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building policies that promote community prosperity, bolster economic vitality, and protect civic heritage. The intantepfattiiigo help cities

and developers everywhere embrace healthier, lower costatdtric building construction practices.
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Introduction

The news of climate change is unquestionably grintreasing
extreme weather events are burning, blowing dgowand
flooding communitieson every continent and islandThese
extreme weather eventare unarguably linked tomanmade
carbon pollution To addresghis, many cities and nations have
identified smart building electrification paired with renewable
energy,as the primary solution t@8% ofcarbonemissiondrom

building operationgFigurel). LN | T Building 2

This document aims to guide every homeowner, builde Operations
contractor, policy maker and argther interested party to fully : . 28%
realize thebenefits of building alélectric homes Building aH
electric homes savesnoney and energycreates heathier,
pollution-free and safer living spaceand helps lead the way to
astable climate.

Transportation | Building
Construction

11%

Building newhomes without fossil fuelsto address climate
changehas been innovated by architects and home builderg
codified for 2020 by dozens of California citiess guburbs of
Boston New York Cityand even countries like Britdiby 2025. igurel: Construction and Operation of Buildings totals 499
Many of these_ new electrification policies also require electrlé; fgannué | CO2 pollution, Phgto credMatthew A%bot‘ NYT. ’
car chargers in each new home to address greenhouse gagaysis by Architecture 2030 using UN Environment Glob
emissions from transportationsée p. 40for a guide t02020  Status Report 2017; EIA International Energy Outlook 201’
model electric vehicles). Because the process of constructing

new buildings represent$1% of climate changgollution each year, our manufacturing and usehuafilding materials
such ascement and irof (p. 20, must also change. One such innovatiamroduced byMarin County, CAeffective
January 1, 2020, is a lesarbon concrete building code that can be adopted by jurisdictions anywthere

Building homes with natural gas serviciactoring in design, permitting, infrastructure, pipes, and labadds an average
of more than$20,000 per California hom. 7). This is why aklectric housing began regaining market share in 1993,
following a ®-year hiatusresulting from the two 1970s oil crisesi KS& QNBE f Sda SELISYairgs

\L

same market valueand can be upsold as Zero Net Ener
with a 100% offset solar array.

In 1933 Government programs such as the Rur
Electrification ~ Administration provided loans to
organizations like thélennessee Valley Authorjtwhich

began connecting households thet electric grid for free,
providing electric lighting and labeaaving appliances.
Electric utilities created a media campaign from 19835

GKIFIG akKz2gOl aSR -aegtnyt lmansion Suhd3
every big star of the era, from Judy Garland to SammjysDa
Jr. to advertise the luxury and class of the-eddictric

lifestyle (Figure2). The twenty years between 1973 and
1993 was the only period since the 1988en all-electric
K2dzaSa RARY QG 3AFAY YIN)YSQ

. . Figure2: From 19531963 Ronald Reagan directed alectric utility-
In 2015, the most recent data availabldi-@lectric homes gsponsored top 10 TV showwith A 4§ I dz8at &G+ N

accouned for 1 in 4 homes natiowide and is growing® and jingle: "Live Better Electrically.”
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The market transition to aklectric has accelerated since 20d@e to the improvementso§ f SOGNA O G KSI
and water heating, which can now efficiently heat at temperatures as |0®0E.The2016 Propane Market Outlook put

it succinctlyd ! & KSF @ Lidzyld G6SOKy2t238 O2yiiydsSa (2 | ROohdSs
LINE LI yS KSISGAY3I YINJ Si o¢
Fuel with Largest Market Share Gains between 2010 and 2014 Nat. Gas
Water 2005
Heating -5%
2015
Electric 2005
Water +7%
Heating 2015
Nat.Gas = 2005 .
Space -4%
Heating 2015
2005
- 3 Electric +4%
ropane

B Natural Gas SpaC,e 2015

O] Electricity Heating

B Distillate o% 20% 40% 60%

B Wood

B other Figure4: Percent change of all

residential homes that use electric or

Figure3: Electric heating, both heat pumps and resistanas the main source of heating in the home
hasincreased from 30% in 2005 to 35% in 200564 3dzNE FNRBY L/ CQ& Hnfic

natural gas space and water heating
between 2005 and 2015.

Massachusetts has moved faster than many states to electrify buildings, in part because of a September 2018 explos
in the Merrimack Valley caused by an oyessurized gas main. The explosion killed one person, injured dozens of others,
required the evacuation of 30,000, and destroyed 130 buildings. After this catastrophe, thousands of homes in the affecte
towns permanently abanshed gas service and Columbia Gas has been barred from future work in the entiré state.
Brookline was the first Massachusetts town to ban gas citywide in response, with Cambridge and Boston announcing th
interest in following suit.

Figure5: A 207to-3 vote in Brookline, MA, banned fossil fuels in
new buildings and gut rehabs beginning in 2021.
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A large home in Lawrence, MA was among the 13(

impacted by gagxplosions in 2018 when maintenance worker
accidentally overpressuizedthe gas main, turning gassing
homes into bombs. Alelectric homes are safe¥?



In places with agedhfrastructure, gas system upgrades are being found to be more expensivexdorpée, Boston,
Chicago, and Philadelphia are pursuing electrificatiotm@snore financially viable solutiohe38 electric utility ceops

2T DS2NHAIF FFNB dzaAy3a YINJSGI YSOKIYyAaAYA NI ldie@ritIhdiig y |
market!! with the same phenomenon in Alabafdand Florida? where utilities like The Southern Company and Gulf
Power are accelerating the market demand foreddictric housing.

In another important trend, electric utilities

are recognizing the value of doubling their
sales with alelectric homes and tripling
sales with electric carén the Midwest 88%
of electric ceops pay customers to switch
their space heatingand other apghnces
from gas to electricin 2018, the National
Rural Electric Cooperative Association
(NRECABoard unanimously approved a
resolution supporting beneficial
electrification programs NRECA supports 500,000
900 ceopsrepresenting nearly half of the 100,000
land area inthe US and serves almost 50 0
million people!®
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1,100,000
1,000,000
900,000
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700,000
600,000
500,000
400,000
300,000

Number of EVs on the Road in the U.S.

20m 2012 2013 2014 2015 2016 2017 2018 2019

Figure7: Led by Tesla, U.8lectric vehicle sales are growing rapidiynd sold more
than a million by 2019They are a solution to one of the largest sources of climate
change!4

Adding Rooftop Solar to Offset Electricity

Today 94% of solar powered homes are built

developers, not visionary homeownefs.The Zero @he Nem ﬁﬂl’k @imeﬁ

Energy Residential Buildings Study found that there we
dramatic 59% increase between 2018 to 2019 in grov . o . ]

in solar homes® 2020 will be remembered as the yea Ca[lforn!a m” Requ"'e
GKS ¢2NI RQa piaGK fFNBSAG
every new home to have a solar array, covering roug SOIar Power for New Homes
crk: 2F GKS K2YSQa Y NIMBWIK ( 5 anpenn  vayo, 2018

LBNL labs found the 1.1 million solar powered homesTm

2015 in thke U.S. were valued at $17,000 higher than homes without solar aftayith the solar installation value
recouped in sale. On average in the U.S. a solar array will repay itself in 7.4 years, wjtaa R&arranty'®

i dzA N

Celebrities and Solar
Celebrities from Dr. Dre, Puff Diddy|
Brad Pitt and Scarlett Johansso
have endorsed solar power an(iies ’ \ P
installed arrays on their Lﬁlt‘ g /
homes, many sized for 100% so|&¥Es "

Dusty Baker, among other$iave
used their star power angersonal M
wealth to promote solar power &
initiatives in disadvantaged
communities from Oakland (Prince|
to New Orleans (Brad Pitt), fro
rural America (Mark Ruffalo, Do

|
i \
Cheadle) to Africa (Oprah, Akon).
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President Barak Obama: President Jimmy Carter: CA Governor Arnold Schwarzeneggt

The White House Sol&lectric Array | The White House Solar Thermal Arr]  initiated solar rebates statvide.
: 5. R M : _ P =

Akon Lighting AfriCa has provided powe .
doesVele Secondary School in Limpop to 14 Afnc;an countries and is rapidly ' Dusty Bakeshowe’dAthre Wo_rld its first
; expanding to supply solar power a KA IK T Aal& Slugding hisa3pth
whichhaswon many awards for :
inahility20 throughout the contineng? home run of theseasorfor the Dodgers
sustainability? >
and started a national celebratory
tradition. After a career of managing the
Giants, Cubs, Redsnd Nationalshisthird
career isn developing large solar project
for historically black universities, tribal
reservationsand commercial businessés
The entrepreneurial opportunities of solg
are reat according to the U.S.
government, 370,000 people were
employed in solar natiomvide in 2016
compared to 160,000 in caal2.3x more?®

Oprah Winfrey's Leadership Academy f
Girls in South Africa has solar powas

Jamie Fox® a Dr. DreQ a
Ground Mount F

Rooftop PV Array

Best Practices in Solar Re&ihpfDesign

The key to achieving zero net carbon is matching the renewable energy production of the onsite solar (photovoltaic,
t+0 FNNJ& (2 GKS K2dzaSK2ftRQ&a St SOGUNAROAGE RSYFYR® 2 A0
willnotacc Y2 RFGS I &2t NJ FNNF@& fFNHS Sy2dzaAK G2 YSSG GKS
fundamental factors that determine succesgorm and efficiency. A solar friendly roof formis often overlooked yet
needs attention earlier than any other spect of design or constructiorSolar panels range in efficiency from 6% to
21.5%, and a challenging roofline can be partially addressed by using higher efficiency panels.

