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1. Introduction 
Proper selection and justification of the Heating Ventilation and Air Conditioning (HVAC) 
strategy is a crucial element of the HVAC system design process. 
Defence’s ultimate objective is to acquire and utilise a HVAC system that will minimise the 
impact on the natural and physical environment through energy efficiency and simplification 
of the systems and that will provide the most appropriate approach, on a whole of life basis, 
in terms of capital, operating, replacement and maintenance costs.  
The primary objective of this document is to nominate minimum requirements with respect to 
the structure and content of a Heating Ventilation and Air Conditioning (HVAC) system 
selection report, and to guide the HVAC system selection process so that Defence 
agreement can be given to the proposed HVAC strategy.   
The HVAC System Selection Report shall start by confirming the system performance 
objectives and compliance criterion.  Subsequently, the selection/recommendation of a 
certain HVAC strategy shall be thoroughly documented and justified through: 

• Fitness for purpose (as per the parameters detailed in Section 3.2.1); and 

• Whole of Life (WOL) assessment. 
The guidance presented in this policy shall be followed by HVAC consultants when 
submitting the design solutions to the Department of Defence, Defence Security and Estate 
Group (SEG).   
The first step of the design process is to define the required performance objectives of the 
HVAC system. On the basis of the agreed performance objectives the consultant shall 
determine the optimum HVAC solution via a set of milestones: 
1. Confirm/agree HVAC performance objectives and compliance criterion 
2. Initial system elimination 
3. Detailed system considerations 
4. Whole of Life assessment 
5. Final design confirmation and recommendation 
An overview of the HVAC selection steps is detailed the following sections. The procedure is 
not definitive and in some instances other criteria such as increased security or specific user 
requirements may take priority over the criteria presented. Alternative methods of 
assessment to those outlined in this policy may be utilised by the consultant provided these 
are agreed in advance with Defence and are justified in the consultants report. This HVAC 
system selection report shall be regarded as a living document and shall be initially 
submitted as part of the Concept Design Report (CDR) and updated as part of the 
Schematic Design Report (SDR) and Detailed Design Report (DDR). 
For further assistance, an example relative to typical HVAC systems considering non-
specialist areas and the use of natural ventilation is outlined in this policy. 
 

Annexes: 

Appendix A. HVAV System Selection Report Structure 
Appendix B. HVAC System Performance Rating / Weighting Matrix 
Appendix C. HVAC System Overview 
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Figure 1 Typical HVAC system selection process 
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2. Step 1: Confirming Performance Objectives 
It is of paramount importance that user requirements, as provided in the Functional Design 
Brief (FDB), are adequately tested and confirmed by the designer.  This may occur at the 
FDB stage but must be completed prior to the CDR to avoid the possibility of unnecessary 
abortive work.  
Therefore, prior to commencing the HVAC system design, the consultant shall liaise with the 
sponsor and users to clearly identify performance objectives and compliance criterion.  
The performance objectives shall identify/confirm as a minimum: 

a. Type of facility and accommodation  
b. Occupancy levels and types 
c. Equipment Loads and Lighting Loads 
d. Special user requirements (e.g. comfort conditions, security, redundancy, 

filtration levels, control tolerance, pressurization requirements, possible 
relaxations etc)  

e. Energy rating targets for each building type (refer Defence Green Buildings 
requirements) 

f. Impact of Green Star initiatives incorporated and benefits to ABGR/Green Star 
rating 

g. Outside air Design Temperatures (refer IM Outdoor design temperatures) 
h. Internal design conditions (temperature and relative humidity for each 

accommodation type) 
i. HVAC system life expectancy, and special maintenance considerations 

Indoor design conditions such as maximum and minimum temperatures and relative 
humidity for residential, educational and other environments shall be determined in 
consultation with the sponsor/users.  The design criteria should normally be determined as 
part of the FDB.  The design criteria utilised and basis for selection shall be recommended 
and stipulated in the HVAC System Selection Report.  If changes to the FDB design criteria 
have been made these shall be justified and submitted to Defence (users, sponsors, EEP) 
for review and agreement as part of the HVAC System Selection Report. 
The consultant shall report as early as possible on any deviations between the proposed 
indoor design criteria and the Comcare guidelines (Air-Conditioning and Thermal Comfort in 
Australian Public Service Offices). 

3. Step 2: System Determination and selection 
3.1. Milestone 1: Initial system elimination 
The purpose of this phase is to determine which HVAC systems are considered as suitable 
for more detailed consideration.  This step can be regarded as a screening step to eliminate 
those systems that the consultant considers cannot provide a fit for purpose solution and 
hence do not warrant further consideration.  It should ideally be reported at the CDR stage or 
earlier to avoid potential abortive work. 
The consultant may consider the criteria listed in the decision chart (Figure 1) to determine 
an appropriate system to maintain the internal environment. This selection chart is provided 
for general guidance only and the selection process needs to be tailored to suit individual 
projects. 
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Figure 2 HVAC system elimination chart 
At this stage of the process, HVAC systems that the consultant considers cannot provide a 
fit for purpose solution shall be eliminated and would not warrant further consideration. 
The criteria presented are not definitive and other criteria may take priority thereby 
determining the need for a particular system type. 

3.1.1. Ventilation Systems  
In considering the suitability of ventilation systems (either natural or mechanical) to provide 
acceptable space conditions the consultant needs to consider the following factors as a 
minimum: 

• Predicted heat gains to the space and resultant internal temperatures 

• Occupant usage patterns 

• External noise levels and air quality 

• The need to remove contaminated air 
If natural ventilation is intended to be utilised as a means of cooling a space, the consultant 
shall prepare a thermal study detailing the nature of heat gains and losses, taking into 
account the client requirements (i.e. small power loadings, lighting, etc) and building fabric. 
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The Consultant’s thermal study shall use an industry recognised dynamic thermal modelling 
software package.  The thermal modelling shall demonstrate that the natural ventilation will 
be compliant with the design criteria established for the facility. 

