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Problems of Electrifying WITHOUT a Plan

Electric panel is poorly filled!
Panel and service line need to be
UPSIZED

Utility gets involved

Long wait times (several months)
Could cost $4,000 (overhead
service line) or $20,000
(underground)
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Glossary:
Volt Electric pressure
Kilowatt-hour kWh Electric energy (Ability to do work) $0.40*
Watt W Electric power (Speed of working)
Kilowatt kW 1,000W Electric power (Speed of working)
Amp Electric Current ( speed of flow )
COP Energy delivered / energy bought

* Or a person working @ 150 Watts for 6.5 hours = 1 kWh... $97 @ $15 min wage
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All Electric 100 Amp Home (2,000 square feet)

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

Q
=] Amp Panel
B

Example 1

Device
Volts

120
120
120
120

120

’m House square footage = 2000 Total Counted Panel Amps = 964.6

Additional House Information

4 occupants + 60-80 gallon heat pump water heater
+EV charging up to 19 milles/hr + 4-bumer induction or standard electrc range
Located in California cli i Tda i
«Some insulation + A20-amp circuit wil support a 3.8 kW inverter.
38,000 Btuh heating and cooling (Many 3.8 W inverters can support roughly 3
3 46-




‘Wayne Szeto Home
Equipment List

Appliance.

Frigidaire gallery 30" front

Mitsubishi 3-ton centrally

Number

FGIH3047VF

svz-

system

Rheem 15-amp 65-gallon
heat pump water heater

Wallbox Pulsar EV charger
W/ adjustable current (with
circuit pausing)

Electrical Service Load Calculation

perfrad crding 6 NEC Optios it Z20838)

KAISNAZ

PROPHSST2
RH375-15 s215

‘General Information:

Laundry

HVAC
Heating

Water
Heating

Project List for Wayne Szeto Home.
Conactor
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Electric Panel size and Utilized Capacity (amps)
per NEC 220.87 Optional Method; Source hea.com

Number of Panels: 1,480
Average panel size: 177 amps

Average utilization: 34%

B Rmng Ampacity

m Used Ampacity




KW Distribution

# of gas homes # of elec homes
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Efficiency Varies Widely in each usage category

Clothes
Drying

Cooking

Water Heating

Space Heating
HVAC

EV Charging

Combined Washer Condensing Dryer
Heat Pump Dryer

Condensing Dryer

Hybrid HP/Resistance Dryer
Resistance Dryer

120V Battery plug-in Range
Cooktop (solo) or Range (w/Oven)
Cooktop + Single Wall-Oven
Cooktop + Double Wall-Oven

120 VHPWH
240V 15 Amp HPWH Hybrid
240V 30 Amp HPWH Hybrid

3 Ton Heat Pump HSPF 11.5
3 Ton Heat Pump HSPF 8.5

Regular120 V plug 35 mi/d 13,000 mi/yr
240V 10 A ckt 54 mi/day 20000 mi/yr
240V 15A ckt 81mi/day 30000 mi/yr

240V 20 A ckt 108 mi/day 39000 milyr

240V 30 A ckt 161 mi/day 59000 mifyr
240V 40 A ckt 215 mi/day 78000 milyr
240V 50 Ackt 269 mi/day 98000 mi/yr

Transforme

r Watts v
Others at 0.4

v[ EV anc

1 Heat Pu
Lo CF
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Approaches to staying on the panel

Know How To Improve Building Envelope & Ducts
= Air Sealing &/or Attic Insulation (before or after electrification)

ChOOSlng DUCted <= 3T0n or DUCtleSS if ducts are bad or

zoning is needed or rates are high

Right sizing of: HVAC, ’/HPWH, EVSE

= Right choosing “Power Efficiency” of: HVAC, HPWH, Dryer,
Cooktop or Range

= Controls if needed ( circuit sharers or pausers )
= Choosing ways to fit circuits
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Two ways of getting...

Top-down History Method: NEC 220.8

Use metered or billing historic peak multiplied by 1.25 (spikey factor) + Full
name plate load of new equipment (As though it’s fully coincident with the
old peak

Bottom-up Method:  NEC 220.83 (B

Calculating the panel loads from nameplate loads X Demand Factors
Where: Demand Factor should be called Coincidence Factor.

