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The HVAC and common area lighting systems of a 45 year old 
5,400m² commercial office building in Canberra (Figure 1) 
were upgraded in 2010, resulting in a NABERS Energy Rating 
improvement from 2 to 4.5 stars. This resulted in a reduction 
in annual energy usage saving $120,000, a 70% reduction in 
annual greenhouse gas emissions, and an increase in occupant 
comfort. One facet of the retrofit included an upgrade of the 
Air Handling Units; other components of the retrofit are detailed in 
companion factsheets.

Figure 1: Street view of 4 Mort Street, Canberra

Air Handling Units (AHUs)

AHUs provide conditioned air to the occupied spaces in a 
building. The function of an AHU is to condition and distribute 
air throughout a building in order to maintain satisfactory indoor 
air quality (IAQ) and comfort conditions (including temperature 
and humidity). Maintaining IAQ requires air filtration to remove air 
borne particulates and sufficient outside air quantities to dilute 
pollutants such as odours, CO2 and volatile organic compounds 
(VOCs) generated within the building.

AHUs have a number of components including mixing dampers 
(that mix outside air with recirculated air from within the 
building), air filters, heating coils, cooling coils, fans, motors and 
noise attenuators.

Humidity is typically removed from the conditioned air by the 
cooling coil which is supplied with chilled water from a chiller. 
As the conditioned air is cooled below its dew point, moisture 
in the air is removed. Some AHUs have humidifiers installed to 
increase moisture content, although these are rare in modern 
high performance buildings due to high energy consumption 
and costs.

Heating is typically provided by the heating coil through which 
hot water is circulated, the heat source usually being gas fired 
boilers. Electric heating may be installed in some older buildings. 
The installation of electric heating is restricted in modern buildings 
due to its high greenhouse gas intensity.

The energy consumption of an AHU is mainly associated with 
the supply air fan, and additionally the return air fan in larger 
buildings. AHUs also have the potential to significantly impact on 
the energy consumed by other HVAC equipment such as chillers, 
boilers and humidifiers where installed, as incorrect operation 
of AHUs increases the conditioning demand. Correct design, 
operation and maintenance are essential for efficient operation of 
AHUs and associated plant.

VAV Type Systems

AHUs are either constant air volume or variable air volume (VAV). 
The volume of supply air is regulated in VAV systems depending 
on the amount of cooling or heating required, reducing fan energy 
consumption and energy wastage associated with re-heating 
where the heating system counteracts the cooling system. Given 
that typical office type buildings have HVAC loads which vary 
with season and occupancy patterns, VAV type AHUs are more 
efficient than constant air volume systems when designed and 
operated correctly.

Although most modern offices are served by VAV type air 
handling systems these systems are too often operated 
wastefully due to design deficiency, lack of commissioning and 
poor maintenance and operation. The net result is that many 
VAV systems operate as constant volume systems, wasting 
energy and causing occupant discomfort.

Factors Affecting AHU Efficiency

Other key factors that contribute to inefficiency include poor 
operation of the economy cycle (which is essentially the use of 
outside air to cool the building under suitable ambient conditions), 
the use of excessive outside air when ambient conditions are 
extreme (hot or cold), the excessive use of central HVAC plant 
after-hours (to air-condition small areas) and the programming 
(at the controls) of temperature and humidity set point conditions 
which are too onerous (wasteful) for comfort conditions.
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Design

The correct design of VAV systems is essential for efficiency. 
The process starts with carrying out load calculations for 
the different areas followed by correct zoning, ideally with 
information from a thermal simulation to assess the impacts 
of different building parameters and equipment. Although 
recommended maximum zoning sizing can be found in the 
Property Council of Australia’s (PCA) ‘A Guide to Office Building 
Quality’, it pays to carry out a detailed analysis of the zoning, 
taking into consideration factors such as occupant densities, zone 
orientation and after hours requirements.

