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Introduction

Welcome!Thisbooklet is intendedtobé & A YLHI 8¢ aBAzA RS (2 ,RoBé redtefs 2iMié&s and yoBoy B
makers who want to replace existing gas appliances with efficient eledteématives many of which are simple and
require no home modifications (e.gountertop induction ranges, condensing washer/dryers, portable space conditioning
heat pumps)This booklehas three sections, the first to expldime costsbenefitsand strategiedor electrifyingahome,

the second sctionislessons learned froroase studies aftrofitted homes, andhe third sectionis an extensive product
guideto helpchooseyour electrification appliances

You are not alone in this project of electrifying your homiend it can beaffordableand easy see our discussion of the
Watt Diet and how one can avoid electrical upgradiéisce 1993 Americans have been progressively using elergric
appliancesand1 in 4 homesationwide arenow altelectrict: electric stove arenow 61% of annual sales in the J.&and
electric laundry dryers are 88% of annual sdlbjle 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 elsgiaice heating. Electrifying existing
buildings, often paired with loweost solar power, is a growing industry natiarde.

This guide was written to accelerate this existing trend to use electric applibecasise the global scientific community
says that fossil fuels burned in obwildings are causing 28% of climate ch&ngéth natural gas leaks upstream of our
applian@s responsible for another 25% of global climate ch&ws our grid powegrows cleaner by includingnore
clean, renewable energw concerted effort is underway globally @se cleaner grid electricity t@place polluting fossil
fuel appliances
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TheBusiness of Electrifying Homes

This section igist a sampling of the thousands@é&an energgompanies that are making buildings better for people and
the planet withheat pumps, electrieppliance,and solar arrays.

Clean Energy Company Highlig

BlocPower

Cornerstone Baptist Church, a histor
Black Church in Brooklym\Y, owns a
landmark parsonage on Preside@treet. §
Until 2020 he Reverend Lawrence Ake
and his family suffered from a commol
fuel oil (aka diesel)boiler problem:
dramatic overheating, requing AC use .- ST
evenin the winter® The solution, a heat Figurel: Cornerstone BaptisParsonage and BlocPower CEO Donnel Bair
pump system, wadesigned, financed and installed BiocPowerfoundedby CEO Donnel Baird. Like a growing nurr
of businesses naticwide, BlocPower installs efficient heat pumps, often paired with solar arrays, to drama
increase comfort, reduce energy bills, and stop contributing to smog and asthnéa. Blg S NI Bonnel Bhird,
speaks movinglabout how in 2012 he channeled his opposition to racial unfairness into a Isssinedel for clear
energy that benefitted communities of color. As a Black founder, Donnel was turned down 200 times before any
firms were willing to back his visiphut BlocPower isiow fundedby some2 ¥ (1 KS 4 2 NX R Q%Ottier:
contractors who were early adopters of heat pump + solar retrofits in the U.S. include Building Doctors in Los ,
Electrify My Homeand emeraldEOserving the San Francisco Bay Area, Energy Smartaddidhe Heat Pump Stol
in Oregon.

¥

A List of Qdornia Contractors who Perform Building Electrification

When electrifying your home, it is important to find a skilled and knowledgeable contractor. The Clean
Connection has put together an online searchable database of California contractopositilie customer reference
and at least 2.5 Stars on Yelp that is free to use fdf @le contractors are experts in heat pump water heaters, r
pumps for space heating, electric appliances, electric vehicle chargers, solar andysmttery stoage.In addition,
The Switch is Ohas a contractor look up té@n their website.

OUR PROCESS ABOUTUS RESOURCES FIND A CONTRACTOR

CLEANENERGY
CONNECTION
-

o

FIND A CONTRACTOR Contractor Name Category > Services Offered >

g ™
Zipcode Distance from Zip > E\ CLEAR ALL /‘I

Electrification Technical Assistance Program "8

An example for utilities natiowide, Silicon Valley Cleal gjactrification Technical
Energy has free technical experts-call in their Electrification  p.cictance Program
Technical Assistance Program. Any architect, engineer, bui e
or developer is eligible for adllectric design assistance tha
would usually cost thousands of dollars, for buildings of ¢ Interest Form

type or size. The reports are then shared for free to acceler  an you oryourinerest in designing a low carbon buiding!
community competence in adilectric desigr*

2 TRC
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The Benefits adn AlkElectricHomeRetrofit
Health

Wealth
o -

-—
[

Climate

—

Children in homesvith gas stoves are 42% more likely to develop asffirtian those with electric
stovesand asthmills ten Americanaday'® and costs on average $3,266 per year for medicatidime
health impacts of air pollution from fossil fuels fall disproportioriaten people of color African
Americans are three timawsore likelyto suffer from asthma than the general populati&tin addition,
home chefs using gas stoves have twice the risk of lung and heart disease, and are three times
to need astima medication as people cooking on electric stov&hese health impacts are tied to tr
many pollutants released when gas is burned, suchitasgen dioxide,cancercausing formaldehyde
and acetaldehyde, and ultfine particulates'® Gas stoves and other gas appliances are also dange
due tocarbon monoxide, an odorleggsthat kills 500 people a year in the U.S. and sends 15,000 p
to the emergency room’

Electric cooktops, water heating, space heating and clothes drying all present lower fire risks an
explosion risks than their gas firafternatives Just having electricity as the one utility senedieninates
the risk of having both gas and elgctservices and reduces the dangers that come with a pressuri
and combustible network of fuel going to homes. Nationwide since 2010 the natural gas syste
caused 236 public safety incidents and $198 million in damages pet®atural gas acdents have
killed 548 people and broken more than 9,000 pipelines between 1986 and 2016 in the U.S. (net
a day)!® Additionally, construction risks are reduced by not having the threat of hitting gas pipe
when digging trenches, doing road woekc. For instance, in Ohio construction workers hit gas mainli
410 times in 2015 al@r®

Utility bills for efficient akelectric homesanbe up to $80@year less than for comparable homes usi
fossil fuels de to recentrapid gains irelectric appliancefficiencyand the low cost electricity availabl
in most of the U.$%?? Utility bills are the #1 use of payday loans in the U.S., with annual interest

I as high as 400% and an average repayment period of five mé&htReplacing gas appliances wi
4 electric appliances also allows homeowners to lowers bills with solar powethe U.S. the averag

repayment period is 8 yeafsinto the warrantied 25 year lifespan of the solar panels and invel
producing a net profithree times greater than the installation coge.g. producing power at 1/3 thi
average retail electric rate.)

Heating your home with a heat pump can dramatically improve comfort due to quieter and
consistent warmth. While durnace continuously turoff-and-on, blowing heat noisily through th
ductwork at high speed, a heat pump fan staj@ayson continuously at a lower, quieter speed al
evenly heats your home. Cooking with electric equipment can also be much more cainldgoespecially
during warmweather sinceelectric stoves produce half as much waste heat in the kitchen. In z
Consumer Reports ranked the top 8 stoves, and the best stoves were electric induction stoves,
#1-2, #45, and #8, with a smooth topextric resistance stove at #6. Cooking with electricity means
has access to the best stoves on the markttie fastest, easiest to clean and most controllable sto
made.

A recent analysis found big climate and clean air benefits fieptacing gas appliances with electric
every state across the U?SThis is due to two key factors: Heat pump appliances are three to four t
more efficient than gas, and also because grid electricity is sourced with more renewable energ
yea. The global community of cities, states and nations have identifielding electrification as the
FlLraiSads tSraitd SELSyardSs yR Yzald 2804 B glaval
greenhouse gase$ One of the largest sources of greenhouse gases is not from burning gas, but ii
AGa tSIF1Ay3 aSiKFyS o6aylddzNIt 3JlFasgdovr gKAOK
each stagefracking, storage, delivery piping and in the appliadce/ R & | 6 2 dzii H pfitades
3f 261 f 61 NYAYy3d ¢6SQONB SELISNAS Y éckoyifig td the EOViraimachtE
Defense Funb A FFSNBy (it & Liziz SEtAYAYyFGAy3 Il & &SN
burning gas.
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Design Factors When Electrifying Your Home

¢CKAA&d 3FdzARS 2NHIFYyAT S& (GKS RAaAOdzaaA2y 2F NBUNRTFAGA AY
themselves areipgradedandii KSNBE Q& Sy 2dzaK L2 gSNJ (2 NBLX [aBS arRSHLA NBL
when additional building shell improvements, duct and air sealing improvements are confbirettied comfortEither
2F GKSaS deLlSa 27 NBUNRTFAGA OFy 0S R2yS ljdzaOlftex
Below are questions to consider, when considering electric retrofits for your home.

2 NJ

[

[£

Up-Front Costs
and available
funds

Utility Bills

Solar Power

Location

Power Supply

Electric Vehicle
Charging

Product Choice

Health and
Environment

What is your budget foelectricretrofit? While there can be savings from electrifying
at once, most people can only afford retrdifity in steps. Consider theost pressing
needs first, like an old water heater that may soon give out; andldhst expensive
options, like a tweburner induction range which can plug into existing 120V wiring
provides immediate health benefits of avoided combustion in your kitchen

Do you want lower utility bills? Heat pungpaceheaters are at least four times mor
efficient than comparable gas models and can now operat38tF. Avoidhg electric
resistance, which is not very efficient, atite use heat pumps for laundry drying, hc
water and space heating will keep electric bills low.

Would you like togenerate your own clean powerSolarpower in the U.S. hasna
average payback of 8 ye&tsand the costof solarpanelshas droppedoy 89% since
2006*. Electrifying your home and installing a solar array can eliminate wtdity bills.

What climateare you in, and how old is your hom®&®eather, existing insulation anc
regional building practice®.g, radiators vs. ducts)ill influence what typeand sizeof
heating and cooling equipment besteetsyour needs

How much powelis supplied to your hone Electrifying all the gas loads in an olc
home may require more power from the utility, but yoan likelyavoid this by choosing
power-efficient appliances and using power sharing plugse(theHome Watt Diet
Section for more information)Many modern homes already have enough power

support an akelectric transition, especially if you already have air conditionitigat

same power can be used for space heating in the winter.

