BUILDING SERVICES

ENGINEERING FOR ARCHITECTS &
BUILDING DESIGN PROFESSIONALS

S3JIAH3S ONIATIng

H1S

..-r }_EF g/w
}"a #&_{h

-F' iélr% gjjlj’_ \r’.f

I :ﬁx'

It's called

BUILDING SERVICES
ENGINEERING

NOILLIAd
,i

--_ﬂ.f‘

-
I
A
1
o
=
=


PC
NoPrintNoDistribute

PC
BuildServicesEngineering


BUILDING SERVICES

ENGINEERING FOR ARCHITECTS &
BUILDING DESIGN PROFESSIONALS

A GUIDE TO INTEGRATED DESIGN

It's called

BUILDING SERVICES
ENGINEERING

PARLOUR
5TH EDITION

N



PC
NoPrintNoDistribute

PC
BuildServicesEngineering


Building Services 5th Edition

Engineering for Architects and Building Design Professionals
A guide to integrated design
Parlour, Richard Patrick

Covering: -

* Integrated design
* Air conditioning

* Vertical transport
* Electrical power
* Fire protection

* Water supply

For all involved in commercial building design who need an overview of mechanical and electrical services, without
getting too involved in the engineering details, this book answers the questions: -

* Why are these service systems required?

* What equipment must be installed?

* How much plant room and facade space needs to beallocated?

* What are the implications on the total building’s design?

© NEW DIRECTIONS INTERNATIONAL BUSINESS SERVICES PTY LIMITED t/a

NEW DIRECTIONS IN BUILDING SERVICES® NDIBS™ FIRE ASSESS® CFIP®
PO Box 115 Boolaroo NSW 2284 Australia

ABN 49083183751, ph: 1300-274655, ian@childs.com.au

Thisbookiscopyright. Apartfromany fairdealing
for the purposes of private study, research,
criticism, or review, as permitted under the
Copyright Act, no part may be reproduced by any
process without written permissionfrom the
assigned copywrite owner.

First published 1994 by Integral Publishing
Second edition, revised and reset 1997
Third edition, revised, reset 2000, 2003, 2005
Fourth edition, revised and reset 2016
Fifth Edition, revised and reset 2023

National Library of Australia
Cataloguing-in-publication entry:
Bibliography

ISBN 978-0-9945464-0-1


mailto:ian@childs.com.au
PC
NoPrintNoDistribute


What was new in Edition 4

Up to date guidance for non-engineering specialists to participate in the building services early design process.

¢ Integrated design is expanded to guide the reader through the essential stages of client consultation, feasibility and

selection of the design criteria, regulation compliance, the principal early “big picture’ issues.

* Subsequent chapters provide updated overview of systems and equipment required for air conditioning, vertical

transport, electrical power, fire protection and water supply.

¢ The practical worked examples complete the book.

What is new in Edition 5 (2023)
Update of building regulatory framework,
change of indexing references in National Construction Code 2022,

inclusion of Battery Electric Vehicle charging issues within building enclosures.
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Preface to Edition 5

WHO SHOULD USE THIS BOOK

This book is all about the engineering services commonly installed in new and refurbished commercial buildings.
The information provided will be useful to both students and building professionals; architects, builders, consulting
engineers, property and facilities managers and surveyors, in fact anyone associated with the building industry who
needs a broad overview of the impact these services have on building design, without getting too involved in the

engineering details.

EARLY DESIGN

The aim is to assist non-engineering specialists and commercial property and building industry professionals to
participate inand understand early design processes and decisions for Air conditioning, heating, ventilating, electrical
power, vertical transport, fire protection and water supply are covered, all of which can require significant space and

affect other components of the total design.

The very early stage is, without doubt, the most critical period of the entire building design process. Thisis a time
when all members of the design team need to get a realistic feel for what the finished building will look like. A
reasonably accurate, though approximate, prediction of the end resultis an essential basis for early decision making on

which future detailed design is based.

INTEGRATED DESIGN
Integrated design collaboration harnesses the talents and insights of all participants to optimise design efficiency
through all phases of a project allowing all design team members to realize their full potential and expand the value of

the services they provide throughout the project lifecycle.

The intuitive design procedure carried out during the early stage in a professional office is “integrated design”. In the
office, mutualunderstanding between the several design team members isnecessary, which professional architectsand
engineers acquire based on practical experience and integrated discussion. As a project progresses through feasibility

towards construction design ‘charrettes’ or similar are often held to facilitate continued integration of design inputs.

Asimilar overview is necessary for students but thisis unfortunately unavailable and highlights a serious flaw in
academic studio design. In fact, there is a general lack of understanding of the large amount of space needed for
services installation by both student and professional architects and other non-engineering members of the design
team. A rational allocation of space is essential and, without due consideration, building designs can be fantasticin the
true sense of the word. Such an understanding of building services is essential, whether in the professional office or

academicstudioinorder to providea firm basis for spatial planning and architectural expression.

Thefirst chapter of this book provides an overview of the basic engineering design criteria regarding space, costs,
mandatory and market drivers of design. Subsequent chapters cover those services which have significant space
requirements within the building envelope. Chapters are structured to provide (a) the engineering principles and
associated information on system design, suitable for a course of lectures, and (b) a design guide suitable for integrated

design in the studio. Data are approximate with an accuracy consistent with that required at the early design stage.

Much of the information given in this book is based on the original author’s experience and updated by a peer review
panel of subject experts for this edition. Successful application of the information provided needs to be backed up by
ameasure of commonsensebut, if used incontext, it willbea valuableaid to building design, whetherinthe studio

or the professional office.

The intention is to address the principal questions normally raised at the early design stage, i.e.:



* What are the comfort expectations and requirements of building users?

* How is Safety in Design being incorporated?

* What is the justification for air conditioning?

* Which system is appropriate and what equipment is needed?

* Whatare the costs, energy, and indoor environment implications of different system types?
* How much plant room space isrequired?

* When are escalators more appropriate than moving walks?

* What are the likely regulation impacts, insurance and risk profiles?

* What are the issues surrounding environmental effects?

* What specialized requirements are necessary in a building for Battery Electric Vehicle Charging?
* What building data must be provided by designers, installers and certifiers?

* Is the development to address introduced occupancy issues (hazards, etc)?

These questions and many others are addressed in this book however, real, precise answers depend on factors such
as budgetary allowances, the owner’s financial criteria, property cycles, equipment availability and the finer points of

engineering, all of which are beyond the scope of this book.

After many yearsasaconsulting engineer the original authorjoined the School of Architectureat the University of
New South Wales. This provided an opportunity to bring together the practical undocumented engineering knowledge
accumulated over many years’ experience in design offices both in Australia and the U.K. This sort of information is
commonly used by professional engineers for assessing the feasibility of alternative proposals and represents a source
of information for those who need to know buthaven’t the time or the inclination to get tooinvolved.

There are a number of mechanical engineering design guides currently available but, in general, they cover the fine
details of practical designand are intended mainly for professional engineers with years of experience. This book
servesacomplimentary purpose since it provides anecessary link between engineer and all non-engineering members
of the design team. The information and data presented should be useful in most parts of the world since it is based on
the constraints, criteria and the underlying spirit of commonly accepted design.

Heating, ventilating and air conditioning of buildings is a highly innovative and changeable industry that incorporates
frequent technology shifts however the fundamentals, as discussed in this book, generally remain the same; comfort
must be balanced against cost, functionality balanced against space restraints, complexity balanced against operator

skills level and local technical capacity.

EDITORS NOTE TO THE READERS
To: Academics and Teachers,
Parlourisalivingbook, inafield of constantchange, please providetheeditor, withwhatever feedback you

think is appropriate for future improvement.

ian@childs.com.au
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1. Overview

11. Integrated Design - all services

The design of building services systems for modern commercial buildings has become very complex. Not so long ago,
the mechanical, electrical, and other services were fairly basic and could be readily understood by all those involved
inthe building’s design. The engineering design process was mainly deductive, based on trial and error and past
experience, with required technical information available from relatively simple design guides. In most cases, the
building’s design architect played a very predominant role, having overall control and coordination of most of the
details associated with the total building design.

