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Foreword

Boeing, Mitsubishi Heavy Industries, and SMBC Aviation Capital are proud to have come together to commission
this holistic study of Japan’s Sustainable Aviation Fuel (SAF) landscape. As representatives from across the
aviation sector’s value chain, we support the Japanese government’s goals of net zero emissions by 2050 and
10% SAF for commercial aviation by 2030.

SAF-certified for use today can reduce lifecycle CO; by over 85% and holds the greatest potential to reduce
aviation emissions over the next 30 years. We share a common responsibility and mission in our pursuit of
decarbonising aviation and believe our partnership in this study demonstrates the cross-sector teamwork
needed for Japan to meet its sustainability goals.

We are grateful to the industry stakeholders in Japan who offered their time and local expertise to inform this
research. We sincerely thank ICF for ably delivering this report to assess Japan's SAF resources and
opportunities within the global economic context. Our hope is that this study helps stakeholders make the best-

informed decisions on related policies, investments, and collaboration to build a secure and sustainable SAF

ecosystem in Japan.

Leading Organizations

@Bﬂfﬂvﬂ o SMBC AVIATION CAPITAL S MizsuBISHI

Knowledge Partner

Al
/ICF



Charting the Path: SAF Ecosystem in Japan

Table of Contents

Foreword

Executive Summary

3  The path forward

Contributors

1 Methodology

2  Summary

3  Feedstock analysis

3 SAF production

1 Introduction

2

Executive Summary (Japanese) 5
17

1 Summary of key findings 17
2  Developing a Japanese SAF ecosystem 19
26

28

Section 1: Introduction and Japan Context 30
Section 2: The feedstock opportunity 37
37

41

49

4 Import and export opportunity m
Section 3: SAF production and technology 123
1 Introduction to SAF technology pathways 123
2  SAF technology pathways 125
128

4  Technology scaling and future projections 128
Section 4: Policy framework considerations 132
132

2  Policy context 133
3  SAF policy development framework 143
4 Policy opportunity in Japan 147
5  Policy impact analysis 150
6 Closing statement 157
159

Appendix

©ICF 2023






BARICEITBSAFIOS AT LDz VEL

R E

AARIE. 2060F L TISEEMNRTAOHEERE LD (kY bEA) ZERTHERALTHY . MEEROR
REFACEMICEFT2030F & TIFHrIRELMZEAE (SAF) OFERLERZ10%ICTHENDBIZEBIFTOE
T ALAR=KME BRICBEWCSAFI OV AT LZBEL. COBREENRT DLDICHBRRIRR. BT, BER
ICDOWTaHT L& LT,

1 FERFAFREROBE
- MZEERIE. BRORE - dSORRICEIZIEZELHN1DOTYT, MEEXICLDCGOPANOEBFTEEIL
1,180 MILICKR O 305 1.000 ADEEREBZAIE L TWET ', MZEEMXSHEHREORIBELRY . BE
PADBHEH, BREPREFEXATVWET ., BRMZEXHES (ATA) (& BAOMZEEXDSER20FE/ET
47%m &R L. GDPNOFESEH1, 730 NILEMT 2 EFAIL TOWETH . MZEXOEINICH. SEESRT
A (GHG) OHHEZRIBT D2XIRDPKOOSNTNET,

- MERICKZHHEZHIRT H7=HIC. SAFREBEHTEELREZHEOTVET, IATAK. 2050F £ Tl
ZERORY PEORRICHITTREESNDCOBEHIBED 5. 65%DSAFICKDHIBEHE L TOE
92, SAFREFZRACEZENLEORADPOEESND NOY T/ VBT HY .. BIFOMZEHI > DV Z2WR
THIEBRMERTEET,

* SAFOENEERIXNF—RLFROYEICOLHZ—FH. BRERIIMAETEFIRYT S ETAKRICEEDN
Flzzd 0T AN HYET, BARIHFRESMNOHBEEERTHY .. 2022F R CHREDS8% ZH A IR
’3'(“??3 BARRTA (LNG) PRBIEX > D—EEICERKFLTH Y TARDICELERDPEELLLHE

CIEReEE Y. RFDSAFAERR CIE. BErRET «—T)L (RD) PF U7V BEESND D ZLDEX(IC
bt%ﬁtﬁu—\ftlz)b:\: R2REEZADIEICRVET,

s BRRBREATOEFIMBPEEZBEL. KENLGSAFEBICED VAV ZERBL. BifZ/0—/NVICEHT
%9, [ATAG Waypoint 2050] HAREICKD & HATHDLRSAFEEREN DBRICHUELIZEREIL A
~1BHNILVERBOHONTVET, BREERO/NT T 78EEE LT, BERNOFFIMEZER L CHRENR
SAFRERR DI AT Z8H L. BAREERDFHFE L /M e MRS ICEt T 2382170 JEDTEET.

* BFIZ. 2030FEN Ty MABEEN10%%ESAF(171HA*0OVy MVELIZ4485,1006H02) ICEZBRAD
ZEZBRIRIC. 2024FH EETICRHTZEATRHEHEZILTTVET, ML 2050FDH—R> Za—bhIIE
REBEATCAARDT ) — 2 MREIEISADTEY. MEEFRICESCO B EZRIBICHET D PIREMEMDTNE
ED

« KLK— I~'C"(i~ BATSAFERDPRRT H/-HDEH. Hill. BSREGMHLELE. BARTSAFHRZHILY
BiziciE. (1) BRERR. (2) AWK, 3) BMARBOIRZRETTO2UEDHVET. JOAMEDEIS
ZIK'CSAFIZI SAT LETELT B/ DFEMERBILET

'jata.org/en/iata-repository/publications/economic-reports/japan--value-of-aviation/
2 |ATA - Sustainable Aviation Fuel (SAF)
3 Country Analysis Brief: Japan (eia.gov)

©ICF 2023


https://www.iata.org/en/iata-repository/publications/economic-reports/japan--value-of-aviation/
https://www.iata.org/en/programs/environment/sustainable-aviation-fuels/
https://www.eia.gov/international/content/analysis/countries_long/Japan/japan.pdf

BARICEITBSAFIOS AT LDz VEL

« ZOSTIE. BREHOBH TEVOAFESRENE L, 2050F£TIC1.1005F0 ) v ML (29860075
AHAY) POSAFEERNERM CAETEDERAENTNET, &/, SAFEUATL T, BIEME L T460H+F0
Uw ML (12815005 808>) OBLERIET « — LT I HEESNET,

- LPL. BRICETZEEERNDRFICKY. 2030FFTIRRERNFEHBROSAFEERNIIHREINET .
mEEZEY) (MSW : Municipal Solid Waste) BEFREIRILF—HE, BRICE D TRADHER ERDREHD
FRBIFEMTH Y. HeBRY T oA F T —2PRM. BRPBEELRVET ., IhODRREICKY . RRIHIC
EERBANDBRITDRIEEC R D —H . FHNICIEISAFP IR ) =IO KD BIFEDEZ 2/ A HEEOH Al
KFETDHIEICBRDTLED.

* BERICKDXBRDPEDHTERTY . SAFBROIANPIRIZERT L. REEARZWOIAT/ZHIC—EL
TEBERIBEDRE T, il (2030FRIRDKE., FHirlgEtt. NHEAROIAE) ZHEICRLDD10
NHMEBRDENEXIET HIET. REDRESN. BAMZSHEBIMESHDOBRFREDFEFICRE
ER

- JO-NITSTERMRZESHATHICESBOED. BRICK>TAELGZEZHMELLETNELRY FEA.
B OMIBEIC K MESHEOEBEPTHERFICBIEDI RO, EELREZBIBNDDHVET . TOHRE
R, HBOFGECEERRFNDPET T 2EMEDPHY LT . IX MRIROLHEAEAL TICERKR O EIIMZE
KR ZBEROMRELTICSAFFIBBRZEFT 5 & MESHDPSAFICHTHME T L I 7 L2805
ClY) . FJYMESTRECEER G ICRHEERETIUAIDPELCET.

©ICF 2023



BARICEITDSAFIO AT LOMERZEY)VE <

2 BFRICEITBSAFTIOY AT LD

BARICEITSSAFIOY AT LOEEZEBFEOBRERFIDBREALIL?

2020 10A. BABUFIF2050FETICH—AR>Z 21— I ZFKIRTHIEERPL. 2080FEE TISEREDR
HA (GHG) HIHE%E2013FEELL TA6%HIMT 2 cahEBERELE L. IO LEBROXEICAIT T, &%
EELE [2050FH—AR>Z 21— b IIIHD T ) -V REmE ]| “&RELE Lc. BADMEEED S DHIEE
HIEBICA T /=SAFRIARIE. ZDOMEEDRB] RZEHRTT

2022FAR . BEEFE CEIRBEEIHET. GEEOSVSAFOEENEZRET SPER/N— N —>vT%2I5
EiF. 2022F 108, EXXR@&IE [MEBRRBRCHERARTE] © (LIT. BEAAGE) 2REZLE L. ERFHT
i MRS LT () EFRRRICHITBHCOBEEDRE. (i) 2080FEE TICENMRICH T D EAEXELT
WDOCOFHEEZ2013FELLLT16%H R, (ii)2050F & TICEBHR - ENREDICH—RZ 21— NI EEIR.
EVWDBDDOBERZRZBITTNET, BEEXLIFEARSEHITA DT, 2030F L TICEmEIEICED SSAFOH /247
REREZRET HetEERKR L F L. JOBRTIE. SAFOERNEEZRET 72D, 2080FFTIc>y TV b
WRHERED10%ZSAFICEZ A D ZEDPKO LN TNET,

REEFEIL. 2030FDT v MABREBEEN10%ESAFICEZ#%Z 5 BIRE K
TASKEIIRREIN/BEZ LD RAH
RFEERICKDSAFORELMHEOTA (ERFAUY bL)

192
B HHEEtE

15
10
05

0

(0] 0

2024 2025 2026 2027 2028 2029 2030

R RFERE

4 https://www.meti.go.jp/press/2021/06/20210618005/20210618005.html
5 https://www.mlit.go.jp/report/press/content/001573999.pdf

©ICF 2023


https://www.meti.go.jp/press/2021/06/20210618005/20210618005.html
https://www.mlit.go.jp/report/press/content/001573999.pdf

BARICEITDSAFIO AT LOMERZEY)VE <

2030FERUVU2050FNSAFHIRZER T H=HIC. ENED LEEAREHHFIRAETEED ?

SAFFIRZ® U BARDMZEIFIOBRRFLICEIT /RO IHRN LRI ERET DL, FBPIRLRBOERES
ZIETHIETT . CORMTIE. EVBRRROIFEMBRROBRMICERZEZLTTVET, EMBEFRFEBHIL,
HfE (FOG : Fat, Oil, Grease) . #MhEEY. RFERE. KENAF YA, BEREDHRRMDPEEN. IEEY
RERDERHIIE. UV A TILD—ARUPBERRIRIILF—DHUET., BARIHERTERIHDARONTEY. B
HOBMAELZ(\cd., BRREHET DRBUEHTD OSBRI LE L.

ZORME. 7O—/Nb, #ughl. BRlESCRFOMRZRICERLE L. WD, EHEESMEAJTTRIS,
2EHBEEXBRMEGESGS (UCO JAPAN). MEEEXRE R EDQDBADHEBENIERE LD - HEEREERE
LTWET . ALR—BTIE ESICERRBOERME TOF AR, el s8R AR LR UMD B A\DE
DICRATAeFMEEML L L7, INOSDBEREMNT. FRBOAFED() BOFUF. (2) FEEDSTY
F. @) mWFUADIDDIF I FZHBELE L.

BEBMOAFEE. REEOLEBDPEUEHRICAED LD IXLF—ICERLTEVELELZ. ZORRICED
EARENAATA, HEEY). BEITEIXIILF-—REDFRERKD. BARDSAFAEICE D THEADERER
WET, ICFORRTIE. SAFOEEEIF2050FFTIC3345+0U w ML (888,000 H0O>) »51,0305+
OUw ML (27820005 570>) OBEICKED EHELE L.

ICFiZ. Z7O0—/Nb. R EflzSCHEFEOMIRZEIC. Hinr et EAEREICEET 55
HTE¥R 2 B0

————  ICFOAHRIC LB ERMHARDIE (20504F) JTTREAZEE DY > FILHE —
12
19 .
10 103 < ICF_[%_ ‘ LJTTR“EJ
E 8 { JTTRIH
I 6 57 { ICF { JTTRIE
4
24 . 4 ICFIE
2 17
o oo [ ==
HRE ERERE NGNS MHE BATE At &t
N A =Y  IxIF—

L D ICFIC KB 2. JTTRI, 3 MAMIERBRS S FUFICEDNTWS . BIEICIEDHS.

IR —AAR T« Tld. BARICETDSAFEEROHHREEYDODAFREHE T D ICICFDPER LIcFFa
EHICEHLLEALET,

6 ROT_MRI2021_A44t_$R&E_ AAEEM (jttri.or.jp)
7 https://zenyuren.or.jo/document/220407_ucorecycleflow_r3.pdf
8 https://www.meti.go.jo/shingikai/energy environment/saf/pdf/003_07_00.pdf

©ICF 2023


https://www.jttri.or.jp/pdf/aviation_portal-07.pdf
https://zenyuren.or.jp/document/220407_ucorecycleflow_r3.pdf
https://www.meti.go.jp/shingikai/energy_environment/saf/pdf/003_07_00.pdf

BARICEITDSAFIO AT LOMERZEY)VE <

T—AA2T 1 : BRADSAFICE T B EBHEEY (MSW) OAFHE

BARICIE. BEYOIRELOCIC) Y1 T, B, QRETDOLERA 27 T amAlBERRENEES A
TLPEBEINTNET ., BHEREYEHNA LLSAFEEIREFORENEES AT LEDHED NP RTH
V. ROBRDPERER) KT,
- WAERZEDZ D BEEYNIEHER % SAFER ICEERA D,
DA IR RN ZEIET D.
- BHREERMEEANNBICEHAT 2,

SAFOEEMRBEEEIL. AODK(L. BEMR. BEVEBEGREOERZEICEENEDEEEEIERT D
ETEHEH L F Lz RIS, COREEBZRWVTUY A JILE, EEYOHIRE. GADH D DEHERICEDTSI
DOAFMSFTUF (B, . &) ZfELE L. BT UFIRFNBRERZERL. &7 ) F [SHEEmI7R
‘EZEXZLTOVWET, BT UFTORRIE. RREZOROMBOKFRE (C) Z5ETESLD. 4D00F
BBPEEWONT I —ICHELE L.

BHBEDETZERI S, BPMRBRAFRIIRONTNSEDD. FRIIICIIKEDIHHEREM D AFA]
BEICBRBD ZEDPTRENE Lc. SAFDPRBEIRKY HMEDEVERRKRE L TR#M SN, SAFEETOY T M
B DEBNEEXHRT DI ETA VT TOBIBREZEDD ZENTEERT,

ICFORhTlE. BAOMRHEIZEIC, #MHEEMOHIRE ) YA ZILOEMDBPEREIN TS
ICFOAMIC LB HHEEYNDE —— JTTRAZTEOT TR —

< 045 CFO#RIE. HHEENDY) JTTRIE

im 0.40 HEUTA ZILOEMAZERS P dUTTRIs

M 0.35 NTWB7sH. JTTRIOER L

2 0.30 DHEWBEER>TWLS

= 025

go20 | - 4ICF®

g OB SRR ~zg5 ICFeF

i 010 et e TSAFYOTE {ICFE

fié 005 | ool BRI

B O l== (JTTRIE

2025 2030 2035 2040 2045 2050 ICE_JTTRI
H8t - ICFIC K2, JTTRI

©ICF 2023



BARICEITDSAFIO AT LOMERZEY)VE <

SAFD10%HMAERIE. 1V MNAREBEICHITSSAFOERE%2RTEATT. SAFOUREEZLIET S/
. ICFIF2080F&TOY Ty MIRIBEEDTABEZFR L E L. JOFAIE. INETOI Ty MIREE
EOEIMER GRIREDOT VAN ARIERTHAMNOZDROBEZEE) ZHEADD. SEOMBRIEDOF UM
ZEHREAVCEMHEORERESZRBLTVWET ., INSOFREEIC. BERNRHEROSAFEERKS CMPPEEE
DEARERT LUND3DDEZERIL> T A 2B L& LT,

. EXRROEBSHENZE | REOAFUELIES. MEBEZIEFEN, 21y MIRCEBEEDHIRKEER
SAFEEZRDORFED £ ICEHF.

2. EXAIROESHRREOBIES | REOAFH, MECBEECSICHREN. D1y MAKBEEOHIRCEER
SAFEESREED DRFEDOEES T F,

3. EXEINOESHFRRISEALIES  REODAFUEDE . MELEBEEDED . MHDEROFVMZERDEA
ROEM A FREICERNSAFEBESRBERDH O . oD DEM P ELER.

2050F £ COMPEEEICH T 2ENERHC K BSAFAEWRS &R 3DDF U F Z1EK

Iy MNIRREEE. BERRBDSEESNSSAF (BEAFOU Y ML) N
fEim LIS ,
2 PRESEETH o FRNRES o |
20 . HLRLHER ? :
.............................. (PR B E E : :
15 | T [ l

CEVIEEERE ﬁ N A

10 J/\/ EESAF . (BOEBAEH 4_4[ 45
5 AR A

/4 {EVER AT

2010 2020 2030 2040 2050

R 1 ICFIC K27

- ’REBRY (2080%) (IClE. v M ORBEDHRAEO% ZENRH CEDBRADPIRED D U ET ., JRER

TlE. SAFORBERICBETAERIED Y LAY ERL2ATRESNLER CRETIE100%. EUTIE70%.

BMZERHLTIEE0%FH) #2E(ICTDHE. BRNRHTHEDNDEO%~100%EENBD ZENTEBHRIEREDDH &
—a_o

©ICF 2023

10



BRICETBHSAFI O AT LDOMEZET)VFEL

ICFId. BRZEDHNITENRH T 1Y MNAREFEEDRABO%ZENRA D EHTE

DTy MEKEE B S5 5 EESAFAEROHE (%)
it LTy (3 SRR

70% PtL
[ FT and AtJ

50% |l HEFA

1 2050FDSAF

2030FED
SAF10% B2

2040
2045
2050 f}
2025 |
2030

L0 X9} Xe} 0 O Xe} 0
5 8 8 s 2 88§88 3 ¢ 8

e | ICFIC KD, ' 2050FDSAFERRIFKE (SAF100%) « EU (SAF70%) . BMESHOBREETE.

SAFAEICHArIRERRMZREL. MREBEKBRTSLDICTXILF—8 (RE&T1—)) [TBREL TRAR> T
UZ i LIcHER. SAFEEEICKERBY HD I EDRODICRUE Lic, :ZBINEIE. BHEEDPHER]
IR F—220. REFHREUZABICHIBRTEZ AR ZRTRHMDP+RICHFETHIETT. LHL. Z
NODERMERWCRRBE RS T ) A DEEEZED T /2DICIE. i%ﬁ%gT? MY 724 F 1 —>0DR
FEXRRMFARICHD U AT DR, BROFR. EEOERBED/ZOHIC. ZEDARIIRERVET. HEFAZHKIC
MEEOHEER D RAETNET D, MREH %K%&T%ﬁ@@é;t@“ﬁ$UT%éﬂibt Lo
TR ORIREM ERARICS | EHT /2. ZEFFIOBED ALV OEFEETT.

MAPTRERFEHDZ S PEMTH ). KFRREEEORKRICENTTY AT 28ERT DM HPBE

FReJRERRY (N&T 1 —Ib)

1200 | g
000 | [ BER/ R 3 maniey

R
800 | [T AH/ A 47 A 4 \
(2 AR ER
600 | [ EBTIBEES r— R RS20
BAREETRILE—

400

N Es L

2025 2030 2040 2050

Lt L ICFIC KB, FRERERB/BEIIDPETHD/HT T 7ICIERRSN TV,

©ICF 2023

n



BARICEITDSAFIO AT LOMERZEY)VE <

ERNREEHEBARDMEZEEDRKRICEVWTERRKE ZH O EMO TVWETH, ELERS T UFTH
DTCOHERNRMOADBERENITIHRHETT ., TENZIEDDD. R FEE. SAFBMA L EDICRRBFERED
DT DOXIRDBETT

HEERAICIE. 2080FDSAFMMBEZRZENT 2 L THARERNRMIIFET 2—H. EREFIEINSDOTERY
ZSAFICEMRT BIODIBY T IAF I -V ROBMDPBEERD & MOICHERROBREVEET HR
TY, BE. MARKETCSAFZEETCED ZEDPKRASNTVDDIFHEFADATY . Atd. FTROPILEW D725k
ERBOREEMICE VT, VATERRURBILKICEH T TS 5RDEREREDPVETT,

ICFiE. 2030F £ CICAFH3~SEDTRERMEBWEERR (AAUKLIFFT) PBBTLEFTRAL TOERTH.
BB T REELAIISET BICH. BHEEEMBZOLOOBANBECRBTEEAENTL &5, 20405
£ TICHERBITDRAT 5 ERON. £ BRI LV BEOAMBH EERFK TENRAD £ IR BITH
B ET, BAICBOTSAFIOY AT LAATHT DI, HHES. HEREROKFENELDEERREHT
ARTT,

FTERBOBRENICEAT S FAETHEREZZFERVICL. 2080FETOTRED 12D D5
ADI&E & 78R

BBREERICKD2030FENDSAFEEETFH] REEERICKD2040FEDSAFAEES T A
(BREFOU Y ML) B\ERFOUw dIL) 5<927oﬁéL¢Eu
1717KL o0
175 |< 7 BiZ%%EH &
B ICEH)
15 f 6 |« '
125 1 5 %0403@ Bz |
! #
017g oo0E | g ' 3557KL
- BAOTEICEKY 1
050 B s P - 9 %%f;%)gﬁ%gﬁ =p (204062
HAB \/ EEEZ%%ES
0.25 1 EICEH)
(0] 0]
2030F D  FoE/RKHT BAS 2040F D FoEERAHC WAE
HEFAXEE L34 EE HEFAXEE K24%FEE
HE L ICFICK DT, ' 2030FEDHEIF2~SEDFT/ I O—ART R/ —ILERDAEREE L /54,

2 2040&@&% IEMD V) ATERBHDIRREAT T Y TERMHREL TS,

SAFEXIEIEARREIRXNVF—LIVIVRAZVDICLTERBIENTEZSH»?

