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TheseGuidelinelsavebeen prepared as a result of a funding grant fromahd_baestoBustainability Accord. A key
initiatig of the Accord is the Victorian Local Sustainability Advisory\L@@hittee

A large number of sustainability challenges face local governments, many of which will be amplified by the chal
climate. Based on input from the Accord partnerssarel@xisultation with local governments across Victoria, the
VLSAC has identified five key issues for priority action over the next phase of the Accord. These are complex,
jurisdictional issues that require action at both the State and lecalleeiemfacilitate sustainability outcomes

for local communities and Victoria as a whole.

1. Planning issues

2. Building distributed energy and other systems
3. Sustainable local economies

4. Social impacts of climate change

5. Managing carbon emissio

In addition to these priorities, the VLSAC and the Accord will continue to be responsive to and support other ke
identified by local governments through their environmental planning processes. Such issues might include bio
loss, protdag urban landscapes, sustainable public lighting and managing sustainability data. These, and other
will be considered by the VLSAC as the areas for action emerge, allowing the VLSAC to be flexible to meet the
the sector.

These Guidelineseek to provide guidance on alternative design considerations and materials that will deliver
sustainable infrastructure through
9 Using recycled materials
Reducing the carbon footprint of infrastructure projects

1
1 Reducing maintenance and operati®g cos
9 Utilising water in more efficient ways

1

Utilising materials from sustainable sources

Existing design standairdshe IDMhave been developed over time based on generally paitesplies and
practicesincluding thosmplied to member Councilsotrat jurisdictiorithese standards provide effective and
workable solutiof the provision miunicipal infrastructure wahi it is recognised that to move to more
sustainable solutions requires significant change, there is no intentioadiactmplinahe design standards
contained in the manual.

The Guidelineaddress a number of initiatives contaihedin c or dds Sustainability A
healthy and productive kEmdivater systems, flourishing biodiversityaséssamd increased resource efficiency,
communities with a water, energy, materials saving ethic, liveable ciaesleffidiemwtransport systems.

This project was funded through the Victorian Government's Sustainability Fund under the Victorian
Local Sustainability Accord.

The City of Greater Geelong and the Colac Otway Shire were the lead agencies on behalf of the IDM
Group for the funding grant. The project was administered by the City of Greater Geelong.
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Clause 1 Introduction

1.1 Sustainable Design

Sustainability can be defined as meeting the economic social and environmental needs of current generatior
compromising the needs of future generations. Acoondirgylgtainabigrastructure should require less energy
and natural resources to,lmyitate and maintain, generate less pollution and preserve the natural environment tc
greatest extent possibMiere there is a loss of nat@sbdurce these should be replhoor replenished.
Sustainabldesign of infrastructi@eed othe principlesfoéduce, reuse and redyidrequire greateommunity
awarenessfits objectives and beneditslof how sustainable infrastruatories ang maintainedzor exanie,

the community will have to tgkeager interest in, and ownership of, assetsxmtels@ssitivelesign elements

Sustainable infrastructure is based on site layouts that are mqeocinl®pacteased transport choices, reduce
water consiption and protect natural streams and watercourses.

Sustainable development is a continually evolving and expanding field both in the approach to design (and che
the statuguo) and in the emergence of new maieriaiplementing sustainal@eelopment there will be
resistance to changeed for policy change and limitations imposed by current regulations.

1.2 Consultation

This Sustainable Infrastru@uidelinesas been prepared by conducting research on design practices and materi:
in Astralia and overseas reflecting concepts such as Green Infrastructure, Sustainable Development and Loy
Development. Consultation has been carried out with:

1 CCF (Civil Contractors Federation)
1 Local Government Victoria (LGV)

1 Australian Asphalt Paverseociation (AAPA)

1 VicRoads

1 Association of Land Development Engineers (ALDE)

1.3 Implementation

1.3.1 Innovation and Advances in Technology

Clause 9.of the Infrastructure Design Manual provides a méchagisiwhic®ouncils mayonsideadopting
and apprawj innovative solutions and using new technologidewlaeeesatisfiddat the objectives of the
relevant clauses of the WilMbe achieved although the proposal may not comply with all relevant technical provisi

1.3.2 Development PlartBP)

Devadpment Plarshiould be submitted for review with a written response to the provisions in the Planning Scher
residential Developments), guidelines contained within the IDM and these Guidelines where required by a Col
in Selection Tald®1in Claus8.60f the IDMCouncils will expect considerationblsotogi ven t o t he
Guidelines for Victoriad published ilRgad Eafety and tande Vi
Use Pl anni ndeal®yUralesign &uidelidtdevelgped by Councils.
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1.3.3 Sustainable Infrastructure Checklist

A Sustainability Checklist is provided in Appendix B of thesadpumétieetocumentation to demonstrate that
the objectives of the Guidelines have been considepenaaatdd assist Councils to assess the sustainability of
a developmentCouncils listed in Selection Tabléin Clause.6 of the IDMvill expect the checklist to be
completed for all significant developments within their municipal boundaries.

The intention and benefits of the checklist are:

T

= =4 -4 -—a A

To support the vision, goals and actions of the individual Councils in relation to their Greenhouse
Plans, Environment Strategies, Capacity Building and Climate Resilient Communities

To encourage ra@ustainable infrastructure design

To provide a chbosusecdaotr @euswaohabeVvektygpment
To raiséndustrawareness of the benefigpplying sustainable best management practices

To document how and to what extentvedopaients are incorporating sustainable design and technology

To help developtrevaluate the sustainability of their projects

1.4 Objectives

The objectives of the Sustainable InfrasBuaelmeare:

f

To provide a range swistainablelesign optiongnd materials that reduce the carbon footprint of
infrastructure projects recognising that some options can be adopted immediately, some may be
suitable in urban environments than rural and others may be morénasgivaéandimay require
regulatory or policy change or innovation in order to be delivered

To provide infrastructure in a way that preserves the natural environment, protects habitat and main
increases biodiversity

To provide infrastructure that uses stormwater nmihg lefficelucing peak volumes and increasing the
volume that is retained in water sensitive design elements prior tovdissricargsdo

To better integrate design elements such as road, landscape and stormwater conveyance to in
sustainabilitgnd meet amenity, accessibility and level of service wbiksiehisering greater
aesthetics

To introduce processesirating toolby whictprojects can be evaluated on sustainability criteria and
improved

To increase confidence levels in théalternative designs and materials

To excourage broader thinking around sustainability initiatives at the design stage
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Clause 2Definitions

Carbon Footprint

Geopolymer cement

Low Impact Development

Permeable Pavement

Reinforced Turf

SIG

Structural Soil

Sustaindb

Sustainable Development

The amount ofarbon dioxi@ad other greenhouse gas&snitted into tt
atmospherigom infrastructure activities. This includes all emissions ass:
materials (extraction, manufacture and transport), construction, and
over the lifecydgthe relevant infrastructure

Made from mixtures of watietble alkali metal silicates and aluminosilicatt
powders such as fly ash. Essentially Geopolymer cement is seen as ¢
forPortland cemen

Similar to the term Water Sensitiae Design (WSUDdw Impact Developn
(LID) putan emphasis eorservatioand use of egite natural features to prc
water qualitthrough the implementatiohydfologic contrats an attempt -
replicate the pdevelopmernnd evepresettlemerttydrologic regime

A pavemenmtith gpermeable surfaceasstructeaver a drainage or storage |
promoting ground evatecharge, reduction of traditional stormwater co
infrastructure, and pollutant stoaagdbdiodegradatiofihese pavemenare
mosthsuitable for lightly trafficked areas stanpak and parking bays.

Typically corete or plastic grids that are filled with topsoil and grassed t
surface that can support traffic loads without compacting or damaging
soil.

Sustainable Infrastructure Guidelines

Typically large single sized gatgravitthevoids filled with topsoil. The aggr
provides structural suppdritepreventing compaction and the voids allc
growth with minimal displacement of the aggregate.

Meeting the economic social and environmental neen® geoerations witr
compromising the needs of future generations

The World Commission on Environment and Development (WCO
sustainable devel opment as fidev
withbut compromising the ability o


http://dictionary.reference.com/browse/carbon+dioxide
http://en.wikipedia.org/wiki/Portland_cement
http://en.wikipedia.org/wiki/Water_conservation
http://en.wikipedia.org/wiki/Water_quality
http://en.wikipedia.org/wiki/Surface-water_hydrology
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Clause 3 Design Requirements

3.1 Objectives
The objectigefthisclauseare:
1 To dentiffnow sustainable variations from therégsigaments specified in theddMe evaluated.
1 To e@scribe available rating tools that can be used to assess project sustainability

1 To promote the use of the Sustainable InfrastructurdApiperidist B a mechanism for encouraging
wider adoptiaf sustainable infrastructure

3.2 Design Considerations

Sustainable design initiativesl@seribeth moredetail in the relevalause ofthe SIGWhen a innovative design
solution is proposed that does not meet all the engineering standards requi@dungiteevilDskpéoe following factors
are tobe assessezhd documentbyg the Designgrior to submitting a request for approval

Lifecyclecosts
Carbon footprint of the proposal compared with a conventional design

Environmental and ecological benefitding, but not limited teductin in impervious surfaces,
reduction in pollution, protection or enhancement of biodiversity, improvement to water quality, redu
wasteandincrease in utility

Impact on the future operation, maintenance and renewal of the proposed infrastructure

The treatment of waste and surplus material associated with earthworks is often oveneoitedteridésign
beingsent to landfill when they may be suitable f@lapisgeof theSIGidentifies particular initiatives that can be
implementedd treasuchmaterialin a more sustainable manner.

3.3 Variations from Desidgbhuidelines

3.3.1 General

The SliGrovide detail on innovative solutions and new tedimadlcayielse considered by Design Engineers and
Developers seeking to create more sustaiinastiructure.

Clause 5.7 of the IDM specifiesthat@posal to deviate from the Maidelineat any stage of the works should

be submitted with full supporting reasons to, and be approved owritipgidryto the commencement of the
relevant worla addition, IDBause 3.6.2 provides, thag¢re the Design Engineer can demonstrate that proposed
variations from the Manual are consistém SIBCouncils listed in Selection Table 3.6.1 of Claiube 308V

as having adoptie SIGwill normally accept that the objectives of the relevant IDM clauses have been met, alth
the proposal may not comply wighestintechnical provisioBsistainable initiatives need to be evaluated on their
merits for each developmentamtions which have been approved for some developments do not imply approva
other current or future proposals. Consequently, the implesestEEitableption®utlined in&fSIGshould be
considered on a project by projecabgsast ahe design praeThe rating tools identified in Section 3.5 of the
SIG will often be helpful when comparing the relative merits of the available options in any particular circumstatr
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3.3.2 Owners Corporations

Owners corporations provide one way intetriakivee designs, particularly with respect to layout of housing estate
and communities, can be implemented. Infrastructure within the common property can be designed with greate
and will not be subject to all the standards that wdalihfxpptyucture that is ultimately awdadanageday

CouncilAn owners corporation may also be more informed about the purpose @indatpseatdive design
features, and more committed to their effective management and maintenance

3.4 Documats to be submitted

WithClause 5.2 and.8 of thdDM specifies that, unless otherwise agreed by &ugineikring plans and
documentatichouldbe submitted at three separate stages during the desighlignexestainabldesign or
materialoptors being considered by the Design Enghmédbe highlightedn thedesignsspecificatian
calculationgglevant drawings atiderdocumestthat accompany the submission

3.5 Rating Tools
Rating tools provaleamework for systematically asgpssj@ctsustainability by:
1 Evaluating the project against a wide range of sustainability criteria
1 Benchmarkirige project against similar succesgfdtin other jurisdictions
1 Enabling designers and asset owners to identify areas wheretsngarobemesde
Available rating tools include:

1 Infrastructure Sustainability Rating Tool (IS Rating Sahdntished by th&ustralian Green
Infrastructur€ounciiwww.agic.netjaurhis tool can be used to assest types of infrastructure
including transport, water, communication and energy

1 Invesi published byicRoadsnmvw.vicroads.vic.go).ahistoolis particularly usdhr the assessment
of arterial rogdout may sometimesubeful in dealing wathercivil infrastructure

1 Greenstar Rating Tdgmiblished bgreen Buildi@puncihustralianww.gbca.org)alrhese tools are
primarily used for building profadtalso includa Communities ratgygstemthat can be used for
precincts, towns and cities

1 Greenroad¥Rating Systeimpublished by thiniversity of Washingtmw.greenroads.ushis rating
toolwas desigdeprimarilto rank, score and complagesustainabilitifferenmajorroad projectsut
may sometimes be useful in dealing withvdtimérastructure

3.6 Materials

The sustainabilityvafious constructimaterials can lssessed armmbmparedgaist core and supplementary
indicatorby refance to Clause Gloé SIGndthe Material Information Sliedtppendix A.

Appendig provides a carbon calculatiofotoegtimatiritbe embodied carbon per unit of the construction materials
that haveden assessed in @a9of the SIJ he tool can be used to determine overall amounts of embodied carbo
for typical infrastructure items and aggregated up to project letreddpzenatition of individual materials.


http://www.agic.net.au/
http://www.vicroads.vic.gov.au/
http://www.gbca.org.au/
http://www.greenroads.us/
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Clause 4 Transport

4.1 Objectives

More suainable road design and constructioediaefossil fuelsand waterconsumptiorgreenhousgas
emissionsvater pollutianitial and Id®ycle costs, facilite¢storatioandor creation of habitat, improve aaedss
mobilityand generatecaleconomic benefits, reduced and raise community awareness. The objectives of sustair
road design are to:

1 Provide an efficient road network that moves people in a variety of transport modes including ve
walkingcychigand public transpehileminimising impact on surrounding environment

1 Develop layouts that allow for access in all directions, link to public transport, reduce dependence on ¢
provide walkways and cycleways that are continuous and linked to each other

1 Consider interactidietween land use and transport recognising that compact communities that hav
range of transport options place less demand on the existing road network

1 Introduce a variety of landscaping and traffic calming techniques, particularly foroedidesdis| and |
that create safer roadisctpromote social interaction and provide additional visible green space

1 Reducedheoverall requirementscar parkingnd particularly those for areas with a hard footprint, and
ensure that parking spaces areatedaas to avoid adverse impacts on cycling and walking options.

4.2 General

In low speed envirmns, the road hierarchy should reflect the nature of the inteas éall oaes:
1 Pedestrians
1 Cyclists
1 Public Transport
1 Other road users
New development skdoaim for preferred rather than absolute minimum standards witrede=spean, cycle
and public transport facility provision.
The benefits thieseactive transpaonibdesnclude:
1 Reduced transport related emissions
1 Reducingar parkingemand
1 Impoved liveability in residential areas
1 Improved health through increased physical activity

Ensuring that cycle links between new and existing development amdtpab\atedrea traffic managemsnt
cycle friendly in dedigp to promote cychisga viable traffic mode. Typical steps that may be considered includ
providing cycle ttoughs at road narrowing features, speed humps and other traffic calming measures.
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In residential precinadspsideration should be given to imposingpeedimits (10kph/20kpmd giving
pedestriamandcyclist priority over motor vehicles

4.3 Road Location and Layout

The following factors should be considered in determining road layouts:

)l

1
1
1

The design should occupy the smallest possible footprint
Natural vegeian should be retained wherever possible and supplemented with additional landscaping
Disturbance of natural soils should be minimised

Roaddesign and layout should aim to maximise areas of the road reserve and adjacent land that c
utilised for oftgglanting or otherwise upgraded to restoriobbagat result of the proposed road

Where possible impervious areas should be disconnected from each other and water flow directed to |
areas

Natural buffers and vegetated areas should beéttedto

Crossing points with protective and directive demaoigimise conflict between native animals and
vehicles

Significant slopes should be protectedrafitily designed and seleegetation

So far as reasonably practicable, havingaegasss needs for emergency and service vehicles, roads in
residential precincts should encourage compliance with the design speed limits by lateral and \
geometry, rather than traditional traffic calming devices. When such devices areaigedvoidable
pedestrian crossings, pavement narrowing, kerb radius reduction and raised medians can be conside!
may offer opportunities for increased landscaping

So far as reasonably practicable, indented parking bays should be preferred ddicontanes)s p
since they create opportunities for the use of permeable pavement (see Section 4.7 of the SIG)

Culdesacs can discourage alternative modes of travel, blocking direct pathways for pedestrians
cyclists, limiting access for public trapsdoréquiring additional paved areas (which can be reduced by
providing a central landscaped island).

4.4 Footpaths

The IDM requirements for footpath provision have been designed to maximise the options for service location
framework of the CodePoactice for Management of Infrastructure in Road Reserves and to provide a s
environment for pedestrians, including those with limited mobility. In certain cases, substitution of a shared
footpath may be acceptable. Consideration neytbeuging permeable pavement for footpaths.
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4.5 Cycleways

The function of cycleways is to transport users from destination to destination and a given cycleway is likely to
route thanvolving combination of on street and oftrstveét

The safety and convenience of cyclists and pededtirariee general traffic system is uschigvedy
segregation fromhiculatraffic, in time and/or spdtés may be achievedsbparatéanes and paths, signalised
crossing points and otheaitinentd_ocal streets should be attractive and feasible for cyclist witveament,
expectation that different road uskshare thestreetspace as discussed in the Austr@adde to Traffic
Engineering Practice Part 8: Local Area Traféionigiainag

Safe and convenient cycling facilities benefit those who already cycle and encourage greater participation in «
those who do not. Cydliegitiesire tdoeconsidered at thianning phasad incorporated into the desipess

sotha potential confliatsth other modaad terrainr rightfwayconstraints aeglequatelsesolvedCycleways

risk being undeesigned if they amnsidered adah features.

Adequate parking and security provisions need to be provided at déstidatkiroagsblicatiorCycling
Aspects of Austroads Guatevides comprehensive information on the planning, design and traffic manageme
cycling facilities.
4.6 Carparks
The following strategies should be considered, noting that notal oktternment Planning Scheme provisions:

1 Reduce minimum car parking rates where there is a demonstrated commitment to bicycle infrastr
beyond that required in the IDM

1 Reduce minimum car parking rates foisensites where the demonstratkdipasand is less than the
statutory parking rate for the combined uses

Separate street parking from pedestrian and cycle paths

Consider caharing and sustainable travel plan initiatives including, but not limited to, providing:
- upto-date informationahpublic transport modes stopping near the workplace
- secure parking for cycles and motorcycles

- changing facilities and lockers for cyclists

- company bicycle gdol shostlistance wolblased trips

- carsharingervices, with involvementlércah bsinesses where appropriate

- preferential parking spots for grageged icarsharing

- company car psfidr worbased trips

- appropriate incentives, suetaligcycle to work days

- subsidies to public transport services

Treat vehicle overhang spategavel or planting to reduce hard surfaces

Provide small parking bays (and car stackers in appropriate developments)

Provide caharing spaces in sufficiently high density environments

= =4 -4 -2

Provide overflow parking spaces with permeable surfacesjecrEamsequent heavy use.
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4.7 Permeable Pavements

4.7.1 General

Permeable pavements allow rainwater to pass through the surface and be temporarily stored in a drainage
forms part of the structural pavement. They can help to reduce the petak Viawnaaaf runoff, improve water
guality by removing pollutants, and allow greater infiltration into the subsoil. Consideration should be given to
impervious surfaces with permeable alternatives in appropriate circumstances.

Types of permda pavement include:
T Open graded asphalt
1 No fines concrete

1 Permeable pavérdnterlocking pavers with a series of enlarged joints between pavers that provide
majority of the porous surface

1 Reinforced turtypically concrete or plastic gridsetdiearwith topsoil and grassed to provide a surface
able to support traffic loads without compacting or damaging the underlying soll

9 Structural sdiltypically large single sized aggregate with voids filled with topsoil. The aggregate prov
structwal support whilst preventing compaction and the voids allow root growth with minimal displacen
the aggregate

T Resin bound pavingggregate (typically 3mm to 10mm in size) bonded with resin. Crushed glass can :
be substituted for rbelsed aggrate

These types of pavement are suitable fetrdifjoklgd areas such as carparks and parking bays. The design
approach differs from that applied to conventional flexible pavements. Typically a permeable sutface, such
graded asphalt,-fmesconcrete, permeable pavers, or reinforced turf, is constructed over a drainage and/or stc
layer comprising unifosizlgd aggregate. The surface layer and drainage layer can temporarily store stormw
allowing it to infiltrate into the subgradghtiine sides and bottom of the pavement with only the residue bein
drained into a conventional or-seatsitive stormwater conveyance system. Permeable pavements require spec
designs, including assessment of infiltration rates.

