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Why Electrification of Homes?

• Need to stop emitting CO2

• Need low/zero CO2 energy – electricity the 
only viable option
• Allows use of low/zero carbon renewable energy

• “We can’t efficiency our way to zero carbon 
emissions”
• Very limited efficiency gains remain for fossil-

fule heating and DHW

• Gas leaks typically about 2-3% but higher 
GWP makes this a 20-30% increase in 
greenhouse gas emissions
• 0.5% leakage in homes



Why Electrification of Homes?

We have to fix all the homes in the 
country and electrification is easier 
than other retrofit approaches

• Less home disturbance
• Better cost control
• Easier financing
• Easier work for contractors c/w 

envelope/window upgrades
• Easier to sell – give people what they 

want



Why Electrification of Homes?

Resiliency
• on-site storage allows basic home 

operation during emergencies
• about half of natural gas processing is 

along the gulf coast and highly vulnerable 
to hurricanes and storm surges

Think about it as the completion of the electrification program begun in the US 100 years ago



Electricity is rapidly lowering its CO2 content

Figure from : US Carbon Dioxide Emissions in the Electricity 
Sector: Factors, Trends and Projections, 2029. Congressional 
Research Service.



Current Distribution Of Electric heating

>25% of homes are already 
all-electric

40% of homes have electric 
primary heating



Growth in Electric Heating

Figure from Davis, L. 2020. What Matters for Electrification? Evidence from 70 years of US Home Heating 

Choices. Energy Institute at Haas, WP 309.

Electrification of largest end-use has 

been increasing for years

We are just going to accelerate this 

trend

Most new-home growth in areas where 

homes are electrified for 

heating/cooling



Historic Fuel Prices

Figure from Davis, L. 2020. What Matters for Electrification? Evidence from 70 years of US Home Heating 
Choices. Energy Institute at Haas, WP 309.

Electricity getting cheaper

Renewables the cheapest new 
source of electricity

Electricity

Heating Oil

Natural Gas



We need less heat!

Figure from Davis, L. 2020. What Matters for Electrification? Evidence from 70 years of US Home Heating 
Choices. Energy Institute at Haas, WP 309.



Different paths to electrification

Figure from Rewiring America by Saul Griffith, Sam Calisch and Laura Fraser



Different Consequences

Figure from Rewiring America by Saul Griffith, Sam Calisch and Laura Fraser



Need to manage the peaks with storage

Figure from Rewiring America by Saul Griffith, Sam Calisch and Laura Fraser

Utilities will have peak charges for 
homes  - just like for 
commercial/industrial customers

We need ways for homes to respond 
to this and minimize cost impacts



EV-ready Homes
• Major obstacle to EV purchases is lack of 

charging infrastructure
• Need to be able to charge at home

• All new homes should have a circuit ready 
for a  charger install
• Trickier in existing home – need a space 

circuit or new panel/rewiring
• EV can easily be the biggest home load: 

7.2 kW 
• Will need managing to integrate with 

existing distribution infrastructure



New home cost reductions – over to Sean…



Residential Natural Gas Infrastructure Costs and Methane Leakage: $25,000+ per home, 2.7%-5.2% leakage
The total methane leakage rate from California’s residential natural gas infrastructure is estimated to be 4.18% (2.7 – 5.2%). Owner paid cost increases due to more 
expensive gas appliances and infrastructure additions are in darker blue, while “rate based” cost increases are in lighter blue.

Appliance costs are the marginal cost ($) of gas over all-electric
*heat pump water heater equal in cost to on demand gas water heating
**Aliso Canyon leaked 4.62 Billion cubic feet and alone cost $1.014 billion shared by 5.6 million meters - $181/meter cost (Reuters, Aug 6, 2018)
*** Average of various sources (Cochran 2018, Lennon 2019, SoCalGas 2014, Nemec 2015, Nogueras 2011) 

$141-$360/ft
$3500+ per 25’ of Lot
2” Low Pressure Distribution 
(CPUC 2016, SoCal Gas 2015)

$16,567
Meter + 
Lateral 

Installation
(PG&E 2016)

$1,000-$3,000
Furnace + AC  

(Navigant 2018)