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

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

How concerned are you about indoor air pollution amealth? Gas stoveelease
pollution that contributes to asthma andther respiratory and cardiac health impagt
but they use relatively little gas compared to a furnace or watdrlhii S NJ (i K
pollutes outdoor air. If you are going to electrify your hoimesteps consider your
health when prioritizing retrofits.
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Electrifyingon a Tight Budget

Many of the ceauthors of this booklet have limited meanse 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 then
0 SOl dza S (i fing an@ &ffBctiva. IAlllok the$e products allow DIY/sefallation, which cuts total costs by half or
more. For examplea comfortable, highquality electric lifestylecan cost less than $200With a True Induction range

($140), an Oster oven ($160)\Whynter portable heat pump ($440) andaYa NE G NB FA G NBI Re¢ KS|
from Rheem($1200).

Plugin Cooktops

These 120V cooktops can plug into any outlet in your home. Countertop resistance ranges cost less than $20 for ¢

burner and $30 fotwo burners. A countertop induction range can cost as little as $50 for one burner and $140 for two
burners.

ST

BAr"e.ntwood BrentVT/ood 7 IKEA DrinkPod
resistance plate resistanceplates induction True Induction
$18 $30 $50 $140

Plugin Cooking Appliances

These 120V models can plug into any outlet in your hantecan fry, stew, bake, roast, rotisserie, steam and air fry, using

the versatility and controllability of electricity to provide more services than larger, standard ovens. gést laodels
can accommodate a smatiedium size turkey.

Bt

o el
as ks

1
0
]

J

Crockoot Instant Pot Presto Elite Oster
P 3 Quart Insulated . Combination French Doors, XL Capac
2 Quartlnsulated . ) Stainless Steel ) )
Multi-Function : Oven/Griddle/ Convection OvefStaff
Slow Cooker Electric Wok .
Cooker Steamer Favorite)
$10 $60 $80 $40 $160
This insul
Insulatedcookware s Insu a_lted Many small oven
multi-function . . .
uses 1/4' as much Electric woks can appliances are This oven can bake a
. vessel can slowly . ) . . -
electricity to get steam,bake and stir | multi-functiont this modest Thanksgiving
. make yogurt, . . . .
the same joldone, fry, spreading heat = one is unusual in | turkey and is controllable
pressure cook . :
regardless of . evenly through the having a for high performance
p A A beans and e, . s
gKSUKSNJ wok. griddle/steamer on baking.
steam vegetables
or fast. top.
and stew meats.
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Plugin Space Heaters

An electric resistance heater is silent and {oest for a bedroombut a heat pump produces-2times as much heat with
the same amount of electricityenough toheat and cool multiple rooms.

Ar — S
0} ; Lt Nig
| ' 0 =
: —a
B ,,/.. i Ei m
e ® @ . == e Wi
Electric Whynter ARG 22DHP Mr. Cool Innova HPAC 2.0
Resistance Mobile Heat Pump = DI¥12-HR115BDuctless Minisplit Throughg I £ £ KSI G LJd
Heaters ducts
$50+ $440 $1450 $2000

For one room. 10,000 BTUs/Hris | 12,000 BTUs/Hr heat pump work 10,000 BTUs/Hr heat pump works
Enclosed enough for a big living down to 5F. 120V, quiet, designe down to-5F, has supplementa

heating room down to ~20F.  for selfinstallation, but needs resistance heating. 120V, can plug

elements are | 120V, audible fan, for dedicated circuit(Note that the Ayid2 Fyeé OANDdzA

safest. a warmerclimate. ugly fan coil box sits outside, jus dedicated circuit), quiet, designed fc
like an A/C unit.) seltinstallation.

Water Heates
An electric resistance model can come in smaller sizes and fits the smallest construction budgets. Heat pump water heat

start at 40 gallons (although Zfallon modelsn Eurasia are coming the U.Smarkef), cost 3x as much to buyut use
only 1/3 as much electricity aa resistance water heater

- " @ =@
e
“ ?
L
Bosch ESResistance RelianceResistance RheemResistance 120VRheemHeat Pump
7 Gallons 19 Gallons 30 Gallons 40 Gallons
$215 $380 $380 $1200

Thisad NB (G N2 F4B-galloNJ
tank is right sized fdiour
consecutive 8 min showers
with a 1.5gpm showerhead,
more if stored at 130#240F.
Comes in 120V, 900W for
plugging intca shared circuit,
and 240V using 2250W or
4500W requiring a dedicated
circuit.

This30-gallontank is
This7-gallontank is right sized fol This19-gallontank is right | right sized fothree
asingle6-8 min showers with a | sized fortwo consecutive = consecutive 8 min
1.5gpm showerheadl20V wiring, 6-8 min showers with a = showers with a 1.5gpm
but 1440W still requires a M®p ALY aK2g ¢ showerhead ™ e
RSRAOIFGSR OANDCNRdzy RE oVEbutk I YR n y240VK A
deep, stores at up to 145F to 1650W element requires ¢ wiring, 16Amp draw
provide a longer shower. dedicated circuit. goes on a 20Amp

circuit.
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What Does it Cost to Electrify Your Entlre Home?

This section is intended to help you make a realistic budge
for electrifying your house. Onway to approach home
electrification is incrementally, when an appliance is ready fo|
replacement. Often there is no cost difference between ga
and electric appliances, jugtonetime wiring cost, and some
of those can be avoided (see Lisa and Steve SdRrii Q &
study).

Electrifyingyour house with new appliances can c$2000
fyousefA yadlf X +ta @&2dz arg A
Tight Budget . dzii A F @2 dzQNB KANRY
higher end productand putting them in darger home, the
budget starts at $10,000f the house is being thoroughly-re
insulated for morecomfort (note the grey part of the bars |

below)andbroken ductwork is being replaced, then thest [
doubles or triples Every house is different, and people have

different tastes and desires, so unsurprisingly there are

wide range of costs thatou willsee in the discussion below. Figure2: An allelectric retrofltted home in Cleveland, Ohic
whose total homecomfort and electrificationretrofit costs
were $31,000 (House 9 in the figure below).

m HVAC Equipment Cost m Duct Work Cost DHW Cost
Total Building Shell Cost H Project Management Cost  =Total Project Cost

$60,000
& $49,700 $47 420
< $50,000 o
2 $40,000 - $33,144
,L:) ' : $30,982 $28.228 $30,965
5 $30,000 il i w7000 = $23 442  wew
8:’ $20,000

$10,675
e BN B B llll
% ]

House 1 House?2 House3 House4 House5 House6 House7 House8 House9
YearBuilt 1976 1955 1961 1966 1949 1997 1918 1948 1900
SquareFeet 1600 1617 2375 2700 2526 1464 1764 1728 1300

Figure3: A summary of Energy Smart Ohio's case studies, showing the range of costs of tmmfert and electrificationretrofits.
An important thing to note isthat the heat pump costeflectscold climateheat pumps,and thewater heatercosts reflecta mix
of electric resistanceand heat pumptanksfor most homes most of which were selfnstalled by thehomeowners

To help keep you on budgethen hiring contractorsbelow you will find suggestions fod 6 2 E & & lvhat Jkey 3
playfullycallreplacing existing gas appliances wirarly identicaklectric applianceswvhichavoidsretrofit cogs. You can

also avoid wiring costs by usipgwer-efficient equipment such as condensing washer/dryers, and/or by upoger-
sharing plugs which can share power betwedwo high-power appliance like electric car chargs, laundry dryers,
electric range and electric water heates. In thed 2 I (i (i diSchsSidngelow 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 a
your loads.
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Cooking with electricity means one has access to the best stoves on the ménketastest, easiest to clean and most
controllable stoves made. In 2020, Consumer Reports ranked induction stoves as thé, %1 g&d 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 t
two costg wiring a new 240V plug (averaging $39@nd purchasing the stove ($582,500).

Howeve, one of the ceauthors of this booklet happily cooks with two 12086untertop induction units ($158250 each)

and a Thanksgiving turkdsiendly 120V countertop oven ($150), avoiding the expense of adding &240§ and adding

the convenience of twaooking stations in the kitchen, so the spouses can have some elbow room when cooking at the
same time.

Figure4: An induction wok is featured in Davit¥ I Y SR Qa 1 A (i O KAS ghd Erika Reidhbidt e tia2 her tdddler can
now safely make pancakes with their new induction stovdearn morebelow in her case study.

O 24 inch E130inch [36inch

$3,000

2,500
° T

$2,000 —
$1,500 —l— X X
$1,000
S500
S0

Figure5: A double oven KitchenAid induction stovehe cost of electridnduction 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 atleeagéeldle line is the
median,the box surrounds50: 2 F OF 4S8 akx4a | §RA § &owashaUeaNdthe Bighest 25% of cost data.

Up Front Costs ($)

*120V electricity is delivered between 110V and 127V, and appliances are sometimes alterdesicehed & G MM p + ¢
**Similarly, 240V refers to appliances that use delivered voltage that ranges between 208V anda28@@ne finds
appliances are listed &20V or 230V, depending on the whims of the manufacturer, but they all plug into the same outlet.
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You likely already have an electric laundry dry88% oflaundry dryerssold in the U.S. are elic. Butwhen replacing a
gas dryer, the simplest upgrade is to a 120¥dsmsingwasher/dryer ($80861600), which is a single appliance rather
than two machines, and jgopularworld-wide. Using a 120V calensingwasher/dryer avoids the expense of addiag
240V plug(averaging $306), and adds the convenience of not having to molaenp laundry from the washer to the
dryer. Should you wish tinstall your own 240V pludpereis a DIY video.

O Combination Washer/Dryer [ Heat Pump Dryer [ Condensing Dryer

$2,000
$1,800
$1,600 e
$1,400 %
$1,200 3%
$1,000
S800 —
$600
$400
$200
e { S-
Figure6: At Ift, one of the authors celebrating his first laundry load in an-mtone, condensing washer/dryemnwhich he lovesAt
right, the cost of 22Energy Stataundry dryers of various types at Home Depot in August of 2020.

