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How current energy efficiency regulations
and the Carbon Pollution Reduction Scheme

will increase household energy consumption.

New Australian research identifies
the solution.
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the unintended consequences
resulting from the interaction of the
Carbon Pollution Reduction Scheme
and the Building Code of Australia

that without changes to the BCA
the CPRS will make inefficient
houses cheaperand more
appealing to the market



The case for better energy efficiency metrics

Executive Summary

Australiaisata crossroads. Having made a commitment to embark upon the
climate change challenge, Australia must now devise a strategy with market
instruments and government intervention to reduce emissions whilst

promoting economic growth.

The Federal Government's Carbon Pollution Reduction Scheme
(CPRS)isthecentrepiece of Australia's climate change
strategy. Energy efficiency is critical to ensuring the CPRS
doesnotdramatically increase the cost of living for
Australian households.

Despitediscriminatory provisionsin the Building Code of
Australia, one of the easiest ways to create more energy
efficient buildings is using building materials that have
thermal mass. As demonstrated in this report, materials such
asclay bricksand concrete canreduce Australia’s heating
and cooling energy consumption up to22%.

Thermal mass improves
energy efficiency by up
t022%

Thisreportexplores therelationship between the Carbon
Pollution Reduction Scheme (CPRS) and regulated energy
efficiency requirementsin the Building Code of Australia
(BCA)fortheresidential sector. It outlines how these two
piecesof legislation will interact to inadvertently increase
household energy consumption despite the best
intentions of regulators.

Increased household energy consumption is expected
because the CPRS only taxes production emissions

and makes no allowance for life cycle emission savings.
The CPRS will distort the building materials marketin
favouroflightweight materials because theyrequire
lessenergy to meet current BCAregulations. Under
Australia’s climate change strategy thisisan unintended
consequence because houses made with lightweight
materials areless energy efficient over thelife cycle of
the building.

The CPRS distortion isexpectedtoincrease heatingand
coolingenergy consumption because the BCAdetermines
energy efficiency by the total minimum thermal resistance
(commonly known as R-value) of a wall. This sole metricis
problematic because it measures the benefits provided by
insulation (whichiscritical), but not thermal mass (the
othercritical component).

Understandably, and with issues such as housing
affordability and financial downturns exerting

influence, the market will seek out lowest cost materials
irrespective of their capacity to improve thermal
performance. Depending on the strength of these market
forces, the CPRSand BCA could increase residential
heatingand cooling energy consumption by up to32%
above Federal Treasury estimates by 2050.

These conclusionsaredrawn from three separate pieces
of research:

¢ Phase1ofanAustralian Research Council
funded, eight-yearempirical research program
inthe Priority Research Centre for Energy at the
University of Newcastle;

e thermal modelling of12o differenthousesin
three BCAclimaticzones;

¢ dynamicmodelling of the interaction between
the CPRSand BCA.

The conclusionsreinforce the Phase | recommendation

by the University of Newcastle that thermal massis
critical toimproving energy efficiency, and that
alternative science-based energy efficiency metrics are
needed to accurately reflect building performance. Such a
metric (or metrics) could off-set the distortion caused by
the CPRS and ifusedin conjunctionwith life cycleanalysis
across the building products market, could prevent the
energy consumption increase projected in thisreport.
Thisreportrecommends that the Federal Government:

¢ Replace R-value from Deemed-to-Satisfy (DTS)
provisions in the Building Code of Australia;

¢ Complementthe CPRS with life cycleanalysisacross
thebuilding products market;

e FundthePriority Research Centrefor Energyatthe
University of Newcastle to expand Phase Il of the
research program to develop new, moreaccurate
thermal performance metrics.
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Introduction

Theimportance of greater energy efficiency in Australian homesis well

accepted and supported.

Currently thereareatleast three major policy debates
thathaveaninterestinnotjusttheenergy efficiency of
Australian homes, but the entire Australian economy.
These debates cover housingaffordability, climate change
and future energy demand and generation.

Australia’s energy generation is expected to more than
double by 2050'to meet growing residential, commercial
and industrial consumption, and by 2020 alone, the
Federal Government has estimated there will be a56%
increase inresidential sector energy consumption over
1990 levels.?

Itisnosurprisethenthatthe Federal Government
includes energy efficiencyasakey priority inits climate
change strategy. Thelong-term cost to the Government
-eitherdirectly through energy generation investment,
orindirectly through marketintervention to support
struggling families-is obvious.

