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ABSTRACT

This paper evaluates passive design strategies against occupant feedback and behaviour in two air-conditioned
office buildings situated in the hot-humid climate of Singapore and Malaysia. Indoor conditions are monitored;
occupants are surveyed and observed. Of the passive principles available, two are present in both buildings:
daylighting as a strategy for indoor illumination and solar load management through envelope design. The
combination of high daylight and façade thermal transmittance levels - particularly in the areas nearest the
building envelope - results in behaviour that negates the effectiveness of the measures in general. It is argued
that the passive approach for the hot-humid tropics needs to be reevaluated. Occupant expectations of comfort -
particularly in relation to activity and outdoor conditions – should be studied and calibrated. A methodology is
proposed for extracting comfort criteria. This is significant to how indoor comfort can be created within various
climate and building types.

INTRODUCTION

How effective is passive design in the hot-humid
tropics? To answer this, we must first define its role
and understand how it applies to the interface of
buildings and climate. The primary function of human
shelter – which consists of a combination of active
and passive systems - is “fulfilling the needs of
comfort” (Olgyay, 1963). A passive building works
with its climate - moderating and/or incorporating its
attributes - without reliance on active, energy-
consuming systems such as air-conditioners and
electrical lights.

The question of what constitutes comfort is more
complex. Beyond traditional physiology-based
definitions, psychological parameters (such as
occupant expectations and attitudes) are shown to
influence what is preferred and/or acceptable (de Dear
and Brager, 1998; Olweny, Williamson and Sufianto,
1999). These parameters are neither static nor
universal.

Effectiveness of the passive approach may therefore
be defined as the ‘fit’ between building performance
(i.e. delivery of temperature and light) and occupant
expectations and behaviour.

To explore this definition, this study focuses on an
office building each from Singapore and Malaysia –
two countries where the office tower has, in the last
three decades, become the dominant feature of the
cityscape. Changing lifestyles have altered
expectations and norms such that the active-run
building is effectively the model for the workplace.
The level of comfort these systems facilitate is
perceived to be a necessity - linked with productivity
and parity with the West (Uncredited, 1999).

The paucity of passive-run office buildings may also
be due to the intrinsic attributes of the hot-humid
climate. Indoor comfort here, by passive means alone,
is hardest to achieve (Szokolay, 2000). Outdoor
conditions in Singapore and Malaysia are deemed
uncomfortable for most of the day (Arup, 1998)
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largely because of a combination of temperature (with
highs of 32oC) and humidity (>80%). Wind speeds are
low and the average solar radiation at noon is 900-
1000W/m2, of which the diffused component, due to
persistent cloud cover, is a high 50-60% (Ding,
Pederson, McCulley, and Rao, 1984; Busch and
Deringer, 1987). In effect, the combined highs of heat
and humidity are difficult to compensate for with
natural airflow, and are often exacerbated by daylight.
Not surprisingly, few office buildings are free-running
and passive design is often a question of degree.

Within the context of the office building, as
represented by the two case studies, this study takes
on four broad objectives:

a. establish criteria behind expectations of
thermal and visual comfort;

b. establish how passive strategies perform, in
terms of daylight and temperature;

c. define the gap between passive design
intentions and occupant usage;

d. establish a link between observed behaviour
and expectation criteria.

METHODOLOGY

Effectiveness of passive design is assessed through a
combination of occupant feedback and behavioural
observations against the backdrop of indoor
conditions delivered by the building’s systems. Two
key principles of passive design are evaluated here:
daylight and solar load management.

The building’s performance is monitored through
logging of indoor conditions. These conditions are
logged with reference to presence of passive features
– specifically, the use of external shading, balconies
and orientation.

Occupant expectations are examined through a
survey. The fit between expectation and performance
is gauged through observed behaviour – specifically,
actions that seek to alter occupant thermal or visual
conditions.

