric resistance heating in the
bedroom zone — ie Option 18).

For cooling, the preferred options are obviously no cooling at all, followed by
evaporative, with refrigerative the highest greenhouse cooling option (as Wwelhgs

a higher greenhouse heating option than gas). However, if a regulatory regime
recognises the greenhouse benefit of not installing cooling equipment at the time of
construction, there is nothing to stop the householder from installing some form of
cooling subsequently. The heating configuration at the time of constructionds mor
likely to indicate the pattern of longer-term energy use than is the cooling
configuration. An absence of fixed cooling equipment at the time of construction is
inconclusive, whereas an absence of fixed heating equipment is very likelg to lea
the use of resistance heating.
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Costs

There are three main components of life cycle costs for energy equipuesitase
price, installation cost and energy costs over the operating life. Puinidise
installation cost are incurred at the time of construction, but energy cosis acc
progressively, so it is appropriate to calculate a net present value (NRk¢housing
a suitable discount rate to reflect the time value of money (10% is used ity st

The purchase and installation cost estimates for heating and cooling equipnent ar
summarised in Table 15. The purchase prices indicted are for products of ‘average’

efficiency. Prices for more high and low efficiency products amutated by applying

the “Price/Efficiency’ (P/E) ratio. This is the ratio of the % incre@salecrease)

in purchase price for a given % increase (or decrease) in efficiencye ratity of 1
would mean that if efficiency doubles, so does price. However, the findings of cost-
benefit studies carried out as part of the Regulation Impact Statemeltisifmum

Energy Performance Standards indicates that in practice P/E ratfas latger than 1.

The P/E ratio for room air conditioners was estimated by comparing thdiseder

prices of inverter models with non-inverter models of equivalent cooling capacity.

Different costs are estimated for equipment of the same type servin@olehouse,
living zones only or bedroom zones only, to reflect the different capacities or number
of units required. Installation costs are included for electric heaters orstira@sn
that they are hard-wired. This is the only basis on which they could be evalsiated a

part of a new dwelling — if there is no fixed heating equipment present, thelkélys |

that plug-in electric heaters will be used later, with no installation cadit at

Table 15 Purchase and installation cost estimates, heating and cooling equgnt

Equipment Purchase price Installation cost Price/ Efficiency
type Whole Living Bed Zone Whole Living Bed ZongEfficiency Average High Low
house Zone house  Zone ratio

E - RAC NA $ 1,300 $ 1,00 NA $ 400 $ 40( 0.8 290% 400% 260%
E - CAC $ 4,50 NA NA| & 1,20 NA NA| 0.5 280% 390% 250%
E - Resist NA $ 20 $ 30 NA $ 12 $ 20( NA 100% 100% 100‘10
E - Slab $ 2000 NA NAl $ 500 NA NA|  NA 100% 100% 100%
G - RH NA $ 1,200 $ 1,80 NA $ 400 $ 50( 04 75% 80% 65%
G -CH $ 2,80 NA NA| $ 1,00 NA NA| 0.3 80% 90% 70%
LPG - RH NA $ 1,200 $ 1,80 NA $ 400 $ 50( 0.3 75% 80% 65%
LPG-CH | $ 2,80 NA NA| $ 1,00 NA NA| 0.4 80% 90% 70%
\Wood - RH NA $ 1,80 NA NA 400 NA[ 0.3 60% 65% 55%
E-EVAP | $ 1,90 NA NA| $ 8ol NA NA[ NA NA NA NA

The energy price estimates used for modelling are summarised in Table 1énefdpe

costs of each combination of heating and cooling equipment are calculated over a

nominal 15 year operating life, although higher quality products (costing more) coul
be in service for longer, and lower quality, cheaper products for shorter éfetiFor
products that use fuel and electricity, both energy costs are taken into accinabe. W

house slab resistance heating is modelled using off peak electric priceswiS#oaly

peak electricity prices are used.
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Table 16 Estimated energy prices, Victoria

c/MJ c/kWh
Natural Ga 1.2 4.3
Electricity (Peak) 5.2 18.8
Electricity (Off Peak) 2.1 7.5
LPG 35 12.6
Wood (a) 1.1 4.0

Source: GWA (2005) except for Wood,
which is based on $180/tonne and 16.2 GJ/tonneygemsity

Table 17 summarises the life cycle costs and greenhouse gas emissibes&siaus
equipment combinations modelled, arranged in groups which provide more or less
equivalent heating and cooling coverage of the dwelling. There are sighifica
qualitative differences even within these groups, however. It is difficulgteeahat a
gas room heater, which may have radiant component, gives exactly the stinge hea
effect in that room as a ducted gas heater, or that in-slab electrigghgiags the same
effect, or has the same degree of controllability, as conventional elenthedters.

Nor does evaporative cooling give the same effect as refrigeratiiagooth
dehumidification.

Leaving aside these qualitative differences, it appears that the litkecngts of gas
central heating plus evaporative cooling, and central air conditioning in its own are
very similar, although the latter has much higher greenhouse gas emissiongoleor
house heating only, the least cost option appears to be electric slab heatirajfusing
peak electric rates, although this has nearly five times the emissions vt |
emissions option, which is gas central heating. (Separate gas room hmebtghs i
living and bed zones is also modelled for completeness). In the Coastal Zone, the life
cycle costs of gas room heating in the living areas and electric heatimglbedrooms
is comparable to gas central heating, because the capital costsraf besting are so
low they compensate for the high energy prices. This is not the case in the Colder
Zone, were the bedroom heat requirement is much higher.

Where natural gas is not available, the life cycle costs of the equival&nbphifons
are much higher — higher in fact than all-electric heating. Because tha capts of
electric heating are low, some home builders may opt for it in non-gas aréas, a
greenhouse limits or targets could act as a brake on this tendency.

In gas areas, it is fortunate that the most popular option, gas central heating, also
happens to have the lowest lifecycle cost and the lowest greenhouse gas emissions.

Figure 16 illustrates the lifetime cost structures of the various heatohgooling

equipment combinations. Some are dominated by capital costs (up to 73% in the case
of gas central heating plus ducted air conditioning) while others by energy cost
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Table 17 Summary of estimated life cycle costs, selected heating and capkguipment combinations for Class 1 dwellings in the coastal
zone, assuming average energy efficiency of equipment

=}

(@) Living zone Bedroom zone $NPV SNPV SNPV MNP $NPV SNPV tCQ@e tCQ-e $cflowest Capital/
Heating Cooling Heating Cooling Capital Gas dhleity LPG Wood Energy Total 15yrs cflowest tCO2te W&V
5 Wholehouse] G-CH E-EVAP G-CH E-EVAP $ 6500 2,774 $ 387 $ - $ - $160 $ 9,660, 36.1 NA NA 67%
g heatingand| G-CH E-CAC G-CH E-CAC $ 9500 2774 $ 670 $ - % - $4B $12943 406 4.5 $3,283 739
2q  cooling E-CAC E-CAC E-CAC E-CAC| $ 5,700% - $ 3956%$ - 3 - $ 3956 $ 9,656 62.8 826 -$ 4 59%
1 Whole house| G - CH 0 G - CH 0 $ 3,800% 2774 $ 162 $ - $ - $93B $ 6,736] 325 NA $ 56%
2 heatingonly | G -RH 0 G - RH 0 $ 3900% 2958 $ 234 $ - % - $1® $ 7,092 356 3.1 $ 357 559
3 G -RH 0 E - Resist 0 $ 21006 2,315 $ 2,334 % - $ - $ 4649 $ 6,749 621 529 $ 13|  31%
13 LPG - CH 0 LPG - CH 0 $ 3,800 $ - $ 162 $809%0 $ - $2%7 $12,052 342 1.7 $ 5316 329
14 LPG - RH 0 E - Resist 0 $ 2,100% - $ 233%$6752 $ - $ 908 $11,186 635 31.0 4850 19%
16 E - Resist 0 E- Resist 0 $ 8268 - $ 9656% - $ - $ 9656 $10476 1534 092 $ 3,740 8%
16A E-Res(OP) 0 E-Res(OP) 0 $ 2500 $ - $ 38528 - $ - $ 382 $ 6352 1534 209 -$ 286 39%
18 Wood - RH 0 E- Resist 0 $ 2,700% - $ 2187% - $2679 $ 4866 $ 7,566  41.6 9.1 830 | 36%
4 Living zone | G- RH 0 0 0 $ 1600% 2578 $ 234 $ - 0% - %812 $ 4412 315 22.5 $ 8%9 369
19 heatingonly | | pG - RH 0 0 0 $ 1,600$% - $ 234 $7520 $ - $75A $ 9,354 331 241 $ 4,083 179
17 E - Resist 0 0 0 $  320% - $ 8415% - $ - $ 8415 $ 8735 1337 2485 $ 3464 4%
19 Wood - RH 0 0 0 $ 2200% - $ 87 $ - $2984 FH071 $ 5,271 9.0 NA NA 42%
1q Livingzone | G-RH E-RAC 0 0 $ 3,300$ 2578 $ 639 $ - $ - $21B $ 6518  38.0 189  -$ 1,083 51%
23 heating& | |pG-RH E-RAC 0 0 $ 3,300% - $ 639 $7520 $ - $1. $11,459 396 205 $ 3839 299
26 ©00ling  |wood -RH E - RAC 0 0 $ 3,900% - $ 717 % - $2984 $7A $ 7,601 19.0 NA NA 51%
(a) Refer Table 10
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Water Heating

Equipment Type and Energy Use

Types
The following types of water heating are considered as options for new dwelling

Electric resistance storage, energised continuously (code E — Peak);

Electric resistance, off peak (E — OP);

Solar with electric resistance backup (E — Solar);

Electric heat pump (E — HP);

Natural gas, instantaneous (G — Inst);

Natural gas storage (G — Stor);

Solar with natural gas backup (G — solar) — includes both storage and non-storage
systems, where the solar panels act as pre-heaters to a gas instarsigsteaus

LPG water heaters were not included in the mix, as they represent a neghgitdef
installations in new dwellings. Some high rise apartment buildings are seraed by
central circulating hot water systems, usually heated by gas. Agrdsgnvith these
services are counted as if they had their own gas storage systemssuinmed that
each new dwelling has only one water heater. The actual averageciistitig
dwellings is 1.02 (ABS 4602.0).

Hot Water Demand and Delivery Temperature

The energy used by a water heater depends on a large number of factors, the first of
which is hot water demand. The quantity of hot water used daily for personal
showering, washing and bathing, and by appliances such as clothes washers and
dishwashers, is related to the number of persons in the household, to the characteristics
of the fixtures and appliances, and to the layout of the home’s plumbing system.

It is estimated that hot water consumption in a new dwelling with average ocgupanc
(2.67 persons) with 3 star rated showers and taps (as required by the 5 Staonsyulati
and the typical mix of new clothes washer types (65% top loaders, 35% front loaders)
is about 187 litres per day, at a ‘standard’ delivery temperature of 60°C (GWA 2006).

The energy required to heat each litre of water depends on the differencendéigvee
temperature of the incoming cold water and the temperature at which heatieg.cea
The plumbing regulations require hot water storage tanks to be kept at not less than
60°C, because of the risk of bacterial growth at lower temperatures. Howeveis60°C
too high for safe skin contact, so the regulations require water to be delivered at no
higher than 50°C at ‘ablutionary fixtures’: ie all supply points except clothshavs

and dishwashers. These conflicting objectives are met by ‘tempering'yahech

mix cold water with hot at the outlet of the storage water heater. Usergicae the
temperature further by mixing with cold at the point of use. For example, most people
prefer shower temperatures in the range 38-40°C.
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Most modern instantaneous gas water heaters can be preset for a maximum s650°C
no additional tempering valve is necessary. Indeed, some have electronic controls
which match the temperature to the point of use, and will adjust to deliver 38°C at the
shower, even allowing for heat losses from the pipes.

In an ‘ideal’ system without heat losses from pipes and with automatic final
temperature adjustment, the energy content of the hot water used is independent of
delivery temperature. For example, with a cold water feed temperatisé@fa

storage water heater would heat each litre to 60° for storage, then eachwineotfra
would be tempered with a litre of cold to give two litres at a comfortable shngve
temperature of (15+60)/2 = 37.5°C. Alternatively, an instantaneous water ¢water
heat two litres to the same target delivery temperature, so no extra caldvwvalke be
required at the shower. The two water heaters add exactly the same anemanypf

the storage water heater raiseglitre by (60—15) = 45°C, while the instantaneous
water heater raisew/o litres by (37.5-15) = 22.5°C.

Energy Efficiency, Energy Use and Emissions

The energy required to deliver the same amount of useful energy as heated wate
depends on a range of factors:

For thermal water heaters, the efficiency with which the delivered ersergy
converted to heat. The efficiency of an immersed electric resistéeroent is
nominally 100%. The efficiency of natural gas water heaters is less@béf, 1

since a proportion of the heat is lost in the flue gases;

For storage water heaters (electric, gas, solar or heat pump), the heatrtoasthe
storage tank must be made up, even if no water is drawn off;

Heat pump water heaters resemble air conditioners in that they add mord therma
energy than the electrical energy consumed, because motor power is used to pump
energy from the ambient environment into the water tank. The ratio of thermal
energy flow to electric power is called the ‘Coefficient of Perfarcea (COPY°,

Many solar water heater designs require electric circulating pusmpslbas back-

up electric resistance heaters or gas burners;

Most gas instantaneous water heaters use electricity for combustiansaarfd for
electronic controls.

To estimate the energy efficiency with which a water heater carriesguén water
heating ‘task’ it is necessary to sum all the elements of its energydlseling the

standing losses. In general, the larger the storage tank the higher the stasdsgstos

a larger capacity unit will usually have a lower task efficiency thanadler capacity

unit supplying the same load. Conversely, the water heater must have a larde enoug
capacity to supply the hot water demand during peak periods and in winter, when inlet

® Actual plumbing systems are not ‘ideal’, so thei be some differences in pipe and valve heaséss
between different water heater types and plumbamdigurations, but there is not enough field data t
model these accurately. Also, some clothes wagtmerslishwashers will use the hot water as it comes
rather than mix it with cold or heat it furtherd@ohieve a ‘target’ temperature, so the higher tatew
delivery temperature the more thermal energy thidyuse.