Thisreportexplores therelationship between the Carbon
Pollution Reduction Scheme (CPRS) and regulated energy
efficiency requirements in the Building Code of Australia
(BCA)fortheresidential sector. Itoutlines how these

two pieces of legislation will interact to inadvertently
increase energy consumption despite the bestintentions
of regulators.

Thereportisdivided intofoursections:

1. Thelimitationsof R-value fordetermining
thermal performance

2. How currentenergy efficiency regulations actually
limitimproved energy efficiency

3. HowtheCPRSwillexacerbate the limitations of
currentenergy efficiency regulations

4. Theenergy efficiency solution.

Thereportisbasedontheinterimresults ofanempirical
eight-yearresearch program undertaken by the
University of Newcastle investigating theactual -rather
than simulated -thermal performance of typical housing
construction types under Australian climatic conditions .3
The primary findings of theresearch are:

http://www.treasury.gov.au/lowpollutionfuture/report/html/o03_Chapter3.asp
. Departmentofthe Environment, Water, Heritageand the Arts Energy Usein the Australian Residential Sector1986 -20202008

e Thermalmassiscriticalinimproving the energy
efficiency of a building; and

¢ Therearelimitationswith the currentenergy
efficiency regulations thatrely only on total minimum
thermal resistance (R-value) to measure the energy
efficiency of a building envelope.

Arecommendation fromtheresearchisthat R-value be
replaced inlegislation by analternative energy efficiency
metric that combines the benefits of both thermal mass
and thermalresistance.*

Thisreportexpandstheresearch by the University of
Newecastle in two ways:

¢ Modelling the thermal performance of two house
plansinthreedifferent BCAclimatezones(2,5and6
which covers over 80% of the Australian population),
using five different construction typesacross four
differentorientations; and

¢ Dynamicmodelling of market forces based
ontheinteraction of currentenergy efficiency
regulationsand the CPRS to determinefuture
energy consumption.

Furthermore, thisreportexploresthe impact of the CPRS
onthebuilding products market which is characterised
by horizontal -rather thanvertical -competition
between many products including (but not limited to)
brick, concrete, timber, glass and fibre cement. The CPRS
will have a different, disproportionate and inequitable
impact onthese productsand in many instances will not
bereflective of the products’ contribution to improving
energy efficiency orreducinglong-term emissions.

Ultimately, thisreportargues that betterenergy
efficiency metrics provide clear market guidance for
the property sectorand its stakeholders to tackle the
problems of long-term housing affordability, future
energy generationand climate change.

. Sugo, H.OThermal Performance Studies at the University of Newcastle2007
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Sugo, H.O, Page, A.W, Moghtaderi, B. Thermal Performance of Buildings - Is R-value the Correct Measure 2008
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The limitations of R-value for determining

thermal performance

The Thermal Performance Research was initiated by the brick industry in
conjunction with the Australian Research Council at the Priority Research
Centrefor Energy within the University of Newcastle during 2001.

Theaim of theresearch was to undertake a comprehensive
study of the thermal performance of typical housing under
Australian climatic conditions. Theresearch includes the
constructionand monitoring of four full scale housing
test modules, each with1o5sensors.

The worst performing
building consumed173%
more energy than the best
performing building despite
having a16% higher R-value

Aftersixyears of datacollection, the University of
Newcastle hasidentified that thereare significant
limitations with the R-value metric to determine building
thermal performance.

Typical Australian walling constructions were evaluated
fortheircapacity to maintain a thermal comfort range of
18-24°Cin (a) free-floating, and (b) controlled state
(artificially heated and cooled) environments.

Underfree-floating conditions (Table1), the best
performing building performed14.4% betterthan
the highest R-value building despite18% less R-value.

When measured ina controlled state environment
(Table2), R-value was even less effective in determining
thethermal performance ofa building. The worst
performing building consumed173% more energy than
the best performing building despite havinga16%
higher R-value.

Furthermore, two buildings with almostidentical
R-values had nearly a s0% difference in energy
consumption when artificial heatingand cooling
was used.