$0*
Water Heater 

(Navigant 2018)

$100+
Dryer 

(Navigant 2018)
$110+

Stove
(Redwood 

Energy 2019)

$7M/Well
(EIA 2016)

$136-480/ft
4”-24” High Pressure 

Distribution
(CPUC 2016, 

SoCal Gas 2015)

Extraction

Storage

$200-1,000/Fixture
Gas piping in the home

(SEA 2017)

Processing

Image by:      
Emily Higbee of 
Redwood Energy

Compressor Station

$80M/Station
1 per 50-60 miles

(PG&E 2018)

$5M-43M/Mile
24”- 42” Very High-

Pressure Transmission***



Energy Impacts

• Significant site savings using heat pumps – typically factors of 3-4 

compared to fossil fueled appliances and electric resistance heat and 

DHW

• Primary or source energy less clear due to electric distribution system 

losses

• Minimize primary energy by:

• On-site generation: mainly PV but could include solar hot water

• On-site storage: limits peak power, allows shifting energy use to time of greatest 

renewable generation

• Utilities willing… electrification allows homes to operate at minimum 

power using their own generation/storage – big increase in resiliency

• Energy is less of an issue of the goal is saving our civilization… but 

energy efficiency will help the transition and keep costs down 



Health reasons to eliminate fossil fuels

• Burning fossil fuels emit several contaminants of concern: PM2.5, 
NO2, CO, aldehydes and leaking unburned CH4
• In the home
• Fossil fuels lead to higher pollutant levels
• Field studies show key health-related contaminants related to bring fossil 

fuels: cooking and poor appliance venting
• Electrification removes need for combustion safety testing, CO alarms
• Electrification removes this health hazard

• Outside air: PM2.5 & NO2
• Environmental Justice Issue – often worse in disadvantaged communities



Health and environmental justice
• Removing poor appliances: Wall Furnaces

• Wall furnaces are chronically poor at venting
• Causes moisture problems and high levels of combustion 

contaminants
• Even worse if kitchen of bath exhausts are used

• Their low capacity serving small spaces makes them ideal 
candidates for low-cost replacement with a heat pump –
possibly even a 120V heat pump
• This would serve low-income households the most

• More likely to have wall furnaces
• Smaller dwellings have higher contaminant concentrations
• Low income dwellings less likely to have ventilation systems

• Eliminate use of gas cooking appliances as supplemental 
heat 
• Need to provide good low operating cost options for low income 

households



Outdoor Air quality: 
Avoided Mortality

Zhu et al. 2020. Effects of Residential gas Appliances on Indoor and Outdoor Air Quality and Public Health in California. UCLA 
Fielding School of Public Health 



Indoor Air Quality Health Impacts at Scale (EPRI)
EPA’s Environmental Benefits Mapping and Analysis Program (BenMAP)

Pollutant change         Population        Baseline incidence

Avoided 
mortality 
per year

EPA’s Value of 
Statistical Life
$8.7 million 
(2015$)           

Valuation of 
Electrification 
Impacts



Indoor Air Quality Health Impacts at Scale (EPRI)
EPA’s Environmental Benefits Mapping and Analysis Program (BenMAP)

Pollutant change         Population        Baseline incidence

Avoided 
mortality 
per year

EPA’s Value of 
Statistical Life
$8.7 million 
(2015$)           

Valuation of 
Electrification 
Impacts

Electrification results in
More than 12,000 avoided deaths

A monetized health benefit of $108B per year

Just for California!



Safety reasons to go all-electric
• Key safety issues are
• Carbon monoxide – no concerns if home is all-

electric
• Fire safety – no naked flames
• Kitchen safety - no naked flames

• Induction cooking inherently safer – cooler surfaces 
for induction cooktops, no flames

• No gas explosions
• A key risk factor for utilities – see, for example, 

PG&E’s bad reputation from occasional home 
explosions

• Earthquake safety
• Post-earthquake fires usually a bigger hazard than 

the earthquake itself



Kitchen Ventilation advantages for electric cooking
• Key health contaminants are PM2.5 (gas and electric cooking) and 

