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Bricks are produced in several ways in terms of type, size and the material used; the variation is largely
associated with the origin and time of the brglproduction. In Australia, in 2011, betweenc86%

of new dwellings were built with external brickalls and concrete flooring. Brick has different
applications in construction elements, notably walls and pavements. In-2918e three main CB
products in Australia were face bricks (65.5%), common bricks (22.11%) and clay pavers (12.4%). It is
estimated that brick waste accounts for 5®% of the construction waste produced by urban
redevelopment and 3%0% by building operations. Analysis of the clay brick lifecycle shows that there
are many opportunities for minimising or redirecting brick waste flamdfill. These opportunities
present themselves at brick manufacture, design, planning and contract, procurement, transportation
and delivery, construction, demolition, reusing and waste recovery (recycling and upcycling). Drawing
on these opportunitiesthis case analysis provides the following recommendations for brick waste
minimisation and reduced waste landfilling:

Consider building standardisation to improve buildability and reduce the number-otitf

Order bricks more accurately using the bise-off practice

Ensure the bottom layers of bricks remain useable by preventing soil contamination

Store bricks in a stable flat area to avoid breakages from fall overs

Determine a means for cutting bricks into half more accurately so that botlefiabn be used

and breakages avoided

1 Supplier to provide more flexibldast pack sizes i.e. dfractional' pallet instead of a full
pallet

1 Take unwanted bricks back to brickyard for crushing andseein brick production; this can
be also complementelly offering the customer leftover (full) bricks

1 Include a cleatup payment in the scope of the bricklajgesubcontract to assist recycling and
to discourage wasteful site practices

1 Develop an agreement where a contract@ells backthe recycled wastérom the original
material supplier

I Take brick lefovers away to use as aggregate or landscaping cover

= =4 -4 A -9
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Brickhas different applications in construction elemenmstably walls and pavementéccording to
statistics, brick wasteaccounts for 5670% of the construction waste produced by urban
redevelopment and 3®0% by building operationdt is still regarded as a viable option for residential
construction due to several reasons that are outlined by Think Brick Austnatigpresented below

1. Energy efficiencyBricks are higldlensity materialswhich means they havéhe ability to
effectively absorb and store heat energy. Lightweight materials do not have this quality.
Correct use of thermal massanmoderate internal tenperature values, averaging out day and
night temperature extremes, which make a massive differenaesidents comfort, heating
and cooling needs and energy bills.

2. Noise controt: The heavy mass of clay brick masonry is ideal for acoustic insulation,
particularly for lowfrequency noise, and cavity masonry walls have the added benefit of
isolating impact sounds. It possesses an inherent resistance to the passage of airborne sound,
which makes it a superior performer in attenuating lnequency, airbornenoise caused by
building mechanical systems, elevators, amplified music, traffic and aircraft. Although some
alternative systems may perform as well as masonry for frequencies in the speech range, these
lower mass systems have difficulty insulating agdms-frequency noise.

3. Durability: As one of the oldest building materials, bricks remain strong and look better with
age, like fine wind-or instance tlie Great Wall of China is a brick structure that has maintained
its strength for more than 2000 yearBricks have kept Australian homes safe, comfortable
and protect against extreme climates of heatd cold, bushfires, floods, severe storms and
droughts. Bricks require little to no maintenance, savimgners thousands on upkeep
compared to its lightweighconstruction counterparts. Building on the coast poses no issues
for bricks. Exposure Grade Bricks are made to withstand high salt conditions and are the most
affordable materials on the market for the job.

4. Fire resistance Bricks are noftombustible ad donot assist the spread of fire, making them
ideal for building in bushfirprone areas. Clay bricks normally dosuffer any structural
damage after a fire and can be-used even as loabearing walls. Bricks are made in fire in
kilns (over an ovendated enclosure used for processing materials like brilaks require
burning, firing and drying) at temperatures of up to 1200°C (a standard kitchen oven operates
up to about 250°C). Bricks alone miot fireproof a building but are not like timber andagtic
which are flammable and glass that shatters in the heat. Building in brick ensures a strong
foundation for protecting your investment.

5. Structural capabilitiesBrick has continued to be a popular building material choice due to
strong structural capabilities and intricate detailing. For any project, there are bricks to suit
any building style. There are now over 800 brick colours to choose from and many differen
finishes from sleek glossy blacks and metallics to rehglvn rustic bricks with a handrafted
appearance

1Li SD. The feasibility of producing sintering building materials products using construction waste. J Brick & tile(ijy Chinese
2005. 12, 3e38.

2Think Brick Australia> Brick Facts Thinkbrick.com.au. 2019. THINK BRICK > Brick Facts. [online] Available at:
https://www.thinkbrick.com.au/WhyBrick# [Accessed 21 Aug. 2019].

3Think Brick Australia. 2014. Design Manual 11: Design of Clay Masonry fdriSsulation.

4Think Brick Australia. 2014. Design Manual 5: Design of Clay Masonry Walls for Fire resistance.
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Bricks are produced in several ways in terms of type, size and the materiathesedriation is largely
associated with the origin and time of the production. In Australia, in 2011, betwee®08b of new
dwellings are built with external brick walls and concrete flooring. However, this paissochanged
over the last few years and theay brick manufacturing industry (CBMIjriest affected. According
to the latest IBISWorld Industry Repgthe main key economic drivers, demaad supplyndustries
are tabulated inTablel.

Tablel. Key drivers and the major industries dealing with clay brick (demand & supply)

Key Economic Drivers Demand Industries Supply industries
Dwellingcommencements House Construction Electricity, Gas, Water an
Waste Services
Demand from house construction Multi-Unit  Apartment| Road Freight Transport
and Townhouse
Construction

Demand from hardware wholesaling | Bricklaying Services Rock, Limestone andClay
Demand from the multunit apartment| Landscaping Services | Mining
and townhouse construction

Demand from commercial an Commercial and

industrial building construction Industrial Building
Construction
Institutional  Building
Construction

Hardware Wholesaling

SourcelBISWorld 2019

The IBISWorld 202%eport estimated that CBMI generate$870.3 m in 20149, which is a 7.4%
decline compared to th@reviousfinancial year. This is not the only industry performance indicator
that has seen aetline others include individual added valué.6%) the number of establishments
(-5.1%), number of enterprises-%.7%), employment-{.2%9, export (4.5%) and domestic demand (
7.4%). Figurel depictsthe 6-year economic performance of CBMI with a sharp decline from -2®15

5Youl, T. 2018. IBISWorld Industry Report C2021. Clay Brick Manufacturing in Australia.
6 The market value of goods and services produggdhe industry minus the cost of goods and services used in production. IVA is also described as the industry's coturiBDiyror

profit plus wages and depreciation.
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Figurel. Statistics pertaining to CBMI (revenue and domestic demandiirstralia between 2014
15 and 201220
Source:BISWorld 2019

The main reason for the decline in the CBMI economic performance is reported to be the fluctuations
occurring in dwelling commencements, which heavily influences the industry's perforfnance
However, demand growth from the commercial and industrial building market provided some support
to the industry's expansion. Another reason for suctegline relates to change in the pattern of
housing with specific preferred masonry materials. Australians have moved away from traditional
singleunit housing, which tends to have a large brick component, towards 1wmitiapartments.
Generally, multunit dwellings use alternative cladding and structural materials to brick (e.g. concrete
and steel), as they provide eagyinstall and more cosgffective materials in highise buildings.
Moreover, bricks are currently under pressure from alternative picdd (e.g. polyurethane cladding)

in singleunit dwellings because of a shift from double brick to single brick installation. Technically, in
Australia, only new detached houseanuse clay bricks as the dominant form of exterior wall cladding.
This reflets the limited scope for CBMI in the share of the residential housing madeaibly, demand

from house construction has declined versus rauittit dwellings over the past five years.

TheAustralian clay brick manufacturing industry has increasinglyréeghto nearby countries such as

New Zealangdtargeting rising construction activities. However, the corresponding revenue continues
to underperform. Similarly, the import has increased but remains low relative to industry revenue. The
rise in imports hasargely been due to major industry firms such as Brickworks finding it cheaper to
import bricks from overseas countries such as Spain rather than from factories in Western Australia.




2.1 Major producers in Australia

The three main suppliers of bricks in Australia with the highest market shares are Brickworks Ltd
(52.6%), CSR Limited (21.7%), Boral Limited (7.9%) following by BGC P494)tdr{g following graph
depicts the distribution of clay brick manufacturexg@ss Australia.

