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Steve Easley 

Steve Easley is an internationally recognized construction consultant 
specializing in solving building science related problems and educating 
building industry professionals and their trade partners.  His work 
focuses on increasing quality of construction, sustainability, 
performance, and reducing costly mistakes that lead to construction 
defects and call backs.
• Steve’s mission is helping industry professionals build & remodel 

structures that are durable, energy efficient, healthy and comfortable 
to live and work in.

For articles and publications visit www.steveeasley.com
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Course Description

• Heat pump technologies have evolved greatly in efficiency and 
popularity in recent years.

• In this class you will learn how heat pumps work to heat and cool 
homes. This class will detail proper design and installation as well as 
the common mistakes that lead to poor performance, call backs and 
high bills.  This class will explain how heat pump efficiency is 
measured and how to select heat pumps for performance and 
comfort.  Steve Easley uses pictures from real world successes and 
failures so you will learn how to get the most out heat pump 
technologies.

• Will Illustrate common installation mistakes.
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Objectives

• Understand how heat pumps work
• Learn how heat pumps compare to traditional fossil fuel equipment 

for space heating  including their strengths and weaknesses
• Compare air source, ground source and water source heat pumps.
• Understand how set customer expectations in terms of comfort and 

operating costs
• Know the operational requirements to achieve expected efficiencies. 
• Learn the common design and installation mistakes made that can 

forfeit efficiency and energy savings
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Disclaimer

The topics discussed and the content of this presentation are for informational 
purposes only and are not intended to be construed as exhaustive presentations of 
specific information or advice on any specific topic. Building designs, construction 
practices, building codes, and climate conditions vary widely throughout 
North America, and the rest of the world. Construction practices must be adapted 
accordingly. Viewers are strongly advised to seek counsel with local expertise and 
follow all local codes requirements regarding any project.
With regard to any information presented, Steve Easley & Associates, LLC does not 
make any warranty, express or implied, and specifically disclaims any legal liability 
or responsibility, for the accuracy, completeness, or usefulness of any information, 
product, service or process presented. Steve Easley & Associates, LLC further 
disclaims legal liability and responsibility for any loss, damage, or risk, personal or 
otherwise, incurred or created as a consequence, directly or indirectly, in the use or 
application of any of the information or materials presented in this presentation.
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Resource's
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Resource's
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https://www.greenbuildermedia.com/revision-house-scottsdale
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Why Heat Pumps for HVAC & DHW?

• 2-3X the efficiency
• Lower operating costs
• Better suited for low load homes
• Compact size  for easy zoning
• No venting issues
• Less environmental impact than electric resistant  systems
• Fossil fuel free heating and cooling

Copyright Steve Easley, 2021



Copyright Steve Easley, 2021



Copyright Steve Easley, 2021



In 2020, the United States 
consumed an average of 
about 18.12 million barrels of 
petroleum per day and 30.5 
Trillion CF/yr of Natural Gas 
Source E.I.A.gov
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For Electrification To Be Successful
• Set realistic customer expectations, heat pumps operate 

differently.
• In retrofits the building enclosure needs to be of focus.
• The distribution system is KEY to performance and comfort.
• Installers NEED education!
• Customers need to be educated on how to operate them for 

efficiency and comfort.
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Terminology
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Terminology
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There are 1.6 Billion A/C Units Globally
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Types of  Heat Pumps

• Air to air
• Ground source 
• Water source
• Domestic hot water heating
• Clothes dryers
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Types of compressors

Variable Speed
2 Speed
Single Speed
Piston, Rotary, Screw and
Scroll Mechanics
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HVAC Efficiency Metrics
• AFUE
• SEER
• EER
• COP
• HSPF
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A 2017 report from the Consumer Federation of 
America showed that these standards have saved consumers 
over $1 trillion dollars.

https://consumerfed.org/press_release/new-analysis-shows-energy-efficiency-standards-saved-consumers-1-trillion/
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SEER, Seasonal & Energy Efficiency Ratio

• EER = BTUH/input wattage

• SEER is the EER for a typical cooling season. 

