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Executive Summary

Sustainable aviation fuel (SAFnidrop-in replacement for conventional jet fuel J& that can significantly
reduce fulifuelcycle greenhouse gas (GHG) emissions jeb aircraft engines Currently, SAIS required to
be blended with CJ&t up to 50 percent SAF by volume. Of the seven certifiedesseso produce SAEne
pathway fydroprocessing of esters and fatty agidsHEFA) currentliccounts for more tha®5 percent of
the SAF used in commercial aviation. Neat SAF produced tigrHEFA process currentgduces fuH
fuel-cycle GHG emissions from jet aircraftapproximately 60 percertompared to usindpaseline CJF.
SAF that will be available in the mdature (fromHEFAor other pathways) will likely provide even greater
GHGreduction benefits.

¢tKS g2NI RQa O2YYSNDALf | @A koithre gercénSoOdbrabNstioadaged NA 6 dzi S
GHG emissiongy’ / ' f AT2NY Al Q& . | &scoOakdnt), eiatBiNd®dritribuSeslabdusiy’ CNI y C
percent of transportatiorrelated GHG emission€ompared to surface (ground and water) transportation

modes, the aviation sectgiresents greater challenges to decarboni@ammercial aviatiorcompanies

havemade important strides to reduce carbon emissions throaghbraft fleetefficiencyimprovements

but SAFhasemerged as the leading approach to further reduce GHG emissions jibaircraft

There are currently four LCESrtified dpathways to produce SAFE all four use the HEFA process and
animal tallow feedstock &t 2 NI R  9biordfiNd@RirtParamount CA Thesepathwaysprovide full-
fuel-cycle GHG reductions ranging from 52 to 73 percesiative to baseline CJRAIthough SAF must
currently be blenéd with CIJFh@avinghigher carbon intensity), each SAF galloimately displaces one
CJF gallon, and therefore provides GHG reductions based on the relative carboniggensiie two
neatfuels.

SAF blends can also imprdeealambient air qualityespecially within airport boundaries and adjacent
areasin closeproximity to large numbers of jeil §nding and Take GfiLTO)events. Specifically, SAF
blends can significantly reduce direct aircraft emissiorimefparticulate matter PM), sulfur oxices 80x)
and carbon monoxide@Q. Although more studies are need, displacing neat CJF wiSAF blends also
appears to reduce black carbon emissions pravidebeneficial alterations of ultrafine particle emissions
from jet enginesBased on studies tate, it appears that SAF does not significactigngeNOx emis®ns
from the jet engines and therefore it does not seem to advance ozeeductionstrategies inthe Bay
Area or othemurban areas.

A few million gallons of neat SAF are being used in ti& tdday.The largest SAF volumes dreing

dispensed in Califaia at Los Angeles International Airport (LAX) and San Francisco International Airport
(SFO), which have become proving grounds for SAF use in North ArBédifaeled jetdepartures at

these airports accelerated in 2019, when SAF became active as &8r&dy’ SNI G Ay 3 FdzSt dzyRS
landmark Low Carbon Fuel Standard (LCFS) program.

While the ocietal benefits offered by SAF are compelliagand demand from airlines is growing
currently i K pramiuire jet fuel isneitheravailablenor affordable for widescale use. It costs at least two
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times as much to produce SAF compared to CJF, using the leading HEFA pathway and assuming a typical
SAF yield of less than 15 percent, wiémewalle diesel RD being the dominant cgroduct. While the

SAF vyield can be increased up to 50 percent, ¢nitgils greater incremental cosind appears to
compromise the market value of the overall biofuel products (RD and SAF, plus renewable naphtha and
propane).

An equally important market barrier is thatn® S LINR RdzOSRX | 3Lttt 2y 2F ySI i
in California is about eight percent lower than a gallon ofd®Bn though they are eproducedfrom the
same feedstock and EFA procesLCongquently, SAF producers are likely to continue gearhwgjrt
biofuel production to maximize the yield of ROthe more valuable c@roduct ¢ unless and until SAF
becomes a more highly valued biofuel (monetarily, environmentally, or both).

This combinationof higher cost / lower market valuhas implications orairlines that purchase SAF.
Supplies can be constrained, and incremental fuel cost can be Alidines using SAF at San Francisco
International Airport (SFO) reportedly pay a premium of about $5&6 gallon, under a bestase
scenario that includes lydlown of SAF costs using LCFS credds ¢ St f valliedundérihe tederal
Renewable Fuel Standard (RFSdnethelessdemand for SAF has been fairly strong in Califorgia
specifically at SFO di.AX. Roughly five million gallons of SAF blE3@86SAF / 70% Calppears to be
typical)were dispensed at these two airports in 2019.

Despite higher costs to produce and purch&gd:the industry andts airline customersnticipate major
growth.B&i SR 2y (y26y a2 Ftledst 3pWBnilliorgps dfBeat\SARMill Heprotluced and
available for dispensing at U.S. airports by the 2023 timefrdine not yet known ifhat will continue to

be dispersed into aircraftat or below a B®/50 ratio, as the blending requirement is largely a safety
precautionary measure. In fact, aircraft flights have been successfully and safely demonstrated on neat
SAE

SF;iKS yIF A2y Qa & Sahésybéer worlddéakictaifasterlaigdsbdie Nge oBAF For

several years, the airpottas been workng with its airline partners to test SAF blends and develop
innovative ways to increase supply, while lowering costs. Undezradviandum of Understanding (®U)

with airlines as well as SAF providers, SFOektablished the goal to procure and dispenselayh neat

SAF within three to five years to displace about two percent of its CJF use (30 million gallons per year),
and 17 percent (300 million gallons per year) within about a decade. While thigareagoal may have

been significantly sdback by theunprecedented COVHD9 pandemic, it is too soon to know the impact

on meeting the longeterm goal (a decade out).

Oakland International Airport (OAK) is the other Bay Area airport that has made progeled test the
benefits of SAF blends in commialcaviation. At least six million gallons per year of neat SAF have been
committed to FedEx and Southwest Airlines for dispensing out of the OAK fuel farm facility. There appears
to be significant synergyeween SFO, OAK and SJC to share delivery aragstimgistics for largscale
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SAF usage in the Bay Area, as SFO has invited both airports to jM®litsand interdisciplinary
Stakeholder Working Group (SWG).

Over the longer term (about a decad@)dusty estimates indicate that one to six billion fgads of neat

SAF may be available for the U.S. commercial aviation sector. This will be supplied by a combination of
key existingSAF producers (primarily World Energy and Neste) as well as newcomerspgm&ddtion

such as Fulcrum BioEnergy, Red Roofuls, Phillips 66 and others. The vast majority of this appears
likely to be targeted for consumption in California, due to monetary incentives offered under the LCFS. A
significant portiong perhaps halbr more¢ may be used in the Bay Area at SFO @AdK, with potential
synergy for use at SJC.

A highlevel estimate was performed to roughly calculate the-fudéll-cycle GHG reductions that could be
realized by widely using SAF blends at the three laig@gtArea airports. The assumptions were that pre
pandemic demand will return for jet fuel at SFO, OAK and SJC; and that 100 percent of the flights at all
three airports will use SAF blends instead of neat CJF. A range of HIsAéts SAE5, and SAB0 ¢ were
evaluated. It is estimated th&HG reductiosfrom SAF blends would range from 0.47 million metric tons

per year (SAH up to 4.7million metric tons per yea(SAEQ), based on 2019 emissions estimates
Notably, hesecombinedGHG reductions refle@missions from all fuel loaded at these three Baga
airports, i.e., they are not constrained to reductions that would occur within BAAQMD boundaries.

A similar analysis was performed to estimate criteria pollutant emission reductions that could bedealiz
within BAAQMD boundariamder the same SAFdnld deployment scenarios. For the bestse scenario,

it is estimated that displacing all CJF use at the three major airports with%D $fRd could provide
reductions in CO emissions of 2.27 tons per &@x emissions of 0.39 tons per day, and PM1@sans

of 0.28 tons per day.

A number of challenges and barriers exist that currently hinder SAF producers from providing commercial
aviation operations at SFO and other California airports with the larlygnas they ultimately seek. The
three key (relate) impediments under current dynamics are 1) higher cost/price of SAF relative to CJF; 2)
reduced value of SAF on a ggallon basis compared to its medomminant coproduct RD (which disfavors
gearing the poduction process for a higher SAF yield verdd¥ Bnd 3) federal and state policies that
generally favor using limited biofuel resources to decarbonize surface transportation more than the
aviation sector.

A fourth impediment has been the global COXEDpandemic, which has dramatically decreasedrait
departures at large coastal airports (nearly 70 percent at SFO at its peak), thereby greatly reducing
demand for CJF and lessoning the need for airlines to continue switching to SAF blends.

AfithimlISRAYSyYy G Aa (KS L3 G 30O0ORYILISTHSNRE/ IFI2ANT X MWYMIG SR2 | @
because other nations (or even regions of the U.S.) now qftarmay offer in the near future- more
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favorable incentives and/or policies, which could mékacreasingly difficult for airlines servingetBay
Area to procure large volumes of the fuel.

To address these barriers currently impeding wideale use of SA# Bay area airportsthereby helpng
to achieve its GH@®duction objectives for the comercial aviation secto+- the BAAQMD may wish to
further develop andmplementthe following actionsin conjunction with various stakeholders.

1 Engage with CAR&nd other relevant state or federal agencies about how to 1) improvedizive
valueof SARhrough changes in the monetization metrics of key programs (LCFS, Cap and Trade, RFS2,
SGOd0X FYR HO 35Sy SNI-edud@ion polickRs: & tore /fdvdrablif eltipAFF Q& DI
production and/or end use.

1 Further evaluate the pros and cons of chalimg more types of support (policy, incentive funding,
permitting requirements, etc.) towards SAF as the leading available strategy to further decarbonize
theBay NS Qa @A dA2y &aSO02NWD

1 Consider exploring new pilot program incentives for SAF productidread use, based on air qualify
benefits associated with reducing criteria pollutants and air toxics in DAC / EJ areas near Bay Area
airports.

1 Consider creativanethods to incentive largescale production and use of SAF, such astfask
permitting and/or CEQA approvdbr new biofuel production facilities or conversion of conventibna
refineries to biorefineries

f  Commission a study (e.g., using the UC systiai) corroborates andurtherlj dzl y G A TAS& {! CQ4&
on criteria and toxic air pollutanfsom commercial aircraftwhich can help ensure that grant funding
achieves its intended use (i.e., to reduce surplus, quantifiable emissions.

9 Establishor join existing)regular working groups with SFO and other major Bay Area Airports (OAK,

SJC) to moror SAFelated progress, developments and status of key impediments (incluhng
19 impacts.
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SAF Potential for Reducing GHG Emissions at Bay Area Airports

1. Background / Introduction

1.1. Commercial AviatioMarket andContributions to GlGInventories

Global aviation entails nearly 32,000 aircraft from 1,300 a&slithatannuallycarry about 4.4 billion
passengersovering 45,000 routes. Worldwideommercial aviationpassenger and frght airlines)

consume as much as 90 billion gallons of jet fuel annuahite emitting an estimated18 metric tons of
CQ (abou 2.4 percent of globalCQ emissionsfrom fossil fuel usg! Relative to 2016ijt has been
projected(pre-pandemic}that international air trafficat North American airports will grow annually an

average oR.7 percent over the next two decadelmternational flights at airports isia and the Middle
Eastare expected to experience even greater anngraiwth,? with averageglobal air traffieexpected to

increaseas much adg to 5 percent annually.

Collectively over the last decade, UcBmmercialairlinesannuallyconsumed an average of about 20
billion gallons oflet Fuel A (also called conventiojelfuel, or CJF)Total CJEonsumptionin 2018 was
nearly 27 billion gallonacross all U.S. aviation us€the Department of Energyasprojectedthat the
CJmnarket in the U.Swill reach54 billion gallons per yedny 20402

At San Francisco International Airport (SF@)e largest airport in the&san FranciscBay Area- airlines
annually dispense approximately one billion gallon€afFwith 2019 reaching about 1.2 billion gallohs
No public records were found for typical annual volumesCdF dispensed ahé other two large
commercial aviatiomirportsin the Bay AreaOakland International (OAK) and San Josgnational(SJC).
Simplistcally wsinggreenhouse ga6GHGemissions datgrovided by By Area Air Quality Management
Districtstaff (BAAQMDassociated with Landings and TaRés (LTOSY, reported as metric tons of GO
equivalent(& a ¢ $SkEcloughestimates forannual CJF dispsing athe other two airportshavebeen
derivedproportionally, usingthe ratio of{ Ch Q& (#hda8vier eddi &l billion gallons per yejto its
LTO GHG eissions Tablel summarizes estimatedolumes ofCIFdispensecat thesethree airports(see
the * in the table).

ILYGSNYFGA2yFE [ 2dzyOAf 2y [ £SFY ¢N}yaLRNIFGA2yTX a/hn 9YA&ZAA2ya FTNRY
https://theicct.org/sites/defaulffiles/ICCT_CG&mmrctaviation2018 facts final.pdf

2l Fft RFYS 52RRX ! ANJ ¢NYyaLR2NI ! OGA2y DNRdzZLIE &! @Al GA2y Qén Apfl26Y Il GS | OlGAz2
2019.

3Dr. Alan H. Epstein (Prat & Whitney) and John Mekdyy A 1 SR ¢ SOKy 2t 23A8& / 2NLER2 NI A2y 03X a¢KS Cdzi dzN
t NB LIzt aA2Y FYR [26SNJ bSi /I ND 2 ttp@rndralldader.com/@gcénidit/uppHadds/IDI6UIMIBTE&&EIE G | GA2Y S HJ
FutureSustainableAviationWhitePaper 3.pdf

4 Energy Information Administration, Table F1: Jet fuel consumption, price and expenditure estimates, 2018,
https://www.eia.gov/state/seds/data.phpincfile=/state/seds/sep_fuel/html/fuel jf.html&sid=US

51 d{d 5SLI NIYSyid 2F 9ySNHeEI .ohRASR/ BrésEntation y Qokathart MaE to SAAFIIGENEral @1éefing, 9 F F 2 NI a
December 4, 201&$ttp://www.caafi.org/resources/pdf/1.2 Value Bposition.pdf

5Personal communication to GNA from Erin CookBasf Francisco International Airpo&eptember 2020

“Notably, SFO operates many more lehgul flights than OAK and SJC, and thus dispegrseser volumes of Cih aper-flight basis Using a

simplistic ratio of LTO GHG emissions does not capture this difference. However, GNA has received corroboration feoigelatdsvsources

that thisrough approximationgsnoted in Table 1 below) is reasonably accurate
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Table 1. Estimated annual dispensing of CJF (Jet A) at three largest Bay Area airports

{ty CNIyOA&dO 1,332,084 71.8 1 billion Cited by SFO officials
htFl1flFyR LYGQ 334,029 18.0 251milion | CQeemissions (from LTOs)
{ry WwW2a8) Ly 188,270 10.2 141 million  relative to SFO

Totals 1,854,383 100.0 1.4 bition [ NG
LTOGBSourcea H nmp [ F NBS WS{ 4(BANQWE BRse Yl 2011)9prokided by BAAMD staff, July 2020.

*This is a rough approximatiop®HG emissions afeom LTO evergand may not include general or business aviation flighEs® a
annual fuedemand(used to estimate OAK and Sé@fpils all fuel dispensed at SFO, most of which is combusted beyond the Bay #
Consequently, it is possible that these estimates undéesta overstate dispensing CJF dispending at any of these three airports.

As shown in the table, based @HG CQe) emissions fromaircraftduring LTO eventsoughlyl1.4
billion gallons per year dfet A fuel (CJBJe collectivelydispensecdhat thesemajor Bay Ara airports
(pre-pandemic) SFQ OAK and S&ecount forabout 72, 18 and 1@ercentof this CJF use, respectively

1.2. Initiatives toReduce AviatioiRelated GHG Emissions

U.S Federaland International

About a abzen years ag{?0082009), the commercial &@tion sectorjoined the business aviation sector

in efforts to significanty reduce aircraft emission®f CQ and other GHGs, taitigate 1 KS A y Rdza (i NB
contributions to climate change. Drivers for these initiatives primarily came frordt8eFederal Aation
Administration (FAA), thdnternational Civil AviationOrganization (ICAO), the General Aviation
Manufacturers Association (GAMA), the International Business Aviation Council (IBAC), the International

Air Transport Association (IATA), the Air Tramspction Group (ATAGand other organization$CAOQO in

particular has been a major drive to reduce aviatretated GHG emissions (see for example
https://www.icao.int/environmentalprotection/Pages/ClimateChange_AwmiPlan.aspk

While there are some differences and nuances in the goals of these various organizations, there are key
common elements, such as thosedified in a joint November 2009 press redeacaling for adoption of
specific initiativeand goalswhichincludedthe following:

1 Phasing in ofarbonneutral growth
1 Annual mprovemensin fuel efficiency
9 A50 percentreduction in total carbon emissions by 2Q56lative to 2005

In 2015, tke FAAand otherfederalagenciegoined with aviationcompanies and stakeholdets adopt
the United States Aviation Greenhouse Gas Emissions ReductioifliRtaollabomtion was designed to
help U.S. commercial aviation achieeK Sspimational godl fon-neutral growth by 2020, using

8General Aviation ManufadcdzZNENB ! 442 OAF GA2y YR GKS LYGSNYyFriGA2ylt .dzaAySaa ! Al GAz
CommitmentOn Cfil 4GS / Kl y3asSsé¢ LINBaa Nids:Adania&éro/neesindeventS/ ndssieledsesiglobabpsiness
avigion-communityannouncescommitmenton-climate-change/
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2005 as the baseline year. dplanincludedspecificapproactes to reduce the carbon footprint of U.S.
aviation, includingsupportto RS @St 21LJ ' yR RSL) 2& Gadzaidl Ayl-oyeles £ G4SN
GHGemsioya (KIFIy O2y@Syar2ylt LISGNRE Sdzy FdzSt o¢

The next yeatheseinitial effortsin the U.Swere combiredwith similargoals of thenternationalaviation

industry, resulting in adoption athe Carbon Offsetting and Reduction Scheme for International Aviation
(CORSIA). CORSIA is a global mbadexdinitiative that seeks to mitigate annual increases in totab,CO

emissions from international civil aviation. (Note: CORSIA does not specify mfigade emissions.)
Usingemissions offsetas the basic approacle reducing C&emissions CORSIA focuses on civil aviation

flights that depart in one country and arrive in a different country. The objective is to aggressively reduce
aircraftrelated GHG YA daA2ya o0St2¢ ol aStAyS f Sunbtancesan® At S | |
NEAaLISOGADS OF LI oAt AGASAE 2F RAFTFSNByYy UG O2dzy i NAS& |

I hw{L! Qa AYyAGAFf GY2YyAG2NRYy IS NBLIR.MEAGYWNE02,8R GSNR T
countries6 Ol y26f SRISR | are gasiSGpatingSinthisplinkaty & BIfAseE of CORSIA.