Figure2. Location of (clay) brick manufacturers in Australia
Source:BISWorld 2019

In response to market situations, these operators have restructured their operations over the past five
years,closing inefficient plants, upgrading the existing facilities and introducing lessrtatiensive
production technologies. It is reported that this shift has improved efficiency and substantially reduced
manufacturing (overhead) costs (e.g. wages andrelgption). Thisalong with increased demand in

two major capital cities (i.e. Sydney and Melbourrgscontributed to the industry profit over the

past five years. The new technologies particularly focus on new products (e.g. brick fascia embedded
on concrete or PVC panels) in the pursuit of improvements in the competitiveness and attractiveness
of CB cmpared to cheaper alternatives.

2.2 Demanddeterminants

Residential construction activity largely drives demand for the industry's products. This incbttes

new construction and repairs and alterations. Limierest rates and population growth have caused
dwelling commencements to rise over the past five years, supporting demand for bricks. Increasing
demand from norresidential construction, such as coramial and industrial buildings, has also
positively influenced industry growth.

However, brick substitution trends have adversely affected industry demand. The use of bricks for
house construction has declined over the past two decades, as builderstgreés have shifted to
alternate structural and cladding materials (such as cement sheets and timber). In most cases, these
alternate products are cheaper and easier to use relative to bricks. Changing consumer tastes, with
preferences increasingly favong multiple forms of exterior cladding on single dwellings, have also
negatively affected demand.




Despite preferences shifting towards nbnick building materials over the long term, fundamental
demand remains for clay brick products. Bricks are bougththieir unique structural qualities, such as
thermal lag and durability, and their aesthetic appeal. As such, housing fashion trends also affect
industry demand. Industry players have expanded their ranges of face bricks in response to growing
consumer denand for brick finishes. This includes a treadiardsusing bricks in housing interiors for
purposes such as feature walls.

Over the past five years, trends favouring the construction of medtorhigh-density housing have
constrained demand. MuHinit dwellings have steadily increased as a proportion of new dwelling
commencements over the past five years. Apartments and townhouses tend to be lesmtandive

than traditional houses. This is due to alternative materials, such as concrete paneteealrithsing,

being more practical to use and less labitensive, especially on higiise apartment buildings.
Export demand has little effect on demand for clay bricks manufactured in Australia, due to the high
cost of transporting bricks overseddgure 4shows the main demands for Australia clay hrick

Exportmarket  Non-residential

o 1.10% building
Multi-unit contractors
apartment 12.80%
contractors
22.50%

Wholesalers
18%

Single-unit
housing
contractors

45.60%

Figure3. Main types of construction with the largest consumption of brick
Source: IBISWorld 2019

Home renovationactivity also affects demand for thimdustry's products. Over the past five years,
renovation activity has increased, as homeowners have benefited fromin@nest rates to borrow

funds to pay for renovations. Additionally, significant housing prices have led to consumers renovating
their homes rather than buying a new property. Outdoor living spaces are one of the main areas of the
home alterations and upgrades, due to their increasing popularity among individuals. This has
increased demand for clay pavers.

Table2. Key success factors applicable in the CBMI

Key success factors ‘ Description

Having a diverse range o Manufacturers that offer a range of brick and paver products f

clients cater to diverse customer markets can better maintain a sta
revenue stream.

Ability to expand and Firms must achieve profitability at low volumes of brick capd

curtail operations rapidly | utilisation to survive dramatic cyclical downturns in the construct
in line with market sector.
demand

10



Access to higlguality Manufacturers must maintain access to gequaklity reserves o

inputs appropriately located clay to produce higjuality clay bricks, whic
provides a competitive edge.
Economies of scale Cenerallycompanies that can produce large volumes of higlality

claybricks from large and efficient production sites have lower cq
and can boost profitability.

Ability to compete on Manufacturers that can secure competitive letegm contracts with
tender large building contractors (the primary users of clay bricks)oatter
able to ensure a continuous flow of revenue.

SourcelBISWorld 2019

2.3 Raw materials

Clay is one of the most abundant natural mineral materiald€mnh. For brick manufacturing, clay
must possess some specific properties and characterissiosh clays must have plasticity, which
allows them to be shaped or mtmled when mixed with water; they must have sufficient wet and air
dried strength to maintain their shape after forming. Also, when subjected to appropriate
temperatures, the clay parties must fuse togethér There are three major clays that are used in brick
construction as follows:

9 Surface Thisclay may be the upthrusts of older deposits or of more recent sedimentary
formations. As the name implies, they are found near the surféi¢beoEarth.

1 ShalesThisisclay that has been subjected to high pressures until it has nearly hardened into
slate.

9 Fire This clay is usually mined at deeper levels than other clays and has refractory qualities.

Surface and fire clays have a differgttysical structure from shales but are similar in chemical
composition. All three types of clay are composed of silica and alumina with varying amounts of
metallic oxides. Metallic oxides act as fluxes promoting fusion of the particles at lower temper.atur
Metallic oxides (particularly those of iron, magnesium and calcium) influence tharcafithe fired

brick.

The manufacturer mininses variations in chemical composition and physical properties by mixing
clays from different sources and different ldicas in the pit. Chemical composition varies within the
pit, and varying manufacturing processes compensate for the differenesa result, brick from the
same manufacturer will have slightly different properties in subsequent production runs. Funtiodr,
from different manufacturers that have the same appearance may differ in other properties.

7The Brick Industry Association. 2006. Technical notes on brick constrycfiet.
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2.4 Products overview

In 201819, the three main CB products in Australiere face bricks (65.5%), common bricks (22.11%)
andclay pavers (12.4%)Figure 5shows these forms of clay brick that are typically produced in the
Australian CBMI

Common brick ¥  Face brick

Figure4. The main thredorms of brick used in the Australian construction industry
Sourcewww.Alibaba.com

The following sections describe the properties of the three main bricks produced in Australia. The
information on the material properties is extracted from IBIMWorld 2048uktry report on clay
manufacturing in Australia.

Face bricks

Face bricks are generally more aesthetically appealing than common bricks, as they have a smooth and
accurate finish and uniform colour&igure4). These qualities make face bricks popular with both
residential and nowresidential construction. Face bricks have increased as a share of revenue over the
past five years, due to rising demafrom residential construction. As a result, manufacturers have
produced increasing quantities of face bricks, which attract higher prices and profit margins. For
example, Brickworks, the industry's largest manufacturer, has increased its productiefate and
boutique bricks at the expense of other product categories. The aesthetic appeal and low maintenance
costs of face bricks differentiate them from other cladding products such as timber. Face bricks are
also able to better withstand the effectf wind, rain and frost.

Common bricks

Common bricks generally fail to meet consumer standards for appeardfigeré 4) but are
satisfactory as noffiace bricks due to their hardness and structural support qualities. Common bricks
are usually hidden from view and used for internal walls and rear walls that are typically not exposed.
As a result, these bricks are generally used in detached houses, whichoae brickintensive. This
product segment has declined as a share of revenue over the past five years, due to subdued demand
from detached housing and greater activity from less bit&nsive multiunit residential housing.

12



Clay pavers

Clay paveraccount for a relatively small proportion of industry revenue (12.4%) compared with other
product segments. Pavers are generally used to form even floor surfaces for outdoor areas, such as
driveways, patios, walkways and roads. Similarly to bricks, pavermanufactured in a variety of
colours and texturesHigured). Clay pavers have increased as a share of industry revenue over the past
five years, da to the rising popularity of outdoor living areas. This trend has increased demand for
exterior paving installed in new and existing residential properties.

2.5 Manufacturing process

Although the basic principles of manufacture are fairly uniform, indivicdhaaiufacturing plants tailor

their production to fit their particular raw materials and operation. Essentially, ®&ok produced by
mixing ground clay with water, forming the clay into the desired shape, and drying and firing. The
manufacturing proceslas six general phasdsiqureb):

1) Mining and storage of raw materials

2) Preparingaw materials

3) Formingthe brick

4)Drying

5) Firingand cooling and

6) De-hackingand storing finished products

The information reganthg brick manufacturing is takdnom a technical note published by the 9S
Brick Industry Association. The following sections describe the six phases in brick manufacturing
mentioned aboveillustrated in Figure 6.

N JO T

Mining Storage  Size Reduction Screening a:dog“u:t.'i;!ag e

and Shipping and Cooling Drying Coating or Glazing

Figure5. The typical process for brick manufacturing
SourceThe U% Brick Industry Association (2086)

Mining and Storage Surface clays, shales and some fire clays are mined in open pits with power
equipment. Then the clay or shale mixtures are transportedlamtpstorage areas. Continuous brick
production regardless of weather conditiongs ensured by storing sufficient quantities of raw
materials required for many days of plant operation. Normally, several storage areas (one for each

8The Brick Industry Association. 2006. Technical notes on brick construction.
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source) are used téacilitate blending of the clays. Blending produces more uniform raw materials,
helps control colar and allows raw material control for manufacturing a certain brick body.

