
Beneficial 
Electrification

Advancing Technologies, Efficiency and Comfort for the 
future with Air Source Heat Pumps

February 2020

Greg Nahn



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 hour of credit toward Building 
Officials and Residential Contractors code /1 
hour energy continuing education 
requirements

For additional continuing education 
approvals, please see your credit tracking 
card. 



3

Headline Here
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We have to stop burning 
stuff



Why Buildings Matter

120+ million buildings

66% of 2050 is already 
here

20+ % annual CO2



“We can’t afford to ignore it or be wrong”

What is behind the meter 
matters most
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Advancing Technology

Pathway to Decarbonization

Increasing cleaner, better, safer, enables optimization



Advantages of Advanced Electric 
Heat

Capitalizes on cleaner electricity:

Credit: Beneficial Electrification League 
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Wind and solar (32 GW)
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Minnesota

More breezy than sunny
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Increasingly Cleaner

MN trend in electric generation mix
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Generation by Renewables 
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Generation by Resource 

MN “Snap shot”
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Cleaning the Grid

A process to continue…..
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Momentum is Building

2030

2050

2040
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CO2 Emission by Industry 
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Carbon Intensity
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Advancing Technology: 
Advanced Electric Heat

Allow better grid management

• Flatten “the duck”

Enables large scale 

integration and utilization
Responsive Supply and 

Demand
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Advantages of Advancing 
Technology

Integral to grid interactive 

and responsive homes

• Load shifting – pre heat or 

pre charge

• Storage (batteries or EVs)

• Rate structure optimization
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Advanced Technologies

Electrifies end uses that:

• Saves $

• Enables better grid management

• Reduces environmental impact

EE + RE = BE
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Beneficial Electrification

Advancing “targeted” technologies

• ASHP (space / water heating)

• Induction cooking

• EV charging stations

• “Connected” devices and/or controls 
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Beneficial Electrification

Advancing technologies
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Beneficial Electrification

Advancing technologies



28

Beneficial Electrification

Advancing technologies that can displace the 

use of fossil fuels
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Advancing Technologies

No gas = No lines = No leaks 

Avoids (infrastructure/installation) costs 

http://www.bing.com/images/search?q=Natural+Gas+Supply+Line&view=detailv2&qft=+filterui:license-L2_L3_L4&id=07BCB48DC0AA86E46720FC81CFF16254C274A0B8&selectedIndex=11&ccid=mBKWWLM7&simid=608026439343409760&thid=OIP.M98129658b33b9411dc896b7b665972fdH0
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Advancing Technologies

No combustion = No Carbon Monoxide

http://www.bing.com/images/search?q=carbon+monoxide&view=detailv2&qft=+filterui:license-L2_L3_L4_L5_L6_L7&id=79D74A8343DC905FAA4948B028736CA3E53FD488&selectedIndex=9&ccid=IkLqWshn&simid=608039706500270294&thid=OIP.M2242ea5ac867686e2c4c3398abff10d2o0


Making the Case for Air 
Source Heat pumps

Credit: Beneficial Electrification League 
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Breakdown of Heating Types 

The West North Central Division includes the states of North Dakota, Minnesota, South Dakota, Nebraska, Iowa, Kansas, and 

Missouri. 
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Heat Pump: Physics

Less energy is required to move heat than to create it 

“Refrigerant based heating” 
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Heat Pumps

Here to Pump You Up!
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• Recognize increased trends in ASHP installations

• Discuss improvements in ASHP technology

• Identify opportunities to promote ASHPs

• Review types and application tips for ASHP

ASHP Objectives
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• Asia / Europe 

ASHP:  Where it all Started
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Trends and Initiatives

Northeast / NEEP

• Targets oil / propane
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ASHP: Projected Trends
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ASHP: Projected Goals
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ASHP: Canada
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Momentum is Building: 
Canada

Clean Energy Fund

• De-super

• Multi-family and Air to H20

• Wireless communicating

• Solar assist
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Minnesota

Installation trends for ASHP 
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ASHP

NEEP qualifying products list

• Updated web interface

Capacity 

• AHRI tested at 47, 17⁰ F

• NEEP listed at 5⁰ F

• Proposal to test at 5⁰ F

Heating Season Performance Factor (HSPF) Region IV    
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ASHP Industry Resource

https://neep-ashp-prod.herokuapp.com/#!/
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ASHP: What we Know

Capacity vs. temp: Range and rate of decline
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ccASHP: What we Know