This scenario has changed since the development of modern building methods, high-tech building facade options and
complex specialised engineering building services such asair conditioning, high speed lifts, fire and smoke protection,
automatic computerised building monitoring and control systems, as well as complex security and communicationand
information technology systems. Computer software programs are now readily available to the consultant engineer
which provide the precise engineering information required for optimal equipment selection and operation. Building
energy simulation and energy consumption analyses are now very important and these can be carried out quickly
and more accurately than earlier manual methods. As a result, the relatively large design safety factors, which were
required in the past, are no longer necessary or acceptable to meet current regulatory minimum standards such as the
National Construction Code and market criteria such as NABERS and Green Star building rating tools. The result is
that modern buildings are more accurately designed and hence more cost effective but require a much greater degree
of technical knowledge.

Other building services systems such as security, energy monitoring and emergency evacuation also require similar
expertise. Asaconsequence, thearchitecthasa differentrole to play withregard to designintegration and coordination.
Mostlarge buildingsarenow designed by acoordinated’design team’ consisting of anarchitectand severalengineering
consultants, including ESD (environmentally sustainable design) experts, and WHS expertise; with each member
being responsible for the detailed design of a particular part of the total design, but with the entire group
responsible forintegrating the individual parts into a whole building design solution.

Experience has shown that the effectiveness and quality of the completed building depends very much on the degree
of mutual cooperation by the design team and how well the various components of the design have been brought
together into an integrated whole. Modern software tools including Building Information Modelling (BIM) and
virtual building analysis can facilitate the integration process. The processes followed to commission the building and

its associated services are also essential to its ongoing performance.

The value of “integrated’ building design (also called integrated project delivery or IPD) is generally widely accepted. It
depends on each team member having ‘in-depth’ knowledge of one component or discipline plus a realistic overview
of the techniques, potential problems and constraints of the other team members/ disciplines. Mutual understanding
and empathy is necessary between architect, structural, mechanical, electrical, hydraulic, acoustic engineers, project
manager and quantity surveyor in order to achieve the best or optimum end result for the available resources. This

book is intended to promote thisaim.
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1.2. The Building Design Stages

All building projects must be designed in accordance with the client’s brief and overall budget constraints. Unlimited
resources are never available, regardless of whether the client is private or public, and the projected cost of the building
must be estimated (as accurately as possible) progressively from the very beginning of the commission. Cost estimates
at the beginning of the project are partly based on experience and partly on educated or informed guesses. Atany stage
they are normally given on the basis of ‘not more than but may beless than that provided estimate’.

Inpractice, it would be unwise to press ahead enthusiastically with detailed design on the assumption that an exciting
building services scheme can always be adequately funded. In order to maintain an orderly design procedure, and a

happy client, the total process is normally divided into three separate and progressive stages.

1.2.1. Feasibility Stage

The early, so-called, Feasibility stage is the most critical part of the design and hence should be given particular
consideration. In practice, it is always more difficult to make a realistic inspired guess, based on approximate
information, than one based on detailed designs. In most projects, feasibility estimates are required, within just a few
days of starting the project, to ensure that costs will be within an acceptable range (say plus 0%, minus 15%). This
means thatthecontracted final costwill beno greater than, and hopefully,lessby asmuchas15% of thatestimated.
Theclientcan then decide, with some confidence, whether the projectis economically viable ornot.

1.2.2. Preliminary Stage
Only after the design has been shown to be ‘feasible” does work proceed to the next, so-called, Preliminary stage, which
may cover a period of maybea few weeks, resulting in preliminary drawings on which costestimates canbe based
using more accurate information. After‘preliminary’ approval of costs, the design can then proceed to the final detailed
design stage.

1.23. Detailed design stage
Itis during the so-called Detailed stage thataccurate working drawings and specifications are prepared for final costing
by a Quantity Surveyor. The detailed design stage can take several months or years, depending on the complexity and
size of the projectand include details required for development approval, building approval, building certificationand

statutory authority submission.

It is commonly recognised that design decisions made during the ‘feasibility” stage are crucial since they tend to
become ‘locked-in” and form the basis for much subsequent work even though they may not be the best. This is also the
most appropriate time for the team to investigate any major alternatives, based on the best approximate information
available. Critical to this process is to fully understand the client’s requirements for all areas of the project.
Remember that the goal is to provide and deliver to the client requirement and perceived usage. It

must be “fit for purpose” and provide a safe occupation.

Is the project feasible?
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During thepreliminary’ and ‘detailed’ design stages, the various engineering problems can normally be analysed and

solved using straightforward methods, based on well-established engineering data.

The use of “BIM” technology may be extremely useful to guide the detail process from design and construction through

to ongoing building management.

Theaccuracy of the general design data in this book is intended to be about plus 0% minus 15%, i.e. consistent with
that normally required for the feasibility and preliminary stages and is appropriate for all the team, particularly the
architect. Precise technical design is best left to the mechanical engineering consultants.

This is also the stage where “Safety in Design” must be incorporated into the project for construction

operations and post construction occupancy operations as defined.

1.24. Academic Studio Design

Fromastudentarchitect’s viewpoint, spatial planning in the design studio corresponds closely to the work carried out
in the design office during the ‘feasibility” and “preliminary” stages. In both the studio and professional office a major
effort is required to assess the proper location and arrangement of space within the project building. Allocation must
cover that required for all human activities including that required for the installation and servicing of the mechanical
and electrical plant. This relates to the practical ‘buildability” and “maintainability” considerations for the proposed
scheme and the space that needs to be allocated to accommodate the building services can be a significant proportion
of the total.

The “integrated” design process is just as necessary in the academic studio as in the professional office. It requires the
studenttohave an overall understanding of whatbuilding services are needed, a realistic estimate of the space required
for each and its proper location within the building enclosure. Only then, can studio design be considered as a realistic

answer to the design brief.

It is unnecessary for the architecture student to determine any precise details of the equipment to be installed but he/

she must be aware of the following:

e What performance outcomes does the client require for all areas of the building?

o What are the legislative requirements for development and construction. Planning Authority,
National Construction Code and Referenced Standards.

o Whatare the regulation and market constraints, including the grade of services (e.g. Property Council of
Australia guidelines), Commonwealth and State Government leasing and usage requirements, Green Star
sustainability and NABERS criteria?

e What building services are actually required?

o How much space is needed for their proper installation?

® Where is this space best located within the building enclosure?

A break-down of the space requirements for such a typical office, as a percentage of the total volume is:

Service system Volume

Mechanical 10%
Hydraulics 1%
Fire Protection 1%
Vertical Transport 3%
Electric Power 1%
Ceiling voids 10%

Total 26% of the total volume
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For a relatively simple high rise office building, about a quarter of the building’s total volume is required for services
(refer to the Worked Example 4 at the end of this book). A greater amount would be required in a more heavily
serviced building such as a laboratory or hospital. Note the large percentage (10%) of ceiling void space which may
be needed to accommodate the ducts, lights, smoke detection, warning and evacuation systems, and associated pipes
and cables at each floor. In high-rise building design, considerable effort takes place in order to minimise the vertical
depthof theceiling void space, inorder to optimise the total useable area or number of floors. There are alternative

ways of providing for horizontal services as discussed later in this book.

125. Plant Room Location
The plantroomsrequired for each service have particular requirements and need to be located inaccordance with
the criteria discussed in the following chapters. For many commercial high-rise buildings, a major plant room is
commonly located atthe top of abuildinginorder to provide for thelarge supply of freshairrequired and outdoor
access for heat exchangers. Plant room space located above the top occupied floor normally has no or limited rental
value but building regulations allow this space to be used for plant rooms (and it is discounted from the
building effective height). In some cases, a single large plant room may not be appropriate and it can be more
effective to have a number of smaller plant rooms located adjacent to the individual air-conditioned areas

served.

Electric lift motor rooms are normally located at the highest point in the building but there are alternatives as discussed
later. Sufficient over-run must be provided above the top floor served. The lifts may nothave a requirement tohavea stop at

the plantroom level, and the over-run may be accommodated within the air conditioning plant room height.

Electrical sub-stations are usually best located near the ground level in order to facilitate the removal of the very
heavy transformers for maintenance. However, in some very high rise buildings substations may be required at an
elevated level in the building. The main switch-room would normally be located fairly close to the sub-

station.

Other than for building services; the building facade may require a roof mounted building maintenance unit (BMU)
requiring significant roof space with dedicated parked location and interfacing with the facade.

