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Heat Pumps 101
Cold Climate Air Source Heat Pumps: A Primer and Launch Pad

Dan Wildenhaus

Rabi Vandergon



ÅUnpack rising potential for heat pumps

ÅValidate equipment works in cold 
climates

ÅBenefits and considerations using cold 
climate ASHPs

ÅSizing and design considerations

ÅInstallation considerations and 
common pitfalls

ÅComparisons by application types

Discussion goals

Image credit: https://www.deviantart.com/bouzid27/art/Mountain - Everest- Nepal- Himalaya- 1-681356456



Quick poll w˟ho is in the audience?

ÅBuilders
ÅContractors
ÅLocal government
ÅRaters / Energy Auditors
ÅWeatherization Assistance Providers
ÅUtility Staff
ÅImplementers
ÅResearchers
ÅOthers?

Image source: http://essentialschools.org/join/



Quick poll w˟ho here is considering getting 
a heat pump? 

ÅWhy?

ÅDecarbonize home

ÅEquipment is at/near end life

ÅSweet, sweet IRA money is coming!

ÅOther reasons?



At our core

PROGRAMS

We cut energy waste and improve 

comfort in homes, buildings, and 

communities.

CONSULTING
We help building owners and 

entire communities achieve long-

term, energy-saving solutions.

RESEARCH
We identify cost-effective, efficient 

technologies through analysis, 

modeling, and engagement. 

POLICY
We strive for high-impact, 

pragmatic solutions guided by 

a public interest ethic.

LENDING
We empower people to make 

upgrades on energy efficiency and 

comfort in homes or businesses.

MARKET TRANSFORMATION
We accelerate adoption of 

promising technologies through 

early market engagement.



MN ASHP Collaborative ÅLaunched by CEE in 2019 to accelerate adoption 
of ASHPs in MN:

ÅHigh opportunity for delivered fuels and electric 
heatcustomers in rural MN

Å Investor-owned, cooperative, and municipal 
utilities contribute funding

ÅFollowing ECO and ETA legislation, programs are 
expanding to new application types including 
dual fuel ASHPS in 2023



Air source heat pumps 
have great potential in MN
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MN heat pump market growth in utility rebate data 
through 2022



Inflation Reduction Act of 2022

Å$2,000 Tax Credit for qualifying ASHPs (25C)through 2032

ÅStatewide home energy rebates (HOMES and HEEHRA)

Federal govt. 
seeking input

March 2023

Dept. of 
Energy (DOE) 

issues 
guidance

State Energy 
Office (SEO) 
submits plan

DOE approves 
plan 

Sept./Oct. 
2023

SEO 
implements 

program

https://mn.gov/commerce/energy/federal - rebates/

https://mn.gov/commerce/energy/federal-rebates/


Energy Conservation and Optimization 
(ECO) Act

Bipartisan effort will expand heat pump opportunities and grow 
the market

Å+Ĵ VĥĀÙ ʶʴʶʷˋ _íĀĀÙĚĆġÀ˫Ě ÙĀÙĖçĴ ĥġíúíġíÙĚ Ĳíúú æíúÙ ġëÙíĖ ʶʴʶʸ2˟026 ECO 
triennial plans

ÅWill create new rebates for efficient fuel switching (EFS)

Read more: https://www.mncee.org/cip - eco

Go deep: https://www.mncee.org/minnesota - energy- dockets

https://www.mncee.org/minnesota-energy-dockets
https://www.mncee.org/minnesota-energy-dockets
https://www.mncee.org/cip-eco
https://www.mncee.org/minnesota-energy-dockets


DOE Residential Cold Climate Heat Pump 
Challenge

ÅEncourages manufacturers to design ccASHPs optimized for 5 °F and - 15°F

ÅManufacturer participants: Bosch, Carrier, Daikin, Johnson Controls, 
Lennox, LG, Midea, Mitsubishi Electric, Rheem, Trane

https://www.energy.gov/eere/buildings/residential - cold- climate- heat- pump- challenge

Product Prototype

(Late 2021 / Early 
2022)

Lab Testing (2022)

Field Testing 
(Winter 2022- 3 or 

2023- 4)