OB RAAT AR ED TR F—lE, MHRTHROZEEIENTOLSEENDIDTY, LHAL. HIEEDS0%IEHDT
DEHE. O0%ULEFHTH22HEDSHEEN TS EVWDRNEHEDFEL . BUARBEPCERKEOTEEZ(TP
TORBEESATLTT., HREMDIRIF—HAERTHLAREID LIHRIBRANDZOZEERFICZIT T
WRICH Y. SAFERIEY (BERRET « —EILPFI7HRE) OEEICKY IRILF-ftgzSiRtL. TxIL+
—LYUIVAEREREZM LS EDIREDPEENET .

SAFEEDRIEME L TRONDBERET « — P T 7Y IE. EBEXEBMHOTHSEBARD/NA IR BER
E (FURBRETSRY v ML) OMAEXZABIET TR ALERPEMEEREMEZOTREICHEDADP YK
Y, SAFEXZBERTHIET. BRNOBERIRET « —CIVEEEIF2,3005 Y v ML (610A5450>) »58,000
AUy ML 21205 882) NEXRBRIEMDPRAENET.

©ICF 2023



BRICETBHSAFI O AT LDOMEZET)VFEL

HHEEDCARENA AN AD LS BRLZ L DRERHIET TICMDRFTHRSNTWETH. CODMTIIEREEEE
FIRLAD S, RBELAENERENICRBITL W ZEEZZRLTVWET, FlIAX. MhmEEHNE TXIILF—(ICE
B DIDICERESNDEANFIFA0FOMBFERERE TEFICKRD EFREIN. ZLESRIOFED D BICTHAEL
BAET ., UK REOFRMESAFEENBITT D EDPIREC RV LT, SAFK. IxILF—ReREL
REEOWMA CHRZEH/O5TRMERRTTH. IO LIEFREFTDEDHICE. BEDEFDADBBESIND L
DBRVBRENLRBERIMEADUETT . HMABERICAFICED T 572D, BREEMEDONRAISNT BT THL
ED 5 DEIRPHBEN L E. RHFEZIET H2HEAMEUDPRDPEELA, COBANET TO—FIE. BHF
PEBRETAY—F257—T0/ Iy MEADKRICHITTERLTVET.

Z<LDEFHET TICRDHFTHRASIN TS Y. SAFEEREIEYZSEaMNMER®EEH
Y

ERNRDEE=Z (BAFOU Y ML) HHEEYO I XILF—EZE (H/ h>)
_ 103 ——

SAFAEIC 86,000
E5TEM 008 DffifE
<NBHRDAE
Es

0.02

7,600
O
IR SEY)1%) BEh SAF

H# o ICFIC KB . USDA Biofuels Annual

SAFIOAYATLDOUEICEVT, REEDEDBANZALHIBHREZATVSDOH?

BABIE T —2A I NRX=2 3 VBEESREDESRHEA N ZALEBNT. RFRIBDIDDA / X=23 %X
BLTCEE L, JO2MAMERE #144E NL) OESEF. TR+ — - EERMHBEHEREE (NEDO) 28
CTEHNTOD T FOMRK. FFE. FFRMZZELTVET . SAFE. BAROMZERFIOR KRR EXZIET DT
DR YIADBEEBRZIENRTT ., 7 —2A /X=2 3 VEEO—RE LT, NEDOIESAFROZ D& B
FH o] Re B 2R T /37Oy b 70217 M1, 145@M (H8E3,0005 ML) OBimeEaRfFLE L.

INERFRNC, #BHFEFLIENEDOD/NA FREHRAMTFHRE 70> 17 MIEH51/88,000HH (#93.7405 ML) D
M3 EERME L TOET ., SAF10%FBEROERIE. T -2/ RX=2 3V EEOXOBSAFEEXEDE 5D Y
ATERHEFRREIRET DEEAMEV ICHD DO TNET,

©ICF 2023

13



BARICEITDSAFIO AT LOMERZEY)VE <

3 EENEE
SAFEEI. BHBIRPRERR. REAOVEBROLD DMFEXEELEL LTOET, ICFE. UTORYA
Bz &Y BADSAFLOY AT LY BAIGET BTRMA B2 EEXTLET,

- SEHEHIRDZ VO SAFICEMES XS 1 BAIE. SAFFIBEE%ZE1H L. CORSIADFEHGRIREMREE (10%L LD

PIHERIRERT) (A>T 2030FICMAF TEHONKRSAF10%FBERZRERALTCVET, —H. BIHDZ
{DEERTCHEHSAFEREDPETEVWLNIVCRESNTOWET D, SAFICKUHBEED LW ZHIBENLBE
ICIERKRELHMESATOET . BIZIE. EUTIF2030F L TICSAFFBRO% ZEFMIITTOERTH. BIHE
BIBERCS %L EDSAFZMRE L TVWET . ZEED10%FABRITRFREICK > TREIN. FIEEEIRED
BUSAFZERT 256, BIREMICKO SNAFBEMERSNE T, KEIFSAFEABREZRITTOEEA
Do EFEAF R OINEAF DBERISLCFS®SAF-BTC. CFPCZB LU CELWUBWHIEERIRICHRWND HDICHR DT
WET. ZDKDIC. BRTHEABENDSAFICX L TH. REBREDEVWSAFZFBY 2 Z&T10%DH B EZR
ICRURELEMTCZ DL OFRMBHMEER T DI EZRELET .
ZORHDS. BARDSAF10%MBERZREENT BDICER LZSAFICDOWNT. RNHIBETHDA40%EEBA
DHIRZEICK L T10%BICHO250FEMZMMT 2 EERELFT ., AIAIE. SAFFBICKWEIHEZ60%
B L7236, TtO50FEMPMEMENET, COSAFZER L TE42AKZBL LGS, MEEHIT6.7%
(10%/ (1+0.5) ) CEESNET. BEfkic. FHBHRIBED80%DSAFZFIAY 25%Ea+1. ODFRUD 5 A
5. ROKICRT KD ICHERGIEENICR Y ET .

ZOFHETIE. 10%FAEFRNODEBREDE K KU KELHHAIREZENR T 5 SAFICHREM Z
BABIEERETS

EUDBIE : 6% AADBIE : 10%
00 V V =E0BEE: 10%. BEHE70%40%5
S0% © ERHRE T B. SAFOHHEEIREDS

! {KICK YU SAFFBE 38R,
\ 4

8 oo ICFARET 3 BIE - SHENIHES |
: MBI 0% 7215, Bt i

30% = - _
20% mUWSAFICIFHREZ 52 5.
10% [===-=-=----cememececccce e cccee o
0%
4% 6% 8% 10% 12% 14%

2030FEDLAET T v NERMERZICHHBHSAFDE|E
et ICFIC KD

DEREEEAT 2 I ETARISHEHFADSAFFMABERICELAZRHA. UTOMREFDIENTEDTL L

O

a. BAERTAFTERRBOXRF 2 LD ERBZFA L. MILSAFEERMORAREZRICOEDHY
TY. IO LIEMPRBIEKBLIILEHHZER TES—H. BVBHEERIBOMED B K /23S
nEWNSE. JURMEREREDRSISE LORIREEDPH U ET,

©ICF 2023



BARICEITBSAFIOS AT LDz VEL

b. HFFJAL. ANA. ZDOMESHOHRFCEFEEZZEL. AERLHHEBRIRZRRIGERTER
T RTE. CORSIADHFHrAIREMREEICEA DS SAFDRBAEIODICERDPETONTOVET N, ZHIEE
EMAHIEERBERICORD ST MERHICHSRERZEESESEICRYDPRERA. £,
(CORSIADEH T 2) RIE10%DHHBIBED A& ZM T 5SAFZRBULTSAF10%F B OEH %7
LTH. CO2AETIRHDLTMI%NDEIRICE EXKVBRRFNLE LTERTHTY . KUBVWHHERIEZIR%Z
FOSAFICHRIM & 542 Z &id. MERBREDPBIETRRFCERBICEHR L. KUKBREIHARRTEE
9. Ko, REMLBBIHEEHHIREBONBVEEMERHEDSAFOMEZRIBI DU AT ZH I ED
TEET.

* 2040FRU2050FNSAFFIABIRZHILT S : SAERSNDERIE20~30FMICHIc>THRET D7
. BERVEEE ICERDOMWAFERICHI > THEIMET 2 VW DERESASRPANGBZENIERTT .

- BRMZESHICTRICE SBVRELRIV—IV&RITS : SAFFIBBERPERSNBEWVEREOMLEAZHEIT D&
T. BIMZESHICHERMESHER UCBIRERT CEDNTEET. JOFESEUERETEASNTE Y.
BEIRIOBENRE LI/ A MBBERICEA<AOSNTVET,

s ROEILHIRBEHNRE LEBR (REBHLES € FT) 28BATS !

a. EINSAFEXDER : BAENDSAFERIFELZRRL THOT . HREEEL. EXRDHALTVWDFESN
EICHANTAAMETAHICRDTL &£, HIREENRE LIZBERICKY . EEEDHFRTE CHRF D
ORI DR CIEE. FPIEERDIRICOBRD VKT,

b. BREDKS : SEO IR MEBICEERIND L. MEEEOLRICEVEBHEAET L. BAREOR/
ERCERERVET, £771H—. OVTHREDEHEIAR NETHRZET. BEOPEBERAT
ZEDTEET,

c. EREHERICAT =3RS W)%'?ﬂ@/’\i’l‘ﬂi%b\—ﬁ\ ZDZ NFEZFISHHBEMDBETT . #
BKMPRBEEAICKD ) AT ZBE/T /2OICE. BISOREBEEESEDARIRTT . IO LeiKiliamfsE
THIET. HRHHORRE J#L\EZK#bﬁmiﬁuﬁd#’(%%—f“b'ﬁﬁiiﬂi?

« BEBEROFER : BRDIT ) > NIV AT —X =32 (GX) BERIE. h—AR>Za1— N ZILERICHITT
PRABREEDTFOEEZBI R LSEBIOERTIG0IKM (11,000 NIL) OERBMEZTO/REOD—RNT Y
7"'(3“ COBKRIE. LNGRE. K&K - 7oEZ7RE. RMKBEBEOZIEICFAIN. SAFEEREBDZIE

ICBEDLNDEEEEDHY) £T . ZOMEBEERE LT, BEMEERGE (FITHIE) ©FIP (7+—RK1>71L 2
7L FIE. h—AR>Z 21— INICEFZRERERFIVH U ET. IO LEEBBBEITEERSIREE
WELZHDT. BEORKRFICHE T -RBIREEIRETDEDTT .,

- fBER E D  SAFIL. KEFLEE. CORUR. BERMEIRILF— BRERE. BEVLELRE . #HOE
RAEXRZNRSEDAEEEMDOTNET . MmeiFALT 572, SAFBEROBHEAE Z D LIZMEFEDHE
REMBT DHVEDDET,

©ICF 2023






Charting the Path: SAF Ecosystem in Japan

Executive Summary

Japan has committed to achieving net zero emissions by 2050 and has proposed a 10% Sustainable Aviation
Fuel (SAF) target by 2030 to support the decarbonisation of the aviation industry. This report evaluates the
feedstocks, technologies, and policies required to develop a SAF ecosystem in Japan and achieve this target.

1 Summary of key findings

= Aviation is a key pillar of Japan’s economic and social prosperity, contributing $18 billion to GDP each
year and directly employing 301,000 people'. Air transport creates bridges between communities, ensuring
the flow of goods, people, investment, and economic developments. IATA forecasts Japanese air transport
to grow by 47% in the next 20 years, contributing an additional $173 billion to GDP. However, action must be
taken to decouple the growth in activity from Japan’s greenhouse gas (GHG) emissions.

= SAF is crucial to reducing aviation emissions. IATA estimates SAF to contribute to 65% of the emissions
reduction needed by aviation to reach net zero by 20502 SAF is produced from feedstocks such as
agricultural residues and waste materials and is considered a drop-in fuel, meaning it can be used in existing
aircraft engines without requiring modifications.

= Domestic SAF production would improve energy security, but other uses of the domestic feedstocks
may be in Japan’s economic interest. Japan is the fifth-highest consumer of oil in the world, with a reliance
on imports to meet 88% of its demand in 20223, Japan relies on tanker shipments of LNG and crude oil,
leaving the system vulnerable to force majeure. The majority of SAF facilities will also produce renewable
diesel (RD) and naphtha, supporting energy security and decarbonisation across many other sectors.

= Japan can leverage domestic expertise to de-risk advanced SAF technologies and support global
technology exports. The ATAG Waypoint 2050 study estimates $1.1 to $1.5 trillion in global investment to
build sufficient SAF capacity. As a prominent exporter of high technology, Japan can utilise domestic
expertise to employ investment to de-risk initial advanced SAF facilities and support Japanese companies
to export the technologies developed to the global market.

= Japan introduced a proposal to replace 10% of the 2030 jet fuel demand with SAF (1.71 million kilolitres
or 451 million gallons), with plans to introduce regulations by mid-2024. This shift, in alignment with Japan's
Green Growth Strategy Through Achieving Carbon Neutrality in 2050, has the potential to drive a major
improvement in carbon emissions from the aviation industry.

= This report evaluates the feedstocks, technologies, and policies to develop a SAF industry in Japan.
Establishing SAF supply in Japan involves three key considerations; (1) domestic feedstocks, (2) imported
fuels, and (3) imported feedstocks. This analysis evaluated the potential mechanisms to establish a
successful SAF ecosystem in Japan.
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= This analysis showed significant domestic feedstock availability with capacity to produce 11 million
kilolitres (2,906 million gallons) SAF by 2050. Alongside SAF, this feedstock would also produce 4.6 million
kilolitres (1,215 million gallons) of renewable diesel and naphtha co-products.

= However, Japan'’s limited production capacity restricts the country’s ability to process its domestic
feedstocks into SAF by 2030. The feedstocks providing the highest opportunity for Japan, such as
Municipal Solid Waste (MSW) and renewable electricity, are complex and require new supply chains,
technologies, and facilities. Developing these will allow Japan to shift to domestic feedstocks in the
medium/long term, while ensuring uptake in the short term through imported SAF or easily refined bio-
intermediaries such as ethanol.

= Policy support is crucial. The cost and risk for SAF facilities require a consistent regulatory value to crowd
in private capital. Supporting the 10% target with clear details (level before/after 2030, sustainability, buy-
out price) will encourage investment and level the playing field between domestic and foreign carriers.

= The policy must ensure fair support to avoid disadvantages to local airlines in the global market. Price
differences in aviation fuel can harm financial performance, and market competition, and increase fares. This
can result in a reduction in regional connectivity and business competitiveness. A mandated SAF target
without cost reduction mechanisms or application to both international and domestic airlines risks
impacting transiting passengers and associated revenue due to the price premium airlines bear for SAF
compared to conventional jet fuel.
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2 Developing a Japanese SAF ecosystem

What is the existing policy and regulatory framework guiding the development of a SAF
ecosystem in Japan?

In October 2020, the Government of Japan (GOJ) pledged to become carbon neutral by 2050, with the interim
goal of achieving a 46 per cent reduction in greenhouse gas (GHG) emissions by 2030 compared to 2013 levels.
To support these ambitions, the Ministry of Economy, Trade, and Industry (METI) developed the “Green Growth
Strategy Through Achieving Carbon Neutrality in 2050”4 The reduction of emissions from Japan's aviation
sector utilising sustainable aviation fuel is an integral part of this strategy.

In April 2022, METI and the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) jointly launched a
public-private partnership to facilitate the development of reliable domestic production of SAF. In October
2022, MLIT published the Basic Policy for Promoting Decarbonisation of Aviation® (hereinafter referred to as
Basic Policy). The Basic Policy outlines three targets for airlines: (i) stabilization of CO2 emissions from
international flights, (ii) reduction in CO2 emissions per unit transport from domestic flights by 16 per cent by
2030 compared to 2013 levels, and (iii) carbon neutrality for both international and domestic flights by 2050.
In alignment with the Basic Policy, METI announced plans to set a new target volume for SAF under the
Sophisticated Act by 2030. To stimulate domestic SAF production, this target will require SAF to replace 10%
of jet fuel by 2030.

METI announced SAF will account for 10% of jet fuel consumption by 2030, with the
forecasted supply volume expected to exceed the announced target

METI forecasted SAF demand and supply, METI, Million kL

2 1.83 1.92
[l Demand projections
[l supply intentions
1.5
1
0.5
0
o] &
2024 2025 2026 2027 2028 2029 2030

Source: METI
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What domestic feedstocks can be used to meet 2030 and 2050 SAF targets?

Understanding the available types and quantities of feedstocks is key to determining the most efficient strategy
to decarbonise the Japanese aviation industry through SAF use. This analysis focused on both biogenic and
non-biogenic feedstocks. Biogenic feedstocks include fats, oils, and greases (FOGs), municipal solid waste
(MSW), agricultural residues, woody biomass, and novel feedstocks such as algae. Non-biogenic feedstocks
include recycled carbon and renewable electricity. Due to the limited arable land availability in Japan and
considerable imports of food, feedstocks competing with food sources were excluded from this analysis.

This analysis builds on existing work, including global, regional, and country-specific studies. Most notably, this
analysis builds on and validates the research conducted by Japanese research institutions such as the
Japanese Transport and Tourism Institution (JTTRI)®, UCO Japan’, and METI®. This report adds additional details
on technical availability, sustainable availability, and allocation to aviation of domestic feedstocks. This
information was utilised to build three theoretical scenarios; (1) low-scenario, (2) mid-scenario, and (3) high-
scenario, for each available feedstock.

The availability of each feedstock was determined and converted to energy to enhance the comparison
capability between feedstocks. Based on this analysis, advanced feedstocks such as woody biomass, MSW, and
renewable electricity offer the highest opportunity for SAF production in Japan. ICF analysis estimates SAF
production to range between 3.34 million kilolitres (880 million gallons) to 11 million kilolitres (2,906 million
gallons) by 2050. ICF has conducted a direct comparison with prominent studies like the JTTRI study. This study
did not account for emerging feedstocks such as algae for SAF production. Consequently, ICF adjusted the SAF
production values between 3.34 million kilolitres (880 million gallons) to 10.3 million kilolitres (2,720 million
gallons) by 2050.

ICF builds on the work already completed including global, regional, and country
specific studies with additional detail on sustainability and alternate uses

JTTRI and ICF scenarios, Volume ranges, Million kL Sample comparison to
JTTRI study
12 1.9
4 JTTRIHigh
10 103 4 ICF High
4 JTTRIMid
8
6 5.7 { ICF Mid 4JTTRILow
4 4 IcFL
ow
) 2.4 7
o 0.1 0.4  —
FOGs Agricultural Woody MSW  Renewable Total Total
Residues Biomass Electricity

Source: ICF Analysis, JTTRI, Note — both analyses are built on different scenarios resulting in a wide range
of values, Conversion: ICF total = 2.7 billion gallons, JTTRI total volume = 3.1 billion gallons
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The following case study provides additional detail on the methodology applied by ICF to estimate the
availability of MSW for SAF production in Japan.

Case study: Municipal Solid Waste (MSW) availability for SAF in Japan

Japan has a well-developed waste management system, with a complete collection of waste and extensive
infrastructure for recycling, reusing, and disposal. The use of MSW for SAF production must integrate within
this system, with three areas of opportunity:

= Replacing existing waste disposal assets as they reach the end of life.

= Management of unrecyclable waste, i.e. to support existing infrastructure.
= Diversion of exported waste for domestic use.

The potential SAF production is assessed by developing a waste production baseline utilising drivers such
as population changes, economic growth, and waste avoidance. The baseline is then utilised to develop three
availability scenarios (low, mid, and high), based on the rate of improvement in terms of recycling, waste
reduction, and the rate of transition from incineration. The low scenario represents a conservative roll-out,
and the high scenario represents an aggressive roll-out. These results utilising the scenarios were
segregated into an outcome of four different categories of waste to be able to calculate the carbon intensity
(CI) of the feedstock and later-on fuel.

Overall, considering the decline in incinerator capacity, indicates that, despite limited near-term availability,
significant MSW volumes could become available over the medium to long term. Considerations include
recognising SAF as a higher-value option than thermal recovery, potentially supported by government
grants-in-aid for SAF production projects to drive infrastructure replacement.

