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Three Principles for Home Decarbonization

Principle #1: We can’t efficiency our way to zero emissions

Principle #2: Homes will have to be electrified

Principle #3: Solutions need to be affordable
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Plenty of studies...

City of Berkeley, California
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ael PAID
help break dow

Home Upgrade Cost Data

Sample of convenience: »w_ | Energy Retrofits
* Most data voluntarily provided by £ 4 in homes!

the costs of Deep

energy programs
e Paid contributions for 475 homes
* Looking for home with significant

energy reduction NS
Data included: poTm——— vk sa i on . [P
* Costs - broken down by measure e == Ry

* Energy (and calculated CO,) savings — - ¥ Prsup gt

All costs in $2019 and
nationally averaged
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Home Upgrade Database

Summary
2
MN XSI'
52 °
O A \
NY ;.
10 -
; MA
I'L OH 365
. ' - | |
1 1
CA . N
847 NM 66 NC
1 273
- GA
T1X 24
&
FL
60

12 Programs 1,739 Projects 10,512 Measures 3,294,946 ft2 $24,689,213
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Project Cost vs. Carbon Savings

How much does it cost to get to 50% savings?

-540 — B - o vicher cost projects

>50% Carbon have diminishing

$30-40 —| reductions currently -- i =pp Feturns

cost $20-30+ per ft2
R - -

=N

I I I I I I I
-20 0 20 40 60 80 100

$10-20 —

<$10 —

Total Project Gross Cost ($ per ft2)

Carbon Savings (%)
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S - Total Cost
(% - CO,e reduction)

Project Cost Stacks

$ 150,000 —
BASIC HVAC B =iicope $120,802

Low-cost, basic projects with mostly HVAC projects with standard equipment (~1/2 Eq ul pm ent (39%)
envelope and limited HVAC work heat pumps), including some envelope work $ 1 25,000 | PV $1 09,059
(51%)

; _$100,000 — -

$ 75,000 —

$54,098
(68%)

ADVANCED LARGE HOME
HVAC GEOTHERMAL

Total Cost ($

$ 50,000

Advanced, higher-cost HVAC projects (>2/3 heat HVAC-focused projects in Iargue homes with
pumps), including some envelope work geothermal helat pumg).;f/QOA»);nd SOIE $26,228
envelope an worl
: (25%)

$ 25,000 $10,105
$3,849 (31%)

(18%)
$ 0 - —
SUPERINSULATION ~ ELECTRIFICATION o S
: : © >
aggfeos:;s;eehnevr:IZSedj s;;z::i:.sgf?zz::: c:)rnwall ! WITH PV (\// (\// 0@
insulation, triple pane windows, etc.) with some - Equipment electrification projects that include ‘b(\
gas equipment and little or no PV - moderate envelope upgrades and PV in all cases V“bA
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Cost Compression - Pathways

BEopt

wih Hour-by-Hour Simulations ;:z N R E L
Rebates and Upgrade Package Technology
Incentives Optimization Innovation
29
-m
hie
2
f—>
7o
.$]‘
Soft Cost New Metrics No- and Low-Cost
Reductions Methods
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Terms: 30-year, 3% interest

Clustered Projects:

Required Cost Compression

$120.000 — ™ Cost Supported by Savings

Required Cost Compression $17,947
$100,000 —
$21,057
& $ 80,000 —
2
O $60,000 $34,232
fo
= $40,000 —
$5,705
$ 20,000 $11,321
$ 0 - . = n :
Cluster Basic HVAC Advanced Geo- Super-  Electrification
HVAC thermal insulation with PV
co,

Reduction 18% 31% 25% 39% 51% 68%

homes.lbl.gov 9



Cost Compression - Rebates

$120.000 — ™ Cost Supported by Savings
’ Required Cost Compression
m 25% Rebate
$100,000 —
5 $ 80,000 —
2
O $60,000 —
8
2 $40,000 — STALY
$ 20,000
$ 0 - = e
Cluster Basic HVAC Advanced
HVAC
Co,
Reduction 18% 31% 25%

) BUILDING TECHNOLOGY ¢

LSGTVEY  Energy Technologies Area

$21,718
$21,057

\

Geo-

thermal

39%

$27,265
$17,947

Super-
insulation

51%

Terms: 30-year, 3% interest

A contractor favorite!
Helps reduce up-front costs
Increases affordability

Key marketing strategy —
people like to get a “deal”

