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Heat Pumps 101

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

Dan Wildenhaus 'ASHP

Rabl VandergOn [ rce heat pump collaborative



Discussion goals

AUnpack rising potential for heat pumps

AValidate equipment works in cold
climates

ABenefits and considerations using cold
climate ASHPs

A Sizing and design considerations

AlInstallation considerations and
common pitfalls

AComparisons by application types

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



Quick poll * who Is In the audience?

ABuilders

AContractors

Al ocal government

ARaters / Energy Auditors

AWeatherization Assistance Providers

AUtility Staff

Almplementers r * *

AResearchers
AOthers?




Quick poll * who here Is considering getting
a heat pump?

ANhy?
ADecarbonize home
AEquipment is at/near end life

ASweet, sweet IRA money is coming!

AOther reasons?



oo 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.

POLICY

We strive for high-impact,
pragmatic solutions guided by
a public interest ethic.

RESEARCH

We identify cost-effective, efficient
technologies through analysis,
modeling, and engagement.

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.

cee”

Center for Energy and Environment



' AL hed by CEE in 2019 t lerate adopti
MN ASHP Collaborative © fasiesioun o ccceree adort

A High opportunity for delivered fuels and electric
heatcustomers in rural MN

A Investorowned, cooperative, and municipal
utilities contribute funding

A Following ECO and ETA legislation, programs :
expanding to new application types including
dual fuel ASHPS in 2023
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Alr source heat pumps
have great potential iIn MN



Minnesota Statewide Electric Savings Potential 2020-2029
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MN heat pump market growth in utility rebate data
through 2022

Residential ASHP Rebates by Year Running Total Residential ASHP Rebates
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Inflation Reduction Act of 2022

A$2,000 Tax Credit for qualifying ASHPs (25C)through 2032
AStatewide home energy rebates (HOMES and HEEHRA)

March 2023 Sept./Oct.
State Energy 2023
Federal govt. Dept. of ; DOE approves
seeking input Energy (DOE) Office (SEO) SEO

issues submits plan
guidance

Implements

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
A+J VhAU 158w | AAUECgA+r E UA2IBECD h
triennial plans

AWill 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

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

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

Product Prototype

Field Testing
(Late 2021 / Early (Winter 2022-3 or
2022 2023-4)
> O O O ®
Lab Testing (2022 Deployment
Programs /
Commercialization
(2024)

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



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

Growing potential

ARebates shifting from lighting to space heating 2020 - 2029
AUTtility rebate data show the market is already growing
AECO Act will create new fuel switching rebates in 2024
ATax credits and rebates in the IRA to increase demand

ABetter equipment on horizon through DOE Cold Climate Heat Pump
Challenge



Level Setting Terminology



The many names of a heat pump

Air Source Heat Pump
ASHP

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

CEES. Cold Climate Air Source Heat
Pump (ccASHP)

Also Known As:

U Inverter driven (for VCHP or VSHP)
Extended capacity

Extra performance

Extreme climate

Various branded trade - names:
Hyper heat®, Aurora ®, Halcyon XLTH ®,
Max- Heat ®

cC: . C:C:




Heat Pump Taxonomy & .
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CEE .. 1 o>
Compressor Climate Distribution 9 L
listed? ()
Centrally
Inverter Cold- climate ducted
driven listed K Ducted
N
Residential air
source heat N
pumps ENERGY =
Mini- split =
STAR V6.1 = J
Multi - split Mini- Spllt /|
% £
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Multi- split




Heat Pump Efficiency Ratings
Changing

s 6w’ U1 EAgiA¢ eECT UOREU

HSPF2 (HSPF) SEER2 (SEER)

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- 7t seer2- hspf2- conversions/



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

Cold Climate Specifications 1

I MEYERGY STAR v6.1
Cold Climate Heat

ANorth and Canada'h
CEE@ Air Source Heat Pumps (Tier

1 split ducted, Tier 2 non- PUMP
ducted)
\ 4 Capacity ratio of ('580/0 at 19F/47°F OR I:I Minimum HSPF2 of 8.5 and SEER2 of 15.2
O70% at BF/47°F or greater for ductless systems

AHRI matched system must be rated (08.1 Minimum ';'SPEZ Ofcsl.l and SEER2 of 15.2
HSPF2 ducted9.5HSPF2 ductless) or greater for ducted systems

Deliver O70% of rated capacity at 5°F

[<]