1.3. Cost of Building Services

For an average quality high-rise office building, the approximate capital cost of the various services

components as a percentage of the total building cost are: -

Mechanical (10%) - Covering air conditioning, heating, and ventilating.
Hydraulic (2%) - Covering DCW, DHW, sewerage, and waste plumbing.
Fire protection (2%) - Covering detection and extinguishing systems.
Vertical transport (8%) - Covering lifts, escalators and dumb-waiters.
Electrical (4%) - Covering lighting, power, and emergency stand-by.

Management (1%) - Covering communications, security, and monitoring.

In total, this represents about 27% of the total building cost. The percentage for a more heavily serviced building
could be much greater. Architectural design and engineering consulting services can account for 5 to 15% of the

construction cost depending oncomplexity.

A’preliminary’ cost estimate of each of these services may be made, based on past experience of only similar buildings,
using typical $ per square metre of serviced floor area, relative to the proposed type of system to be actually installed.
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The difficulty of presenting cost estimates in terms of normalised values such as $/sqm GFA or $/system capacity is
that the diversity of commercial building quality and level of performance in combination with the individual range
of mechanical and electrical systems and their respective controls, makes the range of quantification too wide to be
of practical use with the data availablein Australia. This is the reason for only presenting data as a % of build cost,

as the build cost tends to keep the services costs in proportion across the diversity of services performance and

quality.

14. Mandatory and Market Requirements

The mechanical and electrical services that are actually required for the building are either mandatory or market

driven.

® Mandatory: In this case the service must be installed in order to comply with the statutory requirements
of the National Construction Code [NCC/BCA] (previously known as the Building Code of Australia with Vol.1
being for Apartments, Hotel, Commercial, Retail, Storage & Carparks, Factories & Laboratories, Assembly & Healthcare and
Vol.2 for detached dwelling hoses and non-occupied structures) in conjunction with any other requirements of
Federal or State regulation, Local Councils, Industrial Awards, Government Acts, Ordinances and Byelaws.
The overall intent of the installation is specified by the relevant statutory regulation. These generally relate
to minimum requirements for outdoor air ventilation, sanitary facilities, fire and smoke segregation,
fire egress, fire control, smoke detection and emergency lighting, alarm and warning systems, but can
also address neighbourhood amenity issues such noise or air pollution.
® Market driven: In this case the decision to install a particular service is based on an assessment of its
economicbenefit. Whether it can bejustified or not depends on the current economic climate, the building
owner’s investment philosophy, and the occupant’s expectations of comfort, safety and working efficiency.
These considerations depend greatly on the type of building and its location. Whether the building is to
be assessed under building grading and rating schemes such as the Property Council of Australia building
grading, Green Building Council of Australia Green Star sustainability star ratings and Government NABERS
energy, water, JAQ and waste star ratings is also a market driven decision.
For example, a modern commercial office block in the CBD would almost certainly be fully air conditioned whereas a
similar building, in a different location might not be. Justification also depends on whether the client is a developer or
an owner/occupier. A developer would normally be more concerned with the initial capital cost whereas an owner/
occupier would take a longer term view of capital costs versus total annual owning costs or the full building life
cycle costs of construction, operation and maintenance, and even demolition or decommission may be included.
High-quality, low-maintenance, energy efficient building services generally require more space accommodation and

represent a higher capital cost, but they are easier and cheaper to operate and maintain.

Any building service system, whether mandatory or market driven must comply with the requirements of the BCA and
other relevant Australian Standards and applicable Codes of Practice. The quality (and hence cost) of the equipment to
be installed should be consistent with the general quality of the building and the total funds available. Any equipment
installed additional to the mandatory requirements is a market decision for the client and some of these considerations

are covered in the various chapters of this book.
In general, the following applies to building services:

® Air conditioning — Fresh air ventilation is mandatory in all occupied buildings. Heating is mandatory
in most commercial, trade and public buildings, but not in domestic dwellings. Summer-time cooling and
dehumidification by air conditioning is generally market driven and requires justification in all types of
building.
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e Verticaltransport—Emergency liftsare mandatory inbuildings higher than25mand those used for multi-
storey health care. The number and quality of other passenger lifts, escalators etc. is market driven and requires
justification.

e Electricalpower—Emergencylightingismandatory inbuildingshigher than12m. Theextentand quality of
the electrical power distribution system is market driven.

e Fireprotection—These services are generally mandatory, and their extent depends on the type and size of
building. In some cases, there could be a market driven justification for installing a fire protection service even
though not mandatory. The BCA requirements for fighting fire inside and outside the building, the need for
smoke detectors, internal hydrants, external hydrants, hose reels and sprinklers are covered later in this book.

o Water supply— The extent and quality of water supply systems are generally market driven.

o Sanitary facilities—These facilitiesare mandatory, and their minimumextent depends on the type and size

of building.

15. Integrated Project Delivery - allservices

Integrated design collaboration harnesses the talentsand insights of all project participants to optimise designefficiency
through all phases of a project allowing all design team members to realise their full potential and expand the value
of the services they provide throughout the project lifecycle. Integrating the design of building services, including
HVAC, intoanintegrated building design and delivery process means that HV AC must be considered at all design and
implementation stages of a building project.

Inthe firstinstance there isa direct relationship between building architecture, and building cooling and heating
loads and the integration of both passive and active solutions for HVAC. Early design decisions such as building
orientation to sunand prevailing wind, building shape and massing, the level and type of fenestration, facade materials
and methods of construction all have a significant effect on heating, cooling and ventilation systems. The less shade
that the glazing has, the less thermal resistant the materials are, the leakier the facade is, the bigger the need for HVAC
and the more difficult it is to stabilise and control indoor environment quality.

Building physics requires detailed consideration of the materials used and the methods of installation of the individual
fabric elements. Design choices can influence the thermal properties of the structure which influences heat flow and
thermal storage and the level of sealing or permeability of the building fabric which influences infiltration of outdoor
air and exfiltration of indoor air and affects the controllability of indoor airflows. Integrating the architectural design
and materials choices with the building’s HVAC needs at the early design stages can provide optimised energy efficient
buildings.

Integrated project delivery requires early communication between design professionals on a range of HVAC related
architecturalissuesincluding spatial requirementsfor plantand distributionsystems, structural requirements for plant
weight and service penetrations, and access arrangements for both the initial installation and ongoing maintenance.
Early collaboration between architects, structural engineers, services designers, fire engineers, builders and building
operatorsinthe design processhelpstoprovideintegrated solutions witha whole-of-life perspective.

OftenHVACservices can be provided by hybrid and mixed mode solutions. Combiningarchitectural passive solutions
suchaslabyrinth cooling or atrium natural ventilation with mechanical systems that operate only some of the time can

provide low cost and robust building solutions and resilient buildings.
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Modern design tools such as building simulation and Building Information Modelling (BIM) lend themselves well

to integrated project delivery. Designs can be shared more easily within the design team and changes can be
tracked and controlled which reduces rework time for all. Integrating project delivery with BIM produces a range
of efficiencies within the building delivery process as leveraging these design tools forces participants into greater
collaboration that was historically the case. Leveraging BIM tools correctly means that all designers work from the
same BIM “Model” and that information is carried through the construction process into the operation and
maintenance phase of the building life-cycle all the way through to decommissioning, retrofit and
refurbishment.

1.6. Whole of Building Life Time Costs - all services

The initial capital outlay in building procurement is usually clearly defined and is often a key factor influencing the
choice between alternative assets. There are, however, other future costs that should also be considered if the best
outcome is to be achieved. The process of identifying and documenting all the costs involved over the life of an asset
isknownaslife-cyclecosting (LCC). Itisimportant that the designteamfocus on minimising the whole of building
life time costs and the need to consider future costs associated with the building, including maintenance, operational
and energy costs associated with the long-term use of the asset. Often the lowest capital cost solution represents the
highest operational costs and a balance needs to be struck.

1.7. Commissioning - all services

Commissioning is acomprehensive process for the planning, delivery, and verification of buildings and their systems.
Commissioning involves peer review, quality control and risk management; it assures all building systems perform
interactively according to the design, specification, and owners’ operational needs. Commissioning means integration
meetings, system surveys and tests, resolving issues, documenting the process, and verifying and reporting at each
stage. Effective commissioning requires the following fundamental principles to be incorporated:

* Determine the project performance requirements.
¢ Plan the commissioning process.