$13,525
$34,232

More feasible cost
compression

Electrification
with PV

68%

homes.lbl.gov 10



Cost Compression — Package

Optimization

$ 60,000
$53,938
$ 48,000 -
__$36,000
L
%)
o
&)
8
2 $24,000
$12,789
($7.23)
$ 12,000
$6,587
($3.73)
$505
(80.29)

$ 0  —
None  Wx HP DER
Envelope

($3051)  § 15,000 -

$ 7,500

$0 -

$14,716  $14,757
($8.32)  ($8.35)

$8,786
($4.97)

Gas Gas+Cooling Elec
HVAC + Hot Water

$ 25,000 -

$ 18,750 -

$ 12,500 -

$ 6,250 -

$0-

$14,440
($8.17)

Smalll

$21,992
($12.44)

Medium

PV

$24,669
($13.95)

Large

homes.lbl.gov

Archetypes Created from
4 envelope, 3 HVAC &
DHW and 3 PV options
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Cost Compression — Package

Optimization

Equip

Electric
Electric
Gas
Gas
Electric
Gas
Electric
Electric
Gas
Electric
Gas
Electric
Electric
Gas

Electric

Equip

Env

DER
DER
DER
DER
DER

DER

Env

60-70% CO,e Savings

PV

H Envelope
“  Equipment
m Electrical / PV

$ 70,000
$ 80,000
$ 90,000

$ 20,000
$ 50,000 —
$ 60,000 —
$100,000 —

Predicted Project Cost ($)

Moderate Envelope
upgrades + PV gives good

Even with PV at 2-3 times
the cost in other countries

> carbon savings at least cost

homes.lbl.gov
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Cost Compression — Ductless Heat Pumps

$4,600
$4,400
$4,200
$4,000
$3,800
$3,600
$3,400
$3,200
$3,000

Ductless Heat Pump Installed Cost per
Ton (2019 $USD)

I8 Energy Technologies Area

Ductless Heat Pump Cost Compression

$4,397
$250
$220
$220
$250
$350
""""""""""""""""""""""""""""""""""""""""""""" $3,107
Current Cost  Automated Bundled Volume Automated Electrical Target Cost
HVAC sizing measures soft purchasing fault detection savings from
calculations cost savings discount and 120V plug-in
commissioning tech

] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION homes.lbl.gov
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Cost Compression — Low Power Electrification

Avoiding Panel Upgrade Costs

Contractor’s

Pricing Guide:
Residentgial Repair $1,954

& Remodeling
Costs

with RSMeans data

Average range: $1,500 - $4,000

low Average Cost .,

(replace an existing panel with a new model with new housing)

https://www.fixr.com/costs/install-electrical-circuit-panel-upgrade

N BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
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Cost Compression — Low Power Electrification

Avoiding Panel Upgrade Costs

Watt Diet Calculator

S rt Ci it Splitt Program mable All Electric 100 Amp Home (2,000 square feet)
m a I rC u I p I e rs S u b p a n e I s Ducted heat pump, medium power heat pump water heater, hybrid heat pump dryer
a n d S h a rl n g Eaton’°°5°‘ Device Device Device Device
Volt Am Am Volts
EV-PowerShare ™ simpleswitche™ Energy Management ’ a ’ v ?
EV-PS Smart 240V / EV Circuit Switch Circuit Breaker (EMCB) 120 8 Vi Lghts/Plug Gy 8 120
—— . T TR
: 120 8 Vi Lights/Plug T Lights/Plug “V R 8 120
120 8 v et /Pug G Y Lights/Plug ¥ o 120
120 10 S = 13 120
120 7 :j? Refrigerator &3 g':i::;: :V 13 120
Neo Charge™® - 101 = o B
Smart Splitter Power-efficient 120 DB [} (enoves & Washer 13 120
gl \ Appliances (120V)
. 4.5cu ft Condensing  Heat Pump Through-Wall Heat 9 oSl L)  Centrall
Washer/Dryer Combo = Water Heater Pump 240 20 :J% Duaedy 14 240
10A, 1200W 8.3A, 1000W 6.3-15A, ~1400W
LG WM3998HBA GE GeoSpring  Innova HPAC 2.0 240 20 EV Charger ookicp ‘*E”j 40 240
- — ' +oven) - -
-~ e s " Heat Pum, — ——
' 240 16 EARCLT Y i F 12 240
£7) House square footage = 2000 Total Counted Panel Amps = 96.7

Source - Tom Kabat & Sean Armstrong
BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
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Cost reduction: Time shifting using storage

Can be charged from onsite solar or low-cost mid-
day grid power — saves $ AND energy