The advantages ofrpeable pavements include:
1 Ground water recharge
1 Reduced need for traditional stormwater conveyance infrastructure

1 Storage and biodegradation of pollutants

The disadvantages include:
1 Blockage by sediments and/or other pollutants
1 Need for more frequentogphent than equivalent impermeable pavements

1 Need to be installed down slope from building foundations unless specific drainage provision
implemented

Permeable pavements should normally be designed with an overflow system to ensure theatirthe system
functional in the event that the drainage medium becomes clogged.
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4.7.2 Permeable Pavement Design

The design procedure for permeable pavements must consider both stormwater management and s
performance, and will often involve some compromise.

Forstormwater management, the design software package PERMPAVE (Concrete Masonry Association of Au
available, and can also be used to undertake water quality and harvesting/reuse analysis.

For structural design, normal mechanistic methodse sheedtd Several appropriate software packages are
available, including LOCKPAVE (Concrete Masonry Association of Australia) and CIRCLY (Mincad Systems Pt

Design Engineers can refer to ARRBEDegigrt of Permeable Pavements for Australismnsamdit outlines a
recommended methodology for designing permeable pavements in more detail. INTERPAVE (Precast Concre
and Kerb Association U.K) also provides useful technical documents, includingestaiotarébctbesdesign of
permable pavements.

4.8 Recycled Pavements

Recycled pavement in this context refers to the reuse of existing pavement material. This could include pave
has beememoved from another location or insitu pavement that is retained and added tp deeglawidening
resurfacing). Existing pavement material may meet required specifications or nzgbitisedGonb@on
stabilisatiomethodscludenechanical, lime, cement and bitumen.

Where an existing pavement is being upgraded, the newféinstedksushould be set above the existing levels
to the greatest extent possible commensurate with achieving required geometric standards. This approach n
the amount of insitu pavement retained and derives the maximum strength fromEtkae nervesrteag shown

that older pavements can actually lose strength when disturbed and recompacted.

4.9 Pavement Materials

4.9.1 Pavement Base and Sub base

Current alternatives to conventional crushed rock or natural gravel bases and sub bases nshedk recycled
concrete which can be supplemented with varying amounts of crushed brick, clay filler, clayey sand or crusl
recycled asphalt pavement and crushed glass. VicRoads Standard Spéecfiunatied 82Mcrete for Pavement

Sub Base and LighityoBase provides details of materials that can be substituted for conven8amal4Class 2,
Crushed Rock. Materials complying with Specification 820 may alsbdutdingedraer footpaths, siabs

kerbs and may also be used as bedding dhddpackverts.

VicRoads Technical Note TNUs@70f Recyclddaterials for Road Construgiionides further information on
availability and use of alternative pavement materials.
4.9.2 Pavement Wearing Course

Alternative pavement wearing courses include:

Warm Mix Asphalt

Warm mix asphalt is similar to conventional asphg)tifbibproduced at a lower temperature (typical%&nge 120
130C, compared with 4B070C for conventional asphalt). To offset the lower temperature either a foaming proc
(whee water is added to the bitumen) or a wax chemical additive is used to facilitate production. It is generally
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that the performance of warm mix asphalt is equivalent to conventigaatitwdarly under the lighter traffic
volumes that apmymos€ounciioads.

Current testing being undertaken by AAPA, ARRB and VicRoads sspipalttethhyfactureyexplorinthe
performance of warm mix asphalt at higher traffic volumes in the order of 24,000 vehicles per day.
The benefits of wamix asphalt are:

1 Improved safety due to lpvagtuction and handiérgperature

1 Longer working time ws$performandess in transit

1 Requires less energy to produce

1 Canincorporate higher percentages of RAP than convemittonal hot
There are ngparent disadvantages of warm mix asphalt companéd to hot

Recycled Asphalt Pavement (RAP)

RAP is asphalt that has been reclaimed from existing roads and then incorporated into new asphalt mixes
VicRoads Specifications allow between 10% aridRA® to be included in new mixes depending on the particular
mix type (Refer VicRoads Standard SpecificafRetdi)esearch in Canada has confirmed that RAP can be used
effectively within this range, subject to specific mix design whénrtexpeeps 20%.

Warm Mix Asphalt Incorporating a Percentage of RAP

A combination of warm mix asphalt combined with RAP provides even greater environmental benefits with no
loss of performargagticularly under the lighter traffic volurapplthed mo&tounciloads.

Emulsion Seals

Emulsion binders can be used as an alternative to hdtHatoarebe used all year round bma@nesuitedor

cool and or damp conditions. Aus@oattsit Pavement Technology PaBidtkninouBirderss t at es A Emu |
can be used in sprayed seals for many of the applications of hot bitumen. The advantages include less heating
use of cutter oils in cool conditions and improved adhesion to damp surfaces in some circumstamgeess. The disa
include a higher cost due to the cost of emulsification and a slower rate of strength gain that increases the tir
seals can be trafficked, particularly in cooler ¢

4.10 Material Information Sheets

Conventional pavement materials andustainablalternatives can be compared by referring to the Material
Information Shee&isAppendixahd associatggidelines Clause.



il
I, M sustainable infrastructugriidelines

Clause 5Integrated Water Management

51 Objectives

Sustainability in drainage design for developments is principatlywitngeotecting the environment from
changes to the water regime of catchments, while minimising the resources required to construct drainage infr
and the carbon footprint of that infrastructure.

Drainage strategies and designs should:
1 Protet water quality, catchments and watercourses from environmental damage
1 Provide an efficient stormwater system that protects people and property from flooding
T Maximise the use of natural drainage paths to reduce the need for artificial floaways and drain
1 Avoid unnecessary consumption of resources in the construction of drainage systems
1 Minimise the carbon footprint of drainage infrastructure

5.1.1 Urban Drainage

The objectives of IDM Claus#ligh Drainagee to:

collect and control all stormwater gemégthitedhe subdivision or development;
collect and control all stormwater entering a subdivision from catchments outside the subdivision;
provide an effective outlet for all collected stormwater to a natural watercourse or acceptable outfall; anc

achieveéhese objectives without detriment to the environment generally, surface and subsurface water (
groundwater infiltration characteristics, adjoining landowners and landowners in the vicinity of the d
outlet, and watercourses either upstr@awwnstream of the subdivision.

= 4 —a A

While these objectives focus on the collection, control and removal of stormwater from the development ¢
principles of sustainable development impose an obligation to manage stormwater in a way thatgsreserves o
the natural environment as well as limiting the consumption of resources to sustainable levels.

In urban areas and growth areas on the urban fringe the natural environment will usually have been degr
previous urban development and ruraddan@here may be an opportunity to both preserve and rehabilitate natur
features.

5.1.2 Rural Drainage
The objectives of IDM Claustuial Drainagee to
1 collect and control all stormwater generated in or transferred through the Developmeahar subdivisi
ensure that it is discharged from the site without detriment to any upstream or downstream property;

1 ensure that any Developments or subdivisions that would otherwise increase the rate and quar
stormwater runoff retard outflows to rurahtesieffiere applicable;

provide an effective outlet to an acceptable outfall;

ensure that culverts and waterways are designed so the safe passage of vehicles is maintained at all tir
restrict stormwater flows to natural drainage lines and avdiditragsingtchment boundaries;

comply with the objectives and requirements of any relevant Floodplain Authority;

= =4 —a A
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5.2 Introduction

The concept of sustainable development in water management extends to all aspects of land development. In
the existingthdscape, any development modifies:

1 The natural absorption andffwsharacteristics of the land

9 The demand for and distribution of water within the land

9 The consumption of materials for construction

1 The use of resources feyang maintenance andaijmers

ThePlanning and Environment Actid&8fifies itgurposes beindo provide a framework for planning the use,
development and protection of land in Victoria in the present and long term interest of all Victorians

In urban areas of Australiervsensitive urban design (WSUD) has been introduced to achieve a more sustain:
approach to water management. The Melbourneuitfelieesor WSUD notbat WSUD seeks to achieve
integrated water manageiment

1 Managing the demand for water bingeiduc
9 Assessing the appropriate potable or alternative supply of water for the end purpose
1 Applying best practice to stormwater management

These principles should be considered in all phases of planning and design.

53 Environmental Issues

5.3.1 Urban Drainage

Urba areas dramatically change the environment by deforestation and earthworks, by construction of impervic
and by pollution. Any remaining natural elements are severely impacted and much natural flora and fauna
survived this disturbance.

In he pastittle effort was made to protect the natural water regime from adverse impacts or to maintain the bal
water in the local environmManynatural catchments now have far less infiltration to groundwater and hav
correspondingly increasedffandwatercourses are often degraded by erosion, pollution and loss of habitat.

Where riparian vegetation has been removed or died, watercourses are subject to increased erosion and st
runoffbecomesontaminated withailt invarying dgees with nutrients, litter and traces of petroleum products and
other chemicalSardens and recreation grounds have traditionally been irrigated with reticulated water that
prepared to potable water standavdsaderabbxpense and input of gnand other resources.

This approach has not been a sustainable practice in terms of ecological balance or conservation of resour
introduction of Water Sensitive Urban Design (WSUD) principles and practices has put stormwater des
managemenh a more sustainable footing.

Many natural watercourses in Victoria are ephemeral streams that only flow during and immediately after rainf.
Suchstream®ften have riparian vegetation that is supported by the ground moisture cdmeltiaitsrcmaeset

and by occasional surface flivese riparian corridoeed to be protecteyl maintaining at least some of the
natural water flowthe vegetation is a valuable part of the natural environment andvpatdéectsitsisom

erosion.

Perennial streams and rivers are sophisticated ecosystems that commonly experience a wide range of flow cor
their natural state. Urban stormwater can significantly modify the natural conditions of flow and water quality.
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Stormwater needs to beaged in a way that avoids increased erosion of stream beds and avoids unnatural silt |
and increased salinity. It also needs to be protected from discharges of chemicals, litter, petroleum products
and other manade pollution.

5.3.2 Rural Drainage

There are more opportunities for sustainable design in rural areas than urban areas because of the a
percentage of undeveloped space availafslettihefimpacts of development on the water cycle.

Manywatercoursein rural areas have beemadeg by agricultural and forestry activities and adddfbnal run
caused by land clearieyv developments can avoid or even reverse such damage if suitable stormwater retard:
treatment, storage and infiltration measures are put in place.

54 ClimateChange

There is a widespread acceptance by the scientific community that global climate will change significantly thi:
and that greenhouse gas emissions will have an important role in that process. The degree of that change
considerablyetween regions and current climate change modelling results have a wide confidence range. Hc
many climate scientists believe that extreme rainfall events will become more frequent, average annual ra
increase in some regions and dearasbers, and average temperatures and sea levels walignifiemsty .

Given this measure of consensus, careful consideration should beegNiende tfalesigns and matéals.
examplemore intense rainfall events may requingigesgerculvertand/or improved provisions for collection and
storage of stormwatdaterials with increased resilience to erosion may need tarbsitdimsenwhere high
flows cause solids movement upstream of the drainage pipes oeduwir{siRip to natural water bodies may
need to have added protection against erosion.

Some predictions suggest that increased periods can be expected to elapse between major rainfall events,
case, combined with higher temperatures, imbggaganf soil and corresponding soil movement can be expected.
Materials used for drainage and surfacing of open spaces should be chosen with this in mind. Additionally the
materials and/or depth of bedding may need to be altered to asedidesitierece of the finished structures.

5.5 Drainagéstrategy Plans
5.5.1 Concept
Drainage strategy plans should incorporate a commitment to:
1 Making use of natural materials and landscape features
Minimising the carbon footprint of drainage infrastructure

1
1 Mininsing maintenance and operating costs
1 Using water efficiently

1

Usingmaterials from sustainable sofwitesdue recognition given to factors such as transpdrt distance

Council submissions should set out how each of these objectives has beaheadelessaddievelopment. The
plansshould reflect an integrated approach to water management, wiikingsonsegsed and the environment
protected in the most sustainable way that can régsaclaielyed while allowieglevelopmenproced.

5.5.2 Natural conditions

Drainage design should consider the natural state of the catchment, wetlands and watercourses prior to settl
well as their pdevelopment state. Where the existing conditions can reasonably be modified to setyulate more
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those existing prior to settlement, consideration should be given to incorporating such provisions in the
strategy.

Water quality targieiscontaminant remawaluld be exceeded where the incremeigaktaisrely small.

Where drainagerridors need enhancement with vegetationg epdeies and/or speciesadaited to predicted
climate conditions should be planted to match natural conditions and offer a maximum chance of survival.

5.5.3 Carbon footprint

Thedrainagstrategy shoulildudean assessment of the carbon footprintedévheinfrastructure aadtablish
principlefor reducing that footprint. Achieving the desired aytooolreselectingipeline materials with lower
carbon emission ratm@imisingee removVaisingowmaintenance systearsd/or providingarian water supply

to ensure the survival of vegetation along watercosestisg @fe planting may be necessary where significant
clearindpas to bandertaken.

5.5.4 Integrated water management

Thedrinagestrategy plan shouatthsider the potentialfatereuseto reduce ruaff and the demandgdotable
water.

5.5.5 Maintenance and operations

The drainage strategy should considerofifoleosts of the infrastructure to ensure that maintenance and
operations costs have been included in design considerations. The final design should take account of all the
costs that will be incurred by the drainage authority, and provide the authority with appropriate calculations
estimates.

In @rticular, the efficiency and costs of periodically removing and replacing soil and-retgetaiinsyistéins
and ponds, and removing litter from traps or watercourses, contribute sigmjboamtipaiotemance and
operation costs.

5.5.6 Water #Hiciency
Thedrainagstrategy should include provisions to maximise thesitsengftenresources to:
9 Sustain endemic flora and fauna
1 Reduce the need for irrigation water supplysftem off
1 Replenish groundwater supplies
1 Avoid increased fafffrom the site

The plan shoutthximise these of vegetatimruiringninimal irrigatiand specifyiulcing and/or other measures
to improve water efficiency.

5.5.7 Materials

Selection of materials shadtliesthe sustainable use of resources as detthiedviaterial Information Sheets
(Appendix And associatgdidelinem Clause.

5.5.8 Climate Change

The confidence levels from climate change modelling are not sufficiently high to quantify projected changes t
affect stormwater designs in atigupearlocation, but the designs should consider the possible future trends and,
far as reasonably practicable, offer scope-dffiecinst incremental improvements over time. Other strategies to
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combat the possible effects of increased raimg@yl may include setting aside land for developing future detentior
basins or widening floodways.

Designs should take account of the possible effects of sea level rise on outfall capacity, and particular cons
should be given to the potentttimipcoastal shoreline retreat on the structural integrity of the outfall.

5.6 Water Sensitive Urban Design

Water sensitive urban design (WSUD) aims to dAbrir
the entire stormwater network asfplae urban environment.

While the primary focus of WSUD has been to improve water quality by establishing passive treatment eleme
flow stream, it also seeks to restore ground water infiltration rates, increasseastéwadeice pedows
and totaiunoffvolume

Most of the water quality improvement measures listed in IDMrE€tams&il help to reduce both total and
peak runoff of stormwater. The retardation basins and small detention systems describedif G#uestee18 and
potential to greatly attenuate stormwater flows and thus reduce peak flow rates. However, care should be
ensure that the resultant increased duration -dbstrisgnflow ratdses not increase erosion in waterways.

Ground wateffiltration measures can help to reinstate some of the infiltration otherwise lost from the natural
cycle, but several possible adverse effects should also be considered:

1 Foundations and road subgrades may be damaged by soil saturation @nd kegsacitipea

1 Special measures may be required when buildings or roads are founded on expansive clays.

9 Saline or acid sulphate ground conditions can be aggravated by infiltration

T Increased subsoil moisture may increase infiltration to sewers ahgdlsswer man

1 Concentration of infiltration may result in surface seepage due to elevation of groundwater levels

Drainage strategies must acknowledge the type of impact predicted and include a strategy for future modific
augmentation of the stormwateEmsyso compensate for the types of effects currently predicted. Such a strate
must take account of the design life of the system, the elements of the system that would be affected by th
changes and the likely cost and technical diffithdtiateofmodifications compared to design allowances at system
creation.

5.7 Urban Sustainability Design Elements

5.7.1 Integrated Design

For discharges to natwatercoursethe objective should be to simulate the flows and water quality that existed p
to cevelopment. While this is very difficult to achieve where precincts have extensive areas of impervious sur
integrated approach to open space design required by the Urban Landscape provisions of Victorian planning
and the variety of WSUBsmes available provide the framework and tools to aim for such a sustainable result.

5.7.2 Retardation Basin and Small Detention Systems

These two types of detention storage are designed to reduce peak runoff flows by capturing stormwater and
tempaarily before releasing it in a controlled way. The volume of the storage and the outlet design are critical to

For larger retardation basinsatagé outlet structures have the advantage of reducing the peak flow for a range
storm sizes so thett just rare rainstorm events have their peak flows reduced. However, retardation basins c
reduce the total +offi since they are designed to empty before the next major flood event.
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Retardation basins need to be carefully designed so thaittbaysdoan increase in stream bed erosion due to
extended periods of stream forming flows.

Ideallyretardaon bassdischarging to natural watercosiseshe designed simulate the full range of flows for
an undeveloped catchment. In thisswmothorphologywattercourses is sustained.

Small detention systems are useful for reducing the size of connections to minor stormwater systems and for
the size of the smaller pipelines within that system in many cases.

5.7.3 Infiltration and Treatme

Wetlands, retention basins, swales and water gardens may be used to increase infiltration, for water treatment
or to provide waterriEuse The water treatment aspects are addressed in Clause 20 of the IDM. While stormw
infiltration iohaddressed separately in Clause 16 of the IDM it is a vital aspect of sustainable stormwater mana
I a natural water table level is an important element of ecosystem support.

5.7.4 Reuse

Reuse s sustaindble me butheedseo be managed so Ithas fto the environmently asiparian corridors
and groundwater) are sufficient to sustain natural cBnditmmeental flowhouldbe considered for any
stormwater management system.

5.7.5 Minor Drainage System

Clause 16 of the IDM suggests thaintiredmainage system should be an underground piped network to conve
runoff from minor storms. WSUD principles encourage a moderation of this approach to improve stormwate
increase infiltration and sustain riparian corridors.

In appropriatéraimstancesonsideratiamaybe given to:
1 Diverting water from road surfaces to verges, swalegaatensin
1 Discharging stormwater from the minor system to watercourses and wetlands at sustainable rates
1 Retaining rwoff as sheet fléar as long as [side

5.7.6 Major Drainage System

So far as reasonably practicable, the major drainage system should use natural drainage pathways, but prote
conditions by implementing retardation, infiltration, reuse and treatment systems that countafract the ef
development on runoff quality and quantity. Consideration should be given to using retardation basins reduce f
infrastructure such as culverts, bridges, channels, and outfall structures required to convey the peak flow.

5.7.7 Wastewater DrainagedaDisposal

So far as reasonably practicable, and subject to regulatory controls, the designer should ensure that tt
sustainable solution for wastewater disposal is achieved, having regflife wostscdmd benefits.

5.7.8 Decentralised Wastewaleeatment (and reuse) Systems

Decentralised wastewater treatment systems may already be installed in some urbamdtiageasr Sbege

include traditional septic tanks as well as more sophisticated aerobic waste treatment systemsI€88VTS) and «
common variants. These are used to provide a standard of wastewater treatment that meets health and envil
guidelines

Onsite wastewatgisposgbresents a risk to the quality of surface waters in drainage systems. Areas where this
bea problershoulde assessed in the design aktwanstormwater drainagystems
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5.7.9 Roaddesign features

The following design features wedldte stormwater -offrand thus the consumption of resources for the
construction and maintenance obthestter system (Refer also Clause 4 of these Guidelines)

1 Keep roagavement®theminimum widtbquiredor safety and access

1 Usepermeablpavement arking bays beyond the road pavement

I Where safe and practicablEpermeablpavemenn lightlytrafficked parking areas

1 Where safe and practicaleloit nature strips for sdralies or bigetention systems

1 Where safe and practicaisie sharepgedestrian/traffisnegather than dedicatedtpaths

5.7.10Carbon Footprint

The major impact of dgergystems in greenhouse terms (for rural anchbaneias) is usuallyrelaited to
operational costs father tthecosts incurretliring constructidpplication of the above principles results in a
reductiomthe construction effort andregmondingductiomthe carbon footprint.

