
the responsive company™

CO2 Refrigeration
A climate friendly solution



the responsive company™

CO2 Refrigeration

Bruce R. Hierlmeier PE
Director of Regulatory Compliance and Refrigeration Technology
262- 392-6400
Bruce.Hierlmeier@zero-zone.com

2



the responsive company™ 3

Todays Agenda

 CO2 Overview
 Safety
 Startup
 CO2 Systems 
 Energy Efficiency Improvement
 Defrost
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Why CO2?
 Environmentally Exceptional

 Does not affect the ozone layer

 Up to 4,000 times less impact on global 
warming (vs. HFCs)

 Carbon footprint reductions of more than 
30%

 No Phase-Out Potential 
 Unaffected by legislation/taxation

 Reduced Refrigerant Costs
 Favorable Properties
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Why Not CO2?

 Higher equipment costs
 All expansion valves must be electronic
 High system pressures
 More safety concerns

 No trapped liquid

 Cold liquid

 Refrigerant is an asphyxiant and a narcotic

Challenges
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Why CO2?

 Good heat recovery
 Low cost- $3 per lb. compared to $20 or more lb.
 Smaller copper = lower installation cost- maybe depends on wall 

thickness
 Energy can be less than a traditional system*

 *Good design is critical!   

 Warmer geographical locations require more complex system design.

Other Advantages
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Why CO2?
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Propane

Ammonia

R404A,R448A, R744

R454B,R454C,R455A
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How Many Have Changed Over
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2018 2019 2020 2021 2022 2023
Conventional Racks

Centralized DX 1095 872 671 815 870 855
Advanced Racks

Distributed DX 1357 1071 1125 1318 1202 1096
CO2 Transcritical 219 191 202 275 313 322

CO2 Cascade 66 45

CO2 Secondary 
Loop

Glycol Secondary 
Loop 99 108 69 49 44 93

Brine Secondary 
Loop
Other
Total Advanced 1675 1370 1462 1687 1559 1529

Total 2770 2242 2133 2502 2429 2384
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Safety

It’s all about respect
 It is important to know that all refrigerant gases could be fatal 

simply by a lack of oxygen through air displacement.
 Most refrigerant gases including CO2 are denser than air, so they 

tend to collect near the floor. 



the responsive company™

Safety

 CO2 is not only an asphyxiant gas; it’s also a narcotic agent which 
reduces awarness of the danger.

 Our breathing rate is controlled by CO2 levels in our blood. The 
higher the level, the faster we breathe it in. 
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Safety

Personal Protection Methods

 Due to the high pressures encountered, greater awareness needs to 
be exercised around CO2 systems. Body position when working on 
the system

 Safety glasses, face shields, long sleeves, and gloves are needed to 
prevent an encounter with a jet of hot, high pressure discharge gas or 
being hit with a blast of dry ice.

 Closing off lines containing liquid CO2 will cause pressure in the line 
to rise over 1000 psi causing a possible rupture.   

 Depressurizing lines containing liquid will make dry ice plugs. If heat is 
then applied at the wrong spot, the line may rupture.

 Numerous relief valves on the system are a blast hazard or could 
cause fright if relieving unexpectedly.
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Successful Start-up

 Don’t cut corners
 Verify operation and calibration of sensors

 Verify operation of components

 Coordinate with other trades at the job site
 Once charged with refrigerant it’s “gotta go” (maybe)

 90 Bar designed systems

 CO2 condensing unit
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Types of CO2 Refrigeration Processes

 2 Basic Categories of CO2 systems
 Subcritical

 Cascade or low condensing system with primary refrigeration 
to condense the CO2

 System pressures generally do not exceed 650psi
 Transcritical

 Operates above the critical point of CO2 – 87.9 °F
 High side pressures above 1100 psi
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R-744 CO2

 When CO2 is approaching its critical point, the liquid and vapor 
densities are close. However, above the critical point there is no 
difference between liquid and vapor phases.

