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• 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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PHRC Webinars

https://bit.ly/PHRCWebinars

• Always FREE to view
• 50+ recordings
• Broad range of topics

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fbit.ly%2FPHRCWebinars&data=04%7C01%7Csek175%40psu.edu%7C03cd9ff8cad64124693408d99a147936%7C7cf48d453ddb4389a9c1c115526eb52e%7C0%7C0%7C637710234980168301%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=i5iwAEGr0uchw6JMq2bBmPa9pH%2BPUJyoP1EvbBRiZZ8%3D&reserved=0
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New! PHRC On-Demand Courses

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

Description

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

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

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

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

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fbit.ly%2FPHRC-On-Demand&data=04%7C01%7Csek175%40psu.edu%7C03cd9ff8cad64124693408d99a147936%7C7cf48d453ddb4389a9c1c115526eb52e%7C0%7C0%7C637710234980178258%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=c9K46re5baX%2BA6fj8wTgQwpztiyaQhxbpMcBFta%2Br2w%3D&reserved=0
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• History
• Benefits
• Electric Features

- Heating & Cooling
- Water Heating
- Cooking

• Next Steps

Outline

https://okcmod.com/2016/10/spring-festival-of-homes-brochure-1961-part-1/

1961, Oklahoma Home Builders Association 
Plan Book Advertisement  
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History

https://dahp.wa.gov/historic-preservation/historic-buildings/historic-building-survey-and-inventory/live-better-electri
cally-the-gold-medallion-electric-home-campaign

• “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

www.liveauctioneers.com/item/95526258_tin-and-cardboard-retro-sign

https://dahp.wa.gov/historic-preservation/historic-buildings/historic-building-survey-and-inventory/live-better-electri
cally-the-gold-medallion-electric-home-campaign
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History

https://envisioningtheamericandream.com/2014/09/25/plugged-into-the-american-dream/https://americanhistory.si.edu/blog/cooking-electricity

1939, Illinois Rural Electrification Bulletin 1957, America’s Independent Electric Light & Power Companies 1958, “Live Better Electrically” Ad
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“When you live 
better electrically, 
you lead a richer, 
fuller, more 
satisfying life.” 
Ronald Reagan, GE 
Electric Theater

History

https://www.ge.com/news/taxonomy/term/5597

https://slate.com/news-and-politics/2016/01/ronald-reagans-conservative-conv
ersion-as-spokesman-for-general-electric-during-the-1950s.html

October 1958, Better Homes & Gardens Advertisement

https://www.smecc.org/live_better_electrically_medallion_home.htm

History

Icon created by Jonathan LI from Noun Project
1950/60s Modern All-Electric Home 

ENVELOPE

HVAC

COOKING

Insulation
Air sealing

Heating
Cooling

Ventilation

NONE TO LITTLE
NONE

ELECTRIC RESISTANCE
HEAT PUMP (WINDOW UNITS)

PASSIVE

Cooktop ELECTRIC RESISTANCE
Oven

Water Heating ELECTRIC RESISTANCE

ELECTRIC RESISTANCE

ENERGY

11 Renewables NO OPTION
Efficiency LOW 

https://envisioningtheamerican   
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Yesterday vs. Today
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All-Electric Homes Today
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https://www.eia.gov/todayinenergy/detail.php?id=39293

Today’s Webinar Focus

Icon created by Martin LEBRETON from Noun Project
2020s Modern All-Electric Home 
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https://rmi.org/insight/the-new-economics-of-electrifying-buildings

https://bcapcodes.org/
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1. Keep it … Clean
2. Keep it … Dry
3. Keep it … Pest-Free
4. Keep it … Contaminant-Free
5. Keep it … Safe
6. Keep it … Ventilated
7. Keep it … Comfortable
8. Keep it … Maintained 

Building Performance Institute (BPI) 
Healthy Housing Principles 

www.bpi.org/healthy-housing-principles
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4. Keep it … Contaminant-Free

Goal  | Reduce exposure to:
○ combustion gas, including CO 
○ fine & ultrafine particulates
○ volatile organic compounds (VOCs), 

including formaldehyde
○ lead
○ tobacco smoke
○ phthalates
○ perfluorocarbons
○ fire retardants 
○ pesticides

https://sites.google.com/site/allaboutindoorairpollution/major-sources-of-indoor-air-pollution

www.springtimebuilders.com/asheville-builders-blog/26/Reducing+Indoor+Air+Pollution
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6. Keep it … Ventilated

