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Agenda

A Welcome messages: 8-8:25am

A Industry Perspectives Panel:
8:25-9:15am

A Break : 9:15-9:30am

A Training Session 1: 9:30-
10:30am

A Break: 10:30-10:40am

A Training Session 2: 10:40-
11:40am

A Incentive Programs: 11:40-
12:00pm
A Audience Discussion: 12:00-

12:10pm
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EEA

ENERGY EFFICIENCY ALLIANCE W h O We A r e

Mission7¢  Vision U  Values %

Our reason for existing The future we intend to help build: The guiding principles for all we do

To champion efficiency as the Energy efficiency anchors all =~ We support energy efficiency
foundation of a clean, just, and efforts to meet our ongoing that grows strong local -
resilient energy economy. energy needs, improve health ~ economies, helps create resilient
and comfort, promote energy =~ communities and healthy
equity, and protect our buildings, addresses pressing
climate. environmental issues and
advances an equitable, just and




The EEA nFamily of
|EEA KEEA? EEA‘

BB}GVEFFI:IENC\’#LI.I MCE .I'
'STONE ENERGY EFFICIE EWERGY EFFICIENCY ALLIANCE oF HEW JERSEY

EEAIs 2 501(c)(3) nonproflt. KEEA and EEA-NJ are state-facing

What We Do: programs of a single 501(c) (6) trade
association for the energy efficiency
EEA works to increase energy Industry.
efficiency awareness and encourage
energy efficiency action. What We Do :

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

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

Engage stakeholders and the Serve our Membership.

business community. Convene our members to share best
practices and to network



Why WeoOre Here Today

A Heat pump technology has become more effective, efficient and
comfortable for residents since the 1990s
A The market for heat pumps continues to expand
A Even without rebate programs, heat pumps have been shown to
decrease long -term enerqgy costs for consumers
A Despite a growing market and rebate programs:
A Consumers are still skeptical
A Workforce 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

Goal s for todayoO0Os sessli on

A Review the latest information
about heat pumps

A Dispel common
misconceptions

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

A 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

AResidential heat pumps
A Minisplit heat pumps
A Centrally ducted heat pumps
A Dual-fuel heat
A Air-to-water heat pumps
A Ground source heat pumps
A Gas fired heat pumps

ACommercial heat pumps
A VRF heat pumps
A RTU heat pumps

Alndustrial heat pumps




Residential Air Source Heat Pump Taxonomy
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Heat pumps continue to outsell gas furnaces in the U.S.
Heat pu‘nlps Ou!:SOl.d gas Units shipped per year
furnaces by their biggest-ever

l‘llal‘gll‘l mn 2024 4,000,000 //\/ Heat pump sales
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Takemura, A. F. (2025, February 2®at pumps outsold gas furnaces by » S S S S S

their biggestever margin in 2024Canary Media.

ht_tps:/_/www._canarymedia.com/articles/heapumps/heatpumpskeep Source: Air-Conditioning, Heating, and Refrigeration Institute, Canary Media . CANARY MEDIA
wideningtheir-lead-on-gasfurnaces

Both title and interactive graph pulled from article



Hybrid (Dual Fuel) Heat Pumps

T e Fiel Cold -climate
y P Model e x amp | [Re | at i v| potential
Heat Pump

performance
Low

Single or two - Available from all .
HEAT PUMP
INDOOR UNIT speed manufacturers

‘(OCXIRNVGHsmY‘
Modern .
: Top-tier from Moderate to
FURNACE Inverter . Ye s
EXHAUST almanufactur &li gh
system
REFRIGERANT
LINES Standalone add -
GAS FURNACE . Bosch IDS
(BACK-UP HEAT SOURCE) on Inverter
G r Hexx

Moder at eYe s

GAS SUPPLY system
(outdoor unit +
indoor coil
AIR HANDLER ) .
BLOWER (FAN) : Dai kin VRV LI FE

Mitsubishi Intelli-h e a
Samsung Hylex

AIR FILTER Multizone
inverter
system

Carrier/Bryant Moderate to
Crossover High
Mitsubishi Intelli-h e a



PENN COLLEGE =y Pennsylvania

¢ College of Technology

A Penn State Affiliate




Inspiring and preparing

Tomorrow MakerS the next
generation of industt
leaderss with re
experience and I




WORKFORCE

DEVELOPMENT




Provide workforce development solutio
that improve the skill levels and
competitiveness of our clients

/Nondegree and incumbent worker
training, certification, and upskilling

/ATechnical assistance consulting and pro




PREAPPRENTICESHIPS AND WORKFORCE READINESS
CUSTOM TRAINING AND MICROCREDENTIALS
APPRENTICESHIPS

1 S4 YEARS (10 REGISTERED PROGRAMS)

5,453 |42

ENROLLMENTS STATES

28

COUNTRIES

500+

UNIQUE COMPANIES

Pennsylvania
College of Technology

A Penn State Affiliate




Program Areas

AManufacturing

APlastics

ABuilding Performance

AHealth Sciences & Emergency Services
ATransportation

AWEDnNetPAartner

ABusiness & Leadership

AComputer Skills

OO



Building
Performance

AHome Energy Professional training and
certification

ABuilding science & energy efficiency
training for the building trades

AFacilities Building Operator Certification
AEnergy Specialist apprenticeship

ACTE career readiness initiative




AOur mission is to equip the ever -
evolving clean energy workforce
with knowledge, skills, and
abilities to create healthy
buildings, occupants, and
communities through energy
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PittsburghGateways

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:

A training facility, to deliver the full slate of the Penn College building science
training programs to current & future workers.

A recruitment resource, providing outreach to students and adults of all ages
considering career paths in the residential building industry.

A business incubation hub, for contractors and partners seeking to expand their
capacity through apprenticeship-style opportunities and business development
support.

A community engagement platform , informing community members of the
opportunities to improve the health, safety and efficiency of their homes.



Pittsburgh Gateways Initiatives

Contractor Growth & Support
SeNIE PP

. $
ﬁ ﬁ ﬁ ﬁ Recruiting, Hiring, Mentoring, Training, Retaining
ﬁ Eﬁ Access to Funding & Supportive Services
Busi ness Devel opment , Operati onal Ef f i
Navigating Rebates & Tax Incentives
o¥ Healthy Housing, Electrification
MJ 2 Duquesne Light Company
S ROCIS
CMU Center for Building Performance & Diagnostics
Women for a Healthy Environment
Pitt School of Public Health
M " Community Engagement
il
F’% Trade Institute of Pittsburgh & other entry-level training providers

Community Development Groups, Participation on CTE Advisory Boards
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Perspectives
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Training
Curriculum




Right Sizing Journey «0

Install properly.
Educate residents tc
operation.

Evaluate equipment
Set controls.

that can meet goals.
Determine how far
residents wish to g

ldentify homes loads.
|dentify resident wants
and needs.

Recognize applications
and limitations.
|dentify fuel types.



Right Sizing Journey «0

Install properly.
Educate residents tc
operation.

Evaluate equipment
Set controls.

that can meet goals.
Determine how far
residents wish to g

ldentify homes loads.
|dentify resident wants
and needs.

Recognize applications
and limitations.
|dentify fuel types.



