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CMIC 12
 CONCRETEContributing to a Sustainable Construction
 Industry
 Warren SouthDirector – Research and Technical ServicesCement Concrete and Aggregates Australia
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CMIC 12
 WELCOME
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CMIC 12
 OVERVIEW
 Concrete and sustainability
 Concrete and Greenstar rating tool
 A place for innovation?
 Life Cycle (Cost) Analysis
 Resources
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CMIC 12
 DEFINE SUSTAINABILITY?
 Tread softly because you tread on my dreams.
 Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs.
 Our Common Future, Report of the Bruntland Commission, 1987
 Aedh Wishes for the Cloths of Heaven, William Butler Yeats,(1899)
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CMIC 12
 SOCIAL
 CONCRETE DELIVERS A TRIPLE BOTTOM LINE SOLUTION
 SOCIAL
 Essential part of construction industry (10% of GDP)
 Provides livelihood for employees
 Create structures providing safe shelter
 Contributes to aesthetic of built environment
 Flood and fire protection
 ENVIRONMENTAL
 Key enabler of renewable energy technologies
 Superior performance- Thermal mass- Durability- Sound Insulation
 Readaptation and reuse of structures
 Recycling of materials at end of life
 ECONOMIC
 Relatively low economic cost vs performance
 Lowest whole-of-life cost (NPV) in infrastructure
 Good geographic availability (lower transport costs)
 Durability lowers maintenance costs
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CMIC 12
 WHAT IS THE ROLE OF CONCRETE IN THE GREENSTAR RATING TOOL?
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CMIC 12
 A rating system that rates a building (or precinct) in relation to:
 Its management (services)
 The well-being of its occupants
 Accessibility to public transport
 Water use,
 Energy consumption
 The embodied energy of its materials
 Land use, and
 Pollution
 Aims to assist the building and property industries to transition to sustainable development.Created to:
 Establish a common language
 Set a standard of measurement for green buildings,
 Promote integrated whole-building design
 Recognise environmental leadership
 Identify building life-cycle impacts
 Raise awareness of green building benefits.
 MOTIVATION FOR A RATING TOOL
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CMIC 12
 INNOVATION
 RATING
 10 - 19 pts – One Star 20 - 29 pts – Two Stars30 - 44 pts – Three Stars45 - 59 pts – Four Stars
 “Best Practice”
 60 – 74 pts – Five Star“Australian Excellence”
 75+ pts – Six Star“World Leadership”
 ASSESSMENT CREDITS
 Indoor Environment Quality
 Energy
 Transport
 Water
 Materials
 Land use and Ecology
 Emissions
 ISS
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 STRUCTURE OF RATING TOOL
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CMIC 12
 Source: Cement Concrete & Aggregates Australiaweb: http://www.ccaa.com.au/LCA
 Contribution of Concrete
 Contribution of “Cement”
 ~140 points available 3 points in MAT-4
 Total Emissions Profile – Office Building
 WHY ONLY 3 POINTS FOR CONCRETE?
 93%
 4%
 3%
 Operations Construction Maintenance
 47%53%
 Concrete Other materials
 70%
 30%
 Cement Other materials

Page 10
                        

CMIC 12
 REVISIONS•New Aim•Concept of Portland Cement•New points benchmarks•No distinction regarding concrete system employed•New benchmarks for reclaimed water, coarse and fine aggregate•Reporting requirement using structural engineer
 REVISION OF MAT-4 CONCRETE
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CMIC 12
 Standardised spreadsheets are provided with CCAA “User Guide” and available from www.ccaa.com.au
 INDUSTRY INFORMATION AVAILABLEProject Name
 Designer
 Concrete Supplier
 Report compiled by
 Date report compiled
 MIX 1 MIX 2 MIX 3 MIX 4 MIX 5 MIX 6
 Proposed Concrete Grade
 Maximum Aggregate size (mm)
 Slump (mm)
 Maximum shrinkage at 56 days (um)
 Minimum early strength (MPa)
 Concrete Volume ( m3)
 This document is to be used in conjunction with theCCAA document "Green Star Mat- 4 Concrete Credit User Guide. The information is intended for general only and does not replace the advice of professional consultants. No liability is accepted by CCAA for its use.
