
Proprietary and Confidentia l

CHARGE PRESERVATION
Approaches to Manage CO2 Charge 
During Power or Service Events

Senthilkumar Shanmugam
Technical Program Manager CO2 Center of Excellence

P R E S E N T E D  B Y



Proprietary and Confidentia l

Proprietary and Confidential Information

2



Proprietary and Confidentia l

3

AGENDA | TOPICS

• CO2 Overview

• Current CO2 Booster System Design Pressures

• Increased Pressure Assessment 

• Approaches to Manage Increased Pressure 
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Why CO2 as a Refrigerant ? 

ODP GWP

CO2 R744 0 1

HCFC R22 0.05 1810

HFC R404A 0 3922

HFC R407A 0 2107

HFO R448A 0 1273

HFO R449A 0 1397

NH3 R717 0 0

ASHRAE classified A1 refrigerant

Refrigerant

Environmental Impact

Benefits of CO2

1 - GWP (Global Warming Potential)

0 - ODP (Ozone Depleting Potential)

Non-Toxic and Non-Flammable

Push to move away from 

HCFC/HFC refrigerants
Store Load 

(BTU/LBS)

HFC R507A 42.6

HFC R404A 44.0

HFO R449A 59.8

HFO R448A 60.0

HFC R410A 66.4

CO2 R744 100.5

NH3 R717 458.6

(70% MT / 30% LT)

Refrigerant

Higher Cooling Capacity

Smaller compressors & line sizing

Less Refrigerant

Higher Density

Store Cooling Capacity

105⁰ CondTemp with 5⁰ Subcooling
LT -20⁰SST/MT +20⁰SST
CO2 Flash Tank @ 33⁰

Based off Store Conditions

Increased coil efficiency, lower TD

Natural Refrigerant

Regulatory Compliance

Future Cost Avoidance

Energy Efficient

Carbon Emission Reduction

No PFAS

Design | Application of CO2 as a Natural Refrigerant
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Subcritical vs. SupercriticalCO2 P-h Diagram |
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CO2 System 

Design 

Pressures
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• MT Discharge: 130 bar

• LT Discharge/MT Suction: 45 bar

• Flash Tank: 45 bar

• LT Suction: 30 bar

130 / 45 / 45 / 30

MT TRANSCRITICAL
COMPRESSORS

MT SUCTION / LT DISCHARGE 
LINES
DESIGN: 45 BAR (650 psig)
OPERATING: 28 BAR 

(407 psig) +20F

LT SUBCRITICAL 
COMPRESSORS

LT SUCTION LINE
DESIGN: 30 BAR (420 psig)
OPERATING: 14 BAR 

(200 psig) -20F

LT
DISPLAY
CASES

HIGH PRESSURE
CONTROL VALVE

LIQUID LINE
DESIGN: 45 BAR (650 psig)

OPERATING: 35 BAR 

(508 psig)

30 BAR

45 BAR

130 BAR

FLASHGAS
BYPASS VALVE

MT
DISPLAY
CASE

CO2 MT DISCHARGE GAS

CO2 LIQUID

CO2 MT SUCTION GAS

CO2 LT SUCTION GAS

CO2 LT DISCHARGE GAS

MT DISCHARGE
DESIGN: 130 BAR (1885 psig)
OPERATING: 45 -115 BAR 
(650 -1660 psig)
(varies with ambient)

7

CHARGE PRESERVATION | CO2 System Design and Operating Pressures
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CHARGE PRESERVATION | 
Sequence of Events during 
Power Outages & Charge Distribution

• The High-Pressure valve and Flash Gas 

Bypass valve closes (powered by UPS)

* based on 1:3 LT/MT load ratio

This separates the system into four 

quadrants 

• All Expansion valves close (NC valves)
MT TRANSCRITICAL
COMPRESSORS

MT SUCTION / LT DISCHARGE 
LINES
DESIGN: 45 BAR (650 psig)
OPERATING: 28 BAR 

(407 psig) +20F

LT SUBCRITICAL 
COMPRESSORS

LT SUCTION LINE
DESIGN: 30 BAR (420 psig)
OPERATING: 14 BAR 

(200 psig) -20F

LT
DISPLAY
CASES

HIGH PRESSURE
CONTROL VALVE

LIQUID LINE
DESIGN: 45 BAR (650 psig)

OPERATING: 35 BAR 

(508 psig)

30 BAR

45 BAR

130 BAR

FLASHGAS
BYPASS VALVE

MT
DISPLAY
CASE

CO2 MT DISCHARGE GAS

CO2 LIQUID

CO2 MT SUCTION GAS

CO2 LT SUCTION GAS

CO2 LT DISCHARGE GAS

MT DISCHARGE
DESIGN: 130 BAR (1885 psig)
OPERATING: 45 -115 BAR 
(650 -1660 psig)
(varies with ambient)

Estimated Typical Charge Distribution in the System* ~ % of Total
Relief Valve 

(bar)

High Side Charge (MT Discharge to High Pressure Valve) 23 120/130

Liquid Charge (From Receiver to EEV) 46 45

MT Suction Charge (From EEV to Compressor Suction Valve) 17 45

LT Suction Charge (From EEV to Compressor Suction Valve) 14 30

130 / 45 / 45 / 30
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Increased 

Pressure

Assessment
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1A
1A

1B

1B

1C

Freezer

1D

Comp Room, Rack

Sales Area

1E

CHARGE PRESERVATION | CO2 Booster System Equipment Location : Indoor

Roof, Ambient Temperature

Room Temperature ~ 72F

Compressor Room Temperature ~ 72F to 85F
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1A
1A