3.1.2. Air conditioning Systems 
The most common types of air-conditioning system may be classified as centralised All-Air, 
Air-Water or Local Systems, as shown in the table below: 

Local Systems  All-Air System  Air-Water Systems  

Split units Constant volume (CV) Fan coils (FCU) 

Variable refrigerant volume 
(VRV) 

Variable air volume (VAV) Chilled beams (CB) 

 Displacement ventilation (DV) Water Source Heat Pumps 

The consultant shall review the suitability of the range of HVAC systems to meet the 
required system performance objectives and eliminate any systems from further 
consideration that the consultant concludes will not meet the performance objectives. 

3.1.3. Chillers & Heat Rejection Plant 
The range of chillers and associated heat rejection equipment is wide ranging and a 
comprehensive description of the system configurations is beyond the scope of this 
document. If the consultant determines a chilled water system is to be utilised, the consultant 
shall review the range of chillers available and justify in the HVAC System Selection Report 
their recommendation as to the optimum chilled water system selection. 
It should be noted that due to a potential risk of Legionella outbreak, water cooled chillers 
and cooling towers should be avoided (refer IM – Mechanical Engineering Inclusions).  In 
essence, the use water cooled chillers must be appropriately justified and agreed by the 
EEP, users and sponsors and should be used only if there are no other viable options or if 
these are required to support a particular process/activity.  In case water cooled chillers are 
the only viable option, the consultant shall use Closed Circuit Fluid Coolers for water source 
heat-pump systems as opposed to Cooling Towers wherever practical.  
This flow chart suggests a process for the consultant to assess alternative heat rejection 
plant however this should not be considered as a prescriptive approach.  

3.1.4. Additional Considerations 
For all systems considered the Consultant shall clearly identify measures to ensure system 
has minimal negative impact on the occupants comfort whenever the external ambient 
design temperatures are exceeded.  The consultant shall also consider and make 
recommendations as appropriate regarding innovative technology / systems which offer 
reduced energy consumption. 

3.1.5. Heating Systems 
Consultant is not constrained to any particular boiler type, however given the availability of 
natural gas, their efficiency and impact on environment centralised boilers should be gas 
fired. 
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The key decision whether to use centralised or decentralised heating services depends upon 
a number of independent variables and there is no definitive method of assessing the 
viability of each option with respect to individual projects. 
The consultant must investigate both centralised and decentralised heating service in the 
selection report. 

3.2. Milestone 2: Detailed System Consideration (DDC) 
Based on the results of the Initial System Elimination, the consultant will have a number of 
systems (ideally two to four) that will require more detailed consideration. The purpose of 
this section is to provide a minimum set of performance criteria by which the consultant shall 
assess in more detail the suitability of HVAC systems, and a suggested method of 
presenting their results to provide transparency to Defence.  The DDC should ideally be 
submitted to EEP for review/agreement at the SDR stage. 

3.2.1. Selection Parameters 
The following factors have been highlighted as being of primary importance in determination 
of a suitable HVAC system. 

• Comfort & Controls 

• System Flexibility 

• System Integration 

• Energy Efficiency and system ABGR and Green Star rating 

• Whole of life costs including capital costs, maintenance costs, energy costs and 
replacement cost 

• Compliance with Defence Policy Documentation 
The above factors represent a minimum set of criteria against which HVAC system selection 
shall be assessed.  Based on discussions with the user groups the consultant may need to 
include other design criteria for specific applications. 
In managing conflicting requirements in terms of optimising the HVAC system selection, the 
consultant shall prioritise parameters that affect the fit for purpose nature of the system 
(comfort, reliability). These parameters shall take priority over energy efficiency. 
Comfort 
To achieve an internal environment that the occupants perceive as comfortable involves a 
range of subjective variables, including the perceived degree of control by the occupant.  
Certain systems may provide better comfort conditions as a result of system variables such 
as air distribution, radiant cooling effect, controllability of supply air temperature, etc.  
System options will be assessed on their ability to meet the agreed temperature design 
criteria. Alternative design criteria such as comfort (Predicted Mean Vote) may be utilise by 
the Consultant based upon an agreed set of design parameters established in association 
with Defence (users, sponsor, EEP). Modelling will be required to be undertaken to indicate 
compliance with comfort criteria.  The likely percentage of time that it is estimated that the 
design criteria are likely to be exceeded due to extreme ambient conditions shall also be 
examined by the consultant. 
System Control and Robustness 
Given the regular turnover of staff the system shall provide robust automatic controls which 
require little or no interaction between the user and HVAC system. 
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Consideration shall be given to the appropriate level of reliability of the HVAC plant, suitable 
redundancies, the consequences of failure of an item of plant, and alarm notifications 
particularly for facilities with high Occupational Health and Safety (OH&S) and technological 
risks/requirements (e.g. calibration centers). 
System Flexibility 
It is likely that from time to time the users may need or wish to change the layout of rooms or 
the intended use of the internal environment.  They may prefer systems that facilitate this to 
minimise consequent disruption and cost. Some systems lend themselves to adaptation of 
cellular layouts or from open plan to cellular.  The HVAC System Selection Report shall 
clearly indicate any limitations on system suitability of the preferred system. 
System Integration 
The system shall be in sympathy with the building design so that it is practical to install, 
operate and maintain and so that the aesthetics are complementary with those of the 
architecture. 
Early consideration needs to be given to co-ordination with the project architect to the 
proportion of the building that would be occupied by central plant and distribution systems, 
as this will have an impact on the size and cost of the building. 
Issues such as integration of the proposed system with the Building Management System, 
existing plant types etc must be taken into consideration as well.  
Energy Efficiency and ABGR/Green Star rating 
Consideration shall be given as to how each system may be enhanced to reduce energy 
consumption and improve the building Green Star rating & ABGR rating. 
Energy optimisation measures shall be considered and justified as part of the Life Cycle 
Costing process. 
Prior to finalisation of the design energy modelling will be required to be included in the 
HVAC System Selection Reports to indicate the system design will meet ESD requirements, 
including required ABGR rating. 
Whole of Life 
Capital, running costs, maintenance costs, and plant replacement costs need to be taken 
into account so that the selected system demonstrates value for money to Defence and is 
economical to install and operate.  An important consideration is how much energy is used 
by a system and energy optimisation measures need to be assessed during the Life Cycle 
Costing process. 
Ideally the selected system will have low requirements for maintenance and components will 
be easy to replace. Preliminary Whole of Life considerations shall be undertaken by the 
consultant at the schematic design stage as part of the consultant’s decision as to their 
proposed HVAC system design.  
Compliance with Defence Policies 
There are a number of documents which the consultant will need to address to ensure that 
the system is compliant with building application and defence requirements (e.g. 
Infrastructure Management, Green Buildings, Passive Defence Requirements, etc) 
OH & S Issues 
As part of OH & S legislation safety is a responsibility of the design consultant.  Where 
possible mechanical plant shall be located in ground floor plant rooms.  Where this is not 
possible, and plant room access cannot be provided via standard circulation routes, a 
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dedicated stairway will be provided to access mechanical plant to minimise the use of 
temporary lifting devices and scaffolding. Roof mounted plant shall be avoided. 
Furthermore, the HVAC system shall provide safe and sound environment for the staff, 
contractors and visiting public.   
User Interface Requirements 
HVAC system design, particularly control design shall not be over-reliant on user interaction 
to operate the system.  Once HVAC plant has been initiated no user interaction shall be 
required to maintain stable energy efficient operation of the plant.  HVAC plant operation 
shall require a minimum of user education. 
Passive Defence Requirements 
The passive defence requirements for the mechanical systems will be dependent on the 
building use and security classifications of the rooms.  As part of the design process the 
HVAC system designer shall consult with the SCEC endorsed project security consultant to 
ensure the HVAC system meets the project passive defence requirements. 
HVAC System Performance Scores & Weighting 
When determining an optimal HVAC system for a particular application, the preferred system 
is often a function of a Consultants preference and subjective experience of a particular 
system. 
In order to simplify system selection and enable the Department of Defence to better 
appreciate how a particular HVAC system has been evaluated, a transparent selection 
procedure is required.  
This policy proposes that the Consultant evaluates the HVAC system short-list via matrix 
evaluation (refer Appendix B) which includes ‘weighting’ and ‘performance’ criteria. 