Preparation To break up large clay lumps and stones, the material is processrajthsizereduction
machines before mixing the raw material. Usually, the material is processed through inclined vibrating
screens to control particle size.

Forming Tempering, the first step in the forming process, produces a homogeneous, plastic sy ma
Usually, this is achieved by adding water to the clay in a pug mill, a mixing chamber with one or more
revolving shafts with blade extensions. After pugging, the plastic clay mass is ready for forming.

There are three principal processes for formigk: stiffmud, softmud and drypress.

1) Stiff-Mud ProcessIn the stiffmud or extrusion process, water in the range of 10 to 15 per
cent is mixed into the clay to produce plasticity. After pugging, the tempered clay goes through
a deairing chamber thamaintains a vacuum of 38 to 73 cm of mercury-déng removes air
holes and bubbles, giving the clay increased workability and plasticity, resulting in greater
strength. Next, the clay is extruded through a die to produce a column of clay. As the clay
column leaves the die, textures or surface coatings may be applied. An automatic cutter then
slices through the clay column to create the individual brick. Cefiacingsand die sizes must
be carefully calculated to compensate for normal shrinkage tlwaucs during drying and
firing.

2) SoftMud Process The softmud or mailded process is particularly suitable for clays
containing too much water to be extruded by the stiffid process. Clays are mixed to contain
20 to 30 percent water and then formed inta brick in maulds. To prevent clay from sticking,
the moulds are lubricated with either sand or water to produtsandstruck' or "water-
strucK' brick. Brick may be produced in this manner by machine or by hand.

3) Dry-Press ProcessThis process iparticularly suited to clays of very low plasticity. Clay is
mixed with a minimal amount of water (up to 10%), then pressed into steelldsaunder
pressures from 500 to 1500 psi (3.4 to 10.3 MPa) by hydraulic or compressed air rams.

Drying Wet brick fran meldingor cutting machines contain 7 to 30 peent moisture, depending

upon the forming method. Before the firing process begins, most of this water is evaporated in dryer
chambers at temperatures ranging from about88to 204°C. The extent of drymtime, which varies

with different clays, usually is between 24 to 48 hours. Although heat may be generated specifically
for dryer chambers, it usually is supplied from the exhaust heat of kilns to nsaximermal efficiency.

In all cases, heat and hunitid must be carefully regulated to avoid cracking in the brick.

Hacking Hacking is the process of loading a kiln car or kiln with brick. The number of bricks on the kiln
car is determined by kiln size. The bricks are typically placed by robotedranical means. The
setting pattern has some influence on appearance. Brick placeddafeee will have a more uniform
colour than bricks that are crosset or placed fac¢o-back.

Hacking Bricks are fired between 10 and 40 hours, depending upontyia and other variables.
There are several types of kilns used by manufacturers. The most common type is a tunnel kiln,
followed by periodic kilns. Fuel may be natural gas, coal, savedusethane gas from landfills or a
combination of these fuels. Intannel kiln, bricks are loaded onto kiln cars, which pass through various
temperature zones as they travel through the tunnel. The heat conditions in each zone are carefully
controlled and the kiln is continuously operated. A periodic kiln is one thatded, fired, allowed to

cool and unloaded, after which the same steps are repeated. Dried bricks are set in periodic kilns
according to a prescribed pattern that permits circulation of hot kiln gases.

14



Firing may be divided into five general stages:

1) Finaldrying (evaporating free water);
2) Dehydration

3) Oxidation

4) Vitrification, and

5) Flashingr reduction firing.

All except flashing are associated with rising temperatures in the kiln. Although the actual
temperatures will differ with clay or shale, findrying takes place at temperatures up to about 200
dehydration from about 150C to 98C°C, oxidation from 54€C to 98(°C and vitrification from 87€C

to 1315°C. Clay, unlike metal, softens slowly and melts or vitrifies gradually when subjeaisohg
temperatures. Vitrification allows the clay to become a hard, solid mass with relatively low absorption.
Melting takes place in three stages:

1) Incipientfusion, when the clay particles become sufficiently soft to stick together in a mass
when coded;

2) Vitrification, when extensive fluxing occurs and the mass becomes tight, solidhand
absorbent and

3) Viscoudusion, when the clay mass breaks down and becomes molten, leading to a deformed
shape.

The key to the firing process is to control the fanature in the kiln so that incipient fusion and partial
vitrification occur but viscous fusion is avoided. The rate of temperature change must be carefully
controlled and is dependent on the raw materials, as well as the size and coring of the brigk bein
produced. Kilns are normally equipped with temperature sensors to control firing temperatures in the
various stages. Near the end, the brick mayteshed to produce colour variations.

Cooling After the temperature has peaked and is maintained for a prescribed time, the cooling process
begins. Cooling is an important stage in brick manufacturing because the rate of cooling has a direct
effect on colour.

De-hacking De-hacking is the process ohloading a kiln or kiln car after the bricks have cooled, a job
often performed by robots. Brick are sorted, graded and packaged. Then they are placed in a storage
yard or loaded onto rail cars or trucks for delivery. The majority of brick today are gextha sek
contained, strapped cubes, which can be broken down into individual strapped packages for ease of
handling on the construction site. The packages and cubes are configured to provide openings for
handling by forklifts.
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Bricks are the subject to two Australian Standards, AS/NZS® &66AS/NZS 378D These two
standards outline the key characteristics of a brick. Currently, there is no EPR scheme in place in
Australia for brick wasteand manufacturers are not involved in such schemes. However, Brickworks
Building Products declares that they run an initiative that gosiduction waste is collected and
crushed for return. GBCA and IS@¥0 current environmental rating tools, are deechéo have an

impact onbetter management of C&D waste in AustraliZhese two tools provide credits for applying

the best possible waste management options in construction projebiscrepancies between
regulatiors impact the brick waste is treatedhconsistent regulations between jurisdictions make it
difficult to manage brick waste between Australian states and territories.

Furthermore,there arepolicies implemented by some jurisdictiotisat advocatethe use of waste
management option that is mre environmentally preferred. For instance Victorig the Waste
management policy indicates thathe Authority may prohibit certain wastes from being disposed to
landfill if there is a higher waste management option practicably available or the wasts @an
unacceptable risk to the environmé&tt

Another issue with the current policies is the unreasorabhuirements set that rule out the usage

of recycled brick waste in the new or renovation construction projects. Sometimes it is difficult to meet
these requirementswhich act as push back for those who are involved in brick waste recovery
activities. Tlkse policies should be motivated in favourtlod usage of more brick waste.

9BD026 (Masonry Units, Pavers, Flags and Segmental Retaining Wall Units). 2008. Masonry units, pavers, flags and segmental
retaining wall units Masonry units.

10BD004 (Masonry Structures). 2018. Masonry Structures.

11 Shooshtarian, S. T, Magsood, PeterSP Wongl, M, Khalfan, R. Yang. Green Construction and Construction and Demolition
Waste Management in Australia. 43rd AUBEA Conference: Built to Thrive: Creating Baifdin@g&ies That Support
Individual WelBeing and Community Prosperit. Novembet.2Noova. Australia.

12Victorian Government Gazette. 2004.
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4.1 How much brick waste is generated

Previous studies have shown that brick and concrete waste can account for 75% of C&D waste from a
construction sitez24, In Singapore, a stugyound that the waste average percentage of brick is about
13% of the amount purchased. In Australia, limited stutlegeinvestigatel the constitution of waste
generated at construction and demolition sitelSor instance,n WAs, it was found that bricks
accounted for the main loose waste onsite (by weighthis state In NSW, the comparative analysis

of four dwellings showedhe potential recovery of brick and concrete recoveruring building
removal(Figureb).
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Figure6. Percentage of bricks and concrete in house removal activities
Source: Office of Environment and Heritage (2€%10)

Table 3 summarises the waste dataoejs on the national and jurisdictional timber waste in various
waste streams in 20167:8. As can be seen in the tabkbere is limited data about generation and
management methods of brick wastAccording to data, the period reported, 872467 tonnes of
brickwaste was recycledrhe share of the C&D sectarthis waste recoveris estimated to bé0.34

the largestsource of feedstockor brick wasterecovery Among the jurisdictionslmost 95% of brick
waste recycling took place MSWand Mic combinedn 20162017.

B/ NBHGKSNE t® Hnnnd . dzaAif RAYy3 58502y aiNuzOGA2y A pDecondrudtionl t A | =
Ay {StSOGSR /2dzy iNA®aé¢ /L. wWSLE2NI b2d HpHI My

14 Formoso, C.T., Soibelman, L., De Cesare, C. and E.L. Isatto, 2002. Material waste in building industry: main causes and
prevention. Journal of Construction Engineering and Managemen{4)1,2816325.

