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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



Understand features to ensure 
success:

ÅScenario specific considerations and 
guidance

ÅProject goals

ÅSizing

ÅSystem types

ÅEfficiency ratings

ÅPerformance characteristics of 
home

Goals

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



Quick poll H˟ow many people here do NOT have a heat pump 
in their home?



Now, how many 
of you without a 
heat pump are 
considering one 
in the next 5 
years?



Research influences



Does sizing really matter? - From research

If oversized for cooling by more than 140%, energy use/cost penalty of up to 10% 
may be seen (depends on equipment type, brand, algorithms, control strategies 
and settings, etc..)

If oversized for heating by more than 150%, energy use/cost penalty of 1 to 30% 
may be seen (depends on equipment type, brand, algorithms, control strategies 
and settings, etc..)

Wrong sized for the ductwork can lead to much higher fan watt draw. An AHRI 
report showed that adding static pressure to Electrically Commutated Motors 
only reduced flow from 1 to 3% with increased fan power draw up to 48%!

NIST, NREL, Proctor Engineering, Illinois Institute of Technology, AHRI



CEE research findings
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Envelope Improvements Show Results

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

ÅEven reference 5-
ton system meets 
33% of homes

Å25% peak load 
reduction 



Never replace another AC with an AC

ÅResearch project for ComEd- Strategies 
for Heat Pump Adoption at the Time of Air 
Conditioning Replacement

ÅCARD research project - Market 
assessment in Minnesota

ÅCARD research project H˟eat Pumps for 
ACs

ÅCARD research project O˟ptimized 
Installations of Air Source Heat Pumps 
for Single Family Homes



Cost Savings and Cost-Effectiveness

ÅAll combinations of location, baseline, ASHP, and replacement 
type have cost-effective outcomes

ÅASHP operational cost savings (cost-effectiveness) exhibit 
extreme sensitivity to electric and gas rates

Scenario 1

ÅssASHP paired 
with a newer 
furnace

ÅCAC-only 
replacement

Scenario 2

ÅEntry-level 
vsASHP

ÅFull replacement 
of older furnace

Scenario 3

ÅEntry-level 
vsASHP

ÅFull replacement 
of older furnace

ÅDual fuel space 
heating rates



Scenario 1 ïNewish existing furnace with 
entry ssASHP



Scenario 2 ïOlder existing furnace alongside 
failed CAC with entry-level vsASHP
Older existing furnace alongside failed CAC with entry-level vsASHP



Scenario 3 ïOlder existing furnace alongside failed 
CAC with entry-level vsASHP with dual fuel rate
Older existing furnace alongside failed CAC with entry-level vsASHP
with dual fuel rate



Why is it important to understand 
ductwork implications?

Several research projects 
across the country

Increased fan energy use

Capable of delivering the air 
where it needs to go!
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Fan watt draw and pressure



Industry Alignment



Not alone in this!

ÅAdvanced Heat Pump Coalition

ÅConsortium for Energy Efficiency 
A˟SHP QI Working Group

ÅNEEP ˟ Residential Heating 
Electrification Working Group and 
Size for Heating Working Group



Advanced Heat Pump Coalition



Identify heat pump capabilities and features



CEE ASHP QI Working Groups

Resource Catalogue

Resource Gaps
Utility resource gaps

Contractor resource gaps

Best Practices Identified
Including application specific 
practices



NEEP Size for Heating Working Group

Improve features in the Size 
for Heating Tool

Vet updated materials from 
NEEP

Develop and share resources 
for the Size for Heating Tool



Heat Pumps Categorized
By Performance Type



https://neea.org/resources/variable - speed- heat- pump- product- assessment- and- analysis

Prepared for NEEA, and led by:

ÅChristopher Dymond S˟r. Product 
Manager

Center for Energy and Environment 
Team:

