All-Electric New Homes in PA
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Pennsylvania Housing Research Center

- The Pennsylvania Housing Research Center (PHRC) provides and facilitates education,
training, innovation, research, and dissemination to the residential construction industry
for the purpose of improving the quality and affordability of housing.

« Educational programs and publications by the PHRC address a wide range of topics
relevant to the home building industry and are designed to reach a diverse audience:
builders, code officials, remodelers, architects, developers, engineers, planners, landscape
architects, local government officials, educators, etc. to provide professional development
and continuing education.
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New! PHRC On-Demand Courses

Available Topics Topics Coming in 2021-2022

« Slab Insulation: Finding the Right Details (1 hour)
« s More than Just a Dedk" (1 hour)
« Solar PV in PA: Intro to the Design of New Construction and Retrofit « AlbElectric New Homes in PA

Residential Systems (1 hour) « Adapting to Tighter Enclosures through Scopes of Work

* Reduc al e

s Exterior Insulation (1 hour) = 2021 PA Alternative Residential Energy Provisions Update
« High-perfor

ce Walls in Pennsyvani

hou)
= Control Layers: Vapor Barriers, Vapor Retarders, & Air Barriers (1 hour)
 The Do's and Donits of Crawlspace Design and C¢

« Mosture Control Layers & Materials

Insights for Existing Construction (1 hour)
the UCC (1 hour)
ealing Tips, Tricks, & Details (1 hour)

) https://bit.ly/PHRC-On-Demand @

Description

With the advancement of heat pump technology, choosing
all-electric systems for new construction homes is now much
more feasible an option in cold climates like Pennsylvania. This
webinar will describe the latest best practices in all-electric new
home design, including the latest in cold climate heat pump
technology for heating and water heating, and review occupant
benefits of all-electric home design, such as improved indoor air

quality and reduced environmental impact.
o

)

Learning Objectives

1

. Describe key features of an all-electric home design which improves a
home’s combustion safety.

. Understand best practices for design and installation of cold climate heat
pumps for overall system performance and energy efficiency.

. Identify building industry standards such as ENERGY STAR for New Homes
to aid in the design of an energy efficient all-electric home.

. Describe a whole building systems approach for building envelope and
HVAC system design to ensure a comfortable and healthy home.
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 History

e Benefits

¢ Electric Features
- Heating & Cooling
- Water Heating
- Cooking

e Next Steps

1961, Oklahoma Home Builders Association
Plan Book Advertisement

[ =i
LAHOMA 523 ELECTRIC COMPANY

* “Live Better Electrically” campaign
- 1950s - GE & Westinghouse
- 900+ electric utilities & 180 manufacturers
- Continued into 1970s

« All-Electric “Medallion” Homes
- October 1957 - National Electrical
Manufacturers Association
- Heat, light, & power had to be 100% electric
+ additional appliance requirements

* Over 1,000,000 all-electric homes
built across the US in 1950s-1970s

W live better electrically




“When you live LG R
~ better electrically, ~ Uewons et
you lead aricher, -
H fuller, more
l satisfying life.”

RONALD REAGAN i

Ronald Reagan, GE
Electric Theater

October 1958, Better Homes & Gardens Advertisement
Newest guide for home buyers - thelive Better Electrically MEDALLIUN
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All-Electric Homes Today

One in four U.S. homes is all electric

Allelectric homes by census region (2005, 2009, 2015) -
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Building Performance Institute (BPI)

Healthy Housing Principles

1. Keepit... Clean =

2. Keepit... Dry
5. Keepit... Pest-Free 4

s Keepit.. Contaminant-Free & R PR
s. Keepit... Safe

s. Keepit... Ventilated

v Keep it... Comfortable = S
8 Keep "t . Maintained SAFE VENTILATED (COMFORTABLE MAINTAINED

www.bpi.org/healthy-housing-principles ,@




4.Keep it ... Contaminant-Free
KEEP IT
CONTIF\KIEIEJANT-
Goal | Reduce exposure to:
o combustion gas, including CO
o fine & ultrafine particulates
volatile organic compounds (VOCs), -
including formaldehyde
lead
tobacco smoke
phthalates
perfluorocarbons

fire retardants
pesticides

o

O 0O O 0O 0 o

@ 6.Keep it ... Ventilated

KEEP IT
VENTILATED

Goals | Reduce exposure to:
o indoor pollutants
o airborne chemicals
o dust particles

¢

APossible Gas Leak

Benefits

- Increased combustion safety

- Fuel leaks
= Combustion issues
- Venting problems

i energyvanguard.comibloglcombuston-safety
101-3-4ypes-provlems!