Effectiveness of R-value under free-floating conditions*

% of timein thermal

R-value (mzk/w) comfortrange

0.60 51.6
1.45 61.8
1.67 55.1
1.74 54.0

Table1: Effectiveness of R-value under free-floating conditions

Effectiveness of R-value under controlled state conditions®

Approximate annual

R-value (m2k/w) energy consumption

(M)
0.60 1,414
1.45 5.485
1.67 14,981
1.74 0,882

Energy consumption
compared to best
performing building®

Energy consumption
compared to highest
R-value building

+108.1% +15.5%
N/A -44.5%
+173.1% +51.6%
+80.2% N/A

Table 2: Effectiveness of R-value under controlled state conditions

* Analysisconductedinzones
5. Notethatbestperformingbuildingdoesnot have the highest R-value
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How current energy efficiency regulations
actually limit improved energy efficiency

Energy efficiency for buildings is regulated in Australia by State Governments
through the Building Code of Australia.

Thereare two general methods tocomply withtheenergy  Asoutlined in the excerpt below, this convergence is

efficiency regulations in the BCA: (1) Deemed-to-Satisfy reinforced by the BCA because it outlines DTS provisions
(DTS), and (2) Alternative Solutions. The DTS method is and places theonusonthebuilderto demonstrate
prescriptive and based on Total Minimum R-values for complianceiftheseare notused. Itis currently estimated
walling systems; the Alternative Solutions method is thatlessthan20% of houses pass their BCArequirements
performance based and compliance is generally using the Alternative Solutions method?; arguably in the
demonstrated using second generation thermal competitive marketplace, the DTS provisions are seen as
modelling software which requires specific skillsand aneasierand cheapersolution.

knowledge® (eg AccuRate, BERS or Energy Plus). ) o ) ) o
“Thereis no obligation to adopt any particular option contained in
Table3isanexcerptfromthe DTS provisionsforexternal  Section 3 of the Housing Provisions, if it is preferred to meet the

wallsin Section Three of the BCA”. While thereare a Performance Requirement in some other way. However if one of
number of different ways to meet the minimum the options described in Section 3 is not complied with, then the
requirement, within the market the additional costs appropriate authority must be satisfied that the Performance

(real or perceived) of using methods (b), (c) or (d) (zone 5) Requirements have been met.”
ormethods (b) or (c) (zone 6) (refer Table 3), is creating a

convergence of thinking toward achieving compliance

through method (a): "“Achieve a minimum Total R-value”.

Zone @) Achieve a minimum Total R-value of 1.9

5 (b) (i Achieve a surface density of not less than 220 kg/m2; and
(i) Incorporateinsulation withan R-value of notlessthano.s.
© (i Achieve a surface density of not less than 220 kg/m2; and

(i Be constructedonaflooring system thatisindirect contact with the ground, suchasaconcrete
slab-on-ground or the like.

(d) (i) Achieve a surface density of not less than 220 kg/m2; and
(ii) Have masonry internal walls.

6 (@  Achieve a minimum Total R-value of 2.2

(b) (i) Achieve a surface density of not less than 220 kg/m2; and
(ii) Incorporateinsulation with an R-value of notless than o.5; and

(iif) Be constructed onaflooring system thatisindirect contact with theground, suchasa concrete
slab-on-ground or the like.

© (i Achieve a surface density of not less than 220 kg/m2; and
(i) Incorporateinsulation withan R-value of notlessthani.o.

Table 3: BCA Minimum Energy Efficiency Requirements

. From1May2009only2"generation softwarewill beaccepted underthe BCA
Building Code of Australia Volume2, Section 3.12, Table 3.12.1.3, pp 512-514
UDIAWA Presentation by SEDO, October242008

. Building Code of Australia Volume 2, Section 3.12, Table 3.12.1.3, pp 512-514.
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Since theintroduction of mandatory minimum energy
performancerequirementsinthe BCAon1january 2003
there hasbeenasmall, but noticeable changeinthe
building materials market. According toarecent ABS
survey'®, from1999 until 2005 there wasan11% increase
inthe number of brick veneer homes constructedand a
decreaseinlightweight materials such as timber (12%)
and fibre cement (23%)."

In contrast, since 2005 there has beenanincreasein
lightweight materials (fibre cement19% and timber1%)
and adecrease in heavyweight materials (brick veneer1%
and double brick 6%) which are more expensive to
construct but have similar R-values.