19 As heat pump water heaters are storage waterrbeatere energy must be added to the tank than
embodied in the hot water drawn off, to compenfatstorage losses. This additional energy isrofte
ignored in product data, leading to apparent dismeies between stated and actual efficiencies.
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water temperatures are low and standing heat losses are high. For solheaimtes,
ensuring adequate capacity also requires the right number of panels, ofisuiodar
collection efficiency.

A study carried out by GWA for SEAV in 2005 estimated total operating energy for
range of water heater types matched to three levels of demand: low (ngrhtall
litres of hot water per day), medium (200 litres/day) and large (300 lits@g@sVA
2005). The hot water use model developed for that study was adjusted to meet the
lower usage estimates in the present study, to reflect the impacts of drenNater
saving measures (Table 18).

The share of new dwellings in the ‘small’ water using category has beenl1sb, the
same as the share of new dwellings that is ‘Class 2’ (Table 4), so thpbgsible to
make the simplifying assumption that all Class 2 dwellings have ‘snagiéiaity water
heaters. For Class 1 dwellings, it is estimated that four in five (ie 70/(1)7a€0)
‘medium’ hot water users, and one in five are ‘large’ water users.

Table 18 Estimated share of new dwellings that are ‘low’, ‘medium’ and ‘lgh’

hot water users

o w

Household | Original water heater model (GWA 2005) Adjusted evdteater model
category Share of Litres/day Average Share of Litres/day Average
dwellings persons/HH| dwellings persons/HH
Small 21% 120 1.3 13% 109 1
Medium 64% 200 2.5 70% 181 2
Large 15% 300 4.4 17% 271 4
Weighted 100% 19§ 2.58 100%% 187(a) 2.67

(a) Calibrated to match GWA (2006)

Figure 17 illustrates the annual greenhouse gas emissions from the weteppgans
likely to be used in new dwellings in those parts of the Coastal Zone where gatural
is available'* The greenhouse impacts of different efficiency levels, energy farths a
technology types are shown. Water heaters serving Class 2 dwelling§ gmiah’

hot water demand) give identical emissions whether they are installed irséoor r
high rise apartments, but the weighted averages are different becausséigh ri
apartments have a higher incidence of electric water heaters (seerfglkagtion).

Figure 18 illustrates the annual greenhouse gas emissions from the weteppgans
likely to be used in new dwellings in those parts of the Warmer Zone where msiral
is not available. LPG examples are included even though their installation in ne
homes is likely to be low, to show that they would potentially be the lowest-greenhouse
options, apart from solar-LPG. The horizontal lines in each diagram illusteate t
emissions of each option related to the weighted average for all typesohstatew
dwellings in that zone.

X Where solar water heaters are used for 5 Stapkamse in the natural gas supply zone, electric
boosting may not be used. There is nothing togmethe installation of an electric-boosted solatex
heater where 5 Star compliance is achieved witiramater tank, but the incidence of this is consde
negligible. The use of LPG water heating is alsonsidered unlikely where natural gas is available.
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Weighted Averages

There is some uncertainty about the pattern of new water heater iistallatnew
dwellings in Victoria. Even the same survey organisation, using the same method,
comes up with significantly different findings. Table 19 summarises BISp8kl's
estimates of the share of water heaters installed in new detached dsy@liidghe
estimates adopted for the present stfdy.

The BIS data are derived from a ‘builders’ panel’ survey, not from actual suovey
completed dwellings. There may also be time lags in builders’ responses farhio
take account of the 5 Star compliance requirements which fully took effect in July
2005. This assumption is supported by adding the estimates of solar water heater
installations to rainwater tank installations. One the face of it, the ciienotia-

wide compliance levels appears to be only 50-70%, whereas the present study, in
combination with the related study on water usage (GWA 2006) assumes 100%

compliance.

Table 19 Estimates of water heater installations in new Class 1 Dwellings i

Victoria , 2006

Metro Metro Coastal| Rural Rural Colder & Victoria Victoria Victoria
BIS BIS Zone BIS BIS Warmer| BIS BIS This

(2006a) (2006b) (@) (2006a) (2006b) () (2006a) (2006b) study(a)
Number buil 18450 18450 24376 10800 10800 8608 29250 29250 32984
Gas — Instantaneous 27% 26% 22% 28% 31% 17% 27% 28% 20%
Gas — Storage 54% 44% 29% 33% 23% 25% 46% 36% 28%
Electric — Storage 3% 0% 69 15% 6%  21% 8% 2% 10%
Solar and Heat Pump 16% 30% 43% 25% 41%  36% 19% 34% 41%
All water heaters 100% 100% 100%  101% 101% 1009 100% 100%  100%
Rainwater tank 36% 44% 57%(b 22% 21% 64%(b 31% 36% 59%(b)
5 Star compliant 52%  74%  100% 47% 62% 1009 50% 70%  100%

(a) Modelled categories derived from BIS categorig®odelled Class 1 includes attached and detached,
whereas BIS Class 1 only covers detached. Caemtal includes but extends beyond Metropolitan
Melbourne. (b) Derived by difference assuming 10&¥rnpliance with % Star requirements.

The weighted average emissions from water heating calculated for teatmstsly are
summarised in Figure 21. Average emissions in areas without gas are much higher,
because the only water heating options are conventional electric or sal@icdivhich
have higher emissions than even conventional gas). In general, water heating
emissions from Class 1 dwellings are higher than from Class 2, because bigietir

hot water use, but in some areas the emissions from Class 2 dwellings are higher
because they have a higher ratio of electric water heaters, andradtwef solar.

12 The BIS reported data for Class 2 dwellings appede subject to greater error than for Clas&dr.
example, BIS (2006a) repottiggher solar water heater installation rates for high attached dwellings
than for detached dwellings.
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Figure 19 Share of water heater types in existing and new dwellings, Victar
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Figure 20 Share of water heater types in new dwellings, Victoria
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Figure 21 Average emissions from water heaters in new dwellings, \acta
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Costs

As with heating and cooling equipment, the three main components of life cycle costs
for water heaters are purchase price, installation cost and energy cost @perdiang

life. Table 20 summarises the capital cost estimates used in modelling. Bolathe

and heat pump options, the value of Renewable Energy Certificates (RECs) has been
taken into account.

Table 20 Estimated capital costs for water heating options, medium household

Litres Purchase Total

Capacity Price(a) Installation Capital $
Electric SWH (Peak) 80 $ 600 $ 200 8OO
Electric SWH (OP) 315 $ 850 $ 250 1$100
Gas SWH (3%) 160 $ 900 $ 300 $ 1,200
Gas SWH (5%) 160 $ 1,060 $ 300 $ 1,350
Gas inst (5%) NA $ 1,000 $ 350 $ 1,350
Solar-gas (min eff) 250 $ 3,700 $ 550 4§50
Solar-gas (high eff) 250 $ 4200 $ 550 450
LPG SWH (3%) 160 $ 900 $ 300 $ 1,200
LPG SWH (5%) 160 $ 1,050 $ 300 $ 1,350
LPG inst (5%) NA $ 1,000 $ 350 $ 1,350
Solar-elect (min eff) 250 $ 3,100 $ 500% 3,600
Solar-elect (high eff) 250 $ 3600 $ 500% 4,100
Heat pump (min eff) 300 $ 4000 $ 200 400
Solar-LPG (min eff) 250 $ 3,700 $ 550 4250
Solar-LPG (high eff) 250 $ 4200 $ 550 45750

(a) Value of RECS has been subtracted from RecometeRetail Price where relevant
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Figure 22 adds the energy cost for homes in the Coastal zone to the capital costs i
Table 20, so indicating the total life cycle costs for the water heatingnsptihere

natural gas is available. Costs for both smaller and medium households are shown —
for the latter, capital costs are slightly higher because largeritapater heaters are
required, and energy costs are much higher. The lowest life cycle costs hee for t
more efficient (5*) gas water heaters, and the highest life cycle a@stsr solar-gas
water heaters, because of their very high capital costs. In fact, thgcléecosts for
solar-gas water heaters are almost as high as for electric watersh

Life cycle costs are much higher when natural gas is not available, d@he all
alternatives use either LPG or electricity (Figure 23; note thatdivisrs the Warmer
Zone, so energy use and costs for each option are slightly lower than in the Coastal
Zone). Off-peak electric becomes the least cost option, followed by effieigritPG
instantaneous. Peak electric, 5* LPG storage, solar-electric and moienéSmlar-

LPG are grouped next highest. Heat pump, 3* LPG and the less efficient solar&PG
grouped as the highest cost options.

The life cycle costs of water heaters, as for every other class of exqijpare sensitive
to service life assumptions. This analysis assumes a service life ofr&Qograpared
with 15 years for heating and cooling equipment. Water heaters are subjeét to hig
water pressures, high operating temperatures and in some cases ateatrdlyt
chemical corrosion from water, accounting for the generally shortécsdife. The
service life assumption affects the comparison of options: the longer theeddeyi

the greater the ratio of energy costs, so options with higher capital costsvand |
energy costs — typically solar water heaters — become more costveffecti

Figure 24 illustrates thennualisedife-cycle costs for water heaters based on 10 year
and 15 year service lives. This divides the Net Present Value of the tosabgalse
number of years of service life. Increasing the service life from 10 to 15 ngzhices
the annualised cost of electric water heaters by 18-22%, the cost of gabeestes by
23-25% and the cost of solar-gas water heater by 31-33%. This makes solatagas w
heaters more attractive compared with electric, but does not significadtige the life
cycle cost penalty compared with gas.

It has been argued that solar water heaters have a longer servicanlifertiantional

gas or electric types (PIC 2003). Enquiries to manufacturers who supply botmsolar a
conventional water heaters has not produced any evidence to support this argument.
Most manufacturers supply water heaters of various quality standardg€agand 10
year warranty) and often use the same tanks in their conventional and solar models, so
there is no reason why one should last longer than the other. Indeed, the operating
conditions for solar water heaters are often harsher, with higher maximunraamge

and greater environmental exposure. If a 5 year longer service life sgemaed for
argument’s sake, however, a 10 year gas water heater would still havdieasitini

lower life cycle cost than a 15 year solar-gas water heater. The rglativall

greenhouse advantage (2.2-7.6 t,@®ver a 10 yr service life) and the high life cycle
cost penalty suggests that if there were a greenhouse target ratheptkaariptive
obligation to install solar-gas water heaters (in the absence of a raitavadgmany

home builders would find alternative, and cheaper, ways to make the equivalent
greenhouse reductions.
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Figure 24 Variation in life cycle costs of water heaters by service life
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Lighting

Lighting options

Lighting energy use in the home is highly variable. The most common lighting options
can vary in their energy use per area by a factor of more than 10 to 1 (Table 21).
Residential lighting preferences have changed considerably over ted@ato the
introduction of new lamp and fixtures types — often introduced first in commercial
buildings — higher incomes and greater sensitivity to lighting design and fashion.

Lamps

Up to the 1970s it was common for builders to supply only one or two basic bayonet
incandescent lamp fittings in the ceiling of each room. Linear or circularecent

lamp were fitted in ‘utility’ rooms such as the laundry and the kitchen, andgserha
over the bathroom mirrors. Accent lighting (eg wall-mounted bayonet fixtures or
indirect fluorescents) was used sparingly in high-status rooms such as thedoimg
and main bedroom. Over time, householders would usually replace the original
bayonet fittings with more elaborate multi-lamp fixtures, but total lamp niswhere
often limited by the original wiring and switching layout. The relativeembility of

the fixed lighting installation also led to a proliferation of plug-in task lighth s
desklamps and table lamps.

Older style lighting installations are in fact relatively well stiite relamping with

compact fluorescent lamps (CFLs), which were introduced in the 1980s and have since
become more widely available, durable and cheaper. Public awareness dtibhe rel
energy-efficiency of CFLs is very high, and millions have been subsidised ar give

away free by utilities and energy agendies.

Table 21 Examples of lighting energy loads for a typical room

Lamp type Number | Typical Average Total wint (a) kWh/yr
of lamps W per auxiliary Watts (b)
per room lamp W/lamp

Incandescent 2 60 NA 120 10 62

LV Halogen 6 50 14 (c) 384 32 200

Linear fluorescent 2 36 9 (d) 90 7.2 47

Compact fluorescent CFL 2 15 NA 30 2.5 16

(a) 4 metre by 3 metre room (b) based on 10 hr§lwkhrs/day) (c) Transformer loss (d) Ballast loss

The 1990s saw the large scale introduction of low-voltage (LV) halogen lighting, in
which 230V AC is transformed to 12V DC, to supply small, high-intensity lamps. The
light distribution of LV lamps is quite different from the other lamp types in houdehol
use. They are highly directional with a narrow beam, so more lamps are needed.

'3 Some 12.3 million CFLs have been given away fregen the NSW Greenhouse Gas Abatement
Scheme alone. The administrator, IPART, recerdlydd the ‘discount factor’ for giveaways of CFLs
and 3* shower heads from 0.8 (compared with OtBeafproducts were sold) to 0.4. In other words,
because of the large number of CFLs already digi&ibfree, the likelihood that each additional CFL
distributed will actually be installed fell from 8®to 40%.
http://www.greenhousegas.nsw.gov.au/documents/Ngies| Issue3 March07.pdf
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The characteristics of LV lamps have made them popular in mass-maréehties
lighting design. Large numbers of lamps are used to selectively illwerfioats,

walls, construction features and work surfaces such as bench tops. LV lamps are
attractive to builders and homeowners because they are compact, dimmalyle, easi
fitted in many surfaces and in joinery, do not require additional decoratingditti
(unlike incandescent and CFLs) and suit current, streamlined interior desigetas.
Builders’ promotional photographs of interiors now feature LV halogen lampstalmos
exclusively. Installations of 100 LV lamps or more (with a maximum load of 6 kW or
more!) are now common in new houses. Typically, groups of 4 to 8 LV halogens
switched together have replaced single incandescent or CFL fittings in each room

Apart from their high direct energy use — which is not widely appreciated — logdra
lamps can add to energy costs by causing gaps in bulk ceiling insulation, whash ac
multiple points of convective and conductive heat loss in winter and heat gain in
summer. If the insulation is carried over the lamp, the local temperati@ngand
has) caused house fires. Where there is air conditioning, the heat load can add
significantly to cooling energy demand. Heat loss and fire risk can be deduce
considerably by using special fittings and more careful location of eagh larmthese
practices are hard to maintain where there are such large numbers of lamps

There are now possibilities for reducing the energy consumption of lighting
installations designed for LV halogens fittings:

Light emitting diode (LED) lamps: some of these can be retrofitted direetsiuse
they are similar in shape and use the same 12V transformers, but some require
different transformers or 230V supply. Although the efficacy (lumens pe) iwatt
much higher, the lumen output per lamp may be lower, so an existing LV halogen
installation retrofitted with LEDs may be less bright;

230V halogen lamps: these avoid the transformer energy losses, but otherwise are
similar in efficiency and efficacy to LV halogens;

Micro 230V CFLs (eg ‘Megaman’ brand): these are similar in size and beand sprea
to LV halogens, but much more energy-efficient.