Charge storage when electricity is cheap

Good for disadvantaged/low income communities:
avoid peak pricing and demand charges

Offset installed costs with downsized heat pump

Electric Battery
« 3to 5 kWh

Thermal Storage
« Safe, common, phase change materials
* 10.5 kWh in same space as 50 gallon tank

\ 4] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
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Natural or Fossil Fuel or Solar
Heat or Biomass Energy

Heat Pump Boiler

FLEXIBLE, RELIABLE
AND RESPONSIVE

The UniQ range of heat
batteries accommodates
a wide variety of heat
energy sources and
direct electric inputs

Heat
and/or
Hot Water

homes.lbl.gov
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Percent of Gross Income (%)

Cost Compression — Soft Costs

3 New Residential Energy
Construction Remodeling Upgrades
S 479, Need to reduce Soft Costs:
o « Customer acquisition
34% 35% '
- B Overhead 30% ’ TeStmg o _
® 7| = Profit 26% * Program participation
S o 19% * Project design
o _| 10%
IR
CLA CSi CSl
General ConstructionRenewable CSlI DER
Contractors Services Energy Remodeling NAHB RAR Survey

(2018)  (2019)  (2019)  (2019)  (2018)  (2013)  (2020)

(] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
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Cost Compression — Soft Costs — Real Life Examples

DIY Solar PV and Heat Pump at a National Scale

 Eliminate overhead with online
experience
* Flat pricing across the US

e DIY or full-service options

Want to DIY? You put
up the panels, we do the rest.

‘ —
Site Plan Permitting DIY Install Grid Tie City Inspection

Transparent Pricing

Lowest Guaranteed
OPTIONAL ADD ONS
Equipment Ground Mount Full Service Install
+ Permits & DIY Support + Installation + Warranty
$0.90-$1.20 . $0.30* $0.37*

/watt /watt ok /watt

GET STARTED WITH GET STARTED WITH GEY STARTED WITH

*Pricing reflected as after incentive pnicing

* Custom design

* Pre-insulated line sets
* Simplified fittings

e Strong advertising

;Zg; mrRCOooL HOME  THESTORY  PRODUCTS v WHERE TO BUY v SUPPORT v REE

Never Stop Dreaming

mMmRCOOL

o
) &

") watch the video S\é
Y '
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Decarbonization Costs — New Metrics Heat Pump COP required to
Using Electric Heat Pumps Instead Of Gas Furnaces break even with a gas furnace

CO, Emissions Neutrality 80 AFUE




Decarbonization Costs — New Metrics Heat Pump COP required to
Using Electric Heat Pumps Instead Of Gas Furnaces break even with a gas furnace

Energy Cost Neutrality 80 AFUE




Value Proposition: Healthier Homes

« Burning fossil fuels: emit several contaminants of concern:
 PM, 5, NO,, CO, aldehydes and leaking unburned CH,

* In the home:
* Field studies show key health-related contaminants related to
burning fossil fuels: cooking and poor appliance venting
. Ellectrification removes need for combustion safety testing, CO
alarms

« EPRI study: Electrification results in more than 12,000 avoided
deaths and a monetized health benefit of $108B per year.... Just for
California plus additional benefits from cleaner outdoor air

* Outside air: PM2.5 & NO,
« Environmental Justice Issue — often worse in disadvantaged
communities

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
LSGTVEY  Energy Technologies Area




Value Proposition: Safer Homes

Key safety issues are:

« Carbon monoxide — No concerns if home is all-
electric

» Fire safety — No naked flames

» Kitchen safety - No naked flames

(Induction cooking inherently safer — cooler surfaces
for induction cooktops, no flames)

* No gas explosions
A key risk factor for utilities

« Earthquake safety

Post-earthquake fires usually a bigger hazard than
the earthquake itself

\ 4] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
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Integrating Transportation

« Current poor public charging
infrastructure:

* Need to be able to charge at home

* Need a spare circuit or new
panel/rewiring

% primecom.Tech

* EV could easily be the biggest home
load: up to 50 kW

* Need to restrict power requirement to
7.2kW (or less?)

« Use timers/smart circuit sharing

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
ies Area

homes.lbl.gov 23
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Customer Motivations building owners when seeking to perform a

energy upgrade project?

