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Low Side Year-Round 
Energy Saving Strategies 

High Side Energy Saving 
Strategies for 166 US Cities

TCO StudyCO2 Climate 
Study 

CO2 Ultra Low 
SH Study

CO2 Heat 
Reclaim Study

CO2 Engineering Study Evolution
Partnered with consulting firms to provide impartial results

Comparing TCO of 8 
Supermarket System 
Architectures over 20 
yrs in 6  Ambient Zones

Maximizing CO2 Heat 
Reclaim Potential in Super- 
markets and Hyper markets 

TCO Study CO2 HR StudyCO2 Climate Study CO2 Ultra SH Study
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This Study Evaluates Impact of Evaporator TD, 
Superheat & Optimized SST to Improve 
Efficiencies in CO2 Systems Why did Copeland invest 

in this study?

Notables:
• Lowering superheat on CO2 booster systems is an emerging suction-

side strategy for optimizing year-round energy efficiencies. 
• Reducing evaporator superheat and increasing suction pressure in 

evaporators and suction lines will lower compression ratios and 
improve system efficiencies. 

• The value of increasing SST by reducing evaporator TD come from 
lowest temperature load.

Despite reports of the 

effectiveness of Ultra Low SH 

Strategies in Europe, very little 

data was available to validate 

its efficiency potential in the 

U.S. with DOE approved 

display cases and unit coolers
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CO2 Low Side Annualized Energy Saving 
Strategies. 

1. Evaluate Impact of Coil TD on       
Lowest Temperature Load

2. Evaluate Energy Saving  Potential 
of Dual Suction 

3. Evaluate Ultra Low to no Superheat 
Strategies 

4. Compare All Low Side Strategies 
with Different Coil TDs

Four Stage to the Study
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Display Cases and Unit Cooler with
DOE Certification 

214 Display Cases, MT & LT
o All DOE/AHRI1200 Certified
o Operating Condition @ Rating Point

• MT with 6-8°F SH
• LT  with 4-6 °F SH or 3-5°F SH 

o Coil (TD) Temperature Difference
o High TD=10°, Low TD=4°, Ave TD=6°

51 Unit Coolers, MT & LT 
 (All DOE/AWEF Certified)

o  All Unit Coolers Rated at 6.5°F SH 
o  Coil (TD) Temperature Difference

  All 10 °F TD

Initial Research 
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Basic CO2 Booster System 
• Basic Booster

• Dry Gas Cooler 

• MT 400MBH @ 18°F SST

• LT 100MBH @ -25°F SST

• 59°F Minimum SCT (Sat. Cond.)

• Flash Tank 38F,  537psig

• 14°F TD for SC;  6°F TD for TC

• Suction Line Losses: 2°F; MT & LT

• Software: EES used for modeling

• Weather data: NREL TMY3

• Sample Cities:
• Jacksonville, Fl
• Chicago, IL
• San Jose, CA

System Assumptions 

Meat
Deli

Cold
Room

Beverage
Produce

Freezer
Holding

Frozen
Food

Ice
Cream



Baseline System used in Modelling with Internal Heat Exchangers and 
Highest Coil TDs

Internal HX used
on MT and LT 

to alloy 
5°F superheat 

at every evaporator
to optimize 

performance

LT 

18°F SST

-25°F SST

Meat
Deli

Cold
Room

Beverage
Produce

Freezer
Holding

Frozen
Food

Ice
Cream

34°F Air, 10°F  TD

24°F SST

-4°F Air, 10°F  TD

-14°F SST

25°F RG

29°F RG

35°F RG

-11°F RG

-9°F RG

-18°F RG

MT = 400MBH

LT = 100MBH

*

*

2°F Equiv. Suction Line Losses  = 13psi MT
2°F Equiv. Suction Line Losses = 7.5 psi LT



Evaluate Coil TD on 
Lowest Temperature Load



CO2 Booster System Layout with Various Evaporator TD 

Product Type Type of Coil
Air off 

Temperature             
(°F) Range

Suction 
Line Losses 

(°F) 

Highest 
Coil TD 

(°F)