Deployment 
Programs / 

Commercialization 
(2024)

https://www.energy.gov/eere/buildings/residential-cold-climate-heat-pump-challenge


Growing potential

ÅRebates shifting from lighting to space heating 2020 - 2029

ÅUtility rebate data show the market is already growing

ÅECO Act will create new fuel switching rebates in 2024

ÅTax credits and rebates in the IRA to increase demand

ÅBetter equipment on horizon through DOE Cold Climate Heat Pump 
Challenge



Level Setting Terminology



Variable Capacity Heat Pump (VCHP)
Variable Speed Heat Pump (VSHP) 

The many names of a heat pump

Air Source Heat Pump
(ASHP)

Cold Climate Air Source Heat 
Pump (ccASHP)

Also Known As:
ü Inverter driven (for VCHP or VSHP)
ü Extended capacity 
ü Extra performance
ü Extreme climate
ü Various branded trade- names:

Hyper heat®, Aurora ®, Halcyon XLTH ®, 
Max- Heat ®



Distribution
Cold-

Climate 
listed?

Compressor

Residential air 
source heat 

pumps

Inverter 
driven

Cold- climate 
listed

Packaged 
terminal heat 

pump

Mini- split

Multi - split

Centrally 
ducted

Short duct

Conventional 
(single or 

double speed)

Not listed

Heat Pump Taxonomy

Mini- split

Multi- split

Ducted

ENERGY 
STAR v6.1



Heat Pump Efficiency Ratings 
Changing

Type HSPF2 (HSPF) SEER2 (SEER)

AC 13.4 (14)

Heat Pump 7.5 (8.8) 14.3 (15)

Packaged Units 6.7 (8.0) 13.4 (14)

https://www.resnet.us/about/standards/minhers/draft - pds- 01- minhers - addendum- 71- seer2- hspf2- conversions/

ʶʴʶʷˊ `ÙĲ ĖÀġíĀç ēĖĆÎÙÓĥĖÙ ˨_ʵ˩

https://www.resnet.us/about/standards/minhers/draft-pds-01-minhers-addendum-71-seer2-hspf2-conversions/


Cold Climate Specifications 1

Capacity ratio of Ó58% at 17oF/47oF OR 
Ó70% at 5oF/47oF

AHRI matched system must be rated (Ó8.1 
HSPF2 ducted,9.5 HSPF2 ductless)

EER2 Ó10 ducted, Ó9 ductless

Optional Demand Response criteria 
included

High efficiency even at 5°F (COP Ó1.75)

CEE1 Heat Pump Tiers  - Aligns with 25C Tax Credits 

Minimum HSPF2 of 8.5 and SEER2 of 15.2 
or greater for ductless systems

Minimum HSPF2 of 8.1 and SEER2 of 15.2 
or greater for ducted systems

Deliver Ó70% of rated capacity at 5°F

High efficiency even at 5°F (COP Ó1.75)

Perform controls verification procedure 
to ensure performance is achieved at 5 oF 
with native controls

ENERGY STAR v6.1 Product Specification for CAC and HP Equipment

ñNorth and Canadaò Climate 

Air Source Heat Pumps (Tier 

1 split ducted, Tier 2 non-

ducted)

ENERGY STAR v6.1 

Cold Climate Heat 

Pump

https://library.cee1.org/content/cee-residential-high-efficiency-central-air-conditioners-and-air-source-heat-pumps-specifica
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%206.1%20Central%20Air%20Conditioner%20and%20Heat%20Pump%20Final%20Specification%20%28Rev.%20January%20%202022%29.pdf


Cold Climate Specifications 2

Variable capacity, residential - scale, air 
source heat pump. Ducted or ductless

High rated heating efficiency (Ó8.5 HSPF2 
ductless, Ó7.7 HSPF2 ducted)

High efficiency even at 5°F (COP Ó1.75)

Highly rated cooling efficiency (Ó8.5 
SEER2 ductless, Ó14.3 SEER2 ducted)

Capacity and efficiency data reported at 
multiple operating conditions

https://ashp.neep.org/#!/

Centrally ducted units with a minimum of 
three speeds

Must have 100% of 47oF capacity at 5oF

Low temperature cutoff of - 10oF or lower

Minimum HSPF2 of 8.5 or greater

Minimum 30% delta between minimum 
capacity and nominal capacity at 47oF

https://www.energy.gov/eere/buildings/cchp - technology-challenge-specifications

US DOE Residential Cold 

Climate Heat Pump Challenge

https://ashp.neep.org/#!/
https://www.energy.gov/eere/buildings/cchp-technology-challenge-specifications


Do ASHPs work well in 
cold climates?