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

https://sites.google.com/site/allaboutindoorairpollution/major-sources-of-indoor-air-pollution
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Benefits

• Increased combustion safety
• Improved indoor air quality
• Potential lower costs
• Pairs with renewables

➔ Fuel leaks
➔ Combustion issues
➔ Venting problems

www.energyvanguard.com/blog/combustion-safety
-101-3-types-problems/
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Cooking Pollutants
• Increased combustion safety
• Improved indoor air quality
• Potential lower costs
• Pairs with renewables
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Gas Stoves: NO2
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Columbus, OH - Rocky Mountain Institute Study

https://bcapcodes.org/

• Average gas hookup fee: $2,100
- Could be $0 to $15,000+

https://rmi.org/insight/the-new-economics-of-electrifying-buildings

https://rmi.org/insight/the-new-economics-of-electrifying-buildings
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Columbus, OH - Rocky Mountain Institute Study

https://bcapcodes.org/

https://rmi.org/insight/the-new-economics-of-electrifying-buildings

https://rmi.org/insight/the-new-economics-of-electrifying-buildings

https://bcapcodes.org/23

Baltimore, MD - NAHB / HIRL Study

www.nahb.org/-/media/NAHB/nahb-community/ 
docs/committees/construction-codes-and- 

standards-committee/home-innovation- 
electrification-report-2021.pdf
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PA Energy Prices

https://ohiorivervalleyinstitute.org/pennsylvanian-families-pay-more-for-natural-gas-than-most-americans/
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Net Zero Home (All Electric + Renewables)

• Increased combustion safety
• Improved indoor air quality
• Potential lower costs
• Pairs with renewables

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

http://sites.psu.edu/eehr/greenbuild-construction-blog-2/
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Renewable Costs

www.freeingenergy.com/why-does-the-cost-of-renewable-energy-continue-to-get-cheaper-and-cheaper/

www.forbes.com/sites/jamesellsmoor/2019/06/15/
renewable-energy-is-now-the-cheapest-option- 
even-without-subsidies/

2020 | Solar is the cheapest 
electricity in history 
(International Energy Agency 
World Energy Outlook 2020)

2019 | Renewable Energy is 
Now the Cheapest Option -- 
Even Without Subsidies 
(Forbes, 2019)

www.iea.org/reports/world-energy-outlook-2020

https://bit.ly/PHRCWebinar_GreenBuild


28

Solar PV in PA Webinar & Online Course

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

• Year 1 cost savings (2021): $272,000
• Predicted $14 million in electricity 

cost savings over next 25 years 

www.lightsourcebp.com/us/projects/penn-state-powered-by-the-sun/ www.solarpowerworldonline.com/2020/10/penn-states-70-mw-solar-project-portfolio-is-now-producing-power-and-supporting-sheep-grazing/
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SolarAPP+ by NREL
SolarAPP+ provides automated plan review and approval for standardized systems
● Uses yes/no questions & ranges to automate compliance checks
● Catches code issues, typos, and errors; returning corrections instantly
● Tough projects go through typical review. Stale applications require no action
● Produces an inspection checklist replicating permit details for verification

https://solarapp.nrel.gov/Current Support Parameters
● Residential Solar PV
● NRTL (UL) Approved equipment
● NEC 2017 / 2018 i-Codes
● Electric Panel Busbar <225A
● Electric Service <400A
● Residential Battery Storage

In Progress
● NEC 2020, EV chargers, electric appliances

Contact: Liz Robinson lizhrob2@gmail.com
                          Executive Director Philadelphia Solar Energy Association

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fbit.ly%2FPHRC-On-Demand&data=04%7C01%7Csek175%40psu.edu%7C03cd9ff8cad64124693408d99a147936%7C7cf48d453ddb4389a9c1c115526eb52e%7C0%7C0%7C637710234980178258%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=c9K46re5baX%2BA6fj8wTgQwpztiyaQhxbpMcBFta%2Br2w%3D&reserved=0
mailto:lizhrob2@gmail.com
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• History
• Benefits
• Electric Features

- Heating & Cooling
- Water Heating
- Cooking

• Next Steps

Outline

https://rmi.org/insight/the-new-economics-of-electrifying-buildings
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Outline

https://rmi.org/insight/the-new-economics-of-electrifying-buildings

Icon created by Martin LEBRETON from Noun Project
2020s Modern All-Electric Home 
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Heat Pump Introduction 