Compressor 
SST (°F) 

Lowest 
Coil TD 

(°F)

Compressor 
SST (°F) 

Average 
Coil TD 

(°F)

Compressor 
SST (°F) 

Meat/Deli/Dairy Display Cabinets 30 2 10 18* 4 24 6 22*
Cold Room Unit Coolers 34 2 10 22 10 22* 10 22*
Beverage/Produce Display Cabinets 38 2 8 28 4 32 6 30

Frozen Food Display Cabinets -6 2 10 -18 4 -12 7 -15
Frozen Holding Room Unit Coolers -4 2 10 -16 10 -16 10 -16
Ice Cream / Bakery/Seafood Display Cabinets -13 2 10 -25* 4 -19* 7 -22*

18F = 394psig 
22F = 420psig (26psi higher) 

-25F =181 psig 
-19F = 204 psig (23 psi higher)

-22F = 192 psig Vs -25F (11psig higher)
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• Evaporator TDs on lowest 
temperature load sets    
compressor SST

• The TD determines the SST 
required to maintain the specified 
air temperature.

• A lower TD results in a higher SST 
needed to achieve the same air 
temperature, improving system 
energy efficiencies.

Key Points

MT = 400MBH

LT = 100MBH

38°F Air 
8°F TD

30°F SST

30°F Air 
10°F TD
20°F SST

18°F SST

-4°F Air 
10°F TD

 -14°F SST

-25°F SST

-13°F Air 
10°F TD

 -23°F SST

34°F Air 
10°F TD
24°F SST

-6°F Air 
10°F TD

 -16°F SST

Meat
Deli

Cold
Room

Beverage
Produce

Freezer
Holding

Frozen
Food

Ice
Cream *

*
30°F RG

34°F RG

40°F RG

-6°F RG

-4°F RG

-13°F RG

CO2 Booster System Layout 
Highest TD Evaporators (10°F SH)

10°F Evaporator Superheat 

2°F Equiv. Suction Line Losses  = 13psi MT 2°F Equiv. Suction Line Losses = 7.5 psi LT



Initial Outcome of Study with 
Baseline Architecture Using Standard DOE/AHRI1200 Operating Rating Points 

Highest Evaporator Coil  TD
6.8% Savings Vs Highest Coil TD

Using Average Evaporator Coil TD  Result 

10°F Evaporator Superheat 

2°F Equiv. Suction Line Losses  = 13psi MT 2°F Equiv. Suction Line Losses = 7.5 psi LT

5°F Evaporator Superheat 



Initial Outcome of Study with 
Baseline Architecture Using Standard DOE/AHRI1200 Operating Rating Points 

7.9% Savings Vs Highest Coil TD
Using Lowest Evaporator Coil TD  Result Highest Evaporator Coil  TD

10°F Evaporator Superheat 

2°F Equiv. Suction Line Losses  = 13psi MT 2°F Equiv. Suction Line Losses = 7.5 psi LT

18°F SST=394psig; 22°F SST=420psig / -25°F SST=181psig; -19°F SST=204psig



Findings: Evaporator Coil TD Vs Baseline System with Internal HX

LT 

MT
LT

10°F Evaporator Superheat 5°F Evaporator Superheat 



Energy Saving  Potential 
of Dual Suction 



Dual Suction with Highest TD Evaporators

Suction Group # Capacity (BTU)
Highest TD 

Compressor                                
SST (°F) 

Single Suction
MT 400,000 18
LT 100,000 -25

Dual Suction 
MT1 240,000 18
LT1 70,000 -18

MT2 160,000 28
LT2 30,000 -25



Dual Suction with Highest TD Evaporators

MT1 = 240MBH

38°F Air 
8°F TD

30°F SST

30°F Air 
10°F TD
20°F SST

-4°F Air 
10°F TD

 -14°F SST

MT2 = 160MBH

LT1 = 70MBH

LT2 = 30MBH

-13°F Air 
10°F TD

 -23°F SST

34°F Air 
10°F TD
24°F SST

-6°F Air 
10°F TD

 -16°F SST

Meat
Deli

Cold
Room

Beverage
Produce

Freezer
Holding

Frozen
Food

Ice
Cream *

*

18°F SST
-25°F SST

28°F SST

-18°F SST

30°F RG

34°F RG

40°F RG

-6°F RG

-4°F RG

-13°F RG

10°F Evaporator Superheat 

18F = 394psig 
28F = 462psig
 (68 psi higher) 