EER2010 ducted,09 ductless

| [<]

Optional Demand Response criteria N/ High efficiency even at 5°F (COPO1.75)

included

Perform controls verification procedure

High efficiency even at 5°F (COPO1.75) |_| to- ensure performance is achieved at 5 °F
with native controls

CEE1 Heat Pump Tiers- Aligns with 25C Tax Credits ENERGY STAR v6.1 Product Specification for CAC and HP Equipment



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

NMEEP'S COLD CLIMATE AIR SOURCE

=] Heat Pump List ©

K

V]

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

High rated heating efficiency (O08.5 HSPF2
ductless, O7.7 HSPF2 ducteq

High efficiency even at 5°F (COPO1.75)

Highly rated cooling efficiency ( 08.5
SEER?2 ductless,014.3 SEER2 ducted)

Capacity and efficiency data reported at
multiple operating conditions

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

US DOE Residential Cold
Climate Heat Pump Challenge

Centrally ducted units with a minimum of
three speeds

Must have 100% of 4¥YF capacity at 5°F
Low temperature cutoff of -1CF or lower

Minimum HSPF2 of 8.5 or greater

Minimum 30% delta between minimum
capacity and nominal capacity at 47°F



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

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

2015
2018

Aln-field performance
studies 019

AMarket studies
ACustomer economics &

MN Potential Study
CARD single family ccASHP optimization study
CARD multifamily ccASHP study

rates 2020

Alnforming utility
program design

ComEd ASHP research study

NEEA ASHP modeling tool

2021

Heat pumps for AC T multiple projects

CARD air to water heat pump study




Comparing system types using COP

Approximate Coefficient of Performance

4 3.5

3.5 3

3 2.5

2.5

2

Lo 1 0.95 0.92

1 0.8 : 0.8 :

- m 0 n B

0
Electric  Natural Gas High Natural Gas High Centrally Cold Cold
Resistance furnace Efficiency Boiler Efficiency ducted Climate Climate
Heat Natural Gas Natural Gas  ASHP Centrally Minisplit

furnace Boiler ducted

ASHP



CEE research
study overview

A Field Study

A 8 ccASHPsin a variety of MN
residences

A 6 ducted whole house systems
A 2 ductless mini - split systems

A Monitor installed field
performance of ASHP & backup

A Each site had detailed data collection

A Installs in climate zones 6 & 7

B Ducted All Electric
M Ducted Dual Fuel
B Ductless Heat Pump



Heating Cycle COP of Dual Fuel System
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System performance: measured annual COP

A All- electric, ductless ccASHP ~1.9t0 2.1
A Dual fuel, ducted ccASHP w/ LP Backup:~1.2to 1.3

3

Ductless ccASHP w/ ER Backup
Ducted ccASHP w/ LP Backup

N
&

N

Full System COP
|_\
o1

Electric Resistance

=

LP Furnace gCondensm )
LP Furnace (82% AFUEQ)J

O
&

o

-15 5 25
Outdoor Air Temperature )
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- 88+ E & UGULO EUEUAEI &

V Significant savings for replacing propane and electric resistance

Annual Reductions for ccASHPs

Homeowner

Emissions
cost

Site energy | Source energy

Dual-fuel ASHP

40% 10%
vs. propane furnace

30% 5%

All-electric ducted & ductless HP

. : 55% 55%
vs. electric resistance

55%

V Technology continues to improve
ANew generation systems can operate as low as -20°F
(efficiently as low as -13F)



Researched confirmed by others

A2019 Dual Fuel Air Source Heat
Pump Monitoring Report [Michigan] ~

Slipstream

ABritish Columbia [Canada]Cold

Climate Heat Pump Field Study>* RDH
Building Science

AAir- Source Heat Pumps in Cold

Climates [Vermont| * Steven Winter
Associates, Inc

ACold 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

vUAUGUJ i 1 Cd

Asariable capacity advancements have
expanded cold climate performance

ACEE field research studies observed )
systems delivering heat as cold as -254

e

JCEE field research is validated by other = =~
national-level field studies SN




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



ASHP Benefits Big Picture

Heating and cooling
all in one system

Improved comfort

Utility rebates

Fuel choice flexibility

Heating and cooling
operational cost
savings

Reduced carbon
emissions



How Modulation Helps- Control

Temp

Recovery Speed/Time

Time

Inverter Type
Non-Inverter Type

A More control
A Less waste

A Improved comfort

32



Variable capacity systems modulate to load for
Increased comfort and savings while offering
higher capacity at lower temperatures
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Let's think about a cold climate house and
heat pump!

