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Preface

Since 1954 the Department of Architectural Science of The
University of Sydney has organized symposia on subjects of
topical interest. The Symposium on Energy Conservation in the
Design of Multi-Storey Buildings, held at The University of
Sydney from 1 to 3 of June 1983, was co-sponsored by two
committees of the Institution of Engineers Australia, the
Building Science Panel of Sydney Division and the National
Committee on Applied Thermodynamics; and by two international
bodies, the International Association for Bridge and Structural
Engineering, Zurich and the Council for Tall Buildings and Urban
Habitat, Bethlehem, Pennsylvania - a non-governmental member of
UNESCO. The most important contributions to this Symposium are
reproduced in this volume. Eight of the thirteen chapters are by
Australian authors, three come from the United States and two
from Singapore.

Part I deals with predictive methods. 1In the first two chapters
Nield, an architect, and Thomas, a mechanical engineer, describe
the design of some of their Australian projects where energy was
a major issue. In Chapters 3 and 4 Baum and Rao examine energy
conservative building design from the standpoints of New York
and Singapore.

While Rao's paper includes a discussion of the American BLAST
program, Chapters 5 to 8 deal specifically with computers. Brown
describes BUNYIP, a new design tool for estimating energy
consumption and costs, developed jointly by the Australian
Commonwealth Scientific and Industrial Research Organization and
Enersonics Pty Ltd. Radford discusses multi-criteria decision
methods. Selkowitz details the analysis of the thermal and
daylight performance of fenestration with the aid of a new
version of the American DOE 2 program and a new daylight
illumination program, SUPERLITE. Finally Norman, a mechanical
engineering consultant, considers some of the current limitations
in the application of computers to the design of the air-
conditioning plant.

Part II deals with energy management. Van Ocken and Ellis review
surveys of energy management in Australian office buildings and
hospitals respectively. Iffland then describes in some detail
energy audits in the United States.
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Busch discusses currently available methods for the computer
control of energy systems. Finally Lim reviews the criteria for
thermal comfort in a hot-humid city, such as Singapore, and then
describes the reduction of energy consumption made possible by
the use of localized cooling and artificial lighting, and by
natural ventilation.

H.J.C.

Department of Architectural Science
University of Sydney

Australia

August 1983
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Energy as a Major Architectural Design Issue
L. Nield

Principal, Lawrence Nield and Partners
Architects

INTRODUCTION

Vitruvius, the father of architecture as a professional
dicipline, said around 30 BC,

"Caesar, now we shall proceed aright, if, first we observe in
what regions or latitudes of the world or work is placed. For
the styles of building ought to be manifestly different in Egypt
and Spain, in Pontus and Rome and in countries and regions of
various characters. For in one part the earth is oppressed by
the sun in its course; in another part the earth is far removed
from it; in another it is affected by it at a moderate
distance".

He continued, "Your Highness, therefore in the sun's course
through the inclination of the zodiac, the relation of the
heavens to the earth is arranged by varying effects, it appears
that in the like manner the arrangement of buildings should be
guided by the kind of locality and the change of climate. Thus
we may remedy by art the harm that comes by chance!™ (Vitruvius
V1.1 Translation F. Granger).

This paper will briefly describe some architectural approaches
to reducing energy use. The ideas are the same as those
expressed by Vitruvius. Society and the architect's tasks and
'tools' are different. Particular reference will be made to the
design of NEWMED 1, a new clinical sciences building for the
University of Newcastle, the new general hospital for
Albury/Wodonga and the recently completed hospital at Mt Druitt,
in the west of Sydney.

CLIMATE AND BUILDING

A University Project

The David Maddison Clinical Sciences Building for the Faculty of
Medicine in Newcastle, NSW, was designed by my practice. It is
located on a long-thin site with major facades facing east and
west.

The goals of flexibility in design and use, as well as the need
for a high degree of repetition appropriate to fast
construction, resulted in a structure where load-bearing columns
were located outside the external wall. This has produced not
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only a powerfully articulated facade but provided a support
structure for external sun-shading. The need for rapid
enclosure of the building so that fit-out could proceed at the
earliest possible opportunity dictated the use of a lightweight
walling system.