Toachieve success with 100% offset solar array, adhere to these principlesndwgarly design

T ¢KS FSHSNI NRP2F LXFySas GKS o0SOGSNI® 2KAES LIl YyyAy
AYGiSNBaGAYy3IZQ O02YLIX AOFGSR NR2Fa INB (GKS SySye 27
(Complicated roofsire also the enemy of aisture-proofing, durability, thermal comfort, andffordabilityl This
may help persuade planners to accept simpler designs.)

1 Preserve the largest possiblmobstructedexpanse(s) of souttand/or westfacing roof area. Soutfacing solar
arrays generate wre energy, while westacing arrays collect more energy during high utility rate periods, and
thus may prove to be more economically beneficial. (A solar vendor can evaluate this for you.)
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1 To avoid obstructions, design floor plans to concentrate roof patiens, such as plumbing and mechanical vent
stacks, on roof areas that are not intended for solar production (e.g., narith eastfacing planes).

1 Run energy modelsarly and oftenduring design to compare your energy production potential with anied
energy usage. Adjustments can be made easily and inexpensively early in design, but at much greater exper
and difficulty later in the design process.

In addition to solar on rooftopssolarcan also be added as canop&d carports that add othepenefits to the home
like creatinga shaded courtyardnd protecting cars from the elements.

Ty =

i 4ss 27 - 4,"
NAVAVAVavav o i A
D ERAAAY ===

_—

The Benefits of Altlectric Design

The following section details the benefits of buildingeddictric: lower construébn costs, lower carbon emissions,
improved public safety, improved indoor health, higher efficiency, the lowest utility bills when paired with PV panels, an
a simplified building process.

Lower Construction Costs

A study prepared for the Pacific Gas and Electric Company f
that the gasrelated construction costs for a mixddel home
can be up to $30,800 for an average siAglmily home, all paid
by the buyer; this includes the difference between gas
electric appliances, thouse gas piping and infrastructure, a
onsite @s infrastructure®* Other cost estimates from
/I TEAFT2NYALFIQA 3FlL & FyR St Bgue
8. Avoided gas infrastructure costs include $B6D per foot
for low-pressure distribution line%,$16,570 for the meter and
lateral ¢ and $2001,000 piping cost per fixturg.

oAll-electricis a no brainer The cost of bringing gas
to a buildingsite is expensive. In our development
all-electricis less expensive to build ajudtas
efficient, or more efficient, in operationdndyou
can't generate gas onsite, but you can generate
electricitywith solarelectric panels to lower bilés

- Chris Dart, President of Danco Communities ) 0 S
a large singlefamily and multifamily affordable
housing developer in Northern CA
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Residential Natural Gas Infrastructure Costs and Methane Leakage: $20,000+ per home, 4.0% leakage
The total methane leakage rate from California’s residential natural gas infrastructure is estimated to be 4.0% (2.7 — 5.2%). Owner paid or developer paid
cost increases due to more expensive gas appliances and infrastructure additions are in darker blue, while “rate based” cost increases are in lighter blue.

2.2% (1.0-2.9%)"7

In and Out of State Extraction

$140-$360/ft 10

2" Low Pressure Distribution

$7M/Well'®

0.03% Leak?

7 Processing and
51,000-$3,000 Temporary Storage
Furnace

r -

$om 7

Water Heater

Processing

$80M/Station!

\ 0.68% Leak!
Low Pressure 0.02% Leak!

Distribution

o

Seasonal Storage **

! — a
0.3% - 0.9%" 0.31% Leak? 0.07% .Le.ak
8 q Transmission
Appliance and Residential
Incomplete Combustion | Meter —
. = $16,570>1° $136-480/ft 210 $5M-43M/Mile3629.13
$200-1,000/leture iz« Lz 47-24" High Pressure 24"- 42" Very High-Pressure
Gas piping in the home Installation Distribution Transmission
L. " N\, », o

Appliance costs are the marginal cost (3) of gas over all-electric
*heat pump water heater equal in cost to on demand gas water heating
**pliso Canyon leaked 4.62 Billion cubic feet and alone cost $1.014 billion shared by 5.6 million meters - $181/meter cost (Reuters, Aug 6, 2018)

Figure8: Studies submitted to the regulatory agencies by SoCalGas and PG&E show the high hidden costs of building with gas, pagas
plumbingin the buildingand gaslaterals from the street.Additional studies illustrate the sigficant leaks at each stage.

Lower Utility Bills

Energy affordability is a critical Ferk ot o s e e e e

issue for many American E"ERG UIDE

Federal law probitits removal of his label bedore consumer purchase

householdg; utility bills are the | we e - acmc Roeen Sals Cmpan, . Wae s — otol s
Tank Size (Storage Capacity): 59 gallons Model XEESTICHDSIU! Tank Size (Storage Capacily): 46 gallons
number one use of payday loans| v ehd s s i

in the US; those loans acarried
an average of 150 days at 4009

interest, furthering the cycle of $1 61 ELECTRI
poverty.?®6 Due to rapid gains in o= - . .
electric appliance efficiency, st ange o e s =
utility bills for altelectric homes

Estimated Yearly Energy Cost Estimated Yearly Energy Cost

%231 GAS

Cost Range of Similar Models Ll

The estimated yearly energy Costof 1his madel was et available a1 the ime the rarge was publshed

First Hour Rating First Hour Rating
Canbe up to $80(lyear |ESS than (How much hol water you get in the first hour of use) (How much hot waler you get in the first hour of use)
for comparable mixeduel Lo [Eim ] “m (o=t | & [ o=
Estimated Yearly Electricity Use Estimated Yearly Energy Use

homes?® TheUSDepartment of

® Your cost will depend on your utilily rates and use. ® Your cost will depend on your utility rates and use.

Energy(DOE)LINE RdzO S &
0 I 3ok évery appliance on the

© Cost range based only on models fueled by electricity with a
high first hour rating (75 gallons and over)

® Estimated energy cost is b:
s “mvg'y' L ased on a national average electricity cost

© Estimaled yearly energy use: 1341 kWh

© Cost range based only on models fueled by natural gas with a
high first hour rating (75 gallons and over)

© Estimated e cost is based i
o$109 perll.r:“ on a national average natural gas cost

© Estimated yearly energy use: 212 therms

market, showing the national Wt Govlanergy v s
averageannual utility cost. As Figure9: US pt of Energylabels showwith average U.S. energy pricelseat pump water heaters
shown in Figure 9, an electric cost$70 per yealess to operate than the most efficient gas water heatesa the market

heat pump water heateis $70lessper year to operatavhich corresponds ta savings of about0%compared to one of
the most efficientgaswater heaters Additionally some electric utilities chargare high enough to make rooftop solar a
potential soltion to costeffectively lowering utility bills for the entire house

www.ftc.govienergy. Part No Axazse

When is Electricity Cheaper than Gas?

Onemisconception commonly heard is that "gas is cheap." In fact, even in thebgiistate of Californiagplacinggas
appliance with electd can save moneyKen Rider, Senior Advisor to the Chair of the California Energy Commission,
developed these graph{&igurelO) to illustrate the utility bills savings of heat pump water heaters compared to equivalent

A Zero Emissions Alectric Singke-amily Construction Gui#®edwood Energy 2020 8



gas water heaters. Savings are small with-&dficiency heat pumps, large with high efficiency heamps, and dramatic

when solar electric panels are included. Adding solar reduces the cost of operating a water heate hiayfto two thirds
compared to both low and high efficiency gas water heaters.