Under/ h w { oluriadlypre-phase.all ICAO Member States that operate international flights track and

report CQemissions fromtB A NJ AYGSNY I GA2y It FfAIKGADP / hw{L! Qad a&-
require covered aviation operations to beguffsetting GHG growth when operating on covered routes.

By 2035, CORSIA requires substantial GHG offsets through this +basketsystem (with recent

adjustments due to the COUI® pandemic).

One key way for commerdiairinesto achievel KSANJ / hw{ L! 2FFaSdadAy3 NBI dzA N
St A3A0f Sé¢ T dzSdstainadeKakiddich fuklSAS thataReRtE certain certification criterig!

I hw{ L! ¢hased\appdaicB applies to aircraft operators that arifyuemit more than 1@M00 metric

tons of CQduring international flights(Globally, he average commercial aviation flight in 204@itted

an estimated 24 metric tons of G&) Operators with lower annual emissions on international flights can

still participate in the markebased program to monitor and trade their international L&nissionsAn

in-depth discussion about CORSIA and its specific requirements involving SAF is beyond the scope of this
memo; details can be found at the ICAO Environment websi

Largelyinresl2yasS (G2 GKS AyAGALrE FOGA2ya 2F wnnd yR (K
major commercialaviation companies have made tangible accomplishments to reduce GHG emissions
over the last decade.ln the U.S., mjor airlines ag drivento reduce GHG emissioty at least two

Ol d{ ® D2PSNYYSyiGz a! yAGSR {0 WERAIOAARYA2Y  FNB S A KD XA S 1BIRE (2YXNEKSA 2y SN
Organization, June 2015.

0Timothy Obitts, Chief Operating Officef &8 DSY SNI f / 2dzya St X bl dA2yFf ! ANJ ¢NFYaAaLRNIFGAZY | &
wS3dzf F 12NE 5NRGSNH ¢ OtENERA SWDNBBNVAW I | GALF A2y é aSaaA2y3 | LINRf HcCcZI HAMm
UCSRSNIt ! GAlLGAZ2Y | RYAYAadNI (A 2tgtian by Dr./Jdmes |IHjleRan! JUli29, 020, dcke@sBd s QAARI dzSf & X ¢
website athttp://www.caafi.org/resources/pdf/CAAFI_Webinar CORSIA_Eligible Fuels @02Zpdf

2LYyGSNYLFGA2y Lt [/ 2dzyOAf 2y [/ t SCofimetchlAyiatidnl2Fhici Shéleh, Qepgtember 200 9 YA daA 2y a FTNRY
https://theicct.org/siteddefault/files/ICCT CG2ommrctaviation2018 facts final.pdf

13See https://www.icao.int/environmentatprotection/Pages/A39 CORSIA FAQ2.aspx
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separate (but related) needs: 1) to achieve corporate sustainability goalsding CORSIAgnd 2) to

avoid regulatoy restrictions onfuture air trafficgrowth (e.g., adoption ofndirect sourcerules facused

onairport. ! RRAGAZ2YyFfteX FANIAYySa NB RNAGSYy G2 NBRdAzOS
0 S i  Swdhe ehvirahmental implications of their air travel (especially discretionary).

State of California

GHGreduction dforts in California are driven ke California Global Warming Solutions Act of 206

Act), which was born out ofssembly BilB2. The Act alls for the California Air Resources Boa@ARB

and other State agencies to adopteepingefforts to reduceGHG enissionsemitted from dall sectors of

the economyé { LISOAFAO &GNI G§S3IASa | NB CHardg&kSc@umiPlggoghtad | £ A T2 N
be updated) whichspecificallytargets a40 percentreductionin GHG emissiortsy 203, relative to the
1990bazline. Giventhat | £ A F2 Ny A | Qa GdedtripuiesizaNZidz{i Areny (ISNODISWI 2 F
GHGemissions Z017 inventory?), the Scoping Plamakes ita high priority to rapidly reduce GHG

emissions for all modes of transportatigncluding aviation

In 2009 under the umbrella of AB 32, CARB adopted lHrdmarkLow Carbon Fuel Standard (LCFS)
program,asoneJA f £ | NJ 2 BTARNE &2 NF A RQ O NiargspbratioSsediok Bingaali I G S Qa
combination of market pull and regulatory regements, CARBdesignedthe LCFSo systematically

reduce theaveragecarbon intensity(Cl)of mainstreamtransportation fuels with certainexceptions

Originally, CARB excluded aviation fulebm patticipating under the LCFSHowever, hn 2018 CARB

approvad amendmentsthat (among other thingsallowed producers of lovearbon aviation fuels to

@2t dzy ( I NRA theLCBSEhislineaht yhat 2edewable jet fudispensed at California airportsuld

start generaing valuableLCFSredits,as long as th& dzSlifeQ& Of S & LJ-ai GARRdtified €l &

rating below that of CJFCARBset-up declining/ Lbenéhmarké  T2FNpecifically toenable the

calculation otreditsthat can be generad byvoluntarilysubstituting low/ Lalteénative jet fuet (AJF)®

' O0O2NRAY3 (2 | O2FtAdGA2Yy 2F {! C LINFiRizoskdiEhEd / | w. Q3
California as Y S N I€xadirg SAFdstate from both a supply and demstaddpoint¢ andl £ & 2 ihJdzi A @
the top tier of locations globally suppantj the expansion of S&

Underthe LCFS regulatioMJFdoes notnecessarily refer tNBy Sg 6t S 2 Notfaeh GARB | A y I O f
definesAJA- & & lin fikN@ade from petrolem or nonpetroleum sources, which can be blended

and used with conventiongdetroleum jet fuels without the need to modify aircraft engines and existing

fuel distribution infrastructuret As these words indicatéd JFdoes not need to be made from renewabl

sustainable feedstock to generate LCFS créditslowever, the practicalniplication is thatAJFnow

14 Seehttps://ww2.arb.ca.gov/gheinventory-graphs

B/ 1 w. T a[ 26 [/ ND2y hihsbviv2.afbicad.gbsltebldfault/fies/20ZDa&basicsnotes _1.pdf

B SGGSNI G2 /!w. FNBY DNIKFY b28Sa 6b2e8S& [g / 2NLIR2NI (A2 yWGHA NSLINB& Sy (
from a leading SAF producer.

Y/l w. T a[ 2uel StardaddBasi@roposed New Tempary Pathway: Alternative Jet Faeduly 31, 2019,
https://ww?2.arb.ca.gov/sites/default/files/classicfiels/Icfs/fuelpathways/comments/ajf tep.pdf
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generating credits under the LCFS is essentially synonymous wialS@dgee the discussion in Section
2.0).

Section2.3 of this reportfurther defines and dscribes SABR&HGreduction benefits by key variables.
Section7 providesCARRa / L 06 Sy OKYI| NJ Oeaig Galué of ICFSRchedit® gedefaed (1 K S

with SAFusedfor aviation versugenewable dieselisedfor ground transportatin.

Bay Area Air Quality Management District

In April 2017, BAAQMD approved its 2017 Clean AidPlan ¢ KS t f | yQa 2 @SN} NOKAy 3
(Bay Area) to a postarbon economy, to comniue progress toward attaining all State and federal air

quadlity standards, and to eliminate health risk disparities from exposure to air pollution among Bay Area

O 2 Y Y dzy AThel Blan dncludes a comprehensive strategy of 85 proposed control measures to
simultaneously reduce ozone and fine particle pollution, &ds F A NJ G2 EA O& s ItfR YSSiG
GHG reduction target&

Aviation contributes abousix LIS NOSy i 2F GKS . |-Rlatdd GHEG erassiondNFoyall L32 NI |
transportation sourcegground, air and maring}the Plan prioritizes reducirgmissions of GHGeriteria

pollutants fine particulate matterand toxic air contaminantdt seeks talecreag fossil fuel combustion,

and increae use ofrenewable energy (including development of local production capacity). The Plan
y2iSa (K0, Bay dreaindustiies will need to be powered by renewable electricity wherever
feasible with renewald fuels making up the differenéaNoting thatCJA & O2y a A RS-NBRX | O8 K I N.
FYRK2NJ aalISOAlfdeéd FdzSt = GKS illtidely gontinu®©fo guppiguBIR 3 S a G |
aviation fuel, buit will need to transition taenewable, norpetroleumforms(i.e., SAF).

In fact, & one d manypotential future controlmeasures for mobile sources, the Plan calls out increased

use of SAFothelp simultaneously achiewéimate change goalndambient air qualitygoals. Specifically,

¢CNI YALRNIIFGAZ2Y [ 2YyGNRE aSlkadaNB 6¢/ a0 ¢ pavrersOl f £ &4 F
increase the use of cleaner burning jet fuel and-l®X @gines in commercial jets arriving and departing

GKS . I8 1 NBI o¢

Additional localized efforts to reduce aviatioelated GHG emissiomsA 0 KAy (KS . !l va5Qa
arediscussel Yy (G KS O2yGSE(l 2F GKS (se¢SectiofNB | Qa4 G KNBS Yl 221

B @ I NBI AN vdzad ftAGe alyl3aSYSyid 5AaGNRAOGE GCAYylLf wnmt [/ E£SEYy 1TANIt€EL
http://www.baagmd.gov/~/media/files/plannineand-research/plans/201€leanair-plan/attachmenta_-proposedfinal-capvol-1-

pdf.pdf?la=en

L@ I NBI AN vdzad ftAGe alyl3a8SySyd tflFyX a5NI} Fi HioBoardbfDEectofsby ANI t fFyY {

Henry Hilken, Director of Planning and Climate Protection, March 1, B@p7/www.baagmd.gov/~/media/files/boardof-
directors/2017/bod_presentations 030143df.pdf?la=en
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2. SAF Description an@haracteristics

2.1. General DescriptigrBasic Production Processes

Broadly defined SAFEC refers to certified distillate aviation fueb dproduced sustainably from renewable
resources (in whole or in paj! More technically, SAFdsR Nyallernativeaviation fuelproduced using
renewablepathway approved by ASTM International (ASTM), whigureskey standardsre metfor fuel
quality, sustainability safety and performanceharacteristics SpecificalyASTM D756§Specification for
Aviation Turbine FuelSontaining Synthesized Hydrocarbérsets requirements for 100 percent (neat)
SAF as well as blended portiongirst published in 2009ASTM D7566hcludes a series of annexes that
lay out the mostcurrent requirements for SAfe be deemed a drop-in sulstitute for CJF.

Table2 listsall sevenSAFproductionpathways(by annexnumber) approvedunder ASTM D7568ndor

ASTM D4054 (the fastack process recentlgnacted). Annex 2, theGHEFASPE LI G Kydrd-& 0
processing of fats and ojleas beenand continues to behe dominantmethodto produce SAHN fact,

this pathway is estimated to account for more than 95 percent of the SAF that has been used in
commergal aviation to date.?? Sectiord discusses specific producers using this dominant pathway.

Table 2. ASTM D7566 and D4064 (fast-track) approved pathways for SAF

. Approved2009 ASTM D756 currently no
Flschngrop$h . FTSPK All biomass and technical barriers to widespread
Synthetic Paraffinic 50% . . ) -
Kerosene Al household waste implementation. Commercial facilities
starting production in 2022021.
HEFA Synthetic HEFASPK Renewable fat, oil 50% Approved 2011 (ASTM D7566),
Paraffinic Kersene A2 and grease Commercially produced/supplied at scale
Hydroprocessed HESSIP Approved2014(ASTM D756 currently no
Synthesized A3 Sugars 10% technical barriers to widesprea
Isoparaffins implementation.
FT Sypthesaed FESPK/A Al biomass and Apprqved201_5 ASTM _D756)60urrently no
Paraffinic Kerosene 50% technical barriers to widespread
. A4 household waste - }
plus Aromatics implementation.
AIcohoI toJet. . ATISPK Sugars, biomass, Approveq2016 ASTM D756)6.
Synthetic Paraffinic 50% commercially produced/supplied at low
A5 waste gases
Kerosene volume
Catalytic
Hydrothermolysis CHSK oiCHJ Renewable fat, ApprqvedZOZQ(ASTM .D75@6 currently no
) ) 50% technical barriers to widespread
Synthesized A6 oil and grease . .
implementation.
Kerosene
Syp t.heS|zed HCHEFA SPK Renewable fat, Approved, first pathway under ASTM D4054 fa|
UGN A7 oil and grease 10% track reviewprocess
from HGHEFA 9 e
Sourceinputsfrom ASTM Inte® fable rep2 RdzOSR FNRY ! {if+yiAO /2dzyOAt X a{daAadl Ayl of
Way Forward, by Fred Ghatala, April 2@2@ Green Car Congresstps://www.greencacongress.com/2020/05/202005 1ihi.html.

20 SARs alsoccommonlycalledd & dza G F Ay 6 € S+ f G SINBIly et SSEWC FXzSIE ER o M IWCHNY | G A @S 2Si T dz
21 Commercial Aviation Alternative Fuels Initiatié&lossary http://www.caafi.org/resources/glossary.html
20 Gt ydAO [ 2dzyOAt S a{dAGIAYylIo6tS | GAFGA2Y CdzSt t2tA0® Ay G(KS ! yAGSR {
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Regardless of the production pathway, bef@AF can be used thS.aircraft, it must be blended with
CJF anctertified under ASTMD75%6 as well aD 1655 (6Standard Specification for Aviation Turbine
Fuelé0 ® { ! C of SyRa (Khnbehakedi ! { ¢a 5mcpp a

in the same fashion as the equivalent refined D1655 aviatica&
turbine fuelé 2 50 it can be inserted into a manifold Deﬂnition;drop.injet fuel blend:
upstream via aron-airport hydrant systemor directly into
an aircraft. (In addition, ASTM D4054 encumberdaat- PrrT Y R
track evaluation process to determine if emerging, i conventional jet fuel when blended wit
alternative jet fuels are equivalent to CJF.) conventional jet fuel. A drep fuel blend

_ does not require adaptation of the
Curently, the maximum amount of SA#flowed under the  gcrafiengine fuel system or the fue

dominant HEFA pathway (and most othershpercentby RiA G NA G dziA2y ySig2N
volume. As described belovby the Air Transport Action on currently flying turbingowered aircraft.
Group (ATAG}he 50 percent blending limiwasadopted as  _caaritip: wuw .caafi.orgiresources/giossary.himi

an initialprecautionarysafetymeasure but itis not likely to
cap longterm use of SAF

A substitute for conventional jet fuel that i

dThe reasons for the current blend limits are to ensure the appropriate level of safety and
compatibility with the aircraft fueling systems (mainly due to the level of arasatihich are
necessary for the different systems). It is, however, likelyhiggter blend limits will be approved
Ay GKS* Tdzii dzZNB v ¢

In fact, aircraft have been flown on 100 percent SAF, such as demonstration flights by Boeing and Airbus.
And, jet engine OEMRollsRoyceannouncedn late 2020 tha it will ground tes¢ SARQQ, ¢to determine

whether the unblended biofuel can be used in its ngeheration engine technologg?® Currently, SARs

blended with at least50 percentCJFlargely @& a precautionarymeasure As noted, ASTM is the
organization that sets standards for aviatiorefs,andit appears to be actively working towards testing

and verifying the safety of higher blend limita.2 NS Ay F2NX I GA 2y | o62dzi ! { ¢aQa
al¥Sde 2F FANDODNIFG FdzStazx AyOofdRAy3I {1 Ccx OFLy o658 2

Notably, it appears thatblends well below 50 percennay be leadingthe early years of SAF usage.
Qpplies of neat SAFare constrainedandit is a premiurspriced fueleven when blended at 50 percent
(see Sectior). Used in blend rat®well below the current 50 percent limit, SAFcan still provide
significantGHG reductiongproportional to the blend ratip As further discussedsome earlyadopter
airlines arecommonlyusingSARn a30 percentblend with CJFand some may be using lowgercentage

21 { ¢ AdtivedStandal! { ¢ a 5 htipx/levdivé astm.org/Standards/D7566.htm

21 ANJ ENJF yALERZ NI ! OGA2Y DNRdzZL) 6! ¢! DO &. SIAYYSNNRE DdzARS (G2 {dzaGlF Ayl of &
https://aviationbenefits.org/meda/166152/beginnersgguideto-saf web.pdf

25 Opisnet.comg@ w 2Royca to Ground Test 100% SAF in {8exteration Engineseporting by Aaron AlfordNovember 16, 2020,

%C2NJ SEI YL S5 &S SepihglArcrafd @afép N2 OK dzNB &Y S
https://www.astm.org/ABOUT/OverviewsforWeb2014/AviationOverviewSept2018.pdf
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blends?’ Blending to low SAF levedxtends the limitedSAFsupply and make# more affordable
Although blending results in proportionally low&HGreduction benefits (as further evaluated), it is
noteworthy that each gallon of neat SAF yides a certain GHG reduction benefit, regardless of the ratio
at which it ultimately gets blended

2.2. Performane andCombustion

l'a &dzYYFINAT SR o6& GKS blridAazylf wSySsglroftS 9ySNBHee [ I
required performance propeli A RRithe ASTM approval process and pathways noted abbyet faels

(fossil or renewable) are required to meet specifions for parameters that include: (1) minimum energy

density by mass, (2) maximum allowable freeze point temperature, (3jnmiax allowable deposits in

standard heating tests, (4) maximum allowable viscosity, (5) maximum allowable sulfur and aromatics
content, (6) maximum allowable amount of wear in standardized test, (7) maximum acidity and
mercaptan concentration, (8) minimuaromatics content, (9) minimum fuel electrical conductivity, and

Table 3. Comparison of typical CJF to SAF (neat, HEFA pathway) for key properties

Conventional Jet Fuél(CJF) Sustainable Aviation Fuel (SAF
Density (kg/m3) 800 772
Flash point (deg C) 42 47
Total aromatic content (%) 15% 0.10%
Freeze point (deg C) -40 -50
Specific Energy (MJ/kg) 43 44
Sulfur content (ppm) 700 <1
Derived Cetane number 46 60
Source:Neste communication to GNA (citing CR@ AFRL reports, Jan. 2020)
*Jet A

(10) minimum allowable flash poift.