 Application
 DESIGNERS SPECIFICATION FOR CONCRETE IN PROJECT
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CMIC 12
 COMPOSITION OF SUSTAINABLE CONCRETE
 Societal contribution
 Cement contribution
 Concrete production contribution
 Aggregate contribution
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CMIC 12
 CEMENT INDUSTRY PROGRESSCement Roadmap Indicators
 2012 2015 2020 2025 2030 2050
 Thermal energy consumption per tonne of clinker GJ/tonne
 3.9 3.8 3.5-3.7 3.4-3.6 3.3-3.4 3.2
 Share of alternative fuel & biomass use (1) 5-10% 10-12% 12-15% 15-20% 23-24% 37%
 Clinker to cement ratio 77% 76% 74% 73.5% 73% 71%
 CCSno. of pilot plantsno. of demo plants operatingno. of commercial plants operatingMt stored
 2
 0.1
 32
 0.4
 6
 5-1010-1520-35
 50-70100-160
 200-400490-920
 Tonne CO2 emissions per tonne cement (2)
 0.75 0.66 0.62 0.59 0.56 0.42
 Notes: (1) assumes 25 to 30 Mtoe of alternative fuel use in 2015 and 50 to 60 Mtoe in 2030, and excludes energy from CCS and electricity use, (2) includes reduction from CCS
 Source: IEA, 2009
 3.3GJ/t
 7.15%
 74%
 0.66t CO2e
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CMIC 12
 THE PATH TO A GIGATON SCALE REDUCTION
 Cement – Primer Report, Carbon War Room, 2011
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CMIC 12
 OPTIMUM MINERAL ADDITION TO CEMENT• An independent Working Group formed of the
 stake-holder groups represented in Standards Committee BD-10 Cement
 • A comprehensive workplan covering cement and concrete testing to determine an optimum mineral addition to Type GP in AS 3972.
 • Recommendations to be communicated to full Committee.
 • Regular overview of progress with all stakeholders
 • Completion now second half 2013.
 • Evaluation of manufactured cements at 7.5%, 10% and 12% mineral addition.
 • Limestone is the “base” material as it is the most innocuous.
 • Concretes to be prepared in both field and laboratory batching.
 • All States to be covered• Normal class concretes, Durable concretes and
 High Strength Concretes under test.
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CMIC 12
 SUSTAINABLE CONCRETE PRODUCTION
 • Provide guidance on legislative requirements for concrete by-product re-use
 • Outline minimisation strategies• Benefits of effective by-product management
 • Hardened returned concrete• Wash water• Liquid Wash Out• Solid Wash Out
 • Meet/exceed regulations• Conserve water, energy, natural resources• Control land, air and water pollution• Reduce waste disposal costs• Reduce “footprint”• Meet and promote responsible community
 citizenship
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CMIC 12
 SUSTAINABLE USE OF AGGREGATES
 COARSE AGGREGATES•New guidance documents in preparation – 1 overview, 2 Technical Notes
 •3 classes of aggregates
 Natural
 Recycled
 Re-used by-product and Manufactured
 • Description, Applications and Availability
 • Benefits from their use
 • Constraints to wider use – availability, processing energy, mix design considerations, cleanliness of product
 • Relevant specifications
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CMIC 12
 SUSTAINABLE USE OF AGGREGATESFINE AGGREGATES / SANDS
 •Extended use of quarry by-product to conserve natural resources•Enrolment of specifiers in process to achieve a sustainable outcome•CCAA guidance notes and reports available
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CMIC 12
 WHAT IS THE PLACE FOR INNOVATION?
