In accordance with the Department of Labor and
Industry’s statute 326.0981, Subd. 11,

“This educational offering is recognized by the
Minnesota Department of Labor and Industry as
satisfying 1.5 code/energy hours of credit toward
Building Officials and Residential Contractors
continuing education requirements.”

For additional continuing education approvals,
please see the continuing education credit section in
the conference agenda booklet.



What Matters Most

In Determining ASHP Application Types

Dan Wildenhaus 'ASHP

Ra bl Va ndel'gon rce heat pump collaborative



oo At our core

@
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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



MN ASHP Collaborative
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Goals

Understand features to ensure
success:

Scenario specific considerations and
guidance

Project goals

Sizing

System types

Efficiency ratings

Performance characteristics of
home

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



Quick poll- How 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, lllinois Institute of Technology, AHRI



CEE research findings

60,000

Design day Heating Load (Btu/hr)

® Measured Data

N
B Contractor A

m Contractor B

1062 1056 1065 1078 1061 1049 1030 1037 1055 1027 1054 1070 1026 1052 1028 1047 1031 1063 1045
Site Number
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Envelope Improvements Show Results
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Never replace another AC with an AC

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

 CARD research project - Market
assessment in Minnesota

 CARD research project - Heat Pumps for
ACs

 CARD research project - Optimized
Installations of Air Source Heat Pumps
for Single Family Homes



Cost Savings and Cost-Effectiveness

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

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

Scenario 1 Scenario 2 Scenario 3

« SSASHP paired * Entry-level * Entry-level
with a newer VSASHP VSASHP
furnace « Full replacement « Full replacement
« CAC-only of older furnace of older furnace
replacement » Dual fuel space

heating rates



Scenario 1 — Newish existing furnace with
entry SSASHP

Entry Level ssASHP (SEER14), Baseline: 90% ECM furnace w/ SEER13 CAC, Location: MSP, Rate: Regular, Replacement: CAC-only
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Scenario 2 — Older existing furnace alongside
failled CAC with entry-level vsASHP

Older existing furnace alongside failed CAC with entry-level vsASHP

Entry Level vsASHP (SEER18), Baseline: 80% PSC furnace w/ SEER13 CAC, Location: MSP, Rate: Regular, Replacement: CAC and Furnace
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Scenario 3 — Older 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

Entry Level vsASHP (SEER18), Baseline: 80% PSC furnace w/ SEER13 CAC, Location: MSP, Rate: DF, Replacement: CAC and Furnace
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Why is it important to understand
ductwork implications?

Several research projects —
across the country Ve E=3

Increased fan energy use

Capable of delivering the air
where it needs to go!




Fan watt draw and pressure

Chicago: ECM + flex
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Table 10. Annual energy simulation results for both homes g

ine using the Austin contractor’s designs

Total | Airflow Total Total Gas
Blower | Pressure rate Cooling @ Fans @Electrcity Heating Consumption
Home |Ducttype| type |(in. w.e)| (CFM) | (kWh) (kWh) | (=10°Bm) | (x10°Btu)
0.507 1200 619 8108 60.95 RE 88
PSC 0807 964 661 8139 60.93 B8 85
i 1107 622 786 8331 63.71 91.70
‘lex -
Chicago 0.50 1200 611 7878 61.55 89.51
ECM | 0.807 1162 614 7972 60.47 88.39
3-ton AC 110" | 1103 | 631 8056 60.86 88.78
Gas furmace
0.507 1200 611 B0B6 59.52 87.41
1200 CFM PSC 0807 964 656 8128 60.25 BE.16
nominal Metal 110" | 622 769 8300 62.17 90.12
eta
0.507 1200 603 7861 60.10 88.02
ECM | 0807 1162 611 7964 59.89 87.80
1.107 1103 625 8042 59.90 87.80

Figure 14. Estimated relative change in annual fan, cooling, and heating energy usage and total annual
HVAC energy cosis for the Chicago home with both types of AHU fans and both rigid and flex duet work at
each duct design (using only the Chicago contractor’s duct designs).