Cooking Pollutants

- Improved indoor air quality N co, 2,0
B NO,NO,, HONO,
Formaldehyde
Ultrafine
particles

a® . Ultrafine

. particles
Ultrafine

particles,
NO,

Formaldehyde
¥ Acetaldehyde
Acrolein

PM, 5

PAH

Source: Berkeley Labs

Gas Stoves: NO2

Gas Stoves Can Emit Elevated Indoor Nitrogen Dioxide (NO) Gas stoves can produce elevated levels of Nitrogen Dioxide
Levels Often Exceeding Indoor Guidelines and Outdoor Standards ~ (NO,).  toxic gas.

Heaith Effects of NO, in Children May Include:
v average (ppb)

@

Columbus, OH - Rocky Mountain Institute Study

Equipment |  Mixed-Fuel All-Electric Up-front Cost Comparison

Heating

Central air
Cooling conditioner
SEER 19)

(-]

=

gt crinsghin - sconomice ot secring udngs
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+ Average gas hookup fee: $2,100
- Could be $0 to $15,000+

s bcapoodes org!




Columbus, OH - Rocky Mountain Institute Study

15-Year Net Present Cost' -

$21.6k @
W S

Annual Energy Usage and Utility Bill
Impacts

Al
Mixed-Fuel | o0

Electricity
Usage (kWh)
Gas Usage 22 .
(kwh equiv) [
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Baltimore, MD - NAHB / HIRL Study
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Elctrc Reference House Component | Houston Battimore Denver | Minneapolis

[ tow | High | low | Wgh | low | Mgh  low Mg

Heat Pump 214 538 | 1901 sess 8259 oom 766 sess

Home Innovation Heat Pump Water Heater 1257 2632 | 1295 2711 | 2516 2791 2397 2658
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PA Energy Prices

Pennsylvania families pay more

Pennyslvania electricity prices have gone
for gas than most Americans

up faster than for most Americans
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Forecast Highlights

Winter Fuels Outlook

« We forecast that average U.S. household expenditures for all major home heating fuels will
increase significantly this winter primarily because of higher expected fuel costs as well as more
consumption of energy due to a colder winter. Average increases vary by fuel, region, and
weather assumptions. Compared with last winter, we forecast propane expenditures will rise by
54%, heating oil by 43%, natural gas by 30%, and electricity by 6%. We expect space heating
demand to generally be higher this winter based on forecasts from the National Oceanic and
Atmospheric Administration (NOAA) that U.S. average heating degree days will be 3% higher
than last winter (Winter Fuels Outlook). Altering our assumptions for a 10% colder-than-
expected winter significantly increases forecast expenditures, while a 10% warmer-than-
expected winter still results in increased expenditures, because of price increases. @

wwiw.eia.govioutlooks/steo/

Net Zero Home (All Electric + Renewables)

- Potential lower costs
- Pairs with renewables

2018 PHRC GreenBuild Webinar:
https://bit.ly/PHRCWebinar_GreenBuild

Renewable Costs

2019 | Renewable Energy is
Now the Cheapest Option --
Even Without Subsidies
(Forbes, 2019)
naworbos comistosameselismoor201905151
e <heapest apion

reneuablo-snargy5-now-
evenihout subsces)

2020 | Solar is the cheapest
electricity in history

(International Energy Agency
World Energy Outlook 2020)

wernioa ogheporsiwor snergy-oulonk 2020



https://bit.ly/PHRCWebinar_GreenBuild

Solar PV in PA Webinar & Online Course

PennStateExtension  *&w

Solar PV in PA: Introduction to the Design of New Construction and
Retrofit Residential Systems

Learn how to design new construction and retrofi solar photovalaic systems for Pennsylvania homes.

