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Introduction 
Welcome! This booklet is intended to be ŀ ǎƛƳǇƭŜ άƘƻǿ-ǘƻέ ƎǳƛŘŜ ǘƻ ƘŜƭǇ ƘƻƳŜƻǿƴŜǊǎ, home renters, utilities and policy 

makers who want to replace existing gas appliances with efficient electric alternatives, many of which are simple and 

require no home modifications (e.g., countertop induction ranges, condensing washer/dryers, portable space conditioning 

heat pumps). This booklet has three sections, the first to explain the costs, benefits and strategies for electrifying a home, 

the second section is lessons learned from case studies of retrofitted homes, and the third section is an extensive product 

guide to help choose your electrification appliances.  

 

You are not alone in this project of electrifying your home! And it can be affordable and easyτsee our discussion of the 

Watt Diet and how one can avoid electrical upgrades. Since 1993 Americans have been progressively using more electric 

appliances, and 1 in 4 homes nationwide are now all-electric1: electric stoves are now 61% of annual sales in the U.S.2 and 

electric laundry dryers are 88% of annual sales,3 while the majority of homes built since 1950 have been built with electric 

water heaters, and since 1970 the majority of homes have been built with electric space heating.4  Electrifying existing 

buildings, often paired with low-cost solar power, is a growing industry nation-wide. 

 

This guide was written to accelerate this existing trend to use electric appliances because the global scientific community 

says that fossil fuels burned in our buildings are causing 28% of climate change5, with natural gas leaks upstream of our  

appliances responsible for another 25% of global climate change.6 As our grid power grows cleaner by including more 

clean, renewable energy, a concerted effort is underway globally to use cleaner grid electricity to replace polluting fossil 

fuel appliances.7   
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The Business of Electrifying Homes 
This section is just a sampling of the thousands of clean energy companies that are making buildings better for people and 
the planet with heat pumps, electric appliances, and solar arrays.  
 

Clean Energy Company Highlight: 
BlocPower 
Cornerstone Baptist Church, a historic 
Black Church in Brooklyn, NY, owns a 
landmark parsonage on President Street. 
Until 2020 the Reverend Lawrence Aker 
and his family suffered from a common 
fuel oil (aka diesel) boiler problem: 
dramatic overheating, requiring AC use 
even in the winter.8 The solution, a heat 
pump system, was designed, financed and installed by BlocPower, founded by CEO Donnel Baird. Like a growing number 
of businesses nation-wide, BlocPower installs efficient heat pumps, often paired with solar arrays, to dramatically 
increase comfort, reduce energy bills, and stop contributing to smog and asthma. BloctƻǿŜǊΩǎ /9h, Donnel Baird, 
speaks movingly about how in 2012 he channeled his opposition to racial unfairness into a business model for clean 
energy that benefitted communities of color. As a Black founder, Donnel was turned down 200 times before any venture 
firms were willing to back his vision, but BlocPower is now funded by some ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ƛƴǾŜǎǘƻǊǎΦ9  Other 
contractors who were early adopters of heat pump + solar retrofits in the U.S. include Building Doctors in Los Angeles, 
Electrify My Home and emeraldECO serving the San Francisco Bay Area, Energy Smart Ohio, and The Heat Pump Store 
in Oregon.  
 

 
Figure 1: Cornerstone Baptist Parsonage and BlocPower CEO Donnel Baird. 

A List of California Contractors who Perform Building Electrification 
When electrifying your home, it is important to find a skilled and knowledgeable contractor. The Clean Energy 
Connection has put together an online searchable database of California contractors with positive customer references 
and at least 2.5 Stars on Yelp that is free to use for all.10 The contractors are experts in heat pump water heaters, heat 
pumps for space heating, electric appliances, electric vehicle chargers, solar arrays, and battery storage. In addition, 
The Switch is On has a contractor look up tool on their website.  
 

 
 

Electrification Technical Assistance Program 
An example for utilities nation-wide, Silicon Valley Clean 
Energy has free technical experts on-call in their Electrification 
Technical Assistance Program. Any architect, engineer, builder 
or developer is eligible for all-electric design assistance that 
would usually cost thousands of dollars, for buildings of any 
type or size. The reports are then shared for free to accelerate 
community competence in all-electric design.11 

 

https://www.greentechmedia.com/articles/read/watt-it-takes-blocpower-ceo-donnel-baird-wants-to-electrify-buildings-for-everyone
https://www.switchison.org/get-started
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The Benefits of an All-Electric Home Retrofit 
Health 

 

Children in homes with gas stoves are 42% more likely to develop asthma12 than those with electric 
stoves and asthma kills ten Americans a day13 and costs on average $3,266 per year for medications. The 
health impacts of air pollution from fossil fuels fall disproportionately on people of color - African 
Americans are three times more likely to suffer from asthma than the general population.14 In addition, 
home chefs using gas stoves have twice the risk of lung and heart disease, and are three times as likely 
to need asthma medication as people cooking on electric stoves.15 These health impacts are tied to the 
many pollutants released when gas is burned, such as nitrogen dioxide, cancer-causing formaldehyde 
and acetaldehyde, and ultra-fine particulates.16 Gas stoves and other gas appliances are also dangerous 
due to carbon monoxide, an odorless gas that kills 500 people a year in the U.S. and sends 15,000 people 
to the emergency room.17 

Safety  

 

Electric cooktops, water heating, space heating and clothes drying all present lower fire risks and lower 
explosion risks than their gas fired alternatives. Just having electricity as the one utility service eliminates 
the risk of having both gas and electric services ς and reduces the dangers that come with a pressurized 
and combustible network of fuel going to homes. Nationwide since 2010 the natural gas system has 
caused 236 public safety incidents and $198 million in damages per year.18 Natural gas accidents have 
killed 548 people and broken more than 9,000 pipelines between 1986 and 2016 in the U.S. (nearly one 
a day).19 Additionally, construction risks are reduced by not having the threat of hitting gas pipelines 
when digging trenches, doing road work, etc. For instance, in Ohio construction workers hit gas mainlines 
410 times in 2015 alone.20 

Wealth 

 

Utility bills for efficient all-electric homes can be up to $800/year less than for comparable homes using 
fossil fuels due to recent rapid gains in electric appliance efficiency and the low cost electricity available 
in most of the U.S.21,22   Utility bills are the #1 use of payday loans in the U.S., with annual interest rates 
as high as 400% and an average repayment period of five months.23  Replacing gas appliances with 
electric appliances also allows homeowners to lowers bills with solar powerτin the U.S. the average 
repayment period is 8 years24 into the warrantied 25 year lifespan of the solar panels and inverter, 
producing a net profit three times greater than the installation cost. (e.g. producing power at 1/3 the 
average retail electric rate.)  

Comfort 

 

Heating your home with a heat pump can dramatically improve comfort due to quieter and more 
consistent warmth. While a furnace continuously turns off-and-on, blowing heat noisily through the 
ductwork at high speed, a heat pump fan stays always on continuously at a lower, quieter speed and 
evenly heats your home. Cooking with electric equipment can also be much more comfortable, especially 
during warm weather since electric stoves produce half as much waste heat in the kitchen. In 2020, 
Consumer Reports ranked the top 8 stoves, and the best stoves were electric induction stoves, ranked 
#1-2, #4-5, and #8, with a smooth top electric resistance stove at #6. Cooking with electricity means one 
has access to the best stoves on the marketτthe fastest, easiest to clean and most controllable stoves 
made.   

Climate 

 

A recent analysis found big climate and clean air benefits from replacing gas appliances with electric in 
every state across the U.S.25  This is due to two key factors: Heat pump appliances are three to four times 
more efficient than gas, and also because grid electricity is sourced with more renewable energy every 
year. The global community of cities, states and nations have identified building electrification as the 
ŦŀǎǘŜǎǘΣ ƭŜŀǎǘ ŜȄǇŜƴǎƛǾŜΣ ŀƴŘ Ƴƻǎǘ ƭƛƪŜƭȅ ǘƻ ǎǳŎŎŜŜŘ ǎƻƭǳǘƛƻƴ ǘƻ ǘƘŜ ōǳƛƭŘƛƴƎ ǎŜŎǘƻǊΩǎ 28% of global 
greenhouse gases.26 One of the largest sources of greenhouse gases is not from burning gas, but instead 
ƛǘǎ ƭŜŀƪƛƴƎ aŜǘƘŀƴŜ όάƴŀǘǳǊŀƭ ƎŀǎέύΣ ǿƘƛŎƘ ƛǎ ŀƴ ŜȄŎŜǇǘƛƻƴŀƭƭȅ ǎǘǊƻƴƎ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎΦ aŜǘƘŀƴŜ ƭŜŀƪǎ ŀǘ 
each stage--fracking, storage, delivery piping and in the appliance--ŀƴŘ άŀōƻǳǘ нр҈ ƻŦ ǘƘŜ ƘǳƳŀƴ-made 
Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ǿŜΩǊŜ ŜȄǇŜǊƛŜƴŎƛƴƎ ƛǎ ŎŀǳǎŜŘ ōȅ ƳŜǘƘŀƴŜ ŜƳƛǎǎƛƻƴǎΣέ27 according to the Environmental 
Defense Fund. 5ƛŦŦŜǊŜƴǘƭȅ ǇǳǘΣ ŜƭƛƳƛƴŀǘƛƴƎ Ǝŀǎ ǎŜǊǾƛŎŜ ǘƻ ƻƴŜΩǎ ƘƻƳŜ ŘƻǳōƭŜǎ ǘƘŜ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ ƻŦ ƴƻǘ 
burning gas.  
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Design Factors When Electrifying Your Home 
¢Ƙƛǎ ƎǳƛŘŜ ƻǊƎŀƴƛȊŜǎ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǊŜǘǊƻŦƛǘǎ ƛƴ ǘǿƻ Ƴŀƛƴ ŎŀǘŜƎƻǊƛŜǎΣ άōƻȄ ǎǿŀǇǇƛƴƎέ ǿƘŜƴ ƻƴƭȅ ǘƘŜ ŀǇǇƭƛŀƴŎŜǎ 
themselves are upgraded and ǘƘŜǊŜΩǎ ŜƴƻǳƎƘ ǇƻǿŜǊ ǘƻ ǊŜǇƭŀŎŜ ŀ Ǝŀǎ ŀǇǇƭƛŀƴŎŜ ǿƛǘƘ ŀƴ ŜƭŜŎǘǊƛŎ ƻƴŜ, anŘ άŘŜŜǇ ǊŜǘǊƻŦƛǘǎέ 
when additional building shell improvements, duct and air sealing improvements are combined for added comfort. Either 
ƻŦ ǘƘŜǎŜ ǘȅǇŜǎ ƻŦ ǊŜǘǊƻŦƛǘǎ Ŏŀƴ ōŜ ŘƻƴŜ ǉǳƛŎƪƭȅΣ ƻǊ ǇƘŀǎŜŘ ƛƴ ƻǾŜǊ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ȅŜŀǊǎΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƻǿƴŜǊΩǎ ƴŜŜŘǎΦ 
Below are questions to consider, when considering electric retrofits for your home.  
 

 

Up-Front Costs 
and available 
funds 

What is your budget for electric retrofit? While there can be savings from electrifying all 
at once, most people can only afford retrofitting in steps. Consider the most pressing 
needs first, like an old water heater that may soon give out; and the least expensive 
options, like a two-burner induction range which can plug into existing 120V wiring and 
provides immediate health benefits of avoided combustion in your kitchen.  

 

Utility Bills 

Do you want lower utility bills? Heat pump space heaters are at least four times more 

efficient than comparable gas models and can now operate at ς30̄ F. Avoiding electric 
resistance, which is not very efficient, and the use heat pumps for laundry drying, hot 
water and space heating will keep electric bills low.  

 

Solar Power 
Would you like to generate your own clean power? Solar power in the U.S. has an 
average payback of 8 years28, and the cost of solar panels has dropped by 89% since 
200629. Electrifying your home and installing a solar array can eliminate your utility bills. 