18F = 394psig 
28F = 462psig
 (68 psi higher) 

-25F = 181 psig 
-18F = 208 psig   
(27 psi higher)

2°F Equiv. Suction Line Losses  = 13psi MT 2°F Equiv. Suction Line Losses = 7.5 psi LT



Single Suction Vs Dual Suction with Highest TD Evaporators 

Single Suction Baseline Dual Suction
(7.2 percent savings)

5°F Evap. SH

2°F Equiv. Suction Line Losses  = 13psi MT 2°F Equiv. Suction Line Losses = 7.5 psi LT

10°F Evaporator Superheat 

2°F Equiv. Suction Line Losses  = 13psi MT 2°F Equiv. Suction Line Losses = 7.5 psi LT



Dual Suction  - Highest TD Vs Lowest TD Evaporators 

Highest TD Evaporators Lowest TD Evaporators
 (6.9 percent savings)

10°F Evaporator Superheat 



Impact of TD on Systems with Dual Suction 

LT1 = 70MBH

LT2 = 30MBH

Meat
Deli

Cold
Room

Beverage
Produce

Freezer
Holding

Frozen
Food

Ice
Cream

MT1 = 240MBH

MT2 = 160MBH

*

*

MT1 MT2 LT1 LT2
240 MBH 160 MBH 70 MBH 30 MBH

SST PSIG SST PSIG SST PSIG SST PSIG
Highest TD 18° 394 28° 462 -18° 208 -25° 181
Average TD 22° 420 30° 476 -16° 217 -22° 192
Lowest TD 22° 420 32° 491 -16° 217 -19° 204

Must Evaluate Oil Management 
Strategy to Assure Adequate
Pressure Across Oil Regulator

10°F Evaporator Superheat 

18°F SST

28°F SST

2°F Equiv. Suction Line Losses  = 13psi MT 2°F Equiv. Suction Line Losses = 7.5 psi LT
491psig
32F SST

Reservoir 
520 psig



Evaluate Ultra Low to 
No Superheat Strategies
with US DOE Certified 
Display Cases and         
Unit Coolers



Evaporator Efficiencies According to Superheat Requirements 
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Pinch Point A

Pinch Point B

Evaporator

Te
m

pe
ra

tu
re

 

Air Temp         SH = 10°F         SH = 0°F

SH = 10°F 
SH = 0°F 

10°F TD
100btu/°TD
=1000btu

10°F TD
100btu/°TD
=1100btu



Liquid Ejector, No Evaporator Superheat 

LT

M

MT

Nozzle

Throat

Exit

Mixing Chamber

Diffuser

Motive
FlowPMN

MT
Suction



Liquid Ejector, No Evaporator Superheat 

LT

M

MT

Benefits of liquid ejectors:
• Can operate evaps with very low to no superheat, 

increasing Medium Temp SST.
• Helps to overcome some inefficiencies of high 

evaporator TDs.
• Ensures energy benefits year-round.
Potential challenges of liquid ejectors:
• Only used on the Medium Temp evaporators.
• Add system complexity.
• Proper means of oil return from suction accumulator to 

compressors must be considered.
• Additional components, piping, costs and controls 

integration are required.



Liquid Ejector, No Evaporator Superheat 

LT

M

MT

Liquid Ejectors 
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Liquid to Low Temp, No Evaporator Superheat 

Benefits of liquid to Low Temp:
• Can operate evaporators with very low to no superheat, 

resulting in increased Medium Temp SST.
• Helps to overcome some inefficiencies of high  

evaporator TDs.
• Ensures energy benefits year-round.
• Provides higher-enthalpy liquid feed to LT evaporators 

when the accumulator is full 
Potential challenges of liquid to Low Temp:
• Adds system complexity.
• Requires additional components, piping and controls 

integration with case controls.
• Proper means of oil return from suction accumulator to 

compressors must be considered.
• Low-pressure receiver sizing and switching liquid flow 

back and forth from the flash tank to LP receiver.