In all cases the most
energy efficient building
contained thermal mass

Inspiteof these trends, the same ABS report stated that,
“High thermal mass materials such as brickand stoneare
more energy efficientas they takelongerto respond to
temperature changes, compared to fibro (sic) cementand
timber." This statementis supported by the comprehensive
thermal modellinganalysis undertaken for this report to
testthe outcomes by the University of Newcastle.”

Using DTS provisions on two floor plans (Plan Aand Plan
B), the thermal modelling analysis compares 120 different
building constructions to determine if total minimum
R-valuewithout thermal mass could improve energy
efficiency. Toensure thewidest sample possible, the
modelling considers:

e threedifferent BCAclimaticzones(2,566),
« fourdifferentorientations(north, south, east, west),
and
¢ fivedifferenthousing constructions
- insulated brickveneer
- insulated timber
- doublebrick
- insulated double brick
- reversebrickveneer.

The construction types chosenabove represent over
80% of the current housing stock (detached or semi-
detached); brick veneer(44.5%), double brick (24.3%) and
timber (13.1%).3 Insulated double brick and reverse brick
veneerwere included in the modelling because they both
representemerging trends.

Graphicomparesthelowest energy consumption for
each constructiontypeand orientation. It shows thatin
all cases the most energy efficient building contained
thermal massand furthermore, insulated double brick
outperformsall othertypes of construction except for
Plan B inzone2where uninsulated double brick performs
2.7% betterthaninsulated double brick.

APPROXIMATE ANNUAL HEATING AND COOLING ENERGY CONSUMPTION

Zone 6
Plan B Zones

one2

Zone 6
Plan A Zoneg

one2

700 800 900

Energy Consumption (M))

W Insulated double brick W Reverse brick veneer

Graph1: Annual energy consumption per construction type ¢ zone

10. ABS Environmental Issues: Energy Use and Conservation 4602.0.55.001 March 2008

1000

m Double Brick

1100 1200 1300 1400 1500

B Insulated Brick Veneer Insulated Timber

1. Duringthisperiodtherewasalsoas%declineindouble brickhomeswhich canarguably beattributed to builder preference toward timber-framed homes. Itisassumed
partofthemn%increasein brickveneerhomeswasthe shift fromdouble brick to brick veneer.
12. Thermal modellingwas conducted by Energetics whois Australia’'s leading energy and greenhouse consultancy, andis on theverificationand life cycleassessment panel of

the Federal Government's Greenhouse Friendly Program
13. ABS Environmental Issues: Energy Use and Conservation 4602.0.55.001 March 2008
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Graph2isacomparison between insulated timberand
construction typesthatinclude thermal mass. In210fthe
24 casesthermal massimproves the energy efficiency of a
home, and inevery case except Plan Binzone 2 (where
double brick performs the best), insulated double brick
improves energy efficiency by atleast7.1%. The large
exception (double brickon Plan Binzone 6) is caused by
the coolerwinter months where the addition of insulation
(eginsulated double brick) will prevent excess heat loss
and improve energy efficiency by nearly17%.

Theseare best-case scenario figures where thermal

mass improves performance by 9.5%. Using worse-case
scenario figures thermal mass improves energy efficiency
in23 of the24 examplesused in Graphsi1and2,and on

average by 22%. Furthermore, insulated double brick
canimprove energy efficiency by nearly 48% in zone 6
compared to lightweight materials.

Across theaverages of bestand worst case scenarios
thermal massimproves energy efficiency by more than13%.

To puttheseresultsinto perspective, anaverage
improvement of13% for heating and cooling equates
toapproximately1sikg of carbon dioxide equivalents
perAustralian household. Across Australiain 2008 this
isequalto morethan 9oo,0o00 additional tonnes of
greenhouse gases (Table 4). Using the 22% worse-case
scenario figures, thisisequal toanadditional1.6 million
tonnesof greenhouse gases.”