Inverter efficiency vs  temp:

• Coefficient of Performance > 1.75
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ASHP: Past Research

MN CEE field study (8 cc ASHP)

6 ducted whole house system

• 4 flex fuel

• 2 all electric

2 ductless mini-split systems
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MN CEE Study - Findings

Site energy: 

- 37% to 54%

Total heating costs 

- 28% to 54%

Ducted ccASHP

= 84% of heating 

loads (on average)
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MN CEE Study - Results

Propane consumption down by 64%

• Less than 500 gallons per year at 

each house

Monitoring confirmed expected 

performance

• Ducted below 5 F

• Ductless below -13 F

Seasonal COP calculated at 2.5
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Improved ASHP Technology

What makes it possible (circa 2018)

• Efficient compressors

• Inverter driven

• Efficient fan motors

• Communicating controls

Update as to most current information/ advancements in 2020
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Efficient Compressors

• Longer life

• Reduced noise

• 10-15 degree warmer air

• Multiple stages to fully 

modulating

Scroll / rotary compressor
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Efficient Compressors in Testing

Tandem compressors (mid-level)

• Single compressor operates 

for cooling and heating in 

mild conditions

• Both compressors kick in for 

low temperature heating
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Efficient Compressors in Testing

Tandem compressors (Sidney, OH)

• Maintained comfortable temps

• 40% energy savings

• Operational at -13 F

• Met demand w/o supplemental heat
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Inverter Driven

Variable speed device that coverts input voltage into 

variable frequency / variable voltage output

• May provide variable frequency output to 

compressor fan motor

• Variable frequency output to compressor controls 

speed and varies refrigerant flow
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ASHP Inverter Compressor 
Control

Set Temp. 75º F

60Hz

Compressor

0Hz

150Hz

30Hz

Soft start 
ramps up to 
needed speed

Room temperature is steady

High rotation speed generates 

accelerated performance!

Keeps rotation speed at low 

levels after temperature is 

stabilized.

80º F

ON

Conventional

Comfort maintained at 

set point.

Less time to 

desired 

temp
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Efficient Fan Motors

ECM motor or brushless DC motors

• In and outdoor units

• Reduced power consumption

• More compact

• Compensates for static pressure

Makes sense!
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Communicating Controls

Internal network/communication across 

the entire operating system

• Between outdoor and indoor units

• Determines status and system inputs

• Uses information and individual control 

boards to coordinate  and optimize 

operation
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Improving (already) Improved 
ASHP Technology

What makes it more possible now:

• Expanding use of efficient 

compressors

• New more precise modulation 

strategies

• Evolution of communicating 

controls
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Efficiency 

Keeps innovating: Heat Pump Dryer
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ASHP Options

Entry level: Single stage

• 14 to15 SEER
• Operable temp 30+
• Designed with significant 

back-up

Mid level: Two stage 

• 16+ SEER

• Operable temp 20+
• Designed with moderate 

back-up

Inverter driven: 

21+ SEER

• Operable temp 5 to -5

• Designed for minimal 

back-up
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ASHP: Switch Prices

Savings per mmBTU

COP varies with temp
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ASHP Applications

Isolated zone/ addition

Targeted “occupied” zone

Added cooling/system replacement

New construction (NZE) or low load 

home
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ASHP Optimization
Targeted zone and Added cooling:

• Replaces or minimizes the operation of less efficient 

heating

• Reduces dependence on delivered fuels
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ASHP General Guidance

Licensed, trained and experienced technicians

Use ccASHP specifications

• Variable speed (3+ or continuous)

• AHRI match w/ COP ≥ 1.75 @ 5⁰

• 9 ducted ≤ HSPF ≥ 10 ductless

• 15 SEER
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ASHP General Guidance

Right load calculations

• No padding results

• Accurate inputs

• Use design temps / load calcs

• Be realistic w/ infiltration estimates
No 

grossly oversizing
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Air Source Heat Pump

Gateway application (Isolated zone)

• Addition / Bonus room

• Comfort issues / Occupant driven

Photo Credit: Cory Chovonec
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Ductless ASHPs

Flexibility 

• to add too…. “start small approach”

• to zone and control

• to meet small or customized loads
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Ductless ASHPs

“Spot” filtration and dehumidification:

Increased effectiveness where you need it
• Longer (low speed) run time*
• Ability to “Dry” only

NEEP: Buyer’s Guide
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Ductless ASHPs

(+) Higher Efficiency (HSPF≥10) 