CEE ccASHP Research Overview

ÅIn-field performance 

studies

ÅMarket studies

ÅCustomer economics & 

rates

ÅInforming utility 

program design

2015-
2018

Single family ccASHP field study (State of MN 
CARD grant) and Xcel 

2019 MN Potential Study

CARD single family ccASHP optimization study

CARD multifamily ccASHP study

2020 ComEd ASHP research study

NEEA ASHP modeling tool

2021 Heat pumps for AC ïmultiple projects

CARD air to water heat pump study



Comparing system types using COP
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CEE research 
study overview

ÅField Study

Å8 ccASHPs in a variety of MN 
residences

Å6 ducted whole house systems

Å2 ductless mini - split systems

ÅMonitor installed field 
performance of ASHP & backup

ÅEach site had detailed data collection

ÅInstalls in climate zones 6 & 7



Heating Cycle COP of Dual Fuel System



System performance: measured annual COP

LP Furnace (Condensing)

Ducted ccASHP w/ LP Backup

LP Furnace (82% AFUE)

Ductless ccASHP w/ ER Backup

Electric Resistance

0

0.5

1

1.5

2

2.5

3

-15 5 25 45

F
u

ll 
S

y
st

e
m

 C
O

P

Outdoor Air Temperature (°F)

ÅAll - electric, ductless ccASHP ~1.9 to 2.1 
ÅDual fuel, ducted ccASHP w/ LP Backup: ~1.2 to 1.3



-88˫Ě æíÙúÓ ĖÙĚÙÀĖÎë ĖÙĚĥúġĚ

VSignificant savings for replacing propane and electric resistance

VTechnology continues to improve

ÅNew generation systems can operate as low as - 20°F

(efficiently as low as - 13°F)

Annual Reductions for ccASHPs

Site energy Source energy
Homeowner 

cost
Emissions

Dual-fuel ASHP 

vs. propane furnace
40% 10% 30% 5%

All-electric ducted & ductless HP 

vs. electric resistance 
55% 55% 55% 55%



Researched confirmed by others
Å2019 Dual Fuel Air- Source Heat 

Pump Monitoring Report [Michigan] ˟
Slipstream

ÅBritish Columbia [Canada] Cold 
Climate Heat Pump Field Study R˟DH 
Building Science

ÅAir- Source Heat Pumps in Cold 
Climates [Vermont] S˟teven Winter 
Associates, Inc

ÅCold Climate Air Source Heat Pump 
Building Electrification Study 2020 -
2021 ˟ Massachusetts Clean Energy Center

https://slipstreaminc.org/publications/2019-dual-fuel-air-source-heat-pump-monitoring-report
https://slipstreaminc.org/publications/2019-dual-fuel-air-source-heat-pump-monitoring-report
https://www.rdh.com/resource/british-columbia-cold-climate-heat-pump-field-study/
https://www.rdh.com/resource/british-columbia-cold-climate-heat-pump-field-study/
https://www.swinter.com/projects/project/study-air-source-heat-pumps-cold-climates/
https://www.swinter.com/projects/project/study-air-source-heat-pumps-cold-climates/
https://www.masscec.com/resources/cold-climate-air-source-heat-pump-building-electrification-study-2020-2021
https://www.masscec.com/resources/cold-climate-air-source-heat-pump-building-electrification-study-2020-2021
https://www.masscec.com/resources/cold-climate-air-source-heat-pump-building-electrification-study-2020-2021


vÙÀúúĴˌíĀ ÎĆúÓ ÎúíÿÀġÙĚˑ

ÅVariable capacity advancements have 
expanded cold climate performance

ÅCEE field research studies observed 
systems delivering heat as cold as -25ÁF

ÅCEE field research is validated by other 
national-level field studies



What are the benefits and 
considerations of a cold 
climate ASHP?



