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ABSTRACT
This paper discusses an experience of teaching
building simulation to students in a small class of a
Masters program in an architecture school. This was
a course in assessing building performance using an
hourly thermal simulation program. Students were
required to use the program to assess the comfort and
energy performance of the building they were
designing. This paper addresses several key problems
based on the experience: students’ prior knowledge
in the area of thermal performance of buildings, the
need for a highly graphical interface and less
numerical input, and the students’ willingness to use
the simulation results in the design process.

INTRODUCTION
There are a number of considerations that need to be
taken into account when designing built structures:
the users, site, climate, space requirements,
construction and materials, costs, and so on. Ideally a
design must meet all of the users’ needs, spatially,
culturally, aesthetically, thermally, acoustically, and
economically. A good design is not just the one that
is aesthetically pleasing, but also perform well.
In a design project done as a part of architectural
design studies, the question is: how would the
students know that something they are designing,
something that has not yet existed (and may never be
built), would perform well? How would they
understand the implication of their design in
“reality”?
Published design advice and rules-of-thumb can
generally guide the students to come up with a
reasonable design. Still, however, the question of
how the design or building would actually perform
cannot be answered with some degree of confidence
as these guidelines only give them suggestions about
what can be done and not the answers about what
would or could actually happen. Simulation, on the
other hand, can provide the answers in a relatively
shorter time as it takes into account the dynamic
nature of the microclimate surrounding the building
as well as the building operations. Simulation can
help in testing design alternatives or solution sets in
the preliminary stage as well as assist in fine-tuning
the design in the design development or later stages.
This is basically the main reason of introducing
simulation to be used in the design process in a

Masters program in digital media in an architecture
school. The course’s focus, as in line with the
program’s main agenda1, is not about the media or
tool itself, but in exploration of design in the context
of contemporary digital media. This course
concentrates on using simulation to understand the
impact of design on indoor thermal comfort, energy
use, and life-cycle costs. The author has taught this
course in this program for 4 years.

COURSE STRUCTURE
The length of the course was eight weeks with three
hours per week of lectures and six hours of studio or
lab work, often with additional one-on-one tutorial
sessions. The lectures in the first four weeks were
divided into two parts: (1) lectures about the
fundamentals of building performance assessments
and sustainable design, and (2) lectures on the details
of particular simulation programs. The last four
weeks were dedicated to learning the software more
intensively and using it to assist the development of
the design. An example of the course outline is
presented in Figure 1, showing a typical program for
this course every year.
The design project varies from year to year, although
usually it is a design competition project. This paper
presents a student project in 2003 when the project
was designing a writer’s retreat, a design competition
held by the Commonwealth Associtaion of Architects
(CAA 2003). The brief called for a self-sufficient,
environmentally friendly building, which should be
comfortable throughout the year with minimal energy
use. It was up to the students to define the writer –
some had a hypothetical client (eg. a well-known
writer or musician), some had a real client. Besides
the main design project, students also had to do two
small assignments. The first one was a solar/
shadow/shading analysis of the preliminary design or
part of the building, and the second was a thermal
comfort and energy use analysis of the developed
design. Results from these analyses were used to alter
the design to improve its performance. Students were
allowed to work in group of two or individually.
1

The program main agenda includes inventive
designing, design theory, globalisation and digital
media, energy, sustainability and the ethics of
building.
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Week

Activity

1

Intro to Sustainability and Building Simulation
Intro to Environmental Simulation, Solar Access and Shading
Digital Media Studio on Solar Access/Shading analysis

2

Performance assessment
Intro to thermal simulation, Thermal comfort, energy loads and use
Presentation of Assignment 1

3

Performance assessment
Thermal/Comfort/Energy Simulation
Digital Media Studio on Thermal/Comfort/Energy Simulation

4

Sustainable Design
Materials, construction, design strategies
Presentation of Assignment 2

5

Digital Media Studio – Design Development and Consultation

6

Continue on design development and evaluation

7

Continue on design development, evaluation and presentation

8

Final Presentation
Competition due on August 8th.