The extreme maritime environment of the site, which is exposed
to storms and prevailing winds from the south-east, led to the
selection of type 316 stainless steel, cold-rolled and brake-
pressed to a trapezoidal profile. Supporting structural frames
were prefabricated from cold-rolled steel channels in bays of
1.2 metres and these span from floor slab to edge beam above. A
sandwich of high thermal performance was built up on this
substructure consisting of the following:

. Outer skin of profiled type 316 stainless steel
. Sealed air space 25mm wide

. Vapour barrier of reflective foil

. 100mm of mineral wool insulation

. Vapour barrier of reflective foil

. Sealed air space 25mm wide

. Inner lining of 13mm plaster-board

This relatigely simple external wall gives a very low 'U' value
of 0.25 W/m=., deg C. Window frames are fixed into prefabricated
stainless steel fabrications and the openings are trimmed
internally with two-piece units fabricated from glass reinforced
plastic.

The architects' studies showed that the conflicting requirements
of view, solar control and daylighting were best satisfied by a
horizontal louvre solar control system on the east and west
facades. A series of 'manual' technical studies were carried
out and finally the CSIRO TEMPER programme was used to simulate
the thermal performance of the building.

The sun-shading spans between columns at 4.8m centres and is
supported on a stainless steel sub-frame. The system is show in
Fig. 1. The louvre blades were constructed from a foam
polyurethane sandwich panel with metal skins and a perimeter
reinforcing frame of steel.

Low angle sun, which mainly introduces problems of glare rather
than solar heat gain very early in the morning or very late in
the day, is limited internally by Holland blinds.
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Fig. 1 The David Maddison Clinical Sciences Building
at Newcastle, NSW: horizontal solar control
system on western elevation developed from
thermal performance studies
(photo by Max Dupain)
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The building is only selectively air-conditioned in that the
brief called for natural ventilation except where functional
requirements established the need for air-conditioning. 1In
laboratory areas air-conditioning is by the distribution of
heated and chilled water to local fan-coil units.

In more detail the TEMPER programme allowed us to predict the
following:

. There is no significant benefit from lowering the position of
the blades as this will only have an impact late in the
working day but will be at the expense of sun penetration
over the top of the system earlier in the day.

. The most significant improvement would be the addition of a
second blade to the eastern elevation.

. Further studies of cross ventilation were not justified
because of unreliability of results, long lead time and
negligible possible impact on design ie opening doors and
windows are the most practicable methods of controlling cross
ventilation.

. Comfort conditions would be satisfactory without air-
conditioning.

I suppose one of our conclusions from the work on energy
conservation and comfort conditions at the David Maddison
Clinical Sciences Building is such that architects getting
involved in such calculations and estimations is important for a
successful building. The computer analysis of this building
took considerable time and without the assistance of the
Newcastle University's School of Architecture it would not have
been possible. It is important that clients, particularly -
government clients, realise that energy analysis by architects
takes time and money. It cannot be done within the normal fee
structure.

ENERGY AND COMPLEX BUILDINGS

Recent Hospital Projects

I want now to move to more current concerns, the design of the
large hospitals in Mt. Druitt, a town of 100,000 in the west of
Sydney and Albury/Wodonga, the growth centre on the
NSW/Victorian border.

Firstly, in connecticn with the potential effects of
architectural design on energy conservation, I think these can
be very significant. Obviously the architects have control of
the spatial arrangements of activities and the form and fabric
of the building envelope. In the continuing series on energy
conscious design in the American journal "Progressive
Architecture", it has been shown, over a wide range of building
types, that energy savings can be made in the order of 20-60%
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(Progressive Architecture, Cleveland, April 1981, April 1982,
February 1983). Most of these energy design strategies involve
form/envelope, lighting and heating/air conditioning
considerations. Architects can have a major impact in complex
buildings on form/envelope and lighting (use of natural lighting
etc). If one made a broad estimate of the architectural design
impact as opposed to the engineering design impact on energy
conservation I think it would be fair to estimate that
architects' actions can be responsible for 50~60% of possible
savings, depending on the building type.

My practice, since its commencement in 1975, has been largely
working on hospitals, health and university buildings.
Hospitals are major energy consumers because of their 24 hour a
day operation together with the need for strict environmental,
life safety and regulatory requirements. New hospitals in
Australia today are almost always air conditioned.

There is a notion that hospitals, because of their deep plan and
high levels of mechanical equipment and lighting are "internal
load" dominated. Most research shows that this is not the

case. In‘'the cold parts of Australia the predominent energy
consumption.is for heating. Energy consumption would generally
not be high in buildings which are internally loaded. In Sydney
and warmer parts of Australia the major energy consumer is air
conditioning. The extent of the latter has been well documented
in Associate Professor Glastonbury's survey work for HOSPLAN,
the NSW Hospital Planning Advisory Centre.