Aligned with Japanese regulation the ICF analysis on MSW considers reduction in
MSW production and increased recycling

MSW availability, Million kL Sample comparison to
JTTRI study
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Source: ICF Analysis, JTTRI
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The 10% SAF target is a percentage of jet fuel consumption. To understand the required volumes, ICF developed
a projected range of jet fuel consumption through 2050. This range outlines the historic growth in jet fuel
consumption (including the recovery during and after the COVID-19 pandemic) and assumes various rates of
deployment of fuel-efficient aircraft and operational improvements. These projections were utilised to develop
the following three scenarios to illustrate the production opportunities for domestic feedstock versus fuel

consumption:

1.

Lagging development: Low feedstock availability and central fuel consumption. Stagnation in
developments to reduce jet fuel consumption and support domestic SAF production.

Central development: Central feedstock availability and central fuel consumption. Baseline scenario
for developments to reduce jet fuel consumption and support domestic SAF production.

Rapid development: High feedstock availability and low fuel consumption. Advanced but achievable
progress toward the deployment of more efficient aircraft and operational improvement with
supportive policy mechanisms to support domestic SAF production.

Three scenarios were developed to illustrate the production opportunities for
domestic feedstock vs fuel consumption through 2050

Jet fuel consumption vs. SAF produced from domestic feedstocks, Million kL Lagging development

Central development 4

]

25 I

Fuel Projections @ _ ! !

20 ! Rapid development ? ! !

R 4 Central fuel i : :

"""""""""""""""""""" 1 ] |
© e 4 Low fuel R 3 s
10 ‘//’\/ Domestic SAF o { Highfeedstock — >~ o e

: I
! 4 Central feedstock J
> _/{ Low feedstock
2010 2020 2030 2040 2050

Source: ICF Analysis

In the medium to long term (2050), domestic feedstocks could achieve up to 80% of the total jet fuel demand.
To date, there has not been an announcement regarding a long-term SAF target. Utilising targets set across the
industry (100% SAF target in the US, 70% SAF target in the EU, and 60% SAF target by individual airlines),
domestic feedstocks could support between 80% to 100% of the demand.
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ICF estimates that domestic feedstock is sufficient to meet up to 80% of jet fuel
demand with policy support

Domestic SAF production as a percentage of jet fuel consumption, Percent (%)

(:i‘) Lagging development (:_ﬁ:) Central development (:.':3»:) Rapid development
80%
70% D PtL 2050range of
60% I:‘ FT and AtJ SAF targets'
50% | ] HEFA
40%
30%
20% 203010%
10% / SAF target
0% et R P |

& & & & & &8 & &8 & &8 & & 88 =& 8 & 78

Source: ICF Analysis, ' SAF targets in 2050 include the US (100% SAF), the EU (70% SAF), and individual
airlines

Examining feedstock availability for SAF production at a closer level, after being converted to energy
(petajoules) to allow for comparison with other feedstocks, various scenarios were considered, revealing a
considerable range. Notably, there are sufficient feedstocks, including MSW and renewable electricity, that
exhibit the potential for significant carbon intensity emissions reduction. However, realising the rapid
development scenario potential of these feedstocks requires support. This support is crucial for developing
new supply chains, mitigating risks associated with developing these technologies, developing new facilities,
and facilitating widespread production. While there is an opportunity for HEFA, particularly with a substantial
volume exported, the analysis suggests even greater potential for other feedstocks. Therefore, fostering the
necessary support mechanisms is essential to unlock the full potential of advanced feedstocks.

Much of the available feedstock is complex and requires new technologies to be
de-risked to allow wide-scale production

Available feedstock, PetaJoules
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Source: ICF Analysis, negligible volume of algae and UCO/tallow are not visible on graph
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While domestic feedstocks can play a significant role in decarbonising Japanese aviation, even the rapid
development scenario falls short of the targets. Imports of raw feedstocks, intermediaries, or finished SAF will
be required to close this, supported by out-of-sector measures, such as carbon removals.

Although there is a theoretical potential for sufficient domestic feedstocks to meet the 2030 SAF target, the
primary obstacle lies with the challenge of requiring new supply chains, technologies, and commissioning
refining capacity to convert these feedstocks into SAF. To date, HEFA is the only proven technological pathway
to produce SAF at a commercial scale. Technologies to convert advanced feedstocks, including AtJ, FT, and PtL,
require additional time and investment to de-risk and scale.

ICF estimates a total of three to five advanced feedstock facilities (At or FT) could come online in Japan by
2030, however, the targeted production levels will likely require imports of either feedstocks or the fuel itself.
By 2040, conversion technologies are likely to have matured, and with additional support, these could allow the
majority of demand to be met by domestic feedstocks. The development of a SAF ecosystem in Japan demands
careful consideration of refining capacities, investment strategies, and policy frameworks.

Projections on the growth of advanced feedstock refining capacity highlight
uncertainties, emphasising the role of imports in bridging the gap through 2030

2030 SAF production, METI, Million kL 2040 SAF projections, METI, Million kL
1.71 Millien kL 5.97 Million kL
175 |« S 7 (2040 EU target %)
1.5 High 6 |« ry
125 5 ;
2030 likely to High® :
1 be constrained ’ 4 < A4
by refini 2040rrefini
075 "c’;?:;:lllr:s : 8 con;.ter;?rl'lrli ’ Mid? 3.55 Million kL
0.5 s 2 eliminated (2040 UK target %)
0.25 — Y 1
0 L L o)
2030 HEFA Advanced Imports 2040 HEFA Advanced Imports
production feedstocks production feedstocks

Source: ICF Analysis, 2030 estimate is based on 2-3 FT/Cellulosic ethanol facilities in full operation,22040
estimate assumes rapid scale-up as technology is de-risked

How can the SAF industry support economic growth and energy resilience?

Energy commodities, such as crude oil and natural gas, are among the most traded commodities in the world.
However, there is a steep imbalance with 50 per cent of the supply originating from only five countries, and over
90 per cent originating from only 22 countries. This creates a system vulnerable to political and natural events.
As one of the world's leading energy importers, Japan is particularly sensitive to these global dynamics. SAF and
the production of co-products (such as renewable diesel and naphtha) present an opportunity to diversify the
energy supply and improve energy resilience and security.

The production of renewable diesel and naphtha as a co-product to SAF production provides the opportunity
to support both the on-road market and the Japanese biofuel target (500 million litres of crude oil equivalent),
as well as other industries such as chemical and material production. Building a SAF industry significantly
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increases the amount of domestic RD produced, from 0.02 million kilolitres (6.1 million gallons) to an estimated
0.08 million kilolitres (21.2 million gallons).

While many feedstocks, such as MSW and woody biomass, are already in use by other sectors, this analysis
considers the gradual transition to optimum use while limiting stranded assets. For example, the incinerators
used to convert MSW to energy are expected to be retired after a 40-year lifespan, with many reaching their
end-of-life by the end of this decade. This allows for the transition of feedstocks to be used for SAF production,
which is a higher-value product that supports energy security and environmental benefits. However, achieving
these objectives necessitates a comprehensive policy framework with scenarios that avoid favouring one
industry over another. Fair distribution across various industries requires mechanisms supporting feedstocks,
including collection and reallocation from other uses, as well as addressing supply and demand dynamics. This
holistic approach further aligns with government targets related to a circular economy and achieving net-zero
objectives.

While many feedstocks are already in use by other sectors, SAF production creates
high-value products including the production of co-products

Domestic RD production, Million kL Value of MSW conversion into energy, Yen/tonne
10x 86,000
Additional ———»H greater .
) RD volume 0.08 value
from SAF
production
0.02
7,600
1
Current Added Electricity SAF

Source: ICF Analysis, USDA Biofuels Annual

What current mechanisms support the government in developing a SAF ecosystem?

The government of Japan has supported carbon-reducing innovations using funding mechanisms such as the
Green Innovation Fund. This 2 trillion yen (approx. USD 14.4 billion) fund supports research, development, and
commercialization of innovative projects through the New Energy and Industrial Technology Development
Organization (NEDO). SAF is a key target for this initiative to support the decarbonisation of Japan's aviation
sector. As part of the Green Innovation Fund, NEDO awarded 114.5 billion yen (approx. $830 million) in grants to
pilot projects to develop SAF and other synthetic fuels and sustainable fuels®. METI separately provided an
additional 5.18 billion yen (approx. $37.4 million) to NEDO's biofuel technology and development projects.
Achieving the 10% SAF target will depend on mechanisms such as the Green Innovation Fund to further de-risk
and develop the SAF industry.
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3 The path forward

The SAF industry requires policy support to develop technologies, attract investment, and reduce the impact
on passengers. ICF believes the following initiatives could accelerate the SAF ecosystem in Japan.

= Reward SAF with a higher emissions reduction: Japan has proposed an ambitious 10% SAF target for 2030,
emphasizing volume and aligning with CORSIA sustainability criteria (which includes a minimum 10%
emissions reduction). By comparison, many international policies are set at a slightly lower volume level but
provide greater rewards for SAF achieving a higher emissions reduction. For example, the EU mandates 6%
SAF by 2030 but has a 65% minimum emissions reduction. The UK's 10% mandate is adjusted by carbon
intensity, reducing the volume necessary when using SAF with a higher emissions reduction. While the US
does not have a mandated SAF target in place, federal and state policy mechanisms reward higher emissions
reduction through the LCFS, SAF-BTC, and CFPC. This analysis proposes that SAF used in Japan is rewarded
with an adjustment factor that allows SAF with a lower carbon intensity to contribute more to the 10%
volume target.

This analysis proposes that SAF to meet the Japanese 10% SAF target would receive a +0.25 multiplier for
each additional 10% emissions reduction beyond the 40% minimum reduction. For instance, if SAF achieves
a 60% emissions reduction, it would be rewarded with a +0.5 multiplier. If the entire mandate is fulfilled using
this SAF, the total volume requirement would be calculated as (10% / (1+0.5)) = 6.7%. Similarly, SAF with an
average emissions reduction of 80% would receive a +1.0 multiplier, resulting in a total volume requirement
of 5%, as outlined in the following figure.

This assessment proposes an adjustment to reward SAF offering greater emissions
reduction with a higher contribution to the 10% target

EU target: 6% volume Japan target: 10% volume
v v UK target: 10% volume, assuming 70%
100% | ! emissions reduction — with volume
c 90% i I increasing or decreasing if SAF has a
2 80% i ! lower or higher emissions reduction
cv70% | i L v
o 60% |
c 90% ICF proposed target: 10% volume i
S 40% at low emissions reduction, but .
'g 30% rewarding SAF with greater !
20% emissions reduction !
0 4
0%
4% 6% 8% 10% 12% 14%

2030 SAF as percentage of fossil jet fuel use
Source: ICF Analysis

The proposed mechanism would align Japan with global SAF targets, and introduce the following benefits:

a. It would support the development of emerging SAF production technologies that use advanced
feedstocks, which make up most of the feedstock domestically available in Japan. While these
technologies and feedstocks can achieve significant emissions reductions, they may struggle to
compete with cheaper alternatives if the value of higher emissions reduction is not recognized or
supported.
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b. It would ensure a meaningful emissions reduction is achieved, supporting the decarbonisation
targets of the government, JAL, ANA, and other airlines. The current focus on a 10% SAF blend by
volume, driven by CORSIA sustainability criteria, might lead to airlines paying a premium without
achieving substantial emissions reductions. Meeting the 10% SAF volume requirement with SAF that only
achieves the minimum 10% emissions reduction (as mandated by CORSIA) would result in just a 1%
reduction across the fuel load, which is insufficient for meaningful decarbonisation. Rewarding SAF with
higher emissions reductions aligns with aviation stakeholders' decarbonisation strategies, ensuring a
more significant reduction and preventing the risk of airlines paying for SAF without substantial
emissions reduction benefits.

= Establish SAF targets for 2040 and 2050: A facility built today will continue operating for 20-30 years, so
longer-term targets are important to give investors and producers confidence that the market will continue
over the facility's lifetime.

= Establish clear rules to avoid disadvantaging domestic carriers: Establishing a non-compliance
mechanism if the SAF target is not met would ensure that foreign carriers are required to meet the same
targets as Japanese carriers. This approach has been implemented in both the EU and the UK and is widely
used for on-road biofuel policies.

* Implement supply-side mechanisms (positive incentives) to:

a. Develop a domestic SAF industry: The Japanese domestic SAF industry has not yet developed, and
initial producers will face cost disadvantages compared to other countries with more mature industries.
Supply-side policies can support initial producers to build the knowledge, skills, and expertise that can
make the Japanese industry competitive in the global market.

b. Maintaining connectivity: If considerable costs are passed through to customers, the higher cost of
flying will reduce connectivity and shrink the Japanese economy. By reducing the cost to off-takers and
ultimately passengers, the impact on the economy can be reduced.

c. Develop new technologies to use domestic feedstocks: While there is considerable domestic
feedstock availability, many require new technologies to be commercialized. Government research and
funding are crucial to de-risk new technologies and facilities. Developing these technologies may allow
Japan to export them as the global market develops.

* Leverage existing policy mechanisms: Japan's Green Transformation (GX) policy is an investment
roadmap for 150 trillion yen (approx. USD 11 trillion) of public-private financing over the next 10 years to
transform various industrial sectors to achieve carbon neutrality. This policy will be utilised to support LNG
power generation, hydrogen/ammonia co-firing and next-generation vehicles, and could be used to support
the SAF industry development. Other potential mechanisms include the Feed-In Tariff (FIT), Feed-In
Premium (FIP), and the carbon-neutral investment tax incentive. This incentive is a revision of the Industrial
Competitive Enhancement (ICE) Act and provides capital investment to support corporate decarbonisation.

= Alignment to other industries: SAF has the potential to accelerate multiple low-carbon industries, including
hydrogen production, carbon capture, renewable electricity, low-carbon agriculture, and waste
management. The SAF policy framework must be integrated with measures in these other industries to
maximize benefits.
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Section 1: Introduction and Japan Context

This report evaluates the feedstocks, technologies, and policies required to establish a Sustainable Aviation
Fuel (SAF) ecosystem in Japan, aligning with the country's initiatives for energy security, decarbonisation,
and economic growth. Japan's heavy reliance on imported fossil fuels, commitment to carbon neutrality by
2050, and the recent target to achieve 10% SAF by 2030 underscore the urgent need to assess the potential
for SAF production and adoption in the country.

Introduction

Aviation is essential to the modern economy, allowing people and trade to seamlessly and connect over
extraordinary distances. However, the International Energy Agency (IEA) estimates that aviation is currently
responsible for 2% of all human-induced carbon dioxide (CO2) emissions, and up to 3.5% of global warming'®,
driving the need to reduce emissions. While the industry has made significant strides in reducing fuel
consumption per passenger kilometre, this alone will not suffice to decarbonise the industry. Recognizing this
imperative, the industry has committed to achieving net zero by 2050, necessitating decarbonising the fuel
produced and consumed, with SAF playing a leading role.

The opportunity for SAF has been recognized by several countries, with the United States, Canada, the European
Union, and the United Kingdom leading the way by developing and implementing policies to support SAF
production and uptake. In line with this global trend, Japan has taken significant steps to decarbonise its aviation
sector. Japan introduced a proposal to replace 10% of the 2030 jet fuel demand with SAF (1.71 million kiloliters
or 451 million gallons), with plans to introduce regulations by mid-2024. While Japan has not yet developed
continuous commercial-scale production of SAF, the country has made notable progress in this area. For
instance, the country's first SAF flight was conducted on February 4, 2021, using SAF produced from cotton
clothing to power a Boeing 787-8 aircraft. This development showcased Japan's ability to manufacture SAF
using domestic technology, signalling the potential for the country to establish a thriving SAF ecosystem.

Establishing a SAF ecosystem in Japan offers the opportunity to drive down emissions, and enhance energy
security and economic growth, enabling sustained connectivity and social benefits. Japan's commitment to SAF
production and adoption not only contributes to the global imperative of decarbonising aviation but also holds
significant economic value and potential for energy security.

The role of SAF in Japan

Supporting economic value

Aviation is a key driver of global connectivity, economic growth, and technological progress. It plays a vital role
in facilitating international trade and tourism by enabling the movement of people and goods across borders.
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The value to passengers, shippers, and the economy can be seen from the spending of foreign tourists and the
value of exports.

In Japan, foreign tourist expenditure and exports are an estimated $USD 34 billion and $USD 798 billion,
respectively. The air transport industry, including airlines and the supply chain, is estimated to support $USD
721 billion (2.4%) of GDP in Japan. Additionally, the industry supports an estimated 1.4 million jobs through air
transport and tourists arriving by air™.

With ambitious initiatives like the Japanese government's goal to reach 60 million foreign visitors by 2030
(compared to 32 million in 2019), the aviation market in Japan is projected to grow by 48% over the next two
decades. This growth is anticipated to translate into an additional 68.9 million passenger journeys, contributing
$USD 173 billion in GDP and creating approximately 1.7 million jobs™.

Japan’'s RPK's are expected to experience a significant increase, contributing to the
country’s aviation sector growth and economic development
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Source: http://www.jadc.jp/files/topics/174_ext_01_en_Q.pdf

The aviation industry is vital to Japan’'s economic growth and connectivity. However, the industry is also a
significant contributor to carbon emissions, making its decarbonisation essential for achieving net-zero goals.
A portfolio of solutions will be necessary to reduce emissions, including more fuel-efficient aircraft, operational
improvements, new technologies, SAF, and out-of-sector measures. Of all these initiatives, SAF is expected to
have the greatest contribution. Estimates suggest the SAF industry could generate up to 14 million jobs
worldwide, with around 1.4 million people employed in the production facilities themselves and up to 12.6 million
in the construction of facilities, collecting feedstocks (such as used cooking oil and agricultural waste) and the
supply chain and logistics®. The development and adoption of SAF is crucial for the industry to sustain its growth
while reducing its environmental impact, ultimately supporting the transition to a more sustainable sector.
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Driving down emissions

After the adoption of the Kyoto Protocol in 1997, Japan committed to reducing its greenhouse gas (GHG)
emissions by 6% by 2020 compared to 1990 levels. Subsequently, under the 2015 Paris Agreement, Japan's
Intended Nationally Determined Contribution aimed for a 26% reduction in GHG emissions by the fiscal year
2030 compared to 2013 levels. In October 2020, Japan declared its goal to achieve carbon neutrality by 2050.
In April 2021, Japan further pledged to reduce its GHG emissions by 46% by the fiscal year 2030, a significant
adjustment from the initial target of a 26% reduction compared to 2013 levels™.

In support of these aspirations, the Ministry of Economy, Trade, and Industry (METI) developed the "Green
Growth Strategy Through Achieving Carbon Neutrality in 2050". This strategy prioritizes the reduction of
greenhouse gas (GHG) emissions through the increased utilization of (i) electric vehicles and electro fuels
(synthetic fuel or e-fuel) for on-road transportation, and (ii) SAF by the aviation industry.

The importance of decarbonising aviation is underscored by its significant contribution to Japan's GHG
emissions and the country’s commitment to achieving net-zero emissions. According to the Ministry of the
Environment (MOE), Japan's GHG emissions in 2020 totalled 1150 million tonnes of CO2 equivalent, with 1044
million tonnes being CO2 emissions. Emissions from the transportation sector accounted for 185 million MT, or

17% of Japan's CO2 emissions™.

With transport accounting for 17% of Japanese annual emissions, decarbonising
aviation will play an important role in achieving net zero by 2050
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While the aviation sector has already achieved a 54.3% reduction in emissions intensity per passenger-
kilometre from 1990 to 2018 through the use of more efficient aircraft and operation improvements, fully
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decarbonising the sector will require the energy used to be decarbonised. Three primary solutions are the focus
of ongoing efforts: electric, hydrogen, and sustainable aviation fuel (SAF).

As battery energy densities, charging speeds, and safety continue to improve, electric aircraft are expected to
be increasingly capable of operating commuter and some regional flights. Nevertheless, these shorter routes
account for only 3-4% of emissions from the aviation industry. Hydrogen aircraft may have the potential to
address a broader range of markets, but the widespread transition required for aircraft, airports, and fuel logistic
infrastructure to utilize hydrogen will limit its impact before mid-century. By comparison, SAF is a drop-in
solution, that is interoperable with existing infrastructure and aircraft. Therefore, SAF is projected to play a
pivotal role in the decarbonisation of the aviation industry, with the IATA estimating that SAF will contribute 65%
of the decarbonisation necessary to achieve net zero by 2050,

In this analysis, ICF developed three scenarios (low, mid, and high) based on different rates of deploying fuel-
efficient aircraft and operational improvements to determine the required volume of SAF necessary to achieve
net zero by 2050 in Japan. In the mid scenario, ICF estimates Japanese jet fuel consumption to reach 18 million
kiloliters (4.8 billion gallons) by 2050, requiring an estimated 12 million kiloliters of SAF (3.2 billion gallons) to
reach net zero. This value is expected to change as the rate of deployment of efficient aircraft and operational
improvements come online. Additionally, this assumes the use of various mechanisms, such as hydrogen and
electric aircraft, along with advanced technologies like carbon capture, to mitigate emissions from the remaining
fuel consumption.

ICF forecasts annual jet fuel consumption to reach 18 Million kL by 2050 assuming
a mid-scenario

Forecasted jet fuel consumption, Million kL
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Developing a domestic SAF ecosystem provides additional support to decarbonising other hard-to-abate
sectors. Every SAF facility produces co-products of renewable diesel and naphtha, which are important to

reduce emissions in heavy transport, agriculture, industry, and petrochemicals. This allows domestic production
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of SAF and co-products to support energy security and contribute to the Japanese biofuel target (500 million
litres of crude oil equivalent).