Note also thatreduction in irrigation requiremselnitses the carbon footprint of irrigatiorands@setimes
avoids the need for thengthusreduces operational costs and greenhouse gas emissions.

5.8 Rural Sustainability Design Elements

5.8.1 Design Standards

Clause 17.3 of the IDM requires drainage desigrthe reftological methods and data contained within the latest
issue of Austrodd@ead Design Guidelines Part 5 DraiGageral and HydgyldConsideratioansd any VicRoads
Supplement to those guidelines, unless otherwise ipribddaM. That document contains quite extensive
provisions relating to flow attenuation and water quality improvement measures. However, it doessnot directl
other aspects of sustainability and, being targeted at road drainage, does not specifically address the is
watercourse ecology and pollution from developments other than roads.

The Design Engineer should therefore have regard to reigesnamairdements of WSUD provisions as they
apply to rural areas to ensure that the geomorphology and ecology of watercourses is not adversely imp:
developments.

5.8.2 Attenuating Runff

Developments in rural areas should be provided with r&tanatpei@md infiltration measures that are designed to
ensure that rarff from the developnues not exceed pdevelopment levels in either peak flow ool ione!
This willisuallyequire osite detention (or retardation measuresindittdtion measures.

Wetlands, ponds, water gardens or swales would enable water to infiltrate into the ground near to the ares
natural infiltration processes have been disturbed or eliminated by impervious areas in developments.

5.8.3 Stormwater Harvesting

Sormwater harvesting is a necessity for developments in most rural areas due to the absence of reticulate
supplies. A suitable harvesting system would harness the impermeable area of a development through use of
and dams. However, thdtdaitimes when these storage devices are full and wliciosaverflows. Dams

and tanks by their nature attenuate flows, but the overflows will in many cases need supplementary detention
if developments are not to contribute tpéaiiow in extreme events.
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5.8.4 Minor Drainage System

Minor drainage systems should be augmented with attenuation measures to ensure developments do nc
increased peak flows locally.

5.8.5 Major Drainage System

The major drainage system should make usmbfirz@tage paths, but protect natural conditions by implementing
retardation, infiltratimyseand treatment systems that seek to counteract any significant effects of developmen
runoff quality and quantity.

In most rural locations there witl pablic sewerage collection system and treatment and disposal of wastewater
need to be undertakessitaor on a precinct basis. Since wastewater needs to be treated to a standard that wil
adversely affect its receiving environmewfiahlagiimorecost effective to treat the water to a standard suitable for
storage aneuseon site.

Depending on the standard of the treated effluent, the water may be suitable for process water; toilet flush
surface irrigation or surface wrigati

This is a valuable part of a sustainable water cycle as it minimises disposal costs and reduces the need for h
oftsite water resources. However, care needs to be taken to ensure that appropriatestiaetards of
maintaineand surfze waters are not adversely affected.

5.9 Pipe Materials

Sustainable material options including recycled plastics and concretes containing recycled aggregates or fibre
concretes can be considered, provided that appropriate adjustments agenmandéactune and/or design to
ensure that the products perform to the standards expected of their conventional counterparts. As in the case c
pavement materials, experience suggests that admixtures of up to 20% of the total materdalucoratent of a
unlikely to have serious adverse effects on its performance, while admixtures of up to 40% can often be accor
with only relatively minor adjustments to established practices during design and installation.

InVidRoads Road DesiGuidehesPart 7 Drainageertain types of fibeénforced concretipeswith diameters
between 100mm and 750mnpemaittedand pipesver 75@min diameter are permigetject to special
acceptance testirgfeel reinforced concrete pipes are pefaritthameters 225mm to 2100mm. The IDM also
provides guidance for the design and installation of ribbed polyethylene and polypropylene pipes.

5.10 Stormwatef reatment

5.10.1General

Treatment measures for stormwater are well documented in WS1dDRjiEsse0 provides an overview of
the design requiremeapglicable to the most commoniWSE® devices.

5.10.Xreener treatment

The passive forms of treatment outliDdOlause 20 make use of natural processes to remove litter, sediment an
nutrients fromostinwater. Apart from the greener effects of the treatments, the use of such passive processes
energy and resource input to a minimum. While mechanical devices such as vortex gross {otélaémg traps, sel
screens and rotary clarifierssoragitnesbe necessary to achieve the desired water quality, these devices should |
avoided where possible in order to keep treatment to the most sustainable level achievable.
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In assessing the whole of life costs for available water treatment meastaest inainde the maintenance and
renovation costéith particular attention being givechtaspects as mowing of grass and removal and disposal of
contaminants and contaminated soil and filter. materials

5.10.3Grass surfaces

While grass surfacesuiticly swales can provide an effective treatment measure andofedheserareas
require perioditaintenanc&omeCouncl may require particular grass types to be used to reduce the frequency
cleaningnd mowing.

Grass surfaces are vulnetaldamage by wheel loads, especially where there is no barrier kerb to discourage ve
access. Thus barrier kerbs with frequent openings and other forms of vehicle barrier should be considered ir
especially whereaffiis to be concentratethsas in swales.

Grass surfaces may be reinforced with mesh and grids of various types where pemuzabdeuailee is
required. (Refer Clause 4. BI(nf
511 Recycled Water

In urban areas a supply of recycled water may be available tonsunimiies ©f potable water, and some urban
developments may be large enough to incorporate an independent dual supply network.

Recycled water reduces the demand on potable water sources and conserves water resources. Howe
construction and operatiba recycled system consumes additional materials and eneeggabdhenagst of

suppling potable wateYwhere raw water is not in short supply it may be more sicstagmalbie treated
wastewater elsewhere.

Disposing of wastewatesibffequires separate internal and external drainage systems with adequate capacity.
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Clause 6Material Recycling and Reuse

6.1 Objectives

A sustainable approach offers benefits by reusing and recycling products or reducing the volume of material €
in the firstnstanceand can be applied pavement materials, bedding and backfill materials; and trenchless
technologies.

The design and installation of all related infrastrogtdye in accordance with the requirements of the relevant
Authority.

The objestes othis clausareto:
1 promote the use of alternative materials and methods for installing associated infrastructure
1 promote recycliagd reusefwaste material
1 ensurghatissues such as minimising site disturbantanagihgurplus material addressed
1 minimise removal of material from the #g#eiapdsal to landfill

6.2 Earthworks and Lotfilling

Where possible a design that achieves a balance of cut and fill should be targeted. More importantly the desigt
determine the most snstale outcome considering options for a balanced cut and fill, retention of surplus materic
site, possibleuseof materials elsewhere, and as a last resort disposal of materials as waste. Where material ha:
removed from site, the designddstmmsidexlipossible uses and destinations for the material.

When designing earthworks the Design Engineer should consider:
1 minimising the amount of topsoil that is disturbed and removed
identifying options for reuse of topsoil on the site

1
1 incorporatinsurplus excavated material including topsoil into site features and landscaping
9 configuring lot layouts so as to minimise the need for regrading and earthworks

1

accounting fully for material to be removed from trench excavations, footings and swale drains

6.3 Pavement, Bedding and Backfill Materials

Using recycled materials as aggregates where they meet specification requirements is a sustainable alter
natural gravels and sands or crushed rock.

Alternatives include manufactured sand, recycledjlesshedycled concrete, reclaimed asphalt pavement, and
many industriakpoduct materialhie MateriaBection ilClausé® can be used to determine the benefits of using a
particular alternative by following the sustainability indicator methodology

The specification for aggregates depends on the type of infCasincdtwié.expect thaterial being considered
tomeet grading, plasticity, durability and all other requirements outlined in the relevant specifications.

6.3.1 Manufactured Sand

Manudctured sand is a finely crushed aggregsitgtaidor use in a variety of construction activities. Production
includes crushing of the source material followed by scréesmgendsgsashing.
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Manufactured sand is often utilised in candrasphalt mix design but can also be used as a proportion of the san
component in backfill and bedding material. Manufactured sand can be screened into discrete fractions and ble
natural materials to meet specification requirements.

The matexiis widely available in Australia.

6.3.2 Recycled Crushed Glass

Recycled crushed glass can be used as a complete substitute for, or supplement to, other backfill materi
crushed as an engineering matehibitproperties similar to those of ceamskCrushed glass, once reduced to
the desired grading size, can be used as an alternative fine aggregate (i.e. the sand component).

The Department of Environment and Climate Change of New South Wales conducted trials using crushed ¢
pipe embeadent material. It was found in the field trials that the material was easier to handle and spread than
sand and exceeded the minimum compaction requirements of AS1289.5.6.1.

Studies of the use of crushed glass as an engineering materiatdraed beeimn Australia and worldwide. The
Packaging Stewardship Forum of the Australian Food a@b@rcitegponsoringany of these studies and
provide information on how existing specifications can be met using recycled crushed glass.

6.3.3 RecycledConcrete

Recycleadoncrete refers to all types of aggrégaitesd from the processiraprdretgreviouslused irboth
pre@astconcrete products and irestuconcreteCement Concrete and Aggregates Australia list the types of recyclec
concrete rpducts currently available which include Recycled Concrete Aggregate (RCA), Recycled Concre
Masonry (RCM) and Reclaimed Aggregate (RA). These materiakedire aftemete mixes and pavesunt
basesand can also be used as a componetdiofba backfill.

6.3.4 Trenchless Technology

Designers should consider the possibility of installing underground utilities by trenchless technology. This te
offers opportunities to minidsserbancespeciallinbusy streets andsansitive areaghere, for examplélities

cross avatercours®ther benefits may include a substantial reduction in thespolufrenofrench excavation
(materighat is generafignto landf)lland in the requirement for backfill materials.

Trenchless tawblogy has applications both for new installations and fargehadpilaeiing existing assets.

Currently availabdhabilitation technologies include localised repair techniques, instalkidre pialemgnt
allowing for @ime rehalitation of pipelines without the need for trench excavatioteciBuigabteare applicable
toexisting utility lines including gas pipes, ducts, water pipes, sewers and potenidalineatftasusing these
techniques are available frodusigalasian Society for Trenchless Technologyhtiglhsitevy.astt.com.au

6.4 Material Information Sheets

Conventional materials and sbstainablalternatives can be compared against one another byoréferring
Material Information Shieefgppendixahnd associategidelines Clause®.


http://www.astt.com.au/
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Clause 7 Public Lighting

7.1 Objectives
The objective of sustainable lighting is to:

1 Develop an efficient public lighting network that meets current requiremaintssiwgstrgy
consumption and greenhouse gas emissions

7.2 Energy Efficierituminaries

Street lights are typically the largest use ofaddrgyce a significant fmss€ouncils. This energy usage can be
reduced significantly be replacing conventional aperaulyvinaires with more ea#figgnt devices.

Clause 26.2 of the IDM specifies that all public lighting should incorgadfaienerangyaires, wiith
replacement of older devicedighhenergy efficiency fluorescenthiaNiag beetie most common response to

that requiremerih recent years, rapid developments in smart lighting, alternative power sodrassdand LED
luminaires having led many Council to embark on extensive upgrade programmes in the interests of creat
susainable infrastructure.

Comparative data on the reliability of T5 (the most commonly depdffyedrdrfergsescambe) luminaires and

LED luminaires suggests that, LED units, at 0.75%, suffesdessectailyire than T5 units, at 1.86%a@ble

data on 2Qear failure rates have yet to be established for the LED units. The operating assumption at present |
10% failure rate will be experienced, similar to the 11.4% rate for T5 units, but this estimate may include an aj
measure of conservatism.

The following paragraphs fromotted Government Policy Frameworkpuisthed by the Victorian Greenhouse
Alliances provide a useful overview of what is becoming an increasingly complex area of activity. Nation
directins favour free negotiation between Councils and Distribution Network Service Providers (DNSP), and re
the existing energy regulation system, but early experience in South Australia suggests that this process may c
rather than promote imation, with the parties becoming locked in a dispute without effective recourse to indepel
arbitration.

PurposeandBackground

The purpose of this policy is to assist Local Governments and the DNSP to work collaboratively to fast track tl
ofsustainable public lighting across the State.

Objectives

The objectives of the public lighting policy are to:

1 Establish ongoing replacement programs to more sustainable and lower cost technologies

1 Increase knowledge of the performance of the lighting syste

1 Ensure costs are based on transparent information and opportunities to reduce cost and/or improve qu
central to decision making

1 Improve the accuracy and transparency of street lighting asset data and OMR pricing

1 Improve relationships betweplagdrs in the sector

Outcomes

Within the period 2@D49, councils will seek to facilitate the following outcomes under this program:

1 Complete the majority of the residential lighting bulk replacement program to energy efficient types
1 Establish bulk fapement programs for major road lighting (in conjunction with VicRoads) in all DNSP are
1 Increase the availability of lighting technology options including:
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o standard and nstandard lighting options for major and minor roads
o lighting controls and dadaitaring systems
1 Develop a position paper to clarify ownership, access and maintenance options available to Councils
9 Collectively pursue activities that balance the need to lower cost and the requirement to improve the ©
the public lighting sgsthrough:
0 increasing transparency of public lighting tariffs (including build up costs)
sharing data on streetlight asset type, condition and maintenance history
improving data quality/accuracy
collectively tendering for public lighting servicesriafgl (where relevant)
ongoing engagement and negotiations on pricing and service levels
the development of a segite formal response to the 20EDPR

O O0OO0OO0Oo

Energyefficient street lighting is only one of several areas in which local governgezhiniths & over
recent years in an effort to improve outcomes for all parties, the areas in question being:

Demand Management
Public Lighting

New Technologies

Data Exchange

Climate Change Adaptation

=A =4 =4 -89

This Clause of the SIG will be updated to proerdedftice as consultation and policy formation proceeds.
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Clause 8 Landscapin@nd Open Space

8.1 Objectives

This clause seeks to ensurelthanhdscapingdesigned and implemented to deliver sustaitcaipheby;
for exampleéncludingisingrecycled matesialising water efficiently seelctingnaerials from sustainable
sources

8.2 General

All landscapirghouldoe designed and constructed using best practice to ensure the landscape is environmel
sustainable.

8.3 Requirements

8.3.1 Environmentally Sustainable Hacape Design
The following sustainability issues are to be considered during design development and construction:

General

Sustainable landscapes are about positively responding to natural systems or a new ecology created when bui
infrastructuigre constructed to enshedthe landscape survives and thrives as part of an integrated living systen
Sustainable landscabeuld be designed to minimise maintenandéoclastdscape is maintendneecbutby
usingsustainable design and cotistnacethodspngoing maintenarmosts, energy inputs, and the overall carbon
footprintan be significanguced

Water

Water usage is to be mérindy designing a landscape that does not require artificial irrigation where possible. P
that an withstand extended dry periods and drought are preferred. Using mulch within planted beds conserves
within the soil and reduces weeds.

Water sensitive urban design (WSUD) principles should be applied to landskapsigapegjestsude:
1  Mnimizing water runoff
1 Harvesting water runoff for reuse in the landscape
1 Allowing water penetration into the gmtirajroundwater systeansrechargeblyinfiltration
1

Constructgof water filtration systems such as rain gardens, setipasimatend wetlands planted with
appropriate macrophytes to improve water quality, provide amenity, enhance vaduesalahdbitat
protect waterways

Irrigation systemsisould be designed teeitiaptured storm water runoff and/or recycledagrey
Waterway restoration including erosion control and revegetation using indigenous riparian plant species will inc

diversity, enhance habitat values, improve amenity and recreation values, and protect water quality and overall
health
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Climate Change

Somepreliminarnpformation on thessiblémpacts of climate change for Vistaxiailable from sources such as
the DepartmentBfivironment, Land, Water and PlamdiriggCommonwealth Scientific and Industrial Research
Organisain CSIRO).

The impacts of climate change will vary considerably between regions and current climate change modellir
have a wide confidence range. However, many climate scientists believe that extreme rainfall events will bect
frequent, avage annual rainfall will increase in some regions and decrease in others, and average temperatu
sea levels will increaggnificantlyThere is some measure of consensus that landscape designs in Victoria, a
particularly in inland Victoriailgheflect the possibility that dry spells will increase in length and frequency, furt
increasing the pressure on water resources, and the risks to life, property and landscapes associated with bust

Whilesomeclimate changepactsnay bevidespead careful consideration will need to be given to those impacts
withparticular relevancedistinct environments such as coastal landscapes, inland agriculturadddadmadnan
naturalandscapes, highlands and lowlands.

Plant species selectionvarious landscape types including sports turf, lawns, and amenity plantings comprising
shrubs and groundcoghimuldake into accouhe potentiahpactefclimate changeith droughilerant species
being favoured wherever possible.

Beimg relatively economical to establish and pgiagaiis a common landscape treatiémin season grasses
are preferableecause they are green for most of the year, are more tolerant of hot periods and drought and ge
demand less irrigatfentilizer and other chemicals.

The turf industry is constantly developing new grass hybrids for use in sports turf and lawns. Advice on suitab
and hybrids should be sought from a suitably qualified turf consultant or horticulturiaksth&@raas $mec
invasive and have the potential to become a weed in the broader landscape should not be used.

Native grasses can be a suitable alternative to exotic grasses where inforragLgiagsteneisuent moatsag
to be created. Manyveatjrasses adroughtolerantdo not require irrigation, fertilizing or pest control and are
relatively inexpensive to maihtaievereffective weed control must be maintained.

When selectinigees, shrubs and groundcovers for amenity stylenfitantiagnew landscagants that can
tolerate periods of hot temperatures, wind and periods of drought and do not rely on ahdididlbierigation
preferred. Advice on suitable plant species can be sought from accredited nurseriespdntatiantiural
institutions.

Traditionaéstablished gardens that are to be conserved due to their significance may require an incree
management resources to preserve their values. Management implications may include changes to irriga
wateringegimes and replacement planting due to potential fhené fseses.

Whenmplant selection is largely driven by strict design requirements such as heritage conservation, plants tha
more intensive maintenance will still be included witlisc#pedad can be expected to reqduéional
resources such as watering, pruning and fertilizing.

Existing landscapes #ratlikely tdemand more intensive maintenance resources should be modified where poss
to improve sustainabiliyangeso the design or managemigttt include
1 Replaingirrigatiointensive landscape treatsngith neimrigated solutions

1 Replacingulnerable plantshwitore robust, drodmlgrant species



il
I, M sustainable infrastructugriidelines

1 Improvingod healthycomposting and mulching to immibgéscture and conserve soil moisture

1 Introducingater capture and other conservation measuresréarsgattre landscape

1 Reviavingpedestrian and vehicle circulation to reduce soiboangactot zone damage
Some climate change modelsptiedi gtreme rainfall and storm suvdl@screase in number and inteMgitie
the confidence limits on these predictions remain relatargtiyndpdegign should be integratddtuighivil and

hydrological flood mitigation measurdasmigP&phemeral and saquiatic plants within waterways, drains and
constructed wetlands provides erosion protection, improves water quality, increases biodiversity and provides &

Any increase in the number and frequency of storm surges wohstapeswironments and watetways
increased risk, with the nature and extent of the damage being further influenced by potential systemic increa:
level Theprotection of coastal landscapes, townships and waterways should includel Sighéfiibstion and
protection initiatives including revegetation in conjunction with any civil structural solutions.

Current climate change model projections suggest that average and peak wind speeds in Victoria will remair
less similar to Hwexperienced at present, although significant increases may be experienced elsewhere in Au
Planting design including species selection and placement should consider local wind speed along with a rang
sitespecific issues. Coastal lapss; highlands and open plains are landscapes susceptible to high winds. In hig
urbanized environments wind tunnel effects can be created between densely arranged buildings. Plants that
occur in exposed windy sites should be considezetldoalised treatments such as screens and windbreaks can
be employed to provide protection for planting. Young plants with undeveloped root systems are susceptible t
from high wind speeds. Mature plants with poor form and structure ptiblalso dastage such as limb drop in

high wind conditions. A suitably selected, heditihpasighlant is less likely to succumb to occasional high winds.

