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Agenda

ÅWelcome messages: 8-8:25am

Å Industry Perspectives Panel: 

8:25-9:15am

ÅBreak : 9:15-9:30am

ÅTraining Session 1: 9:30-

10:30am

ÅBreak: 10:30-10:40am

ÅTraining Session 2: 10:40-

11:40am

Å Incentive Programs: 11:40-

12:00pm

ÅAudience Discussion: 12:00-

12:10pm
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Thank you to our:

Planning Partners
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Venue Partners



Mission ValuesVision

Energy efficiency anchors all 
efforts to meet our ongoing 
energy needs, improve health 
and comfort, promote energy 
equity, and protect our 
climate.

To champion efficiency as the 
foundation of a clean, just, and 
resilient energy economy.

We support energy efficiency 
that grows strong local 
economies, helps create resilient 
communities and healthy 
buildings, addresses pressing 
environmental issues and 
advances an equitable, just and 
sustainable future.

The guiding principles for all we doThe future we intend to help buildOur reason for existing

Who We Are
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The EEA ñFamily of Organizationsò

EEA is a 501(c)(3) nonprofit.

What We Do: 

Å EEA works to increase energy 
efficiency awareness and encourage 
energy efficiency action.

Å Educate public officials, regulators, 
other stakeholders about energy 
efficiency industry matters. 

Å Engage stakeholders and the 
business community. 

KEEA and EEA-NJ are state-facing 
programs of a single 501(c) (6) trade 
association for the energy efficiency 
industry. 

What We Do :

Å Advocate for and advance energy 
efficiency policy. (state-level lobbying)

Å Serve our Membership. 

Å Convene our members to share best 
practices and to network 



Why Weõre Here Today
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Å Heat pump technology has become more effective, efficient and 

comfortable for residents since the 1990s

Å The market for heat pumps continues to expand 

Å Even without rebate programs, heat pumps have been shown to 

decrease long -term energy costs for consumers

Å Despite a growing market and rebate programs:

Å Consumers  are still skeptical

ÅWorkforce needs are evolving

https://neep.org/sites/default/files/media-files/neep_ne_high_performance_hvac_market_assessment_final__0.pdf
https://neep.org/sites/default/files/media-files/neep_ne_high_performance_hvac_market_assessment_final__0.pdf
https://www.sciencedirect.com/science/article/pii/S2542435124000497
https://www.sciencedirect.com/science/article/pii/S2542435124000497
https://www.sciencedirect.com/science/article/pii/S2542435124000497
https://www.sciencedirect.com/science/article/pii/S2542435124000497
https://www.sciencedirect.com/science/article/pii/S2542435124000497


Goals for todayõs session:

Å Review the latest information 
about heat pumps 

Å Dispel common 
misconceptions

Å Provide you customer -facing 
strategies to help you sell them

Å Provide actionable insights to 
help you succeed in the growing 
heat pump industry



Technology and Market 
Overview



In Focus Today: Residential Air -Source Heat 

Pumps 

ÅResidential heat pumps
ÅMinisplit heat pumps

ÅCentrally ducted heat pumps

ÅDual -fuel heat pumps

ÅAir-to-water heat pumps

ÅGround source heat pumps

ÅGas fired heat pumps

ÅCommercial heat pumps
ÅVRF heat pumps

ÅRTU heat pumps

ÅIndustrial heat pumps



Residential Air Source Heat Pump Taxonomy

Distribution
Cold-climate 

listed?
Compressor

Residential air 
source heat 

pumps

Inverter driven
Cold-climate 

listed

Packaged 
terminal heat 

pump

Single-zone 
units

Multi-zone 
units

Centrally ducted

Short duct

Conventional 
(single or 

double speed)
Not listed
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Takemura, A. F. (2025, February 20). Heat pumps outsold gas furnaces by 
their biggest-ever margin in 2024. Canary Media. 
https://www.canarymedia.com/articles/heat-pumps/heat-pumps-keep-
widening-their-lead-on-gas-furnaces 
Both title and interactive graph pulled from article



Hybrid (Dual Fuel) Heat Pumps
Type of Dual-Fuel 

Heat Pump
Model examplesRelative Cost

Cold -climate 

potential 

performance

Single or two -

speed

Available from all 

manufacturers
Low No

 Modern 

inverter

system

Top-tier from 

allmanufacturers

Moderate to 

High
Yes

Standalone add -

on inverter 

system

(outdoor unit + 

indoor coil)

Bosch IDS

GreeFlexx

Mitsubishi Intelli-heat

Samsung Hylex

ModerateYes

 Multizone 

inverter

system

Daikin VRV LIFE

Carrier/Bryant 

Crossover

Mitsubishi Intelli-heat

Moderate to 

High
Yes



PENN COLLEGE



Inspiring and preparing 
Tomorrow Makersŝthe next 
generation of industry 
leadersŝwith real-world 
experience and innovative 
spirit.



