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Sustainable 
Building…..  
….Management             

Software Tools..
KEYWORDS

Ecologically Sustainable Development (ESD)
Sustainable Asset Management (SAM)
3 Dimensional Computer Aided Design (3D 

CAD)
Industry Foundation Classes (IFC)
Life Cycle Assessment (LCA)
LCA of Computer Aided Design    (LCADesign)
LCA of Computer Aided Detailing (LCADetail)
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CRC for Construction Innovation:
Research Program Structure

Research
Programs

INDUSTRY 
PARTNERS

RESEARCH 
PARTNERS

INTERNATIONAL
PARTNERS 

CRC CI
Board 

VISION

Business 
& Industry 
Development

Program 
& Deputy
Program
Directors

A

A$64M in cash & in-kind over 7 years 
Government, Industry & Research 19 Partners 50 EFTS

Sustainable 
Built
Assets

Program 
& Deputy
Program
Directors

B 

Program 
& Deputy
Program
Directors

Delivery  &
Management 
of Built Assets

C 

Platform &
Deputy
Directors

ICT 
Platform
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• Frameworks Sustainability & future BCA

• Virtual Building Representation         Auto-take-off 3D CAD
• Eco-profile Commercial Building LCADesign Tool & Databases
• Indoor Environments  ICT 
• Sustainable Subdivisions

CRC CI: Sustainable Building

Define 

Deconstruct

Detail

Deliver

Design

Develop ICT 
Platform

IFC’s
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Sustainable Building 
Project Partners….+

DesignIndustry

Research

QUEENSLAND UNIVERSITY 
OF TECHOLOGY

Government

Detail 



Tools

MS Asset

Facility Management 
Stakeholders

Imagine

Tools & systems 
on one IT platform!

CAD Model of 
building information!

Model

MS Asset



Facility Management 
Stakeholders

Tools & systems 
on one IT platform!

Tools

CI Asset

Visualise
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Considering Sustainable Built Assets:
Scope of Work

National Strategy  for ESD
use, conserve & enhance community resources so ecological processes on 
which life depends are maintained & total quality of life can be maintained 
now & in the future

CGI-97 Directions forum
Buildings’ share 15- 42% gross environmental burdens

Potential FM & SAM Tools 
CRC CI Projects
On ICT Platform

Economy

Ecology

Community

FCALCCLCC

LCA

Social

CulturalEnvironmental

ESD

Economy

Ecology

Community

FCAFCALCCLCCLCCLCC

LCALCA

Social

CulturalEnvironmental

ESD

Key
LCA Life Cycle Analysis
LCC Life Cycle Costing
FCA  Full Cost Analysis

Economy

Ecology

Community

FCALCCLCC

LCA

Social

CulturalEnvironmental

ESD

Economy

Ecology

Community

FCAFCALCCLCCLCCLCC

LCALCA

Social

CulturalEnvironmental

ESD

Key
LCA Life Cycle Analysis
LCC Life Cycle Costing
FCA  Full Cost Analysis
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Considering Sustainable Building:
Stakeholder Needs

Scope
Accommodation Focus

Commercial Building 

National, Integrated Kit

Easier appraisals with
Industry Database 

CAD Model Take-off

Improved Selections

Support Management

Common language for
Understanding
Communication
Documentation
Decision-Making

Tools Supporting FM throughout
Investment
Planning
Acquisition
Pre & Post-occupancy 

Integrated Platform for Assessing:
Benchmarking
Environment & Economic Costs
Comparing Alternatives 
Service Delivery Outcomes
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Considering Sustainable Building Situation:
e.g Commercial Building Greenhouse Gas

Refurbishment
Maintenance

Operations

Construction

Materials 21%

58%

13%

All Buildings
29 MT GGE

2%

24%

51%

17%
6%

17%

68%

Residential 17 
MT GGE

Commercial 
11.6 MT GGE

6%6%
7%

2%
2%

Vic 33%

NSW 32%

Qld 16%SA 8%
WA 8% 
TAS 0%

ACT 2%  
NT 1%

Australian Greenhouse gas from Energy Consumption 1999

28%
Cooling 

22% 
Ventilation

12% 
Office
Equipment

21% 
Lighting

13% Heating

4% Cooking 
& HW 

Commercial
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William McCormack Place
Awards
* National FM Environment 
* First Commercial Building 5 
Star ABGRS