Most Efficient - Cost of Gas vs. Electric Water Heating Federal Minimum - Cost of Gas vs. Electric Water Heating
= 012 = 012
2 3
b > 60
ﬂ 0.1 W |:‘E (1]
£ ;, ) [y
£ c —_— — —
2‘_2 0.08 .:C_E 008 jm——r— — — h— WH EF 2.2
© =
© S
£ .97
S 006 %ﬂ”—— < 006 fevess,
s & TrrreeseeeeaaLL, Solar + HPWH Ef 3 5
3 wewHeesa| [ 5 | T 0T ol
= 0.04 — = 20.04
@ — — — — —
T @
Solar + HPWH E
2 ¢ . . .
£ 002 |ttt S R OR Stk ol 2 o002
:
Y v
gﬂ 0 T T T T g)ﬂ 0 T T T T
E 2015 2016 2017 2018 2019 2020 g 2015 2016 2017 2018 2019 2020
< Year z Year
Most Efficient Natural Gas Water Heater (EF 0.97) Federal Minimum Efficiency Natural Gas Water Heater (EF 0.60)
—— = Most Efficient Heat Pump Water Heater Sold in US (EF 5.1) —— =Federal Minimum Efficiency Heat Pump Water Heater (EF 2.2)
== Heat Pump Water Heater + Solar (EF 5.1) == Heat Pump Water Heater + Solar (EF 2.2)

Figure10: A ommparisonof the utility bill costs of heating water withgas versus electrity in Californig both with the most efficientwater
heaters and the least efficien®

Reduced Greenhouse Easissions

Buildings currently contribute roughl28% of global greenhouse gas (GH@pllution from energy use.Housing
constructioncanrapidly make a large reducti in carbon pollution by avoiding replacingfossil fuels like gaduel oil,
and propanewith efficientall-electric constructionAdditionally, methane leaked from the fracking, storage and delivery

2 T &Y paSisiaNdxdegtionallystrong GHG palzii G = YR | OO0O2NRAYy3I G2 (GKS 9y dA
of the humanmade global .
gF NYAyY3 45 SONB Annual Greenhouse Gas Emissions from Energy Use

of Title 24 2019-Compliant Building
GAS-heated building ELECTRIC-heated building

OF dzZaSR o0& VYSua®l
Even when the electricity in the 5.0
grid comes from coal or gas power| a5
plants, households with efficient 40

electric space and water heating 33_5
appliances produce much less| g.,,
total air pollution than those with | 3,

the most efficient gas furnaces| £
. =20

and water heaters? Forty-eight £
. . . o 1.5

utilities nationwide have made | =
commitments to  shift to 0
renewable energy, and many| %°

states havemandated renewable 0.0
energy. New York, Washington,
Oregon, and California have NRDC analysis, climate zone 6 (Los Angeles) with rooftop solar. Including methane leakage.

committed to having 100% Figure11: Buildings using ga®t yy 2 G YSSG / Ff A T2 NJ A I id@all-electricp
carbonfree power grids by 204%. buildings can. Delforge,NRDC)

2020

2030

2045 2020 2030 2045
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Improved Indoor Health

Dozens of studiééshow gas combustion in homes causes asthma

in children A gas stove doubles the odds a home aifdfave lung

and heart disease, and triples the chances that a home chef will
need asthma medicatiof?. Burning gas in household appliances
produces damaging levels opollutants like carbon monoxide,
formaldehyde, nitrogen dioxide, acetaldehyde, and ultrafi
particles®®*¢ KS / F f AF2NY AL ! AN wSa2dzNC
emissions, especially from gas stoves, have been associated with
AYONBI aSR NIB a(kée Sihog i2 Wddir KRchelledd).a S ¢ ¢
The carbon monoxide produced by burning gas in appés can

be lethal; carbon monoxide poisoning in the US kills 500 people and

Figurel2: Burning gas at home ineases childhood

asthma. (Photo byGateway Health) sends 15,000 people to the emergency roeuery year’

ImprovedPublic Safety
Nationwide since 2010 the natural gas system has caused 21
public safety incidents and $198 million damages per

year®The toll includes causing half of the fires after both the
1994 Los Angeles earthquake and the 1989 San Francis
earthquake.®® % Even in the absence of an earthquake,
natural gas accidents have killed 548 people and broken mor™f "1
than 9,000 pipelines between 1986 and 2016 in the U.S 11
(nearly one a day¥}.In 2010 a major gas main in San Bruno, ; E
CA, exploded into flames 1,000 feet higilling eight people,
destroying38 homes and damagg 70 others, and leaving

behind a crater 40 feet deefs. Figureldy aSGKLkyS tSF{1F3IS FNRBY
caused this explosion that killed two brothers. (Pholly CBS)

Bedter for Builders

Beyond construction cost savings;elictric desigrbenefits

builders by:

1. Reducing the many hassles of working with a Utility to
provide new services in the street and to the building

2. Reducing construction laborroad closuretrenching,
laying pipesafety inspectiondyackfillingandroad repair '

3. Reducing the design costs, construction time and
permitting of gas meters, internal gas plumbing, disposal
piping for acidic condensate and venting to remove
combustionexhaust that is hot enough to start a house
fire and polluted enough that it must vent at least 10 feet
distant from an openable window or door.

4. Reducing construction hazamdgonstruction workers are
killed every year by hitting gas pipelines with earthving
equipment and construction tools. For instance, in Ohio E2
construction workers hit gas mainlines 410 times in 2015 &
alone®

5. Eliminates the need for combustion safety testing of gas & &
appliances for leaks, complete fuel combustion, and A DA o
carbon monoxide bac#trafting.

Sun Prairie police: Miscommunication,
but no criminal responsibility for July 10
gas leak explosion; widow files lawsuit

Figurel4: An improperly marked gas line by the utility killed a
plumber and destroyed neighboring buildings.
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The Smog in Your Kitchen

This sidebar summarizes the results of interviewswos R ¢ 2 2 R Segh3\NdStdith Dr. Brett Singe of the
Lawrence Berkeley National Laboratoriegnd Bruce Nills of theRocky Mountain Institute

Armstrong:An April 201New Y orkearticle
about the hidden air pollution in our homes

said that there is actual smog formation in NOZ Air
kitchens after 20 to 30 minutes of cooking on - Qua|ity
gas stove!’ Was that an exaggeration? )
Comparing
Singer:If you add pollutants like NGrom gas Cooking

stoves to the cooking emissions, it is a mixture
RSASNBAYy3 2F | yIYS i
name is already taken by outdoor air pollution

Emissions to
22 Air Testing
Sites in the

Armstrong:Bruce, you wrote in thitlew York )
United States

Timeg2in May 2019 that N@a OF y S| &
levelsthai ¢2dz R 6S AffS3l

250 ppb

Nilles:NQ: is one of the main pollutants from el

gas stoves, and it is both linked to childhood

asthma in otherwise healthy children, and 150 ppb
worsens preexisting breathing One Dish Gas
problems? That is why the EPA sets outdoor (30-200 ppb)  |100 poo

health-basedstandards for Ng) but gas stoves
cause indoor N@evels that can be worse than

3 2017 Outdoor Air
50 ppb
the outdoor air next to gas power plants and One Dish Electric [-™ (30-60 pph)

highways. (20-60 ppb)

0 ppb

Figurel5: Comparison of 2017 outdoair NG, data* and
cooking NQ emissiong®.

Singer:In our research the issue is most acute
in smaller homes. Just using a couple of gas
burners got to problemati levels of N@in all
the smaller homes.

Armstrong:How bad is it? Are indoor levels of Nitbm a gas stove as high as those found outside ostyla
smoggy days?

Nilles: Yesthe levels of N@in your kitchen are often higher than the EPA's outddweshold of 100 ppb. The
California Air Resources Board found gas stoves that were producing 190 to 1,000 pphbrofid@itchen after
cooking a full meal, and even cooking individual dishes on gas stoves produced air quality that would be ill
outdoors®

Armstrong:Sq cooking on a gas stove producesyollution as bad as theutdoor air in acity?

Nilles: Or worse Every county in the US today is in compliance with the EPA health basetiaN@ards
outdoors,but not our kitchens if we have a gas stove.
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Resilience

Energy disruptions challenge our resilience
depriving our home of refrigeration, light, hot
water, air conditioning and moreDisruptionsare

often caused by extreme weather events like hea
waves, hurricanes and ice storms, and in the worg
events both g@s and electricity are shut down. ||
These energy disruptions attereatsto commerce,
comfort, safety, and healthBelow we make the
case for a resilient and decarbonized grid an(
present a number of solutions.

Public Safety Power Shutoffs _ : : : w

. - I . Figurel6: Climate changdueled natural disasters impact the resilience of
With the goal ofavoiding (EataStrOprJ'C flreS’ N the elegtric grid jn the US. These photos are (apove) a fire in Sylmar, CA,
[ I 7: T 2ZNY AL dz At AGASE cht@@lOthQZ&@edﬂ/beloW)ihe affrdayh B Blaaténe S@hdydeDrtfey)\ o)
ar ¥Sde LRoSNI aKdzuZTTasBeaORdiN@\ZQPEI . K)\EIK sAVR S@Svyiia
over the next ten year® In October 2019, roughly | |4
3 million customers experienced these
preventative power outages in PG&Eputhern
California Edison (SCE), and San Diego Gas ¢
Electric (SDG&E) utility ared<Gas, groceries, and
generators sold out as a frenzy of people
throughout California rushed to prepare. Lacking
electricity to operate gasoline pumps, most gas
stations were closed andcaessto gasoline was
limited during the power shutoffs. Lines for gas
stretched down streets, empty cars were pushed tojjess
gas stations, and gas stations began rationing saleg
to ensure public safety.

