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FAA SAF Program Focus
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SAF Funding Levels
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Benefits of Sustainable Aviation Fuels (SAF)

o« SAF are “drop-in” liquid aviation fuels — same infrastructure,
engines & aircraft

« SAF reduce GHG and air quality emissions substantially — best
near term path to aviation de-carbonization

* Viable technologies exist - seven alternative fuels currently
approved for use, more under evaluation for approval

« Scalable feedstocks — wastes & residues, biomass, sugars, oils
and energy crops can all supply SAF

 Widely accepted by airlines, business & general aviation

 Broadly supported among federal agencies as meeting critical
goals - climate, energy security, rural economic development

e Critical to international efforts to address aviation emissions




Challenges to SAF to be addressed

« Timely certification for aviation use of SAF solutions
* Increasing blend limits to greater than 50%
 Reducing the costs of production

« Expanding scale of production

« Availability of conversion infrastructure

o Availability of feedstock supply
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Qualification Process
« ASTM Status
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e Federal
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Fuel Qualification — ASTM D4054

Multi-tiered qualification process involves stakeholders across industry and government

j SAFRAN
BOEING
Honeywell
— @ Rolls—Royce’
@, AIRBUS
OEM Review &

Tier3 &4
Requirements

Specification Fit-For-Purpose
Properties Properties

:,9 SAFRAN
| BOEING

Phase 2

Honeywell
ASTM
Research == [3 Rolls-Royce =
Report @y AIRBUS
OEM Review &
Engine/APU Approval

Testing ASTM Balloting

Standards Worldwide A3 Reqmr

Review Process
ASTM ) ; & Ballot
Specification | | | 7 FAA Review
L]
\0

ASTM International
manages jet fuel
specification

Does not determine
sustainability of fuel,
only safety,
performance

FAA and Defense
support evaluation of
alternative fuels
through:

— Clearinghouse:

certification &
gualification testing

— Data gathering &
review

— New test method
development
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D4054 Clearinghouse </\~

FAA Center of Excellence — ASCENT - facilitates centralized jet fuel
testing through UDRI Clearinghouse

.‘_/.\_'r:u\’|r_|=N |

AINABILITY CENTER

e Arrangem et onrbutior « Coordinating with
FAA Seed el ceded EU and UK efforts to
Uner support and develop
Senter of Resear additional evaluation
»1 - capabilities
« EU funding will
B 4 = || support
University of Dayton Research Institute AEWJLRI) - Clearinghouse

testing (cost-share)

Candidate
SAJF In

UDRI Contact
Dr. Steven Zabarnick
Steven.Zabarnick@udri.udayton.edu
(937) 255-3549

Steve Zabarnick
October 2019 ; *\ Federal Aviation
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ASTM D4054 SAF Qualification Status

Through FAA support, seven SAF categories have been annexed in ASTM D7566

Exploratory lDiscussions

_ Virent SK Reclassified as
I 1 Met with O_EMs on Nov 2 to (inactive) “inactive” due to
OMV Re-Oil review plastics to fuel process Virent SAK lack of engagement
iren
Forge? ceillE (inactive)
: Juniper? Gathering more data to support
ngg:mei)rk ASTM ballot to increase HEFA
2 REVO? cycloalkane limit @j_szfﬁ:m
p:;;’ oneywell
n;;:::n = m Rolls—Royce’
el 7 /
Vertimass L @ ARBUS |
S 1} OEM Review & Approva
Component/Rig Testing Engine/APU Testing PP
S SAFRAN Al FT SPK
| BOEING
Honeywell
—> [ RollsRoyee Y A2 HEFA SPK
%) AIRBUS
Specification Fit-For-Purpose . OEMReVie,W& dglb’ A3 SIP
Properties Properties Tier 3 & 4 Requirements . ul I 7
\ —J ) T A4 SPK/A
Global Bioenergies | ATISKA HFP-HEFA Boeing responses to L A5 ATJ
L Swedish (Green OEMgste p3review ASTM
Indian ES) Diesel) comanents ASTM Balloting Process Specification A6 CHJ
CSIR-IIP ) submitted, awaiting A7 HC-HEFA SPK
Shell IH Neste confirmation
of commercialization (D1655)

DA4054 . Initiated - .
testing Reviewed compositional Lipids Co-processing
initiated with OEMs on . Developing Tier 3 .

