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Machine room

Cascade system

R744 / R717
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R744 Liquid from cascade cooler

R744 Dry suction to compressor

R744                                  
Wet return from evaporator

R744                      
Liquid to evaporator 

R744 separator -40°C
Example 1
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R744 Liquid from cascade cooler

R744 Dry suction to compressor

R744 separator -40°C
Example 2

R744 Wet return from evaporators

R744 Liquid to evaporators

R744
Separator

R744 By-pass 
Discharge from CO2 compressor
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R744 separator -40°C
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Cascade cooler

R744 / R717
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Defrosting
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Principle diagram: CO2 -NH3 cascade system 
Hot gas defrosting – CO2 high pressure compressor
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Principle diagram: CO2 -NH3 cascade system 
Hot gas defrosting – CO2 high pressure compressor + 

suction pressure control (ICS+CVC-HP)
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Principle diagram: CO2 -NH3 cascade system 
Hot gas defrosting – Liquid high pressure pump

+7 oC (42 bar)
+45 oF (610 psi)

-40 oC (10 bar)
-40 oF (145 psi)
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Principle diagram: CO2 -NH3 cascade system 
“Other” defrosting methods
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CO2 system with hot gas defrosting (52 bar)

Danfoss components application example 1

All valve direct coupled (welded) 
Design pressure 52 bar (750 psi)
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Valve station for plate freezer
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CO2 system with hot gas defrosting (ICF – 52 bar)

ICF 20-6

ICF  20-4

Danfoss components application example 2

All valve direct coupled (welded) 
Design pressure 52 bar (750 psi)
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Wet suction

Liquid
Defrost 
return

Hot gas

Evaporator

Valve station for evaporator
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All valve direct coupled (welded) 
Design pressure 40 bar (580 psi)

Danfoss components application example 3

CO2 system with Electrical or Glycol defrosting
(without drained liquid  (remaining CO2 need to evaporate))

ICF 20-6

Electrical or Brine heating

CHV
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Valve station for evaporator

with hot glycol defrost

R744 Wet return

R744 Liquid

Glicol return

Glicol inlet
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CO2 system with Electrical or Brine defrosting (52 bar)

All valve direct coupled (welded) 
Design pressure 52 bar (750 psi)

Danfoss components application example 4

Electrical or Brine heating
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All valve direct coupled (welded) 
Design pressure 40 bar (580 psi)

Danfoss components application example 7

ICF 20-6

Electrical or Brine heating

CO2 system with Electrical or Brine defrosting
(without drained liquid (remaining CO2 need to evaporate))
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Auxiliary Refrigeration system
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CO2 receiver

Auxiliary 
Refrigeration 

system 
(Condensing)

Dedicated 
generator

PS

Auxiliary cooling system - in case of power failure

Capacity dependent of system design and ambient 
temperature (~ 4kW / 1000 kW)

Auxiliary Refrigeration system 
Example 1
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Oil recovery
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CO2 – NH3 cascade system

Low stage –
Evaporator

CO2 receiver

Oil Rectifier

Cascade 
Cooler

Oil management system for systems with soluble (miscible) oils

T
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Oil recovery system
with soluble (miscible) oils
Example 1
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R744 Liquid from cascade cooler

R744 Dry suction to compressor R744 Wet return from evaporators

R744 Liquid to evaporators

R744
Separator

R744 By-pass 
Discharge from CO2 compressor

Oil recovery system
with soluble (miscible) oils
Example 2
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System control methods
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Cascade 
Cooler

Low stage –
Evaporator

CO2 – NH3 cascade system

CO2 receiver

Examples on control methods

Controller Controller

Controller
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Cascade 
Cooler

Low stage –
Evaporator

CO2 – NH3 cascade system

CO2 
separator

Examples on control methods

Controller Controller

Operation Safety
CO2 pressure 
• Design pressure of the system
4. Safety valve open
3. Force open solenoid valve
2. Start Stand-still unit
1. Start compressor(s) / stop pump
• “normal” operation range
• Stop compressor(s)  (avoid dry ice)

Controller

Auxiliary 
refrigeration 

system / 
Stand-still 

unit 
(Cooling)
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Other
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Low stage – 
Compressor(s)

High Stage – 
Compressor(s)

Cascade 
Cooler

Low Stage – Expansion 
valve

Low stage –
Evaporator

High Stage – Expansion 
valve

Low Stage – 
Liquid pump

CO2 – NH3 cascade system

CO2 receiver

Suction Heat Exchanger
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Water test samples
Vapour

Liquid
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Danfoss CO2 solution 
52 bar 

“direct weld”
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Danfoss components application example 1

CO2 system low pressure vessel make up
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Danfoss components application example 2

CO2 system low pressure vessel make up
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