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CMIC 12
 A CHALLENGE TO THE INNOVATOR………
 The construction industry is rightfully conservative in delivering solutions to the community
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CMIC 12
 Residential market
 Users requirements will change more frequently
 Accessibility and flexibility improved
 Increased emphasis of environmental burden of materials
 Passive design and renewable energy focus
 Use of building management systems
 Affordability for an urban and social mix
 Sustainable construction:“a dynamic of developers of new solutions, investors, the construction industry, professional services, industry suppliers towards achieving sustainable development taking into consideration environmental, socio-economic and cultural issues”
 Report of the Taskforce on Sustainable Construction, Europe, (2007)
 Infrastructure
 Life cycle considerations for both construction and continued use
 Land use and resource constraints
 Distributed society responding to technology evolution
 Non-residential marketImproved energy efficiency and integration of renewable energies
 Indoor air quality( including heating/cooling, lighting and acoustics)
 Adaptability and divisibility of premises to respond to system technologies
 Retrofitting and re-use
 SUSTAINABLE IDEAS FROM FUTURE MARKET TRENDS
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CMIC 12
 ALTERNATIVE BINDERS – A SOLUTION?
 DRIVERSEnvironmental
 Greenhouse and Government incentives
 TechnicalDurability (no lime) and less permeable; strength and set control
 Special propertiesBinding ability, cheap aggregateHi Tech applications
 EconomicalHigh material cost, lower production cost, application benefitsAvailability and control
 Waste treatment/reductionBinding capacity, low permeability for toxic and nuclear waste
 Cement production capacityAdditional capacity in times of high demand
 BARRIERSLack of long term durability data
 Lab tests not sufficient, field testing required
 Appropriate product standardsLong term processRILEM TC 224; CIA Recommended Practice
 Reluctance by specifiersWho carries the liability?
 Application skillsSignificant OH&S concernsTemperamental and unforgivingVariability
 Availability and cost of componentsControl of precursor sources
 Cost of activators
 ProfitabilityMarket dynamics; influence of carbon charge
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CMIC 12
 1 BLIGH STREET - GREEN PREMIUM BUILDINGDesigned to achieve a 6 Star Green Star Rating – world’s best practice
 First high rise office tower in Sydney designed to achieve this rating
 Designed to achieve a 5 Star NABERS Rating
 High capacity PCA Premium Grade services plus enhanced features, within a high energy efficient envelope
 INNOVATION Double skin façade – 42% less energy
 High strength concrete in columns – more floor space
 90% of all steel with 50% recycled content
 94% of all construction waste reused
 5758 tonnes less CO2 in concrete
 COMMERCIAL CONSTRUCTION CASE STUDY
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CMIC 12
 WHERE TO NEXT ?
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CMIC 12
 Life Cycle – Cost Analysis
 Life cycle analysis
 Tools developed to measure the actual environmental burden.
 Refinement of inputs and boundaries required.
 Climate Change Embodied energy/emissions
 AN EVOLUTION OF MEASUREMENT
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CMIC 12
 PRODUCT USE OR ACQUISITION
 RECYCLE,RE-USE OR
 DISPOSEPRODUCT
 MANUFACTURERAW
 MATERIALSACQUISITION
 MATERIALSMANUFACTURE
 energyenergyenergyenergy
 waste waste waste waste waste
 Cradle Gate
 Reuse
 Recycle
 energy
 Cradle Grave
 LIFE CYCLE ANALYSIS
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CMIC 12
 CONSTRUCTION
 EquipmentTraffic delayTransportation
 USE
 Rolling resistanceCarbonationAlbedoLightingLeachate
 MAINTENANCE
 Materials phaseConstruction phase
 END OF LIFE
 EquipmentLandfillingRecycling/ReuseTransportation
 MATERIALS
 ExtractionProductionTransportation
 MATERIALS
 ExtractionProductionTransportation
 CONSTRUCTION
 EquipmentTemporary structuresTransportation
 USE
 Plug loadsLightingHVAC systemsThermal MassRoutine maintenance
 END OF LIFE
 DemolitionLandfillingRecycling/reuseTransportation
 RO
 AD
 ING
 BU
 ILD
 ING
 ELEMENTS TO CONCRETE LCAs
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CMIC 12
 CONCRETE
 93 kt CO2-e
 TimberRe-use fittingsIncluding decay emissions
 540 kt CO2-e
 TimberRe-use fittingsNo decay emissions
 72 kt CO2-e
 TimberAll new fittingsNo decay emissions
 152 kt CO2-e
 Source – Review of CO2-e Emissions from Concrete versus Timber Sleepers, Energy Strategies, 2007
 Project Brief :
 Replacement of all rail sleepers between Melbourne and Brisbane, service life of 60 years.