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

AWinter design temperature of
* QoF

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

Als selection as important as
Sizing?




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

NEEP'S COLD CLIMATE AIR SOURCE

=] Heat Pump List

¢ - > (25 Heat Pumps)

rch Products

AHRI, Madel, Unit @

American Stanc

Petuce Baeray USaae, Mot Coamien
ENERGY EFFICIENCY

American Standard / Mitsubishi

Electric

AHRI #: 204795658

Singlezone Ducted, Centrally Ducted
23,900 Max Btu/hr @5°F
38,000 Rated Btu/hr @47°F

# 36,000 Rated Btu/hr @95°F

COP @5°F: 2.19

HSPF: 9.5

Qutdoor Unit # ASUZAD361KAT0B*

Indoor Unit # APVAOAD361AATOA

VIEW DETAIL

AHRI, Model or Ur

Consumer and Installer Resources

Ducting
Configuration

0 12000
®

Singlezone Duc ¥

Heating Capacity (Rated Btu/hr
@47°F) ©

48000

About ASHP Initiative

Heating Capacity (Max Btu/hr
@5°Fn 0@

80000 7000 44000

Advanced Search - Sizing for Heating

Weibant Esgrin Usaie, ML Comben
ENERGY EFFICIENCY

American Standard / Mitsubishi

Electric

AHRI #: 204795659

Singlezone Ducted, Centrally Ducted
23,900 Max Btu/hr @5°F
38,000 Rated Btu/hr @47°F

# 36,000 Rated Btu/hr @95°F

COP @5°F: 2.19

HSPF: 9.5

Qutdoor Unit #: ASUZAD361KATON*

Indoor Unit # APVAOAO361AATO0A

VIEW DETAIL

80000

—& ®

Wethans: Esarir Usdire, ol Cismrbent
ENERGY EFFICIENCY

American Standard / Mitsubishi

Electric

AHRI #: 204795632

Singlezone Ducted, Centrally Ducted
17,700 Max Btu/hr @5°F
32,000 Rated Btu/hr @47°F

3 30,000 Rated Btu/hr @95°F

COP @5°F: 2.88

HSPF: 10.8

Qutdoor Unit # ASUZA0301HATOB*

Indoor Unit #: APEADAO301AA70A

VIEW DETAIL

Ei Download Product List


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

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

American Standard / Mitsubishi Electric

e Singlezone Ducted, Centrally Ducted Advanced Data - Sizing for
AHRI Cert #: 2044443938 Heating
Outdoor Unit # ASUZH0361HAS0NA

Indoor Unit #: APEADAO361AATO0A
Maximum Heating Capacity (Btu/hr) @5°F: 38,000
Rated Heating Capacity (Btu/hr) @47°F: 38,000

#: Rated Cooling Capacity (Btu/hr) @95°F: 33,000

This tool is for preliminary product selection planning only. It is necessary to conduct full engineering capacity assessments that take line-length, multi-
head impacts, and other factors into consideration. Use manufacturer's data and tools to finalize product sizing and selection determinations

Weather Station © Heating Design Temp. (°*F)© Heating Design Load (Btu/hr)@

New Ulm Municipal

[J Optional: Apply Lock-Out
Temperature

L] Optional: Manually Set Low
Temperature Capacity Rating

Advanced Search - Sizing for Heating User Guide @

Run Sizing for Heating Data



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

Graph Information @
System Capacity, Heating Load, and Weather Data Graph
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Cutdoor Temperature (°F)
Annual Load x Hours (Btu/yr) Supplemental Heat Modulating Heat Pump Potential Low-Load Cycling Design Temperature
-&- Heating Load Line (Btu/hr) -®& Heating Max. Cap. -® Heating Rated Cap. Heating Min. Cap.
Product Sizing For Heating
Field Information € Field Information €
Capacity Balance Point (°F) -5 Annual Btu's Covered by Supplemental Heat (MMBtu) 2.0
Minimum Capacity Threshold (°F) 29 Hours Requiring Supplemental Heat 61
Maximum Capacity at Design Temp (Btu/hr) 31,778 Percent Hours Requiring Supplemental Heat 1.0%
Percent Design Load Served 88.3% Percent Annual Load Modulating 57.7%
Annual Heating Load (MMBtu) 80.7 Percent Annual Load with Low-Load Cycling 37.3%

Percent Annual Heating Load Served 97.6%



Size for heating or cooling?