Figurel7: Access to gas was strained during the 2019 Public Safety Power Shutoffs in California. Left, a man pushes his carststtitegéP
center, a line of cars waits to get ga%and right, a gas station was inoperable during tbetage>”

Resilienewith PVandBatteries Avoid the Dangers with Gas

With the right design, critical loads in a home can run on a battery that is charged by a solar array more or lesslindefinite
With home batteries becoming affordable, arelersible car chargers making electric cars availablerhergency power

(see p.40)a home can now operate uninterrupted duripgwer outages for days, and with a solar array a house can be
off-grid for 2/3rds of the year without residents needing taeerve energyTypicallycritical loadsduring an outage are
about 10% of & 2 dz&dfaleectrical load.
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Proposals to eliminate fossil fuel use in buildingsopane, fuel oil and natural gasare sometimes met with concerns
about how one heats and coskn an alelectric home during a power outage, as if gas fueled homes were exempt from

this concern. However, electrigtart gas stoves, furnaces, water heaters and dryers are also vulnerable to a power outage
I'FEATF2NYAI Qa

and forcing them to light can result in armosive leak5 dzNJA y 3

LX I YyYSR

2019, residential backp generators became a daily source of fites

Solarplus-battery systems are the better way to
supply backup powerSolarelectric systemswith
batteries provide an emergency power option that
is less dangerougess polluting, less noisy, does not
have to be refueled and can pay for itself over time
Even withait solar panels to recharge, battery
systems can provide hours or days of backup powé
for necessary loads. The init@dstof a solafplus
battery system isnore thanthe price ofa generator
buto dzZNy Ay 3 R2gy 2ySQa K2
dying of acalental carbon monoxide poisoning are
causes of death every year in the United Stated
Aside from resilience, aenergy storage system
meansthe battery can be chargday the solararray
during times of lowest energy cost, and théme
stored energy can besedwhenelectricityrates are
highest e.g., 4 to 9 p.mThe savings accrued using
this strategy will offset some of the irafi battery

=
A

L

\ WI[II

‘_-’l!’i

Figure18: Example of residentiabattery storage>®

investment over time The average payback period of a solar array is 4 to 8 §dauswhile a battery can earn aodest

AyO2YSs Al

R2 S & it iy @ shfetySdevitly. A benaiatdN@IIhévér Hiave the possibility to pay forarse!f

carries with itthe cost and danger of storir@pmbustiblefuel at your home.

LJz

Modern gas applianceseedelectricity to operate. Today most gas water heaters, gas stoves, and gas furnaces have an

St SOGUNRO AIYyAGSNI YR O2yiNRf a

Figure19: Cindy kng, upon returning to her home in October 2019 after
the Kincade Fire in Northern California, found that while the electricity
had been restored, she had no gas to heat the hodse.

aKIF G

fashioned pilot fjhts still exist but are rare in new

construction. They are not efficient due to the gas

wasted keeping the pilot light burning.

Gas takes longer to restore after shutoffs and
disasters In the late fall of 2019, roughlg4,000
customersin | f A ¥Sohyhd Condy did not have
power or gas for about a weekhey weraunableto
cook or toheat their homes, leavinthem exposed to
freezing nighttime temperatures! In most cases,

electricity was restored many days before gas service

was reestablished. According to aPG&E

representative, tirning on gas lines is more complex

than restoing electricity asutility workers must visit
SIOK Odzad2YSNRa K2YS
meter for leaksand cleargaslines before restoring
service and rdighting pilot lights™
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Time of Power Restoration for Gas and Electric
Services after Disaster Events
521.4
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Figure20: the time of power restoration for various natural disaster events. The tim
to restore the natural gas system was much longer compared to the electric grid.

In other disaster events across the US, gas
also has taken longer to restore than
electricity. In the aftermath of Hurricane
Katrina, 28,900 utility poles were destroyed
and only 75% of the grid was restored after
23 days. Restoring the gas system in New
Orleans, bwever, took over 10 years162
miles of corroded cast iron pipes had to be
replaced because of salt water intrusiéh.
After the 1989 earthquake in the San
Francisco Bay Area, one of the most labor
intensive parts of restoration of the gas
system was réhting pilot lights, at a cost
of $7 million dollar$? The earthquake also
destroyed portions of the gas distribution
system; three low pressure systems were so
heavily damaged that 1,000 pipeline leaks
were reported and insertion of plastic pipe
was realired® The electric grid is more
resilient after natural disasters it is less
damaged by water intrusion and
earthquakes and takes less time tstore.
The time of power restoration after natural
disasters is essential to making sure the
public is safe and normal life can resume.

Gas generators are dangerous and pollute the alost
generators have only enough futd provide power for
two daysandY 2 NB FdzSt A ay Qiringlat
major disaster gas stations run out. In addition, gas}‘.

have a power backp system like solar and a battery.
Generators can also be hazardoy$or example,in the
recent PSPS events in California, a generator ignited
commercial building in Arcata, CA, causing substanti
structural, electrical, and interior damage, along with los -
of merchandise. Although widely usedeskeland propane
generatos areexpersive to operate and maintainThey
require monthly testingo properly mairtain.

The value of resiliencés important for homeowners to
understandg what are your finanial risks due to potential
hotel stays or food spoilage? How much productivity or
income may be lost during an outage, and how long do you

-~<'.'V > : - 3
Figure21: A generator fire broke out in Arcata, CA, during a PSPS
October 2019, resultig in three businesses being temporarily

condemned until repairs ensure their safefy.

want to be prepared for?The Clean Coalitiéh is
developingax @ f dzS 2 FmetNdclogyf th I&hs (
individuals and businessesnswer this questionThe
myriad benefits ofesilience in the face gfoweroutages
are hard to quantify; however, see more on this und
Battery Storagen the All-Electric Product Guides sectio

Lack of resilience comes with high costs:
1 $119 billion:The anual cost of power outages to the U.S
9 $20¢ $55 billion:Theannual cost to Americans of
extremeweather and related power outages
1 $243 billiong $1 trillion: Potential cost of a cybeattack
that shuts down New York and D.C. areas
\(source: Clean Coaliti@®19

~

J
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Passive Building Measures

Themost costeffective passive resilience solutipthat is, to keep building occupants healthy and comfortakithout
power ¢ is to improve the envelope. There are various passive strategies, including air sealing, adding insulation, and/
installing moreefficient windows, that can shield residents from extreme temperatures while minimizing the need for
power and mechanical systems. There are numerous excellent resources on passive design strategies, one of which is

Zero Net Energy Primpublished bythe American Institute of Architects California Coufftil.

Microgrids and

Nanogrids

Our centralized energy
infrastructure is costly, aging
and can be a fire risk in hot
dry weather Advanced
energy buildings that are

designed to provide for most
of their own energy needs
can becallednanogrids and

a community of them which
interconneds locally andcan

RAAO2YyYySOG Iy
the larger grid is called &
microgrid. Microgrids are a
solution to decentralizing the
grid and provide resilience
from home systems that car
operate offgrid, to

community-scale microgrids.
Microgrids can ke powered

by stationary or mobile
energy storage facilities

Nanogrids and microgrids
enhance resilience in oul
communities and homes by
allowing priority loads, or
even ALL electrical load®

remain fully powered in a grid
outage event.

Blue Lake Rancheria Community Microgrid During the 2019 PSPS

The Blue Lake Rancheria microgrid offered a safe and warm place for the
community to charge their devices during the PG&ESs. Located in Blue Lake, G
serves tribal government offices, EV charging, a convenience store and gas stz
hotel, a casino and a water treatment systeqnand is an American Red Crg
emergency evacuation site. The project utilizes a 420k\ar soray, a 500kW / 95
kWh battery energy storage system, and a 1 MW backup diesel generator
microgrid can seamlessly transition from being grichnected to islanding. The annu
savings from the solar array are approximately $150,000 in annuetrieley costs.
During the power shutoffs the Rancheria was a refuge for eight people with ¢
medical needs for power and was credited by the Department of Health and H
Services with saving the lives of four of these indivisléfalt is estimated that this
project will save 175 MT of G{per year. This project was designed with the idec
being reproduceable research suggests that there are sites throughout California
could benefit from this kind of design, offsetting 5.2 billion kWijueng about 1.5
million metric tons of greenhouse gas emissions per year.