Industry Alignment



Not alone In this!

* Advanced Heat Pump Coalition

* Consortium for Energy Efficiency
- ASHP QI Working Group

* NEEP - Residential Heating
Electrification Working Group and
Size for Heating Working Group




Advanced Heat Pump Coalition

A “Coalition of the Willing”

Goal

To increase research collaboration among energy
efficiency organizations that are working to accelerate
market adoption of advanced heat pumps

Membership
* ACTIVE = Fund and Guide collaborative activities
 PASSIVE = attend semi-annual webinars, provide feedback

Committees

*+ Steering Committee
(NEEA, NEEP, MEEA, CEC, NRCan, EPA, NYSERDA)

* WG #1 — Improved Test Procedure and QPL
* WG #2 — Roadmap Specification and Mfr Engagement

Brightest heat pump minds
from organizations such as these:
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ldentify heat pump capabilities and features

Workgroup 2 — Roadmap

Vision
- Heat pump capabilities that enhance in-field performance

are well supported by utility programs and
provide additional value to the HVAC industry

What is a “Roadmap Specification”
* It is not program specification
* It includes MT fulcrum items

A
A
R |
* It leverages industry direction ‘

Desired Outcomes
- Manufacturers have clear understanding of what Utilities need

- Widespread utility program support exists for the features specified




CEE ASHP QI Working Groups

Resource Catalogue

Resource Gaps
Utility resource gaps
Contractor resource gaps

ASHP QI ADVISORY COMMITTEE

Guidance on Selection, Design,

Sizing, Installation, and Operations

Best Practices Identified

Including application specific David Douglace, aiffes and Mheg gacia, TRC
practices St Lake City, Uteh



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

Graph Information @

-22
Annual Load x Hours (Btu/yr): 52 181
Supplemental Hear: 0 - 52 181
Modulating Heat Pump: 8 000 - 24 500
Heating Load Line (Btu/h): 52 181

® Heating Max. Cap.: 24 500
Heating Min. Cap.: 8 000

Annual Load x Hours (Btu/yr) Supplemental Heat
Heating Load Line (Btu/h) -@ Heating Max. Cap.

Product Sizing For Heating
Field Information @

Capacity Balance Point (°F)

Minimum Capacity Threshold (°F)
Maximum Capacity at Design Temp (Btu/h)
Percent Design Load Served

Annual Heating Load (MMBtu)

Percent Annual Heating Load Served

15

System Capacity, Heating Load, and Weather Data Graph

25 30 3s 40 45 47

Outdoor Temperature ('F)

Modulating Heat Pump
-@ Heating Rated Cap. Heating Min. Cap.

16

29,181

69.5%

100.5

87.4%

Potential Low-Load Cycling

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

Design Temperature

(4 Af Mg proT [Enuuy

12.6

418

7.1%



Heat Pumps Categorized

By Performance Type



Variable Speed Heat Pump
Product Assessment and
Analysis

Prepared for NEEA, and led by:

* Christopher Dymond - Sr. Product
Manager

Center for Energy and Environment
Team:

- . . .vi'- l.
2, J " Mty 9 ) !

* |saac Smith - Project Manger

« Ben Schoenbauer - Lead Research We seek the heat pump “goldilocks zone

Engineer - Christopher Dymond, at project kickoff - July 2020
* Di Sui - Lead Modeling Tool Developer
* Chidinma Emenike - Lead Analyst

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



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

Capacity Curves

Nominal 3-Ton units

AlraFonce
ARARA
AMERICAN STAMNDARD

BOSCH
BROAN

BECCER
FRASER=JHNSTON
FRIGIDAIRE

L EMKIC

L&

LUKAIRE

American Standard J Misubishi Electric

BRYANT
TARRIER
E—
CHAMPION HEATING AND COOL
COLEMAN
—
Camarinakir
|| DAIEIN
MAYTAG SANISLING
Mibsubishi Ekeciric TRAMNE
MUTONE Trare ! Mibsiibishi Bl
O YORK
RHEEM
RULID