WORKFORCE
DEVELOPMENT



Extend the mission

Provide workforce development solutions 

that improve the skill levels and 

competitiveness of our clients

ÅNon-degree and incumbent worker 

training, certification, and upskilling

ÅTechnical assistance consulting and projects



PRE-APPRENTICESHIPS AND WORKFORCE READINESS

CUSTOM TRAINING AND MICROCREDENTIALS

APPRENTICESHIPS 
1 Ŝ 4 YEARS (10 REGISTERED PROGRAMS)

5,453 42 28 500+



Program Areas

ÅManufacturing

ÅPlastics

ÅBuilding Performance

ÅHealth Sciences & Emergency Services

ÅTransportation 

ÅWEDnetPA partner

ÅBusiness & Leadership

ÅComputer Skills



Building 
Performance
ÅHome Energy Professional training and 

certification

ÅBuilding science & energy efficiency 

training for the building trades

ÅFacilities Building Operator Certification

ÅEnergy Specialist apprenticeship

ÅCTE career readiness initiative



Mission

ÅOur mission is to equip the ever -

evolving clean energy workforce 

with knowledge, skills, and 

abilities to create healthy 

buildings, occupants, and 

communities through energy





Harrisburg

Latrobe

Pittsburgh

Williamsport



an Economic Development Nonprofit serving Western Pennsylvania 

Pittsburgh Gateways

identifies unrealized potential and creates economic pathways by connecting  people, places, 

and communities 

Karen Benner,      Holly Merriman, 

Director of Building Performance Programs  Program Manager of Workforce Initiatives



Onsite Partnership in Pittsburgh

Penn College Workforce Development partnered with Pittsburgh Gateways 

to co-develop the Building Performance Lab as a:

Åtraining facility, to deliver the full slate of the Penn College building science 

training programs to current & future workers.

Årecruitment resource, providing outreach to students and adults of all ages 

considering career paths in the residential building industry.

Åbusiness incubation hub, for contractors and partners seeking to expand their 

capacity through apprenticeship-style opportunities and business development 

support.

Åcommunity engagement platform , informing community members of the 

opportunities to improve the health, safety and efficiency of their homes.



Pittsburgh Gateways Initiatives

Contractor Growth & Support

 Recruiting, Hiring, Mentoring, Training, Retaining

 Access to Funding & Supportive Services

 Business Development, Operational Efficiency, KPIôs

 Navigating Rebates & Tax Incentives

Healthy Housing, Electrification

 Duquesne Light Company 

 ROCIS

 CMU Center for Building Performance & Diagnostics

 Women for a Healthy Environment

 Pitt School of Public Health

Community Engagement

 Trade Institute of Pittsburgh & other entry-level training providers

 Community Development Groups, Participation on CTE Advisory Boards 



Industry 
Perspectives 
Panel



Training 
Curriculum
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Identify homes loads.

Identify resident wants 

and needs.

Evaluate equipment 

that can meet goals.

Determine how far 

residents wish to go.

Recognize applications 

and limitations.

Identify fuel types.

Install properly.

Educate residents to 

operation.

Set controls.

1

2

3

4Right Sizing Journey



Right Sizing Journey
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Identify homes loads.

Identify resident wants 

and needs.

Evaluate equipment 

that can meet goals.

Determine how far 

residents wish to go.

Recognize applications 

and limitations.

Identify fuel types.

Install properly.

Educate residents to 

operation.

Set controls.

1

2

3

4



A Deeper Look at Pain Points, Needs and Wants

Listen  to pain points, 
needs and wants

Evaluate  the home 
and systems

Design  and 
propose the 

solution

30
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2

3

3
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Fully matched system 

most efficient you can 

afford

AC Replacement

1. Heat pump at least as 

efficient as legacy AC

2. Heat pump & tune up 

remaining equip

3. More efficient/inverter heat 

pump to improve comfort 

and/or improve operational 

costs

Furnace Replacement

1. Multi-stage furnace at least as 

efficient as legacy

2. Multi-stage furnace & tune up 

remaining equip

3. More efficient furnace & 

compatible with future high 

efficiency heat pump

The Bullseye Pie of Customer Decision -Making

Single-Family Homes with fuel-fired forced air HVAC

Planned Replacement

1. Load reduction and tune up 

legacy equipment

2. Single system replacement 

and tune up remaining equip

3. Fully matched system more 

efficient than legacy



78% of survey 
participants knew 
little to nothing about 
ASHPs. 

The work is not about saying 
the perfect thing to the perfect 
homeowner, the work is 
normalizing heat pumps 
and piquing interest and 
conversation.

Awareness of ASHPs prior to the survey

P
e

rc
e

n
ta

g
e

Nothing at all A little
A moderate 

amount
A lot



Cost is the number one 

consideration for upper 

Midwesterners when choosing 

a home heating system .