The buildings selected represent examples of good
design practise in the 90s: the first (Case A) strikingly
passive in its design approach, the second (Case B)
much more reliant on active systems.

Case A (1992) is an owner-occupied commercial
office building in Kuala Lumpur, Malaysia – also an
acclaimed example of the bioclimatic approach
(Arcidi, 1993). Its passive strategies include the use of
solar orientation (service cores face east), presence of
external shading that is specific to sun-path and
creation of transitional spaces (balconies) on every
floor, which indirectly provide a form of external
shading (Yeang, 1992).

Case B (1996) is an owner-occupied government
office building in Singapore that was recently
awarded the ‘most energy-efficient building in
ASEAN’ title (Cooke, 2000). Its strategies include
consideration of orientation, with service core
placement against morning and afternoon sun. It has
no external shading - but the double-glazing on its
four facades is meant to counteract solar load (Tan-
Yeo, 2000). It has balconies as well, but only on the
topmost floors (Figure 1).

To admit daylight, A has 80% window to wall ratio
(WWR) with blue tinted glazing. B has 40% WWR,
also with blue tinted glass. The latter is fitted with
sensors that automatically adjust electrical light levels
in the perimeter areas to available natural light.

Figure 1: Typical Floor Plans of A and B

Occupant survey

Occupant feedback on their expectations of comfort is
collated through a survey technique known as the
Multiple Sorting Procedure.

This is different from past comfort studies that used
questionnaires with rating scales to ascertain human
response towards objective, measurable ambient
conditions (e.g. temperature and humidity). Subjects
here are asked to categorise comfort, not simply state
the degree to which they experience it.  This is
achieved by asking them to sort ‘labels’ (names of
rooms/spaces typically found in office buildings – see
appendix) according to passive, active and mixed
mode alternatives. After the ‘sorting task’, they are
prompted to discuss each grouping and reasons why
some rooms belong in one group and not another. All
comments are noted and content-analysed. The
themes that emerge are listed and ranked according to
the frequency with which they are cited.

The principle criticism against feedback through
questionnaires – in particular, rating scales - is that
they are insensitive to broader differences at a cultural
level (Canter, Brown and Groat, 1985). There is also
increasing recognition that surveys need to account
for “real world factors” (Olweny et al., 1999) because
comfort-related behaviour is not based on criteria of
sensation alone.
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In this study, 20 subjects were randomly selected in
each building. They were divided into two groups of
10 each whereby the first group was asked to sort
according to ‘visual’ modes: daylight (DL-passive),
electrical light (EL-active) or a mix of natural and
electrical lighting (DEL-mixed). The second group
sorted according to ‘thermal’ modes: air-conditioning
(AC-active), natural ventilation (NV-passive) or fan-
assisted ventilation (FA-mixed).

Each subject was asked to sort twice. In the first sort,
they were told that they could place as many cards as
they liked into each category: i.e. it was entirely a
question of their preference. For the second sort, they
were told that each mode had to have only 5 cards, i.e.
indirectly bringing in the question of tolerance. At the
end of each sort, they were asked to articulate their
criteria for the groupings, or explain why certain cards
were moved from one mode to another to make up the
numbers during the second sort.

Logging of building performance

Four variables were logged at locations with varying
distance from building envelope, with and without
passive features:

• light levels
• dry bulb temperatures (DBT)
• mean radiant temperatures (MRT)
• envelope surface temperatures

Readings were taken with and without active systems
operating – the latter when both buildings were
unoccupied. For these passive days, windows were
kept closed and lights switched off so as to assess the
full impact of the envelope (daylight and thermal
loads) on the active systems. Humidity levels and air
speeds were noted to ensure that these did not vary
significantly across the plan.

