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A people-centered strategy 
for catalyzing and scaling 
U.S. building decarbonization
The Building Decarbonization Blueprint:

• Sets national goals for U.S. buildings 
sector decarbonization in line with 
economy-wide climate goals

• Outlines coordinated federal actions 
and support for state, local, and tribal 
stakeholders

• Serves as a guidepost for program 
planning and coordination

• Centers benefits to people and 
communities
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Everyone deserves to live in a safe 
and health home with access to 
affordable, clean, and reliable energy 
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The U.S. is pursuing ambitious 
national climate mitigation goals

GREENHOUSE GAS 
EMISSIONS REDUCTIONS
50-52% reduction by 2030 

vs. 2005 levels
Net-zero emissions 

economy-wide by 2050

POWER SYSTEM 
DECARBONIZATION
100% clean electricity 

by 2035

ENERGY JUSTICE
40% of benefits from 

federal climate and clean 
energy investments flow to 

disadvantaged 
communities
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Buildings are over 1/3 of 
total U.S. GHG emissions1

[1] Source: U.S. EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2021, 2021 data, internal DOE analysis. Uses 100-year CO2 equivalencies.
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generation 
for buildings
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Industry 
(not buildings related)
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Scope 1
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Buildings are a critical pillar of 
economy-wide decarbonization

https://www.epa.gov/ghgemissions/draft-inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021
https://www.epa.gov/ghgemissions/draft-inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021
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1 in 3 Americans live in a 
community facing climate, 
health, and economic burdens

90% of people’s time 
is spent in buildings, which 
provide shelter and keep us safe 34 million households

experienced energy insecurity

Buildings impact our everyday 
lives in many ways

$374 billion is spent 
annually on building energy 
costs

2.2 million people
are already employed in jobs 
related to energy efficiency

2X air pollution from 
gas appliances in buildings vs. 
gas power plants 

[1] Sources to be added

1 in 5 households 
were behind on a monthly energy 
bill payment



An ambitious but achievable vision for the buildings sector in 2050
Reduce U.S. building GHG emissions 65% by 2035 and 90% by 2050 vs. 2005
Ø while enabling net-zero emissions economy-wide and 
Ø centering equity and benefits to communities. 
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The Blueprint’s emissions 
goals are ambitious
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The power sector is rapidly changing 

4x
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The cost of delivering electricity may soon surpass 
the cost of producing it

Source: EIA. Today in Energy. “Major U.S. utilities spending more on electricity delivery, less on power production” November 23, 
2021. https://www.eia.gov/todayinenergy/detail.php?id=50456  

power production costs 
decreased 32%

Between 2010 and 2020…

electricity delivery costs 
increased 65% 

https://www.eia.gov/todayinenergy/detail.php?id=50456
https://www.eia.gov/todayinenergy/detail.php?id=50456
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Buildings engage multiple pillars of 
economy-wide decarbonization 
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A wide range of technical solutions 
and potential emissions impacts
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Rapid deployment of solutions 
at scale is urgently needed

Need 10X increase in pace 
by 2030—many homes 
will also require envelope 
upgrades

Current pace

Example: Residential space heating

100M 
homes  

without heat  
pumps

500,000  
conversions 

per year

200
years

for full  
conversion÷ =

100M 
homes  

without heat 
pumps

5M  
conversions 

per year

20 
years 

for full  
conversion÷ =
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The Blueprint outlines a three-stage 
transition to a low-carbon buildings sector

Develop 
markets and

 enable deployment

Provide direct 
funding and 

financing

Lock in cost-effective 
performance gains

Maximize technology 
performance and  

affordability

Time

Performance 
of available 
solutions

MAXIMUM PERFORMANCE
(emerging technologies)

MINIMUM PERFORMANCE
(code or standard)

• By 2030: Catalyze the 
transition

• 2030-2040: Adapt and scale

• 2040-2050: Complete the 
transition 

• Coordinate federal actions 
across the full federal toolbox

• Identifies RDD&D activities 
over the next decade that are 
critical for the success of 
future stages
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Federal support can accelerate 
state, local and tribal leadership

Fund investments in building 
decarbonization

Set codes, standards, and other 
requirements

Lead policy to enable greater 
investments



Part 2
The evolving role of 
Building Energy Modeling
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Decision maker Traditional 
BEM use cases

Emerging 
BEM use cases

Homeowners and 
small businesses 

• Custom home 
design

• Remote assessments and heat 
pump quote generation

Organizations with 
large building 
portfolios

• Design guidance for 
new buildings

• HVAC system sizing

• Design guidance for districts 
and thermal energy networks

• Existing building performance 
standard compliance

• Design tools for embodied GHG
State and local 
jurisdictions 

• Energy code analysis • Program design guidance for 
states, cities, utilities

• Evaluating public health and 
distributional impacts

Utilities and 
regulators

• Energy efficiency 
potential studies 

• Utility load forecasting
• Utility rate design

BEM decision maker ecosystem
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Technology, market, and policy milestones 
related to BEM
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Federal support can accelerate 
state, local and tribal leadership