It's an assumption about how fractionally coincident the device peak is
with the building annual peak.






Load Calculation with 220.87

. Top-down load history approach

. Good for adding 1-2 items at a time because it counts them as 100% on-the-peak)

o Starts with power capacity of the smaller of main breaker disconnect Amps or panel rating Amps
= Amperage rating X 240 Volts = Wattage Rating
« Then calculate occupied wattage on main disconnect or feeder from meter readings
= peak usage interval last year ( highest 1-hr usage) in peak Watts
Or = peak usage 15 minute interval in recent 30 days in peak Watts
« Peak Load * 1.25 peakiness safety factor = Wattage Already Occupied
« Remaining Wattage Space = Wattage Rating minus Wattage Already Occupied
e New devices are allowed
« if their full nameplate wattage fits within Remaining Wattage Space
e« Good for adding 1-2 new devices per year



Hourly Electric usage (kWh/Hour)

4':’ Hourly Elecric Load for 1100 sq ft Bay Area Home

3.5

3

)s | y . .’| L
il TH TR
s JHHH ‘ . || I “

-

0.5

o

1 731 1461 2191 2921 3651 4381 5111 5841 6571 7301 8031 8761

Hours starting from 6/1/2020 (730 hours = 1 month)




Example Load Calculation with 220.87

Panel Capacity: 100 Amps X240V = 24,000 W Rating

10.0-A=2 kW
: ‘ @LG 3 or 4 wire connection 3 s .
@ Remaining
nnnnnnn “’“"’ wassw‘“;““’g““: SPacCe available for
Il| !IIII I 1] II\IIIIIIIII\I\I||IIIIH!|Il||\||Il|III\I|IHIl|III P
full nameplates of new

4,000 W equipment:
peak usage
4,0Eo e X105 - , e ahy 19,000 Nameplate
ieeaasz :Z § ° 5,000 W L gatts e
occupied e
v B

.. ot Bl 0y e

History not allowed if modified
5,000 W by solar or batteries or by load

occupied control devices

1 i
D ]



Bottom-up Cal
d Devices Method.
220.83 (B)




Bottom-up Method NEC 220.83 (B)

220.83 (B)
Good for When:
you lack history data...
or
you want to add 3 or more loads now
or
you already have solar or batteries



Load Calculation: Adding Electric HVAC, HPWH

Home B Load Type Amps Volts Watts
Total floor area: 2,000 sq ft
H H vy ) Kitchen Circuit 12. 120 = 1500
Main service capacity: 100 amps e 5 Bl 5
No. of gas appliances: 2 -
g PP Kitchen Circuit 12.5 X 120 = 1500
= Laundry Circuit 12.5 X 120 = 1500
Dishwasher 10 X 120 = 1200
4 Garbage e
I I { ’ { © [O tgr Disposal > X0 = e
93 atts [ sq foot
>< >< >< “[] Lights + Plugs (s watt /sl = 6000
Solar Alr Source Electric Dryer Induction Heat Pump Electric Electric
Heat Pump Cooktop ‘Water Heater Vehicle Panel
First 8,000 watts @ 1.0 coincidence factor = 8,000
Remaining 5,500 watts @ 0.4 coinc. Factor =2,200
Qurtesy of City of Palo Alto Utilities
HVAC 4,080 watts @ 1.0 coincidence factor = 4,080
HPWH 2,880 watts @ 0.4 coincidence factor = 1,152
Total =15,432

In this example, we use NEC code sections: 220.83 (B) Amperage = 15,432 W/ 240V = 65 Amps



NEC Article 220.83(B) Coincidence Factors

When using NEC
220.83(B), these are
the electrification
coincidence factors
for adding
equipment

When using NEC
220.87, the factors
are all 100% for
adding equipment

Coincidence Factors of Electrification Loads
on Electric Panels

Cooking

Water Heating

Drying

Space Heat or Cooling

EV Charging

”II[

0.20 0.40 0.60 0.80 1.00



Optimizing the Panel:

Electrically ( Amps) [power to meet needs]
&
Physically (Spaces) [ fitting new needs on |



el Ll S

Power Savings
7 ways to lower your panel amp requirements

. Pick high efficiency equipment (Heat Pump HSPF > 10)