ÅIsaac Smith P˟roject Manger

ÅBen Schoenbauer L˟ead Research 
Engineer

ÅDi Sui ˟ Lead Modeling Tool Developer

ÅChidinma Emenike L˟ead Analyst

Variable Speed Heat Pump 
Product Assessment and 
Analysis

µÙ ĚÙÙ÷ ġëÙ ëÙÀġ ēĥÿē ˨çĆúÓíúĆÎ÷Ě ĸĆĀÙ˩

- Christopher Dymond, at project kickoff - July 2020

https://neea.org/resources/variable-speed-heat-pump-product-assessment-and-analysis


Capacity Curves
Nominal 3- Ton units



COP Values
Nominal 3- Ton units



Developing Archetypes M˟etric Review
ModRatio CapRatio CapSlope LowLoadCOP HighLoadCOP

Rated @ 95 / 
Min capacity 

47

Capacity 
Max5 / 

Rated @ 95

Capacity
Max5/Max

17

COP at 
minimum 

output @ 47
COP at maximum 

output @ 17
Excellent: top 

10% 4.3 1.0 0.97 5.2 2.8 

Good: top 25% 3.60 0.83 0.88 5.0 2.6 

Market Mean 
Value 2.7 0.59 0.79 4.0 2.4 

Poor: bottom 
25% 2.2 0.54 0.75 3.8 2.1 

Worst 1.00 0.50 0.50 3.5 1.0 



Archetypes

ModRatio CapRatio CapSlope LowLoadCOPHighLoadCOP HSPF

Archetype

Rated @ 95 / 
Min capacity 

47

Capacity 
Max5 / Rated 

@ 95
Capacity

Max5/Max17

COP at 
minimum 

output @ 47

COP at 
maximum 

output @ 17

Ave. HSPF for 
Reference 
Equipment

Reference VSHP 3.00 0.60 0.80 4.00 2.40 9.70

Capacity Champ 2.50 1.00 1.00 4.00 2.40 10.70

COP King 2.50 0.60 0.80 5.40 2.80 11.40

Modulator 5.00 0.60 0.80 4.00 2.40 10.60

Mild Master 3.50 0.50 0.80 5.00 2.60 11.00

Average Two 1.30 0.50 0.50 3.80 3.00 9.50

Average One 1.00 0.50 0.50 3.60 2.40 8.20



The Variable Capacity Heat Pump Analysis Tool
32

ÅDeveloped by MN CEE guided by NEEAand advisory group

Å8760 hourly energy balance model

ÅSpreadsheet based

ÅKey Inputs
ÅClimate

ÅHouse load

ÅEnergy and equipment costs

ÅHeat pump COP and Capacity vs Tamb

ÅControls and thermostat settings



Model Inputs

ÅHome Load: 45,000 Btu/hr @ - 5°F

ÅSame home load curves used across 
different geographies

Climate House Type

Heat Pump ˟

Ārchetypes

V̄arying Sizes

8760 Model

H̄ome load

C̄apacity

P̄erformance

Outputs

Ēnergy Use

P̄erformance

Ēnergy Cost

Parametric 
Database

C̄ompare every run

V̄isualize results



Model Outputs

3
4

ÅDaily Energy

ÅSystem COP

ÅPeak Demand

ÅLevelized Cost of 
Heat/Cool
ÅUtility perspective

ÅCustomer perspective



Cold Climate Modeling

ÅBozeman, MT 
ÅDesign conditions:
ÅHeating load @ design temp (-ʹːʼʾE˝ˊ ʸʺˋʻʺʽ +ġĥ˖ëĖː

Å-ĆĆúíĀç úĆÀÓ ̩ ÓÙĚíçĀ ġÙÿē ˜ʼʽʾE˝ˊ ʶʻˋʴʹʼ +ġĥ˖ëĖː

ÅMethodology ˟ model every archetype
ÅVary size by design temperature: -ʹːʼʾEˋ ʹʾEˋ ʵʻʾEˋ ʷʴʾE

ÅEvaluate Results
ÅEnergy use

ÅLevelized cost 
Å(install cost + maintenance + operation) / lifetime energy delivered

ÅCompare results across sizes



Bozeman Results ˟
Energy Use

Archetype
Total Energy 
Use (kWh)

