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•To create a comprehensive energy and embedded carbon comparison of 

common refrigeration and space heating architectures for supermarket and 

hypermarket facilities

•To understand how the implementation of heat reclaim can further promote the 

transition to CO2 refrigeration systems

•To support the industry’s significant investments to reduce carbon footprint in 

commercial HVACR applications to comply with sustainability goals and 

regulatory requirements
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Why Are We Studying Heat Reclaim for Food Retail ?
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Scope 1 GHG Emissions

(on-site emissions)

Refrigerant leaks

On-site 

combustion

Scope 1 & 2 & 3 Emissions

Scope 3 GHG Emissions

(supply chain leaks)

Scope 2 GHG Emissions

(power plant emissions)



• Two store sizes: ⎯ 57,000 ft2 supermarket ⎯ 190,000 ft2 hypermarket

• Six US climates:⎯ Minneapolis, MN⎯ Chicago, IL⎯ Dallas, TX⎯ Los Angeles, CA⎯ Portland, OR⎯ Miami, FL

• Two common refrigeration architectures:⎯ Distributed R448A scroll packs with EVI and air-

cooled condensers

⎯ R744 (CO2) booster systems with adiabatic gas 

coolers

• Three space heating system types with and 

without heat reclaim from the refrigeration 

systems:

1. No reclaim: standalone gas fired RTUs or 

WSHP with electric boiler

2. Water reclaim: WSHP with electric boiler

3. Direct air reclaim: Supplemented with electric 

resistance heat and/or ASHP
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What are we studying ?



Bin Hour Data

Space heating is needed when ambient conditions 

are less than 55°F

Fraction of Design Load for Refrigeration Systems

Refrigeration is required year-round, but load varies 

with outdoor ambient
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Energy analysis assumptions

With less demand on refrigeration in colder ambients, there is less 

“free” heat generated from heat reclaim system.



Baseline R448A Systems Equipped 
with EVI Scrolls with Air-cooled 
Condensers

R744 (CO2) Booster with Adiabatic 
Gas Coolers 

Refrigeration system architectures & 
design conditions

Low 

Temperature

Medium 

Temperature

Medium 

Temperature
Low 

Temperature

For 57,000 ft2 supermarket and 190,000 ft2 hypermarket

System Comparison

• Equivalent Evaporator Loads Regardless of 

Refrigerant

• SMKT  (4) R448A Units : (1) R744 Unit

• Total LT Evap Load  = 258.7 MBH

• Total MT Evap Load = 473.6 MBH

• HMKT  (6) R448A Units : (3) R744 

Units

• LT  = 297.4 MBH

• MT = 733.9 MBH

Assumptions R448A MT R448A LT R744 Booster

Condenser-Ambient TD 15F 10F ~ 13F

Minimum SCT / Pressure 70°F 65°F 60°F / 733psig

Subcooling 75°F Liquid Temp 50°F Liquid Temp 5F Cond Subcool / 

36°F Flash Tank Temp

Observations

• Higher ratio of low temperature load 

results in additional energy penalty for 

booster configuration

• SMKT = 35% Low Temp. Load

• HMKT = 29% Low Temp. Load

• R744 efficiency advantage over 

R448A particularly in subcritical / 

lower ambient

• Adiabatic gas cooler offsets some high 

ambient energy penalty on R744 system 

in exchange for added water consumption



• It is not uncommon for retailers to specify 

adiabatic gas coolers on their transcritical 

CO2 refrigeration systems

City

Time 

Running 

Supercritical 

(%)

Time in 

Wet Mode 

(%)

*Annual 

Water Usage 

Supermarket 

(kgal)

*Annual 

Water Usage 

Hypermarket 

(kgal) 

Los Angeles, CA 0.0% 5% 45 113

Portland, OR 0.1% 8% 74 151

Minneapolis, MN 2.5% 14% 89 201

Chicago, IL 3.1% 16% 94 257

Dallas, TX 25.8% 46% 255 678

Miami, FL 45.4% 74% 400 884

Adiabatic condenser/gas coolers for R744
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*The average American household consumes 

approximately 30 kgal gallons of water per person 

annually. For a family of four, this equates to around 

120 kgal of water annually. (Source: EPA)

• Applying adiabatic gas coolers reduces 

the time spent running supercritically 

when refrigeration system efficiency is 

lowest.