AreForce AMANA AMERICAN STANDARD AMERICAN STANDARD AMERICAN STANDARD brican Standard ) Masubishé Eley BOSCH BOSCH
FESHIBGACVRXS6K AVZC00361A AMESOIGAT AABVOOEA AABVEOIEAT PUZ-HAZSNHAS BOVA-35HDN1-M18M BOVA-36H0N1-M0G
#0000
40000
/
mgﬁﬁ“‘gﬁ%
0
BROAN BRYANT BRYANT ERYANT CARRIER CARRIER FIAPION HEATING AND COOL| RMPION HEAT ING AND COOLY
FSHIBGACVRX38K 280ANVO36°0" A" 2Z30ANV035000 284ANVOZS DA 25VNADSSAT 030 2SVNA4SSAN0SD HLZ0B3521 HLZOB3ENS
60000
400004
- i
= i 2
1]
COLEMAN COLEMAN COLEMAN Comfortmaker DAIKIN DAIKIN DAKIN ECOER
CHI6E3622 HC2083621 HC2063621S CVHB36 DZATVSAZBIA" DZ20vo02818° RXSQ3ISTVIU EODA18H-2436
0000 4
FRASER=JOHNSTON FRIGIDAIRE LENNOX LENNOX LG LG
TH1EE83622 FSH1BG4CVRXA8K XP20-038-230A% XP25-036-230-** LULAESHY LUU3EEHY
LUXAIRE MAYTAG MAYTAG Mitsubishi Electric Masubishi Electric NUTONE
THi&B3622 PSH1BGACVYRXZ8K PSHABGCSK PUZ-ABNKAT™ PUZ-HAIENHAS FSHIBGACVRX K
60000
40000
1]
ONYX RHEEM RULD SAMSUNG SAMSUNG TRANE TRANE TRANE
FSHIBGICVRXA6K RP20%GBIV UP0aseNV ACOSOIXADCHIAN ACOIBIXSCTHIAN ATWLO0SEAT ATVWVOORSAY ATWVEOEEAT
#0000
40000
i ﬁ il T | e
0
Trane { Mitsutish) B YORK YORK 10 20 20 & 10 2 3 a 0 20 30 & M0 20 20 &0 0 20 20 40
PUZ~HASBNHAS YHM35822 YZV36821
60000
400004
- E;l @
] T T T T T T T T T T T T
10 20 30 40 10 20 3 0 10 20 30 40



COP Values

Nominal 3-Ton units
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Developing Archetypes - Metric Review

ModRatio CapRatio | CapSlope LowlLoadCOP HighLoadCOP

Rated @ 95/ | Capacity | Capacity COP at
Min capacity | Max5/ |Max5/Max| minimum | COP at maximum

47 Rated @ 95 17 output @ 47 output @ 17
Excellent: top
10%
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 LowLoadCOP | HighLoadCOP HSPF
Rated @ 95 /| Capacity COP at COP at Ave. HSPF for

Min capacity Max5 / Rated Capacity minimum maximum Reference

Archetype 47 @ 95 Max5/Max17 | output @ 47 | output @ 17 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

* Developed by MN CEE guided by NEEA and advisory group
« 8760 hourly energy balance model
e Spreadsheet based
* Key Inputs
* Climate
* House load
* Energy and equipment costs

* Heat pump COP and Capacity vs T,
* Controls and thermostat settings



Model Inputs

Climate House Type

8760 Model

- Home load

- Capacity

- Performance

Heat Pump -

- Archetypes
- Varying Sizes

Parametric
Database

Outputs

- Energy Use
- Performance
- Energy Cost

- Compare every run
- Visualize results

 Home Load: 45,000 Btu/hr @ -5°F

e Same home load curves used across
different geographies

HP Curve

60,000
50,000
40,000

30,000

e

10,000 /

-20 0 20 40 60 80 100 120

= M btu Max btu Home Load



Model Outputs

* Daily Energy
* System COP
* Peak Demand

* Levelized Cost of
Heat/Cool
 Utility perspective
» Customer perspective

System COP vs OAT
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Cold Climate Modeling

« Bozeman, MT

* Design conditions:
* Heating load @ design temp (-5.8°F): 46,769 Btu/hr.
« Cooling load @ design temp (89°F): 27,058 Btu/hr.

