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SUMMARY

The incorporation of sustainable development (SD) principles into all industries is increasingly important.
The contribution of the building industry to a wide range of environmental impacts is extensive with the
construction, operation and maintenance of buildings accounting for approximately 50% of all energy usage
and anthropogenic greenhouse gas (GHG) emissions globally. In the building design process, structural
engineers play a limited role in the sustainability of a design. The decisions on the incorporation of such
aspects are usually at the mercy of the architect and client. A literature review was conducted to record
and present the variability in research on issues directly related to the environmental performance of
structures. There are inconsistencies in the published contribution of embodied energy (EE) and proportion
of life cycle energy usage in structures. Outcomes demonstrate that due to this variability, environmental
performance of structures is difficult to validate. A systematic approach beginning with standardized
calculation procedure and database generation for EE of building materials is essential for practitioners to
deliver sustainable structural designs. An analysis of a typical concrete office structure indicates potential
benefits through the use of quantifiable environmental performance measures, delivering efficient solutions.
Comparisons of slab construction techniques indicate overall EE reductions up to 40% being achievable.
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1. INTRODUCTION

In the last three decades, sustainability has become increasingly important. Products, services and
processors have been labelled ‘sustainable’, for a number of reasons including the following: market-
ability, cost efficiency and reduced environmental impacts. When a product, service or process is
sustainable, there are undisputed benefits. Practically however, there often exists a disparity between
such claims and quantifiable or qualifiable sustainability.

In the building industry, sustainable development (SD), sustainable design, ecologically sustainable
design, green buildings, eco-development and numerous other descriptive alternatives have been
defined, amended, re-defined and assessed. All encompass the same broad goal to produce or maintain
buildings economically while upholding social contributions and improving environmental
performance—the Triple Bottom Line (TBL) (Spreckley, 1981). The scope by which these are defined
however varies significantly, and to date, no single option has conclusively filled the requirements of
an SD system. Knowledge has undoubtedly advanced; however, population-driven consumption
continues to drive large-scale development related environmental impacts (Kates, 2000; Kates et al.,
2005 Q2). These factors lead to requirements for assessing and, where appropriate, modifying the way
all stakeholders in the building industry interact to improve overall energy consumption and related en-
vironmental impacts.
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The construction, operation and maintenance of buildings are estimated to account for approxi-
mately 40%–50% of all energy usage and anthropogenic greenhouse gas (GHG) emissions globally
(Hasegawa, 2003; Smith, 2005; Asif et al., 2007; Citherlet and Defaux, 2007; Wood, 2007; Dimoudi
and Tompa, 2008; Stephan et al., 2011; Dixit et al., 2012; Langston and Langston, 2013; Baek et al.,
2013). In Australia to keep pace with growing demand, approximately 30 million tonnes of finished
building products are produced each year. Over 56% of this quantity, by mass, attributed to concrete
and a further 6% to steel (Walker-Morison et al., 2007). In the USA, each year, the development
industry consumes over 40% of all raw stone, gravel and sand material; 25% of all raw timber; 40%
of energy and 16% of water (Lippiatt, 1999; Chong et al., 2009). These statistics highlight the potential
benefits achievable by the industry, through improved efficiency.

With Australia’s population predicted to increase to approximately 35.5 million by the year 2056
(ABS, 2010) and global population estimated to hit 8.9 billion by 2050 (Kates, 2000), anthropogenic
pressures driving construction will continue. These pressures influence climate change and global
warming with demand driving further environmental impacts associated with all relevant industry
supply chains.

The total life cycle energy of a building includes both embodied energy (EE) and operational energy
(OE) (Goggins et al., 2010; Dixit et al., 2010; Dixit et al., 2012):

• OE: energy required for a buildings use including heating and cooling, lighting, maintenance and
appliance consumption requirements.

• EE: energy sequestered in building materials and processes required for construction.

Building designers generally base decisions on improving operational efficiencies with some even
suggesting an original over investment in EE being advantageous where the outcomes are a life cycle
energy reduction due to gained operational efficiencies (Ramesh et al., 2010; Crawford, 2011a). With
technologies and policies moving toward the adoption of more renewable energy resources and the
emergence of zero energy buildings (ZEBs) (Zahedi, 2010; Crawford, 2011b; Marszal and Heiselberg,
2011; Monahan and Powell, 2011; Zuo et al., 2012a), the focus on improvements in these OE efficien-
cies will shift due to probable reductions of this components contribution to life cycle environmental
impacts.

From a structural design perspective, there exists a contradiction in knowledge, with many practi-
tioners confused as to the appropriate context with which to consider the incorporation of environmen-
tally efficient building elements into the design of a given structure. Several sources place varying
degrees of importance on different aspects of the design process (Cole, 1999; Treloar et al., 2000;
Fay et al., 2000; Dimoudi and Tompa, 2008; Zuo et al., 2012a). The outcome is an industry through
which the inclusion of quantifiably environmentally efficient structural design considerations are ancil-
lary to various other building design matters.

The aim of this paper was to provide an overview of the consideration of SD principles into the
structural design of buildings. A summary of the contribution of energy use across the life cycle stages
of a structure was conducted as well as the estimated EE attributed to these. The published variability in
these estimations was discussed to examine the area through which improvements to the adoption of
sustainable structural systems are achieved. To highlight the level of savings achievable, a comparative
case study was presented.

2. SUSTAINABLE DEVELOPMENT: A STRUCTURAL ENGINEERING PERSPECTIVE

2.1. Sustainable development principles in the building industry

Authors, academics, politicians and other relevant stakeholders have, since its origin, grappled with the
term SD and its precursors. The intention here is not to restate these. For a critical review on the history
of SD, refer to Lélé (1991) and Mebratu (1998). The requirement for and pressure on broadly increas-
ing the adoption of sustainable alternatives has been well published (IUCN, 1980; WCED, 1987;
IPCC, 2007). Conceptually, SD is idyllic, delivering development by any definition that appropriately
and equally benefits economic and social considerations, while concurrently minimizing related
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environmental impacts. SD has however also been described as: ‘a contradiction in terms’ (O’Riordan,
1985), ‘another development truism’ (Redclift, 1987), ‘elusive’ (Goldin and Winters, 1995), ‘an
oxymoron’ (Tryzna, 1995) and ‘creatively ambiguous’ (Kates et al., 2005). Despite its numerous
definitions and concept, SD has remained elusive and regularly had questions asked of its meaningful,
quantifiable progress.

Sustainable development principles have been linked with the building industry, with many aspects
appropriately considered. The building industry is referred to as the lifeblood of the economy in the
developed world. Its contribution to the economic dimension of SD is unquestioned. In the USA,
the construction industry is valued at over $1 trillion and provides critical infrastructure to support
industries while creating over 6.5 million jobs (Chong et al., 2009). In Europe, this industry provides
the largest single contribution to employment with over 7.5% and 9.7% of the GDP and 47.6% of the
gross fixed capital formation in 1999 (EU, 2001), and these trends continue globally.

The social benefits provided by structurally sound buildings are also significant. They provide good
quality indoor living environments, delivering a significant degree of structural integrity, low vibration,
a high degree of weather protection, high fire resistance, good thermal resistance and sound acoustic
performance (CCAA, 2010).

The same quantifiable benefits are not available when considering environmental impacts. The built
environment was identified as the largest single anthropogenic contributor to climate change
(Hasegawa, 2003; IPCC, 2007). The construction, operation and maintenance of buildings are esti-
mated to account for approximately 40%–50% of all energy usage and anthropogenic GHG emissions
globally (Hasegawa, 2003; Smith, 2005; Asif et al., 2007; Citherlet and Defaux, 2007; Wood, 2007;
Dimoudi and Tompa, 2008; Stephan et al., 2011; Dixit et al., 2012; Langston and Langston, 2013;
Baek et al., 2013). The environmental impacts of structures are the core TBL principle requiring most
attention to achieve meaningful progress on SD in the built environment. Given the significant propor-
tion of the anthropogenic influences on climate change attributed to the development industry and its
related environmental impacts, the emphasis on the need to mitigate these cannot be over stated.

2.2. The structural engineers role

Engineers play a major role in the design of structures; however, their contribution to the environmental
performance is usually negligible due to the OE focus discussed (Paya-Zaforteza et al., 2009; Ramesh
et al., 2010; Crawford, 2011a). Many of the factors leading to unnecessary resource use result directly
from the inefficient design of buildings and their associated infrastructure (Greene, 2005; Paya-Zaforteza
et al., 2009). Structural engineers must, to incorporate SD principles into building design, participate in
interdisciplinary teams of professionals representing all three dimensions of the TBL. The two primary
changes required for increased adoption of SD are as follows: (a) provide government incentives for
sustainable solutions and (b) ensure there are qualified professionals able to deliver these solutions
(Greene, 2005). Informed engineers have a professional obligation to broaden the understanding of
policymakers, owners and key stakeholders, who may in turn demand sustainable design.

In the current building design process, structural engineers play a limited role in the overall sustain-
ability of a design (Greene, 2005; Paya-Zaforteza et al., 2009). In addition, it has been noted that the
OE considerations over a structure’s life cycle make it not practical for a designer to predict the effect
of structural design decision on environmental performance (Adalberth, 1997b; Mithraratne and Vale,
2004). These attitudes appear to be slowly changing, with many studies presenting the possible impor-
tance of the initial investment in EE and design decisions (Thormark, 2002; Sartori and Hestnes, 2007;
Dimoudi and Tompa, 2008; Paya-Zaforteza et al., 2009; Baek et al., 2013). Despite improvements in
the understanding of long-term building impacts only influenced during design, the operational re-
quirements are still prioritized and generally rest outside the scope of a structural engineers influence.

Environmental performance mechanisms aimed at facilitating the optimization of structural effi-
ciency are lacking, with this contributing to the deficiencies in improved sustainable structures being
delivered. In addition, the variability in published environmental performance measures increase
uncertainties for practising structural engineers in assessing this aspect.

A number of national and international building ratings systems have been developed in the past
decade, focusing primarily on OE requirements while largely ignoring the initial investment in EE.
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Kua and Wong (2012) highlight these systems as being not without their shortfalls. They present for
the primary green building assessment system used in Singapore; 4% of the possible assessment points
attainable are attributed to the carbon footprint of the structure. The authors have briefly evaluated
some of the other world leading alternatives. The UK’s Building Research Establishment’s Environ-
mental Assessment Method, the USA’s Leadership in Energy and Environmental Design and the
Green Star rating system has been developed by the Green Building Council of Australia all enable
the designing structural engineer to influence between 7% and 11% of the points attainable under these
systems. It is worth noting that while these ratings systems have a valuable role to play, improvements
to the structural considerations would contribute to more beneficial outcomes.

2.3. Barriers to sustainable structural design alternatives

A review of a number of local and international studies identifies similarities in the barriers restricting the
adoption of SD principles in the building industry. These include the following: (a) lack of legislative or
standards’ frameworks, (b) varying organizational structure, (c) inconsistent political guidance, (d) lack of
financial incentive/reward, (e) negative behavioural and cultural attitude, (f) additional financial cost and
(g) absence of client demand (Owen, 2001; Hood, 2004; Chong et al., 2009).

Interestingly, most studies do not identify technology as a barrier. Although there is little doubt that
technology and methods are available to achieve a more efficient approach than many solutions provided,
the authors would contest the existence of technology that truly achieves the long-term objectives of SD.

Hesitation in adopting SD principles remain, linking this reluctance to those barriers identified above
as well as the diverse interests of the stakeholders in any given project (Chong et al., 2009). Zuo et al.
(2012b) recently noted the adoption and reporting of such factors is increasing. Crawford (2011a) goes
on to encourage all stakeholders to play their part in improving this process. No single industry or
stakeholder can be left to implement the required change and co-operation required. Engineers Austra-
lia (2003) identifies a lack of government leadership in relation to guidance of future legislative direc-
tion, which limits the ability of professionals to develop more sustainable solutions.

The built environment has been generally accepted as delivering ‘traditional’ or ‘conventional’ and re-
petitive solutions taking very limited consideration of the SD process (Paya-Zaforteza et al., 2009). The
primary focus of the building industry remains the economic pillar of SD and, more specifically, initial
capital costs or return on investment. Despite previously studies indicating that SD alternatives can, in
the long run, save significant operational and life cycle costs (Adalberth, 1997a; Treloar et al., 2001;
Crawford, 2011a), the focus on minimizing construction costs negates the adoption of such approaches.

Projects incorporating SD objectives are perceived to be more difficult than delivering traditional
projects. They often require additional skilled professionals, more design iterations, advanced simula-
tion and analysis, higher construction standards, additional construction precautions and the use of rel-
atively new unfamiliar materials (Pulaski et al., 2006). If managed with traditional style, inefficiencies
can result in a number of concerns including, most significantly, cost overruns. It is proposed that this
inefficient approach is due largely to an incomplete field of educated professionals and lack of appro-
priate knowledge, government policies and incentives as well as the inconsistencies present in the
literature. The optimization of structural systems and improvements in environmental performance
do not necessarily equate to increase costs. When suitably educated multidisciplinary teams collaborate
to achieve SD outcomes, solutions may be supplied reducing economic outlays.

2.4. Embodied energy: an environmental assessment method

There has been increased awareness across the building industry to the environmental impacts of build-
ing materials and construction activities; however, the ability to reduce these impacts is currently lim-
ited as a result of lacking evidence-based research. Quantifying the environmental performance of
structures requires an appropriate measurement unit. Although there is no perfect environmental as-
sessment measure in terms of building materials and structural design, EE has been widely discussed
as an appropriate indicator. A report completed by the Commonwealth of Australia (2006) showed that
at present, there is no systematic reporting or measurement framework for construction materials in
Australia. To date, there remains no national system to complete this task. As a result, significant
potential for improvement in assessing the environmental impacts of the building industry remains
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through an appropriate system (Dixit et al., 2010; Crawford, 2011a; Dixit et al., 2012). Numerous authors
identify the appropriateness of utilizing EE as an indication for environmental impacts (Alcorn and Baird,
1996; Cole, 1999; Dixit et al., 2010; Aye et al., 2011; Crawford, 2011b; Cabeza et al., 2013). Researchers
have also discussed the accuracies and inaccuracies of different methods and the appropriateness of EE as
a measurement unit. Buchannan and Honey (1994), Treloar et al. (2001), Crawford and Treloar (2003),
Dixit et al. (2010) and Langston and Langston (2013) are examples of these. Factors identified to influence
the accuracy of EE analysis include the following: (a) the EE analysis process (input–output, process, sta-
tistical analysis and hybrid options), (b) system boundaries, (c) geographic locations, (d) age of data
source, (e) source of data, (f) completeness of data and (g) feedstock energy consideration (Dixit et al.,
2010; Dixit et al., 2012). Given the identification of such factors influencing EE analysis, variability in
structural estimations of EE could be expected; however, no code or legislative requirements detail
information to identify the most appropriate selection.

3. A SYSTEMATIC RESEARCH APPROACH

To evaluate appropriately the research knowledge in this area, a systematic approach was conducted to
collect a suitable indication of the publications in this field. Published peer-reviewed literature on the
EE and life cycle costs of structures were obtained by searching electronic databases of appropriate
journals. Given the global significance of SD, a number of well-known reliable scientific reports from
global publications discussed were also included. This study only relied on peer-reviewed articles for
the purposes of comparative analysis. Previous literature reviews (Ramesh et al., 2010; Sharma et al.,
2011; Cabeza et al., 2013) were also included only where peer-reviewed sources had been included.
From the original publications through which the data was collected and presented (Tables T1� T31–3), only
studies where direct unit conversions and calculations could result in comparable outcomes were
utilized. Where assumptions were required to calculate comparable results, the study was excluded.

To determine the life cycle energy contributions presented, clear distinction between life cycle
phases was required in the original work. Where maintenance was further separated as its own life
cycle stage, the contribution of that stage has been omitted given the variability of reasons for, and
calculation of, this maintenance component between studies. As a result, some of the studies investi-
gated do not make up 100% of the total life cycle energy contribution (Table 1).

For calculation of the environmental impacts in terms of EE and CO2 equivalent costs per unit area
of building space, studies where direct calculation and unit conversion were included. No assumptions
were made in the determination of these values. In studies where there were multiple estimations for
the same structural material based on investigations into multiple samples, if the coefficient of variance
was less than 0.05, then the average was presented. The countries were summarized for the location of
the focus building, to consider the influence of climate on energy performance.

A total of 211 peer-reviewed papers were located and included as part of this review study with
those satisfying the criteria discussed summarized and presented. A database of the suitable results
was prepared to assess the outcomes obtained. Given the variability in the outcomes reported as well
as the differences in calculation methods, it was not possible to present any meaningful statistical anal-
ysis of the results. This was a result of the following variables: system boundaries, building/material
life spans and life cycle analysis (LCA) techniques Q4.

4. LIFE CYCLE ASSESSMENT: THE CONTRIBUTION OF TWO IMPORTANT STAGES

Buildings are appropriately assessed within the life cycle context (Cole and Kernan, 1996; CoA, 2006;
Crawford, 2011a; Baek et al., 2013). Due largely to the published dominance of the OE phase of a
buildings life cycle when compared with EE, the focus of the industry has been mainly on this phase.
Given the variability in published values for the contribution of these phases, it is often difficult for a
structural design team to assess environmental performance or place meaningful weighting to any
structural life cycle aspect. Appropriately weighting a structure’s life cycle energy contribution and
related environmental performance remains subjective. Although it is noted that there are a number
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of processors contributing to the variability in the published values, it is for this very reason that con-
fusion remains.

Several published studies question the accuracy of previous studies based usually on system bound-
ary inconsistencies and the methodology used to calculate the OE and/or EE (Fay et al., 2000; Junnila
et al., 2006; Dimoudi and Tompa, 2008; Crawford, 2011a; Stephan et al., 2011; Dixit et al., 2012;
Dixit et al., 2013; Omar et al., 2013). After a systematic assessment of the published values detailing
the contribution of each of these life cycle stages, the following summary was presented (Table 1).

Results indicate that as little as 2% of a structures overall life cycle energy contribution for a light-
weight steel residential building (Cole, 1999) can come from the EE phase, whereas as much as 40%
for a low-energy building in Sweden can be attributable to the same life cycle phase (Thormark, 2002).

Table 2. Embodied energy and CO2 emissions attributed to structures.

Author Year EE of building space by
structural material (GJ/m2)

CO2 of building space by
structural material (kg/m2)

Building
typea

Steel Concrete Brick veneer Timber Steel Concrete

Stein et al. 1976 18.6 18.6 – – – – C
Honey and Buchanan 1992 – 3.4–6.5 – – – – C
Oka et al. 1993 – 8–12 – – – – C
Buchanan and Honey 1994 – 8.23 – – – – C
Tucker and Treloar 1994 – 8.2 – – – – C
Suzuki et al. Q61995 0.005 8–10 – 250 400 850 R
Debnath et al. 1995 – 3.1–5 – – – – R
Cole and Kernan 1996 5 4.7 – – – – C
Yohanis and Norton 1998 6.6 5.6 – – – – C
Suzuki and Oka 1998 – 8.95 – – – 790 C
Cole 1999 0.005 0.017 – 0.8–2.5 0.4–1 2.4–3 R
Fay et al. 2000 – – 14.1 – – – R
Treloar et al. 2000 – – 11.7 – – – R
Pullen 2000 – 11.0 – – – – C
Yohanis and Norton 2002 9.5 – – – – – C
Venkatarama and Jagadish Q72003 – 4.21 – – – – R
Guggemos and Horvath 2005 9.5 8.3 – – 620 550 C
Yohanis and Norton 2006 – 8.9 – – – 790 C
Citherlet and Defaux 2007 – – 2.66 – – – R
Shukla et al. Q82008 – – – – – – –
Dimoudi and Tompa 2008 – 1.93–3.27 – – – 199.8–298.4 C
Kofoworola and Gheewala 2009 – 6.8 – – – – C
Fuller and Crawford 2011 – 2.22 – – – – R
Wu et al. 2012 – 9.4 – – – 803 C
Kua and Wong 2012 – 5.96 – – – 823 C
aC, commercial; R, residential.

Table 3. Embodied energy estimations of structural materials.

Author Year Embodied energy materials

Structural
steel (MJ/kg)

Reinforcement
steel (MJ/kg)

Concrete (GJ/m3)

15MPa 20MPa 30MPa 40MPa

Debnath et al. 1995 20 – – – – –
Fay et al. 2000 68.6 – 4.39 4.88 5.85 –
Yohanis and Norton 2006 42 – – – – –
Dimoudi and Tompa 2008 9.9 – 1.68 – – –
Langston and Langston Q92008 70 10 – – 5.46 –
Kofoworola and Gheewala 2009 22.1 11.1 3.12 – – –
Crawford 2011 85.46 85.46 4.03 4.44 5.44 6.75

SUSTAINABLE DEVELOPMENT PRINCIPLES INTO BUILDING DESIGN 7

Copyright © 2014 John Wiley & Sons, Ltd. Struct. Design Tall Spec. Build. (2014)
DOI: 10.1002/tal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

s227317
Cross-Out

s227317
Inserted Text
Reddy

s227317
Cross-Out



On the basis of an assessment of the published literature, it is evident that the variability resulting from
the calculation procedure can produce different outcomes. Building life, system boundary, building use
type, structural material and geographical location where all things are considered to influence the con-
tribution were calculated as a result of EE and OE Q10. This variability was seen between studies Q11. The ef-
fect of varying building life was shown in some cases to heavily reduce the energy contribution of the
EE aspect.

5. EMBODIED ENERGY AND ITS VARIABILITY

Energy is an essential component in the building industry. The construction, operation and mainte-
nance of buildings are commonly estimated to account for approximately 40%–50% of all energy
usage (Hasegawa, 2003; Smith, 2005; Asif et al., 2007; Citherlet and Defaux, 2007; Wood, 2007;
Dimoudi and Tompa, 2008; Stephan et al., 2011; Dixit et al., 2012; Langston and Langston, 2013;
Baek et al., 2013). EE is defined broadly as the energy consumed in all activities to support a process.
Numerous previous studies have refined this definition often depending on a specific end-user applica-
tion. It is well published and understood that truncation errors associated with system boundaries are a
substantial causal issue for inaccurate energy assessment in a structures LCA. There are four different
EE analysis methods described in the literature with shortfalls of each regularly highlighted. These four
methods include the following: process analysis, statistical analysis, input–output analysis and hybrid
analysis. No method is perfect with inaccuracies estimated at approximately 20% (Treloar, 1997;
Langston and Langston, 2013).

Previous studies have analysed the EE of structures exhibiting results displaying variability as a con-
sequence of these factors. Issues in relation to the variability exhibited make meaningful comparison
impossible. Inaccurate, incomplete results from studies whose assumptions and processors exhibit
the outcomes presented make decision making difficult to undertake (Dixit et al., 2010; Dixit et al.,
2012). Policy makers, structural designers, architects, clients and relevant stakeholders require reliable
rigorous datasets to ensure progress. At present, determining the EE of a building material is subjective
due to the lack of global or national standardized methods with this further influencing the variability
observed (Goggins et al., 2010).

The summary presented in Table 1 included the energy associated with both the EE and OE require-
ments. OE requirements are far more conventional with less scope for the system incompleteness and
inconsistencies present in the EE estimations. Table 2 highlights the variability discussed by presenting
both the EE of the main structural materials used in the construction industry as well as the associated
carbon footprint standardized by square meter of building space. These values presented have been
obtained from studies incorporating the estimations based on whole structural systems.

Given the variability observed, it is evident that the incompleteness and inconsistencies present
could result in disorderly outcomes. There is an urgent requirement for the building industry to calcu-
late the expected energy performance in terms of EE and OE as well as CO2 equivalent to enable more
meaningful assessment across the relevant stakeholders. For concrete structures, estimations varied
from 0.017GJ/m2 to 18.6GJ/m2 depending on which of the EE analysis methods, material datasets
and calculation procedures were used (Table 2). Similarly, for structural steel buildings, values from
0.005GJ/m2 to 18.6GJ/m2 were reported.