testing on C3 and eveloping fier _
Aug 24, D4054 (R & 4 test program FT Co-processing
testing feedstock blends with Clearinghouse
initiated

Mark Rumizen
February 22, 2021
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Reduce Fuel Approval Volumes

As aresult of the investments made by FAA and others, time and fuel volume
requirements for ASTM International approval have fallen over time

ASTM Estimated Estimated
ASTM Final Phase AR gallons of fuel  time from "
Fuel Type Data Review |l Report Sp?g%%%t)'on produced for first review to Composition
testing approval
FT-SPK 09/2007 09/2008 09/2009 710,000 3 years
HEFA-SPK 06/2008 05/2010 07/2011 626,0002 3 years
SIP* 06/2011 04/2013 06/2014 16,000 3 years
Gevo ATI-SPK Mostly nf(?_rmall
evo - 3 1 iso-paraffins
(isobutanol) 12/2010 04/2015 06/2016 93,100 51/, years
Lanzatech
ATJ-SPK 09/2016 07/2017 04/2018 504 11/, years
(ethanol)
Wider range of
ARA CHJ 06/2012 10/2018 01/2020 79,000 7 years molecules
IHI HC-HEFA** 02/2019 06/2019 04/2020 50 ~1 year 40%

cycloparaffin

*Approved at 10% volume
**Eirst Fast Track approval — approved at 10% volume blend limit

ARA — Applied Research Associates

LUSAF fuel purchases in 2007-08 for fleetwide gualification Fed | Aviati
edaeral Aviation

Administration

2USAF & Navy fuel purchases in 2009-11 for fleetwide qualification
SUSAF, Navy and CLEEN fuel purchases in 2012-2014
4Only Tier 1-2 testing due to existing knowledge base and similarity to approved fuels




Beyond 50%

Evaluate testing programs to support higher blend limits of alternative
jet fuels

e Recent conversations emphasize need for fuel
evaluations to support higher blend limits

e Current ASTM D7566 specifications limit most
pathways to 50% by volume blending with
conventional jet fuel

e Seeking to isolate fuel properties which
currently constrain fuel blend volumes

 Need to ensure fuels are drop-in compatible
with existing and legacy systems
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Analysis: Supply Chain Research & Tools

Understand benefits, costs and potential supply

 Considering entire supply chain via VOLPE
analysis of: -
— Feedstock production
— Techno-economics of pathways
— Existing infrastructure
— Community assets
— Transportation routes and capacity i
— Economic Impacts SIS/ s 0
« Three regional studies: | I
— Inland Pacific Northwest

— Hawaii
Research Team:
— Southeast/Tennessee
) ¢ ASCENT: Washington State U., MIT, Purdue, U.
 Developing open source tools Tennessee, U. of Hawaii, Penn State U.
— FTOT; TEA models « U.S. DOT Volpe Transportation Center, DOE Argonne

National Lab & National Renewable Energy Lab (NREL)

e Support for ICAO CAEP

https://ascent.aero/project/alternative-jet-fuel-supply-chain-analysis/

https://github.com/VolpeUSDOT/FTOT-Public
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https://ascent.aero/project/alternative-jet-fuel-supply-chain-analysis/
https://github.com/VolpeUSDOT/FTOT-Public

iy

Freight & Fuels Transportation
Optimization Tool (FTOT)

Motivation: Transportation costs, infrastructure requirements & emissions

depend on mode choice & routing

Objective: Understand transportation needs & impacts of SAF production

Fipeline Network
Wister Network
Riil Network

Road Metwork

}‘)'PL S

i

[

——-

Ouicome: FTOT

o o A
- 3
¥

SRS /"JI

}‘f

R

Optimize mode choice & routing of feedstocks
& products

Assess viable options
ldentify SAF supply patterns

Optimize routings & material flow over
multimodal GIS network

Collaboration with WSU; USAF; Southeast
Partnership for Advanced Renewables from
Carinata (SPARC) and others

FTOT 2020.4 released 01/08/2021

https://qgithub.com/\VVolpeUSDOT/EFTOT-Public
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https://github.com/VolpeUSDOT/FTOT-Public

Frontiers in Energy Research SAF Topic

 Online Journal
« SAF Research Topic

- 4 R
ER N B
demria. § Wk 7 tpeter by et @ 00 v ieen. B e ol s haenmas i, St b

— Central point for SAF research - v
— Make ASCENT 01 work visible & frontiers

in Energy Research 12 sections @

— Open to other research
— Variety of article types T L
e Feedstocks; Conversion; C/Q;

=== Raliahility Assessment of .
Power Systams with High Indexed in Seopus and more.

