Life Cycle Assessment

the new methodology for comparing building materials

Total Life Cycle Assessment overview

To understand and mitigate the environmental
impact of buildingand occupying houses, Think Brick
Australia has used an international best practice total
Life Cycle Assessment (LCA) methodology to accurately
compare the advantages and disadvantages of

different building materials.

The peer reviewed outcome provides a more realistic

view of building construction impacton the
environment which will inform better...

.. policy development by government;

..planning by architects, designers and builders; and
..consumerawareness of the environmental impact

caused by buildingand living inahome.

Key terminology

Life Cycle Assessment
(LCA)

ALife Cycle Assessment
measures theenviron-
mentalimpact of
products by analysing
alltheinputs (ieraw
materials, water, energy)
and outputs (ietheend
product, waste,
emissions) of manufac-
ture, transport, useand
maintenanceofthe
product, and itsdisposal.

1SO14040/14044
TheInternational
Standards Organisation
(ISO) sets world-wide
standards for many
activities, including life
cycleassessment.
Although notall LCAs
have to follow these

SBE

Single Brick Equivalent
isacommon unitof
measurementacross
theclay brick industry
forabrick.An SBE has
thedimensions of
230x110x76mm and for
the purposes of this

standards, itisnecessary  studyweighs3kgs.

todo so before
publishingany
comparative results.

Theresearch isunique forits depth and breadth

of analysis; it not only assesses the impact ofa
single brickand square metre of brick wall, but
also includes the emissions froma lived-in house

to presentasingle-figureview of the carbon
dioxide emitted from the manufacture, construction

and use of Australian homes.

Think Brick Australia considers that this methodology
isthe only appropriate methodology for comparative
LCAsand legislation that targets emission reductions

inthe building materials sector. Its design recognises
thatall building materials are differentand that the
advantages and disadvantages of both heavy and

lightweight construction need to befairly balanced
across allfour stages of a building’s lifecycle.

Embodied energy

and emissions
Embodied energy refers
totheenergy usedto
manufacture or
constructa product.
Until recently embodied
energy wasusedasan
easy tocommunicate
indicator, butitis not
sufficient to convey the
environmental impact
giventheincreased use
of renewable energy and
other forms of emissions

reduction.Assuch
embodied emissionsis a
moreaccurate
representation of the

climate change impact.

CO,-e

Carbondioxide
equivalents.Thereare
sixgreenhouse gases
thatcontribute to
climatechange which
areallnormalised to
thevalueand impact
of carbondioxide.

HVAC
Heating,Ventilation
& AirConditioning.

Operational energy
Operational energy
includesall theenergy
used to power our
homes. Itincludes energy
forheating, cooling,
lighting, appliances

and hot water.

Cradle to gate

Cradle to gate measures
theenvironmental
impactofa product from
theextraction of its raw
materialsuntilitleaves
the'gate’of the
manufacturingfacility.
Iltdoesnotincludethe
transporttothe
constructionsite.
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Research questions

1 Whatarethegreenhouse gas
impactsofaclaybrickoverits

lifetime?

2 Whatarethe majorsources
of greenhouse gasemissionsin
atypical Australian home?

3 Whatarethemajorsources
of greenhouse gas emissions
intypical Australian homes
(excluding non-HVACenergy

consumption)?

4 Howdoclay brickhomescompare
totimberweatherboardasan
external cladding?

Cradleto grave

Cradle tograve measures
theenvironmental
impact ofa product from
the extraction of its raw
materials until the
productisdisposed (ieto
landfill). Thisdoes include
thetransporttothe
constructionsite.

Thermal modelling
Theenergy consumed
by heatingand cooling
ahouseis predicted
using thermal modelling
software. It uses a set of
behaviouralassumptions
and the precise
construction methods
togiveanindication of
the energy efficiency of
ahouse.
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1. Research, method and design

To overcome this limitation, Think Brick
Australia has used an international best
practice total LCA methodology that
includes the operational emissions
created by a family of four peopleliving
indifferent locations (Brisbane,
Newcastle and Melbourne).