Figure 1. Course outline

SIMULATION PROGRAMS AND
ASSIGNMENTS
Although the emphasis of the course is not on the use
of particular simulation programs, the students must
learn certain programs in order to understand how
simulation can assist a design process. In this
particular year, the programs that could be used to do
solar/shadow/shading analysis were Ecotect (Square
One 2005) or CAD modelling programs such as
ArchiCAD, Form-Z or 3D Studio. The program to be
used for thermal and life-cycle cost analysis was
ENER-WIN (Soebarto and Degelman 1995,
Degelman and Soebarto 1995). The latter program
was chosen due to the familiriaty of the
instructor/lecturer with the program.
The first assignment was to analyse the solar access
and shadows of either the building for the main
project in its preliminary stage (if the student already
came up with one) or of another building. The
objective was for the students to understand the issue
of building orientation and shading. The students
needed to demonstrate that direct solar radiation
could be avoided when unwanted and admitted when
needed. Based on the initial evaluation of the solar
access and shadows, they were required to alter the
design (or propose alternatives, in case of analysing
another building) to achieve the desired condition
(eg. adding or reducing the shading device, change
the orientation of the building, etc.).

The second assignment was to predict the thermal
comfort and energy performance of the building they
were designing (in a more developed stage). Based
on the simulation results, they were required to alter
the design to improve its performance and
demonstrate that the thermal performance of the
design had been improved. This process may have
involved several iterations.

PROBLEMS ENCOUNTERED
It should be noted that students enrolled in this
Masters program are usually international students
although they mostly have their first degree in
architecture or design studies. This means that the
School’s judgement on whether or not they have
sufficient prior knowledge required for the program
is only based on what they presented on their
application documents.
The varying background and assumed prior
knowledge (or lack of) soon became apparent when
the issues of fundamentals of building performance
assessments and simulation programs were
introduced. It was obvious that some students did not
have any clue of what was being discussed. The
practice of simulation itself was quite foreign for
some students; thus it was even more challenging to
give further explaination about a particular
simulation program, the types of input a simulation
program requires, the basic for the calculations, and
how to intereprete the results.
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All of the above topics were introduced in the lecture
series and during the demonstration sessions of the
simulation programs used. It was relatively easier for
the students to understand and conduct solar/shadow/
shading analysis as they were able to see the ‘results’
graphically. Still, the notion that the sun does not
always rise from and set in the same direction was
something that was not easily understood by some
students who came from tropical countries. In
general, however, students were able to perform this
analysis, understand its use in a design process, and
be guided by the results in developing their design.
Figure 2 shows an example of solar analysis at 9 am
of an existing east-facing house located in New
South Wales, Australia.

Autumn

Spring

Winter

Summer
Figure 2. Example of a solar analysis

Students’ lack of knowledge in the issues related to
thermal performance of buildings or building design
was more problematic. In general they knew
(because they were told) that the basic required input
for a thermal simulation program would include the
building location/weather data, the building types to
determine the use patterns, and the building design
including the geometry and building materials and
thermal properties). However, some students had
difficulties in understanding the basic principles of
load calculations and some of the technical terms
associated with them. The program used, ENERWIN, is supported with databases which present
default values (for example, of the use patterns,
heating/cooling systems, infiltration rate, and
materials used) based on the building types. This
feature is intended to help the user to have these
general values of the input so the simulation can be
executed even when the actual values are not yet
known. This turns out to be rather ‘tricky’ as some
students accepted the values without knowing what
they meant and often made unrealistic changes just to
make the simulation results look good. One common
example is the value for the infiltration rate. As no
body actually knows what would be the infiltration

rate of a building that is being designed, and it is
quite difficult to have a feeling of, say 4 ACH (Air
Changes per Hour), or what 1 Litre per square metre
actually means, students tend to put arbitrary number
for this just to make the simulation results look
better. Students from countries where space heating
has never been needed had also difficulties in
understanding the concept of U-Value and insulation.
The second issue, which is the most commonly found
problem in the use of any simulation programs in
architectural or design practices, was the critics that
the students expressed about the graphical interface
and the user interface of the program in general. The
program used has a limited graphical interface in a
way that it is not, and has never been intended to be,
a CAD program. Although understanding the benefits
of the program in the design process, most students
found it less interesting to use and felt rather ‘scared’
when they had to see so many numbers. Even when
the more (and highly) graphic-oriented program,
Ecotect, was introduced, they still did not feel
comfortable using the program as they still had to
deal with numbers. Further to this problem was the
limitation in the program data base on the building
materials. Although the programs, both ENER-WIN
and Ecotect, are supported with databases for the
building materials including their thermal properties,
most students still had to search for the thermal
properties of the materials they used in their design
as the materials they used were not exactly the same
as what the programs had. Although finding the task
difficult and time consuming, some students did try
to find the right information for this, but many gave
up on their initial ideas and decided to use the
materials that were available in the programs. This
problem in a way created a limitation of what the
students could do in their design.
The third issue relates to the ‘willingness’ of the
students to use the simulation results as a guide in
developing the design. Despite the fact that the
simulation results showed that, for example, the
building would be too hot in the summer due to
various factors (eg. materials used, space layout,
window size, orientation, lack of shading), some
students ignored the results and continued with their
design. For them, other issues such as how the
building looked, the familiriaty with the materials
chosen, were more important than the thermal
performance issues. They were fully aware of the
implications of their design on the peformance of the
building, mainly from the point of view of thermal
comfort, but they did not regard this as the most
important factor to change their design. Some did
alter their design but only to a degree where it did not
compromise their original design concept and how
they wanted the building to look.
Overall, it was quite a challenging experience to
introduce the concept of building performance
simulations to architecture students. On top of this,
the fact that the course was only conducted for