As these technologies are relatively new, cost comparisons are diffitidtcapital

cost penalty of CFLs declined considerably as the technology matured and the number
of suppliers increased, and this is likely to occur with the newer lamps, provided their
sales increase.

None of the options above are drop-in replacements for LV lamps in existing
installations (and some have the deficiency of not being dimmable) but they cquld hel
makenewlighting installations more energy-efficient, while maintaining the ggne

look and feel of the LV halogen lighting designs that are now so popular.

Flexible and Dedicated Fittings

Standard ‘bayonet’ and ‘Edison screw’ fittings are flexible in that theyalanat least

two types of lamps: incandescent and the most common type of CFL, which has an
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internal ballast. In the past, this flexibility has been restricted by thendiores of
decorative fittings or shades, but now that CFLs have become more compactehere ar
few fittings which cannot be relamped with CFLs. Of course, flexibiligsgooth

ways — there is nothing to prevent a CFL being replaced with an incandescent lamp, so
increasing energy use 4-fold. This is a flaw in regulatory regimes whietcredit for
undertakings to install CFLs without requiring dedicated fittings.

Dedicated fittings are those which are limited to one lamp type, becausekef s
geometry, the need for transformers or ballasts external to the lampatdsicause of
other physical constraints such as heat dissipation or lamp spacing. A lighting
installation designed around dedicated fittings will almost certainlglbenped with
the same lamp type for the whole of its service life.

LV halogen fittings are essentially dedicated, so the high energy uset is thoilthe
service life. Dedicated low-energy light installations are also possible

Externally-ballasted CFLs: these can only be replaced with CFL tubes (@msilog
to traditional linear fluorescent fittings, which are also externally $taih;

12V LEDs, provided they have transformers which are not compatible with LV
halogens;

230V micro-CFLs: these could conceivably be relamped with 230V halogens, but
as these are relatively rare it is just as likely that relampingoadlir with micro-
CFLs.

Unfortunately, the lamp types for these dedicated low-energy installatierssill

relatively untried and expensive, whereas the lamp type for the dedicatedbrgly-e
installation is common and cheap. LEDSs, in particular, are not yet considered @ matur
technology, and their premature deployment carries the risk of stalling tketrfoa

many years, as was the case with low-quality CFLs in the early 1990sa($ci&wv

Vrabel 2006). Micro-CFLs now feature in some mainstream lighting cataldgue

Lighting Standards and Levels

Unlike water heaters, which all provide much the same energy service,réhere a
significant differences in light quality and characteristics betwa®ps and fixtures,

so they are not all interchangeable. Incandescent and CFL-based designs gige mor
less similar lighting outcomes, but differ considerably from recessed lianmifi-

layouts. Home lighting designs depend very much on occupant preference, and this is
reinforced by the fact that there are no objective illumination standardsHbongdjgn

Class 1 buildings, as there are for other classes.

The Building Code Of Australia (BCA) now incorporates a number of lighting energy
efficiency measures for residential facilities other than dagdli These are expressed
in terms of both minimum light source efficacy (lumens/watt) and maximomp la
power densities (wattsin The prescribed minimum efficacy levels are typically 40
lumens/watt, which effectively excludes incandescent and halogen lamps. The

14 eg http://www.beaconlighting.com.au/
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maximum power densities vary with the class and function of the space, but for
residential accommodation are in the range 5 to 103Miith additional allowances
for factors such as smaller room areas, motion detectors or daylight-sesrsirodsc

Building types such as offices have stringent minimum illumination levels (jrofux
lumens/m) as well as glare criteria, so it takes some skill to achieve thdsia tie
specified maximum power densities.

lllumination levels are not appropriate for dwellings, since an even illuimmaver
large open areas is not required, and it is always possible to add local task iigtiting

plug-in lamps. However, maximum power density standards may be an appropriate

way to limit lighting energy consumption in dwellings.

Average Energy Use

There is very little Australian data on the actual electricity consumptidmigsehold

lighting. EES (1999) cites a 1991 WA estimate of 652 kWh/yr per household, and a

1993 Queensland estimate of 518 kWh/yr. GWA (2002) estimated that lighting
accounted for 11.3% of Victoria’s household electricity use in 1999. If this share

remained constant to 2005, the average lighting energy per household would have been
770 kWh, but lighting energy use mewdwellings appears to be far higher.

The available lighting data for other countries (Table 22) give some gujdarncdso
emphasise the variability of lighting energy estimates, even for theamegy (note
two sets of values for Sweden). The underlying drivers of energy use arendlifégre

Japanese household have lowest lighting loads (due to the highest penetration of linear

fluorescent lighting among OECD households), but their lighting energy haghiesr
than average due to very long lamp operating hours.

Table 22 Estimated average lighting characteristics, selected OECD cotiet

Country Lighting Lamps per| kWh/yr/n? W/m2 Watts/ Lamp on
kWh/yr/HH HH floor area | floor area | dwelling hrs/day
UK 720 20.1 8.6 14.7 1235 1.60
Sweden — all dwellings 760 40.4 6.9 14.0 1540 1.35
Sweden -houses (a) 1143 NA NA NA 1479 NA
Germany 775 30.3 9.3 15.6 1295 1.48
Denmark 426 23.7 3.3 5.7 764 1.59
Greece 381 10.4 3.7 7.8 881 1.30
Italy 375 14.0 4.0 10.6 1145 1.03
France 465 18.5 5.7 16.1 1304 0.97
USA 1946 43.0 15.1 21.5 2838 1.92
Japan 939 17.0 10.0 8.1 761 3.38
Average of above 721 19.6 6.4 10.7 1204 1.46

Source: Waide (2006) Compiled from data sets 183®2, except (a) Bennich & Persson (2006)

All of the above estimates, for Australia and other countries, apply to the entire
dwelling stock. New dwellings are have substantially higher averagentigériergy

use, because they are larger, and because of the growing popularity of high-energy LV
halogen installations. Bennich and Persson (2006) confirm the trend to increased
lighting energy in Swedish houses: from an average of 1,019 kWh/yr in 1994 to 1,143
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kWh/yr in 2003. This contrasts with major reductions in electricity use for cookihg a
refrigeration.

Hours of lighting can vary considerably from room to room. A monitoring survey of
375 California homes, with actual light metering equipment, found the average lighting
hours per room indicated in Table 23. A separate survey of lighting consumption in a
small number of new ‘low-energy’ house designs, also broken down by room, found
that fixed lighting accounted for nearly 1600 kWh/yr, and plug-in lighting for an
additional 400 kwh. These data underline the importance of room by room analysis.

Table 23 Recent US estimates of residential lighting use

Zone Average| Average
Hrs/day (akWh/yr(b)

Kitchen 3.4 400

Living room 2.6 157

Outdoor 3.1 274

Garage 2.3

Bedroom 1.4 424

Hall/Entry 2.2

Bathroom 2.0 331

Laundry 2.6

Total NA 1586

Plug lighting NA 400

Total NA 1986

(a) Rasmussen et al 2006 (b) Brown et al 2006

For this study, the three typical lighting schemes were developed, basetdain a
lighting designs prepared by Beacon Lighting for one of the 2 storey housesdesig
used for the present study (Plan C) and one of the apartment designs (®lan F):

A ‘Basic’ design, using incandescent lamps, typically used in about 60% of houses
and 70% of apartments (according to Beacon Lighting);

A ‘Premium’ design, with a high proportion of LV halogens — this is typically the
scheme shown in display homes, but is used in only about a third of built houses
and a quarter of apartmetftsand

An ‘efficient’, version of the ‘Premium’ scheme, in which LV halogens are

replaced with 230V ‘Megaman’ micro-CFLs, and bayonet-mounted incandescents
with CFLs. This scheme is used in about 4% of houses and 3% of apartments.

The author developed a fourth lighting scheme: an ‘all-CFL’ version of the,Basi
which was applied to 3% of houses and 2% of apartments.

Table 24 summarises the four lighting schemes for a Class 1 house (Plan C), and Tabl
25 summarises the four lighting schemes for the Class 2 apartment (Plahd=). T
tables also indicate the lighting load in Watts, the load per floor area (Wim2), a

'3 The author is grateful to lan McNicol of SustaiitiVictoria and to Beacon Lighting for their
assistance.

' The Beacon Lighting estimates of 4W transformes Iper LV halogen were used in the calculation,
although these losses can be as high as 14W, $8rtmaium’ energy estimates are conservative.
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annual lighting consumption calculated using the room lighting hours in Table 23
(giving a whole-house average of 1.6 hours/day per lamp). The average of 1.6 hrs
matches the UK and Denmark (Table 22) but is well below the average for ghe US
and Japan. The W/and kWh/milyr values for the ‘Basic’ lighting schemes are

reasonably consistent with those for other countries.

Table 24 Lighting plans for typical 2-storey Class 1 dwelling

Lighting Number of lamps (b)
scheme | jncand  Halogen Micro-CFL Fluoro CFL Total | TotalW W/Afa) kWh/yr(b) kWh/n?
Basic 44 0 0 2 0 46 3293 11.9 2051 7.4
BasicCFL. 0 0 0 2 44 46 758 2.8 454 1.6
Premiium 30 64 0 2 0 96 5396 19.6 3186 11.6
Efficient 3 0 65 4 31 103 1527 5.5 899 3.3
(a) Floor area 276 n{b) Based on overall average 1.6 daily hoursgifting, with differences in room
usage as in Table 23.
Table 25 Lighting plans for typical Class 2 apartment
Lighting Number of lamps
scheme | |ncand Halogen Micro-CFL Fluoro CFL Total | TotalW Wi/dfa) kWh/yr(b) kWh/n?
Basic 14 0 0 0 0 14 955 8.8 544 5.0
BasicCFlL. 0 0 0 0 14 14 210 1.9 115 1.1
Premium 8 24 0 0 1 33 1811 16.6 1049 9.6
Efficient 1 0 28 0 6 35 478 4.4 282 2.6

(a) Floor area 276 nBased on overall average 1.6 daily hours of lightimith differences in room

usage as in Table 23.

Weighted average energy use

The weighted average lighting energy use for new dwellings is summarisatle

26, based on the estimated share of new dwellings falling into the Basic, Basic C
Premium and Low-energy classes and the relative floor areas of eacimglwielss.

The estimated average lighting energy use is 1,573 kWh per new Victorian dwelling
about twice the best estimate for existing Victorian dwellings (770 kWh/yhile\his
value is uncertain, it is consistent with the observed trends towards larger maha@es a

greater share of LV halogen lighting.

Of course, it is highly likely that some new homes install some CFL lampsydbeir
lifetime, if not at the time of construction then at relamping. There will befear

pure Basic (no CFL) and very few pure ‘Basic CFL’ (100% CFL) homes. Most Basi
homes will have some CFLs. The ratio of ‘Basic CFL’ to ‘Basic * homes can the rea

as the ratio of all general purpose (bayonet or screw) sockets occupied bgn@isL

Table 26 suggests that 3/(60+3) = 5% of all general purpose lamps in new dwellings
are CFLs. Doubling the CFL usage ratio (by setting the ‘Basic CFL&sba&% for

Class 1 and 2% for Class 2) would reduce the overall weighted average lighting energy
use by only 2%, from 1,573 kWh/yr to 1,541 kWh/yr. This indicates that adding one or
two CFLs per household has a negligible effect on lighting consumption.

Unlike the CFL share, which is uncertain and can vary over the life of the dwéheng
installation of LV halogens or their low-energy equivalents, 230V micro-CFElisea
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time of construction commits the dwelling to that type of lamp until the dwelling is

demolished or substantially altered.

Table 26 Weighted average lighting energy use, new dwellings

kWh/yr
Dwelling Class Basic Basic CFL  Premium  Low-energy Weighted
Class 1 1496 331 2323 656 1701
Cl2 LR 544 115 1049 282 654
Cl 2 HR 635 135 1223 329 763
Share of new dwellings by lighting scheme Sharallo
new
dwellings
Class 1 60% 3% 33% 4% 86.8%
Cl2 LR 70% 2% 25% 3% 3.6%
Cl 2 HR 70% 2% 25% 3% 9.6%
All new dwellings 1573

Weighted average lighting load

Lighting load (W/nf) is a common metric for comparing different lighting schemes.
The estimated load for a Basic lighting scheme in a Class 1 dwelling is 1h W
(Figure 25). Using CFLs exclusively would reduce this to 2.9 3¥/n{The weighted
average for Basic dwellings, assuming the stated mix of CFLs, would be about 11.5
W/m?). A Premium lighting scheme would give 19.6 \f/imnd the efficient version

of premium would give 5.5 W/t This could provide a simplified basis for classifying
lighting schemes from plans submitted for approval, and for calculating the annual
energy use and hence greenhouse gas emissions from lighting.

The maximum lighting loads specified in the Building Code of Australia fodeesal

uses in commercial buildings are shown for comparison. These cover Class 3
Buildings (the residential parts of hotels, schools, hostels and other institutional
accommodation) and Class 9c (aged care accommodation). The BCA specifies
maximum loads of 10 W/frfor sole-occupancy units, 5 Wfor dormitories used

only for sleeping and 8 W/nifor frequently-occupied areas such as lounge rooms or
dining rooms. (There are no standards for Class 1 buildings or the residential units in
Class 2 buildings, although there are maximum %gtandards for lighting of

corridors, stairways and plant rooms).

