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Air apparent
We take a peak behind the scenes at the workings of the University of Sydney’s  
Indoor Environmental Quality Laboratory, a finalist in the AIRAH Awards 2012.

Last year a unique facility – the Indoor 
Environmental Quality Laboratory  
– opened at the University of Sydney.

The IEQ Lab was built with a noble 
purpose in mind: to actually perform 
new research in the areas of indoor 
environmental quality.

 “For the past 30 years or so, the  
HVAC industry has come to rely almost 
exclusively on simplistic psychrometric 
models of thermal comfort to assess 
how systems and environmental 
configurations will be perceived by  
the end-users: the building occupants,” 
says Professor Richard de Dear from 
the University of Sydney’s Faculty of 
Architecture, Design and Planning, 
whose research over 30 years led  
to the development of the Lab.

“These models have been based on 
experimental observations in overly 
simplified experimental settings 
in climate chambers. By evolving 

the research infrastructure from 
crude climate chambers into a much 
more experientially realistic indoor 
environment, the IEQ Lab will vastly 
improve the external validity of the 
research findings to the real world,”  
de Dear says.

“By subtly leading the experimental 
subjects to ‘suspend their disbelief ’, 
the IEQ Lab will ensure that thermal 
comfort, perceived air quality and  
even productivity metrics registered  
by subjects in experiments will more 
closely resemble those experienced  
by real occupants when they encounter  
those same indoor environmental 
conditions inside an actual building.”

tHe CHAMbers
Consisting of two purpose-built climate 
chambers (1 and 2) fitted with sensors 
and controls, the laboratory allows 
researchers to control temperature; 

ventilation; air-flow and direction 
acoustics; and lighting level, direction 
and intensity. As these conditions change 
researchers will monitor occupants’ 
impressions of comfort.

  the ieQ lab will vastly 

improve the external  

validity of the research 

findings to the real world’
At 60 sq m, Chamber 1 has the capacity 
to accommodate 8–12 people in a typical 
Australian office-type workstation 
density, with two zones: interior and 
perimeter. This chamber can be operated 
under fully air conditioned mode, but 
also under naturally ventilated and 
mixed-mode regimes.

Chamber 2 is 25 sq m and can 
accommodate four to six individuals  
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in a workstation lay-out. It is essentially 
one zone, but also has flexibility to 
simulate an interior or perimeter zone.

Located at the university’s faculty  
of Architecture, Design and Planning,  
the Lab forms a key plank of the 
University of Sydney’s research  
into indoor environmental quality.

totAl indoor 
enVironMentAl 
QuAlity
Dr Francesco Fiorito from the University 
of Sydney’s Faculty of Architecture, Design 
and Planning says the concept of controlled 
environmental chamber in which human 
subjects can be exposed to experimentally 
designed values of a single environmental 
parameter goes back to the beginning of 
HVAC research in the early 20th century.

“But our indoor environment is more 
than just a single parameter like air 
temperature; it comprises humidity, 
radiant heat, air movement, air quality, 
ventilation rates, noise and acoustic 
qualities, daylight and artificial lighting 
levels,” Fiorito says.

“Moreover, each of these interacts with 
the others to create the total indoor 
environmental quality, as experienced 
by a building’s occupants. The IEQ Lab 
enables human experiences of indoor 
environments to be systematically analysed 
in a controlled experimental setting 
that looks and feels like a regular built 
environment. Commercial, residential and 
even vehicular interiors can be simulated.”

Fiorito says in some ways, the service 
provided by HVAC firms may not be 
exactly what they think it is.

“The HVAC industry, to a large extent, 
still regards its ‘product’ as HVAC 
systems and hardware,” Fiorito says. 
“But in reality it is a service called IEQ. 
The temptation is to think of IEQ as an 
asset of physical measurements – air and 
radiant temperatures, air speeds, light 
levels – but in reality, the true metric of 
quality is embedded in the occupant’s 
perceptual systems.

“The IEQ Lab is designed to  
specifically enable researchers to  
analyse the functional relationships 
between subjective comfort ratings and 
objective IEQ environmental parameters. 
The benefits to the HVAC industry relate 
to both research and development, but 
also design engineering. The facility  
is accessible to engineering firms who 
wish to conduct full-scale comfort tests 
on specific HVAC configurations.”

uniQue And flexible
The design for the IEQ Lab was based on 
a holistic research approach to the indoor 
environment, including thermal, visual, 
air quality and acoustic dimensions.  
The core design feature is flexibility.