Beyond installation costs, homeowners are 

also curious about:

How heat pumps 

can maintain 

current comfort 

level

How heat pumps 

can improve 

indoor air quality

The longevity of 

heat pumps

How their current 

contractor can 

continue service 

& maintenance





The Customer First *Thinking* 
Process

ÅUnderstand 
the concerns 
of the client

ÅAllows 
designers to 
set aside 
assumptions

Empathize

ÅSynthesize 
observations 
and inspection

ÅDefine the 
problem 
statement for 
the customer

Define
ÅIdentify and 

develop solutions 
to the problem 
statement

ÅBrainstorming and 
ñworst ideaò 
concepts are useful

Ideate

ÅDesign scaled 
down versions 
of solutions to 
compare

ÅBring ideas to 
team and client 
before 
developing 
complete 
solution

Prototype
ÅRedefine one or 

more problems 
to see if the 
solutions solve 
them

ÅContinue 
refining based 
on increased 
understanding 
of clients

Test

35
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Sizing, design, and selection is 

often done based solely on 

rules of thumb and based on 

previous sized systems. 

òVariable Capacity Air Source 

Heat Pumps perform best and 

meet savings goals when sized 

appropriately for system type, 

application, and supplemental 

fuel type.ó



Current Common Approaches 
to Load Calcs:

ñShoot from the hipò

Sized off existing equipment size

Using rules of thumb

Utility bill analysis

Block load calculation

What People are Putting in it Most Often



Sizing ð Rules of Thumb

ÅOne thousand BTU per 100 sq ft

ÅOne cfm per sq. ft. of house

Å35 btu per sq ft

ÅTonnage = half the number of cylinders 
in the customerôs biggest car/truck

ÅWhat's in the shop today

Å½ ton bigger than their neighbor

38

Slide courtesy Bruce Manclark



Concerned that Manual J Wonõt Size 
Large Enough?

39



Low quality methods

ÅDuplicating existing 
equipment size

ÅA rule of thumb

ÅThe Heating Load Estimator



Medium quality 
methods

ÅComfort consultation

ÅBlock load calculation 
 (Manual J or equivalent)

ÅAccount for detailed building 
envelope information

ÅFactor in design temperatures



High quality methods

ÅComfort consultation

ÅComfort Survey

ÅRoom-by-room Manual J or 
equivalent
ÅAccount for detailed building envelope 

information

ÅDuctwork evaluation

ÅFactoring in existing equipmentôs 
run time or customerôs utility bills
ÅWhen applicable

ÅFactor in design temperatures

òThe Home as a Systemó



Data Collection: 
Three Primary Steps

From Energy Vanguard Available to 
download from their website

1. Start with house drawing, then 

2. Move on to home data collection, then

3. Move on to system data collection

43

https://www.energyvanguard.com/hvac-design/data-collection/ 

https://www.energyvanguard.com/hvac-design/data-collection/
https://www.energyvanguard.com/hvac-design/data-collection/
https://www.energyvanguard.com/hvac-design/data-collection/
https://www.energyvanguard.com/hvac-design/data-collection/
https://www.energyvanguard.com/hvac-design/data-collection/
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Energy Vanguard Samples
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Generalized Housing Market 
Identification

ÅPennsylvania Average Home Size = 1814 sq. ft.

ÅAverage Home Size in America = 2,200 sq. ft.
ÅShrinking Trend

ÅPittsburg average age = 64 years old (1961)

ÅHarrisburg average age = 48 years old (1977)

ÅPhiladelphia average age = 90 years (1935)

ÅRow houses abundant = median of 1280 square foot
ÅWhat does this mean for Manual J???

Source: realtor.com



Free Online Sizing Tool ð 
Using Today

47
http://hvac.betterbuiltnw.com/Account/Register.aspx 

http://hvac.betterbuiltnw.com/Account/Register.aspx


Example Houses

Older house (1940s)

Å1814 sq ft, 2 story home over 
a semi-conditioned basement.

ÅHeating load double the 
cooling load.

Newer house (2010)

Å2000 sq ft, 2 story home 
over a partial basement

ÅHeating and Cooling loads 
are much closer.

48



Example House ð 1940õs Home

49



Rule of Thumb 
vs Manual J for 
Older Home

Was system oversized for 
heating?

Å35 btu per sq ft

Å1814 sq ft = 63,490

ÅMan J = 65,500

No, only off by about 3%!!
50



Example House ð Newer Home 2010

51



Rule of Thumb 
vs Manual J for 
Newer Home

Was system oversized 
for heating?

Å35 btu per sq ft

Å2000 sq ft =  70,000 btuôs

ÅMan J = 42,400 btuôs

YES, almost doubled!
52



New solutions to 
make high quality load 
calculations easier

Tablet -based room scanning 
software (LiDAR)

ÅAmply 

ÅConduitTech

ÅCoolCalc

ÅMORE TO COME!