Potential effects of architectural design on energy conservation
of hospitals are significant. However let us always keep this
in context. The annual operating cost of hospitals is

enormous. At the Royal Canberra Hospital in 1979 the annual
operating cost was $27m and the annual energy cost about
$540,000 that is, about 2%. Nevertheless in the 'Progressive
Architecture' study, hospitals consumed over 250K Btu per square
foot. This study considered 11 hospitals (Progressive
Architecture, Cleveland, February 1983). Overall a 40% energy
saving was achieved.

As I have said looking at this study, architects, the innovators
of form and fabric, can have a potential effect on 50-60% of the
40% possible savings. That is, appropriate awareness by
architects of energy conscious design and importantly
interactive working with engineers in the design team, can make
annual energy savings of 20-25%. Architects control building
orientation, the compactness of form, the selection of external
wall materials and insulation, the areas and orientation of
glass, the shading of glass and the colour of walls and roofs.
Together with engineers they control the extent of air
conditioning and the extent of acceptable comfort levels. In
connection with lighting their interaction with engineers
affects lighting levels, use of daylight, 2 level switching,
zone switching, extent of open areas, task lighting and the
colours of the interior.
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The recently opened 200 bed hospital at Mt Druitt shows a design
approach embracing energy concerns. This approach is relevant
to the central theme of the symposium; the design of multi-
storey buildings for physical and environmental performance.
This hospital is interesting in that hospitals of this size
generally come in 6 to 8 storey configurations. Hospital
designers worry most about the association of activities: the
generation and zoning of internal movement. Wittingly or

Fig. 2 Mt. Druitt Hospital, NSW, plan
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unwittingly the spatial arrangement of activities is the first
problem they try and solve. This is often so difficult to do
that they retire hurt or exhausted instead of addressing at the
same time other important problems such as energy conservation,
growth and change or even aesthetics. Lifts are used as a major
generator of form.

At Mt Druitt instead of the conventional 6/8 storey block we
were able, by analysis of a similar sized hospital (in Lismore,
NSW) to construct, with the aid of the CSIRO TOPAZ programme, an
'interaction' simulation model which was able to cost, in terms
of total salary spent in staff movement, various possible
locations of key hospital activities. The importance of this
programme was not simply that it enabled us to picture a
convenient layout but we could introduce further considerations
such as glass areas and minimum envelope. We could choose
solutions that gave us convenient internal movement and an easy-
to-build and energy economic form. Our solution was in fact two
stories having 30% glazing and an unusually compact plan with
ward accommodation on the North East. Fig. 2 shows the plan
that was developed.

Fig. 3 Mt. Druitt Hospital, NSW: south-west elevation
energy conserving windows
(photo by Max Dupain)
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Other features of this design were in areas where there was no
permanent occupation; deeply recessed round windows where used
providing good 'visual communication' with the outside world
while minimising glass area.

A further aspect of this hospital design is of particular
interest and this is the lack of 'robustness' (to say the
least!), in future energy cost predictions. Our engineers and
ourselves recommend that electrical energy be used on a demand
tariff basis to take advantage of the historically low electrica:
charges in NSW. Electricity generated by the standby generator
would operate to reduce peaks and to heat water at night to
store energy. This system was designed in 1976 and since then
electrical tariffs have exploded. Though the hospital was
opened last year it only, in recent weeks, has had all its beds
opened. We look forward to an energy audit to give us
information on the performance of this new system.

Fig. 4 Mt. Druitt Hospital, NSW: north-east elevation
showing horizontal solar control
(photo by Max Dupain)

Due to both my practice's concern for energy conscious design
together with the policies of the relevant government
departments, energy design was one of the 8 key design issues
for the Albury/Wodonga hospital. It is important that energy is
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seen as one of the conflicting demands of the architectural
designer. It is an important, but not the only, design issue.

At Albury/Wodonga the 8 key strategies we designated were:
. the location of key facilities in relation to each other
. the multiple address points required by hospitals

. the appropriate segregation of internal traffic

. the convenience of significant staff and patient journies
within the hospital

. the capability'to handle expected and unexpected growth
. the response to climate and energy efficiency

. the need for a simple repetitive structure with an optimised
bay size for ease of construction and extension

. the exploitation of the excellent site

Wodonga District Hospital has 180 beds and a range of clinical
and non-clinical support services. The form of the hospital
developed as a compact single storey triangular plan for the
elinical and 'hotel' services with the patient areas in a north
facing three storey block. Again the planning was based on the
projected interaction pattern of the new hospital. All glass
faces north or south. Because of the high summer temperatures a
building of high thermal mass was designed to increase thermal
lag. As can be seen in Fig. 5 there was substantial shading of
the glass.

