
AIVC 
#13,714 

PERGAMON Building and Environment 36 (2001) 281-289 

www.elsevier.com/locate/buildenv 

Improving the sustainable development of building stock by the 
implementation of energy efficient, cli1nate control technologies 

Shane West 
University of Tec/1110/ogy, Broadway, POB 123, Sydney NSTY 2007, Australia 

Received 18 December 1998; received in revised form 29 March 1999; accepted 23 November 1999 

Abstract 

It is the aim of this article to explain the testing procedures developed at the University of Technology, Sydney (UTS) and to 
evaluate the potential natural ventilation and daylighting applications that have arisen from this research. The objectives for 
research into this field were to reduce energy costs and increase the sustainability of building stock. From the results of these 

experiments actual and potential designs are illustrated and discussed in this article. Multi-storey buildings require substantial 
artificial lighting, even with glass fronted facades, the shaded depths of multi-storey buildings require daylight supplementation 
and therefore energy. By supplementing the internal lighting levels with daylight, reducing the internal heat load by shading 
windows to direct radiation and the utilisation of natural ventilation over air conditioning where possible, significant energy 

savings are achievable. This article explores the heating and cooling problems associated with some glass faced curtain wall 

multi-storey facades and proposes design changes such as: delivering daylight above the suspended ceiling into the depths of the 
building by horizontal light pipes and natural ventilation, utilising stack effect and wind siphonage. © 2000 Published by 

Elsevier Science Ltd. 
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1. Introduction 

The need to provide climate control inside buildings 
to improve comfort levels and hence productivity is 
very desirable. However, the cost of design or redesign 
to achieve the desired comfort levels has to be econ
omically evaluated. 

With the on going energy/greenhouse emission re
duction campaigns and in accordance with Environ
mental and Ecologically Sustpinable Development 
(ESD) principles, the relevance of implementing sus
tainable energy technologies is now gaining the atten
tion of building designers around the world. 

The problems associated with energy consumption 
such as cost, material depletion both renewable and 
non renewable and greenhouse gas emissions have pro
voked an increased awareness and willingness to strive 

for technologies that provide ameliorative measures 
which increase the sustainability of building stock. 

An area of research that will contribute to reduced 
energy costs is building facade design implementing 
natural ventilation and daylighting. The objective of 
this paper is to highlight the implementation of the 
technologies and designs that have arisen from 
research into natural ventilation and daylighting at 
UTS. 

The Construction Management program at UTS has 
developed a light inlet test building that represents the 
curtain wall configuration familiar to multi storey 
buildings. Various methods and means have been eval
uated to bring reflected light in above the suspended 
ceiling and then distribute this light throughout the 
building. 

The Construction Management program and 
Mechanical Engineering program at UTS have also 
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Fig. I. Science Precinct Building, University of New South Wales, featuring L VT ventilation extraction. 

developed a test rig to assess wind driven venti
lators. From these results natural ventilation rates 
can be calculated. 

The aim of these projects is to develop a curtain 
wall panel that provides reduced artificial light 
dependency, reduced heat load and reduced operat
ing cosls, for bolh air contliliouing and lighting. 

One of the daylighting devices that has been evalu
ated involves a solar hood shading device to stop inci
dent radiation from striking the north facing glazing 
(south in the northern hemisphere) but reflects light 
through a horizontal light pipe (HLP) above the sus
pended ceiling and then redistributes that light into the 
work place (refer to Fig. 2). 
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2. Background 

A curtain wall is usually a non load bearing gl: 
fronted facade hung from the structural frame of 
building. This project relates to solar control and me 
particularly to a method and means for allowing s1 
light/reflected light to be redirected internally II 

buildings by improvements to curtain wall design. 
There has been recognition for many years tl 

solar shading using sunhoods/extended eaves e 

enhances the thermal comfort of a building, and win 
heating and summer cooling costs are minimised. 1 
standard application is to shade windows from dir, 
radiation during the height of summer while allowi 
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Fig. 2. The Daylighting curtain wall simulation test building, developed by lhe Construction Management program at UTS. 
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sunlight penetration during other seasons when the 
increased heat load is appreciated. 

Solar hood and eaves overhang designs can be accu
rately assessed by comparing the buildings orientation 
to the solar paths. For example, with a north facing 
window the extreme sun angles of June 22 and Decem
ber 22 would be the limits of vertical and horizontal 
pitch and an appropriate sunhood designed. 