Behaviour

Occupants were observed for one week for the
following sets of behaviour:

• adjustment of blinds
• adjustments to clothing
• use of desktop fans
• switching on/off of lights
• alterations to building envelope

RESULTS

Occupant survey

Content analysis of occupant feedback consists, first,
of sifting through all raw recorded comments and
extracting categories (i.e. representing criteria for
expectations of comfort) based on common use of
words and meaning. All comments are then placed
within the list of categories, tallying up the frequency
with which a category is expressed within thermal and
visual sorts. Finally, each category is ranked
according to frequency, to yield an overall scale of
importance (refer Tables 1 and 2).

Analysis shows that two key criteria are significant in
both modes: Activity/Functionality and Duration/
Frequency of Use. The former refers specifically to
any comments made regarding the function of the
space – e.g. desk-bound work vs. group activities or
the number of people and equipment in the space.
Some labels are placed into a certain mode by all
subjects (e.g. auditorium which must be active so as
to facilitate audiovisual presentations and ensure
thermal comfort of a large group within a confined
space). Others vary from subject to subject (e.g. a
photocopy room might be preferred as AC or NV,
depending on the subject’s view of which can better
cope with the presence of the equipment).

The second criterion refers to the time spent in the
space and how specific the thermal/visual conditions
need to be. A lift lobby, for instance, can be daylit
because “one spends little time there”. The
workspace – where one spends eight hours a day -
must have specific and optimal levels.

Table 1: Frequency and ranking of criteria cited
during sorts of thermal modes
Criteria Frequency Ranking

Duration/Frequency of use 22 1
Personal Comfort 18 2

Activity/Functionality 17 3
Health/hygiene 16 4

Enclosure/Openness 9 5
Image/Mood 6 6

Consistency/Control 5 7
Safety 4 8

Relax/Concentrate 2 9

Table 2: Frequency and ranking of criteria cited
during sorts of visual modes

Criteria Frequency Rank
Duration/Frequency of use 11 3

Personal Comfort 2 6
Activity/Functionality 14 1

Health/hygiene 3 5
Enclosure/Openness 13 2

Image/Mood 8 4
Consistency/Control 14 1

Safety 8 4
Relax/Concentrate 8 4
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A third criterion of significance is Enclosure/
Openness - more important for the visual modes than
the thermal. It essentially refers to a link with the
outdoors, for which some spaces - such as health care
centre and cafeteria - are said to be better suited.
Others, such as the workspace, are less so. This is
probably connected to the criterion of
Concentration/Relaxation whereby daylight – with its
implicit views out - is seen to promote a feeling of
relaxation. In the workspace, this is deemed to be less
appropriate as it might distract from the task at hand.

Two criteria feature significantly with either mode:
Personal Comfort (thermal) and Consistency/Control
(visual). In the workspace, occupants want a level of
predictability and equity (with others working
alongside) that comes with having electrical lighting.
Passive modes – linked with outdoor variability –
cannot satisfy this. Personal Comfort is one of the
most recurrent reasons given for choice of air
conditioning. Natural ventilation is seen to deliver
lower levels of comfort. The respondents’ experience
is either that natural-run buildings do not function
well enough or that the hot-humid climate is
uncomfortable in itself for a part of the time.

Two criteria of lesser significance are Health/Hygiene
(thermal) and Safety (visual). The latter is used in
response to fire escape stairs, suggesting that it may
be prompted by semantics (‘escape’) rather than
actual preference. Health/hygiene seems to have a
broader context of reference, used in association with
the gymnasium, cafeteria, pantry and toilets. It may be
underpinned by broader attitudes to the hot-humid
climate where high temperatures, humidity and
rainfall result in rapid fungi growth and decay and
infestation with insects (Fry and Drew, 1956).

Finally, Image/Status emerges as a criterion of small
significance, applicable to both modes. Here, the class
of building is distinguished by the amount of artificial
light used and how cool it is perceived to be.

Logging of building performance

The data for both buildings shows that glass surface
temperatures rise to significant levels, often well
above outdoor DBTs (Figures 2 and 3).