New School
AStart by sizing to largest load.

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

ALikely OK to be within a half-ton!

Old School

ASize for cooling and then go up a
half ton.

ABased on older single or two
speed systems.

ADoes not maximize heating
potential of HPs.

ADoes not account for modulation
capabilities of VSHPs.



Example Dalkin System

Graph Information @

14 - i H P .
Anmual Load x Hours (Bea/yo): 685 548 System Capacity, Heating Load, and Weather Data Graph

L] L]
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-4 Heating Load Line (Btu/h) -# Heating Max. Cap. -# Heating Rated Cap. Heating Min. Cap. -@ Cooling Max. Cap.

Cooling Min. Cap.

Product Sizing For Heating
The NEEP ccASHP database does not include max capacity data at the selected design condition for this product. Though ccASHPs will operate below 5°F, these ~ 2 6 O O O Bt u% r
calculation results assume 0 capacity below 5°F. Enter a known max capacity data point above for more accurate results. )

Field Information € Field Information € CO O I i n I O ad %
Capacity Balance Point (°F) 12 Annual Btu's Covered by Supplemental Heat (MMBtu) 2.7 g

Minimum Capacity Threshold (°F) 42 Hours Requiring Supplemental Heat 83

Maximum Capacity at Design Temp No capacity at design Percent Hours Requiring Supplemental Heat 1.5%

(Btu/h) Temperature Percent Annual Load Modulating 80.5%

Percent Design Load Served No capacity at design Percent Annual Load with Low-Load Cycling 14.0%
Temperature

Annual Heating Load (MMBtu) 7.6

Percent Annual Heating Load Served 96.5%



Maxi mize Energy Resilience and Price Protection

Mi nnesota Mont hly Res* denti al Electricity Price
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Sizing and Design
Considerations



Definitions: Design Conditions

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

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

ADuluth:
A Winter Design Condition is - 20°F
A Summer Design 83°F

AMinneapolis:
AWinter -12 F
A Summer 89° F



Sizing Considerations * Load Calculations

Level of heating load
CaICUIatIOn tl me, effo It and Sizing Systems — What matters most!

aC C u raCy : This is the old Greek

formula: UA*AT

A Medium:
1 Comfort Consult + Block load
1 Energy Modeling
1 Existing equipment * with run time

or utility bills
A High: = -
1 Room-by-room - Manual J or E3 PTG what give us
equivalent * detailed envelope options

Information needed



Design day Heating Load (Btu/hr)

70,000 +

60,000

50,000 -

30,000

20,000 -

10,000 -

1062 1056 1065 1078 1061

T

1049 1030 1037 1055 1027 1054 1070 1026 1052 1028 1047 1031 1063 1045
Site Number

m Measured Data
N
B Contractor A

m Contractor B




Sizing Guidance

Guide To Sizing & Selecting Air-Source
®) Heat Pumps in Cold Climates

A companion 1o NEEP's Guide o Installing Air-Sowce Heat Purnps in Cold Climates

| .

rev 0408720

Introduction

The use of ar-source hoat pumps (ASHPS) In cold Chmates is Qrowing rapidly, Dt System Si2ing and sefoction piactices
have not adways kepl up with the wide cange of appications commeonly found in coid climates. System pecformance,
ooerfort, and enecgy efficieccy can be sigaficantly impacted by poce sizing and system selection The purpose of this
gude is 10 assist nstallers in Si2ing and selecting ASHPs for residential cold cimate applcations, while mantaning high
efficiency, performance. and customes satafaction

There are many types of equipment and a variety of common spplcations for ASHP instalations in cold climates
Combications of singie and muit-2one, mink-spit “ductiess” and/or "compact-ducied” systems, and more conventionyl
centrolly ducted arhandler systems, may be instalied 5 easting of few Bomed. When an ASHP ig installed 10 rediuce
Operating coats and/or emissions and existing heating equipment is left in place a9 & suppioment, Conventional
approaches 10 s2ing don’t always apply, and conltrols can be Enpoctant

This Quide is organzed o four One Dage APERCHTION types S0 Lsers can elfectively Mmatch Quidance to thew specific
instalaton. The applications ate