 Methodology - model every archetype
 Vary size by design temperature: -3.8°F, 5°F, 17°F, 30°F

 Evaluate Results
* Energy use

* Levelized cost
« (install cost + maintenance + operation) / lifetime energy delivered

 Compare results across sizes



Bozeman Results - Archetype mode / Hp tomnage
E n e rgy U S e - referen../Capacit..| COP Ki.. |Mild M.. Modula.. two_stg|one_stg

26,449
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24000

22000
TotalEnergy EnergyUse Percent

Archetype Use (kWh) Comparison Difference Sales Price|iFas=uee

16,845

Reference VSHP , $11,344

14,560 14,143

i 13,772
Capacity Champ , $1,777 12973
12,191
12000
COPKing 12,191 (2,369) -16% $12,688
10000
Mild Master 12,973 (1,587) -11% $11,432 2000 ) 9,505
7,998 -
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Levelized
Cost

HP Key:

Levelized Cost by HP Size

Customer Levelized Cost Total ($/MMBTU) *

26
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15

reference VSHP Capacity Champ

COP King
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- Total Energy Use vs. HP Tonnage
Sizing
Example -
Bozeman

18,000

16,000 30°F -5.8°F (99%

17°F design
5°F temp)

. = =
W > LA
(] [ o
= = 2
'S} o o

Archetype mode

Total Energy Use (kWh/yr) %

_ 12,000
Capacity Champ

B COPKing HHO00

B \ild Master 10,000

B Modulator

W reference VSHP So0e

B two_stg wo0e

20 25 3.0 35 40 45 50 55 60 65 70 75 8.0 85 9.0 95 10.010511.0
HP tonnage



Comparison of weighted heating hours versus outdoor air temperature

Bozeman - Weighted Heating and Cooling Load Hours
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Minneapolis - Weighted Heating and Cooling Load Hours
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Takeaways

* Equipment cost is a major factor for levelized cost

* Sizing s7ystems to meet load at 17°F resulted in lowest levelized cost (Capacity Champ
either 17°F or 5°F)

» Bigger system = larger cost
 SEER remains the largest driver of cost

* Extended capacity and modulation have less impact on performance than
expected

» Coefficient of performance, especially low load at 47°F is a key driver to
lowest levelized cost

« COP King and Mild Master w/ good COP at 17°F and 47°F, but capacity ratio of 50%
outperform

* Cold-climate sizing—meet 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

DISTRIBUTOR-STOCK ~ po-chaLLence

2. Baseline has changed ENERGY-STAR  seoeeumuws  MANUFACTURER-
3. Compare new and existing LABEL  PROGRAM-REQUIREMENTS ~ SOFTWARE-
equipment paTA-ENTRY TAX-CREDIT

4. Programs updating minimum
specification



Federal Minimum Standard and New Ratings

Minimum
Efficiency
Increasing

New Rating
Procedure
= Smaller
Numbers

Heat Pump Efficiency Increases

HSPF ~4% increase

SEER ~7% increase

HSPF/SEER to HSPF2/SEER2

HSPF2 ~15% reduced

SEER2 ~5% reduced



New Rating Testing Protocol

* Old test procedure * New test procedure




New Rating Testing Protocol

Heat Pump Test Procedure Example

Current Test Procedure New 2023 Test Procedure
SEER, EER, HSPF SEER2, EER2, HSPF2
y Z / Test Procedure Change N N\ D\
e Vi . N NS AU
y 7 7 | Increased external static N N N N\
L 72 7 7/ / pressure by 5X = increase RN G,
w A e *
N reduced efficiency rating =
0.1 ESP * External Static Pressure u.:; AE?P :
EE =53]
Vo K _:.’._}: 3
| - |
“ L ] “