The factors influencing the variability in EE assessments previously discussed and presented by
Dixit et al. (2010) establishes that these outcomes could be expected. Despite this, meaningful guid-
ance to practicing structural engineers is lacking with no accepted standardized process or assessment
methodology being established, either compulsorily or optionally. From a practical structural design
perspective, selection of any of the data presented (Table 2) could be appropriately justified under
certain design circumstances when assessing environmental performance. This would result in wide
ranging estimations of environmental performance, should the extremities of this data be utilized.
On the basis of the factors presented by Dixit et al. (2010), with extensive research, structural engineers
could appropriately narrow down the selection of what are considered more accurate EE options, mit-
igating known EE inaccuracies. The instigation of a more accurate protocol is essential to streamlining
and simplifying environmental assessment for these professionals.
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Due to the reliance of the values reported in Table 2 on the material database used, a cross-section of
the published values have been summarized for the main structural materials used in these buildings. It
is evident that due to the results in Table 2 being a function of those, the inconsistencies present across
the entire building industry are the result of an incomplete environmental performance building assess-
ment system. Table 3 presents published EE estimations per unit of material. As observed for both the
comparisons of life cycle phase energy use and EE estimations (Table 1 and 2), the same incomplete-
ness and inconsistencies are seen (Table 3).

6. CASE STUDY: A TYPICAL SOUTH-EAST QUEENSLAND CONCRETE OFFICE BUILDING

The requirement for accurate determination of environmental performance in a structural system is
unquestioned, however a calculation mechanism remains elusive (Paya-Zaforteza et al., 2009; Dixit
et al., 2010; Crawford, 2011a; Dixit et al., 2012). To investigate the viability of savings achievable
through the selection of alternate design approaches and construction methodologies, a detailed com-
parative assessment was performed for a typical office structure in the South-East Queensland region of
Australia. This investigation was to assess the relative environmental performance of alternate slab
construction techniques and determine variability in this performance for systems meeting the design
criteria. To achieve this, a multi-stage research methodology was formulated. This methodology was
categorized into two major components, structural design and environmental analysis. The structural
design involved several distinct components including the following: (a) Design definition: including
the formulation for the design of the specific building to be analysed along with the identification of
assumptions necessary to undertake the analysis. (b) Manual calculations in accordance with
AS3600-2009 to provide a detailed design of the structural element varied (slab) that was used for
inputs into the two-dimensional computer analysis program, RAPT. (c) The structural designs were
finalized using the results obtained from the computer analysis. These were verified using comparison
with hand calculations to ensure accuracy and suitability of the design. (d) The structural requirements
for each element were subsequently detailed allowing a bill of quantities (BOQ) to be generated and an
environmental performance assessment undertaken. The research methodology has been summarized
in Figure F11.

The typical office structure investigated comprised of a 10-storey building. This was designed and
analysed using both post-tensioned and conventional reinforced concrete slabs (40-MPa concrete).
The slab span was varied to evaluate four column centre spacings of 6.67m, 8m, 10m and 13.33m.
This layout resulted in the analysis of the building containing three–six clear spans for the total exterior
fixed building footprint of 40.5m× 40.5m. Typical flat plate slab construction system was used, sup-
ported on a square grid of 500 × 500mm2 columns with 3.5-m floor-to-floor heights. Different slabs
were designed due to varying loading requirements for the roof slabs in each structure.

Figure 1. Methodology for structural design and environmental analysis.
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A simplified single level plan for the 8-m-span layouts investigated for the structure, including plan
dimensions, has been included for reference (Figure F22). The external building dimensions were fixed to
simulate actual building constraints (land size), and the internal spans between columns were varied to
assess the influence this has on the outcomes of the different slab systems investigated.

6.1. Strength and serviceability design methodology

AS3600-2009 dictates that concrete structures shall be designed for both ultimate strength and service-
ability limit state requirements in accordance with loading conditions specified in AS1170. All
structures presented have been designed in accordance with these requirements. In addition,
software-modelling verification was conducted. Determination of the required slab thickness was con-
ducted as an iterative process that continued through the analysis. This was affected by many factors
and design parameters. The most efficient slabs display a minimum required thickness to control
deflection and punching shear while maintaining acceptable reinforcement requirements. A minimum
control over long-term deflection of Δ

Lef
≤ 1

250 was adopted for an office slab in compliance with Clause

2.3.2 in AS3600-2009 (SAA, 2010). In addition, a minimum control over incremental deflection of
Δ
Lef

≤ 1
500 for all floor slabs was adopted. This deflection requirement is critical in members supporting

masonry partitions and brittle finishes, which are present in most multi-storey office structures of this
height. Application of these minimum deflection limits using the deemed to comply span-to-depth ratio
for reinforced concrete slabs, as detailed in Clause 9.3.4 (SAA, 2010), provided an initial indication of
the required thickness for the reinforced concrete slabs. The standard provides no simplified methods to
determine the thickness of a post-tensioned slab. In large spans, it is more effective to use a span–depth
ratio to determine the slab thickness. While various span–depth ratios are suggested in a number of
published literature, those quoted by the Cement and Concrete Association of Australia Guide to Long
Span Concrete Floors (CCAA, 2003) were used. When calculating the deflection, the elastic short-term
deflection as well as time-dependent deflections caused by sustained load, or creep, and drying shrink-
age were all taken into account as these heavily influence the magnitude of deflection experienced
within a slab. To meet all relevant standards including structural adequacy, durability, fire resistance
and acoustic performance, a minimum slab depth of 200mm was required along with a minimum clear
cover of 29mm to provide a minimum axis depth of 35mm when N12 bars are utilized. For the post-
tensioned slabs, the code specifies an additional 10-mm concrete cover to tendons than that required for
typical reinforcement. This requirement was accounted for by allowing 30-mm clear cover to the duct.
The additional cover is available within the void; therefore, this design meets all relevant requirements.

Figure 2. Simplified building plan example, Stage 1 (8-m span layout).

10 D. MILLER AND J.-H. DOH

Copyright © 2014 John Wiley & Sons, Ltd. Struct. Design Tall Spec. Build. (2014)
DOI: 10.1002/tal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59



6.2. Environmental analysis

The Environmental Impact Assessment was undertaken using data obtained from the literature review
(Tables 1–3), as well as previous publications from the authors (Miller et al., 2013). Despite the variability
in environmental impact measures (Table 2), some estimations are more comprehensive. Numerous
studies have detailed the inefficiencies present in different life cycle assessment methodologies leading
to this (Dixit et al., 2010; Crawford, 2011a; Dixit et al., 2012; Omar et al., 2013). As a result, the EE
values published by Aye et al. (2011) and Crawford (2011a) were determined to be most suitable for this
assessment and were used for the environmental analysis. Selection was based on the analysis method
used (input–output-based hybridmethod) being the most comprehensive, complete analysis approach cur-
rently available (Dixit et al., 2010; Aye et al., 2011; Dixit et al., 2012). Selection was also based on geo-
graphical vicinity to the region, another key issue to EE inaccuracies, identified by Dixit et al. (2010).

Although it is noted that high-strength steel tendon fibres undergo different manufacturing proce-
dures, there is significant limitations in current literature identifying suitably accurate values of EE.
There was no value specified for EE of steel tendons in the study undertaken by Crawford (Crawford,
2011a). To adopt an appropriate value, a conservative approach was taken in consultation with manu-
factures and the published literature on other steel EE values. The value adopted here was estimated to
be 50% greater than the detailed estimation of steel reinforcement calculated by Crawford (2011a).
These values have been summarized in Table T44.

6.3. Analysis results

Material requirements from the BOQ were applied factors to quantify the environmental impacts of
materials in each floor and roof slab for both construction types. Slab results were combined together
with concrete columns to form results for whole building structural material requirements. These
material requirements, as determined from the BOQ for alternate slab construction techniques, are pre-
sented (Figures F33 and F44). Results indicate a significant reduction in material requirements being
achieved through the implementation of post-tensioned construction methods.

Table 4. Embodied energy values utilised for
environmental impact assessment.

Construction material Embodied energy

Concrete 40MPa 5670MJ/m3

Steel bar 85.46GJ/tonne
Galvanized steel 38.00GJ/tonne
High-tensile steel tendons 123.46GJ/tonne

Figure 3. Concrete volumes of reinforced and post-tensioned concrete buildings.
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Using a typical concrete strength of 40MPa, it was observed that reductions in concrete volume,
through the use of post-tensioning, increase with increasing span length. These ranged from 24.4%
for a 6.67-m span and increasing up to 35.5% for a 13.33-m span. This indicates that the use of
post-tensioning in large spans is more efficient in terms of material reductions. The analysis also indi-
cates that the use of post-tensioning results in concrete material efficiency improvements in all cases.

Similar reductions in steel material requirements are evident with increased span as shown in
Figure 4. The 6.67-m span was observed to achieve the largest material reduction when the post-tensioned
construction technique was used. Generally, it shows that the span length plays a large role in this, being
able to reduce the steel mass by between 21.6% and 43.3% when span length increases from 8m to
13.33m. This indicates the usage of pos- tensioning in structures with greater spans being more efficient
at minimizing material requirements for that particular structure. In the case of the 6.67-m span, it was
evident that a larger reduction in steel mass was obtainable due to design reasons. This was the only span

where tensile stresses were below0:25
ffiffiffiffi
f ′c

q
resulting in an economical design for the post-tensioned slabs.

Crack control in the form of unstressed bars at 300-mm spacing were not required for this variation,
resulting in a lower mass of steel being required. Further, temperature and shrinkage requirements were
easily satiated as no additional reinforcement was suggested to satisfy the relevant design codes.

Values for EE were determined for comparison of the environmental performance of the two struc-
tures when the alternate slab construction methods were employed. The calculated EE resulting from
the concrete volume and steel mass requirements of individual floor and roof slabs are displayed in Fig-
ures F5� F95–9. Results indicate similar extensive savings are experienced in the EE of both the floor and roof

Figure 4. Steel mass of reinforced and post-tensioned concrete buildings.

Figure 5. Embodied energy of concrete for floor slab and comparative reductions.
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Figure 6. Embodied energy of concrete for roof slab and comparative reduction.

Figure 7. Embodied energy value of steel for floor slab and comparative reduction.

Figure 8. Embodied energy value of steel for roof slab and comparative reduction.
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slabs. Results are presented for each of the four spans investigated of both conventionally reinforced
and post-tensioned floor and roof slabs.

The total environmental impacts for each slab are indicated as individual contributions of the con-
crete and steel components. Comparison of the unit environmental impacts for steel and concrete by
mass, indicate the EE of steel is at least 25 times that of concrete.

Total EE contribution for concrete of both floor and roof slabs, respectively, were studied. EE reduc-
tions due to concretes contribution in the floor slab are evident for all spans investigated, with results
indicating a 27.81%–35.76% reduction in EE (Figure 5). These reductions increased as span length in-
creased. Similarly, reductions in EE contribution for concrete of roof slabs are observed for all spans
investigated. These varied between 6.90% and 37.07% (Figure 5). The lower bound was dictated
due to minimum slab depth requirements governing further available reductions.

Total EE contribution for Steel of both floor and roof slabs, respectively, are also presented. EE re-
ductions due to steels contribution in the floor slab are evident for all spans investigated, with results
indicating a 27.02%–46.63% reduction in EE (Figure 6). These reductions generally increase as span
length increased for above 8-m spans. Similarly, reductions in EE contribution for steel of roof slabs
are observed for all spans investigated. These varied between 20.08% and 46.15% (Figure 7). Reduc-
tions observed in steel contribution for the 6.67-m spans were larger due to a design parameter. As

presented above, tensile stresses were below 0:25
ffiffiffiffi
f ′c

q
resulting in an economical design for the

post-tensioned slabs. Crack control in the form of unstressed bars at 300-mm spacing was not required.
The total EE of the office structure investigated were calculated (Figure 8). These indicate potential

variations in EE of a structural system through alternate slab design selection. Overall improvements as
a result of the selection of alternate slab construction techniques are evident. In total, EE reductions
were observed for all structures incorporating post-tensioned slab construction. These EE reductions
ranged from 28.1% to 40% when compared with conventionally reinforced concrete construction.

When considering all structural systems investigated, estimations of total EE ranged from 40 292GJ
to 146 287GJ (≈3.6 times). Whereas span length and slab type varied, the completed structure
remained identical. When considering this outcome, the requirement for a quantification mechanism
detailing the environmental performance of a structure is essential. Incentives to encourage practi-
tioners to achieve the most efficient outcome are also required.

The disproportionate contribution of EE when compared with material mass was significant,
highlighting the importance of reducing steel requirements in minimizing EE. In conventionally

Figure 9. Total embodied energy of the structural elements for reinforced concrete (RC) and post-
tensioned (PT) buildings.
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reinforced structures assessed, despite steel only contributing between 2% and 3% of total material
mass, the EE for steel accounted for between 45.73% and 47.79%. In post-tensioned structures, the
contribution of steel accounted for between 1.8% and 2.7% of mass, whereas it accounted for between
38.48% and 48.77% of EE.

7. DISCUSSION AND CONCLUSION

The reported values highlight the variability present in environmental performance measures across the
building industry. On the basis of the parameters used to determine the environmental performance of
any given structure, variability in the outcomes are extensive. While there exists an inconsistency in the
literature regarding the life cycle context, system and methodology with which to appropriately assess
the environmental performance of a structure, the requirement for its quantification is extensively sup-
ported (Paya-Zaforteza et al., 2009; Dixit et al., 2010; Crawford, 2011a; Dixit et al., 2012). A standard-
ized approach at rating structural systems and the associated EE and or environmental impacts is
urgently required, comparable with that proposed by Dixit et al. (2012). The factor that will detail
its effectiveness is adoption. Table 1 highlights the perplexity mentioned (Adalberth, 1997a), with de-
sign teams frequently overruled by other consultants in the strive to achieve ‘sustainable buildings’. A
concentrated cooperative legislative approach may be required if voluntary adoption does not improve.
While there are a multitude of studies evaluating the life cycle contribution and EE of materials, it is
generally accepted and presented herein that there outcomes are inconsistent. The entirety of the
literature and the existing green building rating systems support the improvements in OE efficiencies
as being the method by which to achieve sustainable buildings.

Thormark (2002) reported the largest contribution from the construction phase in terms of EE
investment at 40% with the majority being a far less significant contribution. Given this outcome,
the focus of existing green building ratings systems on the OE requirements appears appropriate. While
the consensus in these studies in undoubtedly the majority of the life cycle energy use of buildings be-
ing attributed to these OE requirements, technology and necessity are progressing the development and
use of renewable resources. In the studies reviewed, no life cycle energy requirements were said to in-
clude the consideration of the use of renewable energy sources. There is a focus by governments, in-
dustry and consumers to decrease reliance on energy generated by fossil fuels. As an example, the
Australian Government has revised its target for the country to supply 20% of its energy needs from
renewable resources by 2020 (Zahedi, 2010). As the percentage of energy produced from renewable
resources increases, the OE-related impacts would decrease proportionally. While these still consume
the same level of energy by definition, the environmental impacts are reduced or negated when com-
pared with those of fossil fuel energy sources.

Of greater significance to the contribution of life cycle phases is the emergence of ZEBs. A number
of studies are beginning to emerge in the development of these ZEB (Crawford, 2011b; Marszal and
Heiselberg, 2011; Monahan and Powell, 2011; Zuo et al., 2012a). If achieved, the contribution of
the OE phase would be removed entirely. The consequences of this leap forward for the building
industry would be enormous in terms of the way in which environmental efficiency is achieved through
the built environment. The focus of the design teams, building ratings systems, policy makers and
stakeholders would need a monumental shift towards the factor that has been generally accepted as
presently the least considered: EE consumption (Thormark, 2002; Yohanis and Norton, 2002; Yohanis
and Norton, 2006; Stephan et al., 2011). If achieved, the major life cycle energy contribution will be
EE. Consequently, any EE reductions will positively contribute to the environmental performance of
the structure.

There is no generally accepted method available to accurately determine EE consistently resulting in
variations being observed (Dixit et al., 2010). If developed, this would remove a major obstruction to
the widespread production of environmentally efficient structures. Given the global extent of
development-related impacts associated directly to the operation, maintenance and demolition of build-
ings (Hasegawa, 2003; Smith, 2005; Asif et al., 2007; Citherlet and Defaux, 2007; Wood, 2007;
Dimoudi and Tompa, 2008; Stephan et al., 2011; Dixit et al., 2012; Langston and Langston, 2013;
Baek et al., 2013), the development of such a system would provide substantial improvement in the
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contribution of the building industry to achieving the principles of SD. The economic and social ben-
efits discussed (Lippiatt, 1999; EU, 2001; CCAA, 2010), and the variability in the environmental con-
siderations of building presented indicate the need for the development of a meaningful quantifiable EE
assessment methodology for the structural design of buildings. Such an approach would include the
appropriate life cycle context focus as well as the EE methodological processes identified to most ac-
curately calculate the EE present in a structural system the (input–output-based hybrid method) (Dixit
et al., 2010; Aye et al., 2011; Dixit et al., 2012).

As a multitude of researchers grapple with the task of producing, implementing and adopting a
national or international standardized system, there exists extensive scope for structural engineers to
improve the way in which environmental performance is measured utilizing present knowledge and
technology. By investigating the variability in environmental performance of two different commonly
used slab construction techniques, results delivering equal building function were obtained with up to
3.6 times more EE, conditional upon design parameters. Whereas the accuracy of the quantified value
of environmental performance is unknown, the relative environmental performance would remain.

The development of a standardized system is paramount for the environmental assessment of the
structural design of structures. The variability presented and discussed results in inconsistencies and
limited consideration by practising structural engineers. Such systems have been extensively discussed,
for example that prosed by Dixit et al. (2012); however, to date, no mechanism has been introduced or
is universally accepted.
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The Environmental Impact of  Building 
Materials
Andrew Walker-Morison, Tim Grant & Scott McAlister 
Centre for Design, RMIT University


Summary of


Actions Towards Sustainable Outcomes
Environmental Issues/Principal Impacts
•	 Building	materials	globally	consume	30-50%	of	available	raw	resources	and	produce	about	40%	of	waste	to	landfill	in	


OECD	countries.	In	Australia	they	constitute	one-third	of	total	waste	to	landfill,	and	their	production	and	use	generates	
significant	environmental	pollution,	including	greenhouse	gas	emissions.	(Some	impacts,	such	as	the	impact	on	biodiversity	
and	carcinogens	remain	difficult	to	quantify	but	are	potentially	highly	significant).	


•	 Data	indicate	that	the	impacts	associated	with	many	building	fitouts,	can,	over	the	life	of	buildings,	be	as	large	as	the	impacts	
of	the	construction	of	a	building	initially.


•	 The	range	of	tools	and	systems	to	assist	decision-making	by	specifiers	and	designers	has	not	been	available	until	recently,	and	
there	still	remains	significant	gaps	in	the	resources	designers	need.


•	 Building	materials	use	in	Australia,	and	indeed	globally,	is	not	environmentally	sustainable	on	the	basis	of	known	system	
principles.


Basic Strategies
In many design situations, boundaries and constraints limit the application of cutting EDGe actions.  In these circumstances, designers 
should at least consider the following:
•	 Building	materials	in	Australia	contribute	significantly	towards	national	emissions	of	greenhouse	gasses	and	a	range	of	other	


environmental	impacts.	
•	 Some	impacts,	such	as	those	on	biodiversity	both	in	Australia	and	overseas	(where	many	of	our	building	products	are	sourced	


from)	are	still	poorly	understood.	
•	 Major	impact	contributors	by	material	include	steel,	concrete,	brick	and	aluminium.
•	 Using	greenhouse	gases	as	an	indicator,	the	environmental	impact	of	construction	in	Australia	is	dominated	by	the	residential	


sector,	particularly	detached	residential	development	and	home	improvements.


Cutting EDGe Strategies
•	 An	appreciation	of	the	basic	tools	and	units	of	measuring	and	communicating	environmental	impacts	is	useful.	These	include	


eco-footprint,	embodied	energy,	life-cycle	assessment	and	materials	intensity	per	service	unit	(MIPS).
•	 A	useful	approach	for	understanding	the	sustainability	or	otherwise	of	building	materials	is	a	systems	perspective	based	on	


scientific	knowledge	of	the	healthy	and	long-term	functioning	of	ecological	systems.	Sustainable	systems	have	characteristics	
such	as	no	waste,	no	degradation	of	the	functioning	and	capacity	of	natural	systems,	and	do	not	consume	resources	faster	
than	they	can	be	replaced.	


Synergies and References
BEDP Environment Design Guide:
•	 Gen	22		Life-Cycle	Energy	Analysis	
•	 Gen	51		Life-Cycle	Assessment	–	Application	in	Buildings
•	 Gen	58		Embodied	Water	of	Construction
•	 Des	35		Building	Materials	Selection	–	Greenhouse	Strategies
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The Environmental Impact of  Building 
Materials
Andrew Walker-Morison, Tim Grant & Scott McAlister 
Centre for Design, RMIT University
This note reviews the quantities and types of building materials use internationally and in Australia, with projected trends for Australia 
to 2055. It introduces methods available to evaluate environmental impacts and then goes onto analyse current impacts using life-cycle 
assessment. It concludes by reviewing the sustainability of contemporary patterns of use and future trends, using a systems perspective. It is 
intended to be read in conjunction with PRO 8, ‘Strategies and Resources for Material Selection’


�.0 Introduction
Identifying what constitutes a sustainable material 
or more usefully as we shall see, the use of materials 
sustainably, remains one of the major challenges of ‘green’ 
building.  There are a number of issues in this area:
• Until recently data on the environmental impacts 


of building materials has been scarce or missing in 
Australia and internationally.


• Tools and systems to assist decision-making 
by specifiers and designers have not been 
available until recent years, and there still remain 
significant gaps in the information provided and 
what would be required.


• The assessment of options requires tools and 
a body of knowledge not yet familiar to most 
designers and specifiers.  


This note brings together recent Australian and international 
research to review the importance of environmental impacts 
of building materials, and draws on new research from 
the Commonwealth Government. It reviews key findings, 
and overviews commonly used assessment methods that 
readers will encounter. (This note is intended to be read in 
conjunction with the Environment Design Guide notes listed 
on the summary sheet). 


2.0 Improving Building 
Material Sustainability
In 2005 the Commonwealth Government through the 
Department of the Environment and Heritage (now the 
Department of the Environment and Water Resources) 
commissioned a scoping study to ‘Investigate Measures for 
Improving the Environmental Sustainability of Building 
Materials’ (Department of Environment and Heritage, 2006 
#1180). Unless cited otherwise, this note references the 
findings of that report and the research undertaken by RMIT, 
CSIRO, BIS Shrapnel, Deni Green Consulting, and Syneca 
Consulting. The report is now available for public review. 


2.� Materials Use 
Internationally
Buildings are linked to significant material-related 
environmental impacts, consuming approximately 30–
50% of available raw materials, and producing about 
40% of waste to landfill in OECD countries (OECD 
2002, 2003). Production of cement, virgin iron and 


aluminium alone consumes 6% of global electricity 
and contributes to over 12% of anthropogenic 
global greenhouse gas emissions. Agenda 21, of the 
overarching United Nations Sustainability Framework, 
makes explicit reference to the potential for building 
materials to be a major source of environmental 
damage “…through depletion of the natural resource base, 
degradation of fragile eco-zones, chemical pollution, and 
the use of building materials harmful to human health” 
(UN-DESA). The extraction of resources for materials 
is also known to have large, if often poorly understood 
or communicated effects. 