The net result is thaBAF is substantially similar @JFandprovides excellentoverallproperties for use as a
safe, highperformancesubstitute jetfuel. In fact, & shown inTable3, SAproduced by the dominant HEFA
pathwayoffers certain combustion characteristics that are advantageous over CJF for operating aviation

27 Notably, t appears to be rare for SAF to bieectly delivered to aircraft. More typically, $Agets to the aport fueling system through a

pipeline or local fuel farm / hydrant system (which has lifecycle GHG benefitslivering bytanker), where it may be further blended with CJF

before being dispensed into individual aircraft.

28 National Renewable Energy 6 2 NI G2 NES awSOASs 27F . A2 2 SGheng\Wzdd, Ling Tao,AénhiterMarkhant, SOKy 2 2 3 A
Yanan Zhang, Eric Tan, Liaw Batan, Ethan Warner, and Mary Biddy, NREL Technical RepeB10BRE&EGZDR, July 2016.
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engines. These include a higher cetanenber, loweraromaticcontent, and lower sulfur contefit¢ all

of which help to contribute t§ ! Qo®ér GHG and criteria pollutant emissgyprofiles (see Sectior2.4)

and higher performanceNotably, whileS C I@ck of aromatics help provide its good emissions profile, it
also raises materials compatibility issues, which is key reason thalASTMcurrently requires SAF to
blended with CJ.

AlthoughHEFASPKSAF haa slighly greaterfuel density by masthan CJFits volumetric energy density
is about4 percent lower than CJF. This means that (all else being equal) S&ldsesult in proportional
reductions in aircraft flying range compared to burning CJF. Howikedower volumetric energy dengibnly
impacts aircraft tht are flying on (or close to) a fuel capacity limithat rarely happens in practice, as aircraft
aremore typically limited by maximum takeoff weig?MTOW)estrictions?*

Major jet enginemanufacturerslike Pratt & Whitney(a United Technologies company) have clearly
sanctiored use of SAF blends in their engines, while also noting important chall¢hgeseed to be

overcometo achiewe wide-scale use (limited supply, high costsNotably,the Sustainable Aviation Fuel

UsersDNR dzLJ 6{! C! DO F2NN¥SR Ay {SLISYOGSNI Hnnys AyOf dz
O2YYSNODALFT | @A FHGyAR yT AFASS (& IRISTYALfyAR OGS a ¢ 2NABIF YAT F GA2Yy 2
Airbus and Embraer). Reportedly, SAFUG members inclutingrlines anananufacturershave signed
asustainabilitypf SR3IAS | O1y26f SRIAYI (KIG | R@ltoalakbgrheutraf R | R2 L
AYRAzZB G NB ¢

In sum, SAF is not only a dropreplacement for CJF; in several important ways it is a suget fuel.
2.3. Carbon IntensityEffects on LifeCycleGHGEmissiongnd Sustainability

{1 CQ&d LINAYINE Sy@AiNRYyYSy atosteffactvg, SompelingrisactorlGKIG G A G L
reduction strategy forairlines andaircraft OEMsalike (consistent aross turbine and piston typesh
commonly cited figures that neat SAFcan reduce lifecycle GHG emissions @p to 80 percent
compared to petroleurrbased CJ® However, as further describebelow,{ ! Gl GHGreduction
benefits depend on the spéfic production pathway and feedstodipe. Notably, on gper-gallon basis

2 Parlson, M. Nz A BechneEcaomic and Environmental Assessment of Hydroprocessed Renewable Distillate $laster of Science,

Massachusetts Institute of Technolo@007.

30For additional information, see ! ¢ ! Q& & G SuStdinalflerr@iaBicn Fud:SOKY A OF f / SNIAFAOLF GA2y 3¢
https://www.iata.org/contentassets/d13875e9ed784f75bac90f000760e998tsahnicatcertifications.pdf

31 Personal communication to GNA from CAAFI, September 2020.

32Dy, Alan H. Epstein (Prat & Whitney) and John Mandyck (Unitédyrécf 2 3 A S& / 2 Riug WiSistifaylé Aviatiort Befing on

WSO t NBLIMzZ aAz2y FYR [26SNI bSi / I Nity/Matueiizdder&améwp-cotentfipdads/2006/1D/UTONS & Sy G | G A 2 y
7612FutureSustainableAviationWhitePaper_3.pdf

33 |nternational Civil Aviation OrgaA 1 | GA 2y X a{ dzadF Ayl 6t S | @ttbd/inkwicho.iil/dadirbnmeriaS NJ DNB dzLJ&A o6 { ! C!
protection/GFAAF/Pages/Project.aspx?ProjectlD=13

%Thisd diL2 yn LISNDOSy (¢ AhelproBndd) aeimfusdist SAF @dpdnénis, in@iBatioR sector publications. For example, see

the commentary from Neste dtttps://www .aviationpros.com/gse/fuelingquipmentaccessories/fuetlistributorssuppliers
manufacturers/article/21144761/nestaorth-americanow-is-the-time-to-let-sustainableaviationfuel-take-off.
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the GHG reductionfor a given type of neat SAdfe independent of thalegree to which it isiltimately
blended with CJF.

In California wher&AF use is strongeSIARB measuresdtGH&Eeduction potential of all transportation
fuels by their carbon intensityCl)value (in grams of carbon dioxide equivalent per mega Joole

Table 4 All Current LCFGertified Pathways for Alternative Jet F@®RF)as of Aigust2020

Colorado 23.93
Canada 25.08
AltAir LLC Animal Fat (Tallow) .
(World Energy) / Hydrotreatment using natural gas, gric North America 8713
Paramount, CA electricity and hydrogen Australia 42.91
Avg CI
(Unweighted) et

gC02e/MJ).Thebaseline aviation fuel to which SAF is compared for relative GHG emisst@dfavhich
currently has a Cl value of 89.§C02e/MJ.

Starting in late 2019 and culminating in June 2020, one compadybiofuels facility; World Energ® a
Paramount, California plang certified four distinct (but similar) Tier 2 production pathways $AF
(GAltemative Jet Fuéldza Ay 3 /! w. Qa y 2 Y Siy Tablé 4) arNdsinpathwhydentall K 2 ¢ Y
hydrotreatment of tallow feedstock (animal fat from cattle apaultry). The CI ratings range from 23.93
to 42.91 gCO2e/MDne key CIl determinant ise geographicadlocation of the feedstockand how far it
must be shipped to reach 2 NI R  9Pgr&mbiEhe iidtuels plarin Southern California The average
ClI2F 2 2NI R 9y S NEtdidd pathvaysigNI2.26 |g@O2e/Mnweighted for production
volumes) Notably, this is almost identical to the volunveeighted average Gor renewable dieselRD
transactedunder the LCFS program2019 This reflects the fact the&8 ARs coproduced withRD,using
the same feedstockand hydrotreatment process although itis not incentivized at the same rate as RD
(see Sectiod).

As indicated, lte CI ratings for currently available SAF sold under a -CAfd pathway (i.e., being
suppliedtodaybé 2 2NXI R 9y SNHeE&Qa t I NI Y2dzyd o0A2NBFTRBYSNEO NI
gCO2e/MJ° In this comparisonpeat (100 percentSAF provides reductions in carbon intensity ranging

B FEATF2NYAL AN wSa2dzNDSa . AKNRID HN[Z/ECR2/6ENIRBWRERt ITNRyT 248 a4 2F | LINJ
https://ww3.arb.ca.govfuels/Icfs/dashboard/dashboard.htm
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from 52 to B percent relative to baseline CJRotably, World Energy iworking on HEFA pathwaygth
feedstocks other thantallowi K & Yl & S@Syiddztte | OK¥S@S aOFNb2y VY.

It isimportant to stress thathese potential GHG reductions associated with using SAF are based on the
Cl values of unblended (nea)s As noted, ASTM reagrinents currently limiBAFcontentto 50 percent

(or less)by volume blended with CJRoreover, blends well below 50 percent SAF are being used to
extendlimited supplyof neat SAFThusaccounting of actuabHG reductionBom SAF useust consider

the degree to which each neat gallon is blend@&gethe analysis in Section)

For SAHrom not-yet-certified pathways (i.e., SAF not supplied by World Energ@ARB stafhas
establishedd G S Y LJ2 NYathmBséTo buildup these temporary Cl values ! w. dza SRt GG KS
conservative data from LCFS certified renewable diesel pathways that pr¢8ia€®as a ceLINR RzO (i d ¢
Pending full pathway certificatioby the producer, sme SAF supplied to airlines Bay Area airporthas
beenassigned ! w. Qa (S Y LBOOReN&Bthid provideFabquind4 percenGHGreductionfor

each gallon oheat SAFelative to CJF®

It appearsthat the GHGreduction benefits of SARay increase asew production pathwaysand

feedstocks become commertized and/or greater utilized.The International Council on Clean

¢NF YAaLRNIIFGA2Y oL/ /¢0 y2GdSa GKFEG {!C LINRRdIdzOSR K1
gasification and cellulosic alcokole S G & O y tdR98% redd@ions iy forsk carbon intensity, and

their produch 2y O2dzZ R 6S 3IANBI Gt & Ay ORSieced Bubliagion Bykte dzLJO 2 Y
National Academy of Sciencksy RA O (i S& -du&-tydle GHBe@tion Fedefits may be even

greater.

The potential GHG emissions reduction benefits from ué#dy could be significant when
compared to conventional jet fuel, and in some cases could exceed 100% (e.g.ijowhtr b
sequestration, or avoidance of other GHGs associated with the feed¥tock).

This concurs with 2 NI R 9y SNH & pr¥vioysly Bofedt Stafeinéné that they are working on

Gy S3aFiAgS OFNDB2YyEé LI GKéFed TF2N GKSc JsihgCthe wahS @  LINE |
established and proven HEFA pathwlayaddition, the ICAO citex least three carbomegatived / h w{ L !

St A 39AB pafhwaythat useFischefTropsch and Alcohdb-Jet processe$.Again, hese estimated

%2 2 NI R 9 ydb SEebagdw, peridnal communication to Jon Leonard of GNA, August 2020.

SCak F2NY AL 1 AN wSa2dzNDS& . 21 NRX a[2¢ /FNb2y CdzSf { Gl yRIOGR t NBLR2ASR b
https://ww3.arb.ca.gov/fuels/Icfs/fugbathways/comments/ajf temp.pdf
B/ LEAF2NYALF ! AN wS&a2dz2NOSa . 2FNRZ a4[2¢ /I Nb2y CdzSt {dF y®IONR t NBLI2 &SR

https://ww?2.arb.ca.gov/sites/default/files/classic//fuels/Icfs/fuelpathways/comments/ajf temp.pdf

BLYGSNYFGA2y It [/ 2dzy OAf -&reh Biation f8dl décarbddizayion: [Rbdidsd, rdoadigogks, ard palicy @ppdrtédnd = €

January 201%ttps://theicct.org/sites/default/files/publications/Alternative fuel aviation briefing 20190109.pdf

“National Acaded 2 F { OASy O0S&asz a{dadlAylrofS ! tadSNYyFGABS WSO CdzSfta |yR 9YA&AA
Web-Only Document 41, accessible fremvw.trb.org/main/blurbs/179509.aspx

4! nternational Civil Aviation Organization, CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels, Ngvember 20
https://www.icao.int/environmentatprotection/CORSIA/Documents/ICAO%20document%2006%20

%20Default%20L ife%2¥cle%20Emissions.pdf
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potentials for carbon reduction refer to use of SAF in its neat form, as aiduapblendedreplacement
for CJFUnder current ASTM requirement®r any production pathwapAFmust beblended withCJFor
safety and general precautionargasons.This alsdimproves economicsand extends the limited supply
of SAF.

Sveral key mechanisnasein place to ensure that $Aused in California (as well as Oregon) is produced
using sustainableenvironmentally soundhathways. First, the LCFS and dtmunterpart in Oregon
encouraged 32 2 R 0 SK I @A thiddighodt the eatidelfdedisthck ahB supply chain processor
their biofuel products. This isecausdow CI values associated with sustainable pathways generate the
highest credit values. Send, there are enforcement mechanisms in place to ensure sustainaiktiRB

has taken aggressive action to monitor the origihbiofuels (SAF, RD and others) dispensed in California.
Reportedly,the agencyhas hiredlarge numbers othird-party certifies around the world who help
ensure sustainable sourcinfgr imported biofuels that generate credits under the LCFS, while also
corroboraing CI ratingdor steps in the process that occur abroddhese actions by CARB have helped
keep SAF and RD out@éliforniafithey have not beemproducedsustainably*?

Sectiord further discusseshie implications of the relative Cl ratings for CJF and SAF, in terms of potential
GHG emissions in the Bay Area, aod they carimpact the price of SAllendsto end users

2.4. Effecson AircraftEmissions o€riteria and Hazardousir Pollutans

In addition to strong GH@&eduction benefits, substitumg SAFlendsfor neat CJFean provide important
improvementsin ambient air quality. As noted above{ ! (higld cetane numberlack ofaromatic
hydrocarbors andnearzero sulfur contentgenerallyhelp reduce aviation engine emissions adriteria
pollutants and toxic air contaminantsA key Airport Cooperative Research Program (ACRR)y was
conductedin 20182019to assess the status of knowledge regarding emisgductions achievable by
using SABlendsin commercial aircraftknown as ACRP 620, the studywas sponsored by thiationd
Academy of Science and its Transportation Research Bdadr thisstudy, the selected expertgooz
Allen Hamilton collected reviewed, and compiled data from emissiortests sponsored by a large
governmentindustryacademiaconsortium The resultswere derived fromanalysisusing an Aviation
Environmental Design Tool considering data frénepresentative airports acrossvarious operational
characteristicandfleet mixes(i.e.,the numbers of jet, turboprop, andor piston aircraft)*

LY HAM®E | GFAYLFf¢n OSBIEARY @Fa (@3Y L-QriyDBcunestR A & & d
nMé oF{1F !/ wt nwmU0séeordighase of SRERBMNMAt fuktheCahatigkl S compiled
in theinitial phase.This secongbart analyzed otheblend levels of SAF (as low as 5%l also explored

42 Personatommunications from state officials and SAF produt@GNA, July 2020.

43National Academies of 56Sy 0Sax 9y Ay SSNA gtacofthey R aSRAOAYS HnmMy I &
Industry Report on Air Quality Emissions from Sustairdi#enative Jet

Fuel& ¢hase 1 of ACRP @), Washington, DC: The National Academies Prgssl, 2018,
https://doi.org/10.17226/25095, httpg/apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectiD=4238
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SAF benefits related to ultfine particles (UFP) in terms phrticle mass (nvPM mass) and patrticle
number (nVPM#).

Using the Bw analysis, theeportl dzii K2 NE RS @St 2 WYRJ Odey G NI I2AEES FRYWI
reductions found under Phase Ihe studyreported import&ant reductions in CO, SOx and RRMissions
from jet aircraft fueled with SAF blends, althouglfoind tha no statistically significant NOx emissions

Potential Emission Reductions from SAF

Use at Major Bay Area Airports
(by blend %)

co SOx PM

0% —
"™ | .
-5% 4%

-10%
-9%
-11%

-20%
-19%

-30%

-40% -37%
-40%

-50%

M SAF Blend 5% ™ SAF Blend 25% m SAF Blend 50%

-60%

-65%
-70%

Source: ACRP Web-Only Document 41 (02-80 study), based on Figure 12, National Academies Press, August 2019,
http://onlinepubs.trb.org/onlinepubs/acrp/acrp wod 41.pdf

Figure 1. ACRP findings on potential criteria pollutant reductions from using SAF blends (see text reference)

reductions ae realized Figurel summarizeskey findingsfor reducingthesepollutantsas a function of

SAF blend percentag@&heseresults are specific to airports théhave a high percentage of turbine jets

(relatively fewpistonengineaircraf), & A a G KS OF a $hre& largkkt difpdtsin Seclion ! NB | Qa
7.2, these emissions reduction factors are applied to quantify potentiak8ksffed reductions ircriteria

pollutant emissions at SFO, OAK and SJC.

Ly | &S LIShEREd hat addresSedthe entire ACRP 080 study the authorssummarizel
estimated emission reductions from usiB\AF- G & mH  NB LINS & Rayaphraseiagilows A N1.J2 NIi &

“pt GAz2ylt 1 OFRSYe 2F {OASyOSasz a{daAaiGlIAylIotS !'fGSNYI G§APECRAEE CdzSt a |y
Only Document 41, accessible fremvw.trb.org/main/blurbs/170509.aspx

Gladstein, Neandross & Associates Page 17 October 2020


http://www.trb.org/main/blurbs/179509.aspx

SAF Potential for Reducing GHG Emissions at Bay Area Airports

SAF blends:
1 Significantly reducemissions of PM ansulfur oxides
1 Achievedmoderatet reductions of carbon monoxide and unburned hydrocarkions
f wWSRdz0S SYAaarzya 2F KD INBFdazA/ISH SR NI A KE SRIZ LIy R A &
1 Minimally redue, or have no effect oremissions oNOx anchazardous air pollutant$HAP%

The study notes thatt 1 KSa S NBRdzOGA2ya O2dzZ R 3IAGBS | ANLRNIa
Implementation Plan (SIRpnstraintsb Eor exampleone key element of the BAA@VIQ& 62 NJ (G2 NB|
local particulate matter emissioris the Bay Areasto prepareandabbreviated SIP thaaddresesEPA

AJ FyyAy3a NBI dzi NB Y ByAbatlainnmeat >Expanted SR ofAR fedds into the

objectives of such a plan.

As one mans to facilitate tiis process the ACRP 080 studyauthorsRS @St 2 LISR &l &AAYLIX AT
gAft Eft2¢ ANLRNIA (G2 SFaiate SadAYl GSAsBianrhara A2y N
described in Sectiof.1, SFO is already usismnificantvolumes of SRblends Whileairport staff have

not yet applied this tool to estimate the asciatedemissionsreductions they are usingan internal
methodologyfor this purpose, based on other industry data and withi 1§ KS  FNJ YSg2N] 27F {
Climate Action Plaf?.

