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1. Literature review (>160 scientific papers and technical reports)

« summarize the academic, professional, and energy program studies attempting
significant energy reductions in homes

2. Industry Survey (>70 leading building industry professionals)

* industry perspective on home energy upgrades, identifying current barriers to
decarbonization and potential ways to change the home energy upgrade
market

3. Cost database (> 1,700 single family energy upgrade
projects)
« cost and energy data (mix of measured and modeled)

« targeted significant energy/carbon reductions
« national average costs ($2019)



Outline near term challenges and opportunities for scaling up residential
decarbonization

Not as simple as saying just put heat pumps every where
 |dentify R&D opportunities for BTO (and others)

* Identify barriers current not sufficiently addressed in current DOE initiatives and
hard to reach residential market segments

* Today — high level takeaways

« Many more recommendations in final report — coming soon

What is not included:

* Not a review of all existing DOE initiatives or a comprehensive guide to home
decarbonization



Focus on existing homes

1. Develop solutions for all households

* Beyond single-family owner-occupied:
* 44 million rental households
e 7 million manufactured homes
* 12 million homes needing health and safety mitigations

2. Make decarbonization affordable

* Current cost about $55,000 — ten times median household savings

* Reduce costs — standardize and outsource customer acquisition to lower soft
costs, limit service/panel upgrades & develop power efficient products

* Look for ways to control bills, provide access to financing, use affordability not
investment language and metrics

3. Support the US clean energy economy
* Creates jobs + product manufacturing opportunities
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The cost of Saving Carbon

Sample of Convenience:

* Most data voluntarily provided by energy
programs

* Paid contributions for 475 homes

Data Included:

* Costs - Broken down by measure

* Energy (and calculated CO,) savings

* All costs in $2019 and nationally averaged
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Current least-cost way to
reduce CO,e by significant
amount (>50%) is about $55,000

CO.e reduction focus could
reduce this to $40,000

« These costs do not include
rebates

* Not enough carbon emission
reduction?

« Costs too much for adoption at
scale

« About 25% of projects used
financing



Clustered retrofit project cost data by type, including average

overhead/profit (47%) for median gross project cost. Percent shows carbon

savings

Total Cost ($)
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The lowest cost approaches for more than
50% energy and CO, savings:

Include typical EE weatherization
measures (home and duct air sealing
and insulation)

Electrification of heating, DHW, cooking,
clothes drying

Add solar PV

These projects cost about $54,000
($28/ft?) and had median CO,
reductions of 68%

High O&P indicates business models
need to be addressed

Homes that are not all-gas will cost less
Snapshot in time — based on current
state of the industry, e.g., may need less
PV in the future with a fully
decarbonized grid



To break even financially on a monthly

$110,000 - basis, the best-case projects need to reduce
W Cost Supported by Savings costs by about $20,000. Rebates and cost
$90,000 - compression efforts are needed, even for
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Need to Reduce Soft Costs:

® OQutsource customer acquisition from contractors
to programs or private companies with marketing
and sales expertise. Customer acquisition typically
costs $1,000 to $1,500 per project, and up to
$2,500.

® Reduce or automate diagnostic testing and
commissioning, e.g., combustion safety testing

that is typically $400 per project.

®* Automated, rapid HVAC equipment sizing, could
save $500.

¢ Direct install program structures.

® Direct-to-consumer or retail sales structures.

®* Bulk purchasing strategies.

®*  Do-it-yourself (DIY) upgrades. DIY solutions are

often designed with ease of installation in-mind,
which also benefits trade professionals



Household peak power
* Integral with panel/service upgrades and utility distribution needs
Appliance power efficiency
* Provide the same service at lower power
* Give consumers and contractors ability to select lower power appliances (120V, 15A)
* Reduces grid/utility capacity costs
Annual carbon emissions
* RESNET already has a CO, index — pathway to replace energy codes with carbon codes
On-site power and storage
* Integrated into resiliency and grid interaction capabilities/future ratings
Time of energy use — linked to variation in CO, content of energy

* Give the right carbon use signals — current time of use rates can lead to more emissions: e.g., low
nighttime rate for EV charging when little/no renewables in the power mix

Affordability (replacing ROI, LCC, TRC, etc.)