* Complete commissioning in accordance with the plan.

* Document compliance and acceptance.
The commissioning of building systems fulfils three roles:

1 Setupand testsystemstoensure they will operatereliably, and as the designer intended, to provide the specified
internal comfort conditions;

2 Record system settings and base operating attributes or data (e.g. airflow’s, water flows, temperatures etc.) to
verify system performance and provide documentation for future reference; and

3 Provide handover briefing and or training for building system maintainers and operators.

For regulatory compliance the commissioning and testing of building services is required for certification and would

typically follow the three steps below for a typical high-rise commercial building:

Step one — commissioning phase

e Verify that the installation complies with the approved plans and specifications.
Carry out commissioning of individual installations by the contractor.
Document commissioning data and results (baseline data).

Inspection and report by relevantconsultant.

Independent certification by commissioning manager.
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Step two — verification phase
e Inspection of installations by the approving authority.
Witness of tests by the approving authority.
Integrated testing of complete installations/whole-building testing.

Fault rectification and re-certification.

Reinspection and testing.

Step three — sign off phase
e Labelling, identification, signage, tactical fire plans, etc. are in place
® Submission of test reports, component information, as built drawings, commissioning reports, consultant
reports and independent certificates to the approving authority.
Inspection and report by the fire engineer.
Witness that on site documents are provided.

Final approval leading to project sign off.

All must be provided in the vetted and principal approved “Operations & Maintenance
Manual” (O&MM) prior to the provision of the Occupation Certificate.

The discovery of poor quality or non-compliant installations can lead to litigation and practitioners can be disciplined
for any inappropriate actions by the relevant State/ Territory Regulatory Authority.

To meet increasing performance requirements and environmental and energy standards building systems have
become more complex and interdependent, and increasingly integrated with the building’s physics and the occupant’s
behaviour. To deliver the required performance outcomes buildings and their systems must now be commissioned
with a more sophisticated and integrated approach which includes post occupancy evaluation and an extension of the

timeand focus of commissioning to help fine-tune the building asitmovesintoits operational phase.

1.8. Post Occupancy Interventions - allservices

1.8.1. Post Occupancy Evaluation
Post occupancy evaluation means evaluating the actual performance of the building after a significant period of normal
occupation has passed. Evaluations generally concentrate on the two critical areas of the operating performance data

of the building systems, and the occupant satisfaction level.

Evaluation activities include surveying occupants regarding their comfort and satisfaction levels and checking set
points and schedules to determine system energy and water consumption, maintenance needs and costs, data logs for
key performance indicators and the like. Building operators, tenants, occupants, and maintenance providers should
all be included in the survey. Periodic evaluation sheets can be issued to determine if there are any new or emerging

issues within the building and its systems.

During the post occupancy period, it is important to maintain a log of tenant complaints to determine where problems

exist. This can be monitored and addressed by the building tuning team.

18.2. Building Tuning
Building tuning is a systematic approach to identifying and correcting building system problems and maintaining
an optimised system performance. Seasonal testing, data monitoring, performance trending, condition monitoring,
and proactive maintenance techniques are employed to identify systems or plant that may require attention. Initial
building tuning is carried out as part of the initial building commissioning process. Ongoing building tuning is also

carried outtoensure continued optimised performance and maintain optimum outcomes. Building tuning caninclude:
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Establishment and monitoring of energy use benchmarks.

Establishment and monitoring of water use benchmarks.

Establishmentand monitoring of non-resource benchmarks such as complaints or maintenance calls.
Energy tracking and evaluating key performance indicator data trend logs.

Preventative and predictive maintenance techniques.

System optimisation techniques.

183. Recommissioning - all services
Recommissioning is the commissioning of existing buildings and systems that have already been through the
commissioning process. These systems are generally tested using the same methods and focus as was used in the
original commissioning process. Recomissioning is not intended to be a repeat of the entire commissioning process;
ratheritis areview of the building and system performance to ensure that the original criteria are currently being

achieved. Thismayrequireareview orrepeatof some of the original commissioning testmethodology.

1.84. Retrocommissioning - all services
Retrocommissioning applies to buildings thathave never been commissioned and buildings or systems thathave been
significantly updated or altered.

Retrocommissioning is notalways applied to the whole building. Particular plant or systems may be the focus depending on
the project objectives. Systemsare generally tested using test methods and procedures developed specifically for the project.

19. Property Standards, Client Expectations and Building Use

Various organisations including the Property Council of Australia (PCA) and the Australia Property Institute (API)
produce property standards to assist with grading and valuing commercial property.

The PCA standards include a grading system for commercial office space. This grading system, while voluntary, is

almost always reflected in the rents a building manages to command.
Some of the criteria used in grading a building include the following:

® Access - all commercial, retail, healthcare and assembly developments must make provision for
the impaired.

e Environmental - the top three grades must have high environmental credentials such as Green Star ratings.
Thismeansallnew buildings mustbe submitted for environmental ratings tobe graded atall.

e Configuration or size - to gain Premium grade the building must be bigger than specified minimum areas in
Sydney or Melbourne and other CBDs. A-grade buildings must be bigger than specified minimum areas and
the floor plate also has to be a given size.

® Mechanical - this relates to air conditioning, tenant equipment and building intelligence systems - premium
and A-grade buildings must have full building management control systems (BMCS).

e Lifts - premium and A-grade buildings must have lifts.

o Building management - premiumand A-grade buildings must have management on- site for buildings larger
than specified minimumareas.

e Security - (with CCTV systems necessary to gain premium, A-, or B-grade) amenities (change roomsand
showers in premium and A grades), and

e Parking-whichmustincludeacarparkandloadingdocksor delivery baysfor premiumor A-grade
buildings.
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The result is that premium grade buildings are landmarks with expansive views or outlook, ample natural lighting,
prestige lobby and finishes, high quality access from an attractive street setting and are subjected to premium

maintenance procedures.

A-grade buildings are high quality with good views, outlook and natural light, good quality access from an attractive
street setting and high quality maintenance.

C-and D-grade buildings can earn higher grades if they are refurbished according to the criteria listed in the
guide.

The API standards outline a set of principles for good valuation practice that are accessible and useful to valuation
users and others interested in valuation.

1.10. Building Controls

1.10.1. Controls for Building Services
Controls and control systems are fundamental to how a building works and how individual building systems or
services operate. The rapid development of digital controls and the information technology revolution has changed all
aspects of how modern buildings and their systems work. Professionals, managers and technicians within the building
industry may find it difficult to stay up to date with the latest functionality and capability of digital and computerised
controls systems.

Building managementand control systems (BMCS) are not items that can be taken out of abox and plugged intoa
building. Rather they arethebrainof the building that must be connected toall of the senses (sensorsand monitors)
and all of the muscles (equipment, motors, actuators), before the BMCS is considered truly formed. These systems play

a fundamental role in the buildings operational performance.

1.10.2. Integrated Controls for Smart Buildings
Modern buildings are made up of multiple networks and individual control systems for HVAC, lighting, electrical,
lifts, CCTV, fire, telecommunication, information technology and access control. With the technology currently
available, there are opportunities to integrate these control systems onto a common network, operating system, and/

or data gathering platform.

There is also an increasing convergence between building control systems and building IT systems. This convergence
opens up opportunities to integrate building and HVAC control systems with other business-oriented software such as
Computerised Maintenance Management Systems, Building Information Models, financial management systems and
thelike. Issues to consider regarding systems integration include at whatlevel to integrate, how to achieve integration,

and the potential benefits and risks associated with integration.

1.11. Regulations for Buildings
1.11.1. Building Regulations

When Federation of Australia occurred in 1901, the Constitution was formed and agreed to by the six States at the time.
The Federal Government gained specified powers under the Constitution such as national defence, taxes (income tax
came later), foreign policy and international affairs. The States retained all other powers. These state powers included,

law and order (police force), roads and transportand amongst other things, building control.
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Initially the State and Territory Governments shifted the responsibilities of building control to the local Councils,
via Council by laws and rules. However, as the varying rules and by laws became confusing between municipal
boundaries the State Governments systemically ‘unified” these laws into a standard law with Councils still providing
the enforcement facility.