Think Brick Australia undertook
a Kyoto Protocoland 1SO 14040
fully compliantand peer
reviewed total Life Cycle
Assessment combining both
embodied and operational
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Atotal Life Cycle Assessment: LCA pathsand life cycle stages

Figureicolour-codes and depictsfour
differenttypes of LCA'sthatcanbe
undertaken:

»Thebuilding material (asingle brick)
-cradletogate(Green)

»The building material (asingle brick)
-cradletograve (Orange)

»Asquare metre of brick wall -cradleto
grave (Blue)

»Abuiltandlived-in house overalifetime
of soyears-cradleto grave (Pink)

Whileformany products the current
cradletogateandcradletograve LCAs
(@asdemonstratedinfigure1bygreen,
orangeand blue) are sufficient to make
like-with-like comparisons, for building
materials only the total LCArepresented
inpinkisaccurate.

energy emissions.

An LCAattemptsto quantify the
environmental impacts of products
acrosstheirentirelife cycle based onall
theinputsto,andoutputsfrom, eachlife
cyclestageof that product.

This study examined the emissions from
(1) asinglebrick, (2) a square metre of
brick wall, and (3) a builtand lived-in
house over a lifetime of so years.

Thecradletogate(green),andcradleto
grave (orangeorblue) LCAsinfigureiare
themost common methodologies used
todeterminetheimpactsof building
products. Unfortunately theseare not
accurate comparisons because they omit
asignificantsource ofemissionsand do
notrecognise thatdifferent building
materials influence the total emissions
created by a house indifferent ways.

Themodellingwas completed in Design
Builder which considers all forms of
operational energyas compared to
AccuRatewhich only considers Heating,
Ventilation ¢ Air Conditioning (HVAC).

Thefindings from the study are presented
asasingle-figureview of carbon dioxide
inalignmentwith Australia’s carbon
policy objectivetoreduce carbon
emissions by 60 per cent by 2050.

Theresults presented in thisstudyare
based onanumberof realistic models of
typical Australian homes. Aswithany
model, however, differentassumptions
willlead to different outcomes.

“Allassumptions made are precautionary; they are intended to
determine the worst case scenario for brick as a construction material
in residential housing. This being the case, we find that, over an

assumed 5o year life of the building, brick performed no worse than
other building materials. When a longer life span was assumed, brick
often presented as a marginally preferred material.”
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2. Findings

The LCA confirmed that fora deemed-to-satisfy 5-star
house, operational energy emissions are thelargest sources
of greenhouse gas emissions overa 5o year building life.

What are the greenhouse gas impacts of a clay brick
over its lifetime?

1m?2 Wall
1SBE Assembly
Cradletogate 0.61kgCO,-€e NA

Cradletograve 0.70kg CO,-e 40kgCO,-e

Figure2

Figure2demonstratesthatasingle brickassessed using
cradletogate LCA(shownin green) creates 0.61kg of CO2-e
overitslifecycle. That same brick, when transportand
disposalinlandfillis considered (cradle to grave, shownin
orange), createsan additional 0.09kg of CO2-e. By comparison,
asquare metreof single layer brick wall (with the addition
of mortar) creates 40kg of CO2-e (shown in blue).

What are the major sources of greenhouse gas
emissions in a typical Australian home?

Using the total life cycle assessment depicted in figures,
atypical Australian home as modelled (and regardless of
external walling material) creates approximately 89 per cent
of its emissions over 5o years from the operational energy
used to power the appliances, hot water, lightingand HVAC.

Onlym percentof emissions comefrom the building
materialsand construction process (figure 3).

Thehouse
H HVAC
B Appliances
M Lighting
B Domestichotwater

Figures

What are the major sources of greenhouse gas
emissions in typical Australian homes (excluding
non-HVAC energy consumption)?

Figure4 usesthetotalllife cycleassessment but removes
sources of operational energy consumption notinfluenced
by thewalling materials.

Without the operational energy fromappliances, lighting
orhotwatertheemissions fromthe building materials
and HVACenergy consumption are more easily examined
(mandi2 percentinfigure3respectively).