• While water spray is only ON when 

needed (when OAT > 72°F), it is still a 

limited natural resource that needs to 

be preserved



Supermarket Annual Refrigeration Energy

Energy use between the baseline and the CO2 booster system are 

comparable in the supermarket format. 

Hypermarket Annual Refrigeration Energy

Energy use for the CO2 refrigeration system in the hypermarket is 

3-20% lower depending on location relative to the baseline.
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Refrigeration energy results

Improved efficiency in the hypermarket is due to 

the lower percentage of low-temperature load 

compared to the Supermarket. 
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Space Heating Systems & 
Assumptions
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Baseline strategy: no reclaim, gas fired roof top units (typical standard)

Supply Air 

(SA)Outside Air 

(OA)

Return Air 

(RA)

Gas Fired RTU

TSAmin = 85°F

TRA = 67°F

AFUEHeat = 80%

Natural gas 

heating

Refrigeration System

 No Reclaim

AFUE = Annual Fuel Utilization Efficiency



Refrigeration System

Water source heat pump (WSHP) without heat reclaim

Outside Air 

(OA)

WSHP COPHeat = 4.0

Supply Air 

(SA)
Return Air 

(RA)

TSAmin = 

85°F
TRA = 

67°F

Fluid 

Cooler
Boiler



Heat reclaim with water source heat pump (WSHP)

Refrigeration System

Outside Air 

(OA)

WSHP COPHeat = 4.0

Supply Air 

(SA)
Return Air 

(RA)

TSAmin = 

85°F
TRA = 

67°F

Fluid 

Cooler
Boiler

Twater = 60°F

Low water temperature 

requirements translate to the 

need for lower-quality heat 

(discharge temperature) from 

the refrigeration system  

Note! Though only showing R448A refrigeration 

system, the WSHP reclaim strategy was also 

evaluated with R744 refrigeration architecture.

Reclaim heat 

exchanger
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Direct air heat reclaim supplemented with electric resistance heating 
or air source heat pumps (ASHP)

Refrigeration System

Supply Air 

(SA)

Outside Air 

(OA)

Return Air* 

(RA)

Direct Air Reclaim

TSA = 85°F

Outside Air 

(OA)

Return Air 

(RA)

ASHP

TSAmin = 85°F

TRA = 67°F

TRA = 67°F

ASHP Annual Average COP  

for Each Location
Minneapolis, MN 2.00 

Chicago, IL 2.22 

Portland OR 3.13 

Dallas, TX 3.01 

Los Angeles, CA 3.67 

Miami, FL 3.66 

Electric 

Resistance

*Note! Hypermarket system uses 100% outside air. 

Supermarket uses 52% outside air & 48% return air.



Using “free” heating from refrigeration system reduces demand for additional electrical infrastructure needed for heat pump installation
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How do factors such as climate zone, store size and refrigeration system types 
and/or loads impact the amount of reclaimable heat?

Ambient Supermarket Hypermarket

Temperature Heat Load Reclaim Heat Available* Heat Load Reclaim Heat Available*

R-448A CO2 R-448A CO2

°F (°C) kBTU/h (kW) kBTU/h (kW) kBTU/h (kW) kBTU/h (kW) kBTU/h (kW) kBTU/h (kW)

-10 (-23.3) 1,530 (448) 685.1 (200.7) 694.8 (203.6) 4,220 (1,237) 952.2 (279) 937.4 (274.6)

0 (-18) 1,252 (336) 685.1 (200.7) 694.8 (203.6) 3,522 (1,032) 952.2 (279) 937.4 (274.6)

10 (-12.2) 1,015 (297) 685.1 (200.7) 694.8 (203.6) 2,853 (836) 952.2 (279) 937.4 (274.6)

20 (-6.7) 799 (234) 685.1 (200.7) 694.8 (203.6) 2,236 (655) 952.2 (279) 937.4 (274.6)

Significant differences in heat loads can be seen  across store size and outdoor ambient

At warmer ambient >20°F, heat 

reclaim can cover most of the 

required store heating needs in 

the Supermarket

Hypermarket has a much greater 

need for supplemental heat 

compared to the Supermarket

*The Reclaim Heat Available remains constant in lower ambient 

conditions because each system's head pressure is mechanically 

increased to maintain refrigeration performance.