A Deeper Look at Pain Points, Needs and Wants

Listen to pain points,
needs and wants

Design and
propose the
solution

Evaluate the home
and systems




The Bullseye Pie of Customer Decision

Single-Family Homes with fuel-fired forced air HVAC

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

Fully matched system

most efficient you can
Planned Replacement afford

1. Load reduction and tune up
legacy equipment

Single system replacement
and tune up remaining equip
Fully matched system more
efficient than legacy

-Making

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

S

> - MIDWEST
= COLLABORATIVE



Awareness of ASHPs prior to the survey

100%

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

5%

Percentage
S
P

The work is not about saying

the perfect thing to the perfect o

homeowner, the work is 15.3%
normalizing heat pumps
and piquing interest and o

COnversathn . Nothing at all A little A moderate A lot

amount

N = 4007



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 How their current
S How heat pumps :
can maintain ) The longevity of contractor can
can improve | : :
current comfort : ) : heat pumps continue service
indoor air quality :
level & maintenance
J N J




The final cost of purchasing and
installing the system

The monthly cost of running the system

That the system provides the same level
of comfort or better than my current
system

That the system provides better indoor
air quality than my current system

That the system lasts the same number of
years or more as my current system

Top-ranked factors in home heating system decision-making

III




The Customer First *Thinking*
Process

4 )

A Understand
the concerns
of the client

A Allows
designers to
set aside
assumptions

Nl - mpathize

35

B e

A Synthesize
observations
and inspection

A Define the
problem
statement for
the customer

(Aldentify and A
develop solutions
to the problem
statement

ABrainstorming and
Aworst id
concepts are useful

37
Q)

- ]

Prototype
—

A Design scaled
down versions
of solutions to
compare

A Bring ideas to
team and client
before
developing
complete
solution

- J

(A Redefine one or )

more problems
to see if the
solutions solve
them

A Continue
refining based
on increased
understanding
of clients

-




Sizing, design, and selection is
often done based solely on
rules of thumb and based on
previous sized systems.

:H:Mld& oVari able Capacity A

HEAT PUMP GOLLABORATIVE Heat Pumps perform best and
meet savings goals when sized
appropriately for system type,
application, and supplemental
fuel type. o



Current Common Approaches
to Load Calcs:

What People are Putting in it Most Often
AShoot from the hipo

Sized off existing equipment size
Using rules of thumb

Utility bill analysis

00000

Block load calculation




Air Conditioner or Heat Pump Sizing Chart

] [
{ Flears understand that this 15 meant as bumor
bipwever it is fust & accurate &3 "X number of square feer perton” )

AOne thousand BTU per 100sqft
AOne cfm per sq. ft. of house -
A35 btu per sq ft

ATonnage = half the number of cylinders |
i n the customer 6s |

-
e’
N

AWhat's in the shop today -
Als ton bigger than their neighbor

--------------------------------------------

Slide courtesy Brudéanclark



Concerned t hat Manual
Large Enough?

70,000 ~

60,000 -

50,000

40,000 -
m Measured Data

30,000 = Contra&tor A

m Contractor B
20,000 -

Design day Heating Load (Btu/hr)

1062 1056 1065 1078 1061 1049 1030 1037 1055 1027 1054 1070 1026 1052 1028 1047 1031 1063 1045
Site Number

K



Low guality methods

ADuplicating existing
equipment size

AA rule of thumb
AThe Heating Load Estimator




Medium quality
methods

AComfort consultation

ABlock load calculation
(Manual J or equivalent)

AAccount for detailed building
envelope information

AFactor in design temperatures




High quality methods

AComfort consultation
AComfort Survey

ARoom-by-room Manual J or
equivalent

Account for detailed building envelope
Information

ADuctwork evaluation

AFactoring in ex
run time oOor <cus
AWhen applicable

AFactor in design temperatures

| St |
t ome

0OThe Home as a Sys



House Floor Plan
Shan POOMS, ITA0r So0rs, witkes, rgistar, dUCT and 3ir handor ICations.
Cirdle Orientation: M § E W

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

https://www.energyvanquard.coraédsian/dateollection/ Sasrgy Vanguard bota Coleaien Form



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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5. Mark additional energy saving features present: [ |conditioned crawispace, [ |encapsulated attic,

ener y Energ? \'_Ila nguard [Jreflective shingles, [ ]attic radiant barrier, [_]Energy 5tar home, [ ]other above code certification program, [_]fireplace (sealed
wongua ,..g 533 W Howard Ave, Suite E, Decatur, Gh 30033 combustion), [ Jfireplace (vented w/ outside air),
vanguars hvaci@energyvanguard.com - (404] 428-3393

[(other:

Manual J Data Collection Form for New Homes 6. Solid Doors (Only far information nat an plars)

Date Description Location Size [wx H & Thick) IR or [Ju-value
Data Collector Contact # | | Type 1 [ [ [ [ |
Homeowner { Builder Contact # I I Type 2 I I I I |
Property Street Address Code Yea rI I Type 3 I I I I |
City, State & Zip Code Type 4 |
1. Front Door Faces I N D' NEDI £ j T . D' : D' SW]I 'LI'LI'DI N'U'LI'DI 7. Windows & Glazed Doors | ==500 glass) (Only for information not an plans)
Description Location Size (W x H) U-Value SHGC
2. Home Description
Type 1
Type 2
Type 3
Type 4
Type 5
1.Air Infiltration Rate Type b
Blower Door @ cfmS0 or [Cright []5emi-Tight []Average Glazed Doors
Other
4. Insulation R-Value Skylights |
Location Type  Cavity Continuous
Ac Sl Under 8 HVAC System Preferences] [no preference
Slab Edge
B Cantileserad & Frame Floors Location Manufacturer Area Served Efficiency Heat-Pump Gas Duct Type
C: Exterion Walls, above grade 1
D: Vaulted or Sloped Ceilings 2
E: Flat Ceilings (typical blown attic) 3
F: AT Knea-walls EM  Round Metal VF  Winyl Flex
G: Roofling (typical spray foam) 50 Sgquare Metal DB  Duct Board

H: Tray Ceiling Top/Side

8. Mechanical Ventilation Preferences[ oo preference

K Rim/Band loists
L: Floor over Bsmit/Crawl/Garage On which sl,'stemh]?ljl |:|2 D 3 Dseparatel'.l ducted

M2 Poured Bamt or Crawl Walls Cavity

T T T T
Fresh Air Intake Type |:]'l.'ent. Dehumidifier DSuppll,' Only DExhaustDnll,' E]Ealanced
Continuous [ Exterior[ Jintarior | . . }
N: Framed Bsmit Walls Manufacturer Maodel
Rate |CFM) | | Maotes
XPS Extruded Polystyrene 150 Polyisocyanurate FGB Fiberglass Batts 0C Dpen Cell Foam
EPS Expanded Polystyrene BLN Blown Fibarglass/Cellulose CF Closed Cell Foam

Page 1 of 2 Page 2 of 2



Generalized Housing Market
ldentification

APennsylvania Average Home Size = 1814 sq. ft.

AAverage Home Size in America = 2,200 sq. ft.
A Shrinking Trend

APittsburg average age = 64 years old (1961)
AHarrisburg average age = 48 years old (1977)
APhiladelphia average age = 90 years (1935)

ARow houses abundant = median of 1280 square foot
A What does this mean for Manual J???