Ensuring energy security

In 2022, Japan ranked as the fifth-highest consumer of oil globally"”. As an island country with limited domestic
resources and no international gas pipelines or electricity connection, Japan is reliant on imports to meet its
demand. Following the Great East Japan Earthquake, the degree of dependence on fossil fuels reached a peak
of 94% in 2014. The restart of nuclear energy production, expansion of renewables, and lower energy demand
have since reduced the demand to 88% in 2019, An ICF analysis determined a further reduction by 2021, with
85% of Japan’s primary energy sources being met with imports. Additionally, Japan’s energy self-sufficiency
ratio is lower than many other OECD countries, at 12.1% (20.2% before the Great East Japan Earthquake)
compared to an average of 165% in 2019"°. The heavy reliance on imports makes Japan vulnerable to
international energy market fluctuations from geopolitics, natural disasters, and other uncertainties.

85% Japan’'s primary energy sources are supported by imports

Primary energy consumption and import, by energy sources in Japan, Exajoules, 2021
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Source: https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-
economics/statistical-review/bp-stats-review-2022-full-report.pdf, ICF analysis

To address its energy security challenges, Japan approved the Sixth Strategic Energy Plan?° in October 2021.
This plan is designed to guide the country's energy policy towards achieving carbon neutrality by 2050 and
addressing the challenges in its energy supply-demand structure. It aims to double the use of renewable energy
for electricity generation from 2019 to 2030, with a target for renewables to account for 36-38% of power
supplies in 2030.

Liquid fuel refining has notably declined in Japan, driven by reducing demand (mostly from the on-road sector)
and marked by the closure of several refineries. Notable instances include the recent shutdown of ENEOS's
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Wakayama facility and decreased output from their Nigeshi facility. Idemitsu Kosan's decision to close its
Yamaguchi facility further highlights the factors contributing to this decline. The trend aligns with a reduction in
gasoline consumption, predicted by METI to decrease by 2.4-2.6 per cent through 2027 due to increased fuel
efficiency in new vehicles and the transition to electric vehicles.

The availability of unused assets, such as abandoned refineries, presents a strategic opportunity to convert
these facilities into renewable fuel production sites. Such conversions prove to be faster and more cost-
effective than building new greenfield facilities, leveraging existing infrastructure and sustaining jobs. Successful
global examples, including TotalEnergies’ Grandpuits facility in France and Phillips 66's facility in Rodeo,
California, underscore the viability of this approach. However, to reinvigorate existing facilities and utilize them
for renewable fuel production, a meaningful shift in policy focus to build the additional infrastructure, expertise,
and workforce will be required.

Japan’s vibrant aviation and energy sectors are crucial to the economy and connectivity of the islands. The
government has committed to reducing emissions and has made strides to develop the necessary policy.
Understanding the resources, ecosystem, and opportunities is essential to developing the strategy, and we hope
the evaluation laid out in this report can support these next steps.
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Section 2: The feedstock opportunity

1

Methodology

Review of existing studies on feedstock availability

This literature review informs the requirements of a robust feedstock assessment, reducing duplication and
adding depth to analysis that has already been done by other organisations. By understanding the context of
other studies, ICF can better place the results of the analysis within this field of research and support an
informed comparison between the results of this analysis and others.

The identification of the following three key aspects ensures that the results from this study not only adhere to

best practices but also maintain comparability with other research endeavours:

Use of comparable units. The reviewed studies gave the results in many different units, including dry
tonnes, wet tonnes, energy content, and tonnes of SAF that could be produced. Each is reasonable for
a given context, with feedstock typically measured and sold in tonnes, the energy content driving the
facility specifications, and the volume of SAF crucial for the role the feedstock can play to decarbonise
aviation. However, this fragmentation can make it challenging to compare feedstocks and studies. Wet
tonnes depend on the moisture content, and dry tonnes can have different implications between
feedstocks. The volume of SAF can vary depending on the product slate (portion of RD and naphtha)
produced. To ensure the results from this study are comparable, each feedstock will be evaluated as
dry tonnes and then consolidated using the energy content and measured in petajoules. The potential
volumes of SAF will be estimated based on potential product slates.

Defining the level of availability that the feedstocks are evaluated against. While many of the studies
were unified in their goal of identifying the available feedstock, the definition of availability varied; some
studies considered the total volume of feedstock that could be obtained, while others also accounted
for volume that would be unsustainable or uneconomic to obtain. Some further accounted for the
volumes that would be used by other industries and would therefore be unlikely to be available for SAF
production.

Using scenarios to show the potential range of uncertainty. The results from each study showed
considerable variation, especially as a result of different assumptions. For example, the global IEA Net
Zero by 2050 report estimates c. 100 EJ of bioenergy availability, while the ETC Bioresources within a
net-zero emissions economy estimated a conservative range of c. 50 EJ — a difference of 100%. The
main drivers of this difference are the assumptions and forecast changes in other industries, such as
land use for meat production and food waste. While sensible ranges can be estimated, there is
considerable uncertainty. To ensure that future uncertainty is captured, this analysis will evaluate three
scenarios, with a mid-scenario estimate supported by high and low ranges, and the drives that could
lead to each.

Additional information regarding the comparison to existing studies is available in the Summary section of this
report, offering a more comprehensive insight into the subject matter.
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Feedstock selection

To structure this assessment, ICF utilised the CAAFI system of feedstock classification, which categorizes
available feedstocks into five distinct groups: (1) Fats, Oils, and Greases (FOGs), (2) Cellulose, (3) Carbohydrates
and Sugars, (4) Industrial waste streams, and (5) Electricity (not included by CAAFI, but an important extension
to reflect the increasing focus on PtL SAF, particularly in the EU). Within these categories, CAAFI lists at least 135
different possible feedstocks?, which is likely to grow as additional pathways are certified and technology
continues to develop.

ICF prioritized feedstocks that are aligned with guidelines that are developing across the aviation sector, such
as the ICAO framework utilised for CORSIA. The appeal of each feedstock is predominantly influenced by its
environmental qualities, conversion feasibility, and cost, while limitations in environmental sustainability and
competition for resources will place constraints on the aviation industry's long-term utilisation potential. For
this analysis, the feedstocks were selected based on their (1) availability to aviation, (2) sustainability criteria,
and (2) potential cost. Based on these considerations, this analysis focused on both biogenic and non-biogenic
feedstocks. Biogenic feedstocks include fats, oils, and greases (FOGs), municipal solid waste (MSW), agricultural
residues, woody biomass, and novel feedstocks such as algae. Non-biogenic feedstocks include recycled
carbon and renewable electricity. Due to the limited arable land availability in Japan and considerable imports
of food, feedstocks (such as crops) competing with food sources were excluded from this analysis.

Table 1: Feedstock considerations for Japan

Feedstock category Sub-category Example feedstocks Conversion pathways

Biogenic feedstocks
Waste and residue lipids N/A UCO and Tallow HEFA
Corn stover, rice

Agricultural residues N/A .
residues, bagasse
. Forestry coppice, slash,
Woody biomass N/A 0 Gas/FT or AtJ
thinnings, offcuts
.. . Black bin and industrial
Municipal solid waste N/A

solid waste
Non-biogenic feedstocks

. Waste carbon gases

Renewable fuels of Industrial waste gases . .
. . . from industrial plants
non-biogenic origin Gas/FT or AtJ

(RENBO) PtL (H2 from electrolysis

Renewable electricity
and CO2 from DAC)

These categorizations laid the groundwork for this analysis and the comprehensive assessment of feedstock
viability in the context of sustainable SAF production in Japan.
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Feedstock availability

Feedstock availability is one of the key considerations for the future SAF industry, as it directly impacts the
volume and specifications for SAF technology opportunities in each region. Feedstock availability is often
calculated with different framing, assumptions on sustainability, competing uses, and economic or logistical
factors. ICF uses a framework to consider feedstock according to three stages, as described below:

= Technical availability of feedstock refers to the total amount of potential feedstock available in a
region. This includes availability for any use, from construction to industry and energy. This availability
is typically driven by climate and economic factors.

» Sustainable availability reduces the total possible feedstock supply by the portion that would be
unsustainable to collect or produce. For example, some agricultural wastes must be left in the field to
protect soil quality, and the fossil portion of MSW should be avoided if seeking a meaningful GHG
reduction. Deducting the unsustainable quantity from the technically available feedstock gives the
sustainably available feedstock quantity.

= Allocation to the aviation industry refers to the utilisation of feedstock by competing industries. For
most feedstocks, SAF production represents just one of its uses, as feedstocks can be used in
alternative fuel production (biodiesel), in the chemicals industry (naphtha), in energy production, or
other sectors. Therefore, only a portion of the sustainably available feedstocks are typically available to
the aviation industry. This stage is the least certain, as many other industries are looking to expand the
use of these renewable feedstocks to also decarbonise, so this step sometimes justifies a scenario
analysis.

This information was further utilised to build three scenarios to determine the feedstock availability in Japan.
These scenarios are as follows:

* Low-scenario: Conservative biogenic feedstock estimations, and delayed penetration of advanced
technologies required for PtL SAF production.

» Mid-scenario: Balanced scenario with baseline biogenic feedstock estimations, and balanced
penetration of advanced technologies required for PtL SAF production, in line with optimistic but
easily achievable expectations.

» High-scenario: Ambitious scenario with optimistic biogenic feedstock estimations, and rapid
penetration of advanced technologies required for PtL SAF production.

It is important to note that these scenarios were adapted to determine the availability of each respective
feedstock as detailed later in the report.

SAF production

The analysis encompassed the entire lifecycle of SAF production, evaluating feedstocks, conversion
technologies, and co-product utilization. This comprehensive assessment is crucial for understanding the
environmental and economic implications of the entire process. The study estimated feedstock availability,
considering factors such as existing uses for feedstocks, anticipated deployment rates for new conversion
technologies, and potential constraints on advanced SAF production due to feedstock availability.
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The report also focused on identifying barriers to providing sustainable quantities of feedstocks, such as a lack
of biomass production capacity and high relative costs of production, recovery, and transportation for

feedstocks.

This analysis considered the entire lifecycle from feedstocks, including MSW, FOGs
and others, to fuel, including SAF and co-products

Weight Energy Conversion Products
Food & greens
2 Paper Fischer-Tropsch
g . MSW
Plastics _ SAF
Other
HEFA
uco
Fats, Qils, and Greases
Tallow i
Various . Renewable Diesel

Agricultural residues

Woody biomass Other Biogenic

. PtL Naphtha
Renewable electricity

Novel feedstocks

WG oo

Source: ICF Analysis
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2 Summary

Feedstock opportunity

This report details an in-depth analysis to determine the availability of feedstocks for SAF production in Japan.
The assessment concluded that woody biomass, municipal solid waste (MSW), and Power-to-Liquid (PtL)
feedstocks (including renewable energy, hydrogen, and waste CO2) are the most scalable options for domestic
SAF production in Japan. While there's some availability of used cooking oil (UCO) and tallow, their widespread
use by other industries limits their availability for SAF production. Novel feedstock sources, like microalgae-
derived feedstocks, may be important over the long term but require considerable technology development to
be commercially viable.

Table 1: Feedstock opportunity for Japan

Availability Criteria Overall

Technically Sustainably Allocation to potential in
Available Available Aviation Japan

Category Feedstock

Used cooking

Waste fat, oil .
' oil (UCO) ® ® ®
and grease Animal waste
nima
FOG
( ) fat (tallow) ® ®
Municipal Solid
Waste (MSW) ® ® ®
Lignocellulosic Agricultural ®
and biowaste residues
Woody
biomass ® ® ®
Power-to- CO2 and
Liquids Hydrogen ® ® o ®
Novel
Algae
feedstocks g ® ® ® ®
High o
Medium
Low (]

ICF analysed biogenic feedstocks in tonnes to provide a basis for comparison. However, this comparison tends
to understate the contribution from feedstocks such as UCOs and tallows due to a difference in energy density.
Higher energy density can enable much higher yields of SAF production. Additionally, non-biogenic feedstocks
such as renewable electricity cannot be measured in tonnes. To enhance accuracy, the volume of feedstocks
was converted into energy in terms of petajoules (x10% Joules), to provide a more effective metric.

©ICF 2023 41



Charting the Path: SAF Ecosystem in Japan

Taking these considerations into account, ICF assessed the overall availability of feedstocks for each of the
three previously outlined scenarios. The comprehensive evaluation reveals the total availability of feedstocks in
Japan as follows:

= The low scenario estimates that 40 PJ in 2030 and 299 PJ in 2050 of biological and non-biological
feedstocks are available to be allocated to aviation.

= The mid scenario estimates that 85 PJ in 2030 and 726 PJ in 2050 of biological and non-biological
feedstocks are available to be allocated to aviation.

= The high scenario estimates that 201 PJ in 2030, and 1079 PJ in 2050 of biological and non-biological
feedstocks are available to be allocated to aviation.

In the high scenario, it is observed that the availability of feedstocks can significantly increase with the right
support mechanisms in place. However, it is crucial to acknowledge the varying levels of technology readiness
among the different feedstocks. The HEFA process for UCO and tallow has reached a higher level of maturity
compared to the FT process required for MSW and the AtJ process necessary for woody biomass and
agricultural residues. Understanding these differences is pivotal in assessing the feasibility and scalability of
alternative aviation fuels derived from diverse feedstocks.

Feedstock availability can reach up to 725 PetaJoules per year by 2050 if supply
chain developments for feedstocks are supported

Available for SAF production, Million tonnes Available for SAF production, PetaJoules
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30 | [JMsw 1000 {(Hig
25 | [] Woody biomass 800
20 [ Agricultural residues { ™Mid 4 Mid
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Source: ICF analysis, negligible amounts of novel feedstocks, UCO, and tallow are not visible on graph

The findings showcase varying levels of opportunity for feedstocks in Japan. Notably, there are sufficient
feedstocks, including MSW and renewable electricity, that exhibit the potential for significant carbon intensity
emissions reduction. However, realising the rapid development scenario potential of these feedstocks requires
support. This support is crucial for developing new supply chains, and for mitigating risks associated with these
technologies and facilitating widespread production. While there is an opportunity for HEFA, particularly with a
substantial volume exported, the analysis suggests even greater potential for other feedstocks. Therefore,
fostering the necessary support mechanisms is essential to unlock the full potential of advanced feedstocks.
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Feedstock availability by prefecture

Most feedstocks are only economical when the transport costs and emissions are minimized by refining into
higher-value intermediaries or finished products close to the point of collection. Therefore, the local availability
of feedstocks will determine the infrastructure required in each region. To determine the feasibility of SAF
facilities in Japan, ICF conducted an analysis utilising the Geographical Information Systems (GIS) software to
map the distribution of SAF feedstocks based on forest and agricultural area, as well as population distribution
by prefecture. The resulting distribution of these critical areas was then weighted against the energy availability
in petajoules of each feedstock, providing a nuanced overview of feedstock availability across different
locations in Japan.

According to this analysis, Hokkaido accounts for 90% of cultivated land in Japan resulting in the highest
availability of agricultural residues and woody biomass. Additionally, the Tokyo metropolitan area and its
surrounding prefectures result in the highest availability of UCO and MSW attributed to elevated population
density compared to other prefectures.

This analysis further analysed renewable energy availability by energy source, as well as existing refineries and
their respective refining capacity by prefecture. Providing an understanding of the existing refining
infrastructure will outline the opportunity for co-processing locations, which is the process of simultaneously
processing HEFA-feedstocks with petroleum feedstocks in existing refinery infrastructure. SAF production
additionally offers the opportunity to sustain existing refining infrastructure and jobs by converting
decommissioned fossil fuel refineries to renewable fuel facilities.

The demand for fossil fuels in Japan is expected to decrease due to the country’s efforts to reduce its
dependency on imported fossil fuels, address climate change, and increase the use of renewable energy
sources. The anticipated decline in demand for oil products in Japan is projected to reach 7.1% from fiscal year
2021 to 2026.22 This trend is echoing throughout the oil industry, exemplified by ENEOS’ decision to cease
operations at its Wakayama facility (120,000 barrels per day), and Idemitsu’s announcement to close its
Yamaguchi facility (120,000 barrels per day), slated for 202423, Moreover, ENEOS foresees a significant 50%
reduction in domestic fuel consumption by the year 204024,

Examples of this have been occurring across the EU and the US. The Grandpuits refinery, one of the oldest
refineries in France, is to be converted into a zero-crude facility to support the development of fossil fuel
substitutes in support of the country’s goal of carbon neutrality. The facility will produce 170,000 tonnes of SAF
per year and create up to 1,000 jobs.?® Another example includes the Phillips 66 refinery in Rodeo, California,
which is being converted into a renewable fuels facility and is expected to produce over 800 million gallons of
renewable fuels per year. The following page will provide an overview of feedstock, renewable energy, and
refining capacity distribution across Japan.
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'Note: Feedstocks included are woody biomass, agricultural residues, MSW, FOGs, and renewable electricity
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Estimated SAF production

Utilizing the domestic feedstock availability, based on technical availability, sustainable availability, and
allocation to aviation, ICF determined the potential volume of SAF production in Japan. This was determined for
each of the previously outlined scenarios:

» The low-scenario estimates that available feedstocks would be sufficient for approximately 0.3 million
kiloliters (95 million gallons) of SAF in 2030 and 3.3 million kiloliters (883 million gallons) of SAF in 2050.

= The mid-scenario estimates that available feedstocks would be sufficient for approximately 0.7 million
kiloliters (193 million gallons) by 2030 and 7.5 million kiloliters (1975 million gallons) by 2050.

= The high-scenario estimates that available feedstocks would be sufficient for approximately 1.67 million
kiloliters (441 million gallons) by 2030 and 11 million kiloliters (2911 million gallons) by 2050.

In the short term (2030), only the high-scenario achieves a theoretical volume close to the 10% SAF target (1.71
million kiloliters) with domestic feedstocks. This is contingent upon the implementation of favourable policy
mechanisms that prioritize SAF production over renewable diesel and naphtha and facilitate the development
of robust supply chains for feedstock.

Domestic feedstock production, assuming mandates in place favouring SAF
production over RD and Naphtha, can reach up to 1.67 million kiloliters
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Source: ICF Analysis

In the long term (2050), over 80% of jet fuel demand could be met with domestic feedstocks. Domestic
feedstock availability is driven by advanced feedstocks, such as MSW and renewable electricity. These
feedstocks have the added benefit of a low carbon intensity, providing the opportunity for high emissions
reduction. This is favourable for achieving the country's decarbonisation goals. While these feedstocks have the
potential for a high emissions reduction, the technologies to convert these feedstocks have not yet been
developed at a commercial scale. Therefore, while domestic feedstock availability will only limit growth in the
medium to long term, refining capacity is expected to constrain production in the short term.
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Refining capacity is the immediate constraint, with feedstock only limiting growth
in the mid to long-term
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To utilize a majority of the feedstocks available in Japan, several factors have to be achieved. These include the
development of supply chains, and new facilities, and the technology must first develop and de-risk. Therefore,
significant investment will be required to achieve large-scale production capacity and stable supply by 2050.
While economic viability is key to scaling the SAF industry, the following factors constrain the deployment rate:

* Limited organizational capacity: The SAF industry (at a global scale) is currently small, and few
organizations have developed the capacity and knowledge to build SAF facilities. The industry will grow
as these organizations increase in capacity, as additional start-ups enter the market, and as
organizations in related markets pivot to SAF production. The market will take several years to develop,
limiting the rate of deployment, specifically for SAF production using advanced feedstocks.

= Permitting constraints: Environmental permitting can take several years, as may the certification to sell
fuel into the policy schemes.

= Physical bottlenecks: This includes limitations on technical components, such as catalysts and
reactors, as well as building materials such as concrete and steel.

* Technology development and risk: Some technologies have only been proven on a limited scale and/or
duration. As the most mature technology, the HEFA pathway is the most widely used today. The AtJ and
FT pathways, which support the conversion of advanced feedstocks are currently undergoing
commercial deployment. Producers and capital providers will wait until a technology has reached a
higher technology readiness level (TRL) before constructing and funding new facilities.

While there are existing initiatives and funding mechanisms, substantial funding, complemented by domestic
policies to reduce both capital and operational costs of SAF production, will be required to establish and expand
SAF production facilities. Additionally, government targets to increase the use of SAF, such as the introduction
of a SAF target by METI and NEDO in Japan, emphasize the need for substantial funding.
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Estimated production of co-products

Every renewable fuel facility will produce a mixture of products, typically including renewable diesel, SAF,
naphtha, and potentially other fuels. Renewable diesel is a lower-carbon, renewable-based alternative to
petroleum-based diesel and can be a drop-in replacement for ultra-low sulfur diesel. Similarly, renewable
naphtha is a drop-in replacement for traditional naphtha, which can be used as raw material in the chemical
industry.

The production of domestic SAF diverts feedstocks from existing uses, such as biofuel production. This presents
an opportunity for the co-products to be reallocated to these industries, such as the use of renewable diesel
for the production of biofuels and chemicals. This reallocation has the potential to result in added benefits, such
as supporting refiners, petrochemical companies, and hydrogen producers in meeting their sustainability
targets and reducing carbon emissions.

