Home Electrification Study
Prelminary Cost Results from 10 San Mateo County Homes

Compiled by:

Josie Gaillard

josie gailllard@me.com

Tom Kabat

tomgkabat (@ gmail.com

November 15, 2022

Commissioned by County of San Mateo Oflice of Sustamabihty with funding from BayREN



mailto:josie_gaillard@me.com
mailto:tomgkabat@gmail.com

BUILDING ELECTRIFICATION INCLUDES:

Replacingi fossil fuel appliances in the building:

#1 gas furnace
it #2 %as dryer
#3 gas range

, #4 gas water heater
[8)f0] (e | #5 gasolne for car

..with high efliciency electric alternatives

- 2
%_'] r ﬁ- .—L ﬁ - Rooftop solar (at $0.05-0.10 per kW h) makes all-

electric home conversions afftordable

Qo0 y e - Battery backup systems make all-electric homes
= {:ji ; o == o) ° . .
@ 4 E = H reliable during grid outages
Solar Air Source Electric Dryer Induction Heat Pump Electric Electric
Heat Pump Cooktop Water Heater Vehicle Panel
# 1 #2 73 714 #3

Graphic courtesy of City of Palo Alto Utilities



Electrification Plan Steps

1)Virtual Meeting to learn goals and current house problems (Also get utility data)

1)Site visit to take measurements and pictures
For heat loss calculations and look at msulation, double panes windows
For equipment fitting (return air grill size, Furnace box and bonnet dimensions)
For water heater space and condensate routing
For compressor placement locations and possible battery locations
Attic and crawlspace access door dimensions, joist spacing
EV Charger future location

Electric service Iine routing to meter
Electric panel size(s) and configuration
Crrcuit count and pole spaces used and remaining

Attached Equipment Nameplate pictures
(Furnace, W ater heater, Oven, Cooktop, Others)

1)Othce analysis and puzzle solving to find low cost configurations that meet goals



Study Steps

Develop Contractor Quote Packets from plans
Solicit and compile quotes
Make reports to homeowners ( 7 done, 3 to g0)
Share anonymized results with agencies ( startmg Nov 2022 )
Share lessons learned:
On the process we used and the relative value of components
On the process of developing electrification plans
On the value of electrification plans
On cost effective paths at homes VIPs (very important
products)



What we consider to meet client needs and keep costs down

Technology Size Direction Look at Amps
Heat and Cooling |Inverter driven |Right sized |Smaller High Eff 17
Ducts or not ducts/ductless Least change
Insulation Enough to fit heat pump at 3 tons or under  Attic
Water heating Dimensions Right sized |larger tank High Eff 13
Cooking Induction Right sized [same size 30-48
Drying HP/Combo Right sized |same size 0to 14
EV Charging Controlled Right sized |miles/week |[remaining Amps |10 to 32
Solar Panel sized | optional Sunny? 5.8 kW
Battery Right sized | optional V2H? 10 kWh




CONTRACTOR BID PACKET

Quote Request POOL
Please provide notional quotes (+10% of expected cost) for the following work.

