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ABSTRACT

The use of Environmental Sustainable Design (ESD) is becoming a more common approach for education sector
building programs through the use of a range of passive design features, strategies and practices in the substance of
the buildings. Yet, whilst this is approach is applaudable, it is argued that it is also used for identity purposes,
providing differentiation in an increasing homogenous enterprise driven field. This raises a number of questions
about the effectiveness of the ESD approach, whilst it may satisfy the needs of the owners of these buildings, does
the approach meet the needs of all stakeholders by meeting performance objectives? The paper provides evidence to
suggest an argument for more responsive practice through the use of appropriate ESD tools to safeguard all the
stakeholder’s needs and to provide both image and substance in the building design.

BACKGROUND

The University of the Sunshine Coast is a relatively new
player in the University system in Australia. Created on
a rural campus it seeks to use its architecture for
identity. In this respect it has followed a path of using
Ecologically Sustainable Development (ESD) for master
planning and building design which takes advantage of
the is rural coastal location (Walker-Morrison 2000).
This has resulted in a number of innovative design
strategies to be adopted in the buildings. Interest in the
buildings provoked a study by Fourth year architecture
students as part of their Environmental Technology
subject. The aim of the study was to examine the
concepts, principles and strategies used in the buildings
as well as evaluate the performance and effectiveness of
these strategies.

The lack of data on buildings of this nature is woeful in
view of the shift in practice to more ESD buildings,
therefore the study provided much needed feedback.
There are five main buildings on campus that are of
interest and further work will provide a comparative
study when more comprehensive data is available. One
building, the Arts Building, is discussed in this paper.

PERFORMANCE METHODOLOGY

Aims
• Analyse concepts, strategies and principles used in

the building
• Measure the performance in terms of thermal

comfort
• Obtain feedback from users on their perception of

thermal comfort.

ANZAScA 2000: Proceedings of the 34th Conference of the
Australia and New Zealand Architectural Science Association, December 1-3, 2000
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SCU Stage 4: Classroom internal and external 
temperatures
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Strategies

A number of active (driven by electrical energy) and
passive strategies (driven by natural energy) were used.
The passive strategies are as follows:
• Courtyard
• Buffer zoning
• Fixed shading
• Sub-sill louvres
• Roof ventilators
• High ceilings (classrooms only)

The active strategies are as follows:
• Ceiling and wall mounted fans
• Light sensitive louvres

Illustration 1: View to the North-east of the Arts
Faculty Building.

Method

Two main types of thermal zones were identified; the
staff offices and the classrooms.

Temperature and humidity sensors were placed in these
spaces and in the courtyard to represent the shade
temperature. In this way a number of comparisons were
possible.

• Internal maximum and minimum temperature
differences between the office and the classroom

• Internal and external maximum and minimum
temperatures

• Maximum and minimum humidity

Spot measurements were taken for airflow. Anecdotal
evidence from users was used to assess thermal comfort
by matching physical measurements with responses
from individuals. A period form the end of February to
the beginning of March was used to examine any
problems of overheating. This period is the beginning of
the academic year and is notorious for periods of

overheating as the external temperatures are above the
comfort zone.

PERFORMANCE RESULTS

Thermal response

As seen in Figure 1 the temperatures for the Classroom
studied are shown. Temperatures are in the range of 26
–28 degrees C with minimum night temperatures in the
range of 22 degrees C.

Internal temperatures follow closely the external
temperatures as expected with the lightweight building.

Figure 1 and 2: Temperature differences for the
classroom and office.

One would expect that the building to achieve a similar
temperature to shade temperature if all the ventilation
systems are working at optimum. This would seem to be
the case except when temperatures move above 25
degrees C. In this case the internal temperatures move to
1-2 degrees above shade temperature. This is to be
expected as the capacity for the air to cool the internal



121

USC: Stage 4: South-facing classroom
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SCU Stage 4: North-facing office
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heat gains from the students reduces and the external
temperatures increase.

Internal temperatures in the offices are slightly higher as
shown in Figure 2. 5 days of the 13 days of the study the
internal temperatures are higher by 1-2 degrees C.
Whilst, this may not seem significant if temperatures are
examined in relation to humidity then we begin to see
the real problems with site and micro climate.

Humidity response

Humidity was samples at the same time as temperature.
The range in humidity in relation to internal
temperatures is shown for the days that were studied

Figure 3 and 4: Temperature and humidity

(see Figure 3 and 4). The weather pattern during the
study period was consistent with a subtropical summer
with periods of rain and then bright sunshine. This in
the coastal area produces bursts of high solar radiation
and then high humidity. As can be seen over most of the
period the humidity levels did not drop below 60 per
cent. In fact during the day levels were as high as 100
percent, effectively raining inside the building. In this
case although the temperatures are not that high 3
degrees above the comfort zone, the effect of humidity
causes considerable discomfort. Unfortunately
controlling humidity with out the dehumidifying effect

of air-conditioning is difficult and relies on airflow for
subjective cooling.

Airflow

Figure 5 shows the problem. This figure shows the
Bioclimatic Chart for Brisbane. The comfort zone for
still-air is seen to be about 26 degrees C with humidity
at 60 per cent. To extend the comfort zone for higher
humidity and higher temperatures higher airflow rates
are required. This is quite extensive given the humidity,
up to 1 m/sec.  Spot measurements indicated this level
of wind speed was found in the courtyard but not in the
offices or classrooms. This is mainly due to the shading
strategies and the orientation used. The building is
orientated so that the longest façade facing north-north-
east. The prevailing breezes are oblique to the northerly
facade and funnel through the courtyard. The
consequence of this is that wind-driven ventilation is not
the major source of ventilation and there is a strong
reliance on stack effect.