Online tools

Å NEEP ccASHP for Heating tool



Sizing Guidance 
Resources

Sizing tools:

ÅACCA Manual S

ÅManufacturer sizing and selection tools

ÅNEEP Cold Climate Product List and NEW Sizing Tool

Resources

ÅNEEP Installer Resources - Guide to Sizing and 
Selecting Heat Pumps

ÅAir-Source Heat Pump Sizing and Selection Guide 
NRCAN

ÅNY State Training Provider Resources

ÅNEEP Size for Heating Users Guide

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://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://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.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.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://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
https://ashp-production.s3.amazonaws.com/NEEP_ccASHP+Heating+Visualization+User+Guide_v2.2_TRC_04.01.22.pdf


Right Sizing Journey
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Identify homes loads.

Identify resident wants 

and needs.

Evaluate equipment 

that can meet goals.

Determine how far 

residents wish to go.

Recognize applications 

and limitations.

Identify fuel types.

Install properly.

Educate residents to 

operation.

Set controls.

1

2

3

4



To duct or not to duct?



Open question poll

With your states average age of homes and market, 
what are you seeing most of?

ÅBoilers?

ÅElectric Baseboard? (eww)

ÅDucted furnaces
ÅPropane/natural gas?

ÅHydronic retrofits?

ÅA/Cs in most houses
ÅDucted?



Non -Ducted Air 
Source Heat Pumps
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Customer need: Increase comfort, reduce costs

1:1 Mini -Split Units
ÅExcellent for open spaces

ÅNo thermal loss to duct work or 

unconditioned space

1:2-4 Multi -head Units
ÅNot optimal for highest efficiency

ÅHelpful under limited conditions

PTHP
ÅFits in an existing PTAC sleeve

Best Uses
ÅSmall weatherized homes

ÅUncomfortable rooms

ÅSeasonal use cabins
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Ductless systems 
with non -connected 
back -up

These systems consist mini- / 
multi-split and a non-connected 
heat source:

ÅElectric base board

ÅBoiler

ÅWall furnace
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Result of Adding Ductless Mini -Splits
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Centrally -Ducted Air Source 
Heat Pumps

ÅStandalone : air source heat pump + new coil, 
existing furnace kept.

ÅCaution: there are only a few products that meet eligibility for 
rebates in this category

ÅThe eligible models in this category are inverter based

ÅSingle Stage

ÅTwo/Three Stage

ÅVariable Capacity (Inverter Compressors)

ÅMay or may not be cold climate rated by NEEP

ÅCan include cross over solutions from Bryant/Carrier and Mitsubishi



Why is it important to understand 
ductwork implications?
Increased fan energy use for:

ǐ ECMs when encountering resistance 
(static pressure)

ǐ Constant torque motors

Decreased airflow for:
ǐ PSC motors when encountering 

resistance (static pressure)

ǐ Constant torque motors

Capable of delivering the air 
where it needs to go!

DONõT FORGET THE òVó IN HVAC ð OR YOUõLL BE A HAC(K)!



Why sizing matters

Run times matter:  longer run times are better for heat 
pumps

ÅImproved filtration, dehumidification, home destratification 

ÅReduced temperature swings compared to on-off operation

ÅMaximum efficiency achieved in single - & two-speed systems

ÅMore time spent at medium and low heat/fan speed in variable 
speed systems

Larger compressors and fans may be noisier and require larger 
electrical circuits

Oversized systems may struggle with 
existing ductwork



Existing ductwork 

likely okay to 

use.

Modify existing 

ductwork.

Decision tree for existing ductwork

Discuss options*

No

Yes Yes Yes

No

Yes
Are duct 

modifications 

feasible?

New system 

has same 

airflow reqôs 

as existing 

system?

No No

Existing system 

okayed by 

homeowner?

Existing system 

passes 

ductwork 

evaluation?

Conduct static 

pressure and 

airflow tests.

Use 

forecasting for 

new system.



Air conditioner air flow

Single and Two 
speed ACs

Á400 - 450 CFM per Ton

Variable Capacity 
Heat Pumps

Á325 ï 450 CFM per Ton

NOTE: Rule of Thumb ALERT
Please check manufacturer expanded performance 

data. Rule of thumb used for example only!



Evaluating Existing Ductwork

1. Engaged discussion with homeowners and qualitative 
test ï does the existing system and ductwork deliver 
hot/cold air to all rooms?

2. Visual inspection of the ductwork:

1. Is it located in attic and unconditioned basement?

2. Are the ducts visually damaged or leaking?

3. Are the ducts properly insulated?

3. Perform register accounting.

4. Perform static pressure test(s).

5. Record static pressure and identify key components 
that will add to static pressure buildup.

6. Assess current airflow and compare to needed flow.

Consortium for Energy Efficiency Resources ï óDuct Retrofit Decision Guideô

https://cee1.my.site.com/s/resources?id=a0VTR000000LFTx


Example 1324 SQFT home:



Count the registers

Å12 Total Supply Registers

Å3 Counter Toe Kicks under sinks

Å9 6x10 registers

ÅAre all registers open?