Cost:

SAME AS CONVENTIONAL
Sustainability Low impact 
Healthy Interior Lo VOCs
Equitable Access & Safety
Material Recycled Content
Labor Local Industry 
Energy Waste Recovery
Daylight Shading, Glazing 
Adaptable Churn/ Other Use

Considering FM Achievement Delivering :
First Australian 5 star NGBRS Commercial Building

www.build.qld.gov.auwww.build.qld.gov.au
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Considering Sustainable Built Assets: 
Complex Criteria & Green Tools

potable water avoid toxic waste particulateshealthy IAQ
low wasterecycled materialgreenhouse gaseffective ventilation 
low effluentconstruction wasteozone depletionlow VOCs

WaterMaterials / LandAir OutdoorsAir Indoors
Sinks Reducing Emissions to

waste reductionmaterial safetyfossil fuelaccess & safety
waste avoidancerenewableswaste avoidancebuilt heritage
catchmentwaste avoidanceefficiency in usecultural heritage
efficient usedurabilitypassive designnatural heritage
WaterMaterials / LandEnergyCommunity

Supply    Conserving Resources of
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Considering Sustainable Built Assets: 
Many Stakeholders & Roles

Lo
cal

 
Cou

nci
ls

ManufacturerDesi
gners

Universities

Assessors
Standards 

Associations
Research 

Institutions

State 
Government

Planners

Codes
Board

Consultants

Builders

Policy makers

Occupants

Developers

TAFE

IEAust

LCADesigners 

Industry

Users

Industry

Trainers

Industry

Providers

Industry

Regulators

Eco-Products
Importers

Associations

PCARAIA FMA

Brokers

Project 
Managers

Suppliers

Investors
Owners
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Government
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Codes
Board

Consultants

Builders

Policy makers
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Developers

TAFE

IEAust

LCADesigners 

Industry

Users

Industry

Trainers

Industry

Providers

Industry

Regulators

Eco-Products
Importers

Associations

PCARAIA FMA

Brokers

Project 
Managers

Suppliers

Investors
Owners
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Considering Sustainable Built Assets: 
Many Tools for Many Jobs

Pre Occupancy
Occupancy in use
Project Delivery
Construction

Procurement
Procurement
In-use, operations
Design life cycle
Project Initiation
Procurement
Strategic Planning
Management in-use
Development
Acquisition
Asset Investment

Life Cycle Phase

Occupant
Operator
Builder
Manager
Manufacturer
Surveyor
Consultant
Designer
Provider
Purchaser
Planner
Manager
Developer
Owner
Investor

Stakeholder

Tenant, Owner, 
Facility & Building
Commercial 
Project, Site

Environmental Control
Quantity
Engineer, Research
Architecture/Landscape
Logistics, Marketing
Eco labeling, Costings
Portfolio, Asset
Facility, Portfolio, Asset
Urban, Land, Builder
Corporate, Community
Broker, Client, Agent

Profession

Tenancy Checklist
Manual
Plan, Certification
Schedule, Specification;

Eco-label, Product profile
Specification
Data, Efficiency/IAQ
Design, Model
Marketing Assessment
Brief/Tender Eco-Values
Guide, Benchmark
Strategies/tactics, Standard
Bid Development, Estimate
Policy and Class
Feasibility Literature

Communication

Checklists
Manuals
Construction Plan
Project Plans

Label, MDS
Bills of Quantities
Reports
Blueprints/Plans
Campaigns
Bid Assessments
Guides, Benchmarks
Management Systems
Development Apps.
Classing System
Policy, Benchmarks

Documentation
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heritageWH&SOH&SlocalequityamenityCommunity

heritageWH&SWH&SlocaldisassemblysafetyMaterial

habitat refugeeducativenature corridorlow impactlow impactInteractiveWater

control, EMS control, EMSnoise/dust EMPfresh airfresh airlow toxicity EnergyProtect 
Sinks 