• Moves heat vs. creates heat
• Vapor compression cycle of 

a refrigerant

www.sciencelearn.org.nz/images/242-household-heat-pump-operation
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Heat Pump Introduction 

• Air Conditioner
- Move heat outdoors in summer

• Heat Pump 
- Move heat outdoors in summer and
- Move heat indoors in winter

https://aspencore.org/use-cold-air-to-heat-your-home/
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Types of Heat Pumps

Residential Heat Pumps (5 tons or less)

Ground Source Water SourceAir SourceHeat source/sink

Heat source/sink to
home’s distribution method Air to Air Air to Water

Split PackagedSeparate indoor & outdoor units (split)
All-in-one equipment (packaged)

Air delivery method Ducted Ductless

Number of zones Single-zone Multi-zone
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Heat Source/Sink

• Geothermal 
Heat Pumps

- Ground Source 
Heat Pumps

- Water Source 
Heat Pumps 

• Air Source    
Heat Pumps

https://geothermalheatpumpconsortium.org/
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Heat Source/Sink

• Geothermal 
Heat Pumps

- Ground Source 
Heat Pumps

- Water Source 
Heat Pumps 

• Air Source    
Heat Pumps

www.energy.gov/energysaver/geothermal-heat-pumps
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Heat Source/Sink

• Geothermal 
Heat Pumps

- Ground Source 
Heat Pumps

- Water Source 
Heat Pumps

• Air Source    
Heat Pumps www.energy.gov/energysaver/geothermal-heat-pumps www.rogerparry.net/professional/landowners-urged-to-consider-ground

-source-heat-pumps/

39

Heat Source/Sink

• Geothermal 
Heat Pumps

- Ground Source 
Heat Pumps

- Water Source 
Heat Pumps 

• Air Source    
Heat Pumps www.energy.gov/energysaver/geothermal-heat-pumps

https://elliswelldrilling.ie/geothermal/
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Heat Source/Sink

• Geothermal 
Heat Pumps

- Ground Source 
Heat Pumps

- Water Source 
Heat Pumps

• Air Source    
Heat Pumps

www.energy.gov/energysaver/geothermal-heat-pumps
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Heat Source/Sink

• Geothermal 
Heat Pumps

- Ground Source 
Heat Pumps

- Water Source 
Heat Pumps

• Air Source    
Heat Pumps www.energy.gov/energysaver/geothermal-heat-pumps www.resilience.org/stories/2021-06-16/the-jump-to-pumps-how-finland-found

-an-answer-to-heating-homes/
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• Geothermal 
Heat Pumps

- Ground Source 
Heat Pumps

- Water Source 
Heat Pumps

• Air Source    
Heat Pumps

https://www.e-education.psu.edu/egee102/node/2090
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Air Source Heat Pumps: Packaged

• Packaged
- All-in-one

• Split
- Outdoor unit & 

indoor unit
- “Split system” or 

“Mini-splits”

https://learn.allergyandair.com/buying-ptac-units/
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Air Source Heat Pumps: Split

• Packaged
- All-in-one

• Split
- Outdoor unit & 

indoor unit
- “Split system” or 

“mini-splits”

www.energystar.gov/products/heating_cooling/ductless_heating_cooling
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Air Delivery Method

• Ducted 
- Centrally ducted
- Compact ducted       

• Ductless      

https://be-exchange.org/beexreport/heat-pump-planner/

https://basc.pnnl.gov/images/ducted-mini-split-heat-pump-was-installed-
unvented-conditioned-attic-and-ducted-short-duct
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Air Delivery Method

• Ducted 
- Centrally ducted
- Compact ducted       

• Ductless      

https://be-exchange.org/beexreport/heat-pump-planner/
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Air Delivery Method

• Ducted 
- Centrally ducted
- Compact ducted       

• Ductless      

www.familyhandyman.com/project/all-about-mini-split-systems/
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Delivery

• Single-Zone     
Heat Pumps

• Multi-Zone      
Heat Pumps

www.energystar.gov/products/heating_cooling/ductless_heating_cooling
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Delivery

• Single-Zone     
Heat Pumps

• Multi-Zone      
Heat Pumps

www.finehomebuilding.com/2019/03/07/high-performance-hvac-2
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Delivery