One of the major advantages of curtain walling is 
that it allows excellent undisturbed floor to ceiling 
views if wholly glazed. If the glazing is unshaded how
ever, full intensity sunlight/radiation enters the build
ing giving rise to unacceptable internal heat loading 
requiring increased aiconditioning to provide thermal 
comfort for the buildings occupants. 

Direct radiation can be overpowering in the summer 
months and requires substantial air conditioning and 
therefore high energy input to lower the temperature 
to comfortable working levels. As the sunlight enters 
the building it passes through the glazing as short 
wave radiation which inturn heats objects within the 
building and is re-radiated as long wave radiation 
which cannot pass back throughout the glass and is 
therefore trapped within the building, commonly 
referred to as the "Green House Effect". 

Currently, daylight cannot be distributed throughout 
the building because of the ceiling limitations. There
fore, even with the increased sunlight entry capable 
with curtain wall designs, the internal work space 
requires considerable artificial lighting even during 
daylight hours. 

The paper evaluates methods and means to combine 
the principle of solar hood design with borrowed light. 
Borrowed light can be distributed throughout the 
building, lessening the requirement for artificial light 
and this ambient reflected light will not provide heat 
load as is the case with direct incident radiation. 

3. Significance 

In the NSW Government Department of Energy 
report released in February 1996: "Energy use in the 
NSW Commercial Sector", it was calculated that 
18.7% of NSW's total electricity consumption is di
rected to Commercial operations. The findings revealed 
that the major areas of electricity consumption are 
lighting 33.3% and heating, cooling and ventilating 
23.5%1. 

Massive savings in energy consumption are possible 
with current technology, and office buildings have now 
been constructed that have 50% less energy consump-

1 NSW Government Department of Energy: "Energy use in the 
NSW Commercial Sector'', February 1996 . 

... 

tion compared to similar sized commercial spaces. 
Obviously, enormous cost benefits are attributable to 
these energy savings and have been widely documen
ted. 

Energy auditing and assessment of buildings is a 
field of building technology that has seen tremendous 
growth and.,attention by both government and private 
sector organisations as the economic and social ben
efits are evaluated as increasingly essential components 
for best practice. From the figures provided in the 
NSW report "Energy use in the NSW Commercial 
Sector", lighting is emphasised as one of the most im
portant areas to reduce energy consumption. By maxi
mising the level of natural daylighting and using task/ 
ambient lighting, savings of 80% 111 ener 

... 
fy consump

tion have been documented. 

4. Horizontal light pipe technology 

As part of the research into daylighting technologies 
various methods of refracting and reflecting light into 
the depths of multi-storey buildings have been con
sidered and this must take into account the construc
tion practicalities, that is, positioning and mounting of 
the facade, solar shading and devices mounted exter
nally on the facade etc. 

Specific design requirements such as; buidability and 
maintenance of any facade attachments are serious 
considerations. The advantages of mounting a reflect
ing or refracting panel on the outside of the building 
envelope, for example, allows for air dissipation of 
heat before it is transmitted into the building envelope. 

5. Testing the HLP 

On the roof of Building 2, city campus UTS a clear 
unshaded space allowed for the computer assessmentof 
the daylighting levels achieved in the test building, 
given various configurations. Light levels were 
recorded from within the test building and also on the 
roof of the test building to compare total lux available 
to those transmitted to the desk top work plane area. 
One of the HLP tests carried out in 1994 at UTS is 
shown in Figs. 2 and 3. 

Australian Standard 1680.2 1992 recommended lux 
levels for general office tasks of 320 Lux. From the 
results of testing, on a bright sunny day over one third 
of the daylight (320 Lux required) at 3.5 m can be 
transmitted into the building with the HLP in oper
ation. The effectiveness of the HLP is clearly demon
strated by the light levels achieved when the HLP is in 
the closed or open position (refer to Fig. 4). 

This research involves on-going testing and evalu
ation of various methods and means of reflecting 
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Fig. 3. The Daylighting curtain wall simulation test building, developed by the Construction Management program at UTS. 

light into the work plane area. Research involving 
optical · cable, light shelves, tunnels, mirrors of 
reflecting glass/film, and infra red/reflecting and 
absorbing filter materials will be considered. 

Percentage increase in lux from various systems are 
assessed for commercial potential, calculations of po
tential reduced heat loading will become possible with 
on going data and design limitations and results will 
be summarised and perceived benefits assessed by 
(reduced air conditioning/lighting) with energy savings 
measured in kW and expressed as monetary savings 
per annum. The resultant cost benefit analysis incor
porating appropriate sensitivity and life cycle analysis 
of implementing the design improvements is the' final 
stage of development. 