Image from Day and Night Heating and Cooling Products



AHRI conversion factors

SEER to SEER2 (also EER to

HSPF to HSPF2 EER2)
* Ducted systems = 0.85 * Ducted systems = 0.95
* Ductless systems = 0.90 * Ductless systems =1.0

Source.: Consortium for Energy Efficiency



Ducted Specification Comparison

peccation __seera ceva s

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

peciation _______sesna ceva_wsprz

2023 Federal Minimum Standard (Heat Pump

North) 14.3 7.5
ENERGY STAR vé6.1 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

"
—
——

NEEP'S COLD CLIMATE AIR SOURCE

Heat Pump List

h Products Consumer and Installer Resources About ASHP Initiative About NEEP

[}

Sear

()

Cn behalf of clean energy and energy efficiency stakeholders, NEEP is pleased to host the Cold Climate Air Source Heat Pump (ccASHP) Product List. This
Product List was originally launched in 2015; for more on the background, visit the ASHP Initiative. The list includes ASHP systems that meet the latest version
of the ccASHP Specification. The voluntary specification includes requirements for both performance levels and a series of reported performance standards.

Please note that being listed does not necessarily mean a product is appropriate for all cold climate applications. Consumers, contractors, and designers
should review building loads, equipment capacities at design temperatures, and other important factors before selecting equipment. Visit NEEP's Installer and
Consumer Resources for more information.

Ready to search the list?

Product Type @ Ducting Brand AHRI, Model, Unit @ Heating Capacity Heating Capacity 5°F
Configuration 47°F Rated Btu/h ©@ Max Btu/h @
All Product Typ ¥ All Ducting Cor All Brands v AHRI, Model or Ur 0 50000 0 60000
® © ®

ENERGY STAR Certified

CJENERGY STAR
[LJENERGY STAR Cold Climate

SEARCH THE LIST

Advanced Search - Sizing for Heating

Advanced Search - Sizing for Heating User Guide @



Inflation Reduction Act of 2022

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

March 2023

Federal govt. Dept. of SN Ay

seeking input Energy (DOE) Office (SEO)
issues submits plan

gquidance

Sept./Oct.
2023

DOE approves
o SEO

implements

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



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

-

> BUT FIRST WE HAVE TO KNOW YOUR EEAT LOAD AND IT HAS TO BE15.2 -
It feels lik SEER2 AND BAVE 600D COLD TEMPERATURE PERFORMANCE AND BE ON THIS LIST OR &
eelLs LKe... YOU BEVE TO INCOME QUALIFY AND WE HAYE TO HAVE SOMEONE COME LOOK AT THE ™

JOB AND THAT COSTS MONEY OR WE HVE TO USE A BPI 2400 COMPLIANT ENERGY MODEL OR

because ) TF ? e

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

45L - Regional specific
minimums to model against

HOMES - Modeled savings,
Federal Minimum Standard

— EXPLAINING IRA HEAT
PUMP INCENTIVES TO nomnwm




Considerations by
Application Type



Design Challenges

Accurate load calculations
Determining when to size for heating vs cooling

Distribution (ductwork) not properly designed for variable speed
equipment

Disbelief heat pumps aren’t a viable year-round heating technology in
cold climates

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

Selecting the right heat pump for the use case

Selecting the best control strategy for the customer and equipment

Al £0 Ef
- -~
Hank Rutkiwsis, PE




Actual Use Cases for ASHP

« Central ducted furnace and B
AC 5 )
* Propane or natural gas (hybrid |
heat)

e Electric furnace

* Mini-split displacement
e Homes with zonal heat

 All electric - full heating
system replacement

* |[solated zone

* New construction
 Gut rehab
* Deep retrofit




AC and Furnace

Natural gas or propane



ASHP Use Case: Existing Furnace & AC

* Typical home attributes
« 80% efficient furnace
e 3-ton AC - <14 SEER
» Existing heating fuel natural gas or
propane
* General existing conditions to
consider
* |s existing furnace oversized?