The following factors should be taken into account during the 
design stage:

` Selection of air diffusers (outlets) with high turn down ratios1 
enabling the reduction of air flow to zones which do not 
require conditioning whilst maintaining air flow and good 
air distribution2

` When selecting the AHU consideration should be given to 
fan efficiency and modulation of air flows during part-load 
conditions. High efficiency electric motors controlled by 
variable speed drives which sense duct pressure through 
sensors located on the index run3 should be installed

` Reducing pressure drop and air leakage reduces 
energy consumption

` Rather than controlling the fan speed to maintain a fixed 
pressure point, a dynamic reset which maintains duct 
pressure through VAV damper positioning will deliver the most 
cost effective savings

` Air side pressure drops through components such as air 
filters, heat exchanger coils, attenuators, ductwork bends and 
transformations must be kept to a minimum and the use of 
flexible ducting, especially on index runs, should be reduced

`  It is important to ensure good sealing of duct joints and the 
allocation of sufficient space to allow for optimal duct layout, 
in order to minimise duct pressure drops

` The use of demand controlled ventilation (DCV) using 
CO2 sensors provides a good balance between energy 
conservation and IAQ

` Consideration should be given to after-hours operation with 
the system having the capability to shut down areas not in 
use. Ideally each tenancy should have a room serviced by 
a small supplementary HVAC system for after-hours use by 
few people.

Additionally, specifications must address the minimisation of air 
leakage from the building and air distribution ducts, and should 
state the maximum allowable leakage rates. The pressurisation 

and verification of leakage from ducts during commissioning 
is important. Specifications should also require thorough 
commissioning of HVAC systems in accordance with Green Star 
requirements which refer to AIRAH, CIBSE and ASHRAE guides4 
with additional clauses that mandate the verification of testing, 
monitoring and fine tuning.

Figure 2: Air Handling Units at 4 Mort Street, Canberra

Installation, Commissioning and Fine Tuning

The appropriate installation of AHUs and air distribution 
systems is essential to minimise air leakage and pressure drops. 
Poor ductwork layout, inappropriate use of flexible ducts, and 
inadequate sealing at joints and access points, are all common 
areas at fault. The current edition of AS 4254.2 -2012 Ductwork for 
air-handling systems in buildings mandates air leakage testing for 
systems > 3m³/s.

Commissioning is an area which is often neglected due to 
time and money constraints, however, it can have enduring 
effects on building system performance and energy efficiency. 
Commissioning should be carried out by a competent specialist 
with a good working knowledge of the AIRAH, CIBSE and 
ASHRAE guides and a thorough understanding of the types of 
systems installed. Traditionally there is little interaction between 
the designer and the commissioning specialist leading to 
sub-optimal performance.

1 High turn down ratio refers to the range of air flows a diffuser is able to control with acceptable accuracy.
2 Air distribution is expressed by the air distribution performance index (ADPI).
3 The index run is the run that experiences the highest drop in pressure. Traditionally sensors have been located in other positions such as on the 

discharge side of the fan or 2/3rds of the way into the longest duct.
4 See www.gbca.org.au, www.airah.org.au, www.cibse.org.au, and www.ashrae.org for further information.
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To enable comprehensive commissioning and fine tuning, 
buildings should be operated over a 12 month period, allowing 
exposure to seasonal weather changes, under actual occupancy 
conditions. During this period, with the aid of building 
management systems (BMS), the HVAC plant should be closely 
monitored and the performance optimised. With regards to 
AHUs, this period should be used to investigate the operation of 
VAV boxes with close attention paid to maximum and minimum 
air flows, heating and cooling coils, the use of re-heat, the 
modulation of AHU fan speed and optimised strategy features 
such as chilled water reset. Other features such as optimum  
start/stop, operation of the economy cycle, night purge and 
CO2 based demand controlled ventilation (DCV) should also 
be optimised.

Maintenance and Operation

The performance of AHUs will deteriorate quickly with ineffective
maintenance. Increased pressure drop through air filters, 
leaking control valves, faulty actuators and dampers, dirty heat 
exchangers, and sensors drifting from calibration are all root 
causes for energy wastage and loss of occupant comfort.

Also important is good operation of the system, which essentially
requires a balance to be struck between occupant requirements,
workplace health and safety and energy efficiency in a cost 
effective manner5.

 

 
 

AHUs in Existing Buildings

Facility managers in existing buildings, faced with the challenge 
of delivering energy performance targets (such as 4.5 stars 
NABERS Energy Rating) within a limited budget, have the 
dilemma of selecting the available options. For a building such 
as 4 Mort Street, with a limited budget and in situ tenants it was 
not practical to convert the existing constant volume system to 
a chilled beam system (which has less air circulation and cooling 
energy, therefore, consume less energy) or a full VAV system, the 
costs and disruption being prohibitive.

The correct approach is to look carefully at the existing systems 
and to implement as many energy saving features as possible (as 
described above). Minimising plant operation through changes to 
control parameters such as temperature and humidity set points, 
programming occupancy schedules and implementing energy 
smart strategies such as optimum start/stop, correct operation 
of economy cycle, night purge (which uses cooler ambient air 
at night time to pre-cool the building), and dynamic pressure 
set points are very cost effective. Monitoring the HVAC system 
through the BMS and eliminating issues such as spurious heating 
and cooling, wasteful re-heat due to leaking control valves, 
poor air flow settings and/or faulty VAV box controls, will deliver 
significant savings with limited expenditure.

If the existing air distribution system is of a constant volume 
type and does not have branch dampers at individual floors, any 
after-hours usage of HVAC will be wasteful due to the system 
needing to supply the entire building rather than the specific area 
where the conditioning is required. Such a system presents an 
excellent opportunity for saving energy through the installation 
of motorised dampers at the floor branches. If existing volume 
control dampers are present and in good condition, it may be 
possible to supply and install motorised actuators to the existing 
dampers, minimising disruption.

4 Mort Street Retrofit

The following upgrades were undertaken at 
4 Mort Street Canberra:

` The existing constant volume air handling systems were 
converted to semi VAV as outlined in Figure 3, with an 
additional two AHUs included (four AHUs replacing the 
previous two)

` As the existing branch dampers were motorised, pitot tube 
type anemometers were installed to measure the air flows 
into the branch ducts, CO2 sensors were installed to the zones 
and variable speed drives were installed to the new AHU fan 
motors

` During initial warm up the dampers are designed to open to 
deliver required air flows (as measured by the pitot tubes). 
When zone temperatures are satisfied, the BMS reduces the 
air flows to the branches, whilst monitoring minimum air flows 
and CO2 concentrations. The system in effect performs as a 
semi-VAV system with control at floor level and part floor level 
(on some floors), rather than using VAV terminals

` Given financial constraints and the requirement for minimal 
tenant disruption, the existing four way supply air diffusers 
were retained. Had these been replaced with swirl type 
diffusers, the outcome would have been better with more 
energy savings and better air distribution

` The AHU heat exchangers were also sized to enable the new 
boilers to fully condense and the chillers to have higher chilled 
water temperatures, hence higher efficiency.

This system has performed satisfactorily to date with no issues 
with occupant discomfort, and has contributed to the energy 
performance of the building achieving a 4.5 star NABERS 
Energy Rating.

5 For further information see the HVAC HESS publication, Guide to Best Practice Maintenance & Operation of HVAC Systems for Energy Efficiency, 
found at: www.climatechange.gov.au/en/government/initiatives/hvac-hess
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Figure 3: D iagram showing semi variable air volume 
handling systems at 4 Mort Street, Canberra
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HVAC HESS

The Heating, Ventilation and Air-Conditioning High Efficiency 
Systems Strategy (HVAC HESS) is a ten year strategy under 
the National Strategy on Energy Efficiency that aims to drive 
long term improvements in energy efficiency of HVAC systems 
Australia wide. Under the Energy Efficiency Working Group 
(E2WG), the Commercial Buildings Committee (CBC) manages the 
implementation of the HVAC Strategy. The CBC is comprised of 
representatives from Australian, State and Territory Governments.

The Strategy takes a whole of life perspective in targeting HVAC 
efficiency improvement, encompassing the design, manufacture, 
installation, commissioning, operation and maintenance stages 
of the HVAC lifecycle. The Strategy consists of a number of 
complementary measures that fall under the three broad 
initiatives - People, Practices and Systems. This BMS factsheet 
specifically relates to Systems. It is one of a suite of factsheets 
developed to provide a quick overview and reference to inform, 
educate, and encourage energy efficiency in the HVAC industry.
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