6. Vertical light pipe technology 

While well known to domestic applications 1 
have roof space to floor area available, vertical l; 
pipes (VLPs) and skylight technologies are now p 
ing a part in rooftop locations such as supermarl 
and warehouses where substantial savings in ligh1 
have been achieved (Fig. 5). Solatube Australia 
Ltd, a manufacturer of tubular skylights has a s 
stantial testing facility consisting of identical test bu 
ings. With Solartube Australia Pty Ltd's assistanci 
vast array of reflective materials and: configuration 
lightpipes have been tested since 1994. One of the c 
figurations tested and compared was the applicatior 
a north facing reflector (south facing in the north 
hemisphere) to its VLPs. 

DAYLIGHT INTO TEST BUILDING WITH REFLECTOR OPEN AND 
CLOSED 
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Fig. 5. VLPs, with and without reflectors. 

7. Results 

From the results of experiments conducted under 
identical conditions the VLP fitted with the true north 
facing reflector achieved a 40% improvement over the 
VLP without the reflector. On a bright sunny day 
when a sum total of 100,000 Lux of sunlight is con
sidered available and the delivery into the building is 
only a maximum of 1400 Lux, the need for improved 
daylighting technologies becomes obvious (refer to 
Fig. 6). 

Australia has led the way with the penetration of 
VLPs into the residential market and now major devel-

opments incorporating VLPs and roof mounted sky
lights are taking place in residential and commercial 
projects around the world. 

8. Natural ventilation 

As previously highlighted in the NSW Government 
Department of Energy report released in February 
1996: "Energy use in the NSW Commercial Sector" 
stated that heating, cooling and ventilating constituted 
23.5% of electrical consumption in the commercial sec
tor'. The economic consequence of a few percent re-
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duction in consumption would translate into millions 
of dollars worth of savings. 

Building stock in countries having a warm temperate 
climate with high solar gain and industrial processing 
operations usually suffer from a common problem of 
heat gain. The need to reduce or dissipate the heat 
load inside factories to improve manufacturing pro
cesses and comfort levels in offices and hence pro
ductivity is an extremely desirable feature that has 
gained the attention of building designers around the 
world. The application of natural ventilation into com
mercial buildings is now being assessed scientifically 
with advanced computer simulation models that apply 
the laws of nature to assist with ventilation. 

In utilising one of the thermal laws the 'stack effect', 
buildings are flushed of hot air by inducing a convec
tion cycle which includes the dispelling of hot internal 
air and replacing it with cooler external air (if avail
able). Ventilation designers employ this stack flow and 
are now producing sophisticated thermal chimneys and 
other advanced stack flow systems with varying 
degrees of success. 

Wind driven ventilators also have their place and 
can assist the stack effect, however when there is no 
wind the stack effect is the natural ventilation base 
line. Wind driven ventilators make little contribution 
to venting when there is no wind present, apart from 
their exhaust coefficient of discharge due to their 
throat diameter. It should be stated that stack effect or 
wind driven turbines applied to domestic housing is 
also a different issue, especially where sealed insulated 
ceilings are concerned which will effectively reduce any 
airflow from within the house to the roof mounted 
exhaust vents. 

Thermal stacks with the assistance of wind driven 

Flow nozzle used to measure differential pressure 

()Flow rate 

�-,o 

turbines are a feature of some new office building 
signs. The Science Precinct Building at the Univen 
of New South Wales shown in Fig. 1, is an exam 
that has applied improved wind driven turbine desii 
known as long volume turbines (LVTs) tested at U 
to assist venti

.
lation where a good constant wind sou 

is available. 

9. Testing for wind siphonage 

In association with the Mechanical Engineering p 
gram at UTS a ventilation test rig was developed 
assess ventilation rates due to wind siphonage. , 
tests were documented by recording the wind veloc 
with zero pressure differential between the plenum a 
the ambient air pressure. The results of the testi 
proved to be very beneficial in establishing ventilati 
rates for various designs, allowing an assessment 
the percentage of the airflow induced through the V( 

throat at various wind speeds. 

10. Operation 

The fan produces the required wind velocity O\ 

the turbine, opening or wind directional vane (whi 
ever is being tested) hopefully giving rise to suctic 
drafting air out of the plenum chamber. Air pressure 
balanced by an input supply fan to achieve ambie 
air pressure and measured applying Bernoulli's pn 
ciple across the metering nozzle (refer to Fig. 7). 