* Heating (of heating & cooling) displacement
¢ Full MVAC replacerment

*  |soleted zone

*  New construction

Each category sugpests The relevant infoamation on Sng and equipment sefection, system confguaasons, the
optional use of pre-existing HYAC, and Sps on key issues 10 ook cut for. Each appiication category inciudes 3 more
detailed description of when That spplcation woukd spply. Alss, e it no Cooling only Sppication type. In almost any
crcumatance, even if the chent is intally interested in cocling, & cold-cimate heat pump can provide costeffective
heatng for a1 least some part of the winser. Thus all the appiications considered assume Iention 10 use Te heat pump
for ot leant some heating of The bome

Foe rolmw\ae sppications, tes guide is focused om products That sppesr on the Lol Climate A Soece Mest
! ASHEL Speclicaton Thetedore, variatie-spead systems sre assumed in this f;ur:. e Cold chmates may
be c-'rs-dered 10 be ineonational Energy Conservation Code [JECC) chmate zone 4 and higher, though interest in cold:
weather petformance may extend into some of the hottest cimates in the ULS. The following sechon provides addtional
genesal guidance on buliding efficiency, load calculations, snd egapment sefection that apply to sl the application types

Nole Meat pumps should always be instalied by Scensed, trained professionals. Always fotiow manufacturer’s
speciications and Bataliation instructions, and all appicabie bullding codes and reguiations

Ensure Building Efficiency

In existing Duidngs, always Iry 10 ensure that any budding enclosure issues (nsulation, alr Jeaks/Dypasses, exisling
et disconnecty/lesks, ¢t | are addressed Defore Instaling new equipment. This reduces heating & cocling costs,
improves comion and heat pum performance, and reduces the size of equipment reguired. Enlist the help of a home
petformance profussiony if needed 1o dagnose Pese u.s.»x Many dlecirc and gas uiilty companes offes resources 1
SUPPOIT hame performancy upgandes. U S DOEs Hooot Pododinecce sith ENERGY STAH program also provides uselul
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Sizing Guidance Resources

ANEEP Installer Resources - Guide to
Sizing and Selecting Heat Pumps

AAir - Source Heat Pump Sizing And
Selection Guide NRCan

ANY State Training Provider Resources

ANEEP Size for Heating Users Guide

NEEP'S COLD CLIMATE AIR SOURCE
= Heat Pump List
Users Guide: Cold Climate Heat Pump Sizing Support Tools

The cold climate heat pump sizing support tools support users to select cold-climate air source heat
pump (ccASHP) products that are sized to best match the peak and annual heating needs of a home or
heating zone. The tools, functioning within the NEEP ccASHP Product List website, include a search
function and a product-level analysis. The search function helps users compare multiple products to
each other based on search criteria. The product view displays system and load-matching data,
providing a visual for how a specific heat pump’s capacity matches the heating load across the home's
winter temperatures.

Considerations

This tool is for preliminary product selection planning only. It is necessary to conduct full engineering
capacity assessments that take line-length, multi-head impacts, and other factors into consideration.
Use manufacturer's data and tools to finalize product sizing and selection determinations

This tool is for use in heating-dominated climates. The tool, and users guide, presumes the reader has a
basic understanding of heat pump terminology and home heating load concepts. If designing for regions
that also have high humidity and summer cooling loads, the sizing decision needs to carefully balance
heating, cooling, and humidity control needs®. In these climates, it is highly recommended to compare
sensible cooling capacity to sensible load at the cooling design temperature and then select the
equipment and system configurations that supports the higher of the two loads. This tool can provide
information about the heating aspect of those systems, but it is insufficient for the ultimate system
selection.

* Note: If cooling lood or humidity control require a system that can provide
over 140% of the heating load at design temperatures, consider other heat
pump products or consider additional non-heat pump equipment such as
energy recovery ventilotors and dehumidifiers.

Views
This tool has two views that support the user for different purposes.

1. Asingle product view that displays key data regarding how that product fulfills a home or zone’s
heating load.

2. Asearch result list view where a user can compare multiple products to each other based on
search criteria. In this view, the tool limits users to viewing 300 products due to calculation
speeds of the underlying data.


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?




When to install the heat pump?