There was a close interaction with our mechanical and electrical
engineers Norman Disney + Young to ensure that energy conscious
design flowed through into the engineering systems. Solar
energy was considered in detail but was not economically
feasible at this time. The roof is designed to allow future
installation of solar panels. Natural gas was chosen as the
main fuel.

As the building was on a superb rural site, all the windows in
the patient areas are openable and zoning of the air
conditioning has been designed to allow for natural
ventilation.

In terms of detailed design the building followed the energy
standard guidelines of the Victorian Public Works Department,
September 1981. This is a useful handbook basing much of its
information on ASHRAE, standard 90A (Energy Conservation in New
Building Design). This standard considers strategies for
building envelope HVAC, domestic hot water, alternative energy,
lighting, power distribution systems, automatic systems and



12 ENERGY CONSERVATION IN THE OESIGN OF MULTI.STOREY BUILOINGS

energy budgets. Central to the use of this is its energy
evaluation worksheets which assist in the working out of U-
Value, average ceiling height, area of glazed wall, U-Value of
opaque wall, northern glazing, maximum solar factor and actual
solar factor. For architects it is useful to go through these
work sheets even if this only develops a more interactive
relationship with the associated mechanical and electrical
engineering consultant.

Hospitals conceptually are not a 'monolith' but a federation of
separate states each with quite different functions. In terms
of energy there are 5 'separate states' which need to have their
own design strategies:

Fig. 5 Wodonga District Hospital, Wodonga, Victoria:
north elevation and plan showing single storey
clinical and 'hotel' block and three storey
patient block
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1 Patient rooms, patient areas, wards etc
Clinical areas such as operating theatres, X-ray and ICU

Administrative areas

= w N

'Hotel' and stores areas
5 Kitchen, maintenance etc

At Wodonga the energy design approach centred on developing
distinct strategies for these 5 areas of the hospital.

As far as we know there are no formal energy budget guidelines
in Australia, particular for hospitals, but we think that
measures taken at Wodonga should make it energy conservative in
terms of ASHRAE 90A and the design team considers it should use
about 120KWh/m<.

ENERGY AND THE CITY

Lastly, and briefly, I want to suggest that in energy design we
are dealing with symptoms and not the systemic disease. Our
cities and their values and our political systems encourage the
excessive consumption of land, of cars (escape vehicles from the
city), and for buildings developed for sale rather than for
sensible use. CBD office towers are, in a sense, a saleable
package as much as a response to a need. Cities no longer
represent regional culture. They conform more and more to the
international culture, the coca-cola culture of consumerism.
Ivan Illich has suggested that as much as 85% of technical
progress (cars, planes etc) is in fact counter productive. Not
only are they pointless but they cause serious social
disadvantage. In "Medical Nemesis"™ he showed that in fact a
large number of diseases in present hospitals are caused by the
medical system itself. This is called Iatrogenesis. The
medical system is a threat to health! In "Tools for
Conviviality" he argued that the mechanical donkey should be
introduced, a small mechanical vehicle instead of cars. In
education he argues that our present educational infrastructure
is counter productive. 1Its role is similar to religion in pre-
science days. He has identified thus, in many areas of our
cultures, that "more haste means less speed".

In architecture there are now major groups on both sides of the
Atlantic (Christopher Alexander in Berkeley and Morris Culot and
Leon Krier in Europe) advocating a return to pre-industrial
methods. There is a radical questioning of the city. Buildings
are becoming complex pieces of make-work. We pump in heat
through lights and have to remove it by air conditioning. Our
'over-dense' and 'under-dense' cities force us to design make-
work buildings, force us to have over-dependence on the car and
force us to consume more land for bungalows.
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Overall our bungalow/high-rise city must consume more energy in
terms of buildings and in terms of transportation required than
more compact developments. I am continually reminded of this by
working in Canberra. Clearly we must go on tinkering with the
system but should we perhaps be developing much wider strategies
for our ever growing metropolitan environment? It is the city
structure that is forcing us into complicated energy management
strategies. We should begin finding ways to treat the disease
not just the symptoms. If we paraphrase the Vitruvius' quotation
with which we commenced we might say "Thus we may remedy by art
the harm that comes by the contemporary city".



