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1.0 INTRODUCTION
Functional Design Briefs (FDB’s) and other contract documents typically define the specific requirements for Defence buildings which are necessary to meet end user requirements and comply with Government and Defence policies, standards and legislation. (The term ‘building’ in this context includes Defence buildings, facilities, installations, central plant and equipment complexes and the like).  Critical elements of ensuring compliance are a thorough consideration of related mechanical engineering matters, Defence policies and procedures, and selection of appropriate HVAC systems.
Appropriate HVAC system selection is a process with considerations which extend beyond the initial selection of the system type. The process includes consideration of the Whole-of-Life (WOL) elements of the HVAC system including system alternatives, initial concept, design, installation, testing, commissioning, operation, maintenance, decommissioning and eventual disposal. Consideration must also be given to the Work Health and Safety (WHS) Act and the duty of care obligations of exercising due diligence associated with HVAC systems. 
Compliance is typically assured by application of a selection methodology which:

· Addresses a comprehensive and accurate FDB;
· Fully determines and considers the FDB requirements; 
· Identifies Statutory, legal and other considerations;
· Identifies applicable Defence policies and procedures;

· Identifies existing site, services and infrastructure constraints;

· Identifies available HVAC system options;
· Identifies WOL considerations;
· Undertakes a rigorous, clear, transparent and fully documented HVAC system selection process based on sound, objective, engineering principles;  
· Identifies the best fit-for-purpose, cost-effective and fully complying HVAC systems for the particular Defence facility. 
1.1 Aim
This policy is covered in two parts. Part 1 provides general guidance on matters which shall be considered by Service Providers in relation to the briefing, design, installation, testing, commissioning, operation, maintenance, decommissioning and eventual disposal of HVAC systems for Defence buildings. 
Part 2 of the policy details an HVAC system selection methodology and reporting process with a structure and content which is acceptable to Defence. Refer to IM HVAC policy document ‘Requirements for Heating, Ventilating and Air Conditioning Systems – Part 2 System Selection Methodology and Report.’ 
1.2 Sponsor

This document is sponsored by Directorate of Estate Engineering Policy (DEEP) on behalf of the Technical Authority Assistant Secretary Estate Policy and Environment (ASEPE). Enquiries may be directed to:

Director Estate Engineering Policy

Brindabella Park (BP-2-B049),

Canberra ACT 2600

Tel: (02) 6266 8178 Fax: (02) 6266 8211 Email: DSG - ID Engineering Policy @defence.gov.au  

2.0 POLICY OBJECTIVES AND PRINCIPLES
2.1 Policy Objectives 
Defence policy objectives are to:

· Ensure that an HVAC system selected for a specific Defence facility has been determined by a rigorous, clear, transparent, objective, justifiable and fully documented methodology which has considered all applicable Defence, FDB and Statutory requirements, is fit for purpose, provides demonstrated value for money and which provides an auditable record. 
· Ensure that Work Health and Safety and WOL elements have been considered and actioned by the HVAC system selection process. 
2.2 Policy Principles
The principles described in this document shall be used in implementing the policy objectives.

3.0 APPLICATION
The requirements of Part 1 General Guidance apply to HVAC systems serving Defence buildings as appropriate to the facility type and use.  
The document provides guidance where applicable for the selection, design, installation, testing, commissioning, operation, maintenance, decommissioning and eventual disposal of HVAC systems for existing, new and refurbished buildings. 
The guidance is applicable to all sizes and types of HVAC systems typically provided for Defence buildings. 
4.0 HVAC SYSTEM OBJECTIVES
HVAC systems are provided for human comfort, for occupied and unoccupied spaces, to satisfy product or process requirements, and to meet Statutory, WHS, duty of care and due diligence obligations. 
The primary objectives of HVAC systems are therefore to provide and maintain in an efficient, cost effective and sustainable manner:

· Desired indoor environmental conditions, air quality and air movement in occupied and unoccupied spaces of Defence buildings. 
· Desired environmental, process or product conditions for Defence buildings.  
In complying with the primary objectives, HVAC systems shall be capable of maintaining the desired environmental, process or product conditions within an acceptable tolerance, under specified conditions and occupant activities, and in a fully compliant, safe and healthy manner. 
Project documents including FDB’s should clearly and comprehensively define project and system objectives and requirements including those affecting the HVAC systems. These should typically include the required indoor design conditions, outdoor design conditions, occupant activities, operating hours, air conditioning and ventilation system loads, acceptable system or condition tolerances, product or process details and the like, all of which determine the required type and performance of HVAC systems. (Refer IM HVAC policy document ‘Standard Functional Design Brief Inclusions’). 
5.0 STANDARDS GUIDELINES AND CODES OF PRACTICE
5.1 Standards, Codes of Practice, Policies and Procedures
The WOL elements of the HVAC system from initial concept and design through to eventual decommissioning and disposal shall comply with:

· Relevant Australian standards; 
· Relevant State and Territory Statute Laws, Acts, Regulations, and Codes of Practice; 
· The National Construction Code Series (NCC) incorporating the Building Code of Australia (BCA) and including documents adopted by reference therein;
· Defence Policies and Procedures;
· OH&S Acts and Legislation;

· The Work Health and Safety (WHS) Act. 
(Reference to the BCA within this policy document shall be understood to mean the NCC/BCA 2011 version and subsequent versions). 
5.2 Specifications, Guidelines and Application Manuals

The WOL elements of the HVAC system shall follow industry standards determined by the technical and quality standards and systems described in handbooks, guidelines, specifications and application manuals of industry acknowledged Institutions, Societies and Authorities. These include but are not limited to:

· NATSPEC;
· The American Conference of Governmental Industrial Hygienists, Inc (ACGIH);

· The American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE);

· The Australian Institute of Refrigeration, Air Conditioning and Heating (AIRAH);
· The Chartered Institution of Building Services Engineers (CIBSE);
· The Sheet Metal and Air Conditioning Contractors’ National Association (SMACNA);
· The National Environment Balancing Bureau (NEBB).
5.3 Currency

The applicable standards, guidelines and practices referred to in this policy document shall be the current edition including amendments. The exception to this requirement is standards adopted by reference in the BCA which are not the current version such as AS 1668.2 and AS 4254. 
Versions of standards other than the BCA referenced version shall not be used without approval being sought and obtained by the Service Provider from the Building Certifier via the Defence alternative solution and dispensation process. (Refer to the Building Energy Performance Manual and the MFPE for clarification of the process).  Where approval is sought, Defence shall be advised as such in the project reporting process (i.e. Concept Design Report (CDR) or Schematic Design Report (SDR)). Where approval is granted, the project documents shall clearly record all supporting information.  
5.4 Building Code of Australia

Defence requirement for BCA currency is in accordance with the construction industry Authority approval process. The BCA version that is to be used for the design of Defence buildings shall be that in force at the time the design is able to demonstrate compliance, which is the time of building approval by the Building Certifier. For example:

· BCA 2011 is acceptable as the current version only if design is finalised prior to 1 May 2011. (Exceptions to this requirement are where Defence contracts specifically nominate the applicable BCA version for project related reasons). 
· If the Defence facility procurement process commences in 2009 and the completed design documents are provided in 2011, assessment of the HVAC system design in terms of BCA compliance shall be against BCA 2011.
BCA currency has particular implications for Service Providers concerning compliance with BCA Section J Energy Efficiency and for ensuring that any changes to the BCA during the design period are identified and incorporated into the completed design documents.  

6.0 HVAC SYSTEM SELECTION CRITERIA
6.1 General
In most applications, a number of options may be available to the Service Provider to achieve the HVAC system objectives. The Service Provider shall consider the criteria described in this policy document to achieve the functional requirements associated with the objectives. These criteria are generally interrelated and therefore the Service Provider shall consider their interaction and how they affect each other.

A more detailed description of the selection and reporting process for HVAC systems is covered under IM HVAC policy document ‘Requirements for Heating, Ventilating and Air Conditioning Systems – Part 2 System Selection Report’. 
6.2 Outdoor Design Conditions

Selection of the most appropriate design conditions is critical to the correct sizing of HVAC plant and equipment. Defence requires that HVAC plant for Defence buildings be correctly sized to provide design solutions that are fit for purpose and provide the most economical solution on a WOL basis. To facilitate this, guidance on outdoor design conditions is provided in IM HVAC ‘Policy Document for Determining Outdoor Design Conditions for Air Conditioning Heating and Cooling Load Calculations.’ 

Guidance in the policy document is based on AIRAH Application Manual DA9 Air Conditioning Load Estimation and Psychrometrics. Where outdoor design conditions are not specifically covered in AIRAH DA9, the policy document provides guidance on the AIRAH method for determining appropriate conditions by using weather data from local weather stations or weather stations with similar geographical locations. 

In considering appropriate outdoor design conditions, the prevailing wind direction and velocity, and the relationship of a Defence building to the selected weather station shall be considered.

Where the Service Provider uses outdoor design conditions which are not in accordance with the policy document, the source of the alternative conditions, together with justification and implications for Defence shall be clearly documented and specifically referred to in the project reporting process (reverse brief, CDR, SDR etc).

6.3 Indoor Environmental Conditions 
All factors affecting the indoor environmental conditions shall be determined when selecting and sizing HVAC systems. Typically these include temperature, relative humidity (RH), outdoor air ventilation rates, space pressurisation, infiltration of outdoor air, temperature and RH tolerances and rates of change, air movement, noise levels etc. These factors should be stated in the FDB to aid the HVAC selection and design process. Where this is not the case the Service Provider shall determine the required information and either record it in a reverse brief or ensure it is included in the final version of the FDB as a documented record of the design basis. 

Where any environmental condition cannot be met or controlled the Service Provider shall clearly document the associated reasons and implications for Defence and shall ensure the Defence Project Officer and end user are advised accordingly and in a timely manner. 
6.4 Capacity Requirements

Air conditioning heating and cooling load calculations shall be carried out to determine plant capacity requirements. Calculations shall use an industry accepted method and Building Services software such as described in AIRAH Application Manual DA5 ‘CAMEL User Guide.’ Details of the method and software used shall be clearly stated by the Service Provider in the project reports to provide a record of the design process.
Where air conditioning heating and cooling load calculations are carried out on a W/m2 basis for initial concept, indicative sizing and broad planning purposes the W/m2 basis shall be clearly stated by the Service Provider in the project reports. The Service Provider shall carry out air conditioning calculations during subsequent project stages as stated above, to accurately determine plant capacity. (It is not acceptable to Defence for final plant capacity to be determined solely on a W/m2 basis).  
In addition to indoor and outdoor environmental conditions, all relevant air conditioning calculation data shall be obtained by the Service Provider including building characteristics and configuration, operating schedules, number of occupants, activities, sources of heat gain and heat loss, and peak and partial air conditioning load requirements.

Where diversity factors are applied by the Service Provider to optimize the installed plant capacity, the factors shall be realistic for the particular application and Defence building and shall be documented in the project reports. 
Spare capacity shall be incorporated into plant capacity sizing in accordance with the FDB requirements and relevant industry best practice. Where the FDB does not cover spare capacity and other relevant design considerations, the Service Provider shall request the required information from the Defence Project Officer and incorporate the information into the reverse brief and project reports. 
6.5 Redundancy

HVAC systems shall allow for the continuity of service required by Defence buildings, policies and procedures, typically as stated in the FDB. Redundant equipment shall be provided as required, based on the Service Provider’s analysis of the particular Defence building and end user requirements, and where cost and space permit. 
Assessment of redundant equipment requirements shall consider the effect of failure, shutdown or maintenance of one particular system or service across other systems or services. Service Providers shall determine and advise Defence accordingly, if failure, shutdown or maintenance of a system or service can result in Defence’s operational capability or continuity of service being compromised. Project reports shall clearly demonstrate redundancy considerations and allowances. 
6.6 Reliability

Breakdown of HVAC systems can adversely affect building occupants, the products and processes served, continuity of service and ultimately, Defence capability. In particular, breakdown of HVAC systems used for fire and smoke control can threaten life safety. Consequently, HVAC systems for Defence buildings shall provide proven and reliable operation, where reliability is defined as the ability of the HVAC systems to perform their required functions under the briefed conditions for the required period of time. 

HVAC systems provided for Defence buildings shall be designed, installed, maintained and operated to provide reliable operation under normal operation and specifically, under fire conditions. This shall be achieved by providing tried and tested HVAC system designs with inherent reliability and adequate redundancy and shall be maintained by implementing an appropriate testing and maintenance programme. 

Guidance on reliability of HVAC equipment required to function and continue to operate in fire mode is provided in AS/NZS 1668.1:1998 Appendix D. HVAC smoke control systems provided for Defence buildings shall be designed and analysed for reliability in accordance with the above standard’s Appendix D. Documented evidence of the analysis shall be provided to the Defence Project Officer for the project records.  
Project reports shall clearly demonstrate reliability considerations and allowances.

6.7 Flexibility

Where appropriate, HVAC systems shall include inherent flexibility for ongoing fitout alterations (churn) during the life of the installation. Typically flexibility requirements will be stated in the FDB. 

Flexibility includes the ability for HVAC systems to be modified to suit the re-configuration of the conditioned space and future expansion requirements. HVAC system design flexibility shall be determined with consideration of any space or cost constraints on the Defence building. 

Some HVAC system types are inherently difficult or expensive to modify and are relatively inflexible and unsuited to churn. Consequently, where allowance for churn is required, HVAC system options shall be suitably assessed by the Service Provider and the finally selected systems shall be demonstrated to comply.  

Project reports shall clearly demonstrate flexibility considerations and allowances for churn.

6.8 Spatial Requirements and Constraints
Location, spatial requirements and any constraints for HVAC plant, equipment and distribution services shall be considered by the Service Provider. These shall include requirements for general access, installation, maintenance and replacement throughout the life of the installation. Refer to:     
· BCA Part J8 ‘Access for Maintenance’ and Part I2 ‘Energy Efficient Installations.’  
· The requirements for access, plantroom and equipment room design discussed under ‘Equipment Access and Safety Installations,’ ‘Plantroom Space’ and ‘Plantroom Design.’ 
Project reports shall clearly demonstrate spatial requirement considerations and shall clearly state any associated constraints.