Home Background Info SHED Redwood City Emerald Hills, 94062
Single-family, detached Main panel size: 100 amps
Square footage: 1900
1,900 sq ft "\-\
1-story S . .
Built 1966 Electrical Panel Information
Redwood City Emerald Hills Circuits
I Main Panel, rated amps: 100
Circuit Breaker
. . : . . . .ps . Volt Splittable? | Note
Please provide separate estimates for each project and a discount estimate if the electrification B Number | VO'29€ | amps [ VP€ e | |
projects were all combined together. Please separate the $ quotes into separate cost 142 240 100 | Suowsoel I
categories of equipment, labor, permit labor _ — Breaker can be redu ced 1o 20 amps and
3+4 240 50 | Air Conditioner ves cireuit repu rposed for heat pump
Y] . Assuming no load on this cireuit, other than
Work Type Work Description Price 3 e 15 | Unknown b lights and plugs
EV th 5 120 20 | Unknown ves Assuming no load on this circuit, other than
Electncal Iights and plugs
1) HPWH Replace existing gas-fired 50-gallon tank water heater with Work e 240 30| Svbvaoel yes | SUbdavelseing pool equipment
new 15-amp electric HPWH in same location about 25 feet - I oo
. g bRaRehl, rated amps:
from sub panel in unconditioned garage workspace. (WH Circult | Breaker SPTFTIPY D
location is protected from car driving area.) Number | VO'@9 | amps [ TVP® sbtzinddl R
1 120 20 | Clothes Washer no Washer
f(_':ofﬁ mlnm}um sizing for 4 BR 2 BA home is 62 gallons of S 50 20| Lights and Fligs . T
irst hour rating.
5 120 20 | Lights and Plug s no Lites + Plugs
To preserve Amps for future pool equipment, JT suggest 15- 7 120 20 | Lights and Plugs no Lites + Plugs
amp water heater similar to Rheem or Ruud 65-gallon or 80- Y 9 120 20 | Dishwasher no Disposal and Dishwasher
allon models or Siehgl Eltron tank models. rurep sy
g - 3 11 120 20 | Lights and Plug s no Lites + Plugs
Also please quote an alternative 80-gallon 120-volt retrofit 1950 s ft 13 120 20 | Lights and Plugs no Lites + Plugs
ready HPWH if information can be found for it. Cre o i pane " i 15 120 20 | Lights and Plugs no Whole House Fan
. ‘ . - . ,-"JJW‘IHM 2aov Aoy 17 120 20 | Lights and Plug s no Dining Room Plug s
Price an option for adding a mixing valve (for enhancing the :
ability to deliver more gallons of 120°F water from any storage un 20 ampuoy it ) 19 120 20 | Kichen Outlets no Kitchen Plugs
tank operated at a higher temperature). Rouse exstrs 0-amp o3 sharing devica to new NEMA) ¢ 21 120 20| Micromavs o ﬂ;ﬂ{;gﬁ\g&;{?‘ﬁr&sﬁgfwave is built-in
CTIOLCTT 23 120 20 | Unk
Please price labor, permits and materials separately. MAIN rrnown no
ELEPiLREJEAL ;‘:;“"fl""f‘ Sl_mr?'esw.tc_h. fed ‘a‘y;:‘-u anr-nlf 2+8 240 30 | Clothes Dryer no Dryer
. . . . . . yolt circuit from main aloctr pana
Alsobpleaase price a discount if electrification projects are 446 240 30 | oven - Oven 1. part of range
COI’TI II"IE . eamange circuils in main panel per
'Félecfﬁcgflﬂad;' fable: i | 10+ 16 240 20 | Oven no QOwven 2, part of range
| i SR SNRET! DYRES T SYvAn SUR e TSR g I J
- : 1.3 30whp D00 chndt fot HIE HWA ] BBQ but we think it now serves a griddle on
See Drawing B for details Simpsuich e gaage 12414 240 20 | Griddie 0 | the rangs
- 1 x 30-amp reaker for solar
. . . SO N U S S S 18 120 20 | Lights and Flugs no Plug under pool, side yard light, house fan
Contractor reply including prices: Sraghuns o dh ponind oslon
. semee [ 10t 20 120 20 | Lights and Plug s no ?
Redwood City b a q
Home ® 22 120 20 | Garage Qutlets no Garage refrig erator + freezer




"PANEL OPTIMIZATION"

for
2,000 sq it home

For homes with 100 amp electrical panels
Helps avoid ~$5,000 electric panel upgrade
Favors eflicient devices w/ low rated amps
Provides roadmap for building owner
Helps guide tradespeople

Example 1

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

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

o
Device Device S Amp Panel Device Device
Volts Amps Amps Volts
120 3 ﬁzﬂuymnmE - L@mym@ﬁﬁ:] 8 120
120 3 Y __Lights/Plug D Lights/Plug V- 8 120
(%] (']
she Y-
120 8 2% Lights/Plug  tn <] Lights/Plug "‘H"‘m 8 120

1]
o ) - -

o
120 7 ﬂ Refrigerator g ﬁ Kitchen 15 120

QOutlets

(20 5]

ﬁ Dishwasher
Forced Air

Unit =

R Washer 15 120

==\ Heat Pump o  Hybrid Heat _
HVAC N Pump Dryer

12 120

Range
(cooktop
+oven)