Pick power efficient versions of: heat, water heater, dryer, cooking
e.g. HPs without backup resistance, low Amp HPWHs, combo W/D, Combo S/W

Avoid oversizing (HP 2-3 tons for most homes, EVSE 20Amps = 39k miles)

Pick multifunction devices (e.g. combo washer/dryer, range, combo Space/H20)
Consider circuit sharing devices (e.g. alternate dryer & EV charger)

Consider circuit pausing devices (e.g. pauses charger or HPWH)

Decrease your loads (e.g. add air sealing, insulation and duct sealing) (go
ductless)



Space Savings
11 ways to free up physical panel space

1. Pick multi-function appliances

2. Free up furnace circuit

. Choose shared circuit version 120V
HPWH

Use tandem or slim breakers

Automatic circuit sharing devices (two
appliances share one circuit)

6. Junction box (join two low-load circuits)
7. Square D breakers can hold 2 circuits
8. Pig Tail breaker can hold 2 circuits

9. Add subpanel for ~9 circuits

10.Line tap solar

11.Use a meter collar (bypasses the main
panel and connects to the meter)

(5]
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What may be needed re: Building Departments
Ideas to accommodate
Macro Safety

Streamline permitting of HPWHs to eliminate plan checking and calculations on some or all HPWHSs.
Publish installation min requirements to meet code

Final inspection assures conformance

Cities hold and group up inspections by firm to allow more inspections in tighter grouped schedules.

(avoiding a 6 hour window per inspection, reducing from 15 FTEs added in waiting windows ) =
(5,000/yr X 6 hours/install / 2,000 hours/FTE)

By zone and contractor: 5 of ACME’s installs in NW section on Tues w/ Inspector A, 6 more in SW on
Wed. Z

Carpooling to sites?  Random inspections? Treat like washing machines? (same connections)



r heaters
30 Amp Water heaters
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8®od Stewardship of the Electric Panel

Possible market shares of Home+EV

H H H Swath #
Electrification Types
100% " 3
Saves Climate o8
Wants central utility
. Cav control of home 5
g Climate \
2
L Wants
S ! automatic self control of home
= Delays Neighboy .
S (__ Raises
0 Rates 4 Wants
s power efficient devices 3
: Wants Highest Power p)
Ruins -
Climate : .
0% ‘ Wants gas fired chemical home 1

Now 4?years later _ 2
Years into the future  INEEEG—S— *°* V2" 21"



Simpler Projects
Less
Woarkforce Burden

More projects
Lower Carrying Costs

More ~(‘Zli






https://incentives.switchison.org/?_ga=2.167415294.1341690265.1699243126-1608017970.1698895045&_gl=1*yxyda4*_ga*MTYwODAxNzk3MC4xNjk4ODk1MDQ1*_ga_8NM1W0PLNN*MTY5OTI0MzEyNi4zLjAuMTY5OTI0MzEyNi42MC4wLjA
https://incentives.switchison.org/?_ga=2.167415294.1341690265.1699243126-1608017970.1698895045&_gl=1*yxyda4*_ga*MTYwODAxNzk3MC4xNjk4ODk1MDQ1*_ga_8NM1W0PLNN*MTY5OTI0MzEyNi4zLjAuMTY5OTI0MzEyNi42MC4wLjA
https://incentives.switchison.org/?_ga=2.167415294.1341690265.1699243126-1608017970.1698895045&_gl=1*yxyda4*_ga*MTYwODAxNzk3MC4xNjk4ODk1MDQ1*_ga_8NM1W0PLNN*MTY5OTI0MzEyNi4zLjAuMTY5OTI0MzEyNi42MC4wLjA
https://ashp.neep.org/
https://pge.docebosaas.com/learn/course/external/view/elearning/1206/home-electrification-retrofits-without-upsizing-the-electric-panel-previously-recorded
https://pge.docebosaas.com/learn/course/external/view/elearning/1206/home-electrification-retrofits-without-upsizing-the-electric-panel-previously-recorded
https://www.redwoodenergy.net/research/a-pocket-guide-to-all-electric-retrofits-of-single-family-homes
https://www.redwoodenergy.net/research/a-pocket-guide-to-all-electric-retrofits-of-single-family-homes
https://www.redwoodenergy.net/watt-diet-calculator
https://www.peninsulacleanenergy.com/wp-content/uploads/2023/02/Design-guidelines-for-home-electrification-v021023.pdf
https://www.peninsulacleanenergy.com/wp-content/uploads/2023/02/Design-guidelines-for-home-electrification-v021023.pdf
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C9 and SimpleSwitch 240M
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Using Circuit Controls for Spaces and Amps