6.9 Life Cycle Cost Analysis 
Where required by the particular Defence project, or where HVAC system selection requires detailed consideration of alternative designs and system options, Life Cycle Cost Analysis shall be carried out as described under IM HVAC policy document Requirements for Heating, Ventilating and Air Conditioning Systems – Part 2 System Selection Report, Whole of Life.
The WOL assessment and selection process shall take into consideration:

· Capital cost;

· Installation cost;

· Energy type and cost;

· Operation cost;

· Maintenance and replacement costs;

· Related building costs (plantrooms, enclosures, screens, additional structural support etc);

· End-of-life costs (decommissioning, dismantling, removal, decontamination, salvage, rehabilitation etc). 

Capital cost shall include all cost elements associated with the HVAC systems and their infrastructure, not just the cost of the particular item of plant. E.g. water-cooled plant options shall include the associated cost of providing the cooling tower/dry cooler enclosure, piers, additional structural supports, water supply, water treatment equipment, initial licensing costs etc.  

Capital cost shall be cost-effective when compared to operation and maintenance costs.

The WOL analysis period shall be based on the design life of the building that the HVAC systems serve, and shall be stated in the FDB or reverse brief and in project reports.
Guidance on HVAC equipment life is provided in the following documents:

· AIRAH Technical Handbook section ‘Economic Life of Equipment.’ 

· ASHRAE Handbook ‘HVAC Applications’ Chapter ‘Owning and Operating Costs.’ 

The ASHRAE Handbook provides comparative data on Service Life Estimates for HVAC plant which is based on good maintenance practices and procedures. Service life of HVAC plant is adversely affected by poor installation, poor maintenance practices, adverse environmental conditions, and lack of local maintenance expertise. These factors shall be considered when determining appropriate service life for a particular Defence application. 
ASHRAE notes that the Service Life Estimate data is based on surveys carried out some time ago and that changes in technology, materials, manufacturing techniques and maintenance practices now call their validity into question, suggesting that longer service lives may be valid. Defence experience has been contrary to this view and does not presently support longer services lives than provided in the above references. 

Defence experience clearly demonstrates that any potential improvements in equipment service life are typically offset by construction industry trends and maintenance practices. Therefore, the referenced information provided for guidance on equipment life shall be considered by the Service Provider together with manufacturer’s recommendations, local environmental conditions and local construction and maintenance expertise.
6.10 Energy Consumption and Distribution System Efficiency

Primary HVAC system considerations shall be low energy consumption and high distribution efficiency in heating, cooling and cooling water systems. These shall be realistically balanced with other requirements for Defence buildings to ensure that first and foremost, Defence’s operational capability is not compromised.
AIRAH application manual DA12 (BEAVER/ESPII) provides guidance on a suitable computer program to assist Service Providers in estimating building energy use over a period of time for a specific building location, building structure, type of building services and specific environmental conditions.  
Project reports shall provide full details of computer programs and their results where used by Service Providers for estimating building energy use. 
 6.11 Equipment and System Safety Installations
Safety measures shall be incorporated into HVAC systems for Defence buildings in accordance with applicable legislation including the WHS Act and BCA Section I1. This shall include but not be limited to safety measures for:

· Building fire integrity including fire protection of service penetrations through fire-resisting elements;

· Signage;
· Air handling systems; 

· Refrigerated chambers, strong rooms, vaults and the like;

· Bushfire protection measures;

· Mechanical ventilation, hot and warm water and cooling water systems;

· Earthquake;

· Protection against airborne chemical, biological and radiological attacks. 
Project reports shall provide full details of all safety measures incorporated into HVAC systems for Defence buildings to demonstrate meeting duty of care obligations by exercising due diligence. 
6.12 Safety in Design
6.12.1 Safety in Design and Risk Assessment
A safety-in-design assessment of HVAC system risks shall be carried out by Service Providers as part of the HVAC system selection process for Defence buildings. The assessment shall address safety, hazards and risks associated with HVAC systems from initial concept through selection, design, installation, operation, maintenance, decommissioning and eventual disposal. Areas requiring particular consideration include but are not limited to:  
· Work health and safety.

· Duty of care to exercise due diligence.
· Hazardous areas.
· Confined spaces. 
Project reports shall provide full details of all safety in design and risk assessment carried out as part of the HVAC system selection process to demonstrate meeting duty of care obligations by exercising due diligence.
6.12.2 Duty of Care
There are duty of care obligations for Service Providers under the WHS Act which affect selection and provision of HVAC systems for Defence buildings. The WHS Act duty of care obligations extend beyond those of current OH&S legislation, requiring consideration of HVAC system hazards and risks throughout all stages of system life from initial concept to final decommissioning and eventual disposal.  
The following general comments on WHS Act implications for Service Providers to Defence are provided as background information on some related matters. Service Providers shall fully determine and carry out their obligations to Defence under the WHS Act. 
The duty of care in the WHS Act is directed at eliminating or minimising risks to health and safety from the undertaking of work. A breach of the duties occurs where the duty holder (i.e. the HVAC Service Provider in this case) fails to meet a standard referred to in the specific duty of care. The primary duties of care are all subject to the qualifier that the duty holder must ensure the relevant matters ‘so far as is reasonably practicable.’  

Reasonably Practicable
The term ‘reasonably practicable’ represents what can reasonably be done in the circumstances practicable’ when complying with duties to ensure health and safety under the WHS Act, regulations and codes of practice. To determine what is (or was at a particular time) reasonably practicable in relation to managing risks, the HVAC Service Provider must take into account and weigh up all relevant matters, including:

· The likelihood of the relevant hazard or risk occurring.  
· The degree of harm that might result from the hazard or the risks.
· What the HVAC Service Provider knows or ought reasonably to know about the hazard or risk and the ways of eliminating or minimising the risk.
· The availability and suitability of ways to eliminate or minimise the risk.

After taking into account these matters, only then can the HVAC Service Provider consider the cost associated with available ways of eliminating or minimising the risk, including whether the cost is grossly disproportionate to the risk.

 

The WHS Act notes that holders of a duty of care can ensure health and safety by managing risks, which involves:
· Eliminating the risks, so far as is reasonably practicable.
· If not reasonably practicable to eliminate the risks, minimise them so far as is reasonably practicable.

Due Diligence
The HVAC Service Provider holds a duty of care to exercise due diligence to ensure compliance with the WHS Act. Due diligence includes the HVAC Service Provider taking reasonable steps to:
· Acquire and keep up-to-date knowledge of work health and safety matters.

· Gain an understanding of the nature of the operations of the Defence business or undertaking and generally of the hazards and risks associated with those operations.

· Ensure that the HVAC Service Provider has available for use, and uses, appropriate resources and processes to identify hazards associated with the operations of the Defence business or undertaking and eliminate or minimise the associated risks to health and safety from work carried out as part of the conduct of the Defence business or undertaking.

· Ensure that the HVAC Service Provider has appropriate processes for receiving and considering information regarding incidents, hazards and risks relevant to provision of the HVAC service and responding in a timely way to that information. 
· Ensure that the HVAC Service Provider has, and implements, processes for complying with any duty or obligation under the WHS Act.

· Verify the provision and use of the resources and processes mentioned above. 
 

6.13 Hazardous Areas
A significant number of Defence buildings include areas which fall within Hazardous Areas Classification (HAC). Typically the classification will affect the selection, design, operation, decommissioning and disposal of HVAC systems and is not necessarily related to obviously hazardous processes, products or facilities.  
Areas where the following may occur in dangerous quantities are classified as hazardous:

· Explosives;

· Flammable gases, liquids and vapours;

· Combustible dusts, fibres and flyings. 

Hazardous Area requirements are covered by a number of standards including AS/NZS 2381, AS/NZS 3000 and AS/NZS 4761. The standards define the qualifications and competency of personnel involved with Hazardous Area work. The relevant definitions of the standards include:
‘Qualifications of Personnel
The design, construction, maintenance, testing and inspection of installations covered by the Standard shall be carried out by competent persons whose training has included instruction on the various types of protection and installation practices, relevant rules and regulations and on the general principles of area classification. The competency of the person shall be relevant to the type of work to be undertaken. 
Competency may be demonstrated in accordance with AS/NZS 4761 or equivalent training and assessment framework.’ 

Implications for HVAC systems for Defence buildings are:

· Competent personnel involved with the selection and design of HVAC systems shall determine if HAC is required for any areas associated with the systems.

· The requirement for providing or not providing HAC shall be clearly recorded in the FDB, reverse brief or other project documents and reports to ensure there is a clear and transparent record confirming that all HAC matters have been considered, identified and adequately addressed by the Service Provider. 

· Where HAC is required it shall be carried out before any HVAC systems are selected or designed. 

· The qualifications and competency requirements stated in the applicable standards shall apply to all personnel associated with Hazardous Area work. 

· Evidence of complying HAC qualifications and competency shall be provided to the Defence Project Officer for record purposes prior to commencing any work on the project. 
· HAC affects building services and systems other than HVAC systems.  HAC standards and legislation shall be applied by the Service Provider to all services and systems as necessary to ensure the whole of the particular Defence building’s installation is compliant.  
· Where the Service Provider is uncertain if HAC applies to a particular Defence building, the Service Provider shall seek clarification from the Defence Project Officer and shall ensure the uncertainty is resolved. 
· The responsibility for safety associated with HAC rests with all parties involved with the building including but not limited to, the Service Provider, supplier, installer, maintainer, certifier and operator. 
· There are WHS Act requirements which make everyone involved in the HAC process responsible for what they have done or have omitted to do, and responsible for the health and safety of others who may be affected by their acts or omissions. 
The above implications shall be fully considered by the Service Provider when undertaking the HVAC system selection process for Defence buildings.  

7.0 CONSTRAINTS IN HVAC SYSTEM SELECTION AND DESIGN
7.1 General

System constraints shall be determined and fully considered by the Service Provider and documented in the HVAC System Selection Methodology and Report process. The constraints that shall be considered include but are not limited to, the following.
7.2 Performance Limitations

Each type of HVAC system has performance limitations in terms of heating and cooling capacity, system response, and achievable temperature, relative humidity and conditioned space pressurisation. HVAC systems shall be selected to achieve the briefed indoor environmental conditions at the relevant outdoor conditions.

7.3 Available and Required Capacity

Air conditioning heating and cooling load calculations shall be carried out to determine HVAC system capacity requirements. For existing HVAC systems the calculated capacity shall be checked against the available capacity in order to determine and assure existing system adequacy. The residual spare capacity shall be documented in project reports. For new HVAC systems the calculated capacity shall be used to determine the required HVAC size range.

7.4 Available Space, Building Architecture and Structure

The HVAC plant space, horizontal and vertical services shafts and distribution spaces shall be suitable for the purpose. Plant space shall include adequate maintenance provisions and shall address associated WHS Act requirements.

The location of HVAC plant relative to the areas served, to occupied and unoccupied spaces, processes and the like shall be considered when determining the system resistance to airflow and water flow, noise attenuation requirements, etc. 

HVAC plant shall not be located significantly remote from the areas served such that long runs of air distribution ductwork are required through unconditioned spaces with consequent energy loss or gain for the system. Similarly, return air for HVAC systems shall not be drawn through unconditioned spaces where the conditioned return air is subject to unnecessary energy loss or gain. 
All HVAC equipment and components visible from the occupied space, such as air grilles, registers, diffusers, louvres, air terminal units, exposed piping and ductwork (both internal and external) shall be visually acceptable, to the satisfaction of the Defence Project Officer. 
Structural design shall consider any special support required for major HVAC plant. Earthquake restraints shall be assessed as part of the design process. 
Refer also to ‘Noise, Vibration and Movement Control.’ 
7.5 Zoning 
HVAC system heating and cooling loads and outdoor air requirements vary over time due to factors which include changes in weather conditions, solar exposure, building orientation, time of day, occupancy, occupant activities, product and process requirements. Consequently, air conditioned spaces are typically configured into perimeter and interior zones for control purposes, with the zones determined by briefed area limitations, type of use and orientation. 

The extent of zoning, the degree of control required in each zone, and the space required for individual zones shall be fit for the indoor environment, for the use of the individual space, for the product or process, and as required by any briefed area limitations. Zoning design shall be cost-effective and justified by life cycle costing. 
(For guidance, Property Council of Australia Grade ‘A’ Office building requirements limit the size of perimeter and interior zones for air conditioning purposes to 85m2 and 120m2 respectively).  

Supplementary or dedicated HVAC systems may be required in zones which have special operating requirements. Typically this involves supplementary split system air conditioners and special purpose mechanical ventilation systems. Supplementary systems are provided for conditioned spaces with extended operating hours, intermittent or highly variable occupancy, ancillary facilities with different design requirements or hours of operations, special processes, amenities areas etc.

7.6 Availability of Utility Water, Gas and Electricity Supply 

7.6.1 Water Supply

Water supply is required for heating, chilled and condenser water systems. The water quality of these systems is important as it directly affects corrosion, fouling, build-up of scale and microbial growth within the piping and plant and thereby affects HVAC system performance and economic life. Water treatment is required to address water quality. Guidance is provided by:

· AIRAH application manual DA18 ‘Water Treatment.’

· ASHRAE Handbook – HVAC Applications. Water Treatment. 

7.6.2 Gas and Electricity Supply

Natural gas, liquefied petroleum gas (LPG) and electricity may be used for space and water heating of Defence buildings. The determination of which service to use depends on a number of factors including availability of the services at the particular facility. WOL analysis shall be provided to determine the most cost-effective option. 
Where natural gas supply is not available for a particular Defence facility its provision shall be assessed and justified in terms of practicality and WOL cost-effectiveness.

7.7 Electric Duct Heaters 
The BCA recognises that in some heating applications the provision of gas-based heating systems may be impractical, inappropriate, unnecessary or in conflict with health and safety requirements and in such circumstances, electric duct heaters may be the most appropriate form of heating. A typical example of this application is a Defence facility with limited heating requirements where gas supply is not readily available and where the WOL cost of installing a gas-based heating system cannot be justified. In such situations, the use of electric duct heaters in air conditioning and ventilation system designs is not precluded by the BCA or by Defence.
Electric duct heaters may be used for Defence buildings subject to compliance with BCA 2011 Part J5.4 ‘Heating and Cooling Systems’ or with similar clauses of subsequent versions of the BCA.  
For Defence buildings designed under BCA 2010, the wording of Section J Energy Efficiency Part JP1 Performance Requirements includes the phrase ‘to the degree necessary’ which enables electric duct heaters to be used under certain circumstances where the prescriptive requirements may be unnecessary, impractical or inappropriate to achieve or in conflict with safety and health requirements. 