3.3. Milestone 3: Whole of Life Assessment 
From the shortlist of systems developed under milestone 2 a whole of life assessment is to 
be undertaken as part of identifying the optimal HVAC system.  It is anticipated this shortlist 
would typically be 2-4 systems. This policy requires that the Consultant evaluates the 
remaining shortlist of systems via a Life Cycle Costing (LCC) evaluation.  This should ideally 
be reported at the SDR stage. 
LCC aims to optimise the balance between changes in initial costs and operating costs over 
the working life of a system. This includes the systematic consideration of all relevant costs 
and revenues associated with the acquisition, use and maintenance and disposal of an 
asset, including: 

• Initial capital costs 

• Energy Costs 

• Operating Costs 

• Maintenance Costs 

• Replacement costs 
An important consideration is the justification of energy efficiency measures which needs to 
be included in the LCC costing exercise. As part of the life cycle costing process the 
consultant shall consider energy optimisation features and control strategies of the design 
and shall make recommendations as to those that should be incorporated in the detailed 
design. As part of this exercise system performance against the building energy targets shall 
be demonstrated. Features that shall be considered shall include but not be limited to: 
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• Mixed Mode operation 

• Floating Temperature Set-Point 

• Economy cycle 

• Heat recovery 

• Variable Outside Air (CO2 control) 

• Switch-buttons or motion sensors for meeting rooms 

• Night Purge 

• Use of Variable speed drives where appropriate 
This policy proposes that all LCC calculations are based on the Net Present Value Method.   
The discount rate, escalation rate and design life shall be nominated by the consultant.  

3.4. Milestone 4: Recommendation 
Based on the consultant’s analysis of the performance of the shortlist of HVAC systems 
against the system design objectives and the Whole of Life assessment the consultant shall 
make a final recommendation of the proposed HVAC System.  The consultant’s final 
recommendation should ideally be reported at the SDR stage, and shall confirm the 
compliance of the system with the FDB and any dispensations required for the proposed 
system. 
Typical limitations and considerations of different HVAC system options are included in the 
Appendices.  The consultant shall advise in their final recommendation how any limitations 
of the recommended HVAC system will be managed in the design process. 

4. Step 3: Final Design 
As part of the Detailed Design Report (DDR) the designer is required to reconfirm the HVAC 
system selection report against the final design.  In case that the final design does not 
change the HVAC system selection report solution no further reporting to EEP is required.  
If, however, any changes have been made the HVAC system s If, however, any changes 
have been made the HVAC system selection report must be resubmitted to EEP for review 
and agreement. 
 
Technical advice on the HVAC system reporting may be obtained from the mechanical 
engineering contact found on the of the Defence Estate Quality Management System 
(DEQMS) website. 
 