Is the homeowner considering or Prioritize timing

willing to weatherize

1. Yes, they are very interested in 1. Likely best to install Heat Pump
improved comfort, lower bills, AFTER theWx is completed
andt right sized mechanical » Can we introduce the
SYSIems homeowner to a contractor that

2. Not sure, but we should ask does weatherization?

3. No, this Is an emergency 3. Can we Iinstall a heat pump that
replacement 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
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Opportunity

Reduce load ™ > right size equipment

18Ag JChE Ueai | i UATJ 1 Ug U,
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- Dan Wildenhaus



4-ton cCASHP system
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Annual Load x Hours (Btu/yr) Supplemental Heat Modulating Heat Pump Potential Low-Load Cycling Design Temperature
-4~ Heating Load Line (Btu/hr) -# Heating Max. Cap. -# Heating Rated Cap. Heating Min. Cap.

Product Sizing For Heating

Field Information €@ Field Information €@

Capacity Balance Point (°F) 3 Annual Btu's Covered by Supplemental Heat (MMBtu) 19.1
Minimum Capacity Threshold (°F) 14 Hours Requiring Supplemental Heat 664
Maximum Capacity at Design Temp (Btu/hr) 27,200 Percent Hours Requiring Supplemental Heat 10.5%

Percent Design Load Served 77.7% Percent Annual Load Modulating

Annual Heating Load (MMBtu) 91.7 Percent Annual Load with Low-Load Cycling

Percent Annual Heating Load Served 79.2%




3.5-ton cCASHP system
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Product Sizing For Heating
Field Information €@

Capacity Balance Point (°F) 2
Minimum Capacity Threshold (°F) 37
Maximum Capacity at Design Temp (Btu/hr) 24,000
Percent Design Load Served 68.6%
Annual Heating Load (MMBtu) 91.7

Percent Annual Heating Load Served 81.4%

Field Information €@

Annual Btu's Covered by Supplemental Heat (MMBtu)
Hours Requiring Supplemental Heat
Percent Hours Requiring Supplemental Heat

Percent Annual Load Modulating

Percent Annual Load with Low-Load Cycling
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Installation
Considerations



Installation Considerations
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AControl and operation
Alntegration with backup

ASizing
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More Installation considerations

ACompressor placement
ALine set installation ‘/
ACondensate management N

ARight charged refrigerant



Installation Common Failures/Mistakes

ATwo most common mistakes:
A Outdoor unit not secured and/or elevated

A Lack of adequate line set protection

AOther Mistakes:
A Poor homeowner education

A Inadequate clearances
A Aesthetically unappealing installations
A Installed heads not level for DHPsS

A Condensate or line set blocks filter door
for ASHPs




Poorly Installed Outdoor Units




Installing Line Set

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




Unique requirements

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




Unique requirements

AHigh wind zones,
baffles may be a
recommended

practice,
depending on
manufacturers.



Homeowner Education

WELL-INSTALLED OUTDOOR + INDOOR UNITS = SATISFIED HOMEOWNER

AHappy, well- educated
nomeowners are the
pest salespeople

ASatisfied customers
tell their family, friends
and neighbors




Installation Guide

Air Source Heat Pumps Best Practices -

Companion Guide to the Minnesota ASHP Collaborative's Design Guide

Introduction

High quality installation of air source heat pumps specific applic
(ASHPs) improves system performance and efficien-  zonal electric
cy, optimizing heating down to colder temperatures.

This performance improvement can ensure customer :?r:e‘:!u:‘rﬁ?ess 1. Remove line set covers.
satisfaction and comfort, which in turn reduces specification ¢
callbacks, generates referrals, and increases sales. applicable bui
This guide outlines the best practices for all ASHP should attend
installations, as well as guidance on homeowner installer prog
education to help keep customers happy and ASHPs g g
efficient in cold climates. For guidance on equipment  1his Quide is ¢
selection, system sizing, and proper design, see our ~ guidance in th
ASHP Design Guide, which provides information on in on best pra

+ Prevent partial kinks in line sets. Partial kinks can cause significant impact to heat p
and perfarmance in cold temperatures. Kinks typically occur in line sets that are gre.
to 7/8" in diameter. Follow these steps to check for partial kinks:

2. Set the machine to its most pawerful mode so it heats at full capacity.
3. Feel along the entire length of the line set for hot spots, which indicate where
any partial kinks are located.

REQUIRED TOOLS: Ratchet flaring tool, pragrammable refrigerant charging scale, torgu
gauge and hose set. vacuum pump (not pictured), flare gauge (not pictured)

-

RATCHET \_  PROGRAMMASLE 4 TOROUE
FLAING HEFRIGERANT B, WAENCH

TooL E CHARGING SCALE

- Installers should follow the manufacturer’s instructions for minimun™== Refrigerant Tubing
and maximum line set length and height change.