2.2 Materials Use in Australia
Australians have been doing a lot of building, adding to 
the building stock at 3.8% or $35.5 billion per annum 
in recent years (with a trend growth of 3.4%).  In 2005 
new construction accounted for:
• 33 million m² of new separate houses
• 9.5 million m² of multi-unit dwellings
• 7 million m² of home improvements and 
• 10 million m² of new non-residential 


construction. 
During the 20 years to 2005 residential building size 
has ballooned by 40%, with 60% of new residential 
activity today being alterations and maintenance. In 
the non-residential sector, potentially 75% of spending 
occurs on maintenance and replacement. 
The Australian Bureau of Statistics’ (ABS) mean asset 
life of dwellings varies from 58 years (for timber), to 88 
years (for brick). Commercial and industrial buildings 
are considered to have a 38–58 year life. 
Building materials use as tracked in the DEH study 
accounted for approximately 30 million tonnes of 
finished building products in 2005.  Up to 85% of 
total quantities by mass are dominated by concrete, 
brick and steel.  Ashe et al found that in Australia, 
construction accounts for the use of:
• 55% of timber
• 27% of plastics and
• 12% of iron and steel    


(Ashe, Pham & Hargreaves, 2003). 
Table 1 shows total mass flows in residential, multi-
residential, non-residential and home improvements in 
Australia based on BIS Shrapnel data. Note that 







Page 2 • Pro 7 • May 2007 B E D P E n v i r o n m E n t D E s i g n  g u i D E


% Total 
flows Total Separate 


houses
Home 


improvement
Multi-unit 
residential


Non-residential 
buildings


Thousands of Tonnes


Aluminium 0.2 47 21 22 4 2


Brick 23.2 6,270 3,760 1,440 387 683


Concrete 56.2 15,200 6,730 2,210 2,160 4,110


Fibre cement 1.0 270 106 118 21 26


glass 0.4 96 41 34 9 13


Hardwood 0.53 143 24 115 1 3


mortar 3.85 1,040 606 229 72 127


Plasterboard 3.1 837 437 162 119 119


Plywood 0.2 43 11 29 0 4


softwood 3.3 889 460 305 110 14


steel 6.3 1,690 266 352 115 961


Total 100 27,013 12,462 5,016 2,998 6,062


Table 1.  Identified Materials Flows by Selected Materials Building Type 
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Figure 1.  Total Finished Material Requirement by Construction Sector per Year over Next 50 Years


while many other materials are used (glues, a wide 
range of plastics, metals, glass and so forth), in mass 
terms some are not included. Some are too small to 
show here, and some are excluded from the study such 
as fitouts¹. 
Table1 identifies some of the major materials flows 
identified, and the split of these by building type. A 
surprise in the study was the quantity of materials 
associated with the home-improvement market. This 
shows that in mass terms residential construction is 
much larger than non-residential, and that some of the 
largest mass flows occur in a relatively small number of 


building materials specifically: brick, concrete, steel and 
timber. 


2.3 Projected Australian 
Materials Use  
Using the CSIRO Australian Stocks and Flows 
Framework (ASFF), a population based model of the 
whole economy, the research looked at what the future 
flows of materials are likely to be. A major determinant 
of this is trends in residential house size, which have 
increased by 40% over the last 20 years to an average of 
258m² in 2005. These figures excluded fitouts.


¹ The research was based on materials flows as identified by BIS Shrapnel data analysis. Primary finished products/ materials 
were estimated rather than all materials as used in the finished building. A number of materials flows may not be included, 
including a number of smaller but potentially environmentally significant flows such as the glues, some plastics and so 
forth. Refer to the online report for additional information.
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3.0 Environmental Impact 
Evaluation Methods
Quantities of materials used are not however a measure 
of sustainability. Are current patterns of use for 
building materials sustainable? How do we evaluate 
these? A number of different approaches are available, 
with each giving insight into important aspects, and 
many of which will be familiar to readers. These are 
briefly outlined in Table 2.


4.0 Australian Research 
Assessment


4.� Life-Cycle Assessment
Life-Cycle Assessment (LCA) was selected as the most 
appropriate methodology for the DEH Scoping Study. 
Life-Cycle Analysis can be undertaken using different 
approaches, and a crucial consideration for practitioners 
seeking to make sense of the results, such as cumulative


Approaches for evaluating sustainability


Materials Intensity per Service Unit (MIPS) 
A unit of eco-efficiency that examines sustainability of production by breaking down products into services they provide, 
and examining the amount of materials that needs to be displaced in order to provide a unit of service, e.g. a wall or roof². 
MIPS is expressed in Kg or tonnes of non-renewable and renewable materials, air, and water.
• MIPS helps conceptualise the scale of activities associated with the use of a product or service (such as the 


quantity of materials required for the manufacture of a tonne of steel or plastic).
• The scale of activities (e.g. materials inputs) does not necessarily relate or scale to environmental impacts, and 


MIPS does not produce site-specific data.
• It provides information on a relatively small number of environmental criteria.


Embodied energy
A measure of the energy (measured in Mega or Giga Joules) embodied in a (required to make or supply) product or 
service.
• Energy is a useful basis for comparison as it is relatively easily quantified, can be adapted to a number of 


methodologies, and because it is a useful proxy for broader impacts – many environmental impacts are associated 
with energy production. However energy is not always a useful indicator of impact – energy may be from 
renewable or fossil sources for example. It does not provide specific information on other impact categories, and 
there is no standardised method for evaluation.


Embodied Water
A measure of the water (measured in litres) embodied in (required to make or supply) a product or service over a given 
period of time.
• As for embodied energy; this is useful data to have but is not always an indicator of equivalent impacts, and is 


narrow in focus.


Ecological Footprint
Seeks to measure human demands on nature and compares human consumption of natural resources with the earth’s 
ecological capacity to regenerate them.
• A powerful communication tool that, however, lacks precision for detailed comparative evaluation between options.


Life-Cycle Analysis
A method to analyse over an identified life-cycle (cradle to grave, or cradle to cradle) a range of environmental indicators 
e.g. greenhouse emissions, water, human and environmental toxicity, resource depletion.
A decision-support tool that assesses a variety of environmental impacts during the whole life-cycle of a product or 
process. It provides powerful analysing options, such as trend analysis, comparing alternatives and determining the main 
impacts in a life-cycle. It determines potential regional and global environmental impacts and therefore is not particularly 
useful for determining exact specific effects. LCA results can be scientific and quite complex, or more subjective and 
easier to communicate. Ecological footprint is an example of the latter.


Environmental Impact Assessment 
An assessment of the likely influence a specific project may have on a specific environment over a given period of time.
• The approach used to evaluate the environmental impacts of a range of activities such as mining, dredging, etc 


using site-specific information. Typically not available to specifiers, as such data is not typically tracked through 
the supply chain. Timber certification is a partial exception to this, where a certified level of forest management is 
communicated through the supply chain.


Systems Analysis e.g. Natural Step
Defining system conditions for sustainability against which comparative analysis can be undertaken e.g. ‘Society depletes 
or degrades resources faster than they are regenerated.’
• A powerful framework for expert analysis and evaluation, but difficult to use for comparative analysis between 


products or services. (Referred to in Table 3) 


Table 2.  Approaches for evaluating sustainability


² Source: Wikipedia. For additional information on these approaches Wiki. is a useful information source:  
http://en.wikipedia.org/wiki/Main_Page







Page 4 • Pro 7 • May 2007 B E D P E n v i r o n m E n t D E s i g n  g u i D E


energy use, or total life cycle greenhouse emissions, is 
the ‘boundary’ selected in a study. For example, the 
fuel required to carry a log to the saw mill may be 
included in the assessment, but what of the energy 
required to manufacture the truck itself?  Another key 
consideration is the source of data to be used. 
Process LCA, a widely used approach, focuses on 
inputs and outputs from specific processes identified 
in the system studied.  This allows process-specific 
quantification in detail (such as energy inputs and 
emissions from smelting a tonne of steel).  To use 
our analogy, Process LCA studies would commonly.  
Invariably, process LCA practitioners set a boundary for 
the system they study, outside which (from experience 
and scoping level calculations) there are no significant 
issues or impacts. Using this approach, a process LCA 
may include the fuel for the timber truck, but exclude 
the manufacture of the truck itself, since many previous 
studies including the truck have shown that this is 
invariably too far removed from the logging process to 
be significant. 
Input-Output LCA (I/O LCA) uses financial measures 
through the system of national accounts to allocate 
environmental impacts by sector (e.g. the construction 
sector). I/O LCA has the advantage of including 
a much wider boundary, but the disadvantage of 
potentially including more than is strictly relevant.  
For example I/O LCA would commonly include the 
truck, and potentially a percentage of the drivers’ 
personal greenhouse emissions. This method has at 
least two principal disadvantages. First, it relies on 
proxy economic data for process activities, so that 
dollars spent on economic sectors are converted into 
proportionate impact.  Second, national accounts data 
is highly aggregated so that a particular sector will 


invariably include a wide range of activities, and a wide 
range of impacts.  Hence, the particular process being 
studied may not be representative of the I/O sector in 
which it is included, leading to skewed results.  
Unsurprisingly, the results from input/output studies 
can be dramatically different from process LCA, and 
the decision to use either method varies across cases. 
Combination approaches known as Hybrid LCA have 
been developed seeking to minimise ‘truncation’ effects 
of process LCA while maintaining its strengths in 
accuracy and applicability (for example, by Treloar and 
Lenzen, as referenced in Notes in this Guide).  
The DEH study used process LCA data, and will 
therefore in absolute terms,  underestimate the full 
emissions and resource use within the building 
materials. The following table identifies impacts 
from different building types across a range of LCA 
indicators.


4.2 Greenhouse Gas Emission 
Analysis
The study found that greenhouse gas emissions 
associated with the materials identified account for 2% 
of total Australian greenhouse gas contributions per 
annum., It is possible that if the study had included 
fitouts and some other materials flows a total similar to 
the 3-8% range identified for other countries would be 
found. For comparison, a preliminary and unpublished 
I/O LCA analysis undertaken separately by Treloar 
(2007) which would also include fitouts, suggests 
greenhouse emissions from building materials may 
be up to 54 Mt, or 12.1% of national greenhouse gas 
emissions, excluding capital (e.g. production plant for 
building products) and non-building construction (e.g. 
roads). 


Impact category Unit Total Separate 
houses


Home 
improvement


Multi-unit 
residential


Non-
residential 
buildings


Global warming mt Co2 e.q. 10.89 25% 25% 12% 38%


Photochemical oxidation 
(smog) Kt C2H2 e.q. 21.61 36% 24% 13% 27%


Eutrophication  
(surplus nutrients) Kt PO4 e.q. 9.01 22% 28% 14% 35%


Carcinogens DALY* 687.00 44% 44% 8% 4%
Land use Ha a (000)s 1,024.00 45% 46% 8% 1%


Water use terra Litres H2o 42.94 21% 45% 7% 27%


solid waste Mega tonnes 11.83 48% 24% 10% 19%
Cumulative energy 
demand PJ 0.75 43% 28% 11% 20%


Minerals depletion PJ Surplus 161.46 28% 30% 11% 31%


*Disability Adjusted Life Year - an LCA indicator derived from a methodology developed by the World Health Organization 
that takes into account mortality and morbidity arising from impacts such as smog and carcinogen releases. For additional 
explanation of other indicators please refer to the full report.


Table 3.  Impact assessment results by Life-Cycle Assessment indicator
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The following graph illustrates research findings 
on greenhouse gas emissions per building type and 
building element, for various building sectors:


Domestic Mult-unit
residential
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improvement


Non-residential
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Figure 2.  Contributions to Greenhouse Impacts from each Building Sector by Structural Elements
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Construction
energy 14%


Other 10%
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Figure 3. Global Warming Impacts by 
Material for all Building Sectors for 2005


4.3 Other Impacts
The data showed that impacts across other indicators 
varied widely.  Waste constituted 44% of per capita 
impacts (in Australia construction and demolition waste 
accounts for one-third of all wastes to landfill by volume) 
while water accounted for only 0.01%. This equates 
to 86 Terra litres, equivalent to 100,000 Olympic 
swimming pools. Figure 4 shows the water use impacts 
by material for all building sectors for 2005. Other 
indicator results may be found in the full report.


4.4 Biodiversity Analysis
Impacts leading to biodiversity loss that are not readily 
tracked in the supply chain, are difficult to quantify 
in LCA, and could not be accurately quantified for 
the DEH report. There is, however, evidence that raw 


materials extraction is having profound impacts on our 
natural environment globally, as well as in Australia. 
The 1996 State of the Environment  report found 
11 plant species to be at ‘present and future threat’ 
from the mining sector, and 10 species from forestry 
activities (Commonwealth of Australia, 1996). The 
importance of apparently small or low level activities 
should not be assumed to be insignificant. As Schmidt 
Bleek, developer of the Materials Intensity per Service 
Unit approach notes, “…irreversible disturbances of 
ecological equilibria are caused…(by) interference with 
environmental resources in situ” (Schmidt-Bleek, 1999, 
p2). The problem for practitioners, tool developers, 
and indeed the entire sector, is to identify whether a 
disturbance (be it mining, water extraction or waste 
disposal) is having a trivial or catastrophic effect on 
related environments. At present neither the systems 
nor science are in place to allow the evidence-based 
assessment and communication of up and downstream 
impacts from building materials on our environment.


4.5 Embodied and Operational 
Energy
The study found that greenhouse gas emissions 
embodied in base building fabric materials (i.e. 
excluding fitout) accounted for 10-15% of total 
building greenhouse gas emissions. This means that 
operational energy consumption dominates the impact 
of the built environment. On this basis retrofitting to 
improve the energy efficiency of Australia’s existing 
building stock should be a national priority for 
reducing greenhouse emissions.
As a building’s energy efficiency improves, the ratio of 
its embodied energy to operational energy changes.  
Recent research has concluded that embodied energy 
on highly energy efficient houses can constitute 40-
60% of total life-cycle energy inputs (Thormark, 2002). 
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Figure 4.  Water use Impacts by Material for all Building Sectors for 2005
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Defining the system requires: Understand core functions of the ecosphere 
Australia’s Performance Very poor:


 “we are just starting to appreciate the role of biodiversity in the provision of 
ecosystem services and important products that support the economy… the 
sustainable management of Australia’s resource base will not be possible 
unless (more resources) are directed to support improved understanding 
and management of the nation’s terrestrial and marine ecosystems”. 
(Commonwealth of Australia, 2001, Biodiversity Report, p 4, 7)


Identifying outcomes and 
success criteria:


• Create only products that are nutrients or raw materials for future resources 
i.e. waste = food (MBDC)


• Consume resources no faster than they can be replenished (NS)
• Use available solar income, high energy effectiveness (NS)
• Do not degrade the functioning and capacity of natural systems (NS)
• Do not lead to concentrations of substances in the earth’s crust (NS)


Australia’s Performance Not succeeding:
• World-leading per capita waste levels 
• Rapid growth in use of non-renewable resources thousands or millions of 


times replacement rates 
• Dependant on non-renewable fossil fuels contributing 10.89 million tonnes 


Co2e to the atmosphere
• Broad management practices leading to degradation; a number of species 


are listed as being at risk from raw materials extraction (note; construction 
materials use constitutes a small percentage of overall raw materials 
extraction activities in Australia) (Commonwealth of Australia, 1996)


• Extensive evidence of build up of persistent organic pollutants, some of which 
are from construction materials and practices


Articulate strategies for moving 
forwards:


• Principles for strategic investments in place in society at large, as well as in 
individual organisations 


• Ensuring Industry and sectoral action-plans are under way
• Resolve the political means for forwarding issues


Australia’s Performance Mixed/very limited:
• Policy road maps in development at Federal and state levels
• A number of industry associations and organisations currently undertaking 


sustainability development 
• Uptake by small number leading manufacturers
• Limited data on research to identify or quantify success of measures


Determine actions: Including renewable energy, dematerialisation, recycling, etc as long as these 
comply with all system conditions


Australia’s Performance Not succeeding:
• Recycling levels for some materials relatively high; use of recycled content 


growing, interest in low-toxicity, design for disassembly and dematerialisation 
growing. However level 2 results indicate these insufficient.  


Use relevant assessment tools: Life Cycle Assessments (LCA), Eco-efficiency tools etc
Australia’s Performance Mixed:


• Sustainable Minerals Project, wood products life-cycle inventory (current). 
However limited systematic use or uptake to date


NS = Natural Step
Table adapted from DEH and (Waage 2005 p1147). *Refer DEH for additional detail. 


Table 4. Comparison of current practices to sustainability principles and conditions


5.0 How Sustainable is 
Australia’s Use of  Building 
Materials?
Evaluating what is a ‘sustainable’ product or material 
has been the subject of extensive study (Betz et 
al, 2001; Smith Cooper, 2003; Weidema, 2000). 
Numerous guidelines and techniques have been put 
forward specifically for to assess  building materials’ 
environmental credentials (Anderson, 2002; Berge, 
2000; Curwell et all, 2002; Wooley et al, 1997). 


Despite this, there remains no empirical answer to 
what is ‘sustainable’ per se. This is fundamentally 
because we don’t understand the capacity or resilience 
of natural systems. However there is broad consensus 
as to the characteristics and principles describing 
sustainability, and an understanding that sustainability 
depends on a systems perspective. Using this 
approach, targets, strategies and current performance 
is summarised briefly in Table 4.
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Globally and in Australia today, the traditional 
industrial systems in use in the building products sector 
typically do not conform to sustainability principles. 
They are highly linear, taking raw materials from the 
ecosphere, and returning them as ‘waste’ (in forms 
that natural systems cannot use). In theory there is no 
reason why non-natural materials cannot be used in 
their own industrial closed-loop cycle, as outlined in 
the book Cradle to Cradle (Mcdonough and Braungart, 
2002). However, present patterns of use fail to meet 
such sustainability criteria and indicators. 


5.1 Forward projections for 
Increased Use of Materials
On the basis of CSIRO’s ASFF analysis and using an 
environmentally optimistic analysis of building size 
trends (i.e. a projection that means separate dwelling size 
will reduce over the next 50 years), the study found that 
annual figures are expected to rise in the next 50 years by:
• 40%  Total materials use (by mass).
• 64%   Water use.
• 53%  Land use.
• 45-50%  Minerals, cumulative energy demand, 


carcinogens and solid waste.
• 36-38% Smog and eutrophication.
• 36% Greenhouse impacts (from 10.89Mt 


CO2e (2005) to 15.22MT per annum).


5.2 Environmental impacts of 
fitouts
Fitouts were excluded from the DEH study scope, but a 
number of studies indicate they are a significant source 
of materials use and therefore of environmental impacts 
arising.
Most studies use embodied energy to measure fitout 
vs. structural building element impacts. In non-
residential buildings these include a range of studies 
(Scheuer, 2003, Suzuki and Oka, 1998, Howard and 
Sutcliffe, 1994, Treloar, 1999, Treloar, 2000). Their 
findings indicate that the impact of refurbishment can 
be significant in building types such as commercial 
offices, with inputs equivalent to, or greater than the 
initial embodied energy of the base building (Cole and 
Kernan, 1996, Treloar, 1999). 
One study found that the grade of fitout was crucial. 
The difference in impacts between ‘high-end’ frequently 
upgraded fitouts, and lower grade, less-frequently 
churned fitouts, was three-fold (Howard & Sutcliffe (in 
Cole 1996)). 
On residential buildings there is less information 
available, but a recent study of a New Zealand house 
found finishes (which included repainting, cladding, 
roofing, carpets, flooring, curtains, kitchen upgrades, 
and interior painting) constituted 26-34% of total life-
cycle energy inputs (Mithraratne and Vale, 2004).


�.0 Conclusion
It is clear from the above that building materials will 
be an important component in sustainability efforts 
in coming decades. The environmental performance 
of building material, whether it is implications for 
land management, biodiversity, or climate change, will 
increasingly come under the spotlight.
Greenhouse emissions are already a focus for reform, 
and building materials are a contributor to these, both 
in energy use in manufacture, and in their impact 
on the life and operational efficiency of buildings. 
The value of a combined strategy, optimising the 
environmental performance of materials and buildings 
as a whole, is apparent.  Specifiers and designers will 
increasingly be looking for practical and quantifiable 
ways to make a difference.
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A B S T R A C T


Sustainable development requires methods and tools to measure and compare the environmental


impacts of human activities for various products (goods and services). Providing society with goods and


services contribute to a wide range of environmental impacts. Environmental impacts include emissions


into the environment and the consumption of resources as well as other inventions such as land use etc.


In order to create an environmentally-conscious building, the environmental impacts of entire service


life must be known. The aim of this study is to review various buildings at different places, whose LCA has


been performed and to see that which phase of the life cycle of building and which type of building


consumes more energy and have more greenhouse gas (GHG) emissions.


It has been observed that operational phase alone contributes more than 50% to GHG emissions and is


highest energy consumer (80–85%) which is a matter of concern and cannot be ignored. Now there is a


need for some alternative ways to design buildings for a sustainable future.


� 2010 Elsevier Ltd. All rights reserved.
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1. Introduction


As we know that today world is facing major environmental
problems i.e. global warming, Ozone layer depletion, waste
accumulation etc. Over the last few decades the research indicates
that the global climate is changing rapidly [1] and also un-reveals the
fact that this change will continue with time [2]. So there is an urgent
need to mitigate these undesirable problems arising from our
modern way of lifestyle to save our environment and our world.


Building plays an important role in consumption of energy all
over the world. Building sector has a significant influence over the
total natural resource consumption and on the emissions released.

* Corresponding author.
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A building uses energy throughout its life i.e. from its construction
to its demolition. The demand for energy in buildings in their life
cycle is both direct and indirect. Direct energy is used for
construction, operation, rehabilitation and demolition in a
building; whereas indirect energy is consumed by a building for
the production of material used in its construction and technical
installations [3]. Massive construction activity is taking place
globally to accommodate the migration of world’s population to
urban areas, a proportion that is expected to reach 60% by the year
2030 [4]. Such a boom in construction is considerable factor in
order to save our resources from depletion.


Buildings can be categorised according to their usage i.e.
residential and non-residential buildings. Residential buildings can
further be divided into single-family house and multi-family
house, and non-residential buildings are those which are used for
commercial purposes i.e. school, university, office etc.
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Fig. 1. Stages of life cycle assessment.
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Life cycle assessment (LCA) is a tool used for the quantitative
assessment of a material used, energy flows and environmental
impacts of products. It is used to assess systematically the impact
of each material and process. LCA is a technique for assessing
various aspects associated with development of a product and its
potential impact throughout a product’s life (i.e. cradle to grave)
from raw material acquisition, processing, manufacturing, use and
finally its disposal [5].


The concept of life cycle studies has developed over the years, in
the years 1970s and 1980s, life cycle studies had focused on the
quantification of energy and materials used and wastes released
into the environment throughout the life cycle. LCA methodologi-
cal framework comprises of four stages, i.e., goal and scope
definition; life cycle inventory analysis; life cycle impact assess-
ment; and life cycle interpretation and as shown in Fig. 1.


The goal and scope definition establishes the functional unit,
system boundaries, and quality criteria for inventory data. The life
cycle inventory analysis deals with the collection and synthesis of
information on physical material and energy flows in various
stages of the products lifecycle. In the life cycle impact assessment
these environmental impacts of various flows of material and
energy are assigned to different environmental impact categories,
the characterisation factor is used to calculate the contribution of
each of the constituents for different-different environmental
indicators (GHG emissions, ozone layer depletion etc.). Finally the
life cycle interpretation deals with the interpretation of results
from both the life cycle inventory analysis and life cycle impact
assessment. It includes the identification of significant issues and
the evaluation of results.


2. Energy in buildings


As real estate business is rapidly increasing and the need for
quality internal environment and micro-surroundings has become
key issues for both potential home buyers and estate developers.
The data from a survey held at US states that approximately 4.6
million commercial building containing about 5.5 billion m2 of
floor area in the year 1995 uses annually 650 billion kWh of energy
for space conditioning and ventilation [6]. Also according to
California Energy Commission, California alone used over
8800 GWh of electricity in operating air-conditioning systems
[7]. Over 40% of the total energy used in a building is consumed by
heating, ventilation and air-conditioning (HVAC) systems [8]. A
study in Europe states that building sector is responsible for about
40% of energy use and GHG emissions, out of which 2/3 times of
energy use and GHG emissions are generated from residential
buildings [9]. A residential building mainly uses energy for its

heating in winter and cooling in summer. In Great Britain, half of
the energy consumption and of the CO2 emissions is due to this
building sector only. In Argentina, the energy consumption by
estate sector is 22% which comes in third place among the biggest
energy consumers. The construction sector in India is experiencing
unprecedented growth contributing 10% to India’s GDP (Gross
Domestic Product), and it is growing at a rate of 9.2% per annum as
against the world average of 5.5%. Also there has been rapid
increase in the consumption if electricity at a rate of about 13.2%
during the last decade, in the residential and commercial building
sector [10]. The domestic energy consumption, in terms of per
capita net consumption, increased by 56% [11] which is an
important issue of concern.