The impact of these high surface temperatures is most
felt in the areas closest to the envelope, which -
particularly in case of case A - rise and fluctuate with
changing outdoor conditions (generally, with a 1/2
hour time-lag between outdoor event and its effect on
glass temperature). Further in, readings for sensors at
4.5 and 9m are flatter and largely identical. In case B,
the outermost readings are much less varied. Indeed,
readings from 4.5 m to 16 m are virtually identical.

Figure 2: Case A surface and indoor temperatures

Figure 3: Case B surface and indoor temperatures

The difference between the peripheral zone and inner
areas can be as much as 3.3 oC for A and 1.9 oC for B
(Figures 4 and 5, with inner zones represented by the
darker ellipse). This is probably due to the higher
WWR for A, which pushes up the envelope
transmittance levels, creating a significant source of
conducted and radiant heat.

Figure 4: Case A surface and indoor temperature
according to passive strategies.
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Figure 5: Case B surface and indoor temperature
according to passive strategies.

The success of various passive strategies is apparent
from the way in which surface temperatures vary with
orientation, presence of sunshades and balconies.  In
Case A, these differences are particularly high and
contribute to the unevenness of indoor temperatures
and presence of hotspots. Indoor DBTs near the NE
and W facades were recorded as high as 26-28 oC
(with air conditioning).

In Case B, only the impact of orientation can be
assessed. It shows up as differences of about 10
degrees between peak surface temperatures at the
different facades. The logging was carried out towards
the end of the year when the sun-path stayed in the
southern half of the sky. This meant that the northerly
facades were effectively in permanent shade, whilst
the southern ones were in perpetual sun.

Direct incident radiation seems to have the most
influence on the temperatures of envelope glass,
which in turn, impacts on indoor conditions. Passive
measures such as sunshades, balconies and façade
orientation tend to reduce or eliminate this component
- leaving the façade free to deal with only the effects
of indoor/outdoor temperature differentials and
indirect radiation.

It is difficult to make a comparison of the buildings
under active mode since the air-conditioning system –
due to its distribution of air diffusers – can often mask
passive effects. It is worth noting though, that in Case
B, the variability of indoor temperatures across the
floor plan is approximately 1 oC, whilst in Case A, it
reaches up to 4-5 oC. This may, of course, be partly
due to failure of the air-conditioning system to deliver
consistent conditions, but the hotspots here are next to
windows with the highest surface temperatures –
evidence that it is also due to the building envelope.

In general daylight levels are also at the highest
nearest to the envelope, fluctuating rapidly with
outdoor conditions. They drop sharply with distance
from envelope. In building A, levels near west façade

(with the light tint) reach 5600 lux at 4PM - over 10
times the levels needed for the workplace. Twelve
metres from the envelope, it drops to 160 lux - a ratio
of 1:45. In B, the contrast is less: daylight levels near
the SW envelope peak at 500 lux, dropping to 17 lux
further in – a ratio of 1:29. Whilst these are average
readings for a given time of day, the ratios represent
the levels of contrast between outer and inner zones
and show that Case A has far greater variability and
glare than Case B.

It is difficult to generalize with light levels as these
depend on prevalent outdoor conditions, and the
buildings were logged on separate days. Also, the
user-installed tints in A affect the amount of daylight
on every floor. It is not possible, as such, to comment
on how the building was originally meant to perform.

In general though, results show that passive design
creates uneven conditions across the plan, with
contrast between periphery and centre particularly
high for daylight. This asymmetry and variability
seems to be higher in the building that was passive
designed (i.e. Case A).