Up-Front Costs (S)

Electric ResistanandHeat Pump dryerboth use 240V powerbut electric resistance dryers use roughly twice as much
electricity as a heat pump or condensing drgfegure below)* Also, electric resistance dryers blow out hot, fiitied air
through a vent, while heat pump and condensing dryers are ventlleesvater they extract from thevet laundry goes
down a drairand the lint is caught in a filter.

Annual kWh Consumption of Electric Dryers

'
m Condensing m m
|4oc|m| |43Cun] Q

0
Hil
H

Bosch - LG Combo GE-H43E_3_N Asko - GE-H41E_5 M Whirlpool - MAYTAG - Samsung -
WTW87NH1UC WM3997HWA T411HS.W.U WHD862CH MEDC465H DVE45T3200W

m Electric Resistance D >
=
m Heat Pump 43CU Ft —

Figure7: Relative dryer energy use, condensing dryers and heat pump dryers use roughly half tl
energy of a standard electric resistance dryer.
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What Does It Cost®f SOGNAF& L 2dzNJ 1 2YSQa 2| {
There are two common types of electric water heatesdectric 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 heatmu which collects existing heat from the aihe energy
savings of using a heat pump water head@er the course of a yeais equal to the amount of
energy to drive an electric car about 12,000 milésowever, a heat pump water heater is a
larger investmentcosting up to 3 times as much as a resistance water heater but using only 1/3
as much electricityResistance water heaters also come in smaller sikeg:come as small as 2 :
gallons for a sink, or 7 gallons for a single showee. dmdlest heat pump water heater in the Figure8: Rheem heat
U.S. is a 40 gallon, while models as small as 20 gallons are sold in.Eurasia pump water heater.

California: The Sacramento Municipal

oy . . 50-gal Gas-to-Electric HPWH Total Project Costs
Utility District (SMUD) g j

@ 2 dzNE& S f Hstructios Lideds todDIYL s

n
. . N
installation can be foundereandhere. @

g ¢ 2
> N

Y F R Y W T &

The municipal utility serving Sacramento, " ncentveiowered rom S3,000w85500] T 4
California rebated 1650 gds-heat pump $7.000 &5
water heater conversions over two years. Max
Roughly 70% of all installations rangec 56000 - 300
between $3,000 and $5,000, with another i
; 5000 | F 250 5
15% below and 5%above that price range. | . +15D g
A 50gallon heat pump tanks cost about = <0 {200 5
$1,200 before installation, so the seis & 2
labor, materials and profit, with self 53,000 -1SD [ 150 2
installations costing $156$2000. Min
$2,000 + 100
The range of prices illustrates the value ol <1000 I I | | I ‘ ‘ | ‘ | ‘ | 50
etting multiple bids or learning to do it I I
getting multip g il e
NI NG I TS T TG R R T
& (¥ X QK' 3 \)Qc & & X Q\

= Number of Installs —— Average Project Cost/Unit

Figure9: Theretrofit pricing from 1650 installations o60-gallon heat pump
water heater replacements in Sacngento over two years

SMUD Residential Heat Pump Water Heater Total Project Costs
2018 2019 2020 Total
Technology Cost/Unit Count Cost/Unit Count Cost/Unit Count Cost/Unit Count

Gas to Electric S $ 4,291 1,005 |S S

Electric to Electric| S 3,299 51|S 3,747 99 | S 3,769 37 |$ 3,629 187

Al $ 3,619 165|$ 4242 1,104 |$ 3,969 568 |S$ 4,101 1,837

Gas to Electric $ 3,781 9($ 4,578 25|$ 4,381 30| $ 4,374 64
Y EOD-EINElectric to Electric| $ 3,813 3(S 3,806 12 | $ 4,003 6|S$ 3,863 21

All S 3,789 12 |S 4,328 37| S 4,318 36 | S 4,247 85

1 Total project costs are assumed to include equipment, labor, permits, and profit, but these items are not collected by SMUD -
some total costs may include additional costs or exclude some items.

2SMUD gas-to-electric HPWH incentive level of $3,000/unit began in May 2018 and went down to $2,500 in April 2020; the electric-
to-electric incentive level is currently $500/unit.

FigurelQ: The pricing ofL912heat pump water heater replacements, both of gas and electric tanks, in Sacramedbte that gas
to electric costs about $500 more than electric to electric due to wirtmstsand plumbing a condensate draifSMUD, 2020)
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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

WhatDoes ICostto Electrify Youspace Heating?

If you have gaseat, getting rid of it willlikely be the bhrgestbenefit to the environment and your utility billeeading
contractors from different parts of the U.S. shared tHgitlded coststo help us write thisection.Detailsare bdow, but

to summarize, a house usually needs 1 & {i(2 tgraist12,000 BTUs/hof heating capacityeachdtoné costs $3,200 to
$6,000 with Energy Smart Ohibetween$4,650 to $5,950 in SacramentdA,and $3,106$4,300in Oregonfor ductless

mini splits installel by TheHeat Pump Storen Portland and Eugen&rom thiscost data yowcan assume that your next
heat pump will cost between $3,100 and $18,000, depending on hoartaignsulated your house iand how good a bid

you got Fixing: ¥ dzNdidirg&teya A ay Qi ySOSaal NBEX o6dzi 6S OFy aS8SS TNR
are minor problems it will cost a few hundred dollars to fix, and $3R0M000 focompletelyreplacingold ducting.

However there are $500$700 portable, quiet heat paps that work when its 10F outside, and they can beisstflled
in a window, which works for home renters and homeowners on a strict budget.
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Figurell: TheHeat Pump Store staff installing in PortlandRD  Figurel2Y 5 | 0g-a8r¢h@at pump factory in Houston, TX

/. Ji iy

California: The Sacramento SMUD Residential Space Heating Heat Pump Total Project Costs/Ton

Municipal Utility District Gas-to-Electric  Electric-to-Electric
(SMUD) Technology Cost/Ton|Count Cost/Ton| Count
The electric utility that serves Package HP

Sacramento, CA rebated HSPF 8 to 10, 2-stage Split HP| $4,652 206 $4,706 88
almost 800 heat pumps used HSPF 2 10, 2-stage Split HP| $5,198 32  $4,713 11
for ~ space conditioning Split HP| $5,953 79  $5,331 18
(heating and coolingh 2020 HSPF 8 to 10, Variable Minisplit HP| $5,395 12  $5,007 3
SMUD organizes heat pump spli

_ _ al . plit HP| $5,691 78 56,085 12
installation COS'[Sby ef‘f|C|ency HSPF 2 10, Variable Minisplit HP 55:454 54 55’319 3

(I { tC YSt )/ a 1SMUD HP program requirements for split/minisplit: 22-stage (or variable), HSPF 8.2 or greater, must service
Seasonal Performance |entire home. Package: 22-stage (or variable), HSPF 8 or greater. These exceed Title 24 standards, and thus
Cl o l:l 2 NI € gl‘ielsftﬁe costs may not be comparable to other program/statewide estimates.

number, the more efficier)t Total project costs are assumed to include equipment, labor, permits, and profit, but these items are not
and type (Packaged, Mini Split, collected by SMUD - some total costs may include additional costs or exclude some items.

Gas-to-electric rebate is $2,500 and electric-to-electric is $750. $2,000 in additional rebates for AC &
airflow have been reduced to $500 as of Aug. 2020 due to COVID-19 economic considerations.

FigureldY "CNR2Y G(GKS {a!5 RIGFE asdtS8OGAy3a + o
. . appears to cost an extra $1,300/ton in lower efficienapits (HSPFs under 10) to select
referstoonetonoficemelling | \"Nxp 5f & [ LISSR Ly @SNI SNJ RNy indhio efficiens leat
in one day, which absorbs ,mps has a $500/ton premium. There appears to be almost no premium for selectin
12,000 British Thermal Units higher HSPF when selecting variable speed drivits. HSPF = Heating Season Performan
(BTUs)er hour. A 400-1,000  Factor (higher is betterls aseasonaknergy efficiency measuremertf heat delivered per
sf house likely needs only 1 kWh of electricityused.

ton of heating/cooling
capacity ($4,650 to $5,950), while #Q0- 3,000sfhousemight use 3 tons ($13,500 to $17,869).

Standard Split), with pricing
for eachali2yé¢ 27F
capacity This historical unit
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Oregon: The Heat Pump Store

Below are the standard installed costs for ductless spht heat pumpgkindly — # e
provided bySarah and Jonathan Moscatello, who ketbpir 50 staff busy | /égf \
installing thousands of Heating/AC heat pumps each year from Euger a @
Portland, OR.Sarah and Jonathan only install ductless raplit HVAC heat | %y &,
pumps, which are the most efficiertype and ld residents choose a |
comfortable temperature ireachzone in the home with aamote control A
singlewall-mountedfan coilwill condition a500sf-1,200sf zongdepending on
the climate and how well insulated the house is.

Heat Pump Store

The cost of a ductless mini split system varies by dpace conditioning
capacityof the system as well as by the number of zones of the system. The

Y |y dzF | OnhaleNdeplibiig also impactsetail pricingr there is a roughly 30%rice difference betwen leading
brands like Daikin, LG, Panasonic, Fujitsu, and Mitsubishi due t6 thg" dz¥ | GnvesiiBnNiR groductuality and

marketing.Should you wish to seifistall,hereis a DIY instructional video.

$14,000 5 Zones
’ i ; 12,733
D m Single Zone ® Multi Zone 4 Zomes $
= $12,000 4 zones
8 3 Zones ’
S $10,000 o
= 2 Zones J
G $8,000 $7,020
[
o $6,000 $5.300 $5,600 $5,833
o $4500  $4.750
% $4,000
$2,000
$-
9 12 15 18 24 30 42

Heat Pump Capacity (kBTUh)

Figurel4: Average installed cost of ductless misplit systens, the blue showing the pricefor a singlezonesystens of different

capacity sizesand the orange show the averagecostsfor multi zonesystems®® Pricing was provided under contract by The Heat

Pump Store in 2019.