(+) Lower operating temp (-5 to -15 ◦F)

(-) Frost protection

(+/-) Integrated controls
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ASHP Isolated Zone

Tips

• Size for room/block load*

• Account for or disable existing HVAC*

• Use published performance data for 

adequate capacity
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ASHP Targeted Zone(s)

Operational* HVAC displacement

• Heating and or added cooling

• Offsets more expensive/ less 

efficient equipment operation  

(70 up to 90%)

• 1-2 zone ductless to 1-3 room 

mini-duct in central locations
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72

Targeted Zone(s)

Trade offs

• Initial cost vs. savings

• Comfort in unserved areas

• Possible freeze mitigation
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Targeted Zone(s)

Tips

• Size for “block” loads

• Under sizing is optimizing

• Floor mounts for heating

• Fixed t-stat for larger spaces

• Offset existing t-stat four degrees
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System Replacement

Decommission/remove

• Size and configured to serve WH

• Centrally ducted w/caution

or

• Multi zone ductless or mini ducted

Use ACCA Manual J 

• Size for largest load 

Previous system inoperable, antiquated or other*
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Advantages of Ducted ASHP

Variable “lock-out” temps
or  “unrestricted” mode

Credit: NEEP Buyer’s guide

Credit: Slipstream 2019 Dual Fuel Air Source Heat pump Monitoring Report 
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Centrally Ducted ASHP

Integrates well with existing 
systems

• Back-up
• Controls

Low opportunity cost when 
replacing/adding AC

Whole house heating and cooling
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Centrally Ducted ASHP

Significant cost ($300 to $1000) 

and emission savings

COPs above 2.5

Displaced propane (35%  to 60%)

Low defrost penalty
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Advantages of Ducted ASHP

Improved performance
(indoor and outdoor units)

• New modulation strategies

Greater product selection 
(and price points)

• Multiple fixed vs. variable 
speed
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System Replacement

Tips

• Match heating capacity at 

100-115% heating load or

• Design balance point of 20⁰ F 

or less (with auxiliary heat)

• Investigate enclosure 

improvements
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80

System Replacement

Caution

• Address/seal off non-viable 

ducts

• Ducted ASHP require indoor 

unit matched with ducts (static 

pressure) for airflow and 

velocity
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Low Load Homes

Tight well insulated (new or existing) homes

• 2 ACH50 or less

• Low heating loads 

• ≤ 20 to 40k Btu / hr.
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New System Installation

Tips

• Floor mounts for first, open, large or lower 

levels

• Mini-ducted for low 

load rooms

• Central t- stats
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83

Low Load Homes
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84

Low Load Homes
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NEEP Installers Guide

Provides general guidance for:

• Line sets

• Refrigerant tubing / charge

• Outdoor unit placement

• Settings / homeowner education
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NEEP Installers Guide

Provides type specific guidance for:

• Indoor placements

• Condensate drains

• Ducting considerations

• Thermostat settings
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Outdoor Placement

Tips:

• Unobstructed and “Customer approved” location

• Level, secure, well drained
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Outdoor Placement

Tips:

• Avoid walkways, drip lines, frost heave

• Consider “buffering” or protecting locations
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Outdoor Placement

Avoid noise transmission

• Not near windows

• 2x6 framing ok

• 2x4 framing use ground mount

• Use remote location if possible
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ASHP
Learn from others…. Video clip: Time permitting
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Advancing Technologies
Heat Pump Water Heaters

Potential gateway technology:

Water heating 

• 2nd largest expense

HPWH significant savings 

• vs. propane

• vs. electric resistance
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Heat Pump Water Heaters

Big opportunity:

Credit: Steve Koep: Beneficial Electrification League 
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Heat Pump Water Heaters

vs electric resistance

Source: Gregg Holladay: Bradford White
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Highly Efficient 

• (UEF of 2.0 to 3.0+ vs. less ≤ 1)

Multiple modes - flexible

• HP vs Hybrid vs ER mode

• Vacation and timer settings 

Equal Recovery Efficiency*

Low to no maintenance*

Advancing Technologies
Heat Pump Water Heaters
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Heat Pump Water Heaters

Same performance / less energy

Flexible locations

• Basements work well

• Cools and dehumidifies space

Relatively quiet operation

Relatively easy installation
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Heat Pump Water Heaters

Enable energy storage:

Grid ready/responsive 

• Pre-charge units with RE 

• Optimize “Time of use” rates

Wi-fi enabled (w App)

• Allows real-time user interface
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