
Out 
there
Lightning Ridge is poised 
for the Australian Opal Centre.

AUGUST–SEPTEMBER 2021  ·  VOLUME 20.5

RRP $14.95

PRINT POST APPROVAL 

NUMBER PP352532/00001



King of
cool

 F E AT U R EF E AT U R E

King of
cool



 F E AT U R EF E AT U R E

The use of CO2 (R744) in refrigeration 
and air conditioning has traditionally 

been associated with supermarket 
and cold storage settings.

But as Sean McGowan reports, 
a carbon dioxide system has 

proven to be the ideal solution 
for a South Australian 

cinema complex.

The use of CO2 (R744) in refrigeration 
and air conditioning has traditionally 

been associated with supermarket 
and cold storage settings.

But as Sean McGowan reports, 
a carbon dioxide system has 

proven to be the ideal solution 
for a South Australian 

cinema complex.

Prefabricated in Adelaide  
and fitted out with the new CO2 plant,  

the new plantroom was transported  
by road to Mount Gambier and craned  
into position on the cinema’s rooftop,  

supported by the building’s existing steelwork.



F E A T U R E

Mount Gambier’s Oatmill Cinema first 
opened its doors in December 1997 
with a screening of James Cameron’s 
award‑winning Titanic. The film would 
go on to play at the multiplex over a 
period of 21 weeks to 13,600 people.

But in truth, the story of Oatmill Cinema 
stretches back well over a century, to a 
time much earlier than the passenger 
ship’s doomed maiden voyage. 

Constructed of limestone between 1867 
and 1898, the Commercial Flour and Oat 
Mills complex on Percy Street was one of 
a number of mills established in the area 
by prominent mill owner and one‑time 
mayor, Thomas Henry Williams.

The heritage‑listed building functioned 
as a successful oats and wheat mill for 
over 100 years before finally ceasing 
operations in 1975. 

Although its days of crushing locally 
harvested oats and wheat are long 
gone, the building continues to play 
an important role in South Australia’s 
second most populated city. 

Almost 900m² in size, the modern 
multiplex features three cinemas, 
as well as foyer and projector room, 
with a total cooling demand of 212kW, 
and heating demand of 82kW.

Cinema 1 – the largest of three – 
has a cooling and heating demand of 
56kW and 30kW respectively; while 
Cinemas 2 and 3, as well as the foyer, 
each have cooling and heating demands 
of 45kW and 24kW. The projector room 
has a cooling demand of 16kW.

Until recently, the cinema complex 
had been well served by the original 

TYPE-CAST
The success of the CO2 system at 
Oatmill Cinema demonstrates the 
suitability of R744 in settings beyond 
supermarkets and cold storage.

“For too long, CO2 systems have 
been deemed as only being valid 
in those sectors and not the HVAC 
sector,” says Julian Hudson, M.AIRAH. 
“Consequently, its ability to do 
efficient, simultaneous heating and 
cooling in HVAC has been overlooked.”

“In this project we are heating and 
cooling air, but the same would be 
true if we were heating and cooling 
water in a hydronic system, so the 
opportunities are boundless.” ❚

The heritage-listed building functioned 
as a successful oats and wheat mill for 
more than 100 years.



reverse‑cycle HVAC system operating 
on HCFC refrigerant R22. But signs of 
deterioration including condenser coil 
fin rot, refrigerant leaks and performance 
issues led the cinema operator to seek an 
upgrade to the 23‑year‑old system.

COOL RUNNINGS
Well known for its unique research 
and development relationship as 
senior industry partner to the 
University of South Australia, 
Glaciem Cooling Technologies has 
implemented a number of innovative 
refrigeration designs, including 
at The Bend motorsports complex 
(see Ecolibrium August 2019).

Having previously discussed its various 
technologies with the developer of the 
Oatmill Cinema complex, Glaciem was 
sought out to design a replacement for 
the cinema’s four R22 reverse‑cycle 
units and one split air conditioning 
unit operating on HFC blend R407C.