Note that these costs assume the outdoor and indoor compondmsesa wall within 18 ¥ S| OK 2 (i KS NZ

more separation adds $500 more per zone, and placing the inside Heater/AC on an interior partition wall costs $10(

more per zone because interior wall locations require that wiring and refrigerant limest be installed in a crawlspace

2N FGGAOS NIGKSNI GKIyYy AYSELISyargSte 2y (KS odzAf RAYy I Q:
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https://www.youtube.com/watch?v=6q0i6Wyd-W0&list=PLJnGuTOS6yhxJPRC_wE70_JBlHVeqx0Sg&index=2

Ohio: Energy Smart Home Performance

Nate Adams is an electrification consultant in Ohio, proudiyioving gas lines during the s
day and running the Electrify Everything and HVAC 2. O Facebook sites ab might+ ! 3
stands for Heating, Ventilation and Air Conditioning)l 4 S Qa diehCdaifort ® y B

I RRNB&da hKA2Q&a YdzZa3e mheday adScheBihedt piRpalSoNdndd =iy
with humidity managemenanda thickair filter to reduce pollen and other allergens.

Replacing the existing gas furnace and air conditiamién a ducted heat pumpgosts an Nate Adams of Enery
average of $0,95 while making thehomeowners more comfortableAdditional insulation Smart Ohio

and air sealingto getridofdraftst 42 KSf LJA LINRPGPARS GKS 02

tough climate and it allows the use of smaller heat pumps and can avoid the need for large

ducts. But it beames about half of the project cost and a critical part of providing true comfort in a touch climate.
ConsequentlyNate considers his job to h@ovidingd K2 YS 02 Y T 2 NI I simplypfdvidetie mdst chdeort LI
with quiet, evenly heated and cooledimes, but homeowners often also want more insulation, less draftiness and

repaired ductwork to reduce energy wasteThe costs belowvere provided under contract by Nate Adams aaré

intended to help you set a realistic budget for both electrifying ydwected HVAC system and making your house more

comfortableand efficient
Tablel: Cost breakdown of Energy Sm&frojects in Ohio*’

Energy Smart Ohio Comfort Upgrade Costs
ctrt | zocote | Faor | 1o | 2o |caupmnt N | ATy | s (Tl A0 oty i ot
ouse Install Cost Costs Cost

Peter A. 44256 1600 1976 10/19 $10,400 $3,100 $12,994 $5,000 $31,494 140,000 36,000
Ryan A. 44233 1617 1955 1117 $8,500 $0 $0 $1,000 $9,500 100,000 24,000
Hallie B. 44313 2375 1961 12117 $11,800 $0 $12,582 $5,000 $29,382 120,000 36,000
Brad M. 44202 2700 1966 | 10/16 $10,950 $950 $30,000 $5,000 $46,900 90,000 36,000
David F. 44236 2526 1949 719 $11,000 $9,850 $21,570 $5,000 $47,420 60,000 36,000
Cindy W. 44410 1464 1997 3/19 $11,050 $250 $500 $3,000 $14,800 57,000 24,000
Carole P. 44255 1700 2000 7/20 $11,460 $0 $300 $2,000 $13,760 10,000 36,000
Jon N. 44118 1764 1918 10/14 $12,498 $0 $11,530 $3,000 $27,028 80,000 36,000

John P. 44231 1728 1948 5/19 $9,850 $0 $9,592 $4,000 $23,442 85,000 36,000
Paul S. 44103 1300 1900 8/15 $12,000 $4,995 $9,770 $3,000 $29,765 120,000 24,000
Average Costs $10,951| $1,915 | $10,884 | $3,600 |$27,349| 86,200 | 32,400

- : - B A T R
Flgure15AfeW)\YI EISa FNRY 9ySNH@& {YIFINI hKA2Qa NBIONRTFTAOG LINR2SOi
Carrier Greenspeed heat pump, air handler in the basement, blower door tast] insulating the basement.
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Vermont and New York: The Vermont Energy Investment Corporatior*¢VEIC)

VEIC builds a#llectric modular homes and helps lamcome residents of Vermont and New Yo
retrofit their homeswith heat pumps®d [ A [ Ay 3 |, 2dzy 3z =+ 9 L seBsdheaf
pump retrofits costing $7,00820,000, similar to what we saw ihd data from nearby Ohio. L
Ling notes that many homes could use anotf&0,000 ofinsulation and air tightness work fol
greater comfort. VEIC found that in the mildecoastalregion of New York stateven without
extra insulation or sealing air legkslVACcontractors are installing ductless heat pumps ai
confidently removing the fuel fired heating systems

SNBHE

Unlike standard ducted and ductleas-to-air heat pumps, the relatively uncommair-to-water  Li Ling Young of the

heat pumps that make hot water for radiant fiide Ay ¢ S f ( KA SaNJbegiftee  VermontEnergy - S 3
expensive Li Ling saw two recent installation bids %85,000.wl RA I y i ¥Ff 22 N& Investment — NR ¢ ;
conditioning, so it can make sense to downsize the radiant floor heat pump while addingadu ~ ©erporation

mini-split, which provides more control over heating (radiant floors can tak&48nhours to

significantly change temperature) and air conditioning during the summer.

MassachusettsStateWide Rebate Daté

The electric utilities of Massachusetts have tracked ifatian costs on more than 600 rebated heat pumps used for Heat
and Air Conditioningpetween 2014 and 201Most retrofitted systemsincluding ductwork, permitting and desigrost
between $10,000 and $30,000 in homes that range between 800 square f@5@0 square feet. Note that costs are
both significantiyower or higher tharthe averages getting a lower price is often the result of getting more than one
bid.

Massachusetts Heat Pump Conversion Cost
2014-2019 (n=622)

$65,000 Averages
Avg. sq. ft. of Conditioned Space = 1,502 sq. ft.

$60,000 Avg. Total Cost of Conversion = $20,428
Avg. Cost per sg. ft. Conditioned Space = $13.60

$55,000 Avg. MassCEC Rebate = $2,520
$50.000 Avg. MA Save Rebate = up to $1,600 per ton/non-ducted ASHP Ldad ®e L4
v OR = up to $1,000 per ton/ducted-mixed ASHP [ ]

Total Cost to Homeowner

750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 3,250 3,500 3,750

Square Footage of Conditioned Space T T T T ST T ST o S sS s s s s oo s s s e 1
| Median Size of Residence in MA = 1,912 sq. ft. |

| Median Residence Conversion Cost = $21,572 |

________________________________________

Figurel6: Heat pump conversion cost data froiassachusetts rebate prograniKeep 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.
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¢ KS a2 I-iAvbidebNewEleétricaPanelandReduce Wiring

Retrofitting with 240V electric stoves, water heaters, laundry dryansl space heatingreates the expense of running
new wires to each appliance, ranging from $85 to $§@0 circuitand averaging $306 and sometimes all this new
demandfor electricitycan trigger the need for a new circuit breaker paehew circuit breaker panel costsleast $50,
averaging $475 and as much as $4,080However, there are many ways to stay budget and usinthe existing power
supply of your homéy following the National Electrical Code (NE@)e call this process of avoiding power upgrades a
G2 GG 5 A iBvdives powek éffiGidnt appliances and sometimes power balancing plu§s. @ 2 dzQR f A1 S
the authors offer a 3@ninute training here.

A100-Amppanelhas enough power fmompleteelectrificationof a3,000 square foot home

¢CKS +1020S adGlrdSYSyid oAft &adRIANA KR Y&adRER MEihsiNdumn the dzi
National Electrical Code requireshich isat least a 100 AmB-wire service for every singfamily home?? Below is an
exampleof aset ofapplianceghat can fit into an alelectric 108amp homeiy Of dzRA y 3 £ 216AKphé&akpurhg2 ¢ S
water heater and & ton [36,000 BrUshr] heat pumpfor space conditiommg. These appliances pair with2a000square

foot homein the relatively milctlimate ofNorthern California (e.g. Sacramento, Bay Arba)could alscsupport a larger
houseor a house of a similar size a colder climateSee the additional two full page Watt Diet examples belthe first

Aa F Gl@LIAOFtE¢ wXZnnn aljdzaz NB F220 K2YS FyR GKS aS02yR

(¥
==
Brand Waste Broan Amana Heat LG Fujitsu Plug Loads
and Frigidaire King Frigidaire Kitchen Radiant Pump  Combined Heat Pump gnd
Tvpe Fridge Garbage Dishwasher Exhaust Electric  Water Washer/ (heating Liahtin
yp Disposal Fan Range  Heater Dryer and cooling) ghting
Cost($) $650 $50 $440 $350 $650 = $1,300 $1,500 $11,000 ?EI.(QOhOW
itchen
Power 720W 480W 1,200W 168W 9,600W | 4500V 1,200W | 5,760\ (heat plugs)+
pump at design T) 6.000W
Amps 6A 4A 10A 1.4A 40A 21A 10A + 840W ’
) (plugs and
Volts 120V 120V 120V 120V 240v 240V 120V (e el ) lighting)**

* Average cost of aducted heat punpNB Y 9y SNHE& { YI NI hKA2Q&a OlFa&asS &ddGddzRASaE 6aSS 2KI G ¢
** 3,000 Watts for kitchen plugs argiWatts per square foofor plugs and lightings defined by the National Electrical Codesuminga 2,000
square foot home

Here are severainore Code compliant ways to keep your house on its current panel with the Watt Diet

1) Useefficient heat pumpg electric resistanceises3-5 times as much power dgeat pumps Higher efficiency
heat pumps(like those with inverter controls and omitting resistance bapkheating)use less electricity and
power to heat and cool.

2) Use acondensing, combinedvasher/dryer (also called ventless washer/dryer), whiate popular worldwide
and designed specifidglifor retrofits: theyuse so little powethey can plug into any 120V outlet a housewhile
240V dryers (resistance, heat pump and condensing) require a |@4@\Vdedicated circuit.

3) Use a combined range and ovethe NEC requires twice as much powdocated 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, whi
triggers an extra, dedicated circuijust place the microwaventhe countertop or cabinet.

4) Insulate and air seal the homt 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 climat
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https://www.youtube.com/watch?v=XQJzoP2br1Y&t=28s

Keeping the heat pump capacity siea allows the reuse of existing ducts, while ductless designs save even more
energy by not losing heat through ducting.