80–85% of the total energy use during the life cycle is used during
the phase of occupancy, when building is used for the purpose for
which it is constructed. It means that, the maximum energy
consumption is during the use phase, when building is in use [12].
CO2 is the main component which is released by the processes
involved in building construction and its usage. Argentina was
placed fourth in the ranking for the CO2 emissions emitted by
building sector alone in 1970 and after 20 years the ranking was
upgraded to second position among the biggest contributors for
GWP (Global Warming Potential). If we take a look on resource
consumption during its construction, then the buildings consumes
40% of the stone, sand and gravel, 25% of wood, 40% of energy from
fossil fuels; and 16% of water globally every year in the world [9]. As a
study in Finland they identified that energy used in operations for
heating and electricity, accounts for 80–90% of climate change and
acidification impacts from buildings [13].


Energy is not only consumed but also a lot of waste is produced
which is thrown in environment and produces harmful gases.
These harmful gases contribute in GHG emissions. The influence of
building sector over the environmental damage cannot be ignored.
In general, influencing factors are: shape and orientation of
building over its heating and cooling loads and the management of
the building by its users on the strategies of energy savings and
environmental control. The operation phase has the biggest share
in contribution of these effects and the best time to reduce these
effects is during the design and construction of a building.


3. LCA of buildings


According to Basket et al. [14], LCA is defined as comparative
analysis tool which is used to evaluate environmental hazards and
consumption of resources associated with the product, process or
the activity over the entire life of the product [15,16]. In this paper
various types of energy requirements in buildings used for







A. Sharma et al. / Renewable and Sustainable Energy Reviews 15 (2011) 871–875 873

different purposes (residential, office or other type of buildings)
has been discussed. These results are related to the function of a
product, which allows comparisons between alternatives of the
components used.


This tool is multi-disciplinary in the sense that also impact on
the natural environment and even peoples relations to such
impacts can be modelled [17]. LCA is also represented as tool for
environmental product management. There is an international
standard for LCA (i.e. ISO 14040 1997) that lists following
applications: identification of improvement possibilities, decision
making etc.


LCA may be categorised into following three types: Process LCA,
Input–Output LCA and Hybrid LCA. Many LCAs utilizes either the
process based [18,19] or input–output LCA techniques [20–24]. As
energy issue is important for design and operation of a building
hence some optimum methods are developed by Al-Homoud [25]
which are very much user friendly.


3.1. LCA of residential buildings


Adalberth et al. [12] performed LCA on four multi-family
buildings built in the year 1996 at Sweden. The functional unit was
considered as usable floor area (m2) and the lifetime of building
was assumed to be 50 years. The main aim was to study different
phases of life-cycle of all four buildings and to find out which phase
has the highest environmental impact, and were there any
differences in environmental impact due to the choice of building
construction and framework. The environmental impact was
evaluated with an LCA tool developed at Danish Building Research
Institute [26]. In this study, the environmental impacts referred to
GWP, AP (Acidification Potential), EP (Eutrophication Potential)
and human toxicity. Different phases of a building considered
were: manufacturing, transport, erection, occupation, renovation,
demolition and removal phase. Value of energy consumption was
calculated to be 6400 kWh/m2.50yrs. The occupation phase alone
accounts for about 70–90% of total environmental impact caused
by a building, so it is important to choose such constructions and
installations options which have less environmental impact during
its occupation phase.


Arpke and Hutzler [27] used the LCA and LCC (life-cycle cost
analysis) techniques to study the use of water in multi-occupant
buildings. The selected locations for this study were Boulder,
Colombia; Houghton, Michigan; Ames, Iowa and Newark, New
Jersey located in US. In this analysis Building for Environment and
Economic sustainability (BEES) [28] tool Version 3.0 has been used
and it is applicable for both LCA and LCC. This tool was used to
study a 25 year operational life cycle for plumbing fixtures and
water-consuming appliances for four different multi-occupant
buildings: an apartment, a college dormitory, a motel and an office
building. The efficient fixtures and appliances should be used
rather than conventional fixtures and appliances; and the use of
natural gas rather than electricity for water heating should be done
because $80,000 have been saved if natural gas is used to heat
water as an alternate for electricity.


Norman et al. [29] compared high and low populated buildings
for their energy use and GHG emissions. It illustrates that the
choice of functional unit is highly relevant for full understanding of
urban density effects and choose two functional units; living area
(per m2 basis) and number of lives in a house (per capita basis).
Both the conditions were selected for Toronto (Canada). The EIO-
LCA (Economic Input–Output based LCA) was used to estimate the
environmental impacts of material manufacturing required for
construction of infrastructure. EIO-LCA is a tool developed by
researchers at Carnegie Mellon University [21]. For building
operations nationally averaged public datasets were utilized and
detailed location-specific data for the Greater Toronto area were

used for public and private transportation. Energy use and GHG
emission estimates for per person-kilometre for different trans-
portation models were taken from previously submitted report by
Kennedy [30]. This study shows that embodied energy and GHG
emissions resulting from material production across the supply
chain were approximately 1.5 times higher for low-density case
study than the high-density case study on per capita basis; and the
high-density development scenario becomes 1.25 times more
energy and GHG emissions intensive than low-density if consid-
ered for unit living area basis. Also the EIO-LCA analysis performed
in this study disclosed the fact that the most important
construction materials contributing to embodied energy and
GHGs for both density cases were brick, windows, drywall and
structural concrete used in the buildings. These four materials in
combined account for 60–70% of the total embodied energy and
production related GHG impacts for both low and high-density
case studies.


Guggemos and Horvath [31] compared environmental effects of
steel and concrete framed buildings using LCA. Two five-storey
buildings with floor area of 4400 m2 were considered which were
located in the Midwestern US and were expected to be used for 50
years. In this study two methods, process based LCA and EIO-LCA,
were used to evaluate life-cycle environmental effects of each
building through different phases: material manufacturing,
construction, use, maintenance and demolition phase. The results
showed that concrete structural-frame had more associate energy
use and emissions due to longer installation process.


Blengini [32] performed LCA of building which was demolished
in the year 2004 by controlled blasting. The adopted functional
unit used in the current case-study was 1 m2 net floor area, over a
period of 1 year. This residential building was situated at Turin
(Italy). In this study demolition phase and its recycling potential
were studied. The life cycle impact assessment (LCIA) phase was
initially focused on the characterisation and six energy and
environmental indicators were considered, GER (Gross Energy
Requirement), GWP, ODP (Ozone Depletion Potential), AP, EP and
POCP (Photochemical Ozone Creation Potential). SimaPro 6.0 [33]
and Boustead Model 5 [34] were used as supporting tools in order
to implement the LCA model and carried out the results. The results
demonstrated that building waste recycling is not only economi-
cally feasible and profitable but also sustainable from the energetic
and environmental point of view.


3.2. LCA of commercial buildings


Junnila and Horvath [35] studied the significant environmental
aspects of a new high-end office building with a life span of over 50
years. In this study functional unit is considered as 1 kW h/m2/year
and location of study was at Southern Finland (Northern Europe).
The LCA performed here had three main phases – inventory
analysis for quantifying emissions and wastes, impact assessment
for evaluating the potential environmental impacts from the
inventory of emissions and wastes, and interpretation for defining
the most significant aspects. In this study life cycle of a building
was divided into five main phases; building materials manufactur-
ing, construction process, use of the building, maintenance, and
demolition. The result shows that the most of the impacts are
associated with electricity use and building materials manufactur-
ing. Particularly, electricity used in lighting, HVAC systems, heat
conduction through the structures, manufacturing maintenance of
steel, concrete and paint, and office waste management were
identified as the most significant aspects. GHG emissions were
estimated to be 48,000 ton CO2eq/m2.50yr.


Richman et al. [36] performed LCA for cold storage buildings in
North America. They considered RSI value (R = insulating value) as
a functional unit. As energy loss is proportional to 1/R. The models







Table 1
Environmental impacts associated with different buildings.


S. no. Year Specification of


building


Place Type Life time


(year)


Floor a


rea (m2)


Energy use


(MJ/m2.50yr)


GHG


emissions


(CO2eq/m2.50yr)


Acidification


(SO2eq/m2.50yr)


Eutrophication


(/m2.50yr)


1 1996 [12] Malmo Sweden R 50 700 23,040 1.30 ton 0.0079 ton 0.0042 NO3eq


2 1996 [12] Helsingborg Sweden R 50 1,160 26,640 1.35 ton 0.0081 ton 0.0046 NO3eq


3 1996 [12] Vaxjo Sweden R 50 1,190 33,120 1.51 ton 0.0084 ton 0.0049 NO3eq


4 1996 [12] Stockholm Sweden R 50 1,520 2,590 1.40 ton 0.0096 ton 0.0044 NO3eq


5 2006 [29] Low-density


building


Toronto, Canada R 50 – 53,400 5365 kg – –


6 2006 [29] High-density


building


Toronto, Canada R 50 – 46,830 3885 kg – –


7 2005 [31] Steel framed Midwestern US R 50 4,400 20,900 – – –


8 2005 [31] Concrete framed Midwestern US R 50 4,400 46,950 – – –


9 2004 [32] Via Garrone


building


Turin, Italy R – 6,110 49,930 3340 kg 920 mol 175.1 kg O2eq


10 2003 [35] High-end South. Finland,


Europe


C 50 15,600 – 48,000 ton 130 kg 16,000 kg PO4eq


11 2003 [37] Sam Wyly Hall,


University


of Michigan


Michigan, USA C 75 7,300 – 67,500 ton 161.5 ton 20 PO4eq


12 2008 [46] Office building Thailand C 50 60,000 – 5,600,000 ton 2200 ton –


13 2003 [9] School building Mendoza,


Argentina


C 50 – – 34,000 mPE* – 3000 mPE*


R: residential, C: commercial, mPE*: 10�6 person equivalents.
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were simulated as if they were located in the cities of Tamp, Florida
and Milwaukee, Wisconsin (US). This research basically examined
the estimated average roof insulation requirement in modern cold
storage buildings. Both environmental and economic aspects were
considered. This study shows that there is a need to improve the
level of insulation; depending upon the climatic conditions i.e. RSI-
8.45 to RSI-9.86 insulation should be used in cold climates and RSI-
9.86 to RSI-11.27 insulation should be used in warm climates.


Scheuer et al. [37] performed LCA on a 7300 m2 six-storey
building whose projected life was 75 years at SWH (Sam Wyly
Hall). The building is located on the University of Michigan
Campus, Ann Arbor, Michigan, US. LCA has been done in
accordance with EPA (Environmental Protection Agency), SETAC
(Society for Environmental Toxicity And Chemistry), and ISO
standards for LCA [5,38–40]. Most of the data was taken from the
DEAMTM database [41] and other material production data was
taken from two databases by Swiss Agency for the Environment,
Forests and Landscape [42,43], SimaPro software [44] and from
Franklin Associates Reports [45]. Primary energy consumption,
GWP, ODP, NP (nitrification potential), AP, and solid waste
generation were the impact categories considered in the life cycle
environmental impacts from SWH. Computer modelling was done
in order to determine the primary energy consumption for heating,
cooling, ventilation, lighting and water consumption. The primary
energy intensity over the buildings, life cycle was calculated to be
316 GJ/m2. HVAC and electricity alone accounts for 94.4% of life
cycle primary energy consumption. An inventory analysis of three
different phases: Material placement, Operations and Demolition
phase was done. Results showed that the optimization of
operations phase performance should be primary emphasis for
design, as in all measures, operations phase alone accounted for
more than 83% of total environmental burdens.


Kofoworola and Gheewala [46] operated an LCA for an office
building in Thailand. The building used in this study is a 38 storey
building in the central business district of Bangkok and its service
life was estimated to be 50 years. The functional unit for this study
was considered as 60,000 m2 gross floor area of building. This
study covered whole life cycle including material production,
consumption, construction, occupation, maintenance, demolition
and disposal. Inventory data was simulated in an LCA model and
environmental impacts for each phase were computed. Main three
impact categories considered were; GWP, AP and photo-oxidant

potential. Two LCA methodologies were used in the study, i.e. a
process-based LCA and the EIO-LCA [47–52]. The results shows
that steel and concrete were the most significant materials, both in
terms of quantities used and also for their associate environmental
impacts at the manufacturing stage. Also the life cycle environ-
mental impacts of commercial buildings are dominated by the
operation stage, which accounts 52% of total global warming, 66%
of total acidification and 71% of total photo-oxidant formation
potential respectively.


Arena and Rosa [9] considered a school building and performed
an LCA to compare different building technologies which have
been applied in a rural school building for obtaining thermal
comfort with minimum fossil energy consumption. This school
building is situated in Lavalle, a small town in Northern Mendoza
(Argentina). Life span of building was considered to be 50 years. A
simplified LCA methodology was used and only construction and
operational phases were considered. Environmental impacts
which were considered in this study are; GWP, EP, ARP (Acid
Rain Potential), PSP (Photo-Smog Potential), resource consumption
and TP (Toxicity Potential). For all calculations regarding invento-
ry, impact assessment and normalization phases the SBID (Society
of British Interior Design) database was used [53]. The annual
energy savings and global energy savings (for 50 years) were
calculated and showed that the annual energy savings during use
phase were 5307.5 MJ/year, and global energy savings for 50 years
life span were 265374.5 MJ/year. This study showed that almost all
the environmental aspects investigated were improved when
conservative technologies were implemented.


4. Discussions


The results of various case studies have been shown in Table 1.
This table shows the effect of buildings on various environmental
categories, i.e., GHG emissions, energy use, AP and EP. Commercial
buildings were found to have more impact on environment as
compared to the residential buildings. Also the energy consump-
tion of commercial building is high than that of residential
buildings. The key factors for energy use in buildings are
transportation, building material production, construction, during
the pre-use life cycle phase; electricity use, HVAC, manufacturing
and maintenance, water use, waste generation, natural resource
consumption during use (operational) phase; building demolition,
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recycling, during end-of-life phase. For overall life cycle of a
building, construction phase impacts are relatively smaller (0.4–
11%) [31].


During the operational phase the maximum energy is
consumed as well as the emissions are also maximum (80–85%
of total energy consumption and emissions) [12].


5. Conclusion


Buildings play major role in energy consumption of the total
available energy. The estate sector, whether residential or
commercial, the energy is consumed at high rate and hence
contributes a lot in consumption of fossil fuels and emission of
various hazardous gases which leads to global harms like ODP,
greenhouse effect and acidification etc.


There are many different alternatives for building construction
if they could be implemented during construction phase of a
building. Although all the life cycle phases were found to have
significant environmental aspects but operational phase has the
highest percentage (80–85%) of energy consumption in the life
cycle of a building. Similar results have also been accounted for
different countries. If construction of a building is done with
keeping the effects of operational phase in mind than a
performance based building can be constructed, which will not
only save energy but also our economy.
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IMPLEMENTING ECOLOGICALLY SUSTAINABLE
DEVELOPMENT
Ceridwen Owen


SUMMARY OF


ACTIONS TOWARDS SUSTAINABLE OUTCOMES


Environmental Issues/Principal Impacts
• Barriers perceived to be outside the control of the design professional may impede the implementation of Ecologically


Sustainable Development (ESD) in practice.


• Lack of client demand and greater financial cost are perceived by design professionals as the greatest barriers to the
implementation of ESD, with other major barriers including lack of available information, lack of building materials and
equipment information and resistance from contractors.


• While the barriers to the implementation of ESD in practice are not denied, design professionals are in a position to effect
change and provide leadership in the advancement of a sustainable agenda.


Basic Strategies
In many design situations, boundaries and constraints limit the application of cutting EDGe actions.  In these circumstances, designers
should at least consider the following:


• Positively promoting ESD in terms of cost, comfort, image and marketing potential to clients, contractors and other
stakeholders.


• Taking leadership in addressing the current disposable building mentality, and alerting clients to long-term economic and
environmental benefits of sustainable design.


• Maintaining effective communication between all stakeholders through education, use of familiar terminology, and clear
identification of specific environmental objectives.


• Adopting a collaborative design process in which all stakeholders are involved in a key role throughout the design process to
establish greater communication and understanding.


• Familiarisation with material specification resources such as web-based environmental information sites and environmental
assessment tools.


• Developing a personal database of information on environmental initiatives based on an environmental agenda that identifies
areas of priority.


Cutting EDGe Strategies
• On large-scale projects and where opportunities exist, investigate the potential for integrating cutting edge technologies from


overseas to facilitate their future commercial availability in Australia.


• Document strategies and undertake environmental assessments during the design phase so that this information may be used
in future case study projects.


• Build ESD initiatives into contracts that allow financial incentives for innovation in best practice, and penalties for non-
compliance.


• Justify increased fees for the additional effort involved in the integration of ESD initiatives, through long-term economic
savings of energy efficiency measures.


Synergies and References
• BDP Environment Design Guide: GEN 10; GEN 16; GEN 22; GEN 30; DES 1; DES 5; DES 33; DES 35; DES 36; PRO 1


• Institute for Sustainable Futures 2001, Your Home - Technical Manual, Commonwealth of Australia, Canberra


• RAIA, Ecologically Sustainable Development Survey Report 2000, RAIA, Melbourne


• Various organisations, such as AGO (http://www.greenhouse.gov.au/ago), ABEC (http://www.abec.com.au), SEAV (http://
www.seav.vic.gov.au/building/) and SEDA (http://www.seda.nsw.gov.au) provide information on resources and initiatives
available to the building design professional on the integration of ESD, as well as documented case study examples.


• Several electronic resources including Ecospecifier (http://ecospecifier.rmit.edu.au) and One Stop Timber Shop (http://
www.timbershop.wilderness.org.au/), provide up-to-date information on the specification of environmentally preferable
materials.
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IMPLEMENTING ECOLOGICALLY SUSTAINABLE
DEVELOPMENT
Ceridwen Owen


This note addresses barriers to the implementation of ESD in practice as identified in the 2000 Ecologically Sustainable Development
Survey Report. Some of the major impediments encountered by design professionals are discussed and strategies and actions are suggested to
overcome these barriers.


Key words
barriers, cost, clients, information.


E N V I R O N M E N T  D E S I G N  G U I D E


1.0 INTRODUCTION
Barriers perceived to be outside the control of the design
professional may impede the implementation of
Ecologically Sustainable Development (ESD) in practice.
A recent survey by the RAIA and the BDP Environment
Design Guide, questioned building design professionals on
the perceived barriers to the implementation of
sustainable design initiatives in practice. The ‘2000
Ecologically Sustainable Development Survey Report’
(hereafter referred to as the ESD Survey Report), showed
overwhelmingly, that lack of client demand and greater
financial cost were perceived as the greatest barriers to the
implementation of ESD. Other major barriers included
lack of available information, lack of building materials
and equipment information, and resistance from
contractors. While these barriers may appear insuperable,
the design professional is in a position to effect
improvement in the integration of sustainable design
initiatives in practice. Each perceived barrier will be
discussed in relation to the specific problems encountered
and strategies for action are recommended. The barriers
addressed are not exhaustive, but represent those over
which the design professional can exert some influence.


2.0 �THE CLIENTS DON�T
WANT IT�
Lack of client demand is perceived to be the major barrier
to the implementation of sustainable design, with 70% of
respondents in the ESD Survey Report citing this as an
issue. This lack of demand can be attributed to both a
lack of interest and, more problematically, an active
resistance to ESD on behalf of the client. An ESD
approach is often considered by clients as costly, and
results in buildings that are uncomfortable to inhabit.
Furthermore, ‘green’ buildings can be seen as being ugly
and unfashionable, enhancing perceptions that marketing
green buildings to tenants and future buyers is
problematic. Such perceptions are generally founded on a
lack of understanding of sustainable design and
knowledge of contemporary green buildings and can be
addressed through effective, promotion, marketing,
communication and collaboration with the client.


2.1 Positive actions


Positive promotion


The negative associations of ESD in terms of cost,
comfort, and image can also be presented as
complementary issues. The capital cost of sustainable
design initiatives in projects may not be greater than
standard construction, and where capital costs are
increased, these can be justified in economic terms with
relatively short pay back periods. Apart from cost savings
associated with energy efficiency, there are additional
benefits with regards to comfort levels, increased
productivity, business benefits and general quality of
design. Furthermore, the increased comfort conditions
with lower operating costs presents an attractive product
to prospective purchasers or tenants. For example, since
building their new headquarters in the Netherlands
incorporating sustainable design initiatives, the ING
Bank (formerly NMB) have experienced 92% energy
savings over comparable buildings, 15% drop in
absenteeism, and an increase in worker productivity, all
with an initial pay-back period of approximately 3
months. The associated business benefits have led to their
public image as a dynamic leading edge company and
during this time the bank has grown to become the
second largest bank in the Netherlands (Hawken et al,
1999). The presentation of such successful and well-
documented examples of contemporary buildings to the
client may help to stimulate interest in sustainable design
and offset fears associated with ‘green’ buildings.


Marketing opportunities


In situations such as speculative development, where it
may appear difficult to justify additional capital costs
through pay back periods, the marketing potential of
sustainable design can be promoted. Annual awards, such
as the environmental awards in the BDP organisations’
awards programs, provide the opportunity for recognition
of best practice sustainable design projects. Such projects
can receive further recognition and publicity through best
practice case study projects, such as the Australian
Building Energy Council (ABEC) website and
internationally through the Green Building Challenge
(GBC). Star rating schemes, such as NatHERS and The
Building Greenhouse Rating Scheme, provide publicly
recognisable benchmarks which can be used as marketing
tools by developers. With the possibility that all States
may eventually adopt the ACT’s requirement that all
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houses advertise their star rating when sold, the
marketing implications become even greater. Until such
time as regulation requires this in all States for all
building types, developers can take commercial advantage
of the documentation of environmental and cost benefits
to future buyers, and increasing public awareness of
sustainable development, to promote sustainable projects.


Speaking the same language


Terms such as ‘ESD’, ‘green’, ‘sustainable’, etc are often
poorly defined and misrepresented, particularly in
mainstream press, leading to an erosion of meaning and
what has been called ‘Greenwash’ (McLeod, 2000). As a
result, use of such terminology may cause confusion and
misunderstanding. To overcome this, it is important that
effective communication is maintained between the
design professional and the client, so that a mutual
understanding of terminology and its implications to
building design, can be established. This can be achieved
through:


• education of the client by the design professional on
the aims and principles of ESD (for example, refer
to EDG note DES 5, 1995)


• the presentation of these aims and principles, in
familiar terminology such as ‘good design’
(Penman, 2000)


• clear identification and clarification of specific
environmental terminology where required; and


• discussion of environmental objectives among all
stakeholders to enable mutual understanding of
intentions.


Collaboration with the client


The importance of a collaborative approach to design in
advancing sustainable objectives, is widely recognised.
Collaborative design involves the participation of others
outside the design team as equal in shaping the aims and
outcomes of the design process. The collaborative
approach not only enables opportunities and problems to
be recognised at the early stages of a design project, but
also facilitates communication and support among
participants and the establishment of clear goals and
objectives of the project. Collaborative design is of
greatest importance in the inceptive stage of a project, as
this is when fundamental decisions affecting the
environmental performance of the building are often
made. Such design teams involving a broad range of
participants are becoming increasingly common in the
field of sustainable design, where the complex nature of
the design task requires the input of several specialists
from various areas of expertise. Through the adoption of a
truly collaborative design approach in which all
stakeholders, including the client, are involved in a key
role throughout the design process, greater
comprehension of the issues and their impact on the
building design can be determined. This increased
understanding of ESD issues may lead to a stronger
commitment by the client in maintaining such initiatives
throughout the project.  Oppenheim (1995) describes an
example of a collaborative design process in the
integration of energy efficiency targets in building design.


3.0 �IT�S TOO EXPENSIVE�
The economic domain in which the design of the built
environment operates, may be beyond the absolute
control of the building design professional and,
consequently, cost issues are potentially one of the most
difficult barriers to overcome. Sixty-eight percent of
respondents in the ESD Survey Report believed that
greater financial cost presented an impediment to the
implementation of sustainable design. The perceived
higher initial construction costs of ESD are seen as a
barrier to an industry that generally focuses on short term
gains over long-term investments. This focus is due in
part to the involvement of different stakeholders in the
design process and the subsequent occupation of the
building (Kam, 1999). While it can be argued that many
sustainable design initiatives may not result in higher
upfront capital costs, in most situations, the additional
effort required, and the use of unconventional solutions
and imported technologies can result in greater costs.


3.1 Positive actions


Adding value


There are multiple sustainable design innovations that can
be implemented which are free and which may actually
reduce building costs. In situations where capital costs
may be increased, however, the design professional is in
the position to take leadership in addressing the current
disposable building mentality and alerting the client to
the long-term economic and environmental benefits of
sustainable design.