- 1149 -

several weeks made it even more difficult. At the
end, students were able to use the program and
undestand its implication on design, but whether or
not all of them really understood all the details about
building simulation was not guarranteed.

LESSONS LEARNED
The above experience, which was also experienced in
other years, indicates a number of issues that are not
only relevant to the teaching (of building simulation)
in this School but also elsewhere, including the
introduction of building simulation to architecture
practitioners. The first lesson is it is not sufficient to
give a short training on a building simulation
program to students (or practitioners) if they do not
have sufficient knowledge to understand the basic
principles of the program. This includes the basic
knowledge of building heat transfer, thermal
properties and behaviour of materials, and basic load
calculations. Without this there is a likelihood that
either the simulator would enter unrealistic input to
the program or unable to have a good understanding
of the simulation output.
The second issue is the fact that most architecture
students (and possibly architects in general) do not
necessarily put environmental concerns, in this case
energy consumption and thermal comfort, as the
most important thing in their design or project. This
is not to say that this is the right way to approach a
design problem, but this is a fact. Depending on the
project, there are other ‘more important’ issues: the
feeling of the space, how the space or building will
look, the client’s preference (eg. being close to the
outdoor environment is more important, and
therefore having large openings is more important
than having a thermally comfortable space all the
time). So regardless the results of the simulation, the
designer may not want to take the results on board.
This means, not all building designers see that
building simulation is truly important in developing
their design.
The third issue relates closely to the second issue
above. Until now there is no building simulation
program that is easy to use by architecture students
(and architects) and give truly accurate results. There
have been many attempts to create more userfriendly, easy-to-use simulation programs with CADlike features, but these programs are likely to apply a
lot of assumptions and simplications in order for it to
be used easily. This is acceptable during preliminary
design stages, but will not be suitable for developed
design stages. The simplication and assumptions (for
instance, in describing the actual shading condition,
building materials and thermal properties, use
patterns, window opening schedules) can be
problematic. If the simulation model actually does
not represent what would actually happen in and
around the building, the simulation results will be
meaningless. On the other hand, the programs that
have a high accuracy to describe the building are

usually the ones that are more difficult to use and
require numerous (numerical) input. Although these
programs may use popular CAD programs to draw
the building, the user still has to define a lot of
parameters for the simulation, which are usually
numerically. This again becomes a hindrance for
architecture students or architects as they tend to
work graphically rather than numerically.
This is not to say that no architecture students (or
architects) are likely to use building simulation in the
design process. In the experience of teaching the
above course, there were few students who became
quite knowlegdable about the simulation program
and used the program to help them develop the
design, even from the earlier stages. Their final
design was responsive to the design brief as well as
to all of the environmental concerns and it was quite
evident that the simulation did help them in
developing the design. It seems, from this
experience, that when the designer is willing to learn
the program (and understand the basic principles
behind it), it is not impossible for him or her to use
simulation programs in the design process. However,
it seems to be unrealistic to expect that all building
designers (eg. architecture students or architects) will
be able to use building simulation programs in their
work. Morbitzer et al. (2001) suggested that
architects with some knowledge in environmental
building design may use a simulation program for a
quick evaluation of a design concept, whereas in
more developed stages it is the simulation specialist
who will be using the tool. It is unlikely that an
architect, who has to deal with so many design
problems at the same time, would have the time to
use simulation at any stage of the design process. In
this teaching experience, it was relatively easy to
‘force’ the students to use simulation as this was part
of a course program (in which the work was graded).
In practice, without any push (eg. required by the
client building codes), as suggested by Lam et al.
(1999) it is unlikely that simulating the building
being designed would be part of a design practice.