Figure22: Aerial view of the Blue Lake Rancheria microgrid.
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Vehicle to Home (V2H)
and Vehicle to Grid

(V2G)Charging

The island of Maui, with its
constrainedgrid, and the as
Angeles Air Force Badé
with its need for resilience
during emergencies, began

using Nissans for Vehiele- Figure23: Ni_ssar_1 unveils the U.S. commercial offering
of V2Hcharging inLAfor 2019 deployment in the U.S.,

Building a_nd\/ehlcleto—Grld using batterypowered Leaf cars and Fermata Energy |
chargers in 2014* Honda, directional charging??

Mitsubishi, Toyota and other
car manufacturers  with
standard CHAdeM¢ertified

Level 2charging plugs can
now support bi-directional

charging. Tesla is also
expected to release a V2H |
charging system for its cars |
in early 2020.

Figure25: TheLAAIr Force Base increasing it
resiliencywith the largest EV fleet on a
federal facility, 42 vehicésof Nissan Leafs,
VIA plugin hybrid vans, Ford ®1AXs, and
: : Chevy Voltawith all these cars us&/2G

2 N technology’?

Figure24: Clean energy enthusiasts observe a Nissan
as part of the JUMPSmartMaui prograr.

V2HDuring Disaster Events

In Japan, V2H systems provide resiliency during extreme climate events. Typhoon number 15 ripped through J&pan in e
September and as a resu@31,000 homes lost powé?r.One vehicle owner, Mr. N, has thedf to Home system that
includes an EV power station, with a DC connection to solar, EV batteries and the home bat@ges Yy SR (1 K S
SYSNHe& aiG2N}3IS 32aGSYé¢ 08 DAOKAO2Y [/ 2NILIRNI GA2ywerthekS L
lights, refrigerator and ecoute heat pump water heater for two and a half dd§8uring the day his 4.5kW solar array
was able to charge the car batteries, but it was not enough to fill them. Mr. N was aldliv&to the closest Nissan
dealer,which was outside of the outage zone, charge his EV and come backc¢hoeseof charge from Nissaluring

the power outage, Nissan also sent out a fleet of 30 EVs to assist people with no power with a system called the Pow
Mover, which is a small, suiase sized mobile battery system with 4.5kW capacity that can power AC appliances and b
connected to the Leaf

Figure26Y aNX bQ&a bAaaly [SFF 0S5, Figure2?Y ¢KS at 26SN) a2 OSNE F ndp]?
outage in Japari® can also supply typical AC appliancE€s.
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Electric and Zero Carbon Building Policies

Efficient electrification paired with cheap renewable energy is on a path to policynpanency,a practicedriven
historically in most of the nation by cost saving%put being embraced by municipalities to meet climate targets
Californiais an example of keading state in climate poli¢jncluding these four noteworthy laws:
1 TheGlobal Warming Solutions Act of 208B(32 required the state of Californiatreduce its GHG emissions
to 1990 levels by 202@n 2016,SB 32further required the state to reduc&HG emissions 40 percent below
1990 leveldy 2030
i California Renewabld2ortfolio Standard of 201§SB 10prequiring 100% carbon free electricity by 2045.
1 The Low Emissions Buildings and Sources of Heat Energy Act o8BI/ providing direction to State
energy agencies to pursue electrification of buildingsan essntial strategy to curb climate and air pollutiéh

Cities and Counties within California often provide early environmental leadership. Examples of local leadership
electrification codes include:
1 The City of Berkelewas the first in the nation tban gas irall new construction, including homes, beginniimgy
20208
1 The City of Arcatiés plamingfor a complete moratorium on gas hoalps in all new construction and municipal
rehabs in 2020
1 TheCity of Los Angeles poliayil no longer permit gas new construction starting in 2030
1 TheCity of Carlsbad requires either an inexpensive electric heat pump water heatsotaranot water array?
1 In 2016 the City of Palo Alto and the County of Marin adopted Green Building Ordinances that support
electrification®?
1 Over 20 othelCalifornia jurisdictionsave adopted reachodes for 2020 that support electrificatipand many
more cities and counties are actively exploring reach cétles

Decarbonization Goals

The efficiency oligh-performance heat pumps (e.g. greater than 310% efficient) is an opportunity to reduce greenhouse
gas pollution even when electrical power is created exclusively with fossil fuels, although many cities are swiftly movir
towards carbon free power. Theity of Vancouvemwhich uses clean hydro powdras a carbon standard for buildings
that will effectively require all electric buildings by38F° while the City of San Joss already promoting Zero Net Carbon
(ZNC)new constructionthat sources energy through their clean gtitough its recently approve@limate Smart San
José®SanJoseR2 LJGSR | LI O1F3S 2F AyOSyiAirAgSa F2N) St SOGNRO od
dzLJ Ay hOG20SNI uamep o0& |y SELXAOAG oly 2y 3ALa dzas Ay vy
buildings of 3 stories or lesmy@ municipal buildings. The decades of energy efficiency codes, policies and programs hav
always been for the benefit of reducing energy costs and the upstream generation costs and environmental impacts. B
it is the growing spotlight on the relationshipS it 6 SSy o0dzAf RAy3Qa SySNHe& dz&aS | yR
reductions in renewable generation, that is making electrification the policy trend and our future.

Single Family Building Code

Some states and cities are beginning to implemarandatory zero energy policies. The leading states and local
governments working to advance the cleanest energy policies for new homes include California, Washington State, N¢
York, Massachusetts, and Vermdéhtn California, for example, all homes bbin 2020 and beyond will be highly efficient
meeting zerenetSyY SNH& a il yRIFNRa GKFG AyOfdzZRS az2ftF N LI ySta G2
annual electric need®.In the 2019 Energy Code Section 1107Tl@e main electrical service pal shall have a minimum
busbar rating of 200 am@F$.This requirement will meet needs for full electrification of a home in the future even if it is
dual fuel today.

1 Seehttps://www.climatechange.ca.govistate/legislation.htrl 2 NJ I Y2 NB O2 YLINBKSy &aA @S tArald 2F /FEAT2NYALFQE Ot AYFHGS €Sz
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Reach Code

Reach Codes and additional standards are starting to move in the directimlitess carbon. We have seen this in work
completed by Zero Cod®! {1 w! 9 &GFyRIFINRA FyR adlidS o6dzaif RAya O2RS
trajectory to mitigate carbon coupled with 100% renewable generation by 2045. Across the nation, we are witnessing loc
governments leading the way for a fossiedr future, demonstrating not only feasibility but also community and
environmental benefits of clean energy buildings. Cities are adopting varying types of reach code to achieve emissi
reduction and clean energy goals targeting their specific buildmgkstExamples include (exemption and exceptions exist
but are not included here):

ﬂ Prohibition of gas Approach Systems Buildling Types Add-Ons
infrastructure in |z MR E
o S| E| 2| wf o sle|:
new buildings Jurisdiction P e % S| s § £ ) = - e 3| 2 5
1 Higher %§§§§§§§3§§§§§ §§§%,—f
reqUIrementS for e P-4 ; < | W@ 2 »n (3 Ux TIe|lr|leloleg|lSlac|lT|Z2 o
mixed fuel Berkeley X B X X e I [ [ X
buildings and code [Brisbane* X X X X X IR XXX
.. Campbell X X| X X X
minimum for all e 2 > X
electric buildings.  [Cupertino X X e [ e I s [ R X
T All electric new Diwss i X X
. Hayward I X X XAl REa] x
COT'ISFTUCtIOﬂ Healdsburg X X X X X | X|X|X]|X]|X
building code Los Altos Hills X X X X e BRI R bR
1 Single measure Los Gatos X X X X
requirements like Marin County X | X X X X X[ X|X|X]|X X
a heat pump Menlo Park* X XX X X X X X|X|X XX
. Mill Valley X | X X X X
water heater in all [5G, X | X X | x | x [ x| x[x[x]|x
new residential Morgan Hill X X X v e B IR R B
construction. Mountain View* X X X X X XX X|X X
Pacifica X X | x X X | 0 B ] R X
) ) Palo Alto* X | x| x X X T I ) |73 I I X
Over 30 California  [gicimond X x | x| x IR X X
municipalities are studying |san francisco X X | x el el x X | X
new limits on natural gasin |[san Jose* X X | x T R E R
bu||d|ngS,W|th at least 24 San Luis Obispo Nl X X X X XXX X]|X| X X
cities already adopting [221Mateo g X A A L
pOliCiES this year that San Mateo County X X X X X X|X|X|X X
e Santa Cruz ¥ X X X X XX )X X
prOthlt gas or Strongly Santa Monica X | X X X X XX | X X|X] X
favor allelectric homes [sina Rosa X X X
(and often include other [saratoga X x| x| X X I I S I X
sectors a we)lbeginning in  [Windsor X X X
2020. These cities ["City Council opted to go beyond staff recommendation.
includng San Jose, the Figure28: Building decarbonization efforts in California as 2/f13/2020.*
yIEGA2YyQa M i K Y2ai

populous city are listedin Figure28 with the specific type of policy and additional requirements such as solar, electric
vehicle chagrins, battery energy storage, and in lieu fees for natural gas use in new consti@ti@r cities across the
nation that are looking at adopting legislation to limit natural gas include: Cambridge, Minnesota, Seattle, and New Yo
City. Brookline, Massachusetts recently adoptada N2 KA 0 A G A 2¢€dz8% b@$BNIE & BHAzO G dzNB A
This encompasses a gas ban for new homes, and other cities in Massachusetts including Cambridge, Newton,
Lawrence, are expected to adopt similar policies.
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Embodied Carbon