15Kang Y. Wastage in bricks. Dissertation, National University of Singapore, unpublished.

16 Forsythe, P, Maté, K. 2007. Assessing brick waste on domestic construction sites for future avoidance. In 41st Annual
Conference of the Architectur&cience Association ANZASCA.

170Office of Environment and Heritage. 2010. House deconstruction fact sheet: Bricks and concrete removal.

18 Department of Environment and Energy. 2018. P863 National waste data and reporting cyclel92017
https://www.environment.gov.au/system/files/resources/7381c14d0-429b912¢91a6dbc83af7/files/nationalvaste
report-2018data.xIsx
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Table3. Brick waste data in various jurisdictions

Waste generation

Waste landfill

Waste recycling

ACT 10,638
NSW 12,907 | 90,600 | 1,087,881 | 1,191,388
NT 2 2 2 8 ) ) 8 8 8 2 2
QLD 2 2 2 g 2 2 g g g 2 41,908
SA 2 189 | 11,498 | 11,687 2 189 11,498 | 840 840 40,320 42,000
TAS 2 2 2 2 B B 2 g g 2 B

VIC ) ) - - : : - - 2,000 0 584,157
WA 2 2 2 g 2 2 g 0 713 1,663 2,376
TOTAL 1,872,467
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5.1 Waste during manufacturing

Brick manufacturing is one of the most efficient uses of materials to produce a product. Brick plants
are typically located close to raw material sources. Processed clay and shale removed in the forming
process before firing are returned to the productistieam. Bricks not meeting standards after firing

are culled from the process and groufat useas grog in manufacturing brick or crushied useas
landscaping material. There is virtually no waste of raw materials in manufacturing brick.

Brick manufactting uses readily available raw materials, including some waste products. The primary
ingredient, clay, has been termed &bundant resourcéby many authorities including the American
Institute of Architect®, confirming that depletion of clay is not @recern. Nonhazardous waste
products from other industries are sometimes used. Examples include using battahfly-ash from
coalfired generators, using other ceramic materials as grog, using lubricants derived from processing
organic materials in the faning of brick and using sawdust as a burnout material. While natural gas is
the most frequently used energy source for brick manufacturing, many manufacturers are using waste
products, such as methane gas from landfills and sawdust, for brick firing.

Thele are opportunities to reduce the impact of waste during brick manufactusiogne studies have
demonstrated this possibility using various waste materidiblhle4 presents a selection of these
studies and their findings

Table4. Application of other C&D wastes in the production of brick

Waste material ’ Summary of study Reference

The results showed that the marble dusdditive
had a positive effect on the physical, chemical &
mechanical strength of the produced industr
brick

The results showed that bricks withhégghvolume
ratio of fly ash are of high compressive strength, |
water absorption, no cracking due to lime, no frg
and high resistance to froshelting.

Marble powder Bilgin et al. (2012)

Fly ashsubstitute
for clay)

Lingling et al. (2005

the synergistic ecdriendly reuse of spent she
waste to enhance clay brick construction as
being a potential mainstream disposal option

Waste glass powder| The results indicated that the samples contain| Turgut (2008)
and limestone waste glass powder and limestone powder wa
powder waste combinations provide betterresults for the
potential of producing economical new bri
materials.
Waste glass Waste glass addition enhances the physical { Phonphuak et al.
mechanical properties of fired clay brick (2016)
Spent shea waste | This research has therefore provided compell| Adazabra et al.
evidence that could create a nefwund route for| (2017)

Steel slag

Bricks with a steel slag addition of less than 10%
a firing temperature above 1050°C would

CNS3319 thirtlass brick for builders

Shih et al. (2004)

19 American Institute of Architects, Environmental Resource Guide, The American Institute of Architects, Canada, 1998.
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Textile sludge The recycling of textile sludge for brick productig Rahman et al. (2015
(substitute for clay) | when combined with waste glass additions, may
and waste glass thus be promising in terms of both product qualit

and envionmental aspects
Note: while there are multiple pieces of literature demonstrating the successful use of waste materials from various waste
streams(i.e. MSW and C&Dthis table only presents the literature investigating the us¢hefC&D waste stream.

A ®mprehensive review of the waste (all waste streams) materials used in brick prodinetgon
alreadybeen conducted*?>2wherein more than 20 various materials appliegre identified with
satisfactory results for clay brick production. There is a wide array of indications for the successful
application of various waste materials in brick production in the relevant stuthesnajor indications
include compressive strength, flexural strength, unit weight, water absorption and uptake, abrasion
resistance, freezinthawing (FT) resistance, heavy metal leaching rate, drying shrinkage, density and
thermal conductivity. The maistandards that are used as a benchmark for testing the applicability of
using various waste material in brick production incltEB Standard EN138%*4 'ASTM C 773,
'BS6078ROC CNS 11%and'CNS3319'?". Notwithstanding, the prerequisite for theirse is that they

must be not only technically suitable but also environmentally frieadly

In Australia, Brickworks Building Prod@tssserts that their member companies are constantly
striving to eliminate production waste. In 2012, this company dedidéinat all production waste is
returned to the mix. For exampléhe newAustral Bricks® plant in Yocia has markedly reduced the
instance of malformed or offpecification green (unfired) bricks. Any such units are automatically
recycled into the clay mix rather than going to lanfillt also plas to investigate products that
produce excessive waste armdok for ways in which these can be reducedne efficient waste
minimisation practicahat takes placeduringthe manufacturing phase is to produce half bricks that
are sometimes necessary for certain constructions. It is reported that up to 75% oiMast occurs
when labouers attempt to cut bricks into haff A very popular management style that can assist the
construction material manufacturg industry with reducing waste is the lean and pardifed
manufacturing modet.

5.2 Waste reduction opportunities during the desigmplanning and contract

This involves esigning goods to last longer and to be easily repaired, upgraded or used differently in
future cycles, and actively managing negative externalities such as the release of toxic substances.
(Ekanayake and Ofori, 200@portedthat a substantial amount of C&D waste is closely attributed to
design errors. The authors graded design changes as the most significant contributors to waste
generation when construction workse in progress and the lack of information on the drawings. The
other desigrrelated waste causes that were identified in this study were the complexity of detailing,

20Raut, S.P., Ralega@rkR.V. and Mandavgane, S.A., 2011. Development of sustainable construction material using industrial
and agricultural solid waste: A review of wasteate bricksConstruction and Building Material85(10), 4034042.

21Zhang, L., 2013. Production afdks from waste materia¢#\ review.Construction and Building Materiak7, 643655.

22Murmu, A.L. and Patel, A., 2018. Towards sustainable bricks production: An overview. Construction and Building Materials,
165, 112125.

23 AlFakih, A., Mohammed, B.S., Liew, M.S. and Nikbakht, E., 2018. Incorporation of waste materials in the manufacture of
masonry bricks: an update reviedournal of Building Engineeringl, 3754.

24EN138923 .2004. Methods of test for screed materidl®termination of wear resistaneBohme.

25ASTM C 779 .2005. Standard test method for abrasion resistance of horizontal concrete surfaces. American Society for Testing
and Materials, Philadelphia, PA.

26CNS Catalog. 2017. BeunfeStandards, Meteorology and Inspection. China. ISSN>-8668.

271bid.

28AlonseSanturde, R., Coz, A., Viguri, J.R. and Andrés, A., 2012. Recycling of foynddybts in the ceramic industry: Green
and core sand in clay brick8onstruction and Bldiing Materials 27(1), 97106.

29Build for Living. 2012. Building a platform of commitment and responsibility.

30 Shah, R. and Ward, P.T., 2003. Lean manufacturing: context, practice bundles, and perfodoan. of Operations
Management 21(2), 129149.

20



selection of lowquality materials and lack of familiarity with alternative productssté can also occur
during the design stage due to errors in contract clauses or incomplete contract docihients

Notably, it is widely known that design variations and changes can result in a meaningful quantity of
designgenerated waste. These variat®often change the type or quantity of the building materials.

On the same note, the standardisation of design is found to be a solution to variation in construction.
Standardisatiorcan improve buildability and reduce the number of-ofits®,

Design fordeconstruction also is another design strategy to reduce waste at construction and
demolition sites. In the case of briakne Australian studf found that waste from sebut can design

not to bond. Brick on edgeasused instead of stretcher bontlhentrying to create a level first course

on an uneven footing.