Source: realtor.com



Free Online Sizing Tool 0
Using Today

HVAC E;tterBuilt""""

SIZING TOOL site andl rescurces

Register

Passwords are required to be a minimum of & characters in length

:::::::::

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



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

Example Houses

Older house (1940s)

A1814 sq ft, 2 story
a semi-conditionec

nome over

AHeating load doub
cooling load.

e the

basement.

Newer house (2010)

A2000 sq ft, 2 story home
over a partial basement

AHeating and Cooling loads
are much closer.



Example House 0©819400s Ho0 me¢
HVAC Site ID: 31833 — ig: 65,500 BTU/hr

SIZING TOOL Area: 1,814 i Cooling: 23,000 ETU/Mr
Climate: Philadelphia AP Latent: 5,188 ETU/hr

HELLO JT STEWART MEW SITE

BUILDING ROOMS WINDOWS OVERRIDES

OPTIONS SYSTEM DUCT RESULTS RESULTS sSuUBMIT

Building @

v Values successfully saved.

Conditioned Floor Area | 1814 Floors Above Grade | 2
Average Wall Height | 8 Bedrooms | 4

Mote: Default insulation level below is meant to provide a starting point for the house you are evaluating. You are able to override any specific items on later pages to
override these default values. Please take care to override where neccessary.

Default Insulation Level |2xa’1 poorly insulated |v| Show all
Foundation Type Conditioned Basement hd
Duct Location | Conditioned Area hd

Direction Front Door
{House Orientation)

Year Built | 1942

West b
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Example House @ 0 Newer Home 2010

HVAC

SIZING TOOL

PA 2000's Home

Site ID: 31835 Heating: 42,488 ETU/Mr

Area: 2,800 i Cooling: 35,980 ETU/hr
Climate: Philadelphia AP Latent: 5,588 ETU/hr

HELLO JT STEWART MEW SITE

BUILDING ROOMS WINDOWS OVERRIDES OPTIONS SYSTEM DUCT DESIGN DUCT RESULTS RESULTS suBMIT

Conditioned Floor Area | 2000 Floors Above Grade 2
Average Wall Height | 8.0 Bedrooms 4

Mote: Default insulation level below is meant to provide a starting point for the house you are evaluating. You are able to override any specific items on later pages to
override these default values. Please take care to override where neccessary.

Default Insulation Level | 2x4 weatherized wiviny! windows |v | Show all
Foundation Type = Conditioned Basement b
Duct Location = Conditioned Area b

Direction Front Door
{(House Orientation)

Year Built 2010

West b



Rule of Thumb
vs Manual J for
Newer Home

Was system oversized
for heating?

A 35 btu per sq ft
A2000 sq ft

AMan J = 42,

YES, almost doubled!




New solutions to
make high quality load
calculations easier

Tablet -based room scanning
software (LIDAR)

AAmMply
AConduitTech
ACoolCalc

AMORE TO COME!

Online tools
A NEEP ccASHP for Heating tool




Sizing Guidance
Resources

Sizing tools:

A ACCA Manual S

A Manufacturer sizing and selection tools

ANEEP Cold Climate Product List and NEW Sizing Tool
Resources

ANEEP Installer Resources - Guide to Sizing and
Selecting Heat Pumps

A Air-Source Heat Pump Sizing and Selection Guide
NRCAN

ANY State Training Provider Resources
ANEEP Size for Heating Users Guide

tev 5408/20

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

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

Introduction

The use of ar-souwce heat pumps (ASHPS) in cold Chmates is Qrowing rapidly, Dut System sizing and sefection piactices
have not siways kepl up with the wide cange of appicabons commeonly found in coid climates. System pecformance,
coerfort, and enecgy efficiedcy can be sigaficantly impacted by poce sizing and system selection The purpose of this
guide is 10 assist nstallers in szing and selecting ASHPs for residential cold cimate applcations. whele mantaining high
efficiency, performance. and customer satafaction

There are many types of eguipment and o variety of common applcations for ASHP instaliations in cold climates.
Combications of singie and muit-2one, mink-spit “ductiess” and/or "compact-ducied” systems, and more conventional
centrolly docted srhandier systems, may be instalied i existing of few Bomed. When an ASHP is installed 10 reduce
operating coats and/or emissions and existiog heating equipment is left in place 23 a suppiement, conventional
approaches 19 sing don't always apply, and cootrols can be impoctast

This guide is organized o four One Dage APERCATON Types S0 Lsers can effectively match guidance 1o thelr specific
instaliation. The applications ate

*  Heating (of heating & cooing) displacement
* Full HVAC replacerment

+  lsolated zone
*  New construction

Each category sugpests The relevant information on sing and equipnment sefection, system confguiasons, the
optional use of pre-existing HYAC, and tps on key issues 10 look out for. Each appiication category includes 3 more
detailed description of when that appicaton would spply. Also, e is no Cooling-only spplcation type. In almost any
crcumatance, even if the chent is intially interested in cocling, & coid-cimate heat pump can paovide costelfective
heating for a1 least some part of the winter. Thus all the appiications considered assume ISention 10 use e heat pumg
for 1 leaat some heating of The bome.

Foe m-na(e ooo-(wo’u s guide is focused on products That sppesr on the Cout Clamate Ao Spuece Hest

B SCASHE] Specficalion Thetefore, varatie-spead systems sre assumed in this guidance. Cold chmates may

be considered 10 be Inernational Energy Conservation Code [JECC) chmate zone 4 and higher, though interest in cold-
weather performance may extend into some of the holtest cimates in the U S, The following section provides addtional
genesal guidance on buliding efficiency, load calculations, and eguapment selection that apply to all the application types

Note Heat pumps should always be instalied by Soensed, trained professionals. Always follow manufacturer's
specifications and Bataliaton instructions, and all appicabie buliding codes and reguations

Ensure Building Efficiency

In existing Buldings, always iry 10 ensure that any buliding enclosure issues (Insulation, alr leaks/bypasses, exising
et disconnectalesks, eic. ) are addressed belfore Instaling new equipment. This reduces heating & cooling costs,
improves comfornt and heat pump performance, and reduces the size of equipment reguired. Enlist the help of a home
petformance professicos i aveded 10 dagnase m«e n\wu Mmy wecirc and 983 bty companes offe! resources 0
upport hame performancy upgaades. U S, DOE's Hoone Pedotneoce ath ENERCY STAR program siso provides uselul
rescurCes



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 « O

Install properly.
Educate residents tc
operation.

Set controls.

Evaluate equipment
that can meet goals.
Determine how far
residents wish to g

ldentify homes loads.
|dentify resident wants

Recognize application:
and needs.

and limitations.
|dentify fuel types.
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Open question poll

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

ABoilers?
AElectric Baseboard? (eww)

ADucted furnaces
APropane/natural gas?

AHydronic retrofits?

AA/Cs in most houses
ADucted?



N O n - D u Cted Al r Customer need: Increase comfort, reduce costs

Source Heat Pumps il

1:1 Mini -Split Units
A Excellent for open spaces
A No thermal loss to duct work or
unconditioned space

1:2-4 Multi -head Units
A Not optimal for highest efficiency
A Helpful under limited conditions

PTHP
A Fits in an existing PTAC sleeve

Best Uses
A Small weatherized homes
A Uncomfortable rooms
A Seasonal use cabins




Ductless systems
with non -connected

back -up

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

AElectric base board
ABoiler
Awall furnace

Indoor Unit

erant Lines

Outdoor Unit_




Result of Adding Ductless Mini -Splits




Centrally -Ducted Air Source
Heat Pumps

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

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

AThe eligible models in this category are inverter based
ASingle Stage
ATwo/Three Stage

AVariable Capacity (Inverter Compressors)

AMay or may not be cold climate rated by NEEP
ACan include cross over solutions from Bryant/Carrier and Mitsubishi




Why Is it important to understand
ductwork implications?