Thus, new dwellings with Basic lighting schemes are achieving about 15% higher
lighting loads than the maximum for comparable commercial accommodation (even
allowing for some use of CFLs), premium lighting schemes are achieving alhceit t
the comparable maximum and premium energy-efficient lighting schames
achieving about half the comparable maximum (Figure 25).

7 on 20 February 2007 the Commonwealth Minister foviEbnment and Water Resources announced
that ‘Working with its state and territory countarts, the Australian Government will gradually phas
out all inefficient light bulbs and is aiming faunlf enforcement of new lighting standards legislatby
2009 to 2010." This would in theory prohibit thdesaf conventional incandescent and LV halogen
lamps.
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Figure 25 Lighting loads for new dwellings and comparable commercial buings
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Costs

Table 27 and Table 28 indicate the estimated capital and annual operating ctis¢s for
four lighting schemes. The fitting and installation costs of the Base, Preamidim
Efficient scheme were supplied by Beacon Lighting. The installatios eosthigher

for the Premium and Efficient schemes because there are more lamps, and (for
Premium) the added costs of placing and wiring transformers. It wasexssoah for
‘Basic CFL’ each CFL lamp adds $8 compared with the ‘Basic’ case, to coveFthe
lamp cost premium plus added costs for slightly larger fittings.

The most appropriate comparison of costs is between the two Basic options aral the tw
Premium options, because each pair of options is similar in lighting quality aed styl

For the Basic option, a household in a Class 1 dwelling could save 223/ @y

using all CFLs, and recover the extra cost within 1.2 years. For the Premiomsopti
household in a Class 1 dwelling could save 3.44-€@r by using all 230V micro-

CFLs in place of LV halogens, and recover the extra cost within 1.3 years.

Table 27 Lighting capital and operating costs for typical 2-storey Class 1 dwelling

Lighting Fittings  Install- Capital Emissions Energy Savings from CFL/efficient schemes

Scheme Cost ationcost cost tCOrelyr  $lyr Capital tCQ-elyr  $lyr payback
Basic $1,745(a)$ 1,815(a) $ 3,560 3.01 $ 386

Basic CFL $2,097(b)$ 1,815(b) $ 3,912 0.67 $ 85 $ 352 234 -$ 300 .2yts

Premium  $2,330(a)s 4,246 (a) $ 6,576 4.67 $ 599

Efficient $2,992(a)$ 4,136 (a) $ 7,128 1.32 $ 169 $ 552 -3.35 -$ 430 .3yis

(a) Source: Beacon Lighting (b) Author estimate
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Table 28 Lighting capital and operating costs for typical Class 2 apartment

Lighting Fittings Install- Capital Emissions Energy Savings from CFL/efficient schemes
Scheme Cost  ationcost cost tCOrelyr  $lyr Capital tCQ-elyr  $lyr payback
Basic $ 570(@p 528(a) $ 1,098 0.80 $ 107

Basic CFL $ 682(by 528(b) $ 1,210 0.17 $ 22 $ 112 -0.63 -$ 8114

Premium $ 760(ap 1,249(a) $ 2,009 1.54 $ 197

Efficient $ 730(a)$ 1,557(a) $ 2,287 0.41 $ 53 & 278 -1.13 -$ 144 1.9
(a) Source: Beacon Lighting (b) Author estimate

Emissions

The weighted average lighting emissions from new dwellings are illegtmat-igure

26. The weighted average for all new dwellings (based on the 1,573 kWh per annum
energy use indicated in Table 26) is 2.3 t,&@r. Emissions in Class 1 dwellings are
obviously higher because of their larger floor area.

The most direct way to take lighting emissions into account at the time of building
approval is to require submission of a lighting, or at least a checklist inditiaditigpe
of lamp to be installed in each room. It would then be a simple matter to estimate
maximum W/ni for each space and hence lighting kWh/yr and -E/gr.

If there were no submitted details, or plans indicated standard bayonet or gange fi
only, the default assumption would be that all lamps would be incandescent. If LV
lamps were indicated (the presence or absence of which could be readilydabvecke
completion) this would give higher lighting emissions, and if dedicated low-energy
fittings were indicated (the presence or absence of which could, again, Iy readi
checked on completion) this would give lower emissions.

This approach would treat CFLs just like energy-efficient clothes wasbéigerators

or other appliances, because they are closely analogous: the product could bd remove
immediately after a compliance inspection of the dwelling, and theresis that it

would be replaced by a less efficient alternative at the end of its sefeicénideed,

the compliance and persistence risks are higher for conventional CFLs thargtaor pl
appliances:

the potential energy penalty when a CFL is replaced with an incandescent is
fourfold - far greater than when an appliance is replaced; and

incandescent lamps are likely to be always be available (at least urgilshe
effective legislation to exclude them form the market) and almost certdiaper,
whereas energy labelling and rising MEPS levels are virtually guaragtthat

new appliances will, on average, be far more efficient than the ones they replace

Although the proposed W/nanalysis would not reward the installation of CFLs at the
time of construction, nor would it penalise them. There are many other policy options
and programs which promote CFLs, and most of these apply to lamps bought for new
dwellings as much as for existing ones.
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Figure 26 Estimated emissions from lighting energy use, new dwellings
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Other Energy Uses

Main Cooking

Most households have a fixed cooktop (electric, natural gas or LPG) and at least one
fixed thermal oven (electric, natural gas, or LB hese are the ‘main’ cooking
appliances. Obviously, only gas-connected homes can have a gas cooktop or oven, but
any home can have an electric main cooker. Most households also have a number of
plug-in secondary cooking devices, including microwave ovens. These are included
with electric appliance energy use, and are as likely to be present ktangested

home as an all-electric home.

Lower-cost dwellings are likely to have a ‘range’ which incorporates adtetpbove

and an oven of the same energy form (both electric or both gas) below. Raihges wit
gas cooktops and electric ovens are also available. However, most new dwellings now
have separate cooktops and ovens, on order to give more flexibility in design and
location. Gas is clearly favoured for cooktops and electricity for ovens, evea gde

is available. Figure 27 indicates that about 77% of cooktops installed in new dwellings
are gas, 1% LPG and 22% electric. Nearly 60% of ovens in new homes aie. Electr
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60% 7 ] 1 OLPG

B Gas
@ Electric
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All new dwellings - cooktop
All new dwellings - oven

Figure 27 Estimated energy share of cooktops and ovens in new dwellings

18 A negligible number of new dwellings would haveadefired cooking ranges incorporating both
hotplates and ovens, and possibly water heatesglhs

¥ The ABS statistics on ‘main source of energy Lsamboking’ in existing dwellings (ABS 46020) are
virtually useless, because there is no indicatiaih® proportion of respondents selecting the tadép!
the thermal oven or indeed the microwave oven astiain’ cooker.
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Energy Use and Emissions

Table 29 summarises the author’s estimates of energy used in cooking, based on the

assumptions that:

cooktops account for the majority of thermal cooking energy;

the delivered energy use of all cooktops and ovens is similar, irrespective of energ

form

»and

the average conversion efficiency of electric cookers is slightly hibhe fuel
cookers.

On this basis, an all-electric range accounts for about 1.%-eG@ an all-gas range

for 0.3 t CQ-elyr, and the most popular combination — gas cooktop with electric oven —

accounts for about 0.8 t G@/yr. Figure 28 illustrates the emissions from the main
cooking options and combinations (from Table 29) and also the weighted average
emissions in new dwellings where gas is available and where it is not.

Table 29 Energy use in thermal cooking

UE GJl/yr Efficiency DE GJ/yr t CO,-elyr
Electric cooktop 1.5 55% 2.73 1.11
Gas cooktop 15 50% 3.00 0.19
LPG cooktop 1.5 50% 3.00 0.20
Electric oven 0.9 60% 1.50 0.61
Gas oven 0.9 50% 1.80 0.11
LPG oven 0.9 50% 1.80 0.12

Figure 28 Emissions from thermal cooking options
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Where gas is available, the all-gas option would account for about 0.2e/@ess

than the weighted average, and the all-electric option would account for about 1.1 t
CO.-el/yr more. Where gas is not available, thermal cooking is already dominated by
electricity, so the potential for increasing emissions is minor (0.1 teeBOfor all-
electric cooking) and the only realistic potential for reducing emisssotfisaugh the

use of LPG (a reduction of 0.8 t @@/yr from LPG cooktops/electric ovens, 1.3 t£0
elyr from all-LPG cooking).

Appliances and other electrical equipment

Appliances and other electrical equipment comprise all uses of electmitity home
other thanspace heating and cooling, water heating, main cooking and fixed lighting.
Households typically have dozens if not hundreds of such devices, but the largest
energy users are:

refrigerators and freezers;

microwave ovens, jugs and other plug-in cooking and food preparation equipment;
clothes washers and dishwashers (including the electricity used to heat wat
internally, but not the energy in hot water imported from the house water heater);
clothes dryers;

televisions, set top boxes, DVDs and home entertainment equipment;
computers, screens and associated devices, including home office equipment;
swimming pool pumps: less than 6% of Victorian households own a swimming
pool, but those homes the pool pump is often the largest single user of electricity;
battery chargers for phones, laptops, power tools and other portable devices;
plug-in lamps.

These are plug-in devices and independent of the building fabric, and so are beyond the
scope building regulations (except possibly swimming pool equipment, as discussed in
the next section). This should not be a matter for concern, because there are other
programs, notably the Commonwealth-State Equipment Energy Efficiency Rrogra

(E3) which target the energy efficiency of these devices.

However, it is necessary to make an estimate of total energy applrahegupment

energy use in Victorian homes, so the impact of building regulation measured on tota
emissions can be calculated. GWA (2002) estimated that appliances and equipment
accounted for 56.8% of household electricity use in Victoria in 1999. ABARE reports
that in 2004/05 Victorian household electricity use was 46.73 PJ (about 1% higher than
the residential electricity consumption reported by the Energy Supply Atsooof
Australia for the same period). This amounts to 6,703 kWh per Victorian household in
that year, so the appliance share (56.8%) is equivalent to 3848 kWh per household.

This does not allow for likely differences between equipment in existing and new
dwellings in terms of energy efficiency or type and number of devices, butrasatke
no data on this it is assumed that the average for new dwellings is the same as for
existing dwellings. It is also assumed that, within this overall averages Claouses
will have more appliances, and larger ones, than Class 2 apartments.

5_star energy report May 07 .doc 78



Table 30 summarises the estimated average appliance and equipment uselin Class
Class 2 LR and Class 2 HR dwellings. These are likely to reflect ensegfter some
years, when the household has acquired a more typical inventory of equipment, rather
than immediately the home is occupied. Although the energy use’petawer for

Class 1 dwellings, total energy use is much higher because of larger flaor area

Table 30 Estimated appliance and equipment electricity use in new \fazian
dwellings, and associated emissions

Class 1 Class2 Class?2 All new
LR HR dwellings
kWh/dwelling 4002 2501 2963 3848
kKWh/ntlyr 19.9 23.0 23.3 20.2
t CO-elyr 5.87 3.67 4.35 5.64

Outdoor

Swimming pools and spa pools

Fixed (in-ground) swimming pools and spas are often added after the time of
construction, so will not be affected by measures bearing on the initial building
approval process. If however a swimming pool or spa forms part of the building
application, the possible approaches are:

require design features which will tend to reduce the swimming pool’s on-going
energy use; and/or

require additional savings in energy and emissions beyond those for non-pool
dwellings, in order to compensate (at least in part) for the projected energfy use
the pool.

These approaches are analogous to those for the water consumption of pools, which
were covered in GWA (2006). The need for compensating (water) savingsaigyalr
part of the Victorian Government’s Permanent Water Saving Rlles.

The most energy-intensive component of a swimming pool is usually the circulating
pump, followed by the heating system, if one is installed. Spa pools almost always
have heating, but tend to be smaller and often drained between uses (adding to water
use but saving energy) and pumps operate on maximum power only when the spa is
occupied, so the dominant energy use tends to be heating rather than pumps.

The design features which would tend to reduce the pool’s on-going energy use are:
An energy-efficient pool pump. At present there is no way to compare the relative

energy-efficiency of alternative models or configurations (ie 2 speed espeed
pumps use a quarter of the energy, but operate for twice as long each day), but work

20 Before filling a new pool or spa that has a catyaaf 2000 litres or more, customers need to

complete a Water Conservation Plan (WCP) applinaind submit it to their government water retailer
for approval. The WCP requires customers to idgmrtieas where they can make savings both inside and
outside their home, to offset the volume of wagguired to fill the pool or spa.’
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in an Australian/NZ Standard for testing and rating pool pumps has just started,
under the sponsorship of the E3 Program.

Correct sizing of pumps: oversizing, which is common in the swimming pool
industry, as it is in the air conditioning industry, means that pumps operate away
from their most efficient load point for most of the time;

Not having a heating system or if a heating system is to be installed, usieggte |
energy-intensive type (solar) with an energy-efficient and corrsizbd circulating
pump of its owA™;

Operating the pump via a timer (now almost universal in new pools) or, better still,
an intelligent controller that matches operating time to the condition of the pool
(still rare);

Pool wind-shading and covering, which save water and, where the pool is heated,
energy as well.

These factors offer considerable scope for requiring energy-effieietrés in new
pools, whether built at the time of dwelling construction or later, assuming thdinui
or development controls apply to pools whenever pools are built.

The opportunity for requiring additional savings in energy and emissions beyond those
for non-pool dwellings would only be available when pools are included in building
applications. If these are too onerous, there would be a temptation to circumvent them
by delaying delay pool construction until later, or simply by submitting a apar
application and having a separate building contract.

Outdoor gas appliances

In recent years there has been an increase in the range of household gas product
designed for outdoor use. Products that were formerly designed only to be powered by
LPG, such as barbecues and patio heaters, are now available in naturalagas, vari
designed to be connected to outdoor bayonet fittings. Outdoor fixed gas log fires are
now also being promotéd.