The increasing capacity for renewable diesel production and the role of renewable naphtha in decarbonization
efforts highlight the growing importance of these co-products in the transition to more sustainable fuel sources.
This analysis determined the production of co-products in relation to domestic SAF production for each
scenario, which are as follows:

= The low-scenario estimates that available feedstocks would support renewable diesel production of
0.1 million kilolitres (22 million gallons) by 2030 and 0.7 million kilolitres (191 million gallons) by 2050, as
well as naphtha production of 0.1 million kilolitres (17 million gallons) by 2030 and 0.7 million kilolitres
(181 million gallons) by 2050.

= The mid-scenario estimates that available feedstocks would support renewable diesel production of
0.2 million kilolitres (42 million gallons) by 2030 and 1.6 million kilolitres (425 million gallons) by 2050,
as well as naphtha production of 0.1 million kilolitres (35 million gallons) by 2030 and 1.5 million kilolitres
(410 million gallons) by 2050.

= The high-scenario estimates that available feedstocks would support renewable diesel production of
0.4 million kilolitres (95 million gallons) by 2030 and 2.4 million kilolitres (627 million gallons) by 2050,
as well as naphtha production of 0.3 million kilolitres (85 million gallons) by 2030 and 2.3 million kilolitres
(604 million gallons) by 2050.

It is important to note that the renewable fuels industry is shaped by various elements, including government
policies, market demand, and feedstock supply, all of which can impact profitability and growth. These factors
were considered in the development of feedstock diversion scenarios for the domestic production of SAF, as
outlined in the following analysis.
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Comparison of results to existing studies

The analysis incorporates findings and insights from existing studies that have been conducted on a global
scale, within specific regions, and at the country level. At the country level, this analysis builds on and validates
the research conducted by UCO Japan, METI, and most notably the study conducted by the Japan Transport
and Tourism Research Institute (JTTRI)?, and the “Assessment of bioenergy potential and associated costs in
Japan for the 215t Century”, by Wu et al, published in Renewable Energy Volume 162 in December 20207,

Utilising a similar methodology to the JTTRI study, ICF determined the availability of each feedstock and
converted it to energy to enhance the comparison capability between feedstocks. Based on this analysis,
advanced feedstocks, such as woody biomass, MSW, and renewable electricity, offer the highest opportunity
for SAF production in Japan. The JTTRI analysis outlines a similar result, aside from the utilization of renewable
energy. The ICF analysis estimates SAF production to range between 3.34 million kiloliters to 11 million kiloliters
by 2050. The JTTRI analysis estimates SAF production from domestic feedstocks to range between 7.06 million
kiloliters and 13.13 million kiloliters.

The study conducted by Wu et al estimates domestic feedstocks to contribute 3,430 PJ to 3,780 PJ in total
domestic technical bioenergy in the 21 century. While ICF estimates a significantly lower contribution at 1100
PJ by 2050, a similar methodology was utilized outlining the challenges in demand from power generation and
the development of the domestic supply chain.

The integration of findings from these various studies not only enriches the analysis but also underscores the
complexities and opportunities inherent in the bioenergy and SAF production landscape. This multifaceted
approach is essential for informing strategic decision-making and policy development in the pursuit of a SAF
ecosystem.
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3 Feedstock analysis

This section evaluates the feedstock groups in detail. In order, the following have been considered:
* Waste fats, oils, and greases (FOGs)
*  Municipal solid waste (MSW)
= Agricultural residues
= Woody Biomass
* Novel biogenic feedstocks (e.g. Algae)

= Power to liquid (including renewable electricity and recycled Carbon)

Waste fats, oils, and greases (FOGs)
1. Feedstock Description

Waste fats, oils, and greases include used cooking oil (UCO), and waste animal fats (tallows). Used cooking oil
(UCO), commonly referred to as waste cooking oil, refers to oil that has been previously used for cooking, frying
or food production. UCOs are typically collected from restaurants, households, and the food industry. Proper
management of UCO diverts the insoluble fats and greases away from landfills and municipal water systems,
reducing environmental impacts, blockages, and contamination risks.

Animal waste fat, or tallow, is a rendered form of animal fat sourced from livestock such as cattle, pigs, and
poultry. Rendering refers to a process through which fats are extracted, which helps maximize the utilisation of
animal resources while minimizing waste, making it an essential aspect of sustainable resource management
within the meat industry.

Collected and processed, both UCOs and tallows are commonly used in industries including the production of
raw materials, animal feed, and biofuels. The collection and use of UCO varies greatly by country, particularly
driven by regulation. UCO is a valuable feedstock for SAF production as it is considered a low-carbon feedstock
that is both technologically mature and commercially available. However, global volumes are relatively
constrained, with global UCO production limited by the use of food, only a fraction of which is collected and
reused?®. Tallows are similarly constrained by the size of the meat industry.

2. Methodology

As different factors drive their production, the supply of UCO and Tallows was analysed separately. To
understand the current and potential volume of UCO that can be collected and used in Japan, the following
analysis was conducted:
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1. Analysis of total UCO production.

2. Analysis of current and forecast UCO collection from households, restaurants, and the food industry.

3. Assessment of feedstock utilisation across different industries and development of diversion scenarios.
4. Quantification of the volume available for SAF production.

A similar methodology was used to assess the amount of tallow produced from the livestock available in Japan:

1. Analysis of total tallow production.

2. Analysis of forecast tallow production.

3. Assessment of feedstock utilisation across different industries and development of diversion scenarios.
4. Quantification of volume available for SAF production.

The following sections sequentially assess the current and forecast production, and then analyse the interaction
with other industries together. This approach was taken to reflect the different drivers of production, but similar
end-use industries.

3. Assessment
Used Cooking Oil (UCO)
1.1 Analysis of total UCO production

The global annual production of UCO is estimated to be 20-30%2° of the total vegetable oil consumption per
year. According to the OECD, the annual global vegetable consumption reached an estimated 240 million tonnes
in 20223, with the majority of the consumption in Asian countries.

Most of the consumption in Asia is driven by China with 42 Mt (c. 43%) consumed annually and India with 24 Mt
(c. 25%) consumed annually, with Japan contributing only 2.4 Mt (c. 2%). The differences in production are
predominantly driven by population numbers, with economic strength and culinary preferences as secondary
factors.
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Global vegetable oil consumption reached 240 MT in 2022 with Japan's
consumption reaching up to 2.4 MT to total consumption in Asia
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Based on the global annual production rate, the total amount of vegetable oil consumption in Japan is estimated
to produce about 480-730 kilotonnes of UCO in 2022.

1.2 Analysis of current and forecast UCO collection from households, restaurants, and the
food industry

In Japan, once used, vegetable or cooking oil is considered waste and collected free of charge by licensed
companies under the Japanese Waste Management and Public Cleansing Law.®' This law was enacted in 1970
to preserve the living environment and improve public health through the restriction of waste discharge,
appropriate sorting, storage, collection, transport, recycling, disposal, or the like of waste and conservation of a
clean living environment.

However, a significant portion of UCO is improperly disposed of each year, due to set behaviours compounded
by the absence of suitable regulations and effective enforcement. A study conducted by the ICCT suggested
that the current collection rates in Japan are relatively low, with household collection rates estimated at 3-5%,
and those of restaurants and the food industry range from 20-40% and 40-50% respectively. collection from
restaurants is typically much higher as it's more affordable to collect from the larger point sources, while

households generate much less per house, so the collection is typically more expensive and consequently lower.

The study draws upon collection rates reported by the city of Kyoto. Kyoto has an established UCO recycling
infrastructure to support the production of biodiesel to fuel city-owned vehicles, such as buses and garbage
trucks. Kyoto's household collection rate is reported at 13%, representing the highest figure among Japanese
cities. The collection of UCO in Kyoto is carried out in partnership with citizens, with the cooperation of the
“Regional Waste Reduction Promotion Council” formed in each region to support the cooperation of volunteers.
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This partnership is conducted voluntarily and is not supported by regulation. To extrapolate this rate across
Japan, it was estimated that urban areas across the country with less developed infrastructure achieve a
collection rate of 3%-5%, which is slightly less than half of Kyoto's current collection rate. This is in line with
many European countries (such as lItaly, Portugal, Spain, and Germany), although less than some with well-
developed collection systems, suggesting that this is a reasonable estimate when collection incentives are
limited but could be improved if required.

To estimate the total amount of UCO produced annually from households, restaurants, and the food industry,
ICF used the current collection rates as outlined by the ICCT, and applied the following:

(1) Households: The total amount of UCO collected from households in Kyoto was reported to be 13,000
litres in 2022%, equivalent to 118,300 Kg per year®. This value was then converted to a per capita rate
using the current population in Kyoto and multiplied by the total urban population in Japan. As the
current collection rate in Kyoto is higher than in other parts of Japan, the total amount of UCO was
adjusted to assume an average collection rate across Japanese urban areas of 5%. This gave a total
amount of UCO currently collected from households in Japan as 3.6 kilotonnes per year.

(2) Restaurants: Using a reported collection in Kyoto of 1.5 million litres annually®, the volume was
converted to a per capita rate in kg using the current population in Kyoto and urban population in Japan
and extrapolated by assuming an average collection rate of 40% as outlined by the ICCT study. This
gave the total amount of UCO collected from restaurants at 117 kilotonnes per year.

(3) Food Industry: Using the total amount of UCO produced in Japan (c. 680 KT, adjusted for urban
population only) the amount of UCO produced from households and restaurants was subtracted to
determine a remainder of 361 kilotonnes produced by the food industry. Assuming a collection rate of
50%, as outlined by the ICCT study, the total amount of UCO collected from the food industry was
estimated at 120 kilotonnes per year.

To estimate the potential increase in collection rates, the collection rates in countries with mature and
incentivized collection systems were researched. The government in South Korea offers incentives to enhance
the collection rate of UCOs and achieves collection rates of 18.6% for households, 78.6% for restaurants, and
98.6% for the food industry®. Analysis by T&E estimates the rate in some European countries to be higher, with
household collection rates in Belgium (45%), Sweden (47%), Netherlands (41%), and Austria (34%)%¢. Achieving
these high collection rates involves developed infrastructure, incentives, behaviour change, and other factors.
As an example, in 2016, Belgium had over 700 collection points, while the Netherlands had 2,000, and both
required people to travel and deposit household UCO at these collection points. It is also notable that the
highest household collection rates were achieved in relatively small countries with populations of 12m or less,
and the collection rate in larger European countries is meaningfully lower in the UK (12%), Germany (2%) and
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Spain (2%), which may suggest that a country with the size and diversity of Japan may struggle to match the
higher end of collection rates. This may be somewhat mitigated by the high urbanization rate of Japan (c. 92%),
as collection becomes increasingly expensive as households are more spread out, making it more economically
viable in the dense urban areas across Japan.

The increasing value for UCO will incentivize higher collection rates, although there is uncertainty on the highest
possible rates. A study by the ICCT estimated collection rates could increase up to 50%, 100%, and 100% for
households, restaurants, and the food processing industry respectively.

The collection rates were forecast to increase from the current levels as the incentives and market continue to
develop. The household collection rates were forecast to increase to 22%, slightly above the rate currently
achieved in Kyoto (and South Korea) but conservatively below the rate achieved by some of the smaller EU
countries. The restaurant and food industry collection rates were forecast to increase to higher percentages, in
line with those achieved in other countries today.

Table 1: Forecast collection rates by category

Category 2025 2030 2050

Household 5% 12.40% 22%

Restaurant 40% 52% 79%
Food Industry 50% 66% 98.6%

Combining the total amount of UCO produced by households, restaurants, and the food industry with these
collection rates gave estimates of the potential amount of UCO at 123 Kt in 2025, 224 Kt in 2030, and 465 Kt in
2050.

Forecasted UCO collection rates drive an increase of 123 KT in 2025 to 465 KT in
2050 of UCO from households, restaurants, and the food industry

Central scenario, UCO collection in Japan, kilotonnes per year
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Source: ICF analysis
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Animal waste fat (Tallows)

1.1 Analysis of current tallow production

Tallow is a by-product of the meat industry, so production is strongly correlated with meat consumption.
According to the FAOQ, the global annual meat production reached 360 million tonnes in 2022, equivalent to an
average meat consumption of 120 grams per person per day. Furthermore, there is a positive correlation
between income level and meat consumption, and as a result, global meat consumption has increased
significantly along with the acceleration of economic growth, increasing from 7 thousand kilograms per capita
in 2000 to 9 thousand kilograms per capita in 2020%.

Meat consumption in Japan has stabilized at slightly above 60 kilograms per capita per year, a notably lower
level compared to other countries. This is likely due to the high consumption of seafood as a source of protein
in Japan®8 which averaged about 46 kilograms per capita per year in 2020%.

Japan consumes significantly less meat than other countries with similar per
capita GDP (PPP)

Meat consumption vs. GDP per capita, 2020
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Source: Our World in Data, 2020, https.//ourworldindata.org/grapher/meat-consumption-vs-gdp-per-
capita?time=latest

Based on the correlation between meat consumption and tallow production, it is assumed that the amount of
tallow produced is directly related to the amount of beef and veal, pig meat, and poultry produced annually in
Japan. The amount of tallow production per kilogram of beef and veal, pig meat, and poultry was determined
based on the carcass weight of each animal multiplied by the percentage of tallow. The values utilised for tallow
production were 6.34%, 1.67%, and 2.62% of tallow per kg of beef and veal, pig meat, and poultry respectively.
Utilising data published by the United States Department of Agriculture and the Japan Ministry of Agriculture,
Forestry and Fisheries, the total volume of meat produced in Japan was estimated to be 3.5 million tonnes in
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2022. This volume is based on 0.4 million tonnes of beef and veal, 1.3 million tonnes of pig meat, and 1.8 million
tonnes of poultry meat produced in 2022404,

Total amount of Tallow produced annually in Japan is an estimated 100 KT

Annual production of Tallow, 2022 kilotonnes
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Source: ICF analysis

It is important to note that rendered tallows are distinguished between two main types, edible tallow and
inedible tallow. Edible tallow (mostly produced from beef and veal) is made exclusively from the highest quality
edible fats, and processed for human consumption (e.g. margarine, cooking oil, and baking products) and pet
food. Inedible tallows, on the other hand, are processed for livestock feed, oleochemicals, and biofuel
production. Edible tallows are further structured into three different categories that are defined according to
their risk to human or animal health. Category 1 has the highest risk, Category 2 still offers a high risk, while
Category 3 offers the lowest risk and is considered safe for human and animal consumption. For this analysis, it
was assumed that a total of 76%*? of tallows are classified as Category 1and 2 inedible tallows and can be used

for the production of raw materials and biofuels.

1.2 Analysis of forecast tallow production

The FAO projects the number of livestock in Japan to increase through 2030, followed by a slight decrease in
2050. This can be attributed to annual support programs by the Japanese Government to domestic livestock,
dairy, and egg producers. In its most recent notification to the World Trade Organization, Japan reported $6
billion in support for beef, pork, dairy, and egg products, accounting for 97 per cent of Japan's total aggregate
measurement of support. Additionally, according to the USDA, an estimated 60% of meat consumption in Japan
is related to the food industry including tourism. Tourism is expected to continue to increase until 2030 due to

the goal of 60 million foreign tourists per year by 2030, as announced by the Japanese government.
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The FAO projected increase of livestock (including cattle, pigs and poultry) by 2030 only resulted in an average
increase of 1%, whereas the decrease of livestock from 2030 to 2050 resulted in an average decrease of 7%.
Based on these assumptions, the total volume of tallow production was adjusted to 100 kilotonnes by 2030,
and 92 kilotonnes by 2050.

4. Discussion

Assessment of the feedstock utilisation across different industries and development of
diversion scenarios

According to UCO Japan, the total amount of FOGs produced in 2021 was allocated to the production of animal
feed (c. 40%), raw materials (c. 10%), and biofuels (c. 2%). The remaining volumes were either exported (c 24%),
primarily to European countries and China or unaccounted for due to difficulty in collecting or recycling. It is
assumed that each of these allocations can be diverted with supporting government policies and guidelines, as
well as economic benefits.

Based on the reported allocation of FOGs, three diversion scenarios were developed: (1) low scenario
representing a conservative roll-out of government support, (2) mid scenario representing a median, and (3)
high scenario representing an aggressive deployment of government support. These scenarios were built on the
following assumptions to determine the amount of FOGs available for the production of SAF.

(1) Use of exported volumes domestically. Today, an estimated 24% of FOGs are exported to other
countries, primarily for biofuel production. Diverting the exported volumes to be used domestically,
presents a strong economic case aligned with the following objectives: (1) energy security, (2) achieving
a net-zero economy, and (3) economic growth. Domestic fuel production bolsters energy security,
contributing to self-sufficiency, while also supporting supporting Japan’s commitment to achieve a net-
zero economy by 2050. The production of high-value renewable fuels from low-value waste oils can
also drive economic growth.

(2) Diversion from animal feed production. The diversion from animal feed production was based on the
following three assumptions: (1) the increase in FOG collected allows the percentage used for feed to
reduce while the volume remains level, (2) the expected decrease in meat consumption globally and in
Japan, and (3) potential changes to feed regulations to promote animal and human safety. The total
number of FOGs is expected to increase by 2050 due to increased collection and recycling rates.
Therefore, although the allocated percentage for animal feed is decreasing over time, the total amount
of FOGs allocated to the industry will remain static with only a slight decrease.

(3) Diversion and reallocation from biofuel production and industrial use. Every SAF facility will also
produce volumes of renewable diesel and naphtha as by-products. These can be reallocated back to
industries for us as biofuels and chemical production. Replacing biodiesel use with renewable diesel is
beneficial considering the much higher blend rations that renewable diesel can be used at, and better
cold-weather performance. However, this transition must be staged to ensure biodiesel facilities do not
become stranded assets, so this transition was assumed to happen over the average 20-year lifespan
of biodiesel facilities, with replacement only once the biodiesel assets are retired.
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These assumptions were utilised to build the following diversion scenarios estimating the potential percentage
of FOGs that can be diverted from each industry to be allocated to the aviation industry.

Table 2: Scenarios estimating the potential percentage of UCO and tallow that can be diverted from each

industry for SAF production

Allocation 2025 2030 2050

Low 5% Low 15% Low 30%

Animal Feed Medium 8% Medium 30% Medium 70%
High 10% High 50% High 100%
Low 20% Low 50% Low 100%
Industrial Use Medium 50% Medium 80% Medium 100%
High 80% High 100% High 100%
Low 100% Low 100% Low 100%
Export Medium 100% Medium 100% Medium 100%
High 100% High 100% High 100%
Biofuel Low 20% Low 30% Low 100%
Production  Medium 30% Medium 50% Medium 100%
(non-SAF)  High 50% High 80% High 100%

Calculating the volume available for SAF production

Based on the three developed scenarios, low, medium, and high, the total amount of FOGs available to the
aviation industry was determined to be an estimated 35-43 kilotonnes in 2025, increasing to 119-188 kilotonnes
in 2050 for UCO, and 20-36 kilotonnes in 2025 increasing to 28-54 kilotonnes in 2050 of tallow.

The amount of FOGs available to aviation ranges from c. 35-43 KT in 2025 to ¢. 119-
188 KT in 2050 of UCO, and c.20-36 KT in 2025 to c. 28-54 KT in 2050 of tallow

UCO available to aviation, kilotonnes Tallow available to aviation, kilotonnes
200 .. 80 _
High High
Mid 50 Mid } Diversion
150 ( :
40 scenarios
Low Low -
100 30
20
50
10
- 0
2025 2030 2050 2025 2030 2050

Source: ICF analysis
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Utilising an assumed energy density of 37 MJ per kg for UCO, and 39.9 MJ per kg for tallow the results were
converted into energy to allow for comparison with other feedstocks. Overall, due to an assumed increase in
collection and recycling rates for UCO, the total amount of energy available for SAF production is expected to
increase to 7.0 PJ by 2050, assuming an aggressive deployment of government support. Tallows, on the other
hand, are only expected to yield a total amount of 2.1 PJ of energy available for SAF production by 2050. This
difference can be assumed due to an expected decrease by 2050, and an overarching lower production of
tallows than UCO.

Forecast of 1.3-1.7 PJ of UCO Energy in 2025 increasing to 4.4-7.0 in 2050, and 0.8-
1.1PJ of Tallow Energy available in 2025, increasing to 1.4-2.1 PJ by 2050

Petajoules of UCO available for SAF production Petajoules of Tallow available for SAF production
8 7.0 25 21
5.9 2 17 1.8
¢ 1.4
4.4 15 . 1.3 .
3.4 : 1.0
4 2.7 ;| os8®
17 2.2
2 | 1318 ° H 05 ﬂ
,LOam [ 0
2025 2030 2050 2025 2030 2040

| ] Low Scenario [] Mid Scenario [l High Scenario

Source: ICF Analysis

Municipal solid waste (MSW)

1. Feedstock Description

Municipal solid waste includes waste products from households and businesses, including paper, cards, wood
and greens, plastics, glass, metals, rubber, and other detritus. The World Bank estimated that 2.01 billion tonnes
of MSW per year were produced globally in 2016, with extrapolated trends in population and GDP suggesting an
increase in production to 3.4 billion tonnes of MSW by 20504,

Proper management of MSW is important to reduce greenhouse gas emissions and avoid pollution of water, soil,
and land. Unfortunately, a considerable volume of global MSW is mismanaged today, with at least a third dumped
or burnt in the open. As a result, there is a global opportunity to produce SAF from municipal waste, improving

the management of MSW and supporting the decarbonisation of aviation.