Å6ò hard pipe to each supply

Å1 or 2 return grilles (depending on age of 
home!!)

ÅFilter grille or open return?

ÅCommon Duct Sizing

Å6ò Flex or Hard Pipe (10cfm loss for flex)

Å16 x 24 Return

This Photo by Unknown Author is licensed under CC BY-SA

https://en.wikipedia.org/wiki/Forced-air
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/


So, if thatõs the caseé

Å12 runs of 6ó (not considering surface 
of registers)

Å900 CFM capability for flex

Å1020 CFM for hard pipe

Å1 return duct size 16 x 24

Is this enough?





External Static Pressure

IWC (Pa)

Air Handler Fan Flow

Cubic Feet per Minute

0.69   (173) 1,350

0.62   (155) 1,400

0.55   (138) 1,450

0.47   (118) 1,500

0.39   (98) 1,550

0.31   (78) 1,600

If the static pressure is too high, the fan flow will drop .

General External Static Pressure and Fan Relationship

PSC Motors

High static pressure with a PSC motor



High static pressure with an ECM

72

With a high 

TESP, fan 

energy 

goes up



What do we do now?

ÅCan you add additional runs?

ÅCan you increase the duct size 
to the registers?

ÅSize for the max airflow

ÅSize for cooling load

ÅUpsize return duct size?

ÅUpgrade base cans and major 
plenum connections

Caution: When potential asbestos-containing materials 

are present, refer to a remediation specialist.



Definition:
External static pressure for heat pumps

-0.19

Filter

Air Handler

Outdoor Unit

MATCHED SYSTEM

Note: the tap in the 

return duct needs to be 

after the filter and 

before the air handler.

0.16





External static pressure multiplier

1. Measure TESP (total external 

static pressure)

2. Use a flow plate (preferred 

method) or onboard 

diagnostics if available to 

measure flow at high speed

3. Compare flow to projected flow 

needs based on sizing of heat 

pump (manufacturer tables)

4. Determine what the TESP 

should be to meet desired flow

5. Make good choices! Special thanks to Bruce Manclark for the multiplier table!



Total external static 
pressures

This brand recommends not 
exceeding 0.65

Measure TESP that we 
currently have

Determine the available static 
pressure that is left

Single Speed ASHPs VCHPs

0.1 0.1

0.2 0.2

0.3 0.3

0.4 0.4

0.5 0.5

0.6 0.6

0.7 0.7

0.8 0.8

0.9 0.9

1.0 1.0

1.1 1.1

1.2 1.2

Ductwork Considerations
Inches of water column

Total External Static Pressure

General rules of thumb ï no one 

manufacturer or model represented



60KBTU GAS FURNACE & 2 -TON AC

Sizing a NEW Heat Pump for Heating First

NEW VCHP is 3-Ton

60,000 btu Gas furnace needs 900 CFM

2-Ton AC needs 900 CFM

3-Ton VCHP with worst case air flow needs 1350 CFM 



External static pressure multiplier

7 9

Going from 900 to 

1350 cfm would be 

a 50% increase in 

flow

Static pressure 

would use an ESP 

multiplier of 2.25

So, a TESP of 0.4 
would go to 1.0!

What can we do to 

lower this back to 

under 0.6?



Fitting 6F 6N 5H 1O 4A 2J 8A 8A --

EL 25 10 45 120 35 65 30 30 360

Grand Total 445 

Duct 

Length
25 35 15 10 -- -- -- -- 85

Total

6F=25 ft.

5H=45 ft.

1O=120 
ft.

4A=35 ft.

2J=65 ft.

8A=30 ft.

8A=30 ft.

25

ft

35 ft

15

ft

10 ft

Air 

Handler



EL=10 feet

EL=20 feet

EL=120 feet

50 feet has an EL of 50 feet

50 feet of 15% compressed 

flex has an EL of 100 feet

0      10      20      30      40      50      60      70      80      90     100   120

                                          EL in Feet

Comparison of 

equivalent lengths 

(ELs) 



OL

D

Fitting 6F 6N 5H 1O 4A 2J 8A 8A -- 

EL 25 10 45 120 35 65 30 30 360

Grand Total 445 

NE

W

Fitting HF 6N 5K 1I 4A 2J 8A 8A -- 

EL 15 10 10 20 35 65 30 30 215

Grand Total 300

Duct Length 25 35 15 10 -- -- -- -- 85

Tota

l

We can reduce the EL 

for the three easy to get 

big numbers.

Then re-measured ESP

NEW ESP is 0.3 inwc

How does that look on 

our chart?