ASHP Benefits Big Picture

31

Heating and cooling 

all in one system

Heating and cooling 

operational cost 

savings
Improved comfort

Utility rebates
Reduced carbon 

emissions 

Fuel choice flexibility



How Modulation Helps - Control

32

ÅMore control

ÅLess waste

ÅImproved comfort

Recovery Speed/Time



Variable capacity systems modulate to load for 
increased comfort and savings while offering 
higher capacity at lower temperatures

ccASHP Max Cap

ccASHP Min Cap

Single/Two stage 
ASHP Cap
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Let's think about a cold climate house and 
heat pump!

ÅSmaller home heating load of 
~36,000 Btu/hr

ÅWinter design temperature of 
9˟oF

ÅLooking for equipment with 
high capacity at low ambient 
temps and at least 9.5 HSPF

ÅIs selection as important as 
sizing?



https://neep.org/heating - electrification/ccashp - specification - product - list

https://neep.org/heating-electrification/ccashp-specification-product-list


https://neep.org/heating - electrification/ccashp - specification- product- list

https://neep.org/heating-electrification/ccashp-specification-product-list




Size for heating or cooling?

Old School

ÅSize for cooling and then go up a 
half ton.

ÅBased on older single or two 
speed systems.

ÅDoes not maximize heating 
potential of HPs.

ÅDoes not account for modulation 
capabilities of VSHPs.

New School

ÅStart by sizing to largest load.

ÅUsing Manufacturer data for Max 
and Min capacities, check to see 
if the smaller load is between 
the Max and Min at the design 
temp.

ÅLikely OK to be within a half - ton!



Example Daikin System

Minneapolis house

~52,200 Btu/hr
heating load @         
-11°F

~26,000 Btu/hr
cooling load @ 89°F



Resilience against price volatilityMaximize Energy Resilience and Price Protection with Hybrid Heat Pumps
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EIA). All charts exclude April-Sept. months. *Dual fuel or time of use rates may offer further discounts on ASHP operation. See local utility rates for details.



Sizing and Design 
Considerations



Definitions: Design Conditions

ÅDesign Temperature is not the coldest day 
or hottest day of the year

ÅWinter Design Conditions: It only gets 
colder than this 1%- 2.5% of the time

ÅDuluth:  
ÅWinter Design Condition is - 20°F
ÅSummer Design 83oF 

ÅMinneapolis:
ÅWinter - 11° F 
ÅSummer 89° F



Sizing Considerations L˟oad Calculations

Level of heating load 
calculation time, effort and 
accuracy:
Å Medium:
ī Comfort Consult + Block load

ī Energy Modeling

ī Existing equipment w˟ith run time 
or utility bills

Å High:
ī Room- by- room - Manual J or 

equivalent d˟etailed envelope 
information needed



-ĆĀÎÙĖĀÙÓ ġëÀġ _ÀĀĥÀú V ĲĆĀ˫ġ ĚíĸÙ úÀĖçÙ
enough?

44



Sizing Guidance



Sizing Guidance Resources

ÅNEEP Installer Resources - Guide to 
Sizing and Selecting Heat Pumps

ÅAir- Source Heat Pump Sizing And 
Selection Guide NRCan

ÅNY State Training Provider Resources

ÅNEEP Size for Heating Users Guide

https://neep.org/high-performance-air-source-heat-pumps/air-source-heat-pump-installer-and-consumer-resources
https://neep.org/high-performance-air-source-heat-pumps/air-source-heat-pump-installer-and-consumer-resources
https://www.nrcan.gc.ca/sites/nrcan/files/canmetenergy/pdf/ASHP%20Sizing%20and%20Selection%20Guide%20(EN).pdf
https://www.nrcan.gc.ca/sites/nrcan/files/canmetenergy/pdf/ASHP%20Sizing%20and%20Selection%20Guide%20(EN).pdf
https://www.nyserda.ny.gov/All-Programs/Clean-Energy-Workforce-Development/Resources/Training-Provider-Resources
https://ashp-production.s3.amazonaws.com/NEEP_ccASHP+Heating+Visualization+User+Guide_v2.2_TRC_04.01.22.pdf


Goals of System Install

Displacement or Replacement?