Energy savings


Energy efficiency initiatives are generally the easiest ones
to justify in economic terms as they are often mutually
supportive and result in tangible and quantifiable cost
savings. Passive solar design strategies, which can be
integrated at no additional cost, can save around one third
of the energy use of the building (Hawken et al, 1999).
Energy efficiency not only results in operational energy
savings, but may also reduce capital costs through reduced
infrastructure and mechanical equipment requirements.


Productivity


Both the potential cost savings, through reduced
operation, and capital costs are marginal, when compared
with the potential economic gain, through improved
worker productivity.  Buildings integrating sustainable
design principles creating comfortable, well-lit
environments can result in gains in worker productivity
in the order of 6-16%, which may translate into cost
savings of more than ten times the direct energy savings
(Hawken et al, 1999).


Capital cost


With respect to adding economic value to building
development, efficiency need not be limited to energy
concerns. In particular, integrated design solutions that
address fundamental requirements of the brief can
optimise space layout, thus reducing capital and
environmental cost through reduction in material use,
building footprint, and operational energy requirements.
Design for waste minimisation also results in cost savings
through the reduced quantity of both raw material
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resources and waste disposal.


Life cycle cost


To determine the full economic value of sustainable
design initiatives, a life cycle approach to costing must be
taken. In this way, additional capital costs can be offset by
long-term financial gains through operational energy
reductions, reduced maintenance requirements, increased
worker productivity and reduced decommissioning costs.
Without the adoption of a life cycle approach to costing,
important economic and environmental gains may be
overlooked and decisions may instead result in future
economic and environmental burdens on the client and
community. Langston (1996) provides an overview of the
process of ‘life costing’ and its potential for
implementation in the building procurement process. It is
only when environmental initiatives are seen as
economically viable that they will become common
practice.


Obtaining rebates


Certain technologies, such as renewable energy systems,
currently have higher capital costs which may not be
recovered over the life of the building. To offset the cost
of such technologies and to facilitate their adoption in
building developments, rebate schemes are being
established by various government departments. The
Australian Greenhouse Office is currently providing
rebates through the Photovoltaic Rebate Program and the
Renewable Remote Power Generation Program. The
former is available to Australian householders and
community groups for both grid connected and stand
alone systems and provides a $5 rebate for each peak watt
up to a limit of $7,500 for new systems. The latter is
available in the Northern Territory and in all States
except Victoria and provides a rebate of up to 50% of the
capital cost of renewable energy installation. Rebates on
solar hot water units are also available in most states and
territories through the state government energy authority
or Environment Protection Agency. The Sustainable
Energy Development Authority (SEDA) in NSW also
has the Renewable Investment Program for renewable
energy systems greater than 25kw in size. All of these
grants are subject to change and up-to-date information
should be obtained from the relevant authority. These
grants are useful in justifying ESD in economic terms
until such time as energy prices that reflect real economic
and environmental costs may render renewable energy
practical.


4.0 �CAN�T FIND THE
INFORMATION�
Despite a strong knowledge base of sustainable design
principles, almost half of the respondents to the ESD
survey reported that a lack of specific information
impeded the implementation of these principles in
practice. This may include a lack of empirical data on
environmental and health impacts, energy and
performance data, benchmarking and best practice case
studies (Kam 1999). Whether this is a lack of existing
information, or a lack of information readily available to
the design professional is not clear from the report.
However, both may present difficulties to the


implementation of ESD. The production of appropriate
information may be hindered both by a lack of
understanding of the potential environmental impacts,
and technical problems of assimilating this data such as
agreed protocols, robustness and certainty (Baggs, 1999).
We have only just begun to understand the full
environmental consequences of our actions, and it may
take some time before this can be quantified and
presented in such a way that it will be useful to the design
professional. Furthermore, universal protocols need to be
established over the presentation of this information to
facilitate meaningful comparisons. There is, however, a
vast quantity of information currently available to the
design professional and several initiatives are underway to
address gaps in the existing knowledge base where these
exist. This can also present difficulties in that the quantity
of information required to make meaningful decisions
may become overwhelming. This section will therefore
address the issues of identification of available resources,
making trade-offs between alternatives and accessing the
appropriate information at the appropriate time.


4.1 Positive actions


Identifying available information


Specifying materials


Information regarding the specification of
environmentally preferable materials is probably the
greatest area of concern to the building design
professional. The existence of relevant and specific
information has greatly increased in recent years and the
problem appears to be the dissemination of this
information to a wider public. There are now several web-
based resources that attempt to provide up-to-date
information on building materials, products and systems
such as the One Stop Timber Shop, Ecospecifer and
Savewater. Another research project is attempting to
provide a unified system for the collection of
environmental information of materials in the form of an
Environmental Performance Data Sheet. Attempting to
evaluate the potential environmental impact of a material
from the manufacturer’s product information can be
difficult and such research studies should provide
independent expert evaluations of these materials. Other
resources, such as life cycle assessment tools, complete
with databases of Australian materials and environmental
impacts, should soon become available and will provide
the design professional with a decision support tool in the
evaluation of the use of appropriate materials and design
strategies.


Using case studies


Case studies are particularly useful in providing examples
of sustainable design strategies, their implementation in
real situations and their effectiveness in use. ABEC have
recently launched a project specifically aimed at the
documentation of best practice case studies of various
building types throughout Australia. Other projects such
as the Sustainable Energy Authority Victoria’s (SEAV)
Energy Smart Building Design Directory, the Green
Building Challenge, Your Home (Institute for Sustainable
Futures, 2001) and EDG also provide information on
contemporary projects integrating sustainable design
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initiatives. There appears, however, to be a lack of
available information on the decisions made during the
design phase that evaluate their effectiveness in practice.
Practitioners should consider documenting strategies and
undertaking environmental assessments during the design
phase so that this information may be used in future case
study projects. The additional time and expense involved
in the documentation of this information may be justified
in the potential marketing advantages of the inclusion of
this information in such case study projects.


Making trade-offs


Due to the complex nature of building design, it is
difficult to present a credible list of materials and
initiatives rated in terms of their general environmental
preferability. Trade-offs need to be made between the use
of qualitative assessment of materials over a broad range of
environmental impacts such as that developed by Baggs
(1999) versus more quantitative assessments over more
restricted environmental impact categories, such as
embodied energy (for example Lawson, 1996). The latter
may be easier to assimilate in practice, but results in a
limited consideration of the environmental impacts. The
Building Material Ecological Sustainability Index
(Partridge et al, 1995) attempts to provide both a broad
range of environmental criteria and a quantified single
figure for ease of comparison. This approach is also
described in the overview of environmental assessment of
building materials by Lawson et al (1995). When
information is simplified and presented in this way,
however, the assumptions and value judgements behind
the environmental assessments are no longer transparent.
Consequently, the design professional, in conjunction
with the other stakeholders, may choose to make
decisions from base data using transparent value
judgements, on a case-by-case basis.


Accessing information


Time constraints require that information be readily
accessible, to the point and relevant to the task at hand.
The vast range of design situations experienced in the
building design industry, and the specific requirements of
each individual, means that a ‘one-stop-shop’ is not
conducive for all situations. What is generally required is
the development of a personal database that is kept
regularly up-to-date and expanded through time. Larger
practices can have an advantage in keeping abreast of
current information, as it is possible to employ staff
specifically to research and catalogue new information
about sustainable design initiatives, in a central office
database. For the smaller practitioner, time constraints in
conducting such research present a great difficulty in the
development of such a database. It may be difficult to
research and collect all information for a particular
project, but practitioners should focus on priority issues
for each project. An environmental agenda can be drawn
up that identifies areas of priority derived from:


• primary areas of environmental concern with the
greatest opportunity for improvement


• initiatives that can be integrated with a lesser degree
of effort; and


• issues that can be applied across several projects to


get value from initial research, in the long term.


In this way, a database of information can be accumulated
over a series of projects over a longer time frame. Links
with other design professionals and practices can also be
established so that the research load and knowledge base
can be shared among a greater number of people.


5.0 �THE BUILDER WON�T DO IT�
The best design intentions with regard to sustainable
design can be wasted without the support and
understanding of the building contractors. Thirty-one
percent of respondents in the ESD Survey Report cited
lack of contractor interest as a barrier to the integration of
sustainable design initiatives in practice.


5.1 Positive actions


Gaining support


Several initiatives can be implemented by the design
professional to assist in obtaining the support of
contractors. These include:


• involve contractors in a collaborative design process
as discussed in section 2 above


• advise contractors of potential economic benefits
with, for example, the minimisation of resource use
and waste production through appropriate site
handling practices


• provide financial recognition for any additional
time and effort required by contractors in
implementing ESD initiatives; and


• build ESD initiatives into contracts that provide
financial incentives for innovation in best practice
and penalties for non-compliance.


6.0 �NEW TECHNOLOGIES ARE
TOO MUCH OF A RISK�
New technologies provide the ability to greatly reduce the
environmental impact of the built environment, however,
they can also present a barrier to the adoption of
sustainable design initiatives, particularly with respect to
resistance from clients and contractors. There are three
main perceived barriers to the adoption of sustainable
technologies – the lack of:


• available technology to suit specific contemporary
applications


• available information regarding the value of these
technologies


• commercial availability of these technologies in
Australia (Hyde, 1999).


The construction industry also tends to favour
conventional building practices leading to a resistance to
change (Kam, 1999). The perceived risks through the use
of these new experimental technologies with limited
available scientific data on their reliability, can appear to
outweigh the potential environmental savings.


6.1 Positive actions


Accessing new technologies
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While little information may be available on new
technologies and their use within Australia, design
professionals should also look overseas for documentation
on the development of new technologies and their
performance in practice. Institutions, such as the Building
Research Establishment (BRE) in the UK and the
Lawrence Berkeley National Lab in the US, may provide
useful starting points for the assimilation of this
information. The lack of commercial availability of these
technologies in Australia may be due to lack of demand.
Several large scale projects that are now underway may
assist in bringing these materials and technologies to
Australian in the near future. Practitioners engaged on
large scale projects can assist in this effort by researching
new technologies that may currently only be available
overseas with a view to their potential for use in projects
in Australia.


Building confidence


Client apprehension concerning the use of new
technologies may be due to a lack of understanding
regarding the principles behind these technologies and
how they are implemented in practice. Engaging expert
consultants will assist in providing detailed explanations of
new technologies and their potential for integration in
the building project. Security and confidence in these
technologies may be developed through involving the
client in design team meetings together with expert
consultants where effective communication can be
established. The design professional can also present the
innovative nature of the project to the client, and
highlight its potential to become a leading edge
development in Australia.


7.0 �BUT THERE�S ALSO��
There are many potential barriers to the integration of
sustainable design initiatives in architectural design
practice and this Note has discussed some of the major
barriers as identified in the ESD Survey Report. Other
perceived barriers identified in the report that did not
receive such widespread recognition included issues to do
with legislation, community support, nature of project,
and time restraints. While not discussed in detail, some of
the central features of these identified barriers are outlined
below.


Legislating for change


Both a lack of legislative requirements and too much
regulation were identified as barriers in the ESD Survey
Report. This reflects the differing opinions on the
benefits of legislation versus a voluntary code of practice.
It can be argued that existing voluntary codes have failed
to produce results, particularly in mainstream practice,
and that what is required to effect change is legislative
control. Conversely, it can be argued that legislation does
not provide a flexible enough framework to encourage the
adoption of sustainable principles in practice. With the
reality that voluntary codes of practice have to date failed
to produce sufficient improvements in greenhouse gas
reductions, legislation to reduce energy use may now be
inevitable. Many Council authorities now require
demonstrable energy ratings for dwellings in order to


obtain planning approval. Furthermore, in the near
future, mandatory energy targets for all building types
will be included within the Building Code of Australia.
Building design professionals should ensure that they are
knowledgable about the integration of energy efficiency
and sustainable design principles in practice. Graham
(2000) provides a good overview of environmental
performance assessment tools available to the building
design professional and their role in the design process.


Gaining community support


In general, community support for projects integrating
sustainable design initiatives has been very strong, and in
many instances such projects may be at an advantage in
gaining support from local residents during the planning
process. Unfortunately, there have been a few instances
where despite client, practitioner, and regulatory support,
environmentally sustainable development projects have
not received support from the local community. For
example, there are cases of clashes over heritage and
neighbourhood character concerns and the installation of
solar hot water units and photovoltaic panels. A current
research project proposes to investigate such instances to
determine how to alleviate concerns and facilitate the
inclusion of renewable energy technologies, particularly in
heritage overlay areas. It is hoped that, through
community education and support from local authorities,
a sustainable ethic can be advanced. However, until then,
the potential for gaining community support for
environmentally sustainable development projects lies
with the practitioner. Many of the objections raised by
the community may be due to a lack of understanding of
the motivation behind the sustainable initiatives, leading
to a fear of the unknown. By including the community in
consultation throughout the design process, particularly
in large scale developments, such fears can be alleviated
and support gained. General promotion from state
energy, waste and water authorities are also beginning to
assist in this awareness campaign and are helping to drive
a culture change.


Project opportunities


Projects such as individual houses, and government and
institutional work in which the client has a vested
interest, have advantages over speculative commercial
development projects with regards to the integration of
sustainable design initiatives. As discussed above, in
speculative developments, the design professional needs to
present the benefits of increased capital costs versus long-
term financial and environmental gains through, for
example, their marketing potential and attractiveness to
future tenants. A second issue, relating to the nature of
the project, concerns the level of complexity. In complex
situations, it can be advantageous to employ an expert
ESD consultant to identify opportunities for
environmental impact minimisation and the cost
effectiveness of such opportunities. Ideally, such
consultants should be employed at the initial stages of the
design project in an integrated design approach to
facilitate optimum integration of sustainable design
initiatives in the project. This also enables effective
communication of the reasons and consequences of such
initiatives between client, architect, consultants and other
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stakeholders.


Negotiating increased fees


The implementation of sustainable design requires an
increased level of effort and consequent time
commitment in the development of appropriate design
strategies and research on environmentally appropriate
design, materials, technologies and methods. The extra
effort entailed is infrequently reflected in fee structures for
practitioners and may even be penalised in situations
where fees are based on a percentage of the capital cost. In
such circumstances, there can be little incentive to reduce
plant size and building footprint, where this will result in
reduced capital cost. Both the additional effort required
and the lack of financial remuneration can lead to
personal inertia by the individual. Additional fees to
compensate for time spent in the research and
development of sustainable design initiatives can be built
into contracts. Such fees can be justified in economic
terms by the energy cost savings through implementing
energy efficiency initiatives (Johnston, 2000). The
financial reward for design professionals need not be


limited to increased design fees, but may also potentially
include a percentage of energy savings over a set time
frame of operation of the building, or penalties for poor
performance (Hawken et al, 1999).


8.0 SUMMARY
While the barriers to the implementation of ESD in
practice are not denied, the design professional is in a
position to effect change and provide leadership in the
advancement of a sustainable agenda. Furthermore, as
support from authorities through pending legislation and
public awareness grows, the demand for the design
professional to address these issues is substantiated.


Several strategies and actions, which the design
professional can employ to overcome potential barriers,
have been discussed and these are summarised in the
following table:


REFERENCES
Baggs, D, 1999, ‘Eco-rating of Building Materials: A


Lack of client demand
Strategies Actions/examples References
Positive promotion Promote the benefits of ESD including:


• capital cost savings


• long-term environmental and cost savings


• increased worker productivity


• increased comfort levels


• attractiveness to future tenants and purchasers


• business benefits of ‘green’ image.
Use well documented case study examples to promote
real examples of successful ‘green’ buildings.


Hawken et al, 1999


Personal portfolios, ABEC best
practice case studies, GBC and EDG
case studies.


Marketing opportunities Alert clients to the marketing potential of developments
to future buyers and tenants through award programs,
best practice case study initiatives and benchmarking
programs.


BDP organisations’ awards programs,
ABEC and GBC best practice case
studies, NatHERS and the Building
Greenhouse Rating Scheme
benchmarking programs.


Speaking the same language Educate the client on aims of ESD
• use familiar terminology such as ‘good design’
• clarify meanings of specific terminology
• develop mutual environmental objectives.


DES 5


Collaboration with the client Involve the client in collaborative design process with all
stakeholders from inception of project.


DES 1, DES 36


Greater financial cost


Strategies Actions/examples Reference
Adding value Implement free and cost reducing initiatives, such as


passive solar design, integrated design to reduce
building footprint, and waste and resource minimisation
initiatives.
Promote benefits of long term economic and
environmental gains over short term costs such as
energy efficiency and worker productivity.
Use life cycle costing to quantify economic benefits.


Hawken et al 1999


GEN 10


Obtaining rebates Identify government rebate programs and keep abreast
of future changes to rebates.


AGO PV and renewables programs,
State Government solar hot water
rebates, SEDA Renewable
Investment Program.
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Lack of information


Strategies Actions/examples References
Identifying available information Become familiar with material specification resources


such as web-based environmental information sites,
environmental performance data sheets (forthcoming)
and Australian Life Cycle Assessment tools
(forthcoming, e.g. LCAid)
Use existing case study information on the integration of
ESD initiatives in practice and document projects for
future inclusion in case study reports.


One Stop Timber Shop, Ecospecifier,
Savewater


EDG, ABEC, SEAV, Green Building
Challenge, Your Home


Making trade-offs Use a variety of qualitative and quantitative materials
assessment tools.
Where possible make transparent value judgements
from base data on a case-by-base basis.


Baggs 1999, GEN 16, GEN 22, DES
33, DES 35, PRO 1


Accessing information Develop a personal database of ESD information
through the research and cataloguing of new
information.
Prioritise information collection through the
establishment of an environmental agenda:


• priority areas of environmental concern


• strategies which can be easily implemented


• strategies which can be used in multiple projects.
Develop links with other design professionals and
practices to share knowledge base.


Lack of contractor interest


Strategies Actions/examples References
Gaining support Involve contractor in collaborative design process where


possible.
Promote potential economic benefits through, for
example, waste minimisation practices.
Provide financial recognition to contractor for any extra
effort entailed.
Build financial incentives for innovation and penalties for
non-compliance into contracts.


DES 36


GEN 30


New technologies
Strategies Actions/examples References
Accessing new technologies Obtain information on emerging technologies from


overseas sources.
BRE, Lawrence Berkeley National Lab


Building confidence Engage expert consultants.
Involve client and consultants in collaborative design
process.
Promote benefits of innovative technologies as leading
edge developments.


DES 36


Other barriers
Strategies Actions/examples References
Legislating for change Prepare for potential future legislative requirements


through familiarisation with environmental assessment
tools.


GEN 16, DES 33


Gaining community support Engage in community consultation process from
inceptive stage of design process.


Project opportunities Promote marketing potential in speculative
developments.
Engage ESD consultants in complex projects and
include consultants in an integrated design approach.


(see marketing opportunities)


Negotiating increased fees Justify increased fees through the future economic
benefits to clients through energy savings and increased
business benefits.


Johnston et al 2000
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IMPLEMENTING ENERGY EFFICIENCY AND 
ESD FROM A DEVELOPMENT PERSPECTIVE
David Hood


SUMMARY OF


ACTIONS TOWARDS SUSTAINABLE OUTCOMES
Environmental Issues/Principal Impacts
• The construction and operation of Australia’s built environment contributes over 40% of our greenhouse gas emissions.


• Current development modes in Australia are not universally conducive to the adoption of energy efficiency or ESD design 
principles.


• The barriers to the uptake of energy efficiency and ESD in new buildings are generally well known, however mechanisms to 
remove those barriers are not yet available or not being adopted in Australia. 


Basic Strategies
In many design situations, boundaries and constraints limit the application of cutting EDGe actions.  In these circumstances, designers 
should at least consider the following:


• Recommend that your organisation joins either the Australian Green Development Forum (AGDF), or the Green Buildings 
Council of Australia (GBCAus), or join one of these organisations yourself, as an individual, and participate in its activities 
and its governance.


• Encourage and facilitate multi-disciplinary teamwork, and integrated design – and appoint one of your team to act as the 
‘energy and ESD’ ombudsperson in each of your project or task activities.


Cutting EDGe Strategies
• Explore the concept, and if possible include Delivered Energy Services (DES) in any new building developments that you are 


working on.


• Discuss innovative financing arrangements with your developer – e.g. energy performance contracting, or third party 
financing of ‘green’ inclusions with cost recovery from whole of life operational savings.


Synergies and References
• Be alert for new finance products that might assist with the introduction of DES and Energy Performance Contracting.


• Hawken and Lovins, Natural Capitalism: Creating the Next Industrial Revolution, 1999.


• BDP Environment Design Guide: GEN 5, GEN 38, GEN 40 & CAS 22.
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IMPLEMENTING ENERGY EFFICIENCY AND 
ESD FROM A DEVELOPMENT PERSPECTIVE
David Hood 


1.0 INTRODUCTION
This note discusses the difficulties currently being 
experienced in implementing Ecologically Sustainable 
Development (ESD) from a development perspective.  
It looks at what motivates developers and examines 
what is needed, either through mandatory measures 
or incentives to change the development culture in 
Australia.


The note draws on experience from a number 
of current and recently completed projects and 
incorporates input from developers.  It also includes 
discussion on the evolving outcomes of current industry 
initiatives aimed specifically at changing development 
processes and culture in Australia.  The note focuses on 
new buildings. 


The way in which new buildings are financed and 
delivered generally differs significantly from retrofit 
projects being undertaken by building owners.  
Building owners can more easily factor long-term 
operational costs of their buildings into their retrofit 
project financing.  Typically, building developers are 
not the long-term owners, operators or tenants of the 
buildings that they deliver.  Their projects are normally 
sold before or soon after completion to unrelated 
parties such as property trusts, superannuation 
funds, and other investors.  It is this discontinuity in 
development and ownership of new buildings that 
creates the single biggest challenge to the uptake of 
ESD for the property industry.


2.0 ADDRESSING ATTITUDES 
AND INDUSTRY 
CONFUSION
“We don’t need that green design stuff, electricity is 
so cheap here”.  How many times have we heard that 
statement?  Or the other old chestnut: “Green design 
adds too much to the project cost, let’s just have a 
straight commercial design”.


These pervasive industry attitudes have prompted 
a number of initiatives in recent years.  There have 
been inquiries by Parliamentary Committees, reviews 
by the Productivity Commission and a plethora of 
well meaning industry association initiatives set up to 
promote and try to advance the ‘green building’ agenda.  
New bodies have been formed with the sole objective 
of ‘greening’ the built environment.  Yet, despite this 
activity, and the not insignificant resources being put 
towards the initiatives, the uptake of energy saving 
technology, ESD design principles, changed delivery 
mechanisms, and other sustainable building solutions, 


has remained marginal.  While there are examples 
where the incorporation of new design methods and 
technologies has demonstrated savings, improved 
building amenity, and increased occupant productivity, 
there remain significant barriers to the uptake of 
ESD principles and technologies, particularly in the 
commercial and developer-driven sectors.


Seriously wanting to change the way industry delivers 
Australia’s stock of buildings, two organisations, the 
Warren Centre (TWC) at Sydney University and 
the Cooperative Research Centre for Construction 
Innovation (CRC CI) felt it was time for something 
to be done.  Both organisations have similar aims and 
objectives related to the built environment, and both 
work very closely with significant building industry 
partners.


During the latter half of 2003, these two organisations 
held a series of independent, but parallel workshops in 
Sydney on the issue of why energy efficiency and ESD 
more generally was not being seriously included in 
Australia’s building projects.  Also driving the agenda of 
both organisations was the apparent confusion within 
industry over the ‘tools’ currently available to rate 
the design and operation of buildings against ‘green’ 
objectives.  Both organisations asked participants to 
look ahead 20 plus years, and imagine what an ideal 
built environment would be.  Participants were then 
tasked with looking for pathways to achieve that ‘ideal’ 
situation.  The one issue that kept coming up related 
to the ‘barriers’, real or imagined that exist throughout 
all phases of all projects in the industry.  The message 
was clear – unless these barriers could be removed, 
significant adoption of ESD measures in new buildings 
was unlikely.


Considerable work has been done both in Australia and 
internationally to identify these barriers. 


