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LEARNING OBJECTIVES

At the conclusion of this session, participants will:

» Learn about one of the largest surveys executed in the US about home
occupant motivations for making home upgrades and technology
choice

« Describe how different value propositions regionally can impact a home
occupants technology choice

« Define messaging and other outreach opportunities to reach home
occupants based on what they say is important to them

NHPC
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Three Principles For Building Decarbonization

Principle #1
Homes have to be electrified

Principle #2

We can’t “efficiency” our way to zero emissions

Principle #3
Solutions need to be scalable and affordable




| Equity and Decision Making

TOTAL US Homes = 123.5 millions*

» 68% Single Family
26% Multifamily
6% Mobile homes Who pays ?

== \\/ho benefits ?

m Solutions for renters?

» SF = 88% units owned
SF = 28% units rented

MF = 5% units owned
» MF = 69% units rented

* 9% Single Family
= 27% Multifamily *eia data from 2020/2021

NHPC
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HOW TO GET AFFORDABLE SOLUTIONS?

¢
HOW TO SCALE ENERGY RETROFITS?

Problem » to SCALE energy retrofits, needs: 1

motivated building industry and motivated households

SURVEYS to assess and understand

.

What are Building Industry concerns? — What motivated them?
What are Household concerns? — What motivates them?




The Decarbonization Melting
Pot:

Regional Study of Household Preferences & Insights
» Survey 1 - Households

il @ Xcel Energy- April 8-11, 2024 | Minneapolis, MN 7



THERE’S NO PLACE LIKE HOME

Human behavior is at the center of interactions between
people and the homes they live in.... and the technology
they interact with.

Residential building stakeholders grapple with complex

sociotechnical dynamics when researching/diffusing

technology in residential buildings.

Many factors make this dynamic more complex:
 Building stock characteristics

Region and community density

Income

Race, cultural background, ethnicity

Education, including technology background

Age, life-stage

Preference

NHPC
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. U.S. DEPARTMENT OF Energy Eﬁlc'ency &

R E S E A R C H A P P R O A C H J ENERGY Renewable Energy

U.S. Department of Energy (DOE) Building Technology Office

(BTO) is funding research to investigate how residents make

home energy decisions and to explore whether those

decisions help meet decarbonization goals. Survey of 10,000

households

Research Questions: : :
o . . Interviews with
1. What are the motivations and key decision points for 120 households

energy-related home renovations and upgrades?

2. How do different residential stakeholders decide to buy and
use key technologies relevant for residential electrification?

4 NHPC
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HOUSEHOLD UPGRADES



WHAT DOES DECARB TECHNOLOGY ADOPTION
LOOK LIKE THROUGHOUT THE US?

A) West B) Midwest C) Northeast
% Using Electricity
I I . 80
60
J_._-_‘ 0
20
D) Central Southwest E) Southeast

M Heat Pump*

M Heat Pump Water Heater*
I Air Conditioner
4 B Gas Furnace*
‘ B Smart Thermostat

I ENERGYSTAR HVAC*

I ENERGYSTAR Hot Water Appliance*
I ENERGYSTAR Kitchen Appliance*

I HVAC Switch Oil/Gas to Electric

Bars represent tech adoption relative to the national mean. They are unitless. * indicates significant difference between regions.

NHPC
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COMMON MODIFICATIONS

More homeowners and renters
changed visible, interactive
technologies compared to
"behind-the-scenes"
technologies.

Overall, homeowners more likely
to make changes than renters.

50% of homeowners and 29%
of renters have made changes
in the kitchen.

Fewer changes to HVAC for
both groups (38% owners,
23% renters).

Interactive Effect,
Visible Tech

Effects realized
over time,
Behind-the scenes Tech.

NHPC
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Interactive Effect,
Behind-the-scenes Tech.