External static pressure multiplier

Multiply our 0.3 x our 

2.25 ESP multiplier gets 
us = 0.65

Success!



Measuring airflow

Static Pressure Drop

Fairly easy 

Can be a part of TEC airflow testing 
or measureQuick commissioning

Must use correct equipment

Is moderately accurate

True Flow Plate*

Easy to use

Requires upfront cost of purchase 
of True Flow

Very accurate

Easily fits into TEC Airflow app and 
measureQuick app

Aligns with Standard 310 and 
Standard 5

*Two models exist, modern Bluetooth and original model



The Energy Conservatory Smart Calculator App

TEC Smart Calculators Tutorial  TEC Demonstration Video for TESP Testing

https://www.youtube.com/watch?v=yzBJ1UBzmEQ
https://www.youtube.com/channel/UCfQMYm8bWmc-rK1pvMWr-7A


Can the existing duct system handle the airflow?

Summary

Check  existing airflow  needs and TESP 
FIRST ï it may be a moot point!

If not:

Duct modifications may have to be made or 
equipment size adjusted

If including a new filter rack? GO WITH 4ò 
FILTER BOX

Measure existing airflow, is it close?

Remember variable speed will seldom be on 
the maximum fan flow
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Identify homes loads.

Identify resident wants 

and needs.

Evaluate equipment 

that can meet goals.

Determine how far 

residents wish to go.

Recognize applications 

and limitations.

Identify fuel types.

Install properly.

Educate residents to 

operation.

Set controls.

1

2

3

4Right Sizing Journey



88

Challenges

ÅCollecting enough information for accurate load calculations

ÅDetermining when to size for heating vs. cooling

ÅDistribution (ductwork) not properly designed for variable 
speed equipment

ÅBelief that heat pumps arenôt a viable year-round heating 
technology in cold climates

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

ÅSelecting the right heat pump for the use case

ÅSelecting the best control strategy for the customer and 
equipment

ÅFor more resources visit: 
www.acca.org/standards/approved-software
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Features to Help Rationalize 
the Best Option

Provides both heating and air conditioning

ÅCapacity varies with heating and cooling needs

Advanced heat pump technology

ÅInverter driven compressor

ÅLow ambient noise

ÅWorks well when it is cold outside

Highest efficiency 

ÅHeating Seasonal Performance Factor (HSPF)

ÅSeasonal Energy Efficiency Ratio (SEER)



Definitions for Switchover Temperature / Balance Point
          The balance point is a temperature  at which switchover happens
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ÅThe outdoor temperature at which the heat pump can no 
longer produce the heat needed for the home.

ÅAlso called Capacity Balance point.
Thermal balance point

ÅThe outdoor temperature at which the cost to heat the home 
with the HP is more expensive than the back up heat cost.

ÅRelies on the back up heat fuel cost.
Economic balance point

ÅThe outdoor temperature at which the homeowner experience 
discomfort when running the heat pump.Comfort balance point



NEEPõs Cold Climate Specification
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ÅVariable capacity, residential-scale, air 

source heat pump. Ducted or ductless

ÅHigh rated heating efficiency (Ó 9 HSPF 

ductless, Ó 10 HSPF ducted)

ÅHigh efficiency even at 5ÁF (COP Ó 1.75)

ÅHighly rated cooling efficiency

ÅCapacity and efficiency data reported at 

multiple operating conditions

ÅSets and periodically updates the 

standard

ÅMaintains a qualifying product list

ÅPublishes the resultant 

engineering data



Determining the Thermal / Capacity 
Balance Point with the NEEP Tool

This is the best 
place to guess 
and check on 
capacity balance 
points your 
customer may not 
be as forgiving as 
this tool!
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Technical Sizing and Customer 
Confidence With Cool Tools!

ÅReduce callbacks

ÅYour confidence in product selection

ÅYour customerôs confidence in your proposal/bid

ÅDifferentiating yourself in the market
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Remember 
our 1942 
house?
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2-Ton Variable 

Speed sized to 

cooling

Not a notably high-

efficient or top-tier 

system



2.5 Ton High-Efficient 

ccASHP

Still, not the very top 

line for this specific 

brand

All-electric or ductless

*Would work well with 

a multi system house 

with a boiler, etc.

Almost no low-load 

cycling for cooling

 Humidity?



3-ton VS ASHP 

replacement of a 2 ton 

centrally ducted

Dual fuel ï Set lock-out 

at capacity balance point

For propane users ï 

thatôs over 50% 

reduction in propane site 

usage for heating



Weatherization And Heat Pumps?





Same 3-ton 

modeled for older 

house as a/c 

replacement

May not need duct-

work adjustments, 

as the existing 

system may already 

be a 3 ton!