Economics; Environment; e
Supply chain; Cost/risk reduction; n e
& Policy

« Editors: WSU; FAA,; DOE; USDA,; Volpe; PNNL
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https://www.frontiersin.org/research-topics/19527/sustainable-aviation-fuels

Agenda

- A- NextGEN

Coordination
e ICAO CAEP FTG & LTAG
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Sustainable Aviation

Fuels and CORSIA

CORSIA Eligible Fuels provide a secondary means to comply with CORSIA

1. Offsetting

2. Claiming Emissions Reductions fr

Life cycle
om CEF emissions value

ER, = FCF »

_—"7 for a CORSIA
zMSf.y * (1 eligible fuel
f

e
-
e

CARBON OFFSETTING AND REDUCTION

SCHEME FOR INTERNATIONAL AVIATION

soutTATaATAG

International Aviation Industry Carbon Goals SAF and

19905Technology\‘ CORSIA are
2015 Technology Key

Carbon Meutral

IATA Goal

’. Federal Aviation
Administration



ICAO Fuels Task Group (FTG) and Long Term Aspirational Goal
Task Group (LTAG-TG) Fuels Sub Group

Subgroup Number Task Title

 FTG working across five
subgroups with a focus on in CORs
maintaining the fuels-related =  nx R PSP ——
sections of Annex 16 Vol IV 50302 | Metbodology refinements —ILUC
(CORSIA). 0105 | Feedstocks clssicaton

Computation of default core LCA emussion values for SAF
for use in CORSTIA

Computation of induced land use change emissions for

S.01.01 SAF for use in CORSIA

refineries — just ILUC calculation

s.02

: : Core LCA Co-processing of esters and fatty acids mn petroleum
i LTAG _TG WO rkl n g tO I nfo rm S.03 refineries — methodology for conducting LCA and default
core LCA values

4lst ICAO Assembly In OCtOber $.04.01 | Methodology refinements —core LCA
2022 on feasibility of a long- ST Doublecoming

Emission Reductions

term gIObaI aspiratlonal goal for S.12 ILUC Permanence

) . b . . AllFTG 5.05 CORSIA Package Updates
International civil aviation CO, N 506 | Sustainability riteria

. . . ’ S.07 SCS Requirements
em ISSIO”S red uctlons . S.08 Technology evaluation

Technolagy and Production S.09 Fuel Production Evaluation

* LTAG-TG Fuels Sub Group 10 e e et hr
focused on fuel production and
life cycle GHG emissions
projections out to 2070.

For additional information on the CAEP Task Groups > e
FTG: : *\ Federal Aviation

Administration

LTAG:


https://www.icao.int/environmental-protection/Pages/CAEP-FTG.aspx
https://www.icao.int/environmental-protection/Pages/LTAG.aspx

Life Cycle GHG Emissions and Sustainability

« FAA and ASCENT P1/ Volpe / ANL Team providing key data and
leadership that is determining how Sustainable Aviation Fuels and Lower
Carbon Aviation Fuels are credited within CORSIA

 Much work ongoing to develop core life cycle emissions values for SAF
made from waste CO emissions, jatropha, and co-processing of
biomaterials with petroleum in today’s refineries

« Team also developing a life cycle analysis methodology for use with
LCAF to determine fuel eligibility under sustainability criteria 1 and
amount of crediting

« Sustainability Certification Schemes have been approved by the ICAO
Council and posted on the CORISA Eligible Fuel website

e Sustainability criteria are currently being developed for LCAF based on
the list of SAF criteria

 FAA helped to convene a series of meetings with CAEP Members and
Observers on LCAF to help overcome current impasse

For additional information on CORSIA Eligible Fuels



https://www.icao.int/environmental-protection/CORSIA/Pages/CORSIA-Eligible-Fuels.aspx

Future Fuel Production

« FTG & LTAG-TG have considerable
ongoing work to project future SAF
production — being led by FAA and
ASCENT P1/ Volpe / ANL Team