Frequency of Home Modifications
by Homeowners (n = 7019)
and Renters (n=2900)

@ owner @ renter

frequency (%)
0 20 % 60
Yard ¢ ¢
Kitchen ¢ ¢
Lighting o e
Heating and Cooling ¢ @
Hot Water Appliances ¢ ¢
Building Materials DN
Electrical ¢ ¢
Smart Technology o @
Renewable Energy or EVs e
No Changes @ .
Skipped @

April 8-11, 2024 | Minneapolis, MN



OCCUPANTS MAKE CHANGES IN COMBINATION

* We found that nearly 70% of a) Project Type (n = 104 participants)
Interview participants that were - _
] ] Combination
undergoing a house project

were making multiple changes.  Repair & Maintain

« Shows there is an opportunity Renovate/Remodel
for contractors to integrate
decarbonization tech/measures
during other types of projects.

New Appliance

.

20 40 60
% Participants

NHPC
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Correlations Between Envelope Upgrades/Heat Pump Installations and Other Factors

barrier_find_material

ENVELOPES & HEAT PUMPS

Renter + Envelope 0.08 — 0.12

er Factor

consider_could_diy
B consider_easy._financing
(2P windows, insulation, roof, siding) demog_fuel_electe

demog_own0_rent1

demog_yearsinhome

econ_afford_20k

What factors motivate households
to upgrade envelopes, adopt heat

u m S - geog_zillowcountyval r (labeled if
. p<0.001)
i willinghphva
0.16

econ_afford_9k

econ_income

0.2

modification_electrical

 Most correlations occur
between tech and combo e
projects, especially electrical
upgrades.

modification_Water

modification_yard

motiv_appearance

* Household economics, Electric B
programs and ability to finance modification +
plays a role. Envelope R

0.2-0.23

° Many non_energy (airsealing, \ e

factors also are ;’fatement
windows,

important! insulation, roof)

'NHPC
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Envelope: Air Seljf
Envelope: Ro

Envelope: Insulatigh

Envelope: Window Coveri

Envelope: Double Pane Windo
Envelope: Triple Pane Windo

Envelope: Asbestos/Lead Abatemefi

pa i @ Xcel Energy- April 8-11, 2024 | Minnsapaihghbr Heat Pump|




BIG GAP BETWEEN WILLINGNESS AND ACTUAL
ADOPTION

Technology adoption by region

Smart Home Tech o< o oo @&
. . | @ West actual
Electric/Induction Stove K 2 > @ @ West willing
Midwest actual
Heat Pump *®» o ’ . .
> Midwest willing
Solar Panels <@ 'S ¢ @ Northeast actual
Northeast willing
Electric Vehicle € )¢ e e @ Central Southwest actual
Central Southwest willing
Heat Pump Water Heater {® ® ¢ Southeast actual
Southeast willin
Solar Thermal <& . 4 2 ’
0 20 40 60

% residents who made modification (actual) or willing to adopt technology (willing)

How do we close this gap?

iy @ Xcel Energy® April 8-11, 2024 | Minneapolis, MN
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INFLUENCING FACTORS
FOR UPGRADES



IDEAL HOUSEHOLD ENVIRONMENT

Resident Space Preferences (n=9,919 residents)

We asked what general Relax | 3% e
preferences residents EasyHome| % .
have for their home: Family Kichen | 6% -
e Most important: A place EasyYard | 5% oo

to relax and a home/yard Aesthetics | 7%

that is easy to care for Safe Space | 12% o

(74(%), 71 00)_ Outdoor Space | 14% o

Kid Space 32%
Pets 26%

* Important: A family
kitchen (69%).

Entertain 18%

* Important. Homeowners TR &
highly value the look of Erercice | 2%
their home (60%). PR i

* Noted: Safety and access ChefKitchen | 37% %
to outdoor space Craft Space | 39%
were noted }/ about 50% 100 50 0 50 100
of respondents. Percentage

Response Not Important . Somewhat Important . Important

i @ XceIEnergy® April 8-11, 2024 | Minneapolis, MN -
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NOT ALL DECISIONS ARE BASED ON COST

How important are the following factors
when buying appliances or home technology?

