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An overview
Transcritical CO2 technology has been deployed in a variety of applica-
tions across the world for many years. From traditional supermarket 
applications to convenience stores and industrial cold storage appli-
cations; even on cruise ships and for ice rinks – there are hundreds of 
examples of successful installations globally.

The following pages showcase examples of a multitude of different 
transcritical  CO 2  installations,  varying  in  size  and  location,  catego-
rized by type of application. Whether in a small, convenience store 
type of installation, or the more conventional commercial retail one; 
even industrial projects – transcritical CO 2 is worth considering when 
designing an HVAC&R installation. Here is how others have done it...
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COMMERCIAL APPLICATIONS 

SUPERMARKETS/ RETAIL 
4U.S.:  A  75,000ft2  [6,968m2]  Seed  to  Table  Market,  a 
refurbished Albertsons store that opened in December 
2019  in  North  Naples,  Florida,  the  most  southeas-
tern state in the U.S., has installed a transcritical CO 2 
system.  The  system  includes  three  rooftop  adiabatic 
gas coolers, which helps the system function efficiently 
in the balmy climes of southwest Florida.

Having recently been installed, the energy usage of the 
transcritical system has yet to be assessed. But, despite 
the high ambient of North Naples, the energy consump-
tion of the system as compared to that of a traditional 
DX system is “parity, probably using a little more.”

5U.S.: Weis Markets, a Mid-Atlantic chain of 204 grocery 
stores, reported dramatic energy savings with transcri-
tical CO 2 in 2019. The chain’s first transcritical system 
consumed less energy than three other store systems 
during an 8.5-month test.

Weis’s  first  transcritical  CO2  refrigeration  system  was 
installed  at  a  54,000  ft2 [5,017  m2]  store  in  Randolph, 
N.J., in July 2018. Its energy usage during that period 
was 250,790kWh [71,654RTh], substantially below the 
energy consumed by the other systems, all based on 
HFC or HFO refrigerants: 32% less than a 1.5-year-old 
secondary  glycol/DX  system,  39%  less  than  a  seven-
year-old  distributed  rack  system,  and  86%  below  a 
23-year-old centralized DX system. 

The test period included August and September 2018, 
when high ambient temperatures, particularly during a 
two-week period, challenged the efficiency of a trans-
critical  system.  Yet  Weis’s  unit  consumed  less  energy 
during that period than the other systems.

6Europe: An Italian supermarket chain is using 
groundwater as a cooling fluid to condense the CO 2 in 
a  transcritical  system  in  a  remodeled  store  in  Milan. 

The  400m 2  [4,306ft 2]  remodeled  store  was  officially 
opened  in  December  2019,  after  a  two-month  refur-
bishment period. 

Using groundwater as a cooling fluid allows the system 
to run subcritically in the warm summer months and 
reduces  the  electricity  consumption  of  the  compres-
sors.  The  groundwater  used  as  a  cooling  fluid  in  the 
system  is  15  to  20°C  [59  to  68°F]  warm  year-round. 
This allowed to set a 25°C [77°F] condensing tempera-
ture in the system, using a plate heat exchanger. The 
use  of  groundwater,  instead  of  air,  to  condense  the 
CO2, allows the system to run in subcritical mode even 
during the hottest summer months when the ambient 
air temperature is 27 to 28°C [81 to 82°F] or more.

In the winter months the system is designed to run in 
transcritical mode to satisfy the supermarket’s need for 
hot water. To achieve the needed hot water, the system 
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employs heat recovery, which can recover up to 42kW 
[12.0TR] in winter, equaling “total” heat recovery, and 
increasing the system’s COP to 4.2. The capacity of the 
Milan system is 30kW [8.5TR] for medium temperature, 
6kW [1.7TR] for low temperature and 40kW [11.4TR] for 
high temperature (air conditioning). 

7Europe:  Migros  Ticino,  a  cooperative  that  is  part  of 
Swiss retail giant Migros, installed its first transcritical 
CO2 system in 2009 already. Now the company, which 
operates  33  grocery  stores  among  other  businesses, 
has taken its commitment to natural refrigerants one 
step further and installed its first fully integrated CO 2 
system at a store in Riazzino, Switzerland, in the Italian-
speaking section of the country.