Energy Use 
Comparison

Percent 
Difference Sales Price

Reference VSHP 14,560 $11,344

Capacity Champ 13,772 (788) - 5% $11,777

COP King 12,191 (2,369) - 16% $12,688

Mild Master 12,973 (1,587) - 11% $11,432

Modulator 14,143 (417) - 3% $11,195

Two- stage 16,845 2,285 16% $9,432

One- stage 26,449 11,889 82% $8,247



Levelized 
Cost

HP Key: 

7 Ton

4 Ton

2 Ton 



Sizing 
Example -
Bozeman

мтхC

олхC

рхC

-рΦухC όфф҈ 
design 
temp)



Comparison of weighted heating hours versus outdoor air temperature
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Takeaways
ÅEquipment cost is a major factor for levelized cost
ÅSizing systems to meet load at 17°F resulted in lowest levelized cost (Capacity Champ 

either 17°F or 5°F)
ÅBigger system = larger cost
ÅSEER remains the largest driver of cost

ÅExtended capacity and modulation have less impact on performance than 
expected

ÅCoefficient of performance, especially low load at 47°F is a key driver to 
lowest levelized cost
ÅCOP King and Mild Master w/ good COP at 17°F and 47°F, but capacity ratio of 50% 

outperform

ÅCold- climate sizing m˞eet the heating load between 5°F and 17°F

Full report: https://neea.org/resources/variable - speed- heat- pump- product- assessment- and- analysis

https://neea.org/resources/variable-speed-heat-pump-product-assessment-and-analysis


Heat Pumps Categorized
By Efficiency/Rating



Specification and Testing Procedure Changes

Why do we care?

1. Reminder of changes

2. Baseline has changed

3. Compare new and existing 
equipment

4. Programs updating minimum 
specification



Federal Minimum Standard and New Ratings

Minimum 
Efficiency 
Increasing

New Rating 
Procedure 
= Smaller 
Numbers

Heat Pump Efficiency Increases

HSPF

SEER

~4% increase

~7% increase

HSPF/SEER to HSPF2/SEER2

HSPF2

SEER2

~15% reduced

~5% reduced



New Rating Testing Protocol

ÅOld test procedure ÅNew test procedure



New Rating Testing Protocol

Image from Day and Night Heating and Cooling Products



AHRI conversion factors

HSPF to HSPF2

ÅDucted systems = 0.85

ÅDuctless systems = 0.90

SEER to SEER2 (also EER to 
EER2)

ÅDucted systems = 0.95

ÅDuctless systems = 1.0

Source: Consortium for Energy Efficiency



Ducted Specification Comparison

Specification SEER2 EER2 HSPF2  

2023 Federal Minimum Standard (Heat Pump 
North) 14.3 7.5 

ENERGY STAR v6.1 15.2 11.7 7.8

ENERGY STAR v6.1 cold climate 15.2 8.1 

25C Tax Credit Levels 15.2 10 8.1 



Ductless Specification Comparison

Specification SEER2 EER2 HSPF2  

2023 Federal Minimum Standard (Heat Pump 
North) 14.3 7.5 

ENERGY STAR v6.1 15.2 11.7 7.8

ENERGY STAR v6.1 cold climate 15.2 8.5 

25C Tax Credit Levels 16 9 9.5 



NEEP cold climate ASHP Product List



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/


Mġ æÙÙúĚ úí÷Ùˌ
because

25C ˟ Must meet CEE highest, 
non- advanced tier

45L R˟egional specific 
minimums to model against

HOMES ˟ Modeled savings, 
Federal Minimum Standard

HEEHRA ˟ ENERGY STAR 
aligned



Considerations by 
Application Type



Design Challenges 
ÅAccurate load calculations

ÅDetermining when to size for heating vs cooling

ÅDistribution (ductwork) not properly designed for variable speed 
equipment

Å2íĚÌÙúíÙæ ëÙÀġ ēĥÿēĚ ÀĖÙĀ˫ġ À ıíÀÌúÙ ĴÙÀĖ- round heating technology in 
cold climates