No Controls

Circuit Splitter

One Circuit Pauser

Two Circuit Pausers

30 A for Dryer
30 A for EVSE

30 A for sharer
Breaker Saved

30 A for Dryer
30 A for EVSE

30 A for Dryer
30 A for EVSE

None
None

Circuit Sharer <

None
Circuit Pauser

Circuit Pauser
Circuit Pauser

Amps
Counted /

30
42

Larger of two
30 12

12

o)
12 30

42






SERVICE DISCONNECT
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3 or 4 wire connection
@LG
mDEL DI.EW

00 ID4EMI.ASSEEUS
l .5 1b / 120/208 V, 60 Hz, 23 A, 22.5 Ib
u ||

: 105KWBY3R165
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028311053R165A9366!
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Electric
Panels




Load Calculation: Step #1 Sum Existing Electric Loads

Home A Load Type Amps Volts Watts
Total floor area: 1,500 sq ft
Main service capacity: 100 amps Kitchen Circuit 12.5 X 120 = 1500
No. of gas appliances: 4 -
8 PP Kitchen Circuit 12.5 X 120 = 1500
= Laundry Circuit 12.5 X 120 = 1500
Dishwasher 10 X 120 = 1200
(€ Garbage e
I I { ’ { © [O tgr Disposal > X0 = e
Q 5 (3 watts /[ sq foot)
>< >< >< >< X >< [] Lights + Plugs = 4500
Solar Alr Source Electric Dryer Induction Heat Pump Electric Electric
Heat Pump Cooktop ‘Water Heater Vehicle Panel
Subtotal =11,600

Graphic courtesy of City of Palo Alto Utilities

Here we are using NEC code section: 220.83 (B)



Load Calculation: Step #2 Add New Electric Load, an Induction Range

Home A Load Type Amps Volts Watts
Total floor area: 1,500 sq ft
- - o [P Kitchen Circuit : =
Main service capacity: 100 amps chen Qe 12.5 E 1520
No. of gas appliances: 3 -
g PP Kitchen Circuit 12.5 X 120 = 1500
— Laundry Circuit 12.5 X 120 = 1500
Dishwasher 10 X 120 = 1200
4 Garbage 4
’ { © [O tgr Disposal > X0 =
Q (3 watts / sq foot)
>< >< >< X >< CLights + Plugs = 4500
Solar Alr Source Electric Dryer Induction Heat Pump Electric Electric
Heat Pump Cooktop ‘Water Heater Vehicle Panel ﬂ%ﬂ
Induct. Range 40 X 240 = 9600
Graphic courtesy of City of Palo Alto Utilities
Subtotal =21,000

Here we are using NEC code section: 220.83 (B)



Load Calculation: Step #3 Apply Coincidence Factors

Load Type Amps Volts Watts
Home A Kitchen Circuit 12.5 X 120 = 1500
Total floor area: 1,500 sq ft

Main service capacity: 100 amps Kitchen Circuit 125  x120  =1500

No. of gas appliances: 3
Laundry Circuit 12.5 X 120 = 1500
o @ Refrigerator 5 X 120 = 600

Garbage

%7 Disposgal 5 X 120 = 600

l ’ { o [O QE, Lights + Plugs (G watts/Sseed = 4500

=
X X X X Induct. Range 40 X 240 = 9600
Solar Alr Source Electric Dryer Induction Heat Pump Electric Electric
Heat Pump Cooktop ‘Water Heater Vehicle Panel
Subtotal =21,000
Graphic courtesy of City of Palo Alto Utilities
First 8,000 watts @ 1.0 coincidence factor = 8,000
Remaining 13,000 watts @ 0.4 coinc. factor =5,200

Here we are using NEC code section: 220.83 (B) Total



NEC code sections relevant to electrification

220.82 (B) New Homes 10 kW @ 1.0

220.82 (C) New Homes HVAC @ 1.0 with some diversity for strip heat and
4+ separate zones

220.83 (A) Existing Homes 8 kW @1.0
220.83 (B) Existing Homes adding HVAC @ 1.0 coincidence factor
First 8 KW of other loads also counts at 1.0 coincidence factor

220.54 For multifamily and laundromat dryer fleets, not single-family
homes

220.87 To use historic hourly usage to find the remaining panel capability

625.40 For applying the 1.25 combination long duration factor and
coincidence factor for EVSE loads on their branch, How far up?