 
 
 

 

https://defence.gov.au/EstateManagement/governance/policy/engineeringmaintenance/Mechanical.asp
https://defence.gov.au/EstateManagement/governance/policy/engineeringmaintenance/Mechanical.asp
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Appendix A HVAC System Selection Report Structure 
As part of the design process, the HVAC System Selection Report will be initially submitted 
as part of the Concept Design Report, with subsequent submissions as part of the 
Schematic Design Report and Detailed Design Report. 
The issues of the revised document at the Schematic and Detailed design stages will 
identify, in the page margin, changes to the text from the previous issue of the report.  
Outlined below is the expected structure of the Consultant’s HVAC System Selection report: 
Executive Summary 
Introduction 
The introduction shall define the design criteria and performance objectives and as a 
minimum shall confirm the performance objectives. Any departures from the Functional 
Design Brief (FDB) shall be identified for agreement. 
Milestone 1 – Initial system selection / elimination 
From the possible HVAC system options, the Initial Systems Selection shall eliminate those 
systems that are not considered by the consultant as fit for purpose. 
For those options considered suitable for further consideration, provide a system description 
of the system advantages and disadvantages and the basis of consideration. 
Milestone 2 – Detailed system considerations 
As part of the detailed system considerations, the Consultant shall assess the performance 
of the possible HVAC systems against the parameters described under Milestone 2 and any 
additional project specific parameters identified by the consultant. 
As part of the detailed system considerations, it is recommended that the consultant 
undertake a matrix evaluation of the possible HVAC System options and this should be 
included in the report.  Thermal modelling shall be undertaken and included in the report if 
required to confirm the system selection will provide the required comfort criteria.  
Milestone 3 – Whole of Life assessment 
Based on the results of the detailed systems considerations, a life cycle costing analysis will 
be undertaken against a shortlist of 2 to 4 systems. 
The report will display the calculated values and include all assumptions made in the Net 
Present Value analysis. 
The whole of life assessment shall also review system performance against the proposed 
project energy targets. 
The report shall also recommend on energy efficiency optimisation measures to be adopted 
in the final design. 
Milestone 4 – Recommended solution 
Consultant’s final recommendation confirming the design performance against the system 
performance objectives and noting any dispensations required 
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Appendix B HVAC System Selection Report Structure 
 

An electronic version of this spreadsheet is available on request. 
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Appendix C HVAC System Selection Report Structure 
C.1 Ventilation Systems 
C1.1 – NATURAL VENTILATION  
Natural ventilation is generally air that 
enters a building by natural means such as 
temperature difference (stack-effect 
ventilation) and/or wind (wind-effect 
ventilation). 
Natural ventilation may comprise simple 
openable windows or extend to multiple 
openable roof stack ventilators. 
For most environments natural ventilation 
alone would not provide appropriate internal 
conditions however may be appropriate to 
supplement mechanical means of 
controlling space temperature. 

Key points 
• When considering stack-effect ventilation, temperature difference is the driving force, 

reducing the reliance on wind-effect to work effectively. 

• Stack-effect ventilation is particularly effective for night time cooling when there is the 
greatest differential between internal and external temperature. 

• In practice, stack ventilation systems are often combined with wind-driven ventilation 
for improved daytime performance. 

Limitations 
• The air outside must be cooler than the internal air for stack ventilation to work. 

• A relatively clear path is required for air to travel easily from low level to the high-
level ventilation opening. 

• Security (i.e. Passive Defence, and general building access) and noise problems 
associated with openable windows may not be avoidable 

 

C1.2 – MECHANICAL VENTILATION, EXTRACT ONLY 
Extract only systems are generally used in environments where air becomes directly 
contaminated by a particular activity or process.  For many such applications this is an 
essential requirement and the use of natural ventilation would not be appropriate. Examples 
of such systems are given below. 

Kitchens 
Usually consists of a hood located over the cooktop which is linked to an extract unit.  Make-
up air is often drawn from the dining area which prevents cooking smells from leaving the 
kitchen. The extract fan can also be balanced by a separate supply air system. 

Toilets/bathrooms 
Non-residential toilets and bathrooms generally have mechanical exhaust ventilation to 
provide adequate odour dilution and to meet code requirements. 
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Carparks 
Where it is not possible to provide adequate natural ventilation, a mechanical system is 
needed to ensure carbon monoxide and other pollutants are removed. 

Factories/industrial buildings 
Ventilation is often provided to factories to extract warm air, dust and fumes.   

Localised industrial extraction 
Used in and production lines to remove hazardous process fumes/dust at source, preventing 
exposure to workers. 

Smoke extract 
In the event of a fire, smoke extract systems rapidly remove smoke from a space by means 
of roof mounted extract units or a centralised extract unit linked to a system of ductwork and 
extract grilles. 

Key points: 
The main benefit of mechanical extract over natural ventilation is constant and predictable 
extraction rate. 

Limitation 
• In an extract only systems entrained fresh air cannot be filtered or heated. 

• Little control of where air may be entrained from. 

• Little opportunity for heat recovery from exhausted air. 

C1.3 – MECHANICAL VENTILATION, SUPPLY ONLY 
Supply only systems have limited applications, but are more suited to ventilating occupied 
spaces than extract only systems. 

Key points 
• Enables fresh air to be filtered and 

heated. 

• Enables space to be positively 
pressurised 

• Ensures adequate supply of fresh 
air to occupied zone. 

• The pattern of air movement can be 
controlled. 

• System may be used to purge heat 
from space overnight (night cooling) 

Limitations 
• No control over the extraction of air from space. 

• No opportunity for heat recovery from exhausted air to improve energy efficiency. 

• Any points where air leaves the building may also be a source of drafts and external 
noise. 

• Security (i.e. Passive Defence, and general building access) and noise problems 
associated with openable windows may not be avoidable. 
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Night Cooling 
Night cooling is a term which describes a cooling strategy, which exploits a buildings mass, 
to absorb energy from the internal environment reducing peak internal temperatures during 
warm weather.  At night the ventilation plant continues to operate enabling absorbed energy 
to transfer from the buildings mass to the internal air and then to the external environment.   
The application of this strategy will depend on: 

• Security issues (i.e. openable windows or night ventilators required) 

• Weight of building mass 

• Amount of exposed building mass able to interact with internal environment 
C1.4 - MECHANICAL SUPPLY & EXTRACT VENTILATION 
A supply and extract system generally comprises supply fans and extract fans, air filters and 
a heating coil if heating is to be provided. A ductwork system is used to supply and extract 
air from around the building.   
A mechanical supply and extract system can provide 
the overall heating and ventilation solution for a building 
or it can be part of a more complex air-conditioning 
system incorporating cooling and humidity control. 
The system may have a recirculation component or a 
more simple system may consist of 2 fans isolated from 
each other configured with ductwork and a duct 
mounted heater to deliver fresh air to, and exhaust air 
from, a building. 