%, 1 1lva53 atl NIAOdzZ I (S HatpsilivimNaaqrid.noy/glansardclinaiebii-diadliti-dlaSsicarentplans
46 Personal communication fromarin Cooke and John Galloway (Environmental Dept at SFO) to GNA, telephone interview, August 12, 2020.
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3. Emergence as a Leading Approach to Reduce Aviatetated GHG Emissions

3.1. Previous Efforts Focused on Airline Fleet Efficiency

Historically, U.S. commercial airlines have focuseflelhefficiencyimprovements toreduce their aircraft
fleet GHG emissions. Primarily, they have increased aircraft fuel economy by upgradavgetoplanes
(fleet modernizatiof), and improwng aerodynamicf in-use aircraft Major GHG reductionbave been
achieved but it appears ths twin approach isnow providing diminishing returns (see below).
Consequentlythe s 2 NI RQa&a Y I 22 Naslindeasinglipedayi to ©xplofd fliel¢lated strategies
asaleading approach to reduce GHG emissjdieyyond reductions enabled lfiget modernization

Asearly as2006, the U.S. Government began to tadignificantinterest in SAF as a drep low-GHG
replacement foiCJF. Among the first steps taken was to form the Commercial Aviation Alternative Fuels
Initiative (CAAFIX a publiecprivate partnership between the U.S. government, airlines, aircraft
manufacturers, airports, and fuel producers. CAAFI wesigded to lead SAdelated RD&Defforts,
environmental assessmentsommercialization effortdfuel testing and other activities.

While test flights using SAF blends have been conducted in the U.S. for comnbesirssand military

aircraft for more than a decade, major momentdar SAFcommercializatiobeganabout five years ago

Anumber ofkey SAFrelatedregulatory and susiaability initiatives have been adoptaex/er the last half

decade. Mbstof theseare relatedto CORSIlAr at least complementary to its objectives. For examiple,

the 2010 timeframeFAAbegana 6 2 N] Ay 3 (2 Syl of Sé tomspndeonk ot G A 2y C
gallons per year of SAffendsby 2018*” Although that goal fell far shoythe upshd in mid-2020 is that

major commercial aviation companies in the U.S. and worldwale seek to btain and testSAFlends

to simultaneouslycomply with initiativedike CORSI&ndachie\e corporate sustainability goals.

{ ! @@eiging importance to reduce global aviation GHG emissiaa®eeremphasized by the General
Aviation Manufacturers Association (GAMA), acting jointly with the National Air Transportation
Association and other stakeholderk1 2018 (and just updated fd2020), these stakeholders jointly
produced & ! C glade®*® whichincludes the following sweeping statemeeniphasis added

GThea Ay 3fS I NBSald LGSy ilAl tsionhNaRitieOkéyit@ rfaching oulr FA | G A 2
goalsfor reducing themwill come about through thbroad adoption of sustainableviationfuel
(SAF)n place oftonventional jet fuel in use today

3.2. CurrentSAF Usat DemonstrationScale

NOTEThis report focuses ornAF use for commercial passenger aviation. However, it is important to note

MCSRSNYI Tt ! @ALFLGAZ2Y ' RYAYAAUNI GA2YyZ a{dzadlrAyrofS ! tadSNYyFrGAdS WS CdSt a
https://www.faa.gov/about/office_org/headquarters offices/apl/research/alternative fuels/
48 ¢Fueling the Future: SustainabeiationFuelGuide,Edition 2,2020, https://www.futureofsustainablefuel.com/quide
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that business aviation and commercial aviation also constitute important sectors for SAF adpfim,
some SAF stakeholders consider these smallatiawi sectors to be moreeady and conducive to adopt
SAF tharthe big passengaairlines,R dzS a in@re extensive supply chdithat is less dependent on the
fuel pipelinesthat are often used to supply jet fuel to commercial fligfts

Notwithstanding his significant progress ot
systematicallyshift commercial airlines over to SAF,
worldwide use remains very limitegsee ATAG & C 2 NJand foiishaul flying, an energy transition away

callout quote) Moreover, d this relatively early from fossibased fuels and towardsistainable sources o

stage it can be challenging to find verifiable liquid fuel is Qeedgd. Luckily, the industry has alre.ady.b

) . . hard at work in this area. Over 200,000 commercial fig|

information about specific vohaes of SAF currently have now taken place since we gained certification for 1

produced and consumed.The Rocky Mountain use of sustainable aviation fuel in 2011. It is igular use

Institute estimated that during 2018, SAF atfive global airportsput the percentage of total fuel use
O2yaitiriddziSR af Saa GKIy Ssiveysma®s 3¢ 251 ¢ O2yadzyLIiA2y
forAaViation flAJeIS lj dzl 0 A y 3 02 ; at O 2 -Ki_;'.{"rrangport\,{\c?iorfl G‘roap,”ségtemgelf 2B15 2ya

LIS NJ & SNedWCérporatioE A UK 0KS _¢2NI ROa

largest capacity tproduce SAF and other biofuels

for transportation stated in 20184 KI & a1 YSNB cdc YAttt A2y 3l fft2yas 2
commercial saleé 6 3 f.52AdtHouglh thelU.S. Energy Information Administration (EIA) does not report

SAF productio2 NJ O2y adzYLJiAz2y s 9t ! NBLRZ2NIa wcC{ wLb RFGIZ
O2yadzYSR Hdn MdaatSARIR201FINhife PERYRIN data aFe not yaamplete, it appears

that roughly 3.6 million gallons of neat SAF were produced througlugti2020>3

Part of the uncertaintyabout actual SAF usageayinvolveinconsistentnomenclature. First, stateents

about SARolumesoften do not specif if they refer to neat (100 percent SAF),to ASTMcompliant

blends (up to 50 percen}. Second, del producerstend to emphasizeemerging or future production

GO LI OAdGezé NI GKSNI { Kwitff someakaptionsSidikdzy NeBdyisiérs (aii@&s)R dzO G A 2 y
tend to speak about futuréand confidentiallt O2 YYA G YSy (G &d¢ G2 dza Sactfaluger NI i K¢
Based on various public sources of informatimneasonable estimate is thedughly8 to 9 million gallons

per yearof SAF blendare currentlybeingdispensed in the U.S. commercial aviation secidth typical

blends constituting 30 pereg SAEFThis does not take into account the impact of Cel@] which has

resulted in major reductions of CJF wsece Q1 of 2020but may be reducing SA#end use at a much

lower rate

49 pPersonal correspondence to GNA franSAF supplier for general and business aviation flighteober 2020.

50/ N} A3 {OKAffSNE w2018 az2dzyldlt Ay LYaGdAGdzi 3y IaDRBISENBAZEDr NERASYY | {i de2 § I
GDNBSYyAy3a ! gAlLGA2yE aSE&aA2YyZT ! LINARE HcI HAMGPD

pSadS / 2NLRNIGA2YSE awSySsal ot S 30MDi8htPsiasimenesteC@n/bREaSidtionkeewdbRiét-fuelY 2 NS | dz3 ¢
why-doesit-costmore.

2h GAZ2ytf wSySslofS 9ySNAHE [ | 62 Nhtip/BcEnemmwidwhitdiemerding hydrddBribdd. BihIND 2y . A 2 F dz€
53 https://www .epa.gov/fuelsregistrationreporting-and-compliancehelp/rins-generatedtransactions
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3.3. Key Drivesfor ExpandedJse

According to EI®Q gre-COVID estimate U.S. consumption of jet fuel will growore than anyother
transportation energy sourceover the next 30 years, with the exception electricity. EIA nas that
AYONBIFASR RSYFYR FT2NJ AN GNI yaLR2 NI GA2cy*Iafact, & 2 dzi
the limits of using aircraft fuel efficiency improvement to offset growing jet fuelqiared therefore to
mitigate aviationrelated GHG erssionsunder CORSIA and other key initiativds becoming a key driver
for expandedSAFproductionanduse. As many aviation stakeholders have notecand commonsense
dictates ¢ it is harder to reduce GHG emissions from aircraft comparedkey other modes of
transportation, i.e.ground vehicles and water vessdispecially notable is that combustifree aircraft
(e.g., powered withbatteries and/orhydrogenfuel cells)are inthe very early stages of research and
development. Once prototypes are developed, the technology will need to overcoajer safety
barriersdue to the nature of air traveBy contrastd T SS\YPA & &ndadglugy battery-electric and fuel
cell platforms havenow been conceptually proverfor ground transportation applicationsand their
commercialization iprogressing rapidly as aregovernmentgoals, incentives and requireants applied
to them.

Notably, norU.S. companieand governmentgre also keenly aware that SAF can provide hardbtain

GHG reductions in commercial aviatidhhile California currently offershe mostattractive market for

SAF due tdts LCFS progm, this landscape may be changingiaternational aviation compangealso

seek toprocure growing volumes oSAF. Other nations particularly those in the European Uni@n

Ff NBFReé KI @S Tl @2NrotS LRtAOASE | virketdrawdor SAE. Thisg o6 S 3
could make it increasingly difficult forkimes serving California airpor¢sn particular SFO in the Bay Area

--to procurethe large volumes o8AF they seek

But for now, a keylynamicfor SAF supply available at Californiigarts relates to its close ties witRD

production A key questionis there greater potential societal benefit in maximizing SAF production to

help decarbonizeommercial aviationwhile redudng volumes of ceproducedRD for use imeavyduty

ground transportatior? According to LCFS dafar 2019 the volume of RD supplied for ground
transportation applications in Californieurrently exceed 6 KS @2 f dzyS 2F {! C 064! WCH
approximately300to 1.° Whatis thefuture mix of these two renewablgansportation fuelthat will best

and most cost effectively R@I y OS [/ | f-radtctidiigdalls Wwhile ad@dubting for the relative

difficulty of decarbonizing the aviation sec®rlesecomplex questios are reportedly under discussion

at high leveldy CARB officials and state officials. Key overarching issuksther discussed in Sectien

4and9.2

MUS. EnergylF2NYF GA2Y ' RYAYAAGN GA2yZ a!yydzdt 9ySNHE hdzif 221 Hnmdp SAGK t N
https://www.eia.gov/outlooks/aeo/pdf/ae02019.pdf

55CARB, Low Carbon Fuel Standard, Alteradfiiel Volumes and Credit Generatiaveraging of Q3 and Q4 datiatasheet downloaded at
https://ww3.arb.ca.gov/fuels/Icfs/dashboard/dashboard.htm
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4. Supply Side: Feedstock, Produceasd Production Pathways
4.1. Feedstock Types

SAF (like thekD with which it is cproduced), can be made from a wide variety rafn-petroleum
renewable resources. Generally, feedstocks that can be used to producecB#ikble under ASTM
D7566 fall in these categories:

Fats, oils, and greases (FOGSs),
Carbohydrges/sugars (e.g., corn or sugarcane)
Lignocellulosic (plant dmypatter)

Industrial wastes

= =4 =4 =4

hy S LJ NI A Odzf I hidimél dalld®fros Beefdsi@bpbr £hickenprocessing; is currently the
leading feedstock used too-produce RD an@AF Animal tallowis fat (triglycerides) recovered by a
rendering process. Theimnal residues are cooked, and the fat is recovered as it rises to the surface.
Since animal tallow is a waste-pyoduct, it is widely available in the U.& a relatively affordable
feedstack. It can be harvested sustainably, as long as robust markess for meat and other animal
products. While tallow dominates todayCARB has indicated thathers (e.g.soybean o)imay bekey
feedstocle2 ¥ ( KS F dzii dzNsBppl§¥af daihRD Bl 8AF2 N A | Q&

It isimportant toreiterate that the samdeedstocksand processre currentlyused to ceproduceRD and
SAF-As described belowyél producers control the relative yields of the two fuels, subjedinhitations
andtradeoffs.Additionally the same feedstocks used to-q@uoduce RD and SAFe dso used to produce
biodiesel. Thigeneralissue of feedstock competitioas a potential barrier to wider use of Si&further
discussed itvection9.2,

4.2. ProductionProcesss and Pathways

As was described in Secti@rl, the current dominant method to produce SAF (as gauct with RD)

is & C h bydrotreatment(a HEFA processDther SAF production pathways that have been approved
under ASTM D7® include-- but arenot limited to -- 1) catalytic upgrading of suga), RscherTropsch
solid biomasgo-liquid 3) biogasto-liquid, and4) alcoholto-jet. However, most of these other processes
are not yet used to produc8AF (an®D on a commerciatcale®® As notedneat SAFrom any production
pathwaymust be blended witltonventional aviation turbine fuel and certified under ASTM D1655re

it can bedispensed intaircraft.

% National Renewable Energy Zabll 1 2 NB S awSySsl ot S 5428548t CdzSt ¢ w20SNI ad/ 2N¥AO)
https://cleancities.energy.goviles/u/news events/document/document url/182/McCormick  Alleman RD Overview 2016 07 18.pdf
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Importantly, therelative percentagevaries for how muclsAF theseathwaysproduce.Subject to various

limits and tradeoffs, ppducers can maximize the SAF yield relativdRid and otherco-products The
International Council on Clean Transportatio@QIJ examinedfour processes and pathwayo produce

SAF, including theominantHEFAathway?®’ Figure2 highlightsa G & LJA O f LiNtBrikef®RDasa f | (G S &
the dominant ceproduct, with SAFbeinga subdominant ceproduct Cther subdominant ceproducts

are renewable naphtha and prape. Theifst bar in the chart illustrates a typical product slate from a
RDOSAFRproductionfacility using the HEFA process. As shown, this pathway prodboes75 percentof

its total biofuel (by mass) @asw 2 I R (RDdaSW Salé (SARSh$titutes about 15 percent by mass. The
remainingl0 percentaredOi K SNJ LINP Rdz0(iaé¢ ONBySsélofS LINRPLIYS YR

B Jet fuel M Road fuels M Other products

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

Share of total product slate by mass

Hydroprocessed Esters Gasification and Fischer- Alcohol to Jet (ATJ) Synthesized
and Fatty Acids (HEFA) Tropsch Synthetic Paraffinic Iso-Paraffins (SIP)
Kerosene (FT-SPK)

Figure 2. Typical product slates for SAF pathways (ICCT)

According to interviews with producershis HEFA exampleflects the high end of SAF yidhhat is

regularly achieved todafup to abou 15 percem by mas$. In this case, thelEFA procedsas beergeared

towards producindgRD for ground transportation as tidominant ceproduct ! & G KA & & & LA Ol € ¢
is reportedly produced at roughly the same cost as BiD a voluméric basis Howe'er, the bidfuel
producercan choose to cproduce SAF a muchhigher fraction of the product slate (up to about 50

percent) For exampleas described belowgroducerscanvary the type and/or loading & catalystused

duringthe HEFAorocess to increasthe SAF wild (referred tobelowby itsrange ofcarbon atons,C11 to

C13), relative to the yield of RD (GT20) orthe other co-products. (Note: theyappears to beoverlap

SL/ / ¢S-GBNEYHOAL GA2Y TdzSt RSOFND2YyAT FdA2YyY tNRPINBEEATZ NRIRofz201a |yR L
https://theicct.org/sites/default/files/publications/Alternative fuel aviation briefing 20190109.pdf
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here; SAF is also listed today as bel@jl6 or C818, witha significant percentage of riexules in the
higher range)®

G5dzNAYy 3 KeRNRLINROSaaAyad 2F GNRIf @OSNARS&T GKS (¢
to determine the yield and composition of liquid products, such as green napht@l(f,5geen

jet fuel (C11C13), and gren diesel (C1€20), and even green liquid petroleum gas (LPG). A severe
hydrocracking catalyst would lead to a high production of green naphtha whereas a mild
hydrocracking catalyst is prone to produce mainly green di€kelreaction temperature plays

AYLRNIFYdG NRES T2NJ GKS BASER SyR ljda tAdGe 2F Ke&RN

Increasing the relative yield of Sgdhd therefore reducing the RD vyield) entails higher costs and other
tradeoffs (see SectiorB). LeadingU.S-basel SAFproducerWorld Energyconfirmsthat its Paramount

HEFA plantould produceSAFat 50 percentof the total yield However, in curreninarkets forbiofuels,

World Energychooses to favor a high RD yidldcreasing the SAF yighlS |j dzA NB & aeldwgeO | A y I €
chain(C14+RD moleculesyhich raisesostsand may lower the overall biofuel yieliloreover, SAfand

other lighter hydrocarbons thadre increasedftrade atlowervalueg than RD Thus the aggregate value

of the HEFA yield decreas@sSpealkng about one specific HEFA pathway, Pearlson et al corroborate this

by noting that choosing to aximiz jet fuel productionA Y LJ2 & Sa K Hu f Sitidased ydragend

use and decreased diesel and jet fuel yifd.

Notably, World Energgnd other pralucersare continually seeking technological and economic solutions
to improve their SAF yield, while mininmg such tradeoffslf SAF becomes more valuatkiferough
technology, market and/or policy changgspducers will find it more attractive tmcrease the relative
yield percentage for SAF

Greater details about and repercussions of tfiffering value for SAF vs REnd the tradeoffs associated
with increasing the SAF yigjdare discussed further in Secti@n

4.3. Major Poducersand Production Volumes (Existing and Planned)

Figure3, prepared by CAAFI as of June 2019, graphically depictko¢hdon of the SAF production
facilities in the U.S. that are commercially producing SABytdgreen dots), under construction (blue
dots), or planned (red dots} As noted, the dominanturrent U.S. SAF production facility is World
EnergR & lidP&ayhdunt, California. GEVO in eastern Texas is also pingaommercial SAF, in small

58 Neste Corporation, grsonalcommunication to GNA, September 2020.

9¢1 8 RN O22yF0 SINSMAREY2 OSNARSE Ay (2 DBaFSKernandolTos RagLaiufFelpede mHem i®iezh 2 { 2GSt 2
Loyo, published October 2012itps://www.intechopen.com/books/hydrogenation/hydroconversiaf-triglyceridesinto-greenliquid-fuels

60 personal communication from World Energy to GNA, August 2020.