Dual Fuel or All Electric?

Comfort complaints?

Bill complaints?

47



When to install the heat pump?

Is the homeowner considering or 
willing to weatherize

1. Yes, they are very interested in 
improved comfort, lower bills, 
and right sized mechanical 
systems

2. Not sure, but we should ask

3. No, this is an emergency 
replacement

Prioritize timing

1. Likely best to install Heat Pump 
AFTER the Wx is completed

2. Can we introduce the 
homeowner to a contractor that 
does weatherization?

3. Can we install a heat pump that 
is flexible to future lower loads?

Contractors and programs - ask yourself how this approach would reflect on you to a homeowner!



Envelope Improvements Show Results

ÅBest system 
available could 
meet load on 
75% of <1990 
homes

ÅEven reference 
5- ton system 
meets 33% of 
homes

Å25% peak load 
reduction 



Opportunity

Reduce load ˟ > right size equipment

˨8Àġ ĴĆĥĖ ÙææíÎíÙĀÎĴ ıÙçÙġÀÌúÙĚˋ æĆúúĆĲÙÓ ÌĴ ĴĆĥĖ
equipment proteins, and then finish with 
ĖÙĀÙĲÀÌúÙ ÓÙĚĚÙĖġĚː˩
- Dan Wildenhaus



4- ton ccASHP system



3.5- ton ccASHP system



Installation 
Considerations



Installation Considerations

ÅControl and operation

ÅIntegration with backup

ÅSizing



More installation considerations

ÅCompressor placement

ÅLine set installation

ÅCondensate management

ÅRight charged refrigerant



Installation Common Failures/Mistakes
ÅTwo most common mistakes:
Å Outdoor unit not secured and/or elevated

Å Lack of adequate line set protection

ÅOther Mistakes:
Å Poor homeowner education

Å Inadequate clearances

Å Aesthetically unappealing installations

Å Installed heads not level for DHPs

Å Condensate or line set blocks filter door 
for ASHPs



Poorly Installed Outdoor Units



Installing Line Set

ÅInsulation disturbed to 
install refrigerant lines 
must be returned to 
original (or better) 
condition



ÅHigh wind zones, 
securing 
compressors may 
be required by 
codes, permitting 
offices, and 
programs.

59

Unique requirements



ÅHigh wind zones, 
baffles may be a 
recommended 
practice, 
depending on 
manufacturers.

60

Unique requirements



WELL- INSTALLED OUTDOOR + INDOOR UNITS = SATISFIED HOMEOWNER

Homeowner Education

ÅHappy, well- educated 
homeowners are the 
best salespeople

ÅSatisfied customers 
tell their family, friends 
and neighbors



The Best Practices Installation Guide

https://www.mnashp.org/guides

https://www.mnashp.org/guides


Benefits and Considerations 
by Application Type



ASHP Application Types
Existing HVAC ASHP Options Considerations Market Size

AC replacement ˟
with ductwork

Ducted ASHP Sizing, energy costs, 
product cost, change 
over temperature

1,200,000 homes

AC replacement ˟
without ductwork

ccDHP Sizing, comfort 
needs, product cost

320,000 homes

Electric baseboard ccDHP Sizing, home 
configuration, 
number of heads

270,000 homes

Propane furnace Ducted dual- fuel 
ccASHP

Sizing and change 
over temperature

250,000 homes

Electric furnace Ducted ccASHP Sizing and electric 
plenum backup

87,000 homes



How often do you replace equipment on failure?

How often do you replace both furnace and AC?