Fromthisitcanbeseenthatthebrickwall only represents
approximately five per cent of the emissionsinatypical
Australianhome.

Although there are differences between building materials,
thestudy shows that oversoyears they produce minimal
differencesintheclimate changeimpact. Furthermore this
highlights that reducing HVACenergy consumption
delivers the most significantemission reductions, and that
loweringembodied emissionsinall parts of the house will
have a more substantial impact than exclusive focus on the
external cladding.

M Brickwall Including insulation

M Interiorwalls Including doors
Gwindows

M Floorincludingslab

[JRoofeceiling

M HVACenergy

Figure4

Tonnes CO,-e

How do clay brick homes compare to timber
weatherboard as an external cladding?

Tonnes CO,-e Insulated Insulated Insulated
brickveneer | weatherboard | doublebrick

HousePlanA 67.4 64.4 75.9
HousePlan B 63.5 603 69.7
Figures

Figures 5 &6 compare thedifferences betweena partial
cradletograve LCAandthetotal LCAused inthisstudy
(asrepresented by the blueand pink pathsinfigure1). While
figuresonly assesses theemissionsfrom three of the four
life cycle stages, figure 6 shows typical results from all four
stagesoversoyears.

Inthefigure 6 examplesshown, therearenodiscernable
differencesincarbonimpact between the brick veneerand
weatherboard houses. Furthermore, the higherenergy
efficiency of thedouble brick house in Newcastle has
reduced totalemissions below the equivalent brick veneer
andweatherboard houses. The Newcastleresults can be
broadly transferred to Eastern Sydney, Adelaide and Perth.

Whilethe study has highlighted that every case needs to be
considered onitsown merits, theexamples do suggest that
lowerembodied emissions do not necessarily mean lower
carbonimpacts, and thatthe benefits of increased energy
efficiency can offset higherembodied emissions.
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3. Conclusions

»Improving the design and operation
of ahouseis currently the best way
to significantly reduce greenhouse
gas emissions

»The walling material(s) have very
littleimpact on the overall greenhouse
gas emissions caused by a house

»Comparing building materials requires
measuring the four stages of a building’s
total life cycle (fig1)

»The embodied emissions of a typical
Australian house represent only 11 per
cent of the total emissions over a so-year
life cycle, regardless of walling materials

This study demonstrates that the external walling
material alone cannot substantially reduce the
house’semissions. Rather, emission reductions
areachieved by using a totallife cycleanalysis

and understanding how all parts of the house
contributetoits totalemissions.

In particularthis study has highlighted that analysis
of emissions based only on the manufacture of
building materialsand/or the construction ofa
house does not capture the breadth of information
required to properly develop public policy.

Thebestway to capturethisinformationistouse
thetotallife cycleanalysis methodology described
infiguren.

Thelargestlimitation of thismethodology is the
thermal modelling process. Work is already
underway by governmentsand academicsto
resolvetheseissues,and once complete, itwill be
possibletodevelopastandard Australian LCA
methodology to complement currentand future
carbon policies.

About Think Brick Australia

Think Brick Australia represents Australia’'s clay brickand paver manufacturers.
It conductsresearch on behalf of the industry relevant to the use and manufacture of clay brick

and pavers.

Think Brick Australiacommissioned Energetics to undertake this research on behalf of
the Australian clay brick manufacturing industry to support two key areas of activity:

»The development of Life Cycle Indicators (LCI) for CSIRO and the Australian Life Cycle

Assessment Society's (ALCAS) AusLCl project

»Tounderstand the impact of carbon policieson theclay brick industry
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FOrmore
information

» Download and comment on the full report:
blog.thinkbrick.com.au/sustainability/Ica

» Read and comment on the new LCA methodology:
blog.thinkbrick.com.au/sustainability/Ica-methodology

»Read and comment on key issues identified:
blog.thinkbrick.com.au/sustainability/Ica-issues

»Visit thinkbrick.com.au for more information and design
ideas with clay bricks
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