 

Location 
What climate are you in, and how old is your home? Weather, existing insulation and 
regional building practices (e.g., radiators vs. ducts) will influence what type and size of 
heating and cooling equipment best meets your needs. 

 
Power Supply 

How much power is supplied to your home? Electrifying all the gas loads in an older 
home may require more power from the utility, but you can likely avoid this by choosing 
power-efficient appliances and using power sharing plugs (See the Home Watt Diet 
Section for more information). Many modern homes already have enough power to 
support an all-electric transition, especially if you already have air conditioningτthat 
same power can be used for space heating in the winter.  

 

Electric Vehicle 
Charging   

How much power do you need for electric vehicles? Investing in efficiency in the home 
can free-up capacity for faster charging and more car chargers. Also, power-sharing 
chargers can eliminate the need for upgrades, by sharing a circuit with things like 
laundry, car charging automatically resumes when the dryer is finished.    

 

Product Choice 
What do you value? As you review the product guides in this booklet, note the 
differences in efficiency, aesthetics, cleanability, cost, and comfort.  

 

Health and 
Environment 

How concerned are you about indoor air pollution and health? Gas stove release 
pollution that contributes to asthma and other respiratory and cardiac health impacts, 
but they use relatively little gas compared to a furnace or water hŜŀǘŜǊ ǘƘŀǘ άƻƴƭȅέ 
pollutes outdoor air. If you are going to electrify your home in steps, consider your 
health when prioritizing retrofits.  
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Electrifying on a Tight Budget 
Many of the co-authors of this booklet have limited means--we have young families, or graduated from college with 
student loans, or are living in rental homes, and found these electrification options out of necessity, but we use them 
ōŜŎŀǳǎŜ ǘƘŜȅΩǊŜ ǎŀǘƛǎŦying and effective. All of these products allow DIY/self-installation, which cuts total costs by half or 
more. For example, a comfortable, high-quality electric lifestyle can cost less than $2000 with a True Induction range 
($140), an Oster oven ($160), a Whynter portable heat pump ($440) and a DIY άǊŜǘǊƻŦƛǘ ǊŜŀŘȅέ ƘŜŀǘ ǇǳƳǇ ǿŀǘŜǊ ƘŜŀǘŜǊ 
from Rheem ($1200). 
 

Plug-In Cooktops 
These 120V cooktops can plug into any outlet in your home. Countertop resistance ranges cost less than $20 for one 
burner and $30 for two burners.  A countertop induction range can cost as little as $50 for one burner and $140 for two 
burners.  
 

    

Brentwood  
resistance plate 

Brentwood  
resistance plates 

IKEA  
induction 

DrinkPod  
True Induction 

$18 $30 $50 $140 

 

Plug-In Cooking Appliances 
These 120V models can plug into any outlet in your home and can fry, stew, bake, roast, rotisserie, steam and air fry, using 
the versatility and controllability of electricity to provide more services than larger, standard ovens. The largest models 
can accommodate a small-medium size turkey.  
 

 
   

 

Crockpot 
2 Quart Insulated 

Slow Cooker 

Instant Pot 
3 Quart Insulated 
Multi-Function 

Cooker 

Presto 
Stainless Steel 
Electric Wok 

Elite 
Combination 

Oven/Griddle/ 
Steamer 

Oster 
French Doors, XL Capacity 

Convection Oven (Staff 
Favorite) 

$10 $60 $80 $40 $160 

Insulated cookware 
uses 1/4th as much 
electricity to get 

the same job done, 
regardless of 
ǿƘŜǘƘŜǊ ƛǘΩǎ ǎƭƻǿ 

or fast. 

This insulated 
multi-function 

vessel can slowly 
make yogurt, 
pressure cook 
beans and rice, 

steam vegetables 
and stew meats. 

Electric woks can 
steam, bake and stir-
fry, spreading heat 
evenly through the 

wok. 

Many small oven 
appliances are 

multi-functionτthis 
one is unusual in 

having a 
griddle/steamer on 

top. 

This oven can bake a 
modest Thanksgiving 

turkey and is controllable 
for high performance 

baking. 
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Plug-In Space Heaters 
An electric resistance heater is silent and low-cost for a bedroom, but a heat pump produces 2-4 times as much heat with 
the same amount of electricity, enough to heat and cool multiple rooms.  
 

   

 

Electric 
Resistance 

Heaters 

Whynter ARC-122DHP 
Mobile Heat Pump 

Mr. Cool 
DIY-12-HP-115B Ductless Minisplit 

Innova HPAC 2.0 
Through-ǿŀƭƭ ƘŜŀǘ ǇǳƳǇ Ǿƛŀ ǘǿƻ сέ 

ducts 

$50+ $440 $1450 $2000 

For one room. 
Enclosed 
heating 

elements are 
safest. 

10,000 BTUs/Hr is 
enough for a big living 
room down to ~20F. 
120V, audible fan, for 

a warmer climate. 

12,000 BTUs/Hr heat pump works 
down to 5F. 120V, quiet, designed 

for self-installation, but needs 
dedicated circuit. (Note that the 
ugly fan coil box sits outside, just 

like an A/C unit.) 

10,000 BTUs/Hr heat pump works 
down to -5F, has supplemental 

resistance heating. 120V, can plug 
ƛƴǘƻ ŀƴȅ ŎƛǊŎǳƛǘ όŘƻŜǎƴΩǘ ǊŜǉǳƛǊŜ ŀ 

dedicated circuit), quiet, designed for 
self-installation. 

 

Water Heaters 
An electric resistance model can come in smaller sizes and fits the smallest construction budgets. Heat pump water heaters 
start at 40 gallons (although 20-gallon models in Eurasia are coming to the U.S. market), cost 3x as much to buy but use 
only 1/3rd as much electricity as a resistance water heater.  
 

 

 

 

  
 

Bosch ES8 Resistance 
7 Gallons 

Reliance Resistance 
19 Gallons 

Rheem Resistance 
30 Gallons 

120V Rheem Heat Pump 
 40 Gallons 

$215 $380 $380 $1200 

This 7-gallon tank is right sized for 
a single 6-8 min showers with a 
1.5gpm showerhead. 120V wiring, 
but 1440W still requires a 
ŘŜŘƛŎŀǘŜŘ ŎƛǊŎǳƛǘΦ мтέ ǎǉǳŀǊŜΣ мрέ 
deep, stores at up to 145F to 
provide a longer shower. 

This 19-gallon tank is right 
sized for two consecutive 
6-8 min showers with a 
мΦрƎǇƳ ǎƘƻǿŜǊƘŜŀŘΦ муέ 
ǊƻǳƴŘΣ нпέ ƘƛƎƘΦ 120V, but 
1650W element requires a 
dedicated circuit.  

This 30-gallon tank is 
right sized for three 
consecutive 6-8 min 
showers with a 1.5gpm 
showerheadΦ мфέ ǊƻǳƴŘ 
ŀƴŘ пуέ ƘƛƎƘΦ 240V 
wiring, 16Amp draw 
goes on a 20Amp 
circuit. 

This άǊŜǘǊƻŦƛǘ ǊŜŀŘȅέ 40-gallon 
tank is right sized for four 
consecutive 6-8 min showers 
with a 1.5gpm showerhead, 
more if stored at 130F-140F. 
Comes in 120V, 900W for 
plugging into a shared circuit, 
and 240V using 2250W or 
4500W requiring a dedicated 
circuit. 
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What Does it Cost to Electrify Your Entire Home?  
This section is intended to help you make a realistic budget 
for electrifying your house. One way to approach home 
electrification is incrementally, when an appliance is ready for 
replacement. Often there is no cost difference between gas 
and electric appliances, just a one-time wiring cost, and some 
of those can be avoided (see Lisa and Steve SchmƛŘǘΩǎ ŎŀǎŜ 
study).  
 
Electrifying your house with new appliances can cost $2,000 
if you self-ƛƴǎǘŀƭƭΣ ŀǎ ȅƻǳ ǎŀǿ ƛƴ ǘƘŜ ŀōƻǾŜ ά9ƭŜŎǘǊƛŦȅƛƴƎ ƻƴ ŀ 
Tight Budget.έ .ǳǘ ƛŦ ȅƻǳΩǊŜ ƘƛǊƛƴƎ ŎƻƴǘǊŀŎǘƻǊǎΣ ƎƻƛƴƎ ǿƛǘƘ 
higher end products and putting them in a larger home, the 
budget starts at $10,000. If the house is being thoroughly re-
insulated for more comfort (note the grey part of the bars 
below) and broken ductwork is being replaced, then the cost 
doubles or triples.  Every house is different, and people have 
different tastes and desires, so unsurprisingly there are a 
wide range of costs that you will see in the discussion below. 
 
 
 

 
Figure 3: A summary of Energy Smart Ohio's case studies, showing the range of costs of home comfort and electrification retrofits. 
An important thing to note is that the heat pump cost reflects cold climate heat pumps, and the water heater costs reflect a mix 

of electric resistance and heat pump tanks for most homes, most of which were self-installed by the homeowners.  

 
To help keep you on budget when hiring contractors, below you will find suggestions for άōƻȄ ǎǿŀǇǇƛƴƎΣέ what we 
playfully call replacing existing gas appliances with nearly identical electric appliances, which avoids retrofit costs. You can 
also avoid wiring costs by using power-efficient equipment, such as condensing washer/dryers, and/or by using power-
sharing plugs, which can share power between two high-power appliances like electric car chargers, laundry dryers, 
electric ranges and electric water heaters. In the ά²ŀǘǘ 5ƛŜǘέ discussion below you will find a comprehensive set of 
strategies to help you avoid rewiring your house or adding more power service to your home, while still electrifying all 
your loads. 
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Figure 2: An all-electric retrofitted home in Cleveland, Ohio 
whose total home comfort and electrification retrofit costs 

were $31,000 (House 9 in the figure below).  
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What 5ƻŜǎ Lǘ /ƻǎǘ ǘƻ 9ƭŜŎǘǊƛŦȅ ¸ƻǳǊ IƻƳŜΩǎ Kitchen? 
Cooking with electricity means one has access to the best stoves on the marketτthe fastest, easiest to clean and most 
controllable stoves made. In 2020, Consumer Reports ranked induction stoves as the #1, 2, 4, 5, and 8 best stoves for sale, 
with a smooth top electric resistance stove at #6 of the top 10. Replacing a gas stove with an electric one generally has 
two costsτwiring a new 240V plug (averaging $30030) and purchasing the stove ($500-$2,500).  
 
However, one of the co-authors of this booklet happily cooks with two 120V* countertop induction units ($150-$250 each) 
and a Thanksgiving turkey-friendly 120V countertop oven ($150), avoiding the expense of adding a 240V**  plug and adding 
the convenience of two cooking stations in the kitchen, so the spouses can have some elbow room when cooking at the 
same time. 
 

  
Figure 4: An induction wok is featured in David YŀƴŜŘŀΩǎ ƪƛǘŎƘŜƴ ƛƴ /ǳǇŜǊǘƛƴƻΣ /A31 and Erika Reinhardt loves that her toddler can 

now safely make pancakes with their new induction stoveτlearn more below in her case study. 

 

  
Figure 5: A double oven KitchenAid induction stove; the cost of electric induction cooktops at Home Depot in August of 2020, 

ranging in size from 24 inch (5 products), 30 inch (14 products), 36 inch (17 products). X marks the average, the middle line is the 
median, the box surrounds 50҈ ƻŦ ŎŀǎŜǎΣ ŀƴŘ ǘƘŜ άǿƘƛǎƪŜǊǎέ ƛƭƭǳǎǘǊŀǘŜ the lowest 25% and the highest 25% of cost data.  