By 2030, a building erected in 2020 will have polluted more from its construction than its operatidy by 2050 will

A Geinbodied carbod  SljdzZ- £ A G a LI2 fehelgy doBsympfoNdsréen duildnly derdiffcafichs such as
LEED, GreenPoint Rated and the Living Building Challenge address embodied carbon in their certifications. The two
greatest contributors to climate change from construction incl&tle

T Concrete Using less cement is Total Carbon Emissions of Global New Construction

the mosteffective way to reduce from 2020-2050

the carbon footprint of concrete Business as Usual Projection

becausePortland cement is high o0 EMBODIED

in embodied energy and CARBON
e 2020-2050

produces significant greenhouse 49%

gases through  production. . EMBODIED

Simply allowing for a slower 20202030 €]

drying period saves cement. 74%

Several mixing strategs ard
supplementary materials can
reduce cement, such as recycleo

glassand rice husk asi® Even
better, anew method of creating 200 ‘ ‘
Ll I | | ‘

Billion kg CO,

concrete actually pulls GOut of
the air, or directly out of .
industrial exhaust pipes, and 2020 2025 2030 2035 2040 2045 2050
turns it into synthetic limestone.
This carbon negative concrete,

which has been demonstrated in Dita Sources: UN Enironment Glasal stisus Reporc 301 7: EIA ernaciona) Energy Oudook 2017

pilot project at San Francisco Figure29: The CO2 pollution from a building will be constructed in 2021l still be 74%due to
Airport, will soon be available for its construction in 2030, not its operations. Only in 2050 are the two sources of pollution eqt
commercial sale from a company

called Blue Planet®

Embodied Carbon  [lll Operational Carbon

9 Steel Refining steel is the source of 7% of global clinchnge. Stictural steelcan be replaced with wooden cress
laminated timbers, and wooden skyscrapers are being built woitet § KS (Gt t Sad A& y26 on|
requiring a steel smelter and a mountain of gombod buildings sequester carbon in thsiructure.

1 Refrigerants Current refrigerants include KB which have no ozone depletion potential (ODP) but have global
warming potential (GWP) when released into the atmosphere. Ideal refrigerants have zero ODP, zero Gid##;,non
non-flammable, aceptable operating pressures, and volumetric capacity appropriate to the applicatitile
standards and products continue to advance, there are considerations for today. Select HVAC systems with low
volume of refrigerants such as ductless mini splitsclv have 14% of refrigerants as a conventional split system. Look
for low GWP products in heat pump waters heaters of 150GWP. For low GWP refrigerants to be used in direct spa
conditioning systems, there may need to be some adjustments to other bgiktamdards, but 750 GWP could be a
good target. Select equipment not just by efficiency but consider refrigerants as well.

1 Insulation. Different insulations have varyirgjobal warming potential (GWRNd ozone depletion potentialevels.
Closed celspray foam and extruded polystyrene (XPS) have high GWP over 1.4 lifetime GWP/sqgft*R as well
halogenated flame retardants. Use insulations such as cellulose, fiberglass, open celblaater expanded
polystyrene, or mineral wool that have a lifetim&«B potential greater than .06WP sq.ft.* R. In addition to Ralue
for greater thermal performance, look at GWP for greater environmental performance.
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Case Studies

Developers generally pursue-alectric construction first because it lowers construntmosts toavoidgas infrastructure.

To date thousands of homes have been built without gas, and major home builders such as KB Homes and City Ventt
offer allelectric homes as a standard chofé€’ Below are notable aklectric case study examplé&ssm across the United
States with a brief explanation of their electrification strategy.

N
e

) . B

-
] BT RS
Rid i A e ¥

| Elid Jones House, Washingto
—

Custer Custom, Washingtor

ZED 2, Colorado Fishers Circle, Minnesota
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Project 18680, Stanford, CA

Mark Jacobson is a professor at Sanford University and is leading the Solutionsaajgavement to switch the world

over to 100% renewable energy. In accordance withSb&itions Project, his new 3,200 square foot home islatitric
andzero net energy. The home has a rooftop solar array with a Tesla Powerwall for storage and charging electric vehicl
Nest appliances, heat pumps for heating and cooling, and an imsustoveg with no gas lines at the proper§f.The

home was designed and built by the Canadian company EEdiEure that uses prefabricated steel framed walls that
are 90% recycled steel, which made the home faster to build, more sustainable becaeisis séeyclable, seismically
resilient and safe from damage from termites and mold. After a year of living in the home, it produced as much energy :
was used, and the family got a $530 dollar check from their energy provider for roughly producing 20%anarsed?®

LI a3aA9PS K2dzaS FyR (

Zero Energy Modular Hom&he Walla8 (Story Waterbury, VT

2 ffe 2FftfF0S FT2dzyR (GKS LISNFSOU K2YS ¢6KSy @GAaArGAy3d 9
his sister Rosina had lost both of their house
on their Waterbury farm in a fire in the
summer, but that winter Wally was staying
warm in hisnew ZEM home. Previously, he| -
faced $300/month fuel bills during colder |\
months. Now, Wally will produce enoughl
solar credits during the sunny spring and:
summer months to cover his yeasound |
electric usage. In his new, sugesulated
home, Wally stayed im tshirt during a
recent Zhour outage, while a snowstorm
raged, and outdoor temperatures were
below freezing. The features of the zero>
energy modular homes include healthy
material choices, high levels of insulation S
tight air sealing, triple pained witows, a |
freshair ventilation system, heat pump space
heating and cooling, heat pump water
heating, and rooftop solar designed to offset} : A a4
GKS K2YSQa SySNHeé dzaS Figure31: ZEM On Tour ikVaitsfield, May 20189

N
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Sey2ftRQa [FTYRAY3 {YFENI b
Reynolds Landing is a communityale microgrid ‘
project by Alabama Power, a subsidiary of Southe

Company. Located in BirminghanAlabama, the

LINE2SOG A& GUKS FANBRG 27

projects undertaken by Alabama Power and Southe
Company. Smart Neighborhoods are an initiative b
Southern Company and their subsidiaries to get the|
customers on innovative, reliableand affordable ra
energy systems. The Reynolds Landing proje¢ts
constructed in December 2017, consists of 62 singlé
family homes with a communitgcale microgrid. These | ,&--'?'

SAIKO2NK22RX .

A NS

homes have a HERS score between 40 and
employing technologies like heat pump watezaters
and variable capacity HVAC systems and insulatio
The homes were built by Signature Homes, a residenti=
realestate company operating in Alabama andgs
Tennessee. The communisgale microgrid at
Reynolds Landing consists of the following distriblute [F
energy resources (DERs): a 330kW PV array, 300k\
680kWh lithiumion battery for energy storage, and a|
360kW natural gas generator. The Reynolds Landi el
neighborhood is connected to the existing electrica
ANRRE o0dzi KIF & (KS Kelgidiar@A|

rely solely on DER generation from its microgrid. TheF.guregz A|ao FYE

microgrid is equipped with energy management

wSey2fRA [y

Birmingham, Alabamathe housing tract and the solar arralp!

software tools developed by the US Department of Energy Oak Ridge National Laboratory (ORNL) that can autonomot

manage the distributed generiain assets.

