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SAF Grand Challenge
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* Note: Domestic aviation from U.5. and Foreign Carriers. International aviation from U.S. Carriers.
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Target: 3B gallons per year of domestically-produced SAF, 100% SAF use by 2050 (SAF
fuels with @ minimum 50% reduction in lifecycle GHG emissions) NREL | 2
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needed to reaCh a net_zero * All emissions shares are for 2019 tIncludes hydrogen for ammonia and methanol
. * The amount of available biomass, its geographic distribution, and
economy in 2050 technologies to sustainably convert that waste carbon into fuel are limited
* The scale-up of sustainable fuel production requires developing and
deploying advanced technologies to reduce cost and improve
performance, while ensuring that life-cycle emissions and overall
environmental and societal impacts are minimal.

Source: The U.S. National Blueprint for Transportation Decarbonization

NREL | 3




Cellulosic Biomass- Advanced | Renewable Supple-

biofuel based diesel | biofuel (D5) | fuel (D6) mental
standard

Volumetric Targets (as billion RINs)
0.84 2.82 5.94 20.94
1.09 3.04 6.54 21.54 -

RFS Biofuel
Volumetric
Requirements

1.38 3.35 7.33 22.33

for 2023-2025 Percentage Standards (%)
0.48 2.58 3.39 11.96 0.14
0.63 2.82 3.79 12.50 -

(2025 [EOE: 3.15 4.31 13.13 -

* Ethanol mandate would be limited to 15 billion gallons.
* Biodiesel producers sought higher targets.
ot el e e All fuels included in the RFS are required to meet a

Example feedstock: Corn starch

Reqire sy GHG rducon: 20 mor minimum 20% reduction in lifecycle GHG emissions
Advanced biofuel (DS) compared to petroleum-based fuels. Advanced biofuels
SR e include biojet fuels (SAF), requires to meet a minimum
o L .
Cellulosic biofuel (D3) Biomass-based diesel (D4) 50%’ rEdUCtlon In GHG €missions

Example feedstocks: Corn stover, wood chips, Example feedstock§: Soybean oil, canola oil,
miscanthus, biogas waste o, animal fats Source: https://www.epa.gov/renewable-fuel-standard-program/renewable-fuel-annual-standards and
Required lifecycle GHG reduction: 60% or more Required lifecycle GHG reduction: 50% or more .
https://www.epa.gov/renewable-fuel-standard-program/final-renewable-fuels-standards-rule-2023-2024-

and-2025 NREL | 4



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

2022 IRA

2022 Inflation Reduction Act: provides and extends multiple tax credits

* Previous biofuel credits extended
* Introduction of SAF Credit
* CFPCin 2025: largely replaces existing credits

2026 2027

Clean Fuel Production Credit




2022 IRA (2023-2025)

Renewable
Diesel Credit
Biodiesel

Alternative
Fuel Credit

Alternative
Fuel Mixture
Credit

Biodiesel and $1.00 per gal., not in a mixture

$1.00 per gal of pure biodiesel, agri-biodiesel, renewable diesel blended

Mixture Credit with petroleum diesel resulting in minimum 0.1% diesel fuel mixture

$0.50 credit per gal, for sale or use for motor vehicle
Natural gas, liquified H2, propane, P-Series fuel, liquid fuel from coal
(Fischer-Tropsch), compressed or liquified gas derived from biomass

$0.50 per gal of alternative fuel used in mixtures of at least 0.1%
gasoline, diesel, or kerosene (not allowed if ethanol/biodiesel tax credit
applied)

$1.01 per gal credit for production of qualified feedstocks:

includes lignocellulose, hemicellulose, cyanobacterial and algal biomass

HR5376 (2022)



2022 IRA (2023-2027)

$1.25 per gal for sale or use of qualifying SAF mixture, minimum of 50% lifecycle GHG
emission reduction

Supplemental credit of S0.01 per gal for each additional percentage in lifecycle GHG
emission reduction (up to $0.50)

Production credit determined by a base or alternative credit per gal of qualifying
biofuels, multiplied by an emissions factor based on lifecycle GHG emissions

Base credit $0.20
Alternative credit: $1.00 (for qualifying facilities)

SAF production base credit: $S0.35 (for qualifying facilities)
SAF alternative credit: $1.75 (for qualifying facilities)