Supermarket Space heating energy results
Unless otherwise noted, refrigeration systems providing waste heat are 
considered running at original assumptions for the condenser/gas cooler 
discussed earlier
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Direct air heat reclaim supplemented 
only with electric resistance heating 
compares poorly to both the WSHP and 
the direct air reclaim supplemented by 
ASHP strategies

2

2

1

Not utilizing heat reclaim comes with a 
significant energy penalty. As much as 
66% in colder climates 

1

3

Direct-to-air heat reclaim supplemented 

with Air-Source-Heat-Pumps (ASHP) 

has a slight advantage compared to 

Water-Source-Heat-Pumps (WSHP) 

across climates

3

Notes: 

R-744 Direct Air Reclaim uses heat from refrigeration 

condenser pressure elevated to 838psig (70°F SCT) in 

Minneapolis, MN Only.

The direct air reclaim heating energy is used for 

desuperheating only in Los Angeles and Miami

Gas Fired RTU

WSHP

Direct Air Reclaim, Electric

WSHP Reclaim, Electric

Direct Air Reclaim, ASHP

+



Hypermarket Annual Heating Energy 

Hypermarket Space heating energy results
Unless otherwise noted, refrigeration systems providing waste heat are considered running at 
original assumptions for the condenser/gas cooler discussed earlier
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 No Reclaim

2

No significant difference between WSHP 

reclaim and direct air reclaim  

supplemented with only resistance heating 

in colder climates 

2

4

1

Not utilizing heat reclaim comes with a 

significant energy penalty. 
1

Direct-to-air heat reclaim supplemented 

with Air-Source-Heat-Pumps (ASHP) 

has a significant advantage over all 

other technologies even in the colder 

climates

4

Notes:

For Minneapolis and Chicago, the condenser 

minimum pressure is held to 838psig (70°F SCT) for 

the R-744 direct air reclaim strategies.

 

The direct air reclaim heating energy is used for 

desuperheating only in Los Angeles and Miami.3

WSHP reclaim does show an 

improvement over direct air reclaim  

supplemented with only resistance heating 

in Dallas and Portland

3



Increasing gas cooler pressure only to meet minimum supply air temperature of 85°F
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Direct air reclaim complements ASHP even in cold climates

ASHP use begins at -15°F OAT; less than 

0.1% of the year in Minneapolis runs 

colder than that

Note! Reclaim capacity based on minimum 

saturated condensing temperature of 70°F for 

refrigeration system.

ASHP and heat reclaim 

cover the load at

 ≥ 20°F OAT



Does elevating head pressure always save energy on 
CO2 systems when used for heat reclaim?

• It depends.

Does increasing gas cooler pressure for higher quality heat improve 
operational carbon?

How can elevating head pressure for heat reclaim 
save overall energy? 

• Depending on the system loads, system efficiency and site 

location an increase in refrigeration power may be offset by the 

“free” heating generated.

How can you determine if increasing head pressure 
will reduce operational carbon?

• There is no optimal balance point for all systems. Where the 

climate is warmer and space heating load is limited, expending 

additional refrigeration energy in lieu of some minimal run time 

of an electric heater may not be justified.
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Heating available

Refrigeration 

energy 

required

CO2 booster refrigeration cycle: The unique properties in a R744 flash 

gas bypass system allow for manipulating gas cooler pressure via the 

high pressure expansion valve without negatively affecting your 

evaporators (the flash tank manages the liquid quality feeding your 

cases/walkins).