61 Matthew Pearlsod 2 2 f £ S NE& K S A AtechnBecdndimic EeVidwof hytivapieessed renewable esters and fatty acids for jet fuel

productionz ¢ ~ WI y ditttps#onlinglibrasydwiley.com/doi/abs/10.1002/bbb.1378

62/ 1 1 CLY &/ dzNNByUiA S0 FWiSST 2CrdzStf 583Nt 2@ YSy (izé¢ t 2SNt 2Ay i LINBaSyidlidAazys
http://www.caafi.org/focus_areas/docs/Alternative_Jet Fuel Deployment Statug%R02019.pdf
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volumes. Red Rock Biofuels (Neaxdhnd Fulcrum Bioenergy (Oregon) both anticipate bringing SAF
production facilities online itate 20200r early 2021 Within two yearsiew SAF productions faitigs in

the Midwest and East Coast are expected to become operatifrom Gevo, Fulcrum Bioenergy, SG
Preston, and Lanza TeckiThe information below is how becoming out of date, althoughs of this
writing -- CAAFI has natpdated the map versiah

Red Rock Biofuels
Expected in Service: 2020

Fulcrum Bioenergy

Expected in Service: 2020

World Energy Paramount
@

In Service Since: 2016

Total Fuels Capacity (MGY): 40

Btatus
. Commercial Jet/Diesel Operation

O
. Planned Commercial-Jet Capable
PRty
L2

Sustainable Aviation Fuel Production Facilities

Note: The specific fraction of the total capacity dedicated to SAF will Ikely be based on market conditions

Expected Total Fuels Capacity (MGY): 15 Expected in Service: 2022

Expected Total Fuels Capacity (MGY): 10.5 Expected Total Fuels Capacity (MGY): 33

Expected Total Fuels Capacity After Expansion (MGY): 306 LanzaTech .

Under Construction-Commercial Jet Capable Total Fuels Capacity (MGY): 0.07

Planned Commercial-Jet Capable Expansion

* as of June 2019

Gevo
Expected Total Fuels Capacity (MGY): 19.2

Fulcrum Bioenergy

Expected in Service: 2021

SG Preston
Expected in Service: 2021
Expected Total Fuels Capacity (MGY): 240

Expected in Service: 2019
Expected Total Fuels Capacity (MGY): 10
Gevo @

In Service Since: 2011

CAAFI

Figure 3. C A A F inid-2019 map of SAF production facilities (operating, under construction, and planned)

Other companies thaproduce(or plan to produce) SABr U.S. commercial aviatiorinclude Neste and
Velocys which are both located outside the United Statetke World Energy, Neste is an important
producer for SAF being dispensed at Bay Area airpgeste, World EnergyFulcrumand otherkey SAF
producers(existingor planned)are further described belown the context ofend use in the Bay Area

Neste Corporation

bSadsS Aa GKS

62 NI RQA& -based\diSeh (BBD) N Riskzd & Mighsefowed A 2 Y I & &

compressiodgnition engines for omoad ard off-road transportation applications. Neste currently
specializes; and leads the world irg producing RDvia the HEFA pathwafpr heavyduty ground
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transportation applicationsln recent years Neste has increasingly focused on marketing and sie#ing
co-produced lerosene jet fuel from this procesafter upgrading it into ASTebmpliant SAF. Neste has
ONl YRSR G(GKA&a Ia bSadsS a, wSySglrofS WSG CdzStuo

Currently, Neste has capacity at its three major production pléltsope and Asidd annually prodice

about 32 million tons (roughlyl billion gallons) of biofuels for transportation. However, by expanding

LINE RdzOG A2y OF LI OAdGe 4 bSaasSoa {Ay3IlILIR2NB 0A2FdzSt 3
production capacityor all biofuel typedy 50 percent, up tat.8 million tons (about 16 billion gallons).

/| dZNNByidtesxs (GKS @I ai ioflcapachisi dedicatel tobn@king3ier groundNe R dzO i
transportation. Only about 3.3 percent (~100,000 tons34 million gallons)2 ¥ b S a G Sofiel I y y dzl f
production capacity appears to be geared for making SARls capacity primarily exists at the Porvoo

(Finland) production facility. However, as part of the Singapore plant expansion (to be completed in the

2023 timeframe), it appears that Nestefdanning a 1€old increase in its annual capacity to produce SAF
(increasing from 100,000 to 1 million te)f3 Neste is also conducting a feasibility study to potentially add

major SAF production capacity at its Rotterdam biofuels produdaaility 5*

It is importart to note that these numbers refer to current and future productioapacities but not

necessarily actual fuel production. Ltkel ANI Ay S AYRdzZGNESX bSaidsS o0StASPHS:
effective method for decarbohiA y 3 | @A | iHowReye, a$ fufthierad@séribed iSection8.3, a

gallon ofRD currently has greater market value ttegallon oSAFUIltimately,Neste (and other existing

or potential SAF producersyill rely on dynamic market conditions etermine how much oftheir
transportationbiofuel production should be geared towar@AF vs RD

Previously Neste facilitated single test flights of its SB{€ndswith major airlines that include Qantas,

Virgin Atlantic, JAL, KLM, Air New Zealand, and theA.Borce. Neste now supplies (or expects to soon

supply ' C G I @FENRSGe 2F FANLERNIA FNRdzyR GHKACE2NI RT
In fact, as further discussed in SectiNeste is becoming a majsupplier of SARt SFQn the Bay Area

I O0O2NRAY 3 (2 Llzo tSAPprogictfivEYSyidaz I h SIB G Re@a | F Af I of S
Gadz00SaatdZ O2 YYSNDAWhile NdsiEeSa KA Bl 0SS yi & I0K A SHERIDE LINE |
of SARs imminent, the company also stresses that this will require greaikey and stakeholdemupport.

World Energy

Bostonbased World Energgthe U.Sleader foractual productior2 ¥ { ! CX | YR L}l aairofe
leading producer. (Note: Neste does oA & Of 2 4SS F OQlidzr f LINRPRdzOGA2Yy @21t dzY ¢
G2 VT A R&sPacemaKiS 62 NI RQa t SNEMaich 2018Wad EdNByERqlree6 AlId

BpSadsS / 2NLIPE abSadisSQa NBtS A yhttgsdswivingsts.com/tofpahiedorbdiiistyaBioh/nebiyO S & & SR Wdz &
renewablejet-fuel.

64 Neste Corp., personal communication to GNA, September 2020.

65Neste Corp.https://www.youtube.com/watch?time_continue=77&v=mOTp6x0LWFM

% | ana Van Marter, Commercial Réspmenta | Y+ 3SNE bSadS / 2NLIdS LINBaSydldAazy a4 6 /¢ 9ELER 4l
57 Neste Corp., personal communication to GNA, Septeraba0.
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I 4aSGa Prafamouht {CalifoMig)®Diorefinery, for a cost that was reportedly $7omf Today,
World Energy makes approximately 45 million gallons of BBD, fustgy four different CAR&ertified
HEFA pathways (refer backTable4). The bulk of the BBD fuel that World Energy produces at the
Paramount plant is RD for ground transportatievhichis primarily sold to big fleet customers like UPS

No firm numbers are provided by World Energy, but it appears $#df constitutekess thanl0 percent

of its current BBD productiorat the Paramounplant. Most of this(up to 5 million gallons per yeai}
purchased by United Airlinel fact World Energy has executed an agreement that makes United Airlines
its exclusiveSAF customer fdd.S. basedommercialpassengerviation. To date, most of tle SAF that
World Energy supplies to Unitédrlinesis dispensedtanearbyLAX However, World Energy haksobeen
supplying SAF to SF@for many yearsé ® and international airline SAF customers have included
Singapore, Finnair ariir France€® Some(ifnotal) of2 2 NX¥ R 9SyRSuN&hi#ly gbing to SF@ppears

to besold tointernational carries like these, as well as cargo airlifese Sectio).

In late 2018, World Energy announced a $350 million expansion oftaen®unt biorefinery, which will

increase annual production of all BBD fuels to 306 million gallons. World Enesgythatabout half of
thisincreasel production capacityX50 million gallonper year)will be dedicated t&SAF-the remainder

will be forRD and renewable proparféHoweverca A YA f | NJ 42 GKS OFasS gA0K bSa
in Singapore; World Enegy will rely ormarket dynamicgincluding but not limited to relative values) to

guide the ultimate percentages of SAF, RD and renewabtgpae it produces atthe Paramount

production plant (see Sectidh3).

Apparently, World Energy will distribute at leas’
some of this new, muchlarger SAF production
through its new partnership witla major, long
standing aviabn fuel provider.In January 202,
World Energy and Shell Aviation jointly announc:

I O2ftfl 02N GA2Yy (2 4R L) eé¢ 217
SAF. The multiyear effort between the tw

O2YLI yASa gAff &adzJli & tt2yac¢
of SAF tahe SFO operatianofLufthansa Airlines

(notably, not a North American airlineso this

adlea GAOUKAY 22NIR 9 1K

United Airline$. The SAF will be blended wittiF
& G I NIXdA2 27F deedtifisddowo
Cl aviation fuel. ? Lufthansa has alspartnered

Figure 4. Worl d Energyds Paramoun

6 GreenAironline.cot® Wdrld Energy acquirestAirs world¥ A NE G O2YYSNOAI £ &a0Ff$S N
https://www.greenaironline.com/news.php?viewStory=2465

69 Personal communication from World Energy to GAégust 2020.

7 Personal communication from Erin CoakeSFO to GNA, Septembed2D.

" Biomass Magazite 62 2NI R 9y SNH& Ly@dSada bpopna (2 9ELIYR tIFNIY2dzyd . A2¥FdzSt t
http://biomassmagazine.com/articles/15699/worenergyinvests350mto-expandparamountbiofuelproduction

2{KStEE 1V @GAFGARZYY Ga{ KStf | GALVIGNSRT &5 R{ BN &R DF SNERG I/ Ry If & 162 NI @iASI dirz2y C
https://www.shell.com/businessustomers/aviationhewsand-mediareleases/newsand-media2020/sheltaviation-andworld-energy
collaborateto-increasesupplyof-sustainableaviationfuel.html.
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with Nestesince 2011to pilot SAF use in European commercial fligtiie two companies announced
further collaboration in October 2018.

22NI R 9ySNHe& Qa { ! Anazor dofporatidnvihizhhas SomditeStiR actiede carbon
neutrality by 2024. Red NI SRt 82 ! YI T 2y al Avya G2 02YLISGS 6A0GK CS
AYRdAzZAGNRB Z ¢ | YR A ahaSestSd\ab BAFblerids\oNAt keastSwo flighi#isl$ 20204 NJ
Amazon announced thahe companyd K I aurediup © six milligy 3 | { blendallSAF @ndler a year

long procurement deal with World Energy as the fuel produaed Shell Aviation as the suppli@ihus,

it appears that AmazoRrime Air may behe largest offtake customer for SAF produced angpsied

under the aboe-noted World EnergyShell Aviation partnershig. YI T 2 y Q& LISBGt dlearNBf S &
whetherthe SAF it procuresill be dispensed at one or moRay Area airportsNotably,! Y| T 2y Qa YI 22
hub for air operations will be in KentucKy.

Amazon stateghat the blended SAR procureswill reduce carbon emissioria the range of20 to 22

percent’®! & y2GSR +10620Ss 22NIR 9ySNHe&Qa | LILINRPGPSR [/ C{
range from 52 to 3 percent lower than the current If CJF. Asming2 2 NI R  9bgsEchisa €10 a
pathwayfor producingSAF it can be deduced that Amazon will operatedésgojets on ablend of about

30 percentSAFmixed with CJFas follows:

SAF at73% CIl ¥80% SAF blend =-22% carbon emissions (fuiuel cycle)

Based orthis and the Lufthansa case described ah@reapproximateblend of30 percent SAF / 70

percent CJF appearsbheO2 YY2yf & dzaSR o6& 2 2 NI R Notgb§y NEsdstegely A | (A :
an academic estiate. &t fuel is typiclly dispensed to aircraft usingraindergroundcommon hydrant

systenE ¢ Kbkgi&whére fuel enters one or more tanks from an external source such as a pipeline,

barge, rail car, or other motor fuel carriéf This type of systeris how SAF is now (or litbe)

introduced into the CJF supply at large airports like SFO. In this process, thdi$#Ed by the

supplier is blended into the hydrant system, and the percentage of SAF that ultimately reaches a given

I A NI NI tankis@nay vandstgificantly

Other Producersvith Announced Plans dtotentialto Supply Bay Area Airports

In addition to Neste and World Energyther companies that currently produce S&énsumed at Bay
Area airports¢ and/or have announceglans to build production facilitiekor this purposeg include
Fulcrum BioEnergy, Red Rock Biofugls Prestonand Phillips 66Notably, two major domestic RD
producers in the U.&, Diamond Green Diesel and Renewable Energy Ggaup likely working o their
own efforts to produae and maket SAFwhich may ultimately be consumed at Bay Area airports

HSAaGS / 2NLRNI ARV YABODEAYSTFRNRI [ WZENB &dzAGIAYIFotS F@AFGA2YyZé LINBaa NB
https://www.neste.com/releasesand-news/aviationheste-and-ufthansacollaborateand-aim-more-sustainableaviation

Amazon CNLJ2 NI A2y X Gt NBY2GAyYy3 | Y2NB &dzadFAYylIo6fS FdzidaNBE F2NJ ! YT 2y | AN
https://blog.aboutamazon.com/operations/promotirg-more-sustainablefuture-throughramazonair .

BLYFT2yQa 6S0 o6ft23 adliaSa adzad G2 wn LISNDOSYyidTé GKS 002YLI yeAy3ad OARS?
B d{ ® 9 t-ConBtructed XaBks &d Airport Hydrant Systen2915 Requirementsittps://www.epa.gov/ust/field-constructedtanks
and-airport-hydrantsystems2015requirements#ahs
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SAF producedevelopments relevanfor potentially relevantjo the Bay Area include:

1 RedRockBiofuelsis building its production plant in Lakeview, Oregon. It will reportedly convert
Gmaan G2ya 2F glLadsS ¢622Reé 0A2YlLaa Ayduz2 wmpom Y
unclear how much will be RD for ground transportation versus SAF for aviatioib gppears that
about 6 million gallons per year will lbedicated asSAF. Red Roglill focus on @ ischefTropsch
pathway (FTSPK) to make this biofu€l It seems likely that a significant portion of this will be used
at SFGand OAK

f  Fulcrum BioEn& & Q& yISHF Ny wSy 23 bS@FRI ¢gAff -sclleplaki®o yI (A2
convefi f I yRTFAfE oglFaiasS Ayid2 NBySglotS FdzSt ows5 | a
GKFY ym: NBRdzOGA2Y Any2014 Catlsapadiil inSde antumdisctoded égaitk 2 y & D€
investment in Fulcrun® In 2015, Wited Airlinesmade a $30million equity investment in Fulcrum
Under the deal with Wited, Fulcrum will also build SAF production facility in Gary, Indidha.

United Airlineshas exeated an offtake agreement with Fulcrum that appears to include up to 180
million gallons per ygaof SAF blenddt seems likely that aignificantportion of this will be used
F2N ! yAlGSRQa & atifeMBayiAked afrports: G { Ch

T t KAf f Anndunced@lénd ardéfgarticular interestto both SFO and thBAAQMD Section6
further discusseshis casein the context of SAF use at SFO.

1 In the Pacific Northwesthe U.S. Department of Agriculture has joined witaska Airlinesand
SeaTac International Airpoith an R&D projectd convertlocal poplar trees toSAF This type of
alcohotto-jet production pathway could eventually help bring SAF to the Bag.Afowever,this
process angbrojectin particular donot yet appear to be producing significant volusod SAFE°

4.4. Production Targetfor Near and LongeFerm

"TwSR w201 . A2FdzSt a3z & hitpg/Bndnr&dickbidBn@l&kEvibwsite HtdrY Y I NE I €

78 Cathay Pacifidttps://fulcrum-bioenergy.com/partners/cathayacific/.

"Ibid.

81 RGPl yOSR | I NRg22R . A2FdzSta b2NIKeS&aids a. NAR3IS (i2cPRatZBidegBkualy wSy Sél of
https://www.youtube.com/watch?v=plLye9duz1nU
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The Air Transport Action Group (ATA®&2 y 8 A RSNA { ! G8NFSadK&IAS¢ atzyg
O2YYSNOALFE F@AlLGA2Yy DI D SY)\éai\zyaZ SOMNB showh yT8bie G A U K«
5 ATAGestimatesi K G 6& wHnupX GKS 62NI R6ARS G201t aOF LI OA
about 928 million neatgallons per yean(This isapproximatelyequal tothe current actualvorldwide RD

production) ATAG estimatest would take roughly twice tht amount of SAF supptyabout 1.85 billion

neat3 | f f 2y a LISNJ @SIFNE 2N aF NP doyiRr wi:Sy2To f (6K S 20 BLBAfyT3
adzLJLX @ k LINROS o6l fl yOST I EATAB hotedthatfi@chdoniNde adhidvedR S LI 2 ¢
GAOGK aU0KS NRBKG LIR2tAOE adzZJ2 NI o

Table 5. ATAG Estimated SAF worldwide production capacity: mid-2020 and 2025

. 2025 ATAG: Needed to
2020 Estimated| 2025 ATAG: . S oA
Parameter Actual 49t LSO a9yl of S_ ¢ A LJL
Supply/Price
SAF Worldwide Production Capadijeat) | ~6 to 7 Mgpy 923 Mgpy 1847 Mgpy
% of CurrenCJHProducton ~0.01% ~1% ~2%

*SAF production plants and refineriésurrently operating, unde®©2 y & 4 NdzOG A2y 2NJ | R@
Source! ANJ ¢NF yalLR2NI ! OGA2y DNRdzZL) 6! ¢! DO al & HAHN

CAAFI, which leads a governmémdustry consortium to make SAF a widely used alternative to CJF in
commercial aviationestimates number that are in the same ballpark as ATAG. As a208@ CAAFI
NB LJ2 NJi a NI K | GLINR 3RS ZoSHediively ploiiuceyappid@mately orwllion gallonsper year

of neat SAByY 20%5.8 Blended at 30 percerBAF this would result irmore than three billion gallons of
SAHRuelfor use in the commercial aviation sector.