3.0 THE BARRIERS
A review of international studies will quickly show 
that the barriers being mentioned in Australia are 
not dissimilar to those being highlighted in other 
economies.  The identified barriers range across 
legislative and standards’ frameworks; institutional and 
organisational structures; politics; financial and taxation 
treatments; and behavioural and cultural attitudes; 
including simple entrenched ‘traditional’ ways of 
doing things, and a general reluctance to change.  Also 
frequently mentioned in international references are a 
lack of awareness, additional financial costs and a stated 
absence of client demand (Analysis of the Responses 
to the UK Government’s Consultation Paper on 
Sustainable Construction, 1999).
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It is interesting to note that survey responses generally 
indicate that industry has the capability to deliver 
ESD, and that technology itself is not a barrier.  The 
barriers are more insidious: they are embedded in the 
cultures that we have nurtured within the industry, 
and include inappropriate, or absence of appropriate 
(mandating) legislation and development regulations, 
a lack of enforcement powers, lack of enabling 
finance mechanisms, lack of general awareness within 
community and inadequate education across all 
vocational levels in the industry.  These issues combine 
to make it all too hard for developers to do other 
than their ‘usual’ developments, and instead they say 
with almost unanimous voice that, “there is no client 
demand”.


Case Study 1 – A Voluntary Organisation’s 
Office Redevelopment and Retrofit Opportunity


Despite considerable effort by some stakeholders, 
and early discussion with the developer and his team, 
the building owner’s governing body insisted on first 
proving a commercial development proposition.  Only 
after a standard design with commitment by tenants 
was shown to be viable, would the body consider 
adding ESD, and then only if that could be shown to 
be at no additional cost.  As expected, the outcome is 
a standard commercial development with many of the 
existing building service inefficiencies carried through 
into the completed project.  A huge opportunity to 
demonstrate best innovative practice, and bleed off 
significant educational and training benefits for 
members was lost.  Reuse of the existing base building 
structure and some lighting controls are the only 
examples of ESD that made their way into the project.


In this example, the critical barriers were a lack 
of serious commitment to sustainability by senior 
executives, ignorance of ESD principles on the part of 
a number of individuals, failure by the proponents to 
fully appreciate the entrenched management culture, 
and the absence for the developer of a credible 
tool with which to demonstrate that inclusion of 
ESD is commercially viable.  The barriers were 
reinforced by a pervading culture that “electricity is 
so cheap here that we don’t need that ESD stuff ”.


While it seems that knowledge of technologies itself 
is not a barrier, what is lacking within the practitioner 
community is an understanding of the processes, the 
relationships, and the very psychology surrounding 
ESD ethics, and the culture of interdisciplinary 
integration within the development industry (see Case 
Study 1).   The UK Environment Agency sums up 
the reluctance to change as due to “the tendency of an 
immature industry to wait for change to be driven by 
need”.


Barriers exist across all segments of the industry and 
at all stages of the project delivery process.   Many can 
be attacked at the practitioner level, and readers are 
referred to GEN 40, Implementing ESD by Ceridwen 
Owen (Owen, 2001) for a discussion on barriers and 
the strategies and actions which the design professional 


can employ to overcome those within their more 
immediate sphere of influence. The design professional 
can effect change, and should not underestimate the 
power of their leadership in the advancement of a 
sustainable agenda.


Generally, overseas research suggests that barriers 
cannot be removed without some government 
intervention – the need for regulation and market 
incentives is mentioned frequently.  The UK 
Construction Industry Council observes that “industry 
is looking to the Government to ensure that an 
appropriate regulatory framework is in place and that 
research is undertaken and implemented to provide 
for on-going competitive progress” (Analysis of the 
Responses to the UK Government’s Consultation Paper 
on Sustainable Construction, 1999).


4.0 THE CHALLENGE
The vast majority of Australia’s built environment is 
still being delivered via processes and thinking that 
is traditional, repetitive, and focused only on initial 
capital costs.  For developers, the market tends to 
impose a focus on the reduction of capital costs at the 
expense of whole of life operational costs, and improved 
occupant productivity.  The general impression is 
that sustainable design options are expensive and 
uneconomic, and that sustainability is still a fringe issue 
in the minds of future owners and tenants.   


This note recognises that the primary driver to any 
development is, and will always be the desire to ‘make 
a profit’.  


If we are serious about reducing the overall 
environmental impact of buildings, particularly 
greenhouse gas attribution, governments and 
industry must agree on new mechanisms that will 
change the way developers view and financially 
account for their projects.


There are sufficient studies to demonstrate that over 
the whole of life of a building, those designed from 
the very beginning with a deliberate intent of energy 
efficiency, resource care, low environmental impact and 
improved amenity, cost less, have substantially greater 
occupant productivity, and thus should have more 
attractive resale values (Analysis of the Responses to the 
UK Government’s Consultation Paper on Sustainable 
Construction, 1999).


Thus, the biggest barrier seems to relate to how we 
finance the development of new buildings. There 
are two aspects to this issue.  The first relates to 
the capital cost of implementing ESD in a project, 
or the difference in capital cost between a ‘straight 
commercial’ building and a ‘green’ building.  The 
second relates to mechanisms for factoring the whole 
of life savings from implementing ESD, particularly 
energy savings, into the initial capital cost and the 
financing of the building development.


This note proposes a four pronged, interdependent 
approach to the changes needed if sustainable buildings 
are to be profitable for all concerned.  Resources, 
commitment and effort must be balanced across all four 
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approaches.  Removing barriers in one area will achieve 
little without overcoming those in the other focus area. 
The four focus areas are:


1.     The need for vast improvements in education and 
awareness.


2.     Mandating certain levels of ESD requirements, 
and compulsory operational performance 
disclosure.


3.     Financial tools, new products, taxation, and 
accounting structures that mainstream whole of 
life financing.


4.     The adoption of new development delivery 
mechanisms.


4.1 Removing the Barriers – 
Education and Awareness
The only way to overcome the claim that the market 
doesn’t want ESD is to publicly demonstrate that ESD 
is not only desirable, ethical and a responsible use of 
resources, but that it is profitable to both developers 
and to future owners and tenants.  The very first step 
in overcoming any of the barriers is thus to establish 
stakeholder confidence that energy efficiency and ESD 
are worthwhile investments. Education is the vehicle 
to achieve this, but can only work if implemented in 
concert with removal of barriers in the other three main 
focus areas.


While governments have embraced the need for 
education to achieve sustainability, only limited 
progress has been made on any level.  The Australian 
Building Energy Council (ABEC) Education Study 
carried out in 2002, found a disturbing absence of 
policy commitment to the inclusion of sustainability 
in university faculties, and TAFE colleges responsible 
for the education of building and construction 
practitioners (ABEC, 2002). A survey of practitioners 
themselves found an equally disturbing lack of 
understanding of ESD, and importantly a sense of 
inability to influence decisions on ESD by some key 
practice areas (e.g. quantity surveyors and structural 
engineers).  Best practice examples were found and 
publicised, but the overall conclusion was that there is 
vast room for improvement.


These findings are all the more disturbing coming as 
they do more than five years after Engineers Australia, 
the Academy of Technological Science and Engineering 
and the Australian Council of Engineering Deans, 
sponsored and published the findings of a major 
review of engineering education – Changing the 
Culture: Engineering Education into the Future. The 
resulting report clearly articulated the “need for a 
culture change in engineering education, ultimately 
to extend throughout the profession” (IEAust, 1996).  
Sustainability and environmental concerns were 
prominent in the review’s recommendations.


This lack of progress can be attributed to a number 
of issues - a lack of vision or awareness at faculty 
management levels, the absence of clear national 
education policies, and the ever present ‘shortage’ of 
resources and funding.  Despite these global inhibitors 


action can and should be taken within local teaching 
units.


Engineers Australia, in its Building and Construction 
Task Force Report (IEAust, 2001) noted some of the 
key elements which needed to be further integrated 
into undergraduate education, continuous professional 
development, and professional practice generally as:


•       Passive and energy efficient design and practice


•      Reinventing and reintegrating the design and 
procurement process around clearly defined 
energy performance and other ESD targets


•      Better integrated design teams: engineers 
(structural, mechanical, electrical), architects, 
energy and environmental consultants


•      Communication and management skills for 
sustainability


•      Inculcation of a culture of energy auditing, 
reporting and continuous improvement


•      Highlighting the need for progressive substitution 
of greenhouse intensive energy sources with less 
greenhouse intensive energy sources


•      Widespread teaching of new sustainable energy 
technologies and new energy arrangements 
in buildings, such as Energy Performance 
Contracting and Delivered Energy Services


•      Proactive integration of energy efficiency into 
existing buildings via retrofitting.


It does not need national education policy to start 
incorporating these elements holistically into existing 
courses.


Case Studies
It is widely recognised that the publication of case 
studies is an excellent way to convey an understanding 
of energy efficiency and ESD from specific projects to 
the general community and to practitioners. ABEC 
has published a series of energy efficiency case studies 
on its website.  These are now available through the 
Australian Green Development Forum (AGDF) 
website (www.agdf.org.au), and are a good source of 
information on designs for specific site conditions.  
However, case studies rarely give detailed financial 
information. More importantly, they do not provide 
any analysis of the finance mechanisms or profitability 
on installed equipment elements, or design features, 
and thus, are of little help to developers keen to 
incorporate ESD at the critical stages of project 
inception.


Case studies that show how new financial products and 
measures can benefit all concerned, and particularly 
show how and when profit can be drawn by the 
inclusion of energy savings solutions and ESD in 
building designs are urgently needed.


Having said this, it is recognised that it is not always 
possible to isolate energy savings where they are derived 
from particular design elements (e.g. cross ventilation, 
increased thermal mass) that are integrated into the 
design of the building.  In these circumstances, case 
studies need to emphasise how the integrated design 
process achieved financial outcomes, and wherever 
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possible compare the integrated solution with 
traditional ‘standard commercial’ designs through 
modeling. 


4.2 Removing the Barriers – 
Mandating ESD Requirements
The Prime Minister, in his post-Kyoto statement 
of November1997, gave notice to the building 
and construction industry that it act to implement 
voluntary reforms or the Government would impose 
a totally mandated energy reduction environment. 
Industry’s response was to establish ABEC. Soon after 
formation, ABEC proposed a dual reform process in 
response to the Government statement.


Essentially the dual reform process comprised:


1.     Elimination of worst practice through the 
imposition of mandatory minimum energy 
performance standards through the Building 
Code of Australia; and


2.     The adoption of a voluntary regime by industry 
whereby every building would eventually be rated 
against an accepted energy performance standard, 
and registered through an industry owned system 
that was credible and highly transparent. 


The first part of the reform is being implemented, 
albeit slowly.  In 2001 Engineers Australia 
recommended that the introduction of mandatory 
minimum energy performance standards into the 
Building Code of Australia be accelerated, and that 
each energy related component of a Code standard 
be immediately introduced upon approval by the 
Australian Building Codes Board (IEAust, 2001). 
To date the Board has released amendment No.12 
for Class 1 buildings (single dwellings) and plans 
to implement the minimum energy performance 
requirements for residential Classes 2 to 4 buildings by 
the end of 2004. Amendments for Class 5 buildings 
(office and commercial premises) are not expected to be 
implemented until the end of 2005. 


The second part of the original dual reform process 
has stalled, and therein lies a serious danger. Without 
implementing the second reform, the overall average 
of building energy performance will actually fall back 
to a point that just exceeds the mandated minimum 
requirements. The reasons for this backwards slippage 
were very well put in the Engineers Australia Building 
and Construction Task Force Report (IEAust, 2001). 


While significant effort is underway by sectors of 
the building and construction industry to promote 
and sell ‘green’ buildings, there is as yet no unified 
coordinated industry approach that will seriously assure 
the community that buildings are actually achieving 
reductions in energy consumption, minimising their 
resource use, minimising their impact on biodiversity, 
or improving amenity and occupant productivity.  


The debate rages in the media that self interest has 
overtaken the agenda, and that sectors of the industry 
are simply painting their current operations, with a few 
easily implemented changes, as ‘green’, but with little 
real progress in achieving any real improvements across 
the total built environment.


Mandating ‘best practice’ is simply not an option 
– it is impossible.  However, what can be mandated 
is a regime that requires auditing, and/or rating of 
operational performance against industry agreed 
standards, and the publishing of results within a system 
similar to that proposed by ABEC in the second part of 
its dual reform proposal.¹


Such a system is being implemented in the UK where 
from 2005 all commercial building owners must report 
their energy use on an annual basis. Occupants, and 
the general public, will be able to see how buildings 
are performing, and, more importantly, what building 
owners and managers are doing to improve energy 
efficiency.  Such public disclosure will raise awareness of 
just how energy efficient different buildings really are.


4.3 Removing the Barriers – 
Whole of Life Financing
The biggest inhibitors to the inclusion of energy 
efficiency and ESD improvements in buildings exist at 
the very inception of a project, in the early decisions 
that are taken by a developer which are strongly 
influenced by the need to make a profit within the 
current procurement and delivery process in Australia.


Let’s not overly criticise developers: they take risks 
and naturally expect appropriate compensation for 
conceptualising a project, investing their time and for 
their exposure to the risks.  Investors want a quick 
return for their investment.  This leads developers 
to focus their design intent on an outcome that will 
meet a particular short term market demand, usually 
based on issues such as location, attractiveness, rental 
prospects and future sales potential.  Rarely do such 
issues as minimising energy consumption, maximising 
efficiency, increasing occupant productivity and 
reducing greenhouse gas output receive more than 
momentary consideration.  These are issues that future 
owners or tenants will have to face and make whatever 
improvements they can.  However, unless there has 
been significant thought given to these issues at the 
inception and design phases of a building project, 
the scope for future owners or occupants to make 
improvements is often very limited.


The design costs for a typical high-rise commercial 
building represent something in the vicinity of 0.02 per 
cent of the total, whole of life costs associated with that 
building.  However, design input may represent 5 to 10 
per cent of the initial development and delivery 


¹          ABEC proposed that building owners participate in a 
voluntary registration scheme whereby the operational 
performance of buildings would be rated against an energy 
and greenhouse standard and the results would be published 
on the ABEC registered building website with various levels 
of public and restricted access.
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costs of a building.  What a developer may consider 
as a significant increase in the developer’s design costs 
is in reality a negligible increase over the whole of 
life cost of the project.  Thus there is often pressure 
from developers to reduce design input particularly as 
innovation leading to energy and other efficiencies is 
seen as adding to a developer’s costs.  Thus we see the 
start of the notion that ‘green’ costs more.


Regardless of whether it costs more or not, a financial 
mechanism is needed that transfers the whole of life 
savings of energy efficient and ESD design, back to the 
development phase, thus reducing the developer’s costs, 
and removing any argument that there is additional 
cost.


One mechanism for reallocating risk is the Energy 
Performance Contract (EPC) (see 4.4 Removing the 
Barriers - New Delivery Mechanisms).  This concept 
usually involves innovative financing by a third party, 
however this service is currently entirely focused on 
energy conservation measures and retrofit to existing 
facilities, and is not yet readily applicable to new 
developments.  The problem of applying the EPC to 
new developments relates to the obvious absence of a 
benchmark against which to measure savings – there 
is no ‘before’ for a before and after comparison.  The 
application of EPC mechanisms to new developments 
requires the use of modeling comparisons with 
associated higher risks.


Nevertheless, the concept of providing finance for 
‘green’ development initiatives that can be repaid 
through later savings, and increased property value 
needs to be further explored.  Work in the ACT has 
shown measurable increases in residential property 
values for energy efficient dwellings (Energy Partners, 
2003).  


4.4 Removing the Barriers – 
New Delivery Mechanisms
The Engineers Australia Building and Construction 
Task Force Report (IEAust, 2001) identified the need 
for a reinvention of building design and procurement 
processes in order to extend responsibilities and 
returns to all stakeholders and to better incorporate 
consideration of both economic and environmental 
impacts and costs across the life cycle of a building. 


The Building & Construction Task Force Report noted 
that sufficient resources of architectural and engineering 
design knowledge and the technological tools to achieve 
innovation already exist.  Existing guidelines, such as 
those of the Property Council of Australia, also provide 
scope and processes to deliver good energy efficient 
buildings within the current bounds of reasonable 
budgets.  But, as the report notes these opportunities 
are often not identified or acted upon.  


The report advocates that new approaches to the 
building design and procurement process, particularly 
a range of new delivery mechanisms, are required.  
The mechanisms discussed in the Building and 
Construction Task Force Report that can facilitate 
improvements and result in more sustainable whole 
of life outcomes include those detailed in Text box 1, 
which is more related to inception and early design 
stages, Text box 2, which refers to the selection of 
design and management consultants, and Text box 3, 
which refers to the delivery stages of a project (these 
figures are extracted from the Task Force Report).


Project Team Partnering
Project Team Partnering requires all parties in the 
process of delivering a building to enter into an 
agreement that gives them all a share in defined 
outcomes of the project.  The primary aim of partnering 
is to avoid an adversarial environment where parties 
seek to blame and gain through contract variations 
and litigation.  Partnering may be short term with 
outcomes related to construction savings (under 
budget, under time, fewer OH&S occurrences, waste 
minimisation, etc), or longer term improvements where 
savings in resource use e.g. energy, are factored in.  
Those responsible for initiating, project managing, 
designing, contracting and construction of a project 
would normally partner to achieve a better outcome.


Long Term Alliancing
Long Term Alliancing avoids the cost of tendering for 
team formation on every new project.  For instance once 
a project team has delivered a successful project under 
a partnering arrangement that team stays together for 
other similar projects, further enhancing their skills 
and ability to be innovative.  Following a review into 
the construction industry in the UK the Government 
there has directed that departments use successful 
team alliances repeatedly for public sector projects.


Text box 1.  Mechanisms for development 
– inception and design stages


Qualification Based Selection (QBS) for designers
Because developers are motivated to minimise their 
development costs (i.e. those costs incurred on a project 
up until hand over and sale to a new owner/property 
manager), designers are frequently selected on the basis 
of lowest fee for a defined design task.  Fee competition 
has significantly lowered the margins on design work 
for the building design professions with a consequent 
reduction in staff training, research and development and 
innovation within their practices.  Fee-based tenders are 
often predicated on using low cost staff to deliver as much 
repetitive design (from previous work) as can be used 
on a new project.  This serves to inhibit consideration 
of new technologies, geographic considerations, 
user preferences or education of project teams.


QBS requires clients to select their designers solely on 
the basis of their qualifications for the project. No fees 
are discussed until the preferred designer is chosen 
and given substantial details of the project. If, after 
negotiation, the preferred designer’s fee for the project is 
beyond the client’s budget the second ranked designer is 
asked to consider the detail of the project and negotiate 
a fee. QBS allows designers the opportunity to develop 
and discuss alternative designs with the client and to ‘sell’ 
the whole of life benefits of energy efficiency and other 
innovations for sustainability to the client. Australian 
Auditors General and the Australian Competition and 
Consumer Commission have agreed that QBS provides 
for probity and meets competition requirements.


(Australian Council of Building Design Professions, 
Qualifications Based Selection).


Text box 2.  Mechanisms for development 
– selection of consultants







PAGE 6 • GEN 60 • NOVEMBER 2004 B D P  E N V I R O N M E N T  D E S I G N  G U I D E B D P  E N V I R O N M E N T  D E S I G N  G U I D E NOVEMBER 2004 • GEN 60 • PAGE 7


Energy Performance Contracting
Energy performance contracting is one 
means of improving energy efficiency in new 
buildings. Performance contract relationships 
provide incentives to the architects and 
engineers to design energy-efficient buildings.
Performance contracting requires an up-front investment 
in additional professional services during design for 
coordination between disciplines, computer modeling 
and energy analysis, compliance checking during 
building commissioning, and operational measurement 
and verification.  The cost of the additional services 
is recovered through future energy savings that 
become the performance rewards for the designers.
Energy performance contracts usually focus on 
lighting, water heating and air conditioning. Once 
the building is operational, it is necessary to 
check that patterns of operation meet the design 
intent and that the targets are achievable.  If the 
patterns are significantly different from those 
assumed during design, the target is adjusted.
Verification of targets and measurement of building 
performance are essential elements in energy 
performance contracting, first to determine if 
the building meets design targets, and then to 
record building performance.  The responsibility 
for measurement must be independent and 
acceptable to both the owner and the designers, 
as penalties and rewards hinge on the findings.
Performance contracts are included as part of the 
general agreement between owner/developers 
and designers.  Having performance targets 
available from the start allows designers to effect 
meaningful changes in fundamental building 
characteristics such as building form and siting.
(Riddell, S, Energy Performance Contracting for 
New Buildings)


Delivered Energy Services (DES)
Many components of a building that are traditionally 
included within a developer’s construction brief 
become the main cost inputs for the eventual owner 
or occupier.  Lighting, heating, cooling, air conditioning, 
floor covering and window treatments are examples 
where a developer will traditionally consider only the 
initial capital cost of installing the components in the 
developer’s project and not give adequate thought 
to the whole of life costs and other impacts.  If these 
equipment components were not included in the 
developer’s project but contracted to a third party by 
the new owner or occupier significant savings can 
be achieved.  The third party provider will contract 
to deliver the required service to the new owner or 
occupier at a competitive price with energy prices 
associated with traditional designs.  However, the 
third party provider will seek to gain the highest 
efficiencies from the plant or equipment that is  
installed in order to minimise energy costs and thus 
maximise return.  The net result can be significant 
reductions in building energy consumption over the 
life of the building.  Furthermore, construction and 
delivery costs would be reduced for the developer.


Inclusion of Delivered Energy Services in a 
project will, of course, require changed design 
considerations and very close teaming with 
the third party DES provider during design.


(Hawken, P, Lovins, H, Lovins, A – Natural 
Capitalism 2000)


Text box 3.  Mechanisms for development – 
new initiatives


The mechanisms described in Text box 3 are new 
concepts for development, and are yet to be adopted 
in Australia. Essentially they require the removal of 
significant components of design and delivery from the 
developer’s project, and therefore ownership.  These 
components are then designed and installed by a third 
party that continues to own the installations, and 
provides a service (e.g. light or climate) to the new 
owners/tenants either under performance contracts, or 
for a monthly service fee.  Adoption of these mechanisms 
has shown significant reductions in operational costs in 
overseas examples, but requires careful design integration, 
and the availability of third party service providers, of 
which there are very few at present in Australia. 


5.0 PROGRESSING THE 
AGENDA
Probably the biggest current failing of the industry 
is its inability for ‘whole of life’ considerations to be 
factored into the ‘front-end economics’ of a project.  If 
mechanisms for overcoming this one issue could be 
found and implemented, the development industry 
would have achieved a significant outcome. 


However identification of barriers is not difficult. 
The really hard task facing the development industry 
is to identify “what it must do differently to eliminate 
the barriers so that energy saving technologies, and 
ESD more generally, become universally adopted by 
developers”


The Warren Centre (TWC) 
Aware of the significant outcomes of barrier removal for 
the wider community, as well as commercial benefits 
for developers and building owners, The Warren Centre 
at Sydney University is exploring the possibility of 
facilitating a major industry led project on overcoming 
these barriers.  Before committing to a project 
TWC needs strong signals from industry that such a 
project is needed and would be funded from a mix of 
government and industry sources.  TWC has identified 
a significant pool of influential industry leaders and 
researchers keen to participate in such a project.


Industry Associations
The ‘green’ buildings agenda in Australia is very active 
and diverse.  Over the past three years two industry 
bodies with similar aims and objectives, but with 
somewhat different market foci have gained support 
from the building and property industry.   


The Green Building Council of Australia (GBCAus): 
Launched in late 2002 with strong funding support 
from the NSW and Victorian Governments, and 
the Federal Department of Defence, the GBCAus 
(www.gbcaus.org,au) has built an influence base with 
the central city high rise office sector.  The recent 
release to the market of the GBCAus Green Star office 
design rating tool now makes green design more 
achievable for high rise commercial building.  The 
Green Star tool allows an environmental evaluation of 
the design of a new office building, or a base building 
office retrofit which can then be promoted to the 
market.  Other tools, e.g. the Australian Buildings 
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Greenhouse Rating (ABGR) for energy/greenhouse 
rating, must be used to rate the actual performance of a 
completed and operational building.  