Fund investments in building decarbonization

Set codes, standards, and other requirements

Lead policy to enable greater investments

• Deploy BIL/IRA programs
• Enable and deploy 

innovative financing
• Oversee utility programs

• Tailored technical assistance 
(TA) and data for program 
design and implementation

• Fund low-interest financing

• Enact/enforce building codes 
and performance standards

• Enact state-level appliance 
and procurement standards

• Model code development input
• TA for code/standards adoption 

and enforcement
• Lead-by-example on codes 

and procurement standards

• Utility regulation and reforms
• Energy efficiency and clean 

heat standards

• TA to support utility decision-
making, planning, and 
compliance assessments



Part 3
Resources for 
modelers
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National Definition of a Zero 
Emissions Building

Gives modelers a 
consistent definition for 
projects to follow

Public and private entities can 
use to demonstrate climate 
and clean energy leadership
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1. Energy efficient.

2. Free of on-site emissions from 
energy use.

3. Powered solely from clean energy.

June 2024



DOE BTO Guidance on 
GHG Emissions Factors

Standardized guidance
on GHG emission calculations

For BTO tool developers,
but may be useful to others

Multiple applications
1. GHG inventories and reporting
2. Measure impact assessments

Multiple time frames
• Historical vs. future
• Annual vs. hourly resolution
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(coming soon)
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DOE BTO Guidance on 
GHG Emissions Factors
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2x difference between short-run and long-run marginal
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For decisions about the 
future, use future 
projections of 
emissions intensity

CAISO
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Use hourly emissions rates if available



Buildings 
Annual 
Technology 
Baseline (B-ATB)

Machine-readable dataset

Technology and labor costs
Equations for all major building 
energy technologies 

Future cost trajectories
to 2050 under different scenarios

E.g., for early stage design 
where actual cost data is not 
yet available
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(draft dataset coming soon)

Curated and regularly updated



Buildings 
Sector GHG 
Segmentation 
Dashboard

Interactive dashboard

Future projections
of GHG, energy, and peak demand 
through 2050 under different scenarios
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visualizing all buildings sector GHG 
and energy segments

bit.ly/buildingspathways

https://public.tableau.com/views/PathwaysDashboard_17292909562370/GHGemissionsMtCO2eyr?:language=en-US&:sid=&:redirect=auth&:display_count=n&:origin=viz_share_link
https://public.tableau.com/views/PathwaysDashboard_17292909562370/GHGemissionsMtCO2eyr?:language=en-US&:sid=&:redirect=auth&:display_count=n&:origin=viz_share_link


Buildings Sector Greenhouse Gas (GHG) 
Segmentation

36 [1] Source: U.S. EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2021, 2021 data, internal DOE analysis. Uses 100-year CO2 equivalencies.
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https://www.epa.gov/ghgemissions/draft-inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021
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Buildings Sector GHG Segmentation
2024



Buildings Sector GHG Segmentation
2050 Business-as-usual (BAU)



Buildings Sector GHG Segmentation
2050 BAU by end use



Buildings Sector GHG Segmentation
2050 BAU by end use and sector



Buildings Sector GHG Segmentation
2050 BAU by end use, sector, and equipment



Buildings Sector GHG Segmentation
2050 High Electrify by end use, sector and equip.



Heating and 
cooling are 
responsible 
for ~50% of 
emissions



Heating and 
cooling are 
responsible 
for ~50% of 
emissions



Heating and 
cooling 
emissions by 
equipment



Heating and 
cooling site 
energy by 
thermal load 
component
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Not Just About Emissions: Site Energy and Peak 
Demand Segmentation by Year and Scenario



Where do these data come from?
• Scenarios:

• Current snapshot
• 2024-2050, Business-as-Usual (BAU): Scout baseline (EIA AEO 2023)
• 2024-2050, High Electrification: Scout Inefficient Electrification case

• Metrics:
• Thermal load components (2024): ResStock/ComStock Component Loads datasets
• GHG emissions (2024, 2050)

• Fossil/electric equipment: Scout demand +Cambium 2022 Mid Case grid
• Fugitive emissions (refrigerants/gas system): Scout/EPA
• Embodied emissions: See National Buildings Decarbonization Blueprint for details

• Site energy use (2024, 2050): Scout
• Seasonal peak (2024, 2050):

• Scout annual demand disaggregated via hourly ResStock/ComStock End Use 
Load Profiles

• BAU overall peak hour definitions based on Scout defaults
• High electrification scenario assumes generic 9AM January winter peak
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Key caveats and limitations

• Validation of 2024 data with EIA & FERC data is ongoing 
(via Buildings Standard Scenarios)

• High uncertainty in estimates:
• gas system emissions 
• embodied emissions
• speed of grid decarbonization 
• speed of building electrification

• Aggregate U.S. winter peak under High Electrification 
scenario assumed to be 9 am on Jan. 1 in all regions

• Continuing to investigate interpretation of NEMS data 
(e.g., “unspecified” error term)
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Download 
the Blueprint:

Eric Wilson (eric.wilson@nrel.gov)

Thank you

mailto:eric.wilson@nrel.gov
mailto:eric.wilson@nrel.gov

