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ABSTRACT

The degree to which new non-residential buildings are designed to have a minimum impact on the environment
varies considerably although public and institutional buildings are more likely to comply as a result of perceived
community obligations.  Environmental performance criteria and benchmark levels are not well defined and
information is required to assist designers and facility managers in making informed decisions.  Some
preliminary work is presented which analyses the life cycle energy consumption of a university campus as an
initial step in forming environmental performance criteria.

INTRODUCTION

The concept of designing and operating buildings with
a reduced impact on the local and global environment
is well known (RAIA, 1999).  However, the extent to
which this concept is realised in practice varies
considerably.  Depending on the priorities of the
potential building owner, environmental issues may be
overshadowed by commercial or more practical issues
and this is reflected in the subsequent design and
operation of the building.  In the commercial part of
the non-residential building sector, the position can be
summed up by the comment of the Productivity
Commission (1999) from their study of the
environmental performance of commercial buildings:

“Overall energy efficiency and, more generally,
conservation of environmental resources, do not
appear to be high priorities for many firms.”

Generally, there appears to be a greater response to
environmental issues from the publicly owned part of
the non-residential building sector and this is partly as
a result of perceived community obligations. It could
be argued that institutions such as universities are
examples of public sector building owners from whom
it would be reasonable to expect a commitment to the

future well-being of the surrounding communities.
This commitment includes the minimisation of
environmental impact caused by the universities’
buildings and facilities.  Indeed, the Talloires
Declaration, which was inaugurated in 1990 by a
number of university leaders, defined the role of
universities in supporting environmental sustainability
(ULSF, 1990). Over 250 institutions from 43 countries
are now signatories to the declaration.  Article 5 states
that universities should:

“Set an example of environmental responsibility by
establishing institutional ecology policies and
practices of resource conservation, recycling, waste
reduction and environmentally sound operations.”

Of course, this point of view may not be universally
held and it is accepted that some organisations may
not hold such values.

During the time that environmental issues have been
considered in the design, construction and operation of
university buildings, other major changes have also
been occurring in Australia, especially with regard to
the funding and delivery methods of tertiary education
courses.  Information technology has made it possible
to provide a more flexible, student orientated learning
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Figure 1: Yugondi Building, City West Campus

environment and this will be a significant feature of
university operations in the future.  These trends make
it even more important that designers and facilities
managers ensure that new university buildings
perform in accordance with the objectives of the
institution.

With regard to environmental performance, there is a
need to identify parameters which should be
considered in the design of buildings and a
requirement to establish  levels of acceptability.
Energy consumption is one parameter that is often
used as an environmental indicator since it is closely
related to greenhouse gas emissions (Baird, 1994).

The purpose of this paper is to report on some
preliminary work at the University of South Australia
on the energy consumption of university buildings as
part of ongoing research aimed at establishing
environmental performance criteria.

PERFORMANCE CRITERIA

The interpretation of an organisation’s mission and
goals into specific design objectives and building
performance criteria is well established (Braw, 1988).
As an example, the University of Adelaide’s design
submission document (1996) for the recently
commissioned Lower Level Engineering Building
listed ten criteria as: university mission, budget access
and landscape, building planning, laboratories,
sustainability, constructability and maintainability.

This example raises a number of questions such as
whether the specified criteria are sufficient to interpret
an organisation’s goals, whether they should be
‘weighted’ and at what level should performance
benchmarks be established.  The same questions apply
to the parameters within each of the nominated
criterion.

Within the environmental impact or sustainability
criterion, there are a number of assessment parameters
such as greenhouse gas emissions, energy
consumption, resource depletion, land degradation,
etc.  These have been used in a number of assessment
schemes which have been developed in Europe and
North America (Cole, 1998).  A disadvantage of most
of the schemes is that they are primarily intended for
design stage (Soebarto & Williamson, 1999).

Recently, there has been an emphasis on energy
consumption as the principal parameter for assessing
environmental performance.  This is evidenced by the
activities of the Australian Greenhouse Office (1999),
the Australian Building Energy Council and the
Australian Building Codes Board (1999) and the
proposal to incorporate minimum energy efficiency
requirements in the building codes.  From a design
point of view, a more comprehensive approach is that
of life cycle energy analysis, of which the most
significant components are embodied energy and
operational energy.  If embodied and operational
energy are considered in primary energy terms, then
the assessment also reflects proportions of greenhouse
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gas emissions.  Establishment of benchmarks for the
life cycle energy consumption of particular building
types such as university facilities requires the analysis
of a number case studies. The following example
provides a basis of a method for such an analysis.