Examples of multi-function devices

Combined slide-in range has oven and
cooktop on one circuit

Combined (All in one) Washer/Dryer has
both washing and drying performed by the
same machine

Combined Space heat pump and water
heat pump provide both space heating and
cooling on the same circuit

Umbilical fed mini splits and ductless mini
splits power both the outdoor machine and
the indoor machine from the same circuit



Two Quads like these replaced
2 20s and a dryer 2p breaker

Example 1 Electrification Plan
from HVAC Contractor

You Started with 100 amp Panel and No AC

We put in power efficient 3 ton HP using 17A on 20 Amp
Quad breaker freeing up space to move two of your other
20 Amp 120V circuits to the quad in the same space.

1
@uwpsmpo HOMT
(1)2P&(2)1P
UNITS/UNIDADESIUNITES

(By) LISTEDCS,
\L)ISSUENO.
DP-4075

We freed up your old 15 amp 120V furnace circuit for a
120V HPWH near HP Air handler. So you are prewired and
ready for dedicated or shared 120V

em AlCy 8§
HACRTYPE £

TIPO CARR 3
1207240 V~ CTL

You can power a combo W/D on your existing washer
circuit freeing up the dryer breaker double space for quad

Your future projects can use a quad breaker to feed a 50
Amp range and a 20 Amp EV circuit for 39,000 miles per
year.




anel and 50 Amp :
Existing ¢

uit to feed a new sub wire
cient 3 ton HP using

er in the sub. This left 8 D
e projects.

a 30 Amp EV circuit for
r from the sub

15 Amp 120V furnace
H near HP Air handler

to




ace circuit w
pump or a ductless

ini splits and ductless
ver both the outdoor
the indoor machine from
Jit.

ples: Mitsubishi Fuijitsu,

heat pump.

ical 120V 15 Amp




Using a few ‘tandem’ or ‘slim’ breakers

Top left breaker is normal 1” 1 pole breaker

Top two breakers on right are 2 tandem
breakers filling the same sized space

Middle right 2” wide breaker has two-pole
middle section for a 240V circuit and two

more slim single-pole breakers on the
outside

Bottom right shows 2” wide 2-pole breaker
for comparison



5 amp circuits into one 15 amp wire
20 amp circuits into one 20 amp wire t

‘has breakers allowing two wire:

Tail” in the panel combining two w
perage breaker

anel fed by one big breaker and
n feed up to ~10 circuits \ >




120V HP Water Heater:
AQO Smith Voltex 120V Plug-in
Hybrid Electric Heat Pump 10
amps / 120 volts

120V Washer/Dryer:
GE Profile 4.8 cu ft combo unit

w/ heat pump dryer | | amps /

|20 volts LG has one also

120V HP Water Heater:
Rheem Proterra |20V Plug-in
Hybrid Electric Heat Pump 4
amps / 120 volts



Equipment silver bullets

1. 120-volt heat pump water heaters or 240-volt 15-amp hybrid water heaters

2. Upsizing water heater and adding a mixing valve to accommodate slower recovery time
17-amp inverter-driven heat pump HVAC systems that are not just power efficient and energy
efficient but also extremely quiet

Centrally ducted heat pumps w/ air handlers on same circuit, or multizone ductless

Split heat pump water heaters for tight spaces (consider combo washer/dryer to make space)
Heat pump dryers or combo washer/dryers (single 120-volt machine that washes and dries )
Wallbox Pulsar EV charger with adjustable current (6 to 32 amps) & Emporia Smart Charger
Circuit-sharing devices like NeoCharge and SimpleSwitch

Circuit pausers like DCC9, SimpleSwitch 240M and EV Duty, Emporia Smart EV Charger

o e Ol

10. Smart electric panels like Span.io & Lumin Smart Panel