 LCA CASE STUDY – RAIL SLEEPERS
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CMIC 12
 LCCA determines the full cost of mutually exclusive construction options, deriving the LOWEST TOTAL LIFETIME COST.
 LCCA accounts for future maintenance and operational activities.
 LIFE CYCLE – COST ANALYSIS
 APPLICATIONS
 compare alternative designs,
 evaluate payback periods, or,
 calculate cost effectiveness of environmental improvement strategies.
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CMIC 12
 SOCIAL
 ECONOMETRICS OF SUSTAINABLE DEVELOPMENT PLATFORM
 •Extension of existing LCA methods to fully account for cost of initial construction and future cost of maintenance and rehabilitation through the useful life.
 •Recommended by Federal Highway Administration (FHWA) to “……..demonstrate stewardship of taxpayer investments in transportation infrastructure”
 •Researchers have investigated the effects of inflation on the choice of paving materials over the life of a road construction project.
 •Over a 50 year ( historic) time-frame, the real cost of asphalt increases by 95%, whereas the real cost of concrete decreases by 20%
 Life Cycle Cost Analysis – Accounting for inflation (July 2011)
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CMIC 12
 SOCIAL
 ECONOMETRICS OF SUSTAINABLE DEVELOPMENT PLATFORM
 •Essential part of LCCA analysis – up to 70% of GHG emissions due to unavoidable deflection of pavements.
 •High level of uncertainty in field data relating PVI to performance of different paving systems
 •A quantitative mechanistic model to relate fuel consumption (hence GHG emissions) to structural design parameters (pavement thickness) and material properties (stiffness, viscosity, strength of pavement layers etc).
 •Fuel consumption found to scale with top layer and subgrade moduli
 •Fuel consumption found to scale with pavement thickness.
 •Model predicts asphalt thickness needs to be 25-60% thicker to give the same fuel consumption as concrete
 PVI – Pavement Vehicle Interaction (July 2011)
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CMIC 12
 SOCIAL
 THE NEW PAVING REALITIES
 •Examines the risk to government infrastructure costs through the rising costs of asphalt paving.
 •Both initial bid and ongoing maintenance requirement.
 •Uses LCCA data and modelling
 •As a by-product of oil-refining, asphalts paving cost advantage has not just diminished but has reversed.
 •This has been exascerbated by changes in oil refining practices.
 •Long term modelling suggests this advantage will continue to grow with time.
 •Australian PPI for concrete lower since 2009, now 15% lower than asphalt
 Impact of Escalating Asphalt prices on highway paving
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CMIC 12
 FACILITATING CONCRETE DESIGNRC-AUS
 •Enabling undergraduate engineering students to access the principles and aims of reinforced concrete design•A concentration on structural design•Delivers and demonstrates fundamental design theory and follows provisions of AS 3600 Concrete Structures•Made available to Universities throughout Australia
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CMIC 12
 FURTHER READING
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CMIC 12
 www.ccaa.com.auwww.ccanz.org.nzwww.sustainableconcrete.org.nzwww.sustainableconcrete.org.uk www.gbca.org.auwww.nzgbc.org.nzwww.concretethinker.comwww.web.mit.edu/cshubwww.wbcsd.org
 RESOURCES
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CMIC 12
 Economically, socially and environmentally, concrete is the responsible choice for a sustainable future.
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