£ ONLINE COURSES

$36.00
— °
https://bit.ly/PHRC-On-Demand @

Solar PV at Penn State

* 70 MW solar PV system in Franklin
County, PA

* 25% of entire Penn State system’s
(23 campuses) electricity needs

« Year1cost savings (2021): $272,000

* Predicted $14 million in electricity
cost savings over next 25 years

SolarAPP+ by NREL

SolarAPP+ provides automated plan review and approval for standardized systems
e Uses yes/no questions & ranges to automate compliance checks

e Catches code issues, typos, and errors; returning corrections instantly

e Tough projects go through typical review. Stale applications require no action

e Produces an inspection checklist replicating permit details for verification

Current Support Parameters https://solarapp.nrel.gov/
e Residential Solar PV
©  NRTL (UL) Approved equipment Contact: Liz Robinson lizhrob2@amail.com
e NEC 2017/2018 i-Codes Executive Director Philadelphia Solar Energy Association
e Electric Panel Busbar <225A
* Electric Service <400A
o Residential Battery Storage

In Progress
o ® NEC 2020, EV chargers, electric appliances
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mailto:lizhrob2@gmail.com

¢ Electric Features
- Heating & Cooling @
- Water Heating
- Cooking
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Heat Pump Introduction

Low-pressure
Low-temperature vapour
Reversing valve. High-prassuro
- = Hgh tamperature vapour

- Moves heat vs. creates heat ...
- Vapor compression cycle of
arefrigerant

Low-pressuro High-pressu
Low-temperatureliqud  Hgn-temper

nages1242 househoid heatpump-<peraton




Heat Pump Introduction

- Air Conditioner
- Move heat outdoors in summer

- Heat Pump
- Move heat outdoors in summer and = |
- Move heat indoors in winter

ips:aspencore orgluse:

Types of Heat Pumps

[ Residential Heat Pumps (5 tons or less) J

Heat source/sink Air Source [ Ground Source ] [Water Source ]

Heat source/sink to " ’—;
home’s distribution method Alr to Air

Separate indoor & outdoor units (split) " -
All-in-one equipment (packaged) split Packaged

Air delivery method Ducted Ductless

Number of zones Single-zone Multi-zone @

Heat Source/Sink

. Geothermal f,,,,,,,J?F777,,,,,,,,,,
Heat Pumps 2 B

- Ground Source i
Heat Pumps

- Water Source
Heat Pumps -

hitps:igeothermalneatpumpoonsortium org/




Heat Source/Sink

- Ground Source
Heat Pumps

ik energy govlenergysaverigaothermal-heat-pumps

Heat Source/Sink

Closed Loop Systems

- Ground Source
Heat Pumps

“source-heat-pumps!

Heat Source/Sink

- Ground Source
Heat Pumps

‘i energy govlenergysaverigeothermak heal-pumps




Heat Source/Sink

Closed Loop Systems
FondiLake

- Water Source
Heat Pumps

Wk energy govlent

Heat Source/Sink

N |

Tt

- Water Source -
Heat Pumps

Indoor Air Handler

House Wall
Outdoor Unit

Expansion

- Air Source
Heat Pumps

Compressor

Higsew-00ucan s oigee 102012000




Air Source Heat Pumps: Packaged

- Packaged

- All-in-one

hitps:lear alergyandair comibuying-ptac-unils/

Air Source Heat Pumps: Split

- Split
- Outdoor unit &
indoor unit
- “Split system” or
“mini-splits”

Air Delivery Method

- Ducted
- Centrally ducted
- Compact ducted

Compact ducted air handlers usually
serve smaller areas such as one to
three rooms. Their slim profile means
they often fitin dropped ceilings,

but leaving access for maintenance
is important




Air Delivery Method

L) . (). .
« Ducted _l?- [0 [0

[ —————

Lo

Air Delivery Method

- Ductless

i famiyhandyman. comiprojoctalabout-mikspit-systems!

- Single-Zone
Heat Pumps




- Multi-Zone
Heat Pumps

[ || puetiess wan |
Mounted Air Handler |

- Multi-Zone
Heat Pumps

Outdoor Unit

- Multi-Zone m é !
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Types of Heat Pumps

[ Residential Heat Pumps (5 tons or less) J
I

[ I 1
Heat source/sink Air Source [ Ground Source ] [Water Source}

Heat source/sink to . ’—;
home’s distribution method Air to Air J | Air to Water

Separate indoor & outdoor units (split) N -
All-in-one equipment (packaged) split Packaged

Air delivery method Ducted Ductless

Number of zones Single-zone Multi-zone @

Cold Climate Air Source Heat Pumps

« Equipment has 150-200* B &
significantly improved more efficient b B e
. Variable speed blowers N —rvintems
Better coils
- Improved motor & compressor [ ver | s | e
designs Before 1980 6orless Sorless
* Equipment options that run
at outdoor temps of -10F o * o
to _15F 2006 13 17
2015 14 8.2

Cold Climate Air Source Heat Pumps

* Equipment has srice
significantly improved
- Variable speed blowers
- Better coils
Improved motor & compressor
designs
* Equipment options that run
at outdoor temps of -10F

to -15F

SEER 1315

[T ———————

Singlestage Twostage




Common Heat Pump Myths

> “They don’t work below freezing”

+ We now have better heat pump technology, with options that run at -10F to -15F.
So the heat pump can be installed and kept on throughout the winter.