Installation Requirements and Best Practices

s Line Set

« Create new flare fittings using a ratchet flaring tool and measurement gauge appropr
refrigerant and in accordance with the manufacturer’s instructions. Apply refrigerant
each flare.

« Line set must meet the manufacturer’s specification for the indoor
unit — adaptations to the outdoor portion can be made if necessary.

« Connect tubing with the appropriate nuts (supplied by manufacturer) and tighten to th

+ Insulation must cover the entire line set length (i.e., both pipes) to TORr:
manufacturer's torque specifications.

avoid condensation and energy loss. Once insulated, the outdoor
portion of the line set should be protected with a rigid cover to avoid
insulation damage. Note: It is important to also insulate flare nuts

to stop liquid or frost from developing under the flare nut, which can
cause cracks.

- Dnce used, DO NOT REUSE manufacturer-provided tubing flares and fittings. DO NOT |
flare fittings that were not provided by the manufacturer.

+ Any brazed connections should be completed with dry nitragen to prevent oxidation.

- UV-resistant tape or other mechanical protection should be installe:
as needed to protect any remaining exposed insulation. UV-protect
insulation products meet this requirement.

« Line set penetration through the building enclosure should be
protected from rodents (e.g., with a PVC sleeve and cap drilled to th
size of the refrigerant lines, metal-wool stuffing, or similar).

« All penetrations through the shell of the home should be sealed wit|
insulating sealant/spray foam. Any aspects of the insulation disturb:
by installed line set should be returned to proper condition.

i Qutdoor Unit Installation

+ Outdoor units should be placed to allow for free air flow. Follow

manufacturer's guidance on clearance from obstructions, including
walls, overhangs, protrusions, and other features. Ensure that
outdoor units do not interfere with windows or doors.
Install outdoor units in a location protected from the wind if
possible. Wind chill can affect heat pump performance, and facing
into the wind can push freezing rain or snow into the system. If
this cannot be avoided, install a wind baffle from the manufacturer
to protect the system.

« The customer should always approve the location of outdoor units.

The units should be Located in inconspicuous places for aesthetic
and noise considerations (e.g.. behind the building).

Locate outdoor units away from bedrooms and other quiet spaces.

« Follow manufacturer-allowed clearances when placing multipla

units. Multiple units should not be installed above each other or with
outdoor fan outlet flow pointing directly at another unit (except when
explicitly recornmended by manufacturer).

- Ensure adequate clearance above historical average maximum

snow depth, typically 18" in Minnesota. Secure outdoor units to a pad,
ricers, or the surface they sit on using a factory-approved stand and
bolts or adhesive. Ensure that any ground-mounted unit is on soil that
is well drained and will not heave with frost. The outdoor unit should
be level both side-to-side and front-to-back Best practice: use wall
brackets designed for attachment to foundation wall, when ground
clearance allows.
Installations can also use wall mounts or brackets designed for
attachment to foundation wall. In these cases, use double-ended
vibration absorbers to prevent both noise transfer through the
wall and premature failure of the attachments.

Proper pli
bubing, rig

Equipmen

above the

The Best Practices Installation Guide

+ Avoid proximity to walkways or other areas where re-freezing
defrost meltwater might cause a slip-and-fall hazard.

+ When possible, avoid installing outdoor units directly under any
drip line from the roof or other overhang that would subject them to
falling snowmelt. ice. or concentrated rain runoff.

‘When this is unavoidable and a functioning gutter is not
present, outdoor units should be installed with drip caps or
shields approved by the manufacturer.

« Install surge suppressors at service disconnect to protect
sensitive electronics. Alternatively, suppressors may be installed at
circuit breaker box if device is approved for such application. Follow
manufacturer's instructions and all applicable codes and standards.

« Drain pan heaters are strongly recommended for cold-climate ASHPs

that operate below 32 degrees Fahrenheit. These are not generally
needed for non-cold-climate systems in situations where meltwater
clearance and protection from precipitation are adequate.

Homeowner Education

- Provide a copy of the manufacturer's owner manual to the homeowner

« Take the time to demonstrate basic controls and operations to homeowners.

schedule and other activities with them.

Additional Resources

« US. Department of Energy Building America Solution Center
(HVAC-Heating Equipment) — basc pnnl gov

- ENERGY STAR"-Verified HVAC Installation (ESVI) Program
. : )

Proper outdoor placement, showcasing
& drip cap/snow shield.