Refrigeration available



Strategy Condenser Pressure at 

733psig (60°F SCT)

Refrigeration Energy

(MWh) 

Space Heating 

Energy (MWh) 

Total

(MWh) 

R744, WSHP Reclaim 635 1516 2151

R744, Direct Air Reclaim, Electric 667 1507 2175

Does increasing gas cooler pressure for higher quality heat improve operational carbon?
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Considerations for total refrigeration & space heating energy when employing 
heat reclaim

Strategy with Elevated Gas 

Cooler Pressure

Refrigeration Energy

(MWh) 

Space Heating 

Energy (MWh) 

Total

(MWh)

R744, WSHP Reclaim – 

Transcritical (1,150psig)

768 (+21%) 1448 (-4%) 2216 (+3%)

R744, Direct Air Reclaim, Electric 

– 838psig (70°F SCT)

700 (+5%) 1449 (-4%) 2149 (-1%)

R744, Direct Air Reclaim, Electric 

– Transcritical (1,150psig)

715 (+7%) 1442 (-4%) 2157 (-1%)

R744, Direct Air Reclaim, ASHP – 

838psig (70°F SCT)

700 (+5%) 711 (-53%) 1411 (-35%)

1

WSHP Reclaim strategy 

enables running refrigeration 

system at minimum SCT 

longer, since the need for 

quality heat is low. 

3

Direct Air Reclaim strategy 

benefits from holding the 

refrigeration SCT above 

minimum by increasing the 

useable heat.

4

Heating COP is higher with 

ASHP versus electric 

resistance heat (COP =1). 

Maximizing the time the 

ASHP boost heat improves 

overall heating efficiency

1

2

4

Note! Data based on Minneapolis, MN hypermarket analysis

3

2
Increasing the pressure for 

WSHP Reclaim results in a 

total energy penalty. 



Results and Conditions
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Considering the lifecycle of the HVACR system and Scope 1,2,3 guidance Operational Carbon / Carbon Footprint 
was determined for each option
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Operational carbon assumptions

Scope 3 GHG Emissions

(supply chain leaks)

Scope 2 GHG Emissions

(power plant emissions)

Scope 1 GHG Emissions

(on-site emissions)

Refrigerant 

leaks

On-site 

combustion

Emissions from on-site 

combusted natural gas

Emissions from on-site 

refrigerant leakage

Emissions from natural 

gas supply chain leakage

Indirect emissions from 

electricity used for 

refrigeration system

Indirect emissions from 

electricity used for space 

heating system

Carbon Footprint

R448A GWP = 1,387

R-744 GWP = 1

Assumed refrigeration refrigerant leak 

rate of 25%



Observations

Supermarket Operational Carbon for Each Location
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R744 HR w/WSHP and R744 HR-Direct 

w/ASHP net about the same carbon 

footprint across climates

1 The baseline strategy has two to three 

times the carbon emissions versus the 

best-case heat reclaim application

2

2
1

3 Where heating demand is low, the 

direct air reclaim supplemented by 

ASHP is considering the heat removed 

for desuperheating only. If this reclaim 

were to be used year round the heat 

could be applied for dehumidification 

purposes for comfort cooling.

3



Observations

Hypermarket Operational Carbon for Each Location
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The baseline strategy has roughly four 

times the carbon emissions versus the 

direct air reclaim supplemented with ASHP 

even in the coldest climate

1

2

1 Direct Air + ASHP significantly 

outperforms the WSHP in colder 

climates

2



•Heat Reclaim used for space heating saves significant energy and reduces 

carbon footprint

•ASHPs when paired with direct-air heat reclaim can be viable even in colder 

climates

•Increasing refrigeration discharge pressure for higher quality heat has tradeoffs 

for total building efficiency 

•Consult with industry partners to define the optimal balance point for your 

facility’s HVACR solutions

• Total cost of ownership and feasibility should be evaluated when transitioning 

existing buildings to meet decarbonization targets. 
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Conclusions and Future Considerations



Thank You!

For more information, please refer to our white paper;
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