The Rocks Gateway Project, Sydney
A Study in Integrated Design

D.S. Thomas

Principal, Thomas, Weatherall and Associates Pty Ltd
Consulting Engineers

INTRODUCTION

The Rocks Gateway is a major commercial development to be located
on a site of some 7200m? in area bounded by George, Grosvenor,
Harrington & Essex Streets and is envisaged by the Sydney Cove
Redevelopment Authority as becoming the gateway to the historic
Rocks area of Sydney.

The major development on the site will be an office tower build-
ing of 44 occupied levels to provide some 80,000m2 of lettable
floor space. The lettgble floor area varies from 1,860m2 on
lower levels to 1,980m“ on upper levels. These floor areas are
substantially in excess of any office tower building in Australia
but have been dictated by market research and endorsed by BOMA
International in their review of the Project.

A basement of five (5) levels is provided over the major part of
the site and accommodates 600 cars and servicing facilities for
the office tower and historic buildings, substations and plant-
rooms.

The development retains the historic buildings fronting Grosvenor
Street which comprise in total some 7000m2 of lettable area for
hotel, restaurants, accommodation and offices use.

The plaza level at the address entrance from George Street feat-
ures an imposing glass enclosed entrance to the office tower,
public space, bank, post office, food shops and solarium which
provides a link between the office tower and the historic build-
ings.

The total development has a gross area of approx. 140,000m2 and
a rentable area of approx. 88,000m2. ‘

The Rocks Gateway project is presented to demonstrate the prac-
tical application of an integrated energy design approach to the
development of an energy efficient building complex by the incor-
poration of proven techniques in passive energy design, systems
engineering and energy management.

In commercial terms energy efficiency is viewed by the building
owner and manager as embracing both energy conservation and
energy management aspects.

Energy Conservation is taken to mean a reduction in dependence
on utility energy supplies i.e. supplies which are generated
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from depletable energy sources.

This is not to say that the total energy needs of the building are
necessarily reduced - as the reduction in depletable energy demands
is often replaced with similar energy input but from natural energy
sources e.g. sun, wind, etc., or by waste heat reclaim and recyc-
ling.

Energy management relates to the most efficient usage of the res-

idual energy needs of the building having particular regard to
consumption versus demand and the cost of energy.

ENERGY TARGETS

The complex nature of the development and the high standards est-
ablished for system design criteria made difficult a true com-
parison of the energy demands of the Rocks Gateway Project with
any existing developments in Australia.

A conflict exists in establishing an energy target related stric-
tly to maintaining design criteria on the one hand and on the
other the potential energy utilisation in actual practice for a
well managed building.

It was decided to establish energy targets related strictly to
system operation to maintain the high standard design criteria but
at the same time to provide system designs which would allow the
building owner and manager the facility to operate the various
systems and sub-systems to achieve optimum energy performance
consistent with tenant satisfaction over a potentially wide range
of possible tenancy requirements.

By comparison with currently operating buildings the energy targets
established are based on the following design criteria:

- population density of 1 person per 11.0m2

- fresh air load of 5.0 1/s per person

- design summer outdoor condition 32°C D.B. 23.5°C W.B.

- design summer indoor condition 22.5°C D.B. t 1 c. 55% max

- tenancy power usage in general office areas 11.25 w/m2
- tenancy lighting usage 11.00 w/m2
- no duty cycling

- no swing in conditions about design reference

- officer tower occupation: 12 hrs/day, 5 days per week
- commercial use areas: 3000 hrs/pa
- public use areas: 8760 hrs/pa
- car parking area: 3500 hrs/pa

- hotel & accommodation areas: 8760 hrs/pa
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The design energy target established for the total development on
the above basis was 500 MJ/m2 nett rentable area per annum exclu-
ding tenancy lighting and power in %he office tower only. This
compared with an estimated 720 MJ/m“/pa for a similar development
of more conventional design and servicing.

In order to relate the development more accurately with the energy
utilisation index being developed by BOMA, the target energy index
for the development excluding the historic buildings was estab-
lished at 430 MJ/m?/pa related to the design conditions stated.

The design development was progressively reviewed and the final
designs indicate that the target of 430 MJ will be bettered.

An assessment has also been made of the energy opportunities avai-
lable to the building owner on completion of the Project for fine
tuning and operation of the services to provide an acceptable stan-
dard of amenity related to the actual building occupation of high
quality office type.