Considering Sustainable Built Assets: 
Many Life Cycle Considerations

equity

interoperable

catchment

daylight 

Procure

heritageWH&SOH&SequityamenityCommunity

Conserve 
Sources

Criteria

recoverreparabilitydisassembly interoperablereuseMaterial

check qualityreuseavoid run-off efficiencycatchmentWater

recoverefficientlythermal comfortdaylight renewableEnergy

DispositionOperateConstructDesignPlanningFlow



Bringing Innovation to Facility Management 26.04.05 BCC

17

Considering Sustainable Building:
Commercial Building Design

SOFTWARE TOOL 2004
Consider impacts in design
Assess eco-friendly alternatives
Include embodied & operational factors

Works off
3 Dimensional CAD
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Enables Professionals
to make informed decisions
on environmental & economic cost impacts
automatically from 3D CAD models

Project Objective to
develop preferred appraisal tool
provide uniform database 
cover various product combinations

Uses
.

. IFCs provide common interpretation of real-
world objects for IT to be interoperable.
International Alliance 

for Interoperability

Object orientated CAD architectural 
system with IFC export capability

Considering Commercial Building Design 
Tool



Sustainable Built Assets: 
Experience
LCADesign

ESD tools & systems 
on one IT platform!CAD Model of ESD 

building information!

Model

LCADesign Tool  
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Considering Assessment:       
Capabilities

Automated from 3D CAD
At sketch/detailed design
Includes interactions between issues
User-selection of measures transparent
Easy to identify trade-offs 
Drill-down to “hot spots”
Objects to whole design
Comprehensive national databases 

Scope: 
design performance against sustainability criteria
impacts of alternatives all levels design analysis
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Innovation

3D CAD
OBJECTS

CAD
DRAWINGS

OF
BUILDING

AUSTRALIAN
LOCAL

EMISSION
DATA

PROCESS
MODELS

BOUSTEAD
SIMAPRO

KEY
ENVIRON-
MENTAL

INDICATORS

ECO-
INDICATOR

CML

ECO-
EFFICIENT

DESIGN
PROCESS

PERFORMANCE
ANALYSIS

COST
BENCHMARK

AUTOMATED
TAKE-OFF

COMPONENT
MATERIAL

QUANTITIES
COSTS

Rail Transport general freight

1 
2
3

4
612

Air emission dust in processing 7500 mg

Air emission CO in processing 370000 mg
Air emission CO2 in processing 500000 mg

Air emission SOx in processing 8000 mg

Solid Waste Mineral Waste
818 0.2646 kg
867 Coal use in Australia 1.6262 MJ

878 0.3900 MJ
884 0.1870 MJ
888 1.5000 MJ
5542 Road Transport A 18+ tonne 0.0019 v km

5544 0.4800 v km

7014 1.4400 kgMixture for Cement Making

Natural gas use in AustraliaNatural gas use in Australia

Diesel Use in Australia

Burn coal feed stock as fuel

Other Oil Use in Australia

Code Input operation Quantity Unit

kg0.0707

Rail Transport general freight

1 
2
3

4
612

Air emission dust in processing 7500 mg

Air emission CO in processing 370000 mg
Air emission CO2 in processing 500000 mg

Air emission SOx in processing 8000 mg

Solid Waste Mineral Waste
818 0.2646 kg
867 Coal use in Australia 1.6262 MJ

878 0.3900 MJ
884 0.1870 MJ
888 1.5000 MJ
5542 Road Transport A 18+ tonne 0.0019 v km

5544 0.4800 v km

7014 1.4400 kgMixture for Cement Making

Natural gas use in AustraliaNatural gas use in Australia

Diesel Use in Australia

Burn coal feed stock as fuel

Other Oil Use in Australia

Code Input operation Quantity Unit

kg0.0707

Inventory Impact Category
Input ;

·Oil
· Coal
· Ores

Output ;
· CO2
· SOx
· COD
· Solid Waste

···

···

Carcinogens

•
••

Human Health

Damage Assessment

Respiratory organics

Climate change

Fossil fuels
Resources

Ecosystem Quality Final  Single Value

Inventory Impact Category
Input ;