ENERGY EFFICIENCY IMPROVEMENTS PROVIDED BY THERMAL MASS

Zone 6

Zones

Plan B

Zone?2

Zone 6

Zones

Plan A

Zone2

-10% -5% 0% 5%

m Insulated double brick  m Reverse brick veneer

Graph 2: Comparison to no thermal mass

m Double brick

Approx. tonnes of

10% 15% 20% 30%

W Insulated brick veneer

Emissions Number of Approx. tonnes of
. Co2 per household
Intensity factor . Households Co2saved per state
from 22% reduction
VIC 1.22 0.18422 1,601,811 295,086
NSW 0.89 0.13439 2,071,900 278,443
QLD 0.91 0.13741 1,267,862 174,217
TAS 0.12 0.01812 170,897 3,097
WA 0.87 0.13137 678,380 89,119
NT 0.69 0.10419 49,571 5,165
SA 0.84 0.12684 546,895 69,368
Australia Total 6,387,316 914,494

Table 4: Impact of Energy Efficiency Savings

14. These calculationsassume that100% of electricity is used forheatingand cooling.
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How the CPRS will exacerbate the limitations
of current energy efficiency regulations

The CPRS will have a different, disproportionate and inequitable impact on
individual products and companies within the building products market.

These impacts will notreflect the products’ability to
improve energy efficiency orreduce long-term emissions,
butratherbebasedontheenergy used to make

each product.

While thisapproachin general canreduce energy use
across theeconomy, theway the BCAiswritten
necessitatesalternativeand/orcomplementary policies
forthe building products market to ensure the CPRS
doesn’tinadvertently increase energy consumption by
exacerbating the principal-agentbarrier.

Already, one of the most striking consequences of the
currentenergy efficiency legislation is the number of
new building products in the market thatare promoted
specificallyas having a high R-value. Given the reduced
efficiency of homes built without incorporating thermal
mass, these new products are examples of innovation
driven not by improving energy efficiency, but rather
meeting and exceeding legislative requirementsat the
lowest possible cost.

Graph3depictstheprincipal-agentbarrierasitexists
today. Itcomparesaverage external walling costs in 2008
across Australia with average energy consumption
across climatezones2,sand 6. Ateitherend of the
spectrum thereisaconsiderabledifferencein priceto
build comparedto price to operate with insulated timber
approximately39% cheaperand up to 22% less efficient
thaninsulated double brick.

Market behaviourdictatesthatin mostexamples,
buildersand developers choose the building products
thatenable them tosell their productforthe greatest
profit. Without changes tothe BCA the CPRS will make
inefficienthouses cheaperand more appealing to the
market because carbon costsforlightweight materials
will beless than heavyweight alternatives.

Inaddition to this, Emissions Intensive Trade Exposed
(EITE) payments arealsolikely to furtherdistort the
building products market where manufacturingfacilities
caterforboth domesticand export markets. In these
cases, because the trade exposed component ofthe
business cannot be quarantined, itislikely to manifest
itselfasinvestmentintechnologies which the EITE
payments help off-set.

Graph 4 demonstrates the increased energy consumption
thatresultsfrom theinteraction of the CPRSand BCA.
Thisoccurs because the market will change the mix of
housing over the next 4o vyearsinfavour of cheaper
lightweight building materials.

15. Compiled from Rawlinsons Construction Cost Guide 2008

Graphgillustratesasharpriseduring thefirst 5-10 years of
the CPRS, afterwhich energy increasesflatten out. Thisis
based ontheassumption that through Government
assistance and technology development both in Australia
and internationally, heavy walling industries will reduce
theircarbon exposureand reduce the price difference
between building materials. If this does not occur, the
additional energy demand will be higher.

Otherdifferences between the high, medium and low
scenariosillustrated in Graph 4 are: the degree of shift
toward lightweight housing (based on the up-front
impactofthe CPRS); how long it takes the brick industry
todevelopand implementnew technologies thatreduce
kilnemissions; and the introductionand fullimplementation
of100% clean energy in both new and existing houses.

It should be noted thatalthough100% clean energy for
new and existing homeswill address climate change
issues, this modellingassumes solar passive principals
will also improve energy efficiency asastandard design
feature formost houses within 25-35years. If this does not
occur-andthecurrentenergy efficiency metrics do not
promote solar passive design-while additional carbon
dioxidewillnolongerbea problem, long-term affordability
and energy generation issues will stillimpact the economy.

THE PRINCIPAL - AGENT BARRIER
B Costofwallsin Avg. House (LHS)
= Annual energy consumption (kWh/pa (RHS)

,2 $60K 1250

S ssoK 1200
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Graph3: The principal-agent problem
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Graph 4: Additional Energy demand caused by CPRS and BCA interacting
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The energy efficiency solution

Although the energy efficiency benefits of thermal mass are widely
acknowledged, legislation has been forced to focus exclusively on R-value
because no equivalent, simple metric exists to recognise thermal mass.

