U.S. DEPARTMENT OF

@ ENERGY
BERKELEY LAB Office of Science

Bringing Science Solutions to the World

)

rrerrr




Three Principles For Home Decarbonization

Principle #1: Homes have to be decarbonized

Principle #2: We can’t “efficiency” our way to zero emissions

Principle #3: Solutions need to be scalable and affordable
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» MAIN BARRIER — PROJECT COST

* There are currently no low-cost solutions capable of
providing significant (>50%) energy and CO,
savings.

 Carbon reductions of 50% or greater typically
required investments of at least $250/m? ($23/ft%) or
~$50,000 per home.




Assessing the Cost of
Decarbonization / Electrification
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Home Upgrade Costs

DOE/LBNL Effort to Create a Database of:

» Costs - broken down by measure

» All costs in $2019 and adjusted for location to be

nationally representative

» Energy (and calculated CO,) savings, both real

and modeled/predicted

Sample of Convenience:

» Most data voluntarily provided by energy

programs
» Paid contributions for 475 homes

» Looking for home with significant energy reduction

Initial focus on Deep Energy Retrofit (DER) not

Electrification/Decarbonization

RESIDENTIAL BUILDING SYSTEMS GROUP | homes.lbl.gov

" ~_help break down
~— _the costs of Deep
Energy Retrofits
in homes!

TWO WAYS TO CONTRIBUTE:

Anonymously share detailed DER project
a cost and work scope data with our team.

$300

Respond to a survey of the DER market
drivers, opportunities and challenges.




Database Summary

Pre 1900 59
1900-1960 274
Home 1960-1980 728
Vintage 1980-2000 476
2000-2020 114
Unknown 88
2020 828
Project 2019 374
Year 2018 258
2010-2018 279
< 1 month 855
2 months 258
3 months 110
Project 4 months 63
Duration 5 months 31
6 months 23
>6 months 70
Unknown 329
Home Performance 1,061
Upgrade
Retrofit Electrification 294
Type Individual Measure 251
HVAC-focused 226
Envelope-focused 122
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Project Count*

Distribution of Gross Project Costs
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Measure Overview

&
= -
5000 — m HVAC (n= g <
(n=2,298) 5 m HVAC ($14.24)
Attic (n=1,061) o Attic ($2.71)
*g' 4000 — M Electrical (n=360) & s M Electrical ($2.45)
ks B House (n=1,391) "‘E" = B House ($1.97)
. m Walls (n=289) & m Walls ($1.1)
33000 ®m Windows (n=76) 8 ®m Windows ($0.77)
® B Foundation (n=274) W 9 - ® Foundation ($0.65)
= B Plumbing (n=274) ?_ M Plumbing ($0.62)
2000 — ®m Appliance (n=100) g ®m Appliance ($0.12)
® Doors (n=42) S ® Doors ($0.06)
= v
1000 — =
0 - o -

» Building envelope-related sections — Total 1,742 measures ($5.3 million)
» HVAC — Total 2,298 measures ($14.2 million)
« HVAC work — Dominate current energy upgrade projects and programs
« House section — Building envelope and air sealing upgrades
 Electrical section — Lighting upgrades and PV installation.
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Installed Upgrade Measures
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» Measures with controlled costs (less variability) — Less uncertainty
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Annual Energy and CO.,e Savings per m?
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Project Count

Project Count

Annual Energy Cost Savings —

Electrification vs. Non-Electrification Projects

Electrification Projects
30
- » Electrification Projects
— Some increase post-retrofit energy costs
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Project Cost vs Carbon Savings

-. « >50% Carbon reductions

currently cost at least $20-$30
$30-40 — -- 61% n=20 ver ft2

35k - $50k or more per home
20 - IR o perhome)

« Costs are too high for adoption

$10-20 — R - o iws at-scale

* Not enough homes substantially
<$10 — -- 259% n=914 reduce carbon emissions

Total Project Gross Cost ($ per ft°)
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Clustering Analysis

» Unsupervised Machine Learning
approach that groups similar objects
such that the objects in the same
group are more similar to each other
than to objects in the other groups.

» Projects were clustered solely based
on costs recorded for each element of
the upgrade (e.g., walls, attic, HVAC).
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Cluster Cost Stacks and Median CO,e Reduction
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$120,802
(39%)

$109,059
(51%)

$54,098
(68%)

» Clusters with carbon savings >50%
« Superinsulation approaches
» Electrification with PV

» Superinsulation aggressive envelope
upgrades (e.g., exterior wall insulation)
had lower carbon reductions for roughly
double the cost.

» Electrification with PV combined
heat pumps, envelope upgrades and on-
site PV, leading to higher CO, and $
savings.

Expensive to scale up ($54,000 per
home)
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Comparison to Existing NREL DataBase

 Most reported costs higher
than NREL database

« LBNL & NREL collaborating to
update NREL database

 Anecdotally » these costs
have increased by >20% since
2019....
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B NREL Measure Database
LBNL Database
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Next Steps for Cost Reductions

TO SCALE HOME DECARBONIZATION » WE NEED COST REDUCTIONS
» WE NEED INCENTIVES

R&D » Focused on reducing costs for the measures with large CO,e reductions

Financing » Can improve project affordability and scalability
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LBNL Resources @ homes.lbl.gov

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

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. https://doi.org/10.20357/B7FP4D

Lawrence Berkeley National Laboratory

Emerging Pathways to Upgrade the
US Hausing Stock
A Rerview of e Hoeme Enangy Upgrade Lieestes

Less, B. D., Walker, I. S., & Casquero-Modrego, N. (2021). Emerging Energy Upgrade et for U Homes
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

Chan, W. R,, Less, B. D., & Walker, I. S. (2021). DOE Deep Energy Retrofit ~ - * 1 o ==
Cost Survey. Lawrence Berkeley National Laboratory. '
https://doi.org/10.20357/B7TMC70
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Brennan D Less

Scientific Engineering Associate
BDLess@]Ibl.gov

Thank You...!
Questions?

Nuria Casquero-Modrego

Postdoc
NuriaCM@Ibl.gov

ACEEE 2022 Summer Study on Energy Efficiency in Buildings | 26t August 2022
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