Copyright Steve Easley, 2021



EER

48,000 BTUH/ 4800 watts = 10
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Minimum HSPF= 8.2-8.5  for Split 
Systems, as of Jan. 2015
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HSPF rating of 8.2 will output 8.2 BTUs for every k   
Example: a heat pump with an HSPF of 8.2 
outputs 2.4 times (or 240 percent) the amount 
of BTUs than the energy it consumes, because 
8.2 divided by 3.414 is 2.4

A heat pump with an HSPF rating of 9 is 23 percent 
more energy efficient than one with an HSPF rating 
of 8.2

https://www.familyhandyman.com/list/houses-that-produce-more-energy-than-they-consume/


Energy Star
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COP
• A COP of 3 means 1 KWH of electricity yields 3 KHW of heat
• Out door air already contains heat
0 degree air contains 82% of the heat of air at 100 degrees F
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COP & EER Conversations 

•COP = EER/3.413
•EER = COP X 3.413
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Heat Pumps & Efficiency 

• Efficiency is related to (OAT) Outdoor air Temperature 
• Capacity can related to (OAT) Outdoor air Temperature
• The colder the air the longer the unit has to run to extract the needed 

heat from the colder air
• The colder the air the lower the COP
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Heat Pumps & Comfort Concepts

• Discharge temps lower (Function of OAT)
• Longer recovery time
• Enclosure air leakage rates have greater impacts
• Duct leakage & duct insulation has greater impact
• Get the enclosure right
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Understanding Customer Complaints… Setting 
Customer Expectations is Key to Reducing Call backs

• Takes too long to heat up my house
• Register discharge temperatures are Lower
• My bills are higher than they thought
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Heat Pumps Often Have Electric Back Up Strips
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Air flow & comfort
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Geothermal Systems

• Water source 
• Ground source
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Vertical Helix 
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Reducing Call Backs & Heat Pump Pump 
Efficiency
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Attics, Leaky are and Ducts are Leaky Poorly Insulated
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Duct Summer Heat Gain  
• Duct conduction can be calculated with the formula 

Q=(A* T-DIF)/R
Ducts  surface area typically = 40% of floor area

Q = Heat Gain
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Ex. 1 Duct Summer Heat Gain 

• If a 2,000 square foot house has an attic 
temperature of 140oF what is the duct conduction 
when the system is running and the duct insulation 
is R-2.1?

1.  Q = (A* DT)/R
2.  Q = ((2,000 sq.ft. * 0.4) * (140oF – 60oF)) / R2.1
3.  Q = 800 * 80oF / R2.1
4.  Q = 30,500 BtuH  (2.5 Tons)
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Ex. 2 Duct Summer Heat Gain 

• If a 2,000 square foot house has an attic 
temperature of 140oF what is the duct conduction 
when the system is running and the duct insulation 
is R-8?

1.  Q = (A* DT)/R
2.  Q = ((2,000 Sq.ft. * 0.4) * (140oF – 60oF)) / R 8
3.  Q = 800 * 80oF / R8
4.  Q = 8000 BtuH (.67 Tons)
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Unvented – “Conditioned Attics”
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Note to File:

• Installation has a bigger impact on performance and 
efficiency of heat pumps than conventional systems!

• WHY???
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•Because Heat pumps have a longer recovery 
times than fossil fuel equipment!
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Unit Installation

• Unit must properly charged.
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Source: Proctor Engineering
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Impacts of Refrigerant Charge on Air 
Conditioner and Heat Pump Performance 
Woohyun Kim 
Purdue University 
James E. Braun 
Purdue University 
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System Sizing

• Comfort 
• Energy Efficiency
• Performance
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Correct System Sizing is Critical

• Based on actual loads, not rule of thumb estimates
• Over sizing can create

• Insufficient dehumidification  due to short cycling
• Shortened equipment life
• Increased energy costs up to 20%
• Equip. costs can be much higher

Copyright Steve Easley, 2021



System Sizing
• Sized no more than 10% greater than ACCA manual 

“J” current version
• Use indoor design temp of no less than 75° F
• Indoor and outdoor  coils should be matched 
• Ducts should be sized per manual “D” calculations
• Bedrooms to have return air ducts and grills 

designed per manual “D” specifications
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Duct Installation

• Duct installation has a huge impact on the building envelope.
• Duct leaks can create pressure differentials that cause air infiltration 

and exfiltration
• The average homes has 300 to 400 cfm of duct leaks
• Duct leakage wastes energy
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1200 
cfm in

1200 
cfm out
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300 cfm

1200 
cfm

900 
cfm
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Minimum. Efficiency Reporting. Value.