EXAMPLE OF STUDENT WORK
Four out of nine students in the class did use the
simulation program successfully in developing their
design. One student work is presented below.
The student chose a scripwriter as his client. He
investigated his daily patterns and thermal preference
(eg. working hours, comfortable temperatures, needs
in the dwelling). The building would be built on a
sloping site facing a river which would be used as the
main view point. The feeling of ‘being outside’, or
‘close to the outdoor’ was very important to the
client. The site was in an Adelaide Hills region
(35°SL, 138.8Elong, 360 meter above sea level,
summer average temperature 19°C, winter average
temperature 9°C. The floor area, as required by the
competition, was no more than 40m2. The student
proposed a simple layout (Figure 3).
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In the initial design, the idea was to have as much as
solar gain for passive solar heating; therefore, no
shading devices were used. The building had a light
construction (insulated timber floor, insulated timber
stud walls), with single pane glazing (Figure 4). The
simulation results showed that the internal space
would be very cold in winter. On the other hand in
summer afternoon the internal space would receive
direct solar radiation due to lack of shading, which
would make the space too warm. The design was
then altered with additional shading devices on the
balcony area and the use of double glazing (Figure
5). The summer performance was much improved
but the winter performance was actually worsened.
The use of double glazing did reduce the heat loss,
but the additional shading devices on the north
reduced the amount of solar heat gain.
In the third design alternative, movable shading
devices (ie. louvres) were proposed to shade the east
and west openings. Also, bricks were used for the
solid walls on the east, west and south instead of
insulated timber stud walls (Figure 6). This resulted
in a cooler space in summer and reasonably warmer
space in winter in which only less than 50% of the
time the indoor temperature would be less than 18°C.
Because the client considered openess as very
important, there was no further attempt by this
student to reduce the amount of glazing, which may
have resulted in a warmer indoor space in winter.
Using concrete floor may have also resulted in more
heat being absorbed and retained in the structure, but
this would have costed more as the client wanted the
building to be raised from the ground. Figure 7
shows the comparison of the percentage of hours per
month when the indoor space would be within the
comfort range of the occupant.
Although the final design would still result in a
building which would be slightly cool in winter, the
student was able to demonstrate his understanding of
designing a passive design and self-sufficient house
by using a simulation program to help him making
decision on the building design. The student was also
able to improve the thermal performance of the
building without sacrificing the aesthetic and other
functions of the building. The final design is
presented in Figures 8 and 9. The roof shape was
modified to allow for the installation of solar panels.

to the program and having difficulties in interpreting
and understanding the simulation output.

Figure 3. Floor plan of a student’s design

Figure 4. First alternative. The image shows the
Northwest view at 2pm in December 22.

CONCLUSION
This paper presents a case study of teaching building
simulation programs to architecture students in a
Master of Architecture (Digital Media) program. The
experience showed that it was not easy to introduce
building simulation programs to architecture
students. In order to be successful, the students must
have a prior knowledge related to the basic principles
of the simulation. Without this, the students might be
able to use the program but without a sufficient depth
which may result in them entering unreasonable input
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Figure 5. Second alternative. The image shows the
Northwest view at 2pm in December 22.

Figure 8. Environmental system of the final design
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Figure 6. Third alternative
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Figure 7. Comparison the percentage of time when
the internal space would be within the comfort range
The experience also showed that due to the nature of
any building simulation program, it is unreasonable
to expect that all architecture students, or building
designers in general, to be able to use a simulation
program at any stage of the design process. Despite
the fact that many simulation programs have been
developed to have more user-friendly features and
capabilities, very few architecture students would
incorporate simulation in their design process
because the very nature of the simulation program
that always requires a lot of technical and numerical
data. Unless the students are well equipped with
sufficient sources and time to obtain these data, it
will be very difficult for them to use simulation.
Also, the fact that there are always many issues in
any design project, thermal performance and energy
uses may not be the main concerns of the designer
(and client), making it even more challenging to
encourage the designer to use simulation.
The experience showed that when the students did
use the simulation to help them making design
decision, the results could be rewarding. However, in
design practices, the most that can be expected is to
have simulation specialists to perform the simulation,
rather than expecting the designer or architect to do

Figure 9. External view of the final design
this volunterarily. Even in that case, the need to
perform the simulation depends on whether or not
demonstrating the performance of the building is
required, either by the client or by the building codes
or regulations.
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