• Single-Zone     
Heat Pumps

• Multi-Zone      
Heat Pumps

https://basc.pnnl.gov/resource-guides/mini-split-ductless-heat-pumps
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Delivery

• Single-Zone     
Heat Pumps

• Multi-Zone      
Heat Pumps

https://be-exchange.org/beexreport/heat-pump-planner/
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Types of Heat Pumps

Residential Heat Pumps (5 tons or less)

Ground Source Water SourceAir SourceHeat source/sink

Heat source/sink to
home’s distribution method Air to Air Air to Water

Split PackagedSeparate indoor & outdoor units (split)
All-in-one equipment (packaged)

Air delivery method Ducted Ductless

Number of zones Single-zone Multi-zone
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Cold Climate Air Source Heat Pumps

• Equipment has 
significantly improved

- Variable speed blowers
- Better coils
- Improved motor & compressor 

designs
• Equipment options that run 

at outdoor temps of -10F 
to -15F

www.goodmanmfg.com/resources/hvac-learning-center/before-you-buy/what-generation-is-your-heat-pump

www.washingtonenergy.com/idea-center/ac-vs-heat-pump-battle-cooling/
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Cold Climate Air Source Heat Pumps

• Equipment has 
significantly improved

- Variable speed blowers
- Better coils
- Improved motor & compressor 

designs
• Equipment options that run 

at outdoor temps of -10F 
to -15F

www.pickhvac.com/faq/air-conditioner-inverter-the-secret-to-skyrocket-your-efficiency/

https://deltaairsystems.com/good-seer-rating-new-ac/
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➔ “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.

Common Heat Pump Myths

56

➔ “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.

Common Heat Pump Myths
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➔ “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.

Common Heat Pump Myths
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Cold Climate Air Source Heat Pumps

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

➔ Specification for Cold 
Climate Air Source Heat 
Pumps 

➔ List of heat pumps that 
meet the specification

➔ Resources for installers 
& consumers

https://neep.org/sites/default/files/media-files/cold_climate_air-source_heat_pump_specification-version_3.1_update_.pdfwww.neep.org
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Cold Climate Air Source Heat Pumps

https://ashp.neep.org/
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Cold Climate Air Source Heat Pumps

https://ashp.neep.org/
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Best Practices

https://be-exchange.org/wp-content/uploads/2021/09/heat-pump-planner.pdf

1. Systems approach
a. Start with the envelope
b. Explore balanced ventilation

2. Get accurate load calculations
3. Don’t oversize the system
4. Remember access to filters
5. Commissioning
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1. Systems approach
a. Start with the envelope
b. Explore balanced ventilation

2. Get accurate load calculations
3. Don’t oversize the system
4. Remember access to filters
5. Commissioning

Best Practices

www.energyvanguard.com/blog/more-on-air-conditioner-sizing-rules-of-thumb/
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1. Systems approach
a. Start with the envelope
b. Explore balanced ventilation

2. Get accurate load calculations
3. Don’t oversize the system
4. Remember access to filters
5. Commissioning

Best Practices

www.nahb.org/-/media/NAHB/nahb-community/docs/committees/construction-codes-and-standards-committee/home-innovation-electrification-report-2021.pdf
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1. Systems approach
a. Start with the envelope
b. Explore balanced ventilation

2. Get accurate load calculations
3. Don’t oversize the system
4. Remember access to filters
5. Commissioning

Best Practices

www.etsy.com/listing/527236080/1933-general-electric-humifilter-ad

1933, House Beautiful Advertisement
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1. Systems approach
a. Start with the envelope
b. Explore balanced ventilation

2. Get accurate load calculations
3. Don’t oversize the system
4. Remember access to filters
5. Commissioning

Best Practices

www.jlconline.com/how-to/hvac/commissioning-mini-split-heat-pumps_o
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PHRC Webinar

http://bit.ly/PHRCWebinar_CheckingYourWork

http://bit.ly/PHRCWebinar_CheckingYourWork
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Water Heating | Heat Pump Water Heaters

www.thisoldhouse.com/plumbing/21015567/all-about-heat-pump-water-heaters

• Heat pump water 
heater (HPWH)