2. Methodology

Japan has a well-developed waste management system, with a complete collection of waste and extensive
infrastructure for recycling, reusing, and disposal. The use of MSW for SAF production must integrate within this

system, with three areas of opportunity:
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= Replacing existing waste disposal assets as they reach the end of life.
= Management of unrecyclable waste, i.e. to support existing infrastructure
= Diversion of exported waste for domestic use

The size of each opportunity depends on the expected development of the Japanese waste management
system. This is assessed in the following sections:
1. Assessment of the legal and regulatory framework guiding the development of the Japanese waste
management industry.
2. Analysis of the current and forecast waste production.
3. Analysis of the current waste management and scenario forecast
4. Quantification of the volume available for SAF production.

3. Assessment

Assessment of the legal and regulatory framework guiding the development of the Japanese
waste management industry

As Japan experienced sharp economic growth over the twentieth century, the volume of waste increased
equally rapidly, from just 6.2 million tonnes in 1955 to 42.2 million tonnes in 19754, This created considerable
challenges for Japan, with the linear economy driving very rapid growth in imports and reliance on foreign supply
chains, and the severe land constraints limiting the space available to properly dispose of the waste. The Waste
Management Act was introduced in 19704 and laid the foundation for the developing ecosystem by defining
categories of waste, the responsibilities of municipalities, and placing considerable obligations to manage
industrial waste. This stimulated the construction of the first industrial-scale management facilities, particularly
incinerators to reduce the volume of waste. However, continued economic growth and waste production,
alongside dwindling landfill capacity, required more stringent regulation.

This regulation was implemented through the Effective Resource Utilisation Promotion Act in 1991, and the
framework Basic Act for establishing a sound material-cycle society in 2000. Together, these defined the 3R
approach to drive waste Reduction, Reuse, and Recycling, and created a legal obligation for waste to be
managed according to the following hierarchy (1) Reducing generation, (2) Reuse, (3) Recycling, (4) Thermal
recovery, and (5) Appropriate disposal. Subsequent acts added additional detail for specific products and
defined goals to increase resource productivity, and the recycling rate, and to reduce the final disposal amount.
These regulations are crucial to understanding the obligations of MSW, and how updates could be made to
reflect the development of new technologies that can allow the use of waste to produce high-value liquid fuels.

Analysis of the current and forecast MSW production

Japanese MSW production grew rapidly during the economic boom, before reaching an apogee of 54.8 million
tonnes in 2000. Over the following decades, the low level of economic growth and increasingly stringent waste
reduction initiatives reduced the volume of MSW generated to 45 million tonnes in 2010 (-2.7 compound annual
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growth rate (CAGR) per year). The reduction continued through 2016, although at a slower rate of -0.8% CAGR
as economic growth slightly recovered and some of the easier waste reduction opportunities were saturated.

Three key drivers were used to forecast waste production out to 2050, including (1) population changes, (2)
economic growth, and (3) waste avoidance. The OECD forecasts a gradual decline in population numbers, from
a peak of 128 million in 2010 to 125 million in 2023 and 106 million in 2050, with the decline in population
decreasing waste generation. This reduction is slightly offset by economic growth, which is typically positively
correlated to waste generation. However, this has a limited impact as the relationship tapers to a plateau at high
levels, so while the OECD forecast*® GDP growth in Japan of 41% between 2019 and 2050 (c. 1% CAGR), ICF
estimates that the net impact will be a gradual growth in baseline MSW generated from 43.2 million tonnes in
2016 to 44.1 Mt in 2023, and 45.8 Mt in 2050.

ICF forecast static baseline MSW generation, with GDP growth offsetting the
gradual decline in population

Comparison of Japanese GDP (PPP), Population, and Baseline MSW historical and forecast to 2000

COV-19 COV-19
175% 125%
150% Forecast GDP Forecast
100%
125% N MSW
100% 75% Baseline
25% | Population
50%
259% 25%
0% 0%
2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

Source: GDP and Population forecasts from the OECD. Historical MSW data from the Japanese Industrial

Waste Information Centre. Correlations to forecast MSW developed by ICF. COVID-19 impact is excluded
due to the limited impact on waste generation

Note: The MSW Baseline represents the volume before any waste reduction initiatives are implemented.

A key factor will be the reduction in waste below this baseline that Japan can achieve. The regulatory framework
is supportive of waste reduction, with the 3R framework establishing this as a key priority. The continuous
evolution of policies further reinforces this development, for example with the Act on the Promotion of Resource
Circulation for Plastics*’ (2022) placing a reduction in single-use plastics as a priority. Alongside these policy
initiatives, the potential reduction was evaluated by comparing Japanese waste generation to other countries,
and by considering the historical progress.

Comparing Japan to other countries shows that waste generation is already lower than peers. Waste generation
shows a strong correlation to GDP in purchasing power parity, with a power relationship representing the best
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fit. This analysis would predict an MSW generation of 0.47 tonnes per capita per year, compared to the 0.34
t/capita/yr reported in 2016. This might suggest that many of the easier opportunities for waste reduction have
already been addressed, increasing the effort required to continue and accelerate the pace of waste reduction.

Japan generates significantly less waste than countries with a similar GDP (PPP)

Waste generation vs GDP, 2016

1.0
s
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% 06 . . .......................................... fit line
O Vletnam .............................
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0.0
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Source: MSW data from The World Bank What a Waste 2.0, 2016 https://datatopics.worldbank.org/what-a-
waste/. GDP data in Purchasing Power Parity, from the OECD

The historical trend shows considerable success in reducing MSW generation, with a steady decrease from the
peak in 2000. However, the pace of reduction has slowed from -2.7% CAGR between 2000 and 2010 to -0.8%
CAGR through 2016, and -0.6% through 2023%. COVID has likely slowed efforts to reduce waste due to the
disruption and considerable disposable equipment needed and will have disrupted the accounting as the
number of foreign citizens and visitors will have significantly dropped. However, this historical trend suggests a
gradual but sustained decrease in MSW generated.

Considering these trends, three scenarios were developed to represent the spread of potential outcomes.
These were calculated based on the reduction in 2050 emissions below the baseline, with the low scenario
representing an 8% reduction, the mid scenario a 20% reduction, and the high scenario representing a 30%
reduction. These are equal to annual reductions of -0.2%, -0.5%, and -0.9% respectively, and therefore match

outcomes ranging from a slight slowdown to a slight acceleration in waste reduction efforts.
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Three scenarios assess a reduction from c. 41 mt in 2020 to 39-32 mtin 2050

ICF forecast of MSW generation in Japan, Million tonnes per year
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; Reduction
High scenarios
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Source: ICF Analysis

Approximately 41 million tonnes of MSW were generated in Japan in 2022, including 29.8 million tonnes of
biogenic waste (food, green, wood, paper, card), and 11.2 million tonnes of non-biogenic waste (plastics, glass,
metal, and others). This is relatively similar to the average for other high-income countries, as calculated by ICF
from data from the World Bank, although with a slightly elevated portion of paper and card. This composition is
crucial for the emissions reduction of any SAF produced from this MSW, as the biogenic portion has significantly
lower life-cycle emissions compared to the non-biogenic portion.

The composition of MSW in Japan is similar to other high-income economies,
although with a notably high level of paper and card

Comparing waste composition in Japan to the average for High Income Economies (HIC) (2016)
100%

[] Glass & Metals
80% B Plastics
50% [] Paper and card
40%
[ Food, greens,
20% wood, other
0%

HIC Japan
Source: Ministry of the Environment https://www.env.go.jp/en/statistics/contents/2017/E2017_Ch4.pdf,
World Bank What a Waste 2.0, 2016
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Analysis of the current waste management and scenario forecast

The Japanese waste management infrastructure is extremely efficient at collecting and processing the MSW. In
2021, approximately 20% was recycled, 1% was landfilled with no intermediate treatment, and the remaining 79%
was incinerated in one of the 1,056 plants. This infrastructure has been built since the mid-1960s, and key
priorities were the sanitary disposal of waste and reducing MSW volume. This is particularly important as Japan
has an extreme scarcity of useable land to dispose of any residues, with the Ministry of Environment forecasting
that 99.8 million m?® of landfill volume remains, sufficient for 22.4 years of disposal (from March 2021).

The Japanese waste management framework establishes the following hierarchy for waste management (1)
Reducing generation, (2) Reuse, (3) Recycling, (4) Thermal recovery, and (5) Appropriate disposal. This analysis
assumes that SAF production would be appropriate in the hierarchy between (3) recycling and (4) Thermal
recovery, given the effective chemical recycling of the waste into high-value products. To ensure this analysis
represents commercially viable opportunities, the retirement rate for existing thermal recovery facilities is
considered to ensure few stranded assets.

This approach requires that any recycled volumes are excluded from the availability analysis. With the
introduction of the 3R’s framework, recycling and reuse increased in priority, and the recycling rate (calculated
as the percentage of final mass recycled vs MSW mass) gradually increased from less than 10% in the 1990s to
17.5% in 2004 and 20.8% in 2010“°. This rate has plateaued since 2010, remaining at 19.9% in 2021%°. However,
this total figure hides significant variation between different waste streams, with very high recycling rates for
paper and metals, lower rates for plastics, and little recycling of food, greens, and other products.

The paper recycling rate is likely close to the maximum. In 2022, 79.5% of paper was recovered and recycled®,
which is close to the theoretical maximum as the residual is mostly either non-recoverable (e.g., sanitary paper)
or non-recyclable (e.g., water-resistant paper). As a result, approximately 66% of paper manufacture by volume
used recovered paper, split with 34.1% for papers and an astounding 93.7% for paperboard manufacture
(paperboard can use a higher portion as recovered paper is less structurally robust, so must be combined with
wood pulp in paper to give adequate strength). Because the recovery of paper exceeds the consumption of
recovered paper, the excess recovered paper is exported, with over 1.8 million tonnes of recovered paper sent
overseas in 2022, and a smaller portion (0.1 Mt) is lost or consumed during the process. This paper could
potentially be used as a feedstock for SAF production, although the financial viability will depend on the demand
and price for recovered paper.

The plastic recycling rate was 22% in 2019%2 (mechanical and materials recycling), although this includes both
domestic recycling and processed recyclable plastics that are exported overseas. This recycling rate has only
gradually increased, plateauing over the last decade. The export market was severely disrupted when China
banned the imports of recyclable plastic waste in 2018 (Operation National Sword®®), as c. half of Japan’s

©ICF 2023 63



Charting the Path: SAF Ecosystem in Japan

recycled plastic was exported, and over 70% of these exports were shipped to China. This spurred efforts to
handle greater plastic waste domestically, and Japan's export volumes decreased from 1.8 Mt in 2015 to 0.7 Mt
in 2019%4. Consequently, the flat plastics recycling rate over this period represents a slight increase in the volume
handled. The majority of non-recycled plastic waste is incinerated with energy recovery, with less than 10%
incinerated without energy retrieval or landfilled respectively. Some volume of the plastic currently incinerated
(with and without energy recovery) could be used for SAF production, although this use must be managed to
avoid stranding the existing assets. The carbon intensity of SAF produced using waste plastics is also relatively
high.

Approximately a tenth of waste in Japan is metals and glass. This represents no opportunity for SAF production
as the material is unusable. Similarly, metals and glass cannot be incinerated, and their high value has supported
high recycling rates, with 93% of steel cans recycled, 77% of aluminium cans, and 95% of glass bottles (2015)°°.
The recycling rate for other materials is relatively low. There has been a gradual build-out of composting facilities
to manage green waste, with 3.4 Mt of capacity in operation by 2015 (note these facilities also handle a portion
of non-municipal waste). ICF estimates that this capacity represents a recycling rate of c. 6% for the total food,
green, wood, and other MSW categories®®.

Combining these values (multiplying the recycling percentages for each waste stream by their percentage of
MSW) suggests a significantly higher recycling rate than recorded by the government, at 34% in 2021 (vs the
government-reported figure of 19.9%). This discrepancy is because the recycling percentages for each waste
stream are often calculated on the input volume (e.g. the mass of MSW entering a composting facility), while
the mass of processed weight is often significantly less; for example, a composting facility produces 0.75 kg of
compost per 1kg input, with much of the difference lost to the atmosphere. Other facilities, such as paper or
plastic recycling will also have a portion of unusable residues which reduces the weight of recycled products
compared to the weight entering the facility. The Japanese government calculates the recycling rate based on
the final mass of recycled products compared to the MSW generated; as these calculations show, the mass that
is managed via a recycling facility is significantly higher. To illustrate the opportunity for SAF production, this
analysis will show the MSW mass that is ‘input’ to recycling facilities as ‘recycled’, on the basis that the mass
lost during recycling is unlikely to be available for SAF production. As a result of this calculation approach, the
percentage shown as recycled exceeds the official net statistics.

The values have been established to show a spread of future recycling scenarios, with the low scenario
representing a conservative roll-out, and the high scenario representing an aggressive deployment of recycling
technologies. The values are calculated as the percentage of each MSW category that is input to a recycling
facility, in 2050. Percentages are used rather than absolute values as many of the difficulties with recycling
stem from the heterogeneous nature of MSW rather than volume. This assumption can result in a decreasing
volume of material recycled even as recycling percentages increase, due to the decreasing total volume of MSW
generated.
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Table 1: Current and forecast recycling rates for each municipal waste category

Current Low Mid High
Waste category

2021 2050 2050 2050

Paper and card 66% 70% 75% 80%
Food, Green, Wood 3% 5% 8% 10%
Plastics 22% 25% 30% 35%
Glass and Metal 90% 90% 90% 90%
Others 1% 2% 3% 5%

The paper and card percentages are set at the percentage of recovered paper that is consumed, with most of
the remainder exported. This value is expected to increase as while both production and consumption of paper
have decreased, production has decreased slightly faster than consumption (-114% vs -1.05% CAGR 2013-
2022), reducing the surplus volume of recovered paper available for export or potentially SAF production. The
Food, Green, Wood is set to represent a reasonably rapid build-out of composting facilities. The Plastics
scenarios represent a gradual increase in recycling, breaking above the plateau that this category has settled
at for the past two decades. Glass and Metals are assumed to remain at the high level already achieved. Others
(rubber, leather, others) is a very small category by mass and is forecast to increase very gradually given the
difficulty of managing many of the disparate materials this category represents.

The net impact of these scenarios is an increase in recycling rates from 34% (input basis) in 2021 to 36%-42%
by 2050. This represents an aggressive deployment of recycling technologies, although the net impact is limited
as several categories are already at a high level of recycling. As a result, the increase in recycling rates is
overshadowed by the reduction in MSW, decreasing the total volume of MSW recycled. This forecast aligns with
historical trends, with the volume of MSW recycled reducing by 12% between 2005 and 2016, despite the
recycling rate increasing by +1.3% over the same period®’.
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The recycling percentage is forecast to gradually increase, although the high rate
of MSW reduction results in a net plateau in the mass recycled

Percentage MSW entering recycling facilities (%) MSW entering recycling facilities (mt)
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Source: ICF Analysis

Aligning with the Japanese waste hierarchy, most of the unrecycled waste is used for thermal recovery or
incineration. While the refining of renewable fuels creates a more valuable product, any transition must be
managed appropriately. This includes avoiding increasing the cost of the transition by creating excess stranded
assets, ensuring incumbent interests are recognised, and deploying technologies at a rate appropriate to their
readiness level. Reflecting this, the retirement rate for the Japanese incinerator infrastructure was evaluated,
ensuring that the MSW is only considered to be available for SAF production once the existing infrastructure is
retired.

The first waste incinerator was built in Japan in 1924, but the technology was only meaningfully scaled in the
1960s when the national government started providing subsidies®8. Multiple generations of facilities were built,
with improvements to minimize the volume of residual waste, reduce dioxin emissions, and efficiently recover
heat and energy®®. Mirroring the plateau in waste generation at the start of the new millennium, the build-out of
new incinerators also plateaued in 2000, followed by a gradual decline as some of the older technologies (batch

and non-continuous) and smaller facilities were retired.

To project the retirement trajectory of the facilities, ICF assessed the deployment rate for each technology
category. The capacity was assumed to operate for either 30 years (a typical lifetime) or 40 years (a
significantly extended lifespan), at which point it was retired. For the historical data®, retired capacity was
assumed to be replaced with new (brown or green field) capacity, which allowed the current age of the
incineration fleet to be estimated. The same approach was then used to forecast the decline in capacity as
assets reach their end of life, by assuming that each facility operates for the design life and is then shutdown.
This trajectory assumes that no additional capacity is built in Japan (although many companies have
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successfully exported the technology to other countries in dire need of better MSW management), and this
trajectory therefore represents the rate at which no assets are left stranded during the transition.

The Japanese incinerator fleet was built over the decades following the 1960 and is
mid-life, allowing a gradual transition if other technologies are prioritised

Retirement profile assuming 30-year lifespan Retirement profile assuming 40-year lifespan
Total capacity, tonnes per day Total capacity, tonnes per day
250,000 250,000
Forecast Forecast
200,000 200,000
150,000 150,000
100,000 100,000
50,000 50,000
0 0
TN CER228552288599
©Cp >0 Q0 5 o 5 2 o o o O o]
2222229888 ¢9 2T22228 38R R88

DFuIIcontinuous DSemi—continuous |:|Mechanica| batch .Fixed batch
Source: ICF Analysis, https://www.env.go.jp/en/statistics/contents/2017/E2017_Ch4.pdf

The analysis suggests that as capacity plateaued around the year 2000, the fleet reached a steady state, with
most assets in their mid-life. This could allow meaningful MSW volumes to be shifted higher in the waste

hierarchy, by reducing, reusing, or converting the waste into higher-value products.

These retirement trajectories were used to develop three scenarios for other disposal approaches. It should be
recognised that all scenarios assume some level of reduction in incinerator capacity as the volume of MSW
produced is reduced and a greater percentage is recycled. These scenarios allow the additional MSW that could
be diverted to SAF production to be calculated, with the volume equal to the potentially greater decline in
incinerator capacity compared to the decline in non-recyclable waste generation. These three scenarios
assume a 25%, 50%, and 70% decline in incinerator capacity (2021 vs 2050). As shown in the following
illustration, this decline in incinerator capacity would be slower than if the incinerators were retired at the end
of 40-year lifespans, with potential upside if any assets are retired after shorter lifetimes.
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The three scenarios to divert MSW to SAF production were developed to ensure no

incinerator assets are left stranded

Comparing the MSW transition scenarios to the incinerator asset retirement profile
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Notes: The transition scenarios as shown in green. The grey area shows the estimates range of retirement
trajectories, with the lower line showing the incinerator retirement trajectory assuming a 30-year lifespan,

and the upper line a 40-year lifespan.

Combining the estimated MSW baseline production with the reduction in MSW production, increased recycling,

and transition from incinerators, allows the volume of MSW potentially available for SAF production to be

estimated. These combined scenarios are shown in the following image, with the MSW potentially available for
SAF highlighted in green.

The three scenarios project a gradual increase in MSW availability

Combined MSW Management scenarios
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The composition of the waste changes slightly over the analysis period, with the biogenic portion typically
reducing very slightly as the availability of plastics and others increases faster than the availability of paper and
cards. However, a biogenic portion of 70% plus suggests a reasonable emission reduction, particularly if
combined with carbon capture at the facility. The composition for each facility would likely vary with local MSW
production and the feedstock contracts.

The waste available for SAF production is typically 70%+ biogenic

Composition of MSW available for SAF Production
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Two final adjustments were made to the availability for SAF production, to reflect the immediate availability of
waste that is currently exported, and to convert the results into energy to allow comparison with other
feedstocks. The two main waste categories exported are post-recycling plastics (which are not separated from
the recycled categories shown in the diagram) and recovered paper exports. Approximately 650,000 tonnes
of post-recycling plastic is exported, and 1.8 Mt of recovered paper, and while not all of this may be practical or
commercially viable, it could provide feedstock to deploy initial facilities. Across the three scenarios, just 20%
of each of these exports was assumed available for SAF production, equal to a combined 111 PJ. The energy
density was assumed as 25 MJ/Kg for food and greens, 19 MJ/Kg, 32.8 MJ/Kg for plastics, 26 MJ/Kg for rubber,
leather, and others, and O MJ/Kg for Metals and glass.
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Forecast of 26-76 PJ of MSW Energy available for SAF in 2030, increasing to 109-
246 PJ by 2050

MSW energy available for SAF Production, PetaJoules
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4. Discussion

The Japanese waste management infrastructure is highly developed, with all waste collected and managed to
maximise the value and avoid residual volumes that must use the scarce remaining landfills. While this means
that only small volumes of MSW will be available in the near term, much more significant volumes could become
available over the middle and longer term.

However, making these volumes available will require a change from the status quo, driven by a recognition of
the position of SAF production in the waste hierarchy and contribution to the indexes established by the Basic
Plan for establishing a sound material-cycle society. In particular, SAF production enhances resource
productivity and reduces the volume for final disposal. Resource productivity is enhanced due to the
significantly higher market value of SAF compared to the heat (729 facilities) and electricity (396 facilities)
currently generated. A high-level calculation shows that SAF increases the value per tonne of waste by over 10x
compared to electricity generation®. SAF production also greatly decreases the volume of residues compared
to incineration, supporting the third index set by the regulation.