Al

= .‘S‘—"—.:-w:“’ e

Figure33: Sonoma County tiny home village for homeless veterafé.
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Veterans Village, Sonoma
County, CA

Veterans Village by Sonoma County
Community House is a tiny home village
for homeless veairans sprouted in
regponse to the wild fires that ripped
through Santa Rosa, and the first
development in the city to be streamlined
for temporary housingrhis project will be
100% zero net energy. There are 14 single
resident units total. Each unit has its own
heating and coling and every four units
shares a water heater. Providing the
heating and cooling to the space will be
the Mitsubishi Arama packaged terminal
heat pump (HSPF=8.608, SEER=12) and
the domestic hot water system will be the
NEEA Rated heat pump water heater
Sanden 83 gallon.
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Modular Lifestyles Tiny Homes

Modular Lifestyles, Inc. was founded in 1988
in California, as a dealer for HUD codé

manufactured homes. Theompany has |B vy -
expanded to be a leader of tiny home and ﬂ‘l‘% e 'I'_l 1

modular home markets. Homes that | ,,,,‘,w"““!lll".“‘i' ] | PG
concentrate on both onand offthe-grid = i s *ilfyfhiFeemness wlbmmaes 230N

factory-built housing. Products from Modular
Lifestyles have been endorsed as Zero Energ
Ready Homes by the U.S. Department o
Energy. Their home designs incorporate into
their homes energy efficiency that stands
above 15% of the avage Californian home.
Modular lifestyles designs their homes with |7
custom specifications that can include: BIP\g
solar roof shingles, Wind Energy utilg
wind turbines scaled for the home, 2020
standards for ZNE for new construction of
under 3200 kwh annually, and a battery ban
system can be added to support affid
living. By focusing on balancing house
performance to the surrounding climate they
achieve close to zero utility costShey also
offer certifications to their clients: Energy
Star, HERS Rated, and Green Point Rated.

Figure34: Two examples of the Modular Lifestyle Tiny Homes.

Third Residential
Ecovillage Experience

(TREE), Ithaca, NY
The Third Residential
Ecovillage Experience at
Ecovillage Ithaca is an -all
electric,c, DOE Zero Energy
Ready Home and passive
house certified
development in upstate
New York. The community
has 17 sigle family units, 4
duplexes and 15
multifamily  units. Each
singlefamily unit is 2 floors
with 3 bedrooms and 2
45 : _ / bathrooms. TREE is the

Figure35: The Third Residential Ecovillage Experience located in Ithaca, New York. newest addition to the

largest cehousing project

in the world and is also certified EPA Indoor Air PLUS, WaterSeddeE&D Platinum. Each siAfglily residence is
equipped with rooftop solar, solar hot water heating, energy recovery ventilation, tripled glazed windows, R45-walls, F
90 attics and an R36 sla%.
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North Avenue GOp, Burlington, VT

2 KSy GKS NBaARSyida 2F . dzN
singlefamily neighborhood purchased their mobile home
park from the longime owners they had ammmediate
need to fill all the vacant lots. The problem that hac
bedeviled this 75/earold mobile home park for decades
was making it hard for the new cooperative to generate th
income needed to service the park mortgage: lots built fo
the small mobile K2 Y S a 27F idKS M
FOO2YY2RIFIGS | Y2RSNY Yl yd
long. The solution came packaged in a healthy home wit
no energy bills. A mobile home replacement progra
helped the North Ave COp develop a small lot with a
custombuilt zero energy modular home (ZEM). Efficiency
Vermont and Burlington Electric Department supported thgae—
project with technical services and a substantial incenti
to make sure the home was affordable to someone at 80
laL o %9aa | NBy Qi é Butti@edra
jdz f Ades O2YF2NI | yR KSI
with the energy saving$&ully electrified with solar array to
cover the annual energy consumption, this home is helpi
the North Ave C@®p be financially sustainable, and helping
Bulington, VT meet its lonterm energy and climate goals.
The features of this ZEB include balanced high efficie
ventilation (1 ACH50), U 0.21 windows4®wall assembly, > )
cold climate heat pump, and a net metered 4.5 kW solz i

array. Figure 4: Photo of the outside and inside of the zenoeegy modular
homes (by Peter Schneider, Efficiency Vermont).

Independence andliniper Developments in Sacramento, CA

The Sacramento Municipal Utility District will partner with national homebuilder DR Horton to buikdl-Hddctric homes

AY {FON}XYSyiG2 Ay (GKS AGLYRSLISYRSyOS¢ YR AaWdzyALISNE 02
cooling, heat pump water heating, and induction stov@snstruction for these homes are motivated by the Sacramento
Municipd AG& 5AaGNROGQa FYoAlA2dza Of AYF(dSa 3I2Ffa FAYAYy3I |
2050. To reach these goals the utility is incentivizing the neeledtric construction by offering rebate packag&e
Smart Home programfters rebatesof different amounts, depending on if the project is sintgenily or multi-family, or

a gasto-electric conversion

Figure36: The Juniper development by Mritage Homes in Sacramento, Califciitia.
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Tubbs Fire Rebuild Homes, Sonoma County, California

Park Family Home, Santa Rosa
The Tubbs fire in 2017, the|
Kincade fire and :
power outages to prevent fires in o o
2019 has left Santa Rosa in &
frenzy. Many families need to |
not only rebuild hores, but to

build their homes safe, resilient
and that invest in the future.
Cameron Park has built an
efficient
environmentally minded all
electric 4bedroom, 2.5 bath,
1,940 sqgare feet, single story
home in the Coffey Park
community in SantaRosa. The
home is built with modern
efficient appliances, higtech

skylights, supemsulated walls
and triplepane windows. All of
this allows the homeowners to

elegant,

intermittent |4 )

and

Figure37: The Pal

rk Family's omeebuilt all-electric after the Tubbs Fire in 201P>

be warm in the winters and cool in the summers, despite intensifying seasons. The totgy efiéciency is 20% higher

GKIFYy GKS NBIJljdZANBYSyia

2 ¥

¢AGtS un SySNHe O2RS® 2 KS{GKS

be prepared. Rooftop solar panels and-Ri®watt storage battery in the garage make possible to operateout relying
on the grid for power, providing the residents with confidence in an uninterrupted power supply. The home is connecte(
to the main grid, giving the option for the homeowner to sell excess power back to the utility.

Figure38Y

. NNE
County after the 2017 Tubbs Fire.

I A NA O Kefeétric i Songha

Hirsch Family Home

Barry Hirsch, after losing his home in the Tubbs fire in
hOl26SNI wamTI (221 FR@GFydGlr3as
Solar{ 12NJ 3S¢ AyOSydiA@S LI O 3
Power (SCP) as part of their Advanced Energy Rebuild
program. Barry used the full $17,500 incentive offered to
upgrade his home and made the decision not to install any
natural gas because, as he statéd} 4 Qa G KS NA IK
The house uses a migplit heat pump, a ventilation system,

and a heat pump water heater with a rooftop solar array that

is projected to fully power the entire home. Left over solar
energy can be used for EV charging or $@dk to the SCP
program. The LG battery systems enables the family to use
extra energy generated during the day to power the home at
night, and for critical loads to be continuously maintained,
adding a resiliency component in cases of natural disaster
and grid disruptions.The solar and battery systems include
360-watt LG panelsSolarEgde inverteysaLG Chem 9.8 kWh
ACcoupledbattery, and aluiceBox Pro 4BV charger.
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Habitat Studio, Edmonton, Alberta, Canada

Northern Canada has long, cold, dark winters, and yield from solar arrays is low-&xistant in the darkest months.
Habitat Studios focuses on the design and implementation of custom zero net energy homes in these conditions.
majority of thesehomeF I £ £ Ay (G2 GKSANI RSGSN¥AYSR ySi TSN aasgSSi
né9t{ b wHH CNRA&( RIS & FRINS (K S9 tT{2 dy RRUDKPESER 820 F 6§ N F & ¢
walls,and R8O cellulose for the ceilg. Their envelopes are tightly sealed to 0.5 ACH achieved with caulked poly and sig:
tape. Heating and cooling loads are met with Fujitsu Ducted Mini Split Air Source Heat Pumps to live comfortably in t
extremely cold climate. For ventilation, the Apohoda Ultima 240E Heat Recovery Ventilator (HRV) is used. Hot water
needs are met with a heat pump water heater. Below is a few of Habitat Studios case studies. All presented are examp
2F ff StSOGNARAO 2N bSi®%SNR Keastritddyh2016 wak the fitsthaonié $ WIPof Gamadas
to receive an EnerGuide rating of Zero on the new EnerGuide Rating System. Since then Habitat Studios has added 4 r
NetZero homes to their portfolio.

Maverick

Windsor PariNetZero MillCreek NetZero Alpha Wolf
. P .

&
T o

\

DelLux NetZero SweetSpot 2016 Riverdale NetZero

Corporation for Better Housing, Central Valley, California

Located in the central valley of California at three different cities, SeMfokarland and Williams, Corporation for Better
Housing has developed single family zero net energy homes. The homes in Selma, named Valley View Village |
considered one of the largest Net Zero Energy subdivisions in California, and in the United\&ta#8 single family
residences. It provides 100% affordable farmworker housing and is currently operating as a Net Positive Ener
development!®® At all of these locations the developments meet LEED Platinum, EPA Energy Star for Hehees;jall
100% solar offset houses and are identical designs. They use ducted HVAC, heat pump water heaters located in the gar.
all LED lighting and Energy Star appliances.
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The Cottages at Cypress, Fort Bragg,
The Cottages at Cypress in Fort Bragg was diffic
to permitt the multifamily zoning was unpopular
with neighbors, and the political solution was to
build twenty-six 600800sf homes on the single
parcel. The cottages each have a 4kW (DC) so
array, althagh two homes in the shade of cypress
GNBESa NS ONBRAGSR OAl
an array on the community building. With the
frugal senior tenants using, on average, only ha
2F GKSANI a2t F N NN &Q
enough extra energy tdrive 5,000 miles per year
for free in an electric car® The community
building and laundry facility are offset with a 20k
array. The houses are equipped with hig
efficiency mechanical systems: a 25 SEER Fujitsu Figure40: The Cottages at Cypress in Fort Brag, Califodra.