5) Use circuitsharing plugge.g. NeoCharge, Dryer Buddy, Sfalit, or hard wired SimpleSwitch) so one existing high
voltage (240V) dilet can power both a car charger and a laundry dryer, or a water heater and a range (See Lis
alR { 6S@S {OKYARGQa OlFasS addzReovo

6) ! yItel s I &S hiddrydfhoutlypdverkigadeStay be low enough to allow added electrical
devices even someNEC panel calculation methods indicate otherwissode allows you to multiply last
@S| NRA K2dzNI & LISt | nelwhamezaté powed (kW) doads uplto/itie meilRpganel rating
(e.g. 24 KW for 100A panet 48 kW for 200A panelsection 220.87). Heever, this option is only for homes
without solar.Y Y 2 g A y 3 & 2 dzNJ K @& Grelpfuttcseelidyan Srdldinder capacity, but also
if you are at capacity you may want to consider upsizing your panelrfarsance tripping reduction or
possibk safety improvement reasons.

7) Check to see if you need to free up panel spaces for new circuitsymu canshare polesin older homes when
less efficient appliances were common; the circuits were upsized appropriately to fit these appli@meway
G2 dziAftAl S 2fR 6ARS ONBF{SNI aLI OSa Aa G2 NBLX I OS
circuits from one breaker space (AKA single pole space) or you can combine circuits in a sub panel that then lar
on only one pair of poles in thmain panel. Automatic Circuit Sharing (ACS) devices also malble-use of a
breaker space hy serving two devices that take turns using the polf¢hnings are really tight, gathering several
small circuits onto a sub panel is a way to create moreppole spacesKeep inmind 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 alrea
counted diversity.

Below is a summary of thidational Electrical Code requiremeriits wiring a houseGeneral lightingrad plug loads hae
a watts per square foot requiremerandkitchen counter circuits and bathrooms require circaits certain sizeVarious
appliances require dedicated circsiias well, like exhaust hoods, garbage disposals and ranges.

Table2: The required circuits in a singliamily home.

Appliance National Circuit Requirements and Guidelines (NEC requited)
Kitchen Counter Circuits| Twodedicated 26Amp circuits NEC 210.52 (B)(1) 120V

One or more additional circuit(s) are required for small, hard wired appliances (kitch:
Kitchen Small Appliance exhaust hoods, garbage disposals, dishwashers, trash compactors and otheload®r
and shall not be on the same circuit as either of the two) NEC 210.52(B)(1) 120V
At least one 20Amp circuit 120V
if circuits serve a single bathroom, lights may be on the same circuit. NEC 210.11(C
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) 1
Other Large Appliances = Required dedicated circuit of 150 Amps. Often 240 V

Bathroom Circuits
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How Insulating and A8ealing 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 air changes per hour (ACKhrange vs. blue bars) makes a large
difference in the necessaheatingpower2 S aK2 ¢ (KA A& AYLI OG0 Fd LINPINBaaArogsSt
YR (GKS O2NNBalLl2yRAYy3I NBRdAdzOSR L2 g3dignTermpeldtiné i3 defngd aSthed ©
coldestoutdoor temperaturethe house will see in its climate, except for 0.2% of the hours of a typical weather year, or
K2dzNBE | &SENXW 9EFYLX S dRSaAIYy GSYLISNI GdzNBaé
Nationd Park is 20F, South Lake Tahoe is 10F, Truckdg&.i¢n cooling dominated climates, window overhangs and
shades, window film or low heat gain windaweat reflective house paintsr & O 2 2 € NP 2Facé¢

My G201l ¢

and power use. One

60,000
50,000
40,000
30,000
20,000

10,000

Building Heat Needed from Heat Pump (BUTh)

Figurel7: The heating requirements at various heating design temperatures and two leakage rates with the correspondi

G NHzy y Ay 3¢

authorpfai @ K2LJ) SAySa 2y KAia K2YSQa ¢S4

mmm Building Leakage (ACH=0.3) Heating Capacity Estimate (BTUh)
mmm Building Leakage (ACH=1.0) Heating Capacity Estimate (BTUh)
—e=Building Leakage (ACH=0.3) Heat Pump Running Amps
=e=Building Leakage (ACH=1.0) Heat Pump Running Amps
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I Y pianp (Bazeddoriitiie SujitkuF D4R ducted heat putfpand a 2,000 square foot house with

modest insulation (R13 walls, R38 attic).
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PowerTrade

Panel Watts
Offs for the (Device rated power times a reduction factor
Watt Diet Space Heating 95 outlined by the National Electrical Code)
Homes have a set Plug-in Window or Portable Heat Pump (~1 ton) 0
t f Minisplit (~1 ton) Single Zone = 1,200
amount or power Minisplit (~3 ton) Multi Zone ——— 4,000
access through the Central (~3 ton) —— 5,500
service wire from a Central (~3 ton) w/ 5 kW Resistance —— 10,300
Heat Pump Water Heaters
nearby power pOIe' Low Power 120V Heat Pump Only = 360
For example, a Medium Power 240V / 15 Amp Hybrid 1152
service wire may High Power 240V / 30 Amp Hybrid 2 016
i Cookin
prOVIde 24,000 Counter-top Cooktopg 0
Watts (100 Amps at Counter-top Oven 0
240V). This graph Counter-top Microwave 0
: : Built-in Microwave = 480
illustrates  options Separate Cooktop — 880
to save 13,900 Range (Cooktop + Oven) —— 3 840
Watts just from Separate Cooktop + 1 Wall Oven —— 1 300
choosing more Separate Cooktop + 2 Wall Ovens —— 720
P ; Laundr

EffICIeI"It. appllanc_es Combined Washer/Condensing Drverv 0
and avoid upgrading Heat Pump Dryer = 720
the utility service Condensing Dryer == 1,000

. d vour circuit Resistance Dryer R 1210
wire and'y Electric Vehicle Charging
breaker panel. The Level 1 -6 mi/hr (120V/15A) 0
graph at right Level 2 - 15 mi/hr (240V/20A) 1,536

h Level 2 - 23 mi/hr (240V/30A) e 7 304

compares the Level 2 - 31 mi/hr (240V/40A) —— 3,072
power demand of Power Saved from Power Sharing -2,016
various app"ances Automatic Circuit Splitter (like NeoCharge) —

. . Whole Panel Monitoring System (like DCC9) —
using the National 3,072
Electrical Code
(NEC) calculation -4000 -2000 0 2000 4000 6000 8000 10000 12000
method. The NEC Figurel8: Panel watts of various space heating and appliances in the home.

takesan| LIJLIX Al yOSQa
rated power use and reduces it by 5@%%, based on the likelihood the appliance will be in usea &6006Watt 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 differe

between ductless and ducted space heating (up to 6,300 W savir  Calculate the Watt Diet for your own
different types of laundry dryers (up to 2,880 W savindilerent power home! Download the Watt Diet Calculator

levels ofwater heaters (up to 1,650 W sags) andifferent level ofcar 4 wSRe22R 9y SNE
chargers (up to 3,072 W savings). There are also large savings (up to  https://redwoodenergy.net/research/

W) from using Power Sharing deviddss can be achieved by sharing

circuit between the car charger and the range for examee the

Product Giide below for more information on these devi¢ebsing this table one can coub8,900Watts of potential
savings, which equa)Amps at240v Sy 2 dza K (2 L2 6SNI I ASO2y-iRECI A& 2 RISKHI K2
next to the main house. Or thoge3,900Watts 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 device
or newamenities
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Example 1

All Electric 100 Amp Home (2,000 square feet)

Ducted heat pump, medium power heat pump water heater, hybrid heat pump dryer

Device Device § Amp Panel Device Device
Volts Amps Amps Volts
120 12 QE] Lights/Plug Lights/PIug{g@ 12 120
120 12 E Lights/Plug ‘_. Lights/P|ug‘:<?:'E 12 120
120 14 [USNTTSCIEES 14 120
120 e ﬂ Refrigerator &3 Q glltj(,élhe et: ' 15 120
= Dishwasher
@ Forced Air 12 120
Unit =)

=2\ Heat Pump

Hybrid Heat P25
= HVAC

Pump Dryer

Range &=
(cooktop

+oven)

EV Charger

Heat Pump &
Water
Heater

@ Solar Input

/D/@\ House square footage = 2000 Total Counted Panel Amps = 96 .6

Additional House Information

« 4 occupants « 60-80 gallon heat pump water heater
« EV charging up to 19 miles/hr « 4-burner induction or standard electric range
« Located in California climate zone 3 (SF Peninsula) « 7.4 cu. foot hybrid heat pump dryer
« Some insulation « A 20-amp circuit will support a 3.8 kW inverter.
. . (Many 3.8 kW inverters can support roughly a Diagram creation and
+ 38,000 Btuh heating and cooling 4.6 - 5.9 kW solar array depending on inverter load ratio) design by Josie Gaillard

and Courtney Beyer
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Example 2

All Electric 100 Amp Home (3,000 square feet)

Two “automatic sharing” circuits, ductless mini split heat pump,
resistance dryer, high power heat pump water heater

o
Device Device S Amp Panel Device Device
Volts Amps Amps Volts

Lights/Plug @’ 12 120

N nghts/PIug 14 120

120 1 L QE] Lights/Plug

120 12 ¢ nghts/ Plug

o = - -

120 7 ﬁ Refrigerator 120

Ductless Automatic

o S
Heat Pump g;]rac::g Resistance Dryer

Heat Pump
Water Heater

Automatic

@ Solar Input Circuit &) Range
! (cooktop+
Sharing oven)
559 EV Charger

’VQ\ House square feet = 3000 Total Counted Panel Amps = 95 4
Additional House Information
« 4-6 occupants « 40-80 gallon heat pump water heater
« EV charging up to 38 miles/hr « 4-burner induction or standard electric range
« Located in California climate zone 3 (SF Peninsula) « 7.4 cu. foot standard resistance dryer
« Some insulation « A 20-amp cilfcuit will support a 3.8 kW inverter.
« 48,000 BTU heating and cooling (Many 3.8 kW inverters can support roughly a Diagram creation and

4.6 - 5.9 kW solar array depending on inverter load ratio) design by Josie Gaillard

and Courtney Beyer
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{ A YL} SwappiadReE wSUNRTAUA

Boxswapping describes the relatively quick and painless process of switching out gas appliancesvaitielectric
appliance such as a ducted heat pump replacing a ducted air conditigkrerexample of what iaot box swapping is
FollyR2YyAYy3d @2dz2NJ K2YSQa RdzOn ¢hangihg systgnis mayyba indref comifortable, lbut iNls R
rarely thelow-costoption. 9 | OK & 6 2 Eiterdsdokobnddertkdt afe discussed belavContact your local contractor

to get specific cost estimates and design strategies.