The most significant change would be to establish SAF production as a higher value than thermal recovery,
mirroring similar discussions in other countries. This would prioritize the replacement of the current
infrastructure with SAF facilities at the next replacement cycle. Further support could be provided if the
Government recognizes the role of SAF production in establishing a sound material-cycle society by awarding
grants-in-aid through the existing program. The subsidy rate is usually 1/3 and up to 1/2 for pioneering projects,
with between 23,000 and 52,600 million Yen awarded per year (2005-2013) through the program®2,
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Agricultural residues

1. Feedstock Description

Agricultural residues are a byproduct from the harvesting and processing of crops and include stalks, husks,
straw, cobs, and stems. As their use does not compete with food sources and existing land uses, agricultural
residues are an attractive feedstock for the production of cellulosic biofuels, including SAF, that could
contribute to meeting the advanced biofuels targets and decarbonisation goals of the transportation sector.

However, the potential large-scale use of crop residues for biofuel production raises concerns about
environmental impacts, as crop residues are important in the maintenance and protection of soil quality,
including organic matter and nutrients, water and drought resistance, soil temperature and crop yield, as well
as soil erosion.

2. Methodology

The volume of agricultural residues available for SAF production is a product of the amount of agricultural
activity, the collection rate of the residues, and their use by other industries. These factors were using the
following methodology:

1. Assessment of land use and agricultural trends in Japan.
2. Assessment of the regulatory framework guiding the development of the Japanese agricultural industry.
= Government support policy mechanisms.
= Agricultural greenhouse gas emissions.
» Food security mechanisms.
3. Analysis of agricultural residues available by crop.
= Assessment of the total production of agricultural residues.
= Analysis of forecast agricultural residue production.
= Assessment of existing feedstock utilisation.
= Development of reduction scenarios based on sustainability considerations.
= Calculating the total volume available for SAF production.

The following sections assess the current and forecast production and then analyse the interaction with other
industries. This approach was taken to reflect the different drivers of production, but similar end-use
industries.

3. Assessment

Assessment of land use and agricultural trends in Japan

Japan is an island country, consisting of the main islands of Hokkaido, Honshu, Shikoku, Kyushu and Okinawa,
and more than 6,800 smaller islands of various sizes. The combined surface area is close to 38 million hectares.
The Japanese landscape is rugged with more than four-fifths (c. 28 million hectares) of the land surface
consisting of mountains. Due to Japan’s unique location, it is particularly prone to various geological and weather
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phenomena, including a high number of earthquakes, volcanoes, and typhoon season spells with a total annual
precipitation of 1,000 to 2,500 mm per year®,

In comparison to other countries, Japan stands out with more than two-thirds of their land covered in forests.
There are 25.38 million hectares of forest land and fields (c. 87.1%). In contrast, the share of agricultural land is
just 1.7% (c. 4 million hectares) and has been declining by almost 0.5% annually. Combined, forests, fields, and
farmland cover approximately 80% of the country.

Japan’s distinctive climate and geographical characteristics pose a challenge to the agricultural industry.
Additionally, the continued decline and ageing population have also led to a shortage of agricultural labour to
sustain the workforce, resulting in the abandonment of farmland. As a result, farmland, which excludes unutilised
farmland, has declined by 35% since 1961.

Japanese farmland, excluding unutilized farmland, has declined by 35% since 1961
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Source: FAOSTAT

The decline in farmland, combined with the shortage of agricultural labour, has boosted imports of many
agricultural products. The food self-sufficiency rate in Japan was 37% in 2020 on a calorie basis, the lowest in
recorded history, meaning that more than 60% of the Japanese calorie supply depends on imports. The
recorded self-sufficiency rate for 2022 was 38%, only 1% higher than the previous year. To counteract the
continuous decline in domestic production, the Government of Japan (GOJ) has implemented several policies

and regulations to support the agricultural sector, as detailed in the next section.
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Assessment of mechanisms developed by the regulatory framework guiding the Japanese
agricultural industry.

1.1 Government support policy mechanisms

The Ministry of Agriculture, Forestry and Fisheries (MAFF) is the primary ministry responsible for addressing
climate change and implementing policies in Japan’s agriculture and forestry sectors. In recent years, Japan has
utilised the following policy mechanisms to strengthen Japanese agriculture and maximize global reach®:

= Tariffs: Japan maintains a border protection and domestic price support system for key agricultural
products. Japanese tariffs on agricultural products are higher than those on non-agricultural products
with average tariffs reaching up to 15.5% in 2019 compared to 2.5% for non-agricultural products®®.

= Revenue-based payments: Available to farmers that meet requirements producing rice, wheat, barley,
soybean, and other vegetables, if revenues from these crops drop below historic average revenues.
Ninety per cent of the difference between current revenue and the past average is compensated by
the government and the farmer's reserve fund.

= Crop diversification payments: Available to farmers who switch their use of paddy fields from table
rice production to other crops, such as wheat and soybeans.

= Insurance programs: Available to farmers who experienced yield losses and damage to production
facilities from pests and natural disasters.

* Young and certified farmer programs: Japan offers three types of support programs to encourage
young farmers to enter the agricultural sector. Young farmers can receive an annual grant during their
training period, initial operation period, and for additional training. Additionally, farmers can receive
certified status for actively engaging in improving farm management. Certified farmers receive benefits
such as additional support payments, tax breaks and pension premiums.

= Direct support payments: Available for the production of upland crops, such as wheat, barley, soybean,
rapeseed, and vegetables. The government provides area payments based on current planting, and
output-based payments according to the volume of sales and quality. Additionally, farmers in hilly and
mountainous areas can receive direct payments to compensate for the production disadvantage of
steep slopes and cultivation plots, to avert the abandonment of agricultural land, and contribute to
environmental protection and landscape preservation. Similar payments are awarded to farmers who
conduct activities effective in preventing global warming and conserving biodiversity, in conjunction
with reducing the use of synthetic fertilizers and pesticides.
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1.2 Agricultural greenhouse gas emission mitigation mechanisms

In October 2020, Japan strengthened its GHG reduction target to achieve economy-wide carbon neutrality by
2050. In support of their target, Japan published the Green Growth Strategy®®, which includes agriculture as one
of the fourteen priority sectors. MAFF has since published guidelines which outline the reduction of GHG
emissions from the agricultural sector to be achieved in the following ways: reducing fuel consumption,
disseminating water management methods for paddy fields to lower methane emissions, and improving fertilizer
use efficiency to reduce nitrogen. For reference, in 2020, agriculture accounted for about 4% of the national
total greenhouse gas (GHG) emissions. Methane production, from rice cultivation and livestock production,
accounted for most emissions by GHG type, totalling 80%.

Agriculture accounts for about 4% of national GHG emissions and about 80% of
methane emissions

National GHG Emissions —— Agriculture GHG Emissions — National Methane Emissions
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Source: ICF Analysis, MAFF, Japan Ministry of Environment, 2020 data

In alignment with the Green Growth Strategy, the energy sector passed the Act for Partial Amendment of the
Electricity Business Act for the Establishment of a Resilient and Sustainable Electricity Supply System. This act
took measures to build a disaster-resilient power distribution system and revised the already existing Feed-In
Tariff (FIT), in addition to launching a new system, the Feed-In Premium (FIP). Both the FIT and FIP systems
facilitate the development of renewable power projects, including the use of biomass fuels. In early 2023, METI
added agricultural residues, such as corn straw pellets, as eligible under the schemes. METI is still examining
whether to add straw, rice straw, and rice husk to the schemes as they are currently used in other industries®’.
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1.3 Food security mechanisms

The Basic Plan for Food, Agriculture and Rural Areas, which establishes Japan’s overall agricultural policy for the
next decade, was revised in 2020°%. The plan focuses on the sustainability of agriculture, rural communities, and
succession planning, and calls for the public to support agriculture. It also sets targets to increase domestic
production of all products except for rice. Productions with expected consumption declines and increased
production targets, such as wheat, barley, and soybeans, are expected to replace imports in the domestic
market or be exported. The sustainable development of the agriculture portion of the plan is to reinforce
production and streamline supply chains through the application of smart agriculture and digital technologies
to meet changes in demand structure and to strengthen measures for climate change.

Analysis of agricultural residues available by crop

1.1 Assessment of total production of agricultural residues

Since agricultural residues are a byproduct of primary crops, the volume of residues available is directly related
to the annual agricultural output. In Japan, the rice crop dominates in terms of average land use and production
value with an average agricultural output of 75%. Additional crops produced in Japan include corn, wheat, barley,
rapeseed, soybean, fruits, and vegetables. Fruit and vegetable production was not considered for this analysis,
as the production values were considered negligible compared to other crops. Japan’s overall demand and
production of grain and feed have remained static over the past decade.

Annual agricultural production has stayed static the past decade, with rice
production accounting for 75% of agricultural output
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Source: USDA Foreign Agricultural Service, MAFF

According to the Asian Biomass Handbook, an estimated 3 billion tonnes of agricultural residues are produced
globally, with rice accounting for the largest production of 836 million tonnes®®. Rice is a widely recognized
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staple food crop, particularly prevalent in Asia, Sub-Saharan Africa, and South America. With 756 million tonnes
produced globally in 20197, rice is the third-most produced agricultural crop in the world. The majority of
today’s rice production comes from China (ca. 148 million tonnes in 20197) and India (c. 125 million tonnes in
20217%). Japan is ranked the ninth-largest producer, producing 7.5 million tonnes in 20217,

Japan is one of the top nine rice producers globally, producing 7.5 million tonnes in
2021
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Produced agricultural residues include field residues and process residues. Field residues are residues that are
present in the field after the process of crop harvesting. These include stalks, stems, and straw. Process residues
are residues produced after the crop is processed into an alternative valuable source. These include husks,

cobs, roots, and bagasse.

The total amount of agricultural residues available was calculated utilising the crop yield and the residue-
production-ratio RPR, also defined as the above-ground harvestable biomass residue to the primary crop yield.
Several studies reviewed outline that the RPR is better represented as a function of a primary crop yield than
as a fixed value, therefore an exponential function representative of each crop was utilised’®. This is to best
encompass factors such as soil type, weather conditions, harvesting practices, and primary crop yield. Utilising
this methodology, the total amount of agricultural residues produced in 2021 is estimated to be 12.7 million

tonnes.
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1.2 Analysis of Forecast Agricultural Residue Production

Forecasted agricultural production was determined utilising the 2020 Basic Plan for Food Agriculture and Rural
Areas, as well as the Food Security Reinforcement Policy Framework. The 2030 Japanese Fiscal Year (JFY)
production targets are higher than current levels for all commodities, except for rice, as outlined in the table
below.

Table 1: 2030 production targets from the 2020 baseline

Commodity +/- Percentage
Rice - 6%
Corn + 32%
Wheat + 9%
Barley + 32%
Rapeseed + 25%
Soybean + 16%

Due to rice production making up 75% of the total agricultural output in Japan, the total production in 2030 is
expected to decrease by an estimated 3%, between 2021 and 2030. Additionally, production targets for 2040
and 2050 were assumed to remain static from 2030, due to the assumption of government support driving
increased production, countered by a decrease in agricultural product consumption related to population
decline.

Annual agricultural production is expected to decrease by 3% between 2021 and
2030 and remain static until 2050
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1.3 Assessment of existing feedstock utilisation

Agricultural-based industries produce a significant volume of residues each year. If these residues are released
into the environment without proper management procedures, they can lead to environmental pollution and
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cause harmful effects on human and animal health. Such challenges include increased methane production from
the degradation of rice residue in rice paddy fields, air pollution from unnecessary burning of agricultural
residues, and soil degradation. Crop residue management should be done to benefit the grower without
negatively impacting the health and productivity of the soil, as well as the environment.

Management procedures can be split into three different categories: (1) off-site, (2) on-site, and (3) waste. On-
site use can improve soil productivity and crop production by providing nutrients, improving water availability,
and protecting from erosion. Off-site use can provide valuable resources of significant economic value, such as
animal bedding and supplemental feed for livestock, renewable energy production through the conversion into
biofuels (i.e. bioethanol), cultivation of edible fungi or mushrooms, and others. When residues are neither used
off-site nor on-site, they are often disposed of as waste by burning, a practice used by farmers as the most
convenient, cheap about time, labour and finance, and beneficial for control of the feed. Such traditional
agricultural management procedures, however, do not provide any economic returns to the farmer and result
in poor soil health conservation and maintenance.

Agricultural residue management is split into three categories: off-site use, on-site
use, and waste

Livestock feed & bedding

Mushroom cultivation Challenges
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Source: ICF analysis

According to Japan'’s Third Basic Plan for Promoting Biomass Utilisation’s, the amount of sustainably collected
agricultural residues is currently being used by other industries for feed, fertilizer, bedding, and biofuel
production. Agricultural management procedures emphasize profitability, sustainability, technical feasibility,
and adoption potential. Additionally, it can be assumed that additional agricultural residues will be added as
eligible under the FIT and FIP schemes in the upcoming years, to support the production of renewable energy
from biofuels.
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1.4 Development of reduction scenarios based on sustainability considerations

According to Japan's Third Basic Plan for Promoting Biomass Utilisation, 31% of agricultural wastes are collected
today, with a further 61% ploughed back into the land to maintain soil health. The remaining 8% of residues are
not used. The plan outlines an aim to increase the amount of energy used for fuel production and to achieve a
sustainable collection rate of 45% by 2030 while monitoring the progress of technologies for energy use and
material use. With the promotion of smart agriculture technologies and sustainable production systems, as
outlined in MAFF's Summary of the Annual Report on Food Agriculture and Rural Areas in Japan, it is expected
that fewer agricultural residues will be required to produce a higher crop yield. Therefore, the forecast
sustainable collection rate is to increase to 50% by 2050.

Agricultural residues are primarily being used by other industries for feed, bedding, fertilizer, and biofuel
production. Japan’s Third Basic Plan for Promoting Biomass Utilisation outlines a goal of utilising up to 10% of
biomass (including agricultural residues) for SAF production. Although agricultural residues will be re-allocated
from other industries to meet this goal, it can be assumed that with an increase in agricultural production and
collection, as well as the production of by-products such as naphtha and renewable diesel from SAF production,
these products will be used across the different industries.

Utilising these variables, three scenarios were developed, (1) low-scenario representing the current amount
collected (2) mid-scenario representing the amount collected with government support to the agricultural
industry and increase in energy production from biomass (3) high-scenario representing a continued increase
in government support and energy production with advancements in farming technologies. These assumptions
were utilised to build the following scenarios estimating the potential percentage of agricultural residues that
can be sustainably collected and reallocated from different industries.
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Table 2: Scenarios estimating the potential percentage of Agricultural Residues that can be sustainably

collected and allocated to SAF production

Description Scenario 2025 2030 2040 2050
Baseline — Allowed removal Low 60% 60% 60% 60%
[11 toremain soil health Medium 60% 60% 60% 60%
boundaries High 60% 60% 60% 60%
Low 31% 40% 45% 50%
Baseline — Sustainable . 0 ) ° °
[2] . Medium 31% 45% 50% 55%
collection rate .
High 31% 45% 55% 58%
Low 0% 9% 14% 19%
Increased collection - % . 0 0 ° °
th Medium 0% 14% 19% 24%
row
& High 0% 14% 24% 27%
Low 31% 31% 31% 31%
Increased collection - % of . ° ’ ° °
- Medium 31% 31% 31% 31%
exis
& High 31% 31% 31% 31%
Low 25% 25% 25% 25%
Available to aviation - % . ) X ) X
th Medium 35% 35% 35% 35%
grow .
High 50% 50% 50% 50%
Low 2% 5% 10% 20%
Available to aviation - % of .
i Medium 5% 15% 25% 35%
exis
e High 10% 25% 35% 50%
Low 0% 2% 4% 5%
[3] Resulting % Medium 0% 5% 7% 8%
High 0% 7% 12% 14%
Low 1% 2% 3% 6%
[8] % of existing Medium 2% 5% 8% 1%
High 3% 8% 1% 16%
Low 1% 4% 7% 1%
Total per cent allocation Medium 2% 10% 14% 19%
High 3% 15% 23% 29%

[1] - Sustainable crop removal pertains to a certain amount of crop residue being left on the ground to ensure soil health — this depends on the type of
crop and yield, topography, climate, management, and tillage practices. An average percentage was applied encompassing all factors.
[2] - Sustainable collection rate pertains to the amount of residues that can be collected without affecting the soil health. The values must remain below

the allowed crop removal rate.

[3] - Values are the combined percentage of increased collection and availability to aviation.

1.5

Calculating the total volume for SAF production

Based on the three development scenarios, low, medium, and high, the total amount of agricultural residues
available to the aviation industry was determined to be an estimated 70-354 kilotonnes in 2025, increasing to
1399-3707 kilotonnes in 2050.
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The volume of agricultural residues available to aviation ranges from c. 70-354 KT
in 2025 to 1399-3707 KT in 2050

Agricultural waste available to aviation, Kilotonnes
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The total amount of agricultural residues available for SAF production in petajoules was calculated utilising the
volume of agricultural residues available per crop, multiplied by the respective moisture content to determine
the total amount of dry residue. The values were then converted to energy utilising their respective lower heating
value (LHV) in exajoules per million tonnes. Exajoules were then converted into petajoules utilising a conversion
ratio. Overall, the total amount of energy available for SAF production is expected to increase from 5.7 PJ by
2025 to 59.9 PJ by 2050, assuming an increase in government support for the agricultural industry, the use of
agricultural biomass for energy production, and advancements in farming technologies.

Forecast of 1.2-5.7 PJ of agricultural residues in 2025 increasing to 22.6-59.9 PJ in
2050
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Woody biomass

1. Feedstock Description

Woody biomass refers to organic materials derived from trees and woody plants, primarily composed of
lignocellulosic matter such as cellulose, hemicellulose, and lignin. These materials encompass various forms,
including tree trunks, branches, bark, and wood chips, and are utilised as feedstock for biofuel production
processes. Woody biomass is a valuable and renewable resource, offering a sustainable alternative to fossil
fuels, and can be converted into biofuels like wood pellets, and biochar, or through thermochemical processes
such as pyrolysis and gasification to produce bioenergy in the form of heat, electricity, or liquid biofuels like
bioethanol and bio-oil.

2. Methodology

Japan has developed a comprehensive system to use domestic and imported woody biomass for energy. This
developed supply chain offers some opportunity to use woody biomass for SAF production, however, significant
biomass generation capacity is under construction in Japan which may consume the significant majority of
available woody biomass. Increasing deployment of renewables, batteries, and the resurgence of nuclear
generation may gradually soften demand, and increased domestic availability may be possible. This opportunity
was estimated through the following analyses:

1. Overview of woody biomass in Japan

2. Analysis of current sourcing and use of woody biomass for energy
a. Assessment of the current domestic supply and imports

3. Analysis of the outlook and potential for SAF production

3. Assessment

Overview of woody biomass in Japan

Japan has over 25 million hectares of forest and is also paradoxically one of the top importers of wood and
related products. In the 1950s, almost all wood was supplied domestically, but as trade was liberalized and
demand strongly grew in line with the wider economy, the volume of imports rapidly increased. The decades
through the 1970s saw strong growth in imported logs, which was gradually substituted with imports of products
as the exporting countries moved up the value chain. In 2002, the wood self-sufficiency rate reached a nadir of
18.8%C.

Several factors have driven a gradual resurgence in domestic production. The Kyoto Protocol was adopted in
1997, which drove increased awareness of the role of biomass and was followed by the Japanese government
implementing the Law Concerning Special Measures for Promotion of the Use of New Energy in 2001, and the
Biomass Nippon Strategy in 2002. The Feed-in tariff (FIT) was implemented in 2012, which further stimulated
the use of woody biomass (particularly wastes and residues) for electricity production. Areas of planted forest
have matured, allowing domestic production to increase with demand, although the self-sufficiency rate has
remained low at c. 36%.
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Domestic production has increased, but nearly two-thirds of wood is still imported

Japan wood production, import, and export, Selected categories, Million cubic meters
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Wood use in Japan is dominated by construction, paper, and energy. Half of all dwellings in Japan are detached
houses (53.6%), of which almost all (92.6%) are wood-framed. The other half are apartments, which are mostly
(72.3%) steel-framed concrete structures’’. Building wood-frame dwellings is a key source of demand, and
significant waste wood is generated during their construction and end-of-life demolishment.

The paper industry requires fresh wood fibres, which are then combined with recycled paper. Some of this
waste could be used for energy and is discussed in the section on Municipal Solid Waste. Some black liquor is
created during the production process, much of which is used for energy generation. Woody biomass use for
energy has rapidly increased with the introduction of the FIT scheme, fueled by both increasing domestic supply
and imports.

Analysis of current sourcing and use of woody biomass for energy

The Feed-In tariff has been crucial to drive the use of biomass for energy. While it originally focused on solar,
the expansion of the FIT in 2012 opened the scheme to include biomass, wind, geothermal and small-scale
hydro. Biomass is eligible for electricity production in stand-alone plants, or co-firing alongside fossil fuels (e.g.
in coal power stations), and almost all demand growth has originated from stand-alone generators. Between
2015 and 2023, demand increased by 20.2% CAGR, equivalent to growth of approximately 1.58 million tonnes of
biomass every year. Heat generation is not covered by the FIT, so this has remained at relatively low levels’®.
This demand has been met through an expansion of domestic supply, and growth in imported chips and pellets
(1) and imported palm kernel shells (2).
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Electricity demand has driven increased (imported and domestic) biomass use

Annual biomass consumption, Bone-dry ‘000 tonnes
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These imports have come from a diverse selection of countries. Much of the wood pellet imports are from
Vietnam (particularly the fast-growing acacia wood), followed by Canada. The Palm Kernel Shells (PKS) are
exported by Indonesia (70%) and Malaysia (30%).