> “We must install a backup system for cold days”
+ With a good envelope and a cold climate heat pump, no backup system is needed.

Lo

Common Heat Pump Myths

> “They are expensive to operate”

+ Backup systems: Older technology needed backup systems, like electric
resistance, for cold days. We now have better heat pump technology and don’t
need the expensive-to-run backup system.

« Installation: Many systems were also installed improperly. Well-sealed ducts,
system commissioning and periodic tune-ups will ensure the system works as
intended.

Lo

Common Heat Pump Myths

> “They blow cold air”

+ Older technology would turn on quickly and blow cold air as the system got
running.

+ Older technology also didn’t have the heating output for cold days, so it felt
colder longer.

+ New technology has variable speed blowers, better controls, and appropriate
heating output to avoid blowing cold air.

-3




Cold Climate Air Source Heat Pumps

- Specification for Cold
Climate Air Source Heat
Pumps

- List of heat pumps that
meet the specification

= Resources for installers
& consumers

Cold Climate Air Source Heat Pump Specification (Version 3.1)
Effective August 1, 2021

Performance Requirements

For Non-Ducted systems: HSPF 210
For Ducted systems: HSPF 9

COP @5°F >1.75 (at maximum capacity operation)

SEER>15

Lab testing results OR engineering data for each system must be reported through the attached
“Cold Climate Air-Source Heat Pump Performance Information Tables”. Incomplete tables will
not be considered.

Models rated under AHRI 210/240 with voluntary base pan heater engagement that do not
meet the HSPF requirement shall qualify if the identical model without a base pan heater meets
the HSPF requirement (and all other applicable requirements)

hitps:ineep.orglsiesidefauitilesimedia-flesicold_clmate_air-source_heat_pump_specilcation-version_3.1_update_pef

Cold Climate Air Source Heat Pumps

NEEP'S COLD CLIMATE AIR SOURCE

@ Heat Pump List

Brand AHR, Model, Unit @

Ducting

Configuration

Heating Capacity (Rated Btu/hr
@4H 0

Heating Capacity (Max Btu/hr

Cold Climate Air Source Heat Pumps

NEEP'S COLD CLIMATE AIR SOURCE

=/ Heat Pump List
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Best Practices

. Systems approach
. Start with the envelope
. Explore balanced ventilation

Best Practices

Manual E First Edition Q

. Get accurate load calculations \
. Don’t oversize the system

Best Practices

. Get accurate load calculations
. Don't oversize the system




Best Practices

1933, House Beautiful Advertisement

DON'T BREATHE DIRT

in your own home!

. Remember access to filters

Best Practices

s Commissioning

PHRC Webinar

Checking Your Work: Properly
Installed HVAC in New Homes

Checking Your Work: Properly Installed

HVAC in New Homes

www.phrc.psu.edu

DI, | Tt

[NAR! G

http://bit.ly/PHRCWebinar_CheckingYourWork



http://bit.ly/PHRCWebinar_CheckingYourWork

Water Heating | Heat Pump Water Heaters

. Heat pump water
heater (HPWH)

- Also known as
“hybrid” water
heater

. All have backup
electric heating
elements

( (TR

Water Heating | Heat Pump Water Heaters

Electric Water Heaters
Annual Energy Use & Operating Costs

M ~ Household
"‘ W f | Size
— 1 B

” 3

7 | N 4
} $240 } 1 $580
ey 2y

HPWH Conventional

ips:pscenergy goviech-solutonshpnh

Table 2: ENERGY STAR HPWH Savings Based on Household Size

Savings (Years) Savings
$160 49 $1,340
| s250 32 $2400 |
| 5330 24 $3470

Assumes: Electricity Rate of 12 cents/kWh:
Incremental cost = $800; 13-year lifespan

i energystar govisites/defaulifies/asselidocumentHPWHs_FaciSheet_021518_0.pdi

Lo

Sizing: First Hour Rating

California Prescriptive HPWH First Hour Rating Minimums

[Number of

lbathrooms RED 21025 31035
[Number of

becroome. 12 s |2 s e [s [s ]« ]s]o
irst Hour

[Rating (gallons) | ‘49 ‘AQ 49 ‘az ‘sz ‘74 62 lu ‘74 |74

i energy.ca govisitesidefaultes/2020.071JA13._Qualfication_Requirement_HPWH_DM_ADA pof