Box Swappinthe Heating, Ventilation and Air Conditioning (H\V@&G}em

Heating, Ventilation and Air Conditioning can come in many forthgted, ductless and radiant are the most common
types, andeach has an analogue heat pump product. There are also electric resistance products that can be swapped
place of gas space heating, but ytere not discussed helia detaildue to their low efficiency.

Box Swpaping a Ducted HVAC System

In a typical dcted 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 plaged in the
same location. Aeat pump outdoor unit looks just likanair conditioner outdoor unit. Since a furnace typically has a
largefan within it thatblows hot air through the ductworkhe furnace is replaced with similar dimensiodair handleg
containing a coil that isonneded to the outdoor heat pumpia refrigerant linesln a furnaceonly home the same ducts
can be used for a heat pump, and you get the added benefit of getting heating and cddtirgeasy way to accomdate
both space and water heating conversions is withdambilicat & A NB iffdoLR aif haindefo the outdoor heat
pump (this is a work around some manufacturers provide because air handlers are typically 240V, where fueradgs ar
120V).This frees up the old 120V 20 Amp furnance blower circuit for now powering a 12@tofit ready heat pump
water heater.

Furnace and Air Conditioning Air Handler and Heat Pump

1 Typically, air handlers for heat pumps are 24fts and air handlers fo
furnaces are 120oltsso it is important to note the circuit that the air handl
uses.However, a common work around is to connect the heat pump anc
air handlerwithart dzYy 6 A £ A OF f O2NR¢ GHANBX 06

Retrofit Considerations

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 reduc
energy losses, and ductless mini splits are the most efficient heat pumps on the market. Smaller, older homes w
sometimes have gas walirnaces with the addition of window air conditioners. Even if you have one or the other, getting
a minisplit or packaged terminal heat pump (reversible window air conditioner) is a great choice because they bott
provide heating and cooling out of jushe box.If aesthetics is your strongest driver, maglits can also be installed to
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have miniducts(or horizontal duct¥which are shorter than typical ducésd can be packaged away in attic space out of
sight.

. Through the Wall Heat Pump
(or Packaged Terminal Heat Pump)

- =

——==

Wall Furnace and Window Air Conditioners M ‘

Window Heat Pump
(or Packaged Terminal Heat Pump)

1 Installation:Mini splits requirehin copperrefrigerantlinesfrom the outside
O2YLINB&aaz2NJ 12 GKS AYyaARS FlLyO2ift o ¢K
Srae (2 Ayadlrtftr oKAfS &l KNR dzanK labor: f f

1 Power:Manyductless systems have 120V versions that can use existing wall plugs
well as more powerful (more heating and coo)igg0V versions

I Noise:Mini-splits arethe quietest, followed bynverter controlled throughwall types,
then single speed throughwall types and lastlywindowtypes (whichmake the most
noise).

Retrofit Considerations

Box Swapping Water Heagr

Retrofitting your gasank water heating can be done with either an electric resistance type water heater or by using a
more efficientheat pump water heaterit is not feasible yet to do a simple swapt of an ondemand gas water heater

with a heat pump water heater wall-hung hed& pump water heaters are just coming on the market in the U.S., although
sold widely overseas. Note thabrme heat pump water heaterare referred to aghybridé because theyhavebackup
electric resistancewhich is neededometimes withrefrigerants €.g.R134a) but not others (e.g. GOThis is true because

the refrigerant RL34a 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 tempesattirg 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 heate
(HPWHSs) of the same sipe larger.Commonheat pump water heates come in various volumes40, 50, 65 and 80
gallons-but require 240 volts of power because they were initially develdpetl & 6 2 E 240\ ele¥étric gedisinfce

water heaters.
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| m
4 More
Efficient

Gas Tank Water Heater Heat Pump Water Heater

1 Most existing models require 240V electricity and can share the 240V outlet for tt

laundry dryer with a circuisharing plug (see product guide section for options),

although a 120V version by Rheem has come out.

The heat pump water heater can use ind&@at or be vented to the outdoors

A small condensate water pipe needs to be routed either outdoors or it can be ro

down an existing washer standpipe line, or into a laundry sink or floor drain

1 They arefairly quiet at 50 decibels of fan and electmotor noise, like that of a
laundry dryer

Retrofit Considerations

= =

Gas water heaters in mogiarageshave a nearbyR40-volt plugfor the electric clothes dryefOne solution would be to

wire a new circuit 3@mp 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 gthad b
once the dryer is done running, it automatically switches power back to the water heater. Because the power sharin
device takes turns powering either the water heater or the dryer, it avoids overloading the circuit. Another solution woulc
be to g¢ a combined washer and dryer that can plug into a normahid@0socket, leaving the 24@lt plug for the heat
pump water heater.

Also,currently out from Rheem ansbon to be releasetly GEinder the name Haidr NS G NSGNR FA G NBI R
heaters, that plug into a typical 12@lt typical outlet. These new retrofit ready water heaters are expected to draw
around 7.5 ampsSo, instead of wiring a new 240V circuit or replacing your stanelaatricdryer, you can use a 120V
retrofit ready heat pump water heater.

Three ways to get more hot wateg 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 probabl
want a40-gallonwater heater for three peoplewould use 5Qjallons, 4oeoplewould use65 gallons, and 5+ people use

80 gallontanks*® Current (o pun intended Heat pump water heaters are generally either@@p or 15amp machines
based on the Amperage of thedectric resistance backup elements they use to supplement the heat pump. Famd5
products put less power into the water during the course of the first hour test so all else being equal, they would delive
slightly less hot water in the first hour teshd thereby have a lowdirst hour rating.

Three ways to get mor&ot water:
1. Set the tank to a higher temperature (and use a mixing valve to avoid scalding if you are setting it abov
2. Select a larger volume tank
3. Select a higher power hepump water heater that is 3@mps
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Box Swapping Stove

Electric stoves use the same amount of space as gas stoves, and come in every fasl o )
sleek, antiqueor simple. Most require 240V power though, requiring a few hundre

dollars of electrical work before it can plug induction cooktops are favored by many v
professional chefs and they are easier to clean, faster to cook with, and they create Y .

indoor dr pollution. However, electric radiant stoves are roughly half as expensive, a ‘

come with easyto-clean glass tops, but are less controllable, slower and about 10% |

efficient than induction. Electricadiantcooktops allow you to use aluminum anchet

non-ferrous pans, while induction requires cookwavéh iron content like cast iron or Figure19: A stainless steel
some types oftainlesssteel pans Any pan that a magnet can stick to works well for  gisk used to convert your
induction cookingYou can continue using glass and aluminum pots with inaludtyou  favorite pan to be compatible
put a steel disk beneathtitthey are commonly sold for induction retrofité. lower cost  with an induction cooktop,
retrofit is to usecountertopinductioncooktops that are smaller (@2 burners)and use OFftfSR F bKSI
120V electricity, so they can use any of the kitchen plugs, paitgd120V countertop 6 L Y RdzO0G A 2) | I
ovens.

\ vwv-www‘
e ————

i wWQ_M I\

= - Electric Induction Cooktop - Electric Induction Range

iy U UR ‘f
Gas Cooktop B o iy
Gas Range
Electric Glass-top Radiant Cooktop
Electric Glass-top Radiant Ran;
9 240V circuit needed for higher powe § Requires a 240V circuit
cooktops with more burners 9 Saves power by combining oven and cooktop intc
Retrofit 9 Induction @oktops with 22 burners one 40 amp draw
Considerations do not need power upgrade (120V) 1 Induction and Radiant ranges use a similar amou
9 Induction and Radiant cooktops use of power and will require a similar circuit size
similar amount opower (typically 30 or 40 amp)

If you have a gas oven and gas dopkthen youmight lack adedicated, highpower circuit requiredor electricstoves
(4050 Amps at 240V he nacircuit upgrade solution would be taseone ortwo countertopinduction cooktops The
other option is to run an additional, dedicated 246¥ctuit for 40-50 AmpsIf the cooktop and oven are separatetigy
count as needing more power, and both require a dedicated cirdDiduble ovens tend to need double the power of
single ovens (40 amps vs. 20 amps).

Box Swapping a G&dothes Dgr

As discussed abovehaut 12% of homes have gas fired clothes dryer2 dz R2 y Qi ahi§rSpBwerl{240VKdutdS
available, you can retrofit with a combinedAll-in-2 y $@ndensingwvasherdryer that can plug into ry outlet in the
home (120V). However, the washéryer still needs to have a supply water pipe and a drainage, gipéts easiest to
locate it where the existing washing machine was.
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Standard Washer and Dryer Combined Washer and Dryer

1 Combinied washer/dryers can plugo a 120V / 1&amp circuit
Retrofit Considerations I Needs a place to drain water
9 Does not require venting

Heat pump dryes come inboth 120V or 240Wersionsand are similarly as energy efficient as the combined
washer/dryers.Some of them come with electric resistance bagk so while they are more efficient they still require as
much power as a standard electric drye80 Amps at 240% which will necessitata new 240\¢ircuitto where you are
replacing the gas dryer. Condensing washer/dryers come in sizes up to 4.5 cupichitseheat pump dryerscome in
sizesup to 7 cubic feetind resistance dryers can be as large as 9 cubic feet

Box Swapinga Gas Grerator

DA&ZNAY 3 /I EAFT2NYALFI QA LI FYyYySR L2 g SN 2 daiplgehSaiorsirayicalyhhBedniea i
daily source of fire& Unfortunately most generators run out of fuel aftevo days andmore fuel is often unavailable or
rationed during amajor disaster even gas stations run o& NJ 2 dza G . Od rgpade a badzyendrator requires
battery, ideallypairedwith a solar arrayo it refills itself every daydelow are examples of mobiddectric generators
batteries with plugs and their price closely matches the amount of energy they aaliver without recharging.The
batteries go up in cost as their capacity increases which is measured irhdiatt. For example, the Goal Zero Yeti 500X

could power a 10Natt lightbulb for 50 hours or could charge a 12W smart phone 42 times. As another example, the Gog

Zero Yeti 6000X could run an averagedided fridge (L00W) for 60 houfaurther below are miniature examples of this
single light buds with battery backup, which is Code mandated for commercial new construction and is now available for
homes.(See more Lowost Resilience solutions in the product gaidkhe end of the document.