·Oil
· Coal
· Ores

Output ;
· CO2
· SOx
· COD
· Solid Waste

···

···

Carcinogens

•
••

Human Health

Damage Assessment

Respiratory organics

Climate change

Fossil fuels
Resources

Ecosystem Quality Final  Single Value
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Model Assessment

Select object

Select classification

A
va

ila
bl

e 
R

ea
so

ni
ng

 R
ul

es

Product 
Selection

Current 
Formula
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Brick
Concrete

Assessment of Different Facades

Pre-Cast 
Concrete Panel

Brick Masonry Glass Curtain 
Wall



Sustainable Built Assets: 
Experience
LCADetail

ESD tools & systems 
on one IT platform!CAD Model of ESD 

building information!

Model

LCADetail Tool  
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Detail 

SUPPLY CHAIN
SOFTWARE TOOL 2005

Consider impacts in product supply
Assess eco-friendly alternatives
Include embodied & operational factors

Works off
3 Dimensional CAD

Considering Sustainable Building:
Product Design
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Sink/source Data
Industry Details
Sensitivity 
Analysis
Eco Practice 
Eco-Profile
Consultancy
Packaging
Eco-label
Supply Tags
Procurement

To
• Deliver a National supply chain Database
• Provide Accredited Data 
• Determine Product Profiles
• Capture Input Of Industry Suppliers

For 
• Supply & Procurement Product Profiling
• Manufacturers & Fabricators Database
• Assessing Environmental Preferences
• Improving Industry Bottom Line

Applications
• Facilitate Industry Data Collation
• Detail Supply Chain Issues
• Clarify, Verify & Resolve Issues
• Facilitate Market Defense & Eco-labeling

Detail Sustainable Building:
Product Supply Chain & Design

Works with 3 
Dimensional CAD

www. LCADetail 
Tools & Database
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Inventory: City System

recycle

energy

emission

matter
reuse

Boundary

proces
s

masonry 
pigment
glazing

weaving 
dyeing

oil, fuel  
polymer

timber 
board 
paper

metal,  
ceramic
cement

refining 

fibre
spinning 

smelting

milling

process-
ing

Invest, Broker, 
Plan, Procure, 
Buy, Operate, 
Use, Maintain 

drilling 
oil

forestry
timber

mining
ores 

quarrying
stone

agriculture
aquaculture

Relocate

Recover

Refurbish

Repair

Refit

Renovate

Redevelop

Reuse

Environmental accounting (ISO 14043) method to:
Compile an inventory of inputs & outputs of a product system
Evaluate their environmental impacts and
Interpret these results considering objectives of study

Detail 
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Inventory: All Products in System

Extract
Resouces

Fabricate
products Product

disposal

Make
components

Use
products

recycle

energy

emission

matter

reuse

System
Boundary

Process

Note 
0.0019 km Road
0.48 km rail freight; 
0.2646 kg  Bowen coal
0.0707 kg Mineral Waste.
raw material 1.7kg,
1.44 kg mixture 
CO2 ex fuel 500000 mg 
7500 mg dust,
3750 mg CO, 
8000 mg S0x, 
1.6262 MJ Coal fuel use, 
1.5 MJ natural gas, 
0.3900 MJ-Diesel, 
0.187 MJ Oil;

Rail Transport general freight

1 

2

3

4

612

Air emission dust in processing 7500.0000 mg

Air emission CO in processing 370000.0000 mg

Air emission CO2 in processing 500000.0000 mg

Air emission SOx in processing 8000.0000 mg

Solid Waste Mineral Waste

818 0.2646 kg

8xx Coal use in Australia 1.6262 MJ

878 0.3900 MJ

884 0.1870 MJ

888 1.5000 MJ

3542 Road Transport A 18+ tonne 0.0019 v km

3544 0.4800

9014 1.4400 kgMixture for Cement Making

Natural gas use in AustraliaNatural gas use in Australia

Diesel Use in Australia

Burn coal feed stock as fuel

Other Oil Use in Australia

9015 Dry Process Cement Clinker Formation 

Code Input operation Quantity Unit

kg0.0707

All processes one by one

Detail 
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Example Process Flow 
Iron Ore to Hot Roll

