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The global implementation of CO2 

systems in food retail has grown 

significantly in the past two 

decades. Sustainability objectives and 

regional regulations have given retailers 

renewed motivation to explore greener 

commercial refrigeration strategies. A 

recent study on natural refrigerant adop-

tion estimates there are up to 9,000 CO2 

installations in Europe, and more than 

260 CO2 stores currently in the United 

States. With zero ozone depletion 

potential (ODP) and a global warming 

potential (GWP) of 1, all-natural CO2  

(or refrigerant name R-744) has become 

a leading alternative to higher-GWP 

hydrofluorocarbon (HFC) refrigerants. 

But from a service technician’s perspective, CO2 has unique 

performance characteristics and operating peculiarities that dictate 

system design and impact maintenance requirements. Following are 

the key considerations to be aware of when servicing CO2 systems.

Low critical point (subcritical vs. transcritical) — R-744 has a 

relatively low critical point (1,055 psig or 87.8 °F) that determines its 

modes of operation. Subcritical mode refers to systems operating in 

regions with colder climates and lower ambient temperatures where 

the refrigeration cycle takes place below 87.8 °F. Transcritical mode 

takes place above this point (also referred to as supercritical); this is 

common in warmer regions or periods during the summer heat. 

Higher operating pressure — one of the common reservations when  

using CO2 is its relatively high operating pressure. But, it’s important 

to realize that high pressure only takes place in the beginning 

stages of the refrigeration cycle. Refer to the enthalpy diagram and 

accompanying transcritical booster system architecture. 

Point 1 is the start of the refrigeration cycle and the suction 

of medium-temperature compressors. As R-744 compresses on a 

hot day in a supercritical zone, pressures can reach 1,400 psig at 

240 °F (Point 2), where the refrigerant goes through the gas cooler/

condenser up on the roof. From there, it returns to the machine 

room where a high-pressure valve (Point 3) reduces the pressure to 

400–500 psig and stores the liquid in a flash tank (Point 4). The rest 

of the refrigeration cycle operates at pressures like that of a  

traditional R-410A high-side system. In most instances, the only 

true high pressures are during the heat of the summer and even 

then, it’s generally confined to the roof. To handle these high 

pressures, piping is typically stainless steel, although high-pressure 

ferrous alloy copper piping has recently been introduced. 

High triple point (possibility of dry ice formation) — triple point is 

the point at which the three phases of CO2 coexist (60.4 psig or  

-69.8 °F). While the temperature seems low, the pressure is relatively 

high by refrigerant standards. As the pressure approaches that point 

in CO2 systems, the refrigerant will turn to dry ice (an unusable state 

that’s neither a vapor nor a liquid). This can occur during main-

tenance when a contractor mistakenly thinks the lines are clear, 

taps the system and discovers the formation of dry ice. Typically, 

they will then have to wait until dry ice sublimes (i.e., evaporates) 

and ensure that the lines are dry before charging the system.

System charging — the high triple point affects R-744’s charging 

procedures. After pulling a vacuum, the internal pressures of the 

system will be well below 60.4 psig. Since standard atmospheric  

pressure is 14.696 psig, the process cannot start with liquid 

charging. Instead, contractors must vapor charge the system 

(roughly to around 145 psig), and then wait until the system has 

equalized with 145 psig of vapor before charging with liquid. This 

ensures that no dry ice will form in the charging lines or anywhere 

of your system.

Managing scheduled shutdowns and power outages — when a 

CO2 system shuts down for longer periods of time, pressures will build 

more quickly than in an HFC system. There are strategies to preserve 

the system charge if you don’t want to evacuate R-744 through pressure 

release valves. The most reliable method is to install a generator with 

a standby condensing unit. When the power goes out, the generator 

powers a condensing unit that has a loop within the flash tank (i.e.,  

receiver) designed to cool the volume of liquid within the tank and 

keep pressures down. Smaller systems may utilize a fade-out vessel, 

which is essentially a large container that can accommodate the  

refrigerant to keep pressures low and maintain volume in the system.

Resumption of power — the electronic expansion valve (EEV) on 

every CO2 case utilizes a stepper motor or a pulse-width-modulated  

type of valve. When the power goes out, the stepper motor is 

frozen in that exact position, leaving the system’s CO2 evaporators 

susceptible to flooding. R-744 naturally migrates quickly to these 

cold evaporators, and when the system resumes, this can cause 

considerable damage to compressors. To avoid this, liquid line 

solenoids placed upstream of the EEV, supercapacitors or battery 

back-ups are often used on case controls to force the valves closed 

during a power outage. Many contractors perform power outage 

trials to give their technicians a chance to practice and understand 

the different issues that can occur before the store opens. 

Form a refrigerant plan — managing CO2 is different than what 

contractors may be accustomed to with traditional HFCs. Operators 

and contractors alike need to understand the local codes for storing 

R-744 cylinders (inside or outside the building), and develop an 

appropriate strategy. In a typical store that requires 2,000 pounds 

of refrigerant charge on hand, each cylinder that holds 50 pounds 

of gas may weigh as much as 200 pounds. This means it would 

take 40 bottles — or 8,000 physical pounds of refrigerant cylinders 

on hand — to prepare for the worst-case scenario of losing a full 

refrigerant charge. Contractors must make sure the facility can 

handle this storage requirement and plan accordingly to deliver 

refrigerant when needed. 

Other peculiarities

Aside from the aforementioned scenarios, there are also other 

idiosyncrasies to consider when dealing with CO2.

•  Since CO2 is already abundant in the atmosphere, it can be 

difficult to detect refrigerant leaks. 

•  Because CO2 is so unlike traditional HFCs, it’s a best practice to 

keep a dedicated set of CO2 gauges, high-pressure hoses and 

miscellaneous CO2 parts at each installation. 

•  Like any system, preventative maintenance is critical to managing 

the total cost of ownership.

•  It’s important to understand the consequences of trapping 

R-744; always have a pressure relief or check valve in place in the 

event R-744 gets trapped in the system.

•  For contractors, training of service personnel is critical. For end 

users and facility operators, using a company with CO2 expertise 

is equally as important.

•  System cleanliness and dryness are keys to efficient operation.

•  CO2 systems require the use of high-pressure controllers, elec-

tronic expansion valves, pressure transducers and temperature 

sensors to optimize pressures and refrigerant quality to the cases. 

Clearly, there will be a learning curve when adding CO2 servicing  

to your list of qualifications. But already many contractors are  

enjoying some of the perks of working on CO2 systems. Namely, 

the abundance of pressure transducers and temperature sensors 

gives contractors ready access to pressure and temperature  

readings at the controllers.

Because CO2 transcritical booster systems are prone to 
declining efficiencies in warmer climates, equipment  
manufacturers have developed several techniques to  
offset the impacts of high ambient air temperatures.

Spray nozzles — condenser that mists water to cool air 
across condenser coils

Adiabatic gas cooler — wet pads that line the outside of 
the condenser are used to cool air and keep the system 
from going into transcritical mode

Parallel compression — the flash tank feeds refrigerant  
to an independent compressor with increased suction 
pressure and smaller motor

Sub-cooling — cools the gas to reduce the BTU/lb. on the 
enthalpy curve and increase overall system efficiency

Gas ejectors — a means of using high-pressure gas energy 
to redirect medium pressure suction gas to the parallel 
compressors via the flash tank

Improving the efficiencies of 
CO2 transcritical booster systems