As previously noted, climate change projections suggest that bushfire risks willeasdiQazetol iptant
selectionvill berequired to ensure planting initiatives do not corthifmerste. Information and guidelines are
available for landscaping and plant selection in bushfire prone areas (refer CFA). Advice shdatbirsought fron
authorities when undertaking plantingweitaneas.
Plant selection should consider a range of factors, including:

1 Fuel loading

9 Litter creation

1 Hammability of canopy

1 Ember production

9 Canopy connectivity to reducepfieads via a contihfigel path

Welplaced vegetation with low flammability may actually help protect houses by:
1 Reducing the amount of radiant heat received by a house
1 Reducing the chance of direct flame contact on a house
1 Reducing wind speed around a house
9 Deflectingrad filtering embers
1 Reducing flammable landscaping fsaiétfien the defendable sf@EA 2011)

Renewable Resources and Energy Efficiency
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Renewable energy such as solar is to be used to power landscape elements such as external lighting where pc

To reduce the carbon footprint associated with landscape works energy efficiency should be uppermost when
and operating machinery and selecting materials during construction and ongoing maintenance.

Many materials used in landscape develapmtitsembodied energy from harvesting, mining or manufacturing
processes. By reusing as many materials as possible embodied energy is saved and retained within the lanc
opposed to being wasted if disposed. Elements commonly used in tbhenarelsmapeed from reusable or
recycled products including, pavers, rocks, concrete, graviehbefaictiurniture, plastics for furnishings and
fixtures, glass and rubberated timbeomponents should be reused or recycled so far as e@asticablip

avoid high landfill disposal costs.

Renewable products are to be used wherever possible. E.g. Use timber sourced from renewable plantatior
rather than old growth native forests or imported timbers particularly timberstheratsted Foosystems.

Plant Selection and Use

Planting can be used to improve climate conditions around buildings, infrastructure and open spaces. When
designed the correctly selected, plants can be used to create wind breaks, proaiteeshzat@ds, allow
sunlight penetration during cooler months and filter dust. Plardomymshentgassiveheating and cooling
initiatives for energy efficient buildings.

Planting captures carbon diaridteereby contributes to carbon redndtienatmosphere.

Planting native plants can create habitat for native fauna, improve native vegetation connectivity and provide \
corridors through which native fauna can move.

Preference should be givetatds that support native birdsisexts to creadalanced micctimateandreduce
the need for intervention such as pest dgkdgting should be usiedimprove water efficiencyreshaceveed
competition.

Landscaping solutions can incorporate food producing gardensaptgadeldsbtyrm watenwdrere available, by
treated greyater

In highly developed urban areas where open green space is limited, gardens can be developed over hard surfe
as roof topsarpark and road pavemamgpecially designed makesind componeritscreate an appropriate
growing environment for plants. Irrigation for theses gattkessurced from captured runoff water or treated grey
water.

Choosing plants that will suit the existing site conditions such as 4all, tsyioe® asid aspect enhances the long
term viability of the landscape without the need for ongoing intervention such as watering, fertilizing and wee
which demands energy, chemical use and expense. Planting the right plant in the deghsiylabatawill
achieve good ground cover reduces the need for maintenance once the planting is established. Plants tha
existing site conditions will avoid the need for artificial irrigation and the associated energy and costs.

Droughtoleantspecieshould be considered wherersaglse dry for long perio@sod drainageill beequired
to avoid watkrgging dhese species during wetter periods
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Consider reducing high maintenance landscape treatments with less mainternezratenarensig. substitute
lawn with plants over organic mulch or permeable gravel or use drought tolerant grass species (such as native
in place of traditional water dependent species.

Plant selectiamould considemmerous issues inclutlieglesired aesthetic outcome. In highly modified landscapes,
plant selection may include indigenous, native and exotic species.

In an urbanized environjrtéet landscape has been heavily moditiedistinctivenicreclimates, soisnd
hydrology dndoes natflechaturatonditions. Tiogtimunplant choice will depend on a range of factors including
the design intent, desired aesthetic result, site conditions, climate and implementation and maintenance re
Urban plants need to tolerati@mahead from hard pavements and buildings, air pollution,(jégticulisudis

where wind tunnelling ogcoosnpacted soils and disturlzamd@eanage from fpoycle and vehicle traffic and from
construction and maintenance.works

When diversiynd contrast is desirabi@nge of indigenous, native and exotic plantsiseayitldn a landscape.
The key plant selection principles discussed above apply no matter what the orightoefahermapiarg. will
withstand stressful cammlt if it is not matched to the site conwtiems.used or allowed to remain in certain
environments, both exoticatide plants can become invasive pests.

Pest Control

Integrated pest management techniques should heaadagitedld seekmoimie or remaxthe need tapply
chemicals. Plant species that are less vulnerable to insect attack and other pest and diseases should &
Reducing the need for chemical sprays and applicatismgapotegts from potential chemical runoféeminim
impad onnontarget specieseduce®©OH&S issues and saves money. Pest management should include controlli
grazing vermin such as rabbits and protecting planting with appropriate guards and barriers.

Soil Management

Soil management is to inchileige of existing site soils where possible to avoidfdhinpeeiihg soil. Strict
environmental controls are required when importing soils to minimise the risk of spreading weeds and/or s
pathogens. Importing soil is costly and regpifieargienergy to mine and transport.

Site soil health is to be maintained by ensuring site soils are not contaminated by debris and chemicals an
compacted by construction machinery. Soil health can be improved by introducing comosisterttaaiing
and aerating by cultivation to support a healthy diversity of soil flora.

In areas where vegetation clearing has led to erosion of soil by water and wind, land rehabilitation including re
is to be employed to stop and revelssgdtaf soils. Stabilising land through physical erosion control measures
conjunction with revegetation initiatives will over time rebuild soil profiles via the natural cycling of vegetation.
8.3.2 Protection of Existing Vegetation

Tree protection is to beéeutaken in accordance with AQH980
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Clause 9Materials

9.1 Objectives

This Clause provides key sustainability information on alternative construction materials. Indicators have been
that enable comparisons to be made between agethoohstrimh materials and more sustainable options

9.2 General

This Clause provides key sustainability information on alternative construction materials. Indicators have been
that enable comparisons to be made between amethoohstruction materialsramd sustainable options

9.3 Methodology

9.3.1 Sustainability Indicators
Sustainability Indicators were developed in order to rate the environmental and sustainability performance o
typeddesigned to serve similar purpsedicatorver
1 Usingeg/cled materials
1 Reducing the carbon footprint of infrastructure projects
1 Reducing maintenance and operation costs
1 Using water in more efficient ways
f Usingnat erials from sustainabl e sources?o

Two levels of indicators were developed; a common levabizhoseabainst whickiariety of construction
materials within each of the categories in Clavse 9&ed; and a second level of Supplementary Indicators,
against which materials were ratedpobsitde and relevéiot examplevater perfornanof pavers) .

9.3.2 Materialriformation Sheets

Material Information Shigeta range of materials in each category afsppandix.A
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Tablel  Sustainability indicators

Core Indicators

Carbon

Recycled content

Cost

Geograpbregionainarket availability

Supplementary Indicators

Water usage performance

Pollutants (other than greenhouse gas)

Reusability/Adaptability/Recyclability

Practical applicability

Each materibhs beegiven a score out of five against eactoindiba table below provides the rating rationale.
This rating was based on quantitative data where possible (e.g. a comparison of embodied carbon, or recyclec
Where this was not possible, the rating was based on qualiatiegastapde(description of the impact of the
material on water flows, or the potential for pollutants to be emitted during the manufacturing process).
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Table2  Core Indicators rating

Core Indicators

Embodied Carbon Rating
very little embodiearbon 5/5
some embodied carb@jor improvement 4/5
some embodied carblight improvement 3/5
moderate embodied carbon 2/5
high embodied carbamanufacturing process 1/5
very high embod@dbonextraction and manufacturing process 0/5
Geogaphic Availability Rating
regionallocakuppliers 5/5
regionallarge company 4/5
available within the stabanufactured in state 3/5
available within staitmported product 2/5
interstate product 1/5
international product 0/5
Cost Rating
lowwholeotlifecost]Jow initial investment 5/5
lowwholeotlifecosthigh initial investment 4/5
moderate cost 3/5
highwholeotlifecostJow initial investment 2/5
highwholeotlifecosthigh initial investment 1/5
most expensive 0/5
Regcled Content Rating
100% recycled contaitvays 5/5
potential for 100% recycled content 4/5
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Core Indicators

3080% recycled conteaitvays 3/5
3080% recycled contgmbtential 2/5
less than 30% recycled content 1/5
none 0/5
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Table3  Supplementary Indicators rating

Supplementary Indicators

Water Usage Rating
nowater usage 5/5
some water usdgajor improvement 4/5
some water usdgjaght improvement 3/5
moderate water usage 2/5
high water usagmanufacturing process 1/5
very high water usagstraction and manufacturing process 0/5
Pollutants Rating
no pollutants 5/5
some pollutahtsnajor improvement 4/5
some pollutantslight improvement 3/5
moderate pollution 2/5
high pollutiecimanufacturing process 1/5
very high pollutioextraction and manufacturing process 0/5
Reusability Rating
100% recyclablalways 5/5
100% recyclablpotentially 4/5
partially recyclabkways 3/5
partially recyclablgotentially 2/5
sometimesecyable 1/5
not reyclable 0/5
Applicability Rating
improved performance 5/5
applicable to all baseline applications 4/5
applicable to most baseline applications 3/5
applicable to some baseline applications 2/5
mostly not applicable 1/5
not applicable to any baseppécations 0/5
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Figurel below illustrates the process undertaken from selection of the material and alternatives to developing
weighted score.

Figurel Example materials ratipgocess

(" |
Material types

Ordinary Portland Cement
Geopolymer Cement
Blended Cement

g J
4 Indicators )

N Carbon
Recycled content
_l/ Cost

\_ XX )

4 Weighting )
20%
25%
25%
\_ XX )
4 _ )
Rating
84/100
66/100
42/100
\. J

9.3.3 Weightings

The weighting system applied to the indéfbtotshe consensus view of members of the Technical Committee of
the Local Government Infrastructure Design Assocaliomsahe aggregated ratings to be presented as a final
scae out of 100.

The weighting system has been designed so that the four core indicators generally account for between 75% a
the finadcore witthe remaining 15% to 2&¥gassigned to the supplementary indicators.

While subjective in charatite weightings reflect the best information available at the time when they were develc
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The weightings used are shown in the following tables

Table 4 Core Indicator Weightings (totalling 80% of score)

Geographic
/ regional /
Embodied | Recycled market

Material Carbon content | Cost availability
Cement (fully worked) 20% 20% 20% 20%
Cement 20% 20% 20% 20%
Concrete reinforcement (rebar 10% 25% 20% 20%
Concrete reinforcement (pipes 10% 25% 20% 20%
Asphalt 20% 20% 20% 20%
Spray Seals 15% 20% 20% 200
Plasti¢piping) 20% 20% 20% 20%
Aggregate (bedding badkfi)l 15% 25% 25% 20%
Aggregate (pavements) 15% 25% 25% 20%
Timber 20% 20% 20% 25%
Steel 10% 25% 20% 20%
Steebalvaniser 25% 0% 25% 25%
Pavers (clay) 25% 25% 25% 15%
Pavers (stone) 20% 20% 20% 15%
Pavers (concrete) 20% 20% 20% 15%
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Table 5 Supplementary Indicators Weightings (totalling 20% of score)

Pollutants
(other than | Reusability /
Water usage greenhouse Adaptability /| Practical

Material performance gas) Recyclability | applicalility
Cement (fully worked) 7.5% 2.5% 0.0% 10.0%
Cement 7.5% 2.5% 0.0% 10.0%
Concrete reinforcement (rebat 5.00% 7.50% 2.50% 10%
Concrete reinforcement (pipes 5.00% 7.50% 2.50% 10%
Asphalt 5.00% 2.50% 0.00% 13%
Spray Seals 15% 20% 20% 20%
Plasti¢piping) 10.00% 10.00% 0.00% 0.0%
Aggregate (bedding badkfi)l 2.50% 2.50% 5.00% 5%
Aggregate (pavements) 2.50% 2.50% 5.00% 5%
Timber 7.50% 2.50% 0.00% 5%
Steel 5.00% 7.50% 2.50% 10%
Steebalvaniser 7.50% 7.50% 0.00% 10%
Pavers (clay) 2.50% 2.506 0.00% 5%
Pavers (stone) 10.00% 5.00% 0.00% 10%
Pavers (concrete) 10.00% 5.00% 0.00% 10%
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9.3.4 Corelndicatomweightings rationale
Carbon
This indicatoatedhelifecycleorembodiedarbornn each material type.

Embodied carborcludeshe greenhoegyas emissions that have resulted from all stages of thiegyokuct
including extraction, processing and transport. In recent years, methodologies for estimating the embodied ¢
embodied energy in a product have improved and stundighagdisnethodologies have been carried out in
numerous countrigghilethe bulk of studies have been carried out in Europe and North America, some inform:
also exists for materials used in Australia.

Ambrose et al (2002) explain the procesd inuahgertaking an embodied energy (or carbon) analysis:

Embodied energy analysis involves identifying energy consuming processes and calculating their
contribution within the total product creation process. This usually involves several individual actions.

To be able to quantify the energy embodied in the construction of an asset, the quantities of
materials must first be estimated through a process of disaggregation and decomposition to a level
of detail which allows for the separation of components into their principal materials. Energy
intensities of each material can then be multiplied by the quantities of individual materials and the
products aggregated to obtain the total for each material, element or whole building. In addition to
the embodied energy value, other environmental indicators can also be calculated, such as CO2
emissions. This is the basis of LCA work and although not considered in this report it is another
important aspect to consider.

Thelevels oémbodied carbon in constructiomiatsapeoted in these guidelines were determined on the basis of
careful review of the study results available at the time of publication, and will be reviewed as better data emert

Wherspecifidifecycleanalyses had been undertaken, the datzofewports was usedthAustralia datzeing
selected where available. Where this was not possible, the most current European or North American data wa:

In some cases, where data was particularly scarce for a given material typestweempataansbts was
necessary, and in other cases assumptions were made about matedat dehsitiéactord=inally, where
gualitative figures were not atgpica gebpolpnerblendwill pave 60% d
less embodied energy than®PC wer e used as the basis for develop

Where multiple reports were found, data was compared to ensure that the figures chosen for this repc
representative of the range of data presented in theseempigesen if local) that were significantly higher or
lower than average would have been discarded when identified, but in general, taking geography into acco
proved to be consistent.

The ratings, presented as scores out wfefiedeveloped by cpaning the embodied carbon for the baseline
material and the two sustainable alternatives. For example, the researched embodigt) oathentlikg€O
cement alternatives are shokigumne2 below with an explanatioowfthe ratings were assigned
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Figure2 Worked example for Sustainability Indicator ratings

Table4  Embodied carbon in cement alternatives

Material kgCQ/t Rating
Ordinary Portland cement (OPC) 806 0/5
Geoplymer cement 452 4/5
Blended cement 573 3/5

Ordinary Portland cement has the highest embodied carbon of the three alternat
the least sustainable option, and is rated zero (seé &lso tale nt  ( ifi Appehdiy
A). Blendedement has lower embodied carbon and is scored 3/5. Geopolymer
the lowest embodied carbon of the three alternatives is scored 4/5. Given tha
significant amount of embodied carbosustdiablaternatives; neither a@sred 5/5.

Available daten embodied carbon s&lscted that consatbrmissions associated with extraction, manufacture and
transport of the materials

The weighting Embodiedarbon across mates&kegoriewas generakyetat 20%Where ebodied carbon was
considered the most significant considésatxarfplie cement production, where energy use is extremely high)
the weighting was raised above 20%. Where embodied carbon was considered flassxsigipfmatie(
comparisdoetween steel reinforced concrete and fibre reinforced concrete) the weighting was lowered below 2(

Recycled content

This indicatoeflects th@ostconsumer recycled content usétk productioof each materialThe ratings,
presented as scores olifive, were developed by comparing the recycled content for the baseline material anc
more sustainable options. Higher ratings were given to the options with the highest proportion of recycled mai
lower ratings to those with the lowpsttion of recycled material.

The weighting for recycled content across all material types was generally around 20%, recognising the impc
considering recycled content in sustainability decision making. Where recycled content was sbnsidered t
significant consideration (for example, in steel production where there are opportunities for using very high pro
recycled material) the weighting was raised above 20%. Where recycled content was considered less signi
example, inexl galvanising, where no options with recycled content are available) the weighting was lowerec
20%.

Cost

This indicatoeflectgherelativecost of eacmaterial including, where relevant, operational and maintenance costs
The ratings, presshas scores out of five, were developed by comparing the cost for the baseline material and t
more sustainable options. Higher ratings were given to the least expensive options, and lower ratings to |
expensive options.

The weighting for castoss all material categories was generally around 20%, recognising the importanc
considering the financial viability and competitiveness of new, more sustainable, materials and products.
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Geographitegionaimarket availability

This indicatoefletswhether the materiakadilyavailablérom local suppligwshe Councils which are members of

the Local Government Infrastructure Design As$beiatdtingpresented as scores out of five, are developed by
comparing the extent to whichpti@nsvere locallyailable. Higher ratings were given to options with the widest
local availability, and lower ratings to those with the most restricted local availability.

The weighting for availability across all material types was gen@@ity ezoogdising the importance of locally
available products and encouraging the growth of local sustainable. supply chains

9.3.5 Supplementary Indicator weightings rationale
Water usage performance

Thisindicatoreflectghe water intensity associated wittiettycleof thematerial, where this information was
available The ratings, presented as scores out of five, were developed by comparing the water usage perform:
the baseline material and the two more sustainable options. Higher iatimds amiens that consumed least
water, and lower ratings to those that consumed most water -@yeteheir life

The weighting for water usage performance varied according to the extent to which water use is significa
production or use ofrieerial. A higher weighting was chosen where the initial production of the material was v
intensive, or where some or all of the options could facilitate better water managemeyttleveethaialie

pavers are one example of such am optio

Pollutants (other than greenhouse gas)

This indicator refleth® quantity and impachafgreenhouse gas pollutamtsh astoxic substancemd
particulatgsroducedver the lifeycle of the material, where this information was Bhailalbigs, presented as

scores out of five, were developed by comparing the extent to which pollutants are emitted or discharged d
production of the baseline material and the two sustainable options. Higher ratings were given to the least c
optons, and lower ratings to most damaging options.

Theweighting for pollutants varied according to the extent to which pollution emissions are significant in the pi
or use of the material. The weighting was higher where the productioalefabeonsadered to be highly
polluting or toxt@alvanised steel is one example of such an option.

Reusability/Adaptability/Recyclability

This indicatoeflectghe extent to which the material can be reused or recycled at tliteeeyaeofviese this
information was availabte ratings, presented as scores out of five, were developed bye osusabiiigyt of

the baseline material and the two more sustainable options. Higher ratings were given to the most sustainabl
and loweratings to the least sustainable options.

The weighting for reusability varied according to the extent to which reuse of themlatétsalifatytbleis
possible and economically viddgeveighting was higher wheoptenmenabled impred reuse opportunities for
that materiahtegoryand lower wheretladl optionsompared were fully recyclable

Practical applicability

This indicatoeflectshe structural or functional performance of the material, where this informateiTlreas availabl
ratings, presented as scores out of five, were developed by comparing the extent to which options are suital
practical applications for which the baseline materials are used. Higher ratings were given to options that wer
in more @plications, and lower ratings to options useable in fewer applications.



il
I, M sustainable infrastructugriidelines

The weighting for practical applicability varied according to the extent to wiophicustanealdeable across
the range of applicatifamsvhictthebaselingéor norsusainable material is used. The weighting was higher where
optionamaterials were not able to be used as a replacement for all. dppliex@ongigorous pavement is

presented as a replacement for asphaifimttbe usédhighdensitypr mediurdensityraffic applications.