A’law’ at either Federal or State/Territory level can only be enforceable through the introduction of an Act of
Parliament. Inthe case of building control, alawisenforceable viaan Actof State/ Territory Parliament.

Three (3) factors govern building control:
® The law (Act);
e Administration (Regulations); and

e The actual requirements (codes and standards).

1.11.2. State and Territory Building Controls
Generally, all jurisdictions (State and Territories) require a staged development and building approval progress.
Genericstateand territory buildingcontrolscomprise of thelaw (Act) and administration (regulations).

The Act outlines what is required and the Regulations specifies the detail of what is required.

For example, if the Act that says that a mechanical services design must be prepared by a licensed, registered or
accredited practitioner, it is the Regulations that describe the types of practitioners and the requirements applicable
toeach category. The Actand Regulations are specific to each state however the actual detailed requirements are
largely uniformand harmonised by reference to the National Construction Code (NCC) which contains the Australian
building and plumbing codes. NCC requirements ensure that buildings are structurally sound, able to provide the
basic living necessities (e.g. toilets, bathrooms and kitchens), ventilated to provide adequate air quality and control
objectionable odours, and keep occupants and others safe from various hazards such as fire and smoke risks or
microbiological disease risks.

STATE & TERRITORY BUILDING ACTS

¥
— a._ STATE & TERRITORY
l T~ BUILDING REGULATIONS
ADMINISTRATIVE MATTERS (where they exist)
Admministration TECHNICAL STANDARD
Appeals
Registrations

Refurbishments l' ‘l

Building standard ——=
G T

The usual stages for commercial development are (each individual state and building Act needs to be referenced for
specific detail):

e Development approval from localcouncil;
e Building or construction approval, from local council or accredited private certifier; and

e Compliance, completion or occupancy approval from local council or private certifier.

From a services perspective the NCC requirements in the following areas must be addressed.
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1.11.3. NCC as the Minimum Standard

Itis important to understand that the intent of this document is to “enable the achievement of a nationally consistent

minimum necessary standard of relevant safety, health and amenity and sustainability.”

This means the NCC has no role in property or contents projection - other than safe guarding the occupants,
emergency services, personnel and neighbours. If the building and contents needs to be preserved for commercial,
functional or other reasons, construction and services may have to be included, in addition to the minimum NCC

requirements e.g. many WHS mandated requirements are not mentioned in the NCC.

1.11.4. NCC System of Building Classification

Thekey tounderstandingand application of the NCC/BCA set of documentsis toidentify the appropriate classification
forabuilding - refer to part A3 of NCC Volume One, for example, an office building (see detail in section 5.1.4) isa
“class 5” building.

The building classification, along with the effective height are the principal linkages leading to fire safety requirements

fornormal commercial buildings towhich designers of structureand services must provide compliant design.

1.11.5. Performance Based Building Regulations
The NCC regulations are “performance based”. In order to satisfy the requirements of the NCC the building and its
services can meet the “deemed to satisfy” specification in the NCC via associated referenced standards, or meet the
performance requirements as quantified in the NCC with methodology as described in Part A0 Application, see
A0.4 to A0.10.

Volume 1 (Residential houses)
e Part G2 Heating appliances, fireplaces, chimneys and flues

e Part]5: Air conditioning and ventilation systems

Volume 2 (Commercial and high rise residential)

Part C1 Fire resistance and stability - Fire hazard properties;

Part C3 Protection of openings - Openings for service installations;

Part E1 Firefighting equipment - Fire control centres;

Part E2 Smoke hazard management -Smoke and fire control;

Part F2 Sanitary and other facilities - Microbial (Legionella) control;

Part F4 Light and ventilation - Ventilation of rooms, carparks and kitchen local exhaust;
Part G3 Atrium construction - Smoke control;

Part I1 Equipment and safety installations - Essential services;

Part]5 Air-conditioning and ventilation systems - Heating, cooling, air conditioning and ventilation systems.

The core standards that HVAC systems are most commonly designed to, and certified against, include
AS/NZS1668.1 (Fire and smoke control) and AS 1668.2 (Mechanical ventilation), AS/NZS 3666.1 (Microbial
control) and AS 4254.1/.2 (Ductwork). The Australian wiring rules (AS/NZS 3000) and the plumbing codes
(AS/NZS 3500) are also important standards for the industry. The NCC references more than 90 standards and many
of those reference standards themselves have secondary references (which must be applied, including year versions,
even though not necessarily directly referenced by the NCC). These technical documents form the regulatory

architecture under which building services design professionals operate.
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1.12. Regulations for Building Services

1.12.1. Mechanical and Electrical Services Regulations
Arange oflegislationand regulationis applicable to HV AC&R (heating, ventilation, air conditioning and refrigeration)
and technical service providers must familiarise themselves with all the legal and procedural requirements of the
jurisdiction in which they operate. Applicable regulated areas include, building and planning, public health, WHS/
Occupational Healthand Safety (OH&S), environmental controls, or other legislation including requirements relevant
tothe provisionofaccesstosystemsformaintenanceand the delivery of essential service maintenance.

The building services industry operates under the following regulatory requirements and regimes:

Building regulations - NCC requirements and various state based administration systems.
Planning regulations - local government-based planning or development consent conditions.
Environmental regulations - Ozone/SGG regulations, environmental noise and air pollution.

Energy regulations - Commercial Building Disclosure and MEPS/GEMS.

Electrical regulations - AS/NZS 3000 and appliance/equipment electrical safety standards.
Plumbing regulations - Including NCC Volume 3, AS 3500 series, and sewage acts etc.
Licensing regulations - for refrigerant handling through the Australian Refrigeration Council.
Healthregulations - Indoor air quality, microbial control, WHS/OH&S regulations.

Safety regulations - Essential services, inspection, testing and maintenance.

1.12.2. Planning Regulations and Building Services
There are a range of planning regulations, imposed by state or local government in addition to building regulations
that can impact on HVAC&R. For example, some localities include controls on roof colour (cool/white roofs), roof
mounted plant, location restrictions, restrictions on specific refrigerants (ammonia or hydrocarbons) as well as

noise controls (cannot disadvantage neighbors) and other environmental controls.

1.12.3. Essential Safety Maintenance Regulations
Most States and Territories have regulations applying to essential services maintenance and from a building services

perspective this includes:

Smoke and thermal detection systems;

Emergency warning and communicationsystems;

Fire and smoke controlsystems;

Fire and smoke dampers installed on air distribution systems;
Hydrants, hose reels, fire mains, pump sets, and static water supplies;
Sprinkler systems;

Emergency lighting and illuminated exit directional signs;

Lifts (includingemergencylifts).

Fire safety aspects of HVAC and ventilation based smoke control systems must be inspected and tested annually to
ensure compliance. Australian Standard AS1735.2 (Lifts) AS1851 (fire protection), AS/NZS 2293.2 (emergency
lighting) and AS/NZS 3009 (Emergency Power Generator) defines maintenance of Essential Fire Safety Measures

and ongoing certification that Fire Safety Services work properly at the time of commissioning and every year

after. The Four elements of maintenance are:

e Inspection: Visual examination to establish correct settings, physical condition or fitness for purpose.
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e Test: Confirmation of correct function or performance of a component or system

® Maintenance: (Preventative Maintenance) Actions including lubrication, cleaning, adjustment and
replacement of component ata predetermined frequency to minimize the incidence of breakdown.

e Survey: Visual inspection to identify if fire protection systems or equipment have been altered, damaged or

compromised.

® Report: These are coupled with records to be kept and reports to be made and culminating in the
issue of a final condition report with such records being retained at site and auditable. Many states
require annual sign-off that this work has been completed and designers need to provide adequate

access to plant and equipment to ensure that the ongoing certification can be readily carried out

1.12.4. Building Services Health-based Regulations
The other area of HVAC&R maintenance thatis regulated by states and territory administrations is maintenance
regimes for microbial control. The most common sources for biological contaminants in HVAC systems are the
outdoor air and the return air. Other sources of biological contaminants result from water ingress, excessive moisture,
excessive condensation or the infiltration of nutrients (dust) onto HVAC component surfaces. Whenever there is

enough moisture and nutrients, biological contaminants can thrive.