NO2 (only from gas)
• To meet health guidelines more/better kitchen ventilation is required 

for NO2, i.e. gas cooking

Cooking Fuel Floor Area (ft2) ASTM Capture 
Efficiency

Airflow as installed 
(cfm)

Electricity

>1500 ft2 0.50 110
1000 - 1500 ft2 0.50 110
750 - 1000 ft2 0.55 130

<750 ft2 0.65 160

Gas

>1500 ft2 0.70 180
1000 - 1500 ft2 0.80 250
750 - 1000 ft2 0.85 280

<750 ft2 0.85 280



New-ish technology: Cold Climate Heat Pump

• Cold climate heat pumps – available now
• New CCHP work at much lower ambient 

temp: -15F (-25C)

Daikin Engineering Data Sheets



New technology: Time Shifting Using Storage
Can be charged from onsite solar or low-cost mid-
day grid power
Good for disadvantaged/low income communities: 
avoid peak pricing and demand charges

Electric Battery
• 3 to 5 KWh in every home – much less than 13.5 kWh 

($13k) Tesla Powerwall

Thermal Storage
• Safe, common, cheap phase change materials
• 10.5 KWh in same space as 50 gallon tank

• Smart Panels/controls – available now
• Sean will talk more about this



What are the key barriers?
• In general

• To fully electrify ALL energy use in the US need 3 to 4 times the current delivered 
electricity
• Residential – would be about 10% of this
• More energy sources and investment in distribution infrastructure

• Managing extra electric grid loads – particularly peak
• Higher cost of appliances for DHW and heating (less so if homes were going to have 

AC)
• In many locations: bigger energy bills if there is no on-site generation and we don’t 

manage loads
• Will need relief for disadvantaged communities
• How to connect health savings to offset higher electric bills?

• Desire to cook with natural gas

• In retrofit:
• Added cost of panel upgrades and interior home wiring (Sean will talk about how to 

avoid them)
• Some noisy heat pump water heaters



What are issues for raters?

• No combustion safety testing
• No appliances to relight after blower door air leakage test
• Learning about new equipment: batteries, thermal storage, smart 

panels
• Learning new sizing paradigms
• A small capacity unit with storage = same performance as a large capacity unit

• How to rate for CO2 as well as energy
• Note – current RESNET ratings do not allow comparison between different 

fuel sources



How to Electrify Your Home 
Without Panel Upgrades

Redwood Energy

Sean Armstrong



• 1995-2019 The Campus Center for Appropriate 
Technology
• 2002-2005 High School Science Teacher
• 2005-2011 Affordable Housing Project Manager, Pacific 

West Communities
• 2011-Today Redwood Energy’s Managing Principal.  ZNE 

Design and Research.

Sean Armstrong
Managing Principal
at Redwood Energy
seanarmstrongpm@gmail.com
707.826.1450

mailto:seanarmstrongpm@gmail.com


We define the “Watt Diet” as the total power used in a home that 
determines what panel size the home should use. 

● The bigger the 
home, the bigger 
the electrical panel 

● Most panels (newer, 
bigger homes) have 
enough space for all 
electric end uses 

● The focus of this 
presentation is on 
smaller, retrofit 
homes 

Total Allowed Watts



Fitting All the Appliances on Small Panels

● Electrical Panel Sizes:

Small Trailer Home or Apartment Apartment Single Family Home

30 Amps 50 Amps 100-200 Amps



“Conventional” Efficient Appliances (240V)
Product Type Electric Dryer-Energy 

Star
Heat Pump Water 
Heater

Split Heat Pump 
2-4 Tons

Maximum Rating 30A, 7,200W 19A, 4,500W 18-29 Amps, 
4,300W-7,000W

Make and Model Whirlpool WED5620HW Rheem Prestige York YZH060 Series

Image



Power Efficient Appliances (120V)

Product Type 4.5 cu ft Condensing 
Washer/Dryer Combo

Heat Pump 
Water Heater

Low-Amp Window 
Heat Pump

120V Mini-Split 
Heat Pump

Maximum Rating 
(Amps, Watts)