Heat Pump
e f) T

@ Solar Input

Total Counted Panel Amps = 94 4

’m House square footage = 2000

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.
a . (Many 3.8 kW inverters can support roughly a Diagram creation and
— Btuh heati ng and cmlmg 4.4 - 5.9 KW solar array depending on inverter load ratio) design by Josie Gaillard

and Courtney Beyer




AMPLE SPACE TO ELECTRIFY

Maximum Service Capacity Used/Unused Over 12 Months
120%

Not yet electric Nearly

100%

80%

60%

Max Service Capacity

40%

20%

0%

@ Capacity Used % D@Capacity Unused %




Uses 1/3

WATER HEATER "oagar

Unmatched Sav
& So Much More

Get the Rheem Hybrid Electric Water Heater today and enjo
years of energy-saving and worry-free hot water.

Save Money & Energy

" Save up to $480 per year in energy costs—that’s
almost $5,000 over 10 years!

Energy Saving Scheduling

LeakGuard™ Auto Water Shut-off Valve

&  Built-in EcoNet WiFi Technology

«”  Carbon Footprint Reduction

& Heat Pump Technology

" Energy Use Tracking

«” Operation Modes and Scheduling

& Advanced Diagnostics

Today: 50-gallon gas WH Recommended: 65-gallon, 15-amp
In garage heat pump tank W H m garage



SPACE HEATING/COOLI

Today: Gas furnace in crawl
space under 1% floor

Uses 1/3
the energy
of a gas

furnace

Recommended: Mitsubishi 3-ton inverter-

driven heat pump HVAC system w/ 2.5 ton
ducted airr handler + 2 ton ductless wall unit

upstarrs



CLOTHES DRYING

Today: Maytag 7.5 cu ft electric Optional: Whirlpool 7.4 cu ft hybrid heat
resistance dryer 26 amps / 240 volts pump dryer 14 amps / 240 volts




BUILDING SHELL IMPROVEMENTS

Today: Recommended:
- Attic, some msulation - Attic, mcrease to R-38
- Walls, msulated - Walls, no change

- Floors, no msulation - Floors (optional), nsulate to R-19
12



DUCTWORK

Today: Recommended:
- Ducts appear to be n good condition - Reparr, seal and msulate, as needed

13



East Palo Alto Home
CONTRACTOR QUOTES

;gi::‘gu"t::';n::ﬂm' panel + 60-amp ;EE;T; main electrical panel + 100-amp garage | g, 4rician Panel(s) $2,100 $2,100 | $5,000 $6.,460
E:;Efiﬁ:dc ,E:laur:;:'!tdcr:griﬁ to: water m ;?}4&:;2 circuits to: water heater, HVAC, |\ oo Circuits $0 $3.700 $7.268 $7.800
50-gallon gas water heater [80-gallon heat pump water heater | Plumber HP Water Heater $2,754 $0 $5,898 $7,476 $8,265
80% efficient centrally ducted gas fumace ;E’;ﬁ BTV centrally ducted heat pump HVAC | HVAC HVAC $4,808 $0 $12,586 | $15,150 | $17,230
4-bumner 30" gas range 4-burner 30" induction range Electrician Range/Cooktop/Oven $949 $1,099 $1.099 $1,099 $1,700
7.5 cu ft electric resistance dryer | 7.4 cu ft hybrid heat pump dryer | None Dryer 30 $0 $0 30 30
Insulation: attic - none Insulation: attic - none Insulation Attic $0 $0 $0 $0
Insulation: walls - none Insulation: walls - R11 Insulation Walls $2,843 $2,843 $3,098 $7,322
Insulation: floor - none Insulation: floor - none Insulation Floor $0 30 $0 $0
Ductwork: none Ductwork: none HVAC Ducts $0 $0 $0 $0 $0
At-home fueling for: 1 EV [12,000 miles/yr] |At-home fueling for: 2 EVs [12,000 miles/yr] Electrician EV Charger $1,565

Rooftop solar PV: none

$0

$2,423

RooftopsolarPV:5.8kW _ |[SolarfBattery|  Solr | | $22325 | $22.325 | $22.325 | $22.325
Home battery: 10kWh _________|[Solar/Battery| __ Battey | | $12000 | $12,000 | $12478 | $19,000

Home battery: none

14



East Palo Alto Home

Contractor Quotes

Existing Condition Proposed Electrification Trade Applicable Replace DIY Low Bid Mid Bid High Bid