There has been a trend among modern architects in reusing old bricks in innovative designs. Further
encouragement of this trend can lead to increased uptake of old bricks in new constructiontproje

For instance, James Dalecki of Dalecki De¥ignemeratedthe benefits of using old bricks. He stated

that the benefits of using natural building materials such as clay bricks are not only related to their
incredibly long life but also theeautifulway they age. He also mentioned thdépending on the style

of building, an old brickcan either be used to blend in with other materials, @lternatively, can
contrast to create a beautiful modern building. FurthermoEaleckiargued "that clay producs
require no finish (paint or render) to maintain their colour or appeararntés makes them a great
product to reuse as it means they can easily be removed from their first application and reused without
any treatments required (other than a possiblean)...A beautiful heritage brick can serve as a key
design feature in contrast to a modern design...They can be used for feature paving, internal floors,
ceilings, builin furniture, steps or even seating, the options are truly endless

In another cae reported by the Edge Environmé&hin six luxury ecdriendly buildings ilNSW the

use of recycled materials including 40t of bricks was encouraged and inspired by thés client
commitment to ecological sustainability. Thejoal was to create interestinbuildings that would
attract people and create a place with a unique character. Michael Hennesseyytiee of the resort
where these buildings were built, described his principal drivéMasher Nature and my daughter

Another strategy that impacts waste mimisation during the design phase is related to the social
responsibility of designers in the promotion of activities leading to waste minimisation. This can include
bringing the associated financial benefits to the attentiaf the client®. The flow of information and
dissemination of best practice to reduce design waste will require investment and publicity in
technology and education to reshape societal attitudes to waste disposal. This will involve partnerships
between the national government, local authorities, industry, the media and community
organisations.

31 Craven, D.J, Okraglik, H.M. & Eilenberg, 1.M. 1994. Construction waste and a new design methodology. Proc. of the 1st
Conference of CIB TG 16 on Sustainable Construction, ed. C.J. Kibert, Tampa: R¢{68da, 89

32 Bossink, B.A.G. & Brouwers, H.J.8B6LConstruction waste: quantification and source evaluatiwurnal of Construction
Engineering and Managemernt22(1), 5860.

33Dainty, A.R.J. & Brooke, R.J., 2004.Towards improved construction waste minimisation: improved supply chain integration.
Structural Survey, 22(1), 229.

34Dalecki, J. 2017. Reuse & Recycle Materighickworks Building Products. [online] Brickworks Building Products. Available
at: https://brickworksbuildingproducts.com.au/reusecyclematerials/ [Accessed 19 Aug. 2019].

35Ege Environment. 2012. Construction and Demolition Waste GRiigycling and Rese Across the Supply Chain.

360Osmani, M., A. D. F. Price & J. Glass.2007. Potential for construction waste minimisation througd&slgansactions on
Ecology and the Emenment 84, 575584.
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Waste can also occur during the design stage due to errors in contract clauses or incomplete contract
documents$’38, The stage at which contractual agreement is mamesents an opportunity to
minimise C&D wasf& Stakeholders can reduce waste by incorporating waste minimisation activities
specified by specificalgriented contract tender clauses. On that note, to eventu#tés, some
studies® suggest using contracall clauses to discipline poor waste management. Othsush as
Greenwood?, believe that a fully integrated waste minimisation system at the contractual stage is
necessary to identify and communicate the responsibilities for waste minimisation between all project
stakeholders. There is evidence thatenthe type of contract cannfluence the way that waste is
generated. For instance, in Austraffait was foundthat "Fix only subcontracts rarely create
motivation for bricklayers to reise offcuts. Subcontract payment to bricklayers for labour only and
based on the completed isitu brick count does not provide a payment system that encourages low
wastage.

Two of the strategies to reduce material consumptiane through componentslife extension or
design against overconsumpti8nThe major barrier to design against overconsuimiptis the cost; if
the cost of a used and adapted product is similar to the new one, the latter is preferred

Bricklayers are important people in the battle of reducing the waste if they are not disincentivised to
do so. In Australia, the bricklayersarontracted based on the number of bricks arrived onsite and are
incentivised to create waste If they use half bricksthey getpaid for a wholgand their pay is not
deducted by the number of bricks left ov€rontracting model with plastering subcoattors perhaps

is the way to control this issue and reduce wastehé model wagisupply and lagthere would not

be a brick left over onsiteandany spare would be carried to the next job

5.3 Reducing waste durinthe procurement

Correct estimation of brick needed for a construction activity can save a huge quantity of unwanted
materials that might have otherwise been mixed with waste going to landfill or illegally stockpiled.
Inaccurate quantity takeff and/or overordering ultmately create extra wastd-urthermore, the

false economy created by the structure of the brick ordering and later laying processes is a major
contributor to brick wastes in the construction industry. Builders in Australia will typically or8&s 2
more than is required for allowance of efuts and waste et&. However, on large jobs, the risk of
over-ordering tends to be reduced because deliveries are made progressively tlatthe job, and

only the last order needs accurate takéf and ordering. Corarsely, it can be a significant contributor

in small jobs if the bricks are only supplied in large order increments and only a small amount of the
last order increment is required. Incremental ordering problems will potentially worsen if the
brickwork is nade up of small amounts of different brick tymeas may be required in blended

37Craven, D.J, Okraglik, H.M. & Eilenberg, I.M., Construction waste and a new design methodology. Prbsct. @btiference
of CIB TG 16 on Sustainable Construction, ed. C.J. Kibert, Tampa: Flg88a,1994.

38 Bossink, B.A.G. &rouwers, H.J.H., Construction waste: quantification and source evaludamnal of Construction
Engineering and Management22(1), 5860, 1996.

39CriBE, Waste Minimisation Through Counselling Building Project Teams & Collecting of Building Progeahd &zollecting
Waste Arising. Welsh School of Architecture: Cardiff University, 1999.

40 Dainty, A.R.J. & Brooke, R.J., Towards improved construction waste minimisation: improved supply chain integration.
Structural Survey22(1), 2629 , 2004.

41Greenwmd, R., Construction Waste Minimisatig@ood Practice Guide, CriBE: Cardiff, 2003.

42 Forsythe, P. and Maté, K., 2007. Assessing brick waste on domestic construction sites for future avoidance. In 41st Annual
Conference of the Architectural Science AsdamisANZASCA.

43Qguchi, M., Tasaki, T., Moriguchi, Y. 2010. Decomposition analysis of waste generation from stocks in a dynamic system:
Factors in the generation of waste consumer durablesirnal of Industrial Ecolog¥4, 62¢640.

44Hirschl, B., KonradV., and G. Scholl, 2003. New concepts in product use for sustainable consurdptiomal of Cleaner
Production 11, 878881.

45 Barrett, C. 2019. BGC (Australia) Pty Ltd: Group Mnager Energy and Environment. Personal communications.
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brickworki®. An example of oveordering iswhen, fora job requiringl,100 bricks, 1,500 bricks must
be ordered whichtypically results in 27% waste

Justin-time delivery of materials to a construction site should be planned to avoid damage taking place
due to insufficient space for proper storage and adverse weatheditionse. Moreover, suppliers can

be convinced to provide more flexibléast pacK sizes i.e. dfractional' pallet instead of a full pallet

in order to mirmise the waste because of overdering

5.4 Reducing waste during transportatio& delivery

Wasteduring transportation can be significantly reduced if the suppliers do due diligence and exercise
standard work practices. In the case of brick, an Australian €ttmynd that no hard strap protectors

at corners and edges of stacks and hand unloadfiight increase waste. They reported thauneven
landing pad for stacksould cause damage to bricks. In another studyHong Kongsenior project
managers, architects and engineers with more than 15 years of experience reportedaimaige
during transpotation due to the unpacked suppigone ofthe two mainreasons for brick wastagfe

Tam and Hao (2014Jggested that waste arisingioof transportation and delivergouldbe reduced

or eliminated by replacing site bricklaying with drywall panel systems.

5.5 Reducing waste during construction

The second major brick waste generation occurs during the construction of buildings and other
infrastructures. One case study in Hong Keiugntified the possibilities wherein generation of brick
waste occurred at a construction site. The researchers observed that it is likely to have brick wasted at
all the stages of the construction process,rstag from the transportation to the completion of the
layering work on the site. Loss during loading and unloading, damaged bricks due-giamkéng in

the storage area and poor products of layering were all possible causes of wastes. There were even
cases of oveprdering.

In Australia, a field studyfound that the main source of waste brick comes from inaccurate brick
cutting, which is primarily done by chopping at bricks with a trowel. The researchers estimated that
around 75% of brick waste geraded because of the improper operation of brick cuttifiable 4
identifies the main reasons why a brick turns into waste at a construction site

4BRE Group. 2014. The true Cost of Waste. Accessed September 5hB@i8vww.smartwaste.co.uk/ filelibrary/
True%20Cost%200f%20Waste/Bricformation_page.pdf

47 Tam, V. W. Y. C. M. Tam, John K. W. Chan & William C. Y. Ng. 2006. Cutting Construction Wastes by Prefabrication.
International Journal of Construction Manageme®il), 1525.