Workshest for Estimating Peak Hour Demand/First Hour Rating *

EXAMPLE

3 showers 20 | x| 3 60
1shave 2 x| 1 -2
Ihanddishwashing 3 | x 1 = | 3
Peak Hour Demand 6




Location: Heat Pump Water Heaters

Select Location.
Sufficient room volume (750 to 1000ft%) YES NO
Adequate ambient temperature (> 500F) YES NO
There is sufficient space to meet clearance requirement: YES NO
Noise will not interfere with living spaces YES NO
Condensate can be removed effectively YES NO
I pump-
=

Water Heating | Heat Pump Water Heaters

Sufficient room volume (750 to 1000ft*)

- Use alouvered door to
ensure air volume

Water Heating | Heat Pump Water Heaters

Sufficient room volume (750 to 1000t?) YES
Noise will not interfere with living spaces YES » »

- Using ducting for intake and
exhaust air




Water Heating | Heat Pump Water Heaters

Sufficient room volume (750 to 1000t ves

Noise will not interfere with living spaces YES

- Split system specifically
for water heating

Induction Cooktop

Induction Cooktop




Induction Cooktop

ry o
5 Time to boil 1 qt of water o Cooking Efficiency
2 0%
.
@ s
-5
2 a
E. 8.5 -
2 B
! 5.8 o
! 32%
f 10
o ™
Gas Induction

Induction

Lo

Induction Cooktop

Is My Cookware Induction-Compatible?
it depends on the material

EEBA On-Demand Course

Plug In, Turn On & Cook Up: Electric
Kitchens Have Arrived!




 History

¢ Benefits

Electric Features

- Heating & Cooling
- Water Heating

- Cooking

* Resources

ks comipholos 28153763 GNOBIGASE0200

NAHB Webinar

The All-Electric Home is Coming ~ Are You Ready?

i
NAHB.

National Association
of Home Builders

k
** On Demand

Recording Available .
Next Week ** Thouoh asesud over

https:/istorefront.nahb.org/Catalogs/NAHB/NAHB-Events/37938 @

Wadnosday,Octobor 27, 2021 2:00 PM - 300 PMET

GreenBuild Documents

- Construction Blog

= Design Documents
- Building Science Report
- Home Tour Posters
= and more!




GreenBuild Documents

Installing Ductwork

= Construction Blog

sites.psu.edu/eehr/greenbuild-construction-blog-2/

= Design Documents

= Building Science Report
= Home Tour Posters

= and more!

GreenBuild Documents

= Construction Blog

sites.psu.edu/eehr/greenbuild-construction-blog-2/ . f "
= f

> Design Documents

= Building Science Report
> Home Tour Posters

= and more!

https://sites.psu.edu/eehr — Resources

GreenBuild Webinar

https://bit.ly/PHRCWebinar_GreenBuild ,@



https://bit.ly/PHRCWebinar_GreenBuild

DOE Tour of Zero

KEY FEATURES

Peron

v gore.energy govlbuldingsiresidentialpdisidos_ch_case. sudies/2015hia
winner_greenhil_100515.pf

www.energy.govieere/buildings/maps/doe-tour-zero
+ Hotwter:

Heat Pump Planner document

NEEP Resources

@ Installer Guides

Installer Videos

- Specification for Cold
Climate Air Source Heat
Pumps

= List of heat pumps that
meet the specification

=> Resources for installers
& consumers

www.neep.org




NEEP Resources

2] Guide To Sizing & Selecting Air-Source Guide To Installing Air-Source Heat
) Heat Pumps in Cold Climates &) Pumps in Cold Climates

New Construction or Gut Rehab

= Resources for installers
& consumers

¢ History
e Benefits
¢ Electric Features e

. . Insulation GOOD TO GREAT
- Heatlng & COO“ng Air sealing GOOD TO GREAT
HVAC
1 Heati HEAT PUMP
- Water Heating e
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