SLATAG Wwwal 302 NBO GNBLINBaSyda GKS SyGiANB F@ALGA2Y &SOG2NY FANIAYySaz A
aircraft and engines. It coordinates commonindéstr LI2 A A 1A 2y & 2y (K dZA Gl Ayl otS TFdzidzNB 2F AN (1
8] ¢! DI 4! ONBGRBY OR2WRBded &t N2INBaa Ay [/ hw{lL! 58aLAGS Df2o6lf 9YSNHSyOe 1
8 ANJ ¢N} YALRNI ! Ol2y DNRBdzZLIZ a! OALF A2y Qa 9YySNHE ¢NlIyaAadazyz Cl!/¢ {199
http://www.caafi.org/resources/pdf/FACT SHEET 5 Aviations Energy Transition.pdf

84Personal communication from CAAFI to GNA, September 2020.

(/))
M 8
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5. Demand SideCommercial Aviation SAF User

5.1. Overview

According tostatistics provided (and continually updated)A ( K A y Aviation Béhéfits Beyond
Bordersreport,®® roughly266,000 commercial flights have been opera(@ridwide) on SAF blendince

2011 At least sixairports dare currently rgularly supplied with SAdand atleast nine airlines have

FNNJ y3ISR adik 3 BA T AOK S SYit @BAAFLalclatds)dnidaktkalsSARe reports

thatd LINE OdzZNBYSy (G aé¢ 27F { ! Csinkl2@&esgeSaliyin thie Gotmdrdiaf agiatidhNE ¢ A y
sector. As shown irFigure5, 2019 neat SAFprocurements by U.S. airlines reached nea2y million

gallons and 2020 procurements are on track to exceed 4 million gadbns.

3,602,096
* hokel
U.S. SAF Procurements through
Jul’ze
3,000,000 - -
m Commercial
m Government
- 2,500,000 -
@
g
5 1. 2,065,371
c 2,000,000 - through
é Jun'2z0
- 1,500,000 | A A
©
D COMMERCIAL AVIATION
= ALTERNATIVE FUELS INITIATIVE

1,000,000 -

500,000 -

0 -
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017~ 2018* 2019 2020

Credit: FAA

*Reflects voluntarily reported data on use by U.S. airlines, U.S. government,
manufacturers, other fuel users, and foreign carriers uplifting at U.S. airports.
~2017-2019 calculation includes reported EPA RFS2 RINSs for jet fue],

Source of graphic: CAAFI (slightly modified to fit document)

Figure5. CAAFI 6s reported annual pr @morts e ment s off

5.2. Major Arlines Using SAF in California

CommerciaPassenger Airlines

United Airlinesis currently thelargestuser of SAk North America, and possiblyorldwide. United
consumes about four billion gallons GOFannually CJF combustiomakesup 99 percent of its carbon

w
puly

8 Aviation Benefits S&2y R . 2NRSNAES a{dz&adl Ayl ot S | ohips:llakiighbefefisSdrglesdvironnied & a
efficiencyclimate-action/sustinableaviationfuel.

{ $LIG S
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footprint, which the airline has committed to reduce by 50 percent before 2050. To dafegd.has
reduced GHG emissions by about 10 percent (relative to 2007 levels), but most of this was done through
efficiency measures (e,ca $2 billion investment per year to purchase méuel-efficient aircraft). Over

the last five yeardJnited hasincreasingly rééd on fuetrelated strategies to reducaircraft-related GHG
emissionsin March 2016the airlinesmade its first flighton a SAF blend (LAX to San Francisco route).
Since then, bited has operated well over 4,000 flights on SAF bleaad it daims tocurrently consune

as much as 50 percent of th&S.SARsupply®®

Unitedisy 2 ¢ | 33aNBangdzldS 6 & 2 B deidhidvezis $larned GRG reductiohis has
necessitatedactive seekingf other SARsuppliersheyondNeste and World Energgs well asnvesting in

Cdzft ONXzY . A 29 Yy ProdEcHm dacilig NEB&IWOT A SfYR (2 KI @S 201 SR dzd
(@NI Ay SO Ay Rdza i NBE Q®encbirb2réddntder oftleRevayraetndnts yvhicéh ét estimates at

about 1.5 billion gallons over multiple yearfable6 in the nextsubsectionprovides three different

estimates foroff-take agreementsincluding data provided bynited Airlines

As of July 2020, CAARdicated that YA i SR Aa daiKS 2yfte ! o{d | ARIAYS TFi
However, that appears to be changing, with multiple airlines moving towagldaeoperation of ceain

flights on SAF blends. In fact,least eight other passenger airlines are also testing SAF blends in flights
departing from U.S. airports, including several that are operated out of SFO and other Bay Area airports.
These includ Alaska Airlines, Aenican Airlines, and Cathay Pacific, which have joined United in striking

deals with Neste and other suppliers for SFO fligBection6 further discusses various keyyArea

operationson SAF blendsn the context of the three major Bay Area commercial airports.

CommercialCargo Airlines

Package and freight airlines have aisitiated test programs to determine if SAF is an economically and
technically feasible replacement f@JF ForSE YLX S Ay Hamy CSR9EQ& 4S025:
0SOIYS GKS O2YLJI yeQa T A(Ndbly, thig wadaNdeomsiionZ R&Dlight 2y  y S|
useof neat SAF is not approved for commercial isthe U.S.primarily due to caution aboutmaterials

compatibility issues that could compromisafety) As further described, FedEx is now dispensing SAF

blends at Bay Areairports, at demonstration scale.

Similar to the case with passenger airlinase of SAF blends to dates primarily been @econdary
strategy for package and freight airlines to reduce aviatielated footprints. FedEx and other carriers
haveachiewed the bulk of their GHG reductions through efficiency improvements obtained via aircraft
fleet modernizatbn® However, SAF aying an increasing role in the sustainability strategies of cargo

8| bid.

| N2y {GFakKzZ ! yAGSR !'ANIAYySE alyl3aSNI 2F 9y JBANRYYSylightwithdniddid S3& + yR

PANIAYyS&azée tNBaSydraGaz2y | iApri2e,2@ELI2 4DNBSYyAy3I ! Al A2yé aSaarz

8/ 11 CLY &/ dNNByd {driGS 2F 'tGSNYFGAPS WSO CdzSt 5SLIX 28VYSyidzé t26SNIt 2
http://www.caafi.org/focus areas/docs/Alternave Jet Fuel Deployment Status July%202019.pdf

8 ffAA2Y . ANRZ CSROEZT 4/ KFYLAZ2YyAY3 {dz@dGFAYyFroAfAGE Ay ! ANJ CNBAIKGZE !
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airlines. Amazon Prime, UPS and other cargo airlines are also testing and procuyingiis&Focus on
Bay Area airportéseeSection6).

5.3. Near-Term Expanded UsAnnouncedOfftake Agreements

At least nineairlines have negotiatedO dzZNNB y & T2 NB | NR  wWidaNsOKskiphlisrs; thas&lB S Y Sy
collectively encumber as much &s$ billion gallon®f SAF over roughly a decald able6 summarizes

three different sources that breakout rough estimates for airlines that have negotlategterm off-

take agreements, and their associated SAF producers/suppliers

0l gAlLGA2Yy . SySTAGaA . Se2yR . kB8 SEptEmbér O2fhhitds: NayiationbeSefits. dkehvitohreyital CdzSf = ¢ | O
efficiency/climateaction/sustainableaviationfuel.
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Table6. Estimated neat SAF volumes for announced commitments / offigkeements

i irlines: 1 Y9 E I 11 {1 ¥
el User At United Airlines: /' '"w.Y a9 EI /[V1TCL a{!C hF¥Fi

Announced SAF Airline Partnerships with Beyond Numerous Demonstration
Commitments t N2 RdzOS N& t NE3INI YacE

T ey 15 mapy o i Energy
915 M gal (unspecified - (unspecified time)
(World Energy and Fulcrum time) time) 1190 to 180 M gpy (10 yrs) from
BioEnergy) 9 90 to 180 ngpy (over FulcrumBioEnergy
10 yrs) from Fulcrum
Cathay Pacific 375 M gal (unspecified
(FulcrumyBioEnergy) time) gal (unsp 375 M gal (over 10 years) 1 37.5 M gpy (10 years)
JetBlue 99 M gal (unspecified 1 10 M gal (10 years, JFK)
(SG Presmn, Neste) time) LTl (ever B EErs) 1 Unspecified volume from Neste
(S%E?Q;?Sn) 3212/; gal (unspecified No information reported 1 4 M gpy (10 years, LAX)

Lufthansa / Austria/ Brussels /

Eurowings / Swiss 40 M gal (unspecified = 40 M gal (over 5 yrs) just 9 Unspecified volume from Neste

(Gevo) time) for all for Lufthansa for SFO operations
FedEx / Southwest db2id Lzt A« T3mgpyfor8yrs aM . By A
(RedRock Biofuels) F gk Afl ot Sé (Southwe$) f gpy each (7 yrs, Bay Area)

91 KLM: 24 M gpy (10 years)

Air Canada / Japan / Alaska 1 Delta: 10 M gpy (20223,

KLM/ British Airways / ab2d LJzof A T Unspecified small o
L - A term/blend unspecified)
Scandinavian / Delta I g At 6ot S¢ volumes 1 Unspecified volume from Neste
N her lier
NS, Rl for SFO operations
Virgin Atlantic . . . . 1 100 M gpy by 2023 from 4
(LanzaTech/LazaJet) T No information T No information facilities
Guaze el 1 No information 1 No information 1 1.8 M g oer 12 months
(World Energy) ’ 9
1 50 M gpy (over 10 years) from
Air British PetroleungFulcrum . . . . Fulcrum
BioEnergy, Neste) T No information T No information 1 Unspecified volume from Neste
for SFO operations
American . . . . 9 9 M gal over 3 years (sourter
(Neste) 1l N I il N el e this is American Airlines)
Alaska . . . . 1 Undisclosed volume /term
(Neste) 1 No information 1 No information (source for this is Neste)
Signature Flight Support . . . . 9 5 M gal / undisclosed term
(Neste) 1 No information 1 No information (source for this is Neste)
Sourcecited by UA see text footnotegitingA Y Rdza G NB LINB&&a NBt S aSapskyR ! Qa | &,

Source for CARBittps://ww3.arb.ca.gov/fuels/Icfs/Icfs_meetings/031717pesentation.pdf
Source for CAARexceptas indicatedf { ! C 2 FFi{1 1S | INBSYSyi(iaség WdzZ & uuS wHnv
Steve Csonka of CAAFI

Like current uset ican be challenging tocauraely tally how muchSARwill actuallybe consumedn U.S.

commercial aviation within the next few yeadue to hazydrminology. As of mi2020, CAAFI

estimatestlatd Bopn a 3ILRE 27F Y S Indartdrmh pDrchadddBder@isting Aidine SR F 2 NJ
2FFGL1S FAINBSYSyidas @9WAGK Y2NB Ay RS@OSt2LISyl e

/11 G da { ! C t NE O didnidber 62028 Rower Boinglidepréviflddby CAARD GNA.
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6. ACloser LookSARUseat Major Bay Area Airports
6.1. San Francisco International Airport

{I'y CNIyOAaO2 LYOGSNYylFGA2YI f I A N1J2 Ndi anudl Gassenger & (K S
throughput® SFQs by far the largest airport in the Bay Area, annually serving roughly 58 million incoming

and outgoing passengers with at least 58 different airlines. Each year, airlines operating at SFO dispense
approximatelyonebillA 2y 3Lt t 2y 2 F SA2 y @R (Naiahdgdf PO t@sSaached @ W

billion gallons* Of the three largest Bay Area commercial airports (SFO, OAK and SJC), nethilglénvo

of the annual landings and takeoffs (LTOs) occur at SFO, age@intiF 2 NJ T H  LISNOSEG 2 F
total emissiongScopes 1, 2, and 8) these three airports®

SFO has adopted afiyeari N> 6 S3IA O tfly GKFG AyOfdzRSa + 3I2Ff G2
G { ©r y i NBdoped REHG emissions bYPercent. This feeds into Califor@ia 2 S NI NOKA y 3
policy to achieve a 40 percent reduction in all GHG emissions from a 1990 baseline bgF203tbtes

that a key GH@eduction strategywithin its annual Climate Action Plasto support its commaegial
aviationairline partners in obaining and using SAk fact, SFO states that

G! ANONI FG FNB 2@8SNBKStYAy3aIfte GKS aray3datsS tFNBSa
f SFRAY3 (KS ¢2NI RQa I NBSAG akpdrk iin KM-2020, BE0 espctsR S FS f 2
to be a leading airport for SAF deliveries, and is leading a coalition of airlines, fuel producers, and

NGOs to expand SAF industry incentives and investment to drive the market in California and
0Se2WRDE

SFO was one of the first airportstire worldto recognize the potential of SA&S a clean alternative fuel
forO2YYSNOALFE F@AFGAZ2Y 2LISNIGA2yad LY HamTXE (GKS { Ct
0KS | ROl yOSYSyié¢ 27F G ILIAES yMNIl&ddertiNEhit dBIE { A NO NI
as well as criteria pollutants (specifically, particulate matter and sulfur oxides). By that same year, SFO
KFR aFFOAEtAGFGSR I aSNRSa 27F (¢St @ Sapdrd ABINeR.SF2 vy & (i NI
alsobegan partnering withthe Gt 2F { Iy CNJ} yOA&a02Qa 5SLI NIYSyad 27
the use and adoption of SAF in the context of international, federal, state and local sustainability and
environmental requirementsrad best practices for organizational and infrastru&ur NS & Xt A Sy OS o ¢

22 2 NT R | ANLI2 NI / 2 R $tpZ/winy.Worldsagpodt-codes.coni/usd@l 0Nl porEs. html

BErnCooke{ dza G Ay oAt AGéd SANBOG2NE {ChX af{daAallFIAylotS ! gAlLGA2gr CdzStY {GIF
Point slide presentation, circa 2017 (undated).

% Personal communication to GNA from Erin Co&€Q, September 2020.

9 Airport LTO and GHG data provided to GNA by BAAQMD via personal communication, July 2020.

% |y CNI}YyOA&aO02 LYGSNYI GA2yl btpd/inwdd Ogstediom/sites/defaulrtled/Sedib/Shalicanmyinity £ 'y HAMpI £
environment/SFO_Climate Action_Plan FY19 Final.pdf

Ly CNIYyOA&aO02 LYyGSNYyFGA2yIlf ! ANLRNIZ a5ANBOG2NNE WSORPYXBUYRRUACUSE & B
Memorandum to Airport Commission, December 19, 2017.
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In September 2018, SFO signed a memorandum of understanding (MOU) with four airlines (United,
Alaska, American, and Cathay Pacific) and four fuel producers (Shell, Chevron, Nestezamddtg to

work cooperatively on expandir§ARise atthe airport. According to SEZ@ress release, this agreement

gl a aiKS FANRG 2F Ad&a 1AYR G2 AyOfdzZRS ¥Fdz8f adzZJLX A
accelerate the global tssa A G A 2y (2 &%SEQ hai sfricedalded @edd$Af adddSan Diego

Airport to its list of MOU signatories, while continuing to court other parties.

In 2019-- as an extension of previous collaborative work by SFO, airlines, and aviation part8ER3
O2YYAaarzySR | G{dza i AFN ®X SA ! HAFhis EtgzReGES few 6 { | CO
FaaSaaySyda NBIFNRAY3I {1 CcQa O2YYSNOAIT FSIFIaAoAt Al
of the study are summarized (paraphrasedf@®ws:

9 Current supply chain SFO currently has appraxately 750,000 bbls (31.5 million gallons) of fuel
a02NF3AS al @At oftSe FT2N) ad2NAy3 {! Cd ! RRAGAZ2Y I f
0 SNY®E

9 Multi-modal transport- Trucking, pipeline, rail, and waterborne pathygaexists at SFO for poteti
{1'C RStAOGSNEY FfGK2dzAK (KSe IINB y2G &Si ARSI ¢

1 SAF production and supply Supply of SAF available to SF@s well as means of SAF productien
are currently limited. Howeverjgnificant growth for both ppduction and supply is underway. Some
involves expansion of foreign facilitiestr@ughA YLI2 NIISR {! C gAff 0SS aY2NB
a

 Potential storage and blending sites ¢ KS aiddzRé ARSY(GATASRat ngedy S
GAY TN &l NudzDILzRE OIKYRY YZR)\T)\OI lj)\zyéé G2 SyrotS ¢
f2y3 GSN¥YI aGSEA&GAY3T NBTFTAYSNE &aA08aé¢ 6SNB NIy
development, logistics, planning/permitting, environmal, community acceptance, and
contingency/operational risk). Three Northern California refinery sites (Chevron in RichiPBRd,

Energyin Martinez, and Phillip$6 in Rodeo) were noted for strong potential for both -eite

production and storage in theufure. (Seethe discussionbelow | 6 2 dzi t KAff ALAQ ! d
Fyy2dzyOSYSy (i GKFEG AdG gAff aNBO2yFAIdz2NBE Ada w2RS
for RD and SAF, using a HEFA pathway.)

1 Funding Mechanisms and SuppartThe study idenfied various state, federand local sources of
potential funding that can be used to help facilitate expanded use of SAF at SFO.

B}y CNIyOAadO02 LYGSNYIFGA2Yy I I{NBEAKEZNIE2 N ICaS ! ¥Y 2daeDEIRA Y IF ¥R INPA K @A 2 Y
2018.

9 San Francisco International AirfioE. ¢ { dza G F Ayl 6t S ! AL GA2y CdzSt CSlIaAoAtAde {(dzRézé CAY
staff, July 2020.
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¢tKS {Ch aiGddzReé ARSYUGATFTASR a@2ftdzyS (I NBSG&AE F2N LKL
(3 to 5 years) into the long term (10+ year8s shown imTable?, roughly within the next five years, the
GFNBSG F2NJ {Ch A& ILLINRPEAYIGSt& on YAttA2Yy aySIGé
about 2 percent of current SFO CJF (se-pandemic). Over the mieto-long term (5 to 10 years, and

beyond), the target is approximately 300 million neat gallons of SAF per year; this is about 17 percent

current CJF use. Notably, at the current ASiproved blendimit for SAF (50% SAF, 50% CJR3gethe

volumes can be doubled to arrive at the targeted volumes of blended Bafa 30 percent SAF blend,

these volumes can be tripled.