48 Poon, C.S., Yu, AT. and Jaillon, L., 2004. Redougilding waste at construction sites in Hong Kofmnstruction
Management and Economic22(5), 461470.
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Tableb. Causes of waste during construction
Cause of waste ‘ Description

Cut bricks (i.e. ofcuts 1 Bricklayers often use a trowel instead of a bolster to cut brick
and breakages are rarely half. This practice is used because it is faster but may c

reused). multiple bricks to shatter before getting the desired Hatfck
9 Bricksthat are brittle or do not cut cleanly will increase tl
problem.

1 Some subcontractors are resistant to using a brick saw as they
it slow, changes their normal work processes, requires ther
get off scaffolding, the equipment is expensteepurchase ang
maintain, and creates the need for an extra labourer to oper
the saw.

1 Cutting increases with larger than normal amounts of §

window reveals, raking cutting, offset walls or closing bond at

ends of blade walls.

Poor"off-cuts' are not often suitable ififace' walls.

Handling and stacking 9 Bricks delivered on inclined surfacesncause leaves in the brig

breakages stack to fall and break.

1 Muddy areas make handling more difficult and create a risk of]
contamination of bottom bricks.

1 The more restacking and barrowing, the higher the expect
breakages

Use of bricks for 1 Takes place mainly due to posite control

scaffolding and other

unintended uses

Bricks contaminated by | § The bottom layer ofthe stack can be affectecbut the bricks

dirt stacked on pallets are less likely todftected.

=

Training of those who are directly and indirectly dealing with the brick at the construsitens an
integral part of the brick waste management plan. Such training courses can targetdebatio are
working at different stages of construction and maintenance and have a pivotal role in the reduction
of brick waste generated.

In Australia, here are various education providers that offer a specific coursea danick in the
construction industry. For instance, PointsBuild offers two online cou@®®8 Foundations: Brick
Standardsand'TBA Foundations: Defining a Brickhese two coursesmaito educate bricklayers and
others involved in construction activities about various technicalities of brick in construction with the
view to reduce damages to this material during and after construction.

For the first time;Think Brick Australia runring aBrick Cleaning Coursganationwide training course

on brick cleaningin partnership with TABMA Training. Brick cleaners can achieve a brick cleaning
industry accreditation by completing this course. The course covers the basics of brickworkgworki
with contemporary bricks, planning and preparing a worksite, identifying brick stains, prevention of
brickwork stains, techniques not to damage brickwork, effective cleaning of brick stains, clean up and
safe storage of equipment and chemicadsd usig environmentally friendly cleaning solutions.
Another important strategy to assist with reducing waste during construction is to have a rough

49Thinkbrick.com.au. 2019. THINK BRICK > Accreditation Courses. [online] Availditips#twww.thinkbrick.com.au/
BrickCleaning /AccreditationCourse [Accessed 22 Aug. 2019].
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estimation of waste that is expected to be generated at a constructiofr.sRecurate estimation can

aid in efftient prevention and management from the very beginning of a construction project.
However, previous studies indicated that one of the main hindrances to a valid estimation of C&D
waste prior tathe construction and renovation phases is the lack of dattuiting poor documentation

of waste generation rates and composition. There have been some efforts to model the quantity of
waste generated at a construction sites: and particularly BIMbased modelling in recent yeats

Proper storage of bricks #le site can also contribute to reducing waste generated in construction
activities. If the construction site has enough space, bricksiagit the site can be adequately stored
away from the main traffic flow onsite

Application of effective constructiomethodologies also contributes to less waste generation. Among
various methodologies, prefabrication seems to be a viable opByrdefinition, prefabrication is a
manufacturing process that takes place in a spesdlifacility where various materialgeajoined
together to form a component of the final installation proceddr8rickwork can be prefabricated off

or onsite in panels or box units lifted into positioand bolted to a building frame in a similar manner

to precast concreté. Panels that aranoved into place onsite through the use of cranes create a
reduction in overall site waste. Furthermore, brick orders are placed and cancelled as required directly
through the manufacturers allowing resources to be monitored and waste to be recognised and
controlled®. Some examples of buildings with prefabricated bricks are showigime?.

Figure7. Examples of prefabricated brickwork in Atnalia

50 Llatas, C. 2011. A model for quantifying construction waste in projects according to the European waste list. Waste
Management, 31(6), 1261276.

51 Ibid.

52Lu, W., Webster, CReng, Y., Chen, X. and Zhang, X., 2017. Estimating and calibrating the amount of-telgitidg
construction and demolition waste in urban Chitaternational Journal of Construction Managemetit(1), 1324.

53Wu, Z., Ann, T.W., Shen, L. and Liu, GL42Quantifying construction and demolition waste: An analytical revieast&/
Management 34(9), 16831692.

54 Cheng, J.C. and Ma, L.Y., 2013. Aliibkd system for demolition and renovation waste estimation and plankifaste
Management 33(6), 15391551.

55BRE Group. 2014. The true Cost of Waste. Accessed September 5 2019. http://www.smartwaste.co.uk/ filelibrary/
True%20Cost%200f%20Waste/Brick_information_page.pdf

56aAydzyy2 wdI hQDNIREXI ¢dX az2NNRAEAZYSI rapgying DNGnGI& eE&nomydto | Yy R/
prefabricated buildingsBuildings 8(9), +14.

57Lane, W.J., Lane Wallace J, 20®#4fab brickwork. U.S. Patent 6,763,640.

58 Clay Brick and Paver Institute. The University of Sydney. 2019. Prefabricated brickwork.

59 Roberts, J.J., Hogg, J. and Fried, A.F., 2001, June. Prefabricated Brickwork a review of recent applications. In Proceedings o
the ninth Canadian Symposium, Hamilton. June 2001
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Left: AndersorHouse (1980) in the Melbourne suburb of Carlton (bfiekpanelsare a single leaf,
reinforced vertically and horizontally at about 600 mm centres, and contribute to the fire protection
of the structural steel framing). Right: Piomé¢ubrikHouse in Adelaide (1990), Most of the brickwork
was laid on site, but the brick soffits were prefabricated by the bricklayer in a building next to the site.
SourceClay Brick and Paver Institute, University of Sydney.

There are severadvantages of brickwork prefabricatigrsome of which ardisted below:

Work is protected from changeable weather conditions.

Design features that may be too costly or labour intensive onsite can be carried out in the

factory.

1 More control can be exersed over materials used and construction work carried out to ensure
superior quality.

1 Project time is shortened due to speedy erection of wall panels leading to earlier occupancy
of the building.

T No need for storage onsite as panels can be delivgustlin time.

1 Need for scaffolding is reduced dramatically.

1 Waste reduction

1
1

The reduction in wastencluding brick waste using prefabrication technologiesbeen documented
in various contexd Table6 summariseghe evidence of brickvaste reduction using prefabrication
reported by various studies

Table6. Studies providing evidence for waste minimisation through prefabrication

Reference Contextand data | Result description
collection method
Zhou et al. China, simulation | Brick wasteoccurringbricklayingtend to be minimised
(2014)
Begum et al. Malaysia, interview| This study confirms thaa huge amount of materig
(2010) and onsite wastage can be reduced by the adoption
monitoring prefabrication The total brick waste generated is ve

much higher in the conventional projeéte., 0.04 toneg
100 nt? compared to the prefabricated/IBS project of 0.
tones 100 rf?. This study also revealed that the rates
reused and recycled waste materials are relatively hig
in projects that adopt prefabrication. Based on the to
waste generated at each site, it is observed that 949
waste generated at the IBS site is redisend recycleg
compared to only 73% at the conventional project site

Jaillon et al. Chinaacase study | The reduction pecentage of brick waste throug
(2009) prefabrication is 56.1% reduction in brickaste

Despite the proven benefits of prefabrication in reducing C&D walig construction technology is
only successful when builders and clients can enjoy cost savings. In one study on the use of
prefabrication, the interviewees suggested that cost was the key factomather study found that

60 Fisher, K. 1992. Prefabricated brickwork panel system. Redland Brickn®eptE992.
61 Tam, V.W. and Hao, J.J., 2014. Prefabrication as a mean of minimizing construction wastdrgarsigional Journal of
Construction Managemeni4(2), 113121.
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the resistance to adopting prabricated techniques was often seen in companies that had not carried
out detailed studies on the potential economic savings achievable through waste reduction, specific to
their activities and process@&sThere are three other enablers that encouratfpe use of prefabrication

as outlined by some investigaters:

(1) Environmental issues: When more stringent environmental control and regulations are
forthcoming, prefabrication is one of the ways to facilitate ldagn waste miniméation and
reduction (2) Construction costs: Introducing more productive and lean construction methods can
reduce the construction cogsdffectively and reduce the burden incurred due to high initial investment
(Shen & Tam2002) (3) Government incentives: Granting relaxationth® gross floor areas for
projects employing prefabrication elements, e.g., discounting the area occupied by facade units (Hong
Kong Governmentg Environmental Protection Department 2006), will encourage the use of
prefabrication. Moreover, tighter conttocon workmanship, allowable tolerances, homogeneity and
allowable rework will favour the adoption of prefabrication.