Residential <> Commercial prove comfor
Save money on energy bill

PrOfit is nOt the mOtive Make home sustainable / green

Reduce carbon emissions

ROI, payback and other Reduce use ofor-site fossl el
traditional investment metrics Other
are miS|eading and the Upgrade for modem convenience (e.g., car charging)
wrong ones to use for an
individual home owner

Address existing moisture / mold problem
Increase home value
Increase resilience (e.g., hurricane, power outage)

Address existing odor / IAQ problem

Aﬁo rd a b I I Ity a n d fl n a n CI n g Upgrade for lifestyle changes (e.g., aging in place)
a re key Address home safety issues

Address existing noise problem

What are the main motivations of homeowners /

48
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] Aside from costs, what are the biggest
Industry Perspectlve barriers when performing DER projects?

Lack of consumer demand 40

Lack of areliable, trained home performance workforce 30

Other important
factors to get to
scale

Unforeseen conditions in existing homes 23
Competition from companies performing non-DER work 23
Low customer conversion rate 14
Other 13
Burden of designing DER work scope 8
Compliance with building code 7
Lack of proven retrofit strategies _ 6
Lack of advanced retrofit equipment / materials - 3

Permitting atypical projects [} 2

Lack of simulation / design tools F 1

0 5 10 15 20 25 30 35 40 45

homes.lbl.gov 25
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Pathway to decarbonized homes

* One basic package: Air seal and insulate, add heat pumps for heat/DHW and add Solar PV
* Cost Control

* Reduce need for panel/service upgrades

Avoid costly measures

Compress costs for individual measures

Provide financing & rebates

New business models, streamlined permitting

Revised electric codes for panels and PV
* Need more trained workers
* Need more heat pumps to be manufactured and emergency equipment loans

* Include health, safety, & comfort in value proposition

\ 4] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
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Resources

* For electrification big picture: Rewiring America and Rewiring
Communities

* For power-restricted homes: Redwood Energy Pocket Guide
« Check with your contractor or utility for rebates

= WIRING
AleiFICA

J P
4 { > = T
ey ;
w R oty ¥.
S -
2 2 S
A i - 2 ¢
Sa W ‘ ) A’
""""“ J - Jon and Kelly’s Electrified Home in Cleveldnd; OH
)

A Pocket Guide to All-Electric Retrofits of Single-Family Homes

Rewiring AT
Communities: R
A Plan to Accelerate Climate

Action and Environmental Justice

By Investing in Household
Electrification at the Local Level

S AU L G [Q\ | r':_» rr—: ‘ T lJJ‘ 1 Adam Zurofsky,? Jeffrey Schub, John Rhodes,* Tony Curnes,® and Sam Calisch®

SAM CALISCH & L AURA FRASER

REDWOOD ENERGY February 2021

homes.lbl.gov 27
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Seminar Series Summary

LBNL Staff Practitioners

Wednesdays at noon from now through early
January

Six sessions (possibly more to come)

Focus on sharing practical experiences

Steve Greenberg

Topics:

« Cost analyses

« Can you DIY home electrification?

« How to Electrify Your Home Without Panel
U pg rad es Gerald Robinson Spencer Dutton

* Planning, Designing and Installing Home
Electrification

« Rapid Electrification of Existing Buildings:
Problems and Opportunities

« Trials and Tribulations of Home N i -

rennan Less uria Casquero aln Walker

Electrification Modrego

Josie Gaillard

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

Energy Technologies Area
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Project Publications

Chan, W. R., Less, B. D., & Walker, I. S. (2021). DOE Deep
Energy Retrofit Cost Survey. Lawrence Berkeley National
Laboratory. hittps://doi.org/10.20357/B7MC70

Less, B. D., Walker, |. S., & Casquero-Modrego, N. (2021).
Emerging Pathways to Upgrade the US Housing Stock: A

Review of the Home Energy Upgrade Literature. Lawrence
Berkeley National Lab. https://doi.org/10.20357/B7GP53

Less, B. D., Walker, |. S., Casquero-Modrego, N., & Rainer, L.
(2021). The Cost of Decarbonization and Energy Upgrade
Retrofits for US Homes. Lawrence Berkeley National Laboratory.

https://doi.org/10.20357/B7FP4D

Lawrence Berkeley National Laboratory

DOE Deep Energy Retrofit Cost Survey

Wanyu Chan, Brennan Less and lain Walker

Energy Technologies Area
January 2021

aaaaaa | Laboratory

The Cost of Decarbonization and
Energy Upgrade Retrofits for US Homes

Lawrence Berkeley National Laboratory

Emerging Pathways to Upgrade the

US Housing Stock
A Review of the Home Energy Upgrade Literature

Brennan D. Less
lain S, Walker
Naria Casquero-Modrego

Energy Technologies A
February 2021 o
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