7.8 Purpose and Function during the Defence Facility Life
The HVAC system selection and design shall consider the briefed purpose and function of the Defence facility. Where these are briefed or anticipated as changing during the facility’s life, the HVAC system shall be selected and designed accordingly. 
8.0 GENERAL HVAC SELECTION AND DESIGN CONSIDERATIONS
8.1 Offices

HVAC systems serving office areas of Defence buildings shall follow industry best practice which shall be determined by compliance with applicable Australian standards and the technical and quality standards and systems described in handbooks, guidelines, specifications and application manuals of industry acknowledged Institutions and Societies as described under ‘Specifications, Guidelines and Application Manuals.’ 
General information on HVAC systems is provided in the document ‘Air-conditioning and Thermal Comfort in Australian Public Service Offices – An Information Booklet for Health and Safety Representatives, Comcare Australia.’ The Information Booklet was originally provided in the mid-90’s to increase understanding and awareness of air conditioning, indoor air quality and thermal comfort. The Information Booklet was last updated in 2007 and refers to some versions of standards which are no longer current. It also provides information on HVAC systems and concepts which have been superseded or are no longer in common use. 
Reference to the Information Booklet in this Defence policy document is intended to provide non-technical personnel with a source of general background information on HVAC systems. 
8.2 Ventilation and Air Quantities
Ventilation provided for Defence buildings shall comply with applicable Codes and standards including:

· The Building Code of Australia including part F4 Ventilation.

· Applicable standards referenced in the BCA. 
· AS 1668.2 – 1991 Mechanical ventilation for acceptable indoor-air quality. 

For typical Defence buildings outdoor and exhaust air quantities shall be provided in accordance with the minimum quantities of AS 1668.2-1991 ‘Mechanical Ventilation for acceptable indoor-air quality.’ Where HVAC designs include air quantities greater than the Standard’s minimum quantities this shall be clearly documented and justified in the reporting process (FDB, reverse brief, CDR, SDR etc).  

The 2002 version of AS 1668.2 is not gazetted in the BCA but is sometimes used for the design of mechanical ventilation, natural ventilation and mixed mode systems for Defence buildings. Where the Service Provider proposes using the 2002 version of the Standard for a Defence building, approval shall be sought by the Service Provider from the Building Certifier via the Dispensations and Alternative Design Solution procedure outlined in the Manual of Fire Protection Engineering (MFPE). The project reports and records shall include evidence of the request and approval process.   
Where outdoor air exceeds the minimum quantities of AS 1668.2-1991 for Green Building compliance and the like, the associated requirements of BCA Part J5.2 (b) for energy reclaiming systems to precondition the outdoor air, shall be provided. The proposed installation with additional outdoor air quantities, energy reclaiming systems and pre-heating equipment shall be proven cost-effective by the Service Provider using WOL analysis during design.   

Outdoor air shall be suitably filtered and shall be tempered (heated or cooled) for applications which affect building occupants, processes or systems (e.g. outdoor air for kitchen make-up which discharges directly onto occupants). 

Where outdoor air is provided to an enclosure (i.e. to a room, space or part thereof) which has variable or transient occupancy, the outdoor airflow rate may be adjusted to the flow rate appropriate to the low occupancy in accordance with AS 1668.1-1991 clause 2.6.2 and the guidance provided in Appendix J of the standard. Where ventilation is shut off in accordance with the standard’s requirements the ventilation shall be enabled and provided in advance of the subsequent occupancy time so that acceptable conditions and the required air quality will exist for occupants at the start of the subsequent occupancy.  
Refer to ‘Ventilation and Air Conditioning System Filters’ for specific Defence requirements where high efficiency filters are use to reduce outdoor air quantities in accordance with AS 1668.2-1991 Section 2. 

Guidance on ventilation is provided in the following.

· AS 1668.2-1991.

· ASHRAE Handbooks.

· AIRAH Application Manuals.

· ACGIH Industrial Ventilation Manual. 

8.3 Fire and Smoke Control

HVAC systems provided for Defence buildings shall comply with fire and smoke control requirements and fire detection system interfaces covered by the applicable Codes and standards including:

· Defence Manual of Fire Protection Engineering (MFPE). 

· The Building Code of Australia.

· AS/NZS 1668.1:1998.

· AS 2665: 2001. 
8.4 Microbial Control

Microbial control for Defence buildings shall comply with applicable Codes and standards including:

· IM Engineering and Maintenance Policy ‘Microbial Control in Air Handling and Water Systems of Facilities.’

· AS/NZS 3666 – 2002 Parts 1 and 2.

· AS/NZS 3666.3: 2000 for performance based maintenance of cooling water systems. 

Guidance on water treatment for microbial control is provided by:

· AIRAH application manuals DA 17 ‘Cooling Towers’ and DA18 ‘Water Treatment.’

· ASHRAE Handbook – HVAC Applications. Chapter: Water Treatment. 

8.5 Refrigerants

8.5.1 Refrigerant Type

Refrigerants used for air-conditioning and refrigeration systems in Defence buildings shall have zero ozone-depletion potential (ODP), a low global-warming potential (GWP), a short atmospheric lifetime, and a low total equivalent warming impact (TEWI). These properties shall be taken into consideration as part of the HVAC system selection and design process. 
SAA HB40 Parts 1, 2 and 3 provide guidance for acceptable refrigerants with regards to the ODP, GWP and atmospheric lifetime properties. 
8.5.2 Refrigerant Monitoring and Detectors
Refrigerant charge monitors and refrigerant leak detectors shall be provided as required by the particular Defence building. Typically this shall be:

· As stated in the FDB.

· As required for environmental reasons.

· For retrofit and expansion programs.

· Where deemed necessary for specific Defence buildings.
Monitors and detectors shall be provided in accordance with SAA HB40 Parts 1, 2 and 3, and shall comply with AS/NZS 1677.2:1998 clause 4.8 ‘Refrigerant Leak Detectors’ and the standard’s Appendix G ‘Refrigerant Detection in Machinery Rooms.’
Refrigerant Based Air Conditioning

Where Defence buildings are air conditioned by refrigerant based air conditioning units, (split systems, packaged units, VRV systems etc) the installations shall be compliant with AS/NZS 1677 as described in this policy. 
For such installations, refrigerant leak detection is not an acceptable risk mitigation measure to Defence to ensure compliance of the installation with the refrigerant Practical Limit requirements of AS/NZS 1677.1. Defence requires such life health and safety risks to be eliminated by appropriate design and installation rather than the risks being reduced by refrigerant monitoring systems which have ongoing maintenance costs and failure risks for Defence for the life of the installation.
8.5.3 Certification Requirements 
Typical non-compliance of refrigeration systems designed for Defence buildings includes:
· Refrigerant piping built into wall voids with the piping and insulation inaccessible for inspection and maintenance.

· Split air conditioning systems contravening the maximum refrigerant concentration of AS/NZS 1677.1 should the complete charge leak into an enclosed space. 

· Comms rooms designed without outdoor air or relief air paths such that a complete refrigerant charge leak into the enclosed room would contravene AS/NZS 1677.1 and potentially affect authorized transient occupants. 
Typically these problems are associated with variable refrigerant volume (VRV) systems, multiple indoor unit systems connected to common outdoor condensers and systems serving small, totally enclosed rooms.
Design and installation Service Providers of refrigerant based air conditioning systems for Defence buildings shall ensure and certify to the Defence Project Officer, design and final installation compliance with AS/NZS 1677.1 and .2 including:

· Compliance with the piping location and maintenance requirements of AS/NZS 1677.2 clause 4.3. (Maintenance in this context includes piping, piping joints and system components such as piping insulation and piping fixings). 
· Compliance with the Practical Limit requirements of AS/NZS 1677.1 as applicable to both the specified refrigerant and the finally installed refrigerant, should a complete leak of the refrigerant charge occur from any system into the individual areas served by the system, including Comms rooms. 
Certification shall be provided by a suitably qualified and competent person, on Company letterhead and referring to the Defence project, the refrigerant, the specific application and the applicable Codes, standards and policy. The certification shall be provided to the Defence Project Officer for inclusion in the project reports and records. 
When determining the ‘Practical Limit’ for design and installation certification purposes the following Defence requirements shall apply. 

· AS/NZS 1677.1:1998 classifies refrigerants on the basis of health and safety issues. These issues include the toxicity of specific refrigerants where toxicity is defined as the potential of a refrigerant to be harmful or lethal due to acute or chronic exposure by contact, inhalation or ingestion. 

· To address toxicity the Standard sets practical limits for refrigerants which prevent concentrations from occurring which can lead to suffocation due to oxygen displacement or which have narcotic or cardiac sensitization effects after a short time, whichever is the most critical. 
· The Standard requires that the space or volume containing the leaked refrigerant shall not be such as to cause the practical limit to be exceeded after a short time. 

· When determining refrigerant concentrations the volume containing the leaked refrigerant from an indoor unit (wall mounted or ceiling cassette type) into an air conditioned space with a false ceiling shall be taken as the volume below the false ceiling, not the combined volume above and below the false ceiling. 
Refrigerant Relief Path

Where refrigerant relief air paths or systems are provided to ensure compliance with the Standard, they shall be designed and installed to ensure beyond reasonable doubt that the refrigerant practical limit cannot be exceeded for a short period of time as the refrigerant leak disperses from the occupied space or volume through the relief air path or system. 
Where Service Providers intend to achieve compliance with the Standard by providing refrigerant relief via room access doors restrained in the open position when a leak is detected or when work is carried out in the room by authorised persons, the Service Provider shall ensure: 
· The installed access door is capable of being positively restrained in the open position.

· Safety signage is provided as an integral part of the design and installation to ensure that all personnel entering the room for the life of the installation are adequately warned of the potential hazard and the required safety measures to address life health and safety issues. The safety signage shall be fit for purpose.  
· The required safety measures are fully determined by the Service Provider, advised to Defence and included in the ‘as built’ documents and training manuals provided by the Service Provider. 

· Any refrigerant relief via an open access door will dissipate without associated life health and safety risk and without contravening AS/NZS 1677.1 requirements.  

· Confirmation is provided by the Defence end user and included in the project records, that for the particular installation it is acceptable for the access door to the air conditioned room to be positively restrained in the open position when the room is occupied for any reason and that operating procedures will ensure this for the life of the installation. For this application ‘occupied’ shall mean temporary, short-term or long-term occupancy and applies equally to transient occupancy by authorised maintenance personnel and the like.    
Documentary evidence assuring Defence of compliance shall be included in the project reports and records.
Category Classification of Communications Rooms and Similar IT Rooms
The basis of the approach to refrigerant based air conditioning system health and safety matters in Defence Comms rooms and similar IT rooms shall be that design and installation shall assure the life health and safety of all persons accessing the rooms for the life of the installation. 
Where Service Providers deem Comms rooms and similar IT rooms to be classified as Category III Occupancy under AS/NZS 1677.2:1998 Table 2.2, they shall clearly state how Defence can be assured that access to the rooms will be restricted to authorized personnel only for the life of the installation and what safety measures are required to address a refrigerant leak prior to or during room occupancy for any purpose.  
8.6 Indoor Air Quality 
8.6.1 General

Indoor air quality (IAQ) within a Defence building shall be maintained by controlling particulate and gaseous contaminants and bio-aerosols generated internally and externally, to acceptable concentrations. Control strategies may include:

· Elimination of contaminant sources.
· Local exhaust ventilation to remove contaminants at source, together with make-up air ventilation.
· Dilution ventilation of contaminants through general ventilation with make-up air in circumstances where contaminants cannot be controlled at source. 
· Air cleaning (non-circulated or re-circulated) where the above control strategies cannot control contaminants, or are only partially effective.

The FDB or reverse brief shall state the required parameters for IAQ and identify any matters affecting IAQ. 
8.6.2 Specialist Contamination Control

Control of laboratory, process or industrial type gaseous or aerosol contamination, or control against attack by airborne chemical, biological or radiological contamination is typically outside of the normal field of practice of building services HVAC engineers. Where specialist contamination control is required for Defence buildings, Service Providers shall be suitably qualified, experienced and competent in the particular field of practice. 
Where specialist contamination control for Defence buildings involves fume cupboards, fume scrubbers and the like, installations shall be designed by suitably qualified, experienced and competent Service Providers and shall comply with the applicable requirements of AS 2243 Series and AS/NZS 2982: 2010.   
General guidance on specialist contamination control is provided in the following:
· ‘Guidance for Protecting Building Environments from Airborne Chemical, Biological, or Radiological Attacks.’ Department of Health and Human Services. Centers for Disease Control and Prevention. National Institute for Occupational Safety and Health. (NIOSH). 

· ASHRAE HVAC Applications Handbook. 
Specialist contamination control and associated ventilation involving fume cupboards, fume scrubbers, spray painting booths and the like have HAC considerations which the Service Provider shall fully determine and address. Refer to ‘Hazardous Areas.’  

8.6.3 Control of Particulate Contaminants

Particulate contaminants shall be removed from outdoor and recycle air. The selection of air filters and cleaners shall be suitable for the particular application. 
The following factors shall be considered by Service Providers for filters provided for all type of contaminants:

· The degree and type of air-cleanliness required.
· The amount and type of dust and contaminants in the airstream to be filtered.

· The type of air filters and cleaners and the number of filtration stages required.

· Air velocity through filters and cleaners and the resulting pressure drop and effect on filter efficiency and dust holding capacity.

· Filter efficiency and arrestance as defined by AS 1324.1.

· Sealing effectiveness of air filters and cleaners to their support frames. This is of particular importance for High Efficiency Particulate Air (HEPA) filters.  

· Space required for filter access, installation and maintenance. (HEPA filters have specific upstream and downstream filter access requirements for installation, testing and maintenance purposes). 
· The disposal of dust and contaminants after their removal from the airstream, particularly where life health and safety matters are involved. 
· Initial capital cost, maintenance and replacement costs of the filter medium, seals and holding frames.
8.6.4 Control of Gaseous Contaminants

Gaseous contaminant cleaning systems such as activated charcoal filters or fume scrubbers shall be provided where one or more of the following functions need to be performed in a Defence building:

· Mechanical exhaust ventilation for laboratory, process or industrial type applications requiring compliance with Statutory and Environmental regulations for air pollution control.
· Where it is necessary to prevent nuisance, harm or damage to personnel, equipment or adjacent properties from generated contaminants. 

· Where it is necessary to prevent fire, explosion or other hazards from generated contaminants. (Refer also to ‘Hazardous Areas’ for determination of Hazardous Area Classification).  
Where activated charcoal filters are used to control gaseous contamination the filter and housing weight shall be allowed for when assessing installation and maintenance requirements. Pre-filtration shall be provided upstream as necessary to protect the activated charcoal filters from unnecessary particulate contamination. 
Guidance on industrial, gas cleaning and air pollution control equipment is provided in ASHRAE Handbook ‘HVAC Systems and Equipment.’  
8.6.5 Control of Biological Aerosols

Combinations of ventilation and filtration shall be used to control indoor biological aerosols. The type of air filters and cleaners shall be compatible with the particular application and the contaminants to be controlled.