Key Takeaways:
e Performance-based credits
* Increased support for SAF compared to other biofuels

HR5376 (2022)



State Policies

Low-Carbon Fuel Standard (LCFS) (2009, 2018): State LCFS or CFS

° 20% reduction in Cl by 2030

° 20% reduction in Cl of transportation fuels from 2015 levels by
2030, 37% by 2035

° SAF eligible for credits

Clean Fuel Standard (2019):

° 20% reduction in Cl of transportation fuels from 2017 levels by
2034

SAF credit (2023):

° $1.00 per gallon of SAF, min 50% reduction in GHG emission

° $0.02 per additional 1% reduction in GHG emission

° SAF eligible for credits (production, importation)
Clean Fuels Program (2016, 2021):
' M Adopted
M Proposed (2023)

J Locally produced SAF SAF: Voluntary Inclusion in LCFS or SAF-Specific Credit

SAF Credit (2023):

° $1.50 per gallon SAF purchased for use in state

Clean Transport Standard (2023):

o 20% reduction of Cl from on-road transportation by 2038 A, m Yoluntary inclusion n

Clean Transportation Fuel Standard (2023): Voluntary inclusion in

° Reduction in Cl of transportation fuel supplied to state: 25% below Proposed LCFS
2018 level by end of 2030, 75% by end of 2040, 100% by end of SAF Credit (2023)
2050

Clean Fuel Standards (2023):

° Reduction of Cl of road transportation fuels by 2030 Powered by Bing

° SAF eligible for credits




Key Takeaways for US Clean Fuel Policies

EPA RFS for 2023-2025 demonstrates commitments to renewable fuels. Proposed changes
also aim to include the use of credits for renewable electricity from biomass.

The 2022 IRA extends existing credits supportive of biodiesel, renewable diesel, and
alternative fuels through 2024, and second generation biofuels through 2025.

Th IRA also established two new credits: 1) the Sustainable Aviation Fuel (SAF) Credit for
the sale or use of qualifying SAF meeting a minimum of 50% lifecycle greenhouse gas
(GHG) emission reduction, and 2) the Clean Fuel Production credits (CFPC or so called PTC)
for biofuels or SAF, and which include lifecycle GHG emission reduction considerations in
biofuel credits and minimum requirements for SAF.

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.
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Location and capacity of HEFA facilities in US

US REFINERS JUMP ON THE RENEWABLE FUEL BANDWAGON

Tidewater
Midstream
Renewable fuel plants Braya Renewable Fuels ~*
Renewable diesel (RD) Cielo Waste (ot Come by Chance, NL)
Sustainable aviation fuel (SAF) Solutions
_ Parkland Fuel S .Cie\n True North
Active Planned Expansion 8P Cherry Point Cielo Renewable Fuels
OptimizesSAF @ O @) O oGl
SAF and RD ® O o NEXT Montana O
s Renewable Renewables Covenant Energy
RD ® O o Fuels
Marathon
Capacity Red Rock T
million gallons per year Marathon/ IR0 2 Marldian Ensroy —,Gevo FORGE
Neste JV S i Hydrocarbons
i 160000 FelEum HF Sinclair REERER [®)
o by
- BioEnergy Heartwell Renewables  L8nZaJet — Fulcrum BioEnergy
100 e (Sierra BoFuels) (CargilliLove's V] @  (Centerpoint BioFueis)
Unknown Renewed) gew Rise HF Sinclalr e
enewables 56 Preston
Amt' A
Bclfhal . [ St. Joseph I\"')
ean Indaba . Jose|

S . East Ka

State or provincial policy Energy ) fze O ek Renewable Fuels
Adopted Low Carbon Fuel Standard (LCFS) ¢ I'fgfrirqigg I Renewables ﬁg?gfrﬂ CVR Energ
e "
Canada federal Clean Fuel Regulations Warld Indaba i i
g Chevron Energy O HF Sinclair LanzaJet
(optimizes SAF, O
also produces RD) Diamond  Gevo Vertex
Green Diesel
World PBF Energy
Energy |,
Diarnond
Emerald Green Diesel
Biofuels

Source; S&P Global Commodity Insights, EIA
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Source: https://www.spglobal.com/commodityinsights/en/market-insights/blogs/agriculture/090822-ira-inflation-reduction-act-us-biofuels
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