Key points 
• Constant, reliable rate of ventilation is assured. 

• The volume of air entering/leaving a building can be controlled and the ability to 
recover heat via recirculation ensures good energy efficiency in cold weather by 
minimising the volume of fresh air entering the system. 

• Security and noise problems associated with openable windows may be avoided.  

• The pattern of air movement in a space can be controlled ensuring even distribution. 

• Can be used for night-time cooling. 

Limitations 
• Occupants have less control over their environment in comparison to a natural 

ventilation system i.e. windows are not openable, and consequently may be less 
tolerant of high internal temperatures. 

• The AHU and ductwork occupy more space than extract only or supply air only 
systems 

• As with natural ventilation, the cooling potential of the system is limited by external 
conditions.  

+ To supply
ductwork

Fresh
air

Exhaust
 air From extract

ductwork

Heating coil
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an



Department of Defence 
Guidelines for Heating, Ventilation and Air Conditioning System Selection 

 

Guidelines for HVAC System Selection Page 18 

C.2 Air Conditioning Systems overview 
C2.1 – VARIABLE AIR VOLUME (VAV) 

VAV air-conditioning is an all air system which can satisfy the individual cooling 
requirements of multiple thermal zones.  This is achieved by supplying air at a constant 
temperature from central plant to one or more VAV terminal units in each zone and adjusting 
the amount of supply air to meet required cooling loads. 
The primary benefit of VAV over constant 
volume systems (CV) is its ability to 
simultaneously provide the required level of 
cooling to any number of zones within a 
building. VAV systems are more energy efficient 
than constant volume systems as a result of 
their ability to operate the main supply / extract 
fan(s) at reduced speeds for much of the year.  
Most types of VAV terminal unit can incorporate 
a heating device which can boost the 
temperature of the supply air if conditions within 
the zone served. VAV boxes serving centre 
zone areas are generally provided with a supply 
air fan to maintain air circulation rates. 

Key points 
• Used in buildings with multiple zones to match the particular cooling/heating 

demands of each zone. 

• Can be relatively energy efficient due to the ability to reduce the speed of the 
supply/extract fan(s) during periods of low to moderate loads. 

• A correctly designed and commissioned system will give good temperature control. 

Limitations 
• Design and commissioning is particularly important if good system performance is to 

be achieved in terms of comfort and energy efficiency. 

• Fan-assisted terminal units generally have higher capital and maintenance costs and 
the potential for increased noise levels. 

• The designer needs to ensure adequate outside air is provided when the VAV 
terminal is regulated down to off set moderate thermal cooling loads. 

• The designer needs to take care with the air distribution equipment to ensure 
dumping of supply air does not occur when the VAV terminal is regulated down to 
suit moderate cooling loads. 

• Fan assisted VAV units do not adequately filter the recirculated air. 
 
C2.2 - FAN COIL UNIT 
Fan coil systems can satisfy the individual heating and cooling requirements of multiple zone 
buildings and enable good building flexibility.  A zone may be served by one or more fan-coil 
units depending on the level of heating/cooling required.  Fresh air can be supplied to the fan 
coil units from a central supply air system or can be individually ducted onto the back of the 
unit. 
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Fan coils are available in a range of sizes, but 
can be broadly divided between the perimeter 
under-window console type and ducted units 
generally installed in a ceiling space.  Fan coils 
offer many benefits including good environmental 
control and air movement however have 
increased maintenance requirements compared 
with a central system and require maintenance 
access to the occupied space.  Each unit 
contains a filter which requires regular 
cleaning/changing.  Generally, fan coils are quiet, 
but noise can be a problem in some situations where the fans are close to the conditioned 
space, and appropriate acoustic treatment needs to be considered.  

Key points 
• Ideally suited to buildings with multiple zones. 

• Good temperature control and quick responses to changes in heat gains to the 
space and/or control settings. 

• Compared to an all-air system relatively smaller ductwork is required than from large 
central air handling plant. 

• Fan coil systems require less centralised plant area in comparison to an all air 
system as  fan-coil units can be located in the ceiling space. 

 Limitations 

• Each fan coil unit incorporates a filter which requires regular cleaning/changing 
which can be difficult to access. 

• General maintenance requirements can be more onerous than an all air system. 

• There is a risk of water leaking from overhead fan coils into the space below. 
Perimeter fan coils can occupy valuable floor space. 

• Potential noise issues due to short duct runs from the supply air fan to the air 
conditioning outlets. 

C2.3 – DISPLACEMENT VENTILATION  
In a displacement ventilation system, cool air 
is supplied at a low velocity from a low level 
wall-mounted or floor mounted ventilation 
terminal located within the occupied zone.  
The cool air initially remains at floor level 
where it moves across the space. Natural 
convection from internal heat sources, such 
as occupants and equipment, causes upward 
air movement in the space.  
The warm air collects below the ceiling, 
where it is extracted by a mechanical extract 
system or by natural means. In displacement 
ventilation systems, natural convection plays 
a large part in the overall room air movement 
in the space.  
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Key points 
• Can help provide high indoor air quality. This is due to the separation of warm, stale 

air from fresh air by a vertical temperature gradient in the space. 

• Low noise operation. 

• Ideal ventilation system for use in conjunction with chilled ceilings and chilled beams. 

• Energy can be saved by virtue of free cooling during cooler ambient conditions. This 
feature can avoid the requirement for mechanical cooling during these periods. This 
can be used for a larger number of hours for displacement systems due to the higher 
supply air temperatures. 