The energy use of LPG outdoor appliance is limited by the fact that theyraly
storage cylinder, which needs some user effort to refill. With a naturabtjasheater

or log effect heater there is no such limit to the amount of fossil fuel that candoe use
for the purpose directly heating up the outdoors, in addition to the indirect global
warming effect of the C©Qproduced. It would therefore be reasonable to include the
projected energy use and emissions from any fixed outdoor gas appliances in the
evaluation of building applications.

21 A 2005 survey found that Victoria has the highesidence of pool heating in Australia: 25% have no
heating, 68% have solar heating and 7% have gamb€BIS 2006c¢). Victoria also has the highesiorat
of pools without timers (20%).

22 See for example http://www.jetmaster.com.au/pagdtmr_fireplaces.html
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Common Energy Use in Class 2 Dwellings

All energy use and emissions covered in this report so far have been assotratkd wi
energy use of appliances and equipment installed within dwellings and, for Class 1
homes, energy uses outside the dwelling but located on the site, and for the exclusive
use of the household (ie swimming pools, outdoor lighting, outdoor gas equipment).

Class 2 dwellings are located within apartment blocks which have, at the \atry lea
some lighting of common areas such as paths, stairways and corridors. Many
apartment blocks, especially high rise, have far more elaborate commgy eses.
These fall into two categories:

Common area services: these include common area lighting and air conditioning,
lifts, carpark ventilation, pumping of water to header tanks for water supply or
firefighting and swimming pools, spas and saunas and their associatecaciliti

Shared services: these include heating and cooling supplied to apartments from a
central plant, and the associated air handling and ventilation, and domestic hot
water supplied to apartments from a central plant.

‘Shared services’ substitute central equipment energy use for enengithiseeach
apartment, whereas ‘common area services’, by their nature, cannot be sughired wi
apartments.

The most detailed Australian analysis of common energy use, covering 4,000
apartments in 52 high-rise and low-rise buildings in Sydney, was carried out by
EnergyAustralia (EA) and the NSW Department of Infrastructure, Rigr&iNatural
Resources (EnergyAustralia 2005). The data are likely to be reasonabtgblepio
Melbourne. The energy use in two of the high-rise blocks was analysed in Taitddl (
31).

Table 31 Summary of total energy use, 2 high rise apartment buildings

Building A Building B Average
Number of apartmen 175 158 167
Total building GJ/yr (common+apartment) 11215 5854 8535
GJ/yr/dwelling (common+apartment 64.1 37.0 50.6
Total t CGQ-e/yr (common-+apartment)(a) 2184 1062 1623
t CO,-e/yr/dwelling (a) 12.5 6.7 9.6

Source: EnergyAustralia (2005)(a) At NSW greenhantEnsities

For the present study, the data were further disaggregated with Victearhguse

gas intensities substituted for NSW intensities (Table 32). The main apparent
difference between Buildings A and B is that A has a centralised heatthgooling
system serving all apartments whereas B does not. (There is no publishedticior

on key aspects of building design such as age, floor areas, materials oy, glazin

gas use in individual apartments. Both buildings use gas for common area or shared
services, but if gas is distributed to apartments at all it is likely to m&king only).
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The differences between the two examples are at first sight strikinggstungpthat it is
difficult to generalise about common area energy use:

Total energy use and emissions per apartment in Building A is nearly heice t
level of B. The only area of energy use where B exceeds A is lifts, where the
difference is a factor of three, and swimming pool emissions (a factor of 2);

Common area lighting energy per apartment in A is over three time ther 8] |
and carpark ventilation energy per apartment in A is over five times thaneBgl

Energy use within apartments is 45% lower in Building B, despite the fact that this
supposedly includes individual heating and cooling, whereas Building A apartments
are heated and cooled by central plant;

Pool, sauna and spa emissions in Building A are about half those in B, largely
because A heats the pool with gas whereas B uses electricity.

There are also similarities in that both buildings have central gaswaer heating,

with comparable gas and electricity use per apartment (the elgatiseitis probably
for hot water circulation pumping);

Table 32 Analysis of emissions from energy use, 2 high rise apartment buiids

Electricity Gas Total Building Energy
t CO,-elyr per apartment t CO,-e/yr per apartmentt CO,-e/yr per apartment
A B A B A B

Common lighting 2.51 0.75 NA NA 2.51 0.75
Lifts 0.26 0.67 NA NA 0.26 0.67
Central hot water 0.47 0.34 1.49 1.14 1.96 1.47
Cooling 1.70 0.00 NA NA 1.70 0.00
Heating 0.70 0.00 NA NA 0.70 0.00
Other ventilation (a) 1.91 0.67 NA NA 1.91 0.67
Carpark ventilation 1.05 0.19 NA NA 1.05 0.19
Pool, sauna, spa 0.68 2.09 0.27 NA 0.95 2.09
Apartment internal 5.54 3.09 NA NA 5.54 3.09
Building total 14.81 7.80 1.76 1.14 16.57 8.94
Block t CO-elyr 2,591 1,232 308 179 2,900 1,412
At NSW intensities 1,865 878 319 184 2,184 1,062

Source Author estimates based on data extractedHrmergyAustralia (2005), recalculated with
Victorian greenhouse gas intensities. (a) Assumegi@entral Heating and Cooling system

The average emissions per apartment from new high rise dwellings in &iateri
estimated at 11.96 tonnes £&yr (excluding common energy use for the time being).
This is calculated by adding the separate estimates for heating and ,coalieg

heating, cooking, lighting and appliances derived in this report (see Table 33). Ove
90% of these emissions come from electricity.

% This suggests that common area lighting in Blodk frgely incandescent or LV halogen, and in
Block B largely CFLs.
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The estimate of 11.96 t G@/yr was calculated on the assumption that all energy
services are provided by equipment located within the apartments themselks, but
estimate still holds for services supplied centrally. Table 33 indicatethéhahnual
emissions for water heating from a weighted average mix of elenttigas water
heaters installed in apartments is 2.11 ,@Qr. The average emissions per apartment
for centrally supplied gas hot water for the two Sydney apartment buildings@thad
1.71t CQ-elyr. The estimates for HVAC are 3.03 t £6yr from a weighted average
mix of equipment types installed in apartments and 4.31,t&¢ for centrally

supplied HVAC?*

The closeness of the above values means that emissions per apartmerrfbeatatg

and HVAC are much the same whether the services are supplied by equipment within
the apartments or centrally. Therefore, while the ratio of high risénagyatis supplied

by central services is not known, this has little bearing on the conclusions.

If it is assumed that all high rise apartments have common lighting, lifts,grodaed

car parks and heated swimming pools, this would add a further 4.5fd/@Qor each
apartment, or 35% of the emissions from energy used in the apartment and/ér centra
water heating and HVAC. This brings average total energy emissions peiskigh r
apartment to 16.52 t G&/yr® The allowance for common area lighting is nearly
50% higher than apartment lighting, consistent with much longer lamp operation.

Table 33 Comparison of apartment, shared and common energy emissions

t CO,-e/yr/apartment
Average HR apartment energy, Victoriaf@mmon o
Electricity Gas Total shared

Heating 2.64 0.35 2.98
Cooling 0.05 0.00 0.05
\Water heating 1.52 0.59 2.11
Cooking 1.28 0.08 1.35
Lighting 1.12 0.00 1.12
Appliances 4.35 0.00 4.35
Total 10.95 1.01 11.96
\Water heating (see above) 2.11 1.71(pb)
Heating, cooling and ventilation (HVA 3.03 4.31(c)
Apartment lighting, cooking, appliances 6.82 4.32(b)
Common lighting 1.63(b)
Lifts 0.46(b)
Carpark & other ventilation (non HVAC) 0.96(b)
Pool, sauna, spa 1.52(b)
Total common area services 4.57
Common area/apartment emissions 38%(d)

(a) As calculated in present study. (b) Averagestfimates for Building A and Building B in Table 32
(c) Sum of Cooling, Heating and Other Ventilation Building A in Table 32; Building B does not have
central HVAC (d) 4.57/11.96 = 38%.

4 This is based on the data for a single buildingydney, so the apparent close agreement should be
taken with some reservation. The apartment enesgyg that cannot be supplied centrally (cooking,
lighting and appliances) also show a reasonablyl giv¢6.82 t CQ-e/yr calculated in this study vs 4.32
t CO,-elyr from the Sydney study), but these valuesfticacommon energy use estimates.

% If it only half of high rise apartment blocks hagwimming pool, the pool loading per apartment
would fall from 1.52 to 0.76, and the average eissper apartment would fall from 16.52 to 15.76.
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Low rise apartment blocks are much less likely than high rise to have shared wate
heating and HVAC service$. They will most probably have a far lower level of
common area services. As they are low rise they do not have lifts, they tewe to ha
open parking or single level, naturally ventilated carparks and rarely haeel shar
swimming pools’

In most low rise apartment buildings the only common area energy use will be for
lighting. In the absence of any other information, it is assumed that thgavera
common lighting load per low rise apartments is half that for high rise apastne

0.82 t CQ-e/yr. This means common energy emissions are nearly 8% of apartment
energy emissions, compared with 38% for high rise apartments.

%6 EnergyAustralia (2005) reports that 7 of the éhhiige buildings studied had one or more pools,
compared with 1 of the 10 low rise developments.

" To the extent that some low-rise apartment deveéps have swimming pools and some high rise
ones do not, the total common area energy estinf@tedl Class 2 apartments will be about rightt bu
those for high rise will be over-estimated and éfis low rise will be under-estimated.
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4. Total Emissions and Options for
Reduction

Total Energy Emissions

By dwelling

It is estimated that the average new dwelling built in Victoria sincentheduction of

the Five Star requirements accounts for 14.0 $-€0f energy-related emissions per
annum (Table 34, Figure 29), nearly 6% higher than the 13.24-eyOfor the

Victorian housing stock as a whole. Much of the increase is due to the fact that new
homes are so much larger than older ones (see following seition).

Lighting appears to be the main cause of the increase in emissions. Therenhas be
16% reduction in the emissions from heating, cooling and water heating combined,
from 5.67 t CQ-e/yr in existing homes to 4.78 t G@/yr in new homes (Table 35).

The Five Star measures target heating, cooling and water heating, evieicqyhave
been significantly reduced, but have no impact on lighting. No change has been
assumed in average emissions for cooking and appliances, because of lack of data.

Table 34 Annual emissions by dwelling class and end use, Victoria

Class1 Class 2 LFlass 2 HR dA” new A”. End use % End use 9
wellings dwellings| (new) (all)
Heating 2.78 1.64 2.98 2.76 NA 19.7% NA
Cooling 0.16 0.11 0.05 0.15 NA 1.1% NA
\Water heating 1.86 1.65 2.11 1.88 NA 13.4%| NA
Cooking 0.73 1.05 1.35 0.80 0.80 5.7%| 6.0%
Lighting 2.49 0.96 1.12 231 1.13 16.5% 8.5%
Appliances 5.87 3.67 4.35 5.64 5.64 40.3% 42.6%
Central services 0.00 0.82 4.57 0.47 NA(a) 3.3% NA
Eeat.'”g' cooling, water NA NA NA 5.67 NA 42.8%
eating (combined)
Total inc central services 13.89 9.90 16.52 14.00 13.24 100% 100.0%
;'eat.'”g' cooling, water ; g 3.40 5.14 4.78 5.67 34.29 42.8%
eating (combined)

(a) It is not known whether residential energy data include common area use in apartment buildings

New Class 2 High Rise dwellings have the highest average emissions (16.52 t CO
elyr, including central services), followed by Class 1 (13.894+€@). Class 2 Low
Rise dwellings have significantly lower emissions (9.90 ;-€Qr).

Table 36 and Figure 30 break down the emissions by energy form. New dwelings ar
more electricity-intensive than existing dwellings, with electyioibw accounting for
over 78% compared with 75% for existing dwellings. The natural gas share of

8 Emission values in this section are given to drdatplaces, to avoid rounding errors and apparent
zeros. This should not be taken to imply a hideeel of accuracy or certainty than warrantedhsy t
data, which is probably 3 significant figures ofdyg 14.2 t C@e/yr rather than 14.17 t G@/yr).
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emissions has fallen from over 23% to less than 18%. These changes arentonsiste
with the finding that household lighting energy use has increased while household
water heating and heating use, which in Victoria is dominated by gas, have fall
Average gas consumption per new dwelling is about 19% lower than for existing
dwellings while average electricity consumption is about 16% higher. (If conamea
energy use in high rise apartments is excluded, average electricityrgatien per
dwelling is 12% higher). Average LPG use is 14% lower in new dwellings, and wood

use is 85% lower.

Figure 31 illustrates differences in emissions by climate zone and ngdsral
availability. The availability of natural gas clearly has a higher impacissens
per household than climate zone.

Table 35 Comparison of emissions, new and existing dwellings

All existing Allnew Difference Difference

t CO-elyr tCO-elyr t CQ-elyr
Heating, cooling, WH 5.67 4.78 -0.88 -15.6%
Cooking 0.80 0.80 0.00 0.Q%
Lighting 1.13 2.31 1.18 104.6%
Appliances 5.64 5.64 0.00 0.0%
Central services NA 0.47 NA NA
Total 13.24 14.00 0.76 5.8%

Table 36 Annual emissions by dwellings class and energy form, Victoria

% %
All new All emissiong emissions
Class 1 Class 2 LRlass 2 HRdwellings dwellings| (new) (all)
Electricity 11.12 7.87 10.95 10.99 9.93 78.5% 75.1%
Natural Ga 2.67 1.20 1.01 2.46 3.08 17.69 23.2%
LPG 0.07 0.00 0.00 0.06 0.07 0.4% 0.5%
Wood 0.03 0.00 0.00 0.02 0.16 0.2% 1.2%
Central services (electricity) NA 0.82 4.43 0.45 NA 3.2% NA
Central services (gas) NA NA 0.14 0.01 NA 0.1% NA
Total (dwelling only) 13.89 9.08 11.96 13.53 13.24 96.7% 100.0%
Total (inc central services) 13.89 9.90 16.52 14.00 13.24 100.0%  100.0%

(a) It is not known whether residential energy data include common area use in apartment buildings
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Figure 29 Annual emissions by dwelling class and end use, Victoria
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Figure 30 Annual emissions by dwellings class and energy form, Victoria
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Figure 31 Annual emissions by dwelling class, end use and climate zongtdfia
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By floor area and occupant

Dwellings in Victoria, as in the rest of Australia, have increased staadiyor area in

recent years. Figure 32 illustrates these changes, based on dataexbfem a

number of ABS documents in the 8371.0 series. These report average built areas, more
or less corresponding to Gross Floor Area (GFA) for detached dwellings (Qlaad
attached dwellings, covering both Class 1 attached and Class 2 low rise agrtritent

is assumed that Conditioned Floor Area, as used in the thermal modelling for the
present study, is 90% of Gross Floor Area. The ABS does not report average floor
areas for high rise apartments.