Increased fan energy use for:

i ECMs when encountering resistance yng_ngwmn,w-
(static pressure) =M}:g,,5w“ﬁivp'
mvn

T Constant torque motors

Decreased airflow for:

i PSC motors when encountering
resistance (static pressure)

T Constant torque motors m%

Capable of delivering the air L i
where it needs to go!

DONOT FORGET THE oW®RI NOHWAC BE A HAC(K)'!



Why sizing matters

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

Almproved filtration, dehumidification, home destratification
AReduced temperature swings compared to on-off operation
AMaximum efficiency achieved in single - & two-speed systems

AMore 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



Decision tree for existing ductwork

——————————————————————————————————————————————————————

' \ ( R t \
i New system i i i E Existing system E
i has same | Yes | Existing system | Yes | passesg y | Yes [ Existing ductwork
i airfl ow E—r—e—q»i okayed by :—>i ductwork !——> likely okay to
I as existing : ' homeowner? ] : . : use.
. . . ! i evaluation? .
I system? | : , ! ]
M 1 N 5 M !
No No No . _
— [ Modify existing
ductwork.
v . R . Yes
Conduct static =' Use E :' Are duct )
. . - . |
pressure and > forecasting for = modifications
airflow tests. \newsystem. i ifeasible? . NO| [ p5iceies optionst




Alr conditioner air flow

400 CFM/ton

Single and Two :
speed ACs

A400 - 450 CFM per Ton

1450 CFM/ton |

1400 CFM/ton |

Variable Capacity
Heat Pumps

4325 450 CFM per Ton R STEC

Please check manufacturer expanded performance Semm”
data. Rule of thumb used for example only! NOTE: Rule of Thumb ALERT ﬂ



Consortium for Enerqgy Efficiency Resourcesi 6 Du c t Retrofit

Evaluating Existing Ductwork

1. Engaged discussion with homeowners and qualitative
test i does the existing system and ductwork deliver CHECKLIST

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.

Perform static pressure test(s).

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

Assess current airflow and compare to needed flow.



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

Example 1324 SQFT home:

70'-6"

27'-4"




Count the registers

A 12 Total Supply Registers
A 3 Counter Toe Kicks under sinks
A 9 6x10 registers
A Are all registers open?
A60 hard pipe to each

A 1 or 2 return grilles (depending on age of
homel!!)

A Filter grille or open return?
A Common Duct Sizing

A6o0 Flex or Hard Pipe
A 16 x 24 Return

2
\\


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/

S o, | f t hat os t he c¢as

AL2 runs of 606 (not consider |
of registers)

A900 CFM capability for flex
A1020 CFM for hard pipe

Al return duct size 16 x 24
Is this enough?

16x24 cfm 519 692 865 1038 1263
Ak 1.73 Ps 0.016 0.032 0.052 0.072 0.097




FIELD DUCT SIZING CHART

ROUND DUCT SIZE ESTIMATE

Flexible Duct Round Metal Pipe
Duct Size Design Airflow Duct Size Design Airflow

5" 50 5" 50

6" 75 6" 85

7" 110 7" 125
8" 160 8" 180
9" 225 g" 240
10" 300 10" 325
12" 480 12" 525
14" 700 14" 750
16" 1000 16" 1200
18" 1300 18" 1500
20" 1700 20" 2000

Flex duct = .05" on most metal duct caleulator Round metal pipe = .06" on most metal duct calculators

RECTANGULAR DUCT SIZE ESTIMATE
Design Duct Height - Net inside dimension in inches

cev | 6" 8" 10"

120 4x10
90 8x4 110 6x6 160 6x8 215 6x10 270 6x12

120 10x4 160 8x6 230 8x8 310 8x10 400 8x12

150 12x4 215 10x6 310 10x8 430 10x10 | 550 | 10x12
180 14x4 270 12x6 400 12x8 550 12x10 | 680 | 12x12
210 16x4 320 14x6 490 14x8 670 14x10 | 800 | 14x12
240 18x4 375 16x6 580 16x8 800 16x10 | 950 | 16x12
270 20x4 430 18x6 670 18x8 830 18x10 | 1100 | 18x12
300 22x4 490 20x6 750 20x8 1060 | 20x10 | 1250 | 20x12
330 24x4 540 22x6 840 22x8 1200 | 22x10 | 1400 | 22x12
600 24x6 930 24x8 1320 | 24x10 | 1600 | 24x12
650 26x6 1020 | 26x8 1430 | 26x10 | 1750 | 26x12
710 28x6 1100 | 28x8 1550 | 28x10 | 1850 | 28x12
775 30x6 1200 | 30x8 1670 | 30x10 | 2150 | 30x12

40  |21/2 x10 1300 | 32x8 1800 [ 32x10 | 2300 | 32x12
70 |21/2 x14 1400 | 34x8 1930 | 34x10 | 2450 | 34x12
150 |21/2 x30 1500 | 36x8 | 2060 | 36x10 | 2600 | 36x12
100 |31/2 x14 2200 | 38x10 | 2750 | 38x12
220 |31/2 x30 2350 | 40x10 | 2900 | 40x12

Rectangular sheet metal duct = 07" on most metal duct calculators 3050 | 42x12




High static pressure with a PSC motor

General External Static Pressure and Fan Relationship

PSC Motors
External Static Pressure Air Handler Fan Flow
IWC (Pa) 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




High static pressure with an ECM

Table 10. Annual energy simulation results for both homes at baseline using the Austin contractor’s dﬁigus

Total Airflow Total Gas
Blower | Pressure rate Heating Consumption
] ] Home |Ducttype| type [(in.w.c.)| (CFM) (=10° Btu) | (*10° Btu)
Wlth a hlgh 0.50” 1200 619 60.95 88 88
PSC | 0807 964 661 60.93 88 85
TESP, fan -
1.10 63.71 91.70
energy Chicago 61.55 89,51
60.47 88.39
goes up 3-ton AC 60 86 28 TR
(as furnace
59.52 87.41
1200 CFM 60.25 88.16
nominal 62.17 90.12
60.10 88.02

12



What do we do now?

ACan you add additional runs?

ACan you increase the duct size
to the registers?

ASize for the max airflow
ASize for cooling load
AUpsize return duct size?

AUpgrade 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

MATCHED SYSTEM

Outdoor Unit

i }I
f j‘\ )
. :‘l "l l‘ ;

Filter

JAir Handler

f‘/ _—
B v e W -
R < A__A || L Pt P -
— ,_-;;--:.;—"—"—';" |‘ ’tj’ | 1 U @
= LA PR
= 4’/’5 2 o J
A / \/ o / ”
> &—
= ) el = S
= - \ i | | A~
/'/l/ S’%-n\
< /

DG-700 Pressure & Flow Gauge

T T

lﬁﬁﬂl

J e ENERGY l
CONSERVATORY e

Note: the tap in the
return duct needs to be
after the filter and
before the air handler.