Limitations 
• Not suited to rooms with low ceilings. 

• Low cooling capacity, although displacement systems can be used in conjunction 
with another cooling system, such as chilled beams. 

• Ventilation terminals can be large and take up floor/wall space. Floor outlets avoid 
this. 

• Not suited to spaces in which there is a lot of disturbance to the air, for example from 
constant movement of individuals and/or from cold down draughts due to poor 
insulation. 

• Furniture must be placed sympathetically in relation to the ventilation terminals 
potentially affecting future flexibility. 

 
C2.4 – CHILLED BEAMS 
Chilled beams are simple devices, mounted at high 
level within a space, which cool the surrounding air 
causing it to travel downwards into the occupied 
area below.  They comprise long rectangular units 
containing a finned tube through which chilled water 
is pumped.  The beams are typically arranged at 
regular intervals above, or partly below, a false 
ceiling.  Some beams are suitable for suspension 
below the ceiling. 
Warm air rising up in the space passes over the 
beams, where it is cooled and falls back into the 
space due to its negative buoyancy.  This type of 
chilled beam is sometimes referred to as a passive 
beam. 
Chilled beam systems require a ventilation system to supply fresh air to the space. 

Key points 
• Provide a quiet, draught-free operation. 

• Chilled beams require a relatively small ceiling void depth, which can free up space 
for raised floors in a building with low floor to ceiling heights. 

• Relatively high chilled water temperatures are used, offering the potential for sources 
of chilled water other than chillers.  

• Minimal maintenance requirements. 
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• Good for perimeter heat gains. 

• Some types of chilled beam are designed to allow ventilation air to be ducted directly 
into the unit, which can increase the cooling output. 

Limitations 
• A separate ducted ventilation system is likely to be required (see constant volume 

air-conditioning) or active chilled beams employed. 

• Control of water flow temperatures can be relative to room dew point temperature, 
provided a suitable differential is maintained to avoid condensation. 

• System has less flexibility with respect to changes to office layout. 
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C2.5 – WATER SOURCED HEAT PUMPS 
Water sourced heat pumps comprise an indoor 
unit consisting of a fan, DX coil, compressor 
and water cooled condenser, which can provide 
heating and cooling and which are linked by a 
piped water circuit which distributes water 
around the building. Each unit operates 
independently. The units are often ducted units 
located in the ceiling space or in a plantroom 
but can also be console type units. The units 
act as a reverse cycle heat pump, rejecting heat 
to the water in cooling mode and transferring 
heat from the water in heating mode 
A key benefit of this type of system is the ability 
to save energy, especially in mid season, where 
the heat rejection of a unit in cooling can 
provide the water heating requirements of a unit 
in heating mode. The heating required by the 
system water circuit is normally provided by a 
gas fired boiler. The cooling to the water circuit 
is performed by one or more cooling towers or 
fluid coolers which remove waste heat from the 
water circuit.  
An alternative to water sourced heat pumps that 
can be considered is ground source heat 
pumps where the heat is rejected to the ground 
instead of using a cooling tower. 

Key points 
• In buildings with simultaneous heating/cooling loads, heat rejection can be 

transferred from one area and used to heat another area. 

• Occupant control for individual units can be provided. 

• Quick response. 

Limitations 
• Units can require more maintenance than fan-coil units. 

• Careful system design is required to avoid excessive noise from the compressors in 
the indoor units. 

• Appropriate safety features are required to ensure units do not freeze condenser 
water. 
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C2.6 – SPLIT SYSTEM AIR CONDITIONING  
Split systems provide a convenient way to air-
condition small buildings or specific areas 
within a building.  
Key benefit of split systems is that they do not 
require any form of centralised plant space 
within the building. Split systems generally 
operate as a heat pump, in other words in 
addition to providing cooling in the usual way, 
they are also able to provide heating by 
reversing the refrigeration process. The benefit 
of this is that the system can provide a cost 
effective heating and cooling solution. Split 
systems can either consist of ducted fan-coil 
units or smaller unitary plant such as cassette 
units 

Key points 
• Relatively quick and easy to install. 

• Do not require any form of plant room/area within the building. 

• Heat pump systems provide heating and cooling. 

Limitations 
• Unitary plant is only suitable for relatively small spaces. 

• Can only service a single internal zone. 

• Unitary split systems only re-circulate room air and have minimal fresh air supply. 

• Outdoor units can be unsightly and require appropriate spatial allocation. 

• Unitary plant air distribution is not as good as ducted systems 

• Unitary plant can be noisy in the occupied space 

C2.7 – VARIABLE REFRIGERANT VOLUME 
A VRV air-conditioning system is 
essentially a sophisticated split system 
(see split systems). The difference is the 
ability of most VRV systems to provide 
heating or cooling from each of the indoor 
units on an individual basis from a 
common condenser. This is particularly 
useful in applications such as office blocks, 
hotels and large retail stores etc. which 
may need cooling in some areas and 
heating in other areas.  
The internal units can be located in the 
same basic positions as described for split 
systems (see split systems). VRV systems are complex and contain microprocessor-based 
electronics, which ensure efficient operation.  Central to VRV control is their ability to 
automatically vary refrigerant flow from the outdoor unit in response to the heating/cooling 
load of the building.  Occupant control is very simple, with easy to use wall-mounted key 
pads or hand held remote controllers providing individual control of room units. 
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Key points 
• Capable of providing simultaneous heating and cooling. 

• Relatively quick and easy to install. 

• Does not require any form of plant room/area within the building. 

• Simple occupant control provided, with the option of an infrared remote control. 
Alternatively, a centralised control system can be specified. 

• Generally can have longer refrigerant piping runs than split systems. 

Limitations 
• Significant amount of refrigerant passes through occupied spaces. This could 

potentially cause a problem if a leak occurs. 

• Typically require a specialist service technician for repairs and maintenance. 