« Comfort complaints about uneven
temperatures

e Are ductwork modifications needed?

* How much time is spent at home vs
away?




ASHP and Furnace

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



Dual-Fuel - Standard ASHP and Furnace

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

Size at the high end of the cooling load
« Don't significantly oversize only a 72-1 ton more than cooling need
« Use maximum capacity at 17 ° F

e Look for 216 SEER

Furnace replacement or integrate with existing?

* Replace if near end of life or

* |[f inefficient <95 AFUE without ECM blower

Thermostat and other controls
» Wherever possible use the manufactures suggested thermostat
« Enter a customized temperature-based switchover based on findings from
customer discussion
Homeowner education
* No thermostat setback or very minimal setback no more than 4 degrees

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




ccASHP and Furnace

Cold climate heat pump dual fuel natural gas or propane



Dual Fuel - ccASHP and Furnace

« Achieving the best efficiency first cost and operation
cost

* Size for heating load

* Up to 115% of cooling load
 Use max capacityat17°For 5° F

* Furnace replacement or integrate with existing?

* Replace if near end of life or
» If inefficient <95 AFUE without ECM blower

» Backup Heat / Controls

* Thermostat - temperature based switchover*

* Integrated load-based backup heat

* Homeowner Education

* No thermostat setbacks

* When used setbacks typically align operation with peak
times

e No constant fan

*use balance point or economic switchover temperature



Operational Cost Considerations - Natural Gas

Annual Cost

$2,000
$1,800
$1,600
$1,400
$1,200
$1,000
$800
$600
$400

$200
$0

Baseline -
Conventional
System (Furnace
and AC)

Hybrid-Heat System (ccASHP and Furnace)

|||||||ii||| $1.150 $1.150

$1,190

15°F Switchover @ 25°F Switchover @ 35°F Switchover @ 45°F Switchover

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



Operational Cost Considerations - Propane

Baseline -
Conventional
System (Furnace
and AC)

Hybrid-Heat System (ccASHP and Furnace)

$3,500
$3,180

$3,000 $2,930
$2,690

$2,500 $2,390
$2,080
$2,000

$1,500 Heating Cost

Annual Cost

. Heating Cost
Heating Cost

Heating Cost
$1,000 Heating Cost

$500

$0
15°F Switchover 25°F Switchover 35°F Switchover 45°F Switchover

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



All Electric ccASHP

How to achieve best cost efficiency with all electric systems.

Size for heating load
« Don't significantly oversize

« Use maximum capacity at5 ° F

Backup heat / controls
* Use a central thermostat with integrated controls

« Electric plenum heater meets load when needed

Homeowner Education

 No thermostat setback

When might is this be the right suggestion
» Already has electric furnace and ac

« Customer is ready to replace and wants high performance

« Carbon impact or future driven outlook

Caution: 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 -
Conventional
System (Furnace
and AC)

$3,500

$3,180

$3,000

$2,500

$2,000

Annual Cost

$1,500 Heating Cost

$1,000

$500

$0

Baseline
3 tons

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

All-Electric Solution
(ccASHP and
Electric Backup)

Heating Cost

Alternative
3 tons




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

Baseline -
Conventional
System (Furnace
and AC)

All-Electric Solutio
(ccASHP and
Electric Backup)

2,000
k $1,880
$1,800
$1,600
$1,400
$1,200

$1,000

Annual Cost

$800
$600
$400

$200
$0

Baseline
3 tons

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

Alternative
4 tons




NEEPs Sizing Guidance Example

Heating/Cooling Capacity Graph
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Ducted ASHP Summary

Suggested solutions for AC replacement:

+ Single/two stage = 16 SEER heat pump for cost conscious customers, ccASHP = 18 SEER for those seeking to reduce electric heat and
propane or eco minded.