.50 |

IWC | n: :D
Coil 25
Filter 07

.50

Return .03 :U
Grille | o
Supply .03 ———
Grille :ﬂ
Total .38 s
Losses
Avallable B2,
Static
rressure  IWC The available static pressure is the amount of pressure

left over to overcome the resistance of the duct system.
Coils and filters have large pressure drops.




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!

-
2
-
£

=
=

o
172
Ll

ESP Multiplier

ESP Multiplier Linear (ESP Multiplier)

% increase of airflow

Special thanks to Bruce Manclark for the multiplier table!




General rules of thumb 7 no one
manufacturer or model represented

TOtaI EXternaI StatiC Single Speed ASHPs
pressures

This brand recommends not
exceeding 0.65

Measure TESP that we
currently have

Determine the available static
pressure that is left

Ductwork Considerations Inches of water column
Total External Static Pressure




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

ESP Multiplier

ESP Multiplier Linear (ESP Multiplier)

=
N

[oecd
[ I i B

—
2
=
2
=3
p=
(=
N
Ll

= =
s T S 2 B R

40% 50% 60% 70%

% increase of airflow

Going from 900 to
1350 cfm would be
a 50% increase In
flow

Static pressure
would use an ESP
multiplier of 2.25

So,aTESP of 0.4
would go to 1.0!

What can we do to
lower this back to
under 0.67




2J=65 ft.

15

ft

8A=30 ft.

Total

30 ft.

8A

U

4A

10

6N

6F

5H

Grand Toté{




)
T BE

Comparison of

EL=20 feet

=
-_... -'|— H

/ e equivalent lengths
(ELSs)

Ll//'\._/’\i
EL=120 feet

=

50 feet has an EL of 50 feet

50 feet of 15% compressed O 10 20 30 40 50 60 70 80 90 100 120
flex has an EL of 100 feet EL in Feet



We can reduce the EL
_‘LJ -, S— for the three easy to get

S big numbers.
2J=65 ft.
Then re-measured ESP
25 NEW ESP is 0.3 inwc
ft 4A=35 ft. B8A=30 ft.
_ sa=soft. | How does that look on
our chart?
e :
Tota
255355155105--5--i--i--isg
5K With MACUCMM 6F 0 6N | 5H | 10 | 4A | 20 | 8A | BA | -
Vanes=10f)/| [N 25 | 10 | 45 | 120 | 35 | 65 ' 30 | 30 ' 360
Grand Total © 445
CHF L 6N | 5K | 1l | 4A | 2] | BA | BA =

15 ' 10 | 10 ' 20 | 35 ' 65 ! 30 ! 30/

_______________________________________________________________________

Grand Tot&l '




External static pressure multiplier

ESP Multiplier

0.2

0.1

0.3

Multiply our 0.3 x our 08

2.25 ESP multiplier gets T

0.2

0.9

us =0.65 T 10
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

*Two models exist, modern Bluetooth and original model

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



The Energy Conservatory Smart Calculator App

ET ECl TEC SMART CALCULATORS

D WY ET RSO SATERL WD DLISTSOMRLL LANE R ST TG Bt b
kil b ey A hremme orr e
ELERIAT SCAN QR OR CLICK HERE
FOR APP DOWNLOAD!
Pk ws ok ba d wicpwar e e wed vine L Faim

Henrsh £ anwe ks Base oy Eogeensd

S TEC] em

HVAL Ry Fuod

TEC Smart Calculator : . TEC SMART

App Tutorial 9 @ o = O =

TEG G 0 sl 2000 0 008 Wi, el

TOC Sreeet Cebmilvines Tibads Lt odh advteniisusdre

o RN - - | T Ao T S S L o
el o i
:

THE ENENGY CONSEINATONY E

TEL STORE MRECTORY .

CALCUCATOR MENU

Main Siere HVAC Calodators >

TEC Calkeulators
rinneagad s Blowar Daor™
Digial Tiue Flowi® Grid

G- 1000 Cauge
OG-S Gauge
Fag Puffar K |

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 T it may be a moot point!

If not:

Duct modifications may have to be made or
equipment size adjusted

S e e

| f 1 ncluding a new fi1 1]t
FILTER BOX

Measure existing airflow, Is it close?

Remember variable speed will seldom be on
the maximum fan flow
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Right Sizing Journey « O

Install properly.
Educate residents tc
operation.

Set controls.

Evaluate equipment
that can meet goals.
Determine how far
residents wish to g

ldentify homes loads.
|dentify resident wants

Recognize applications
and needs.

and limitations.
|dentify fuel types.



Challenges

A Collecting enough information for accurate load calculations |AE
A Determining when to size for heating vs. cooling Residential mau

calculatmn
A Distribution (ductwork) not properly designed for variable |

speed equipment

ABel i ef that heat pu-nopndheatinge n ot
technology in cold climates

*esme tial

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

A Selecting the right heat pump for the use case .LSeIe(:ﬁnI:l ‘\_,

.'* 141\

A Selecting the best control strategy for the customer and
equipment

A For more resources visit:
www.acca.org/standards/approved-software



Features to Help Rationalize
the Best Option

Provides both heating and air conditioning
A Capacity varies with heating and cooling needs

Advanced heat pump technology

A Inverter driven compressor
A Low ambient noise
A Works well when it I1s cold outside

Highest efficiency

A Heating Seasonal Performance Factor (HSPF)
A Seasonal Energy Efficiency Ratio (SEER)



Definitions for Switchover Temperature / Balance Point
The balance point is a temperature  at which switchover happens

AThe outdoor temperature at which the heat pump can no

Thermal balance point longer produce the heat needed for the home.
AAlso called Capacity Balance point.

AThe outdoor temperature at which the cost to heat the home
=ofolplolpg|[oNeF=1ETale=Rool[g|88 with the HP is more expensive than the back up heat cost.

ARelies on the back up heat fuel cost.

AThe outdoor temperature at which the homeowner experience
discomfort when running the heat pump.

Comfort balance point




NEEPOs Co

/\ NEEP'S COLD CLIMATE AIR SOURCE
Heat Pump List
A Variable capacity, residential-scale, air

source heat pump. Ducted or ductless

AHigh rated
ductl es s,

heating
O 10 HSPF
A High efficiency even at54/ ( COP O
A Highly rated cooling efficiency

A Capacity and efficiency data reported at
multiple operating conditions

Cl |

| d mat e

e f|f i cA Zetp ang pefiadically upglags the
duct esandard

. 7 $AyMaintains a qualifying product list

A Publishes the resultant
engineering data

S



Determining the Thermal / Capacity
Balance Point with the NEEP Tool

Graph Information @

Th IS IS th e beSt System Capacity, Heating Load, and Weather Data Graph
place to guess

and check on s “ i
capacity balance

noiNnts your

Customer may not 0 10 15 17 20 25 30 35 40 45 47 50 55 60
. . Qutdoor Temperature (°F)

o e aS fo rg IVI n g aS @ Annual Load x Hours {Btulyr) Supplemental Heat Modulating Heat Pump Potential Low-Load Cycling =» Design Temperature

& Heating Load Line (Btu/h) @& Heating Max. Cap. @ Heating Rated Cap. # Heating Min. Cap. & Coolingax—tap:

this tool! o ComgRaeSon o Cootngincen

Product Sizing For Heating

Field Information €@ Field Information €@

Capacity Balance Point (°F) Annual Btu's Covered by Supplemental Heat (MMBtu)

Minimum Capacity Threshold (°F) Hours Requiring Supplemental Heat

Maximum Capacity at Design Temp (Btu/h) 0 Percent Hours Requiring Supplemental Heat

Percent Design Load Served 0.0% Percent Annual Load Modulating 86.9%

Annual Heating Load (MMBtu) Percent Annual Load with Low-Load Cycling 10.5%

Percent Annual Heating Load Served




Technical Sizing and Customer
Confidence With Cool Tools!