 
*120V electricity is delivered between 110V and 127V, and appliances are sometimes alternatively described ŀǎ άммр±έ 
**Similarly, 240V refers to appliances that use delivered voltage that ranges between 208V and 250V, and one finds 
appliances are listed at 220V or 230V, depending on the whims of the manufacturer, but they all plug into the same outlet.  
 



 

A Zero Emissions All-Electric Retrofit Single-Family Construction Guide¼Redwood Energy 2021                                           13 

²Ƙŀǘ 5ƻŜǎ Lǘ /ƻǎǘ ǘƻ 9ƭŜŎǘǊƛŦȅ ¸ƻǳǊ IƻƳŜΩǎ [ŀǳƴŘǊȅ 5ǊȅŜǊΚ 
You likely already have an electric laundry dryerτ88% of laundry dryers sold in the U.S. are electric. But when replacing a 
gas dryer, the simplest upgrade is to a 120V condensing washer/dryer ($800-$1600), which is a single appliance rather 
than two machines, and is popular world-wide. Using a 120V condensing washer/dryer avoids the expense of adding a 
240V plug (averaging $30032), and adds the convenience of not having to move damp laundry from the washer to the 
dryer. Should you wish to install your own 240V plug, here is a DIY video. 
  

      
Figure 6: At left, one of the authors celebrating his first laundry load in an all-in-one, condensing washer/dryer, which he loves. At 

right, the cost of 22 Energy Star laundry dryers of various types at Home Depot in August of 2020.  

 
Electric Resistance and Heat Pump dryers both use 240V power, but electric resistance dryers use roughly twice as much 
electricity as a heat pump or condensing dryer (figure below).33 Also, electric resistance dryers blow out hot, lint-filled air 
through a vent, while heat pump and condensing dryers are ventless: the water they extract from the wet laundry goes 
down a drain and the lint is caught in a filter.   
 

 
Figure 7: Relative dryer energy use, condensing dryers and heat pump dryers use roughly half the 

energy of a standard electric resistance dryer. 

  

https://wilkerdos.com/2017/05/adding-220-volt-outlets-to-the-garage/
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What Does It Cost to 9ƭŜŎǘǊƛŦȅ ¸ƻǳǊ IƻƳŜΩǎ ²ŀǘŜǊ IŜŀǘƛƴƎΚ 
There are two common types of electric water heatersτelectric resistance and heat pump. 
Electric resistance, what one sees happening inside of a toaster when the wires get hot, uses 3-
5 times as much energy as a heat pump, which collects existing heat from the air. The energy 
savings of using a heat pump water heater over the course of a year  is equal to the amount of 
energy to drive an electric car about 12,000 miles.  However, a heat pump water heater is a 
larger investment, costing up to 3 times as much as a resistance water heater but using only 1/3 
as much electricity. Resistance water heaters also come in smaller sizes: they come as small as 2 
gallons for a sink, or 7 gallons for a single shower. The smallest heat pump water heater in the 
U.S. is a 40 gallon, while models as small as 20 gallons are sold in Eurasia.   
 

California: The Sacramento Municipal 
Utility District (SMUD)  
The municipal utility serving Sacramento, 
California rebated 1650 gas-to-heat pump 
water heater conversions over two years. 
Roughly 70% of all installations ranged 
between $3,000 and $5,000, with another 
15% below and 15% above that price range. 
A 50-gallon heat pump tanks cost about 
$1,200 before installation, so the rest is 
labor, materials and profit, with self-
installations costing $1500-$2000.  
 
The range of prices illustrates the value of 
getting multiple bids or learning to do it 
ȅƻǳǊǎŜƭŦ όά5L¸έύΦ Lnstruction videos for DIY 
installation can be found here and here. 
 
 
 
 

 
Figure 10: The pricing of 1912 heat pump water heater replacements, both of gas and electric tanks, in Sacramento. Note that gas 

to electric costs about $500 more than electric to electric due to wiring costs and plumbing a condensate drain. (SMUD, 2020). 

 

 

 
Figure 8: Rheem heat 
pump water heater. 

 
Figure 9: The retrofit pricing from 1650 installations of 50-gallon heat pump 

water heater replacements in Sacramento over two years.34 

https://www.youtube.com/watch?v=YeMqq5T2dCQ&list=PLJnGuTOS6yhxJPRC_wE70_JBlHVeqx0Sg&index=12
https://www.youtube.com/watch?v=JrMpdSQ2WGg&list=PLJnGuTOS6yhxJPRC_wE70_JBlHVeqx0Sg&index=11
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What Does It Cost to Electrify Your Space Heating? 
If you have gas heat, getting rid of it will likely be the largest benefit to the environment and your utility bills. Leading 
contractors from different parts of the U.S. shared their bidded costs to help us write this section. Details are below, but 
to summarize, a house usually needs 1-о άǘƻƴǎέ (1 ton is 12,000 BTUs/hr) of heating capacity; each άtonέ costs $3,200 to 
$6,000 with Energy Smart Ohio, between $4,650 to $5,950 in Sacramento, CA, and $3,100-$4,300 in Oregon for ductless 
mini splits installed by The Heat Pump Store in Portland and Eugene. From this cost data you can assume that your next 
heat pump will cost between $3,100 and $18,000, depending on how big and insulated your house is, and how good a bid 
you got. Fixing ŀ ŦǳǊƴŀŎŜΩǎ ducting ofteƴ ƛǎƴΩǘ ƴŜŎŜǎǎŀǊȅΣ ōǳǘ ǿŜ Ŏŀƴ ǎŜŜ ŦǊƻƳ 9ƴŜǊƎȅ {ƳŀǊǘ hƘƛƻΩǎ ǇǊƛŎƛƴƎ ǘƘŀǘ ǿƘŜƴ ǘƘŜǊŜ 
are minor problems it will cost a few hundred dollars to fix, and $3,000-$10,000 for completely replacing old ducting.  
 
However, there are $500-$700 portable, quiet heat pumps that work when its 10F outside, and they can be self-installed 
in a window, which works for home renters and homeowners on a strict budget. 
 

 
Figure 11: The Heat Pump Store staff installing in Portland, OR. 

 
Figure 12Υ 5ŀƛƪŜƴΩǎ 96-acre heat pump factory in Houston, TX. 

 

California: The Sacramento 
Municipal Utility District 
(SMUD) 
The electric utility that serves 
Sacramento, CA rebated 
almost 800 heat pumps used 
for space conditioning 
(heating and cooling) in 2020. 
SMUD organizes heat pump 
installation costs by efficiency 
(I{tC ƳŜŀƴǎ άIŜŀǘƛƴƎ 
Seasonal Performance 
CŀŎǘƻǊΣέ ŀƴŘ ǘƘŜ Ƙƛgher the 
number, the more efficient) 
and type (Packaged, Mini Split, 
Standard Split), with pricing 
for each άǘƻƴέ ƻŦ ƘŜŀǘƛƴƎ 
capacity.  This historical unit 
refers to one ton of ice melting 
in one day, which absorbs 
12,000 British Thermal Units 
(BTUs) per hour. A 400-1,000 
sf house likely needs only 1 
ton of heating/cooling 
capacity ($4,650 to $5,950), while a 2,000 - 3,000 sf house might use 3 tons ($13,500 to $17,860).35 
 
 
 

 
Figure 13Υ CǊƻƳ ǘƘŜ {a¦5 ŘŀǘŀΣ ǎŜƭŜŎǘƛƴƎ ŀ ǾŀǊƛŀōƭŜ ǎǇŜŜŘ ƛƴǾŜǊǘŜǊ ŘǊƛǾŜ ƻǾŜǊ άǘǿƻ ǎǘŀƎŜέ  

appears to cost an extra $1,300/ton in lower efficiency units (HSPFs under 10) to select 
±ŀǊƛŀōƭŜ {ǇŜŜŘ LƴǾŜǊǘŜǊ ŘǊƛǾŜ ǾǎΦ ά¢ǿƻ ǎǘŀƎŜέΦ  ¢ƘŜ ǎŀƳŜ ǳǇ-selecting in more efficient heat 

pumps has a $500/ton premium.  There appears to be almost no premium for selecting 
higher HSPF when selecting variable speed drive units. HSPF = Heating Season Performance 
Factor (higher is better) is a seasonal energy efficiency measurement of heat delivered per 

kWh of electricity used. 
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Oregon: The Heat Pump Store 
Below are the standard installed costs for ductless mini split heat pumps kindly 
provided by Sarah and Jonathan Moscatello, who keep their 50 staff busy 
installing thousands of Heating/AC heat pumps each year from Eugene to 
Portland, OR.  Sarah and Jonathan only install ductless mini split HVAC heat 
pumps, which are the most efficient type and let residents choose a 
comfortable temperature in each zone in the home with a remote control. A 
single wall-mounted fan coil will condition a 500sf-1,200sf zone, depending on 
the climate and how well insulated the house is. 
 
The cost of a ductless mini split system varies by the space conditioning 
capacity of the system as well as by the number of zones of the system. The 
ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ wholesale pricing also impacts retail pricingτthere is a roughly 30% price difference between leading 
brands like Daikin, LG, Panasonic, Fujitsu, and Mitsubishi due to the ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ investment in product quality and 
marketing. Should you wish to self-install, here is a DIY instructional video.  
 

 
Figure 14: Average installed cost of ductless mini-split systems, the blue showing the prices for a single zone systems of different 
capacity sizes, and the orange shows the average costs for multi zone systems.36 Pricing was provided under contract by The Heat 

Pump Store in 2019. 

   
Note that these costs assume the outdoor and indoor components share a wall within 15Ω ƻŦ ŜŀŎƘ ƻǘƘŜǊΣ ōŜŎŀǳǎŜ нрΩ ƻǊ 
more separation adds $500 more per zone, and placing the inside Heater/AC on an interior partition wall costs $1000 
more per zoneτbecause interior wall locations require that wiring and refrigerant lines must be installed in a crawlspace 
ƻǊ ŀǘǘƛŎΣ ǊŀǘƘŜǊ ǘƘŀƴ ƛƴŜȄǇŜƴǎƛǾŜƭȅ ƻƴ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ŜȄǘŜǊƛƻǊΦ 
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Sarah and Jonathan Moscatello of The 

Heat Pump Store 

 

https://www.youtube.com/watch?v=6q0i6Wyd-W0&list=PLJnGuTOS6yhxJPRC_wE70_JBlHVeqx0Sg&index=2
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Ohio: Energy Smart Home Performance 
Nate Adams is an electrification consultant in Ohio, proudly removing gas lines during the 
day and running the Electrify Everything and HVAC 2.0 Facebook sites at night όάI±!/έ 
stands for Heating, Ventilation and Air Conditioning). bŀǘŜΩǎ ŦƻŎǳǎ ƻƴ client comfort to 
ŀŘŘǊŜǎǎ hƘƛƻΩǎ ƳǳƎƎȅ ǎǳƳƳŜǊǎ ŀƴŘ ŦǊƛƎƛŘ ǿƛƴǘŜǊǎ means a ducted heat pump also comes 
with humidity management and a thick air filter to reduce pollen and other allergens.  
 
Replacing the existing gas furnace and air conditioner with a ducted heat pump costs an 
average of $10,95, while making the homeowners more comfortable. Additional insulation 
and air sealing to get rid of drafts ŀƭǎƻ ƘŜƭǇǎ ǇǊƻǾƛŘŜ ǘƘŜ ŎƻƳŦƻǊǘ ǇŜƻǇƭŜ ŀǊŜ ǎŜŜƪƛƴƎ ƛƴ hƘƛƻΩǎ 
tough climate and it allows the use of smaller heat pumps and can avoid the need for large 
ducts. But it becomes about half of the project cost and a critical part of providing true comfort in a touch climate. 
Consequently, Nate considers his job to be providing άƘƻƳŜ ŎƻƳŦƻǊǘΣέ ŀƴŘ ƘŜŀǘ ǇǳƳǇǎ simply provide the most comfort 
with quiet, evenly heated and cooled homes, but homeowners often also want more insulation, less draftiness and 
repaired ductwork to reduce energy waste.37 The costs below were provided under contract by Nate Adams and are 
intended to help you set a realistic budget for both electrifying your ducted HVAC system and making your house more 
comfortable and efficient. 