Project Existing (Gas) | Electric Electric Electric Electric

- ' ' | + |[100- In el ical | + 100-
100-amp main electrical pane 00-amp main electrical pane 00 TR Panel(s) $2 815 $2 815 $5.000 $6.460
60-amp garage subpanel amp garage subpanel
No dedicated 240-volt circuits to:
water heater, HVAC, range, 4 new 240-volt circuits to: water Electrician Circuits $2,550 $2,550 $7,268 $7,800
dryer heater, HVAC, range
HP Water
Plumb 2,754 4,100 7,47 2
50-gallon gas water heater 80-gallon heat pump water heater #i ] Heater 52, 3410 S8 el 5208
80% efficient centrally ducted 30,000 BTU centrally ducted heat . HVAGC HVAGC $4.808 $5.000 $12.586 $15.150 $17.230
gas furnace pump HVAC system w/ MERV 13 filter
ey Range/Cookto
Elect 949 1,099 1,099 1,099 1
4-burner 30” gas range 4-burner 30” induction range e p/Oven b $1, $, $1.0 LS
tional: 7.4 cu ft hybrid heat
- | Optiona cu ft hybrid heat pump None DT $0 $0 $0 $0 $0
7.5 cu ft electric resistance dryer |dryer
Insulation: attic - none Insulation: attic - none Insulation Attic $0 $0 $0 $0
Insulation: walls - none Insulation: walls - R11 Insulation Walls $2,843 $2,843 $2,843 $7,322
Insulation: floor - none Insulation: floor - none Insulation Floor $0 $0 $0 $0
Ductwork: unknown condition Ductwork: unknown condition HVAC Ducts $0 $0 $0 $0 $0
- ling for: 1 EV At-h fueling for: 2 EVs [12

gnome ﬂ_Je P t, S = 2 ey Dl Electrician EV Charger $2,200 $2,200 $2,423 $2,850
[12,000 miles/yr] miles/yr]
REBATES -$18,061 -$27,342 -$27,342  |-$27,342
SUBTOTAL $8,511 $2,546 $2,649 $13,916 $23,885
Rooftop solar PV: none Rooftop solar PV: 5.8 kW Solar/Battery Solar $22,325 $22,325 $22,325 $22,325
Home battery: none Home battery: 10 kWh Solar/Battery Battery $12,000 $12,000 $12,478 $19,000
REBATES & TAX CREDITS $0 -$12,398

-$10,298

-$10,298

-$10,441

. a

a  a  a Py -




East Palo Alto Home

Cost after incentives

Existing Condition Proposed Electrification Trade Applicable Replace DIY Low Bid Mid Bid High Bid
Project Existing (Gas) Electric Electric Electric Electric
100- in electrical panel + 60- [100- in electrical panel + 100-
00-amp main electrical panel + 60- |100-amp main electrical pane 00 Electrician o) $921 $921 $3.106 $4.566
amp garage subpanel amp garage subpanel
No dedicated 240-volt circuits to: 4 new 240-volt circuits to: water
Electrici ircuit 4,7
water heater, HVAC, range, dryer  |heater, HVAC, range e bical Ul 30 20 hailes Soeet
HP Water
Pl 2,754 0 104 1,681 2,471
50-gallon gas water heater 80-gallon heat pump water heater R Heater 82 ! b $1, 7
80% efficient centrally ducted gas  |30,000 BTU centrally ducted heat HVAC HVAC $4.808 $0 $0 $2.564 $4.644
furnace pump HVAC system w/ MERYV 13 filter
- Range/Cooktop/
El 949 0 0 0 201
4-burner 30" gas range 4-burner 30" induction range eician Oven b $ b b b
tional: 7.4 cu ft hybrid heat
7.5 cu ft electric resistance dryer (?rs/elfna ESPUEoAtDLmP None Dryer $0 $0 $0 $0 $0
Insulation: attic - none Insulation: attic - none Insulation Attic $0 $0 $0 $0
Insulation: walls - none Insulation: walls - R11 Insulation Walls $375 $375 $375 $4 854
Insulation: floor - none Insulation: floor - none Insulation Floor $0 $0 $0 $0
Ductwork: unknown condition Ductwork: unknown condition HVAC Ducts $0 $0 $0 $0 $0
At.-home fueling for: 1 EV [12,000 At.-home fueling for: 2 EVs [12,000 [ e BV e $1.200 $1.200 $1 423 $1 850
miles/yr] miles/yr]
SUBTOTAL $8,511 $2,546 $2,649 $13,916 $23,885
Rooftop solar PV: 5.8 kW
e SRy Tone Solar/Battery Solar $15,628 $15,628 $15,628 $15,628
Home battery: none Home battery: 10 kWh Solar/Battery Battery $8,400 $8,400 $8,735 $13,300
SUBTOTAL $24,028 $24,028 $24,362 $28,928