Having regard to the system design criteria on which the energy
targets have been based and the increasing acceptance by Tenants
of less stringent environmental conditions and the flexibility
available for application of energy management techniques the
actual energy index in practice will be in the order of 350 MJ/
m2/pa of nett rentable area. Equally important to the Building
Owner is the cost of the energy used. The use of the energy stor-
age system will reduce the cost of energy used by approx 40% as
compared with the cost of the same energy consumption used on
demand.

PASSIVE ENERGY DESIGN

The office tower design recognises the energy implications of
orientation and exposure and the conflicting requiremen?s of
natural light penetration and exclusion of solar radiation.

The architectural response to these influences has been the devel-
opment of a building plan form, orientation, solar shading and
glazing design in which the optimum energy balance is achieved by
passive design, the inherent efficiency of which will be reflec-
ted in energy savings in perpetuity.

The facade is double glazed using a solar grey glass from ceiling
level to within 300mm of floor level to take advantage of the
magnificent views and to maximise natural light penetration.

The mullionless glazing system maintains the high thermal effici-
ency of the facade under both summer and winter condition§ gnd
has special regard to wind effects on surface film co-efficients.

The proposed sunscreens vary in angle of inclination from vertical
to horizontal to suit the changing orientation of the building and
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due to their shading characteristics avoid unduly high surface
temperatures being developed on the glazing system and hence
eliminate re-radiation problems to the occupied spaces.

The overall shading co-efficient of the integrated glazing system
is better than 0.20 and has permitted the effective use of vari-
able air volume air conditioning for both the internal and peri-
meter areas of the building.

Life cycle cost analysis of the facade treatment demonstrated that

the extra over capital cost was justified by the savings in air
conditioning capital and operating costs.

ENERGY CONSERVATION FEATURES

The design incorporates a number of energy conservation features
which guarantee the long term energy efficiency of the proposed
development and place this Project in the forefront of modern
energy design technology. It is expected that the building will
be a model in energy efficiency and will establish new energy
targets for future city high rise commercial developments.

The energy conservation features include:

- the use of recent proven technology in low
energy lighting design throughout the dev-
elopment to effect a reduction in lighting
energy demand and consumption of approx 60%
whilst retaining recommended illumination
levels and providing an improved quality
lighting installation requiring reduced
maintenance

- the location of mechanical plant rooms to
optimise air transportation energy costs
and to maximise waste heat energy recovery
opportunities

- the use of multiple variable air volume air
conditioning systems throughout the develop-
ment with plant designed to cater for
varying occupancy and exposure requirements
and to provide for low cost after hours
tenancy operation

- the use of outdoor air economy cooling cycles
for all air hHandling systems

- the control of car park ventilation systems
by contamination detection

- the use of exhaust air waste heat energy
reclaim heat exchangers for winter cycle air
heating advantage of waste heat resources
such as:

- 1lift motor room exhaust systems
- plantroom exhaust systems
- car park exhaust systems
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- the use of the refrigeration heat rejection
system for both heat rejection and ambient
air heat reclaim as an energy source for
winter heat pumping

~ the use of l,OOOm2 roof mounted solar
collectors to provide all domestic hot water
needs for the complex and as a supplementary
heat source for winter heat pump operation

The use of low energy lighting is probably the most dramatic en-
ergy conservation design feature and introduces the need to care-
fully consider the implications on internal space zoning flexi-
bility due to the reduction in lighting space load from 25~30 w/m
to less than 11 w/m2.

2

The heat rejection/heat reclaim feature is a natural development
of the 'off peak' energy storage system described later.

While the use of solar collectors has not previously been serious-
ly considered for application in city buildings examination of

the average daily insolation in Sydney and the available daily
heat production indicated that the use of solar energy could make
an economically viable contribution to the heating needs of the
complex.

Sydney average daily insolation is:

Nov - Jan 22.5 MJ/mj
May - July 10.0 MJ/m

The mean daily available heat production with standard flat plate
collectors is as follows:

Entering MJ/m2 MJ/m2
Water Temp. Jan June
90°¢C 2.8 0.5
70°C 5.4 1.7
3-5°C 18.0 9.0

In summer the solar collectors will provide all DHW needs for the
complex and HT heating water operating at temperatures of 70 to
90°C to a capacity up to 1500 Kwh/day.

In winter DHW will be provided by 55°C condenser water from the
heat pumps and the solar collectors will be operated with an
entering water temperature of 3-5°C and reject some 2500 Kwh/day
of low grade solar energy to the cold store tank for subsequent
heat pumping.