The Australian Green Development Forum (AGDF): 
Focusing on the wider urban development market 
and with a philosophy of encouraging partnerships to 
achieve green developments without compromising 
the business case is the AGDF (www.agdf.org.au).  
AGDF is not in the business of developing tools for 
the design and performance rating of buildings or 
other developments.  Instead, it aims to educate its 
members to enable them to make informed decisions 
about which tools to use when developing projects 
or comparing different designs, materials or delivery 
mechanisms. The members and activities of the 
Australian Building Energy Council (ABEC) have 
largely been absorbed by AGDF through an agreement 
reached between the two organisations in mid-2003.


Case Study 2 – Commercial Office Redevelopment, 
Brisbane
Features:
• Australian Green Development Forum members in 


business partnership to achieve best practice
• Passive solar design – photovoltaic and solar hot 


water (including heat tracers)
• Natural light – new age skylights with mirrors
• Sunshade structures, thermo siphon wall and 


double-glazing
• Energy efficient lighting and appliances; dimmable 


lighting
• Air cooled air conditioning units (as opposed to 


water-cooled)
• Dimmable lighting; worm farms and recycling bins
• Waterless urinals; AAA rated shower heads; 


rainwater harvesting
• Digitally-controlled heating and cooling equipment
• Plantation pine where possible used in work 


stations and other fittings
• Bio-filters and plantings to improve internal air 


quality
• Break out spaces and other social features for staff
• disabled access
• Waste reduction during construction – 80% of 


demolished materials recycled 


• Educational and instructional facilities for visitors 
to explain process. 


The biggest barriers faced by the developer were 
getting development applications through council 
and changing the attitudes of engineering consultants 
wanting to use minimal effort traditional solutions. 
These were overcome through team discussion, and 
partnership arrangements with shared values and 
outcomes, agreed at the very inception of the project. 


Australian Sustainable Built Environment Council 
(ASBEC): Recognising that there will always be a 
number of industry and practitioner based associations 


involved in promoting a ‘green’ built environment, 
and that no one organisation will be able to satisfy 
the needs of everyone, the CRC CI has mobilised  
industry to set up an overarching peak Council to be 
known as ASBEC.  Along with some thirty or more 
other associations, AGDF and GBCAus support the 
formation of ASBEC, and are expected to be founding 
members of this new peak council.


It is through ASBEC that industry will influence 
research and development for ‘green’ innovation, 
achieve cohesion and guidance on current rating tools 
and provide direction on future finance and delivery 
mechanisms. 


6.0 WHAT CAN YOU DO?
All building design practitioners have an ethical 
obligation to address the issues of energy efficient 
design, and to make every effort to effect change to 
deliver more sustainable buildings.  


In response to your ethical obligation, you should at 
least consider and act on each of the following:


•      Encourage your colleagues and clients to 
consider energy efficient, ESD, and renewable 
energy options in all design, management, 
retrofit and procurement activities and support 
your colleagues and clients to incorporate these 
considerations into their daily commercial 
practices and projects


•      Encourage your organisation to undertake regular 
energy audits of its own building operations and 
to implement viable recommendations


•      Recommend that your organisation joins either 
the Australian Green Development Forum 
(AGDF), or the Green Buildings Council 
of Australia (GBCAus), or join one of these 
organisations yourself, as an individual, and 
participate in its activities and its governance


•      Encourage a processes for continuous 
environmental improvement within your own 
organisations – for example, encourage the 
implementation of Environmental Management 
Plans for your organisation’s operations, and 
encourage your enterprise to enter into initiatives 
such as the building energy rating schemes


•      Review your own professional competencies 
in light of the rapidly changing field of energy, 
environmental and greenhouse best practice and 
how these developments might relate to your own 
activities


•      Encourage and facilitate multi-disciplinary 
teamwork, and integrated design – and appoint 
one of your team to act as the ‘energy and ESD’ 
ombudsperson on each of your projects or task 
activities


•      Speak up and let your professional body know 
if you identify any areas of commercial and 
professional knowledge that you think should 
be more broadly communicated to the building 
design professions.  


Get involved!







PAGE 8 • GEN 60 • NOVEMBER 2004 B D P  E N V I R O N M E N T  D E S I G N  G U I D E


 REFERENCES
ABEC, 2002, Study of Education and Training in Energy 
Efficiency and Greenhouse Gas abatement for the Building 
and Construction Industries, Canberra.


Analysis of the Responses to the UK Government’s 
Consultation Paper on Sustainable Construction, 
1999, www.sustainable-development.gov.uk/consult/
construction/response/17.htm, accessed 22/04/04.


Energy Partners, 2003, Press Release, Canberra.


Institution of Engineers, Australia, 1996, Changing 
the Culture: Engineering Education into the Future,  
Canberra.


Institute of Engineers, Australia, 2001, Engineers 
Australia Building and Construction Task Force Report: 
The Challenge of a New Energy Culture – Report of the 
Sustainable Energy Building and Construction Task 
Force, Canberra.


Owen, Ceridwen, 2001, Implementing ESD, GEN 40, 
BDP Environment Design Guide, RAIA, August.


 ACKNOWLEDGEMENTS
In preparing this Note the author consulted extensively 
with Allan Johnson.  Allan is a property developer 
and real estate agent, with considerable experience in 
commercial property development in Canberra.  The 
input from Allan’s experience in attempting to include 
energy efficiency and ESD in a number of his projects 
is gratefully acknowledged.


 BIOGRAPHY
David Hood is a Chartered Professional Engineer 
with over thirty years experience in senior engineering 
and management positions in both the public and 
private sectors.  He is currently a director of CBD 
Energy Limited, and chairman of his own consulting 
engineering practice specialising in the areas of 
sustainability, ‘green buildings’, energy efficiency policy, 
and global engineering infrastructure.  He is actively 
involved with industry and professional associations 
promoting the improved energy performance of 
buildings and sits on a number of industry and 
university advisory boards.


The views expressed in this Note are the views of  the 
author(s) only and not necessarily those of the Australian 
Council of Building Design Professions Ltd (BDP), The 
Royal Australian Institute of Architects (RAIA) or any other 
person or entity.


This Note is published by the RAIA for BDP and provides 
information regarding the subject matter covered only, 
without the assumption of a duty of care by BDP, the RAIA 
or any other person or entity.


This Note is not intended to be, nor should be, relied upon 
as a substitute for specific professional advice.


Copyright in this Note is owned by The Royal Australian 
Institute of Architects.









s227317
File Attachment
12-Implementing energy efficiency and esd from a development perspective.pdf




B D P E N V I R O N M E N T D E S I G N  G U I D E NOVEMBER 2003 • PRO 31 • SUMMARY © Copyright BDP


E N V I R O N M E N T  D E S I G N  G U I D E


CONCRETE AND SUSTAINABILITY – 
SUPPORTING ENVIRONMENTALLY 
RESPONSIBLE DECISION MAKING
Dominique Hes and Margaret Bates
Concrete is the most widely used building material in the world with many architectural and engineering benefits, but also with a high 
capacity to improve its environmental performance.


The environmental measures that can be taken also improve the performance and durability of concrete, so it can be a win-win situation. 
One way of increasing durability and performance of concrete is by substituting a portion of the Portland cement with industrial by-
products such as slag, fly ash or silica fume. The use of recycled aggregate is another way of reducing the environmental impact of concrete.


SUMMARY OF


ACTIONS TOWARDS SUSTAINABLE OUTCOMES
Environmental Issues/Principal Impacts
• Impacts are mainly in: 


− Raw material extraction


− Embodied energy


− Manufacturing impacts


− Waste.


• Benefits:


− Thermal mass


− Indoor Air Quality


− Longevity.


Basic Strategies
In many design situations, boundaries and constraints limit the application of cutting EDGe actions.  In these circumstances, designers 
should at least consider the following:


• Specify high extender concrete – extenders are fly ash, slag and silica fume 


• Specify recycled aggregate


• Ensure good practices in laying and curing the concrete


• Use recycled materials as waffle pods (plastic, cardboard and tyres)


• Make good use of the thermal mass by correct insulation and orientation.


Cutting EDGe Strategies
• Specify high extender concrete – depending on the application, levels of 80 per cent can be achieved. 


• Use 100 per cent recycled aggregate.


Synergies and References
Relevant Australian Standards:


• AS 3582 Supplementary cementitious materials for use with Portland cement: 
AS 3582.1 – Fly Ash; AS 3582.2 Ground granulated iron blast furnace slag; and AS 3582.3 – Amorphous silica


• AS 3972 – Portland and blended cements


• AS 2758 Aggregates and rock for engineering purposes; and AS 2758.1 – Concrete aggregates


• C&CAA T41 – 2002 Guide to Concrete Construction, Cement & Concrete Association of Australia


• CIA CPN25 – 1990 Fly ash and its use in concrete - Condensed silica fume and its use in concrete


• BDP Environment Design Guide: DES 4, DES 5, GEN 3, GEN 12, GEN 16, GEN 21, GEN 22, GEN 29, PRO 1, PRO 2, 
PRO 9,  PRO 16.
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CONCRETE AND SUSTAINABILITY – 
SUPPORTING ENVIRONMENTALLY 
RESPONSIBLE DECISION MAKING
Dominique Hes and Margaret Bates
Concrete is the most widely used building material in the world with many architectural and engineering benefits, but also with a high 
capacity to improve its environmental performance.
The environmental measures that can be taken also improve the performance and durability of concrete, so it can be a win-win situation. 
One way of increasing durability and performance of concrete is by substituting a portion of the Portland cement with industrial by-
products such as slag, fly ash or silica fume. The use of recycled aggregate is another way of reducing its environmental impact.
This paper discusses concrete and its constituents and their main environmental impacts, and summarises the options for minimising these 
impacts.


1.0 INTRODUCTION
This paper will outline the ways in which concrete can 
be used in a more sustainable manner. It looks at the 
uses of concrete, concrete products, the environmental 
impact of concrete and the various ways of minimising 
these impacts and maximising its performance. The 
paper aims to provide information that will aid in the 
decision making process.


Concrete is the most widely used building 
material in the world with many architectural and 
engineering benefits. Concrete does have a significant 
environmental impact, but there is also a high capacity 
for concrete to be specified in such a way that this is 
minimised, while adding to the good performance of 
structures it is used in, as outlined below.


The main benefits of concrete are: 


•       it is versatile and has many applications 


•      it is strong


•      it provides thermal mass 


•      it provides durable construction 


•      it is fire resistant. 


Environmental measures can also improve the 
performance and durability of concrete, to make it a 
win-win situation. One way of increasing durability 
and performance of concrete is by substituting a 
portion of the Portland cement with industrial by-
products such as slag, fly ash or silica fume. Using 
recycled aggregate is another way of reducing the 
environmental impact of concrete.


2.0 CONCRETE
Firstly, it is important to define the difference between 
concrete and cement. Concrete is made from a 
combination of materials including cement, coarse 
aggregate, sand (fine) and water. ‘Cement’ is a generic 
term used to describe a wide variety of organic and 
inorganic binding agents.  The most widely used 
binding agents are those known as hydraulic cements. 
Hydraulic cements are finely ground inorganic 
materials which possess a strong hydraulic binding 
action that is activated when mixed with water and 
hardens to give a strong durable product.  The most 


widely used hydraulic cements are Portland cements 
and their derivatives, blends of Portland cement with 
other materials such as fly ash, slag and silica fume 
known as supplementary cementitious materials. 
(The name ‘Portland’ cement derives from the patent 
owner who thought the particular mixture of minerals 
resembled rock quarried on the Portland peninsula in 
the south of England.)


There is a long history of use of concrete and 
cementitious products from ancient Rome through to 
today. (For a look at Australia’s history see Lewis, 1998.)  
The use of concrete has increased greatly over the last 
couple of decades. In industrialised countries the use of 
concrete is 1.7 cubic metres per year per person (Berge, 
2000). The following figure illustrates the increase in 
use of concrete in Australia (figures provided by the 
Australian Pre-Mixed Concrete Association).
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Figure 1.  Increase in pre-mixed concrete use 


With such a large usage of concrete it is even more 
important to increase the uptake of resource efficient 
methods of concrete production and end-of-life 
treatment. The most obvious ways of reducing the 
amount of resources used is through recycling of 
materials. The possibility of using recycled materials 
and industrial by-products in concrete has been known 
for decades. There have been some industry barriers to 
the uptake of new technologies including sustainable 
concrete solutions. These barriers include habit, 
lack of training, cost awareness and lack of technical 
information on applications of new technology 
leading to concerns about legal responsibilities, such as 
insurance. 
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Figure 2.  Comparing summer temperatures for buildings of different thermal mass (used with 
permission from SEAV, 2002)


One of the special benefits of concrete is that it can 
maintain a particular range of indoor temperature 
that is most comfortable for the occupants (see Figure 
2). This is achieved through its thermal mass and the 
effective use of passive design. For more information 
on passive design see GEN 12 and the Cement and 
Concrete Association of Australia (C&CAA) Briefing on 
Passive Solar Design (2003). 


Another benefit of concrete is its positive impact on 
indoor air quality. Concrete, when exposed internally as 
structural and non-structural elements e.g. walls, floors 
and ceilings, is inert and does not give off harmful 
chemicals when in place.  The chemical composition of 
concrete is void of known carcinogens, such as volatile 
organic compounds (VOCs) and formaldehydes, and 
thus does not contribute to symptoms of ‘sick building 
syndrome’ which costs UK business around 600 million 
pounds every year in lost productivity (Glass, 2001).


The reality is that concrete is a fundamental part of 
the building industry. Many homes are now built on 
slabs rather than on timber floors and in commercial 
buildings concrete is used as a major structural element. 
As the following illustrations show, the applications of 
concrete in both residential and commercial situations 
can be both standard practice and innovative. 


2.1 Concrete use as building 
elements
Today concrete is the primary building material for 
footings, and is often used in construction of walls 
and retaining walls, beams and columns, roof and 
floors. Concrete has very good compressive strength 
properties. However, concrete as a material has 
inherently poor tensile strength which is normally 
supplemented by the addition of a steel reinforcement 
in structural applications. 


Figure 3.  EcoHome Cairnlea concrete slab (photo used with permission from the Centre for Design)
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Figure 4.  Commercial applications – 60L use of high extender concrete – see case study for further 
details (photo used with the permission of 60L Green Building)


One way that concrete is used is in footings (sometimes 
referred to as foundations) and floors. This is usually 
in the form of a slab of concrete or slab over footings. 
Floors and footings for residential buildings are designed 
in accordance with AS 2870, and for other structures in 
accordance with AS 3600. The second way is in walling 
systems where concrete forms the major constituent in 
tilt-up, in-situ or precast walling systems; concrete brick 
and blocks; and, in fibre cement sheets. Cement on 
its own is used as mortar and grout in masonry walls. 
Thirdly in roofing, concrete is found in tiles. In this 
element fibres are added to give it its required strength. 
The tiles are of a relatively low weight and are required 
to have low moisture absorption so the chemical 
ingredients of the tiles are carefully balanced. There 
are issues of damage from heavy hail storms associated 
with concrete tiles as with the other ceramic-type 
tiles. Fourthly, concrete is used to stabilise easements 
and as gravity retaining walls. Concrete is also used in 
many other small to medium scale applications such as 
driveways, paths, garden ornaments, guttering and light 
posts. There are many uses and more are always being 
discovered and explored.


3.0 ENVIRONMENTAL IMPACTS OF 
BUILDINGS
To achieve buildings and infrastructure that are more 
sustainable, we need to reduce overall environmental 
impacts by reducing emissions and reducing waste. 
Environmental impacts should be considered in terms 
of their relative contribution to detrimental effects on 
global warming, ozone depletion, resource depletion, 
etc. Although building materials and construction 
do make an impact it is important to put this into 


the context of whole of life perspective.  The impacts 
from buildings are mainly from their use (operational): 
heating, cooling, lighting, hot water system etc (see 
Figure 5 below). Over the life of a building only about 
10 per cent of the total energy is notionally embodied 
within building materials, the rest is from operational 
energy (lights, heating, cooling etc). As buildings 
become more energy efficient, the relative percentage 
of embodied energy will increase.  Embodied energy 
generally includes extraction, manufacture, transport 
and construction of building materials.


3.1 Environmental impacts of 
concrete
Below is a short description of the environmental 
impacts of concrete. These are summarised in such a 
way as to easily link to the next section of this paper, 
which discusses ways in which to minimise these 
impacts. The main environmental impacts of concrete 
are through the energy use required to produce the 
cement constituent parts; resource use; chemical and 
water issues.


Life cycle issues
As discussed above, when looking at the impacts 
of concrete and its constituents it is important to 
take a whole of life perspective as concrete will last 
many years. From a life cycle perspective the cement 
constituent of the concrete has the highest impact.


In the production of cement the main life cycle 
impacts are site disturbance, transportation, production 
(especially in energy terms) and then the transport to 
site. Once the concrete is dry there are few impacts, if 
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any. The only documented issue is leaching over time 
which can occur if the cement is used in concrete which 
is in a reactive environment.


Below are discussed some of the main impacts of 
the cement. Briefly back to the life cycle perspective 
however, it is important to see these impacts in the 
50-100 year plus lifetime of the concrete element. From 
this perspective the longer the concrete application lasts 
the lower its relative contribution to the overall impact 
of the construction – operational and maintenance 
energies being much higher as shown in Figure 5 below 
(used with permission of the Cement and Concrete 
Association of Australia).
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Figure 5.  Construction and operational 
energy over different life spans (adapted from 
C&CAA, 2003a)


Embodied energy and embodied CO2


Concrete, cement and steel reinforced cement are often 
referred to as high in embodied energy. Embodied 
energy includes the energy used to extract the raw 
materials and produce the end material. Concrete has 
a high embodied energy due to high levels of energy 
consumption in both raw material extraction and 
processing. Energy use and calcination of limestone 
result in high levels of CO2 emissions. The industry 
usually has high transport emissions due to the weight 
of the cement. There is also the machinery involved in 
mining, processing, mixing and pouring.


Energy use
The production of concrete is extremely energy 
intensive.  In fact the cement, concrete and lime 
industry make up 2.6 per cent of Australia’s  greenhouse 
gas emissions, over 1,600 Gg of CO2 or 1.6 million 
tonnes (Australian Greenhouse Office, 2000). 


The most commonly used cement, Portland cement 
is manufactured from a carefully proportioned 
mixture of lime, silica and alumina at temperatures of 
1400–1500°C to produce Portland cement clinker. 
In Australia this dry process is mostly used and is also 
known as the rotary kiln process. The cement clinker 
is then ground to produce the cement powder. There is 
also a wet process which is not as efficient and is known 
as the shaft kiln process. Apart from the energy related 
CO2 


emissions, there are also CO2 
emissions released 


through the calcination process when the calcium 
carbonate in limestone is changed into calcium oxide.


Since 1990 there has been a 20 per cent increase 
in energy efficiency; 13 per cent reduction in total 
emissions per tonne of product  (cement) sold; 4 
per cent reduction in process emission per tonne 
of product sold; 24 per cent reduction in emissions 
from fuel use per tonne of product sold; 15 per 
cent reduction in indirect emissions from power 
use per tonne of product sold (Cement Industry 
Federation, 2003).


Energy related greenhouse gas emission from the kiln 
can vary “depending on the type of kiln and the fuel 
used. For a ‘wet’ process… it is near 1.1 tonnes of CO2 
per tonne of cement and for a more energy efficient ‘dry’ 
process it is of the order of 0.9 tonnes of carbon dioxide per 
tonne of cement, but a tonne per tonne is a good average.” 
(Samarin, 1999) 


Another issue is the fuel used to stoke the kilns. The 
kilns are usually fired by coal in Australia but some 
kilns are supplemented with gas or oil. Some use waste 
material (e.g. tyres) in the kilns but there is concern 
about the potential toxicity of the emissions from such 
fuel. These concerns are addressed by ensuring that the 
plants meet regulatory emission requirements set out 
under the National Pollution Inventory.


In 2002 the Australian cement industry replaced 
almost six per cent of its thermal energy 
consumption with alternative fuels. There is 
potential for the use of alternative fuels to increase 
substantially, with one plant in Australia – the Blue 
Circle Southern Cement plant at Waurn Ponds, 
already meeting some 50 per cent of its thermal 
energy requirements from alternative fuels (Cement 
Industry Federation, 2003).


Some facilities have reduced their emissions through 
energy efficiency improvements and through increased 
use of waste lime (instead of using more energy 
to convert limestone to lime). Heat loss from the 
plants can be harnessed through steam production 
or electricity. The manufacture of steel and further 
processing into round or profiled bars and welded mesh 
which is often cast into concrete, adds significantly to 
the total embodied energy for conventional reinforced 
concrete.


Resource use
Concrete production uses a lot of raw materials. Some 
of the raw materials are plentiful in different parts of 
the world but they are non-renewable. The mixture of 
concrete ingredients can generally be adapted to suit 
the availability of local materials. However, mining of 
raw materials can produce soil erosion, pollutant runoff 
and habitat loss. 


There is also a significant environmental impact from 
covering the land with impervious surfaces. It creates 
a hotter environment with polluting runoff. Land 
underneath concrete and other impervious surfaces 
becomes inert. 
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Chemical impacts 
Once cured, concrete is relatively inert. Some literature 
has highlighted that during the curing process chemical 
admixtures, curing compounds, and sealers may emit 
Volatile Organic Compounds (VOCs). However, as 
most curing compounds used in Australia are water-
based this is no longer a significant issue. If the concrete 
is not adequately hydrated, for example because of 
insufficient curing afterwards, it can react with other 
materials such as fillers with organic material and 
plastic coatings. Some research states that if setting 
is not effective there can be chemical reactions with 
neighbouring materials like PVC flooring and that 
during the drying period of a building organic material 
touching the concrete can be damaged (Berge, 2000).


Water issues
Water is an integral part of concrete. It produces the 
hydration reactions in cement which turn the cement 
paste into a hardened binder. It provides workability/
fluidity to the material, which is one of the main 
advantages of concrete, as it can then be moulded into 
any shape. However, there are environmental impacts 
from the water use because alkaline waste water is 
produced during production and placement. It is 
therefore important that concrete production and the 
building site is managed to prevent run off: it is for this 
reason that most concrete manufacturing plants have 
extensive water reuse and recycling processes to ensure 
no contamination.


Increasing proportions of cement produced in 
Australian are from newer dry process technology, 
which significantly reduces the water consumption 
per tonne of clinker. Since 1990, the number of 
wet process kilns in operation in the Australian 
industry has reduced from twenty to seven, with 
corresponding clinker production volumes reducing 
from almost three million tonnes to less than one 
million tonnes. Wet process plants now account 
for less than 15 per cent of Australian cement 
production. In these plants, water is used for the 
slurry preparation of raw materials. Water is also 
consumed in the cooling of equipment and exhaust 
gases. All of the water in the slurry is evaporated 
during the cement production process but other 
plant water is normally re-cycled in closed loop 
systems. There is minimal discharge of water to the 
surrounding environment from these wet process 
cement plants. (Cement Industry Federation, 2003)


4.0 MINIMISING THE 
ENVIRONMENTAL IMPACTS 
AND OPTIMISING THE 
BENEFITS OF CONCRETE
The Portland cement and to some extent the 
reinforcement have the most serious environmental 
consequences, so it is important to try to choose the 
most appropriate alternatives whilst also reducing the 
proportion of the ‘raw’ or virgin ingredients in the 
concrete. 


In this section, the main ways of optimising the benefits 
of concrete are outlined and alternatives to concrete in 
the different building elements are also highlighted. On 
a positive note, concrete recovery has grown by 200 per 
cent since 1993 with 899,000 tonnes being recovered 
and reprocessed in the state of Victoria (annual survey 
of Victorian recycling industries 1999/2000 published 
by EcoRecycle Victoria, 2001). The majority of the 
recovered concrete is generated from the demolition 
sector.


But firstly, it is important to note the basic ratio of 
materials that make up concrete to put into context 
later discussion of percentages of added extenders and 
aggregate. 


Cement  10-15%
Water  5-10%
Aggregate  60-80%
Reinforcement  1-6%


Table 1.  Typical volume of concrete 
composition


4.1 Optimising benefits of 
concrete
The durability and strength of concrete depends 
on the quality of work and raw materials, as well 
as the proportions of the mix and the environment 
the building is sited in. If the concrete is exposed to 
pollution such as carbon dioxide and sulphur dioxide, 
the concrete can break down more quickly over time. 
Both the durability and strength can be enhanced with 
the addition of fly ash and slag cement. Please note that 
the term ‘extender’ as used in this paper refers to the 
addition of an industrial by-product to the cement.