Table 1: Cost breakdown of Energy SmartΩǎ projects in Ohio.37 

 
 

     
Figure 15: A few ƛƳŀƎŜǎ ŦǊƻƳ 9ƴŜǊƎȅ {ƳŀǊǘ hƘƛƻΩǎ ǊŜǘǊƻŦƛǘ ǇǊƻƧŜŎǘ мфму IƻǳǎŜ ƻŦ ǘƘŜ CǳǘǳǊŜ ƛƴ /ƭŜǾŜƭŀƴŘ IŜƛƎƘǘǎΦ [ŜŦǘ ǘƻ ǊƛƎƘǘΥ 

Carrier Greenspeed heat pump, air handler in the basement, blower door test, and insulating the basement. 

 

 

 
Nate Adams of Energy 

Smart Ohio 
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Vermont and New York: The Vermont Energy Investment Corporation (VEIC)38 
VEIC builds all-electric modular homes and helps low-income residents of Vermont and New York 
retrofit their homes with heat pumpsΦ [ƛ [ƛƴƎ ¸ƻǳƴƎΣ ±9L/Ωǎ {ŜƴƛƻǊ 9ƴŜǊƎȅ /ƻƴǎǳƭǘŀƴǘ, sees heat 
pump retrofits costing $7,000-$20,000, similar to what we saw in the data from nearby Ohio. Li 
Ling notes that many homes could use another $10,000 of insulation and air tightness work for 
greater comfort.  VEIC found that in the milder, coastal region of New York state, even without 
extra insulation or sealing air leaks, HVAC contractors are installing ductless heat pumps and 
confidently removing the fuel fired heating systems.  
 
Unlike standard ducted and ductless air-to-air heat pumps, the relatively uncommon air-to-water 
heat pumps that make hot water for radiant flooǊǎ ƛƴ ǿŜŀƭǘƘƛŜǊ ǇŜƻǇƭŜΩǎ ƘƻƳŜǎ can be quite 
expensiveτLi Ling saw two recent installation bids for $35,000.  wŀŘƛŀƴǘ ŦƭƻƻǊǎ ŘƻƴΩǘ ǇǊƻǾƛŘŜ ŀƛǊ 
conditioning, so it can make sense to downsize the radiant floor heat pump while adding a ductless 
mini-split, which provides more control over heating (radiant floors can take 8-24 hours to 
significantly change temperature) and air conditioning during the summer.  
   

Massachusetts: State-Wide Rebate Data39 
The electric utilities of Massachusetts have tracked installation costs on more than 600 rebated heat pumps used for Heat 
and Air Conditioning between 2014 and 2019. Most retrofitted systems, including ductwork, permitting and design, cost 
between $10,000 and $30,000 in homes that range between 800 square feet to 2,500 square feet. Note that costs are 
both significantly lower or higher than the averagesτgetting a lower price is often the result of getting more than one 
bid. 
 

 
Figure 16: Heat pump conversion cost data from Massachusetts rebate program. Keep in mind the heat pump costs shown are for 

cold climates, meaning they are likely to have variable speed drives and high capacities, thus increasing their cost.  

  

 

 
Li Ling Young of the 

Vermont Energy 
Investment 
Corporation 
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¢ƘŜ ά²ŀǘǘ 5ƛŜǘέ - Avoid a New Electrical Panel and Reduce Wiring  
Retrofitting with 240V electric stoves, water heaters, laundry dryers and space heating creates the expense of running 
new wires to each appliance, ranging from $85 to $600 per circuit and averaging $30040, and sometimes all this new 
demand for electricity can trigger the need for a new circuit breaker panel. A new circuit breaker panel costs at least $450, 
averaging $1,475 and as much as $4,000.41 However, there are many ways to stay on budget and using the existing power 
supply of your home by following the National Electrical Code (NEC). We call this process of avoiding power upgrades a 
ά²ŀǘǘ 5ƛŜǘΣέ ǿƘƛŎƘ involves power efficient appliances and sometimes power balancing plugs. LŦ ȅƻǳΩŘ ƭƛƪŜ ǘƻ ƭŜŀǊƴ ƳƻǊŜΣ 
the authors offer a 30-minute training here. 
 

A 100-Amp panel has enough power for complete electrification of a 3,000 square foot home 
¢ƘŜ ŀōƻǾŜ ǎǘŀǘŜƳŜƴǘ ǿƛƭƭ ǎǳǊǇǊƛǎŜ ǎƻƳŜ ǊŜŀŘŜǊǎΣ ōǳǘ ƛǘΩǎ ǘǊǳŜτƳƻǎǘ ƘƻƳŜǎ ŘƻƴΩǘ need more than the minimum the 
National Electrical Code requires, which is at least a 100 Amp, 3-wire service for every single-family home.42 Below is an 
example of a set of appliances that can fit into an all-electric 100-amp home, iƴŎƭǳŘƛƴƎ ŀ άƘƛƎƘ ǇƻǿŜǊέ 21 Amp heat pump 
water heater and a 3 ton [36,000 BTUs/hr] heat pump for space conditioning. These appliances pair with a 2,000 square 
foot home in the relatively mild climate of Northern California (e.g. Sacramento, Bay Area), but could also support a larger 
house or a house of a similar size in a colder climate. See the additional two full page Watt Diet examples below, the first 
ƛǎ ŀ άǘȅǇƛŎŀƭέ нΣллл ǎǉǳŀǊŜ Ŧƻƻǘ ƘƻƳŜ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ƛǎ ŀ ǇƻǿŜǊ ŜŦŦƛŎƛŜƴǘ оΣллл ǎǉǳŀǊŜ Ŧƻƻǘ ƘƻƳŜΦ 
 

Brand 
and 
Type  

Frigidaire 
Fridge 

Waste 
King 

Garbage 
Disposal 

Frigidaire 
Dishwasher 

Broan 
Kitchen 
Exhaust 

Fan 

Amana 
Radiant 
Electric 
Range 

Heat 
Pump 
Water 
Heater 

LG 
Combined 
Washer/ 

Dryer 

Fujitsu 
Heat Pump 

(heating 
and cooling) 

Plug Loads 
and 

Lighting 

Cost ($) $650 $50 $440 $350 $650 $1,300 $1,500 $11,000*  3,000W 
(kitchen 

plugs) + 
6,000W 
(plugs and 
lighting)** 

Power  720W 480W 1,200W 168W 9,600W 4500W 1,200W 5,760W (heat 

pump at design T) 
+ 840W  
(air handler) 

Amps 6A 4A 10A 1.4A 40A 21A 10A 

Volts 120V 120V 120V 120V 240V 240V 120V 

* Average cost of a ducted heat pump, ŦǊƻƳ 9ƴŜǊƎȅ {ƳŀǊǘ hƘƛƻΩǎ ŎŀǎŜ ǎǘǳŘƛŜǎ όǎŜŜ ²Ƙŀǘ 5ƻŜǎ ƛǘ /ƻǎǘ ǘƻ 9ƭŜŎǘǊƛŦȅ ¸ƻǳǊ {ǇŀŎŜ IŜŀǘƛƴƎΚ ǎŜŎǘƛƻƴ ŀōƻǾŜύ 
** 3,000 Watts for kitchen plugs and 3 Watts per square foot for plugs and lighting as defined by the National Electrical Code, assuming a 2,000 
square foot home. 
 

Here are several more Code compliant ways to keep your house on its current panel with the Watt Diet: 
1) Use efficient heat pumpsτelectric resistance uses 3-5 times as much power as heat pumps. Higher efficiency 

heat pumps (like those with inverter controls and omitting resistance back-up heating) use less electricity and 
power to heat and cool.  

2) Use a condensing, combined washer/dryer (also called ventless washer/dryer), which are popular world-wide 
and designed specifically for retrofits: they use so little power they can plug into any 120V outlet in a house, while 
240V dryers (resistance, heat pump and condensing) require a larger, 240V dedicated circuit. 

3) Use a combined range and oven--the NEC requires twice as much power allocated to a separate oven and range 
(19,200W) as a combined range and oven (9,600W). Similarly, avoid attaching a microwave oven to the wall, which 
triggers an extra, dedicated circuitτjust place the microwave on the countertop or cabinet.  

4) Insulate and air seal the home to select smaller heat pumps for the reduced space heating power needs. Most 
houses do not need more than 3 tons (36,000 BTUs/hr) if they are reasonably insulated, regardless of the climate. 

https://www.youtube.com/watch?v=XQJzoP2br1Y&t=28s
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Keeping the heat pump capacity smaller allows the reuse of existing ducts, while ductless designs save even more 
energy by not losing heat through ducting.  

5) Use circuit-sharing plugs (e.g. NeoCharge, Dryer Buddy, SplitVolt, or hard wired SimpleSwitch) so one existing high 
voltage (240V) outlet can power both a car charger and a laundry dryer, or a water heater and a range (See Lisa 
anŘ {ǘŜǾŜ {ŎƘƳƛŘǘΩǎ ŎŀǎŜ ǎǘǳŘȅύΦ 

6) !ƴŀƭȅȊŜ ŀ ȅŜŀǊ ƻŦ ǘƘŜ ƘƻƳŜΩǎ history of hourly power usageτit may be low enough to allow added electrical 
devices even if some NEC panel calculation methods indicate otherwise.  Code allows you to multiply last 
ȅŜŀǊΩǎ ƘƻǳǊƭȅ ǇŜŀƪ ƪ² ǳǎŜ ōȅ мΦнр ŀƴŘ ŀŘŘ new nameplate power (kW) loads up to the main panel rating 
(e.g. 24 kW for 100A panel or 48 kW for 200A panel.  section 220.87). However, this option is only for homes 
without solar. YƴƻǿƛƴƎ ȅƻǳǊ ƘƻƳŜΩǎ ƳŀȄ ǇƻǿŜǊ use can be helpful to see if you are under capacity, but also 
if you are at capacity - you may want to consider upsizing your panel for nuisance tripping reduction or 
possible safety improvement reasons. 

7) Check to see if you need to free up panel spaces for new circuits or if you can share poles. In older homes when 
less efficient appliances were common; the circuits were upsized appropriately to fit these appliances.  One way 
ǘƻ ǳǘƛƭƛȊŜ ƻƭŘ ǿƛŘŜ ōǊŜŀƪŜǊ ǎǇŀŎŜǎ ƛǎ ǘƻ ǊŜǇƭŀŎŜ ǘƘŜƳ ǿƛǘƘ άǘŀƴŘŜƳ ōǊŜŀƪŜǊǎέ ǘƘŀǘ ŀǊŜ ǘƘƛƴ ŀƴŘ Ŏŀƴ ǎŜǊǾŜ ǘǿƻ 
circuits from one breaker space (AKA single pole space) or you can combine circuits in a sub panel that then lands 
on only one pair of poles in the main panel.  Automatic Circuit Sharing (ACS) devices also make double-use of a 
breaker space by serving two devices that take turns using the power.   If things are really tight, gathering several 
small circuits onto a sub panel is a way to create more panel pole spaces.  Keep in  mind that a 100 Amp Sub Panel 
can be served by a smaller circuit like a 50 Amp circuit serving up to 80 Amps of loads because of their already 
counted diversity.  

 
Below is a summary of the National Electrical Code requirements for wiring a house. General lighting and plug loads have 
a watts per square foot requirement, and kitchen counter circuits and bathrooms require circuits of a certain size. Various 
appliances require dedicated circuits as well, like exhaust hoods, garbage disposals and ranges.  
 

Table 2: The required circuits in a single-family home. 