Present-day research on microbiological aspects of indoor air quality tends to concentrate on fungi. Fungi produce
a variety of compounds, and all are potentially antigenic and allergenic. In most cases, sensitization to antigens (and
allergens) occurs via the airborne route. Two types of disease that are caused by airborne fungal antigens are allergic

disease (asthma and rhinitis) and hypersensitivity pneumonitis.

The main problem with bacteria in HVAC systems occurs when there is stagnant water. Blocked drain pipes or pans
and biofilm formation on cooling coils and condensate pans are major sources of bacterial contamination. Airborne
bacteriaare generally transmitted to building occupants when they inhale aerosolised water or particulates. Legionella,

Pseudomonas, Salmonella and Enterobacteria are all gram negative bacteria.

Aerosolisation of Legionella from cooling towers can cause Legionnaires’ disease so Legionella presents a significant
health hazard for the industry. Legionnaires’ disease is a respiratory illness which affects the lung and which may
resolve without specific treatment. On the other hand, cases may be severe and pneumonia may be accompanied by
involvement of multiple organs usually brain, kidneys, liver and bowel giving rise to symptoms of mental confusion,

renal and liver failure and diarrhoea. Legionnaires’ disease can be fatal.

Therisk associated with that hazard may vary widely from insignificant (as in Legionella presence in rivers, rainwater
and the like) to substantial (as in water supplied to baby humidicribs, misters in supermarkets and cooling water
systems that generate aerosol). About 300 cases of Legionnaires’ disease in Australia are notified each year. The
number of cases is apparently increasing but this is probably due to improved medical diagnostics rather than to
greater prevalence. Based on several epidemiological studies it appears the true number of cases is probably ten times
this rate as many cases go unnoticed or are sub-clinical, i.e. the patient is barely aware of the infection, and it does not
lead to illness.

Most States and Territories have health based legislation and regulations intended to control the occurrence of
Legionellosis in the built environment. The Public Health and Wellbeing Act 2008 (PHWA) in Victoria and the Public
and Environmental Health (Legionella) Regulations 2008 in South Australia New South Wales has the Public Health
Act and Regulations with all of these regulating the design, operation and maintenance of cooling towers and cooling
water systems., Western Australia, Tasmania and the ACT also have health legislation in this area while Queensland
regulationsoperateunder workplacehealthandsafetylegislation.
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Food regulations cover appropriate storage temperatures for foods as well as requirements for the construction and
operation maintenance and cleaning provision of food premises (see AS 4674 Construction & fitout of food premises).
Restaurant kitchens for example are an ideal environment for mould growth, fatty or oily build up, and dirty
duct work.

Food premises, fixtures, fittings, equipment and transport vehicles are required to be designed and constructed to be
cleaned and, where necessary, sanitised. Premises are required to be provided with the necessary services of water,

waste disposal, light, ventilation, cleaning and personal hygiene facilities, storage space and access to toilets.

1.13. Energy Based Regulations

1.13.1. Commercial Building Disclosure
The Commercial Building Disclosure (CBD) scheme is a national program designed to improve the energy efficiency
of Australia’s large office buildings by requiring certain owners and tenants to disclose the actual energy performance
of the office space at the time of sale or lease. The current CBD program was developed by the Australian, state
and territory governments under the National Strategy on Energy Efficiency. The CBD program is delivered by the
AustralianGovernmentand established by the Building Energy Efficiency Disclosure (BEED) Act2010.

Commercial Building Disclosure, atthe time of publication, applied tonetlettableareas of 2,000 m*or moreand to:

e Building owners who are selling or leasing office space, and

e Tenants who are subleasing part of their office tenancy.

Underthe CBD program, ownersorlessors of office space 0of 2,000 m* or more arerequired to disclose an up-to-date
(less than one-year-old) Building Energy Efficiency Certificate (BEEC) if they wish to sell, lease or sublease that space.
The star rating communicated ona BEEC will bea NABERS Energy rating - either a base building rating or whole
building rating if a base building rating is not possible. The NABERS Energy rating that must be disclosed on the

BEEC cannot take into account any Green Power purchases.

1.13.2. NABERS Ratings

NABERS (the National Australian Built Environment Rating System) is a government developed tool that can be used
to measure and compare the environmental performance of a building against its market peers. NABERS provides an
accurate, comparable measure of a building’s performance rated against a set of benchmarks developed using national

building performance data.

NABERS tools rate the measured operational energy and water efficiency, indoor environmental quality and waste
recovery characteristics of the building or site. Performance is listed on a 6-star scale, with 3 stars representing average
performance. A 6-star rating demonstrates market leading performance, while a 1-star rating means the building is

performing well below average market practice and has considerable scope forimprovement.

1.13.3. Minimum Energy Performance Standards
Governmentsin Australiaand New Zealand work cooperatively throughthe EquipmentEnergy Efficiency (E3) Program,
to increase the energy efficiency of new appliances and equipment which are supplied into the market. The aim of the
E3 program is to increase the average energy efficiency of equipment sold, increasing energy productivity and therefore

competitiveness, reducing energy bills for consumers, and reducing greenhouse and other environmental emissions.

Minimum Energy Performance Standards (MEPS) programs are mandatory in Australia and New Zealand. MEPS are
enforced by state government legislation and regulations in Australia (called GEMS) and national regulations in
New Zealand applicable to the relevant Australian or Australia/New Zealand Standards. In addition to the MEPS
program single phase non-ducted air conditioners for household use are required to carry an energy label in Australia
and New Zealand.
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For air conditioners, the measure of energy efficiency is the Energy Efficiency Ratio (EER) for cooling and the

Coefficient of Performance (COP) for heating. The EER and COP are defined as the capacity output divided by the
power input based upon the tested power input and the tested capacity output when tested in accordance with AS/
NZS 3823.

1.14. WHS Regulation

WHS/OH&Sregulationsinclude the managementof risksin the provisionand maintenance of safe plantand structures.
Work Health and Safety /Occupational Health and Safety regulations have a big impact on the HVAC&R industry
which itself has a big impact on the WHS of others. People are generally not aware of the impacts the HVAC&R
industry has on the WHS of others. In addition, the specific requirements of WHS legislation and regulation, and
particularly compliance methods, are not well understood by practitioners withinthe HVAC&R industry

WHS impacts and responsibilities in the area of HVAC&R building services industry include:

e Indoor Air Quality including the provision of adequate mechanical ventilation where required for buildings
and the hygienic maintenance of all HVAC&R systems.

e Fireand smoke controlincluding the design and installation of fire protection measures within HVAC, smoke
control systems and essential system ongoing testing and maintenance.

e Cold chain/Food processing including the design, installation and maintenance of refrigeration systems
throughout the food supply chain, farm to plate.

e Energy and the environment including the energy consumption of building HVAC and the correct and safe

management of environmentally harmful substances.

Specific WHS issues and challenges that the HVAC&R industry practitioners encounter in their work, in addition to
the general duties assumed by employers and supervisors, include:

e Safetyindesignrequirementsand the WHS duties of equipmentand system designersand suppliers, including
pressure vessels in refrigeration systems and boilers.

e General safety in the construction and plant maintenance industries, e.g. safe work method statements.
Construction sites and equipment plantrooms are our workplaces.

e Working with toxic or flammable substances, e.g. safe use, handling and storage of the refrigerants used in air
conditioning and refrigerationsystems.

e Workingin confined spaces, e.g. servicing plant in concealed basements, ceilings, roof spaces and inside
cooling towers, large boilers, large tanks etc.

e Working at height, e.g. servicing roof-mounted plant.

e Working from elevated platforms, e.g. servicing roof-integrated high level fans.

e Working with dangerous plant, e.g. large boilers or gas-fired electricity generators.

WHS regulations impose duties on designers, manufacturers, importers and suppliers of plant, in order to ensure
health and safety in respect of subsequent use of plant. It imposes duties on people that commission plant or structures
to comply with designer or manufacturer information, and relevant health and safety instructions in doing so. It
imposes complementary duties on people with management and control responsibility of plant, as well as imposing
arange of additional control measures for specific types of plant. It provides for the registration of plantand plant
designs, and imposesadditional dutiesinrespect of plantand plant designs thatarerequired to beregistered.
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1.15. Environmental Regulations

1.15.1. Regulations on Environmental Protection
Regulations controlling air conditioner, diesel generator, co-genand gas engine noise, air and water pollutionare
common in most jurisdictions. Typically, regulations are developed at state government level and administered by
local councils.

e AS2107 Acoustics-Recommended designsound levelsand reverberation times for building interiors
® AS1055 Acoustics - Description and measurement of environmental noise - General procedures
e EPA Acts and regulations (varies by state and territory).