Typical Switchover Temperatures 
by Application

Application Typical switchover temp

ccDHP displacing 

baseboard heat or gas 

boiler

0-5º F

(compressor lockout no higher than this)

ccASHP displacing 

propane furnace

Depends on cost of propane and sizing, including 

duct evaluation

5-25º F

ASHP displacing 

natural gas furnace

Depends on gas and electric rates & customer 

motivation:

25-45º F (ccASHP)

35-45o F (two stage HP)104



What is COP?

ÅCoefficient of Performance is the measure of a heat pumps 
efficiency.

o Higher COP = Better Performance

ÅConsider the similarity of how we can educate 
homeowners like we do with AFUE

o If a furnace is 96% efficient, whats the dollar usage efficiency?

o If a heat pump has a rated  COP of 2.7, whats the dollar invested 
efficiency?

ÅThis is a moving target due to ambient temp. How do we 
know when to switch?



Economic Switchover Temperature

Easy, itõs just math!

It is a simple math problem The easiest way to solve it is to find your break-even COP and 
then look at your heat pump publications to see what temperature that occurs at. You can 
calculate your break-even COP by:

BECOP = (E x C x e) / G   where  BECOP is your break -even COP

ÅE is $/kWh (Take your power bill and divide by kWh = 0.132 average in Chicago)

ÅC is kWh/Therm which is 29.3

Åe is the efficiency of your specific furnace (.92 average)

ÅG is $/Therm (Take your gas bill $/Therm and add factor for monthly rate and taxes 
= $1.15 for Chicago on average)

ÅThen plug in the numbers and solve.
106



Economic Balance Point Calculation ð 
Natural Gas
BeCOP = Breakeven Coefficient of Performance

BeCOP =
(E x C x Ef)

G

E = $/kWh

C = kWh/therm (constant)

Ef = Efficiency of furnace

G = $/therm

E = $0.10/kWh

C = 29.3 kWh/gal natural gas

Ef = 0.96 (96% AFUE)

G = $0.95/therm

Example House Calculation

BeCOP =
(0.10 x 29.3 x 0.96)

0.95

BeCOP = 2.9

1 gal propane = 26.8 kWh

1 therm natural gas = 29.3 kWh



Heating/

Cooling

Outdoor 

Dry Bulb
Unit Min Rated Max

Heating 47 F̄ Btu/h 11,500 27,400 35,000

kW 0.91 2.47 3.73

COP 3.7 3.25 2.75

Heating 17 F̄ Btu/h 6,400 19,400 25,500

kW 0.82 2.23 3.31

COP 2.25 2.55 2.26

Heating 5 F̄ Btu/h 5,400 20,800 20,800

kW 0.83 3.1 3.1

COP 1.91 1.97 1.97

Heating -3 F̄ Btu/h 5,400 - 18,800

kW 0.93 - 2.85

COP 1.7 - 1.93

3.25

2.55

1.97

Use the Performance 
Specs chart and 
BeCOP  to estimate 
the economic 
balance point

BeCOP  = 2.9
Å Find the Rated COP at different 

temps 

Å Depending on where the BeCOP 

falls, estimate the economic 

balance point

Our estimate: ~30 ÁF



What if the 
customer has 
propane?

Heating/

Cooling

Outdoor 

Dry Bulb
Unit Min Rated Max

Heating 47 F̄ Btu/h 11,500 27,400 35,000

kW 0.91 2.47 3.73

COP 3.7 3.25 2.75

Heating 17 F̄ Btu/h 6,400 19,400 25,500

kW 0.82 2.23 3.31

COP 2.25 2.55 2.26

Heating 5 F̄ Btu/h 5,400 20,800 20,800

kW 0.83 3.1 3.1

COP 1.91 1.97 1.97

Heating -3 F̄ Btu/h 5,400 - 18,800

kW 0.93 - 2.85

COP 1.7 - 1.93

BeCOP  = 1.3

Å Find the Rated COP at different 

temps 

Å Depending on where the BeCOP 

falls, estimate the economic 

balance point

Our estimate: ~ 0 F̄

3.25

2.55

1.97
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Summary of key milestones

Use Tools Use tools that help you sell and instill confidence!

Size and Select Size and Select to the right application and fuel type

Evaluate Evaluate ductwork

Design around Design around application and fuel types

Perform Perform an accurate load calculation

Understand Understand the residentœs goals, pain points, wants, and budget as a guide
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Identify homes loads.

Identify resident wants 

and needs.

Evaluate equipment 

that can meet goals.

Determine how far 

residents wish to go.

Recognize applications 

and limitations.

Identify fuel types.

Install properly.

Educate residents to 

operation.

Set controls.

1

2

3

4Right Sizing Journey



DAY 1



Communicating controls

ÅProprietary systems that communicate between 

the thermostat, indoor unit and outdoor unit need 

a thermostat that can communicate in order to 

operate in the most efficient way possible. 

ÅFully modulating systems that can incorporate a 

staged thermostat can lose stages of operation 

due to the limited ability of the controls. 