�rcen 

Q 
Plenum 

UTS pressure differential ventilation test rig 
Fig. 7. Ventilation test rig used lo establish wind siphonage rates. 
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Fig. 8. Variable blade height/L VTs. 

11. Variable blade height/long volume turbines 

One of the impressive results that came out of our 
research on ventilator design was the improved per
formance of turbines labeled L VTs. In consideration 
of set design variables such as throat diameters to 
match joist spacing, it was decided to adjust the blade 
height while the throat diameter remained constant 
(refer to Fig. 7). 

The L VTs were supplied and modified by Edmonds 
Products Australia Pty Ltd and compared to their nor
mal 250 mm blade height Hurricane model (Fig. 8). 
With reference to Fig. 9 it can be seen that a 50% 
increase in blade height gives a 13.5% increase in 
exhaust fl.ow rate. The increase in height will also have 
an advantage on pitched roof houses, allowing more 
blade area to be exposed above the roof ridge line, 
assisting extraction. 

12. Combined daylighting and ventilation technologies 

The economic viability of implementing new tech
nologies depends not only on the cost of production 
and the savings attributable to the technology in use ie 
its pay back period, but to a large degree, the products 
aesthetics, iease of use and market acceptance. 

The ability to combine the energy saving technol
ogies developed from research relies on the design of 
the building being sympathetic to its direct application 
and/or its suitability for retro fitting. 

With the advancement of daylighting, ventilation, 
photovoltaic cells and phase change materials, success
ful implementation depends on careful design and 
scientific assessment. The design shown in Fig. 10 rep
resents an eight storey office/retail buildi�g incorporat
ing energy saving enhanced technologies which 
incorporate the following features. 

A stepped north facing facade which allows for sun
light to reach the refracting panels on each floor with
out shading the panel below, while providing sufficient 
solar shading to protect the recessed windows from 
direct radiation in the summer months when required. 

Mounted on the solar hood is a combination of 
photovotaic panels and selective wave length reflecting 
or refracting panels that deliver sunlight (preferably 
the visible spectrum minus infrared heat carrying com
ponent, especially important in summer months for 
temperate climates). The refracted or reflected daylight 
is then distributed above an insulated suspended ceil
ing and reflected into the office space. 

The suspended ceiling is insulated to reduce heat 
flow into the offi�e space and runs uniformly from the 
glazing to the air stacks/shafts that run the entire 
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VENTILATED SHAFT 
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AND WlND SIPHONAGE 

OPEN GR011Nl) FLOOR 

ENERGY SA YING SUSTAINABLE CONSTRUCTION 

COMBINING DAYLIGHTING AND NATURAL VENTILATION 

Fig. 10. Represents the cumulative result of combining the daylighting and ventilation technologies. 

length of the building. By insulating and opening the 
suspended ceiling to an air stack, hot air is siphoned 
to the core creating a thermal chimney and evacuating 
the heat from each floor. 

The thermal chimney is created by forming air corri
dors alongside the lift shafts, which operate by 
employing the stack effect, cooler denser supply air is 
drawn into the building from the open ground level 
retail stores. To assist the stack flow by added sipho
nage, wind turbines such as L VTs can be placed on 
top of the air stacks such as in the case of the Science 
Precinct Building at the University of New South 
Wales (refer to Fig. 1) 

13. Conclusion 

The results of both the daylighting and ventilation 
research described in this article have produced a 
greater understanding of the application and benefits 
that may be achieved utilising the improved designs 
which will hopefully be implemented into low energy 
consuming sustainable office buildings, as depicted in 
Fig. 10. 

Considerable savings have been demonstrated by the 
HLP and VLP applications and the use of natural ven
tilation improvements such as the LVT. Only a few of 
the results of our testing have been highlighted in this 

article and it could be said that the most signific 
outcome of this research relates to the collection of 
liable data that can be used to design systems fron 
scientific viewpoint. 

Both daylighting and natural ventilation are criti 
climate control components that should be conside 
for all building stock in efforts to reduce energy c1 
sumption and increase sustainability. Heating, cool 
and material specification have a crucial part to v 
in the sustainable buildings of the future and apply 
some practical building and design science the1 
could make a substantial difference to both the sh 
and long term viability of businesses operating wit: 
the buildings they occupy. 
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