1.15.2. Regulations on Ozone Protection and SGG
The Ozone Protection and Synthetic Greenhouse Gas Management Act 1989 (modified in 1995) was established to
meet Australia’s obligations under the Vienna Convention and the Montreal Protocol and later to include Australia’s
obligations under the Kyoto Protocol. These protocols aim to bring countries around the world together with the
common goal of reducing the use of Ozone Depleting Substances (ODS), which deplete the world’s protective ozone
layer, and synthetic greenhouse gases (SGG) which have a high Global Warming Potential (GWP).

Many substances used as refrigerants, the working fluids for vapour compression based refrigeration and air
conditioning systems, are ODS or SGGs which have a high GWP. The Regulations contain provisions toauthorise
people who have proven themselves competent and qualified to obtainalicence which allows them to work with
refrigerant and refrigeration and air conditioning equipment. The licensing scheme is administered by the Australian
Refrigeration Council (ARC) on behalf of the Department of Environment.

Ozone depleting refrigerants (CFC and HCFC) have been phased-out and SGG refrigerants which have a high GWP
are going to be controlled and phased-down in the near future. It is because of this that the industry is transitioning to

low GWPrefrigerants including natural refrigerants and fourth generation synthetic refrigerants (HFO).

1.153. Green Star Environmental Ratings
The Green Building Council of Australia launched the ‘Green Star environmental rating system’ for buildings in 2003.
Green Star rating tools help the property industry to reduce the environmental impact of buildings, improve occupant

health and productivity and achieve real cost savings, while showcasing innovation in sustainable building practices.

Green Star rating tools are currently available for a variety of building sectors, including commercial offices, retail
centres, schools and universities, multi-unitresidential buildings, industrial facilitiesand public buildings. Rating tools
can be applied to the design, construction, interior fit-out, and operating performance of buildings. Rating tools can

also be applied to precincts or communities.

1.16. Facilities Management Considerations

116.1. Maintenance Issues
Facility managers are the professionals that operate buildings that architects and engineers design. Buildings consume
significantly moreresourcesover their lifetime thanisexpendedintheir construction. Whilstitis the designersjob

to provide the most efficient and effective plant, itis the facility managersjob to provide the services to end users
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at an acceptance level of quality and availability. This objective can only be achieved when designers of services and

equipment installation have maintenance as a major criterion.

1.16.2. Strategic Issues
There are two aspects to the facility managers’ role; strategic and operational. Because business decisions can be
mademuchquicker thanreal estate canrespond, itisnecessary tolook ahead at the purpose of the facility and how
it contributes to the user organisation’s mission. There is also the issue of planning the long term but inevitable
replacement of fabric, plant and equipment that is subject to wear and tear. This might involve establishing a sinking

fund to accumulate the necessary finance.

1.16.3. Operational Issues
The operational issues are those that involve day to day running including observance of statutory obligations of
building ownership. Annual fire safety, pressure vessels, lifts require annual inspections, documentation and
certification. Cooling tower and air handling systems require assessments, checking and treatment necessary to

prevent the development of legionella.

Itis presumed that the services engineer and architect have considered the question of access for the maintenance
technicians to the plants and equipment. Not only must the technicians be able to access any of the plant, ducts, pipes
and cables, but there must also be adequate space for their equipment and tools. The positioning of plantrooms and the
ability to remove and replace major items of equipment, such as chillers, motors and air handling units, might require
cranage, access to large openings in the envelope through which to pass the equipment, or for access by fork lift trucks

or similar. Heavy pieces of equipment should be able to be lowered onto the back of a truck.

1.164. Knowledge Transfer

The major operational costs are utility bills, repairs and maintenance (R&M), cleaning and security. It is essential
to transfer the design intent as necessary operational knowledge to the staff who will be in charge of the buildings
operation. This means a comprehensive set of as built drawings, hopefully in electronic 3D + form (BIM), a description
of the way in which the building was designed to operate, commissioning settings and maintenance manuals. Itis
particularly important to explain how the controls systems are intended to work and an understanding of what the
operator should not attempt without professional advice.

In NSW, the EP&A Act’79 cl.6.27 has mandated that an Occupation Certificate may not be issued until the
building owner has been provided with a building manual which they have reviewed and approved. We
understand that this clause has been ignored by inept Principal Certifiers to date.

1.17. Repairs and Maintenance

1.17.1. Maintenance Costs
The Australian Tax Office allows 2.5% of the capital cost of a building used to generate income to be depreciated. That
is, there is recognition that wear and tear takes place and requires and investment of 2.5% of the construction costs to

be expended annually tokeep itin pristine condition. However, few organisations spend asmuchas1.75%.

Inorder to keep track of maintenance itis first necessary for the facility manager to have an asset register. Thisisa
list of all items of plant that require maintenance and have details that include a unique identification code or number,
make and model number, date of purchase, date of expiry if warranty, power rating (where appropriate), capacities,
economic/ service life expectancy and other relevant information. Most organisations will have an “asset register’ but
this has usually been set up by the finance department in a structure designed for other reasons and is unsuited to aid

FM operations.
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This is complimented by a condition register that ought to distinguish between at least three categories; operational,
awaiting services and non-operational. This database should include the histories of past maintenance particularly the
date of last service and the name of the service contractor.

There should also be a schedule of maintenance tasks that each asset requires and the frequencies at which these

activitiesshould becarried out.Suchactions mightbe daily, weekly, monthly, annually, or bebased on timerun.

117.2. Preventative Maintenance
Maintenance is managed by organising planned or programmed maintenance and having provision and capacity to
dealwithemergency maintenanceasand whenitarises. Programmed maintenance, particularly statutoryrequirement
- follows from the list of maintenance tasks alluded to above. These tasks when programmed into a calendar allow an
appropriate budget to be estimated and capital replacements foreseen. The maintenance programme should include
not only for plant and equipment, but also for building fabric. i.e. check on flashings and waterproofing; repainting,

etc. The programme might provide for checking 10% of the fabric every year, in a ten-year cycle.

Usually, particularly for government agencies that are concerned with due process, maintenance contracts are sent out
to three sources for tendering. The facility manager would do well to include realistic and measurable Service Level
Agreements (SLA’s) thatreward good performance and penalise bad. (This can be linked to ISO 9000 quality assurance
procedures). There is also consideration for non-government organisations to periodically ‘go to the market” to check
that they are obtaining value for money. It is important that the contractor keeps records and data and lodges it with

the facility manager and, it is added to the condition register.

1173. Condition Based Maintenance
An effective variation of programmed maintenance is a condition based maintenance. Here, equipment is regularly
inspected, but maintenance initiated only after its performance has dropped to a pre-defined level. Examples of
conditioned based maintenance include chemical analysis of oil to monitor the build-up of metallic particles to provide
details of rates of wear; vibration analysis to determine the wear on bearings; thermal tomography of electric circuits
to identify hot spots, etc.

Obviously, emergency maintenance is happenchance and can only be predictable after time by statistics of occurrence

inany one building. Emergency maintenance that has a safety implication has to be dealt withimmediately.

1.18. Defining the Building Services

1.18.1. Project Operating Requirements -all services
The owner or client is responsible for defining the overall functional requirements of their building. The Project
Operating Requirements (POR) is a document that clearly outlines the operational and performance requirements for
systems and building. The POR is typically developed by the owner to allow the architect and services consultants to
design and develop a building that meet the requirements detailed by the owner. It is advantageous for the owner to
seek advice from their facility management team to help incorporate building critical requirements that will assist the

building in meeting any performance targets.
The information typically outlined in the POR would include:

e Building location, size and classification (including multiple classifications).

e Occupancy numbers, population type, hours of occupancy, type of activity.
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Thermal Comfort (operating temperatures and humidity limits) for each area.
Acoustic performance - both internal and external.

Lighting requirements - both natural and artificial.

Equipment loads and processes within the building.

Specialist operations i.e. Laboratories, Maintenance areas, and similar.
Maintenance policy for thebuilding.

Sustainability schemes the design is to be assessed against.