Appliance National Circuit Requirements and Guidelines (NEC required)43 

Kitchen Counter Circuits Two dedicated 20-Amp circuits NEC 210.52 (B)(1)    120V 

Kitchen Small Appliances  
One or more additional circuit(s) are required for small, hard wired appliances (kitchen 
exhaust hoods, garbage disposals, dishwashers, trash compactors and other motor loads 
and shall not be on the same circuit as either of the two) NEC 210.52(B)(1)   120V 

Bathroom Circuits 
At least one 20-Amp circuit     120V 
if circuits serve a single bathroom, lights may be on the same circuit. NEC 210.11(C)(3) 

Range Circuit Minimum of 40 Amps NEC 210.19 (3)   240V 

General Lighting General lighting circuit shall be provided for 3 Watts per square foot (NEC 220.12) 120V 

Other Large Appliances Required dedicated circuit of 15-50 Amps.  Often 240 V 
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How Insulating and Air Sealing Reduce the Necessary Space Heating Power 
Most climates are heating dominated, so the power required to heat your home will be higher than the power to cool 
your home. The difference in air leakage rates, or air changes per hour (ACH) (orange vs. blue bars) makes a large 
difference in the necessary heating power. ²Ŝ ǎƘƻǿ ǘƘƛǎ ƛƳǇŀŎǘ ŀǘ ǇǊƻƎǊŜǎǎƛǾŜƭȅ ǿŀǊƳŜǊ ƘŜŀǘƛƴƎ άŘŜǎƛƎƴ ǘŜƳǇŜǊŀǘǳǊŜǎΣέ 
ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǊŜŘǳŎŜŘ ǇƻǿŜǊκŀƳǇŜǊŀƎŜ ƴŜŜŘǎΦ ¸ƻǳǊ ƘƻǳǎŜΩǎ ƘŜŀǘƛƴƎ άDesign Temperatureέ is defined as the 
coldest outdoor temperature the house will see in its climate, except for 0.2% of the hours of a typical weather year, or 
му ǘƻǘŀƭ ƘƻǳǊǎ ŀ ȅŜŀǊΦ 9ȄŀƳǇƭŜ άŘŜǎƛƎƴ ǘŜƳǇŜǊŀǘǳǊŜǎέ ƛƴ /! ƛƴŎƭǳŘŜΥ [ƻǎ !ƴƎŜƭŜǎ ƛǎ поCΣ {ŀŎǊŀƳŜƴǘƻ ƛǎ отCΣ ¸ƻǎŜƳƛǘŜ 
National Park is 20F, South Lake Tahoe is 10F, Truckee is -4F. In cooling dominated climates, window overhangs and 
shades, window film or low heat gain windows, heat reflective house paints or άŎƻƻƭ ǊƻƻŦǎέ Ƴŀȅ ǊŜŘǳŎŜ ƘŜŀǘ ǇǳƳǇ ǎƛȊƛƴƎ 
and power use. One author plaƴǘǎ ƘƻǇ ǾƛƴŜǎ ƻƴ Ƙƛǎ ƘƻƳŜΩǎ ǿŜǎǘ ǎƛŘŜ ŦƻǊ ǎŜŀǎƻƴŀƭ ǎƘŀŘŜ ŀƴŘ ƘƻƳŜ ōǊŜǿƛƴƎΦ  
 

 
Figure 17: The heating requirements at various heating design temperatures and two leakage rates with the corresponding 
άǊǳƴƴƛƴƎέ ŀƳǇǎ ŦƻǊ ǘƘŜ ƘŜŀǘ pump (based on the Fujitsu FO*14R ducted heat pumps44) and a 2,000 square foot house with 

modest insulation (R13 walls, R38 attic). 
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Power Trade-
Offs for the 
Watt Diet  
Homes have a set 
amount of power 
access through the 
service wire from a 
nearby power pole.  
For example, a 
service wire may 
provide 24,000 
Watts (100 Amps at 
240V). This graph 
illustrates options 
to save 13,900 
Watts just from 
choosing more 
efficient appliances 
and avoid upgrading 
the utility service 
wire and your circuit 
breaker panel. The 
graph at right 
compares the 
power demand of 
various appliances 
using the National 
Electrical Code 
(NEC) calculation 
method. The NEC 
takes an ŀǇǇƭƛŀƴŎŜΩǎ 
rated power use and reduces it by 50%-60%, based on the likelihood the appliance will be in use. So, a 24,000-Watt service 
wire might have 35,000 Watts of appliances on it and still be Code compliant. 
 
Some notable power saving options in this graph are that the difference 
between ductless and ducted space heating (up to 6,300 W savings), 
different types of laundry dryers (up to 2,880 W savings), different power 
levels of water heaters (up to 1,650 W savings) and different level of car 
chargers (up to 3,072 W savings). There are also large savings (up to 3,072 
W) from using Power Sharing devices (this can be achieved by sharing a 
circuit between the car charger and the range for example, see the 
Product Guide below for more information on these devices). Using this table one can count 13,900 Watts of potential 
savings, which equals 50 Amps at 240VτŜƴƻǳƎƘ ǘƻ ǇƻǿŜǊ ŀ ǎŜŎƻƴŘΣ ǎƳŀƭƭŜǊ ƘƻǳǎŜ όŜΦƎΦ άƳƻǘƘŜǊ-in-ƭŀǿέ ƻǊ ά!5¦έ ƘƻƳŜύ 
next to the main house. Or those 13,900 Watts of potential savings can prevent a house from having to upsize its service 
wire, breaker panel and circuits within the house.  Or they can be reallocated into your favorite enhancements of devices 
or new amenities.  

 
Figure 18: Panel watts of various space heating and appliances in the home. 

 

 
Calculate the Watt Diet for your own 

home! Download the Watt Diet Calculator 
ŀǘ wŜŘǿƻƻŘ 9ƴŜǊƎȅΩǎ ²ŜōǎƛǘŜ: 

https://redwoodenergy.net/research/ 
 

https://redwoodenergy.net/research/
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{ƛƳǇƭŜ ά.ƻȄ-SwappinƎέ wŜǘǊƻŦƛǘǎ 
Box-swapping describes the relatively quick and painless process of switching out gas appliances with similar electric 
appliance, such as a ducted heat pump replacing a ducted air conditioner. An example of what is not box swapping is 
ŀōŀƴŘƻƴƛƴƎ ȅƻǳǊ ƘƻƳŜΩǎ ŘǳŎǘǿƻǊƪ ŀƴŘ ƛƴǎǘŀƭƭƛƴƎ ŀ ǊŀŘƛŀƴǘ Ŧƭƻƻrτchanging systems may be more comfortable, but it is 
rarely the low-cost option.  9ŀŎƘ άōƻȄ ǎǿŀǇέ Ƙŀǎ items to consider that are discussed below. Contact your local contractor 
to get specific cost estimates and design strategies.    
 

Box Swapping the Heating, Ventilation and Air Conditioning (HVAC) System  
Heating, Ventilation and Air Conditioning can come in many formsτducted, ductless and radiant are the most common 
types, and each has an analogue heat pump product. There are also electric resistance products that can be swapped in 
place of gas space heating, but they are not discussed here in detail due to their low efficiency.  
 

Box Swapping a Ducted HVAC System 
In a typical ducted heating and cooling system, there is a furnace for heating and an air conditioner for cooling. One 
strategy to retrofit this type of system is to replace the outdoor unit of the air conditioner with a heat pump, placed in the 
same location.  A heat pump outdoor unit looks just like an air conditioner outdoor unit.   Since a furnace typically has a 
large fan within it that blows hot air through the ductwork, the furnace is replaced with a similar dimension άair handlerέ 
containing a coil that is connected to the outdoor heat pump via refrigerant lines. In a furnace-only home, the same ducts 
can be used for a heat pump, and you get the added benefit of getting heating and cooling.  One easy way to accomdate 
both space and water heating conversions is with an άumbilicalέ ǿƛǊŜ ŦǊƻƳ ǘƘŜ indoor air handler to the outdoor heat 
pump (this is a work around some manufacturers provide because air handlers are typically 240V, where furnaces are only 
120V). This frees up the old 120V 15-20 Amp furnance blower circuit for now powering a 120V retrofit ready heat pump 
water heater.   
 

 

Box Swapping a Ductless System 
In this scenario, where there is no existing ductwork, ductless heat pumps can be a good fit. Not having ducts reduces 
energy losses, and ductless mini splits are the most efficient heat pumps on the market. Smaller, older homes will 
sometimes have gas wall furnaces with the addition of window air conditioners. Even if you have one or the other, getting 
a mini-split or packaged terminal heat pump (reversible window air conditioner) is a great choice because they both 
provide heating and cooling out of just one box. If aesthetics is your strongest driver, mini-splits can also be installed to 

 

Retrofit Considerations 

¶ Typically, air handlers for heat pumps are 240 volts and air handlers for 
furnaces are 120 volts so it is important to note the circuit that the air handler 
uses.  However, a common work around is to connect the heat pump and the 
air handler with an άǳƳōƛƭƛŎŀƭ ŎƻǊŘέ ǿƛǊŜΣ ōȅǇŀǎǎƛƴƎ ǘƘƛǎ ƛǎǎǳŜΦ 
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have mini-ducts (or horizontal ducts) which are shorter than typical ducts and can be packaged away in attic space out of 
sight.  
 

 

Box Swapping a Water Heater 
Retrofitting your gas tank water heating can be done with either an electric resistance type water heater or by using a 
more efficient heat pump water heater. It is not feasible yet to do a simple swap-out of an on-demand gas water heater 
with a heat pump water heaterτwall-hung heat pump water heaters are just coming on the market in the U.S., although 
sold widely overseas. Note that some heat pump water heaters are referred to as άhybridέ because they have back-up 
electric resistance, which is needed sometimes with refrigerants (e.g. R-134a) but not others (e.g. CO2). This is true because 
the refrigerant R-134a does not produce as much heat at lower outdoor temperatures, however electric resistance back 
up can be avoided by increasing storage volume and increasing the temperature setting of the tank.  
 

Gas Tank Water Heater to Heat Pump Water Heater (HPWH) 
Gas tank water heaters are typical in many homes.  They can be box swapped with electric heat pump water heaters 
(HPWHs) of the same size or larger. Common heat pump water heaters come in various volumes-- 40, 50, 65 and 80 
gallons--but require 240 volts of power because they were initially developed ǘƻ άōƻȄ ǎǿŀǇέ ǿƛǘƘ 240V electric resistance 
water heaters.  
 

   

Retrofit  Considerations  

¶ Installation: Mini splits require thin copper refrigerant lines from the outside 
ŎƻƳǇǊŜǎǎƻǊ ǘƻ ǘƘŜ ƛƴǎƛŘŜ ŦŀƴŎƻƛƭΦ ¢ƘŜ άǇƻǊǘŀōƭŜέ ŀƴŘ άǿƛƴŘƻǿέ ƘŜŀǘ ǇǳƳǇǎ ŀǊŜ ǾŜǊȅ 
Ŝŀǎȅ ǘƻ ƛƴǎǘŀƭƭΣ ǿƘƛƭŜ άǘƘǊƻǳƎƘ ǿŀƭƭέ ǘȅǇŜǎ ǊŜǉǳƛǊŜ ǎƻƳŜ ŎŀǊǇŜƴǘǊȅ ǎƪƛƭƭǎ and labor. 

¶ Power: Many ductless systems have 120V versions that can use existing wall plugs, as 
well as more powerful (more heating and cooling) 240V versions.  

¶ Noise: Mini-splits are the quietest, followed by inverter controlled through-wall types, 
then single speed through-wall types, and lastly window types (which make the most 
noise).  
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Gas water heaters in most garages have a nearby 240-volt plug for the electric clothes dryer. One solution would be to 
wire a new circuit 30-amp circuit to power the HPWH, or another solution is to use a power sharing device that splits the 
circuit between the heat pump water heater and dryer. An example of an automatic power sharing device would be that 
once the dryer is done running, it automatically switches power back to the water heater. Because the power sharing 
device takes turns powering either the water heater or the dryer, it avoids overloading the circuit.  Another solution would 
be to get a combined washer and dryer that can plug into a normal 120-volt socket, leaving the 240-volt plug for the heat 
pump water heater.  
 