ÅInaccurate expectations how heat pumps should operate, leading to 
not use/overuse, or request unnecessary service calls

ÅSelecting the right heat pump for the use case

ÅSelecting the best control strategy for the customer and equipment

53



Actual Use Cases for ASHP

ÅCentral ducted furnace and 
AC
ÅPropane or natural gas (hybrid 

heat)
ÅElectric furnace

ÅMini- split displacement
ÅHomes with zonal heat

ÅAll electric - full heating 
system replacement

ÅIsolated zone

ÅNew construction
ÅGut rehab
ÅDeep retrofit

54



AC and Furnace 
Natural gas or propane

55



ASHP Use Case: Existing Furnace & AC

56

ÅTypical home attributes
Å80% efficient furnace
Å3- ton AC ˟ Ò14 SEER 
ÅExisting heating fuel natural gas or 

propane

ÅGeneral existing conditions to 
consider
ÅIs existing furnace oversized?
ÅComfort complaints about uneven 

temperatures
ÅAre ductwork modifications needed?
ÅHow much time is spent at home vs 

away?



ASHP and Furnace
Dual fuel natural gas or propane furnace with single or two stage ASHP

57



Dual- Fuel - Standard ASHP and Furnace

58

ÅHow to achieve best cost efficiency for singe and two stage systems.

ÅSize at the high end of the cooling load

ÅDonôt significantly oversize only a İ-1 ton more than cooling need

Å Use maximum capacity at 17 ÁF 

Å Look for Ó16 SEER

ÅFurnace replacement or integrate with existing?

Å Replace if near end of life or 

Å If inefficient <95 AFUE without ECM blower

ÅThermostat and other controls

ÅWherever possible use the manufactures suggested thermostat

Å Enter a customized temperature-based switchover based on findings from 

customer discussion 

ÅHomeowner education

Å No thermostat setback or very minimal setback no more than 4 degrees

Å Avoid the use of constant fan - utility bill penalty. 



ccASHP and Furnace
Cold climate heat pump dual fuel natural gas or propane

59



Dual Fuel - ccASHP and Furnace
60

ÅAchieving the best efficiency first cost and operation 
cost

ÅSize for heating load

ÅUp to 115% of cooling load
ÅUse max capacity at 17° F or 5° F

ÅFurnace replacement or integrate with existing?

ÅReplace if near end of life or 
Å If inefficient <95 AFUE without ECM blower

ÅBackup Heat / Controls

ÅThermostat - temperature based switchover*

Å Integrated load- based backup heat

ÅHomeowner Education

ÅNo thermostat setbacks

ÅWhen used setbacks typically align operation with peak 

times

ÅNo constant fan

*use balance point or economic switchover temperature



Operational Cost Considerations N˟atural Gas
61

Average NEEP QPL heat pump; Standard electric rate: 10¢/kWh; Natural gas: $82/dtherm ; Weather station: Duluth, MN



Operational Cost Considerations - Propane
62

Average NEEP QPL heat pump; Standard electric rate: 10¢/kWh; Propane: $2.10 / gallon; Weather station: Duluth, MN



All Electric Furnace
Replacing electric furnace with ccASHP, beneficial electrification

63



All Electric ccASHP
64

ÅHow to achieve best cost efficiency with all electric systems.

ÅSize for heating load

ÅDonôt significantly oversize 

ÅUse maximum capacity at 5 ÁF 

ÅBackup heat / controls

ÅUse a central thermostat with integrated controls 

ÅElectric plenum heater meets load when needed

ÅHomeowner Education

ÅNo thermostat setback

ÅWhen might is this be the right suggestion

ÅAlready has electric furnace and ac

ÅCustomer is ready to replace and wants high performance

ÅCarbon impact or future driven outlook

ÅCaution: Possible roadblock could be panel capacity in older homes



Operating costs: all- electric, cold - climate heat pump 
compared with a propane furnace / AC baseline 

Baseline Alternative

Average NEEP QPL heat pump; Standard electric rate: 10¢/kWh; Propane: $2.10 / gallon; Weather station: Duluth, MN

3 tons 3 tons