9RLQ air source misplit for heating,a GE

GeoSpring air source heat pump water heater with an energy factor of 2.35, and 100% LEDigtengolar array
subsidies brought the net cost down to just $20,000, which was paid back in less than a year with net revenue supportil
social prograns.The 2007 Energy Independence and Security Act was a bipartisan law that the USDA Rural Developmt
implemented in their 514/516 loan program with competitive points for Zero Net Energy. With California and Federa
subsidies committing to this goal waset financial gain, not a burden, to the development. In addition, it was found that
senior citizens use less significantly less energy cooking and showering, which resulted in a 100% solar offset de:
performing at 180% annual offset.

Shingled Tiny Home, Arcata, CA

Arcata, California, In the depths of the
redwood curtain is home to a variety of
AR e different climates on the California coast; this
| tiny home is an aklectric sustainable living
option that can suit them all. The tiny home
arida 2y {SlIy | awidhoNe y 3
to the Redwood Energy community. This tiny
home has two different units to it. There is the
main living area and then detached is a
separate bathroom. Sean has taken great
lengths to ensure this unit is as sustainable as
possible. The wall issulated with sheep wool
and the veiling is insulated with blue jean
denim from floor sweeping in a denim factory.
L ey Low power solutions to cooking include an
L f induction stove and electric toaster oven. The
E s | space is ventilated with a Panasonic Whisper
— | Energy Recovery Ventilator. The separate
— bathroom is constructed with 2x4 framing and
1. : is insulated with znch Therma Cork that is
Figuredly ¢KS {KAy3t SR ¢Ayeé 12YS Ay ! Nl R8. ABosch-gallon electric resistance water
property, the instant hot water heater, induction cooktop and toaster oven. heater heats the shower water to 140F
degrees, and the heat lamp provide space hagtio the room. There is also a timed bathroom fan, compostable toilets
and operable windows in the bathroom.
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Teaser: A Zero EmissionsEdctric Singleamily Retrofit Guide

The next phase of this document series williéero Emissions Altlectric $1gle FamilyRetrofit Guide This section gives
I G§SFasSN) G2 ¢gKIG oAff 0S AyOf dRSRY OFasS &aiddRASas | A

the right products, along with an updated product guide specifically for retrofits.

The A f SOGNRO | 2YS

You can electrify without needing an oversizg
expensive electric panel angpsized service

drop wire from the grid.Also you can electrify| = =

in ways that are grid friendly and make

cheaper for you and everyone else to do th § G

same. LG Q& |yl f 232 dza
building materials and lowglobal warming
potential refrigerants. 2 SQ @S 06SSy

ideas, tools, strategies and guidance for tt :

b! YL 5A8G¢ G2 KStL @&
panel. Think of it as Amp Diet for a sma
friendly grid. The Amp Diet is especiall
important when it comes to fuel switching «
home, you want to make sure all new electr

appliances and loads fit on the various circuj ==

and panel in the home. Efficiency measures ¢
double as amp saving measuigkke installing
better insulation, getting rid of ductwork, anc
choosing higher effiency heat pumps. Alsg
choosing specific lower amp products helps
reduce the amp diet like a cooking range that
combines the stovetop and oven into on
appliance or a low amp heat pump wate
heater. Some choices may have more than o
good option that have amp savings like

choosing a combined condensing washer aj [

dryer versus a separate heat pump clothé
dryer. Other options include energy
management systems, which may be desirec
you have particularly high energy or high an
loads that may be runing at the same time,
like an electric vehicle and a dryer. A comm
example of this is when an EV charging stati
is installed on the 3@mp dedicated circuit
where the dryer is in a typical home. (See t
Energy Storage and Management Syste
section béow). Designing aklectric retrofits
can require careful attention to the Amp Diet
To aid this process an Amp Diet spreadshég
tool will be available in the Retrofit Guide.

A ;
U z s

Figure42: The Perlita Passive House: the
beginning, a complete tahe-stud strip, an
impressive amount of insulation, and the

finished product10?

Perlita Passive Hous
Los Angeles, CA

When  Xavier Gauche
became Passive Hou
certified, he vowed that his
next home would meet this
highly efficient standard
The home he eventuall
bought and retrofitted
became the first Passiv
House certified bme in
Southern California. Whe
his home was bein
designed to meet Californi
building specifications, h
noticed that his energy us
was going to be more tha
what a potential solar arra
could offset for his roo
size. So, in order to mee
zero net enegy standards
Gaucher  pursued the
passive house standar
This means high amounts
insulation, no therma
bridging, high performanc
windows and appropriate
shading, a very tigh
envelope, and continuou|
ventilation to  reduce
heating and cooling
loads!®® With these extra
measures the aklectric
home, will produce more
than it uses with only 12
solar panels on a 2,000
house.
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All-Electric Product Guides

The following product guides provide an overviefxetectric products on the market as guidance to electrify all the end
uses insinglefamily homes This guide includes the basigspace heating and cooling and domestic hot wagers well

as cooking, laundry drying, and accessory end uses like el@@pilaces, electric cars, electric car chargers, landscaping
and pool heatingA snapshot of technical specifications as well as the retail price of each product is provided in the table
below. It is suggested to find the most up to date specificatioméne, exact numbers may change as newer product
versions are available and costs may vary.

Heatpumps are the solutiotto meeting our largest
energy demands in buildings. Heat pumps go by
many names depending on their applications like

GNBFNRISNI G2NARZE GFANI D2YyRAGA2YSNAEZE aF AN a2dz2NOS | KS|H
LJdzYLJa>X¢é YR GNBISNES OKAffSNERPE ¢KS KAadG2NR 27
chemical refi@ N} GA2y RIFIGS&a (2 GKS wmppnQa 6KSy

saltpeter baths were first used to chill wine. Ice
manufacturing was a booming business by the latp

MTnnQax FyR GKS FANERG (NUzS GNBFNRISNI 2NE g+ a odAt G
chill beerat i KS ylFiA2yQa ffFNBSaGd oNBsSNE:I {0

[ ASo YLl yy Qaryif BrgoRlyn, NalBYDR in
1870. Willis Carrier is credited with inventing the ai
conditioner compressor in 190&lso in Brooklyn,
NY. Residential refrigerators were common by the
MOHNQAS YR NBOSNEBAGE S F'qw%el\ﬁf%‘% %tﬁuﬂ“pﬁ

LIdZY LIE € 0 OF YISS @ yA i KBK & FWNbp n Q& & Sl ooy b

d%ener ro )tpe alr&@@ @e‘

ood Energ

Heat pumps can draw their energy from three main sourethe air, the ground and waterthis energy is then moved

into either air, water or refrigerants which are cycled through the building to meet heating and cooling needs. Bhe mo
02YY2y FyR FEtSEAGES KSIFG LizyLl | NB al ANJ a2dzNDSéx A€
water source are a little less common and are usually used on larger scale atitk s®d or bodies of wateras heat
sourcesSO S (1 A YABth WateéK S | (i LJdzY LawoN{BGE frdtdss, wire there is a central air source heat pump
that chills or heats water, then that water circulates through the building instead of air.

Heat pumps can move heat from one substance to another so well because of the compression and expansion of flu
called efrigerants Thereare many types of refrigerants, but the mosbmmon for heating and cooling are the
Hydrofluorocarbons r410 and r134a which are newer versions of refrigerants like R22 but do not contribute to ozon
RSL SGA2Yyd | 26SOSNE (KS AYyRdzZAGNE KFa 0SSy Ya2adRvy7Hand 2 ¢
Propane (R290) that do not deplete the ozone and contribute many
orders of magnitude less to global warming.

Cold Climate Heat Pumpsan nowcollect heatfrom outside air
down to Arctic temperatures-g0 P!, where arly models were
limited to warmer climates. With the use of inverters, heat pumps
can nowaccelerate the compressor pump so they caperate in
below freezing temperaturedn addition to inverter technology,
cold climate heat pumps have a heating element to defrost the
outsideunit to keep ice from forming on it.

Cold climate products are indicated by a blue highlighted cell and
bold text in the tables below.

Figure44: Fujitsu heat pump in the snowi®
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