9.4 Summary of Sustainability Scores

Table 6 preserttse summary of thiating of each product against the core indicators and relevant supplemente
indicatord'hese have been grouped to enable designers to comparabiigysostsdnh product within the group.
In each group the highewttightedcore the more sustainable that product is.

The detailed assessment of sustainability and market availability of each product listed in Table 6 can be \

Appendix D.

Taldle 6 Summary of Product Sustainability Ratings.

Weighted Score (out 0

Group Materials 100)
Blended Cement 84
Cement Geopolymer Cement 81.5
Ordinary Portland Cement (OPC) 48
Glass fibre reinforcement 74.5
Concrete Reinforcement Stgel relnforcement S7.5
Twisted Steel Fibre 55
Polymer injection 40.5
Reinforced Concrete Pipe Cellulose fibre reinforcement 61
Steel Reinforcement 57.5
Warm Mix Asphalt (WMA) 76
Asphalt Recycled Aggregate Asphalt (RAA) 74.5
Resin Bound Porous Pavement (RBBP) 695
Hot Mix Asphalt (HMA) 50
Crushed concrete sand 95
Aggregates (natural sands arn_Crushed glass cullet (sand) 80.5
gravel) Manufactured Sand 79.5
Natural gravel and sands 49
Crushed concrete 95
Aggregates (crushed rock) Recycled gravel/reciiraggregates 90.5
Recycled glass 75.5
Crushed rock, virgin 45
Spray seals Bitumen emulsions 52
Cutback bitumen 45
Timber Recycled Timber 92
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Weighted Score (out 0

Group Materials 100)
Australian Forestry Standard plantation timb 63.5
Virgin timber 38
Recycled steel 89
Steel Polymelnjection Technology 71
Structural steel 61.5
Recycled clay pavers 87.5
Pavers (clay) Low carbon pavers 81.5
Natural clay pavers 39
Recycled stone 87
Pavers (stone) Permeable pavers 74
Stone pavers 43
Geopolymer paver 80
Pavers (concrete) Concrete interlocking pavers 75
Ordinary Portland Cement (OPC) paver 43
Recycled HDPE pipe 88
Plastic PVCO pipe o8
PVC pipe 33
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Best practice examples

9.5.1 Warm Mix Asphalt Validation Project (VicRoads and AAPA)

Project The use of warm mix asphtA) on the Hume Highway in Melbourne (vali
project)
The Drivers WMA is more sustainable due to the lower temperature used for its prepg
compared with hot mix asphalt (HMA)
Choi The validation project consistedevdb#@/MA and HMA types placed in a grig
Bl @1 he H Highway in Melbourne. In addition, specific variatio
materials/methods pattern on the Hume Highway urne. > SP

WMA were tested with both new aggregates and variatiorsObomedla¥ned
asphalt pavement (RAP) being tested.

Problems and
chdlenges

The validation project aimed at demonstrating the field performance of W
difficult environment: wearing course asphalt on a multiple lane urban hig
heavy traffic.

Outcomes

The project has confirmed that WMA performs as welithghévddided
advantages of:

Being able to use more reclaimed asphalt pavement (RAP)

Better compaction

Being able to be transported over longer distances

Providing greater comfort for workers

Lower energy use and greenhouse gas emissions

Reference

www.aapa.asn.au

9.5.2 Permeable paving system (Brisbane City Botanic Gardens)

Project The use of a permeable paving system in Brisbane City Botanic Gardens
damage to pavements due to large tree roots pushitigetsrotage

The Drivers Surface of pavement damage due to tree roots

Choice of The proje_ct consisted of over 25_O_rr_12 of permeable paving utilising free d

materials/methods and bedding layer, as well as a joining aggregate to secure The sy stem

utilises the series of drainage holes which are formed on the surface. Th
filled with a small aggregate to allow water to infiltrate, minimising stormw

Problems and
challenges

There were no particular issues avitistillation and maintenance of the sys

Outcomes

The project has confirmed that permeable pavement can:

Reduce damage of large roots of trees (such as Morton Bay Figs) to pus
surface in search of water

Reduce stormwater runoff, redimmtstream flooding and potential pollutiof
Enhance aesthetics of surfaces

Reduce risk of pedestrians tripping over raised surfaces

References

http://www.adbrimasonry.aafib/pdf/Brochure/%20 SET MEm{1420.pdf
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9.5.3 Blended Concrete (Colorado Springs Aifbloiternational)

Project

Concrete runway reconstruction at Colorado Springs Airport using fly ash
concrete mix

The Drivers

The concrete pavement on tharpniomway was showing signs of deteriorat
appeared to be beyond what would normally be expected for a concrete
its age, considering the aircraft loading and environmental conditions tha
pavement had experienced.

Choice of
materidss/methods

I nitial evalwuation concluded tha
alkaksilica reactivity (ASR), which is a chemical reaction between the alka
cement and silica in the aggregates. The research undertifigesototicest
recommended changes to the previous specifications by the Federal Avig
Administration (FAA), such as more extensive testing of the aggregates;
restrictions and testing of the cement and fly ash; and limitations on the t
allowed in the concrete mix.

The concrete mix design for this project used 30% fly ash to mitigate the
in the aggregates that they selected to use. The mixddgsilgrx@@&l strength
averaged 5,275 kPa, with the lowest being 4,964 kRarafe was 482 kPa
(17%) over the required 4,482 kPa. The mix design showed that a minim
strength of 4,482 kPa would not be a concern.

Problems and
challenges

This project was not intended to be a research project. Construction nee
proceed to meet the project delivery schedule; therefore, more extensive
not required. As the additional research is completed for the effects of A
concrete pavement, those results should be incorporated into future pavi

Outcanes

Ongoing research is showing that additional measures need to be taken
Portland cement concrete pavement that is less susceptible to the detrim
of ASR aggregates that are causing severe damage to the concrete pave
prgect added those additional measures and has shown that it is praeticq
effective to include those additional requirements in a normal paving proj
Fly ash used as a cementitious material can:

Generally make concrete more workable and eariiighiag

Reduce the heat of hydration and delay set times, reducing thermal stres
age concrete

Increase the ultimate strength of concrete

Make concrete more durable, particularly to mitigats@asatthck
Reduce the CO2 footpficbncrete and reduces the embodied energy
Reduce disposal in landfills and also address the issue of high potential
groundwater contamination

Reduce the cost of concrete depending on the hauling distance from the
production

Referene

http://www.iprf.org/products/IPRF_Research Report Final apr2011.pdf
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9.5.4 Glass fineiCullet in Asphalt (Internation&lisconsin)

Project The use of pasbnsumer glassroad construction projects in the state of Wi
(USA).

Most of the pestinsumer glass recovered in the USA is used by container
manufacturers to make new glass products. However, in ordectorsiinisgu(
glass to be acceptieid tobe free of most colour contamination, thus limiting
amounts communities and private recyclers can sell to such plants. Com
therefore left with the need to find a use for the crushed or mixed broken
Also, containeamufacturers are often too distant, making transportation ¢
high to be economically viable. Glass recycling programs typically need
100 km in order to break even. In Wisconsin, some 34 counties fall beyo
boundary. Anotheason is that some areas find a weak market for green (¢
because only seven U.S. manufacturers produce green glass. Finally, gl
sometimes rejected for not meeting cullet quality requirements because ¢
contamination.
A survey was designed and distributed to Wisconsin towns, public and pr
facilities, and potential users ef@ustimer glass, including sand and gravel
operations and road contractors. The goal of this research wagrunfgeilita
markets for MBG glass throughout the state of Wisconsin by educating c
alternative uses, such as road construction applications. As a result, num
counties in Wisconsin have undertaken road construction projects which
consumer glass. For example, Oconto County startedagsingrpesglass in
Choice of 1994 for paving applications and road construction projects, and still doe
materials/rathods | Approximately 3 to 4 tons per month of green glass and 10 tons per mon
glassare used during the road construction season. Black top and road b
containing pesbnsumer glass is utilized all throughout Oconto County ang
up excellent according to County representatives. There are no additioni
Oconto Countyuse glass, as the glass and rock are crushed together. Fg
reason, funding is part of the Highway Department budget. The Oconto
Highway Department and Oconto County Solid Waste plans to continue
top and road base containingcpostimer glass all throughout the County.
There was a lack of available equipment to preceasypost glass for these
projects. Those with the equipment were either unwilling to lease the eq
were unable to do se tluthe equipment being immobile. Another barrier t
Problems and consumer glass projects was that initially, few potential users were intere
challenges was overcome as more users |l earn
proposed glass use standartist & counties with access to equipment and
counties without equipment who were willing to jointly purchase or lease
was made available.

Considerable amounts of difficult to recydenpaster glass are used in roag
Outcomes projects thrghout the world with significant environmental and commercig
and no reduction in functionality of the road base.

The Drivers

Reference http://www3.uwm.edu/Dept/shwec/puislicalimet/pdf/glass. pdf
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9.6 Market development

9.6.1 Legal and regulatory context

Division 3 of Part 9 of the Local Government Act 1989 sets out Best Value Principles (BVEsticsbaigh which
local government entities (LGEs) are required to detenusieetfextive means of providing a service to the
community. The Act also sets out a number of fac@oandiioiay take into account when applying the BVPs:
The need to review services against the best on offer in both the public ansl private sect

An assessment of value for money in service delivery

Community expectations and values

The balance of affordability and accessibility of services to the community

Opportunities for local employment growth or retention

The value of potential partpsrshih other LGEs and State aG@ihemonwealfovernments

= =4 -4 -4 A A -2

Potential environmental advantages for the LGEs municipal district

9.6.2 The role o€ouncié

In 20162011, total local government expenses in Australia was over BRebitidhe considergllechasing

powetof Councdl, and in the context of the above regulatory framework atubtimesl D& be seen to have a
responsibility to encourage and in some ways develop markets for sustainable materials and products. Additic
IDM Grquds i ntent in developing this section of the
availability sustainablmfrastructure materials in regional Victoria and contribute to tlseigjeomdbltal
economies.

It is welknown that market forces drive innovation, leading to new and more advanced materials and produ
ultimately to lower costs of those new materials and products. Procurement policies and practices can there
key to developing markets antila sigpply chain $ostainablmaterials and products in a region. The challenge is
to develop procurement policies that encourage new develgumeitabkdpply chains, while maintaining the
BVPs and satisfying community expectationsrucesocial and environmental sustainability.

The aims of sustainable procurement policies and practices are to:

Provide markets for new environmentally preferable products

1
T Aclose the |l oopd on recycling, improving the
1 Provide leadship to the community

1

Encourage industry to adopt cleaner technologies and produce products with lower environmental imp

1 General Government ExperdgS

2]n 2005/06, local government expenditure on materials and service®vepi®&Heaitited of which more than
$0.5billion was expended on constructiodno¢@efGovernment Procurement Best ReaitieknesVictorian
Department of Planning and Community Development, August, 2008).
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Underlying these aims are the imperatives of valu
necessdly an indicator of best value for money, particularly when whole of life and other criteria such as envirc
factors, and social and economic development considerations are included in the decision.

While the development of a procurement peliondstte scope of this study (Manual), there are many ways by
whichCouncdl can encourage the development of markets (supply and demand) by:

1 Including a clear statement in all relevant tenders that gives notice to potential suppliers of the inte|
consider environmental issues in the purchasing decision
1 Integrating environmental factors into purchasing decision making including for example:
0 specifying that a product or s&\vmreet specific environmental performance requirements
o allocating gsecified proportion of the selection criteria on environmental performance

o0 specifying a requirement for the supplier to be accredited to international and natic
environmental management system (AS/NZS ISO 14001)

o0 specifying the maximum embedded emn=gyoo of a material or product
0 specifying the water or energy consumption rating of the product

9.7 Carbon Footprint

This section is included to present the specific data collected during the researching of the embodied carbon ir
for the range oéatearials.

Where specififecycleanalyses had been undertaken, the data from these reports was used; Australia data
selected where available. Where this was not possible, the most current European or North American data wa
some cases, wie data was particularly scarce for a given material type, comparison between data sets
necessary, and in other cases assumptions were made about material densities, for example. Finally, where
figures were not available, reported pagcent r e d u @ ttypicahgeopalymer dplend \ill have 60% less

embodied energy than®pPC wer e used as the basis for developin

Where multiple reports were found, data was compared to ensure that the figures chosen for this repc
represntative of the range of data presented in these reports. It was intended to discard data (even if local) |
significantly higher or lower than comparable data, however this was not required, as in general (taking intc
geography) data wassistent.
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9.7.1 Cement

The data presented here shows the embodied carbon associated with the final concrete, taking into acc
alternative cement mixes.

Embodied carbon in cement

Product kgCQ/me
OPC 336
Geopolymer cement 188
Blended cement 239

Informtion on embodied carbon was gathered from:

T D. Chen, M. Syme, S. Seo, W. Y. Chan, M. Zhou and S. Meddings, 2010

1 Costs and carbon emissions for geopolymer pastes in comparison to ordinary portland cement Benj
McLellan, Ross P. Williams, JaninegibaxgiARiessen, Glen D. Corder

1 EcoBlend, Independent Cement and Lime Pty Ltd, Victoria

9.7.2 Concrete reinforcement

The data presented here shows the embodied carbon associated with the final concrete, taking into acc
alternative reinforcements.

Embodi& carbon in reinforced concrete

Product kgCQ/me
Steel reinforced concrete 336
Glasdibre reinforced concrete (with geopolymer) 101

Polymer injection steel reinforced concrete 319

Twisted Steel Fibre Reinforcement Not available

Information on emieddiarbon was gathered from:

1 D. Chen, M. Syme, S. Seo, W. Y. Chan, M. Zhou and S. Meddings, 2010

1 Don Wimpenny, Peter Duxson, Tony Cooper John Provis, Robert Zeuschner, 2011, Fibre rein
geopolymer concrete products for underground infragdtodameScience Agerldaestment Fund
(and consortia)

I Onesteel2010, Building a sustainable future sustainability REPORT 2010 (note: figure assumes
improvement based on averaged statistics provided on p19)
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9.7.3 Reinforced concrete pipe

The data presentedehshows the embodied carbon associated with the final concrete, taking into account
alternative reinforcements.

Embodied carbon in reinforced concrete pipe

Product MJ/kg
Steel reinforced concrete pipe 2.12
Celluloseeinforced concrete 2.08

*Note dta for steel reinforcements was not found in CO2e, but MJ (mega Joules). This information is directly cdhmparkbéyihgvtkedraakdown
of where the energy is consumed (e.g. transport, electricity) it is not possible to atz @@ty convert

Information on embodied carbon was gathered from:

1 Prof. Geoff Hammond & Craig Jones, 2011

9.7.4 Asphalt
The data presented here shows the embodied carbon associated with the final asphalt mix.

Embodied carbon in asphalt

Product kgCQ/me
Hot mix asphal 1013
Warm mix asphalt 709
Resirbound porous pavement 507
Recycled aggregate asphalt 648

Information on embodied carbon was gathered from:

1 D..Chen, M. Syme, S. Seo, W. Y. Chan, M. Zhou and S. Meddings, 2010

T Cook, | & Knapton, J, 2009 (note: filguesibound porous pavement assumes embodied carbon less
50% of standard pavement based on information on p1l.)

1 ARRB Group January 2009

9.7.5 Aggregates (natural gravels and sands)

The data presented here shows the embodied carbon associatdorusin geadsls and sands.
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Embodied carbon in aggregates (natural gravels and sands)

Product kgCQ/me
Aggregates (natural gravels and sands) 51
Manufactured sand No data
Crushed glass cullet (sand) 38
Crushed concrete (sand) 38

Information on embodidon was gathered from:

1 D.Chen, M. Syme, S. Seo, W. Y. Chan, M. Zhou and S. Meddings, 2010

1 Sustainable Aggregates South Australia, 2010 (note figure for crushed concrete assumes embodied
30% less than virgin material based on information on p5)

i The Energy and Resources Institute, 2004 (note figure for crushed glass cullet assumes embodied
reduction of 26% when compared to virgin material based on information on p105)

9.7.6 Aggregates (crushed rock)
The data presented here shows the embodiedssartiated with refmiyise crushed rock aggregates.

Embodied carbon in aggregates (crushed rock)

Product kgCQ/me
Aggregates (crushed rock) 51
Crushed concrete 1.99
Recycledeclaimed aggregates 2.59

Information on embodied carbon was gatinered fr
i D. Chen, M. Syme, S. Seo, W. Y. Chan, M. Zhou and S. Meddings, 2010

9.7.7 Spray seals

The data presented here shows the embodied carbon associated with the final bitumen mix, taking into ac
alternative bitumen binders.

Embodied carbon in spray seals
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Product kgCO/t
Cutback bitumen 62
Crushed concrete 23

Information on embodied carbon was gathered from:

I AustRoads, 2008

9.7.8 Timber
The data presented here shows the embodied carbon associatéorusth tiedahr products.

Embodied energy in timber*

Product MJ/kg
Virgin timber (native forests) 37
Plantation (AFS) timber No data
Recycled timber 3.43

*Note data for timber in Australia was not found in CO2e, but MJ (mega Joules). This information is direvty watmpatrabyingliteakdown of
where the energy is consumed (e.g. transport, electricity) it is not possible to accurately convert to CO2e.

Information on embodied carbon was gathered from:

1 Prof. Geoff Hammond & Craig Jones, 2011

9.7.9 Steel
The data presented here shows thdiethbarbon associated withfeadse steel.

Embodied carbon in steel

Product kgCQ/me
Virgin steel 12,207
Recycled steel 10,536
Polymer injection technology steel 11,597

Information on embodied carbon was gathered from:

1 D. Chen, M. Syme, S. $¢0Y. Chan, M. Zhou and S. Meddings, 2010

1 OnesteeR010 (note: figure assumes 5% improvement based on averaged statistics provided on p19)
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9.7.1CPavers (clay)
The data presented here shows the embodied carbon associatdorustn clader claybstitte pavers.

Embodied carbon in pavers (clay)

Product kgCQ/n®
New clay pavers 1,920
Low carbon pavers 139
Recycled pavers 1,344

Information on embodied carbon was gathered from:

1 D.Chen, M. Syme, S. Seo, W. Y. Chan, M. Zhou and S. Meddings, 2010

1 Sustinable Aggregates South Australia, 2010 (note figure for recycled pavers assumes embodied ¢
30% less than virgin material based on information on p5)

9.7.11Pavers (stone)
The data presented here shows the embodied carbon associatdorusth seatpavers or permeable pavers:

Embodied carbon in pavers (stone)

Product kgCQ/kg
Stone pavers 0.05
Recycled sandstone pavers 0.035
Permeable pavers 0.025

Information on embodied carbon was gathered from:

Cook, | & Knapton, J, 2009
SlimaPro, 2012

Sustaiable Aggregates South Australia, 2010 (note figure for recycled sandstone assumes embodied
30% less than virgin ni@tbased on information on p5)
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9.7.1Pavers (concrete)
The data presented here shows the embodied carbon associatdorustcozaagte pavers:

Embodied carbon in pavers (concrete)

Product kgCQ/n®
Concrete pavers 336
Geopolymer pavers 134
Concrete interlocking pavers No data

Information on embodied carbon was gathered from:

1 D. Chen, M. Syme, S. Seo, W. Y. Chan, M. Zh&lealaihgs, 2010

1 Net Balance Foundation Ltd, 2007 (note: figure for geopolymer paver assumes embodied carbon le
40% of standard paver based on information on p14.)

9.7.1Flastic (piping)
The data presented here shows the embodied carbon assocididorusin piastic pipes:

Embodied carbon in plastic (piping)

Product kgCQ/m
PVC 8.76
PVGO 5.49
Recycled HDPE 0.82

Information on embodied carbon was gathered from:

1 Prof. Geoff Hammond & Craig Jones, 2011
9 Australian Greenhouse Office, 2004
1 Recycle®astic Technology Pty Ltd, 2012

Note: Aus Greenhouse Office (2004) estimates 80MJ/kg for PVC. Hammond et al (2011) estimate 77.2M
2.41C0O2/kg. This equates to a conversion factor of 32.04MJ/kgCO2. This conversion factor was used for
plastic alternatives in lieu of data being available on the conversiopinfAd3sttali@@or pipe production. Data
provided by Recycled Plastic Technology was based on 375mm pipe, whereas data provided by Hammc
(2011) was based on 100men pihilst the company was contacted to request relevant data, at the time of wri
contact has not been made, and the figure for HDPE was divided by 3.75 to enable comparison.
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Information Sheet Revision (

Cellulose Fibre Reinforced Concrete Pipes

CELLULOSE FIBRE REINFORCED CONCRETE PIPES

1. BACKGROUND

Cellulose reinforced concrete pipes (CRCP) can be used as an alternative to the traditional steel
reinforced concrete pipe. CRCPs are made from Ordinary Portland Cement, silica (ground sand
particles), and cellulose fibre.