Behaviour

a. Adjustment of blinds:
Vertical blinds are available in building B but not in
A. Without fail, and on almost every floor visited,
they were kept closed and electrical lights switched
on. Few occupants made an effort to adjust blinds
with changing light conditions. Anecdotal evidence
suggests that occupants nearest the envelope made the
decision on the blinds as they had ‘ownership’ of
windows. The blinds were pegged to the worst
condition during the day (e.g. afternoon sun) and left
permanently in that position. This was sometimes
moderated by requests from co-workers further in
(especially when the occupant next to the window
wanted the blinds open) suggesting a kind of baseline
consensus at work.

b. Adjustment of clothing
About 70% of occupants in building B kept a jacket at
their workplace. Almost 90% of that figure used it
regularly, which they said was in response to
overcooling by the air conditioning system. Mean
indoor DBT recorded was 22.5 oC. In building A –
where DBT averages at 24.6 oC - jackets were less
prevalent with only 38% of occupants keeping one at
work, of which less than a third actually used it.

c.  Use of desktop fans
In building A, over one third of all occupants used
desktop portable fans.  In case B, the figure was 4%.

d. Switching on/off of lights
Occupants of building A have no control over the
amount of electrical light reaching their desks –
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ceiling lights are zoned across large areas of the floor
plan. A decision to alter these levels would have to be
made by management. In case B, desktop lighting
complements lower ambient lighting levels, allowing
occupants the freedom to alter the levels at their
worktops. These lights were generally switched on
once at the start of the workday and switched off at
the end.

e. Alteration to building fabric
The management of building A tackled the problem of
daylight and glare with a radical solution, laminating
the building’s windows with solar tints. Three shades
were used: light, dark and extra dark. At first glance,
these appear randomly applied, but a review of tint
type against passive features and indoor activity
showed a combination of criteria. Three floors are
shown here to illustrate this (Figure 6).

On level 12, where the cafeteria and gymnasium are
located, no tints have been added. Windows against
service and transit areas, such as toilets and lift
lobbies on all floors, were likewise untouched. On
level 8, tints were applied around the office spaces,
with lighter tints for windows that are against the
balcony or next to vacant/circulation spaces. Extra
dark tint was applied to the North and West facing
windows – where the sun is hottest at certain times of
the day and seasons in the year. On level 2, these
same orientations and relationship with balcony do
not seem to matter. All windows have the same light
tint because office spaces here are set away from the
envelope, buffered by stores and meeting rooms.

Figure 6: Solar tints applied to windows in Case A.

In essence, windows next to workspaces get the
darkest tints, unless they are protected from the sun by
balconies and/or orientation. Rooms where the

activities are secondary (e.g. store or meeting room)
or where occupants spend less time (toilets and lift
lobbies) have lighter or no tints. These interventions
seem to ‘correct’ what the building fails to do through
passive design, summarising what is preferred and
tolerated. They also affirm the two key criteria of
occupant expectations: Activity/ Functionality and
Duration/Frequency of Use.

SUMMARY

The study shows that passive strategies are often
technically successful, achieving degrees of daylight
penetration and solar control. They do not, however,
create indoor conditions that meet occupant
expectations of comfort. Occupant behaviour and
interventions in both buildings suggest a level of
discomfort - even with Case A, which is designed
according to bioclimatic principles. Of the sets of
observations made, the solar tints – for the scale and
pattern of intervention - provide the most compelling
evidence of the mismatch between building design
and user needs.

Conversely, a lack of occupant intervention also
affects the success of passive strategies. This
reluctance to manage comfort appears to stem from
intolerance to fluctuations in indoor conditions. This
is more so with light than temperature, possibly
because daylight levels can alter quickly from minute
to minute. Analysis of survey feedback confirms that
Consistency/Control is a key criterion of comfort with
light. Predictably, blinds are left shut and desktop
electrical lights are left on throughout the day.
Daylight penetration is curtailed except in
rooms/spaces where activity and duration/frequency
of use allow for higher thresholds of tolerance.

Logging of light levels confirms the variability of
indoor conditions due to passive design. It is
particularly pronounced across different times of the
day and between regions that are closer to the
envelope and those further in.

With thermal comfort, occupant complicity in comfort
management is more evident across a typical day.
However, the high reliance on clothing adjustment
and desktop fans suggests a substantial failure of the
systems (passive and active) as a whole.
Underestimated here - particularly in Case A - is the
effect of incident solar radiation on envelope
temperatures and its subsequent effect on indoor
conditions.