Review maintenance

« ACCA Standard 5 (ANSIJACCA § QI-2015); HVAC Quality Installation Specification

accaorg/standards/quality

Acknowledgements: Existing best practices
documents provided important content to
this guide. Wed like to recognize and thank
Mortheast Energy Efficiency Partnership
and Northwest Energy Efficiency Alliance
for their contributions.
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https://www.mnashp.org/guides

Benefits and Considerations
by Application Type



ASHP Application Types

AC replacement * Ducted ASHP Sizing, energy costs, 1,200,000 homes
with ductwork product cost, change
over temperature
AC replacement * Sizing, comfort 320,000 homes
without ductwork needs, product cost
Electric baseboard ccDHP Sizing, home 270,000 homes
configuration,
number of heads
Propane furnace Ducted dual-fuel Sizing and change 250,000 homes
cCASHP over temperature
Electric furnace Ducted ccASHP Sizing and electric 87,000 homes

plenum backup




How often do you replace equipment on failure?

How often do you replace both furnace and AC?

: Average

Scenario

frequency
] KCI CagUA OC JCh EUe@67%ofthe
2Ai aUuo | time
pnéuA AA - @ AE @a&Ai uU50% of the
AGCEC EUeuaAT U geéU ahEAtme
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Ducted, dual fuel cold- climate heat pump
to displace furnace and replace AC

Benefits
Aldeal for AC replacement

AMay have older furnace

AResilience and future proof

AHomeowner education is an
opportunity




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

Baseline - Conventional
System (Furnace and Hybrid-Heat System (ccASHP and Furnace)

$1,090

$1,040
»
o)
O
©
)
[
[
| I
Base“ne 15°F Switchover 25°F Switchover 35°F Switchover 45°F Switchover
3 ton 4 ton 3 ton 3ton 3ton

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



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

Baseline - Conventiona

System (Furnace and Hybrid-Heat System (ccASHP and Furnace)
AC)
$3,500
$3,180
$3,000 52 57
$2,58
$2,500 _g,,..%.@.&g._
: $%,198
g $2,00
0
O y
= S $|1 ,778
>
E $1.500 Heating Cost Heating Cost
Heating Cost
$1,000 Heating Cost

Heating Cost

Baseline 15°F Switchover 25°F Switchover 35°F Switchover 45°F Switchover
3 ton 4 ton 3 ton 3 ton 3 ton

Average NEEP QPL heat pump; Dual fuel electric rate: 6¢/kWh; Propane: £.1 / gallon; Weather station: Duluth, MN



Ducted AC and Furnace considerations

ASizing * heating or cooling AControls * thermostat setpoints
load A Use economic switchover
ASize up to 115% of higher load temperature
AReference max capacity at 1PF ALow setbacks for thermostat
ACompressor Locations AHomeowner Education
A City/jurisdiction requirements ANo need to run constant fan
ALocal HOA restrictions ATemperature controls training
APlacement away from operable ADelivered air temperature
windows 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

APreferred Contractor
Network

Alncentives and financing

EasHP

Welcome to the Minnesota ASHP
Collaborative Training Center

ACost of heat comparison tool
Aln person training

AFree on-demand training
modules

ABest practices guide
AManufacturer promotions



https://www.mnashp.org/contractor

ASHP Preferred Contractor Network

Gain leads through the ASHP Collaborative website and staff



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

Upcoming Events

A ASHP Fundamentals Course> April 24-28
A6 MN cities throughout the week

A Free 2-hour course

A Free hot breakfast

A Earn CEUs for NATE, BPI, MN Department of
Labor and Industry

A Satisfy pre-requisite coursework for Preferred
Contractor Network

A Registration is open and required
A Owatonna: 4/24
A Mankato: 4/24
A Willmar : 4/25
A Fergus Falls: 4/26

A Brainerd: 4/27
A Grand Rapids 4/28

CONTINUING m
EDUCATION

DEPARTMENT OF
LABOR AND INDUSTRY

A A S

e T AT

K- Fergus Falls

Willmar

Grand Rapids

Br'ainerd

Mankato

Eagan

Owatonna


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

AIRA tax credit equipment
specifications

A State rebates from IRA
[coming soon]*

ALoan options beyond in-
house financing products

AUtility rebates
A Interactive map
A Downloadable database

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

rebates/