The addition of the cellulose fibre to the concrete results in the following advantages:
Longer lengths which decrease the pipe laying time
Improved durability due to the absence of potentially corrosive steel products

Lightweight (approximately %2 the weight of steel reinforced pipe) composition means that
transportation and installation is safer and more cost effective

Exceeds the AS/NZ53726:2007 strength requirements

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for CRCP.

Table 1: Core Indicators

Embodied Carbon TBC
Recycled content No recycled content
Cost Whole of life costs are improved because of extended design life (no steel) and

improved transportation and installation (30-40% faster installation) efficiencies

Geographic/regional/ Available in regional Victoria
market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | Information not available

Pollutants (other than Pollution reduction associated with steel extraction and processing
greenhouse gas):

Reusability/Adaptability/ 100% recyclable for use as course aggregate

Recyclability:

Practical applicability: This product is suited to all applications that steel reinforced pipe is used.

The lack of steel within the product means that it can be cut more easily and
efficiently. The ability to reuse the off-cuts can also reduce overall waste.
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Information Sheet Revision (

Cellulose Fibre Reinforced Concrete Pipes

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)

b)
c)
d)
e)

f)

Does the product use any waste products during concrete production, if not, is this an
option?

Is this product compatible with alternative pipe embedment material?

Does this supplier have a distribution site close to the construction area?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?

VERSION 1.0 DRAFT
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Inorganic Zinc Silicate

INORGANIC ZINC SILICATE

1. BACKGROUND

Inorganic zinc silicate (I0Z) coatings can be used as an alternative to the Hot-Dip process for steel
corrosion protection.

I0Zs are coatings made of metallic zinc secured in a glassy silicate matrix. The zinc provides
corrosion protection through acting as a sacrificial anode to the steel. The zinc particles are in intimate
contact with the steel and the porosity of the coating provides voids that contribute to ongoing
protection of the steel. Over time the voids are filled by zinc corrosion products, which effectively

control the zincds de pterm barrierfforthesteek, and form a |

I0Z coatings are most suited to coastal areas, structures with long service lives and where long-term
corrosion protection is required.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for inorganic zinc silicate.

Table 1: Core Indicators

Embodied Carbon TBC
Recycled content N/A
Cost Reduced whole-of-life cost for long-term use and application in highly corrosive

environments.

The application cost will be higher due to the increased skill requirement for
applicator and the process for applications is also longer and more time consuming.

Geographic/regional/ Regionally available
market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | N/A

Pollutants (other than VOC content is lessthan 10gramsper | i t re whi ch rmuastieable i
greenhouse gas): buil di ngsé
Hazardous waste from production process

Reusability/Adaptability/ Non-recyclable

Recyclability:

Practical applicability: This product is not suitable on steel that cannot be abrasive blast cleaned such as
thin-gauge steel or cannot be prepared and coated in shop under controlled
conditions.
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Inorganic Zinc Silicate

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)

f)

Are the applicators properly trained?

Does the preparation and application shop conform to emission requirements?

Does the manufacturer have a waste management plan and health and safety policy?
Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
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Low Carbon Pavers

LOW CARBON PAVERS

1. BACKGROUND

Lowcarbon pavers are pavers that use waste materi al an
There are a number of waste materials that could be used in this process, however the below listed
are the current sources on the market:

Timber waste, discarded timber, sawdust etc.
Industrial waste, slag or fly-ash
Clay waste from manufacturing process

These pavers are fired and manufactured through the same processes as standard clay pavers;
however, the blend is altered to include the waste material. The blend for this alternative is largely
dependent on the supplier, as there is no standard or restrictions on performance that prescribe the
composition of the paver.

Performance of these pavers has been shown to meet requirements for commercial use.

2. SUSTAINABILITNHORMATION

The tables below illustrate the sustainability information for low carbon pavers.

Given the composition variety in the available products, the below information provides an indication of
the environmental benefits associated with a clay paver that uses 80% recycled material (fly ash and
waste pavers), and sustainable energy and water measures during the manufacturing process.

Table 1: Core Indicators

Embodied Carbon Low carbon pavers can have up to 90% less embodied carbon than clay pavers
(supplier and mix dependent).

Recycled content 80% recycled content

Cost 25% reduction in manufacturing costs

A local company in Australia stated that the pavers would be on parity with virgin
clay pavers but the overall project cost is reduced as the paver is lighter and easier

to install
Geographic/regional/ This product is relatively limited
market availability Small number of examples are located in Victoria

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | 82% reduction in water usage, without extraction of virgin materials

Pollutants (other than Information not available

greenhouse gas): Expected that pollution would be reduced as extraction of virgin materials is
reduced

Reusability/Adaptability/ 100% recyclable

Recyclability:

Practical applicability: Performance of the alterative pavers has been comparable to clay pavers in
commercial and residential scenarios.
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Low Carbon Pavers

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)

f)

Does the product use recycled waste materials?

Are the waste materials sourced locally? If not, what is the transport impact?

Does supplier employ waste reduction measures within their operations?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
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Recycled Clay Pavers

RECYCLED CLAY PAVERS

1. BACKGROUND

Recycled clay pavers and bricks are widely available throughout Australia. The recycling process
generally uses waste clay and brick from the manufacturing process and also commercial/residential
wastes obtained through construction processes.

The recycling process for waste clay and bricks can involve crushing the waste material to a state
suitable for use in the manufacture of new clay products. For this process to be effective the waste
material needs to be clean and free of cement, paper, plastic, metal or timber.

Another option for recycling is to collect bricks and pavers in good conditions and after cleaning re-sell
in their original form.

Not all recycled clay pavers will be made from 100% recycled material; this will be dependent on the
supplier.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for recycled clay pavers

Table 1: Core Indicators
Indicator Information

Embodied Carbon

At least a 43% reduction in embodied carbon (this would represent the worst case
CO2 reduction, assuming a high level of reprocessing)

Recycled content 100% recycled

Cost At least 20% reduction in cost

Geographic/regional/
market availability

Recycled bricks and pavers are widely available
Installers are available in regional Victoria

Table 2: Supplementary Indicators

Indicator

Information

Water usage performance

Significant water savings by eliminating the extraction process for virgin materials

Pollutants (other than
greenhouse gas):

99% less SOx, 98% less NOx

Reusability/Adaptability/
Recyclability:

100% recyclable (as rubble or clean brick)

Practical applicability:

The mechanical and functional performance of the recycled product is equivalent to
virgin clay pavers
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Recycled Clay Pavers

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)
f)
9)

Does the product optimise the use of recycled waste materials?

Are the waste materials sourced locally? If not, what is the transport impact?

What is the level of post-treatment to prepare the product for re-sale?

Does supplier employ waste reduction measures within their operations?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
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Recycled Stone Pavers

RECYCLED STONE PAVERS

1. BACKGRUND

Recycled stone pavers are widely available throughout Australia (e.g. sandstone blocks, granite
pavers etc). The recycling process generally uses waste pavers or blocks from the manufacturing
process and also commercial/residential waste obtained through construction processes.

The reprocessing for these products is minimal and will generally consist of re-shaping or cutting the
blocks or pavers into the desired shape and size. The amount of reprocessing will be largely
dependent on the intended use of the product. For example, sandstone blocks intended for retaining
walls or landscaping will most likely be left rustic and variable in size, however, pavers intended for

wal kways would most I|ikely need to be uniform and

The use of recycled stone reduces the need to quarrying and extraction of virgin material. This has
significant environmental benefits related to water use, water quality, ecosystem and species
disturbance/displacement, land quality and resource management.

2. SUSTAINABILITY INMOR'ION

The tables below illustrate the sustainability information for recycled stone pavers.

Table 1: Core Indicators

Embodied Carbon Whil st researched material reported fAm
recycled stone pavers, specific data quantifying the savings was not located.

Recycled content 100% recycled

Cost Cost will most likely be reduced assuming that the transportation impact is minimal

Geographic/regional/ This is a widely available product

market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | Savings of at least 271/t of material

Pollutants (other than Not applicable
greenhouse gas):

Reusability/Adaptability/ 100% recyclable product
Recyclability: End of life, the product can be crushed and used as aggregate

Practical applicability: Assuming that the stone is in good condition and is not contaminated it can be used
for the same applications as virgin stone blocks and pavers
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Recycled Stone Pavers

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)

f)

Does the product optimist the use of recycled waste materials?

Are the waste materials sourced locally? If not, what is the transport impact?

Does supplier employ waste reduction measures within their operations?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
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Australian Forestry Standard Timber

AUSTRALIAN FORESTRY STANDARD TIMBER

1. BACKGROUND

There are currently two major plantation types across Victoria T Pine and Eucalypt plantations. The
pine plantations (an exotic species) are grown for softwoods and the eucalypts (native) are grown for
hardwoods.

AFS Timber is plantation timber that is certified by an independent body as being managed in

accordance with the Australian Forestry Standard. Compliance with the standard is designed to
improve the overall sustainability of the plantation management.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for AFS timber.

Table 1: Core Indicators

Indicator Information

Embodied Carbon In the case of plantation timber where forests are harvested and then replanted, the
timber becomes carbon neutral. The growing tree will take up as much CO2 as the
harvested one will eventually release

Recycled content There is no recycled content in timber.

Cost AFS timber will generally cost slightly more than non-certified timber.

Geographic/regional/ AFS timber is available locally in Victoria; however there is not currently sufficient

market availability plantation timber in Victoria to meet demand. As a result, Victoria currently imports
a significant number of timber products from native forest and plantation harvesting
overseas

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | AFS Certification includes requirements for the plantation manager to effectively
manage water (e.g. minimise pollution)

Pollutants (other than AFS Certification includes requirements designed to minimise any pollutants
greenhouse gas):

Reusability/Adaptability/ All timber products are 100% recyclable
Recyclability:

Practical applicability: AFS timber products are useable in all applications virgin timber is used
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3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)

f)

Is the plantation third-party certified?

How long has the plantation maintained its certification for (uninterrupted)?
Is the timber locally harvested?

What is the transport impact of the timber

Can chain of custodies be produced?

For long-term contracts can an on-site inspection of the plantation be organised

(environmental review)?
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Bitumen Emulsion

BITUMENT EMULSION

1. BACKGROUND

The predominant use of bitumen emulsions in Australia is for sealing works. They can be used as an
alternative treatment to hot cutback bitumen on low-to-medium trafficked roads. Traditionally, bitumen
is mixed with (0-8%) petroleum solvents (e.g. kerosene) to produce cutback bitumen that is the correct
viscosity to make it workable. Bitumen emulsions can be applied to the road surface without the use
of solvent.

According to the Asphalt Institute, almost 40,000 kJ of energy is required to process one litre of cutter.
In comparison only 1151 kJ of energy is required to process one litre of bitumen emulsion.

Bitumen emulsions will however generally be less cost-effective due to the additional manufacturing
process required between the refinery and road application.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for bitumen emulsion.

Table 1: Core Indicators

Embodied Carbon Less embodied carbon (approximately 60% less) due to the heating required for hot
cutback bitumen.

Recycled content There is potential for the use of recycled tyres and rubber materials in the
manufacturing process of Poly Modified Binders (PMB)

Cost Generally cost more, however use of recycled material can reduce the cost

Geographic/regional/ Available in regional Victoria

market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | 30% reduction in water usage in production

Pollutants (other than Reduced use of solvents
greenhouse gas):

Reusability/Adaptability/ Not reusable, but does not impact the reusability of asphalt
Recyclability:

Practical applicability: Road tests carried out in Australia and New Zealand between 1993 and 1997
revealed good performance of the material and no visual differences with seals
constructed with standard distillate precoated aggregates.

Whilst there is a need to tightly control traffic during the initial stages to minimise the
early loss of aggregate, emulsion sprayed seals generally have equivalent
performance to cutback bitumen and when applied under cooler and wetter
conditions generally perform better than cutback bitumen applied under the same
conditions.
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Bitumen Emulsion

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)

f)

Does the product use any cutter?

Does the product include any recycled tyres or other recycled rubber material?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?

Is this a local supplier and manufacturer?
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Blended Cement

BLENDED CEMENT (SUPPLEMENTARY CEMENTITIOUS
MATERIALS - SCMS)

1. BACKGROUND

Blended cement is manufactured for use in general purpose concrete applications including cement-
based products, mortars and grouts. Blended cements contain Supplementary Cementitious Materials
(SCMs), such as fly-ash from power generation and slag waste materials from iron and metal
production, as a replacement for a proportion of the OPC.

This product is comparable to OPC cement for its performance, and is now used commonly in many
infrastructure and construction applications.

2. SUSTANABILITY INFORMATION

The tables below illustrate the sustainability information for Blended Cement.

Table 1: Core Indicators

Indicator Information

Embodied Carbon SCMs have approximately 40% less embodied energy than OPC

Recycled content Uses industrial waste (slag/fly ash)
General composition is up to 30% SCM with remaining OPC

Cost Cost is the same as OPC, with some suppliers offering discounts compared with
OPC

Geographic/regional/ The cement mix is available from Port Melbourne and, can be supplied and mixed

market availability by any plant.

Currently supply to regional Victoria

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | There is a water-use benefit associated with blended cements. This benefit is
dependent on the amount of blended cement used in the mix, and also the type of
SCM used
Assume up to 15% reduction (best case, using approximately 30% SCM within
cement mix)

Pollutants (other than 30% reduction in carcinogens and heavy metals

greenhouse gas):

Reusability/Adaptability/ 100% recyclable product as crushed concrete aggregate

Recyclability:

Practical applicability: Extended structural life
Reduced maintenance costs
Can reduce heat island effects through lighter colour
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Blended Cement

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)

e)

Does the product optimise the use of industrial waste?

Does the product use industrial waste sourced close to the site

Does the product conform with AS3972 for General Purpose Cement

Is the plant energy efficient and/or does it have an Environmental Management System

Can the product use alternative sustainable aggregates?
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CRUSHED CONCRETE

1. BACKGROUND

Coarse recycled concrete aggregate (RCA) is composed of rock fragments coated with cement, with
or without brick, sands and/or filler, produced to comply with tolerances for grading and minimum
foreign material content, and supplied at a lower density than that for crushed igneous rock.

Waste material like steel and other contaminants are removed during reprocessing. Other materials
that may be present in RCA are gravel, crushed stone, hydraulic-cement concrete or a combination
thereof deemed suitable for premix concrete production. In Australia, RCA is one of the most common
construction and demolition wastes used in concrete production both as coarse and fine aggregate.

2. SUSTAINABILITY INMOR'ION

The tables below illustrate the sustainability information for RCA

Table 1: Core Indicators
Indicator

Information

Embodied Carbon

30% reduction in processing compared with virgin material (based on assumption
that transport would be no more than 5km more than the virgin material)

Recycled content

100% recycled content

Cost

On-site waste can be used

Can purchase from supplier but the transportation distances should be kept low to
maintain profitability

Geographic/regional/
market availability

Available in regional Victoria
Very common product

Table 2: Supplementary Indicators

Indicator

Water usage performance

Information

The water performance during mixing is lower as the absorption rate is higher than
with virgin aggregates

Pollutants (other than
greenhouse gas):

Generally, similar to virgin material, no additional chemicals are required to process

Reusability/Adaptability/
Recyclability:

100% recyclable

Practical applicability:

RCA is applicable for most aggregate application

Not more than 30-40% inclusion of this aggregate substitute product is
recommended in a concrete mix

If the crushed concrete is highly contaminated with brick (etc.) it should be used for
backfill, cleaner products can be used for pavement and concrete mixes

VERSION 1.0 DRAFT

SLR¥




Information Sheet Revision (

Crushed Concrete

3. SUGGESTED SUPPLIEREESTIONS
To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a) Isthe supplier a local recycler?

b) Do the landfill levies paid by Council regarding their waste compensate for any additional
cost?

c) Does the product manufacture process use recycled water or harvested rainwater?

d) Does the supplier have an environmental management system?

e) Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
f)  Is the material tried and tested?

g) Arethe contaminant levels suitable?

VERSION 1.0 DRAFT

SLR¥

Rind o




Information Sheet Revision (

Crushed Glass Cullet (Glass Sand)

CRUSHED GLASS CULLET (GLASS SAND)

1. BACKGROUND

Crushed glass cullet (glass sand) is the waste material or glass fines that are produced during the
glass recycling process. These fines are not suitable for reuse in recycled glass containers or bottles
but can be used as a sand replacement within the construction industry. To prepare the fines for use
they are screened, vacuumed, crushed and graded to produce unwashed glass sand. The glass sand
is generally mixed with natural sand in varying proportions.

Whilst there has been some controversy surrounding glass cullet reuse due to concerns over it
potentially containing crystalline silica, (a cause of silicosis and a known carcinogen), it is worth noting
that tests completed by Sydney Water show that the dust generated by glass cullet is not considered
hazardous and does not contribute to silicosis or cancer.

Crushed glass cullet can be used (as a proportion of natural sand mix) in any application where
natural sand is used, for example, concrete aggregate, pavement sub base and base, asphalt, backfill
and bedding, and paving applications. There have been limited case studies and trials to date in
Australia using this product across all applications. (Not sure if this is accurate. There have been
studies done for The Packaging Stewardship Forum of The Australian Food and Grocery Council for
most of the applications listed)

2. SUSTAINABILITY INRMOR'ION

The tables below illustrate the sustainability information for crushed glass cullet (glass sand).

Table 1: Core Indicators

Indicator Information

Embodied Carbon Reduced embodied energy as the cull et
processes

Recycled content 100% recycled content
This produce is a waste material that would otherwise be sent to landfill

Cost The cost for the recycled product (from recyclers) is cheaper than for natural sand
assuming that the transportation distance is not significant

Geographic/regional/ Glass cullet is a widely available product, it is sold through recycling facilities,

market availability concrete manufacturers and some specialist providers

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | N/A (supplier dependent)

Pollutants (other than No difference with natural sand, the risk of pollution could potentially be higher due

greenhouse gas): to residual contaminants

Reusability/Adaptability/ 100% recyclable

Recyclability:

Practical applicability: Crushed Glass Cullet can be used within most applications, as shown in the table
below.

As natural sands become more scarce and the transport distances to certain parts
of the country increase, the cost efficiency of recycled glass cullet will be
significantly improved
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Crushed Glass Cullet (Glass Sand)

Indicator Information

Common use for Natural | Glass Examples
sands Cullet
suitable
Concrete aggregate Yes Local example could not be identified
Cement mix Yes Trials completed in NSW by DECC
which shows partial replacement is
suitable

Pavement Sub-base/Base | Yes

Asphalt Yes

Backfill and bedding Yes VicRoads approved, DECC NSW
approved

Paving applications Yes Successful trials completed in

Waverly by Waverly Council, NSW

3. SUGGESTED SUPPLIEREEQTIONS
To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a) Is the supplier of glass cullet a local recycler?

b) Do the landfill levies paid by Council regarding their waste compensate for any additional
cost of the glass cullet?

c) Does the product manufacture process use recycled water or harvested rainwater?

d) Does the supplier have an environmental management system?

e) Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
f)  Is the material tried and tested?

g) Are the contaminant levels suitable?
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Geopolymer Paver

GEOPOLYMER PAVER

1. BACKGROUND

Geopolymer cement does not contain any Ordinary Portland Cement. Geopolymers are a type of
inorganic polymer that can be formed at room temperature using industrial waste or by-products (fly-
ash from power generation and slag waste materials from iron and metal production) as source
materials to form a solid binder that looks like and performs a similar function to OPC.

Natural materials like kaolinite and clays could be used as an alternative to the industrial waste;
however this would increase the use of the sodium silicate which is toxic and environmentally
damaging.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for Geopolymer pavers.