Whyalla plus Sydney Sequence

1 Iron ore, limestone, coal to coke ovens

6 Rolling Mill to slabs to hot strip mill

2 Coke oven feed to Blast Furnace

3 BOSF for liquid iron + scrap O2 reduce

4 LMF or IRUT Steel Finish Chemistry

5 slab bloom/ billet caster cooling beds 

7 4hi Structural Mill shape bloom - section 

8  Ship  to Newcastle/Sydney Rod/Bar Mill

9 Roll at Newcastle/Sydney Rod/Bar Mill
1

3

2

5

4

6

7

Detail 
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Clinker & Cement grindin
Distribute

Clinker & Cement 
grinding

Cement, fly ash, 
Alt fuels, bagged

Cement,Ash &
Bagged product

Cement grinding, 
Cement/Ash Distributi
Lab&  Bagged produc

Clinker & Cement Grinding, Fly A
Bagged, Distribution Export

Distribution

Bagged

Off White Clinker & Lime Fly
Ash ex Stanwell

Distribution Centre
Power station ash

Distribute

Distribution  Bagged 

Example:

500

440
1100

300

570
1600
250
450
1100
1600

140

MT

susp preheater

susp preheater
long wet

long wet

long wet
pre-calciner
long wet/s-dry
susp preheater
pre-calciner
pre-calciner

long wet

Operation

gas/altDryVicWaurn 
Ponds 

coal fired
coal fired

Wet 
Dry

NSWBerrima 
2350coal firedWetNSWMaldon 20-23BCSCBoral 

gas/coal/a
lt

X3 WetWAMunster 
gasDrySABirkenhead 

2420gasWet/S-DrySAAngaston 30-33ABCLAdelaide 
Brighton & 
RMC-Rugby

coal firedTwo DryNSWKandos
coalDryTASRailton
coal/altDry QLDGladstone 

3290coalWetQLDRockhampt
on 

42-45CA50%Holcrim
5% CSR 
25% Hanson

MTFuelProcessStateLocationShare 
%

PlayerOwners

Technology Summary
Major Players:

•Cement Australia (CA)

•Adelaide Brighton Cement (ABCL)

•Blue Circle Southern Cement (BCSC

Detail 
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NB Each operation may have up to: 
•30 Raw Materials e.g Water, Coal, Bauxite, Limestone, Scrap 
•43 Emission to Air e.g. Dust, CO2, Hydrocarbons, Methane
•44 Emission To Water e.g BOD, COD, Ammonia, Cadmium Fluoride
•16 Solid Waste Streams e.g Slag, Ash, To Mine, From Construction

Reinforced Concrete FlowsDetail 

runoff       water pollution    tailings

Quarry Limestone
- Drilling      - Blasting 
- Crushing  - Screening
- Loading    - Transport

SOx, NOx, CO, CO2, VOC, dust

erosion 
habitat loss
soil loss
solid waste

Crush & Deliver 
Aggregate

Quarry & Deliver Building Sand 

Quarry aggregate Quikmix
& Deliver 
Concrete

Timber 
Milling 

Mill end 
Plywood

Timber 
getting 

Forestry 
cultivation

sub& super 
structure

pour ground 
beam

pour RC 
125mm slabs

pour edge  
beams 

pour pad 
footings 

pour piers 

pour RC 
150mm slabs

Building 
Operations 

& Occupants

Produce 
CaSO4

Crush 
Limestone

Mill 
Limestone

Deliver
CaSO4

Quarry 
Limestone

Mine 
Gypsum

Quarry, truck Si Sand 

Mine, Deliver Coal

Dry Process
Cement Clinker

Mix,deliver 
bulk 

cement 
25 MPa

Electric Arc  
Steelmaking 

Furnace

Pellet Deliver 
Ore

Crush & Ship 
Limestone

Crush, Wash
&  Ship Coal

Mine,Deliver 
SM Coal 

Mine & Deliver 
Iron Ore

Quarry 
Limestone

Make Bolts & 
Connectors

Mill Rod, Flats 
& Bar

Mill Reo Rod 
& Mesh

Basic Oxygen
Steelmaking 

Furnace

Pump, 
Fill & 
Float

Construct 
formwork

Bag & 
deliver 25 

MPa cement 
for mortar 

Deliver, 
Place Reo 
& Steel 
Shapes
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Inventory: 
Domestic and Imported Product