Also, currently out from Rheem and soon to be released by GE under the name Haier ŀǊŜ άǊŜǘǊƻŦƛǘ ǊŜŀŘȅέ ƘŜŀǘ ǇǳƳǇ ǿŀǘŜǊ 
heaters, that plug into a typical 120-volt typical outlet.  These new retrofit ready water heaters are expected to draw only 
around 7.5 amps. So, instead of wiring a new 240V circuit or replacing your standard electric dryer, you can use a 120V 
retrofit ready heat pump water heater.  
 

Three ways to get more hot water ς which one is right for you? 
The more people in the home, the more hot water you will use. If you have two people in your home you will probably 
want a 40-gallon water heater, for three people would use 50 gallons, 4 people would use 65 gallons, and 5+ people use 
80 gallon tanks.45 Current (no pun intended) Heat pump water heaters are generally either 30-amp or 15-amp machines 
based on the Amperage of the electric resistance backup elements they use to supplement the heat pump. The 15-amp 
products put less power into the water during the course of the first hour test so all else being equal, they would deliver 
slightly less hot water in the first hour test and thereby have a lower first hour rating.  
 
 
Three ways to get more hot water: 

1. Set the tank to a higher temperature (and use a mixing valve to avoid scalding if you are setting it above 130F) 
2. Select a larger volume tank 
3. Select a higher power heat pump water heater that is 30-amps 

 
 

 

Retrofit Considerations 

¶ Most existing models require 240V electricity and can share the 240V outlet for the 
laundry dryer with a circuit-sharing plug (see product guide section for options), 
although a 120V version by Rheem has come out.  

¶ The heat pump water heater can use indoor heat or be vented to the outdoors  

¶ A small condensate water pipe needs to be routed either outdoors or it can be routed 
down an existing washer standpipe line, or into a laundry sink or floor drain 

¶ They are  fairly quiet at 50 decibels of fan and electric motor noise, like that of a  
laundry dryer 
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Box Swapping a Stove  
Electric stoves use the same amount of space as gas stoves, and come in every fashionτ
sleek, antique or simple. Most require 240V power though, requiring a few hundred 
dollars of electrical work before it can plug in. Induction cooktops are favored by many 
professional chefs and they are easier to clean, faster to cook with, and they create less 
indoor air pollution. However, electric radiant stoves are roughly half as expensive, also 
come with easy-to-clean glass tops, but are less controllable, slower and about 10% less 
efficient than induction. Electric radiant cooktops allow you to use aluminum and other 
non-ferrous pans, while induction requires cookware with iron content, like cast iron or 
some types of stainless-steel pans. Any pan that a magnet can stick to works well for 
induction cooking. You can continue using glass and aluminum pots with induction if you 
put a steel disk beneath itτthey are commonly sold for induction retrofits. A lower cost 
retrofit is to use countertop induction cooktops that are smaller (1 ς 2 burners) and use 
120V electricity, so they can use any of the kitchen plugs, paired with 120V countertop 
ovens.  

 
If you have a gas oven and gas cooktop, then you might lack a dedicated, high power circuit required for electric stoves 
(40-50 Amps at 240V). The no-circuit upgrade solution would be to use one or two countertop induction cooktops. The 
other option is to run an additional, dedicated 240V circuit for 40-50 Amps. If the cooktop and oven are separated, they 
count as needing more power, and both require a dedicated circuit.  Double ovens tend to need double the power of 
single ovens (40 amps vs. 20 amps).  
 

Box Swapping a Gas Clothes Dryer  
As discussed above, about 12% of homes have gas fired clothes dryers. ̧ ƻǳ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ƘŀǾŜ a high power (240V) outlet 
available, you can retrofit with a combined  άAll-in-ƻƴŜέ condensing washer-dryer that can plug into any outlet in the 
home (120V). However, the washer-dryer still needs to have a supply water pipe and a drainage pipe, so its easiest to 
locate it where the existing washing machine was.  
 

 
Figure 19: A stainless steel 
disk used to convert your 

favorite pan to be compatible 
with an induction cooktop, 
ŎŀƭƭŜŘ ŀ ϦƘŜŀǘ ŘƛŦŦǳǎŜǊέ ƻǊ 
άLƴŘǳŎǘƛƻƴ ŀŘŀǇǘŜǊ ǇƭŀǘŜέΦ 

 

 

Retrofit 
Considerations 

¶ 240V circuit needed for higher power 
cooktops with more burners 

¶ Induction cooktops with 1-2 burners 
do not need power upgrade (120V) 

¶ Induction and Radiant cooktops use a 
similar amount of power 

¶ Requires a 240V circuit  

¶ Saves power by combining oven and cooktop into 
one 40 amp draw  

¶ Induction and Radiant ranges use a similar amount 
of power and will require a similar circuit size 
(typically 30 or 40 amp) 
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Retrofit Considerations 
¶ Combinied washer/dryers can plug into a 120V / 15-amp circuit 

¶ Needs a place to drain water 

¶ Does not require venting  

 
Heat pump dryers come in both 120V or 240V versions and are similarly as energy efficient as the combined 
washer/dryers.  Some of them come with electric resistance back-up, so while they are more efficient they still require as 
much power as a standard electric dryerτ30 Amps at 240Vτwhich will necessitate a new 240V circuit to where you are 
replacing the gas dryer. Condensing washer/dryers come in sizes up to 4.5 cubic feet, while heat pump dryers come in 
sizes up to 7 cubic feet and resistance dryers can be as large as 9 cubic feet.  
 

Box Swapping a Gas Generator  
DǳǊƛƴƎ /ŀƭƛŦƻǊƴƛŀΩǎ ǇƭŀƴƴŜŘ ǇƻǿŜǊ ƻǳǘŀƎŜǎ ǘƻ ǇǊŜǾŜƴǘ ǿƛƭŘŦƛǊŜ ƛƴ нлмфΣ ǊŜǎƛŘŜƴǘƛŀƭ ōŀŎƪ-up generators tragically became a 
daily source of fires.46 Unfortunately most generators run out of fuel after two days, and more fuel is often unavailable or 
rationed during a major disasterτeven gas stations run out ƻǊ Ƨǳǎǘ ŎŀƴΩǘ ǇǳƳǇ. To replace a gas generator requires a 
battery,  ideally paired with a solar array so it refills itself every day. Below are examples of mobile electric generatorsτ
batteries with plugsτand their price closely matches the amount of energy they can deliver without recharging. The 
batteries go up in cost as their capacity increases which is measured in Watt-hours. For example, the Goal Zero Yeti 500X 
could power a 10-Watt lightbulb for 50 hours or could charge a 12W smart phone 42 times. As another example, the Goal 
Zero Yeti 6000X could run an average full-sized fridge (100W) for 60 hours. Further below are miniature examples of thisτ
single light bulbs with battery back-up, which is Code mandated for commercial new construction and is now available for 
homes. (See more Low-Cost Resilience solutions in the product guide at the end of the document.) 
 

 

  
    

Model S200  Rockpals  RIVER 600  
Goal Zero Yeti 

500X  
Goal Zero Yeti 

1500X 
Goal Zero Yeti 

6000X 

Price $170 $220 $350 $700 $2000 $5000 

Solar charging Yes Yes Yes Yes Yes Yes 

Battery 
Capacity (Wh) 

193 288 288 500 1500 6000 

Output 
Voltage (V) 

5, 12 (VDC) 
120 (VAC) 

5, 12 (VDC) 
120 (VAC) 

5, 12 (VDC) 
120 (VAC) 

5, 9, 12, 20 (VDC) 
120 (VAC) / 2.5A 

5, 12, 20 (VDC) 
120 (VAC) / 16.5A 

5, 12, 20 (VDC) 
120 (VAC) / 16.5A 

Full charge 
time with 
120VAC input 
(hrs) 

6-7 6-7 1.6 4.5 (120V/1A) 7 (120V/2A) 12 (120V/5A) 
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Below are examples of light bulbs with a battery built into their base. They screw into standard outlets and are as bright 
as 40ς60-Watt incandescent bulbs, appropriate for day-to-day use, but during an outage they will stay on for 3-5 hours, 
enough to get through a night or two without electricity.  
 

Picture of the LED Light 

Bulb + Battery 

 
 

  

Model GE - A21 YKDtronics JackonLux Neporal 

Lighting Hours on 
Battery Power (hrs) 

5 3-4 3-4 4-5 

Wattage (W) 8 5 9 15 

Lumens 760 500 850 800 

Lumens/Watt 95 100 94.44 53.33 

Price $15 $8 $9 $11 

 

Box Swapping a Gas Generator with an Electric Car 
In the wake of the 2010 tsunami in Japan that shut down all nuclear power 
plants, 1/3rd of WŀǇŀƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ, in 2011 Nissan began promoting 
their electric cars as a resiliency resource that can power a house or small 
commercial building. Lƴ ƻǳǊ ǇǊƻŘǳŎǘ ƎǳƛŘŜǎ ȅƻǳΩƭƭ ŦƛƴŘ ǇǊƻŘǳŎǘǎ ǘƘŀǘ ǇŜǊŦƻǊƳ 
this work in the U.S. The island of Maui, with its constrained grid, and the Los 
Angeles Air Force Base47, with its need for resilience during emergencies, 
began using Nissans for Vehicle-to-Building and Vehicle-to-Grid chargers in 
2014.48 Honda, Mitsubishi, Toyota and other car manufacturers with standard 
CHAdeMO certified Level 2 charging plugs can now support bi-directional 
charging.  
 
September 2020, Typhoon Faxai ripped through Japan resulting in 934,000 homes losing power.49 To help during the crisis, 
Nissan dealerships outside of the power outage zone invited Leaf owner to come and charge for free, and those with 
vehicle-to-home chargers were able to also power their homes. One vehicle owner, Mr. N, blogged about how his Nissan 
[ŜŀŦΩǎ ǿŀǎ ŀōƭŜ ǘƻ ǇƻǿŜǊ ǘƘŜ ƭƛƎƘǘǎΣ ǊŜŦǊƛƎŜǊŀǘƻǊ and heat pump water heater for two and a half days.50 His first resource 
was a 4.5kW solar array, which was able to meet most of the loads, and Mr. N was able to drive to the closest Nissan 
dealer outside of the outage zone and bring back a full charge to meet the rest of his needs.  
 

 
Figure 20: Nissan unveils the U.S. 
commercial offering of Vehicle-to-
Home charging for the U.S., using 

battery-powered Leaf cars and Fermata 
Energy bi-directional charging. 51 

 
Figure 21: A Nissan Leaf 

charging the grid as part of the 
IŀǿŀƛƛΩǎ W¦at{ƳŀǊǘaŀǳƛ 

program.52 

Figure 22: The LA Air 
Force Base increasing 
its resiliency with the 

largest EV fleet on a 
federal facility, 42 

vehicles of Nissan Leafs, 
KIA plug-in hybrid vans, 

Ford C-MAXs, and 
Chevy Volts with all 

these cars using 
Vehicle-to-Grid 

technology. 

  

The Value of Resilience: 

¶ $119 billion: The annual cost of 
power outages to the U.S. 

¶ $20 ς $55 billion: The annual cost 
to Americans of extreme weather 
and related power outages 

¶ $243 billion ς $1 trillion: Potential 
cost of a cyber-attack that shuts 
down New York and D.C. areas.  