Energy efficiency and any energy rating schemes the design is to conform to.
Control and operational efficiency requirements.

Monitoring and reporting requirements.

Performance targets.

Verification and acceptance criteria.

Record keeping requirements.

Maintenance and building tuning requirements.

Project Timeline Program.

The level of detail in the POR will vary according to the size and complexity of the building, the owners or client
needs, the contractual structure for the project, and the experience of the design team. The POR is a live document
and should be reviewed by operation and maintenance personnel at least annually and whenever changes are made to

the building orsystems.

1.18.2. Basis of Design (BOD) - allservices
Once the POR has been issued to the building and system designers and the design has been developed, the Basis of
Design (BOD) document, a detailed narrative outlining the strategies employed for system function and measurable
outcomes, is developed by the designers. It isimportant at this stage to incorporate lessons learnt from previous

projectstoensure the building designis as practicaland functional as possible, whilst maintaining cost targets.

The project specifications usually detail by what standard the projectis to be built to, however limited emphasisis
usually placed on how the building is to be operated. In-depth operating strategies should be included in the BOD to
ensure the design and operational intent is understood by the system builders, commissioning engineers and facility

management staff.

Itis important that the designers approach the design process with a “whole building” operational and performance

strategy in mind to assist with design integration.

Theclearertheintentin the BOD and the strategies detailed withinit, the better the building will be setup, commissioned
and tuned. The information typically required ina BOD document would include:

e Building details, occupancy, population, usage (from project operating requirements).

IAQ requirements (outdoor air quantities, filtration, air contaminant monitoring, contaminant minimisation
strategies, innovative IAQstrategies).

Legislated requirements - BCA, Australian Standards, Codes of practice.

Indoor/Outdoor design conditions for summer/winter.

Load calculations and assumptions and defined by location climatic conditions.

System concepts and design schematics.

Ventilation requirements and designs.

Noise levels within the various areas in the building, and levels not to be exceeded at the boundaries.
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Equipment capacity and minimum performance.

Detailed sequence of control and control routines for all modes of operation.

Metering and monitoring and the planned break up on what is to be metered and sub-metered.
Utility reporting requirements.

Sustainability strategies.

Performance targets.

Verification and acceptance criteria.

Maintenance and building tuning requirements.

Project Timeline Program.

1.183. Client Brief/Reverse Brief - allservices
Briefing is difficult to do well and has a major impact on the final building product. Briefing essentially determines
how designers are going to spend their time and what outcomes they are going to try and achieve. Designers should
provide areverse brief to clarify client needs before they start work and to make sure clients are happy with their
interpretation of the deliverables, scope, timeframes and costs. It's good project management and good for the client/

agency relationship too.

Inthe reverse brief three things happen. The first is that the client being briefed can check their understanding of
thedirectionbeingtaken. Secondly, the client gainsclarity for perhapsthe firsttimeabout whattheimplications of
their own requirements actually are, and may revise them as a result. Thirdly, it provides an opportunity to ensure

alignment across the entire design team.

Reverse briefs should move the thinking on, not merely replicate the client brief in more detailed or interesting

language.

A design brief establishes clear expectations between a client and the design team. A design brief is not a ‘one size fits

all” because building projects can vary so much. The brief should cover

o Duedate for completion: if there are any dependencies which make a particular start and end date critical
make sure you communicate these to a designer. You may need to negotiate with the designer depending on
how in-demand they are and the complexity of the project. The due date for completion is when you expect to
have the final, approved design in your hand, ready for use.

e Reviewdate/s: thereshould beatleast one clientreview to ensure the design meets clientexpectations. You
can also specify completion dates of other key stages.

® Budget: provide anidea of how much money you plan to spend. This enables the designer to be realistic when

they provide options.

Key objectives: the main business benefits of getting this design successfully delivered.

Regulatory issues: note any regulations which will impact the design e.g. NCC requirements.)

Scope: (detailed list of everything the project is expected to deliver.)

Notin scope: (use this section to specify design elements that are out of scope

Purpose and function: To be able to provide a workable design, the designer needs to know what the
building is supposed to be able to do, who will be using it and in what circumstances. This information needs

to be spelled out clearly for the designer.

e DesignProjectplan: Listthe project milestones, whatisneeded tocomplete themand whoisresponsible.)
® Measures of success: (how will you ensure the design is appropriate for your objectives and audience e.g. will

you show samples to your potential customers, run surveys etc.)
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1.19. Ventilation Choices -Natural or Mechanical

The provision of fresh outdoor air to indoor spaces is necessary for human respiration, dilution or removal of airborne
contaminants, correct operation of combustion appliances, thermal comfort and smoke clearance. Ventilation can be
either natural or mechanical or a combination of the two.

A possible definition for natural ventilation could be “ventilation that depends on the naturally occurring agencies
of wind and temperature difference to cause air movement between the inside and outside of a building, between

enclosures within a building and within enclosures”.

Insimple terms ventilation air is provided through openings of a particular size and distribution in the external facade
of a building. Air moves in and out of these openings and circulates throughout the space being ventilated through
naturally occurring forces (wind and stack effects). In some buildings it is the natural porosity of the building envelope
combined with openable windows that are relied on to provide ventilation. In other buildings natural ventilation
systems can be complex, engineered and controllable. The minimumrequirements thatneed to be achieved tonaturally
ventilate a building are set by the NCC. Where a building cannot meet these minimum requirements regulations

require it to be mechanically ventilated.

Mechanical ventilation could be defined as “ventilation that depends on fans and other air movement devices to
cause air movement between the inside and outside of a building, between enclosures within a building and within

enclosures”. In simple terms air is pumped to where it is required to go.

Hybrid ventilation uses both natural and mechanical ventilation, or features of both, in an integrated system. Natural
and mechanical ventilation forces can be combined or operated separately, with the system operating mode varying
depending on the ambient conditions and resulting opportunity at any given time. Control systems for hybrids can
be quite complex or can be as simple as mechanical ventilation cut out switches when natural ventilation devices are

opened.

Mixed mode ventilation systems are similar to hybrids as they use a combination of the two ventilation systems but
there is generally a greater independence of operation and control between the natural/ mechanical systems (i.e. two

separate systems with control integrationonly).

Ventilation and air infiltration are expressed in terms of a volumetric flow rate, L/s or m’/s. Sometimes the volumetric
flow rateis divided by the number of occupants to giveaflowrate foreach occupant, i.e. L/s. person. Natural ventilation

requirements are often expressed as a percentage (of floor area) of fixed or openable openings requirement.

The selection of a ventilation system is largely up to the designer once the requirements for building regulations have
been satisfied.

Building regulations are based on the assumption that natural ventilation will be the first choice for building ventilation
and where the specified minimum criteria for natural ventilation cannot be achieved then mechanical ventilation is

permitted as an acceptablesubstitute.

Deemed-to-satisfy mechanical ventilation systems must comply with the mandatory requirements of AS1668.2 which
contains several options for mechanical ventilation; primarily dilution ventilation by supply or exhaust and also local
exhaust for contaminant removal. These options are to be applied to buildings to control indoor air contaminants to

acceptable levels.

Requirements for natural ventilation are outlined in a few simple rules contained directly in the technical provisions
of the NCC.
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1.20. Resilience and Redundancy in Design

Resilience of a system or building refers to the ability of the building or system to continue to operate after a failure has

occurred, itis a relative not an absolute term. Redundancy refers to duplication of components; it is an absolute term.

Redundancy supportsresilience, the more redundancy inthe separate components of asystem, the higher theresilience

will be. A system with no redundant components has no resilience.

N+1redundancyisaformofresilience thatensuressystemavailability inthe event of component failure. Components
(N) have at least one independent backup component (+1). The level of resilience is referred to as active/passive or

standby as backup components do not actively participate within the system during normal operation.

One way to achieve resiliency within HVAC is by employing redundant systems, but resilient systems, do not

necessarily provide redundancy.

A major focus on mechanical and electrical services resilience is disaster proofing including the ability of systems to
operate during fire for emergency services, storms and floods. Issues such as roof-mounted or basement mounted

plant need to beconsidered.

A good example of poor design is locating a main electrical switchroom in a below ground area where there is the
likelihood of disruption by flooding of the switchroom, this occurred in buildings in Brisbane CBD and Sydney
CBD when the cities were overcome by storm and tempest.
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