8.6.6 Industrial and Process Ventilation 
Where industrial and process type ventilation is required for Defence buildings it shall comply with applicable Statutory laws and regulations for OH&S, environmental and air pollution control. 

Guidance on the design and testing of industrial ventilation systems is provided in the following manual.

· American Conference of Governmental Industrial Hygienists (ACGIH) manual ‘Industrial Ventilation. A Manual of Recommended Practice.’ 
8.6.7 Ventilation and Air Conditioning System Filters

Ventilation and air conditioning system filters provided for Defence buildings shall comply with AS1324 Parts 1 and 2, AS 4260 and AS/NZS 3666.1 as appropriate and shall generally be provided as follows:

· To serve combined outdoor/recycled airstreams of air conditioning systems.  

· To serve the indoor units of split system air conditioners. Typically these systems incorporate low efficiency proprietary filters, a limitation which the designer shall fully consider.  
· Upstream and downstream of air conditioning units and supply ventilation fans in special purpose applications such as Cleanrooms and Industrial/Process applications. 
· To serve outdoor air mechanical ventilation systems. (As required to maintain ductwork and fan cleanliness, to avoid health issues and to avoid fire hazards associated with build-up of dirt and dust within the systems).     
· To serve mechanical exhaust ventilation systems where lack of filters would cause contamination of the exhaust air path surfaces and fans, presenting health issues and fire hazards. (Typically this applies to industrial processes, clothes drying and laundry type applications). 
· Behind return air grilles and louvres in applications where lack of filters would cause contamination of the internal surfaces of the return air path. 

· Behind plantroom louvres where required by the installed plant and in situations where the local environment could significantly contaminate the plantroom and HVAC plant with dirt, dust and the like. 

· As required for specific industrial or process type applications.

· In other applications as determined by the FDB. 

· In kitchen exhaust hoods. (Grease filters for this application shall comply with AS 1668.2-1991 Appendix E ‘Kitchen Exhaust Hoods’ and UL 1046 ‘Grease filers for exhaust ducts.’). 
Roughing filters should be provided where necessary to protect HVAC systems during construction completion and during initial system commissioning. 

Pre-filters should be provided to protect intermediate, high efficiency and HEPA filters. Pre-filters should also be located upstream of heating or cooling coils and other HVAC equipment not protected by other upstream filters. 

Where high efficiency and HEPA filters protect critical areas, they should be installed as close to the critical area as possible to prevent contamination of the supply airstream by particle pickup between the air-handling plant filters and the supply air outlets. High efficiency and HEPA filters in this application generally have pre-filters upstream of the air-handling plant and intermediate filters downstream of the plant for additional protection. 
Where high efficiency filters are used to minimise outdoor air quantities within the limits of AS 1668.2-1991, the design, installation and maintenance of the associated air-handling systems shall ensure that filters of the required high efficiency are actually incorporated into the installation and the filter efficiency is maintained for the life of the installation. The latter typically requires a permanent warning notice to be fixed to the air-handling unit filter section stating the required filter efficiency which shall be maintained to assure compliance. 
Guidance on air filters is provided as follows.

· AIRAH application manual DA15 ‘Air filters.’ 

· ASHRAE Handbooks ‘HVAC Applications’ and ‘HVAC Systems and Equipment.’  
· Under the Recommended Design Parameters and Practice section of this Policy Document.
8.6.8 Air Intakes and Exhaust Discharges

Re-circulation of air between outdoor air intakes and exhaust discharges shall be prevented by Code compliance, correct design and installation. The separation between air intakes and exhaust discharges shall comply with AS 1668.2-1991 (or AS 1668.2-2002 where allowed by the alternative design dispensation process detailed elsewhere in this policy document) and AS/NZS 3666.1:2002.
8.6.9 Passage of Air

Passage of outdoor or recycle air to air-handling plant shall comply with AS 1668.2-1991 and be configured to prevent contamination. Enclosures likely to contaminate air quality shall not be used as air plenums. Where enclosures or plantrooms are used for passage of air, any associated floor wastes shall be treated by an approved method to prevent air contamination. 
8.6.10 Pressurisation of Conditioned and Ventilated Spaces 

Air conditioning and ventilation systems shall be designed and installed to ensure suitable positive or negative pressurisation such that contaminants generated in an area such as a bathroom or kitchen will not be transferred to other areas such as offices. Pressurisation shall be suitably controlled such that operation of doors and the like are not prevented from opening and closing.

8.6.11 Paths for Relief Air and Makeup Air 
Relief air paths shall be provided for positively pressurised spaces and makeup air paths for negatively pressurised spaces. The air paths shall be designed and installed to provide the required level of noise attenuation, audible and physical security. Where necessary they shall include acoustic treatment, right angle bends to prevent direct sound paths and suitable aspect ratios to achieve the attenuation. 
8.6.12 Air Diffusion

Air diffusion design for air conditioning and ventilation systems shall assure the proper combination of temperature, humidity and air movement in the occupied space. 
The design and installation shall avoid occupant discomfort caused by lack of uniform conditions within the occupied space, lack of air motion or excessive air motion (draughts), excessive room air temperature variations, failure to deliver or distribute air according to the load requirements, and excessive noise. 
In areas with high ceilings such as sports halls, lecture theatres and the like, the design and installation shall ensure that temperature stratification within the height of the space does not adversely affect the performance of the HVAC systems or occupant comfort.

Supply air diffusers for variable air volume (VAV) air conditioning systems shall be suitable for the application. They shall be sized and selected to ensure that supply air does not dump from diffusers when VAV systems operate throughout their complete air volume range. Typically, this necessitates linear slot or swirl type supply air diffusers. Louvre face diffusers shall not be used for VAV applications unless the required air diffusion performance is assured by the Service Provider for the specific application (with manufacturer’s supporting information) and confirmed by testing during the commissioning process.  
Air Diffusion Performance Index (ADPI) is a measure of occupant comfort level for a space which is conditioned by a mixed air system operating in cooling mode. For Defence buildings air terminals shall be selected and installed to provide a minimum ADPI of 80%. 

Guidance on air distribution and ADPI is provided in the following.

· ASHRAE Fundamentals Handbook.

· ASHRAE HVAC Applications Handbook.  

8.7 Noise, Vibration and Movement Control

8.7.1 Noise and Vibration

Plant, equipment and associated reticulation and distribution services shall be selected, designed and installed to provide compliant noise and vibration levels within and external to buildings, plantrooms, equipment enclosures and services areas.  Noise levels shall comply with AS/NZS 2107:2000.
Where possible, plantrooms, equipment enclosures and the like shall not be located in noise-sensitive areas or have plantroom doors opening directly into these areas. 
Outdoor plant shall be selected and located to minimise noise impacts into the environment in accordance with AS 1055.2-1997.  
Unless otherwise approved by Defence, in an aircraft environment:

· Steady indoor noise rating shall comply with AS/NZS 2107:2000. 
· Dynamic rating (with aircraft flyover) shall comply with AS 2021-2000. 
Environmental Protection Regulations shall be complied with as applicable to the Defence building. In particular, any exemptions from Noise Standards to operate emergency generators and the like shall be obtained in a timely manner and shall be clearly documented in the project records.
8.7.2 Earthquake Restraints
Plant, equipment and associated reticulation and distribution services shall be provided with earthquake restraints where determined necessary by applicable Codes and standards including AS 1170.4-2007. Typically, this determination would be carried out by the project’s mechanical and structural engineers and be clearly documented in the project records. 
8.8 Thermal Insulation

Thermal insulation shall be provided to serve the following functions:

· Conserve energy by reducing heat loss or gain.

· Control surface temperatures for safety reasons and for protection of personnel.

· Control the temperature of cooling or heating processes.

· Prevent vapour condensation on surfaces with a temperature below the dew point of the surrounding environment.

· Provide fire protection.

· Where applicable, provide protection from weather, chemical exposure, mechanical damage, mould growth and to provide an acceptable visual appearance.

Piping, ductwork and equipment shall be insulated as required for the application. The selection, installation and finish of thermal insulation shall comply with AS 4426-1997. 

The thermal performance of insulation materials shall be determined with guidance from AS 4426 and shall comply with the specific requirements of BCA Part J Energy Efficiency and Specifications J5.2 (Ductwork Insulation and Sealing) and J5.4 (Insulating of Piping, Vessels, Heat Exchangers and Tanks). 

Piping, vessel and ductwork insulation shown on mechanical services drawings and on legend sheet symbols shall be identified by thermal resistance values (R-Values) in the manner described in BCA Part J. Where insulation thickness is shown it shall be together with the R-value. 
Service providers shall ensure compliance with the minimum material R-values stated in the applicable BCA tables, which are variously described in terms of climate zone, equipment location and temperature range. 
Insulation shall be sheathed as necessary to provide physical protection against damage, protection from ambient conditions and to provide acceptable visual appearance. 
8.9 Ductwork 
8.9.1 General

The performance, materials, construction and installation of rigid and flexible ductwork for Defence buildings shall comply with AS 4254 ‘Ductwork for air-handling systems in buildings.’ This applies to ductwork within and external to buildings, for HVAC and other Defence building application. 

Duct liners and insulation for noise control and thermal purposes shall comply with AS 4254 and BCA Part J Energy Efficiency. 
SMACNA HVAC Duct Construction Standards may be used to supplement AS 4254 where the Australian standard does not cover specific details. Use of the SMACNA standard shall be with Defence approval and shall be documented in the project reports and records together with the applicable edition and amendments.
8.9.2 Flexible Ductwork

Flexible ductwork is typically used to connect mixing boxes, diffuser plenum boxes and other air terminals to an air distribution system. Unnecessary length, offsetting and compression of flexible ductwork shall be avoided as they significantly increase airflow resistance and air-generated noise.  
Due to potentially high breakout sound levels associated with flexible ductwork, care shall be taken with its use in noise-sensitive areas. Acoustic flexible ductwork or insulated sheet metal ductwork shall be used for this application in accordance with acoustic advice obtained by the Service Provider. 
8.9.3 Duct Mounted Coils

Provision shall be made for inspection and cleaning of upstream and downstream faces of duct mounted coils, as required by AS/NZS 3666.1:2002 clause 2.7 Coils.  Upstream and downstream duct access panels shall be provided for Defence buildings to facilitate this requirement. 
8.9.4 Fire and Smoke Dampers

Fire and smoke dampers for Defence buildings shall be designed and installed in the same manner for which prototypes have been fire tested and for which current fire test certificates are available, in accordance with AS 1682.2-1990 clause 4.1.  
Where fire dampers other than intumescent type are installed in a horizontal plane they shall be in compliance with AS/NZS 1668.1:1998 clause 3.4 (b).  

8.10 Piping
8.10.1 General

Piping materials, design, installation and testing shall generally comply with AS 4041-2006 ‘Pressure piping.’ 
Guidance on piping systems is provided in the following.

· AIRAH application manual DA16 ‘Air conditioning water piping.’ 

· ASHRAE Handbooks ‘HVAC Systems and Equipment’ and ‘HVAC Applications.’ 
8.10.2 Maintenance Access 

Piping shall not be installed inaccessible above set plasterboard ceilings and the like without access for inspection and maintenance. Piping for Defence buildings shall be installed in a manner which allows routine inspection and maintenance of associated components including valves, air bleeds, pipe joints, hangers, brackets, fixings, supports, anchors, insulation, sheathing, vapour barriers and the like.   
Piping shall generally be maintained in accordance with AIRAH Application Manual DA19 HVAC&R Maintenance and associated Maintenance Schedules which include 1, 6 and 12 monthly maintenance inspections.

8.11 Passive Security and Protection Measures
Passive security and protection measures may be required for the equipment and components of HVAC systems depending on the particular Defence building. Typically this requirement will be stated in the FDB. 
Typical measures include:

· Protection of outdoor air intakes and plantroom louvres from airborne attack. Guidance is provided in the NIOSH document ‘Protecting Building Environments from Airborne 
Chemical, Biological, or Radiological Attacks.’ 
Under DI(G) OPS 15-1 particular consideration needs to be given to Chemical, Biological, Radiological and Nuclear (CBRN) protection of command, control and communications facilities. Provision of some structural protection should be considered including air conditioning systems which are adaptable to provide CBRN air filtration and building design which impedes the introduction of CBRN contamination into ventilation systems.  

· Masking of infra-red signature from heat dissipation.
· Blast protection structures and dampers for ventilation air shafts in sensitive areas such as Explosives Ordnance facilities, command posts and communication facilities. 
· Security measures for air terminals, louvres, ductwork and openings to prevent unauthorised access. These measures are usually site specific and require specialist advice from the appropriate security agency and ETS Corporate Services and Infrastructure Group (CSIG).

8.12 Energy Conservation

HVAC systems for Defence buildings shall incorporate energy conservation measures where justified by WOL analysis which has established their cost-effectiveness. 
· Typical energy conservation measures which should be considered include: Conference, meeting, lecture rooms or similar areas with variable or intermittent occupancy, designed for outdoor air quantities under variable occupancy conditions in accordance with AS 1668.2-1991. 
· CO2 demand control ventilation in spaces of high population density, variable or intermittent occupancy.  
· Where practicable, high efficiency air filters used to minimise outdoor air quantities within the limits of AS 1668.2-1991. In such circumstances, the Service Provider shall assure that the high efficiency filters are actually incorporated into the installation and maintained for the installation’s life. Refer to ‘Ventilation and Air Conditioning System Filters’ for associated requirements.  

· Reduction of dry-bulb temperature in spaces of high population density in order to reduce latent load and the need for reheat of the conditioned supply air. (Detailed air conditioning calculations and assessment are required to verify this energy conservation concept).  
· Provision of supplementary or dedicated HVAC systems to serve areas with regular extended operating hours or intermittent occupancy. 
· Partial air-conditioning and spot cooling for commercial kitchen type applications instead of full kitchen air-conditioning. Variable exhaust for miscellaneous exhaust systems in accordance with BCA Part J5.5. 
· If practicable and effective, natural ventilation as the first option for ventilating non air-conditioned space. Natural ventilation assisted by mechanical ventilation where necessary. 
· Multi-speed exhaust ventilation systems provided for areas such as bathrooms, change rooms and toilets. The systems configured to normally operate at low speed for background ventilation. High-speed boost initiated by users via push button or similar, with adjustable run-timers limiting overall operating time. 
· Variable Air Volume (VAV) air conditioning. (Provision shall be made with VAV systems to ensure minimum outdoor air rates are maintained under all operating conditions in accordance with AS 1668.2-1991 Section 2. The method of achieving compliance shall be clearly stated in system descriptions and reports). 

