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Modeling the US buildings energy efficiency
How technological change affects the US energy use through 2050
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About EIA

The U.S. Energy Information Administration (EIA) is the statistical and
analytical agency within the U.S. Department of Energy. EIA collects, analyzes,
and disseminates independent and impartial energy information to promote
sound policymaking, efficient markets, and public understanding of energy and
its interaction with the economy and the environment.

Energy efficiency

— Energy services provided per unit of energy consumption (e.g., COP), improvement driven
by technological change E] o E]

— Inthe National Energy Modeling System (NEMS): Measured at the end-use 3

technology level, enabling projections of economy-wide changes through 2050

ElA.gov: Buildings enerqy data and modeling resources
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https://www.eia.gov/consumption/workshop/resources.php

National Energy Modeling System (NEMS) structure
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Data source: U.S. Energy Information Administration, The National Energy Modeling System: An Overview (2023)
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https://www.eia.gov/analysis/pdfpages/0581(2009)index.php

Energy consumption does not keep pace with increases in housing and
floorspace due to the role of energy efficiency

Residential delivered energy consumption by fuel e‘ ia’ Commercial delivered energy consumption by fuel eia'

AEO2023 Reference case, quadrillion British thermal units AEO2023 Reference case, quadrillion British thermal units
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Data source: U.S. Energy Information Administration, Annual Energy Outlook 2023 Reference case (AEO2023)
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Energy-related CO2 emissions fall across all AEO2023 cases because
of increased electrification and higher equipment efficiencies

* In the residential and commercial Energy-related carbon dioxide (CO,) emissions by sector
. . AEO02023 Reference case, million metric tons CO,
segtprs, .hlgher equment | 00 2022 Q
efficiencies and compliance with history |~ projections
building codes extend ongoing 2000 :

declines in energy intensity

1500

« Changes in the buildings fuel mix
reduce energy-related CO,
emissions, which decline fasterin 5,
buildings than any other end-use

sector 0
2015 2020 2025 2030 2035 2040 2045 2050

1000

transportation sector
industrial sector
buildings sector

Data source: U.S. Energy Information Administration, Annual Energy Outlook 2023 Reference case (AEO2023)

Note: Figure includes emissions associated with electric power generation. Electric power sector emissions are distributed to each end-use
sector according to their share of electricity consumption.
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Drivers of building electrification in the United States

» Relative efficiency of electric Buildings electricity intensity by end use and sector -, \
appliances in 2050, relative to 2022 levels €1

. ] L AEO2023 Reference case, kilowatthours (kWh) indexed to 2022
» Declining cost of onsite electricity
generation (for example, solar

Residential buildings, indexed thousand kWh per household

) space heating
photovoltaics) TVs and PCs
- - lighting
« Ultility energy efficiency rebates water heating
. . . . . th
« Stable to declining electricity prices space cooling
» Continued population shifts to Commercial buildings, indexed
warmer regions space heating
computers/office equipment
lighting
water heating
other uses
space cooling
1.5
< less intensive in more in'censive=
Note: Intensities reflect both purchased electricity and electricity produced onsite for own use. the future in the future

/‘\ Courtney Sourmehi, Tokyo, Japan
ela 6

January 23, 2024



Legislation and policy assumptions: Inflation Reduction Act

Extend and Extend, modify Extend, modify Extend Modified
modify energy new energy non-business Accelerated
credit efficient home energy property Cost Recovery
credit credit System
(IRS 48) (IRS 45L) (IRS 25C) (IRS 167)
renewables and newly residential energy commercial
combined heat constructed, high efficiency tax qualified facilities,
and power efficiency credits qualified property,
investment tax residential grid improvement
credits (ITC) housing packages property cost
tax credits recovery
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Inflation Reduction Act: Ongoing work

Home Owner High-Efficiency Assistance for Energy efficient
Managing Electric Home Latest and Zero commercial
Energy Savings Rebate Building Energy buildings
(HOMES) Program Code Adoption deduction
rebates (IRS 179D)
investigate whole- investigate investigate investigate
home retrofit qualification potential for potential impact
savings criteria and increases in on building code
potential estimate share of regional building compliance in
eligible homes energy code new construction,
and equipment adoption heating and
cooling use
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Residential single-family new-construction equipment shares

Share of equipment in new single-family homes by fuel type
U.S. Census Bureau Survey of Construction, percentage

» Despite historical growth in heat  190%
pump adoption, we project natural %%

gas-fired heating equipment, 80%
including furnaces and boilers, will 7°*
account for the largest share of 60:/°
energy consumption for space jg;
heating through 2050 300/:
20%
» The average stock efficiency of 0%
natural gas-fired equipment 0%
increases over time 2000 2005 2010 2015 2020

Data source: U.S. Census Bureau Survey of Construction (SOC), 2000 — 2022 SOC microdata files

eia
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https://www.census.gov/construction/chars/microdata.html

Buildings technological improvement in NEMS

1. Building technology reports represent the
average cost and performance of installed

eqU|pment |n bU|Id|ngS (-)fficiencyv capcstv maintcstv subcstv life ; yintrov ylastv techname .
3.20 o 380.21_ 3.13 14.40 o 2013ﬁ 2062_comm_GSHP—heat 2017 current standard_
3.70 396.88 3.13 14.40 2033 2062 comm_GSHP-heat 2017 typical
2. Model uses technology menus to select optimal wdo 2020 [N comm oot 2020 i 26% TG
equipment based on energy service requirements, s [ 20 oSt nant 009 208 TG
consumer behavior rules, cost and performance o | | ow e ronime
considerations
Average stock efficiency of electric equipment eia
H H : AEO02023 Reference case, British thermal units out/in
3. Technologies corppgte to meet. service demand in . e
each US census division and building type g ey | projections
3 = | cooling
4. NEMS projects average stock and purchased f — :
stock efficiency, by end use and region, over time 0 | heating
2015 2020 2025 2030 2035 2040 2045 2050
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Additional data
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The US distributed generation capacity in commercial and
residential buildings