1B

1B

1C

Freezer

1D

Rack

Sales Area

1E

CHARGE PRESERVATION | CO2 Booster System Equipment Location : Outdoor

Roof, Ambient Temperature varies

Room Temperature ~ 72F
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CHARGE PRESERVATION | CO2 Booster System Design Pressure Assessment

State Low Temperature Medium Temperature

Entering Quality 0.22 0.07

SST -17°F 22°F

Quality: Vapor Mass lbs./

Total Refrigerant Mass lbs. = 1

Saturated vapor
Super Heat=10 R

State Low Temperature Medium Temperature

Return Gas Temperature 40°F 50°F

CO2 Liquid Inlet

State Low Temperature Medium Temperature

Average 

Quality
0.5 0.45

* Analysis carried out 

only at the evaporators - 
suction lines were

excluded for a more 

conservative engineering 
analysis
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Average Quality =0.5

Point 3: T= 173 F & P=45 bar/652 psig

Point 2: T= 29 F & P=30 bar/435 psig 

Point 1: SST=-17 F & P=14.7 bar/213 psig 

Point 1

Point 2

Point 3

Quality = 0.5

Low Temperature Evaporator* 

Points plotted on a graphic generated from NIST REFPROP

Quality = 0.37

* Analysis carried out only at the evaporators - suction lines 

were excluded for a more conservative engineering analysis



Proprietary and Confidentia l 14
14

Point 1

Point 2

Point 3

Average Quality =0.45

Point 3: T= 90.3 F & P=60 bar/870 psig 

Point 2: T= 50 F & P=45 bar/652 psig 

Point 1: SST=22 F & P=29 bar/420 psig 

Medium Temperature Evaporator*

Points plotted on a graphic generated from NIST REFPROP

Liquid

560PSI

740PSI

P 180

560PSI

620PSI
P 60 Vapor

* Analysis carried out only at the evaporators - suction lines 

were excluded for a more conservative engineering analysis
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Different 

Approaches to 

Manage Increased 

Pressure
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High Pressure Design: 130/80?/80?/80?Current Design 130/45/45/30

30 BAR

45 BAR

130 BAR
Major Component 

Changes – Back of 
Store:

• Pressure Vessels
• LT Compressors

• Rack piping
• Isolation, Relief, etc., 

Valves

• Instrumentation
• Filters, etc.

Major Component 
Changes – Inside 

Store:

• Evaporators
• Expansion Valves
• Solenoid Valves

• Store piping
• Isolation Valves

• Instrumentation

CHARGE PRESERVATION
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MT DISCHARGE
DESIGN: 130 BAR (1885 psig)
OPERATING: 45 -115 BAR 
(650 -1660 psig)
(varies with ambient)

MT TRANSCRITICAL
COMPRESSORS

MT SUCTION / LT DISCHARGE 
LINES
DESIGN: 45 BAR (650 psig)
OPERATING: 28 BAR 

(407 psig) +20F

HIGH PRESSURE
CONTROL VALVE

45 BAR

130 BAR

FLASHGAS
BYPASS VALVE

LT SUBCRITICAL 
COMPRESSORS

LT SUCTION LINE
DESIGN: 30 BAR (420 psig)
OPERATING: 14 BAR 

(200 psig) -20F

CO2 MT DISCHARGE GAS

CO2 LIQUID

CO2 MT SUCTION GAS

CO2 LT SUCTION GAS

CO2 LT DISCHARGE GAS

30 BAR

LT
DISPLAY
CASES

MT
DISPLAY
CASE

HFC Condensing Unit
and Heat Exchanger

• Maintains flash tank pressure (temperature) 

during extended power outage 

• Condensing unit - Uses HFC/HFO refrigerant

• Charge preservation in excess of 70%  
LIQUID LINE

DESIGN: 45 BAR (650 psig)
OPERATING: 35 BAR 

(508 psig)

CHARGE PRESERVATION | 130/45/45/30: Auxiliary Condensing Unit
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Small, integral compressor 
and gas recirculation system

Patent Pending

• Maintains flash tank pressure & Medium temperature 

suction pressure during extended power outage 

• Uses system’s existing CO2 refrigerant

• Charge preservation in excess of 70%

Charge 

Secure:
Design: 130 BAR 

(1885 psig)
Operating: 

23-115 BAR 
(650 -1660 psig)

(varies with 

ambient)

MT DISCHARGE
DESIGN: 130 BAR (1885 psig)
OPERATING: 45 -115 BAR 
(650 -1660 psig)
(varies with ambient)

130 BAR

MT TRANSCRITICAL
COMPRESSORS

HIGH PRESSURE
CONTROL VALVE

FLASHGAS
BYPASS VALVE

MT SUCTION / LT DISCHARGE 
LINES
DESIGN: 45 BAR (650 psig)
OPERATING: 28 BAR 

(407 psig) +20F

LT SUBCRITICAL 
COMPRESSORS

LT SUCTION LINE
DESIGN: 30 BAR (420 psig)
OPERATING: 14 BAR 

(200 psig) -20F

CO2 MT DISCHARGE GAS

CO2 LIQUID

CO2 MT SUCTION GAS

CO2 LT SUCTION GAS

CO2 LT DISCHARGE GAS

30 BAR

45 BAR

LIQUID LINE
DESIGN: 45 BAR (650 psig)

OPERATING: 35 BAR 

(508 psig)

CHARGE PRESERVATION | 130/45/45/30: ChargeSecure
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Questions?

Senthilkumar Shanmugam
Technical Program Manager CO2 Center of Excellence

Hillphoenix®

senthil.kumar@doverfoodretail.com 

Thank you for listening!

CHARGE PRESERVATION
Approaches to Manage CO2 Charge 
During Power or Service Events

mailto:smartin@doverfoodretail.com
mailto:smartin@doverfoodretail.com
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