300 cfm

900 
cfm

1200 
cfm
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Return-Air Pathways
Minimum Door Cut Height for Return Air

Cfm 
Under 
Door

Door Width (Inches)

24 30 36 42 28 54 60
Clearance to Floor or Top of Carpet (inches)

100 2.0 1.6 1.3 1.1 1.0 0.9 0.8
200 4.0 3.2 2.7 2.3 2.0 1.8 1.6
300 6.0 4.8 4.0 3.4 3.0 2.7 2.4
400 8.0 6.4 5.3 4.6 4.0 3.6 3.2
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Proctor Engineering
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Proctor Engineering
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330 Feet!
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Return air Duct 
chase

Furnace Flue
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Return Air duct
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Duct Installation

• Duct runs straight with no kinks or crushed areas.
• Ducts to have no more than 90° angle turns.
• Ducts sealed with mastic sealant.
• Flex duct connections to boots fastened with duct ties
• Duct leakage to meet T-24 standards
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• Cavity returns leak
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• Cavity returns are tough to 
seal
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Unit Installation

• Accessible, easy to change filters.
• Removable access panel to clean dirty side of indoor coil.
• Airflow across indoor coil should be between 5 and 15% above 

manufacturers specifications.
• Outdoor unit placed in a cool shady location.
• Outdoor unit to have unrestricted airflow.
• Plenum to be sealed with mastic sealants and gaskets at 

connections.
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Clogged Evaporator Coil

Copyright Steve Easley, 2021



Copyright Steve Easley, 2021



Copyright Steve Easley, 2021



Copyright Steve Easley, 2021



https://www.greenbuildermedia.com/revision-house-scottsdale

Copyright Steve Easley, 2021



www.steveeasley.com

Copyright Steve Easley, 2021


	 Best Practices for HVAC  and Heat Pump Performance for Residential Structures
	Steve Easley 
	Course Description
	Objectives
	Disclaimer
	Resource's
	Resource's
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Why Heat Pumps for HVAC & DHW?
	Slide Number 15
	Slide Number 16
	In 2020, the United States consumed an average of about 18.12 million barrels of petroleum per day and 30.5 Trillion CF/yr of Natural Gas Source E.I.A.gov
	For Electrification To Be Successful
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Types of  Heat Pumps
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Types of compressors
	HVAC Efficiency Metrics
	Slide Number 34
	SEER, Seasonal & Energy Efficiency Ratio
	EER
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Energy Star
	Slide Number 42
	COP
	COP & EER Conversations 
	Heat Pumps & Efficiency 
	Slide Number 46
	Slide Number 47
	Heat Pumps & Comfort Concepts
	Understanding Customer Complaints… Setting Customer Expectations is Key to Reducing Call backs
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Geothermal Systems
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Vertical Helix 
	Slide Number 69
	Reducing Call Backs & Heat Pump Pump Efficiency
	Attics, Leaky are and Ducts are Leaky Poorly Insulated
	Duct Summer Heat Gain  
	Ex. 1 Duct Summer Heat Gain 
	Ex. 2 Duct Summer Heat Gain 
	Unvented – “Conditioned Attics”
	Slide Number 79
	Note to File:
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Unit Installation
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	System Sizing	
	Correct System Sizing is Critical
	System Sizing	
	Duct Installation
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109
	Slide Number 110
	Slide Number 111
	Slide Number 112
	Return-Air Pathways
	Slide Number 114
	Slide Number 115
	Slide Number 116
	Slide Number 117
	Slide Number 118
	Slide Number 119
	Slide Number 120
	Slide Number 121
	Slide Number 122
	Slide Number 123
	Slide Number 124
	Slide Number 125
	Slide Number 126
	Slide Number 127
	Slide Number 128
	Slide Number 129
	Slide Number 130
	Slide Number 131
	Slide Number 132
	Slide Number 133
	Slide Number 134
	Slide Number 135
	Slide Number 136
	Slide Number 137
	Slide Number 138
	Slide Number 139
	Slide Number 140
	Slide Number 141
	Slide Number 142
	Slide Number 143
	Slide Number 144
	Slide Number 145
	Slide Number 146
	Slide Number 150
	Slide Number 151
	Duct Installation
	Slide Number 153
	Slide Number 154
	Slide Number 155
	Slide Number 156
	Slide Number 157
	Slide Number 158
	Slide Number 159
	Slide Number 160
	Slide Number 161
	Slide Number 162
	Slide Number 163
	Slide Number 164
	Slide Number 165
	Slide Number 166
	Slide Number 167
	Slide Number 168
	Slide Number 169
	Slide Number 170
	Slide Number 171
	Slide Number 172
	Slide Number 173
	Slide Number 174
	Slide Number 175
	Slide Number 176
	Slide Number 177
	Slide Number 178
	Slide Number 179
	Slide Number 180
	Slide Number 181
	Unit Installation
	Slide Number 183
	Slide Number 184
	Clogged Evaporator Coil
	Slide Number 186
	Slide Number 187
	Slide Number 188
	Slide Number 189
	Slide Number 190