Buildings distributed solar photovoltaic ela Buildings non-solar distributed generation €ia
capacity capacity

AEO2023 Reference case, gigawatts direct current AE02023 Reference case, gigawatts direct current

250 3

microturbines
natural gas-fired

2 [ engines

150 residential

buildings natural gas-fired
turbines

100 municipal solid

1 waste/other
50 wind
o — 0

2020 2030 2040 2050 2020 2030 2040 2050

200 commercial

Note: Excludes utility-scale electricity generation.
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Commercial Ground-Source Heat Pumps Example from technology report

I T S N NN NN
DATA

Installed Installed Current o ..}  pieh  Typical High  Typical High  Typical  High

Base Base Standard
Typical Capacity (kBtu/h) 48 48 48 48 48 48 48 48 48 48 48
COP (Heating)' 31 37 u2 3 3.6 g5 3.6 B 3.6 33 36
EER (Cooling)? 127 174 14.1 17.0 21.6 17.0 21.6 17.0 21.6 17.0 216
8 8 8 8 8 8 8 8 8 8 8
Average Life (y)
21 21 21 21 21 21 21 21 21 21 21
Retail Equipment Cost (2022$) 10,470 6,470 5,590 6,470 7,880 6,470 7,880 6,470 7,880 6,470 7,880
19,760 18,230 17,350 18,230 19,650 18,230 19,650 18,230 19,650 18,230 19,650
Total Installed Cost (2022%)
44,820 26,520 25,580 26,520 27,880 26,520 27,880 26,520 27,880 26,520 27,880
Total Installed Cost (2022%/kBtu/h) 673 466 447 466 495 466 495 466 495 466 495
Annual Maintenance Cost (20228) 180 180 180 180 180 180 180 180 180 180 180

Annual Maintenance Cost

(20228/kBtu/h)
COP wvalues listed are assessed at a "ground loop" test condition, which is representative of closed loop GSHF operating conditions. However, DOE sets standards at a "water loop" test condition. The AHRI
directory lists COP ratings at both sets of test conditions and is used to convert between them where necessary.
EER values listed are assessed at a full-load "ground loop” test condition, which is representative of closed loop GSHP operating conditions. However, DOE sets standards at a full-load "water loop” test
condition. The AHRI directory lists EER ratings at all sets of test conditions and is used to convert between them where necessary.
Note:
Residential and commercial GSHPs are very similar - the main difference in data presented is the different capacity (3-ton vs. 4-ton) and slightly higher installation costs for commercial GSHP. DOE does not
distinguish between residential and commercial units in its regulations.

4 4 4 4 4 4 4 4 4 4 4

—

]

Data source: U.S. Energy Information Administration https.//www.eia.gov/analysis/studies/buildings/equipcosts/pdf/full.pdf
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V Annual Energy Outlook 2022 PUBLICATIONS & TABLES
1 eW Our a a On 1 I l e Table: Table 2. Energy Consumption by Sector and Source

Case: Reference case | Region: United States

* Interactive graphs available as part

Case: Reference case | Region: United States

of our online data table browser -

X pownLoap

www.eia.gov/outlooks/aeo/data/browser | oo

» Excel spreadsheets for Reference
and side cases

2020 2022 2024 2028 2028 2030 2022 2034 2036 2038 2040 2042 2084 2048 2048 2050

www.eia.gov/outlooks/aeo/tables ref.php A e

CHART INDEXING OPTIONS: m Index to Start as Percent | Index to Start as Value

Wwwela qOV/OUtIOOkS/an/tables Slde XIS - PUBLICATIONS & TABLES ~ | | CASES & SCENARIOS ~ REGIONS ~ m 4 DOWNLOAD ~

[ ine e R cunsover | B 4

% PIN |... 2047 2048 2049 2050 Growth (2021-2050)
Residential m

i~ Propane (quads) 2 042 042 042 041 -0.5%

' Distillate Fuel Oil" (quads) 7 027 026 026 025 -1.7%

i “* Petroleum and Other Liquids Subtotal (quads) 9 0.68 0.68 0.67 067 -1.0%

 Natural Gas (quads) 4 493 493 492 492 -0.1%

Renewable Energy” (quads) 3 033 032 0.32 031 -1.3%

Purchased Electricity (quads) 603 608 613 619 0.7%

Delivered Energy (quads) 4 197 12.01 12.05 12.09 0.2%
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http://www.eia.gov/outlooks/aeo/data/browser
https://www.eia.gov/outlooks/aeo/tables_ref.php
http://www.eia.gov/outlooks/aeo/tables_side_xls.php
http://www.eia.gov/outlooks/aeo/tables_side_xls.php

For more information

U.S. Energy Information Administration homepage | www.eia.gov

Buildings Working Group materials | www.eia.gov/outlooks/aeo/workinggroup/buildings

Today in Energy | www.eia.gov/todayinenergy

Annual Energy Outlook | www.eia.gov/aeo

Short-Term Energy Outlook | www.eia.gov/steo

State Energy Data System | www.eia.gov/state/seds

Monthly Energy Review | www.eia.gov/mer

Residential Energy Consumption Survey | www.eia.gov/recs

Commercial Building Energy Consumption Survey | www.eia.gov/cbecs

International Energy Portal | www.eia.gov/international
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https://www.eia.gov/cbecs
https://www.eia.gov/international
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