(source: Clean Coalition 2019) 
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Electric Retrofit Incentives and Rebates  
Several different incentives and rebates are available for clean, electric heat pumps appliances and structural building 
efficiency upgrades. These are usually offered through utilities, local government, or states, and vary widely depending 
on your location. Taking the time to check with local utilities and agencies for discounts and incentives can save you 
thousands of dollars. PG&E, for example, has a marketplace with deep discounts and up to $500 in rebates on some heat 
pump models.53 Other utilities offer even larger incentives summarized in the Table below. The Sacramento Municipal 
¦ǘƛƭƛǘȅ 5ƛǎǘǊƛŎǘ ό{a¦5ύ Ƙŀǎ ƻƴŜ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ Ƴƻǎǘ ŀƎƎǊŜǎǎƛǾŜ ƛƴƛǘƛŀǘƛǾŜǎ ǘƻ ŜƴŎƻǳǊŀƎŜ ŀƭƭ-electric homes, offering 
incentives worth up to $13,500 toward the gas-to-electric conversion of existing homes.54 The federal government also 
has various incentives, one good resource is the DSIRE Database of State Incentives for Renewables and Efficiency, which  
has state and federal incentive information. In addition, The Switch is On website has a incentive look up tool.  
 
 
SMUD is also helping low-income 
customers by embedding electrification in 
its existing low-income energy efficiency 
program.60 Roughly 80 percent of homes in 
the program receive electric heat pump 
heaters.  Other energy providers are 
creating similar programs to assist low-
income customers in the transition from 
gas to electric. Peninsula Clean Energy is  
launching a Low-Income Healthy Homes 
and Electrification Program in 2021, 
ƻŦŦŜǊƛƴƎ άǘǳǊƴ-ƪŜȅέ ƘƻƳŜ ǳǇƎǊŀŘŜǎ ǘƘŀǘ 
provide both energy efficiency and 
electrification at no cost to low-income 
residents in San Mateo County. 
 
In California at least 16 different cities, 
community choice energy providers, and 
agencies offer additional rebates and 
incentives to replace gas appliances with 
electric. In the San Francisco Bay Area, the 
BayREN program gives $1,000 in incentives 
to the installing contractor for Heat Pump 
Water Heaters as well as rebates for other 
electric conversions in their Home Plus 
program.62 Some area community choice 
energy providers layer additional rebates 
onto the BayREN discount, however these 
discount programs are not always 
άǎǘŀŎƪŀōƭŜέ ǿƛǘƘ ƻǘƘŜǊ ǳǘƛƭƛǘȅ ŘƛǎŎƻǳƴǘǎΦ 
 
In addition, some local agencies, such as Silicon Valley Clean Energy, have developed online customer assistance programs 
to help customers replace gas appliances with electric; their eHUB helps customers find the best electric appliance 
including the discounts, as well as local installers.63 Other agencies offer discounts on heat pump water heaters replacing 
Ǝŀǎ ǿŀǘŜǊ ƘŜŀǘŜǊǎ ŀǎ ŀ ƳŜŀƴǎ ƻŦ ǊŜŘǳŎƛƴƎ ǇŜŀƪ ŜƴŜǊƎȅ ǳǎŜ όƻǊ άŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜέύΦ  Sonoma Clean Power offers incentives 
for smart thermostats and heat pump water heaters, in addition to free electric car chargers.64 They have partnered with 
GridSavvy to offer a $5 per month bill credit on top of appliance discounts for customers that enroll in the demand 
response program. 
 

Table 3: Just a few rebates and incentives for electric appliances. 

SoCal Edison55 

¶ Up to $1,000 for Electric Water Heaters 

¶ Up to $300 for Central HVAC Heat Pumps 

¶ Up to $600 for Mini Split HVAC Heat Pumps  

SMUD56 which has 
ǘƘŜ ƴŀǘƛƻƴΩǎ ƭŀǊƎŜǎǘ 
άōŜƴŜŦƛŎƛŀƭ 
ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴέ 
rebate program 

¶ Up to $750 for Induction cooktops 

¶ Up to $2500 for Heat pump HVAC 

¶ Up to $2500 for Heat Pump Water Heaters 

¶ Up to $2500 for Electrical Panel Upgrades 

Great Northwest 
Installations, 
Oregon57 

¶ Deep discounts on Heat Pump Water Heaters 
of roughly $1300 for a total installed cost of 
$800-$1550 (for 40 gallon to 80 gallon sizes) 

Peninsula Clean 
Energy58 

¶ $1,500 for HPWH on top of BayRENΩǎ $1,000 

¶ Electrical Panel Upgrade to 100 amps $1,500 

¶ Electrical Panel Upgrade to 200 amps $750 

City of Palo Alto59 ¶ $1,500 for heat pump water heater 

Federal ς Residential 
Energy Efficiency Tax 
Credit  

¶ Up to $500 for water heaters, heat pumps, 
air conditioners, building insulation, 
windows, roofs 

 
Figure 23: Summary of the incentives offered by BayREN.61 

https://www.dsireusa.org/
https://www.switchison.org/get-started
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Case Studies of Complete Electrification Retrofits 
Below are all electric retrofits from across the United States - whether it be in the coldest climates of the mid-west or in 
the temperature forests of northern California, all-electric designs are the desired choice for comfortable, efficient and 
environmentally conscious homes.  
 

1890 Ranch, Ravenna, OH 
The region around Lake Erie has blizzards in the winter and humid heat in the summer, and older houses are rarely 
comfortable in all seasons.  Habitat for Humanity volunteers in this small Ohio town near Cleveland retrofitted a very old 
ƘƻƳŜ ǘƻ ƘŜƭǇ ŀ ŘƛǎŀōƭŜŘ ŎƻƳƳǳƴƛǘȅ ƳŜƳōŜǊΦ ¢ƘŜ ŦƛǊǎǘ ǎǘŜǇ ǿŀǎ ǊŜŘǳŎƛƴƎ ƘƻǳǎŜƘƻƭŘ ƳƻƛǎǘǳǊŜ ōȅ ǎŜŀƭƛƴƎ ǘƘŜ ōŀǎŜƳŜƴǘΩǎ 
dirt floor with plastic sheeting. They then replaced the broken gas furnace and ductwork with a cold climate heat pump 
and new ductwork, paired with a dehumidifier on the fresh air supply. The heat pump water heater also does a small 
amount of dehumidification, along with reducing energy bills. With a final wrap of insulation and caulking all the cracks, 
the house is warm in winter, dry during the summer and supplied with clean, fresh air year-round. Retrofit design by 
Energy Smart Ohio.65  
 

 

.Ŝƴ ŀƴŘ {ŀǊŀ {ƘŀƭǾŀΩǎ IƻƳŜΣ 
Baltimore, MD 
Ben and Sara moved into their Baltimore, 

1950s home in the fall of 2019. Rather 

than refill the tank of fuel oil for their 

furnace, they joined their neighbors and 

electrified the old heating system by 

replacing the existing air conditioner with 

a heat pump of the same size. Because it 

snows in Baltimore, they selected a άŎƻƭŘ 

ŎƭƛƳŀǘŜέ ƘŜŀǘ ǇǳƳǇ ǘƘŀǘ ǎǘƛƭƭ ƘŜŀǘǎ ŘǳǊƛƴƎ 

extreme cold weather (e.g. -20F). Cold 

climate heat pumps use small computers 

to control the heat pump, so it works well 

at any temperature, while old-fashioned 

heat pumps lack a computer that allows sub-freezing functionality.  

  
Figure 24: This 1890 home near Lake Erie was retrofitted by Habitat for Humanity volunteers to be all-electric and comfortable 

in all seasons.66 

 
Figure 25: Ben and Sara Shalva replaced their fuel oil furnace with a heat pump 
for a more comfortable, fossil fuel free house. Multiple neighbors 
recommended a local installer who had already replaced their fuel oil furnaces 
with heat pumps, saving utility costs every winter and adding AC to an old 
house for comfortable summers.67 
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{ǘŜǾŜ ŀƴŘ [ƛǎŀ {ŎƘƳƛŘǘΩǎ IƻƳŜΣ [ƻǎ !ƭǘƻǎΣ /!Υ 9ƭŜŎǘǊƛŦȅƛƴƎ ²ƛǘƘƻǳǘ LƴŎǊŜŀǎƛƴƎ ǘƘŜ tƻǿŜǊ {ǳǇǇƭȅ 
[ƛǎŀ ŀƴŘ {ǘŜǾŜ {ŎƘƳƛŘǘΣ ǘǿƻ άŜŀǊƭȅ ŀŘƻǇǘŜǊǎέ ƛƴ {ƛƭƛŎƻƴ ±ŀƭƭŜȅΩǎ ŀƭƭ-electric retrofit program and well-known energy 
consultants, run their large 4,000 square foot Los Altos family home on a standard 200 Amp panel, even as they have 
retrofitted chargers for two electric cars, an electric motorcycle, an induction range, a combined washer-condensing dryer, 
a heat pump water heater and a heat pump for space heating and cooling.  
 

 
Figure 26Υ !ǘ ǘƘŜ {ŎƘƳƛŘǘΩǎ ƘƻƳŜΣ ǘƘŜ .ƻǎŎƘ ŜƭŜŎǘǊƛŎ ƛƴŘǳŎǘƛƻƴ ǎǘƻǾŜǘƻǇ68 is shared on the same circuit as the Rheem heat 

pump water heater69 using the NeoCharge (middle) (Images courtesy of Steve and Lisa Schmidt). 

 
The trick to avoiding 
upsizing their power 
supply from 200 Amps to 
more (e.g. 400 Amps) was 
using NeoCharge plugs, 
which are similar to the 
SimpleSwitch, Dryer 
Buddy, Splitvolt and EV-
PowerShare plugs. These 
plugs are designed to share 
power between two 240V 
devices using one plug. The 
NeoCharge controls power 
use, so one electric car waits for the other to charge, or the water heater waits while the induction stove cooks, then 
resumes heating the water in the storage tank when the stove is done. This power sharing strategy avoided the need for 
an expensive panel and service line wire upsize. 
 
Their other strategy was efficiency--rather than using a 7000 Watt electric resistance laundry dryer and triggering a wiring 
upgrade, they bought 700 Watt condensing washer/dryer, so efficient with its power demand that it can plug into any 
existing 120V outlet. Lisa loves it-- ά¢ƘŜ ŎƻƴŘŜƴǎƛƴƎ ²ŀǎƘŜǊκ5ǊȅŜǊ ƛǎ Ƨǳǎǘ ƻǳǘǎǘŀƴŘƛƴƎΦ  Lǘ ǿŀǎƘŜǎ ǉǳƛckly and does a better 
job than my old washer and dryerτthe clothes come out cleaner and very dry. I'm thoroughly ƛƳǇǊŜǎǎŜŘΦέ  
 
  

 
Figure 27: The NeoCharge allows two electric vehicles to be plugged in at the same time at the 
{ŎƘƳƛŘǘΩǎ ƘƻƳŜΣ ǿƘŜǊŜ ƻƴŜ ŎŀǊ ƛǎ ŎƘŀǊƎŜŘ ŎƻƳǇƭŜǘŜƭȅ ǘƘŜƴ ƛǘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǎǿƛǘŎƘŜǎ ƻǾŜǊ ǘƻ ǘƘŜ 

other car to charge (Images courtesy of Steve Schmidt).70 
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Wei-Tai 
YǿƻƪΩǎ IƻƳŜΣ 
Lafayette, CA  
Wei-Tai Kwok, an 
engineer with 
construction skills, 
electrified his 
house to be part 
of the solution to 
global climate 
change.72 άLΩǾŜ 
seen and used 
ductless mini-split 
heat pumps 
countless times 
during my Asia 
travels, with each 
room having a 
remote control 
and the ability to 
adjust the fan 
ƭŜǾŜƭǎΦ Lǘ ŘƛŘƴΩǘΩ 
really register in 
my head that the 
reason was 
ōŜŎŀǳǎŜ ƛǘΩǎ ǎƛƳǇƭȅ 
the most cost-
effective way for 
them to get mƻŘŜǊƴ Řŀȅ ŎƻƳŦƻǊǘΣ ŀƴŘ ǘƘŀǘ ǎƻƳŜŘŀȅ Ƴȅ ƘƻǳǎŜ ǿƻǳƭŘ ōŜƴŜŦƛǘ ŦǊƻƳ ǘƘƛǎ ǎŀƳŜ ǘŜŎƘƴƻƭƻƎȅΦέ  
 

tŜǘŜǊ ŀƴŘ aŀǊƎŀǊŜǘ 5ŀǊōȅΩǎ IƻƳŜ ƛƴ IŀƳƛƭǘƻƴΣ NY 
This all-electric home called Newbridge Farm was built in 1830 and has seen many transitions over 190 years, first burning 

wood, then coal, and next was fuel oil until Peter Darby completely electrified it, installing a water-source heat pump that 

uses heat from groundwater.73 The chilled groundwater is then discharged into a lovely backyard stream.  Peter is a City 

Councilmember in Hamilton and has helped lead political efforts to prevent new natural gas fracking within the town 

boundaries while educating his neighbors about how to completely electrify their homes.   