Scenario
Average 

frequency

˨KĆĲ ĆæġÙĀ ÓĆ ĴĆĥ ĖÙēúÀÎÙ ÀĀ - ĲëÙĀ íġ ëÀĚ

æÀíúÙÓˑ˩

67%of the 

time

˨µëÙĀ ÀĀ - ëÀĚ æÀíúÙÓˋ ëĆĲ ĆæġÙĀ ÓĆ ĴĆĥ

ÀúĚĆ ĖÙēúÀÎÙ ġëÙ æĥĖĀÀÎÙˑ˩

50% of the 

time

˨µëÙĀ À æĥĖĀÀÎÙ ëÀĚ æÀíúÙÓˋ ëĆĲ ĆæġÙĀ ÓĆ ĴĆĥ

ÀúĚĆ ĖÙēúÀÎÙ ġëÙ -ˑ˩

51% of the 

time



Ducted, dual fuel cold- climate heat pump
to displace furnace and replace AC

Benefits

ÅIdeal for AC replacement

ÅMay have older furnace

ÅResilience and future proof

ÅHomeowner education is an 
opportunity



Operating costs: dual- fuel ccASHP with natural gas  
backup compared with a furnace and AC

Baseline

Average NEEP QPL heat pump; Dual fuel electric rate: 6¢/kWh; Natural gas: $82/dtherm ; Weather station: Duluth, MN

3 ton 4 ton 3 ton 3 ton 3 ton



Operating costs: dual- fuel ccASHP with propane  
backup compared with a furnace and AC

Baseline

Average NEEP QPL heat pump; Dual fuel electric rate: 6¢/kWh; Propane: $2.10 / gallon; Weather station: Duluth, MN

3 ton 4 ton 3 ton 3 ton 3 ton



Ducted AC and Furnace considerations

ÅSizing ˟ heating or cooling 
load
ÅSize up to 115% of higher load

ÅReference max capacity at 17oF

ÅCompressor Locations
ÅCity/jurisdiction requirements

ÅLocal HOA restrictions

ÅPlacement away from operable 
windows

ÅControls t˟hermostat setpoints
ÅUse economic switchover 

temperature 

ÅLow setbacks for thermostat

ÅHomeowner Education
ÅNo need to run constant fan

ÅTemperature controls training

ÅDelivered air temperature 
expectations

Consider ductwork, weatherization, along with 
cooling and heating load when sizing retrofits



Where can we find more 
resources on ASHPs?



MN ASHP Collaborative 
Contractor Resources

ÅPreferred Contractor 
Network

ÅIncentives and financing

ÅCost of heat comparison tool

ÅIn person training 

ÅFree on- demand training 
modules

ÅBest practices guide

ÅManufacturer promotions

https://www.mnashp.org/contractor


ASHP Preferred Contractor Network

Gain leads through the ASHP Collaborative website and staff

Promote endorsement from an unbiased, third - party 

Complement inclusion on utility contractor lists

https://www.mnashp.org/preferred-contractor-network


Upcoming Events
ÅASHP Fundamentals Course ˟ April 24- 28

Å6 MN cities throughout the week

ÅFree 2- hour course

ÅFree hot breakfast

ÅEarn CEUs for NATE, BPI, MN Department of 
Labor and Industry

ÅSatisfy pre- requisite coursework for Preferred 
Contractor Network

ÅRegistration is open and required
ÅOwatonna: 4/24
ÅMankato: 4/24
ÅWillmar : 4/25
ÅFergus Falls : 4/26
ÅBrainerd : 4/27
ÅGrand Rapids: 4/28

https://www.eventbrite.com/e/getting-the-most-out-of-air-source-heat-pumps-in-our-cold-climate-tickets-523093726417
https://www.eventbrite.com/e/getting-the-most-out-of-air-source-heat-pumps-in-our-cold-climate-tickets-543120878167
https://www.eventbrite.com/e/getting-the-most-out-of-air-source-heat-pumps-in-our-cold-climate-tickets-543148901987
https://www.eventbrite.com/e/getting-the-most-out-of-air-source-heat-pumps-in-our-cold-climate-tickets-543150697357
https://www.eventbrite.com/e/getting-the-most-out-of-air-source-heat-pumps-in-our-cold-climate-tickets-543151650207
https://www.eventbrite.com/e/getting-the-most-out-of-air-source-heat-pumps-in-our-cold-climate-tickets-543152743477


Incentives and 
Financing
ÅIRA tax credit equipment 

specifications 

ÅState rebates from IRA 
[coming soon]*

ÅLoan options beyond in-
house financing products

ÅUtility rebates
ÅInteractive map
ÅDownloadable database

*https://mn.gov/commerce/energy/federal -
rebates/