Durable and Can Repair | 3% T4%

Safety Certified = 3% 2%

Low Maintenance | 4% 68%

Fewer Health Risks | 5% 67%

Low Install and/or Maintain Cost | 4% 66%

Superior Performance | 4% 66%

Households care more — o
8% 63%

b b f Easy To Find Retail | 6% 58%

a O Ut. th e tOP h e n e Its Easy To Find Contractor | 8% 56%
associated wit e - e e
1 ' Low Cost to Replace | 8% 54%

d eca rbo n Izat I O n th a n Operates During Power nglure 8% 53%
Accessible for Seniors/Disabled People | 14% 52%

a bOUt the COSt! Less Enviro Impact | 12% 49%
Aesthetics/Match Other Appliances | 10% 48%

Familiar = 9% 48%

CanDIY | 16% 42%

Latest Features | 19% 38%

Nostalgia | 40% 23%

100 50 0 50 100
% of 7,019 homeowners

Response Not Important . Somewhat Important . Important

iy @ Xcel Energy® April 8-11, 2024 | Minneapolis, MN
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HOUSEHOLDS PRIORITIZE MANY NON-ENERGY

FACTORS
Factors Influencing Home Modifications
e Comfo rt/safety for by Homeowners (n = 7019 )
pets/children is the most and Renters (n = 2500)
iImportant decision- ® owner @ renter
making factor for home D i L e
mOdIflcatlonS' Comfort and Safety of Household L 2
* Repairing/replacing Needed Fix/Repair oo
something broken is Improve Appearance o e
Second for both Reduce Energy Bills o @
homeowners a nd renters. Change Space to be More Useful @ ]
Reduce Maintenance ¢ @
¢ |mprOVing dppearance Reduce Environmental Impacts e
a nd red UCi I’]g eﬂergy bl | |S Reduce Harmful Health Impacts e«
are also importa Nnt. Required by HOA/Landlord @@
Other @B
Skipped @

NHPC
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HOUSEHOLDS WANT COMFORT NOT COST

SAVINGS!
Code Frequency in All Transcripts (n = 13951paragraphs)

g SPACE - Household Spaces ]
S TECH - Building Technology 0
= SENT - Sentiments O
> LF - Limiting Factors O
S PEER - Peer Influences , - '
(am]

INFO - Information Sources
0.0% 10.0% 20.0%
% paragraphs containing factor

Households' primary decision factors for making upgrades include:
 Create better household spaces
* Integrate new building technologies
* As reactions to personal sentiments, judgements and/or perceptions

il @ Xcel Energy- April 8-11, 2024 | Minneapolis, MN
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DECISION FACTORS Space Correlation with Decision Codes
AND HOUSEHOLD by Paragraph
SPACES (n = 104 participants, n.paragraphs = 13951

Misc |

ADU-

Influential factors
when considering
specific spaces in the
home:

Attic/Basement-|

Office-|

Communal Space-|

Household Space

personal sentiment

Bedroom -|

technology choice sstiicans ]
peer influence

Kitchen -

4w NHPC

2024 | MINNEAPOLIS
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Technology Correlation
DECISION FACTORS AND with Decision Codes by Paragraph

H O U S E H O L D (n = 104 participants, n.paragraphs = 13951)
TECHNOLOGY Sxerior Materal-

Envelope.Energy -

Influential factors when
choosing specific Renewable£V-
technologies:

Backup -

* How space is used

Fuel -

 Personal sentiment

Fixture.non.elec-

Household Space

 Limiting factors/barriers
(often economic and
contractor related) Appliance-

Fixture.electric-|

¢ Peel’ |nﬂ Uence HVAC.electric-

4w NHPC
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CONTRACTORS

PLAY AN A) Program participation
% resid
IMPORTANT ROLE! ; ; 1 s
R 0
Only 9% of households — .
are participating In participation
programs.
« Contractors can he|p B) Barriers to Modifications
bring these numbers 0 2 20 20 50 g " residents
up. Upfront cost e |
. o) Unclear cost/benefit o1
30 /O Of housebO!dS Hard to find contractor de B .
nOte they can t flnd Hard to find materials 141 I Midwest
contractors to do the Unclear warranties M e e
work they need done.

