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Learning Objectives

• Learn about the actual operating performance of an energy recovery system with an integrated 
heat pump

• Understand the requirements of a high performing Energy Recovery System to allow for a successful 
heat pump integration

• Analyze options and scope for integrated reversible heat pumps

• Lessons learned during the first year of operation
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Fin Tube Heat Exchanger 
with Headers at both Ends

• Direction of airflow is 
opposite to the direction 
of fluid flow

• Each coil row is multiple 
passes

• Design results in 
increased time to 
exchange energy

Direction
of Airflow

Fluid Supply
from skid

Fluid Return
to skid

Energy Recovery Coil Design

Enthalpy Transfer Efficiency: 65% +
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3-3-3+9 Cu
Supply
• Snow Melt
• Pre-heat/pre-cool
• Re-heat
Exhaust (frost-defrost design)



Early Planning and Analysis is instrumental in fully capturing initial cost savings and 
ongoing utility costs reductions while setting the stage for the achievement of NET 
ZERO goals in financially sustainable way.

Exhaust Unit Piping & Instrumentation

To 
HP Condenser HXs

Frost/Defrost OPTION Design

To
Exhaust Coils 

Typ. of (2) 180,000 cfm EAHUs
4 zones per EAHU or 8 zones total 

From
HP Evap HXs
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How is this design different from a typical high efficiency ERS?



Early Planning and Analysis is instrumental in fully capturing initial cost savings and 
ongoing utility costs reductions while setting the stage for the achievement of NET 
ZERO goals in financially sustainable way.

Integrated Heat Pump Piping & Instrumentation

From Exhaust Coils To Exhaust Coils
 

Condenser Side Evaporator Side

Heat Exchanger Skid
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Heat Exchangers

Heat Exchangers

Heat Pump

Interface between heat pump & energy recovery system

To Pumping Skid
 

From Pumping Skid 

760:374
 

692:760
 



Exhaust Coil – Frost Considerations

Exhaust Coil – Design Considerations:
Accumulation of frost will occur at conditions near winter design.

o Coil fins must be designed and manufactured to withstand 
frost/defrost cycles

 Spacing
 Thickness

o Controls design and sequence of operation, must account for a 
defrost cycle 

 Valves
 Control logic

2025 I2SL ANNUAL CONFERENCE  –  Dallas, TX

Important factors:



Varying climate 
zones present 
different degrees of 
difficulty in 
developing designs 
which achieve NET 
ZERO goals in a 
way that is financially 
sustainable, in terms 
of both initial costs 
(project budget) 
and ongoing utility 
costs.

Energy Recovery Design Basis

Boston, MA

320,000 cfm Total Supply

o OA Conditions:
• Winter: 0F
• Summer: 91F/61.4WB

o Winter DAT Setpoint = 60F
o RA Conditions:

• Winter: 70F/30%RH [37F DP]
o Media: 30% Ethylene Glycol

100% Outside Air Req.

24/7 Operation
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Humidified Buildings help to maximize 
the benefit of the exhaust coil frost-
defrost option with integrated heat 
pump!!!

GOAL:
Integrated Heat Pump Design Proof of Concept



ERS Design Options

Boston, MA

• Frost/defrost of Exh. coils

 + Increased latent exh. air recovery

• WRAP design – includes supply air reheat coil

 - Use recovered energy for reheat req.

 - Enhanced pre-cooling results

 - Reduce loading of cooling coil

• Integrated Heat Pump

 - Further maximize latent recovery potential 

 - Displace or reduce the need for natural gas with electricity

GOAL:
Integrated Heat Pump Design Proof of Concept

2025 I2SL ANNUAL CONFERENCE  –  Dallas, TX



Winter Design Performance

Winter Design: OAT = 20F
3-3-3+9 Cu 61%19197102 1147988830676990 73%10457366 385740014314766

Climate:  Boston, MAClimate: San Francisco, CAClimate: Boston, MA

Frost Bypass Valve
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Frost Defrost Mode
No Heat Pump

Boiler Input
[3,857,400 Btu/h]

Typical of (4) total 
supply air AHUs
Total supply air CFM = 
320,000

30.6F

ERS COP
15.2

Btu/h Requirement
[14,314,766 Btu/h]

ERS Exh. Coil
[10,457,366 Btu/h]

ERS + Boiler
COP
3.15

30.6F
71.2F

37.4F

37.4F



Winter Design Performance

Winter Design: OAT = 20F
3-3-3+9 Cu 61%19197102 1147988830676990 94.5%13529292 78547414314766

Btu/h Requirement
[14,314,766 Btu/h]
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Frost Defrost Mode
with Heat Pump