• The system must be installed to a high standard to ensure good performance and 
reliability. 

• Ducted VRV fan-coil units not as large as split system units. 
 

C2.8 – MIXED MODE AIR-CONDITIONING 

Mixed mode is not considered a system in 
itself but an enhancement that can be 
applied to an air conditioning system to 
improve energy consumption.  A mixed mode 
system can be defined as a system that 
utilises either air conditioning to a space to 
control temperatures and when external 
conditions are appropriate utilises natural 
ventilation in lieu of an air conditioning to 
control space temperature. 

Key points 
• Energy efficient means to provide outside air and control space temperatures to 

buildings  

• Potential to create healthier internal environments 

• Can provide greater occupant satisfaction due to increased sense of control of 
system 

• Provides more reliability as each system can act as a back up of the other 

• Extends life of mechanical plant as it will run less. 

Limitations 
• If not integrated properly with architectural  design could result in a poorly functioning 

system 

• More expensive than air-conditioning only  

• Openable windows will have security implications 

• Open windows can be a source of noise entering the building 
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• Entrance of insects etc through openable windows needs to be considered 

• Building operators may require special training 

• Occupants need to have understanding of building operation 

• Dynamic modelling required to predict building performance. 
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C.3 EVAPORATIVE COOLING 
Evaporative cooling systems consist of a fan and a 
water spray unit which is used to wet pads. The 
incoming air passes over the wetted pads and as a 
result is adiabatically cooled before being 
distributed through ductwork to the conditioned 
space. 
An evaporative cooling system will also requires a 
supplementary heating source for winter heating. 
The key points of an evaporative cooling system 
are that they are a very energy efficient form of 
cooling, however are only suitable for use in drier 
climates.  They also require high air change rates 
to achieve the cooling effect and cannot cool 
spaces to the same temperature as DX Systems. 

Key points 
• Very energy efficient form of cooling 

• Lower cost option than air conditioning systems 

• System is a “once-through” system (no return air) 

• Require a supplementary heating system for winter heating 

Limitations 
• Not suitable for all climates 

• Require high air change rates to cool spaces 

• Cannot cool spaces to the same temperatures as DX systems 

• Have higher water demands than DX systems 

• Temperature control is not as accurate as DX systems 
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C.4 Chiller overview 
C4.1 – PACKAGE AIR COOLED CHILLER 
Air cooled chillers incorporate an air-cooled 
condenser, compressor, evaporator, fans and 
controls in one unit and the units are designed to 
operate as a packaged unit providing constant 
chilled water temperatures. 
The heat exchange process is sensible only. Some 
manufactures offer adiabatic kits which reduce the 
air temperature on to the condenser through the use 
of wetted pads in front of the condenser. 
 

Advantages 
• Simple design solution as no additional condenser pipework distribution is required 

• System control by manufacturer simplifying warranty issues and interfacing issues 

Disadvantages 
• Require high air flows through the condenser section. 

• Less efficient relative to water cooled chiller. 

• Noise levels need to be considered in design 

C4.2 – WATER COOLED CHILLER 
Water cooled chillers incorporate a water-cooled condenser, compressor, evaporator, and 
controls in one unit and the system is designed to operate independently providing constant 
chilled water temperatures. 
The condenser rejects heat to 
condenser water which in turn may 
either reject heat via fluid coolers or 
cooling towers, or dry air coolers with 
adiabatic kits. Due to the lower 
refrigerant condensing temperatures 
compared with air cooled systems, 
water cooled chillers have higher 
COP. 
Typically the water cooled chillers 
would be located in an internal 
plantroom, however it would be 
possible to procure units fabricated 
into modular housings for cranage 
onto the roof (i.e. containers). 

Advantages 
• Generally more efficient than air cooled chillers 

• Generally have good overload capacity as sized to wet bulb, not dry bulb 
temperature 

Disadvantages 
• Requires separate condenser water circuit, therefore more complex installation 
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• Risk of Legionella (low) 

• Water treatment & storage issues 

• Generally more complex installation than for air cooled chillers 
• Generally more complex maintenance requirements than for air cooled chillers 
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C.5 Heat Reject Plant Overview 
C5.1 – COOLING TOWERS 
Cooling towers are typically used in HVAC applications to cool condenser water.  Cooling 
towers use the latent heat of evaporation of the water to cool the water. 
The condenser water enters the top of the cooling tower, and cascades downwards over the 
cooling tower fill.  A cooling tower fan forces 
air upwards through the tower, assisting the 
evaporation of the water. The cooled 
condenser water falls to the sump of the 
cooling tower to be recirculated to cool the 
heat-rejection equipment.  This is an open-
circuit system in which the cooled water is in 
contact with the ambient air. 
There are a number of configurations of 
cooling towers including induced-draft, 
forced-draft, counter-flow and cross-flow. 
Cooling towers should be fitted with a water 
monitoring kit to constantly monitor the sump-water quality.  The water treatment regime 
must address two main aspects, the concentration of solids and bacterial growth.  To control 
the build up of solids, the treatment system will regularly discharge water to drain and mains 
water will replace the discharged and evaporated water.  On going monitoring and logging is 
required to ensure the quality does not promote bacterial growth including Legionella.   
 