%
AReduce callbacks
AYour confidence in product selection
AYour customerdéds confidence in vy,

ADifferentiating yourself in the market



Central Air Conditioning Hea ~

EMERGY STAR Certified &

[J ENERGY STAR V6.1
L) ENERGY STAR V6.1 Cold Climate

(232697 Heat Pumps)

Search Products

Consumer and Installer Resources About ASHP Initiative

Ducting Configuration Brand AHRI* or Model# @

Refrigerant @

All Ducting Canfigurations All Brands v AHRI, Madel or Ur v

Potential Eligibility for IRA Tax Heat Cap. 47°F Rated Btu/h* @ Heat Cap. 5°F Max Btu/h ©

Credit O

0 280000 O 20000
O North (2024) & T ]
0 South (2024)

[ CEE Tier 1 Path A (2025)
[ CEE Tier 1 Path B (2025)

‘ Advanced Search - Sizing for Heating

Grid View

About MEEP

i= List View



NEEP'S COLD CLIMATE AIR SOURCE
@ Heat PU| | Ip Llst Search Products Consumer and Installer Resources About ASHP Initiative About NEEP

Product Type © Ducting Configuration Brand AHRI* or Model# © Refrigerant ©
Central Air Conditioning Hea ~ All Ducting Configurations ~ ~ All Brands v AHRI, Model or Ur v
ENERGY STAR Certified @ Potential Eligibility for IRA Tax Heat Cap. 47°F Rated Btu/h* © Heat Cap. 5°F Max Btu/h ©@
Credit ©®
[J ENERGY STAR V6.1 0 80000 0 80000
[J ENERGY STAR V6.1 Cold Climate [J North (2024) @, ONRS @

[J South (2024)
[J CEE Tier 1 Path A (2025)
[J CEE Tier 1 Path B (2025)

Return to Standard Search

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

ZipCode Heating Design Temp. ("F @ Cooling Design Temp. ("F)@
7 95
Weather Station @ Heating Design Load (Btu/h)@ Cooling Design Load (Btu/h)@
i 25000 7500
=

Limit search to one result per outdoor unit @



Remember
our 1942

house

?



PA 1940's Home

Site 1D: 31833 Heating: 65,580 BTU/Mr

Area: 1,814 17 Cooling: 23,000 ETUMN
Climate: Philadelphia AP Latent 5,188 ETU/hr

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

ZipCode Heating Design Temp. (°F)@ Cooling Design Temp. (*F)@
19153 19 91
Weather Station @ Heating Design Load (Btu/h)@ Cooling Design Load (Btu/h)@

Philadelphia Intl, Winter Design Temp: 19F ~ 65500 23000



2-Ton Variable
Speed sized to
cooling

Not a notably high-
efficient or top-tier
system

Graph Information @

System Capacity, Heating and Cooling Load, and Weather Data Graph = =
120k 7.5M
S aok M5
5 40k : 2.5M :
. 4 !3 f ER L-22-10 ...“.. :
% 7 . T T, T T 1 1 | 1 1 T T T 1 T T 0
0 5 10 1517 20 25 30 35 40 45 47 50 55 60 65 70 75 80 B2 85 90 95 100 105
Outdoor Temperature (°F)
Supplemental Heat Madulating Heat Pump Potential Low-Load Cycling @ Design Temperature
@ Heating Max. Cap. ® Heating Min. Cap. & Heating Load Line (Btu/h) - Covimg-MocutstmgZone
il Eootmgtow-tord-tycimg » o s =mperatore @ Coomgtosd-tme-tbtorh @ Annual Load x Hours (Blujyr)
@ Heating Rated Cap. @ AnnuaContmg coad xtiours Brar) @ Cootng MaeCap. ‘@ ContngRated-Cap.
-@ Coehngtm—Can
Product Sizing For Heating
View Oversizing Effects @
Definition/Use Cases @ Definition/Use Cases @
Capacity Balance Point (°F) 46 Annual Btu's Covered by Supplemental Heat (MMBtu) 60.5
Minimum Capacity Threshold (°F) 56 Hours Requiring Supplemental Heat 2912
Maximum Capacity at Design Temp (Btu/h) 18,253 Percent Hours Requiring Supplemental Heat 57.6%
Percent Design Load Served 27.9% Percent Annual Load Modulating 57.1%
Annual Heating Load (MMBtu) 146.7 Percent Annual Load with Low-Load Cycling 1.1%
Percent Annual Heating Load Served 58.8%

Maximum Heating Capacity (Btu/h) @5°F: 14,200
Rated Heating Capacity (Btu/h) @47°F": 23,200
# Rated Cooling Capacity (Btu/h) @95°F": 23,200



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 boller, etc.

Almost no low-load
cycling for cooling
Humidity?

Graph Information @

System Capacity, Heating and Cooling Load, and Weather Data Graph = =
120k 7.5M
z
:% 80k 5M i
o, —
-é‘ Wi s e ™ %
S Ak meean e [ TR TP T RV R .'.‘.......... ..................... . Y @
S B ek ettt st fae ...0 . £
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0 5 10 1517 20 25 30 35 40 45 47 50 55 60 65 70 75 80 82 85 90 95 100 105
Qutdoor Temperature (°F)
Supplemental Heat Modulating Heat Pump Potential Low-Load Cycling »® Design Temperature
@ Heating Max. Cap. ‘@ Heating Min. Cap. -® Heating Load Line (Btu/h) Cooling Modulating Zone
= Cooling Low-Load Cycling »® Cooling Design Temperature -® Cooling Load Line (Btu/h) @ Annual Load x Hours (Btu/yr)
@ Heating Rated Cap. @ Annual Cooling Load x Hours (Btufyr) @ Cooling Max. Cap. @ Cooling Rated Cap.
Cooling Min. Cap.
Product Sizing For Heating
View Oversizing Effects @
Definition/Use Cases @ Definition/Use Cases €@
Capacity Balance Point (°F) 30 Annual Btu's Covered by Supplemental Heat (MMBtu) 40.7
Minimum Capacity Threshold (°F) 51 Hours Requiring Supplemental Heat 854
Maximum Capacity at Design Temp (Btu/h) 48,000 Percent Hours Requiring Supplemental Heat 16.9%
Percent Design Load Served 73.3% Percent Annual Load Modulating 65.5%
Annual Heating Load (MMBtu) 146.7 Percent Annual Load with Low-Load Cycling 5.4%
Percent Annual Heating Load Served 72.2%

Maximum Heating Capacity (Btu/h) @5°F: 40,500
Rated Heating Capacity (Btu/h) @47°F": 34,000
# Rated Cooling Capacity (Btu/h) @95°F": 30,000



3-ton VS ASHP

replacement of a 2 ton

centrally ducted

Dual fuel 7 Set lock-out
at capacity balance point

For propane users i
t hat 0s

usage for heating

over
reduction in propane site

Graph Information @
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Product Sizing For Heating
View Oversizing Effects @

Definition/Use Cases €@
Capacity Balance Point (°F)