Three types of systems are installed  
in the Lab: variable air volume (VAV); 
under-floor distribution (UFAD) and 
chilled beams (active and passive).

Both Chamber 1 and 2 can be used  
in a variety of scenarios.

In Chamber 1, two types of air 
conditioning are implemented via a 
fan-coil unit: VAV and UFAD. The VAV 
system provides flexibility to incorporate 
medium- as well as low-temperature 
variants. The air diffusion occurs 
through linear diffusers in the ceiling 

Schematic indication for the air conditioning and ventilation facilities. 
Courtesy of Norman, Disney & Young.



17J u n e 2013 • eColi b r i u M 

C O V E R  F E A T U R E

LARGEST  AUSTRALIAN
OWNED COIL COMPANY

REPLACEMENT COILS

IN 48 hrs

CORROSION
PROTECTION

Tested to 9,000 hours 
with no indication of
coating breakdown.

14–24 Cottam Avenue, 
Bankstown NSW 2200

PHONE: 02-9793 7000
FAX: 02-9793 7111

Email: sales@austcoil.com.au
Web Site: www.austcoil.com.au

• Curved Coils
• Copper Fin Coils
• DX Coils – Evap and Cond
• Chilled and 
 Hot Water Coils
•  Low Temp Coils
•  Automotive Coils
•  5/8” – 1/2” – 3/8” tubes

tHe ieQ lAb  
At A glAnCe
donated equipment
Air-cooled chiller:   
daikin	Australia
Audio system:   
group	technologies	Australia
BMS:  Automated	Logic
Chilled beams:   
Krantz	Asia	Pacific
Ceiling linear diffusers:   
Air	grilles
Swirl diffusers:   
Krantz	Asia	Pacific

donations of consultancy
BMS:  Logical	group
BIM:  Norman	disney	&	Young

grid. The return-air pathway is through 
slots in ceiling-mounted light fittings, 
allowing return air to get into the ceiling 
plenum.

When using the UFAD system, 
conditioned air is supplied into the 
under-floor plenum beneath the raised 
floor in the appropriate zone. The air is 
diffused into the zone through swirl-type 
diffusers located at the floor level.

  the ieQ lab enables 

human experiences of 

indoor environments to be 

systematically analysed in 

a controlled experimental 

setting that looks and 

feels like a regular built 

environment’
Chamber 2 has a chilled beam air 
conditioning system (both active and 
passive units). A fan-coil unit provides 
conditioned outdoor air; total airflow 
is 360L/s and the cooling coil capacity 
is 14.65kW. Velocity sensors placed 
in the ducting provide a method of 
measurement of the quantity of outdoor 
(fresh) air.

Located adjacent to Chambers 1 and 2 
but with independent environmental 
controls, the outdoor simulation corridor 
is a unique feature of the IEQ Lab.

The corridor has provision for heaters, 
forced-draft coolers and solar lamps 
that can be used to simulate outdoor 
conditions or other thermal transients, 
and also act as a perimeter zone for 
Chambers 1 and 2, with conditions 
ranging from cold (4°C) to hot (40°C).

tiMe indoors
Laboratory director Professor de  
Dear says we now spend an average  
of 90 per cent of our time indoors. 

“By helping us understand how humans 
react to temperature, light and sound in 
an office or at home, this laboratory will 
let us improve the quality and comfort  
of that time,” de Dear says.

“While there is a widespread belief  
that the optimal temperature for human 
productivity is 21.5°C – a figure that 
has been enshrined in many tenancy 
contracts – there is no scientific basis  
to this belief.

“By understanding the most efficient 
way to provide comfort, we can also 
lower energy and other resource costs. 
This has significant impacts on the 
sustainability of Australian businesses, 
drives productivity and increases our 
competitiveness in the low-carbon 
future.”

HigH-PerforMAnCe 
HVAC
“Progress towards sustainable built 
environments, in particular, high-
performance and sustainable HVAC, 
will be impossible if green buildings 
are perceived by their occupants to 
be uncomfortable, unhealthy or less 
productive than conventional designs,” 
de Dear says.

“The additional knowledge produced  
by this research is how HVAC systems  
are actually perceived by their occupants, 
and how HVAC performance criteria 
within the occupied zone interact 
with lighting, noise, air quality and 
indoor pollutants, to produce holistic 
perceptions of indoor environmental 
quality.

“Not only does the IEQ Lab give 
researchers the capability of pilot-testing 
comfort performance of current HVAC 
systems, it also has the potential to assist 
in the design of the next generation  
of high-performance HVAC systems  
as well.” ❚