$12,000 -

$10,000

$4,000

Annual Cost of Energy + Loan

$2,000 -

SO -

$8,000 -

$6,000 -

LI Electrified vs. Mixed Fuel Home

Annual Energy Costs* and GHG

13 15 17 18

Years into Future

21

23

25

27

29

31

GHG emissions (tons CO2e/year)

GHG w/ Electrification

e \]ixed Fuel Energy
Cost, inc. Gasoline

= E|lectrified Energy Cost,

inc. EV charging
Electrified + Solar

Electrified + Batt

= E|le ctrified + Solar +
Batt

East Palo Alto
Home

ANNUAL COSTS
(w/ LOAN)

Note: Annual energy costs
for Electrified Home include
utility electricity payments +
loan payment on incremental
capital investments for
electrification. Escalation rate
assumptions for electricty and
natural gas rates in PG&E
territory and gasoline prices
are all taken from the
California Public Utilties
Commission Report entitled
"Utility Costs and Affordability
of the Grid of the Future: an
Evaluation of Electric Costs,
Rates and Equity Issues,
Pursuant to P.U. Code
Section 913.1", February
2021, p. 73.



Gas Water Heater, LI HPWH, Ml HPWH and HI HPWH

MIHPWH [l Hi HPWH

$5,000

$4,000

$3,000

$2,000

$1,000

$0

" Gas Water Heater

2 LI HPWH

AL

B15

B3 1.5 Ductless

cabln

Ranch TownH

C15

1 wing



Gas Furnace, LI HP, Ml HP and HI HP

B GasFurnace B LIHP = MIHP B HIHP

mmuhm.llm

B 1.5 B3 1.5 Ductless cabin Ranch TownH C1.5 1wing

$15,000

$10,000

$5,000

$0




Heat pump costs vs. gas furnaces (same contractor, same home)

$3EI,IIIEI

$25 000 25 bid pairs.. Furnace cost and Heat Pump premiums for var. incentives
$20,000
$15,000

$10,000 - k A

$5,000

S0

2 A2 4 5 6 7 8 9 10 11 . o 17 18 19 20 21022 23 24 25

($5,000)
(510,000)
($15,000)

(520,000)

=—fFurnace =—GrossPrem =—HPJanl -—HPMidInc =—HP Low Inc



Net Cost of Panels and Circuits for Low, Mid, Hi iIncome homes

$5,000

$4,000

$3,000

$2,000

$1,000

Lidd

B 1.5 B3 1.5 Ductless cabin Ranch Town C1.5 1wingd

$0




Premium to convert circuits, panels, water and space heat

B Gas B Premium LI Premium Ml B Premium H]

10000

5000

0 I l l

-10000

-5000 | | I | |

-15000
B 1.5 B3 1.5 Ductless 1 cabin Ranch TownH C1.5 1wing



IRA Income Qualification for Upfront Incentives And Tax Credits

$300,000

$250,000
$200,000

$150,000
$100,000

$50,000
SO

B Full Rebate m Half Rebate m Just Tax Credits

1 2 3 4 5 6 7 8 S

Number of People in Household (Joint Filers in SM County)




Household Gross Income

Federal Inflation Reduction Act in San Mateo County 2023

$300,000 $30,000

$250,000 $25,000

$200,000 $20,000

$150,000 515,000

$100,000 $10,000

$50,000 $5,000
S0 S0

1 2 3 4 5 6 7 8 u
People per Household

mmm Full Rebate mmm Half Rebate mmmJust Tax Credits —— Tax Bill Low Inc ——Tax Bill Mid Inc

Fed Income Tax line
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