« Team have assembled a global near- 2020 2030 2040 2050 2060 2070
term SAF production database and are

exiending 1t fo 2055-2059

« Team looking carefully at SAF

FTG Effort

SAF Production

v

d ) f CO/CO Sustainable Biomass-based fuel
production rom waste 2 §ases ASVXT:non Fuels Solid and liquid waste-based fuels
and atmospheric CO, (SAF)

_ Gaseous waste-based fuels

* ASCE_N-I__ P52 team are WOI’kIng to Atmospheric CO,-based fuels

quantify infrastructure challenges Lower Carbon

associated with hydrogen use by Aviation Fuels  Lower carbon petroleum fuels

. . . LCAF
commercial aviation (LCAR)
. . ] Non drop-in Electricity

« Team considering fuel volumes, life fuels

. _ I tion fuel
cycle GHG emissions, investment lquetied gas aviation Iuels

reguirements, etc. Cryogenic hydrogen

Federal Aviation

\' Administration




Agenda

- A- NextGEN

Coordination

e Federal

\*| Federal Aviation
g/ Administration




The Biomass Research and Development Board

Leads the Bioeconomy Initiative

Co-Chaired by DOE and USDA; at least one Board
Member from each of 8 agencies

Coordinate federal R&D activities relating to biofuels & bio-
based products & their commercialization with
collaboration between agencies

Commercialization includes production at competitive
prices via collaborations to enhance efficiencies along the
entire bioenergy supply chain

Assesses & provide strategic guidance regarding energy &
environmental impacts

Directs Board Operations Committee and interagency
working groups (IWG)

 SAF IWG established in July 2020 — co-chaired by
FAA

Membership

Senate-confirmed sub-cabinet officials
from 8 executive branch agencies

Federal Aviation

Administration




Biomass R&D Board BRD .- 9.7

BIOMASS RESEARCH & DEVELOPMEN

e The Sustainable Aviation Fuels Interagency Working
Group (AAF IWG)

— Ensuring aviation biofuel research and development efforts reflect
critical needs

— Advancing a revised and coordinated federal research and
development roadmap on sustainable aviation fuels

— Developing and scaling best practices to foster the success of
sustainable aviation fuels in commercial, business, and military aviation
sectors.

* Discussion of a SAF “Grand Challenge” within the
Board.

For additional information on SAF IWG: o\ .
%\ Federal Aviation

¢/ Administration



https://biomassboard.gov/sustainable-aviation-fuels-interagency-working-group

Federal Alternative Jet Fuels R&D Strategy - 2016

Purpose
Enable the development, production, and use of environmentally sustainable, cost-
competitive and socially responsible alternative jet fuel with stable supply to significantly
meet the needs of U.S. jet aviation (released by White House OSTP June 2016)

R&D Goals & Objectives

FEDERAL ALTERNATIVE JET FUELS RESEARCH AND

» Feedstock Development, Production, and DIVELOPMENT STRATEGY
Logistics
* Fuel Conversion and Scale-Up

oF THE NATIONAL SCIENCE AND TECHNOLOGY COUNCIL

* Fuel Testing and Evaluation
* Integrated Challenges

8 participating Departments & Agencies: USDA,
DOC, DOD, NASA, FAA, DOE, EPA, NSF, DOS

une 2016

http://www.caafi.org/files/Federal Alternative Jet Fuels Research and
Development Strateqy.pdf

Federal Aviation
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http://www.caafi.org/files/Federal_Alternative_Jet_Fuels_Research_and_Development_Strategy.pdf

New Initiatives?

« Emphasis on transportation
decarbonization

* Interest in SAF from leadership at DOT,
DOE, USDA and others

« SAF acritical technology for aviation

IO*. Federal Aviation

/¢/ Administration
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Where we stand on U.S. SAF commercialization

Initiation under way, still early, but growing

» Five years of sustained &

increasing commercial use U.S. Annual SAF Procurements’
 4.6M gallons in 2020 — 190% 5000000 1
increase over 2019 e w corermment
4,000,000
« Commercial & General 3500000
Aviation engaged g
« Two facilities in operation 2 20000 |
§ 1,500,000