Table 7. Low/High SAF volume targets at SFO compared to CJF
Millions of gallons per year

Type of Aviation Fuel Low High Low High Low High
Conventional Jet Fuel 1200 1400 1800 >1800
Sustainable Aviation Fuéléat*) 0 30 300 >300
% SAlaseof current CJF se NA 2.1% ~16.7% 16.7%+ (?)
Existing and Planned Demand / Price Inducec Mainstream California

S [FECEEN SETEs Facilities (U.S., Global (West Coast, Global) Production

Sourcel R LJASR FNBY {Ch a{dz&aidl Ayl 6f $ber 2DXKFigA1R, Y. 1) dzStf CSI aA06Af
*Unblended (100%) SAF; at current ASapproved blend (50% SAF), these volumes can be doubled for useable SAF.

{ChQa Hnmp &aiddzReé ARSYUGAFASR fA1Ste& a2dz2NOSa 27F LINE
time periods.Asindicatedin the table { C hid@dgterm plan is totransition toward getting all of its SAF
FNRY GYFAYAGNBLY /FEAFT2NYALF LINRPRdAzOGA2Yy ¢ FlLOAEtAGAS

Since the 2019 SAF study was commissioned, SFO has been implementing actions designed to make
progressively lajer SAF volumes available iis airline partners underi K S | JowiarzhiwgaQ adza K

towards netl SNE Ol Nb 2 y,@SEO dnnpundiédzt jdined: with Neste Corporation to deliver an
AYAGALFET ol GOKeg 2F {! C (2 HNBREOUWE{ CHALISE Ny BSWSA YDk ly
NBf SIFaAS3E &aLISOATFAO {! C ljdzh yGAGASE rmepfeiellyalfeadybeig a Of 2 &
transported via this system. In an Aug@§i20 press release, Neste announced it is now supplying
unspeciied volumes of SAF blendsttoee airlines at SFQAlaska, American and JetBhi@s part of the

umbrella MOU signed in0A.8 100

b Sa i S ®diafuelNitoduct is shipped fronits Porvoo (Finland) biofuels platd Houston,where it
undergoedinal refininginto SAF and RINeste uses Crowley to transport futlgnditionedandblended
SAHRrom Houston to the Bay Area via a stieea shipping tanker, where it is introduced into the pipeline

WwNeste Corporafl Y S abS&iGS (2 adzlld & adzaidl Ayl cépréss lelghselofitugusf 1372020 (2 GKNBS YI 22
https://www.neste.us/www.neste.us/abouneste/newsinspiration/articles/Nestesuppliessustainableaviationfuel-to-major-USairlines
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that serves SFQ&  C dz3% SpegificAll- based on detailed d3dza a A 2y FTNRBY {ChQa { SI
GCSI aA0AT AleR &itapsdrdahdth S & BAGDeinf delvered via pafthe Kinder Morgan

Santa Fe Pacifidgeline (KM SFPRjetwork. Notably, only blended SAEertified to ASTM 165%an be

introduced into the KM SFPP, which is regulated by the California Public Utility CommidséoiiM SFPP

also serves fuel farms at (or near) Oakldnternational Airportand San Joskternational Arport.°2

(Extensive discussion of the KM SBE#tevance as a pential SAF supply and distributioretwork for

SFO-- as well as other parts of the Bay Areds provided in SFD8eptember 201BAFG CSIf A Xi@ £
Sudy.1%9)

INnmdHnHAE tKAfE AL creconfigyfe iss dgyOreRrefinery Ranlddftd produce

renewable fuels! & y230SR [062@0S> {ChQa RSGFIAfSR {! C &aCSIaao
this traditional petroleum refinery as one of several sites having good amd longterm potential for

Gad2NRyY 3and cipByWheR BAF3@ SFO 0 a ¢Sff Fa 20KSNJ . & | NBI
International)’** ! OO2 NRAY 3 (2 tKAffALAQ LINBaa NBfSIFrasSz Ad
from crude oil,and transition the refinery to produce biofuels. Specifically, Phillips wiireduce RD,

SAF and other products from feedstock that included ©oking oil, fats, greases and soybean.ahile

not stated, this appears to be a HEFA pathway

Phillips indicates that 1) the modified refinery will eventuglgduce 680 million gadhsper year of these

various renewable transportation fuels, althgiu the SAF portion is not estimated. It states tltiae

reconfigured Rodeplantg A f f 00K Yo NiE RQa f | NEES adiA (T GA fAA0R1 {2 TN
fuels from an existing project in developmené t NP RdzOG A2y 2 F wpraductsis C I YR
expectedto begin in early 2022 f apgroved by Contra Costa County officials tnedBay Area Air Quality
Management Districb'&

It also appears tht airlines seeking to use SAFSEO may sourage¥ N2 Y wSR w201 . A2 7FdzsSt
plant in Oregon, once that facility is completed and starts production. Initially, it appears that Redl | Q &

SAF production will be used at Oakland International Airgsse below){ Ch y2GSa GKIF G d&adKSTI
be opportunities to integrate supply chains, including blending and storage, with the supply to Oakland
LYGSNYIFGA®YLEE | ANLR NI dé

0 |y CNIyOA&al02 LYGSNYyFGAZ2YyIlf 1 ANLIRNIZ a! aifSailizyS jmthlessChY bSaisS al
release with Neste Corp., July 7, 2020.

102pccording to Kinder Morgamvivw.kindermorgan.com ¥ A& at F OAFAO hLISNI A2yaé LIALIStAYyS ySis2N]
LISNJ RFe 2F 3l aztAySz 2S04 FdsStz FyR RASASE FdzSt¢ G2 6SaisSNYy | o{ ® Odzl
1035an FranciscoIntemi A 2 y I £ | ANLI2NIZ a{dzadl AyrofS ! GaAlL A2y CdzSt CSFaroAfAdGe {4

staff, July 2020.
0SS ¢FotS ¢ 2y LI IS my 2F {ChQad wnanmdp {!C CSlIaroAftAGe addReo

05t KAffALA cc3 Trandokni SakAdcke ovSTFAYBANRGAY G2 22NIRQA [FNBSad wSySglotS Cdz
https://www.wsj.com/articles/us-refinersembracegreener-fuels11597251600
106 |bjid.
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6.2. Oakland Inérnational Airport

Oakland Internationa(OAK)is the second busiest airport in the Bay Area, and the fourth largest in
California. Thigprimarily commercial serviégd A N1LJ2 NIi A SNIBSa Y2NB (GKFy dacn y
RAFTFSNBY (I MNAaodata, yf Sppearbldhal isé o SAF aAlChas teen focused orC S R %iE Q &

cargo operationsSpecifically, FedEx has announced plans to use up to three million gallons per year of

SAF at it©AKair cargo hub. Additionalljput at least one passenger airlin8outhwest, will also get SAF

at OAKPer CA CL Q& S a i A Y ot FedBX érfsl Boulhwest GaSigned offtake agreements

with Red Rock Biofuete each receive three million gallons per year of SAF, over seven \Weat SAF

supply will be shipp#from the Red Rock refinery by truckoriai2 I o0 f SYRAy 3 201 A2y
G2 GKS hl{1fFryR LYGSMYIGA2YFE ! ANLIZNI FdzSt FI NY dE

The Red Rock SAF production plant in Lakeview was scheduled to begin operation in the Spring of 2020,
but it appears tde significantly behind schedul®’. Thus, i is not clear when FedEx and Southwest jets
serving Oakland International will start using SAF bléms Red Rock Biofuelsut a start in 2021 seems
likely.110

6.3. San Jose International Airport

San Jose Internati@h Airport (SJG)seltRSa ONRXA 6 SR | & & { Adeved apgroximhatéhfl6 & Qa ! .
million passengers per year. Roughly, SJC is comparable to Oakland International in terms of market share

for Bay Area passengets: { W/ Kl a | & O2 YatleBuelS gragladtist foclisésios Ny
achieving GHG and criteria pollutant reductions, but this appears to be solely focused on ground

OGN} YyALRNIIFGAZ2Y aSNDBAYy3 (GKS A NLR NI ©-2020),%he Rrpakty SEG S
has not yet publicly announcedplansto use SAmlendsto reduce aviatiorrelated GHG emissions.

However, it is likely that SJC management is studying this potential, including possible synergy with SFO
and/or OAK tcsupport customer airlines iprocuring SAF blends.

WhE1fFyYR LYGSNYFGA2YyFf | ANL} NIhfps:tinwwe.&akizindainpbrficont/ofkiandntefrinthabairporigdeg | £ | A N1J2 NJ
greenblue-naturatgasbuses/

108 |bid.

109Red Rock Biofuels, presentation at ABLC Next by founder / CFO Jeff Manternach, October 2019,
https://www.biofuelsdigest.com/bdigest/2020/01/12/frorwoody-biomassto-renewabk-fuelsthe-digests2020-multi-slide-guideto-red-rock
biofuelslakeviewproject/.

10personal communication from CAAEIGNA, September 2020.

mepy W2asS LYyGSNYyFraGA2y It ! ANLRNIYE dunmdg CHOGE& yR CAIdINBaIE
https://www.flysanjose.com/sites/default/files/fiancial/activity reports/2019%20Facts%20%26%20Figures.pdf
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7. High-Level Estimatef SAFRelatedEmissionBenefitsat TopBay Area Airports

7.1. Greenhouse Gases

The BAAQMD maintainglsstrictwide GHG emissions inventory for a wide range of stationary and mobile
sources, including aircraft. GHG emissifsam aircraft ae differentiatedwithin the inventoryby county

and type of aviation (commercial, general, and militafigble8 summarizes the direct GHG emissions (in
metric tons COquivalent) forthe three major Bay Areaairports for calendar year 2019, based on the
emissions inventory!? These data represent estated emissions occurring during the landing and
takeoff (LTO) cycle, including flight from an altitude of approximately 2,308'¥é@tground level, on
ground taxi ad idling, and takeff from ground level to 2,300 fedor commercial jet aircrafiThe drect

GHG emissions reported for each airport are translated into implied fuel consumption volumes using an
emissions factor of 9.61 kgCO2e per gallonCdf-derived¥ NB Y / ! -@GRESTE 3.0/ model. This
emissions factor is consistent with the emissiorngdes used in the BAAQMD GHG emissions inventory.

Table 8. Top BAAQMD airports: GHG emissions inventory from LTO events, and implied fuel consumption

. Direct GHG Implied Fuel
. . Fuel/Engine . . .
Airport Airport Type Type Emissions ConsumptionDuring
yp (mtCQeq / year) | LTO Eventégallyear)
San Francisco International (SF 1,332,084 138,650,209
Oaklandinternational QAR Commercial Jet 334,029 34,767,451
San José International (SJC) 188,270 19,596,156
Total 193,013,816
Note: GHG missiongand therefore implied CJF consumption) may not fiaitjude businesaviationor general aviation flightsvhich can
entail a significant portin of total emissions and fuel demarfebr example, business aviation reportedly accounts for 5 to 6 percent o
total CJF consumption in the U.S.

Rull fuel cycle emission®ften called welto-wheels or WTW emissionslandanyGHG benefitthat can

be expecte from using SAF blendsare estimated using CARBECFS program methodology aBttiata.

As previously noted, the LCFS program assumes a ba&dforeCJIFof 89.37 gCO2e/MJ. Th&for SAF

used inthe calculations forthis study $ determined using LES program quarterly data for credit
generation and volumes of SAF from Q2 2019 through Q1 202Mle9 summarizes these data and the
implied averageClin each quarter. Note that the implied CI iQ2 2019 is 500 gCO2e/MJ, which is the
temporary Cl foAlternative Jet Fueh the LCFS program and indicates that volumes claimed in Q2 2019
were produced under a temporary pathway rather than the actual, certified pathway. Consequently, data
for Q2 2.9 are not intuded in estimates of the volume weighted average CEBidfof 36.06 gCO2e/MJ.

112GHG emissions data provided by BAAQMD staff for CY2019. Implied fuel ctosuwrajeulated by authors.
1132300 feet is theapproximateelevation at which atmospheric conditions change the dymanof GHG impacts on warming, particularlyew
taking into account contrails.
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Table 9. CARB LCFS program data for SAF

Quarter Q2 2019 Q32019 Q4 2019 Q1 2020
Credits 3,600 4,579 2,924 2,082

Volume (gal) 723,542 693,621 445,027 284,190
Energy Density (MJ/gal) 126.37 126.37 126.37 126.37

Volume (MJ) 91,434,003 | 87,652,886 | 56,238,062 35,913,090

Base Cl (gC0O2e/MJ) 89.37 89.37 89.37 89.37
GHG Reductions (gC0O2e/MJ) 39.37 52.24 51.99 57.97
Implied Avg Gbf SAF (gCO2e/MJ) 50.00 37.13 37.38 31.40
Volume Weighted Avg Cl gC02e/NJ3 201 Q1 2020) 36.06

As noted, SFO statport that approximately 1 billion gallons of CJF are loaded onto aircraft at the airport
each yealpre-pandemic) The BAAQMD GHG inventory implies that agpjpnately 139 million gallons of
CJF foriSFGserving flightsare consumed within the District boundasiéi.e., during LTO evenispr
approximately 14 percent of the tot@lJrvolume loaded at SFO. This ratio is assumed to apply to the two
other major airprts in the region for purposes of estimating the to@lFvolumes loaded at each
airport.''* As shown inTable10, the combined fuel volumes loaded onto aircraft at the three major
airports is approximately 1.4 hdh gallons per year.JEuse esults in fulifuel-cycle GHGemissions of
15.7 million metric tons per year.

Table 10. Estimated full fuel cycle GHG (CO2e) emissions and projected reduction potential

Projected Projected Projected
Implied Fuel Estimated Vg;\gs%:f Reductions Reductions Reductions
Airport | Consumption | FuelLoaded (MTlyear) (MTlyear) (MTlyear)
(MT/year) . . .
(gallyear) (gallyear) Baseline CJI Full adoption | Full adoption | Full adoption
of SAF5 of SAF25 of SAF50
SFO 138,650,209| 1,000,000,000 11,293,687 336,827 1,684,134 3,368,268
OAK 34,767,451| 250,756,572 2,831,966 84,462 422,308 844,615
SJC 19,596,156 141,335,207] 1,596,196 47,605 238,027 476,055
Total 193,013,816| 1,392,091,779 15,721,849 468,894 2,344,469 4,688,938

As previously described, current HEpghway neat SAF reduces GHG emissions by approximately 60
percent compared to CJF. However, SAégsired to beblendedwith CJF at no more thas0 percent by
volume and much lowetevel blendscan beused to exted volume and/or improve affordability.
Therefore, anual GHG reductions from SBIEndsare dependent on the average fraction@jfeplaced

by SAF. As shownTablel0and summarized ifiablel1, GHG reductionsom SAmMblendsat five percent

to fifty percent would produce GHG reductions of approximately 0.47 tamdllibn metric tons per year

oFaASR 2y Hnmp SYAaarzya SadAyYl (Srabkell¢elestenissigns | € ¢ DI

1141t is recognized that a larger percentage of flights operating out of SFO are international flights and that OAK andh$di@érost
percentage of domestic/regional flightShese differences could impact the ratio of fuel loaded versus fuel consuntigd tie BAAQMD,
making the estimate of 14 percent for all airports a rough approximation only.

October 2020
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from all fuel loaded at the regi@ airports. The reductions are not constrained to only the reductions
that occur within the BAAQMD boundaries. Emissions reductions within BAAQMD boundaries a
calculated assuming that 14 percent of fuel loaded in the BAAQMD is consumed in the BAAQMD, as
previously discussed. These differences in regional and émtassionshighlight the additional GHG
reductions that can be achieved by leveragpolicies that support availability of SAF in the BAAQMD.

Table 11. Summary of GHG reduction potential from SAF using 2019 volumes (metric tons/year)

Total GHG Reductions| BAAQMD GHG Reduction
Blend (MT CO2elyear) (MT CO2elyear)
SAF5 468,894 65,012
SAF25 2,344,469 325,061
SAF50 4,688,938 650,122

7.2. Criteria and Hazardous Air Pollutant

SAFcan producssignificantreductions in CO, SOx, and PM emissioos jet aircraft as discussed in
Section2.4 of this report. Such reductionsincrease withthe percentage of SAF relative to CaE
summarized infable12. While these reductions are significant on a percentage basis within the sector,
an analysis of total massnissions reductions based on the BAAQMD emissions inventorgondacted

to place the emissions reductions in context to Distvidde emissions.

Table 12. Emissions reduction factors for SAF blends (source: ACRP 02-80 study)

Blerd CO SOx PM10

SAF5 1% 4% 9%
SAF25 5% 19% 40%
SAF50 | 11% 37% 65%

Emissions inventory da@011 calendar yeafpr commercial aviation ithe countieshostingthe three
major commercial airports are extracted from BAAQMAQ &ventory and used to represerbaseline
emissions otriteria pollutants resulting fromCJFEombustion These emissions rates are summarized in
Table1l3. The NOx emission rates are provided for context; as described, naddQestion benefit $
assumed for SAF blends.

Table 13. Baseline criteria pollutant emission rates (CY 2011)

2011 Base Inventory (tons/day)
Airport NOx CcO SOx PMio

San Francisco International (SF 7.0 9.8 0.6 0.1
Oaklandinternational (OAK) 1.8 36 0.2 0.0
San José International (SJC) 1.1 1.6 0.0 0.0
9.9 15.0 0.8 0.1
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Baseline emissions rates were then escalated to calendar year 2019 levels using the relative increase in
direct GHG emissions for each airportregorted by BAAQMD staff when cpared to the 2011 baseline

GHG emissions inventory. OAK and SJC emissions are estimated to have increased by 9 percent between
2011 and 2019SFO increaseah estimated percent (Tablel4).

Table 14. Projected criteria pollutant emissions rates (CY 2019)

From GHG 2019 Projected Inventory (tons/day)
Inventory
Implied
Airport Growth NOx CcoO Sox PMuo
(2011-2019)

San Francisco International (SFO) 2% 7.1 10.0 0.6 0.1
Oakland International (OAK) 9% 2.0 3.9 0.2 0.0
San José International (SJC) 9% 1.2 1.7 0.0 0.0

Totals 4% 10.3 157 0.8 0.1

Potential emissions reductions from SAErev determined by applying the emissions reduction factors
from Tablel2 to the emissions inventory data ifiable14 for blend levels of 5 percent, 25 percent, and
50 percent SAH.ablel5summarizes these results and indicates that displagih@F with a SABblend
could provide reductions in CO emissiond a® tons per day, SOx emissions of Dt8ns per day, and
PM10 emissions of 07 tons per day.