 

 
Figure 28: Out with gas and in with electric mini-splits and induction cooking!71 

 
Figure 29Υ tŜǘŜǊ 5ŀǊōȅΩǎ ƘƻƳŜ that was built in 1830 was retrofitted to be zero emissions and all-electric, including a water 

source heat pump that uses well water as the heat source, and discharges the water into the adjacent creek.74 
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Campus Center for Appropriate 
Technology (CCAT) at Humboldt State 
University, Arcata, CA 
This campus home to three student Co-Directors is 

ǘƘŜ ƴŀǘƛƻƴΩǎ ƭŀǎǘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƘƻǳǎŜ ŦǊƻƳ ǘƘŜ 

1970s, outliving hundreds of others founded by the 

Carter Administration because student funding made 

it immune to federal funding cut-backs. Tens of 

thousands students have toured, while hundreds 

have built and maintained a back yard wind turbine, 

pedal powered appliances, rooftop solar panels and 

even a French fry grease biodiesel refinery. Nightly 

meals are cooked on an induction range, and showers 

are heated with a heat pump water heater. The 

ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ ǳƴƛǉǳŜ ǎǘǳŘŜƴǘ ƭŜŀŘŜǊǎƘƛǇ ƳƻŘŜƭ Ƙŀǎ 

led to students founding related groups, like Earth 

First! Humboldt that taught and organized tree sits to 

challenge local illegal logging of old growth redwood 

ŦƻǊŜǎǘǎΤ !ǊŎŀǘŀΩǎ έ.ŀȅǎƛŘŜ CŀǊƳ tŀǊƪΣέ which has 

started many professional organic farming careers; 

I{¦Ωǎ ƴŜŀǊƭȅ first-in-the-nation Environmental 

Science degree program, and many more campus clubs that collect campus recyclables, compost cafeteria food waste, fix 

studentsΩ bicycles, and  grow food for the homeless.  

 

Perlita Passive House, Los 
Angeles, CA 
The Gaucher Family retrofitted 
their home to be the first Passive 
House certified home in Southern 
California, removing the gas service 
and installing a 100% offset solar 
array. Significant amounts of 
insulation, both inside and 
wrapping the building, prevent 
thermal bridging, while high 
performance windows and a very 
tight envelope almost eliminate 
heating and cooling loads.77 With 
these extra measures the all-
electric home uses a modest 4kW 
array to power an entire 2,000 sf 
house, two thirds of what a similar 
house would require without deep 
efficiency measures. 
 
 

 
 
 

 
Figure 30: The Campus Center for Appropriate Technology: outside 

image of green house and garden, bike power generation, Julia 
Butterfly Hill an environmentalist activist, and the student staff.75 

 

 

 
Figure 31: The Perlita Passive House: the original house was stripped to the studs, re-

insulated, tested and made into an LA modern masterpiece of efficiency.76 
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Jon and KellyΩǎ IƻƳŜΣ Cleveland Heights, OH 
Jon and Kelly wanted to turn their 100-year-old house into a zero-emissions home to reduce their impact on the climate 
while also making the house more comfortable. Also, after living through several power outages, they wanted to make 
their home as off-grid as possible.  A 3-ton Carrier Greenspeed heat pump was all that was needed to heat and cool their 
home and the resulting cost to heat their home is on par with other gas systems in the area.78 The air sealing and insulated 
was extensive ς special attention was paid to the attic, which was insulated with spray foam and finished with dry wall 
creating  a workout room with AC. The end result of the envelope was R-13 walls and R-25 attic with an electric resistance 
water heater and electric stove. Kelly and Jon are happy they retrofitted ς the value of their home increased, it is highly 
efficient and comfortable, their cost of living went down, and most importantly they are reducing their carbon footprint! 
Read the full detailed case study at Energy Smart's website!  
 

  
Figure 32Υ Wƻƴ ŀƴŘ YŜƭƭȅΩǎ ǊŜǘǊƻŦƛǘ ǎƴŀǇ ǎƘƻǘǎΣ ƴŜǿ ǎƛŘƛƴƎ όƭŜŦǘύΣ ŀŘŘƛƴƎ ƛƴǎǳƭŀǘƛƻƴΣ ŀƴŘ ǘƘŜƛǊ /ŀǊǊƛŜǊ DǊŜŜƴǎǇŜŜŘ ƘŜŀǘ ǇǳƳǇΦ79  

 
 

Colonial Solar House, Urbana, IL 
Upon becoming 
increasingly concerned 
about the impacts of 
climate change and 
attending a 
presentation on net-
positive energy 
housing, Scott 
Willenbrock made the 
decision to completely 
retrofit his colonial 
home to provide all its 
own energy. First, he 
installed solar 
photovoltaics on top of his garage and roof that have microinverters attached to the back. The microinverters allow for 
each of the modules to operate even if one of them is shaded. Next his natural gas furnace was replaced with a ground-
source heat pump. Previously, the house was built with no insulation; however, after running an energy audit he was able 
to insulate with closed-cell foam. Paul and his family have been enjoying his all-electric retrofit for the past 3 years. 81 
 
 
 
 

 
Figure 33: All electric retrofit in Heartland (Building Performance Journal) 80 

 

https://energysmartohio.com/case_studies/1917-net-zero-ready/whh
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The Bindley Carbon Neutral Renovation, Holderness, NH  
!ŦǘŜǊ ŀǘǘŜƴŘƛƴƎ ŀ ǎŜƳƛƴŀǊ ŀōƻǳǘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ WŀƴŜ .ƛƴŘƭŜȅΣ ƻǿƴŜǊ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ тлΩǎ ǊŀƴŎƘ ƘƻǳǎŜΣ 
enlisted the help of Ben Southworth to curate a carbon neutral renovation.  Ben and Marc Rosenbaum (the energy 
engineer) installed a 7.5-kilowatt solar array on top of the roof to produce all the power the house would consume over 
the course of a year. Next, a ground source heat pump was installed and replaced the old oil boiler system. High 
performance Thermotech windows and doors were installed for better insulation. CFL lights bulbs were switched out for 
LEDs for efficiency and durability. 82  Lastly, the envelope is tightly sealed with lots of insulation to keep its residents 
comfortable: wall R-52, roof R-72, basement wall R-40, basement Floor R-25. Combining thermal comfort and all-electric 
devices with solar mŜŜǘǎ WŀƴŜΩǎ Ǝƻŀƭ ƻŦ ōŜƛƴƎ ŎŀǊōƻƴ ƴeutral.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ross Residence, Amherst, MA  
This old home built in 1884 was in need of a deep retrofit. The new homeowners, the RossΩǎ, came to Coldham&Hartman 
Architects with a completely new design in mind. The first order of business was to completely redo the existing roof. The 
bay roofs were torn off and a new roof was installed, accompanied with 12.4 kW of photovoltaics. Moving towards a no 
combustion household, thŜ wƻǎǎΩǎ ŘŜŎƛŘŜŘ to install a 15 Amp Steibel Eltron heat pump water heater and an induction 
cooktop. To heat and cool the house a Mitsubishi CityMulti Multi-port air source heat pump was installed. The RossΩs are 
now enjoying their completely renovated home. Due to the well-insulated envelope, even during a snowstorm with no 
power for two and half days, and outside temperatures being 20 degrees, their home never went below 67 degrees. 84 
Read the full case study at the 1000 Home Challenge Website! 
 

 
Figure 35: The Ross Residence newly renovated home.85 

 

  
Figure 34: The 1970's Ranch Home (left), during the renovation (top right) and Jane Bindley.83 

https://1000homechallenge.com/case-studies/
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9Ǌƛƪŀ wŜƛƴƘŀǊŘǘΩǎ CŀƳƛƭȅ wŜǎƛŘŜƴŎŜΣ Bay Area, CA 
To address the urgency of climate change, Erika Reinhardt and 
her family replaced their 2018 gas appliancesτ a gas stove, a 
gas dryer, and a gas boiler for radiant floor heating and 
domestic hot water. The replacements were a new induction 
range, an Energy Star efficient electric laundry dryer, and 
a Chiltrix CX34 air-to-water heat pump with tanks to provide 
hot water for both radiant heating and domestic hot water. A 
natural gas fireplace and outdoor grill were turned offτ
neither were used enough to justify replacement. Each of the 
appliances required a new 240V circuit, but the existing circuit 
breaker panel was right sized already for their new all-electric 
home.  
 
The induction range and laundry dryer were easy to install 
because contractors are familiar with this process. The most 
challenging element of this renovation was finding a Bay Area 
contractor familiar with heat pumps that support radiant 
floor heating. Many interviews were necessary before finding 
an experienced crew, and Bay Area construction prices are 
double those of lower cost communities in the U.S. 
 

 

Modest Manor, San Francisco, CA 
A pair of shy do-it-yourself sorts electrified their 2,200 square foot two story home on a budget in little experimental 
ǎǘŀƎŜǎΦ  ¢ƘŜ ƻǊƛƎƛƴŀƭ мфплΩǎ ƘƻƳŜ ƘŀŘ ōŜŜƴ ǊŜƳƻŘŜƭŜŘ ƛƴ ǘƘŜ ƭŀǘŜ мффлΩǎ ǿƛǘƘ ŀ мрл !ƳǇ ǳƴŘŜǊƎǊƻǳƴŘ ǎŜǊǾƛŎŜ ƭƛƴŜ ŀƴŘ 
has R-38 insulation in the roof and R-13 in walls. The first floor has about 900 square feet that is uninsulated over the άƘŀƭŦ 
ŘƛǊǘ ōŀǎŜƳŜƴǘέ ǿƘŜǊŜ ǘƘŜ ƻƭŘ furnace and water heater used to sit. Watching a few plumbing and electrical videos, reading 
a how-to book on wiring and volunteering with SunWork.org, the homeowners built up skills and confidence to pair up 
with their buddies to take turns in electrifying ŜŀŎƘ ƻǘƘŜǊΩǎ homes. They ǊŜŀƭƛȊŜŘ ƛǘΩǎ ƴƻǘ ǊƻŎƪŜǘ ǎŎƛŜƴŎŜ ŀƴŘ ƛǘ Ŏŀƴ ōŜ ŀ Ŧǳƴ 
hobby that saves thousands of dollars. 
 

 
Figure 37Υ ¢ƘŜ aƻŘŜǎǘ aŀƴƻǊΩǎ aǊΦ /ƻƻƭ aƛƴƛǎǇƭƛǘǎ ƘŜŀǘ ǇǳƳǇ ŀƴŘ ƛƴŘǳŎǘƛƻƴ ŎƻƻƪǘƻǇΦ 

 
Figure 36Υ 9Ǌƛƪŀ wŜƛƴƘŀǊŘǘΩǎ ŜƭŜŎǘǊƛŦƛŜŘ ƘƻƳŜ ƛƴ /ŀƭƛŦƻǊƴƛŀ 

(images and description courtesy of Erika Reinhardt). 






































































