Minimum Capacity Threshold (°F)

Maximum Capacity at Design Temp (Btu/h)

Percent Design Load Served
Annual Heating Load (MMBtu)
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*Saee 'k 25M 2
................................................ ...‘2‘00 _ 3
A T I T | — R | I T T T | I T 0
25 30 35 40 45 47 50 55 60 65 70 75 80 82 &5 an 95 100 105
Outdoor Temperature (°F)
Modulating Heat Pump Potential Low-Load Cycling »® Design Temperature
@ Heating Min. Cap. -® Heating Load Line (Btu/h) = CoohmgitodutatimgZFome
® CootmgBesigmfemperatare -® Cootingtosdbme{Btarhy ® Annual Load x Hours (Btu/yr)
@ Anrust-CootingtoadxHours{Btufyrt @ CootingMaxtap: @& CootimgRated-Cap:
Definition/Use Cases @
33 Annual Btu's Covered by Supplemental Heat (MMBtu) 67.0
50 Hours Requiring Supplemental Heat 1,222
41,700 Percent Hours Requiring Supplemental Heat 24.2%
0.0% Percent Annual Load Modulating 91.8%
146.7 Percent Annual Load with Low-Load Cycling 6.7%
54.4%

Percent Annual Heating Load Served

¥ Optional: Apply Compressor Lock-Out 33

Temperature @

Click here for Optional Settings



Weatherlzatlon And Heat Pumps’)




Component Btuh Component Btuh % of load
Walls 102 19387 Walls 5.0 0419 254
Glazing KT 11751 Glazing 465 14434 389
Doors 17.3 363 Doors 11.3 475 1.3
Ceilings 3.3 2872 Cadlings 21 1841 52
Floors 7.4 B721 Floors 7.4 6721 181
Infiltration 6.7 9978 Infiltration 1.6 2332 6.3
Ducts 0 Ducts 0 0
Piping 0 Piping 0 0
Humidification 0 Humidification 0 1]
Veanltilation 0 Vantilation 1807 4.8
= sk )
| Total 51171 Taotal T 1m.4

Cooling Cooling

Companent Bhu bt Biuh % of load Component Bkt Bluh % of load )

Walls 23 4312 187 . esnel Gaing Walls 1.2 2229 10.9 Wally r“""m’"

Glazing 275 B515 36.9 Glazing 3.0 a597 471 ntamal Gains
Doors B.0 168 0.7 Dioors 52 219 11

Ceillings 27 2422 10.5 Ceilings 1.4 1280 6.3

Floors 241 1880 8.1 Anfitration Floors 21 1880 9.2

Infiltration 1.0 1450 6.3 Infiltration 0.2 326 16

Ducts ] 0 Ducts 0 0 —
Wentilation 1] Q “Fleom Ventilation 205 2.3 Floars
Internal gains 4320 18.7 Internal gains 4320 21.2

Blowear ] 0 Ging Blower i [i] Qg Colings

H fal Celings 1)

| Total 23066 1Dﬁ.t|l Ll Iutnl 20366 100.0 o




Graph Information &

System Capacity, Heating and Cooling Load, and Weather Data Graph = =
Same 3-ton 75k e
=
modeled for older - 00, 2
2] BRE gareseresisss eene@ —
house as a/c S . R ey 5
2om U : ..""00. 1M B
replacement 3 T *eeae,,. <
pamnmarett & e Ty ....: ............................ m ‘
o ¢ | | I — 1 | r r T | 4 1 1 | I — 1 1 o
0 5 10 1517 20 25 30 35 40 4547 50 55 50 65 70 75 80 82 85 0 95 100 105
May nOt need dUCt- Outdoor Temperature (°F)
WO rk adJ ustm e ntS ] Supplemental Heat Modulating Heat Pump Potential Low-Load Cycling #® Design Temperature
- . @ Heating Max. Cap. @ Heating Min. Cap. +® Heating Load Line (Btu/h) mm Sootmg-vodutatimgZome
aS the eXIStI ng o Cootingtow=toad-Cyching @ CootimgBesgmemperature @ Cootngtoad-tme{Btufhy @ Annual Load x Hours (Btu/yr)
@ Heating Rated Cap. @ ArmuatCootingtoadxHours(Btufyry - @ EootingaxCap: @& CootmgRated-Sap:
system may already -
be a 3 ton!
Product Sizing For Heating
View Oversizing Effects @
Definition/Use Cases @ Definition/Use Cases @
Capacity Balance Point (°F) 20 Annual Btu's Covered by Supplemental Heat (MMBtu) 6.6
Minimum Capacity Threshold (°F) 46 Hours Requiring Supplemental Heat 164
Maximum Capacity at Design Temp (Btu/h) 41,700 Percent Hours Requiring Supplemental Heat 3.2%
Percent Design Load Served 98.3% Percent Annual Load Modulating 77.5%
Annual Heating Load (MMBtu) 95.0 Percent Annual Load with Low-Load Cycling 13.5%
Percent Annual Heating Load Served 93.0%

Site ID: 31835 Heating: 42,400 BTU/MNr
Area: 2,000 ft- Cooling: 35,980 ETUMNr
Climate: Philadelphia AP Latent 5,5@0 BTU/hr



Typical Switchover Temperatures
by Application

Application Typical switchover temp

ccDHP displacing 0-5° F
baseboard heat or gas | (compressor lockout no higher than this)
boller

cCASHP displacing Depends on cost of propane and sizing, including
propane furnace duct evaluation

5-25° F
ASHP displacing Depends on gas and electric rates & customer
natural gas furnace motivation:

25-45° F (ccASHP)
35-45° F (two stage HP)




What 1s COP?

ACoefficient of Performance is the measure of a heat pumps
efficiency.
o Higher COP = Better Performance

AConsider 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 arated COP of 2.7, whats the dollar invested
efficiency?
AThis is a moving target due to ambient temp. How do we
know when to switch?



Economic Switchover Temperature

Easy, 1 tdos jJust mat h!

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=(ExCxe)/G where BECORP is your break  -even COP
A Eis $/kwh (Take your power bill and divide by kwh = 0.132 average in Chicago)
A Cis kWh/Therm which is 29.3
A eisthe efficiency of your specific furnace (.92 average)

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

A Then plug in the numbers and solve.



Economic Balance Point Calculation o
Natural Gas

BeCOP = Breakeven Coefficient of Performance

E = $/kWh
C = kWh/therm (constant)

(E X C X Ef) Ef = Efficiency of furnace
G

BeCOP =
G = $/therm

1 gal propane = 26.8 kWh

1 therm natural gas = 29.3 kWh

Example House Calculation
E = $0.10/kWh

(0-10 X 29.3 X 0-96) C = 29.3 kWh/gal natural gas

BeCOP =
0.95

Ef = 0.96 (96% AFUE)

BeCOP =2.9 G = $0.95/therm



Use the Performance “zsiing | Guicoss _ _

Specs chart and Cooling | Dry Bulb Unit Min Rated Max
BeCOP to estimate Heating 47 F  Btwh 11,500 [ 27,400 ) 35,000
the economic

bal o KW 0.91 2.47 3.73
Alance pomn cor 37 RV
= Heating 17 F Btu/h 6,400 19,400 § 25,500
Eng)l: - 2d'9 » w082 | 223 | 331
Find the Rated COP at different -
temps - COP 2.25 PRIl 2.26
A Depending on where the BeCOP = =
falls, estimate the economic Heating 5 F Btu/h 5,400 [ 20,800 | 20,800
balance point KW 0.83 3.1 3.1
- ; COP 1.91 1.97
Our estimate: ~30 A 1.97 X