Key

Temperature and humidity found in the
building

Figure 5: Bioclimatic chart for Brisbane with the
temperatures and humidity levels found in building. To
extend the comfort level airflow is required in the range

of 0.1 to 0.4 m/sec.

There are a number of deficiencies with stack systems
for cooling. First, it is necessary that the internal
temperatures are higher than external temperatures for
the natural buoyancy of the air to rise. A minimum
temperature difference of about 1degree C is required
for the thermal siphon effect to take place. This means
that where temperatures are above the comfort zone the
building has to get hotter than outside to provide
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cooling. This is not a good idea when the objective is to
keep temperatures as low as possible.

Second, the pressure forces generated by stack systems
are lower than wind driven ventilation, hence wind can
override and negate stack, blowing hot air back into the
building. This was a concern with the courtyard were
high wind speeds were recorded and this could be
setting up positive pressures at roof level blowing rain
and hot air back into the building.
Finally, the wind speeds generated by stack can also be
small. Low wind speeds of about 0.1 m/sec were
recorded in offices. This necessitates the use of fans to
provide cooling to occupants. More research is required
to examine the relationship between stack- and wind-
driven ventilation in this building. Of particular concern
was the effect of high humidity on thermal comfort
which seems a problem for users.

User feedback

Informal discussion with users identified discomfort
from overheating and humidity. The effects of humidity
provide problems with the operation of electrical
equipment, which undermines productivity. Most users
we talked to follow the appropriate dress code for the
climate, that is, light, loose fitting clothes.

Yet in spite of this understanding, in some case users
were unclear about how the building should be used.
Observation suggested that not all were using the
passive features in the building to optimum. More
research is required to assist users in optimising these
passive features to achieve best performance. It is also
clear that a thermal refuge would be useful to
accommodate sensitive electrical equipment and
supplies and to provide a place for users to escape from
the heat and humidity when needed.

DISCUSSION

The University of the Sunshine Coast is Australia’s
newest public university,

‘…The campus development features a strong
environmental emphasis evident by award winning
master plan and buildings’ (Courier Mail 2000).
Evidence from this study suggests a contradiction
between the image of the building and the effectiveness
of the substance of the building to deliver thermal
comfort to the users. It is argued that such a schism
between design intent and use undermines the design
philosophy and the credibility of ESD as stream of
architectural design. It also suggest a level of ignorance
in both the architectural and engineering disciplines to

deliver a building based on natural dynamic systems
rather than steady state energy systems.

It is clear that to design a building with passive design
features to meet ESD objectives are perhaps a harder
task than was perhaps envisaged. It could be argued that
given the unpredictable nature of environmental systems
that are being harnessed in this building, a greater use of
tools to facilitate design phase assessment of proposals
might be worth considering. It was found that
sophisticated computer fluid dynamics modelling was
used as a tool as part of the design-phase assessment
work, and that this did give an indication of the
performance of ventilation.

Illustrations 2 and 3: Top, north elevation showing the
courtyard roof. Bottom, the courtyard showing the roof

and planting from the first floor internal circulation

Yet one feels that this was perhaps a post hoc
rationalisation of a design solution that was already
largely developed. Simpler tools such climatic and
microclimatic analysis carried our a priori to the design
with some on-site measurement may have given the
design team a little more insight. The master plan does
set down climatic and topographical data but this is not
used to test the master planning concepts, this is appears
to be left to individual design teams for the buildings. It
seems that what can be learnt form this exercise is that



123

the dialectic between architectural concept and ESD
principles should perhaps be resolved if the required
level of synthesis is to be achieved.

It seems the courtyard form used in this project requires
considerable investigation as to its effectiveness to
deliver shade and cooling. There are design guidelines
for courtyards found in the literature for this type of
solution. These are mainly confined to hot dry climates
where the courtyard is used as a ‘cool pool,’ based on
evaporative systems

The transfer of this form to subtropical and tropical
climates requires further investigation (Rajapashka and
Hyde, 2000).

Illustration 4 and 5: Envelope strategies.

Left: light sensitive louvres control direct solar gain on
the northerly elevation, actuators signal to electric

motors, which adjust the louvres.

Right: looking up at the buffer zone created by the
external concrete heavy weight panelling skin and

lightweight glazing internal skin. The duct between the
two skins is designed to promote cooling from the

ground plane to vents at the top of the building. Internal
spaces draw air from this space by diffusion.

The performance of the courtyard form appears to be
locked into the Master planning decisions. This is based
on a Jeffesonian principle of spatial and building
hierarchies. Whilst this concept allows the campus to
have an easily comprehended, democratic organisation
and structure, the way this overlays with the
environmental design planning principals of orientation,
wind flow and micro climate appears to set up tensions
in the design. This in turn leads to misplaced strategies
and compromises in the performance. It is clear that
were architectural concepts may not deliver the

optimum use of environmental principles and passive
design features then the original brief should be
revisited to maintain positive user satisfaction.  A
safeguard to be considered here is to develop an
environmental brief in parallel with the functional brief
to articulate the decision-making regrading
sustainability. In this case the desires of the owners in
terms of the level of sustainability did not seem to
match that of the users, hence a duality emerges in the
design process, which spills over into the working
environment.

CONCLUSIONS

The desire to achieve energy efficiency and minimise
environmental by through ESD raises questions about
the degree to which this compromises thermal comfort
of occupants in the work environment. More study is
required to identify the number of days occupants are
likely to feel discomfort and to identify what strategies
can be used to address this problem with out resorting to
full air-conditioning. Clearly, at present the building
appears to deliver an adequate base level of
performance. More tuning of the passive and active
elements to address user-needs is needed to move to the
next level of performance. More critical design-phase
assessment may be appropriate with this type of
complex ESD buildings to ensure meeting all the needs
of all the stakeholders.
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