* Use metrics used in household decision making, e.g., Net monthly (financed) cost



e 2019 Gas and annual average electricity prices by state from EIA
* 2019 Annual average CO,e intensity by state using US EPA eGRID

CO, equivalent total output emission rate (lb/MWh) Sort by Amount )
by state, 2019 US: 889.21 (lb/MWh)
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Regionality of Heat Pump Benefits - CO,e

Map of minimum heat pump COP required for carbon dioxide equivalent emissions neutrality in each
US state, compared with an 80% AFUE natural gas furnace
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Regionality of Heat Pump Benefits - Bills

Map of minimum heat pump COP required for energy cost neutrality in each US state, compared with
an 80% AFUE natural gas furnace
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Percent savings for CO,, and energy costs in each US state when replacing an
80 AFUE furnace with a COP 3 heat pump in 2019

* High gas use states have big potential

HP is less expensive, less savings but face operating cost challenges
emissions

wa e Some states definitely need load
- reduction/EE measures to avoid bill
increases

— HPis more expensive,
less emissions

e 3 COP hard to achieve in northern tier
states
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National Average
Weighted by number of gas furnace heating appliances in each state.

COP 3 heat pump Break even COP

E
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1. National average 2022 gas (+70% since 2019) and electric prices
(+25% since 2019) — Financials can change a lot!
2. 10% reduction in CO,e/kWh - Gradual reduction over time

COP 3 heat pump Break even COP

E
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Savi COP | Cost COP
SEIES Savings (%) o8
osare 13

60% 50% 1.6

80 AFUE 50% 38% 1.5 2.0
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Need to reduce electrification costs: panels, service and circuits

* Reducing and controlling home power draw also creates grid-responsive
solutions

Challenge is greatest in “gassy” homes — they need the most changes

New products are needed

* Power-efficient appliances (create a “Power Star” label with EPA??) lower
equipment and installation costs

* Form factor: HPs and HPWH that can fit in many locations: small closets, in
floors

Low noise HPWHs

DIY products (some solar and HP already available)

Emergency replacement — easily swapped in/out for temporary heat and DHW
Integrated batteries and thermal storage

Solar PV at RoW cost (less than half current cost)



«  $2000-$5000 typical costs

« Add ~$250-500 for each new circuit

« Add $300-%$30,000 for service upgrades

« Big increases in past couple of years (>20%)

DOE effort under way to address this issue
* Analyzing thousands of homes 1/15/60 minute data
e Collaborating with National Electric Code

Count of Peak Power Levels in Amps across 22,442 CA Homes
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Figure from https://corp.hea.com/home-electrification



Smart Circuit Splitters
and Sharing

EV-PowerShares® SimpleSwitch=®
EV-P5 Smart 240V [ EV Circuit Switch

= =a

BSA Electronics™ Neo Charge®
Dryer Budd Smart Splitter

Programmable
Subpanels

Eaton>®
Energy Management
Circuit Breaker (EMCB)

Power-efficient Appliances (120V) that

add grid-responsive capability
4.5 cu ft Condensing Heat Pump Through-Wall Heat
Washer/Dryer Combo  Water Heater Pump

104, 1200W B.3A, 1000W 6.3-15A, ~1400W

LG WM3998HBA GE GeoSpring  Innova HPAC 2.0

Battery Integrated Meter Collars
Stoves — with a
120V outlet

Understanding the

National Electrical Code (NEC)

Watt Diet Calculator

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

Ducted heat pump, medium power heat pump water heater, hybrid heat pump dryer
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Presenter Notes
Presentation Notes
Power Efficient Appliances
3400 watt *standard sized (7.4 cu ft)* heat pump dryer, bonus: 120 volts
7,200 watt 36" induction cooktop, bonus: "pacemaker safe"
2,500 watt unitary heat pump water heater, bonus: Kigali compliant
Missing feature today:  quiet
2,500 watt split heat pump water heater, bonus: variety of tank form factors
Drop in heat pump HVAC replacement for old gas wall and floor furnaces
Low amp EV chargers:  10-amp, 15-amp, 20-amp versions

  Idea:  New DOE "Power Star" rating and label for power efficient appliances



* Health and safety

* Health — mostly cooking but also outdoor environment —
home electrification is better even for those that don’t
electrify

e Safety — no gas appliances to backdraft (reduces concerns
about air tightening), no flames, no explosions, no Carbon
Monoxide

e Reliability and resilience

 Electric outage more common — but also very short (hours)
in duration c¢/w gas (days or weeks)

* A well insulated and air sealed home takes longer to
heat/cool and has less extreme temperatures

* On-site PV/batteries/energy storage allows homes to
function in emergencies

* A heat pump adds the ability to cool a home

* Increase in home value?



Leading with Equity and Justice

in the Clean Energy Transition:
Getting to the Starting Line for
Residential Building Electrification

* Develop solutions the do not require MF
buildings to be empty

* Develop plug-in/transportable solutions

* Develop solutions for large MF where
central heat and hot water maybe difficult
to replace

ELECTRIFICATION

* Need low-power solutions — Create BEC o e
“Power Efficient” labels with EPA, or CEE? AT M

* More rebates less tax credits? st
* 40% of households pay no federal income tax ]

solar photovaltakc (V) systerms and

* Allows ALL income levels to participate e

Erovides fnancil incentives for irstaling

EQUITABLE !lﬂ\lﬂ

BUIt oy oo idir
CIEVEEr 3 Groar



* Need a lot more contractors, electricians, etc.
* Work with community colleges, non-profits, etc.

