
HEATING VENTILATION AND AIR CONDITIONING (HVAC) SYSTEM SELECTION REPORT
BACKGROUND
Proper selection and justification of the 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. 
AIM

The aim of this policy is to present minimum requirements concerning the structure and content of a HVAC system selection report.  This policy also guides the system selection, and against it all HVAC systems will be assessed and agreed by Defence.  
POLICY OBJECTIVE

The objective of this policy is to:

· Ensure selection of the most appropriate HVAC strategy for a particular Defence facility; and

· Facilitate agreement to the most suitable HVAC strategy through a consistent HVAC system selection report submission.  
APPLICATION

The requirements provided in this policy apply to the selection of HVAC systems irrespective of the accommodation type, and augment the existing Infrastructure Management (IM) HVAC policy stipulation.  To ensure coverage of all HVAC system performance requirements the HVAC system selection report shall be presented as an element of the design report submission in line with the IM defined design management process.    
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1. Introduction

The primary objective of this policy is to set minimum requirements with respect to the structure and content of a 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 Support Group (DSG).  

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.
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Figure 1:  HVAC System Selection Process
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 can not 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.

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.

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.

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 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.
3.2.2 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:

· 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 selection report must be resubmitted to EEP for review and agreement.
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