The system provides for the store’s refrigeration, winter 
space heating and summer air-conditioning requi-
rements.  The  transcritical  CO 2  compressor  rack  has 
subcooling, heat pump and chiller sections, and works 
with two separate water tanks providing the secondary 
fluid for the HVAC requirements. The system has been 
tested  down  to  -5°C  [23°F]  in  winter  and  up  to  42°C 
[108°F]  in  late  June,  meeting  the  store’s  needs  in  all 
conditions, according to Rossi.

8Europe: German retail giant Metro recently replaced an 
inefficient, 20-year-old R404A refrigeration system at an 
outlet in Ruse, Bulgaria, with a transcritical CO 2 system 
equipped  with  ejectors  –  with  zero  downtime  at  the 
store. This was done in a move towards natural refrige-
rants and to save electricity. The transcritical CO2 system 
is Metro AG’s 18th with ejectors.

Metro’s 7,000m 2 [75,347ft 2] Ruse store opened in 1999 
and  was  due  for  an  upgrade  this  year  to  improve  its 
overall efficiency. In only four months (from May 
until end August), the entire refrigeration system 
was  replaced,  and  various  other  improvements  were 
made, including the addition of glass doors to fridges 
to minimize openings and thus save energy. The new 
system  will  realize  a  projected  electricity  saving  of 
a  minimum  20%  for  cooling  and  more  than  35%  on 
heating, explained Schulze. 

9South Africa: Local retail/wholesale outlet 
Evergreens opted for a transcritical CO2 refri-
geration system in its brand new 22,000m 2  
[236,  806ft2]  store  in  Johannesburg,  which  opened  in 
August. The new store boasts the largest transcritical 
CO2 installation in the South African commercial sector 
–  and  one  of  the  largest  commercial  systems  in  the 
world – with a refrigeration capacity of 1.9MW [540TR] 
serving 167 loads. 

The  main  distribution  board  manages  the  racks  as 
well as the evaporator coils. The racks, each with 
medium-temperature and low-temperature circuits, 
cool about 167 points, including various cold and 
freezer rooms, freezer and cold cabinets, and chillers. 
Loads range in temperature depending on the product, 
with the freezer rooms being kept at -20°C [-4°F], the 
citrus  at  2°C  to  5°C  [36°F  to  41°F],  and  the  avocados 
and bananas at 14°C [57°F]. This is because if it is too 
hot, it will ripen fruit too fast, and if too cold, will make 
the fruit go black.
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The estimated heat rejection is around 384kW [109.7TR], 
and this is used to heat water from 20°C to 55°C [68°F 
to 131°F]. Hot gas defrost has been included instead of 
the normal element heater that uses a lot of electricity.

10South Africa: In September 2018, food retailer Pick n 
Pay (PnP) opened its first transcritical CO 2 store, based 
in Milnerton, Cape Town. Today, it has 16 transcritical 
stores  in  South  Africa  (as  per  a  presentation  during 
ATMOsphere Cape Town 2020) with a projected 32 by 
end of 2020. 

The  booster  system  with  parallel  compression  was 
manufactured  locally  and  the  rack  is  fitted  with  10 
compressors, four of which run the medium-tempera-
ture side, two doing parallel compression, three running 
the  low  temperature,  and  one  satellite  low-tempera-
ture  compressor.  The  compressors  are  piped  to  four 
circuits: -36°C [-32.8°F] to the fish island freezer; -28°C 
[-18.4°F] to freezer cabinets and freezer store; and -8°C 
[17.6°F] to the medium-temperature cabinets. Two 
compressors  are  piped  to  provide  parallel  compres-
sion  of  flash  gas.  Included  in  the  rack  is  a  plate  heat 
exchanger to reclaim heat for heating of hot water to 
55°C [131°F], which is used for washing and cleaning in 
the bakery, butchery, food preparation areas, and for 
staff ablution.