The combination of passive energy design and energy conservation
features included in the design of the complex:

reduces the energy demand of the proposed development by
approx 24% as compared with a conventionally serviced
building complex and hence reduces the energy demand cost
of energy used
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. reduces the annual energy consumption of the complex by
approx 37% as compared with the normal energy consumption
of equivalent commercial developments

. eliminates the need for oil or gas fired boiler heating
plant with consequent reduction in pollution

. eliminates water usage for heat rejection cooling towers

ENERGY MANAGEMENT

The instantaneous energy demand profiles for the Rocks Gateway
development are similar to that of other city office tower build-
ings in that a major demand exists for approx 60 hours per week
(12 hours per day, 5 days per week) with negligible demand for
remaining 108 hours per week.

Considerable operating cost savings are available if the energy
load factor can be improved to reduce the proportion of energy
accounts which is attributable to demand charges.

_ Av. Demand

Load Factor = Poak Demand
In addition to savings in peak demand charges, a reduction in peak
demand for this Project would reduce the required installed cap-
acity of stand-by generation plant which is being provided to
cater for all normal operations.

The most significant area of control over demand is in the air
conditioning plant, in particular the water chillers which provide
summer space cooling. This instantaneous demand of the water
chilling plant is in the order of 3,000 KWE.

The options available for management of the total project electri-
cal demand are to relocate all or part of the water chiller load
to a portion of the day during which lighting, general power and
ventilation are at a minimum.

Control of maximum demand which results from the heating operation
of the refrigeration equipment is also possible.

A study was made of the potential energy cost savings and the
capital cost implications of generating at 'off-peak' times the
cooling and heating demands of the development.
The considerations of this study were:

. The reduced capital cost of refrigeration plant.

. The increased capital cost of thermal storage systems.

. The energy cost savings due to reduction in maximum demand
charges.

. The reduction in energy use due to operation of refriger-
ation plant under more favourable ambient conditions.

. The reduction in capital cost of emergency generating plant
consequent on the reduction in maximum demand.
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. The practical and economic implications of utilising solar
energy as a viable energy source.

. The ability of the energy storage system to benefit from waste
heat rejected from tenancy computer installations which could
be expected to be in the order of 1000 Kw electrical demand.

. The implications of the proposed energy storage systems on
'after hours' tenancy use and continuity of environmental
control under conditions of power failure or power restric-
tions.

The life cycle cost analyses carried out clearly demonstrated that
even assuming conservative escalations in energy costs the prop-
osed 'off-peak' energy generation and storage system was econom-
ically viable with a pay~back period of less than six years.

The implications of the managed demand loading of the building is
to effect:

- a 50% reduction in installed capacity of refrigeration plant

- a reduction in energy demand of approx 52% as compared with
a comparable conventional development, thus contributing to
the energy efficiency of the State utility supply system in
addition to the efficiency of the proposed development

- a reduction of approx 40% in the capacity of emergency
generating plant otherwise required for similar type develop-
ments.

ENERGY STORAGE

Consideration was given to alternative refrigeration and energy
storage systems including water, ice/water and glycol brine
solutions. The final design favoured the use of a direct refrig-
erant ice system for cooling energy storage and water for heating
energy storage.

The final design provides for 750,000 kg of ice storage to provide
a production capacity of 80,000 Kwh/day of cooling energy storage.
1,000m3 of storage is proposed for hot water energy needs and is
arranged in temperature stages from 35°C to 70°c.

The design allows for the maximum flexibility of operation on a
year round basis to take advantage of existing and possible future
energy tariffs and optimises the overall C.0.P. having regard to
both cooling and heating cycles.

Analysis indicated that daily ice production under 10 hours or the
use of suction temperature greater than -10°C will not achieve

a full economical use of the ice storage tanks. Lower production
time with decreased suction temperature also results in a larger
refrigeration capacity requiring more energy input to achieve
storage for demand. The KW input per KW refrigeration will also
increase if the condensing temperature has to be kept high,
because of unfavourable heat-rejection conditions which will be
fixed by the equipment selected and the ambient conditions obtain-
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ing over the production period.

The ice tanks have been selected with an ice storage capacity 15%
greater than the design requirement to allow for tank losses,
cooling reserve and for ice to remain on the coils for the next
production period.

The refrigeration compressors have been selected with 10% addi-

tional capacity to allow for losses due to suction pressure drop
caused by insulating value of built up ice.

REFRIGERATION PLANT

The practicability and energy efficiency of using ice storage
depends very much on the production time available and the result-
ing operating conditions of the refrigeration plant.