5.6 Reducing waste during demolition

Brick waste during demolition is generally sourced from residential or pavement demolitiome
studyin Chinait was found that demolition of residential buildings generally generates more brick
waste than it does in commercial buildisgsiowever, this waste often comes in a mix with other C&D
waste. There is a strong preference within the reprocessitagket for masonry materials to be
separated at the source. This enables much simpler, cheaper and more effective processing. This is
reflected in pricing mechanisms such as gate fees, which are lower for ssepaeated loads. Where

loads are mixed, thenost common approach is for operators to segregate materials using manual
labour, coupled withmechanical equipment such as excavators and femd loaders. There are
limited examples of fixed equipment and automated sorting systems being employed anasep
materialg’. De-construction, as opposed to demolition, is a buildiegrovaltechniguethat aims to
dismante buildings with the goal of maximising the reuse potential of its compondihts.benefits of
deconstruction include generation of revenueiin the sale of salvaged materials, reduced disposal
and transports costs, lower cost of building materials for the community, lower excavation for new
materials and conserving landfill space.

Selective deconstruction is the advance extension of decorstruevherein some materials are
targeted for reusing and recycling. Selective deconstruction project planning involves the scheduling
for dismantling targeted building components, the choice of technology, the definition of work tasks,
the estimation of tke required resources and durations for individual tasks, and the identification of
any interactions among the different work tasksFull demolition requires less time than
deconstruction. Time taken includes the manpower (total rhanir) and active plantosts. TheNSW

62 Cox, A.G. and Piroozfar, P., 2011, April. Prefabrication as a sourcecfeation: An investigation into potentials for large
scale prefabrication in the UK. In Proceedings of the 6th Nordic Conference on Construction Economics and Organisation,
Copenhagen, Denmark, 14%.

63 Ho OST. 2001. Construction waste managementontraD (i 2 NR& LISNELISOUGA GBS ¢KS 1 2y3 Y2y:

64 Poon CS, Yu TW, Ng LH. 200%si@nsorting of construction and demolition waste in Hong Ké&tegsources, Conservation
and Recycling32(2) 32157 32172.

65Zhao, W. and Rotter, S., 2008, May. The current situation of construction & demolition waste management in 200&. In
2nd International Conference on Bioinformatics and Biomedical Enging@iidd4750). IEEE.

66 Sustainability Victoria. 2014. FactgieMarket summary recycled brick, stone and concrete.

67Hyder Consulting and EnCycle Consulting & Sustainable Resource Solutions. 2011. Construction and Demolition Waste Status
Report: Management of Construction and Demolition Waste in Australia, Beeatr of Sustainability, Environment,
Water, Population and Communities and Queensland Department of Environment and Resource Management.

68 Sanchez, B., Rausch, C. and Haas, C., 2019. Selective Deconstruction Programming for Adaptive Reuse of Buildings.
InComputing in Civil Engineering 2019: Data, Sensing, and Anéd&232). Reston, VA: American Society of Civil
Engineers.
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Office of Environment and Heritapas published a factsheletvhereindeconstruction and demolition
were compared timeawise figures8).
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Figure8. Time comparison for brick and concrete removal
SourceEPA NSW, House deconstruction fact sheet (2010).

The cost analysisssociated withthree building removal techniqguesn NSW revealed that
deconstructionis cheaperthan demdition, by anywhere between 55% (Asbestos fibro) to 294% (full
brick).
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Figure9. Cost comparison between three methods of building removal

69 Office of Environment and Heritage. 2010. House deconstruction fact sheet: Bricks and concrete removal.
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5.7 Reducing waste through reusing

The demolished brick or the brick thatdamaged during transport, construction or renovation can be
re-used in construction projects without recycling. Recycled bricks are one of the most popular
materials to incorporate into a building. From an environmental protection perspective, itievéel
re-using old bricks provides a great opportunity to save 0.5 Kil@Dcomes with the production of

one block of a clary brick. Therefore, there are a few attempts to encourage the application of old
bricks in new builds.

A newEuropean Uniodunded projectis calledREBRICKand has demonstrated that an old brick is
not "just a bricK. This project pursues resourceful demolition of waste tlglo automated cleaning of

clay bricks so that they can be reused. This projettichis coordinated by a Danish SME, Gamle
Mursten, in the past year has developed a technology to exploit the reusing potential of old bricks.
This technology involves the tumated sorting of demolition wastes that separates and cleans old
bricks using vibrational raspinfhe main EBRICKS objectives are as follows:

a) Develop and modify the current brick cleaning technologfutfil regional requirements
b) Explore the markepossibilities for reused bricks in Europe
c) Market the use of reused bricks to key stakeholders in Europe

Figurel0. EBRICKS project operation and some examples of building witlsesl (cleaned) bricks
Sourcewww.en.gamlemursten.dk

Furthermore, the reuse of brick may take place in the form of brick waste recycling for further use in
a brick production line. In Turkey, twesearchersDemir and Orhan (200Bemir and Orhan (2003)
studied the use of brick waste as an additive to raw materials for brick production. They reported that
test results indicate a mixture of up to 3Ge waste brick additives can be used in brick production.
Usage of waste material in the raw mixture mirsesi the physical damage that may occur during brick
production.The reuse of wasterick material in brick production provides an economic contitu

and also helps protect the environment.

70Gamlemursten.eu. 2@ Rebrick :: Rebrick. [online] Available at: http://www.gamlemursten.eu/ [Accessed 19 Aug. 2019].
71Demir, I. & Orhan, M. 2003. Reuse of waste bricks in the productiorBlinikeling and Environmen88, 14511455.
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5.8 Waste recovery (recycling and upcycling)

The brick waste can be processed and further used in the construction industry (recycling) or in another
industry (upcycling)Brick wastes are highly recyclable doetheir inert nature and predominantly
physical reprocessing requirements, with lesser need for chemical processes compared to other
material§2 Brick recycling practice has a long history; the earliest evidence relates to the use of
crushed brick with &tland cement in Germany in 1860 for the manufacturing of concrete proffucts
However, the first significant use of crushed brick as aggregates in new concrete has been recorded
for reconstruction after th&Vorld Warll’. In Denmark, only 2% of concretadibricks generated are
landfilled, with the remainder reused and recycled.arge commercial projects lend themselves to
recycling more so than small residential projects as there are significant economies of scale in
collection, separation and marketimg recovered materialS. Waste bricks aralsoapplied as powder
materials in some countries.

The demolished bricks are burned into slime burnt ash in Japan and are commonly crushed to form
filling materials in Hong Korfdam and Tam, 2006)Vaste brick can also replace raw materials used

in a mixture for production of other construction materials. For instance, pozzolans that are derived
from wastes, when used as a paitcement substitute, typically improve the resistance of mortar.
Table 7 presents a selection of studies wherein the successful application of brick waste in the
production of masonry materials is documented.