Typical of (4) total 
supply air AHUs
Total supply air CFM = 
320,000

HP Input
[1,530,383 Btu/h]

ERS COP
19.7

ERS Exh. Coil
[13,529,292 Btu/h]

+ 29.0% vs.
Frost-defrost 

w/o HP

HP

25.2F

25.2F
160000 cfm

160000 cfm

Climate: Boston, MA

Frost Bypass Valve

Boiler Input
[0 Btu/h]

30.6F
71.4F

22.2F

Heat Pump
COP = 4.0

ERS + HP 
COP
7.630.6F

17.6F

86F

Hx Hx

HP Input NET
[785,474 Btu/h]

31.9F

31.9F



Annual Heating Hours

ERS Coils Only
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= 3.5% of total annual heating hours

192 ERS + HP + Ext

NEXT: Winter Design: OAT = 0F

96.5% {



Winter Design Performance

Winter Design: OAT = 0F
3-3-3+9 Cu 61%19197102 1147988830676990 66%14291494 713024921422450

Climate:  Boston, MAClimate: San Francisco, CAClimate: Boston, MA

Frost Bypass Valve
ERS + Boiler

COP
2.7

Boiler Input
[7,130,249 Btu/h]

18.8F

18.8F

ERS COP
20.8

Btu/h Requirement
[21,422,450 Btu/h]

ERS Exh. Coil
[14,291,494 Btu/h]

86.1F
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Frost Defrost Mode
No Heat Pump

30.2F

30.2F



39.7 Delta T

Winter Design Performance

Winter Design: OAT = 0F
3-3-3+9 Cu 61%19197102 1147988830676990 78.8%16882887 453956321422450

Climate: Boston, MA

Btu/h Requirement
[21,422,450 Btu/h]
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Frost Defrost Mode
with Heat Pump

Frost Bypass Valve

Boiler Input
[3,425,468 Btu/h]

18.8F
86.1F

12.2F

HP Input NET
[1,114,095 Btu/h]

Heat Pump
COP = 3.8

ERS + HP 
+ Boiler

COP
4.3

18.8F

ERS COP
24.6

ERS Exh. Coil
[16,882,887 Btu/h] + 18.1%

HP + Boiler

25.2F

25.2F
160000 cfm

160000 cfm

6.8F

86F



Energy Results
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Energy recovery provided 
95.2% of annual heating 
energy requirement vs. 
design estimate of 
89.1%!!!

GOAL:
Integrated Heat Pump Design Proof of Concept



Early Planning and Analysis is instrumental in fully capturing initial cost savings and 
ongoing utility costs reductions while setting the stage for the achievement of NET 
ZERO goals in financially sustainable way.

Summary of Benefits

Heat Pump Energy Recovery

o Shift gas heat generation to Electric
o Fuel Switching ability based on 

electric vs. gas rates
o Improve heating plant redundancy

o Eliminate separate heating coil & 
associate piping

o Pre-fabricated pumping & HX skids 
o Reduced BMS scope
o 21% reduction in annual cooling 

energy requirements
o Cooling Tower capacity reduction
o Reduced Cooling Tower water 

consumption
o Downsize Refrigerant Exhaust

Common

o Maximize exhaust air latent 
recovery

o Significantly reduce or eliminate 
Natural Gas consumption

o Reduce overall peak heating demand

2025 I2SL ANNUAL CONFERENCE  –  Dallas, TX



Lessons Learned

• Design & Implementation Considerations

 + Coil design & fin spacing is critical

 + Return air humidity levels directly correlate to potential benefit (latent recovery)

 + Layout and design of exhaust units (6 to 8 zones typ.)

 + Defrost zone bypass can result in fogging (mist eliminators)

 + Heat trace exhaust coil condensate pans and drain piping is a requirement

 + Ongoing monitoring & remote connectivity is essential
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GOAL:
Integrated Heat Pump Design Proof of Concept



Conclusions:

For those who are willing rethink the application of proven technology ………………

Achieving a 100% electric design without compromising the initial project budget, while 
reducing annual utility expense and carbon emission in a VERY significant way, is 
possible TODAY!!!!  

“Even in cold CLIMATES”

Conclusions:

Consideration of an Energy Recovery System with Integrated Heat Pump Design can 
provide REAL results on the path to a NET ZERO future, while delivering exceptional 
energy efficiency and utility cost savings. 

“Preliminary design assessments are available at the price of a short amount of time”
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tom.mcgee@konvekta-usa.com

Questions:
Tom McGee Konvekta USA, Inc.

303.968.5654
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