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NREL’s Vision: Three critical research areas respond
A Clean Energy to today’s energy challenges and

Future for the World provide tomorrow’s solutions
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U.S. CO, Emissions

* GHG emission in the transportation
residential sector accounted for 37% of
tak energy-related emissions in U.S. in

transportation 2019.
37%

Total CO, emission * Transportation: 1.9 billion tons.

4.9 billion tons for  [elply A E]
energy related 16%

o Aviation: 261 million tons.

* Chemical manufacturing: 186
million tons, approximately 2.8%

T of total estimated GHG emissions
28% in the U.S. in 2019.
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Biofuels Potential for Hard-to-Electrify Transportation

Cuttent Transtottation Projected Liquid Transportation
* Biofuels are partof a Fuel Uspe Fuel Demand and Sustainable
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@ The Base case and Expanded scenario bars

Source: AEO 2022 and https://www.osti.gov/biblio/2202642 above are reported on a GGE basis




U.S. Biofuel Policy

* Renewable Fuel Standard (RFS)
* [nflation Reduction Act (IRA)
e State Low Carbon Fuel Standard (LCFS)



U.S. EPA RFS
Biofuel
Volumetric

Requirements
for 2023-2025

Conventional renewable fuel (D6)

Example feedstock: Corn starch
Required lifecycle GHG reduction: 20% or more

Advanced biofuel (D5)

Example feedstocks: Sugarcane, biobutanol, bionaphta
Required lifecycle GHG reduction: 50% or more

Cellulosic biofuel (D3)

Example feedstocks: Corn stover, wood chips,
miscanthus, biogas
Required lifecycle GHG reduction: 60% or more

Cellulosi | Biomass- Advanced | Renewabl | Supple-

c biofuel based biofuel e fuel (D6) mental
(D3) diesel (D4) (D5) standard
Volumetric Targets (as billion RINs)
0.84 2.82 5.94 20.94
1.09 3.04 6.54 21.54 -

1.38 3.35 7.33 22.33 -
Percentage Standards (%)

0.48 2.58 3.39 11.96 0.14

0.63 2.82 3.79 12.50 -

12025 [EOR:Y 3.15 4.31 13.13 -

 Ethanol mandate would be limited to 15 billion gallons.
* Biodiesel producers sought higher targets.
* Allfuels (SAF eligible) included in the RFS are required

to meet a minimum 20% reduction in lifecycle GHG
emissions compared to petroleum-based fuels.
Advanced biofuels include biojet fuels (SAF), requires to
meet a minimum 50% reduction in GHG emissions

Source: https://www.epa.gov/renewable-fuel-standard-program/renewable-fuel-annual-standards and
https://www.epa.gov/renewable-fuel-standard-program/final-renewable-fuels-standards-rule-2023-
2024-and-2025 NREL | 7



https://www.epa.gov/renewable-fuel-standard-program/renewable-fuel-annual-standards
https://www.epa.gov/renewable-fuel-standard-program/final-renewable-fuels-standards-rule-2023-2024-and-2025
https://www.epa.gov/renewable-fuel-standard-program/final-renewable-fuels-standards-rule-2023-2024-and-2025

IRA: provides and extends multiple tax credits

 Extend previous biofuel credits and introduce SAF Credit for 2024-2025

* |Introduce clean fuel production credit for 2025-2027: largely replaces existing credits

2022 2023 2024

2025 2026

2027

Extension of Biodiesel, Renewable Diesel,
and Alternative Fuels Credits

Extension of Second Generation Biofuel Credit

SAF Credit

Key Takeaways:

Clean Fuel Production Credit

IRA SAF Tax Credit

(USD per gallon)

$2.00

$1.50

$1.00

$0.50

$0.00

/

40 50 60 70 80 90 100

Percent Reduction in Emissions

—o—SAF Credit (2023-2024)

Clean Fuel Production
Credit (2025-2027)

* Performance-based credits and increased support for SAF compared to other biofuels
* Treasuryandthe IRS issued Notice 2024-37 on April 30 and Notice 2024-49 on May

31 regarding 40B and 452



https://www.irs.gov/pub/irs-drop/n-24-37.pdf
https://www.irs.gov/pub/irs-drop/n-24-49.pdf

State Policies

2023

2023 2023

m Clean fuel standard -
2 Adopted

Clean fuel standard -
Proposed

2024

e California introduced the first Low Carbon Fuel Standard (LCFS) in 2009

* A number of states have adopted policies establishing SAF as eligible for credits, or
SAF-specific credits inclusive of producers and/or purchasers.

* These states have also based these incentives on lifecycle GHG emission reduction

requirements.



Federal and State Incentives

* Total combined incentives ranges from $3-$5/gal.

* One major concern has been the frequent expiration and
reinstatement of tax credits.

* Multiple LCA methodologies, need for standardization.
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Effective carbon reduction depends on the feedstock, the
production pathway, and all the emissions caused directly by
the supply chain and by energy, hydrogen, and materials used in
the supply chain.

Market-pull and technology-push policies have been
successfully used in the U.S. in the past. However, need to
enhance the market pull through aggressive credits and
Incentives to close the gap in price with conventional fuels and
chemicals.
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This work was authored by the National Renewable Energy Laboratory, operated by Alliance for
Sustainable Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-
08G028308. The views expressed in the article do not necessarily represent the views of the DOE
or the U.S. Government. The U.S. Government retains and the publisher, by accepting the article
for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up,
irrevocable, worldwide license to publish or reproduce the published form of this work, or allow
others to do so, for U.S. Government purposes.
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