Table7. Summary of studies imstigating the applications of recycled brick waste

Application Summary of findings Reference
Replacement of | A substitution of cement by 10% of waste brick increa| Naceri and
cement in mortar | mechanical strengths of mortar. The results of 1 Hamina (2009)

investigationconfirmed the potential use of this wast
material to produce pozzolanic cement

Pozzolanic
materials

Experimental results revead that waste brick has
potential as a pozzolanic material in the part
replacement of cemendr concrete to sulphate attack

Lin et al. (2010)

Mineral filler in
asphalt concret
mixture

The results show that the mixtures prepared with recyc
brick powder have better mechanical properties than t
mixtures with limestone filler. Thus, it is promising to U
recycled brick powder as a mineral filler in asphalt mixtu

Chen et al.
(2011)

The brick powder

The resilts show the mortars containing bricks powd

Corinaldesi et

as cementitious | show good performance al. (2002)
material replacing

Portland cement

The brick powder | The results obtained showed that partial substitution| Kinuthia and

(dust) as a
stabiliser

the dust with PFA resulted Btronger material compare
to using it on its own. The blended stabilisers achie
better performance

Nidzam (2011)

Crushed brick
waste as a

The results indicatkthat only recycled crushed brick wit
a moisture ratio of around 65% is a viable material
usage in pavement subbase applications. The geotech

Arulrajah et al.
(2011)

72 Sustainability Victoria.2014. Factshe®larket summany recycled brick, stone and concrete.
73Devenny, A. & Khalaf, F. 1999. Use of crushed brick as coarse aggregate in chlasetey Internationgl12, 8184.
74 London, E. and F.N. Spoon.1992. Recycling of Demolished Concrete and Masdry,Hansen (Ed.), RILEM.
75wSa A RdzZ Omdbpdd/ 2y aGNHz2OGAZ2Y YR 58SY2ftAidA2y 21FadGSaz LyT2NYI
76SA EPA. 2001. Barriers and Opportunities feug&and Recycling of Clean Fill and Building and DemolitioteWBLAN
ITU Pty Ltdfile:///C:/Users/Salman%20Shooshtarian/Desktop/8449 nolan_recycling_clean_fill.pdf
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pavement testing results indicate that crushed brick may have tg
subbase material | blended with other durable recycled aggregatdo
improve its durability and to enhance its performance
pavement subbase applications
Crushed brick as ¢ The results demonstrated the durability of crushed brii Adamson et al.
coarse aggregate| as a natural aggregate replacement at 25 and 50% | (2015)

in concrete recommendedo use the bricks in unreinforcambncrete

There are limitechnd scattereddata availableshowing how much brick waste is recycled or upcycled

in Australialn WA a report’ showed that 10.86t brick was recycled in 2005/2006. In Victoria, in,2012
the quantity of brick thatvasrecycled was reported to be 390kt (medi&h)According tathe latest
statistics in 20162017, 1,872,467 tonnes of bkiwaste was recycleth Australid®. The share of the

C&D sector in this waste recovery is estimated to be 60.3%, the largest source of feedstock for brick
waste recovey activities. Among the jurisdictions, almost 95% of brick waste recycling took place in
NSW and Vic combined in 202617. However, several states and territories did not report their brick
waste management activitie3 &ble3).

A study?® conducted in Australia found that a common solution to the brick waste problem is to crush
the waste and to use the final product as a landscaping aggregate egréme road base. Brick
recycling techniques are not complicat&dhe bricksare crushed, either as mixed loads or in source
separated streamsin Australia, one study conducted a comparative analysis of the economic
performance of two brick waste managemestenarios in Melbourrié to reveal the suitability of
recycling versus landfilling. The study found that the costs associated with recycling bricks were
comparatively cheaper than those in landfill disposal. Clearly, the cost savings of recycling far
outweighed landfill disposal and virgin gravel production. In terms of operational ,dbstsstudy
reported that for 1000t of brick wastethe total costsare $92,356 and $29, 419 in the case of
landfilling and recycling, respectivelyhe same resultsvere found in a study conducted in NSW
wherein demolition is more expensive than selective and full deconstruction due to reduced costs
associated with transport and landfill levgome ofthe local council provides voucher through the
rates notices to encouragie community to get their wastgncluding some C&D waste materials
recovered at the nominated recycling facilities.

Caseludy 1 ¢ Australian experienceMidland Brick

In June 2006, Midland Brick announced a brick recycling initiative aimed atmgdhel amount of
material being sent to landfill. Midland Brick association with Pindan Constructidiormed a
partnership that would see all waste bricks from a number of Pindan construction sites be returned to
Midland Brick for recycling. Midland Bricksadso set up recyitig centres at a number of their yards
throughout the metropolitan area (Canrgton, Jandakot, Joondalup, Osborne Park and Middle Swan)
that can be used by the general public for brick disposal. Commercial loads can be disposed at the
Middle Swan yard. Plastic strapping from the brick and paver packs can also be recycled. At present,
approximately 7,000 tonnes of brick has been recycled. This is on top of approximately 80,000 tonnes
of imperfect product made at the Middle Swamd Cannington sites being 4iatroduced into the
process. Midland Brick also $a partnership with Capitddemolition in Balcatta that recycles waste

77Cardno. 2008. Detailed investigation into exigtend potential markets for recycled construction and demolition materials.
Job No. V7038. https://www.wasteauthority.wa.gov.au/mdia/files/documents/investigationmarketsfor
recycledcndmaterials.pdf

78 Sustainability Victoria.2014. Factsheet: Market sumngamgcycled brick, stone and concrete.

9 Forsythe, P. and Maté, K., 2007. Assessing brick waste on domestic constructifor ditese avoidance. In 41st Annual
Conference of the Architectural Science Association ANZASCcA.

80 Edge Environment . 2012. Construction and Demolition Waste €Redgcling and Rese Across the Supply Chain.

81 Damptey, E.O. 2011. Optimising the Use efyRled C&D Waste Material in Civil Construction Projects. PhD thesis. Faculty
of Engineering and Industrial Sciences. Swinburne University, Melbourne. Australia.
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bricks from its recycling operations. Midland Brick has indicated that they are looking to increase the
amount of waste brick material being recovered over the next few ybangever, there is a maximum
proportion the firing process can accept whilst maintpneduct specification.

Case fudy 2 - Australianexperience SA construction companies

Responses from 12 SA based construction companies that have been involedratycling of
constructionmaterials toa survey showd that about 78% of brick wast@as recycle®. Brick was
found to be amonghe four top waste materialthat were recycledthe other three materials included
concrete, soil/lsand and metaFigurell shows the variation of materials recycled by these twelve
companies.
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Figurell. Materials recycled by construction companies surveyed

5.9 lllegal dumping and stockpitig

lllegal dumping and stockpiling is a prevalent incidence with respect to clay brick. Indeed, illegal
dumping is a lucrative and extremely difficult practice to stbpere are service providers that are
called Cowboy operator® in the waste recovery idustry thatoffer services for skipins, disposal,
sorting or recycling at belomarket rates, undercutting the cost of legitimate and licensed businesses.
The waste is stockpiled or dumped on rented properties or public land in the outer suburbs or regional
areas It is the public sectds duty to address illegal dumping of materials and to strengthen controls
over licensed sites he following is a caseusty of brick waste illegal dumping in Australia.

CaseStudy1- Hudhes Demolition in Northwest of Melbourne
Recently, a large demolition company, operating in a nevést suburb of Melbourne, was charged

for the illegal dumping of a large quantity of C&aste most of whichwasbricks Figurel2), onland
that was not licenced to accept it. The company was ordered to fund the removal of about 2860 cubi

82SA EPA. 2001. Barriers and Opportunities feus@eand Recycling of Clean Fill and Bujl@dind Demolition Waste. NOLAN
ITU Pty Ltdfile:///C:/Users/Salman%20Shooshtarian/Desktop/8449_nolan_recycling_clean_fill.pdf

83Mannix,L., Vedelago C. a@dHouston. 2017. The tipping point: lllegal dumping swamps the waste industry. [online] The Age.
Available at: https://www.theage.com.au/national/victoria/thégpping-point-illegakdumpingswampsthe-waste
industry-20170806gxq8m0.html [Accessed 16 Au@13)].
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metres of C&D waste from a property in Prima Court, Tullam&rihevisiting this dumping site, Peter
Kerr, the metro EPA manageindicated that illegal dumping of C&D materials is costing Victoria over
$30 million a year in cleamp costsHe alsostated,"That is particularly disappointing, given that much
of it can be processed for productive reuse in building and constrlction

Figurel2. A cleanup worker amid waste illegally dumped at a field in Prima Court, Tullainar by demolition
company Monark Industries, trading as Hughes Demolition
SourceThe Age (2019)

5.10Landfiling the waste

On worldscale, considering the world annual production of clay brigksich is approximately
6.25x 10° ton, about 7x 10 ton bricks go to landfills each yéarin sane countries due to various
reasons including unavailability of land, the cost of landfilling has increased substantially such that
recycling is more costffective. One study in the &3showed that recycling one ton of brick costs
about $21 per tone while landfilling one ton of the same would cost approximately $136#im

2005 In Australia, a large quantity of brick wasgegeneratedthat needs careful attention for
adequate managementlowever, the lack of update and accurate data about cureativities in the

field of brick waste management has made it difficult to plan for the maximum usatle wélue of

brick material. The only data for landfilling extracted for the study period of 2@Z6showed that in

SA 11,498 tonnes of brick wasteas landfilled (Table 3).

84Carolyn W.C. 201Tompanies fined for illegal dumping of waste after EPA swoop. [online] The Age. Available at:
https://www.theage.com.au/national/victoria/companieined-for-illegatdumpingof-waste-after-epaswoop20170821
gy0z5k.html [Accesselb Aug. 2019].
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