10A, 1200W 8.3A, 1000W 6.3-15A, ~1400W 10.4A, 1090W

Make and Model LG WM3998HBA GE GeoSpring Innova HPAC 2.0 LG LS-120HXV

Image

Power at the panel is the limiting factor, but reducing appliance voltage can be another strategy



Smart Circuit Splitters and Sharing
● For expanding capacity for 

EV charging and avoiding 
expensive charger installs

● These are best used for 
non-EV appliances when 
one load is a short 
interruption of the other

● For extremely small 
electrical panels, these 
will be crucial, especially 
120V devices



Programmable Subpanels
Sub Panels



Programmable Panels
Whole House Panels 

(some still in development, some with full energy management between loads)



7200 Watt (30 Amp) Trailer Home Challenge
● Sacramento Climate
● Peak day is heating, low temp of 34F
● Need to use all 120V products to 

save power at the panel
● Need to use load-sharing devices 

similar to a NeoCharge or a Simple 
Switch, coming to market

● Four circuits can fit on a 30-Amp 
panel



7200 Watt (30 Amp) Trailer Home Challenge

Kitchen Circuit 1 Kitchen Circuit 2 Laundry Circuit Bathroom Circuit

Refrigerator
120-500W

Plug-in Induction 
Cooktop
1,500W

Condensing 
Washer 
1,200W

120V Heat Pump 
Water Heater
1,200W

Innova HPAC
1,400W

Innova HPAC
1,400W

(Innova HPAC
1,400W optional)

Total

1,800W Managed 1,800W Managed 1,800W 1,800W 7,200W

● Can deliver 7,200 Watts of power to a 30-Amp panel: 240V x 30A = 7,200W
● All 120V appliances, use SimpleSwitch or 120V NeoCharge to keep under 1,800W per circuit
● Code requires 2 kitchen circuits, 20A Laundry, 20A Bathroom
● 1,100 square feet, delivers 21,000 BTUh on the coldest day



7200 Watt (30 Amp) Trailer Home Challenge
● Placing the Laundry unit in the 

bathroom can save space and 
lighting

● A maximum of 1,800W could be 
available for EVSE with a 120V 
NeoCharge style device if HVAC 
demand is low

● 120-Volt Mini Splits can replace 
Innova window units in the right 
applications for more amp savings



12,000 Watt (50-Amp) Apartment Challenge
● Many existing apartments have a 50 

Amp panel in each apartment, and 
are served with central Hot Water 
and Laundry.

● We first examined 2-bedroom, 1,100 
sq ft apartments in San Francisco 
early in our own Watt Diet journey



Code Circuits Required 9.9 kW

Required kW @ 100% 4.00

Appliance with Dedicated Circuit Required kW 40% 5.9 2.36

# of devices Volts Amps Design Rated Watts

Fridge 1 110 0.91 100 0.04

Disposal 1 120 3 311 0.12

Overhead Microwave 1 120 5 600 0.24

Built in Oven 1 240 24 5760 2.30

Induction 2 Burner 1 120 15 1800 0.72

120 V HP WH 1 120 8.3 996 0.40

HP chosen 1 240 12 1,430 1.43

Total Panel power (kW) 11.62

Total Amps at 240V 48.4

Minimum Panel Size 50 A panel

50-Amp San Francisco Apartment Unit



12,000 Watt (50-Amp) Apartment Challenge
● These large two-bedroom units 

meet the appliance expectations of 
savvy apartment tenants

● We found that central water and 
laundry systems help avoid panel 
upgrades

● Keeping power use low is especially 
important in cities with impacted 
transformer sizing from utilities



2000 Square Foot Single Family Homes - From 
Bakersfield to Truckee



24,000 Watt (100-Amp) Home - Bakersfield
● 2,000 square feet
● It turns out that many warm CA 

climates can still live large on 100 
Amps

● High efficiency condensing washers 
and the 120V GeoSpring HPWH 
were chosen to allow for more fun 
electric appliances