NHPC

/2024 | MINNEAPOLIS
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INFORMATION SOURCES ALSO IMPORTANT!

C) Sources of Information D) Considerations when Making Modifications
% residents % residents
10 20 30 40 50 0 10 20 30 40 50
Sold at big box store ‘
Friends or family el LA Ik
Able to install yourself | ERRERX ¥ |
Online review fe ll Able to purchase without loan LA ||
Quote from trusted contractor 411
Known retailer Hel Sold at local store a1
Social media R =ald gl ol
Lower energy cost ol
Government website &1 Positive online reviews/ads ol I West
Family/friend recommendation 1 I Midwest
NEwspapeniad o/ TV ki Reactive weather proofing 4 ! I Northeast
Contractor 4 1 Preventative weather proofing L Central Southwest
Easy to obtain loan
_ S d il Southeast
Service provider list 14l 1 Program participation ¢
Lower carbon emissions LA |
Manufacturer - ¢ US Average

Job requirement ol

Households rely on friends/family, online/social media, and big box stores for

w NHBE"

2024 | MINNEAPOLIS
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What do Industry
Professionals Think?

» Survey 2 - Construction Industry

Survey originally for Deep Energy Retrofits (DERs) — but most answers apply to decarbonization also

RE @ Xcel Energy’

25



Market Survey

» Qualtrics survey platform

» 20-minute online survey to gather information from building energy professionals
on their experiences and opinions

« What motivates and deters energy retrofit projects in today’s market?
* Promising strategies and technologies
* Non-cost aspects of retrofit measures

» /3 survey participants
« Home performance contractor (25%) o
» Consultant (15%)
* Program manager (14%)

» Researcher (12%)

» General contractor (11%) g

» Other (23%), e.g., engineer, architect, energy rater
RESIDENTIAL BUILDING SYSTEMS GROUP | homes.lbl.gov

26



Market Survey

Survey Questions Organized By Main Sections Of Topic:

» Background information about past experiences of the respondent
» Consumer perspective on energy retrofit projects

» Home performance contractor perspective on challenges

» Promising technologies and approaches to advance carbon savings
» \WWork scope and approaches from past experiences
» Project costs

RESIDENTIAL BUILDING SYSTEMS GROUP | homes.Ibl.gov



Survey: Customer Perspective

What are the main
motivations of homeowners /
building owners?

Residential <> Commercial
Profit is not the motive

ROI, payback and other
traditional investment metrics
are misleading and the wrong
ones to use.

Affordability and financing are
key.

Y 2024 | MINNEAPOLIS

@ Xcel Energy-

Strong financial incentives (e.g., rebates, tax..

Lower project costs

Linking DERs and increased home market..

Linking DERs and healthy home

Easier project financing

Reduce project planning burden on..

Time of sale energy disclosures
Energy bills guaranteed
Other

Improve energy savings

DER certification program to improve..

Reduce disruption to homeowner

Shorter project timeline

10 15 20 25 30

35 40 45

April 8-11, 2024 | Minneapolis, MN 28




Survey: Industry Perspective

ﬁustomer preferences and needs |

What are the factors that S
significantly influence the Hoalth and comfort |
decision-making Cost |
process among \__ Redce use of on-site fossi fu |
contractors? Performance and product features |

Utility or other program requirements |

Familiarity to technology / approach |

» Households' needs
» Households’ wellbeing

Other |
Risk of call-backs / complaints |

Profit margin |

» CO, reduction
» Energy savings

Time to complete work | 2

0 5

NHPC

2024 | MINNEAPOLIS
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Survey: Industry Perspective

Aside from costs:
What are the biggest
barriers?

» Lack of consumer demand

Other

Burden of designing DER work scope
» Lack of workforce
Compliance with building code

Lack of proven retrofit strategies

Lack of advanced retrofit equipment / materials

Permitting atypical projects

Lack of simulation / design tools

e @ Xcel Energy:

April 8-11, 2024 | Minneapolis, MN 30



Survey: Industry Perspective

Aside from costs:
What are the most
effective ways to increase
customer demand?