 Above the critical point CO2 liquid and vapor have the same 
appearance and density.

 Operating in the transcritical phase results in an energy penalty 
compared to traditional halo-carbon systems.  

Characteristics & Properties
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Information on a PH Diagram
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Left axis- Pressure – low to high
Bottom axis- Energy low to high
State- gas or liquid or mix
Temperature- evaporator and superheated
Critical Point (CP) 88deg F

Evaporator

Compressor

Gas Cooler

Electronic 
Expansion 
Valve

Flash Gas

Liquid

Vapor
Flash Gas
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Liquid

Vapor

Flash gas

Sub Critical Flash Gas

1 Compressor
2 Condenser
3 Expansion valve
4 Evaporator
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Liquid
Vapor

Flash gas

1 Compressor
2 Gas cooler
3 High pressure

expansion valve
4 Flash Tank
5 Expansion Valve
6 Evaporator

Transcritical Flash Gas
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Weather data examples – Phoenix AZ
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Weather data examples – Minneapolis
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Energy Improvements

 Modifying the flow path so more gas is directed to the compressors 
operating at the lowest pressure differential.

 Improvement is made by increasing the amount of energy each 
circulating pound of refrigerant can absorb.

 CO2 transcritical systems offer more opportunity for heat recovery.
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Energy Improvements

 Pressure difference for compressors is reduced by lowering the 
condensing/gas cooling temperature.  The most prominent method is 
using an adiabatic condenser/gas cooler.  
 The adiabatic feature can reduce the air temperature by around 20 deg F.  

 The wet bulb and dry bulb temperatures determine how much the air 
temperature can be reduced.

 Increasing the evaporating pressure by using liquid overfeed or wet 
return direct expansion

 Using additional devices to move CO2 vapor- ejectors, pressure 
exchangers, and parallel compressors
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Energy Improvements

 CO2 systems use a lot of liquid to suction heat exchangers.  The cool 
gas reduces the temperature of the liquid increasing it’s ability to 
absorb heat.   The heat exchange also warms the suction  gas to 
minimize the risk of flood back and CO2 entrainment in the oil.   

 Some designs will add a mechanical sub cooler to the outlet of the 
gas cooler.  The sub cooler may be it’s own refrigeration system or 
possibly tied to the buildings air conditioning system

 When operating in transcritical mode, the CO2 discharge gas is 
always at a higher temperature than a condensing temperature.  This 
results in higher grade heat and the possibility of smaller heat 
exchangers.
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Energy Performance 
Expectation:
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CO2 Transcritical Ice Arena Chiller

EER values
70 deg F.

Percent improvement
to base line

EER values 
85 deg F.

Percent improvement
to base line

Base line
Dry gas cooler / flash gas bypass 6.5 4.9

Dry gas cooler / parallel compression 8.8 35% 7 43%

Adiabatic cooler /  flash gas bypass 7.2 11% 6.9 41%
Adiabatic cooler / parallel 
compression 8.5 31% 7.4 51%

EER Improvement When Measured at 70 & 85 Deg F Ambient Temperature
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Hot Gas Defrost

 45 Bar Systems
 Outlet pressure regulator maintains hot gas header between 550 psig  (40 F) 

and 575 psig (43 F) 

 Reverse flow- gas flows through suction lines to / coil and returns to flash tank 
through a discrete header around 525 (36 F)

 Successful but longer defrost

 No artificial increase in pressure and no resulting energy penalty

High stage discharge gas
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Hot Gas Defrost

 90 Bar Systems
 4 Pipe systems

 Hot gas header pressure is regulated by a stepper valve to maintain  header 
pressure 750 and 800 psi

 Coil defrost back pressure is maintained by a stepper valve to at  684 psig  (55 F)

 Gas/liquid mixture  returns to the flash tank in a discrete header

 Higher coil pressure/temperature allows for faster defrosts

 No artificial increase in pressure and no resulting energy penalty

High stage discharge gas
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