Goal Zero Yeti Goal Zero Yeti Goal Zero Yeti
Model S200 Rockpals RIVER 600 500X 1500X 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 5,12 (VDC) 5,12(VDC) 5,12 (VDC) 5,9,12,20(VDC, 5,12,20(VDC) 5,12, 20 (VDC)
Voltage (V) 120 (VAC) 120 (VAC) 120 (VAC) = 120 (VAC)2.5A = 120 (VAC)/16.5A 120 (VAC)/ 16.5/
Full charge
L2 67 67 16 4.5 (120V/1A) 7 (120V/2A) 12 (120V/5A)

120VAC input
(hrs)
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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 brigl
as40¢60-Watt incandescent bulbs, appropriate for d&y-day use, but during an outage they will stay on fés Bours,
enough to gethrough a night or two without electricity.

Picture of the LED Ligh = -y
Bulb + Battery % % 9
P a == a == e
A4 3 1 g @
Model GE-A21 YKDtronics JackonLux Neporal
Lighting Hours on
Battery Power (hrs) 5 34 34 45
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 Swapinga Gas Generator with an Electtiar

In the wake of the 2010 tsunarim Japarthat shut down all nuclear power
plants,1/3® of WI LJ- y Qa St $i0 @04 Niskah degan quiodhdtin
their electric cars as a resiliency resource that can power a house or ¢
commercial buildingL y 2 dzNJ LINP RdzOi 3JIdzA RSa @&
this work in the U.STheisland of Maui, with its constrained grid, and the L
Angeles Air Force Bdéewith its need for resilience during emergencie
began using Nissans for VehitteBuilding and Vehicko-Grid chargers in
2014%Honda, Mitsubishi, Toyota and other car midacturers with standard
CHAdeMO certified Level 2 charging plugs can now suppdalitdational

The Value of Resilience

1 $119 billion:The anual cost of
power outages to the U.S.

1 $20¢ $55 bhillion:Theannual cost
to Americans of extreme weather
and related power outages

1 $243 billiong $1trillion: Potential
cost of a cybeattack that shuts
down New York and D.C. areas
(source: Clean Coaliti@019

charging.

September 2020, Typhoon Faxai ripped through Japan resulting in 934,000 homes losintf foviredp during the crisis
Nissan dealerships outsicbf the power outage zone invited Leaf owner to come and charge for free, and those with
vehicleto-home chargers were able to also power their homes. One vehicle owner, Mr. N, blogged about how his Nisse
[ SIFTQa ¢l a ofS G2 LaadhSaNpumginbterthda@rifai tivEand\EhAIMNAY RIS résaunek

was a 4.5kW solar array, which was able to mmest of the loads, and Mr. N was able tlrive to the closest Nissan
dealer outside of the outage zone and bring back a full chargeett the rest of his needs

Figure22: The LA Air
Force Base increasin
its resiliency with the | &8

largest EV fleet on a #s

federal facility, 42 8
vehicles of Nissan Leafs|
KIA plugin hybrid vans,

Ford GMAXs, and

Figure20: Nissan unveils the U.S.
commercial offering olVehicleto-
Homecharging for the U.S., using

battery-powered Leaf cars and Fermat

Energy bidirectional charging®!
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Chevy Volts with all

these cars using
Vehicleto-Grid
technology.

charging the grid as part of the
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ElectricRetrofitIncentives and Rebates

Several different incentives and rebates are available for clean, electric heat pumps app#adcstsuctural building
efficiency upgradesThese are usually offered througiilities, local government, or states, and yawidely depending

on your location. Taking the time to check with local utilities and agencies for discounts and incentives can save yi
thousands of dollars. PG&E, for example, has a marketplace with deep discounts and up to $500 in rebates on some h
pump models? Other utilities offer even larger incentives summarizedhia Table belowThe Sacramento Municipal
PGATAGE S5Aa0GNROG 6{a!50 KIFa 2yS 27F (K Seleytric ihdms/ &f@ringy 2 a
incentives worth up td$13,500 toward the gato-electric conversion of existing hom#&sThe federal government also
hasvarious incentives, one good resource is If@IRE Database of State Incentives for Renewables and Effiwvbioty
hasstate andfederal incentive informationin addition The Switch is Owebsite has a incentive look upol.

SMUD is also helping lowncome Table3: Just a few ebatesand incentives forelectric appliances

customers by embedding electrification il 1 Up to $1,000 for Electric Water Heaters

its existing lowincome energy efficiency Socal Ediséh 1 Up to $300 for Central HVAC Heat Pumps

program?®Roughly 80 percent of homes il 1 Up to $600 fomMini Split HVAC Heat Pumps

the program receive electric heat pum| SMUD® which has _

heaters.  Other energy providers ar GKS yIaAz2) 1 Up to $750 for Induction cooktops

creating similar programs tosaist low | 5 & VSTAORAI I Up to $2500 for Heat pump HVAC

income customers in the transition fromn St SOGNRTA ¢ 1 Up to $2500 for Heat Pump Water Heaters

gas to electric. Peninsula Clean Energy. rebate program 1 Up to $2500 for Electrical Parigpgrades

f:;(:hé?gctﬁﬁcf;‘: :orgiogzzthﬁnHoer;s Great N_orthwest 1 Deep discounts on Heat Pump Water Heat

2TTSNAY B &G dRIWS  dal Installations, of roughly $1300 for a total installed cost of
Oregort’ $800-$1550 (for 40 gallon to 80 gallon sizes

provide both energy efficiency anc
electrification at no cost to lowncome | peninsula Clean
residents in San Mateo County. Energy®

1 $1,500 for HPWH on top of BayREHL,000
1 Electrical Panel Upgrade to 100 amps $1,5
9 Electrical Panel Upgrade to 200 amps $75(
In California at least 16 different cities City of Palo Alt&® 1 $1,500 for heat pump water heater
community choice energy providers, an| Federalg Residential| § Up to $500 for water heaters, heat pumps,
agencies offer additional bates and | Energy Efficiency Tal  air conditioners, building insulation,

incentives to replace gas appliances wi| Credit windows, roofs

electric. In the San Francisco Bay Area, th~ A\

BayREN progragives $1,000 in incentives ag)— 9 H’ﬂT

to the installing contractor for Heat Pump il = I niin;
Water Heaters as well as rebates for other . o

electric Conversions in their dihe Plus Hon]e4 EIGCTFIC Heat PU]np Muitlfamﬂy Cfeaﬂ
program?z Some area Community Choice PaThV\/ay Wat6[ HG&TBFS Heatmg Pathway
energy providers layer additional rebates 7 e S il A o mvaNaDi T S Ao
onto the BayRNdiscount however these el Lt Ll sl oo
discount prog rams are not always cleaner, highly efficient electric

alternatives.

aatulboplholtSe sAUK 2Unom pitdda sty oFthe bVt otefd'by BayREN.

In addition, some local agencies, such as SiliedieyClean Energy, have developed online customer assistance programs
to help customers replace gas appliances with electric; their eHUB helps customers find the best electric applian
including the discounts, as well as local instalté3ther agencis offer discounts on heat pump water heaters replacing
Ira 6FGSNIKSFGISNAR Fa | YSIya 27F NB Rumbk ¢éin Roddr fferSigcéntiBse
for smart thermostats and heat pump water heaters, in addition to free electricltargers They have partnered with
GridSavwyto offer a $5 per month bill credibn top of appliance discounts for customers that enroll in the demand
responseprogram

A Zero Emissions AlectricRetrofit SingleFamily Construction Gui#&edwood Energy 2021 31


https://www.dsireusa.org/
https://www.switchison.org/get-started

Case Studies of Complete Electrification Retrofits

Below are alklectric retrofits from across the United Stateshether it be in the coldest climates of the migkst or in
the temperature forests of northern California,-alectric desige are the desired choice for comfortable, efficient and
environmentally consous homes.

1890 Ranch, RavenraH

The region around Lake Erie has blizzards in the winter and humid heat in the suamuieslder houses are rarely
comfortable in all seasonddabitat for Humanity volunteers in this small Ohio town near Clevelandfitiab a very old
K2YS (2 KSfLI I RAalofSR O2YYdzyAdGée YSYOSNW ¢KS FANRG
dirt floor with plastic sheeting. They then replaced the broken gas furnace and ductwork with a cold climate heat pum
and new ductwork, paired with a dehumidifier on the fresh air supply. The heat pump water heater also does a sma
amount of dehumidification, along with reducing energy bills. With a final wrap of insulation and caulking all the cracks
the house is warm in imter, dry during the summer and supplied with clean, fresh air yeand. Retrofit design by
Energy Smart Ohf%.

uuuuuuuuuuuuuuuuuuu

Figure24: This 1890 home near Lake Erie was retrofitted by Habitat for Humanity
in all seasong?®

.Sy YR {FN} {
Baltimore, MD

Ben and Sara moved into thdaltimore
1950s home in the fall 02019. 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 W Y
snows in Baltimore, they selecteddO 2 f L,/ A T NGl A v

Oft AYIFGSé¢ KSIF G LdzY LIFigukes Ben and Safa Bhalvé feplabed thelRfd&Nfyfridce with a heat pur
extreme cold weather (e.g-20F). Cold for a more comfortable, fossil fuel free house. Multiple neighbors

climate heat pumps use small computerg€commended a local installer who had alreadgplaced their fuel oil furnaces
with heat pumps, saving utility costs every winter and adding AC to an old

to control the heat pumpso it works well house for comfortable summars’

at any temperature, while olfashioned
heat pumps lack a computer that allows sinbezing functionality.
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{G0S8S YR [A&al {OKYARGQA 12YS: [2a !'fG2az
[Aal FTYR {(S@S HROXIYWARNE: (xye -EeSiicNaray prograntahdSvelikeownlefietgy
consultants, run their large 4,000 square foot Los Altos family home on a standard 200 Amp panel, even as they he
retrofitted chargers for two electric cars, an electrictm@ycle, an induction range mbined washecondensing dryer,

a heat pump water heater anaheat pumpfor spaceheating and cooling

Figure26Y ! G G KS { OKYARGQa K2YSI (RiSsharearGtie sfne Sréuil a%kh&Rhegmeat
pump water heatef® 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 - A : ‘,,/
Buddy Splitvolt and EV 5 ) — n!r
PowerShare plugs. These f /

plugs are designed to share Figure27: The NeoCharge allows two electric vehicles to be plugged in at the same at the
power between two 240V { OKYARGQa K2YSs 6KSNB 2yS OFNI A& OKI NBSR
deviceausing one plugrhe other car to charge (Images courtesy 8feve Schmidt™
NeoChargeontrolspower

use, so one electric car waits for the other to charge, orwlager heater waits while thénduction stove cooksthen
resumes heating the water in the storage tank when the stove is dbime power sharing strategy avoidét need for
anexpensive paneindservice line wiraipsize.