Instead of attempting to correct the unintended
consequencesresultingfromthe interaction of the CPRS
and BCA by usingadditional compensation orincentives
forbuildersto use thermal mass, the Government should
focuson developingalternative energy efficiency metrics
tosimplifyand provide assurance that the emission
reduction targetsare achieved.

Ametricthat combines the benefits of thermal mass
and thermalresistance in one simple measure (based
onclimate zone) will minimise long term energy
consumption in Australian homesand provide clear
market guidance forthe development of more energy
efficient new homes (and renovations).

Although alternative metrics have been suggested
before, thedifficulty has beenin developinga metric that
reflects how thermal mass works (especially when used
inconjunction with insulation). To date, mathematical
equationsand models have struggled to simulate the real
world performance of thermal mass, however, because of
its natureand extent, theresearch by the University of
Newcastle can potentially overcome this problem.

Since2003 the University has been measuring the
interaction of thermal mass with the Australian climate
and has developed one of the most extensive databases
intheworld thatis now capable of overcoming the
limitations of previous mathematical models based
purely ontheory.

At the current stage of the Thermal Performance Research
the University of Newcastle is confident that with one-off
additional support, the database can be used as a key
componentindevelopingappropriateand fully
representative alternative energy efficiency metrics.

Think Brick Australia

Recommendations for a more energy efficient future

To improve the long-term energy efficiency of Australian
houses, promote innovation in the building products
market, and reduce the time to develop effective new
energy efficiency metrics, itisrecommended that the
Federal Government:

e Replace R-value from Deemed-to-Satisfy (DTS)
provisionsin the Building Code of Australia;

e Complementthe CPRS with life cycleanalysis across
the building products market;

e FundthePriority Research Centrefor Energyatthe
University of Newcastle to expand Phase Il of the
research program to develop new, moreaccurate
thermal performance metrics.

Theseactions cut to the core of the energy efficiency
problem and provide clear market guidancefornotonly
building product manufacturers, butalso builders,
developersand theentire property sector.



Australia’'s energy consumption is expected to more than
double by 2050 to meet growing residential, commercial
and industrial consumption

An unintended consequence of the CPRS could be 32% higher
energy consumption above Government forecasts. Thisis possible
fortwo reasons: the BCA energy efficiency regulations favour
lightweight building materials, and the CPRS currently makes no
allowance for the life cycle emission savings provided by building
materials with thermal mass

Updating energy efficiency indicators could remove up to 1.6 million
tonnes of greenhouse gas from the atmosphere

Thermal mass can reduce household heating and cooling energy
consumption by up to 22%

The Thermal Performance Researchis a partnership between the
University of Newcastle and the Australian clay brick industry
(jointly funded by the Australian Research Council) to learn how
building materials can reduce energy consumption

The Thermal Performance Research is conducted independently
by the University of Newcastle and includes actual buildings, each
with 105 sensors taking measurements every five minutes

The major recommendation from the University of Newcastleis
the need to update energy efficiency indicators to include thermal
mass (eg clay bricks).



In Australia the brick industry is worth $2.6bn to the economy and employs
30,000 people nationwide in the manufacturing and installation of its product.

The peak body representing Australia’s leading clay brick and paver
manufacturers is Think Brick Australia. Think Brick Australia has been
conducting research that contributes to innovation and improvement in
building standards and technical training for the construction industry for
over fifty years and continues this proud tradition today.

In partnership with the world-ranked University of Newcastle and the
Australian Research Council, Think Brick Australia is currently undertaking
Australia’s most extensive research into the thermal performance of Australian
housing. The findings of this research will assist Government and the building
and construction industry create more energy efficient buildings.

The University of Newcastle consistently ranks in the top 10 research higher
education institutions in Australia. World-class facilities and talent, teamed
with forward-thinking local and global corporate partners are a key part of
the University’s research success.

The University's Priority Research Centres focus resources into our research
strengths across a range of areas, including energy. The Priority Research Centre
for Energy (PRCfE) focuses on one of the most challenging contemporary issues:
the management of Greenhouse Gas Emissions (GHG).

Through its research themes, the PRCfE members are undertaking cutting
edge research and development across a range of fields including: Renewable
Energy Systems, Energy Efficiency (particularly in buildings and process
industries), Energy Conversion 6 Transportation Fuels, as well as Low Emission
Coal Technologies.
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