Time of sale energy disclosures
Energy bills guaranteed
Other

Improve energy savings

Reduce disruption to homeowner

Shorter project timeline

@ Xcel Energy:

DER certification program to improve consumer..

30 35 40 45

31

April 8-11, 2024 | Minneapolis, MN




Survey: Project Cost Estimates

Common causes of
project cost increase.

Re-work due to installation error

Other

Hidden chemical / health problems (e.g., asbestos, lead
paint)

Permitting / inspection issues

Defective equipment or materials

32

.« NHPC
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Addressing “Lack of Demand” Issues for the Building Industry

» Rebates + Tax incentives

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

* Improve

business operations
* Workforce stability
* Simpler rebates

4w NHPC

High
Overhead

High Effort
Required

to Sign
Contracts

Lack of
Consumer
Demand

» Simplify and standardize retrofits
* Reliable information for consumers

S @ Xcel Energy-

Improve this with
emphasis on:

* Health

« Comfort

» Safety

April 8-11, 2024 | Minneapolis, MN



A Comparative Analysis:

What are the Perceptions and Behaviours
of Households and Construction
Professionals?

il @ Xcel Energy- April 8-11, 2024 | Minneapolis, MN 34



Addressing Gaps: A Comparative Analysis

Questions

a) What drives and hinders households and
construction professionals in deciding to retrofit
(decarbonize) a home?

b) How does the construction industry supports
building decarbonization for households?

c) What are the top strategies to scale
decarbonization for households and
professionals?

NHPC

2024 | MINNEAPOLIS
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Key Barriers for the Building Industry and Households

Measure Names

B Coniractor
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% M Housenolds
(1) Project cost o —
(2) Lack of a reliable, trained home performanc
workforce e .
(3) Lack of advanced retrofit equipment /
materials . @
(4) Compliance with building code 9

0% 10%  20%  30%  40%  50%  60% 70%  80%  90% 100%
Value (%) »

'NHPC

Y 2024 | MINNEAPOLIS
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Households Priorities and Motivations

Measure Names
B cContractor

90% 100% M Households

0% 10% 20% 30% 40% 50% 60% 70% 80%
ﬂ;alingfgﬁznt;:ilding resilience against extreme . I | | I | | I | e
(2) Make home sustainable / green [ 9
(3) Improve comfort  —
(4) Save money on energy bill H
(5) Adress existing building problems . "]
(6) Upgrade space @ 'S
(7) Financial payback @ 9
(8) Availability of project financing ¢ 9
(9) Reduce use of on-site fossil fuel L —
0% 10%  20%  30%  40%  50% 60% 70%  80%  90% 100%

'NHPC
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Advanced Technology for Energy Retrofits

Measure Names

Contract
0% 1q% 2(!% 3{]|% 4q% 5[1:% ﬁﬂl% Tﬂl% 80.% QE}L% 100% : Hz:;:“‘:')';s
(1) Retrofit for a healthy home *—
(3) Smart technology & 9
2) Emerging Heat Pump technology .—.
(4) Home electrification retrofit o @
(5) Real-time energy monitoring .—-. ]
(6) Air sealing in existing building envelope - —
(7) Smart window coverings .—. =
(8) Triple pane windows - —
(9) Backup home power solutions (e.g.,
generator, etc.) " . _

0% 10%  20%  30%  40% 50% 60% 70% 80%  90% 100%
Value (%) #

il @ xCelEnergy® April 8-11, 2024 | Minneapolis, MN
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Other Survey Intersections

Climate Change

and Energy Concerns

Save money

on energy bill
100%

Reduce use of Make home
on-site fossil sustainable /
fuel green

) NHPC

2024 | MINNEAPOLIS

Project Building Concerns

Project cost
100%

Financial payback

Availability of
project financing

Upgrade space

@ Xcel Energy-

Adress existing
building problems

Lack of a reliable,
trained home
performance
workforce

Lack of advanced
retrofit equipment
| materials

Compliance with
building code

Non-Energy Benefits

and Resilience

Healthy home

Enhance building

resilience against

extreme weather
events

Backup home
power solutions

Improve comfort

April 8-11, 2024 | Minneapolis, MN




Summary

Constructors need to align messaging with
household goals

NHPC -

/2024 | MINNEAPOLIS
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Thank You...
QUESTIONS ?