METHOD

The City West campus of the University of South
Australia on North Terrace, Adelaide was assessed for
embodied and operational energy.  This campus
comprises eight buildings over four levels with a floor
area of approximately 30,000m2 and was
commissioned in early 1997.  The buildings are
constructed from precast concrete facades which act as
structural frames and form the envelopes.  Structural
steel members also feature strongly in the design of
the buildings and cantilevered roof trusses are
supported by steel columns and covered by colorbond
or zincalume cladding.  Verandahs and sunshading
devices are used throughout the campus to control
climatic and acoustic conditions (See Figure 1).
Separate plant rooms are provided on each individual
storey for lighting and air conditioning.  Energy
supply is predominantly electricity with a very small
amount of reticulated gas.  The quantities were
recorded from meter readings for most of 1997, 1998
and 1999 and annual averages were calculated.  The
annual averages were converted to primary energy by
means of factors of 1.22 for gas and 3.12 for
electricity (Dept. of Mines & Energy, 1994)

The assessment of embodied energy took place in two
stages.  Firstly, the quantities of materials were
calculated from the bills of quantities and drawings
(Go, 1999).  This included fixtures and finishes as
well as the materials in the main building elements
and sub elements.  Secondly, the embodied energy for
each component was estimated from a knowledge of
its quantity and the relevant embodied energy
coefficient. Embodied energy coefficients were
evaluated using input output analysis and expressed in
primary energy terms. Input output data was originally
used for energy analysis in the pioneering work of
Bullard and Herendeen (1975). The method used in
this study has been previously described by Treloar
(1994) and Pullen (1995) and uses the energy sector
contributions (in economic terms) to the relevant
building materials sectors.  These contributions are
converted to direct energy by means of national
average prices determined from the National
Accounts.  By multiplying the resulting energy
contributions by prices for the building materials
relevant to the time when the Input Output Tables
were compiled, embodied energy coefficients have
been derived. Finally, the embodied energy of the
materials for the campus was determined by summing
the individual components.

RESULTS

Operational energy

The average annual energy consumption over the three
years of operation of the City West campus was
14298GJ of electricity and 58GJ of gas, making a total
of 0.50GJ/m2 for the floor area of 28400m2 in terms of
delivered energy.  This compares favourably with
other campuses based on a survey of higher education
establishments in Australia (AAPA, 1999) where an
average of 0.63GJ/m2 was found with a range of
approximately 0.3 to 1.0GJ/m2.  As a further
comparison, the average annual energy consumption
of commercial buildings in Australia (BOMA, 1994)
was 0.77GJ/m2 with a range of approximately 0.5 to
1.0GJ/m2.  In terms of primary energy, the total
annual energy consumption for the City West campus
converts to 1.57GJ/m2.

Embodied energy

The initial embodied energy of the campus buildings
was estimated at 311180GJ or 11.0GJ/m2 and this is
shown in more detail in Table 1.

Table 1: Estimate of embodied energy of campus
buildings.

Element Embodied
energy (GJ)

Proportion
(%)

Substructure 48200 16
Superstructure 51930 17

Roof 22990 7
External walls 44860 14

External features 26150 8
Internal walls 25290 8

Finishes and fixtures 14210 5
Services 62240 20

External works 9090 3
Miscellaneous 6220 2

TOTAL 311180 100

The element referred to as ‘Services’ in this table was
not estimated in this work but was adopted from other
researchers.  Cole and Kernan (1996) suggest that
building services represent approximately 20-25% of
the embodied energy of commercial buildings,
whereas from the study by Treloar (1996) of a
commercial building in Melbourne, a figure of about
19% can be deduced. In this study a proportion of
20% has been used.  Substructure, superstructure and
external walls are the next significant elements as far
as embodied energy is concerned.  The element called
‘Miscellaneous’ has been included in an attempt to
cover items such as mechanical fixings, adhesives,
sealants, etc.
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The embodied energy intensity can be compared with
other researchers by looking at the some of the data
assembled by Cole and Kernan (1996) for commercial
buildings as shown in Table 2.

Table 2: Embodied energy intensities for commercial
buildings (from Cole & Kernan, 1996).

Researcher GJ/m2

Stein et al, (1976) 18.6
Oka et al, (1993) 8.0 – 12.0

Tucker & Treloar (1994) 8.2
Honey & Buchanan (1992) 3.4 – 6.5

Cole & Kernan (1996) 4.3 – 5.1

The embodied energy intensity of 11.0GJ/m2 found in
this work is reasonably consistent with these results
bearing in mind the large potential errors associated
with embodied energy estimates.  To complete the
estimate of initial embodied energy, it is necessary to
consider the energy used on the construction site and
this has been put at 10% of the materials energy
(Lord, 1994) making a total of 342230GJ or
12.1GJ/m2.