● A ton of extra room on the panel 
beyond the necessities



Subtotal from Code Required Circuits 12.6 Panel kW

Required kW @ 100% 8.00

Appliance with Dedicated Circuit Required kW at 40% 4.6 1.84

# of devices Volts Label Amps Watts

Fridge 1 120 3.5 420 0.17

Chest Freezer 1 120 3 360 0.14

Disposal 1 120 3 310.5225 0.12

Dishwasher 1 120 10 1200 0.48

Pool 1 230 12 2760 1.10

Lawn Sprinklers 1 120 15 1800 0.72

Hot Tub 1 120 15 1800 0.72

Fireplaces 1 120 15 1800 0.72

Combi Microwave 1 120 7 840 0.34

Range (cooktop on oven) 1 240 40 9600 3.84

Combined Wash/Dryer 1 120 10 1200 -

120 V HP WH 1 120 8.3 0.40

HP SC 2 tons 1 120 12 4,400 4.40

EVSE 40 Amp 1 240 40 4.80

EVSE Charge Pauser 1 240 -40 - 4.80

Total Panel kW 23.70

Total Amps 98.7

Minimum Panel 
size required 100 A panel

Bakersfield Single Family Load Calculations

https://www.homedepot.com/p/Frigidaire-20-4-cu-ft-Top-Freezer-Refrigerator-in-Stainless-Steel-FFTR2021TS/302007875
http://feed-garbage-disposal-l-111/205113752?mtc=Shopping-VF-F_D29A-G-D29A-29_14_DISPOSERS-Moen-NA-NA-PLA-NA-NA-MinorAppl&cm_mmc=Shopping-VF-F_D29A-G-D29A-29_14_DISPOSERS-Moen-NA-NA-PLA-NA-NA-MinorAppl-71700000048198741-58700004804098319-92700041174939378&gclid=EAIaIQobChMIu6Pi0uq55wIVzJyzCh3Z8AtPEAQYAiABEgJ_qvD_BwE&gclsrc=aw.ds
https://www.homedepot.com/p/Frigidaire-24-in-Built-In-Tall-Tub-Top-Control-Dishwasher-in-Stainless-Steel-ENERGY-STAR-54-dBA-FFID2426TS/301852968?MERCH=REC-_-pipsem-_-309731132-_-301852968-_-N
https://www.williams-sonoma.com/products/breville-combi-wave-microwave/
https://www.homedepot.com/p/Amana-4-8-cu-ft-Electric-Range-in-Stainless-Steel-AER6303MFS/300128445
https://www.lowes.com/pd/LG-4-3-cu-ft-White-Ventless-Combination-Washer-and-Dryer-with-Steam-Cycle/50175587
https://neep-ashp-prod.herokuapp.com/


24,000 Watt (100-Amp) Home - Bakersfield
● Winter heating was the peak load, 

because of dry CA summers
● Want to have a winter pool party? 

We included a pool heat pump, two 
refrigerators, a small hot tub, and an 
electric fireplace!

● Ample opportunities to save power 
with an all-electric home and a 100-
amp panel, many homes may not 
have all these amenities