In conclusion, it seems that passive design - as it is
applied to these two office buildings in the hot-humid
tropics – fails partly because it does not adequately
account for occupant expectations. Expectations stem
from a set of criteria, which affect how much
variability occupants are prepared to tolerate. The
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principal criteria are duration/frequency of use and
nature of the activities. Passive design, by its very
connectivity with outdoor conditions, creates
conditions that are more variable than that which
active systems are able to deliver.

Future research needs to take passive design beyond
the bioclimatic approach. It needs to develop a
framework for incorporating systemic variations in
occupant expectations - one that would selectively
combine passive and active principles/systems to
create a template of building zones with different
modes and degrees of comfort.

REFERENCES

Arcidi, P., (1993). “Album: Menara Mesiniaga
Tower.” Progressive Architecture 74(3): 108-110.

Arup, (1998). Singapore Civil Defence Force
Headquarters: Self-Sufficiency Design Options -
Concept Study for the SCDF HQ Project for the
Singapore Public Works Department. Singapore, Ove
Arup Associates.

Busch, J. F. and Deringer, J. J., (1987). A building
envelope energy standard for Malaysia. ASHRAE -
Far East Conference on Air-Conditioning in Hot
Climates, Singapore.

Canter, D. V., Brown, J. and Groat, L., (1985). A
Multiple Sorting Procedure for Studying Conceptual
Systems. The Research Interview. M. Brenner, J.
Brown and D. Canter. London, Academic Press: 81-
114.

Cooke, N., (2000). IRAS' building ASEAN's most
energy efficient. The Straits Times. Singapore.

de Dear, R. J. and Brager, G.S., (1998). “Developing
an adaptive model of thermal comfort and
preference.” ASHRAE Transactions 104(ipt.1a): 145 -
167.

Ding, G. D., Pederson, C.O., McCulley, M.T. and
Rao, K.R. (1984). Simulation studies of building
energy performance in warm and humid climates.
Energy conservation in the design of multi-storey
buildings - papers presented at an International
Symposium at the University of Sydney from 1 to 3
June, 1983. H. J. Cowan. Sydney, Pergamon Press: 41
- 59.

Fry, M. and Drew, J., (1956). Tropical Architecture in
the Humid Zone. London, B.T. Batsford Ltd.

Khosla, J., (2000). Unpublished Q&A with Ken
Yeang.

Olgyay, V., (1963). Design With Climate: Bioclimatic
Approach to Architectural Regionalism. New York,
Van Nostrand Reinhold.

Olweny, M. R. O., Williamson, T.J. and Sufianto, H.
(1999). Aspects of Thermal Preferences in Humid
Tropical Climates. Sustaining the Future: Energy-
Ecology-Architecture, Passive Low Energy
Architecture Conference, Brisbane, Australia, PLEA
International.

Szokolay, S. V., (2000). Dilemmas of warm-humid
climate house design. Architecture, City,
Environment: Passive Low Energy Architecture
Conference 2000, Cambridge, United Kingdom,
James and James.

Tan-Yeo, W. K., (2000). IRAS submission for ASEAN
Energy Efficient Building Competition. Singapore,
Inland Revenue Authority of Singapore.

Uncredited, (1999). Air-con gets my vote, says SM
Lee. The Straits Times, January 19th. Singapore: 1.

Yeang, K., (1992). Architect's project notes -  Menara
Mesiniaga. Kuala Lumpur, TR Hamzah and Yeang.

APPENDIX

List of 15 labels used during Multiple Sorting
Procedure:

Workplace
Meeting Room
Auditorium
Library
Staff Lounge
Staff Pantry
Cafeteria
Gym/Health Care Centre
Fire Escape Stairs
Photocopy Room
Store Room
Toilet
Atrium/Entrance Foyer
Lift Lobby
Day Care Centre
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