DISCUSSION

A discussion of life cycle energy for the case study
requires an estimate of the age of the building at the
time of demolition.  Whilst there is no way of
accurately predicting this event, the durability of the
pre-cast concrete panels was designed (Woodside,
1997) for a life of more than 60 years and this figure is
used in subsequent calculations.

Other energy inputs to the City West campus will
occur as a result of the materials used in routine
maintenance and during refurbishments.  For
commercial buildings, Cole and Kernan (1996)
estimated that the embodied energy for replacement
and repair was approximately 130% of the initial
embodied energy whereas Treloar (1996) suggested
50% more energy for maintenance.  A maintenance
regime shown in Table 3 resulted in an additional
128140GJ of energy over 60 years which is 37% of
the initial embodied energy.  This includes a factor for
‘construction energy’ for the maintenance activity.

The embodied energy associated with refurbishments
can be predicted to some extent as far as general
upgrading is concerned but it is more difficult to
anticipate future alterations to building use as a result
of changes in teaching techniques.  An approximation
of refurbishment energy can be made by summing
proportions of the elements comprising the fit-out and
external features of the buildings.  Hence, referring to
Table 1, three quarters of the energy for the original
services/fixtures/ external features/internal walls/
external works amount to 113010GJ which is

Table 3: Summary of maintenance embodied energy.
Element Frequency of

replacement
(years)

Embodied
energy (GJ)

Painting 7 45600
Roof cladding 30 10100

Doors & fitments 40 4380
Carpet 10 27440
Vinyl 20 740

Services (50%) 30 28230
Construction - 11650

TOTAL 128140

36% of the initial embodied energy. The life cycle
energy data is summarised in Table 4 and indicates
that the total embodied energy amounts to nearly a
quarter of the operational energy over the lifetime
considered.  Alternatively expressed, 13 years of
operational energy is equivalent to the total embodied
energy of the buildings.

Table 4: Summary of life cycle energy inputs (all data
in primary energy terms).

Energy Type Total over 60 years Per
annum

GJ GJ/m2 GJ/m2

Operational 2658180 94.2 1.57
Initial 342230 12.1 0.20

Maintain 128140 4.5 0.08
Refurbish 113010 4.0 0.07

Em
bo

di
ed

Sub-total 583380 20.6 0.34

Grand Total 3241560 114.8 1.91

The proportion of embodied energy is lower than that
of the commercial building described by Treloar
(1996) but this is partially due to the longer life
expectancy of the university buildings. In addition, the
estimates of embodied energy are subject to potential
error originating from a number of sources.  These
include the values of embodied energy coefficients
used in the calculations and the frequency of
maintenance and refurbishment operations.  Clearly
there is a need to study some older university facilities
to establish the ranges for frequency and scope of
refurbishments.

The relative proportion of embodied energy is likely
to increase as energy efficiency measures are
anticipated in the forthcoming years, thereby lowering
the operational energy consumption.  Generally, the
life cycle energy components of this analysis appear to
be consistent with longer life, fully air conditioned
buildings constructed predominantly from materials
with a mid-range energy content.  Other styles of
university buildings constructed from materials such
as stonework, clay brick and roof tiles, steel framing,
etc may provide different life cycle energy profiles.
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Some university buildings of the future may follow
the example of the Thurgoona campus of Charles Sturt
University in Albury, NSW, where an
environmentally sensitive design has resulted in a
60% saving on operational energy and a reduction in
embodied energy of over a half compared with a
‘typical’ building (CSIRO, 2000).

Further studies of university buildings will enable a
range of life cycle energy profiles to be established
which will give some confidence in establishing target
levels for energy reduction.  Ultimately, other
environmental parameters will be also assessed
forming a number of sub-criteria such as resource
depletion, water consumption, etc.

CONCLUSIONS

In order that the facilities owned by public building
owners and institutions can perform effectively, they
should be designed, constructed and operated
according to performance criteria which are consistent
with the organisation’s objectives and obligations.

Some universities consider that they have a particular
responsibility to the community in raising
environmental awareness and setting standards.  For
this objective to be realised in terms of the
universities’ buildings, it should be interpreted in
terms of performance criteria.  This would allow
designers and facilities managers to take a balanced
approach in finding design solutions which meet the
whole range of performance requirements.  Whereas
criteria relating to cost, functionality and aesthetics are
well established, environmental performance is often
not defined.

One of the most convenient, yet incomplete, measures
of environmental performance is energy consumption
and, in particular, life cycle energy consumption as it
is closely linked to greenhouse gas emissions. There is
little information available on the life cycle energy
consumption of university buildings and this paper has
shown some preliminary work on this problem.
Further analyses are required to enable benchmarks to
be established for this and other environmental
performance criteria so that more informed decisions
might be taken when procuring and refurbishing
buildings.
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