Advanced solution for comfort concerns:

* Add a ductless singe zone system to address basement comfort or upstairs bedroom comfort issues. Or offer a central system that can
integrate with a ductless unit. (Mitsubishi Intelli-Heat, Carrier Performance Series)

Existing system treatment:

* Pre-existing system is kept or upgraded if not an 280% AFUE or higher gas/LP furnace. Ducts may be used when in conditioned space, and
adequately sized for required heat pump air flow. Existing ducts in unconditioned spaces that remain in use should be sealed and insulated.

Sizing strategy:

» Size to meet both the estimated heating and cooling loads. Match system capacity at the design temperature and design for at least 75-85% of
the load, utilize existing system for supplemental heat to make up the difference. Lockout backout above 35° F.

Equipment selection considerations:

» Use manufacturer published performance at design conditions to identify systems with adequate heating and cooling capacity.

Oversizing concerns / tradeoffs:

« when minimum speed cooling capacity is over 115% of design cooling load, look for equipment with a higher ratio of heating to cooling capacity,
a lower minimum capacity, or both. Consider existing furnace may be oversized to start with.



Ductless Mini- and Multi-
Splits



Our electric heating
bill is ar least half.

I tell everyone that
listens they need

to get a ductless
hearing and cooling
system if they want
to save and keep
warm.

Doris, Corvallis, Ore.

DUCTLESS

HEATING & COOLING SYSTEMS

YEAR-ROUND COMFORT
AND LONG-TERM SAVINGS

Your ¢ giv

tempe vhile heating

base

SET THE SYSTEM OPERATION TO HEAT OR COOL MODE

Use the HEAT or COOL operation mode to meet the temperature needs of the season. Do
not use AUTO for the operation mode, as it does not provide efficient or comfortable results
in the Northwest. Please note that the operation mode is different from the fan speed.

SET THE FAN SPEED OPTION TO AUTO

Use the AUTO fan speed setting instead of other fixed settings, such as QUIET, LOW,
MEDIUM or HIGH. This setting automatically adjusts the fan speed for efficiency and comfort.

PROGRAM YOUR SYSTEM TO YOUR PREFERRED TEMPERATURE

Set your ductless heat pump to a comfortable temperature and let the system self-adjust
to meet your needs. Your owner's manual will show you how to program your system.

EXPAND YOUR COMFORT ZONE

Close the windows and leave Interior doors open to allow the system to provide
conditioned air to the rest of the house.

EXTEND YOUR SYSTEM'S LIFE WITH HOMEOWNER MAINTENANCE

Clean your air filters every two months and replace them per the recommendations in
your owner's manual. Keep the outdoor unit clear of leaves, plants or other items that
may affect airflow or clog drainage under the unit. Inspect your outdoor unit seasonally to
ensure that the outdoor coll is clean, there are no breaks in pipe coverings or insulation
and there are no oll stains around the refrigerant line-set connections. Contact your
installer if your ductless system needs repair or annual maintenance.

Ductless Mini- and
Multi-Splits

* No ductwork
 Comfort and energy savings
e Superior performance

* Cooling and heating where
you want it

* Quieter and greater comfort
than window AC



Mini Split Displacement

Solutions for zonal electric heat and hydronic systems



ASHP Use Case: Adding Mini-Splits to Homes
with Electric Heat




ASHP Use Case: Adding Mini-Splits to
Homes with Boilers
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Reminders for Ductless Design

DESIGN LOAD ROUGH ESTIMATOR

Climate (Design Temperature F)

"y
INSULATION * gE) ow -10° F -10° Fto 5" F 5" F to 20° F ABOVE 20° F X
TYPE N @
T
Btuh/sq.ft. <
No-wall Insulation 47 41 35
2x4 ConstruFtlon w/ 25 29 19
Insulation
Not a Cold
2x6 Constru.ctlon w/ 18 15 13 Climate
Insulation
New Construction 16 14 12

(Post 2012)



Ductless solution selection  Customer need: Increase

comfort, reduce costs

* Simple Solution:

* Single zone ductless unit or 1-3 room compact-ducted.
 |f compact-ducted set static pressure

 Advanced Solution:

 2-5 zone ductless/compact ducted multi split or multiple
glngle C?one systems if simultaneous cooling/heating
esire

* Sizing Strategy:

* Locate first/single zone where it will cover most of central
living area, establish additional zones as needed based on
customer use.