Advantages 
• Compact and efficient form of heat rejection, allowing scope for additional units in the 

future (or allowing roof space to be used for other purposes) 

• Lower refrigerant condensing temperatures and hence improved plant COP’s 

Disadvantages 
• Legionella risk 

• Requirement to treat make up water (soften and biological dosing) 

• Higher maintenance relative to air cooled systems 

• Potential reduced life of equipment if water treatment regimes not strictly followed 

 

C5.2 - FLUID COOLERS 
The basic principle of evaporative 
fluid coolers and dry air coolers is 
similar in that they both circulate 
condenser water through a heat 
exchanger with a fan to encourage 
heat rejection to atmosphere.  
However, dry air coolers rely on 
sensible heat exchange only, while 
evaporative fluid coolers use the 
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latent heat exchange process (i.e. water evaporation).  
Condenser water is circulated inside the heat exchange coil and heat flows from the 
condenser water through the coil tubes to the water outside, water is circulated to cascade 
downward over the tubes.  Air is forced upward through the coil, evaporating a small 
percentage of the water, and discharging the heat to the atmosphere.  The remaining water 
falls in the sump to be re-circulated by the spray water pump.  The type of cooler is ‘closed’ 
and the condenser water is never in contact with ambient air. 
Each cooler should be fitted with a water monitoring kit to constantly monitor the sump-water 
quality.  The water treatment regime must address two main aspects, the concentration of 
solids and bacterial growth.  To control the build up of solids, the treatment system will 
regularly discharge water to drain and mains water will replace the discharged and 
evaporated water.  On going monitoring and logging is required to ensure the sump water 
quality does not promote bacterial growth including Legionella.   
To ensure an availability of water supply in the event of water mains failure, it is necessary to 
provide water storage.  The volume of storage would require careful evaluation. 
The advantages and disadvantages of evaporative coolers as compared to dry air coolers 
are as follows: 

Advantages 
• Lower risk of Legionella compared to cooling towers 

• Higher water quality in condenser water circuit than cooling towers as it is a closed 
circuit 

Disadvantages 
• Some Legionella risk 

• Requirement to treat make up water (soften and biological dosing) 

• Potential reduced life of equipment if water treatment regimes not strictly followed 

• Require larger footprint for the same heat rejection as cooling towers 

 

C5.3 - HYBRID COOLERS 
To reduce water consumption of the fluid coolers, 
yet retain some of their compact efficiencies, an 
alternative type of heat rejection unit, the ‘Hybrid 
Cooler’ can be considered.  In simple terms, the 
hybrid cooler will run dry in cooler ambient 
conditions, but operates in wet mode when 
necessary.  In more detail a typical units operate 
as follows: 
 

Combined Dry/ Wet Operation Mode 
Condenser water is offered first to the finned coil and then to the prime surface coil from 
where the condenser water exits.  Spray water wets the prime surface coil and evaporative 
cooling occurs and air is drawn through both the prime surface coil and wet deck sections 
where it is saturated and picks heat.  The air is cold enough to achieve significant cooling 
within the finned coil which is installed at the discharge above the fan(s).  In the dry/wet 
mode therefore both sensible and evaporative heat transfer are used. 
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Adiabatic Mode 
The adiabatic mode occurs when the condenser water to be cooled completely bypasses the 
wet prime surface coil.  No heat is rejected from this coil and the re-circulated spray water 
merely serves to saturate and adiabatically pre-cool the incoming outside air. 

Dry Mode 
During the dry operation mode the spray water loop is turned off.  The fluid to be cooled is 
fed from the finned coil to the prime surface coil.  The modulating flow control valve remains 
fully open to ensure both coils receive the full fluid flow, hence the maximum heat transfer. 
Given the mixed mode of heat rejection, the evaporative cooler can offer approximately 70% 
water reduction at peak conditions, relative to conventional evaporative coolers.  This also 
reduces the required water storage. 
However, the hybrid coolers have a number of heat exchangers and are consequently larger 
units relative to typical evaporative coolers (especially when compared to the low profile 
units considered for this installation).  The smallest unit is over 4.9m high and 3.7m wide.  
There is no low profile option as is the case with a standard evaporative cooler.  The height 
of these units is a significant obstacle for this installation and these units are therefore 
discounted. 
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C.6 Boiler Plant Overview 
A wide range of boiler types exist, each of which is suited to particular applications.  
However, boilers which burn fossil fuels can be divided between the atmospheric type (no 
fan) and forced/induced draught boilers which incorporate a fan.  These and other 
classifications are described below. 

C6.1 – Atmospheric boilers 
These typically comprise a cast-iron sectional boiler with an atmospheric burner, i.e. 
combustion gases rise up the chimney by convection and combustion air is entrained from 
around the boiler. No fan assistance is provided.  Consequently, atmospheric boilers are 
very quiet in operation. 

C6.2 – Forced / induced-draught boilers 
A forced-draught boiler incorporates a fan to force combustion air into the boiler and drive 
the combustion gases up the chimney.  Induced-draft boilers have the fan located in the flue 
side of the boiler to induce, rather than push, air into the boiler. For a given heat output 
forced/induced-draught boilers are smaller than atmospheric boilers, and offer greater 
flexibility in chimney design. 

C6.3 – Modular boilers 
A modular boiler system consists of an array of boilers linked together.  The main benefit of 
this approach is the ability to control the number of boilers in use to match the heating load.  
For example at 40% load, a five-boiler installation would have two boilers operating at full 
capacity. Controlling heat output in this way is generally more efficient than having a larger 
boiler operating at part load. 

C6.4 – Condensing boilers 
Condensing boilers recover waste heat from the hot flue gases, making them more efficient 
than conventional boilers.  Capital costs are higher, but relatively short pay-back periods are 
possible. 

C6.5 – Dual-fuel boilers 
As the name suggests, a duel-fuel boiler is capable of using two types of fuel such as gas 
and oil, which consequently offers greater flexibility and reliability. 

C6.6 – Boiler flues 
Flues provide a means of exhausting combustion gases in a way which avoids or minimises 
local pollution.  Their design is dictated by many operational factors, especially the type of 
boiler used, such as atmospheric or forced draught.  Minimum chimney heights are dictated 
by the need for a chimney can sometimes be avoided by means of a fan dilution system. 

C6.7 – Fan dilution system (avoids need for a chimney) 
For many applications it is not desirable/practical to install a chimney, and as an alternative a 
fan dilution system can be used.  This mixes air with the flue gases to bring the C02 content 
below 1%, permitting the mixture to be discharged at low level, such as through the boiler 
room wall. 
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