“The existing HVAC units were the 
original units and well past their 
end of useful life, with significant 
refrigerant leaks proving costly,” 
says Glaciem managing director, 
Julian Hudson, M.AIRAH.

With the phase‑out of HCFCs 
like R22 ongoing, three options 
were initially considered.

One option involved the replacement 
of the R22 refrigerant with a 
400 series drop‑in refrigerant, 
while another considered the 
replacement of the existing 
reverse‑cycle units with new 
reverse‑cycle units. A third option – 
to replace existing plant with VRV/
VRF units – was also considered.

Using a drop‑in refrigerant was 
quickly ruled out when the age 
and condition of the existing 
plant was fully understood.
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PROJECT AT A GLANCE 

The personnel 

▲ Architect: DAS Studio

▲ Builder: Kennett Builders

▲ Client: Oatmill Holdings

▲ Mechanical services engineer:
Glaciem Cooling Technologies

▲ Mechanical services contractor:
Quik-Cool Australia

▲ Project manager:
Glaciem Cooling Technologies

The equipment

▲ BMS/PLC: Schneider

▲ Chiller:
Glaciem Cooling Technologies

▲ Compressors: Bitzer

▲ Heat exchangers: Modine

▲ Sensors: IFM

▲ VSDs: Schneider

(Source: Glaciem Cooling Technologies)

The existing HVAC units 

were the original units 

and well past their 

end of useful life



“Option two had a relatively low 
capital cost but would be operating 
on an HFC refrigerant,” says 
Hudson, “which wasn’t ideal as far as 
future‑proofing the investment was 
concerned – plus it offered relatively 
low efficiency.

“Option three had improved 
efficiency but still operated on HFC, 
and the removal of existing air 
handling units and ducted system 
would add to the capital cost of the 
project,” Hudson says.

With those three options discounted, 
Glaciem suggested the use of a CO2 
system that appeared to tick all the 
boxes in terms of future‑proofing, 
capital cost and efficiency.

Further analysis revealed the 
cinema’s electricity costs would be 
reduced by 40 per cent because a 
CO2 system is capable of providing 
simultaneous heating and cooling.

“Although installing a bespoke 
CO2 system had a larger equipment 
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Bosch, a global leader in heating boiler technology has introduced a range of
commercial heating boilers to the Australian market. For commercial heating
applications Bosch can offer steel fire tube and modular condensing
(AlSi heat exchanger) boiler technologies.

Bosch Commercial Heating

A full range of brochures, manuals, and technical and specification information is
available at bosch-thermotechnology.com.au or call 1300 30 70 37 for assistance.
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A CO2 system appeared to tick all the boxes  
in terms of future-proofing, capital cost and efficiency.
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cost compared to a VRF system,” 
Hudson says, “the actual total 
project cost was lower because 
the existing air handling units 
and associated ductwork could be 
reused, with only the coils in the air 
handling units replaced.”

AUSTRALIAN PREMIERE
Despite the advantages offered by 
a CO2 system, there was a concern 
that CO2 had never been used in this 
type of application. Certainly, neither 
Glaciem nor the cinema’s operator 
knew of any examples.

However, these concerns were quickly 
allayed due to Glaciem’s proven track 
record in successfully delivering 
CO2 systems in application “firsts”.

According to Hudson, the main design 
challenge was in designing two new 
CO2 heating and cooling coils in 
limited space. They would need to fit 
within the space that had previously 
accommodated just one R22 coil used 
by the old reverse‑cycle units.

Additionally, the location of the new 
CO2 plant became problematic.

“To maintain heating and cooling 
in the cinema, we planned for the 
old system to remain operational 
while the new plant was installed,” 
says Hudson. “Once the new plant 
was installed, the old plant would be 
decommissioned.

“But the old plant was located in a 
laneway behind the cinema, with 
no additional space for new plant. 
So, working with the architect we came 
up with a new plantroom structure.”
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LESSONS LEARNED 
Glaciem Cooling Technologies managing director Julian Hudson, M.AIRAH, offers 
his thoughts on how traditional thinking in HVAC design has resulted in proven 
technologies such as CO2 systems being overlooked.