The refrigeration plant proposed consists of 4 x 1400 kW R22
electrically drlven screw COMPressors operating in cooling mode
at -10 to -12°C suction and 35°C condensing for a COP of better
than 3:1. Under heat pump mode the compressors will operate at
0°C suction and 55°C condensing. Heating COP is in excess of 4:1.

The selection of screw compressors was founded on the proven
reliability of these machines to operate at high compression
ratios for long periods over the range of load conditions which
will apply to optimise energy demand.

Plate heat exchangers are used for heat transfer between the pri-
mary energy storage systems and the secondary reticulation systems.
Heat rejection towers incorporate an integrated closed circuit
system to operate both in a heat reject mode and as ambient energy
heat reclaim units to provide a low grade heat source rejecting

to the ice tanks for subsequent heat pumping.

This ambient air heat reclaim facility is made possible due to

the flexibility available in the operation of the central refrig-
eration plant to meet cooling and heating demands.

SYSTEM HEAT BALANCE

The heat balance of the proposed cooling and heating system and
the economic use of solar energy as a supplementary heat source
is based on the following concepts:

1) Cooling and heating media will be produced in periods of
minimal use of office space to provide the benefits of reduced
maximum demand energy tariffs, to reduce the capacity of stand-
by diesel generation plant and to arrange the rejection of
excess summer period heat at the most favourable ambient con-
ditions.

2) Cooling and heating media will be produced concurrently by
refrigerative chilling/heat pump apparatus.
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Summer heating and winter cooling are produced as a necessary
by-product of summer cooling and winter heating, respectively.

Heating medium produced during the warmer weather will be
stored for use to meet daily demands. Conventional systems
would require that condenser water (in this case, heating
media) be cooled by heat rejection via cooling towers, while
a separate boiler attempts to meet light loads by inefficient
operation.

4) Winter cooling demands of internal space zones will be used
as a basis for heating the building by processing the heat
from internal zones via the refrigeration equipment to exter-
nal zones which lose heat via the facade. The internal pro-
cessing of heat eliminates the wasteage which occurs by oper-
ating chilling plant to reject internal zone heat to atmos-
phere, while operating boiler plant to heat external zones.

5) Heat reclaim ventilation systems, such as toilet exhaust,
lift motor room exhausts, relief air systems, plant room and
car park exhaust systems.

6) The use of the heat rejection towers for ambient air heat
reclaim to provide a low grade supplementary heat energy
source for winter heat pumping.

7) The use of solar collectors to provide all DHW energy needs
in summer and between seasons and to provide a supplementary
low grade heat energy source for winter heat pumping.

8) The seasonal resetting of cooling and heating media temper-
atures to match seasonally varying load conditions, and to
limit the refrigerant pressure differential across the refrig-
eration compressors. This limit enables the production of
both heating and cooling all year round at high co-efficients
of performance.

AIR CONDITIONING AND MECHANICAL SERVICES

The central cooling and heating energy plant will be provided at
basement level to serve the office tower, plaza development and
historic buildings environmental energy needs.

The air conditioning system designs propose the use of energy
efficient high quality performance variable air volume air con-
ditioning systems throughout the development.

The designed thermal performance of the double glazed facade
treatment with respect to solar shading and thermal transmission
under all external climatic and seasonal conditions is such that
the use of all air variable air volume systems is practical to
both internal and perimeter areas.

Thirty four independent air handling systems will be located in
the tower plant rooms to separately serve internal and perimeter
services zones in capacity modules arranged to provide capacity
for high quality environmental conditions with flexibility for
low energy cost after hours operation. The location of air
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handling plant minimises air transportation energy needs.

Air distribution to each floor in each wing will be provided by
six (6) internal zone and eleven (1ll) perimeter zone variable

air volume terminal units. Each of these units will be capable
of individual control of temperature within its served area. Low
pressure air supply from the V.A.V. terminal units will be intro-
duced into the served area by flexible ductwork and ceiling mount-
ed linear diffusion equipment integrated with the ceiling grid
and lighting/sprinkler layout.

Air return from the wings will be via the ceiling void to elimi-
nate grille noise generation and to minimise acoustic attenuation
between sub-divided areas and to further minimise space loads.

All areas of the development will be ventilated to the requirements
of AS 1668 for ventilation of toilets, car parking and service
areas.

The office tower air handling systems provide for complete smoke
exhaust from the building. In the fire mode, supply air systems
use 100% fresh ambient air.

All fire stairs are provided with pressurisation fan systems which
will be automatically activated under fire conditions to press