LTMT

Assumption:
10% Liquid Feed to LT
Cases from Accumulator



Liquid to Low Temp, No Evaporator Superheat 

LTMT

Liquid to Low LT
No Superheat
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MT 1

MT 2

LT 2

LT 1

MT 1 = 240,000 BTU MT 2 = 160,000 BTU
Higher SST

LT 1 = 70,000 BTU

LT2 = 30,000 BTU

Dual-suction system benefits:
• Provides greater energy savings compared to liquid 

ejectors and liquid to LT strategies when using 7 °F or 4 
°F TD evaporators.

• Simplicity; maintains system’s existing structure without 
the need for additional technologies.

• Efficiency gains — improves energy efficiency for both 
LT and MT suction groups.

• Year-round efficiency — delivers consistent energy 
efficiency improvements throughout the year.

Dual-suction potential challenges:
• Additional costs - requires added investments for 

suction piping and compressor drives. 
• Design dependencies - unit cooler and display case 

specifications must align with the designs of the 
evaporators.

• Must provide adequate oil flow to “OMC” compressor oil 
level regulator on the highest SST suction group

Dual-Suction with Evaporator Optimized Superheat



MT 1

MT 2

LT 2

LT 1

MT 1 = 240,000 BTU MT 2 = 160,000 BTU
Higher SST

LT 1 = 70,000 BTU

LT2 = 30,000 BTU

Dual-Suction with Evaporator Optimized Superheat

Dual Suction with 
Optimal Superheat 
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Compare All Low Side 
Strategies with Different 
Evaporator TDs



Technologies at 3 Coil Conditions, Highest, Average, Lowest Evaporator TD

Baseline System
Optimal Superheat 5°F

Energy Modelled 
with

Average Coil TD of 6°F

Annualized Saving Potential Vs Baseline System for MT 400MBH, LT 100MBH

Liquid Ejectors 
No Superheat 

Liquid to Low LT
No Superheat 

Dual Suction 
Optimal Superheat 5°F
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14

Highest TD (10TD)

Highest
Coil 
TD

10° F

Highest
Coil 
TD

10° F

Highest
Coil 
TD

10° F

7.2%

11.5%10.9%

Liquid
Ejectors

Liquid To 
Low Temp

Dual Suction

% Annualized Energy Saving Potential
 with Highest Coil TD on Lowest SST Load
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Lowest
Coil 
TD 
4° F

Liquid 
Ejector

Liquid to  
Low

Temp

Dual
Suction

Lowest
Coil 
TD 
4° F

Lowest
Coil 
TD 
4° F

11.1%
11.8%

14.2%

7.9%7.9%7.9%

3.2% 3.9% 6.3%

Liquid
Ejectors

Liquid To 
Low Temp

Dual Suction

% Annualized Energy Saving Potential
 with Lowest Coil TD on Lowest SST Load

Summary: No Superheat Strategies Vs Coil TD and Dual-Suction 



Summary and Key Take Aways 

33

For Year-Round Low Side Savings;

1. Can Achieve Savings by Using Lowest TD Coils Available on Lowest Temperature Load of 
the Suction Group.
• Can Realize Additional Savings by Adding Internal HX to Allow System To Operate based 

Design Coil Superheat Rating Points.

2. Can Gain Additional Energy Savings by Adding Ultra Low Superheat Strategies;
• Amount Will Vary Based Percentage of the Year Operating at Low to No SH and Using 

the Lowest Evaporator TD Possible for Lowest Temp Load. 

3. Dual Suction has Equal or Better Energy Saving Potential as Ultra Low Superheat Strategies 
•  Amount Will Vary Based Load Split, Evaporator Design and TD.



Copeland E360 Resource Hub

AI Copeland assistant Take out your camera
And take a picture of this 
QR code to drive directly

To the Study

https://e360hub.copeland.com/
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Thank you 
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