Between 1985 and 2005, the average floor area of Class 1 houses built in Victoria
increased by 42%, or roughly 3.4 per year, and the average floor area of LR
apartments increased by 53%, roughly 2°3oer year. These trends do not by
themselves indicate the average floor area of the existing dwelling stiaok because
much of the stock was built before the ABS started collecting data, and mang,house
including those built after 1985, have been enlarged during renovations.

Table 37 summarises the estimates of average floor areas and occupadssifigr e
dwellings in Victoria, and for those now being built. Average persons per household is
slightly higher for new dwellings, because households often move into new homes at
the stage when they are having children.

For the present study, it is assumed that the average floor area of new dwellings

constructed in 2006 is 30% larger than the average floor area for all existiriggisvel
However, energy-related emissions are only 6% higher, so emissions perdiarear
substantially lower. For cooking and appliances, where it has been assumed that
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energy use per dwelling remains the same, emissions per floor area a@\&3%ot
new dwellings (Table 38). For lighting, however, the absolute emissions peindwell
have more than doubled, and emissions e 57%. For heating, cooling and
space heating combined, absolute emissions have fallen at the same tirefliagsdw
have increased in area, so emissions per m2 are 35% lower. Total energynsmiss
m? are 19% lower. With common area energy included, the emissions pee m
nearly twice as high for high rise apartments as for houses.

Table 37 Floor areas and occupants, new and existing dwellings, Victoria

Dwelling type Average conditioned Average persons pet m¢/person
floor area (mf)(a) occupied dwelling(b)

New Class 1 201 2.81 71

New Class 2 LR 109 1.70 64

New Class 2 HR 127 1.70 75

All new 191 2.67 (b) 71

All existing 147 2.61 (c) 57

Source: (a) Calculated in present study (b) GWA@®AJc) ABS (2001 Census)

Table 38 Annual energy emissions per floor area

kg CO-e/nt per year

All new All exg Change
Class 1 Class 2 LRClass 2 HR dwellings dwellings |Exg to nev
Cooking 3.6 9.6 10.7 4.2 5.4 -23%
Lighting 12.4 8.8 8.8 12.1 7.7 57%
Appliances 29.2 33.7 34.2 29.6 38.5 -239
Central services NA 7.5 36.0 2.5 NA NA
Heating, cooling, water heating (combin  23.9 31.3 40.5 25.1 38.7 -35%
Total 69.1 90.9 130.2 73.5 90.3 -19%

Figure 32 Historical change in area of new dwellings, Victoria
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Figure 33 Annual energy emissions per floor area
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As Figure 33 shows, emissions per floor area are significantly lower fodwelings
than for existing dwellings. However, emissions per occupant are simiar¢r34)
because the floor area per person is higher. On average, a person living insehigh r
apartment accounts for twice the energy-related emissions of a persornigihguse,
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even though the house is much larger. This is partly because the conditioned floor area
per occupant is slightly higher (75ws 71 nf - Table 37), but mainly because a

greater share of the energy used is electricity and because of the higghieseeof

common area services. EnergyAustralia (2006) estimated that enexiggl r@iissions

per capita in existing (not new) Class 1 dwellings in NSW was 2.8{efji@rson per

year, and 5.6 t C£e/person per year for existing high rise apartments. This is a ratio

of 1.9, comparable to the ratio of 2.0 estimated in the present<Study.

Comparison with ‘no-measures BAU’

Although the preceding comparisons are between new dwellings and the existing
housing stock, it is also relevant to compare new dwellings meeting the 5 Star
regulations with what would have happened if the 5 Star measures had not been
introduced. The latter scenario is called the ‘No-measures business-afBédulal
case’.

If the 5 Star measures had not been introduced in 2004-05, it is assumed that the
thermal performance of new dwellings built today would be only slightly rotbie

the level achieved by the insulation regulations that took effect in 1991, which was
roughly equivalent to 2.2 stars (EES 2000). Consequently, energy use for heating and
cooling would have been higher than under 5 Star.

Water heating energy requirements would also have been higher than under 5 Star,
because of a lower installation rate of 3* shower roses (compared with 100% in 5 Star
homes) and a lower installation rate of solar water heaters (compared with 50% i

Star Class 1 dwellings).

These effects have been modelled in the following way:

The thermal performance of the annual cohort of new dwellings was simulated
using AccuRate, but assuming an average rating of 2.5 stars (to allow for some
BAU improvement from 2.2 stars) but the same distribution of heating and cooling
appliance types and efficiencies; and

The estimated the impact of the 5 Star measures on water heating emissons w
taken from GWA (2006), which concluded that:

‘...the water-related requirements of the existing 5 Star measurdslarering
greenhouse gas savings of about 545 kg-€@er annum per new house,
compared with the ‘no regulations’ case. About half the saving comes from
those houses which install a solar water heater as part of their compliance
obligation (‘component A’). The other half of the greenhouse savings
(‘component B’) comes mainly from the hot water saved by the requirement to
install 3* shower heads. The 3* tap and pressure limiting valve requirements
make relatively little hot water savings.’

% The absolute levels of emissions calculated irptiesent study are substantially higher, becawse th
apply to new dwellings, which are on average 3084€lga and use Victorian electricity greenhouse
intensities, which are 40% higher. Energy usehfmting in Victoria is also significantly higher.
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As the solar water heater or rainwater tank requirement applies only to new houses
(Class 1) and not apartments (Class 2) it is estimated that the impact afté¢ine w
measures averaged acrafisnew dwellings is about 500 kg (0.5 t) &€&yr, and that

half comes from electricity savings and half from natural gas sa(imésss electricity

is saved than gas, but the greenhouse intensity per energy unit saved is much higher).

Table 39 and Figure 35 indicate that without the 5 Star measures, annual emissions
from energy use in new dwellings would have been about 17.6-e0 or about

33% higher than the average for existing homes. This is because the new dwaeding
much larger than existing dwellings and tend to heat and cool and a greatesfshar
floor area, and there would have been very little improvement in thermal perfman
to compensate for these effects. (Emissions per floor area are shown iddahte
Figure 36.)

The 5 Star regulations have largely compensated for the effects of largjéngsvby
lowering the requirement for heating, cooling and water heating (but not ligrgong
average emissions are only 6% higher.

In other words, the 5 Star measures have meant that average emissions from new
dwellings are about 20% less than if the measures had not been implemented. The
saving amounts to about 3.6 t €€yr: about 3.1 t C&e/yr (86%)due to the thermal
performance impacts and 0.5 t £8yr (14%) to the water efficiency and solar water
heater impacts.

Table 39 Annual emissions per dwelling: Existing, New and No-measures BA

Existing  New — New — New vs existing New with 5-star regs|vs
dwellings with 5 Star  without no-measures BAU
tCOrelyr  Regs 5 Star Regwith 5 Star without % t CO-elyr

t CO-elyr t COrelyr| Regs 5 Star Regsdifference difference
Heating, cooling, WH 5.67 4.78 8.37 -16% 48% -43% 3.58
Cooking 0.80 0.80 0.80 0% 0% 0% 0.0d
Lighting 1.13 2.31 2.31 105% 1059 0% 0.0d
Appliances 5.64 5.64 5.64 0% 0% 0% 0.0q
Central services NA 0.47 0.47 NA NA 0% 0.00
Total 13.24 14.00 17.58 6% 33% -20% 3.54

Table 40 Annual emissions per floor area: Existing, New and No-measures BAU

Existing  New — New — New vs existing New with 5-star regs|vs
dwellings with 5 Star  without no-measures BAU
kg CO-- Regs 5 Star Regsvith 5 Stai  without % kg CO-e/
elyrinf kg COr- kg CO- | Regs 5 Star Regsdifference  yr/m?
elyrint  elyrint difference
Heating, cooling, WH 39 25 44 -35% 14% -43% 19
Cooking 5 4 4 -23% -23% 0% 0
Lighting 8 12 12 57% 57% 0% 0
Appliances 38 30 30 -23% -23% 0% 0
Central services NA 2 2 NA NA 0% 0
Total 90 73 92 -19% 2% -20% 19
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Figure 35 Annual emissions per dwelling: Existing, New and No-measure#\B
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Figure 36 Average emissions per floor area: Existing, New and No-measures BAU
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Total by Cohort

The addition of 38,000 new Five Star dwellings each year increases Victoria’'s
residential sector energy emissions by about 532,000 tonnes & annum.

Residential sector emissions would be also reduced due to demolitions, and affected by
additions, alterations, equipment replacements and behaviour change in existing
dwellings, but whether such changes in aggregate lead to a net increase oe decreas
emissions is beyond the scope of the present study.

The remainder of this study focuses on the potential for reducing (or inchethsing
emissions from new dwellings, so it is important to know which groups of dwellings

will account for the greatest share of new emissions. Class 1 dwellirmysaéar

86.8% of new dwellings and 86.1% of added emissions, Class 2 LR for 3.6% of new
dwellings and 2.5% of new emissions, and Class 2 HR for 9.6% of dwellings and
11.3% of new emissions. Further breakdowns by climate zone are shown in Figure 37.

Both the magnitude of emissions from new dwellings and the potential for reducing
them should be kept in perspective. Figure 38 illustrates estimated enatgy-rel
emissions from the entire residential sector in Victoria in 2005/06, and its components.
Of the total emissions of 25.9 Mt G@, about 0.53 Mt C&e (2.1%) was added by
dwellings built that year and another 0.54 Mt££2.1%) by higher energy use in
existing dwellings. This was offset by a 0.2 Mt £€X0.8%) reduction in emissions

due to demolitions.
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Figure 37 Share of new residential energy emissions by type of dwelling
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Figure 38 Emissions from existing and newly constructed dwellings, 2005/06
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Options for Reduction

Four of the 13 dwelling categories analysed account for nearly 90% of trearsis
added by new dwellings each year, so these zone are analysed furtheematimeler
of this study. The four categories are:

Class 1 with gas in the Coastal zone (called Group A for convenience);
Class 1 with gas in the Colder zone (Group B);

Class 1 without gas in the Colder zone (Group C); and

Class 2 High Rise (Group D).

Energy and Appliance Choice

The emissions from the following combinations of energy and appliance choice have
been estimated for each of the 4 Groups above:

The weighted average, based on the best estimate of the proportion of heating,
cooling, water heating, cooking and lighting equipment of different types cyrrentl
being installed, and their average energy efficiency;

The emissions from the most common or typical combination of equipment types;
The highest emissions, estimated by selecting the least enexggrefind most
greenhouse-intensive equipment type likely to be installed in each category ; and
The lowest emissions, estimated by selecting the most energyetfiirid least
greenhouse-intensive equipment type likely to be installed in each category.

For example, Table 41 indicates the equipment types corresponding to each option for
Group A, and Table 42 sums the emissions for each equipment option. Appliance
emissions are also included for completeness, but the same appliancetglastis
assumed for each option.

Table 41 Equipment Options, Group A

Heating & cooling Living Zone Bedroom zone Avg efMax eff Min eff| Compared with wtd avg
Heat Cool Heat Cool t Ge/yr t CQ-elyr

Common G-CH E-EVAP G-CH E-EVAP 2.40 218 62.| -0.19 -041 0.10

Highest emissions G-RH E - RAC E - Resist 0 4.574.35 4.87 1.98 1.76 2.28

Lowest emissions G-RH 0 0 0 2.10 1.99 2.39 -0.490.60 -0.20

\Water Heating

Common Gas Storage Water Heater (5%) 1.36 -0.13

Highest emissions Electric Storage Water Heatef-P@ak) 7.64 6.15

Lowest emissions Solar with gas backup (high efficy) 0.49 -1.00

Cooking Hotplate

Common Gas hotplate, electric oven 0.80 0.17

Highest emissions Electric hotplate, electric oven 1.72 1.09

Lowest emissions Gas hotplate, gas oven 0.31 -0.33

Lighting

Common Basic 2.19 -0.30

Highest emissions Premium High-energy 3.41 0.91

Lowest emissions Premium Low-energy 0.96 -1.53
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Table 42 Total emissions for each equipment option, Group A

t CO,-elyr, 5 star thermal performance 6 star 7 star,
Wtd Avyg  Common Highest Lowest Wtd Avg Witd Avg
Heating+cooling 2.59 2.40 4.87 1.99 2.03 1.55
\Water heating 1.49 1.36 7.64 0.49 1.49 1.49
Cooking 0.64 0.80 1.72 0.31 0.64 0.6¢4
Lighting 2.49 2.19 3.41 0.94 2.49 2.49
Appliances 5.87 5.87 5.87 5.87 5.87 5.87
Total 13.08 12.63 23.51 9.62 12.52 12.04
Difference 13.08 -0.45 10.43 -3.44 -0.56 -1.04
Difference on Total NA -3% 80% -26% -4% -8%
Difference on variable uses NA -6% 145% -48% -8% -14%

Table 41 and Table 42 indicate the following:

The ‘common’ heating and cooling equipment type for this Group (gas central
heating with evaporative cooling) gives 2.40 t£30yr of heating and cooling
emissions (as low as 2.18 t &©if the most efficient central heater is selected);

The ‘highest emissions’ option likely to be installed is gas room heating and
refrigerative air conditioning in the living zone and electric resistareging in the
bedroom zone. This gives 4.57 t £€Jyr of heating and cooling emissions (as

high as 4.87t C@e if the least efficient gas heater and air conditioner are selected);
The ‘lowest emissions’ option likely to be installed is a gas room heater ®hlg

gives 2.10 t C@e/yr of heating and cooling emissions (as low as 1.99:t€CiO

the most efficient room heater is selected). However, there is nothing to prevent
use of plug-in electric resistance heating at any time, or the ingtaltfta room

air conditioner. In other words, the occupants could change the apparent ‘lowest
emissions’ heating and cooling option into the ‘highest emissions’ option overnight;
For water heating, the highest emissions option (off peak electric) givies G-

elyr above the weighted average, whereas the lowest emissions optiondsplar-g
gives 1.0 t C@-e/yr below the weighted average;

For cooking, the highest emissions option (all-electric) gives 1.03&B0above

the weighted average, whereas the lowest emissions option (all-gas) (g8
COs,-elyr below the weighted average;

For lighting, the highest emissions option (a premium high-energy lighting stheme
gives 0.91 t C@el/yr above the weighted average, whereas the lowest emissions
option (premium low-energy) gives 1.53 t €&yr below the weighted average.