In some situations, other Defence considerations including health, safety, security, capability or continuity of service may be in conflict with energy efficiency and may need to take precedence over energy conservation measures to ensure that first and foremost, Defence is not compromised in any way. 

8.13 Equipment Access and Safety Installations
8.13.1 Equipment Access

Adequate access shall be provided in Defence buildings for all operations which will be carried out on plant and equipment throughout their life including delivery, installation, testing, commissioning, operation, inspection, maintenance, decommissioning, removal and replacement. 
Plantrooms, equipment enclosures and plant spaces shall be properly designed to allow for movement of potentially large and heavy equipment into, through, and out of them. Associated access routes shall be sheltered from weather where possible. 
Manual handling of large, heavy or cumbersome equipment through unsuitable access routes has health and safety risks which shall be avoided in Defence buildings by design of adequate access and handling provisions. This may include loading docks, goods lifts, ramps, double access doors, removable roof sections, floor hatches, hoists, monorails with chain blocks and trolleys etc.  

The structural design along equipment access routes shall be suitable for the application, allowing for the static and active loading of the equipment. 
Access routes shall be configured to minimise disruption to Defence buildings, occupants, building environments and processes, occupied spaces and the like. 
Access provisions shall include fixed ladders, platforms, walkways, handrails and lighting as required and shall comply with:
· All applicable Codes and standards including the BCA and AS 1657-1992 Fixed platforms, walkways, stairways and ladders.
· DOHSMAN and SAFETYMAN health and safety requirements.

· The WHS Act.  
Plantrooms, equipment enclosures and plant spaces shall generally be provided with 2100mm minimum headroom and 650mm minimum width in service corridors between the plant. The dimensions of plant and equipment to be transported, installed or replaced shall be taken into consideration when determining headroom and service corridor width. Floor markings, instructions, warning notices and safety warning tape shall be provided as necessary for health and safety purposes. 
A minimum height of 900mm shall be provided to service equipment in a squatting position, and 1750mm in a standing position. 
Where necessary for WHS Act compliance and as recommended by equipment manufacturers, permanent facilities and fixings such as lifting beams, monorails, chain blocks and pulleys, bolts and lugs etc shall be provided for delivery, installation, maintenance, removal and replacement of equipment.
Adequate facilities shall be provided in systems and plant to allow isolation and removal of individual items while retaining the operational status of the remaining systems and plant. This shall include isolation provisions, demountable and redundant plant.

Where access is required to normally pressurised spaces such as air conditioning system air plenums, fire stair pressurisation system plenums, carpark ventilation system plenums, the associated access shall be provided with suitable signage and hazard warning notices. Access provisions shall be arranged such that life health and safety is not at risk by access doors opening directly into or away from, operating systems and pressurised spaces. 
Roof mounted plant shall be minimised where possible to facilitate safe installation and maintenance.   
8.13.2 Equipment and Safety Installations

Safety measures shall be provided to plant and equipment in Defence buildings in accordance with BCA Part I1 ‘Equipment and Safety Installations.’ 

Maintenance of mechanical ventilation, hot water, warm water and cooling water systems in Defence buildings shall be provided to AS/NZS 3666.2, AS/NZS 3666.3 and in accordance with BCA Part I1 ‘Equipment and Safety Installations.’

Warning signs shall be provided in Defence buildings for plant and equipment, plantrooms, equipment enclosures and plant spaces, covering all associated health and safety hazards such as hearing, sight and breathing protection, safe handling and Personal Protective Equipment (PPE) requirements.  
8.14 Materials and Support Systems
Plant and equipment materials and support systems shall be suitable for the application and the operating environment. Materials and support systems shall be properly selected to maintain the expected service life and adequate protective measures shall be provided. Considerations include: 
· Equipment installed outdoors.

· Coastal and corrosive environments.

· Exposure to direct sunlight or temperature extremes.

· Exposure to tropical climates. 

· Where physical damage, loss of service or unsafe operation or conditions would result from exposure to hail and airborne contaminants such as chemical contaminants, dust, pollen and bushfire smoke.   
8.15 Plant 

8.15.1 Centralised or Decentralised Plant and Systems

HVAC plant and systems can be centralised or decentralised, depending on the specific Defence building requirements and the application. Typically these systems include main heating, cooling and heat rejection plant involving boilers, chillers, cooling towers and pumps, and can also include large air handling and ventilation plant for individual buildings. 

Both system types have advantages and disadvantages which typically are project specific and depend on considerations including:

· Plant space requirements compared to space limitations. 

· The availability of existing centralised heating, cooling and heat rejection plant, its existing and residual spare capacity.

· Plant redundancy and reliability.
· System flexibility requirements.

· Plant access. 

· Consequences of plant failure. 
· Centralised maintenance. 

· The proximity of the centralised plant to the areas served.

· Services reticulation. Available routes, ease of installation, energy loss or gain for in-ground or overhead piping. 
· Plant noise and vibration control. 

· Constructability. 
Centralised or decentralised system selection shall be addressed in the IM HVAC System Selection Methodology and Report against the selection criteria and constraints. These include WOL assessment to determine the best value for money option for Defence.
ASHRAE Handbook ‘HVAC Systems and Equipment’ provides guidance on Central Plant and Central Systems. 
8.15.2 Plantroom Space

Where possible, most plant should be located in common plantroom areas to:

· Centralise maintenance.

· Centralise noise and vibration isolation measures.

· Simplify the layout of services shafts.

· Reduce the length and size of distribution services such as ductwork, piping and conduit.
Exceptions to this requirement are:

· Plantroom space which is significantly remote from an area served that ductwork costs and system response time are adversely affected by the separation distance. 
· Where risk, reliability and continuity of service requirements necessitate decentralised and segregated plant. 

8.15.3 Plantroom Design 
Plantroom design for Defence buildings shall consider:

· Plant size and weight.
· Access for plant installation, maintenance and replacement.
· Maintenance and access platforms, ladders and walkways.

· Clearance for maintenance operations such as chiller tube removal, chiller and boiler tube cleaning. 

· Working clearance and minimum head height. 

· Emergency egress.

· Space for future expansion.
· Compliance with Defence policy and relevant standards, codes, the WHS Act, State and Territory Laws and Authority Regulations.

· Technical requirements for combustion air, ventilation, refrigeration system monitoring and safety, pressure vessels, boilers, fire rating, acoustic attenuation and the like.
· Mismatched plant such as air cooled chillers located adjacent to atmospheric boilers within enclosed plantrooms.

· Water-proofing of plantroom floors located above other spaces and bunding of services penetrations through plantroom floors. 
· Upstands or hobs at plantroom doors to prevent flooding to outside.

· Location of emergency shutoff and isolation equipment such as gas supply isolation valves. 

· Floor wastes and tundishes.

· Fire separation of plantrooms containing smoke control plant and associated equipment and switchboards. 

· Plant bases and plinths including requirements for pump inertia bases. Plinths with adequate height to maintain flooded pump suction inlets. 
· Emergency and warning notices. 

· Spatial orientation of plantrooms within Defence buildings for services reticulation. Avoid vertically offset plantrooms, Comms rooms and the like in multi-storey buildings where vertical services shafts do not line up and horizontal offsets are required. 
· Avoid the high risk of electrical or electronic equipment rooms located beneath water spill areas.
8.16 Services Shafts 

Vertical shafts shall be provided for distribution of services throughout the height of buildings. These shall be constructed with minimal horizontal floor-to-floor offset throughout their height.

The number of services shafts will be determined by the building size, shape, cost-effective use of space and any provisions for additional shaft space for future services or expansion.    
8.17 Interface and Interoperability

The HVAC system design shall consider the interface, compatibility and interoperability with all other building services and management or monitoring systems which affect the design. 
The other systems may include building management and control systems (BMS, BMCS), fire alarm systems, electrical services systems (lighting control, power consumption), communication systems, vertical transportation, hydraulic services, energy use, plant status monitoring, maintenance management systems and the like.

8.18 Air-Cooled Condenser Installation
Air-cooled condensers shall be installed in accordance with manufacturers’ recommendations and with adequate clearance for maintenance and airflow on and off condenser coils. The effect of any performance de-rating due to adjacent condensers, equipment, physical obstructions and the like shall be determined and allowed for in the design and installation. 

Where practicable, condensers with a vertical configuration should be installed to ensure that prevailing winds blow towards the coil air intake. Where prevailing winds are likely to adversely affect airflow onto the condenser coil, protective deflection shields shall be installed. 
Where air-cooled condensers are mounted in locations which may subject them to wind speeds sufficient to dislodge them, they shall be secured into place with restraining wires or suitable fixings.  

Where multiple air-cooled condensers are grouped together, they shall be properly located in accordance with the manufacturers’ recommendations to ensure adequate airflow and prevent recirculation of hot discharge air and consequent de-rating. 
Air cooled condensers shall be installed on plinths or supports, securely fixed into position and clear of adjacent water levels. Condensers shall not be mounted directly on the external ground or mounted without plinths on external concrete slabs or paving. 
Congested or unusual locations for air-cooled condensers shall be avoided. This includes locations where inadequate airflow is provided such as:

· Within plant areas recessed into roofs.

· Within equipment cupboards, irrespective of any louvred doors.

· Within plantrooms where the discharge air is not ducted to outside. (Condenser air discharged against plantroom louvres typically recirculates within the plantroom). 
8.19 Tropical Air Conditioning

A number of Defence buildings are located in tropical areas. The design and installation of HVAC systems for these areas necessitate care to ensure they are suitable for a tropical climate. AIRAH application manual DA20 ‘Humid Tropical Air Conditioning’ shall be used for guidance. Design considerations and strategies shall include:
· Particular attention shall be given to the selection of materials. 
· The finishes of outdoor equipment and supports shall withstand the tropical climate. 
· Condenser coils and fins shall be pacified. 

· The effect of high ambient air dry-bulb temperature on the rating, compressor discharge pressure and condenser power shall be allowed for to prevent unexpected shut-down. 
· The density and R-Value of insulation for internal and external services need to be significantly increased above standard provisions to prevent condensation by cold-bridging. Installation requires greater attention to detail to be effective. 
· Moisture infiltration through structural envelopes shall be limited to prevent mould, condensation and excess latent load. This shall be effected by vapour barriers, vapour sealing, minimising infiltration and by maintaining air conditioned spaces under positive pressure.  
· Moisture infiltration shall be minimized by providing motorised volume control dampers (MVCD’s) for the outdoor air and spill air paths of air conditioning systems and for mechanical exhaust ventilation systems (where compatible with the type of exhaust system). MVCD’s shall where possible be provided with blade tip seals for effective shutoff and shall be configured to close when systems are shut down. 
· Where practicable, air conditioning systems shall run-on for a short period of time after shut down to reduce the residual moisture level in the areas served. Motorised outdoor air and spill air dampers shall be closed during this time. The control system shall be configured with a suitable adjustable run-on sequence to achieve this.
· Where practicable, the quantity of outdoor air introduced into a building via the air conditioning systems shall be optimized to suit the number of occupants by using carbon dioxide sensors. The control of such systems shall be configured to ensure the outdoor air quantity remains sufficient to provide makeup air for exhaust systems and to pressurise the conditioned space. (WOL analysis may be required to justify the provision of carbon dioxide sensing for air conditioning systems).   
· Air-conditioning unit cooling coils shall be specifically designed for the high latent load application. Supply air temperature off cooling coils and air conditioning units shall be such as to prevent condensation from occurring at air terminals. 
· Areas with high occupancy or significant variable occupancy such as meeting rooms, conference rooms, lecture theatres and the like shall be fitted with energy recovery systems to precondition outdoor air and reduce latent gain at cooling coils. The air conditioning systems shall be provided with active humidity control to limit relative humidity within the occupied space. (WOL analysis may be required to justify the provision of preconditioning equipment and active humidity control for air conditioning systems).   
· Minimising outdoor air quantities by using high efficiency filters within the limits of AS 1668.2-1991, whilst maintaining indoor air quality.
· Where acceptable to the Defence end user and the project team, ductwork may be installed exposed beneath false ceilings and within the conditioned space to minimise exposure to unconditioned space and the consequent risk of ductwork condensation occurring. This strategy is more appropriate for tall, functional type spaces such as stores, workshops and the like rather than typical office space and areas with visual considerations and limited ceiling height. 
· Where ventilation is required to remove moisture and steam from amenities, showers, locker rooms and the like, natural ventilation may not be effective and mechanical exhaust ventilation may be required to assistance the process.
8.20 Electrical Requirements

8.20.1 General

Selection and installation of electrical equipment, and the design and testing of electrical installations for HVAC systems shall comply with AS/NZS 3000 – 2007 ‘Electrical Installations.’ 
HVAC equipment shall be provided with phase failure relays or under-voltage release to deal with unreliable power supplies such as brown outs. The equipment shall also be configured to have auto-reset or manual reset where appropriate, which shall be determined during the design phase. 
8.20.2 Lightning Protection

Lightning protection shall comply with AS/NZS 1768: 2007 Lightning Protection. Appropriate transient or surge protection shall be provided to protect sensitive electronic equipment against lightning or other potential interference in tropical climates and areas with high occurrences of lightning.

8.20.3 Smoke Control System Isolators

Lockable isolation switches and warning notices shall be provided in accordance with AS/NZS 1668.1:1998 Section 4 for supply air and smoke-spill air fan motors associated with air-handling systems for smoke control. 
8.21 Close Control of Air Temperature and Relative Humidity
Defence buildings include areas which have more stringent air conditioning and ventilation requirements than typical office HVAC systems. These areas include storage and operation of sensitive electronic equipment, computer installations, testing areas, laboratories, industrial and process applications and record archives. 
Typically, these areas require close control of space temperature, relative humidity and associated rates of change. They also require control of airborne contaminants from internal and external sources such as dust, dirt, pollen and smoke. 
For these buildings the Service Provider shall consult Defence end users, review the FDB, examine equipment and process specifications, and observe current industry best practice to fully determine suitable design solutions and services requirements. 

A holistic approach shall be adopted in the design, installation, testing and commissioning of the HVAC system and controls to ensure that all briefed conditions can be maintained within acceptable tolerances.