Table 1: Core Indicators

Embodied Carbon The embodied carbon in geopolymer cement is approximately 60% lower than OPC

Recycled content Flyash and slag are the major components of this product; recycled aggregate is
also compatible

Cost The cost of this product is about the same as a standard concrete paver

Geographic/regional/ Available from limited suppliers, but can be sourced within Victoria

market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | Savings of 30-40% during manufacturing process

Pollutants (other than Sodium silicate used during the process is toxic.
greenhouse gas):

Reusability/Adaptability/ 100% recyclable
Recyclability:

Practical applicability: Same strength profile as 100% OPC
Increased fire, chemical and salt resistance
No training or qualifications are required to lay this type of concrete
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Geopolymer Paver

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)
f)
9)

Does the product optimise the use of industrial waste?

Is the waste sourced locally?

Does the product use glass as a sand replacement?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?

Can the product use alternative sustainable aggregates?
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Geopolymer Cement

GEOPOLYMER CEMENT

1. BACKGROUND

Geopolymer cement does not contain any Ordinary Portland Cement (OPC). Geopolymers are a type
of inorganic polymer that can be formed at room temperature by using industrial waste or by-products
(fly ash from power generation and slag waste materials from iron and metal production) as source
materials to form a solid binder that looks like and performs a similar function to OPC.

Geopolymer binder can be used in a cement mix to replace or partially replace Ordinary Portland
cement, resulting in a reduction in the embodied carbon in the final concrete product.

Natural materials like kaolinite and clays could be used as an alternative to the industrial waste;
however this would increase the use of the sodium silicate which is toxic and environmentally
damaging.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for Geopolymer Cement.

Table 1: Core Indicators

Indicator Information

Embodied Carbon Embodied carbon in geopolymer cements is approximately 40% lower than OPC

Recycled content Fly ash and slag is the major component of this product, recycled aggregate is also
compatible

Cost 15-20% higher than OPC

Geographic/regional/ Available from limited suppliers, but can be sourced within Victoria

market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | Savings of 30-40% during manufacturing process

Pollutants (other than Sodium silicate used during the process is toxic.
greenhouse gas):

Reusability/Adaptability/ 100% recyclable
Recyclability:

Practical applicability: Same strength profile as 100% OPC
Increased fire, chemical and salt resistance
No training or qualifications are required to lay this type of concrete
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Geopolymer Cement

3. SUGGESTED SUPHRLIBUESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)

e)

f)

Does the product optimise the use of industrial waste?

Is the waste sourced locally?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas,
solar)?

Can the product use alternative sustainable aggregates?
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Glasdibre Reinforced Polymer

GLASS-FIBRE REINFORCED POLYMER

1. BACKGROUND

GFR concrete is a concrete mix that uses alkali-resistant glass fibres in a concrete mix in place of
reinforcing steel or rebar. Essentially there are two types of GFR concrete

0] Small diameter fibres are added to the concrete mix and become part of the matrix. This type
is used for pipe manufacture and a wide range of non-structural, architectural and building
applications

(ii) Larger diameter bars are used as a substitute for conventional steel reinforcing. Currently
there is no Australian Standard covering the structural design of concrete members using
GFR bars, however it is an emerging and growing area

GFR concrete has been used as an alternative to steel for many years throughout the United
Kingdom, and more recently elsewhere in the world.

GFR offers a number of benefits over traditional steel reinforcements including that it does not corrode
in saline or high chemical environments.

2. SUSTAINABILITY INMORION
The tables below illustrate the sustainability information for Glass Fibre Reinforcement

Table 1: Core Indicators
Indicator Information

Embodied Carbon

Embodied carbon in GFR concrete is approximately 90% lower than in steel
reinforced concrete

Recycled content No recycled content

Cost

GFRP is a quarter of the weight of steel rebar and offers significant savings in
transportation and installation

The initial cost is significantly higher

Geographic/regional/ Available within Australia

market availability

Table 2: Supplementary Indicators

Indicator

Water usage performance

Information

Information not available

Pollutants (other than
greenhouse gas):

Information not available

Reusability/Adaptability/
Recyclability:

Not recyclable

Practical applicability:

This product can be used in a number of applications as an alternative to steel
reinforcement. Specialist advice is required for structural applications.

Currently the most beneficial use is in highly corrosive areas.
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Glasdibre Reinforced Polymer

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)

b)
c)
d)
e)
f)
9)

Can the supplier show that the product has a history of successful use and conforms to
international standards?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
Is the manufacturing process efficient?

Is the product manufactured within Australia or Victoria?

Does the transportation of the material from the factory to the site significantly impact the
environmental performance?
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Manufactured Sand

MANUFACTURED SAND

1. BACKGROUND

Manufactured sand is made by reprocessing waste material generated through the production of
course aggregates at quarries. The waste material is generally finer than 5mm, and with variable
properties. Production of manufactured sand from this waste material generally involves crushing,
screening and possibly washing

Manufactured sand is defined as a purpose made crushed fine aggregate produced from a suitable
source material, and is meant to replace a proportion of natural sand within the mix.

Research by the concrete and extractive industries has shown that, provided the material is
appropriately processed and selected from suitable materials, a significant proportion of naturally-

extracted sand can be replaced by manufactured sand, while still meeting high-quality concrete
specifications.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for Manufactured Sand.

Table 1: Core Indicators

Indicator Information

Embodied Carbon Actual data is not currently available, however embodied energy is reduced as the
manufactured sand is a waste product from aggregate quarrying.

Recycled content 100% recycled content

Cost A cost benefit exists where travel distances are comparable with those for virgin
materials

Geographic/regional/ Reasonably available product, available in regional Victoria.

market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | Information not available

Pollutants (other than No difference to natural sand
greenhouse gas):

Reusability/Adaptability/ 100% recyclable
Recyclability:

Practical applicability: Manufactured sand can be used for a proportion of the sand mix for all applications
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Manufactured Sand

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)

f)

Is the supplier of manufactured sand a local recycler?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
Is the material tried and tested?

Are the contaminant levels suitable?
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Permeable interlocking concrete pavers

PERMEABLE INTERLOCKING CONCRETE PAVERS (PICP)

1. BACKGROUND

Permeable interlocking concrete pavers (PICP) provide a sustainable alternative to concrete pavers.
PICP are designed with gaps/spaces between individual interlocking pavers facilitate infiltration. The
voids between the pavers are filled with a uniform 2-5 mm aggregate to facilitate rapid infiltration of
rainfall. The same aggregate can be used as a bedding material for the pavers.

There are three key levels of infiltration which can be designed with PICP:
Full infiltration: all the water infiltrates the subgrade

Partial Infiltration: some water infiltrates the subgrade and some water is removed by a
discharge pipe

No infiltration: water is carried through the paver to assist with drainage, but no water
infiltrates the subgrade. All water is removed through a discharge pipe

Permeable pavements (including PICP) achieve reductions in the following areas:

Rainfall runoff from pavement surfaces

The size or need for rainwater retention facilities in roadworks by using the pavement itself
for retention. This improves land use.

Downstream flooding.
To recharge and maintain aquifers and the natural groundwater.

To trap pollutants that would otherwise contaminate groundwater or drainage systems.

This product can be used for carparks, public areas with pedestrian traffic, tree surrounds, roads and
roadside parking, paved areas

2. SUSTAINABILITY INMOR'ION

The tables below illustrate the sustainability information for PICP.

Table 1: Core Indicators

Embodied Carbon There is a reduction of approximately 50% in embodied carbon when using
permeable paver instead of a conventional paver.

Recycled content Blended cement (slag and fly ash) can be used to design the pavers
Up to 40% slag and 20% fly ash

Cost Although the up-front costs of PICP are significantly higher than asphalt or concrete

pavers, the whole of life costs are expected to be lower. Factors contributing to this
include the reduction or elimination of sub-surface drainage infrastructure

Geographic/regional/ Readily available in regional Victoria
market availability
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Permeable interlocking concrete pavers

Revision (

Table 2: Supplementary Indicators

Indicator Information

Water usage performance

The water performance is dependent on the system selected. For example, a
superior system would function as a closed loop and use the water captured in the
detention system on or around the site. Other systems may only filter and capture
pollutants before discharge to the stormwater system

Porous pavements also assist with flood control and run-off

Pollutants (other than
greenhouse gas):

Reduction in the amount of pollutants entering the water system
Reduction in atmospheric pollutants if blended cement is used

Reusability/Adaptability/
Recyclability:

100% recyclable product (as are standard concrete pavers)

Practical applicability:

PICP can generally be used in all applications concrete pavers are commonly used:

Common use for PICP suitable? | Examples

concrete pavers

General road paving Yes

High traffic road paving No n/a

Parking areas and Yes Used at Sydney Olympic Park
hardstand

Footpaths Yes Used at Sydney Olympic Park

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier

operations and processes, the following questions should be considered:

a) Does the product use recycled or reclaimed asphalt pavement?

b) Isthe cement a blended version, i.e. optimising use of waste material?

c) Does the product use glass as a sand replacement?

d) Does the product manufacture process use recycled water or harvested rainwater?

e) Does the supplier have an environmental management system?

f)  Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
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Polymer InjectibRReinforcing Steel

POLYMER INJECTION i REINFORCING STEEL

1. BACKGROUND

Polymer Injection Technology is a new, patented process, which partially substitutes the use of coke
with polymers, including rubber, as an alternate carbon injectant to produce foaming slag Electric Arc
Furnace (EAF) Steel.

This innovation offers an opportunity to improve steel cost efficiency while having a positive impact on
the environment through energy savings and recycling polymers. Polymer injection of a rubber
sourced from used vehicle tyres is now in commercial use at least two EAF facilities in Sydney and
Melbourne.

Reinforcing steel manufactured using polymer injection technology has been included in the Green
Building Councilof Australi ads GreenStar Scheme.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for polymer injection technology.

Table 1: Core Indicators

Indicator Information

Embodied Carbon Data has not yet been quantified for this material; however suppliers report a
decrease in electricity use and heat requirements which would result in a reduction
of embodied carbon.

Recycled content Potential to recycle more than 285,000 used passenger tyres per year
Recycled steel is used during the process (up to 60%)

Cost Reduction in cost

Geographic/regional/ Available in Melbourne by One Steel

market availability

Table 2: Supplemen tary Indicators

Indicator Information

Water usage performance | Information not available

Pollutants (other than Reduced NOx SOx and CO emissions
greenhouse gas):

Reusability/Adaptability/ 100% recyclable
Recyclability:

Practical applicability: This product can be used for all applications where regular reinforcing steel is
used
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Polymer InjectibReinforcing Steel

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)
f)
9)

Does the supplier use recycled steel?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
Is the manufacturing process efficient?

Is the product manufactured within Australia or Victoria?

Does the transportation of the material from the factory to the site significantly impact the
environmental performance?
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PVC-O PIPES

1. BACKGROUND

PVC-O pipes use the same input material as standard PVC pipes but during the manufacturing
process, the pipe is expanded in the circumferential and longitudinal directions, therefore orienting the
molecular structure in both the hoop and longitudinal directions.

This system produces a pipe with superior strength and compressive performance, while reducing the
thickness of the pipe walls and the weight of the finished product.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for PVC-O pipe

Table 1: Core Indicators

Indicator
Embodied Carbon

Information

Embodied carbon in PVC-O pipe is slightly higher per kg of finished product,
however less of the material is required for every metre of pipe required. When
measured over pipe length, the embodied energy in PVC-O pipe is lower than in
standard PVC pipe.

Recycled content

Can potentially use reprocessable PVC for its manufacture
Most material is virgin plastic

Cost

N/A dependent on required pipe

Some suppliers have stated that operational costs would be reduced because of the
decreased flow resistance (increased internal diameter) and subsequent lower
pumping costs.

The pipe also has an improved corrosion resistance (longer-life and no corrosion
protection required)

Geographic/regional/
market availability

Available in regional Victoria from local suppliers
Current suppliers to the IDM Group supply this product

Table 2: Supplementary Indicators

Indicator

Information

Water usage performance

Improved flow capacity due to thinner walls (larger internal diameter) and smoother
surfacing (71.25 kL/t of water saved)

Pollutants (other than
greenhouse gas):

Information not available. (Pollutants producing PVC are not available?)

Reusability/Adaptability/
Recyclability:

100% recyclable

Practical applicability:

Wide application wherever PVC pipes are currently used
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PVGO Pipes

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)

f)

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
What is the quantity of recycled plastic used in the product

Is the product manufactured locally

What is the transport impact of the manufacture and delivery?
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Reclaimed/Recycled Aggregate Pavement

RECLAIMED/RECYCLED AGGREGATE PAVEMENT

1. BACKGROND

Recycled or Reclaimed Asphalt Pavement (RAP) consists of excavated asphalt pavement which is
crushed and screened to suit different grading requirements. Asphalt containing RAP is produced by
combining the recycled aggregate and binder with virgin aggregate and a new binder.

It is currently acceptable in most states of Australia to include a prescribed proportion of RAP within
asphalt mix (generally between 10-30%). The amount of RAP used within a mix is relative to the type
of binder required, for example, for up to 15% RAP by weight of total mix (low RAP), no change in
binder grade is required, but for 16-25% RAP, by weight of total mix (intermediate RAP content) a
lower binder grade (softer binder) is required (refer to the VicRoads spec 407? HMA).

The level of RAP used in HMA is restricted to 50% due to maximum heat capacity and emissions.

Warm Mix Asphalt, which is processed at a much lower temperature, could potentially use much
higher amounts of RAP.

2. SUSTAINABILITY INMOR'ION

The tables below illustrate the sustainability information for RAP.

Table 1: Core Indicators

Indicator Information

Embodied Carbon Embodied energy in RAP is approximately 46% lower than in equivalent quarry
products

Recycled content 100% recycled product

Requires some reprocessing

The binder on the RAP is reactivated by the heat from the virgin aggregate during
mixing, therefore the amount of bitumen binder can be reduced.

Cost Assuming that the RAP is sourced locally there is a reduction in cost
Geographic/regional/ Commonly available
market availability Where possible, on-site RAP should be used before sourcing externally

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | Significant amount of water from the extraction of virgin material is saved
There was no information available regarding the reprocessing

Pollutants (other than Reduction in pollutants caused through extraction
greenhouse gas):

Reusability/Adaptability/ 100% recyclable
Recyclability:

Practical applicability: RAP can generally be used in all applications HMA is commonly used.

RAP mixes age more slowly and are more resistant to the action of water than
conventional mixes

Common use for HMA RAP suitable
General road paving Yes
High traffic road paving Yes
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Reclaimed/Recycled Aggregate Pavement

Indicator

Information

Parking areas and
hardstand

Footpaths

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)
f)
9)

Does the product use glass as a sand replacement?

Does the product use industrial waste as ingredient replacement (e.g. fly ash as filler)?
Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
Is the product manufactured close to the site?

Are the components of the product transported significant distances?
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Recycled Glass (Rock Replacement)

RECYCLED GLASS (ROCK REPLACEMENT)

1. BACKGROUND

Crushed Glass can potentially be used within pavements and concrete as an alternative to gravel and
natural aggregates.

The use of this material gives a number of benefits:

Reuse of mixed coloured glass that cannot be recycled into new glass bottles and containers
Conservation of natural resources

Reduced carbon impact

Maintained long-term performance of asphalt or concrete.

The use of glass as a rock replacement in aspha
be installed using the same equipment and procedures as conventional asphalt. The grading,

cleaning and mixing of this material is essential to ensure performance.

2. SUSTAINABILITY INMOR'ION

The tables below illustrate the sustainability information for recycled steel.

Table 1: Core | ndicators

Embodied Carbon Embodied carbon in recycled glass is approximately 30% less than using virgin
materials

Recycled content 100% recycled

Cost Reduction in cost, especially if Council are using the materials collected through

their municipal waste collection system
Long whole of life cost

Geographic/regional/ This product would be readily available from any recycling centre
market availability
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Recycled Glass (Rock Replacement)

Table 2: Supplementary Indicators

Indicator Information
Water usage performance | N/A information not available

Pollutants (other than Reduction in pollution compared with natural aggregates because extraction is not
greenhouse gas): required
The pollution is still relatively high because of the high amount of reprocessing
required
Reusability/Adaptability/ Recyclable within the asphalt or concrete mix
Recyclability:
Practical applicability: The use of recycled glass in aggregates is not widely accepted within Australia,

however, in the USA and UK it has been used for the last couple of decades.

Recycled glass can be used in the following applications: low-medium traffic roads,
concrete, asphalt (pedestrian), parking areas etc.

3. SUGGESTED SUPPLIEREESTIONS
To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a) Is this alocal supplier

b) Do the landfill levies paid by Council regarding their waste compensate for any additional
cost?

c) Does the product manufacture process use recycled water or harvested rainwater?

d) Does the supplier have an environmental management system?

e) Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
f)  Is the material tried and tested?

g) Are the contaminant levels suitable?
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Recycled Gravel

RECYCLED GRAVEL/RECLAIMED AGGREGATES

1. BACKGROUND

Havebeen proven to be practical festdlemgth concretes, and, to a limited extent, for somegsadestural

concrete. They can also be used as a component of bedding or backfill.
The aggregates can be reclaimed from the concrete using a number of technologies, with a
requirement to wash the aggregates where a clean single size aggregate is required. The water may

or may not be reclaimed, and the aggregates are screened for later use, either stockpiled on site, or
transported to the new project site.

Positive benefits include

The amount of material going to land fill is reduced.

Aggregates from selected materials and industrial by-products may be used economically in concrete
and as road construction materials.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for recycled aggregate.

Table 1: Core Indicators

Embodied Carbon Embodied carbon in recycled gravels is considerably lower than virgin aggregates
however actual data has not been found.

Recycled content 100% recycled content

Cost On-site waste can be used

Can purchase from supplier but the transportation distances should be kept low to
maintain profitability

Geographic/regional/ Available in regional Victoria
market aVa||a.b|I|ty Very common product

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | 0.88 KL/t of water is saved by avoiding extraction

Pollutants (other than Information not available
greenhouse gas):

Reusability/Adaptability/ 100% recyclable
Recyclability:

Practical applicability: Recycled aggregate maintains its properties throughout the reclamation process
and can therefore be used for the same applications as the virgin material
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Recycled Gravel

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)

c)
d)
e)
f)
9)

Is this a local supplier

Do the landfill levies paid by Council regarding their waste compensate for any additional
cost?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
Is the material tried and tested?

Are the contaminant levels suitable?
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Recycled Plastic Pipes

RECYCLED PLASTIC PIPES (HDPE)

1. BACKGROUND

Recycled HDPE Pipes are made from 100% recycled plastic bottles and are now widely used for civil,
agricultural and forestry applications.

This product has been tested, rated and approved by VicRoads (2009) for use under public roads in
Victoria, and is certified to AS/NZS 1462.22:1997 and AS/NZS 2566.1:1998

2. SUSTAINABILITY INMOR'ION

The tables below illustrate the sustainability information for recycled HDPE pipe

Table 1: Core Indicators

Embodied Carbon Embodied carbon in recycled HDPE is 90% lower than in virgin PVC piping.
Recycled content 100% recycled content

HDPE obtained from recycling plastic bottles is a readily available feedstock
Cost The fully installed/life-cycle cost is lower than competitors

The product is 25% cheaper to produce than PVC pipes
Geographic/regional/ Current supplier for some Councils within the IDM Group
market availability Readily available

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | N/A

Pollutants (other than N/A
greenhouse gas):

Reusability/Adaptability/ 100% recyclable
Recyclability:

Practical applicability: Recycled HDPE pipes can generally be used in all applications that PVC pipes are
used.
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Recycled Plastic Pipes

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)

f)

Is feedstock for the recycled pipe sourced locally?

Is the product manufactured locally?

What is the transport impact of the manufacture and delivery?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
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Recycled Steel

RECYCLED STEEL

1. BACKGROUND

Steel is often recycled by using magnets to separate the steel from other metals. It is then
melted and reshaped for a new application.

There are a number of key benefits associated with recycling steel for reuse including:

Every tonne of recycled steel saves 1131kg of iron ore, 633kg of coal and 54kg of limestone
Avoid air and water pollution

Save landfill space, as steel can be recycled indefinitely

Conservation of energy

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for recycled steel.