With the exception of lighting, the potential emissions penalty from selecting the
highest emissions option is greater than the potential saving from seléetilogvest
emissions option. In other words, the current appliance selections in Victoria are
already much closer to the low-emissions end of the range than the higleesésx,
so there is more ‘downside’ (risk of higher emissions) than ‘upside’ (scope far lowe
emissions). Table 42 indicates that for Group A the aggregate scope for higher
emissions than the average (10.43 €Qr) is three times scope for lower emissions
than the average (3.46 to &€€yr). Figure 39 to Figure 42 illustrate the emission
ranges for dwelling Groups A to D respectively, all to the same versicale. Figure
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42 (Group D) is High Rise apartment so the extremes of the range of emissions from
common energy services is also shown.

Figure 39 Total emissions for each equipment option, Group A
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Figure 41 Total emissions for each equipment option, Group C
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Improved Thermal Performance

Apart from energy and equipment choice, another means of reducing emissions is
through more stringent thermal performance. The initial thermal modellinigigor t
project aimed to achieve as close as possible to a 5 star thermal perfostaadeed

for a range of actual dwelling designs using the AccuRate softwarerelatively
straightforward to estimate the heating and cooling loads for higheastaysrfor
dwellings in each climate zone, by applying the floor area correction factors
AccuRate to each house plan.

Figure 43 illustrates the adjustment for the Morabbin climate zone, which inetbenpr
study is one of the two zones making up the Coastal zone (the other is Tullamarine).
The three uppermost curves indicate the maximum GJ/yr for heating and cooling f
the three types of Class 1 house plans used in the present study. For example, the
detached double storey (DS) plans must not exceed a modelled load of 39.6 GJ/yr to
rate 5 stars, 30.0 GJ/yr to rate 6 stars, 21.8 GJ/yr to rate 7 stars and so on.

The right hand scale indicates the percentage reduction in heat load required to obtain a
further star. For example, a 27% reduction is needed to get from 6 to 7 stars, and 36%
reduction to get from 7 to 8 stars. This is a somewhat surprising characteristic of
AccuRate — the energy labelling program, by contrast, is designed so th&tggece
reduction per additional star is constant (typically 20 to 25%). The absolute reduction

in GJ/yr to achieve each additional AccuRate star above 7 stars is vidoiadiiant

(the lowest 3 lines on Figure 43). This means that achieving any more than 7Istars wi
be very difficult without significantly changes in materials and designoagpes.

Figure 43 Change in heating and cooling loads at star rating levels
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Figure 44 indicates the annual emissions from heating and cooling for new Class 1
dwellings in each of the three climate zones used in the present study. Thee are tw
data sets for each climate zone — for the average mix of heating and cooling etjuipme
where gas is available and where it is not. In the coastal zone, for exampglasimgr

the star rating of a dwellings from 5 to 6 will save about 0.56+€Qer year where

gas heating used, but 1.27 t £©per year where gas is not available and a large
proportion of heating is with electricity.

Figure 44 Heating and cooling emissions by AccuRate star rating, Class 1
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Figure 45 illustrates the emissions impacts of various options:
Increasing the thermal performance of Class 1 dwellings from 5 to 6 and;7 stars
and
Adopting the set of equipment types with the highest emissions and the set with the
lowest emissions’

It is apparent that:

- the scope for reducing emissions by energy and equipment choice for all ersl uses
between 3 and 4 times as great as from increasing thermal performahédlby
AccuRate stars; and
the scope for increasing emissions by poor energy and equipment choice (just for
heating and cooling equipment, let alone for all other purposes) is far greater tha
the scope for reducing emissions through higher thermal performance.

Individual building applicants may however choose to increase their starsrating
order to remain within a given maximum emissions threshold while selecting more

% The combination of higher AccuRate stars ratimyslawer-emissions heating and cooling equipment
will give somewhat lower savings than the appasem of the two classes of savings.
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high-emissions options. For example, the emissions saved by gaining 2 AccaRate st
iIs comparable to the emissions penalty of a high-energy lighting scheme.

However, it will be rare for an increase in thermal performance to be thecasts

effective way of meeting a given emissions threshold for any new dgiellihe

capital and running costs analysed in this report indicate that the leaishouee

intensive options are often the ones with the lowest lifecycle cost, or if not, tend to pay
back within less than 2 years. It is most unlikely that the additional desigmiahate

and construction costs of dwellings rated higher than 5 stars would pay back under
current energy prices.

Figure 45 Annual emissions under various options
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Potential Emissions Savings

Magnitude

The estimated annual emissions from energy use in the 38,000 dwellings built new in
Victoria each year is 532,000 tonnes£)532 kt C@-e). This takes into account the
current 5 Star thermal performance and water saving regulations, so reptesents t
Business as Usual (BAU) case. Even though the new dwellings are 19% less
greenhouse-intensive pef fioor area than the average for existing dwellings, they are
still 6% more emissions-intensive overall, due to their larger size and thg stsare of
Class 2 High Rise dwellings, which are more emissions-intensive than houses.

If the least emissions-intensive of the currently available energy andvezntip

choices were made for heating, cooling, water heating, lighting and cookinchin ea
new dwelling, the annual emissions could be reduced by about 165 kt (31%) to 367 kt
CO.-e (Table 43). Conversely, if the highest emissions choices were made in every
case, emissions would increase by 404 kt (76%), to 939 keCO

5_star energy report May 07 .doc 102



Of the 165 kt reduction potential, about 33% would come from savings in lighting,
30% from water heating, 23% from heating and cooling (combined), 10% from

cooking and 4% from common area energy use in Class 2 apartment buildings. About

50% of the emissions savings could come from Class 1 dwellings with gas consecti

built in the Coastal Zone (Group A), 24% from Class 1 dwellings built in the Colder
zone (Groups B and C), and 11% from High Rise apartment buildings (Group D).

Table 43 Maximum annual emission saving potential from energy and equipment
choice for new dwellings, Victoria

kt CO-elyr saving potential from energy & equipmenticbo

Wtd Avg Highest Lowest |Heat+cool Water Common % of tota

kt CO-e ktCOre ktCO,e | ktCO-e heating Cooking  Lighting energy kt saved savings
Class 1Group A 313 562 230 14.4 23.8 7.9 36.6 0.0 83  50.:
Class 1Group B 67 118 A5 7.7 5.9 15 7.0 0.0 22 184
Class 1Group C 36 58 18 4.4 8.6 2.2 2.6 0.0 18 10.8
Class 2 HR Group D 60 98 36 6.9 5.1 3.8 2.3 6.4 24 14.0%
Other (a) 56 99 3¢ 4.0 5.2 1.8 5.8 0.6 17 10.6%
Total 532 938 367 374 48.6 17.3 54.4 7.0 165 100.0¢
% of total savings 26% 28% 10% 23% 30% 10% 33%

(a) Includes all Class 2 LR and all Class 1 dwgHimot covered in Groups A,B and C

Figure 46 Maximum reduction in emissions as share of BAU case
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Increasing the minimum thermal performance standards for new Classlibgsve 6
or even 7 star would have relatively little additional benefit, reducing emisbly a
further 8%, from 367 to 340 kt CO2%k.This reduction of 27 kt is about half what

%1 The savings from increasing thermal performaneecafculatedhfter the lowest-emissions heating

and cooling equipment is installed. The savingsldie higher if calculated with average equipment.
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could be achieved with lighting alone, and (unlike the lighting savings) will probably
not be cost-effective.

Figure 46 illustrates the saving available from each end use, as a percemit@ge of
BAU starting point of 532 kt C@e. Applying all saving measures, including raising
thermal performance to a minimum of 7 Stars for Class 1 dwellings, would reduce
emissions from the cohort of new dwellings by 36% from the BAU level.

Persistence

Although a 2 star increase in thermal performance would account for only one seventh
of the potential maximum emission savings, it could be argued that this segment is
more valuable because it is locked in for the life of the dwelling, whereasvingsa

from equipment choice are only firm for the service life of the equipment.

This may be so, but many initial low-greenhouse equipment choices also peksist, or
least limit the extent to which space heating, water heating and lightirggions can
drift upwards over the life of the dwelling:

If gas central heating, ducted air conditioning or ducted evaporative coading ar
installed at the time of construction, it is likely that the ductwork will berreth

for the life of the dwelling and the original equipment will be replaced withr othe
units of the same technology type. With the effects of energy labelling and, MEPS
the average efficiency of products in future will probably approach the best on the
market today, so there should be no deterioration in greenhouse performance over
the life of the dwelling;

If solar-gas water heating is installed originally, it is likely ttnat teplacement will
be at least conventional gas if not solar-gas, which limits the scope for ddtenor
of greenhouse performance over the life of the dwelling;

If the initial lighting installation uses dedicated 230V micro-CFL lampseiaee

likely to be replaced by the same types. The only same-size, same-voltage
alternatives are 230V halogens, which are not common, and which may in any case
be excluded by future lamp MEPS.

Any fixed (non-electric) heating system is likely to preclude the usesofre
heaters in the spaces it serves, for the life of the dwelling.

One major unknown is the probability of later adoption of cooling. Even if the first
occupants are happy with the summer-time comfort of the dwelling, later occupants
may be less heat-tolerant, or global warming may increase the iclgsiévery hot

days to the point where they will install air-conditioning. The number of heaststre
days predicted by the AccuRate modelling may given an indication of this. tieere
modelling indicates that a high proportion of the annual thermal comfort load is for
cooling, some probability loading for later air conditioning can be incorgbatine
original greenhouse assessment, even if no cooling system is installedraetbé t
construction.
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Costs and Benefits

There would be both benefits and costs in moving from the present 5 Star
Requirements to a greenhouse performance-based building approval regime. There
would be administrative costs in developing the program, including the means for
determining and demonstrating compliance. This may well be an interreet-dids

using software similar to BASIX, which would allow approvals to be evaluated,
approved and tracked.

The cost to applicants of using the evaluation tools depends on how easy it is to use,
and whether the Government would set any fees additional to those now being charged
for building approvals. Any additional costs could be offset if the AccuRate

evaluations now done for a fee by qualified assessors could be replaced by thermal
performance software within the overall rating tools, at least for simpigrae

Most of the costs of complying with the 5 Star Requirements come from the costs of
meeting the 5 star thermal performance standards and installing a st#daow

rainwater tank. The additional costs of installing 3* showers, taps and toilets are
negligible, because these would most likely be installed even in the absencarof 5 St
Requirements.

If the 5 star thermal performance requirements are retained, the costgdyiogmvith
them would be the same. However, if the solar water heater requirementdsddpta
flexible greenhouse targets, and the rainwater tank requirement by flexiivle water
saving targets, then in theory applicants would be free to achieve the sameesutcom
with lower costs.

One possible set of choices might be:

A gas central heater; as this is the most common mode of heating in any case, the
impact on emissions and costs would be neutral;

A conventional gas water heater rather than a solar-gas water heatequhd
have lower capital costs and life-cycle costs, but higher running costs. The
greenhouse penalty would be about 0.2 €@ compared with the weighted
average for water heating; and

Installing conventional bayonet lighting instead of LV halogen lightiogld mean
lower capital costs, lower running costs but lower lifecycle costs, and:alhgnese

saving of about 0.2 t C&e/yr compared with the weighted average for lighting

heating.

The combined outcome in the above example would match the estimated average
annual greenhouse emissions of existing new dwellings, but in a way enables the
applicant to balance the type and costs of equipment.

Of course, a benchmark regime could be designed not just to achieve equivalent

outcomes but to achieve lower emissions outcomes. Once the initial administrative
framework is set up it would be a simple matter to alter the target leveisdifying
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the approvals software. It would be expected that this intention would be made public
via a regulation impact process, since a more stringent greenhouseviaufgeimpose
additional costs, but it would not be necessary to inform building applicants directly —
they would notice that more or different measures were required to meet greenhous
targets.

It is difficult to assess how low the greenhouse target could be driven until:

Compliance costs return to their current levels (ie the cost savinggfeater
flexibility are exchanged for lower emissions); and

Compliance costs increase beyond their present levels, to the point where they
balance the value of the additional emission reductions (with a value for CO
included).

It would be necessary to develop the details of the proposed flexible compliamae regi
for greenhouse, water and possibly stormwater a well, so that the likpynses of
building applicants could be modelled with come confidence.

Finally, a ‘deemed to comply’ option should be retained for those building applicants

for do not wish to use a flexible evaluation tool. It could be that the cost of using the
such a tool is high (eg the applicant has language difficulties and would need to pay a
professional to do the analysis) or a builder wishes to retain the designs antingarke
approaches developed under the current 5 Star Requirement. However, the ‘deemed to
comply’ approach should ensure that outcomes match or improve on the greenhouse
(and water) outcomes achieved under the flexible rating tool.
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5. Conclusions

Findings

The energy-related emissions of the average new dwelling being built origisince
the implementation of the 5 Star Requirements are estimated to be about 6% higher
than the average emissions of existing dwellings.

The emissions from the end uses targeted by the 5 Star requirements — heatirgy, cool
and water heating — are significantly lower than in existing dwellingshbaetgains
appear to be more than outweighed by growth in emissions from lighting, whicttare
targeted by 5 Star.