* Businesses need to be long-term sustainable — not dependent on individual
programs

» Use existing and/or well understood solutions — must be low risk and

dnNsSwer customer/contractor concerns

* Will bills go up or down?

Is it noisy?

Will | be comfortable?

Who will fix it when it breaks?
Does it cost more to maintain?

* Focus on reducing overheads — how can we help the industry to
grow?
* Simpler rebate programs
e Outsourcing customer acquisition and financing



* Rebates + Tax incentives
* Easy credit access
* Ready to go financing (e.g., Vehicle Industry)

* Improve

business operations
* Workforce stability
* Simpler rebates

High Lack of

Consumer
Overhead Demand

High Effort
Required

to Sign
Contracts

« Simplify and standardize retrofits
* Reliable information for consumers

Improve this with
emphasis on:

* Health

* Comfort

« Safety




Questions and
Comments
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Regionality of Heat Pump Benefits

Percent savings for CO,, and energy costs in each US state when replacing a
95 AFUE furnace with a COP 3 heat pump in 2019
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Regionality of Heat Pump Benefits

Minimum COP for CO,e Neutrality

nologies Area
Points scaled according to number of natural gas heating appliances in each state
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2022

Percent savings for CO,, and energy costs in each US state when replacing a
95 AFUE furnace with a COP 3 heat pump

CO,e Savings (%)

25 50 75 100

50 256 O

-75

HP is more expensive,
less emissions

HP is less expensive, less
emissions

HI

Ky
HP is more expensive, = HP is less expensive,
more emissions i more emissions
[ I I I [ I I
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Cost Savings (%)

75

Electric
Natural Gas
LPG
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In 2022....

Almost all states benefited in both carbon
emissions and energy cost from a 3 COP
HP compared to an 80 AFUE furnace.

To get to consistently high CO,, savings
will require a lot more effort.

Using 2022 changes in CO,e
energy content and gas and
electric prices



$3,828

80-Gal HPWH

$4,000
$3,500
$3,000
$2,500
$2,000
$1,500
$1,000

$500

Heat Pump Installed Cost (2019 $USD)

T

Heat Pump Water Heater Cost Compression

.

+ G
Mixing
Valve

Low income direct install

program at SMUD has already
proven the potential to cut

costs from >S4k down to $3400 $1,318
per unit
Current Cost Bundled measures Volume purchasing Electrical savings Target Cost
soft cost savings discount from 120V plug-in
tech

SMUD = Sacramento Municipal Utility District
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Presence of equipment and use of electricity in U.S. homes (2015)
share of all primary residences

eia)
air conditioning
clothes drying

cooking

water heating Also biggest

space heating energy users

hot tub 3% . .
uses only electricity

pool 1%

0% 25% 50% 5% 100%
2015 Residential Energy Consumption Survey
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Roast Cooz top Roast Cook top
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&l o ] Ambient Air Quality
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Burning fossil fuels emit several
contaminants of concern
PM, ., NO,, CO, aldehydes and leaking unburned CH,

Singer, B., Pass, R., Delp, W., Lorenzetti,

. . | | ]
In buildings: = R
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Concentrations and emission rates from
natural gas cooking burners without
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EPRI study using EPA’s Environmental Benefits Mapping and Analysis Program
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e Environmental Justice Issue — often worse in
disadvantaged communities

* Full electrification: 12,000 fewer deaths, monetized | |
health benefit of $108B/year just for California EPA's Value of

Avmdﬁd Statistical Life 4 P
mortality $8.7 million o wowm  w sy

per year (20159)




Need to develop rate structures, regulations
and programs that support or allow for
decarbonization

Need solutions that reduce need to upgrade
transmission lines, transformers etc.

Not enough transformers available or staff to
install them

No capacity to make every home >200A.



* State and regional variation will remain but CO,e and bills increasingly favor
electrification

* Need to minimize the risk of increasing bills or CO, emissions

* Traditional EE measures, such as envelope and HVAC improvements
* Solar PV and other renewables

* Very important for lower-income households we need to minimize the impact of
increasing energy bills — this is critical

* More DOE R&D to focus solutions and programs:

* Analyze many house prototypes in different climates with variable heat pump performance depending
on weather

* Include variability of CO, content of electricity with time
 Different utility rate structures?
* We need utilities to think about rates that lead to lower carbon emissions
* Include installation costs, embodied carbon, impact of refrigerant and methane leakage
* Implications of time shifting using energy storage
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