2 .

Connect with us:

A&ST>v.  U.S. DEPARTMENT OF

(3 e\
& S
- <,
2\ -
O\
5% 3
ZaTES 0% 2

= Chrissi Antonopoulos P N
Chrissi.Antonopoulos@pnnl.gov NATIONAL LABORATORY

= Nuria Casquero-Modrego

NUEEEM@Iblgov. ¥ yRome o | ] e ] BERKELEY LAB

Bringing Science Solutions to the World
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LBNL Resources @ homes.lbl.gov

» Walker, I. S., Casquero-Modrego, N., Less, B. D. (2023). Challenges and Opportunities for Homes
Decarbonization. Lawrence Berkeley National Lab. https://doi.org/doi.org/10.20357/B7XG7T

> Less, B. D., Casquero-Modrego, N., & Walker, I. S. (2022). Home Energy Upgrades as a Pathway to
Home Decarbonization in the US: A Literature Review. Energies, 15(15), 5590.
https://doi.org/10.3390/en15155590

Challenges and
Opportunities for
Home Decarbonization

» Walker, I. S., Less, B. D., & Casquero-Modrego, N. (2022). Carbon and energy cost impacts of
electrification of space heating with heat pumps in the US. Energy and Buildings, 259, 111910.
https://doi.org/10.1016/j.enbuild.2022.111910

» Less, B. D., Walker, I. S., Casquero-Modrego, N., & Rainer, L. (2021). The Cost of Decarbonization and
Energy Upgrade Retrofits for US Homes. Lawrence Berkeley National Laboratory. gt
https://doi.org/10.20357/B7FP4D T mesmme——

The Cost of Decarbonization and
Energy Upgrade Retrofits for US Homes

» 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. par
https://doi.org/10.20357/B7GP53

» Chan, W. R., Less, B. D., & Walker, I. S. (2021). DOE Deep Energy Retrofit Cost Survey. Lawrence e
Berkeley National Laboratory. https://doi.org/10.20357/B7MC70 S e
b PR
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PNNL Resources

» Antonopoulos, C. A., Fuentes, T. L., McCord, K. H., Rackley, A. L., & Biswas, S. (2024). Regional
assessment of household energy decision-making and technology adoption in the United States. Energy
Policy, 185, 113940. https://doi.org/10.1016/j.enpol.2023.113940

» Biswas, S., Fuentes, T. L., McCord, K. H., Rackley, A. L., & Antonopoulos, C. A. (2024). Decisions and
decision-makers: Mapping the sociotechnical cognition behind home energy upgrades in the United States.
Energy Research & Social Science, 109, 103411. https://doi.org/10.1016/j.erss.2024.103411

» Rackley, A. L., Antonopoulos, C. A., Biswas, S., Lerond, J., Margiotta, E. R., Pennell, B. G., & Tagestad,
J. D. (2022). Using Open Data to Characterize Building Stock Trends for Energy and Equity Evaluation (No.
PNNL-33405). Pacific Northwest National Lab.(PNNL), Richland, WA (United States).

» Antonopoulos, C. A., Metzger, C. E., Zhang, J. M., Ganguli, S., Baechler, M. C., Nagda, H. U., &
Desjarlais, A. O. (2019). Wall upgrades for residential deep energy retrofits: a literature review. Pacific
Northwest National Lab.(PNNL), Richland, WA (United States). [ I

Characterize Building Residential Deep Energy
Stock Trends for Energy Retrofits: A Literature
and Equity Evaluation

ENERGY |rmsssrmmge ENERGY |rmmsemmnae
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