Table 15. Summary of criteria air pollutant reduction potential from SAF (CY2019 tons per day)

Blend NOx CcO SOx PM10
SAF5 0.00 0.16 0.03 0.01
SAF25| 0.00 0.78 0.16 0.04
SAF50 | 0.00 1.72 0.31 0.07
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8. Cost Priceand Relative Value

The cossto produce SAF andthe pricesthat end usergayfor it (accounting foincentives) -- are key

determinants for the pace at whicBAFwill be able todisplacevery large volumes oE£JFn Bay Area

commercial aviatiomperationsp t dzNO K| &Ay 3 FdzSt GeLAOlIff& NBLNBaSy.
expenses (second only to labasts). Consequently, paying significantly more for SAF will play a big factor

in the financial position and stability afdoptingairlines.Notably, one costrelated advantage of SAF is

that CJFpricingcan be very volatileasit tracks crude oil pricing®

8.1. Costs of Producin§AFRas a Function of Produdtield

SAFcosts more to produce than conventional petroledrasedjet fuel. Thisis generallythe casewith
renewabletransportation fuesthat are produced on aelativelysmall scaleThe actual incremeal cost

to produce SAF can vary as a function of manyfactThese include feedstock type and location, capital
and operational costs associated with the production pro¢ess, the cotsto purchasehydrogen for the
HEFA procesdhe targeted relatd S & & A St R a éprodudts,apd h@w far th&finaD@duct must

be transported to reach endse markets.

The International Coalition for Clean Transportation (ICCT) recently evaluated the costs of producing SAF
for use in European aviation marketCCT estimatethat the levelized cost to produce SAF (assunaing

~15% baseline yield for a HEFA process) is about $0.98 to $1.21 per liter ($3.71 to $4.58 per gallon). By
comparison CJAs produced at a cost of approximately $0.54 per liter ($2.03gadlon). Basedn the

low case for SAF ($3.71 per gallon), it costs ab8uyieBcent(1.8 X)more to produce SAF thadJFICCT
attributes nmuch of thisto feedstockcosts(tallow or other sources dfiglycerides), which represents 50

to 75 percent of thdotal production cost.ICCT notes that the incremental cost of producing 1IBA¥ be

lower for large future facilities due to economies of scabnd/or technology improvements®

Based orcomments by various biofuel producers, the current incremental obshaking SAF is even

higherthan 1.8 XIna 2018 interviewleading biofuels produceXesteindicated itLJ- @8 & ¢ a2 YS 4 KS NS
theregionof3n wiAYSa6 Y2NBE G2 LINIWRaAOs muftipli€ vades lardely B & a A f

a function ofvolatie QJFpricing”! OO2NRAyYy 3 G2 | al & Hnun aClk Ol {KSSi
Action Groupestimates for the incremental cost of producing S&fge fromi2X for some wastbased

sources 6 S ® 3 @ sy lendingHEBAIpEthidayjoide-10X for spthetic fuels using carbon captuge.

Similar to the ICCT repo&,TAG notes that the combination of ne&sAFproductionfacilities being built

EGEGAAGE T G of @ ! A NI A s/ @waSstatista.goinf$tatigtidsP 7 680/ wmainline-fuél 2ostsinre2G0R/ ¢

ML/ / ¢ZX a¢KS O2ada 2F adzZIlIRNIAY3I FtGSNYyFGA@S 2S04 FdzSta Ay GKS 9dzNE LIS
wi GEd8SYSy i am@én MclXaghlis, eportéd during interview by AirportS OK y 2 £ 2 3 & o CedeYtlels:howdo/héndle thet

KSI g& 02 aia s éhttpsdrfwizaiiportieshFologyrcamyféatures/renewablet-fuelshow-to-handlethe-heavycosts/.
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in tandemwith major airlinesnow committingto largevolumeofftake agreements with SAF producers
dwill helpbring down the cost of SAF in the mtimHong(i S N ® £

As previously notedbiofuel refineries can be modified to produce a higher fraction of SAF in the co

product slate (up to about 50 percent However, this entails greater incremental camtd may

compoYA &S GKS 20SNIff 0,dep@ndakyion tieprSdudidd droc¥keNatidBional @+ f dzS
cost is attributed largely to reduced overall fuel production, as a fraction ofrtially dominant ce
productRDmust beupgraded to SAF through additial refining that reduces yields by about 10 percent.

ICCT estimates that producing SAF via the HEFA process at a 50 percent yieldadddoaal $0.30 per

gallon!*® And, as previously notdd OO0O2 NRAYy 3 (2 2y S YI 22tNdoferalyitloNR R dzOS N.
all coproducts becomes less valuable.

These dynamics weralluded to by RD producer Renewable Energy Group, Inc. (REG) in comments to
CARB about the need to treat SAF production diffdyethan RD in the LCFS:

G¢KS @Fad YI 22NR icdlucessTeapahld WiSahutadtuBinGARER fcurrddtly
producing renewable fuels for @nad transportation use. Due to historic incentives, these facilities
were designed, built, and operatéal produce orroad fuel rather than(SAF)While these facilitie

are capable of producingAFwith little modification to their process, generally the production of
(SAF)eads to decreased yields and increased operating expenditures when comparecbéa on
NEBYySglofS Fd#Stf LINRPRAzZOGAZ2Y dE

This cost / price disparithas reportedly resulted irBAF providerst & 1 Ndz33f Ay3a (2 TFAYR
AYRAZZGNRBE F2NJ {! CZ aGRdzS (2 KAGKenthyhidinezbingSAFEtSER a4 G a |
pay about $1.00 to $1.25 per gallon more for neat SAF compared t3°GXdter taking into account

government subsidies through the LCFS and RFS2 program8.Zseldotably, this does not seem to
diminishairline demandfor SAFRat SFOat least in the currendemonstrationscale of deploymenfThey

understnd that, while SAF is a premium jet fuel thabsts more,it delivers importanthardto-find in-

sectorGHG reductions that provide boocietal and corporate benefits.

Still, fuel costpremiuns have a big impact oairlines purchasing large vahes of jet fuel so the higher
price of SAF is a bimarrier to scaleelup use For exampleAlaskaAirlinesconsumes about 500 million
gallons ofCJFeach yearAccording to company managemeryen the smallest incremental cost per

18 ANJ ¢NJ yaLRNI ! OG2y DNRdzLIE a! AL GA2Yy Qa3 9YSNHE ¢NIYAAGA2YS C! /¢ {1 9¢
http://www.caafi.org/resources/pdf/FACT SHEET 5 Aviations Energy Transition.pdf

WL yiSNYFGAZ2Y L E [ 2dzy OAt -tenyl aviatiorSflieldectirtyd Ayl & LOZANRDYTYG At 2MP5T NaS[&28y23 NB F Rof 201482 |y
Briefing paperJanuary 201%ttps://theicct.org/sites/default/files/publicatims/Alternative fuel aviation briefing 20190109.pdf

120Renewable Energy Grpulnc., comments submitted to CARB regarding addition of AJF to the LCFS, May 2, 2017,
https://ww3.arb.ca.gov/fuels/Icfs/workshops/05022017 req.pdf

2 Ajrport-¢ SOKY 2 2 J ewbli@jerelsa wiSa/g (2 KFy Rt S (KS KibthsHwwwwSigbértd 4 > ¢ ! dz3dza G HMZ HA
technology.com/features/renewablget-fuelshow-to-handlethe-heavycosts/

122personal communication from Erin Cooke and John Galloway (Environmental Dept at SFO) to GNA, telephone interview, 20R§ust 12,
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gallonhasé (i NB Y S yidgaidzadnipact on thé A NJI bbtisrs hé. To he lower future costs and
prices, Alaskaontinues to search for alternative ways and feedstocks to pro@/ié

SAF is especially expensive and -g@shibitive for airlines operating outside of ¢dsm markets like the

low-carbon fuel programs in Gfarnia and Oregolfif even available This isimilar to the casef ground
transportation fleetsoutside these states trying to purcha&®D. As to be expected, major airports in
Californiag specificdy SFO and LAare leading the way taemonstrate SAF blends in commercial

aircraft 0 K y1a (2 aA3IYyAFAOFIYG aYl NJ Sl |O8BS prograndiridakel S Y S NE
alternative jet fuel a credit generatpeffective in 2019The federal Reneable Fuel Standard also helps

buy downthe costs of producing and purchasing S#beitto a lesser degredlhe followingsummarizes

K2g [ | £ AT driidyaim lcdnbines WitB fhe Federal RFS to hrelpue SAF costs to endser

airlines

8.2. Monetizaion of SAF Benefitsy Key Government Bgrams

State Low Carbon Fuel Programs

I FEATF2NYALF Q& [/ T{hNBRXWGH QC2zdfrahitBerdyRVEIRte Yrograns
that have(to date) monetizzed SAK @HGreductionbenefits Both programs &ve enabled altaative jet
fuel to generatesellablecreditswhendispensednto aircraftwithin their stateboundaries SAF Producers
pass some of theecredit values on to their airline customersThismakesit possible forirlinesservicing
Californa and Oregon giorts to purchaseSAFat a lower cost, although not onprice parity with CJF
Furtherinformation is provided belowabout how SAF is monetized under the California L@B§am
OregomM @lean Fuels prograosesa similar structure

123Gtatement by Alaska AyliS 4 SESOdzi A @S5S a. NAR3IS G2 . A2 ¥ dzSRoplar Tree§Rad & Biojdt Buel,, A 2 FdzSt & |
https://www.youtube.com/watch?v=pLye9duzlnU
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Hfectve ¥ HAaM@pZ /!w. FFRRSR alFfdSNYyFIGABS 2Si 7FdzSté¢ o
generating option in the LCFSigure6 LIN2 A RS & /! w. Q4 do0SYOKYI N] a¢ F2NJ
substituted forCJFunder the LCFS, for years 2019 to 2030 (and beyond). To generate LCFS credits each
year, an AIBa / Lmudtle beta® the corresponding benchmark. Overall, from 2019 to 2030 the ClI
benchmark curve declines by 10 percent

Average Carbon Intensity (gCO2e/MJ)
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Figure6® / | w. Q aeadbrha@é{ @ dppldable to SAF credit generation

Upon this change, staff ted that SAF presents Y 22 NJ 2 LILI2 Nlidzy A 18 ¢ 1 2 KESydSHI & &I [0
significant pergallon values for SAF in the LCFS market as functiomesf #redstock typs, all using a HEFA
pathway.Table16 provides CAR&aff initial estimates?*for the Cl ratings and LCFS trading value3Aft

madefrom animal tallow and two othefeedstocksxpected to become prominent for making SAF.

Tablel6® / !assuniptions for LCR@lue of Alternative Jet Fuels kgy feedstock

Feedstock Assumed ClI  Reduction from 2020 LCFS Value*
(gCO2e/MJ) Baseline (CI=89.37) ($/gallon)
Soybean 55.22 38% $0.75
Tallow 37.61 58% $1.14
Used Cooking Oil 22.40 75% $1.47

Based on credit price of $19MT. (Prices currently range from about $188 to $210 / MT)
CARB assumes an energy density for AJFs of 126.37 MJ/gal
CARB assumes an EER value of 1.0 for AJFs (i.e., same efficiency dercaljeefuel)

124 James Duffy, AREE  &/[ I2NB 2y CdzSt { G yRINRZé t NBaSydldAzy b1 '/ ¢ 9ELR 4DNBSYAY
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Notably, thesevere snapshotdrom early 2019LCFS values are dynangepending orthe value of LCFS
credits, Cl values of each pathway, and other factAssfurther described below, the pgallon LCFS
credits for SAF can be significantly higher than shown in this.teloeverthe per-gallonLCFS value for
SAF isot as high as Rilsed i ground transportationeven though they are currently gooduced using
the same HEFA process and feedstodkss important issue is discussed further in Seddin

Federal Renewable Fuel Standard

At the federal level, EP&&ministerghe Renewable Fuel Stand&grogram(RF8), which also monetizes
the societal benefits afenewable fuels, includin§AF. Similar tGalifornia LCFS and Oregon Clean Fuels
Program jet fuel producers participate in RFS2 voluntagl€JF grducers arenot subject to renewable
G20 f A H lrablucés(oi importerg of d NBYy S g I 6 f Bssedti@lfSARcdrSgeneratevaluable
GwSySgl 6t S L RSy RINF aredits (provadgtthdirda®l smé&eiddpplicable RFS&finitions

and EPA haapproved aD codé for it.

To date,ERA has approvednultiple pathways that an be used to produceSAFand generate RINs
Notably, hese pathways can also be used to proddrP and/or biodiesel for transportation use.
Texmarkh S&4GSQa HIRINKwhicheEPA dpproved on September 23, 2M&pears to be the
pathway forb S & (SBRAGw beingprovidedto airlines @ SFO Under this pathway, Nesteells RD it

producesin FinlandHEFA pathwayto Texmark Chemicals, Inc. Texmiasktionatesthis RD atts Texas
facility, thereby producing SAF / RJF with entirely nesofle 4 RIN&®

As discussed belowand smilar to the case with LCFS creditander the current RFS structithe per
gallon value oHEFApathwaySAF is wortlabout 6 percentess than RD used for ground transportation.

8.3. Current MarketvValuevsRenewable Diesébr Ground Transportation

Note: the discussion below provides an overview of key issues iamiicationsassociated with the
relative market values of SAF versus. RBistopic has been extensively debated within aviation fuel
stakeholders.For a comprehensive discussitimat includes detailecperspectivesfrom major biofuel
producersc with CARBtaffresponsesa S S/ Rinal St&eément of Reasons for the 2018 amendments
to the LCFS that introduced alternative jet fuel into the progfam.

Understanding the differential costs and values of SAF versus RD begitisenfitledstock and refining
biochemistry ofthese twoco-produds. Thecurrentlydominant HEFA production method-pooduces a
mixture of renewable longhain paraffinic hydrocarbons in the boiling ranges of both jet and diesel fuel.
RD is the dominant yield, witlighter chains like&SAF being a subdominant coproduBaised on limited

125RINs are tradeable commodities that represent gallons of renewable fuel produced and blended into U.S. gasoline anelsli@sel RIN
is equivalent to one dion of ethanol. Renewable fuels with more energy content per volumetric unit can genaiae than 1.0 RIN per
gallon. SAF is a D4 code RIN (defined to achieve least a 50 percent GHG reduction versus CJF) that generates 1.®RINs per gal
128.S. EPA, letter to Texmak Chemicals hitps://www.epa.gov/sites/production/files/201910/documents/texmarkchemneste-us-deter-

Itr-2019-09-23.pdf
127 CARB, https://ww3.arb.ca.gov/regact/2018/Icfs18/fsorlcfs.pdf
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public information, under current arket conditions theSAFyield using a typicaHEFAproduction
pathway ranges from 10 to 15 perceaf the total biofuelproduced!?® The refining process can be

Y2RATASR G2 AYyONBlasS {! Cdedfs WB ost HoualySmpertarfithieRaal 6 dzi (i K
biofuel yieldand/or its market valuenay be significantly reduced.

In addition to these productiomelated cost tradeoffs, a related disincentive to increasing the SAF yield is
that a gallon of SAF has l&8¢ f dzS Ay (2 RI & éhdf RDFigNd78dimpaiiek the/pegallord | f f
market values of RD (left) and SAF (rigimjler current market dynamic¢safter taking into account
combinablemoniesafforded under Californid@) BCFS and Cap & Tradegrams, plusthe D4 RINs earned
under the federal RFS2 program

As can be seen from the stacked bar grapAFs currently worth roughly $0.42 per gall¢r8 percent)

lessthanRD. This adds to the disadvantage that SA&&rrentlymore expensive to prducethan RD due

to additional production steps in the HEFA process. Finally, the renewable fuel produced in the jet fuel
boiling rangei(e. upgradable to &) may be more valuable blending in withtR&n it would be as SAF

The end resultaccording toan analysis by Stillwater AssociatdsA G KF G & ANI Ay Sa ¢ 2 d«
fSrad Pnonu Y2NB LISN FLtf2yé F2N {! C O2YLJI NBR {2
0KS 2SG FdzSt LI 2t ®éseek tBregbitics thaizBaybd foofpant usingSRARbIERIEI RIRK | G
Fo2dzi wps G2 GKS 02340 2F (GKSANI FTdStzé HKAOK O2y
operational expensesStillwater notes that y RSNJ G KA & Odz2NNBy i SO02y2YAO NBI

128|nternational Council on Clean Tradg NIi I G A-8 RN G [ FY¥BGA2Y FdzSf RSOINDB2YyAT FdA2YyY t NBANB&AS
Briefing paper, January 201&tps:// theicct.org/sites/default/files/publications/Alternative fuel aviation briefing 20190109.pdf
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reduce its carbondotprint by using (SAF) would, therefore, be at a considerable competitive cost
disadvantage to another airline that does not SAFRPE°

Figure 7. Recent Product Values for Renewable Diesel (left) vs SAF (right)

Stillwater Associates describes the economic dynamieshgfSAF is less valuabdes, follows:

G & & o orevthan(BAFpesatidIRIK is assigned a higher energy density which isoused
calculate RINs and LCFS credits per gallon of fuel. (RD generates 1.7 RINs per dSlRpamds

1.6 RINs per gallon. For calculating LCFS credit value, CARB assigeadfyatensity of 129.65

MJ/gal and (SAF)an energy density of 126.31J/gal.) The cost to purchase allowances for

I TEAFT2NYALFIQAE [/ FNB2Yy [/ FLI FYR ¢NIYRS 06/ 3¢0-tNRBINIY
based diesel counterpart (ULSD), so RD hasha@dif £ @I f dzS NBf I G AYS (2 RA

Notably, when aske about this Stillwater Associates analysibe two leadingRD / SAF producers both
confirmedthat StillwateQd T A BARMINS GINR y It £ &8 O2NNBOl¢ 2NJ aSaaSy(

290 GAfE oL GSNI ! 8320A1GSax a! ANIAySa oglyild wSySglotS WSiG CdzSt> odzi wSyS.
https://stillwaterassociates.com/airlinesant-renewablejet-fuel-but-renewablediesetis-stealingtheir-thunder/?cnreloaded=1
130 | pid.
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