The average emissions for cooking, appliances and electrical equipmenuanedts
be the same in new and existing dwellings, because there is no data on trends.
Although appliances in new dwellings are mostly bought at time of first ottoopa
and so tend to be more energy-efficient than the existing average, theydlso lbve
larger and more numerous (if not at the time of first occupation, then shorty after

A major driver for increasing emissions from lighting, and a restraint ontredsic

from heating and cooling, is the increasing size of dwellings — the avenage ne
dwelling is estimated to have a 30% larger conditioned floor area than the awgrage f
all existing dwellings.

Heating, cooling and water heating
The reductions in emissions from heating, cooling and water heating havdroome

The increase in the minimum thermal performance standards of new dwellings to at
least 5 stars on the AccuRate model;

A reduction in hot water requirements due to the 5 Star water efficiency
requirements (3* ratings for showers and taps, and pressure limitation); and

Higher installation rates for solar-gas and solar-electric watéersethan would be

the case without the 5 Star requirements.

The potential for further reducing emissions in new dwellings has beeratstityy
comparing the weighted average emissions being achieved by the currgptaerter
equipment mix with the least- and most- emissions-intensive options.

In general, the current equipment mix is much closer to the least-emissi@rsadpén

the highest-emissions options. This is because Victorians already pvefer das

where available, and the 5 Star measures are leading to high use of solaro,Even s
there is a theoretical potential to halve average emissions from the 5f&téeehend

uses, and to reduce emissions from the end uses which could also be covered (lighting
and cooking) by up to 60% (Table 44).
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Conversely, it would also be possiblenoreaseaverage emissions by nearly three-
guarters if home-builders selected thestgreenhouse-intensive of the common
equipment options.

Not all of the reduction potential is necessarily cost-effective, so the eampotantial

is somewhat less than indicated in Table 44. Also, if the use of wood were encouraged
(at least in non-urban areas) greenhouse gas emissions from heating dattloebe
reduced (by a small amount) but other environmental and air quality objectivegmay b
compromised.

Table 44 Estimated emissions reduction potential by end use

t CO-elyr tCO-elyr tCO,-e/yr Potential 9
Wtd Avg lowest potential saving
per dwelling saving

Heating+cooling 2.90 1.92 0.98 34%
\Water heating 1.88 0.60 1.28 68%
Cooking 0.80 0.34 0.45 57%
Lighting 2.31 0.88 1.43 62%
Appliances (no change assumed) 5.64 5.64 0 0%
Common energy use, Class 2 buildings 0.47 0.28 0.18 39%
Total 14.00 9.67 4.33 31%
5 Star end uses 4.78 2.52 2.26 47%
5 Star + lighting, cooking & common areas 8.36 4.02 4.33 52%

Lighting
There are three main types of lighting design used in new homes:

Basic, relying mainly on bayonet or screw fittings, a few of which mdgrinped

(or eventually, relamped) with CFLs, and possibly with some linear fluorssagnt
well, with a lighting load of 9-12 W/f

Premium designs with a large number of dedicated high-energy lamps (eg LV
halogens), with a lighting load of 17-20 W#nand

Premium designs with a large number of dedicated low-energy lamps (eg 230V
micro-CFLs), with a lighting load of 4-6 W/m

While the CFL share is uncertain and can vary over the life of the dwelling, the
installation of LV halogens or their low-energy equivalent, the 230V micro-CFL
commits the dwelling to that type of lamp until the dwelling is demolished or
substantially altered.

At present there are no regulations in any State which effectively taylggtd energy
in new homes. The Building Code of Australia offers a precedent in that it sets
standards (in the range 5-10 W/m2, depending on room use) for residential area
lighting within accommodation and institutional buildings.
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Class 2 Apartments

The average energy emissions for a new high rise apartment are comjzatable
average emissions for a new house, even excluding emissions from centrakservic
Common area energy emissions are more than a third as large as aparémgnt e
emissions, so with these included, emissions per high rise apartment are about 19%
higher than per house. As apartments tend to have fewer occupants than houses,
average emissions per occupant are twice as high.

By contrast, emissions from new low rise apartments are on average about 29% lowe
than per new house, although emissions feftour area and per occupant are still
higher.

Common energy (eg common area lighting and air conditioning, lifts, carpark
ventilation, swimming pool and gyms etc) need to be covered in any revised
greenhouse regulations.

Shared services which substitute for equipment in apartments, such as centrally
supplied HVAC and hot water, also need to be covered, although preliminary analyses
suggests that emissions per apartment are similar whether these see/s@splied
centrally or individually.

Comparison with other regulations

The outcomes from the present 5 Star regime in Victoria are already e gudldtter
than the outcomes the BASIX program is achieving in NSW, except possibly in
alternative water supply and in common area energy use in apartments.

The 5 Star Requirements appear to be producing somewhat higher rates oatalar w
heater installations, similarly high levels of 3* shower and tap use but a lae@fra
rainwater tank installations than BASIX. It is not possible to draw a firm gsioci

from current data, but it is likely that dwellings meeting BASIX have Baamitly

lower thermal performance standards than 5 stars.

The only areas where BASIX appears to have an advantage are:

More predictable greenhouse outcomes, since appliances and equipment need to be
specified, not just thermal performance; and

Greater flexibility, in that a wider range of options can be used to meet tBEXBA
‘energy’ target (which is in reality a greenhouse target) and ‘wabeyét.

However, this apparent advantage may be reduced somewhat by the scope for using
non-fixed appliances, garden and landscaping design towards compliance —
measures which are hard to verify, easy to reverse or both.

If a BASIX-style assessment tool is to be considered for Victoria, thkey ssue

should be how to gain the apparent advantages of BASIX, without compromising the
areas where the current 5 Star Requirement produces superior outcomes.
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A Greenhouse Benchmark

The existing 5 Star requirements have a strong indirect influence ovehgusergas
emissions from energy use in new dwellings, but do not place direct limits on
emissions. It is possible for dwellings to comply but still have much higher than
average emission because of energy and equipment choice. A direct greenhouse
benchmark would set a cap on emissions.

The minimum 5 Star thermal performance ratings should be retained. Bdwause

related heating and cooling energy savings are locked in for the life of glendw

they should not be tradeable for other measures, some of which can only be guaranteed
for a single appliance lifetime.

The most practical metric for a greenhouse benchmark is maximum emissions pe
annum per mof net conditioned floor area (NCFA), rather than total emissions per
dwelling or emissions per occupant, because:

NCFA needs to be estimated anyway for AccuRate modelling; and

Eventual maximum occupants cannot be known, and there are no satisfactory
surrogates which cannot be ‘gamed’, eg by renaming rooms ‘bedrooms’ inarder t
claim more occupants).

It is possible to relate all energy use — including hot water consumption amagight

to floor area. For hot water, this would require assumptions about the relationship
between number of occupants, floor area and hot water use. Expressing all end use
metrics on a floor area basis would avoid introducing uncertainties about the numbers
of occupants and/or bedrooms into the evaluation process.

If it is considered that higher than minimum thermal performance (ie 6 orsy star
ensures a more durable greenhouse reduction and so should be encouraged, this can be
reflected by incorporating weighting factors into the evaluation algorithm

The greenhouse benchmark should embody features which place some restraint on
floor areas. This could be done by adopting either (or both) of the following:

A non-linear t CG-e per year per fivalue — ie a lower value for larger homes.
Some non-linearity is already built into the AccuRate thermal modellingt but i
would be fairly straightforward to establish separate fixed and variabgsiens
allowances for the benchmark as a whole;

An absolute greenhouse budget: eg no home may have emissions higher than, say,
20 t CQ-elyr (with higher absolute limits where natural gas is not availables Thi
would not prevent the construction of very large homes, but would force them to be
thermally efficient and to use low-greenhouse energy equipment.

Setting benchmarks which correspond to the weighted average emissions calculated i
the present study would by definition drive new dwelling emissions lower, beathuse
designs which would result in emissions above the current average would have to be
modified so that they do not exceed it — ie the ‘benchmark’ would become the ‘target’.
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Factors to be included for determining compliance

The following factors should be taken into account in the calculation of the-e/@®
benchmarks for any given dwelling:

Space heating energy form and equipment type;

Space cooling energy form and equipment type;

Water heating energy form and equipment type;

Star rating of heating equipment (for some types)

Star rating of cooling equipment (for some types)

Star rating of water heating equipment (for some types)

Energy form of fixed hotplate

Energy form of fixed oven

W/m? lighting (or default values based on mode of lighting)

Thermal performance level, if higher than the minimum 5 stars (up to 7 stars).
The energy use of fixed water saving measures (other than pumps for connecting
rainwater tanks to toilet cisterns).

Different benchmarks should be set for Class 1 and 2 dwellings, for at leastr&ndliffe
climate zones and for dwellings with and without access to natural gas. Esr2Cla
dwellings, there should be an additional allowance for common area emissions
(expressed as t/nof apartment NCFA), taking into account:

Shared services, if any (eg central provision of HVAC or hot water to apasiment
W/m? common area lighting (or default values based on mode of lighting)
Common area HVAC

Lifts

Carpark and other ventilation

Swimming pool and spa energy use.

The energy use and emissions of plug-in appliances such as clothes washers and
dishwashers should not be taken into account, because they are not parts of the building
and are not covered by building approvals.

For swimming pools installed in Class 1 dwellings at time of construction— or indeed at
any other time — there should be separate requirements for design featurnesealssoc
with low-energy operation. (This is a different approach from the existitey waving

rules, which require water saving offsets for the initial fill).

The most direct way to take lighting emissions into account is on the basis of the
maximum possibl&//m? implied by the lighting plan. A plan based on bayonet (or
screw) fittings only would default to the assumption that most or all lamps would be
incandescent, with a power density of, say, 11 W/HLV lamps were indicated (the
presence or absence of which could be readily checked on completion) this would give
a default power density of 18 W#nand if dedicated low-energy fittings were indicated
this would give a default power density of 5 V/m

This approach would treat CFLs like energy-efficient appliances, bedeysare
closely analogous: the product could be removed immediately after a coraplianc
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inspection of the dwelling, and there is a risk (indeed a higher risk) that it would be
replaced by a less efficient alternative at the end of its service life

Although this approach would not reward the installation of more efficient appiance
or CFLs at the time of construction, neither would it penalise them. There aye ma
other policy options and programs which promote efficient appliances and CFLs.

A greenhouse benchmark regime will require building applicants to indicate theftype
heating and cooling equipment to be installed. This is no more onerous than the current
requirement to indicate the form of water heating. However, it will be reyess

develop rules for instances where heating and cooling is not indicated. Asatlearly
dwellings in Victoria have space heating, it would be reasonable to assumae¢ha

no equipment is indicated plug-in electric heating will be used. As this is assumption
alone is likely to drive homes above the emissions benchmark, it will focus the

attention of home builders on specifying lower-emissions forms of heating.

Where air conditioners are installed in the absence of other fixed heatingiagcool
equipment it will be reasonable to assume they will be used for both heating and
cooling. However, it will be necessary to formulate rules in the event of the alisfenc
air conditioning (or evaporative cooling) at the time of construction. The number of
heat-stress days predicted by the AccuRate modelling may give aniorizithis.

Where the modelling indicates that a high proportion of the annual thermal comfort
load is for cooling, some proportion of the greenhouse loading for air conditioning can
be incorporated in the original greenhouse assessment, even if no cooling system i
installed at the time of construction.

Deemed to comply

The calculation of annual emissions from any given dwelling design and equipment
options will require some computation, which could be carried out with the aid of a
‘front-end’ tool such as BASIX, provide it is calibrated to whatever bendhleaels
Victoria may wish to adopt. There should also be a simple ‘deemed to comply’ option
for Class 1 dwellings, which would not need computation provided the following can
be demonstrated:

Minimum 5 star AccuRate thermal performance;

Solar water heater (gas—boosted) in gas area, LPG, solar-eleeiectoic heat
pump water heater in no-gas area;

Gas or LPG central heating (5 star);

An evaporative cooler or ceiling fans installed, but no refrigerative AC; and
Gas cooktop in gas area, LPG cooktop in no-gas area; and

No LV halogen lighting.

It is likely that applicants wishing to use this approach will also use a ‘de@med t
comply’ approach for demonstrating water savings, as proposed in GWA (2006):

3* showers and taps;

a pressure reduction valve, if supply pressure greater than 500 kPA; and

a rainwater tank (at least 2,000 litres, draining at least 80noof), or connection
to a recycled water supply.
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Most dwellings which are ‘deemed to comply’ with both greenhouse and water targets
will have botha solar water heater and a rainwater tank. Although this involves higher
capital costs than the present 5 Star requirements, applicants would be free thisvoid t
by using the flexible evaluation tool instead.

Class 2 dwellings cannot have a deemed to comply option, because it will always be
necessary to demonstrate compliance with thermal performance aveaaditg
calculate common area emissions, all of which require analysis of the buildingeand s
as a whole, not just individual apartments.

Integrating Water and Emissions Benchmarks

If a greenhouse benchmark regime is adopted there is no rationale for retaning t

‘solar water heater or rainwater tank’ requirement. Emissions front ivad¢ing

would be included in the benchmark calculations, so the same greenhouse benefit as is
currently being obtained from solar water heaters would still be achielvad. |
homebuilder wished to install low-energy lighting to offset the higher enssf a 5*

gas water heater compared with a solar-boosted water heater, say, ththbstbeir

decision (and in most cases a more cost-effective way of saving the saond am
emissions).

The potable water use benchmarks would then be decoupled from the greenhouse
benchmarks, although they could be calculated with the same computation tool and
using many of the same input values. There would not need to be a rainwater tank,
provided that the water benchmark were met in other ways.

If a minimum 3* shower requirement is retained (on similar public interest gr@asnds
the retention of a minimum 5 star AccuRate rating) there is probably no need teelink t
water and greenhouse benchmarks, since the 3* low flow rates would place a limit on
water heating energy. If however higher flow showers are to be permittedateot

use could increase even if there are offsetting cold water savsayshere. If so,
additional greenhouse savings will need to be found to offset the higher water heating
emissions.

The energy used for pumping from rainwater tanks to toilets is small enough ®, ignor
but energy use from more energy intensive fixed water saving measunessdumt

water recirculators or on-site water treatment should be included in thdhguse
benchmark calculations.

*kkkk
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