Heating -3 F Btu/h 5,400 18,800
kKW 0.93 2.85

cop 17 (| - ) 193




What if the —

Heating/ | Outdoor :
customer has Unit

?
propane: Heating 47 F Btu/h 11,500 35,000
BeCOP =1.3
A Find the Rated COP at different Heating 17°F
temps
A Depending on where the BeCOP
falls, estimate the economic nmm,
balance point . _ _
- Heating S F
Our estimate: ~0  F : b
remEeEmEnEm

Heating -3 F



Summary of key milestones

cRcfcfclcyel

Understand

Design around

Evaluate

Size and Select

Use Tools

Under stand the resident ces

Perform an accurate load calculation

Design around application and fuel types

Evaluate ductwork

Size and Select to the right application and fuel type

Use tools that help you sell and instill confidence!

goal s,

110

pai n

p 1



Install properly.
Educate residentsfic
operation.

Set controls.

Right Sizing Journey

Evaluate equipment
that can meet goals.
Determine how far
residents wish to g

ldentify homes loads.
|dentify resident wants
and needs.

Recognize applications
and limitations.
|dentify fuel types.



DAY 1



Communicating controls

A Proprietary 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.

A Fully modulating systems that can incorporate a
staged thermostat can lose stages of operation
due to the limited ability of the controls.

A Unitary and ductless products are both affected
by staged controls, check with your manufacturer
representative before installing a staged
thermostat.

Tue 2:42p

mode: auto




TESP and Fan Tables

and What is Meant by
OEXternal O

Pressure Drop

ANExternal o designates Oves Coil

(Subtract)

AWith 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 coll Total Static

Pressure
(Add)

A With gas furnaces with an AC or HP coil, the
coll 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 coll

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

Fan

Coil

Heat Exchanger

__4

Pressure Drop
Qver Filter
(Subtract)

Return Plenum

Filter


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

OFI rst Year of
Mal nt enancee
Free with new
system!o

System commissioning?



Why Residential HVAC Matters

Primary Energy Consumption’
V Comfort / FISeF}aE:::weg
Transportation Coanr?i?*lg,
V Health and Safety 2 42%
Industrial Res;gﬁ: bal
V Energy Use 33% ‘

Commercial

V Carbon Emissions 18%




HVAC Efficiency Over the Years

Performance standards for residential central air-conditioning equipment and heat pumps A COde'd rlven m | n | m U m HVAC

seasonal energy efficiency ratio (SEER) heating seasonal performance factor (HSPF)

1
i: minimum standard cooling efficiency 0 minimum standard heating efficiency eﬂ:ICIenCy Contlnues to Increase
16 Southeast and Southwest I_,_’_
14 _,—l_

12 : APremium high-efficiency HVAC
10 X units perform much better than

code minimum

o N b~ OO

\'l,b,gn'

1992 2006 2015 2023 e@ 1992 2006 2015 2023 A Heat pumps are On the rlse

O

Figure: Performance standards for residential central air-

conditioning equipment and heat pumpst A Efficiencies are not always
realized in the field



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.

0 At least one energy wasting faultin 70 -90%
of homes 2

0 At least 20% of CAC/ASHPs experience failure
due to improper installation?

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

Field Adjusted SEER [SEERFA]

10 11 12 13 14
Rated SEER

Figure: Theoretical field adjusted SEER
caused by installation and sizing issues?



What Quality Contractors Strive For

V  Eliminating callbacks

V  Ensuring every HVAC
system runs at peak
efficiency

V  Every HVAC system is
commissioned




Why Smart Diagnostic Tools?

v] Expand Capabilities

_s
o
'4

Streamline Processes

‘0

Ensure HVAC Efficiency

Improve Customer Satisfaction

E a9

Boost Reputation

E

Create Business Value



chool Tools

R-410A Pressure-temperature chart

PSIG “F PSIG F PSIG “F PSIG F

12 -37.7 114 378 216 743 318 1002
14 =34, T 116 8.7 218 T4 3120 1007
16 -32.0 118 195 20 755 322 1011
1 =294 120 A5 Frr bl 324 1.4
20 =36.9 122 41.3 224 Th.T 326 102
22 -24.5 124 422 226 Tl 328 024
4 =211 126 43 228 7T 330 104
26 -20.0 128 433 230 TEA4 33z 1033
Pl =17.9 130 4.7 32 8.9 334 103.7
30 -15.8 132 455 234 795 336 104.2
32 -13.8 134 46,3 236 B0 338 104.6
4 -11.8 136 471 138 B0.G 340 051
36 -10.1 138 47.9 240 gLl Jaz 105.4
38 8.3 140 48.7 242 Bl6 3a4 105.8
40 =55 142 495 244 213 LT 1063
L¥3 -5 144 503 246 BLT 348 106.E
= =32 14k 51.1 248 #4313 350 1071
46 -16 1a8 LB 250 838 352 107.5
a8 0 150 52.5 52 84,3 as4 0TS
50 15 152 533 254 848 356 10E3
52 3 154 54 256 854 358 1088

Find data plate image:
Target Subcooling = 10AF



Measurement Uncertainty

Read between the

Take for example a 500-psi gauge:
AClass B, 3%-2%-3%

ANLO psi to N15 psi Analog
AClass 1, 1% Accuracy

ARB psi

For 580-psig max digital probes/gauges:
AFieldpiece JL3PR Pressure Probe

AN]. pSl to NZ pSl Digital
AFieldpiece SM380V

ANL psi to N2.74 psi



Measurement Uncertainty

Example:

=2 _ "ACCAStandard D

Spsicsan ™" R410A, non-TXV,
S Indoor Wetbulb = 66AF, Outdoor Drybulb = 95AF
Target Superheat of 10.0AF

Measured Suction Temp = 49.64F
Suction Pressure = 118.0 psig A 39.6AF Saturation Temp

4.3.1 Requirements: 26 206 an G
[ ==t f f f f || f f f f = |
The contractor shall ensure: s |35 36 30 38 30 |40 41 42 43 aa | a5 (@
a) For the SUPERHEAT method, | | | (CK'E‘SSng ;”'2'3 Gauge
system refrigerant charging 354 “2 .
) ) I i I lass 1 1% Accuracy Gauge
per OEM data/instructions 5 21 (RE psig)
and within N6 A= of the OEM- | | | Digital Gauge, Fieldpiece SM380V
specified superheat value . - i1 <5“i74 psig)



Smart Diagnostic Tools

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

1219 ¢

PSIG

SAVEAY R ¥

sncnnu LNE 188 138 Laun
SUPERMEAT SUNCODLING

V Wirelessly connected V Suggest Corrective Actions

V Provides Diagnostics V Run Performance Calculations



1ttt

Digital Manifolds
Pipe Clamps
Pressure Probes
Clamp Meters
Psychrometer
Manometer
Refrigerant Scale
Vacuum Gauge

éal | I n one I nfor mat

wl T

Fieldpiece &

Refrigerant Side

1243 303.4

55.4- 79.4"
il
e

SELECT

Twbwrgmbrmiae

Air Side Diagnostics

Refrigerant Diagnostics °

10.0° 10.0°