Process Phases

Industrial Sectors
Manufacturing 
Project Definition
Concept Design
Product Details
Assembly Details
Delivery
Construction
Fitout & In-use
Maintenance
Refurbishment
Re-use
Deconstruction

Basic Domestic

Infrastructure of:
Fuels & Feedstock
Water & Transport,
Mineral Acquisition
Intermediates
Agriculture & 
Forestry, Minerals
Cement, Aggregates
Stone, Steel, Glass, 
Cu, Al, Plaster

Core Global 

Fuels & Energy
Water,
Transport,
Minerals
Intermediates
Agriculture
Forestry
Bulk Product
Fabricated Product

Fuels, Energy & 
Water Logistics
Mineral Processing
Recycling Processes
Timbers, Paper & 
Fibres, Masonry, Cr, 
Sn, Zn, Metals 
Composites & Timber 
Cables, Polymers
Paints & Pigments 
Sealants, Glues
Ceramics, Porcelain
Packaging Fabrics

Specific Domestic

Fuels & Energy
Water & Logistics
Mineral Processing
Recycling Processes
Plants & Timbers
Bulk Processes
Fabrications
Finishing Processes

Specific Imported Detail 
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Sustainable Facility Management: 
Tools, Databases

3D & 4D Platform      Future
• Tools
• Databases
• Systems

Other Assets 72%

Other New Assets 8%New Buildings 2 %

Existing Buildings 20%

Develop
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Strategic Planning
Project Brief Prep
Design Brief Prep 
Project  Intent/
Project Objectives
Concept Develop
Design Tender
Tender Developing 
Bid Assessment
Planning Approval

Reuse 
Renewal 
Refurbishment 
Renovation 
Relocation 
Redevelopment 
Recovery 
Recycling 
Deconstruction

Brief Response 
Build Information 
Preliminary Exam 
Objectives 
Brief 
Sketch /Model
Development 
Assessment
Coordination
Specification

Supervision
Demolition
Construction
Fitout
Preoccupancy
Acceptance
Operation
Post Occupancy
Performance
Maintenance

Sink/source data
Industry Details
Sensitivity Analysis
Eco Practice 
Eco-Profile
Consultancy
Packaging
Eco-label
Supply Tags
Procurement

Define DeconstructDetail DeliverDesign

Develop

Sustainable Facility Management: 
Tools, Databases

Develop
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Score card
Economy Environment 

Community

Service
Demand
Service
Demand

Direction
Setting

Direction
Setting

Resource 
Planning
Resource 
Planning ImplementationImplementation

Service Delivery
Return on investment

IT: to do this 

Asset 
Planning
Asset 
Planning

Human 
Resources
Human 
Resources

Information
Services
Information
Services

Finance
Budgets
Finance
Budgets

KnowledgeKnowledge

Non-asset 
Solutions
Non-asset 
Solutions

New 
Technology

Non-Asset

Corporate/
Portfolio 
Plan

Corporate/
Portfolio 
Plan

Issues Scan
Triple
Bottom Line

Issues Scan
Triple
Bottom Line

Service
Delivery
Objectives

Service
Delivery
Objectives

New assets/
Reinvestment

In use

Maintenance 

Disposal

Re-use

Refurbish

Corporate
Charter
Corporate
Charter

Community 
Needs &
Expectation

Community 
Needs &
Expectation

Legal 
Obligations
Global/local

Legal 
Obligations
Global/local

On similar ICT CAD Platform as

Integrated Decision Assessment on Industry Sector ICT Platform

Sustainable Facility Management: 
Tools, Databases

Develop



Recommendations
Capital works to exploit

•3D CAD Models
•4D CAD Models
•IFC Software 

NOW

CI
Facility

FM & SAM tools & 
systems on one IT 

platform!

CAD Model of FM & 
SAM building 
information!

Facility 
Model

Expect:


