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For some time now, the Australian government 
has understood that the HVAC&R sector offers 
big opportunities for reducing CO2 emissions 
and costs for end-users.

The review of the Ozone Protection and Synthetic 
Greenhouse Gas Management Program in 2014–2016 
recommended working with industry to develop 
information to better inform equipment owners of the 
benefits of proper installation of equipment and regular 
equipment maintenance. This would hopefully lead to 
reductions in both refrigerant leaks and energy use.

Key to the initiative was quantifying the benefits of 
HVAC&R maintenance. The major task was broken 
down into three distinct projects.

FAULT FINDING
The first, conducted by the Expert Group, was a 
global desk study that identified the most common 
and preventable faults found in refrigeration and air 
conditioning equipment. It also looked to quantify the 
energy penalties of these faults.

The resulting report, Leaks, maintenance and 
emissions, was published in early 2021. It found 
that the most common faults in HVAC equipment 
were incorrect refrigerant charge (over or under 
due to leakage); dirty condensers and associated 
mechanical issues; and dirty evaporators and 
associated mechanical issues.

Following the release of this report, real-world 
Australian data relating to faults and energy 
penalties was sought.

“When undertaking research for the maintenance 
study we uncovered one of the largest, centralised 
databases of air conditioning maintenance work 
orders, developed and maintained by Grosvenor 
Engineering Group (GEG),” says Peter Brodribb, 
M.AIRAH, Managing Director at Expert Group.

The extensive database, established and run by GEG 
since 2000, contained millions of assets across tens 
of thousands of buildings involving in excess of 
1,300,000 work orders. 

“We realised that this invaluable data would 
shine light on the prevalence of HVAC faults in 
Australia,” Brodribb says. “So we approached the 
key stakeholders and negotiated access to the data 
and funds to undertake the research.”

To ensure customer, building and employee 
confidentiality was protected at all times, 
the dataset was cleansed of all customer- 
and employee-specific information before being 
accessed by Expert Group. All building locations 
were also removed, other than identifying the 
state in which the building was located.

Once refined, the dataset used for analysis 
contained more than 260,000 repair work orders, 
reflecting more than $250 million in repairs on 
over 100 air conditioning asset types.

From this data, the maintenance study created 
an “encyclopedia” of commonly encountered 
faults or fault groups. 

Air Conditioning Faults – An Australian Analysis was 
published in late 2021 and confirmed the prevalence 
of a number of the frequently occurring faults that 
result in energy penalties to equipment owners.

The report also provides good insight into the 
prevalence of faults that do not cause energy 
penalties but do cause interruptions to service 
and costs to repair.

“Around a third of the faults do not result in an energy 
penalty, only a cost to the end-user,” says Brodribb.

Importantly, the report also revealed the need for 
the development of standard terminology and 
application of fault trees in fault reporting.

THE PRICE OF NEGLECT
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THE COMMON FAULTS
Using the GEG dataset, Expert Group determined the 
most commonly encountered faults or fault groups for 
all asset types.

Electrical faults (power loss to system or component) 
represented 16 per cent of service calls, as did 
controls faults (faulty sensors, actuators, algorithms 
or settings). Airflow faults (fan faults, ductwork 
blockage, duct leakage, poor air distribution) followed, 
representing 14 per cent of service calls.

Thermal comfort complaints (with no fault identified) 
represented 8 per cent of service calls.

Other faults of significance (resulting in service calls) 
included dirty air filters (7 per cent), fan or pump 
faults (5 per cent), refrigerant faults (5 per cent), 
issues with condensate drainage (5 per cent), 
mechanical component fault or failure (4 per cent), 
dirty equipment (3 per cent), fault on pipework 
system (3 per cent), miscellaneous faults (3 per cent) 
and waterflow faults (3 per cent).

To find the faults that incurred the largest energy 
penalties, some fault groups were disaggregated 
and/or combined into others. Some were removed 
completely, given the focus of the research was on 
air conditioning repairs.

This review left a top 10 of fault areas that impact 
energy consumed and energy productivity that 
can be addressed by maintenance.

THE SQUEAKY WHEELS
Remarkably, the top five energy penalty faults account 
for nearly 90 per cent of all work order/repair activity, 
with HVAC hygiene accounting for almost 35 per cent 
of faults that result in an energy penalty.

Control faults represent over 20 per cent of faults 
resulting in an energy penalty, followed by airflow, 
refrigerant and waterflow.

The “other” group of faults, including chiller, compressor, 
boiler and insulation faults, accounted for approximately 
15 per cent of faults resulting in an energy penalty.
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Figure 1: Most frequent faults that 
result in an energy penalty.

The refrigerant fault group contains three problem 
sources: refrigerant leaks, refrigerant charge level low 
(no leak detected), and refrigerant charge level high.

The most common fault reported in this group is 
refrigerant leak (85 per cent), followed by refrigerant 
low (12 per cent), and refrigerant high (3 per cent).

“Without examining individual work orders in detail, 
it is not possible to determine what proportion of the 
leak faults discovered were catastrophic leaks and 
which were slow or partial leaks,” says the report.

“Similarly, without examining work orders in detail, 
it is not possible to determine the charge level for 
the 12 per cent refrigerant low (no leak detected) 
faults discovered. As such it is impossible at this time 
to determine what portion of the reported leaks 
incurred long and accumulating energy penalties.”

BY EQUIPMENT TYPE
A more detailed examination of data was 
able to identify the six main equipment 
types that make up the vast majority of 
installed air conditioning equipment: 
chillers; ducted air conditioning (split); 
ducted air conditioning (packaged); VRV/
VRF systems; close control (CRAC) systems; 
and single split non-ducted systems.

Chillers – The most common chiller faults were 
associated with waterflow (23 per cent), controls 
(22 per cent), electrical (16 per cent), line/pressure 
(12 per cent) and refrigerant (9 per cent).

Fact: 80 per cent of all chiller faults were energy 
penalty faults. Figure 2 shows the top energy 
penalty faults in descending order.
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Figure 2: Top chiller energy penalty faults.

Single split ducted systems – The most prevalent 
faults were associated with airflow (19 per cent), 
electrical (17 per cent), filter (15 per cent) 
and controls (14 per cent).

70 per cent of all split ducted system faults 
were energy penalty faults. Figure 3 shows the 
top energy penalty faults in descending order.
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 Figure 3: Top single split ducted 
system energy penalty faults.

Packaged ducted systems – The most common faults 
were associated with electrical (19 per cent), airflow 
(14 per cent), filter (13 per cent), controls (13 per cent) 
and refrigerant (8 per cent).

69 per cent of all packaged ducted system faults 
were energy penalty faults. Figure 4 shows the 
top energy penalty faults in descending order.
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Figure 4: Top packaged ducted 
system energy penalty faults.

VRV/VRF systems – The most prevalent faults 
were associated with electrical (26 per cent), 
controls (17 per cent), refrigerant (13 per cent) 
and airflow (8 per cent).

63 per cent of all VRV/VRF system faults were 
energy penalty faults. Figure 5 shows the top 
energy penalty faults in descending order.
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Figure 5: Top VRV/VRF system energy penalty faults.

Close control air conditioner (CRAC) systems – 
The most prevalent faults were associated with 
airflow (21 per cent), electrical (18 per cent), 
controls (11 per cent) and refrigerant (11 per cent).

69 per cent of all CRAC system faults were energy 
penalty faults. Figure 6 shows the top energy 
penalty faults in descending order.
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Figure 6: Top CRAC system energy penalty faults.

Single split non-ducted systems – The most 
prevalent faults were associated with electrical 
(18 per cent), condensate/drain (15 per cent), airflow 
(15 per cent) and coil blockage (9 per cent).

61 per cent of all single split non-ducted system 
faults were energy penalty faults. Figure 7 shows 
the top energy penalty faults in descending order.
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Figure 7: Top single split non-ducted 
system energy penalty faults.

Airflow was also found to be in the top three faults 
for all equipment types, except for chillers where 
waterflow (the equivalent of airflow) was the 
most common fault.

“Airflow and waterflow faults impact the heat transfer 
and heat distribution within these systems, directly 
impacting energy productivity,” says the report. 
“Proactive maintenance that routinely inspects 
and cleans airflow and waterflow components 
of air conditioning systems (and refrigeration 
systems) would almost certainly avoid energy 
waste attributed to these faults.”
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Controls were also found to be in the top three faults 
for all equipment types, impacting the feedback and 
outputs from the system control elements.

“These faults tend to cloud or disable the system 
intelligence and its sensors, reducing a system’s 
ability to react correctly to the environment 
being controlled,” says the report.

Some controls faults, such as simultaneous heating 
and cooling, can be intensely energy wasteful.

Refrigerant was found to be in the top five faults 
for all equipment types.

“Most refrigerant faults (over 85 per cent) relate 
to refrigerant leakage and either operation on 
low charges or catastrophic loss of all refrigerants,” 
says the report.

AT FAULT
Unfortunately, Brodribb believes only 
a small part of the HVAC industry has a 
clear understanding of the impact of the 
maintenance practices on energy penalties and 
associated greenhouse gas emissions.

“These faults can result in compounding emissions, 
escalating operating costs and increasing total cost 
of ownership,” says Brodribb.

As an example, he says refrigerant faults can 
account for around 12 per cent of all work 
orders/repairs that result in an energy penalty. 

“We were surprised by the impact an annual leak 
rate of 5 per cent per annum, left unrepaired on 
a ducted split system, can have – resulting in 
an additional 200 per cent energy consumption 
over the lifespan of the equipment.” 

One of the challenges the industry faces in 
addressing such issues is that building owners and 
operators generally seek the lowest cost solution – 
influencing the predominant maintenance model 
and creating a lowest cost paradigm.

“Air conditioning maintenance service delivery is a 
highly competitive business in Australia,” says Brodribb. 
“The vast majority of clients adopt a reactive-only 
approach to maintenance – fix it when it breaks.”

Although acknowledging that some clients adopt 
a scheduled approach to inspections and minor 
maintenance work, he says very few adopt a 
truly proactive approach to maintenance.

Analysis by Grosvenor Engineering Group has shown 
that for specific sites and specific portfolio owners 
that move to a proactive and automated approach 

to maintenance, they will – in the medium term – 
reduce the overall costs of ownership of the system.

Due to the low number of clients that actually adopt 
such an approach, however, the research was unable 
to test this hypothesis for a significantly large 
representative group of buildings within a typology 
or of system types. Thus, it remains unproven.

“Industry contends that significant improvements can 
be made in the performance of the installed bank of 
equipment by focussing on correct sizing, installation, 
service and repair of equipment,” says Brodribb. 
“Undertaking these tasks will lead to cost-effective 
energy reductions and greenhouse gas abatement.”

SELLING EFFICIENCY
Instead of lowest cost driving the maintenance model, 
Air Conditioning Faults – An Australian Analysis reveals 
that the “selling of efficiency” must become core to the 
maintenance business model if change is to occur.

Other changes to the status quo could also drive 
improvements in system reliability, efficiency 
and energy outcomes, including industry 
education and mandatory maintenance.

“Even a half-day online training course to assist 
contractors or provide them with the data and tools 
on how to do this would help industry undertake this 
in a consistent and professional way,” says Brodribb.

As far as mandatory maintenance goes, Expert Group 
believes there is merit in introducing mandatory 
maintenance for commercial applications above 
certain capacities.

This could include routine leak checks for certain 
classes and sizes of HVAC&R equipment to 
reduce emissions, like those mandated under 
the European Union F-Gas Regulations.

“These requirements could be a framework to 
include other maintenance practices that target 
high frequency faults that result in an energy penalty,” 
says Brodribb. ■

Feature

INCREASING AWARENESS
“It is generally accepted that poor installation and 
lack of regular maintenance can have lifelong 
negative impacts on the efficient operation of 
HVAC&R equipment,” says Patrick McInerney, 
Director of International Ozone Protection 
and Synthetic Greenhouse Gas Section at 
the Department of Climate Change, Energy, 
the Environment and Water (DCCEEW).

“However, there does not appear to be more 
than anecdotal evidence available in the 
public sphere to support this understanding.”

McInerney says both industry and governments 
support the approach to increase the awareness 
and evidence around the benefits of routine 
maintenance practices on HVAC&R equipment. 

At the recent ARBS 2022 conference, a 
joint panel with industry leaders and 
the Australian Government presented 
on quantifying the benefits of routine 
maintenance of HVAC&R equipment. 

A bench testing project undertaken by 
the Australian government to measure the 

impact of four identified common faults 
found average energy losses were between 
14 to 20 per cent across most tests.

The findings are now available on the 
DCCEEW website.

“In terms of proactive maintenance outcomes 
related to this project, the Australian government 
will work with the HVAC&R industry and the 
community – households and businesses – 
to better inform and increase the awareness of 
the benefits of proper installation and routine 
maintenance,” says McInerney. 

“The results from the work undertaken to 
date will help provide reliable and accessible 
information to target the different audiences.

“It is important to note that there is no 
one solution to address this issue and 
working together with businesses, technicians 
and facility managers, contractors and 
retailers, governments and the industry as a 
whole, would provide the best outcome – 
including behaviour change, which is key.” ■

Airflow was found to be in the top three faults for all equipment types.