« Two facilities under .
construction, others in 500,000 -

development NN

007 2008 2009 010 2011 2012 203 04 2015 2016 20174 2018 20190 20200

» Cost delta still a challenge,

an d renew ab I e d 1es el faVO I’ed *Reflects voluntarily reported data on use by U.S. airlines, U.S.
. . . government, manufacturers, other fuel users, and foreign carriers
* New parties interested in upliting at U.S. airports.
A 2017-2020 calculation incorporates data reported by EPA for RFS2
SAF RINs for renewable jet fuel.
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Airline & Producer Offtake agreements
Demonstration of broad airline industry commitment

+ U N I T E D &l Up to 5 M gpy nme"m"\\ Dr."‘\‘, 7%/(# SAF supply explorations

= from 2016 (LAX) SAF Q418 restart at
worldénergy 4 worid) Guitvam = moiyrsgener neste  {3arbp O Lufthansa = oo sngyoee
Faramguhit . FInnvarR ™ AT == pise Flights, e.g. SFO KL SuppI::‘::;;,ms,
KLmM
JWNPG@ OSLB L‘S = of?ep;::d E'all‘:"::d + DI fQ IRToTAL == Up to 1M gpy, 5 yrs+ |
DD ) Luthansa Grove g etal. ﬁm:'",.ra | JA;T — FrancedEUsupply
A gevo + f— No detail released
" -
o= ESCATHAYPACIFIC =  37.5Megpy ) 4 ADELTAS = oy comaone
: = o180 M =
Fulcrum I U E;-Ebn | = SDMS; :E m ' __ e GraysHarbor, WA
alr bp = one g BIOFUEL SIS SEPN-TI8 e = ity sudyan
+ @;::::"N!s P Marubeni License, nndﬂliimkrl
PN == Southwests = 3Mgpyeach,7yrs
RED ROCK + FedEx = (Bay Area, CA) .
N o Collectively, announced
. SGPreston + - o .
' WOANTAS I aMgpy oyrs (LAX) I -I'-I:t k t
alriine offtake agreements
. + KL_M — 24M gpy, 10 yrs
— uppl
e o ® = == total $6.4B and >350M gpy
Lanéa']'vthﬁ * + ANA’ — supply from 2021
el _— . wmm UK DFT F4€ Funding: AT
=+ vignallantic = D icament

*100M gpy by 2024 from 4 facilities

Credit; CAAFI ; \ Federal Aviation
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Worldwide SAF production Projection

Announced intentions with specific commitments to SAF

~ Wworld < .
> NESTE 2 gevo
& ParaTsoun FU|E‘I:'|I'.UIP[!] Singapore & Rotterdam Lu%erne Q‘H]Etl'a &,YS
E #1, Sierra 1 480 10 Immingham, UK
S NESTE 7 —a— . 16
0 Porvoo SkyNRG Go Sunshine
2 34 é Delfzul New Orleans
s % ogevo 4oy 33 29 preem
2 rorutis Ful Gothenburg
3 Silsbee Lakeview I_a.nza._le1+ uicrum ~70
8 Demogquant’s 6 FreedomPines 72 an IN
| -
- Q ToraL 10 y Lanzajet™>
& world energy ReadiFuels 3 International
g d N)lede Paramount 2 locations locations
;_3 : 150 24 90
~59+M ~72+M ~746+M ~830+M ~990+M ~1.01+B

2019 2020 2021 2022 2023 2024 2025

Credit: CAAFI. Not comprehensive; CAAFI estimates (based on technology used) where .
Federal Aviation

"] Administration

production slates are not specified




Commercial Aviation Alternative Fuels Initiative (CAAFI)
A public/private partnership of FAA, A4A, AIA & ACI-NA

e Continued outreach & coordination

e 2021 Goals & Priorities

— Communicate the Value Proposition of SAF
— Enhance the Fuel Qualification Approach

— Align Efforts to Enable Commercial Deployment CAAF'
of U.S. SAF Supply

— Implement Frameworks & Share Best Practices
e Virtual workshop planned for June 2021
* In person General Meeting for June 2022

IO*. Federal Aviation
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Next Steps

« Establish the development of Sustainable Aviation
Fuels (SAF) as a key DOT and U.S. climate priority
— Continue funding of testing efforts including higher blend levels

— Continue Analysis efforts to address scaling and deployment of
fuels

— Continue outreach via CAAFI to support industry activity

— Exercise leadership on the Biomass Board to promote
Interagency support for SAF

— Develop a multi-agency roadmap for increasing use and
availability of SAF

— Monitor legislative efforts underway for SAF support policies

2\ Federal Aviation

./ Administration
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