100-Amp Home - Truckee
● Temperatures down to 7 Degrees 

Fahrenheit
● 1450 Square feet
● Peak Heating Load similar to Long 

Island, NY
● Nearly ⅓ of power going to ductless 

heating on Peak Day
● Uses a 240V HPWH, could go down 

to 120V for power savings



Subtotal from Code 
Required Circuits 10.8 Panel kW

Required kW @ 100% 
Coinc. 8.00

Appliance with Dedicated Circuit Coincidence Factor

Required kW portion at 
40% coincidence 2.8 1.12

# of devices Volts Label Amps Watts

Fridge 0.4 1 120 3 360 0.14

Disposal 0.4 1 120 2.6 311 0.12

Dishwasher 0.4 1 120 10 1,200 0.48

Grill 0.4 1 120 14.6 1,750 0.70

Hot Tub 0.4 1 120 15 1,800 0.72

Fireplaces 0.4 1 120 12.5 1,500 0.60

Range (cooktop on oven) 0.4 1 240 40 9,600 3.84

HP only WH 0.4 1 240 13 3,120 1.25

Heat Pump Selected 1 1 240 29.2 7,000 7.00

EVSE 40 Amp 0.5 1 240 40 9,600 4.80

Charge Pauser 1 240 -40 -9,600 - 4.80

Total Power (kW) 23.98

Total Amps 99.9
Minimum Panel size 
required

100 A 
panel

Truckee Single Family Load Calculations

https://www.homedepot.com/p/Frigidaire-20-4-cu-ft-Top-Freezer-Refrigerator-in-Stainless-Steel-FFTR2021TS/302007875
http://feed-garbage-disposal-l-111/205113752?mtc=Shopping-VF-F_D29A-G-D29A-29_14_DISPOSERS-Moen-NA-NA-PLA-NA-NA-MinorAppl&cm_mmc=Shopping-VF-F_D29A-G-D29A-29_14_DISPOSERS-Moen-NA-NA-PLA-NA-NA-MinorAppl-71700000048198741-58700004804098319-92700041174939378&gclid=EAIaIQobChMIu6Pi0uq55wIVzJyzCh3Z8AtPEAQYAiABEgJ_qvD_BwE&gclsrc=aw.ds
https://www.homedepot.com/p/Frigidaire-24-in-Built-In-Tall-Tub-Top-Control-Dishwasher-in-Stainless-Steel-ENERGY-STAR-54-dBA-FFID2426TS/301852968?MERCH=REC-_-pipsem-_-309731132-_-301852968-_-N
https://www.target.com/p/char-broil-tru-infrared-patio-bistro-electric-grill-17602066-graphite/-/A-51397424?ref=tgt_adv_XS000000&AFID=google_pla_df&fndsrc=tgtao&CPNG=PLA_Patio%2BGarden%2BShopping&adgroup=SC_Patio%2BGarden&LID=700000001170770pgs&network=g&device=c&location=9032550&ds_rl=1246978&ds_rl=1248099&ds_rl=1247068&gclid=EAIaIQobChMIwOSth4HS6QIV0v_jBx3K9gG2EAQYAyABEgJ1yPD_BwE&gclsrc=aw.ds
https://www.electricfireplacesdirect.com/products-accessories/free-standing-electric-stoves/duraflame-dfi5010-3d-electric-stove?mkwid=s7FiETHwX-dc_pcrid_111294071787_pkw__pmt__slid__product_171527&pgrid=34736059107&ptaid=pla-258946494182&utm_source=google&utm_medium=cpc&utm_campaign=&pskwid=7FiETHwX&gclid=EAIaIQobChMI4a34u7jf6QIVJRvnCh2Lvgm8EAYYAiABEgJZo_D_BwE
https://www.homedepot.com/p/Amana-4-8-cu-ft-Electric-Range-in-Stainless-Steel-AER6303MFS/300128445


24,000 Watt (100-Amp) Home - Truckee
● Goal was to provide more stuff while 

meeting HVAC
● You could take off things like 

Fireplace, Hot Tub, Grill, etc for more 
spare capacity

● Can use the required laundry circuit 
to charge EV with NeoCharge device

● Cold climate retrofits are possible 
even without panel upgrades!



The Watt Diet Calculator
● Developed by Tom Kabat and edited by Redwood Energy 
● Follows the California electrical code requirements 
● General methodology:

○ Calculates building heating load based on building characteristics and location
○ Calculates the total watt diet of the home 
○ Converts total watts to panel amps
○ From there you can determine your needed panel size

● Allows pinpointing of appliances that are electricity guzzlers
● Integrates EVSE and load management with your whole house



Step 1: Heating Load Estimate 
Enter building 
parameters and design 
temperatures 

Result is the heating load in 
BTUh with and without ducts: 



Step 2: Determine 
your heating and 
cooling product
Enter product specs that 
roughly match your heating 
load 
The heating capacity 
and power are 
interpolated to the 
specified design day

This gives us an idea how 
much power will be used for 
heating



Step 3: Calculated total device watts
● Enter in number 

of devices
● Enter in either 

volt and amps 
or watts for 
each device

● Total device 
watts are 
calculated



Step 3: Whole total panel watts
● Panel watts are calculated by multiplying device watts by a coincidence factor
● The first 8,000 watts are 100% coincidence, the remaining watts are 40%

○ Heat pumps are 100% coincidence
○ Heat pump water heaters are 40% coincidence
○ EV charging is 50% coincidence  



56

Questions?