Where close control of relative humidity is required, the structural envelope forming the controlled environment shall be vapour sealed to minimise moisture vapour transfer through the structure and thereby reduce energy use associated with humidification and dehumidification. 

The exposed surface of concrete elements forming the conditioned supply air path for areas with sensitive electronic equipment such as computer and server room raised floor voids shall be sealed dust proof. 

Close control systems require reliable operation to ensure continuity of service. Consideration shall be given to risk, reliability and redundancy when determining the required services and systems. Guidance on these and on environmental conditions is provided in the following:

· ASHRAE Handbook: HVAC Applications. Data Processing and Electronic Office Areas. 

· Telecommunications Infrastructure Standard for Data Centers Addendum 2 – Additional Guidelines for Data Centers. TIA-942-2. March 2010

· Tier Classifications Define Site Infrastructure Performance. Uptime Institute White paper.  2008
· ASHRAE TC 9.9 Whitepaper. 2011 Thermal Guidelines for Data Processing Environments – Expanded Data Center Classes and Usage Guidance.  

8.22 Living in Accommodation
Where air conditioning is briefed for Living in Accommodation (LIA) the system type shall be determined in accordance with the IM HVAC System Selection Report process. Typically it shall comprise individual, separately controlled systems for each LIA bedroom and common room. 

Where the system selection process determines refrigerant based split system air conditioning as the best option, it is likely to be configured with indoor units located within bedrooms and common rooms, connected by refrigerant piping to outdoor condensers. This arrangement allows control of indoor environmental conditions within preset limits to match each occupant’s comfort requirements.
Common room air conditioning systems shall be provided with local push button start controls and with pre-set, programmable operating times.
In each LIA bedroom, an occupant activated device such as a key switch shall be provided to operate the air conditioning unit and other HVAC equipment. This shall comply with the requirements of BCA Part J6.3 Interior artificial lighting and power control. The location of the switch shall be such that access is not restricted by the layout of the furniture and fittings. The preferred key switch location is adjacent to the room entry light switches.
LIA Bedrooms

Defence’s approach to health and safety matters in LIA is strict compliance of the design and final installation of refrigerant based air conditioning systems with AS/NZS 1677 Parts 1 and 2. The associated refrigerant practical limit requirement shall not be exceeded after a short time should a refrigerant leak occur into an LIA bedroom or enclosed space. For the purpose of this requirement Defence interprets ‘short time’ as being in accordance with the intent of the standard.  
For the purposes of this requirement, Defence classifies LIA bedrooms as Category I Occupancy (rooms where people sleep) as defined under AS/NZS 1677.2:1998 Table 2.2 Categories of Occupancy. Consequently, for group A1 and A2 refrigerants, which are typically provided for split system air conditioners, there shall be a restriction of refrigerant charge in accordance with AS/NZS 1677.2:1998 Clause 2.5. 

Certification
Service Providers and installers of refrigerant based air conditioning systems for Defence LIA shall ensure and certify to the Defence Project Officer, design and final installation compliance with AS/NZS 1677.1 and .2 including:

· Compliance with the piping location and maintenance requirements of AS/NZS 1677.2 clause 4.3. (Maintenance in this context includes piping, piping joints and system components such as piping insulation and piping fixings). 

· Compliance with the Practical Limit requirements of AS/NZS 1677.1 as applicable to both the specified refrigerant and the finally installed refrigerant, should a complete leak of the refrigerant charge occur from any system into the individual areas served by the system, including the LIA bedrooms.   
8.23 Protection of Equipment

Where HVAC equipment is subject to potential physical damage due to the use of the space (e.g. sport halls, vehicle workshops etc) it shall be suitably protected. Any devices such as thermostats and switches which are positioned at low level within the occupied space shall be recessed or provided with protective mesh, covers or grilles as necessary. Any exposed duct branches terminated at low level shall be protected with bollards or similar physical protection. The protection shall not affect the performance and function of the equipment and shall be sufficiently robust to withstand inadvertent impact. The protection itself shall not create a health or safety hazard. 
Equipment located at high level within the space shall be similarly protected where subject to potential physical damage.  
8.24 Building Management System and Control Strategy

HVAC system design shall allow central monitoring and control by the building’s Building Management System (BMS, BMCS) or Defence site management system, as required by the FDB. 
The Service Provider shall determine an appropriate control strategy for each HVAC system, considering the type of system, the usage of the areas served, energy conservation requirements, control tolerances, occupancy variation, operation schedule and current practice in similar Defence buildings. The strategy shall address the requirements for local control (including temperature adjustment and after hours operation), group remote control and central control.

Control sequence descriptions shall fully describe operation under all conditions including: 

· Start up and shut down.

· Normal operation.

· Failure mode.

· Duty/standby plant changeover.

· Fire mode.
9.0 HVAC REPORTS
9.1 HVAC System Selection Reports
HVAC systems for Defence buildings shall be selected in a clear, transparent and rigorous manner with the process fully documented and justified to allow ongoing review and future auditing of the project records. The selection and reporting process applies to all types and sizes of HVAC systems and is not limited to major systems and plant. 

The selection process is described in Department of Defence Infrastructure Management (IM) mechanical engineering policy document ‘Heating Ventilation and Air Conditioning (HVAC) System Selection and Methodology Report.’ 
The Service Provider shall provide an HVAC selection report as an element of the design report submissions in accordance with the IM defined design management process. The HVAC system selection and reporting process shall be ongoing during the design process with the report being progressively updated during the design period.   

The HVAC selection report format shall be as described in the IM document, broadly as follows:

· An introductory overview followed by a detailed account of the HVAC system analysis and selection process.
· The overview shall highlight the key points and findings that lead to recommendations. 
· The detailed analysis shall begin with confirmation of design criteria, system performance objectives and compliance criteria. 
· It shall then address the relevant selection criteria, constraints in selection, design considerations, and advantages and disadvantages of each system under consideration. It is important for the validity of the process that the Service Provider objectively describes advantages and disadvantages applicable to each option and does not inadvertently bias the outcome by predominantly listing the advantages of preferred options and the disadvantages of non-preferred options. 
· Life cycle costing shall be undertaken to assess HVAC system options from a WOL perspective, allowing for performance against the project’s energy targets.
· This system selection process shall be based on a matrix evaluation which reduces the options to one or two systems that are fit for purpose and best suited to the project objectives. Whilst the matrix includes ratings which are subjective by nature, the intent of the process is for objectivity to be applied by the Service Provider such that the matrix results are not deliberately or inadvertently biased.  
· The selection report shall clearly state the reasons for eliminating those HVAC systems that are unacceptable or not fit for purpose. 
· Where possible, the selection report shall provide references to successful Defence facility installations of similar HVAC systems to endorse the best options and demonstrate they are proven and fit for purpose.

· Any HVAC system non-conformances or dispensation requests shall be reported to Defence as they are identified and shall also be included in the progressive system selection reports. 

· The selection process shall provide final confirmation of the HVAC system options, and recommend an HVAC system solution to Defence. 

9.2 HVAC System Design Reports
Project detail design reports provide Defence with a record and clear evidence of the design development process in accordance with the requirements of the FDB, for future reference and scrutiny. 
Design reports submitted to Defence for review shall comply with the format required by IM policy and the particular contract requirements. They shall incorporate HVAC system selection reports where relevant and shall be self contained documents which accurately record design intent, full details of design considerations, assessment and evaluation of the considerations and consequent decisions. 
Detail design reports shall address how the project design criteria are being met. They shall describe compliant design solutions in detail rather than referring to general statements that design requirements will be met. 
Specifications do not convey or record the design development or project decision making process and as such shall not be used to convey to Defence, design intent and compliance in place of design reports. 
Detail design reports provided for Defence projects at 30%, 50% and 90% stages shall be provided complete with mechanical services drawings. The drawings shall be fit for purpose with regard to the particular project stage. They shall contain sufficient information to support and confirm the design intent, concepts and systems covered in the report and facilitate Defence’s review and assessment process. Drawings shall not be excluded from detail design reports on the basis of projects being at a stage where Service Providers deem drawings to be premature. 

9.3 Reports Generally

Where reports are commissioned for HVAC systems serving Defence buildings a brief shall be provided by Defence which states specifically the associated scope of work and provides guidance on the required standard of presentation. General guidance is as follows.

· All work associated with reports shall be undertaken by suitably qualified, experienced and competent persons and shall be presented to Defence in a professional and factual manner. 

· All work associated with reports shall be carried out in an impartial manner, free of business or contractual relationships which may bias the outcome.   

· Where the report includes the Service Provider’s opinions these shall be based on facts and shall be clearly stated as such in the report. Opinions shall be presented in an impartial, factual and ethical manner.  

· Reports shall not include statements or opinions which are based on unsubstantiated information, which are subjective, contentious, speculative, unethical or which are of a potentially defamatory or libelous nature. Statements and opinions shall only be made with adequate technical knowledge and experience of the particular issues and with suitably factual information.

Prior to submission to Defence, all reports shall be QA and peer reviewed by the Service Provider, independently of the author, and with emphasis placed on technical and factual content. The review shall ensure that Defence is not subject to risk as a consequence of accepting, approving or using commissioned reports which are potentially incorrect, libelous, negligent or unethical. 

10.0 FUNCTIONAL DESIGN BRIEF
10.1 General

A project specific FDB shall be provided which clearly describes Defence’s technical and non-technical requirements. The FDB shall provide sufficient detail to allow the Service Provider to critically and thoroughly review, fully understand and identify, all user requirements. A primary purpose of the FDB is to ensure that important parameters, requirements and design criteria have not been overlooked and they reflect actual needs within the project scope. The FDB also provides a contract document against which the Service Provider’s compliance and the end product can be measured. 
Service Providers shall proactively coordinate with Corporate Services and Infrastructure Group (CSIG) and Defence end users throughout the various project phases to ensure the briefed requirements are being met. 

Where a project Brief is not fully developed or not available, the Service Provider shall develop a reverse brief and submit it to the Defence Project Officer for approval by Defence prior to commencing design. 
10.2 Content

FDB’s and reverse briefs shall define the scope of work, establish design intent and address all general and specific requirements which include, but are not limited to:

· User requirements.

· Compliance with Australian standards, Codes of Practice, and Statutory laws or regulations.

· Compliance with Defence standards, policy and requirements.

· Environmental impact assessment and contamination management.

· HVAC system objectives, selection criteria and constraints.

· Design considerations.

· Requirements for reliability, redundancy, spare capacity and future-proofing. 

· WOL cost analysis.

· The HVAC system selection and methodology and report requirements.
· Coordination.

· Certification.

· Existing services.

· Underground services.

· Builder’s work.

· Integrated testing and commissioning requirements. 

· Items that require further investigation.

· Requirements for design reports.

· Any other functional, performance, technical or non-technical requirements to complete the brief.

· Hazardous area requirements. 

· Health and safety requirements including WHS compliance.
· Quality Assurance (QA), peer review and general requirements including duty of care to exercise due diligence and the requirement for competent persons to carry out the work.   
11.0 COORDINATION
The design, installation, testing and commissioning of HVAC systems shall be coordinated with all other engineering services, with the structure and architecture as applicable. 
Responsibility for coordination rests with each individual service and discipline associated with the project and shall not be abrogated to others. 
In particular, design decisions, elements, components and coordination matters which the Service Provider is contractually required to provide for the Defence building, shall not be passed on to installing contractors by way of the tender documents requiring design elements to be completed by installing contractors.  
12.0 TESTING BALANCING AND COMMISSIONING
Testing, balancing and commissioning of HVAC system shall comply with the IM and shall generally follow the best practice requirements of:

· AIRAH manual DA27 Building Commissioning. 

· ASHRAE Guideline 1-1996. The HVAC Commissioning Process.

· ASHRAE Handbook – HVAC Applications. Commissioning. Testing, Adjusting and Balancing. 

· ASHRAE Standard – Practices for measurement, testing adjusting and balancing of building heating, ventilation, air conditioning and refrigeration systems.

· SMACNA HVAC Systems – Testing, adjusting and balancing.
· NEBB – Procedural standards for testing, balancing and adjusting of environmental systems. 
HVAC testing and commissioning shall be carried out in a manner which is fully integrated with the building and other interrelated services and systems and shall not be carried out in isolation from them. 

Where progressive testing is carried out (e.g. pressure testing of extensive piping installations) the test results shall be clearly documented and submitted at the time of testing and shall also be provided as an integral part of the overall testing and commissioning records. 

Where required by the FDB or contract conditions, an Independent Commissioning Agent (IGA) shall be engaged by the Service Provider to facilitate the commissioning process.  

13.0 HVAC SYSTEMS GENERALLY

13.1 Re-Use of Existing Systems or Equipment
Where permitted by the project documents or brief, existing mechanical and HVAC systems and equipment may be re-used to serve a Defence building which is being refurbished, a new extension of an existing building or a new building. Re-use shall be subject to the following.
The existing system or equipment:

· Shall be determined as being fit for purpose.

· Shall be technically inspected and tested to confirm that it can satisfy the required capacity, performance, functional, WHS and energy use requirements and meet the required service life. 
· Shall comply with the applicable requirements stated in this policy document. 
· May be serviced or overhauled to meet the required performance or requirements subject to the Service Provider demonstrating and confirming that this is cost-effective on a WOL basis when compared to providing new systems or equipment. 
· Shall be properly serviced, refurbished, cleaned, tested and commissioned before reuse.

Re-use of existing systems or equipment which are superseded technology, superseded or outdated design concepts or which are less energy efficient than current new systems or equipment, shall require appropriate justification by the Service Provider.

A report shall be provided to clearly document and record the outcome of any inspection, testing and cost analysis associated with re-use of existing systems or equipment. 
Where the above process determines that existing systems or equipment shall not be re-used for the particular Defence project, the systems or equipment shall be properly decommissioned and dealt with as described below. 

Where existing ductwork and air terminals are proposed for reuse the Service Provider shall determine, document and ensure that:

· The sizing of ductwork and air terminals is fit for purpose and is checked for compliance with the Service Provider’s normal practice for sizing and selection. 

· Insulation meets current Code requirements. Insulation, facings and sheathing remain adequately fixed in position, fit for purpose and for the required service life. 

· Internal insulation is visually inspected and proven fit for purpose, not assumed to be so. 

· Ductwork sealing meets current Code requirements.