Table 1: Cor e Indicators

Embodied Carbon Recycled steel has approximately 15-20% less embodied carbon than virgin steel
Recycled content 100% recycled

Cost Significant cost savings

Geographic/regional/ This is a very common product, most steel contains recycled content

market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | 40% reduction in water use
76% reduction in water pollution
Pollutants (other than 86% reduction in air pollution
greenhouse gas): 76% reduction in water pollution
Reusability/Adaptability/ 100% recyclable
Recyclability:
Practical applicability: Recycled steel demonstrates the same properties as virgin steel
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Recycled Steel

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)

e)

What is the quantity of recycled steel in the product?

What have been the transportation distances for the feedstock?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
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Recycled Timbe

RECYCLED TIMBER

1. BACKGROUND

Recycled timber is timber that has been reclaimed from demolished buildings, bridges, and other

structures. In contrast to other construction materials, timber can be reused without requirement for
remanufacture. However, it is possible to re-mill or re-finish, improving the physical appearance.

Widespread adoption of recycled timber is still constrained by a few limitations in regards to quality

and strength. In the construction industry it is often perceived as quicker and easier for the builder to

use 6newd wood instead of spending the time and money
recycled timbers needed for a specific construction.

2. SUSTAINABILITY INMOR'ION

The tables below illustrate the sustainability information for recycled timber.

Table 1: Core Indicators

Indicator Information

Embodied Carbon The amount of embodied energy will vary, depending on the original application and
the demolition requirements, as well as transport requirements. However, it would
generally be lower than for virgin timber.

Recycled content Recycled timber utilises 100% recycled materials

Cost Costs for recycled timber vary widely, depending on the type of timber and the
intended use. Itis however, generally cheaper than the virgin timber equivalent.

Geographic/regional/ Available in regional Victoria
market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | No water is used in timber reuse/recycling (unless the product is retreated).

Pollutants (other than No pollutants are emitted in timber reuse/recycling (unless the product is retreated).
greenhouse gas):

Reusability/Adaptability/ Timber is 100% recyclable
Recyclability:

Practical applicability: Recycled timber is useful for all applications virgin timber is used; however, the
costs for recycled timber vary widely, depending on the type of timber and the
intended use.
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Recycled Timbe

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)
f)
9)

Does the product require any further treatment?

Is the product suitable for the application?

Where was this timber O6rescuedd from?
What is the transport impact of the product?

What level of treatment has been completed on the timber to prepare it for re-sale?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
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Resin Bound Porous Pavement

RESIN BOUND POROUS PAVEMENT

1. BACKGROUND

Resin Bound Porous Pavement ( RBPP) is an alternati

generally be used for pedestrian and low-medium traffic areas. By weight, RBPP consists of 95%
natural stone, recycled stone or recycled glass and 5% resin.

This primary purpose of this product is to provide a water saving alternative to traditional asphalt
pavements. Resin bound porous pavement allows water to seep through the resin bound aggregate
into a free draining structural pavement layer (that also traps contaminants and pollutants) and then
either into the stormwater system, a detention system or to the natural soil beneath.

Porous pavement achieves benefits in the following areas:
Reduces rainfall runoff from pavement surfaces

Reduces the size or need for rainwater retention facilities in roadworks by using the
pavement itself for retention. This reduces land use.

Reduces downstream flooding.
Recharges and maintains aquifers and the natural groundwater.
Traps pollutants that would otherwise contaminate groundwater or drainage systems.

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for RBPP.

Table 1: Core Indicators

Indicator Information

Embodied Carbon Whilst specific data is not currently available, one study concludes that
approximately 50% saving in embodied carbon when a permeable pavement is
used instead of a conventionally drained pavement

Recycled content Can make use of recycled stone/aggregate/glass from on-site or off
Cost Increase in initial cost but the whole of life is better
Geographic/regional/ This is a widely available product

market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | The water performance is dependent on the system selected. For example, a
superior system would function as a closed loop and use the water captured in the
detention system on or around the site. A lesser system filters and captures
pollutants and discharges the water to the stormwater system

Regardless of the system, porous pavement assists with flood control and run-off

control
Pollutants (other than Reduction in the amount of pollutants entering the water system
greenhouse gas):
Reusability/Adaptability/ This material could potentially be recycled for use as Recycled aggregate

Recyclability:
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Resin Bound Porous Pavement

Indicator

Practical applicability: RBPP can be used with limited applications.
This product has a life-span of approximately 20 years if properly maintained
(cleaned to avoid clogging)
Common use for HMA RBPP suitable? | Examples
General road paving No n/a
High traffic road paving No n/a
Parking areas and Yes
hardstand
Footpaths Yes

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)
f)
9)
h)

Does the product use recycled or reclaimed asphalt pavement?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
Is the resin produced from a sustainable source?

Is the chosen aggregate sourced locally?

Is the product manufactured close to the site?

What is the transport impact of the products components?
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Resin Bound Permeable Pavers

RESIN BOUND PERMEABLE PAVERS (RBPP)

1. BACKGROUND

Resin Bound Porous Pavement ( RBPP) is an alternati v
generally be used for pedestrian and low-medium traffic areas. This primary purpose of this product is

to provide a water saving alternative to traditional asphalt pavements. Resin bound porous pavement

allows water to seep through the resin and the contaminant catching engineered soils, and either into

the stormwater system, a detention system or to the natural soil beneath.

Porous pavement achieves reductions in the following areas:
Rainfall runoff from pavement surfaces

The size or need for rai nwater retention facild.i
for retention. This improves land use.

Downstream flooding.
To recharge and maintain aquifers and the natural groundwater.

To trap pollutants that would otherwise contaminate groundwater or drainage systems.

Typicallyporous paverseed to be cleanedigdically, by mechanical vacuum. Frequency of cleaning is
dependent on the contaminant profile of the area of installation. Typically, pavers in a household installatior
only need cleaning each 10 years

2. SUSTAINABILITY INRORION

The tables below illustrate the sustainability information for porous pavers.

Table 1: Core Indicators

Indicator Information

Embodied Carbon Whilst specific data is not currently available, one study concludes that
approximately 50% saving in embodied carbon when a permeable pavement is
used instead of a conventionally drained pavement

Recycled content Can make use of recycled stone/aggregate/glass from on-site or off
Cost Increase in initial cost but the whole of life is better
Geographic/regional/ This is a widely available product

market availability

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | The water performance is dependent on the system selected. For example, a
superior system would function as a closed loop and use the water captured in the
detention system on or around the site. A lesser system filters and captures
pollutants and discharges the water to the stormwater system

Regardless of the system, porous pavement assists with flood control and run-off

control
Pollutants (other than Reduction in the amount of pollutants entering the water system
greenhouse gas):
Reusability/Adaptability/ This material could potentially be recycled for use as Recycled aggregate
Recyclability:
Practical applicability: RBPP can be used with limited applications.
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Resin Bound Permeable Pavers

Indicator Information
This product has a life-span of approximately 20 years id properly maintained
(cleaned to avoid clogging)
Common use for stone RBPP suitable
pavers
General road paving No
High traffic road paving No
Parking areas and Yes
hardstand
Footpaths Yes
3. SUGGESTED SUPPLIEREEQTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)
f)
9)

Does the product use recycled or reclaimed asphalt pavement?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?
Is the resin produced from a sustainable source?

Is the chosen aggregate sourced locally?

Is the transport impact of the components significant?
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Twisted Steel Fibre Retefoent

TWISTED STEEL FIBRE REINFORCEMENT

1. BACKGROUND

Twisted Steel Fibre Reinforcement, also known aseTisewdibpick sized, coated (galvanised) metallic
wire that has been twisted into a helix shape.

Twisted Steel Fibres

(National Collegiate Inventors and Innovators Allignce, 2012

When millions of the small fibres are dispersed into concr&tmtthplate; forming a strong matrix that
increases the concretebds blast and i mpact resi st
Inventors and Innovators Alliance, 2012).

The density of the steel fibre within the comrdeetiepgindent on the nature of the application. Twisted Steel
Fibre Reinforcement can be used for the following applications:

1 Structural walls i Beams/columns
1 Structural floors 1 Shotcrete

1 Foundations 1 Tunnelling

1 Piles/piers 1 Paving

1 Pre-cast

The benefitsf using Twisted Steel Fibre Reinforcement rather than steel reinforcing bar or mesh for structt
reinforcement include: reducing the amount of steel by weight within the concrete, reduced emissions becat
reduced transport requirements, improvefficesicy because of reduced labour time and improved work
safety, increased first crack strength, increased crack resistance, increased durability and increased s
strength.
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2. SUSTAINABILITY INROR'ION

The tables below illustrate the sustainability information for polymer injection technology.

Table 1: Core Indicators

Indicator Information

Embodied Carbon

There is no embodied energy data available for this product.

There is an improvement associated with construction (70% reduction in steel,
400% reduction in heavy truck diesel fuel emissions because of shipping
improvements).

However, there is an increase in shipping/transport impact because the product is
manufactured outside of Australia.

Therefore it is surmised that there would likely be a slight improvement in embodied
carbon

Recycled content

Made from 50% recycled steel (minimum, example from one supplier)

Cost

The productds manufacturers claims a 2
of labour associated with rebar-mesh placement along with reduction of waste steel

Geographic/regional/
market availability

This product is manufactured within the USA (Michigan).

The product is shipped to storage facilities in each capital city of Australia where it is
then shipped to job sites

Table 2: Supplementary Indicators

Indicator Information

Water usage performance

Information not available

Pollutants (other than
greenhouse gas):

Reduced NOX SOX and CO pollutants through reduced onsite
transport/construction emissions

Reusability/Adaptability/
Recyclability:

100% recyclable

Practical applicability:

This product can be used for all applications where regular reinforcing steel is
used

This product can be placed and finished using traditional concrete methods
Performance is enhanced because it is galvanised steel (rust resistant), increased
first crack strength, increased crack resistance, increased durability, increased
shear strength
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Twisted Steel Fibre Retefoent

3. SUGGESTED SUPPLIERESTIONS

To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a)
b)
c)
d)
e)
f)

9)
h)
i)

Does the supplier use recycled steel?

Does the product manufacture process use recycled water or harvested rainwater?
Does the supplier have an environmental management system?

How is the product shipped to Australia?

What environmental measures are in place during shipping?

Where is the product shipped from, to and how is it transported to the job site?

Do you think the transport route and method is efficient?

Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?

Is the manufacturing process efficient?
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WARM MIX ASPHALT

1. BACKGROUND

WMA offers significant benefits in comparison to coheemtibnakphatiad surfanj methodst can

directly replace hot mix asphalt in many applications and is ideal for use on municipal roads, parking al
footpaths and driveways where community concerns for the environment are most prevalent.

WMA can be produced using two sepatabdologies:

Foam mix: Reduces the temperature of the mix, however requires modifications to batch plants

Additive: The inclusion of the additive reduces mixing temperatures. This method can applied at at
batch plant already preparing HMA

2. SUSTAINABITY INFORMATION

The tables below illustrate the sustainability information for WMA.

Table 1: Core Indicators

Embodied Carbon Lower embodied carbon (~30%) in production due to WMA being made at lower
temperatures

Recycled content Allows greater quantities of recycled asphalt to be used in the mix

Cost Application cost is higher than HMA by approximately 20%

Geographic/regional/market | Available in regional Victoria
availability Can be transported longer distances than HMA

Table 2: Supplementary Indicators

Indicator Information

Water usage performance | N/A (supplier dependent)

Pollutants (other than Reduced fumes in production of WMA
greenhouse gas): 55% reduction in fine dust

58% reduction of NOx

80% reduction in SOx

Supply Chain/Processing N/A (supplier dependent)
Reusability/Adaptability/ Both WMA and HMA are 100% recyclable

Recyclability:
Practical applicability: WMA is produced at a much lower temperature which results in more comfortable
and safer workplaces
Improved productivity through an extended paving season and longer haul
distances as WMA is easier to compact at lower temperatures.
WMA can generally be used in all applications HMA is commonly used:
Common use for HMA WMA suitable Examples
General road paving Yes VicRoads approved
High traffic road paving Yet to be n/a
confirmed
Parking areas and Yes VicRoads approved
VERSION 1.0
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Information
hardstand

Indicator

Footpaths Yes Successfully applied by a
Queensland local Council

3. SUGGESTED SUPPLIEREESTIONS
To determine potential for additional environmental and sustainability benefits dependent on supplier
operations and processes, the following questions should be considered:

a) Does the product use recycled or reclaimed asphalt pavement?

b) Does the product use glass as a sand replacement?

c) Does the product use industrial waste as ingredient replacement (e.g. fly ash as filler)?

d) Does the product manufacture process use recycled water or harvested rainwater?

e) Does the supplier have an environmental management system?

f)  Does the supplier use alternative energy (e.g. greenpower, biofuels, natural gas, solar)?

g Does t he transportation of t he product
performance?
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APPENDIX B
SUSTAINABLE INFRASTRURE CHECKLIST
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ODP withou
need for
Checklist

Submission

Is Outline
Developmen
Plan (ODP)
Requied?

DoesCouncil
require
Sustainable
Checklist?

NO

Applicant completes the Sustair
Checklist and submits to Counc
part of ODP

A

Sustainable
Infrastructure

Checklist
Procedure

Council reviews Checklist for
completion and accuracy

Is
Checklist

complete?

Council reviews Sustainabilit
Features as part of ODP
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Sustainable Infrastieture Checklist

Does the development
implement any of the following
sustainability measures for

Permeable footpath surfaces

Separate from road to incorporate WSUD treatments

Other:

footpaths?

Describe here:

Does the develoment design
include pedestrian or cycling
oriented infrastructure?

Separate bike lanes or paths

Multi use (pedestrians and cycling)

Visible/secure allveather bicycle racks

Direct pedestrian linkages to transit stops?

Other:

Desciibe here:

TRANSPORT

Does the project include private
vehicle use reduction and
emission reduction measures?

Onsstreet parking away from pedestrian and cycling patt

Car sharing and green travel plan initiatives

Carparksharing

Sustainable use of vatie overhang

Smallercar pakingspaces

Permeable pavement surfaces

Other:

Describe here:

Does the development
implement any of the following
sustainability measures for
roads?

Recycled base/subbase materials

Alternative base/subase materials

Warm Mix Asphalt (RAP)

Recycled Asphalt Pavement (RAP)

Emulsion seals

Other:

Describe here:

Does the development involve
any of the following drainage
concepts

Retardation Basins aréimall Detention Systems

Increased infiltration (Wetlands, retention basins, swale
and water gardens )

WSUD drainage systems

Decentralised wastevater treatment (and reuse) system;

Other

Describe here:

Does the developmerihvolve
any of the following stormwater
management concepts?

Natural processes to remove litter, sediment and nutrier

Grass or permeable surfaces to reduce run off

Stormwater harvesting

Recycle water to reduce demand on potable water

Other:

Describe here:

INTEGRATED WATER MANAGEMENT

Does the development
incorporate any of the following
water saving measures?

Low water consumption devices

Regular procedures employed to remedy leaks

Other:

Describe here:
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Sustainable Infrastieture Checklist

MATERIAL RECYCLING AND REUSE

Does thecontractor selection
process take into account
Environmental Performance
Assessments?

Describe here:

Does the contract
documentation specify the reus
and recycling of selected
materials?

Describe here:

Does the development
reuse/recycleany of the
following materials from the

Aggregates
Masonry
Timber
Other

site?

Describe here:

Does the development
reuse/recycle any of the
following materials fromanother

Aggregates.
Masormy
Timber
Other

source?

Describe here:

Does the development use
alternative construction
materials which reduce the

carbon footprint?

Describe here:

Does the development use
energy efficienfamps for street

T5 linear fluorescent
LED
Other

o | lighting or decorative lighting? | Describe here:

p

=

o T5 linear fluorescent

ZI) Does the development replace| LED

= existing lighting with energy | Other

% efficient lamps? Describe here:

o

Does the development include| Solar energy
renewable energy to power | Other:
landscape elements such as | Describe here:
lighting?
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Sustainable Infrastructure Checklist

LANDSCAPING AND OPEN SPACE

Does the development preserve
enhance or comensate for site
ecology on or off site using the
following measures?

Reduce impervious area
Increase tree canopy coverage
Retain protected trees

Plant trees onsite (net increase)
Plant trees offsite (net increase)
Reuse/retairsite topsoil

Create park areas

Other:

Describe here:

Does the landscape
development reduce carbon
footprint using the following

Use alternative materials

Reuse or recycle materials

New timber products from sustainabiganaged sources
Other:

measures?

Describe here:

Does the development addresg
any of the following social and
community measures?

Involve local community

A continuing program of community involvement
Provide recycling facilities

Majority of contractors from local area

Other:

Describe here:

GENERAL

Will Post Construction
Evaluation be carried out?

Describe here:

Does the development have
longterm flexibility designed in
to allow for changes of use in th
future?

Describenere:

Does the development seek thir
party rated green standards or
features?

Describe here:

Are residents, community
stakeholders and endser
groups involved in the planning

process?

Describe here:

Do any existing Council
regulations curretly prevent
you from implementing more
sustainable initiatives for this

development?

Describe here:

Does the development include
sustainability features not
addressed in this checklist?

Describe here:
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APPENDIX C
CARBON CALCULATIGDOL
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Carbon Calculator

INTRODUCTION

This "Carbon Calculator" has been prepared as a supplement to the IDM Group's Infrastructure Design Manual.

The calculator uses data for embodied carbon that was researched during the preparation of the Green Supplement to the Manual (see Default Emissions). ! i I Rw

This data considers the emissions associated with all stages of the life cycle of materials, including extraction, processing and transport.

Emissions factors are also provided for electricity and fuel use. : =
global environmental solutions

INSTRUCTIONS

Navigate through the workbook using the tabs on the left of the worksheet.

Enter material amounts in the tab marked "Materials" for all relevant materials. The calculator will determine the corresponding embodied carbon emissions.
Enter fuel and electricity amounts for the project in the tab marked "Fuel and electricity".

The calculator will determine the corresponding emissions (Scope 1 only for fuels, and Scope 2 only for electricity).

If more up-to-date data becomes available for a given material, this can be worked into the calculator via the "User-defined values" section in the Default Emissions tab.
Simply enter the new data into the space provided. Ensure new data is entered as kgCO2 per unit, and that unused spaces in this column remain blank.

Note: This calculator is for use by member councils of the IDM Group only and may not be reproduced without permission.
The information contained herein is applicable only to operations carried out within Victoria.
Data used in the development of emissions factors was taken from the following sources:
- National Greenhouse Accounts Factors July 2011
- D. Chen, M. Syme, S. Seo, W. Y. Chan, M. Zhou and S. Medd| 2010, Develoy of an Embodied CO2 Emissions Module for AccuRate Forest & Wood Products Australia
- Benjamin C. Mclellan, Ross P. Williams, Janine Lay, Arie van Riessen, Glen D. Corder, 2011, Costs and carbon emissions for Geopolymer pastes in comparison to Ordinary Portland Cement
- EcoBlend, Independent Cement and Lime Pty Ltd, Victoria
- Don Wimpenny, Peter Duxson, Tony Cooper John Provis, Robert Zeuschner, 2011, Fibre reinforced geopolymer concrete products for underground infrastructure, Victorian Science Agenda Investment Fund (and consortia)
- OneSteel, 2010, Building a sustainable future sustainability REPORT 2010
- Prof. Geoff Hammond & Craig Jones, 2011, ‘Inventory of Carbon & Energy (ICEY V2.0, University of Bath
- Cook, | & Knapton, J 2009 ‘Assessment of embodied carbon in ¢ ional and permeable pavements surfaced with pavers’ paper presented at 9th International Conference on Concrete Block Paving.
- ARRB Group January 2009
- Sustainable Aggregates South Australia, 2010. CO2 Emissions Factor Study, ARRB Group SA
- The Energy and Resources Institute, 2004, Sustainable Building Design Manual: Sustainable building design practices, Delhi
- AustRoads, 2008, Bitumen emulsions:Austroads technical report, AustRoads Sydney Australia
- SimaPro 2012
- Net Balance Foundation, 2007, Carbon Emission Life Cycle Assessment of Geopolymer Concrete, Zeobond
- Australian Greenhouse Office, 2004.
- Recycled Plastic Technology Pty Ltd, The Green Pipe website
- Ecobricks Group, ecobricks website, 2012
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