* Block loads when combined are likely to be less than
whole home load

 Bedrooms are often too small for their own indoor unit
* Compact ducted or transfer grills and thermostat

* Equipment Selection Considerations:

* In much of the cold-climate U.S., a ccASHP that covers
only 60% of the design load will fulfill over 90% of the
home’s annual heating load.




Ductless solution placement

* Indoor unit placement:
* For primary heating applications select floor consoles

* For bedrooms which can have smaller load than indoor unit
size ranges (6k to 36k) consider compact ducted.

L * |f using high wall units, a minimum of é inches below ceiling
™ | outpoor unIT and no more than 8 feet up. |
™ | above snow depth * Be sure that return and supply are not impeded by shelves or
p— other objects below.
e Outdoor unit placement:
LD A - Elevate out of potential snow fall depth
* Consider stand vs wall mount to reduce noise transfer
* Wind baffles, drip caﬁs or custom-made solutions to protect
INDOOR UNIT from snow and ice should also be included.
mounted on wall EE  Existing System Treatment:
» Evaluate controls for reuse
J l. &  Typical strategy:
. Sﬁ:nt;)aseboard thermostats back 4 degrees below setpoint of heat
. [)Jse a centrally located thermostat rather than remote for heat
pump.

« Customer education is the most important step to ensure
comfort and savings.



Operational Cost Considerations

(1) Supplementing electric baseboards with
a ductless heat pump saves up to $900

annually
$3,000.00

$2,500.00
$2,000.00
$1,500.00
$1,000.00
$500.00
$0.00

Electric baseboards  Ductless heat pump (60%
of load)

Annual Reductions for ccASHPs

. Source [Homeowner .
Site energy Emissions
energy cost

All-electric ducted &
ductless HP 55% 55% 55% 55%
VS. electric resistance

https://www.mncee.org/cold-climate-air-source-heat-pump-final-report



https://www.mncee.org/cold-climate-air-source-heat-pump-final-report

Other Best Practices

* Check with your distributor and manufacturers!

Best Practices

Next

* NEEP Cold Climate Air Source Heat Pump Exit
Specifications and Database

* Minnesota Air Source Heat Pump Collaborative ASHP
Installation Best Practices

« NEEA Cold Climate Ductless Heat Pump Specification
and Recommendations

 NEEP Guide to Sizing & Selecting Air-Source Heat
Pumps in Cold Climates



https://neep.org/heating-electrification/ccashp-specification-product-list
https://neep.org/heating-electrification/ccashp-specification-product-list
https://www.mnashp.org/guides
https://www.mnashp.org/guides
https://neea.org/our-work/cold-climate-dhp-specification
https://neea.org/our-work/cold-climate-dhp-specification
https://neep.org/sites/default/files/Sizing%20%26%20Selecting%20ASHPs%20In%20Cold%20Climates.pdf
https://neep.org/sites/default/files/Sizing%20%26%20Selecting%20ASHPs%20In%20Cold%20Climates.pdf

The big picture

|
‘(J:‘, 5 ‘ ] ”
L i | '
SoRee
) l i i
!\‘ = “ » i' ’
e e || f.
? : ' ‘
1 | \ J
\

37 f_:,./j‘.m’?g'e;s urce: https://flickr.com/photos/gsfc/12867973205



Dan Wildenhaus Rabi Vandergon Peter Gephart Julia Wells Lilly Thuma
Senior Technical Trainer =~ Program Manager Account Manager Program Coordinator Marketing Manager

dwildenhaus@mncee.org rvandergon@mncee.org pgephart@mncee.org

Thank youl

General inquiries: info@mnashp.org

WASHP

air source heat pump collaborative


mailto:pgephart@mncee.org
mailto:dwildenhaus@mncee.org
mailto:rvandergon@mncee.org
mailto:info@mnashp.org
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