· The cleanliness of internal insulation, ductwork and air terminals is fit for purpose, otherwise these components shall be cleaned prior to reuse. 
· Ductwork hangers, supports and restraints are fit for purpose and are all checked and confirmed compliant with the Service Provider’s standard specification requirements.   
Where existing pipework and fittings are proposed for reuse the Service Provider shall determine and ensure that:   
· The sizing of pipework and fittings is fit for purpose and is checked for compliance with the Service Provider’s normal practice for sizing and selection. 

· Insulation meets current Code requirements. Insulation, vapour barriers and sheathing remain adequately fixed in position, fit for purpose and for the required service life. 

· The internal cleanliness of the pipework installation is fit for purpose as evidenced by the current water treatment regime, otherwise the installation shall be cleaned prior to reuse. 

· Pipework hangers, anchors and supports are fit for purpose and are all checked and confirmed compliant with the Service Provider’s standard specification requirements.  

13.2 Disposal of Existing Systems or Equipment
Where the assessment process determines that existing systems or equipment are not suitable for re-use for the particular Defence project, the systems or equipment shall be properly decommissioned and either:

· placed into storage;

· disposed of;

· otherwise dealt with;

in accordance with Defence instructions and the requirements of the contract documents. 

All decanting, handling and storage of refrigerants, lubricating oils, fuels and the like shall be carried out having determined all associated risks and required precautions prior to commencing work. The work shall be subject to particular care and attention and shall only be carried out by suitably supervised, trained, experienced and qualified persons. All such work shall be carried out in accordance with applicable Codes, standards, Authority and WHS requirements.
13.3 Underground Services
When underground services are provided for Defence buildings the route shall be carefully selected with particular care and attention given to:

· Access and maintenance requirements. 

· Assessing the likelihood and consequences of leaks and contamination and determining appropriate remedial measures.

· Easement width. 

· Environmental impact. 

· Maintaining continuity of existing services. 

· Maintaining new services integrity.
· Minimising disruption to Defence. 
· Current land use and any known future land use. 

· Proximity to buildings, existing cathodic protection ground-beds, sources of stray currents, and other underground services. 
· Public safety. 
· Topography and geology.
Any existing services shall be identified and located to ensure that they will not be inadvertently disturbed. If diversion of any existing services is deemed necessary, the work shall be properly planned, coordinated and carried out to ensure life health and safety and minimal disruption to the service and to Defence.  
The design and installation of underground services shall consider all external interferences, thermal insulation requirements, electrical bonding requirements, lightning, static electricity and corrosion protection. 
Any redundant underground services that cannot be removed for technical reasons shall be decommissioned, terminated and left in a safe manner, protected from corrosion and deterioration, and subject to any associated Defence, EPA and Authority requirements. The location, full extent and details of all such redundant services shall be provided to the Defence Project Officer for record purposes.  
Where new underground services are installed in the vicinity of existing building foundations, the location and extent of the foundations shall be fully determined and the new underground services coordinated with them. Where it is not possible to determine the location and extent of existing building foundations during the project’s design stage, the Service Provider shall advise the Defence Project Officer accordingly and in a timely manner, together with an assessment of the associated implications, the risk for the project and the recommended action. 

13.4 Builders Work and Work by Others
HVAC Service Providers shall include in the tender documents, details of all builder’s work and work to be provided by other services contractors. The Service Provider shall advise the other project disciplines of the specific requirements during the project’s design and documentation stage. 

Builder’s work for HVAC services shall be provided by licensed and appropriately experienced builders who shall ensure that the structural, fire and security integrity of the Defence building are not compromised by the work and quality workmanship is provided. 
All fire stopping of services penetrations in fire rated construction shall comply with the requirements of the BCA and AS 4072 Part 1 2005.  Sleeves and sealants shall be compatible with the fire resistance level (FRL) of the related building elements.

Where builder’s work includes making good, HVAC services contractors shall fully coordinate the required work with the builder to provide the necessary information. This includes confirmation of the location, dimensions and loadings (static and dynamic) associated with the builder’s work. 
Where specified, services contractors shall provide holding down bolts, fixings, piping sleeves and the like, for builders to incorporate into the construction. 
13.5 Design Parameters and Practice
In addition to complying with the BCA and applicable Codes and standards, HVAC system design parameters and practice shall follow best industry practice as determined by the technical and quality standards of the organisations described in ‘Specifications, Guidelines and Application Manuals.’  

Later sections of this policy document contain guidance on design parameters and practice recommended by ETS (CSIG). 
13.6 Heat Injury Management
SAFETYMAN volume 2, part 3, Chapter 25 provides information on management of risks arising from environmental heat hazard. Environmental factors affecting the hazard include air temperature, humidity, air movement and radiant heat exchange. 

When carrying out the HVAC system selection methodology for Defence buildings, Service Providers shall consider prevention of heat injury by an appropriate HVAC system as one of the assessment factors where this is applicable to the particular Defence building. 

Ventilation systems which use unconditioned ambient air (e.g. natural and mechanical ventilation systems, mixed mode ventilation etc) shall not be selected where heat injury may occur as a direct consequence of the particular use of the area served, and the lack of temperature or humidity control provided by the ventilation system. 
The following guidance on the preferred thermal environment is provided in Defence WHS Manual volume 2, part 7, chapter 5.

‘In air conditioned workplaces it is recommended that the thermal environment be maintained within the ranges outlined below:
· For sedentary work, dry bulb air temperature in the range 18ºC to 30ºC with 20ºC to 26ºC being the optimal and preferred range;

· For manual work, dry bulb air temperature in the range of 16ºC to 30ºC;

· Relative humidity between 40% and 70%;

· Air movement between 0.1 and 0.5 m/s, with the optimal and preferred range for sedentary work between 0.1 and 0.25 m/s;

· Flexibility should be exercised in interpreting the above temperature guides particularly where there are variations in the rate of air movement, and where there are sources of high radiant heat (windows, office machinery); and

· It is important to note that individual tolerance of conditions both within and outside the optimal and preferred temperature range will vary according to individual preferences/acclimatisation.’
13.7 Project Specific Documents

Defence requires that HVAC drawings, specifications and reports submitted for review shall be tailored to be project specific and shall not contain information which is immaterial or superfluous to the project. This applies particularly to drawing legend sheets, symbols and technical detail sheets which typically include every general symbol and technical detail used by the Service Provider, irrespective of relevance to the project. 

Where immaterial and superfluous information is included, it can cause inconsistent tenders and introduce uncertainty and unnecessary risk to the project and is therefore unacceptable to Defence. 
13.8 Proprietary Equipment

Defence requires that HVAC drawings, specifications and reports submitted for review shall exclude references to proprietary equipment as this contravenes Commonwealth purchasing guidelines. The requirement for ‘approved equal’ alternative equipment shall be included. (‘Approved equal’ allows the Service Provider to retain control over alternative equipment being offered where there is ambiguity or disagreement over of what constitutes ‘equal’ equipment). 

Similarly, plant and equipment shall be specified and scheduled on the basis of technical performance, not by proprietary manufacturer’s make and model number.  

14.0 CERTIFICATION

Where required by the Building Code of Australia, legislation, the IM or contract documents, the design, installation, testing and commissioning of HVAC systems shall be certified by practising, appropriately qualified and experienced engineers, registered with the National Engineering Registration Board to the level of NPER-3 and registered to practice in the appropriate engineering discipline (i.e. mechanical engineering, building services engineering etc).

15.0 QUALITY ASSURANCE AND PEER REVIEW
All reports, drawings, specifications and related documents submitted to Defence for review or other purposes shall include evidence of the Service Provider’s Quality Assurance and peer review process having been carried out by appropriately qualified and experienced reviewers. For auditing purposes, reviewers and those persons designing, drafting, verifying and approving documents shall be identified by name on the reviewed documents, not by initials.

Suitable evidence may be provided on each of the submitted documents or alternatively, overall certification may be provided in a covering letter on company letterhead. Defence may deem inadequate evidence or certification as lack of verification and grounds for rejection. 

Peer review shall be carried out by suitably qualified, experienced and technically competent persons who are independent of the design, documentation or reporting process for the particular Defence project. Peer reviews by persons not technically qualified and experienced in the particular engineering disciplines are unacceptable to Defence. 
To facilitate the QA and peer review process:

· Defence may require contact details of the Service Provider’s National Quality Assurance Manager to be provided at any time during the contract period. 
· Defence may notify the National Quality Assurance Manager of any QA or peer review process failings determined by Defence, or may issue an improvement notice.  
· Defence shall be advised in writing and in a timely manner, of any proposed changes to the Service Provider’s personnel offered at tender and accepted by Defence. The Service Provider shall clearly state and justify the reasons for any change in personnel and shall provide comprehensive details of the alternative personnel proposed and confirm their competency. 
16.0 FURTHER INFORMATION AND REFERENCES

16.1 Related Information
This policy document shall be read in conjunction with:

· Corporate Services and Infrastructure Group (CSIG) OH&S Policy Statement.
· Defence Occupational Health and Safety Manual (DOHSMAN).

· Defence Safety Manual (SAFETYMAN), in particular, chapters concerning:

· Safe Techniques for Welding, Brazing and Soldering.

· Thermal Conditions.

· Legionnaires Disease, Humidifier Fever and Pontiac Fever.

· Working In Confined Spaces. 
· Indoor Air Quality.

· Laboratory Safety.

· Safety at Work. 
· Working at heights.

· The following chapters of the Infrastructure Manual (IM):

- Management of Fixed Plant and Equipment Requiring Special Licences within Infrastructure Division.
- Energy Management.
- Microbial Control in Air Handling and Water Systems of Facilities.
- Environment Impact Assessment.
16.2 Codes and Standards
Defence carries out project reviews and assessment based on compliance with specific Codes, standards and policy and consequently reference to the applicable edition and part number is key information. All references to Codes and standards for Defence buildings shall state the applicable edition and part number. I.e. reference to ‘AS1668 ventilation codes’ is incorrect and the required reference is ‘AS/NZS 1668.1:1998.  AS 1668.2-1991.’ Similarly, reference to ‘BCA’ is incorrect and the required reference is ‘BCA 2010 Volume One,’ ‘National Construction Code BCA 2011 Volume One’ or other applicable edition. 

The following list of Codes and standards are those which typically apply to most HVAC systems provided for Defence buildings. The list does not cover all applicable standards and does not necessarily refer to associated Amendments. The list includes standards which are in addition to those adopted by reference in the Building Code of Australia. It remains the responsibility of the Service Provider to determine applicable Codes and standards, to confirm their currency and to list the main ones in Defence project reports. 
· The Building Code of Australia or National Construction Code and applicable edition. (I.e. NCC BCA 2011 Volume One).   
· AS 1657 – 1992 Fixed platforms, walkways, stairways and ladders – Design, construct and installation. 
· AS/NZS 1668 Part 1:1998 The use of ventilation and airconditioning in buildings – Fire and smoke control in multi-compartment buildings. 
· AS 1668 Part 2 – 1991 The use of mechanical ventilation and air-conditioning in buildings – Mechanical ventilation for acceptable indoor-air quality.* 
· AS/NZS 1677.1:1998 Refrigerating systems – Refrigerant classification. Incorporating Amendment No. 1.

· AS/NZS 1677.2:1998 Refrigerating systems – Safety requirements for fixed applications. Incorporating Amendments Nos 1 and 2.
· AS 2107: 2000 Acoustics – Recommended design sound levels and reverberation times for building interiors.
· AS/NZS 3000:2007 Electrical installations (known as the Australian/New Zealand Wiring Rules).
· AS/NZS 3666.1 – 2002 Air handling and water systems of buildings – Microbial control – Design, installation and commissioning.
· AS/NZS 3666.2 – 2002 Air handling and water system(s) of buildings – Microbial control – Operation and maintenance.
· AS 4024.1-2006 Series. Safeguarding of machinery.
· AS 4072.1 2005 Components for the protection of openings in fire-resistant separating elements. Service penetrations and control joints.
· AS 4254 – 1995 Ductwork for air-handling systems in buildings. Including Amendments 1 and 2.*
*Where the Service Provider proposes to use versions of standards other than the versions referenced in the BCA, the Service Provider shall obtain approval for their use from the Building Certifier via the alternative solution dispensation process outlined in the MFPE and shall confirm this in project reports. 

17.0 HEATING, VENTILATING AND AIR-CONDITIONING SYSTEMS - RECOMMENDED DESIGN PARAMETERS AND PRACTICE
The following recommended design parameters and practice shall be considered by HVAC Service Providers for Defence buildings. These design parameters and practice may be altered over time in response to Defence experience, engineering research and changes in technology and design concepts. Expert judgement and experience should be used in the application of this information.

17.1 Fans - General
· Fans shall be selected to deliver not less than the specified air quantity against the installed system resistance. 
· Installed system resistance shall include manufacturer’s recommended final filter resistance prior to filter replacement.

· Fans shall achieve the lowest practicable power absorbed at the specified operating conditions and provide maximum efficiency under the installed operating conditions. 
· Fan impellers, shafts and pulleys, shall be statically and dynamically balanced. Balancing shall be carried out after any specified corrosion protection has been applied. 
· Motors shall be capable of running continuously with a 5% drop in rated phase to phase voltage at 15% increase in design power. 
· Motor speed shall generally not exceed 1500 rpm (25 r/s) unless otherwise justified by technical and energy efficiency requirements.
· Fans shall be mounted and arranged for ease of maintenance and to prevent noise and vibration transmission to ductwork or the building structure.
· Where exposed to ambient conditions, flexible connections for fans (and air conditioning units) shall be provided with weatherproof sheet metal covers to minimise deterioration. 
· Flexible connections for kitchen exhaust systems shall be woven ceramic fibre with impervious smooth linings or similar non-collapsible, grease-proof and fire-resistant material not exceeding 300 mm in length, to AS 4254 Section 2. 
· Sealing devices such as self-closing dampers shall be provided to miscellaneous exhaust fans serving conditioned spaces or habitable rooms in the climate zones required by BCA Provision J3.5 ‘Exhaust fans.’ 

· Fans shall comply with BCA Provision J5 ‘Air-Conditioning and Ventilation Systems’ as applicable to the system. 
· Maximum fan power for air conditioning systems shall comply with the requirements of BCA Provision J5 Table J5.2 ‘Maximum Fan Power,’ 
· Consideration shall be given to using toothed drive belts where this reduces slippage sufficiently to provide cost effective energy reduction.  

· Belt-driven fans shall be provided complete with manufacturer supplied belt guards and shall not be operated without the guards in place. 