ÅUnitary and ductless products are both affected 

by staged controls, check with your manufacturer 

representative before installing a staged 

thermostat.



TESP and Fan Tables 
and What is Meant by 
òExternaló

ñExternalò designates how the unit was shipped:

ÅWith a central heat pump utilizing auxiliary 

heat, the air handler and coil are shipped in 

one piece. The fan curves reflect this the 

resistance of the of the coil

ÅWith gas furnaces with an AC or HP coil, the 

coil is not shipped with the air handler. The fan 

curves in this case, do not reflect the 

resistance of the coil. When testing these 

systems, the supply side measurement MUST 

be furnaces taken before the coil
114

https://www.energystar.gov/sites/default/files/specs/National%20Comfort%20Institute%20-

%20Measure%20and%20Interpret%20Static%20Pressures.pdf 

https://www.energystar.gov/sites/default/files/specs/National%20Comfort%20Institute%20-%20Measure%20and%20Interpret%20Static%20Pressures.pdf
https://www.energystar.gov/sites/default/files/specs/National%20Comfort%20Institute%20-%20Measure%20and%20Interpret%20Static%20Pressures.pdf
https://www.energystar.gov/sites/default/files/specs/National%20Comfort%20Institute%20-%20Measure%20and%20Interpret%20Static%20Pressures.pdf


òFirst Year of 
Maintenanceé 
Free with new 
system!ó

System commissioning?
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Why Residential HVAC Matters

V Comfort

V Health and Safety

V Energy Use

VCarbon Emissions
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HVAC Efficiency Over the Years

ÅCode-driven minimum HVAC 
efficiency continues to increase

ÅPremium high-efficiency HVAC 
units perform much better than 
code minimum

ÅHeat pumps are on the rise

ÅEfficiencies are not always 
realized in the field

Figure: Performance standards for residential central air-

conditioning equipment and heat pumps1
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Impact of Improper Installation

Improper installation or maintenance of central air 
conditioning (CAC) and air-source eat pump 
(ASHP) systems results in decreased performance, 
energy waste, and reliability concerns.

o At least one energy wasting fault in 70 -90% 
of  homes 2

o At least 20% of CAC/ASHPs experience failure 
due to improper installation2

o Estimated 9% energy waste due to decreased 
CAC/ASHP performance due to inadequate 
airflow and improper refrigerant charge3 

Figure: Theoretical field adjusted SEER 

caused by installation and sizing issues1
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What Quality Contractors Strive For

V Eliminating callbacks

V Ensuring every HVAC 

system runs at peak 

efficiency 

V Every HVAC system is 

commissioned
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Why Smart Diagnostic Tools?

Expand Capabilities

Streamline Processes

Ensure HVAC Efficiency

Improve Customer Satisfaction

Boost Reputation

Create Business Value



1 2 1

Old School Tools

Find data plate image:

Target Subcooling = 10ÁF
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Measurement Uncertainty

Take for example a 500-psi gauge:

ÅClass B, 3%-2%-3%
ÁÑ10 psi to Ñ 15 psi

ÅClass 1, 1% Accuracy
ÁÑ5 psi

For 580-psig max digital probes/gauges:

ÅFieldpiece JL3PR Pressure Probe
ÁÑ1 psi to Ñ2 psi

ÅFieldpiece SM380V
ÁÑ1 psi to Ñ2.74 psi

Analog

Digital

Read between the 

lines!



Measurement Uncertainty

4.3.1 Requirements: 

The contractor shall ensure: 

a) For the SUPERHEAT method, 
system refrigerant charging 
per OEM data/instructions 
and within Ñ5ÁF of the OEM-
specified superheat value

Example:

R410A, non-TXV, 

Indoor Wetbulb = 66ÁF, Outdoor Drybulb = 95ÁF

Target Superheat of 10.0ÁF

Measured Suction Temp = 49.6ÁF

Suction Pressure = 118.0 psig Ą 39.6ÁF Saturation Temp

34 35 36 37 38 39 40 41 42 43 44 45 (ÁF)

39.6 44.634.6

44.2

37.7

38.7 41.1

42.1

35.4

-5ÁF +5ÁF

Class B, 3-2-3 Gauge 

(Ñ10 psig)

Class 1, 1% Accuracy Gauge 

(Ñ5 psig)

Digital Gauge, Fieldpiece SM380V 

(Ñ2.74 psig)
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Smart Diagnostic Tools

V Wirelessly connected

V Provides Diagnostics

V Suggest Corrective Actions

V Run Performance Calculations

Digital Sensors, Probes, and Manifolds Smartphone/Tablet Diagnostic App



Digital Manifolds

Pipe Clamps

Pressure Probes

Clamp Meters

Psychrometer

Manometer

Refrigerant Scale

Vacuum Gauge

      éall in one informative application