In 2002 the percentage of cementitious material 
sold was: 


• Fly ash comprised about 15 per cent (1.2 million 
tonnes of bulk fly ash). 


• Granulated blast furnace slag accounted 
for nearly four per cent (300,000 tonnes of 
granulated blast furnace slag) 


(Cement Industry Federation, 2003).


Fly ash
Fly ash is the fine powder extracted from the flue 
emissions of the burning of black coal. It is not cement 
but a pozzolan and normally ends up in landfill. Used 
in cement it reacts with the excess calcium hydroxide 
produced in the Portland cement hydration process, and 
ultimately produces additional cementitious material 
(binder). This produces concrete with a higher ultimate 
strength and durability when used in proper amounts. It 
has been proven that fly ash improves the durability of 
concrete. CSIRO has conducted research into the optimal 
fly ash content and durability for cost. The optimal fly ash 
content for minimum cost appears to be in the region of 
50-75 kg/m³. Beyond 75 kg/m³ the cost of the concrete 
increases. However, the higher the amount of fly ash in 
the concrete, the greater its durability, depending on the 
quality of the fly ash (Khatri and Sirivivatnanon, 2001). 
Silica fume ash can also be used. 
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Research has shown that volumes of over 25 per cent 
of fly ash of cementitious material can make it more 
difficult to achieve the mix of plastic and hardened 
properties sought. But this does not hold true for 
adding extra amounts of slag so that the total amount 
of extended concrete can get as high as 50 per cent such 
as successfully used in 60L (see Case Study section at 
end of this paper).


Application Optimum % of fly ash 
Grade 20 28% (cost*) 
Grade 50 10% (cost) 
chloride and sulphate 
environment 40%


benign environment 75 to 100 kg/m3


for aggressive 
environment 150 kg/m3


* optimum cost weight ration, balancing environmental 
gain and cost of material.


Table 2.  Optimum fly ash content adapted 
from (Khatri and Sirivivatnanon 2001)
An example of reduction in emission levels is, according 
to Samarin (1999): one cubic metre of good structural 
concrete, made with 320 kg/m³ of Portland cement 
only, will produce about 0.41 tonnes of CO2 emitted 
into the atmosphere. If 30 per cent of Portland cement 
is replaced with fly ash, this figure is reduced to about 
0.29 tonnes of CO2 (neglecting of course the CO2, 
produced during the combustion process which 
generated the fly ash).


Blast furnace slag
Blast furnace slag is the by-product of iron manufacture 
and can be used in cement and concrete to reduce the 
amount of virgin material used. Blast furnace slag can 
be used as aggregate. Slag cements are made from  


Concrete application Slag cement 
Concrete paving 25-50% 


Exterior flatwork 25-50% 


Interior flatwork 25-50% 


Basement floors 25-50% 


Footings 30-65% 


Walls and columns 25-50% 


Tilt-up panels 25-50% 


Pre-stressed concrete 20-50% 


Pre-cast concrete 20-50% 


Concrete blocks 20-50% 


Concrete pavers 20-50% 


High strength 25-50% 


ASR mitigation 25-70% 


Sulphate resistance 
Type II equivalence 25-50% 


Type V equivalence 50-65% 


Lower permeability 25-65% 


Mass concrete 50-80% 


Table 3.  Optimum use of slag related to 
purpose (adapted from Slag Cement Association, 2003)


ground granulated blast furnace slag. Like Portland 
cement, slag cement is hydraulic cement: that is, its 
binding properties are activated when mixed with 
water. It also reacts with the by-product calcium 
hydroxide produced by Portland cement which 
generates more cementitious material. This improves 
concrete strength and durability when used in proper 
amounts (see Table 3). The strength of slag cement 
is good and it has few problems, though research 
(Berge, 2000) has shown there may be some issues 
with the fresh mixture not being able to be stored for 
long periods, and it must therefore be used shortly 
after production. Slag cements contain 20-40 per cent 
slag for general construction and 60-70 percent for 
applications requiring reduced heat for hydration and 
improved sulphate resistance. 


4.2 Recycled aggregate
Usually aggregate is sand, gravel or crushed stone. 
Virgin aggregate can be partially or wholly substituted 
by recycled aggregate, depending on the end use of the 
concrete and the strength requirements. On a recent 
project in Croydon, Boral used 100 per cent recycled 
washed aggregate. At specific plants in Victoria, 
Boral uses about 30 per cent replacement aggregate 
with reclaimed crushed concrete for slab work with 
the intention of widening this policy to other plants 
(personal communication with Pavement Engineer 
from Boral Concrete).


Recycled concrete aggregate (RCA) is utilised in a 
broad range of applications including road base, fill 
and hardstand areas. RCA is priced competitively with 
virgin product alternatives and can perform as well as, 
and in some applications better than, conventional 
product.  However, quality control is very important, 
and problems can occur if the recycling operation does 
not handle and segregate the product properly. For 
example, one concern would be contamination with 
plasterboard from demolition, which can produce 
sulphate attack in concrete.  Also, if the original 
concrete was of poor quality or was in, say, a sulphate 
environment, it can have detrimental effects on the new 
concrete.


RCA is also generally lighter than conventional 
mixes and therefore provides better value for money 
(EcoRecycle, 2001). Blast furnace slag aggregate 
can also be used and makes an excellent lightweight 
aggregate. There are also thermally insulating or 
lightweight options. Alternatives include ground 
concrete or crushed bricks (bricks made of fired clay 
cannot be used if they contain nitrate residue from 
artificial fertilisers as this increases the decay rate of the 
concrete). The important thing is to use material that 
will not react with lime or degrade over time. 


When using concrete as part of a slab of a basement 
to a house, the chemicals, chemical water treatment 
and the chemical composition of the aggregate need 
to be checked. Concrete and its constituent parts is a 
complex chemical mixture in which some chemicals 
can react with each other in such a way as to cause 
weaknesses and provide an access for environmental 
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Blue Circle Independent Cement Alice Roof Tiles
20 MPa strength – 100% recycled 
aggregate 
Mixture of recycled aggregate for 
30MPa 
Virgin aggregate for 40 MPa


Generally 60% substitution of cement 
with fly ash and slag, up to 80% 
depending on strength required


80% slag content in their concrete 
tiles.  Strength exceeds AS 1400


Table 4.  Examples of what some Victorian concreting companies are currently achieving in this area


break down of the concrete. Trial batches of concrete 
must be produced to check for properties and material 
compatibility, especially when untried materials or 
mixtures or combinations are used. 


4.3 Concrete reinforcement
Steel is the most common reinforcement in concrete. 
It is usually made from recycled scrap metal with about 
10 per cent new to make it stronger. The reinforcement 
of concrete using steel comes in many forms. More 
conventional forms of concrete reinforcement are 
round or ribbed bars, either loose or welded into square 
or rectangular mesh sheets. These steels are worked and 
formed in their manufacture and then manually placed 
and cast into concrete to reinforce planes of weakness 
inherent in most concrete elements. Some alternatives 
include: reinforcement in the form of 15mm long 
bars or fibres that are placed or mixed in proportions 
of 1-2 per cent of the volume of the concrete. The 
reinforcement is there to take up the strain within 
the concrete and improve the tensile strength of the 
composite reinforced concrete product. The amount 
of reinforcement needed can depend on soil, structural 
loading and slab thickness.


Other fibres have been introduced as reinforcement in 
recent years such as glass and carbon, polypropylene, 
wood fibres including bamboo and hemp (Berge, 2000). 
The main role of these non-steel fibres is during the 
setting period when shrinkage of the concrete mainly 
occurs. Fibrous reinforcement fabricated from recycled 
plastic is available in the USA. However these fibres 
cannot be recycled and even the smaller steel fibres rather 
than bars, are difficult to recycle. Separating plastic may 
require water to float plastic shards. The concrete does 
not lose its strength if or when the fibres decompose. 


4.4 Water issues
Water content in concrete is normally measured as the 
water/cementitious (w/cm) ratio, which is the mass of 
water divided by the mass of cementitious material in 
a concrete mixture.  Generally, the lower the w/cm, the 
higher the concrete strength and the concrete matrix is 
more durable and less permeable. However low w/cm 
also can make concrete less workable and more difficult 
to place. Chemical admixtures such as mid and high 
range water reducers can aid workability in low w/cm 
mixtures.


Usually concrete with fly ash or slag requires marginally 
less water because these products improve concrete 
workability.  This has the added benefit of allowing 
the concrete to be produced with a lower w/cm ratio, 
resulting in higher strength and durability.  Fly ash, 
slag cement and silica fume are generally required to 


produce ‘high performance concrete’ which can have 
very high strength, high resistance to chemical attack, 
very low permeability, low shrinkage or a combination 
of these properties.


4.5 Waffle pods and hollow core 
ventilation 
A rather clever way of reducing resource consumption 
is by casting waffle pod void formers in the slab. This 
is a common practice in some states such as Victoria. 
Waffle pods are ideally recycled tyres or cardboard 
carefully placed to form a close grid of cross concrete 
beams. The waffle pods are covered in a layer of plastic, 
then a steel frame and then the concrete is poured 
on. There are companies that supply the tyres and 
Ecoflex supplies a similar product made from recycled 
tyres. There are other products on the market that use 
polystyrene pods and similar products but without the 
added benefit of using material that would otherwise 
be going to landfill. The main benefit of waffle pods 
is that they reduce the amount of concrete needed 
for a foundation slab. A concrete waffle pod slab with 
permanent polystyrene formwork can add to your 
under slab insulation (Your Home, 2003). Waffle pods 
do not reduce thermal capacity. 


An integrative system that requires careful planning 
for the built and use phase of the building is through 
the use of concrete planks to build a floor structure, 
which is integral to the ventilation and temperature of 
the building. In a hollow core flooring system, air is 
drawn in from outside or from an atrium or centralised 
point and then forced through the system of hollow 
core concrete planks that form the slab floor. They can 
be used as an energy exchange device and either add or 
remove heat from the building. There are examples of 
architects making holes through certain sorts of waffle 
pods to create these spaces (see Contacts and Case 
Study sections). Hollow core ventilation is known as 
an active hybrid system. Any opportunity to maximise 
or utilise a greater exposed surface area of concrete for 
improving passive ventilation is of great benefit.


Tips and suggestions:


•       When placing concrete adopt good practice to 
reduce problems mentioned above.


•       Specify water-based, zero or low VOC additives, 
sealers and coatings. 


•       Verify that the curing compound is compatible 
with the specified floor sealer or finish. Specify 
ventilation during placing and curing for interior 
work.


•       Concrete admixtures are now available that retard 
the setting of concrete so that a partial load of 
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excess concrete can be returned to the ready mix 
plant for one to two days and then reactivated for 
use.


•       Cured waste concrete can be crushed and reused 
as fill or as a base for pavement or aggregate in 
concrete manufacturing.


•       Plant fabrication handling raw materials and by-
products at one location allows greater efficiency 
and better pollution control than job-site 
fabrication.


•       Houses on a concrete slab floor can benefit 
through the use of polished or tiled floors which 
enable more heat gain to be stored.


•       Most architectural items, such as bollards, can be 
made with recycled aggregate.


•       Concrete units are easier to dismantle and reuse. 


•       Slag cement and fly ash will tend to increase 
setting time of concrete mixtures, and decrease 
early strength, particularly at higher substitution 
levels and/or during cooler weather.  Make sure 
you have planned for this in your construction 
loading/form stripping operations/sequencing


•       Temporary forms (metal pan forms, wood forms 
and corrugated paper forms) are generally reusable 
and easily recyclable. Specify reclaimed wood 
or sustainably harvested wood for wood forms; 
FSC (Forest Stewardship Council) approved 
plantations. Permanent insulating formwork will 
conserve energy.


5.0 NEW TECHNOLOGIES
In recent years there have been various developments 
with alternative cements, admixtures and other 
related concrete products. Most of these are still being 
developed and tested and many have unverified claims. 
It is worth having a look at them briefly as they will 
have an impact in the future.  


5.1 TEC ECO cement
John Harrison, the managing director of Tec Eco Pty 
Ltd in Hobart, Tasmania has invented a new concrete 
in which reactive magnesia, other hydraulic cements 
such as Portland cement, pozzolans and aggregates, 
are blended together. Two main products have so far 
been developed. Modified Portland cement concretes 
are claimed to be much more sustainable because 
of reduced emissions, greater durability and higher 
waste utilisation. Eco-cement concretes contain 
higher proportions of reactive magnesia than porous 
products such as bricks and blocks carbonates, which is 
claimed to sequester CO2. With capture of CO2 


during 
production, the new materials offer enormous potential 
for environmental gain; combining insulating, thermal 
capacity and low embodied energy characteristics in a 
building material utilising a high proportion of wastes 
(i.e. combination of pozzolans, slag, and mine tailings). 
Recently, they achieved 42Mpa strength with half 
the cement content. The product is in the process of 
commercialisation.


5.2 EcoCem
Expanding on the slag cement discussion above, a 
new technology in ball milling is allowing the use of 
greater percentages of slag in cement. The grinding 
mill at Wollongong and the new process allows for 
the control of particle size and therefore control over 
water demand, setting time, compressive strength 
and strength gain in mortar and concrete (McAlister 
and Hinczac, 2001). This product is used extensively 
by companies such as Blue Circle in NSW and 
Independent Cement in Victoria.


5.3 Geopolymer cement 
Geopolymer cement is a lower embodied energy 
alternative to Portland cement. Rather than using 
a high temperature cement calcination process, 
geopolymers can be formed at ambient temperatures, 
thereby reducing significantly the generation of 
greenhouse CO2 gas emissions. In fact, it is claimed 
that geopolymer technology could reduce CO2 
emissions caused by the cement and aggregates 
industries by up to 80 per cent (Lukey, 2002).


Geopolymeric products are usually made from waste 
materials such as fly ash, blast furnace slag, waste 
concrete, plastic, glass and paper. Geopolymer made 
products are currently not available in Australia, though 
there are some research activities (see Hardjito et al, 
2003).


5.4 Alkali activated slag (AAS)
Alkali activated slag is a cementitious binder using 
ground granulated iron blast furnace slag and alkali 
activator (no Portland cement used). Research on AAS 
both overseas and in Australia (Sanjayan and Collins, 
2002) showed that high early strength can be achieved. 
However, issues such as high shrinkage and other 
possible limitations or constraints to the application of 
the material are under investigation.


6.0 CASE STUDIES


6.1 Green building with 
concrete using extenders and 
recycled aggregate
Architect: Spowers Architects


Structural Engineers: JMP Consulting Engineers


60 Leicester St, Carlton – the 60L Building


60L was built to be a model green building, which is 
occupied and run commercially. Tenants are committed 
to a ‘green’ tenancy agreement and the feedback so far 
is very positive. Initially, the building was designed 
with a complete timber framed structure for the 
new three-storey extension. Reinforced concrete was 
finally adopted due to the thermal mass benefits and 
significant savings in the whole of life energy use of the 
facility. 
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In terms of on-site experience with specifying 
and delivery of sustainable concrete solutions, the 
experience of site managers was positive. This project 
pioneered the use of cement sourced from a high 
efficiency dry kiln with 60 per cent fly ash and blast 
furnace slag content. This cement has an embodied 
energy content and greenhouse impact at least 50 per 
cent below the Australian average (Pears, 2003). The 
problems feared by contractors did not eventuate. 


Very high proportions of cement substitutes (in excess 
of 50 per cent) were specified for all concrete grades for 
the building structure. One hundred per cent recycled 
concrete aggregate was also specified.


An initial concern during the construction phase was 
that as part of the specification nominated no additives 
or admixtures in 20 and 25 MPa grade concrete,  
whether it would pump as well without admixtures and 
with high extender content. In practice there was no 
problem with the pumping, placement and finishing. 
Generally concrete pumps better with fly ash or slag 
cement content.


Another concern had been with the recycled concrete 
aggregate. Measures were implemented to screen out 
lumps, which initially formed in the pre-mixed concrete 
delivered to site due to partially hydrated recycled 
concrete aggregate, which worked very effectively.


Whilst initially the building contractor, concrete 
suppliers and concrete sub contractors were curious 
about this new ‘green’ concrete, once familiar with it, 
working with the concrete became routine.


For more information see the 60L website http://www. 
60lgreenbuilding.com.


6.2 Hollow core flooring
Architect: Eggleston Macdonald Design Inc


Structural Engineers: Meinhardt (Vic)


Commercial application


Project: Faculty of Science and Technology Building T, 
Deakin University, Burwood, Victoria


Hollow core flooring is widely used in Scandinavia, 
Europe and Japan. Building T at Burwood is one 
of the earliest examples of such a flooring system 
being used in Australia. The design team included 
structural and engineering consultants, a consulting 
architect and representatives from Deakin University’s 
Building and Grounds division. The system used in the 
flooring is known as Termodeck and uses the planks 
(longitudinal voids) in the Hollow Core system to 
circulate air through to alter the internal temperature. 
The planks used were 200mm wide and the ‘holes’ were 
150mm in diameter. Careful computer modelling was 
undertaken to explore the relationship between the 
thermal mass and air flow requirements. The end result 
was a building with a central atrium and three-storey 
concrete frame to provide as much natural lighting and 
ventilation as possible.


6.3 Concrete Flooring and Tilt 
up Walls
Architect: de Campo Architects


Structural Engineer: Bruce Adams Consulting 
Engineers


Domestic application – Toorak, Victoria 


Building type: Semi-attached, three level


The main element of interest here is the use of a 
Thermomass tilt-up walling system and hollow core 
planking system. The Thermomass system is basically 
a system of insulated concrete sandwich panels which 
provide quick installation and high thermal mass. The 
Thermomass system has an inner layer of 150mm 
concrete, then 50mm of styrofoam insulation and an 
outer layer of 65mm concrete. It is tied together with 
composite thermal connectors. 


The Hollow Core system in this application formed the 
floor/ceiling/roof slabs. The hollow core concrete slab 
was used as the main structural unit in the ceiling with 
a waterproof membrane and a layer of polystyrene tied 
to the wall planes to maintain a thermal envelope. 


(Information for the last two case studies are drawn 
from C&CAA MIX, January 2003.)


7.0 CONTACT DETAILS FOR 
MANUFACTURERS


7.1 Products and Suppliers
Alex Fraser Recycled Crushed concrete and/or aggregate
03 9369 7388 www.alexfraser.com.au


Alice Roof Tiles
03 5367 6212 www.barro.com.au 


Australian Steel Mill Services Slag producers and 
reprocessors EcoCem recycling plant
02 4276 2288 


Blue Circle Southern Cement Slagmen; EcoCem 
(NSW); Recycled crushed concrete and/or aggregate
03 5241 8291 www.bluecirclesoutherncement.com.au  


Boral Envirocrete (mainly suitable for pavements, 
commercial sites, slab preparation and car parks). Recycled 
crushed concrete and/or aggregate; Formply
1300 650 564 www.boral.com.au 


Carter Holt Harvey Formply 
07 3902 7400 www.chh.com.au 


Composite Systems Thermomass, tilt up slab system 
03 9824 8211 www.compositesystems.com.au 


CSR Hebel Aerated Autoclaved Concrete
1300 369 448 www.hebelaustralia.com.au 


CSR Gyprock Fibre Cement plasterboard
1800 678 068 www.gyprock.com.au 


Ecoflex Recycled tyre product – also make retaining walls
02 4940 0178 www.ecoflex.com.au 


Hollow Core Concrete 
03 9369 4944 www.hollowcore.com.au 
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Independent Cement and Lime Blended Cement: 
EcoCem (Vic) 
03 9676 0000 www.independentcement.com.au 


Island Block and Pavers Using TecEco in some pavers
03 6398 2088 www.islandblock-paving.com.au


Local Mix Concrete Premix concrete, Recycled crushed 
concrete and/or aggregate
03 5250 1666


Minibah Recycling Recycled tyres
03 8790 1927 www.minibah.org.au 


Neumann Steel Recycled tyres Full waffle pod system
07 5589 9111 www.neumann.com.au 


Pronto Mixed Concrete Slag blend 
03 9663 1333 www.barro.com.au 


Smorgons ARC Recycled steel 
03 9360 2473 www.smorgonsteel.com.au 


TEC ECO 
03 6271 3000 www.tececo.com 


Termodeck (used by Hollow Core)
www.termodeck.com 


7.2 Industry contacts
The Ash Development Association of Australia 


Australian Pre-Mixed Concrete Association 


Australasian Slag Association


Cement and Concrete Association of Australia


Cement Industry Federation


Concrete Institute of Australia


8.0 RELEVANT AUSTRALIAN 
STANDARDS
AS 3582 Supplementary cementitious materials for use 
with Portland cement


AS 3582.1 – Fly ash


AS 3582.2 – Ground granulated iron blast furnace slag


AS 3582.3 –  Amorphous silica


AS 3972 – Portland and blended cements


AS 2758 – Aggregates and rock for engineering purposes


AS 2758.1 – Concrete aggregates


9.0 RELEVANT NOTES
DES 4 Thermal mass in building design


DES 5 Architects and ecologically sustainable design: A 
client briefing


GEN 3 Biodiversity and the built environment


GEN 12 Residential passive solar design


GEN 16 An overview of environmental assessment 
management tools


GEN 21 Waste minimisation and waste recovery 


GEN 22 Life cycle energy analysis: A measure of the 
environmental impact of buildings


GEN 29 Waste minimisation and building design 
professionals


PRO 1 Assessing the environmental impact of building 
materials


PRO 2 Embodied energy of building materials


PRO 9 Recycling building materials


PRO 16 Introduction to building material sustainability
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1. Replace (Ins) Tool – for replacing text. 

 

Strikes a line through text and opens up a text 
box where replacement text can be entered. 

How to use it 

 Highlight a word or sentence. 

 Click on the Replace (Ins) icon in the Annotations 
section. 

 Type the replacement text into the blue box that 
appears. 

This will open up a panel down the right side of the document. The majority of 
tools you will use for annotating your proof will be in the Annotations section, 
pictured opposite. We’ve picked out some of these tools below: 

2. Strikethrough (Del) Tool – for deleting text. 

 

Strikes a red line through text that is to be 
deleted. 

How to use it 

 Highlight a word or sentence. 

 Click on the Strikethrough (Del) icon in the 
Annotations section. 

 

 

3. Add note to text Tool – for highlighting a section 
to be changed to bold or italic. 

 

Highlights text in yellow and opens up a text 
box where comments can be entered. 

How to use it 

 Highlight the relevant section of text. 

 Click on the Add note to text icon in the 
Annotations section. 

 Type instruction on what should be changed 
regarding the text into the yellow box that 
appears. 

4. Add sticky note Tool – for making notes at 
specific points in the text. 

 

Marks a point in the proof where a comment 
needs to be highlighted. 

How to use it 

 Click on the Add sticky note icon in the 
Annotations section. 

 Click at the point in the proof where the comment 
should be inserted. 

 Type the comment into the yellow box that 
appears. 



 

USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For further information on how to annotate proofs, click on the Help menu to reveal a list of further options: 

5. Attach File Tool – for inserting large amounts of 
text or replacement figures. 

 

Inserts an icon linking to the attached file in the 
appropriate pace in the text. 

How to use it 

 Click on the Attach File icon in the Annotations 
section. 

 Click on the proof to where you’d like the attached 
file to be linked. 

 Select the file to be attached from your computer 
or network. 

 Select the colour and type of icon that will appear 
in the proof. Click OK. 

6. Add stamp Tool – for approving a proof if no 
corrections are required. 

 

Inserts a selected stamp onto an appropriate 
place in the proof. 

How to use it 

 Click on the Add stamp icon in the Annotations 
section. 

 Select the stamp you want to use. (The Approved 
stamp is usually available directly in the menu that 
appears). 

 Click on the proof where you’d like the stamp to 
appear. (Where a proof is to be approved as it is, 
this would normally be on the first page). 

7. Drawing Markups Tools – for drawing shapes, lines and freeform 
annotations on proofs and commenting on these marks. 

Allows shapes, lines and freeform annotations to be drawn on proofs and for 
comment to be made on these marks.. 

How to use it 

 Click on one of the shapes in the Drawing 
Markups section. 

 Click on the proof at the relevant point and 
draw the selected shape with the cursor. 

 To add a comment to the drawn shape, 
move the cursor over the shape until an 
arrowhead appears. 

 Double click on the shape and type any 
text in the red box that appears. 