· For small belt-driven fans installed within equipment such as packaged units, belt-guards shall be provided if recommended by the equipment manufacturer for the application or as required to prevent inadvertent contact with moving parts.  
· Exposed fan inlets and discharges shall be provided with manufacturer supplied mesh guards as required to prevent inadvertent contact with moving parts. 
· Fan bearings shall be selected for a minimum operating life of 300,000 hours, based on the life attained or exceeded by 90% of all bearings.

17.2 Centrifugal Fans (Limit Load)

· Fans shall be of the backward-curved, backward-inclined blade type having a non-overloading power characteristic.
· Fans shall be of robust construction with housings, inlet cones and impellers designed to be aerodynamically efficient for smooth airflow and minimum aerodynamic turbulence.  
· Fan shafts shall be designed such that the first critical speed of the shaft is at least 130% of the normal operating speed of the fan.
· Where variable inlet guide vanes are provided they shall match fan performance and be designed to provide stable control down to 25% of the maximum specified air flow rate. Variable speed drives (VSD’s) shall be provided for fan speed control in preference to variable inlet guide vanes. (Where VSD’s are provided for existing fan motors, ensure the motors are compatible and will not suffer consequent bearing or motor damage). 
· Fan and motor shall be mounted on a common fabricated mild steel base which adequately restricts vibration amplitude. Where required in the design, the base shall be filled with mass concrete to act as an inertia block. The common fan/motor base or inertia base shall be isolated from the building structure with vibration isolation mounts. 
Where an inertia base is required, the combined mass of the fan base and inertia block shall be not less than 1.5 times the combined mass of the fan and motor or as otherwise required by the fan manufacturer. 
17.3 Axial Fans (Aerofoil - Direct Driven or Belt Driven)

· Fans shall be of the non-overloading power characteristic type with adjustable pitch, aerofoil section, impeller blades. Clearance between blade tips and the casing during operation shall not exceed 1% of the impeller diameter.
· VSD’s shall be provided for fan speed control in preference to variable guide vanes. Upstream guide vanes shall be used only where they increase the static pressure developed by a minimum of 20% without any increase of power absorbed. Downstream guide vanes shall be used only where they increase the static pressure developed by a minimum of 10% without any increase of power absorbed. (Where VSD’s are provided for existing fan motors, ensure the motors are compatible and will not suffer consequent bearing or motor damage).
· Two stage fans shall have contra-rotating impellers mounted in a common casing and each impeller driven by a separate motor.
· All impellers, guide vanes, fan supports and internal surfaces of the fan casing shall have a smooth finish.
17.4 Propeller Fans (Ring or Diaphragm Mounted - Direct Driven or Belt Driven) and Fans (Window Mounted or Wall Mounted)

· Fans shall be of broad bladed type with curved blades.
· Where speed controllers are used, minimum speed shall be approximately 30% maximum speed. As required by the specific application, controllers shall be remote type suitable for surface or recessed mounting and shall have on/off positions and a minimum of 2 speed positions. Controllers shall incorporate a ‘fan operating’ status indicator light.

17.5 Flexible Ductwork

· Flexible ducts shall be installed in accordance with AS 4254 clause 2.8 and with hangers and supports complying with AS 4254 clause 2.8.5 and associated Figures. 

· Flexible ducts shall not be installed unsupported or laid directly on false ceilings for support.  

· Flexible ducts shall be secured to spigots and sleeves in accordance with AS 4254 clause 2.8.4 (d) using sealant and draw bands. 

· Flexible ducts shall be installed as short and straight as possible in order to minimise pressure losses and noise generation. Flexible ducts shall be installed stretched out to smooth the internal corrugations. Bends shall be long radius type.
· Each flexible duct shall be provided with a maximum length of 6m from the main duct spigot to the air terminal. Any dispensation from this requirement to allow longer flexible duct lengths shall be submitted to Defence for review and comment during the design stage and prior to installation. 
· Where dispensation is provided by Defence to allow flexible duct lengths in excess of 6 m, individual flexible duct sections shall be joined using sheet metal inserts complete with duct sealant, drawbands and duct tape to form airtight and durable connections. 
· Flexible ductwork shall not be installed to replace sheet metal ductwork shown on tender drawings, as cost or time saving measures. 
· Any proposal to replace sheet metal ductwork shown on tender drawings with flexible ductwork shall be reviewed and approved by the design consultant and Defence Project Officer with due consideration and allowance for the effect on the air handling system.  
17.6 Centrifugal Pumps (Horizontal - Single Stage - Solid and Split Casing - Direct Driven) 
· Each pump shall be selected to deliver not less than the liquid quantity specified against the total installed system head and to achieve the lowest practicable power absorbed at the specified operating conditions.
· Pumps shall have constant falling characteristic curves to ensure stable performance over the curves. Selection shall be made with the required duty falling nearest the best efficiency point for the impeller diameter. Pumps shall not be selected with the maximum impeller size for the particular pump casing. 

· Pumps shall be selected to achieve the required duty at the particular location of the system without cavitation, with due allowance for atmospheric pressure (for open systems), the specified liquid temperature and with net positive suction head available (NPSHA) suitable for the pump’s net positive suction head required (NPSHR).
· Pumps for parallel operation shall be selected to ensure:

· Instability cannot occur in any of the pumps when operating singly or in parallel at the same nominal motor speeds. 
· Pumps and motors are of the same make, type and nominal speed. 
· The maximum difference of shut valve heads between the pumps is 10% with reference to the pump having the lowest shut valve head. 
· The pumps shall have the identical number of impeller liquid passages and the impeller diameter shall not exceed 85% of the maximum that fits the casing.  
· Motors shall be capable of running continuously with a 5% drop in rated phase to phase voltage at 15% increase in design power. 
· Motor speed shall not exceed 1500 rpm (25 r/s) unless otherwise justified by technical requirements.
· Rotating parts of the pump shall be statically and dynamically balanced and pumps shall be free from undue vibration.
· Pump delivery shall be arranged to prevent air being trapped in casings.

· Pumps shall be installed and arranged for easy maintenance. Pumps with screwed connections shall be installed with a flanged or union joint adjacent and between the pump and closest isolating valve to allow easy removal of the pump without draining down the system. Eccentric reducers installed horizontally upstream of pump suction inlets shall be installed with the flat side to the top of the piping to prevent air entrainment in the reducer and consequent pump operating problems.  
· Pumps provided to serve heating or cooling systems shall comply with BCA Part J5 as applicable. 

· Maximum pump power for systems providing heating or cooling for air conditioning systems shall comply with the requirements of BCA Part J5 Table J5.4a Maximum Pump Power, as applicable to the water flow rate, cooling or heating load and system type. 

· Base plate mounted centrifugal pumps shall be provided with inertia bases as required to control noise and vibration transmission to the structure and to control heaving on startup. Typically, inertia bases shall be provided where pumps are installed in plantrooms located above occupied spaces, where startup heave is significant, and where recommended by the pump manufacturer. An indicative minimum mass for inertia bases is 2.5 times the mass of the pump assembly. Further guidance is provided in:

AIRAH Application Manual DA1 Centrifugal Pumps – Selection and Application; and  

ASHRAE Handbook HVAC Systems and Equipment.  Centrifugal Pumps. 
17.7 Air Filters
Filter Performance 

Air filter performance is defined in terms of Average Efficiency Em (Test Dust No. 1) and Average Arrestance Am (Test Dust No. 4). 
Test Dust No. 1 tests the ability of air filters to remove particles of a sub micrometre size from the air whilst Test Dust No. 4 tests the arrestance of air filters and indicates how easily they become blocked and hence their likely service life. Arrestance is a suitable performance measure for differentiating between the various types of low to medium efficiency air filters used in air conditioning systems which have minimal external static pressure, such as split system air conditioners, fan coil units and window air conditioners. 
‘G’ filters are coarse ‘Arrestance’ type filters which have a minimum average efficiency for Test Dust No. 1 of less than 20%. ‘F’ filters are fine ‘Efficiency’ type filters. 

For guidance, the main air conditioning systems of Premium and ‘A’ Grade commercial office buildings require air filtration with a minimum efficiency of 20% Test Dust No.1 at 250 Pa final static pressure drop and a minimum arrestance of 85% Test Dust No. 4. This is a filter performance rating of F7 (AS 1324.1 Table 2.1). 
The overall cost of ‘Efficiency’ type F rated filter systems shall be evaluated by life cycle costing which includes the energy cost necessary to overcome the filter resistance.  
Filter performance determined by manufacturers is based on airflow which is unrestricted, straight-through and distributed evenly over the entire filter face area. Filters for Defence buildings shall be installed in the same manner to ensure the required performance. 
Turbulence and dead air spaces immediately upstream of filters (within the mixed air filter plenum) affect filter performance and shall be avoided. Filter support frames shall where possible be at right angles to the airflow. The complete filter face area shall be active and effective, and airflow shall be straight-through. 
Filters in mixed air plenums upstream of fan coil units (FCU’s), packaged units and similar plant shall not be installed directly adjacent to the unit’s return air opening such that the complete filter face area is not active and the filter operates at an air velocity greater than specified. 
Prefilters

Coarse prefilters can be used upstream of primary filters to extend primary filter life and protect primary filters from coarse dust during building construction. Permanent prefilter use should be economically justified (i.e. by longer life of the primary filters). Temporary prefilters for protection of higher-efficiency filters are usually worthwhile during building construction if they can be demonstrated to substantially reduce the part of the construction dust load that would load-up the protected filters. 

Filter Class
The main filter classes encountered in Defence buildings and commercial office buildings are: 

· Class A: Fully disposable filter where the entire cell and filter frame are discarded at the end of filter life and replaced. 
· Class B: Replaceable media filter with reusable filter frame. Filter media is removed at the end of filter life for replacement with new filter media. 
· Class C: Reusable media filter with reusable frame. Filter and frame require cleaning for reuse. Filter media is removed for cleaning off-site and replaced with new or cleaned filer media.
Filter Type

The main filter types encountered in Defence buildings and commercial office buildings are: 

· Type 1: Dry. These are formed from woven or non-woven fabrics which typically feel dry to the touch when in new condition.

· Type 2: Viscous impingement. These are formed from woven or non-woven fabrics with an oil or gel coating. This type includes metal-viscous filters.

· Type 3: Electrostatic precipitators. This type is rarely used for Defence buildings of modern office buildings. It may be encountered in older installations and is more commonly used for specialist applications involving collection of fine particulate contaminants such as pollen, smoke and dust.   

Safety Considerations

Air filters may present a health hazard to maintenance personnel either due to the nature of the HVAC system, through collection of bio-aerosols or from microorganisms collecting and multiplying in the presence of nutrients and moisture. Suitable health and safety practices shall be incorporated into HVAC systems for Defence buildings to eliminate the risks and hazards associated with filters and filter maintenance.  
Filter Application

The following tables provide general guidance on filter application. It remains the Service Provider’s responsibility to provide fit-for-purpose filters for Defence buildings. 

	Filter Type: 

Primary filters for HVAC systems requiring filtration of coarse particles. 

Pre-filters to protect: HVAC equipment, intermediate filters, high efficiency filters, HEPA filters

	Filter performance rating to   AS 1324.1
	Average arrestance (Am) (AS 1324.1 Test Dust No. 4)
	Typical applications (based on the indicated average arrestance or better)

	Arrestance Filters (Coarse G filters)


	G1
	Am < 65
	Minimum filtration. Where grease or moisture is prevalent, e.g. commercial kitchens. (Note: this refers to makeup air filters not kitchen exhaust hood filters).
General ventilation systems, unitary split air conditioning systems or window air-conditioners.

	G2
	65 ≤ Am < 80
	General ventilation systems, unitary split air conditioning systems or window air-conditioners, where grease or moisture is prevalent, e.g. commercial kitchens. (Note: this refers to makeup air filters not kitchen exhaust hood filters).

	G3
	80 ≤ Am < 90
	General ventilation and air conditioning systems for sport halls, swimming pools, garages, average grade office air conditioning, industrial workplaces, paint booth inlet air, plantrooms, electrical switch rooms, printing plants.

	G4
	90 ≤ Am 
	General ventilation systems, above average grade office air conditioning systems, health care buildings, media studios, places of assembly, laundries.


	Filter Type: 

Intermediate filters for HVAC systems requiring filtration of finer particles than provided by pre-filters

	Filter performance rating to 

AS 1324.1
	Average efficiency (Em) (AS 1324.1 Test Dust No. 1)
	Typical applications (based on the indicated average efficiency or better)



	Efficiency Filters (Fine F filters)


	Not applicable
	Em < 20
	Unitary split air conditioning systems or window air conditioners.

	F4
	20 ≤ Em < 40
	Average office air conditioning systems, restaurants, dining rooms, lunch rooms, commercial kitchens (Note: this refers to makeup air filters not kitchen exhaust hood filters), places of assembly, sport halls, swimming pools, conference/meeting rooms, media studios, industrial workplaces, paint booth inlet air, warehouses, plantrooms, airport terminals.

	F5
	40 ≤ Em < 60
	Computer rooms, above average offices, museums and libraries.

	F6
	60 ≤ Em < 80
	Above average offices.

	F7
	80 ≤ Em < 90
	Health care buildings, laboratories, sterile stores and the like, telephone termination rooms, photographic operation plants, printing plants, control rooms with equipment sensitive to dust, superior commercial buildings.

	F8
	90 ≤ Em < 95
	Archives, health care buildings, general operating rooms, delivery rooms, nurseries, intensive care units, patient care rooms, treatment rooms, diagnostic and related areas, research laboratories such as biological and biomedical laboratories, film processing areas in printing plants. 

	F9
	95 ≤ Em 
	Clean manufacturing areas.


	Filter Type: 

High efficiency and HEPA filters used to filter very fine particles, gases and smoke

	Filter performance ratings to AS 4260
	Filter efficiency (Em) (Hot DOP test method – MIL – STD F-282 or the equivalent efficiency in Sodium flame test method – BS 3928)
	Typical applications



	Grade 1
	Em ≥ 99.97% for nominal 0.3mm diameter particles


	Special air conditioning and ventilation systems. Health care buildings (special operating rooms). Electronic, computer, pharmaceutical manufacturing plants, cleanrooms, pharmaceutical and research laboratories, radioactive materials, carcinogenic materials, critical photographic operations plants, nuclear and toxic particulate applications. 

	Grade 2
	Em ≥ 99.99% for nominal 0.3mm diameter particles
	As above


	Grade 3
	Em ≥ 99.999% for nominal 0.3mm diameter particles
	As above


	Grade 4
	Em ≥ 99.999% for nominal 0.12mm diameter particles
	As above