“As an industry we have to move away from the business-as-usual approach to design,” 
Hudson says. “Just because it’s a commercial HVAC project doesn’t mean we have to 
install VRF, VRV or reverse-cycle units that are relatively low efficiency and operate on 
refrigerants that are being phased out. This approach doesn’t address the long term – 
it just defers the same issue to a later date.”

While he concedes CO2 is no silver bullet, and is not suitable for all applications, 
Hudson says each project should be considered as an opportunity to engineer the best 
solution for the client. 

“As an industry,” he says, “we will have to move towards this approach if we are going 
to reach a net zero future.” ❚
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PREFAB 
AND FAB
Prefabricated in Adelaide and 
fitted out with the new CO2 plant, 
the new plantroom was transported 
by road to Mount Gambier and 
craned into position on the cinema’s 
rooftop, supported by the building’s 
existing steelwork.

The new plant consists of four 
compressor racks operating on R744 
to provide 208kW of cooling and 
110kW of heating at 39.5 per cent heat 
recovery ratio. The plant also features 
a 280kW adiabatic gas cooler, with 
80kW of airside evaporator.

“This evaporator comes on when 
there is low cooling load in winter,” 
Hudson says, “but a high‑heating‑load 
CO2 rack cools the outside air.”

Each cinema, as well as the foyer, is 
served by the original air handling 
units (AHU) with separate 
CO2 cooling and heating coils. 

The projector room’s AHU features 
a CO2 cooling coil only, because 
no heating is required in this space.

The entire system has been piped 
with the heating coils in parallel 
with the main gas cooler.

Hudson says this configuration, along 
with the use of a three‑way modulating 
valve, allows each AHU to operate 
independently of the others, such that 
one cinema might be cooled while the 
foyer might be heated, for example.

CO2 detectors have also been 
installed on the supply‑air side 
of each AHU. 

In the event of a refrigerant leak 
that results in the CO2 PPM 
(parts per million) exceeding a 
low‑level set‑point, the flow of CO2 
is closed off and an audible alarm is 
generated. This includes a flashing 
warning light in the reception area.

One of the benefits of retaining the 
complex’s existing AHU systems is 

that the control system (thermostat, 
etc.,) was also able to be retained.

“It means that operationally,” 
Hudson says, “nothing has changed 
for the cinema’s staff.” 

The new CO2 system is independently 
controlled by new programmable 
logic controllers (PLC) featuring 
Glaciem’s own proprietary logic.

The old system sends on, off, cooling 
and heating calls to the Glaciem PLC 
through relays and digital inputs.

F E A T U R E

Keep HVAC&R Units Cleaner for Longer 
4 Up to 12 Month Protection    4 Non-Corrosive    4 Improve Indoor Air Quality & Reduce Running Costs
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Operationally, 

nothing has changed 

for the cinema’s staff

The system has been configured so that each AHU can operate 
independently of the others, such that one cinema might be 
cooled while the foyer might be heated, for example.
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NEW RELEASE
The installation of the new CO2 system 
at Oatmill Cinema was completed in 
April 2020, just as the nation began 
its COVID‑19 lockdown journey.

Despite restrictions easing in 
South Australia soon after, the cinema 
has not yet returned to normal 
operating hours and patron numbers. 
As a consequence, the new CO2 system 
still requires fine‑tuning.

According to Hudson, the system has still 
performed well at lower occupancy levels 
when providing cooling in summer and 
heating in winter.

“The data we have is in line with what we 
predicted,” he says. “However, the true 
energy savings won’t be fully realised until 
the cinema returns to normal operations.”

But with a number of blockbuster 
films now scheduled for release, 
a return to normal operations for 
Australia’s only cinemas to be cooled 
by CO2 won’t be far away. ❚

Energy savings won’t be fully realised  
until the cinema returns  

to normal operations.