• Also known as 
“hybrid” water 
heater

• All have backup 
electric heating 
elements 

68

www.energystar.gov/sites/default/files/asset/document/HPWHs_FactSheet_021518_0.pdf

https://rpsc.energy.gov/tech-solutions/hpwh

Water Heating | Heat Pump Water Heaters
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Sizing: First Hour Rating

www.energy.gov/energysaver/sizing-new-water-heater

www.energy.ca.gov/sites/default/files/2020-07/JA13_Qualification_Requirement_HPWH_DM_ADA.pdf

https://basc.pnnl.gov/resource-guides/heat-pump-water-heaters

California Prescriptive HPWH First Hour Rating Minimums
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Location: Heat Pump Water Heaters

https://basc.pnnl.gov/resource-guides/heat-pump-water-heaters

www.biggshvac.com/plumbing/heat-pump-water-heaters/

71 www.energystar.gov/products/hot-water-heater-replacement-guide www.bobvila.com/articles/heat-pump-water-heaters/

• Use a louvered door to 
ensure air volume

Water Heating | Heat Pump Water Heaters

72 www.energystar.gov/products/hot-water-heater-replacement-guide www.nrdc.org/experts/pierre-delforge/very-cool-heat-pump-water-heaters-save-energy-and-money

• Using ducting for intake and 
exhaust air

Water Heating | Heat Pump Water Heaters
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• Split system specifically    
for water heating

https://foursevenfive.com/sanco2/

Water Heating | Heat Pump Water Heaters
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 Induction Cooktop

www.greenbuildingadvisor.com/article/an-induction-cooktop-for-our-kitchen

www.kitchenapparatus.com/is-the-induction-cooking-safe-for-health/
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 Induction Cooktop

https://cookeryspace.com/induction-cooking-safe/ www.kitchenapparatus.com/is-the-induction-cooking-safe-for-health/
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 Induction Cooktop

https://www.treehugger.com/which-more-energy-efficient-cooking-gas-or-induction-4858206
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 Induction Cooktop

https://www.thespruceeats.com/what-is-the-best-cookware-for-induction-cooktops-908920

www.kitchenapparatus.com/is-the-induction-cooking-safe-for-health/
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EEBA On-Demand Course

https://eeba.digitalchalk.com/learn/plug-in-turn-on-cook-up-electric-kitchens-have-arrived
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Outline

www.flickr.com/photos/28153783@N08/3464560200

July 1965, Life Magazine 

• History
• Benefits
• Electric Features

- Heating & Cooling
- Water Heating
- Cooking

• Resources
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NAHB Webinar

https://storefront.nahb.org/Catalogs/NAHB/NAHB-Events/37938

** On Demand 
Recording Available 

Next Week **
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➔ Construction Blog
           

➔ Design Documents
➔ Building Science Report
➔ Home Tour Posters
➔ and more!

GreenBuild Documents

https://sites.psu.edu/eehr/projects/greenbuild/
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➔ Construction Blog
           sites.psu.edu/eehr/greenbuild-construction-blog-2/

➔ Design Documents
➔ Building Science Report
➔ Home Tour Posters
➔ and more!

GreenBuild Documents

sites.psu.edu/eehr/greenbuild-construction-blog-2/
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➔ Construction Blog
           sites.psu.edu/eehr/greenbuild-construction-blog-2/

➔ Design Documents
➔ Building Science Report
➔ Home Tour Posters
➔ and more!

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

GreenBuild Documents

https://sites.psu.edu/eehr/recources/
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GreenBuild Webinar

https://bit.ly/PHRCWebinar_GreenBuild

https://bit.ly/PHRCWebinar_GreenBuild
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DOE Tour of Zero

www.energy.gov/eere/buildings/maps/doe-tour-zero

www1.eere.energy.gov/buildings/residential/pdfs/doe_ch_case_studies/2015hia
winner_greenhill_100515.pdf
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Heat Pump Planner document

https://be-exchange.org/wp-content/uploads/2021/09/heat-pump-planner.pdf
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NEEP Resources

➔ Specification for Cold 
Climate Air Source Heat 
Pumps 

➔ List of heat pumps that 
meet the specification

➔ Resources for installers 
& consumers

www.neep.org
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NEEP Resources

➔ Specification for Cold 
Climate Air Source Heat 
Pumps 

➔ List of heat pumps that 
meet the specification

➔ Resources for installers 
& consumers

www.neep.org
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Outline

• History
• Benefits
• Electric Features

- Heating & Cooling
- Water Heating
- Cooking

• Resources

Icon created by Martin LEBRETON from Noun Project
2020s Modern All-Electric Home 
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Oven
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Renewables OPTIONAL
Efficiency GOOD TO GREAT