Their other strategy was efficienegather than using a 7000 Watt electric resistamendry dryer and triggering a wiring
upgrade, they bought 700 Watt condensing washer/dryar efficient with itgpower demandthat it can plug into any
existing 120V outlet. Lisalovesit ¢ KS O2y RSy aAy 3 2| & KSNX 5 NE $Kidarid @loeLadzattier 2 ¢
job than my old washer and dryethe clothes come out cleaner and very dry.thoroughlyA Y LINS & & SR ® €
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Wei'Tai BEFORE DURING

Y621 Qa NEREAE O 7
Lafayette, CA RO (22 B\ s
WeiTai Kwok, an  §7¢% X = g
engineerwith L > y i B
construction skills = | vuripieine "

sets need to

electrified his
house to be part
of the solution to
global climate
change?d. Q@S
seen and used
ductlessmini-split
heat pumps
countless times
during my Asia
travels, with each
room having a
remote control
and the ability to
adjust the fan

f SOSt ao LpE
really register in
my head that the
reason was
0SOldzasS A
the most cost -

effective wayfor
themtogetnr RSNY RIF& O2YF2NIz FyR GKIG a2YSRFE& Y& K2dzaS 42

Figure28: Out with gas and in with electric mirgplits and induction cooking*

t SGSNIFYR al NBFNBG BYNbEeQad 12YS Ay | FYAT O
This allelectric homecalledNewbridge Farm was built in 1830 and has seen many transitiond80gears first burning
wood,then coal, anchext wasfuel oil until Peter Darby completely electrified it, installing a watearce heat pump that

uses heat from groundwat€e®. The chilled groundwater is then discharged into a lovely backyard stream. Peter is a City
Coundmember in Hamiltorand 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.

Figure29Y t S SNJ 5 thaldvas Dudlt in KEBY Vs retrofitted to be zero emissions andalldectric, incIuing a water
source heat pump that uses well water as the heat source, and discharges the water into the adjacent ¢reek.
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Campus Center fémppropriate
Technology (CCAT) at Humboldt State
University, Arcata, CA

This campus home to three student -Darectors is

GKS yridAzyQa fafd RSY?2
1970s, outliving hundreds of others founded by theg#
Carter Administration because studeinding made

have built and maintained back yardwind turbine,
pedal powered appliances, rooftop solar panels ang”
even aFrenchfry greasebiodieselrefinery. Nightly 24
mealsare cooked on aimduction rangeand showers
are heated with a heat pump water heatefrhe
2NBFYATFGA2y Qa dzyAljdzS a
led to students founding related groups, like Eart < ,
FirsttHumboldtthat taught and organized trests to # e el
challen(::je |0’03| illegal Ioggjng (?f old growth redWOOq:igu[e:iO: The Campus Center for Appropriate Tec nblog;;téide
F2NBautaT ! NOI U Qawhigeh Hag a imRgBof gréeh iddée artd baMidrkeEpower generation, Julia
started many professional organic farming careers Butterfly Hill an environmentalist activist, and the student staff®
I {! Q& yiirStlinkie-Bation  Environmental

Sciencalegree programand manymore campus tubs thatcollect campus recyclablesompost cafeteria food wastéix
student<bicycles, andgrow food for the homeless

Perlita Passive House, Los

Angeles, CA

The Gaucher Family retrofitted
their home to bethe first Passive
House certified home in Southern
California, removing the gagrvice
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$.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.

Figure31: The Perlita Passive House: the original house was stripped to the shads,
insulated, tested and made into an LA modern masterpiece of efficieffty.
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Jon and Kelyd | Gevedahd Height©H

Jon and Kelly wantet turn their 100yearold house into a zeremissions home to reduce their impact tre climate
while also making the house more comfortabddso, after living through several power outages, they wanted to make
their home as offgrid as possibleA 3ton Carrier Greenspeeldeat pump was all that was needéal heat and cool thi
homeandthe resultingcost to heat their home is on par with other gas systems in the.&®lae air sealing and insulated
was extensive; special attention was paid to thete, which was insulated with spray foam and finished with dry wall
creating a workout room with AC. The end result of the envelope wiBWRalls and R5 attic with an electric resistance
water heater and electric stove. Kelly and Jon are happy thegfitted ¢ 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 studyEatergy Smart's website

Figure32Y W2y | yR YStteQa NBGNRTFAL

Colonial Solafouse, 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 X
home to provide all its S - L
own energy. First, he Figure33: All electric retrofit in Heartland (Building Performance Journ®)
installed solar

photovoltaics on top of his garage and roof that have microinverters attached to the back. The microinverters allow fo
each of the modules to operate even if one of them is shadiekthis natural gas furnaceas replacedvith a ground
sourceheat pump. Previously, the house was built with no insulation; however, after running an energy audit he was abl
to insulate with closegtell foam. Paul and his family have been enjoying hisledtric retrofit for the past 3 year$:
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https://energysmartohio.com/case_studies/1917-net-zero-ready/whh

The BindlegZarbon Neutral RenovatioHolderness, NH
' FGSN) FGGSYRAY3I | ASYAYI N Foz2dzi GKS SF¥FFSOia 2F Of AYl
enlisted the help of Ben Southworth to curate a carbon neutral renovation. Ben and Marc Rasefiba energy
enginee) installed a 7.%ilowatt solar array on top of the roof to produce all the powvtlee house would consume over

the course of a yearNext, a ground source heat pump was installed and replaced the old oil kgdegm High
performanceThermotechwindows and doors were installddr better insulation. CFL lights bulbs were switched out for
LEDs for efficiency and durabilifif. Lastly, the envelope is tightly sealed with lots of insulation to keep its residents
comfortable: wall B2, roof R72, basement wall 0, basement Floor-B5. Combining thermal comfornd altelectric
deviceswithsolarn 6§ S a WI ySQa 3J2duttal. 2F 6SAy3a OFNb2y Yy

e

LI

i N % -

Figure34: The 1970's Ranch Home (left), during the renovation (top right) ad Jane Birfdley.

Ross Residenc&mherst, MA
This old home built in 1884as in need o& deep retrofit. The newiomeowners, the Ro§s&ame to Coldham&Hartman

Architects with a completely new design in mind. The firgieoiof business was to completely redo the existing roof. The
bay roofs were torn off and a new roefas installedaccompanied with 12.4 kWf photovoltaics Moving towards a no
combustion household, & w2 & a Q @ infal & A5R\BRSteibel Eltron hgaump water heater and an induction
cooktop.To heat and cool the house a Mitsubishiy¥iitilti Multi-port air source heat pumpas installedThe Ros® are
now enjoying their completely renovated home. Due to the virdulated envelope, even during a snowstorm with no
power for two and half days, and outside temperatures being 20 degrees, thieie Imever went below 67 degreé4.

Read the full case study at ti®00 Home Challend#/ebsite!

\ =
Figure35: TheRoss Residenagewly renovated home®®
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https://1000homechallenge.com/case-studies/

ONR1 I WSAYKINRBAreCEA AT E WSAARSYOS:
To address the urgency of climate change, Erika Reinhardt and
her family replaced their 2018 gas appliarnces gasstove,a

gas dryer, and a gas boiler for radiantloor heating and
domestic hot water The replacements weranew induction
range, an Energy Star efficienglectric laundry dryer, and

a ChiltrixCX34air-to-water heat pump with tanks to provide

hot water for both radiant heating andomestichot water. A
natural gas fireplace and outdoor grill were turned toff
neither were used enough to justify replacement. Each of the
appliances required a new 240V circuit, but the existing circuit
breakerpanel wagight sizedalready fortheir new allelectric
home.

The induction range and laundry dryer were easy to install
because contractors afamiliar with this processThe 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 creyand Bay Area construction prices are
double those of lower cost communities in the U.S.

Figure36Y 9 NA {1l wSAYKFINRGQ&a S

(images and descriptionaurtesy of Erika Reinhardt).

Modest Manor, San FranciscA
A pair of shydo-it-yourselfsorts electrified their 200 square foot two story home on a budget in little experimental
adlr3asSao ¢tKS 2NAIAYLFE mopnnQa K2YS KIR 6SSy NBY2RSt SR
hasR-38insulation in the rooAindR-13 in walls The first floor has ajut 900 square feethat isuninsulated over thé K I £ F
RANI 0 a&aSYSy funhaceard®MNds hedtetuSed & EitRvVatching a few plumbing and electrical videos, reading
a howto book o wiring and volunteering witlsunWork.org the homeownersbuilt up skills and confidence to pair up
with their buddies to take turnin electrifyingS | OK  hdm€STNENGS | € AT SR AGQa y20 NRrO1 S
hobby that saves thousand$ dollars.

Figure37Yy ¢KS a2RSad aly2NRa aNX¥ /22f aAyAraLi}i rada |
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