11Australia: Thanks to its natural refrigeration 
system, a significant reduction in carbon footprint 
is  projected  for  the  new  IGA  Supa  retail  and  liquor 
store,  which  opened  in  Creswick,  Australia  in  August 

2019.  “We  will  have  a  47%  reduction  in  our  carbon 
footprint  because  we  chose  natural  refrigerants  over 
high-GWP refrigerants, and our emissions will be  
6,209  CO2e  tons  less  per  year,”  said  the  owner.  They 
also  heat  the  store  and  produce  hot  water  from  the 
excess heat generated by the CO2 system, further 
reducing costs and emissions.”

Other considerations that motivated the business case 
for a CO 2 system were cost savings, energy efficiency 
and future-proofing the store.

12Australia: A recently opened Woolworths 
Supermarket in Burwood, a suburb of Melbourne, 
Australia, is the first supermarket in the world to 
become associated with certification from the stringent 
Living Building Challenge (LBC) performance standard, 
in part by employing two transcritical CO 2 refrigeration 
systems and doors on all meat and dairy cases.

Three  transcritical  CO 2  refrigeration  racks  are  being 
used  by  Woolworths  in  the  shopping  center,  two  for 
the  supermarket’s  chillers  and  freezers,  and  one  for 
the Dan Murphy’s liquor store (part of the Woolworths 
group) located inside the center. Both systems include 
parallel  compression.  Doors  have  also  been  included 
on  all  meat  and  dairy  cases,  which  will  reduce  the 
energy  consumption  by  around  30%,  by  preventing 
cold air from spilling from the cases, noted Woolworths. 
Energy  is  also  further  reduced  by  use  of  waste  heat 
from refrigeration to heat the store and switching off 
lights after hours.
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13New Zealand: The Fresh Choice Papamoa and 
Countdown  Hāwera  food  retail  stores  both  opened  in 
2019, each with an energy efficient transcritical CO2 

system.  With  regards  to  energy  efficiency  and  savings 
expected, both stores are expected to typically save “5% to 
8% over a new, well-engineered equivalent HFC system.”

Countdown Hāwera in Taranaki is New Zealand’s first 
«Be  Accessible»-accredited  supermarket,  designed  to 
be inclusive and accessible to everyone regardless of 
ability. Fresh Choice Papamoa, part of the Woolworths 
New  Zealand  group,  boasts  a  unique  heat  reclaim 
system. Instead of having two heat exchangers on the 
rack, only one heat exchanger was used both for the 
hot water and the HVAC systems.

14South America: In 2019, Makro, a division of Dutch 
conglomerate SHV Holdings, has installed a transcritical 
CO2 system at its new Valle del Lili supermarket in Cali, 
Colombia. With more than 3,400m 2 [36,597ft 2] of sales 
space, the store has achieved Leadership in Energy and 
Environmental Design (LEED) certification thanks to the 
measures put it place to reduce water and energy.

The  installation  features  a  transcritical  CO 2  refrige-
ration  system  with  parallel  compression.  The  cooling 
capacity is 130kW [37.1TR] on the medium-tempe-
rature side and 4kW [1.1TR] for low temperature.  

As a special safety feature, the rack has been equipped 
with a controlled suction-gas super heater, which 
reduces the “oil throw” in the compressors and ensures 
the stable operation of the system, even if the cooling 
cabinets  work  under  discontinued  super  heating.  In 
addition, the installation includes a gas cooler (cooling 
capacity:  254kW/72.2TR),  electronic  expansion  valves, 
and  self-service  doors  –  all  to  maximize  energy  effi-
ciency and to reduce the store’s carbon footprint.

15China: One of China’s first transcritical CO 2 systems 
–  installed  in  a  remodeled  store  –  has  been  installed 
in 2019. The transcritical  CO 2 system was installed at 
a CSF Market store in Beijing in July 2018 as a part of 
a  three-month  store  renovation  project.  The  system 
replaced the store’s old R22 system.

The transcritical CO 2 system installed at the CSF Market 
store  includes  a  parallel-compression  system.  All  the 
different configurations and technologies available 
for transcritical CO 2 systems such as ejectors, parallel 
compression and booster configurations, are directed 
towards gas cooler outlet temperature control. 
According  to  the  manufacturer,  the  customer  is  very 
satisfied with the energy savings. The system deploys 
heat  recovery,  which  made  the  system  save  energy 
compared to the former R22 system.
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