Wood pellet and PKS imports for electricity generation have dramatically increased

Wood and Palm kernel Shell Imports, Bone-dry ‘O00 tonnes
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Source: Wood Pellets: https://www.maff.go.jp/e/policies/forestry/attach/pdf/index-14.pdf, PKS:
https://www.fas.usda.gov/data/japan-clarifying-japanese-imports-palm-kernel-residues
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While these imports do not contribute to reducing energy dependence, they do diversify supply, as none of
these key importers are in the top 10 importers of fossil fuels to Japan’®. They also contribute to emissions
reduction, particularly with increasing emission reduction requirements implemented by METI.

Domestic supply has grown at a slower but consistent rate. The availability of construction and demolition
(C&D) biomass and sawmill residues has remained flat, with the growth driven by an increase in the thinnings
from 1.1 Mt/yr in 2015 to 4.1 my/yr in 2021. This represents an important maturation of the domestic supply chain,
with consistent increases of c. 0.5 Mt/yr.

Domestic wood chip has gradually increased, driven by thinnings
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Source: Forest Agency, ANRE, Japan Customs, analysed by the USDA

Analysis of the outlook and potential for SAF production

The availability for SAF production is a result of the potential supply of woody biomass, and any surplus (created
by regulation or market forces) compared to the demand from other sectors. This analysis investigated three
factors expected to impact supply and demand: (1) increasing sustainability requirements, (2) growing electrical
generation, and (3) growth in domestic supply.

1.1 Increasing sustainability requirements may constrain supply

The sustainability requirement for biomass eligible for the FIT program has been incrementally developed to
ensure the contribution to decarbonisation, sustainability, and energy security. Since 2012, the Ministry of
Agriculture, Forestry, and Fisheries (MAFF) has imposed requirements for wood pellets (JA2019-0124), including
chain of custody certification. This was strengthened in April 2023 with a requirement that biomass power
generators calculate lifecycle GHG emissions, supported by default values published in JA2023-00072°. New
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projects are required to demonstrate a 50% GHG emission reduction and a 70% reduction from 20308
Additional requirements will be imposed for PKS used under the FIT program from April 2024.

These criteria are expected to gradually constrain supply, although as the emission threshold only applies to
new generation the impact will be limited, with perhaps the greatest impact on low-density feedstocks shipped
long distances, such as the biomass shipped across the Pacific from Canada. Some feedstocks have already
been excluded for failing other criteria, including all Russian wood pellets/chips following their designation of
conflict wood due to the invasion of Ukraine. The Vietnam supplier An Viet Phat (AVP) has also been impacted
due to allegations that the company sold wood pellets with false certificates, removing a source of c. 0.5 t/yr
from Japanese imports. This increasing regulation is necessary to ensure the environmental benefit but may
constrain the available biomass for power generation and potential future SAF production.

1.2 Growing power generation will increase demand

Considerable additional biomass electrical generation capacity is approved under the FIT scheme, which will
considerably increase demand. In December 2022 ANRE®? suggested that 586 plants were operational, with an
installed capacity of 4.1 GW, and a total of 900 biomass power plants were approved, with a total capacity of
8.3 GW.

Several major plants are expected to come online in 2023, including Kansai Electric's 200MW Aioi Power Station
Unit 2 (wood pellets), and Renova's four new 75MW biomass plants in Sendai, Tokushima, Ishinomaki, and
Omaezaki, which will use wood pellets and PKS. This additional capacity will meaningfully increase demand for
woody biomass and PKS in Japan over the short term.

Demand over the mid and long term is less certain. While decarbonisation targets support the use of biomass,
its use for electrical generation may become increasingly uncompetitive compared to other forms of renewable
energy generation. The IEA suggest that the levelized cost of electricity (LCOE) is a median of 118 USD/MWh for
biomass in 2020, compared to 56 USD/MWh for utility-scale solar PV and 88 USD/MWh for offshore wind. The
business case in Japan will vary with land costs and availability, the need for stable supply, and feedstock prices,
but strong growth in renewables (in Japan and worldwide) may support a peak and gradual phase-down of
biomass use for electrical generation over the next three decades®.

1.3 Increased domestic supply of woody biomass

The potential supply of energy from woody biomass is estimated at 630 PJ/yr, which is significantly greater
than the use of c. 250 PJ/yr in 20058 While the use has gradually increased over the last decade, this indicates
that the sustainable potential could be almost double the current use.

Several factors have held back the industry. The mountainous terrain provides an immediate challenge, and a
low-density forest road network (19.7 m/ha, e.g. 89 m/ha in Austria) hinders logistics. Relatively low levels of
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automation and comparatively high wages increase the cost, with an estimated logging cost of 58-85 USD/m?
in Japan, compared to 12-22 USD USD/m?® in Sweden and 29-50 USD/m? in Austria. The drive for sustainability
and domestic energy supply may lead to investment and development of the supply chain, opening up greater
domestic supply to replace fossil fuels.

4. Discussion

Increasing demand for biomass power generation is expected to drive demand for domestic supply and
imports. In the low scenario, this is expected to exclude the use of woody biomass for SAF production, with all
supply consumed by electrical generation.

Increasing domestic supply and tapering power demand may allow use for SAF

Demand vs Supply, Million tonnes per year
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In the central scenario, domestic supply is expected to increase by c. 0.5 Mt/yr, which is in line with the average
historical increase in domestic thinnings between 2015 and 2021 (0.49 Mt/yr, low of 0.1 Mt/yr and high of 0.88
Mt/yr). Imported pellets and chips are forecast to increase to meet demand in 2030, before declining by 1% per
year as sustainability criteria become more constraining and domestic supply is prioritized. The central demand
scenario forecasts an increase of 20% by 2030 as additional facilities come online, followed by a gradual decline
of 0.5% per year as other forms of renewable energy become more competitive.

The high scenario forecasts a slight increase in domestic supply, with 0.55 Mt/yr added (a 10% increase over
the historical rate of growth), with PKS and pellet imports decreasing by 0.5%/yr over the next decades. Demand
plateaus out to 2030, before declining by 1% per year over the following two decades.

These scenarios combine to suggest a significant opportunity for woody biomass, but a wide range driven by
the demand from power generation and the development of a domestic supply chain.
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Significant woody biomass may be available if SAF production is supported

Woody biomass energy available for SAF Production, PetaJoules
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Novel feedstocks (i.e. Algae)
1. Feedstock Description

Algae for biofuel production refers to certain types of microorganisms, primarily photosynthetic microalgae and
cyanobacteria, that are cultivated and harvested to extract lipids or carbohydrates, which can be converted
into renewable biofuels. Algae are a promising feedstock for biofuel production due to their rapid growth rates
and high oil or carbohydrate content, making them a sustainable and environmentally friendly alternative to
fossil fuels. The conversion processes may include the transesterification of lipids into biodiesel or the
fermentation of carbohydrates into bioethanol or other advanced biofuels.

Despite significant progress over the past decade, algae researchers estimate that the breakthroughs required
to affordably produce algae biofuels at scale are 1-2 decades away, with billions required to bring the technology
to maturity. While this limits the near-term opportunity for Japan, this analysis was conducted to assess the
longer-term opportunity to use SAF from algae to domestically produce SAF.

2. Methodology

The total volume of algae available for SAF production in Japan was determined using the following factors and
methodology:

4. Assessment of SAF production from algae
5. Analysis of the outlook of SAF production from algae in Japan

The following sections provide a detailed overview of algae production as well as a potential outlook for the
utilisation of algae for SAF production in Japan.
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3. Assessment

Assessment of SAF production from algae

1.3

Different algae strains

Researchers are working to identify promising strains with the properties necessary for deployment, including
temperature optimum for Summer and Winter crops, growth in either salt water or fresh water, and genetic

tractability. Research for the mass production of algae oil mainly focuses on microalgae (organisms capable of
photosynthesis that are less than 0.4 mm in diameter), as opposed to macroalgae, such as seaweed. The
preference for microalgae is largely due to faster growth rates, and a higher oil content per strain, although the
amount of oil in each strain varies significantly.

The different algae strains viable for SAF production include the following:

Botryococcus braunii: This strain can be found in temperate or tropical oligotrophic lakes and estuaries.
It grows best at a temperature of 23°C, a light period of 12 hours per day, and a specific light intensity
and salinity. Up to 75%%° of the dry weight of Botryococcus braunii can be long-chain hydrocarbons.
Most of these hydrocarbons are botryocuccus oil that can be chemically converted into fuels. One of
the major challenges with this strain of algae is the growth time, with a doubling time of 48 hours in its
optimal growth environment. In August 2011, the Enomoto variety was announced by IHI with the highest
yield for fuel production compared to all the algae discovered to date, with a claimed monthly growth a
thousand times higher than normal strains of Botryococcus braunii®®. It is also particularly robust. The
IHI work on the Enomoto stain led to the supply of SAF for flights JL515 on 17* June 2021 between Haneda
and Sapporo airports on an Airbus A350-900, and NHO31 between Haneda and Osaka Itami airports on
a Boeing 787-8. Those two flights were the first for aircraft equipped with fuel based on the "ASTM
D7566 Annex 7". IHI Corporation works in collaboration with Chitose Laboratory on this strain.

Euglena: Euglena is a microalga that combines the characteristics of plants and animals. Consequently,
it grows by photosynthesis yet produces fat in its body that is suited to the production of jet fuel.
Researchers in Japan were the first in the world to succeed in large-scale outdoor cultivation of
euglena?®.

Chlorella: In ideal conditions, cells of Chlorella multiply rapidly, requiring only carbon dioxide, water,
sunlight, and a small amount of minerals to reproduce. Chlorella farming has met some challenges
around the need to be grown either in artificial light or shade to produce its maximum photosynthetic
efficiency, but also to be grown in carbonated water for maximum productivity, which would significantly
add to the production cost. Chlorella can also be used as a cosmetic. Although promising, Chlorella has
not yet been cultivated on a significant scale.
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In Japan, Botryococcus braunii®® and Euglena®®° are the two main strains investigated for biofuel production,
but Chlorella® also holds potential as it is already grown in Japan®? for its nutrition and health properties. Those
three strains can be grown and harvested in both closed and open pond systems, but, while more expensive, a
closed system is preferred for a better growth rate.

14 Production mechanisms

Algae need sun, CO2, and nutrients to grow. In a controlled environment, some algae can grow multiple times
per day, be harvested daily, and have a better yield than other uses for a given land area, such as food
production. Successful harvesting techniques are highly dependent on the algae strain.
As outlined in the table below, there are two main types of algae cultivation routes, open pond system, and
closed pond system.
= Open pond system: Open systems, such as shallow big ponds, tanks, and circular and raceway ponds,
are less expensive, and easier to scale, but need a lot of land, limiting scalability. They are also more
exposed to challenges such as intrusive species and predators, pathogens, etc., creating a low surface-
to-volume ratio. Cells can also get stuck in the shade which can reduce growth. The low productivity of
open systems makes them less suitable for commercial applications.

= Closed pond system: Closed systems, such as flat panels, tubes, or plastic bags, have a higher
productivity, lower contamination risk and reduce evaporation, but are quite cost-intensive. They can
face issues with CO2 transfer and can build up oxygen inside which kills the algae.

While closed systems are more flexible, space-efficient less weather-dependent and space-demanding, they
require more cost for setup and operation. The following table provides an overview of the different risks
associated with both open and closed pond systems. In Japan, Euglena® and IHI®4 in collaboration with Chitose
Group®, opted for open pond systems.
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Contamination risk o o
Space required
Water losses
CO, losses

Flexibility of production

Weather dependence

Lighting sources

Maintenance requirements

Volume of production

Cost for setup

o Low risk

Medium risk

o High risk

1.5 The benefits of algae cultivation

Microalgae have a high oil yield potential compared to other crops used for biofuel and also require less land
area. This is particularly relevant in Japan given the extreme scarcity of useable land.

©ICF 2023 91



Charting the Path: SAF Ecosystem in Japan

Microalgae have a significantly higher oil yield compared to other crops, with a
lower land use requirement

Land area needed, Million hectares Oilyield, Thousand litres per hectare
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Source: ICF Analysis, Christi, 2007.

Algae can grow quickly and efficiently throughout the year, in freshwater, seawater, brackish water or even
polluted water. Production can be on degraded land and therefore does not compete with agricultural
processes and could be installed to capture waste carbon dioxide feeds from industry and power stations.
The oils harvested from algae production offer organic hydrocarbons that can be refined into a variety of
products such as cosmetics, plastics but also fertilizers. Co-products can be animal feed and fish food.

In 2022, India’s Reliance Industries Ltd successfully developed large algae raceway ponds in their facility near
Jamnagar, to convert sunshine, CO2, and seawater into bio-oil. It displayed the utilisation of catalytic
hydrothermal liquefaction technology to convert algae biomass to oil. Under this process, water is used as a
solvent under high temperatures and pressure to extract oil from the biomass. The benefits of this technology
include direct utilisation of wet biomass without any need for drying and conversion of every organic fragment
of biomass into oil and without any waste®.

1.6 The challenges of algae cultivation

The major challenges associated with algae biofuel include high water and energy consumption, high cost of
growth nutrients and biomass harvesting, and difficult oil extraction from algae cells. The energy cost of
extracting oil from algae biomass is ten times higher than the energy cost of extracting soybean 0il*’. Algae can
also be used to produce more profitable products than fuel, such as pharmaceutical components and organic
fertilisers.
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One of the most common problems in cultivating algae is the contamination of other micro-organisms, such as
fungi, bacteria, and viruses, which can significantly decrease productivity, especially in open ponds. The
production also requires significant water resources to grow the colonies and keep the liquid at specific
temperatures to maximize duplication. The amount of water needed to create SAF from algae is significantly
higher than most other options in development®. Significant quantities of fertilizer are needed to encourage
photosynthesis and have an efficient algae colony growth rate. Algae production rates can vary drastically
(~50%°29) from Summer to Winter, which can be a challenge for Japan due to its variable climate.

The costs associated with production can be up to ten times compared to fossil fuel due to lack of technology
maturity. The two main cost drivers that need to be improved for algae to be scalable are growth rate and lipid
content. Researchers are working on ways to improve both through selective breeding and genetic
modifications. To date, the production of bioenergy from microalgae is not viable as the amount of energy
required during production is significantly greater than the energy derived as a product.

Outlook of algae production in Japan

1.1 Analysis of existing algae production projects

There have been few projects to date utilising these algae strands. The New Energy and Industrial Technology
Development Organization (NEDO) has provided funding to several projects since 2017, aiming to demonstrate
the production of SAF from microalgae. Existing algae projects in Japan are as follows:

» |HI Corporation (in collaboration with Chitose Laboratory Corporation): IHI Corporation is supported
by the Ministry of Economy, Trade and Industry (METI) and NEDO through the “Development of
Production Technologies for Biojet Fuels” project (JPY 5.18 billion™°). They are using solar energy to
culture the algae strain Enomoto (Botryococcus braunii) and focusing on improving the breeding of the
strain and developing mass cultivation technology, to achieve technical improvements which can cope
with open pond production. IHI Corporation established SAF production and constructed the supply
chain by using its existing facility in Kagoshima city, Kagoshima prefecture, and a pilot outdoor
cultivating facility in Saraburi province, Thailand. This project was planned in cooperation with relevant
businesses by METI's Agency for Natural Resources and Energy and the Ministry of Land, Infrastructure,
Transport and Tourism's Civil Aviation Bureau to facilitate unified efforts by SAF producers and users, to
establish and promote supply chains in readiness for introducing SAF in the future™. By 2015, IHI
succeeded in becoming the first in the world to mass cultivate Botryococcus continuously with an
open-outdoor cultivation apparatus (1,500 m?). Additionally, IHI supported the development of the
ASTM D7566 Annex 7 HC-HEFA-SPK standard. As a result, two commercial flights, which were recently
completed in Japan, used a blend containing renewable jet fuel created from microalgae feedstock
produced by IHI"°2 - JL515 from Haneda to Sapporo, 938L (11%) of SAF from IHI, of which one litre of neat
SAF (0.01%), and HO31from Haneda to Itami, 988L (20%) of SAF from IHI, of which 38L of neat SAF (0.8%).
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Based on the results of the above-outlined technological developments, IHI is aiming to commercialize
bio-jet fuel production from algae by 2040.

*= Chitose Laboratory Corporation: In April 2023, also funded by NEDO through the "Development of
Production Technologies for Biojet Fuels / Development of Microalgae Base Technology \" project (~JPY
2.5 billion), Chitose Group opened the world’s largest facility of microalgae production in Malaysia (open
pond), “Chitose Carbon Capture Central (C4)", utilising flat-panel photo-bioreactor technology. The
microalgae production of 5 hectares utilises CO2 emitted by the Sejingkat power station that will supply
exhausted gas containing carbon dioxide, which is the world's first attempt'®®. The plan is to expand the
farm to 100 hectares in three years, and 2,000 hectares by 2030. The location was chosen because of
the ideal temperature throughout the year, the abundance of fresh water, and the state being safe from
major natural disasters such as typhoons and earthquakes. It is also strategically located to access
major international markets such as Japan, Taiwan, China, and Singapore. The physical construction of
C4 has reached completion, and it will take about two years for the completion of the planned
demonstration™4,

= Euglena: In 2005, Euglena succeeded in establishing the world’'s first outdoor mass cultivation
technology for euglena microalgae. In addition to developing and selling products that include functional
foods and cosmetics, Euglena has been successful in the production of biofuels. Euglena completed
Japan’s first demonstration plant producing renewable jet and diesel fuel in 2018, producing SAF called
Susteo which contains UCO and euglena oils and fats extracted from microalgae. Recently, Euglena
became Japan'’s first supplier that delivered domestic SAF to the hydrant system of Narita International
Airport and completed Japan'’s first supply of SAF to the government, for a government aircraft carrying
Japanese officials to the G20 intergovernmental forum in Bali'®®. Euglena is currently considering a
collaborative project with Eni and PETRONAS for a commercial-scale biofuel plant in Malaysia. This plant
is expected to be completed by the end of 2025 with a capacity of 12,500 barrels of biofuel per day,
with microalgae considered as one of the feedstock streams by the mid-term. Although biofuels are a
high-value potential for Euglena, the majority of their production today is focused on the food and
cosmetics industry, due to immediate high demand.

1.2 Future Outlook

ICF developed three scenarios to determine algae oil production available in Japan; a low-scenario, medium-

scenario, and high-scenario. Each scenario is defined as follows:

Scenario Demonstration plant Pilot plant Commercial-scale
Low No algal oil available as a feedstock in the upcoming years
Medium 0.15 mmgpy by 2038 0.5 mmgpy by 2042 5.72 mmgpy by 2050
High 0.15 mmgpy by 2035 0.5 mmgpy by 2038 12.31 mmgpy by 2050

Based on these three scenarios, it was determined that the amount of algae available for SAF production ranges
from O petajoules in 2030 to 3.2 petajoules in 2050.
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Long development timelines and limited production lower the opportunity for algae
in the mid-term, with some consideration in the long-term

Algal oil available for SAF production, PetaJoules
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These estimates are relatively conservative considering the limited success to date. Given the increasing
pressures to reduce emissions, achieve energy security, and preserve biodiversity, additional support could be
focused on the development of algae. Unforeseen breakthroughs could result in a considerable increase above
this forecast.

With six different principal climatic zones with variations in humidity and temperatures, developing
commercially scaled open pond facilities would be quite challenging for Japan. Indoor facilities can be climate-
controlled, but closed ponds are not expected to be profitable for decades. The same technology may be more
applicable in other countries with a steady climate and land availability. While the algae production volumes
outlined are limited, they may be important to develop technologies that Japanese companies could export.

Renewable electricity

1. Feedstock Description

Sustainable aviation fuel can be refined by producing hydrogen from the electrolysis of water and combining
this with a source of carbon. The hydrogen and carbon can then be synthesized into fuel through several
pathways, with most developers currently focusing on the Fischer-Tropsch and Methanol approaches. This is
commonly called power-to-liquid SAF, and the advantages of this process are the potential for standardization
and sustainability. The universal availability of electricity and carbon could allow standard designs to be used
globally, which favourably compares to other SAF pathways that must be tailored to process the unique
feedstocks locally available.

To be sustainable, PtL SAF must typically meet three criteria (1) the electricity must be renewable, (2) The
electricity should be additional to existing demand, and (3) the carbon must be from a sustainable source. These
criteria are essential because the production of PtL SAF is extremely energy intensive, with significant energy
losses during the production of hydrogen and fuel synthesis. If the electricity is derived from fossil sources then
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the net emissions may be higher than the use of fossil jet fuel. Similarly, the electricity must be additional to
ensure that its use for SAF doesn't sustain fossil generation assets that may otherwise have been
decommissioned. Sustainable carbon can either be captured from a biogenic source, captured from a fossil
source that would otherwise have been released into the atmosphere, or captured directly from the
atmosphere.

2. Methodology

The volume of PtL SAF that can be produced in Japan will be driven by the availability of renewable electricity
in addition to the grid requirement. A key constraint will be the build rate required to deliver sufficient renewable
electricity to decarbonise the grid and create a surplus for PtL production. This was assessed utilising the
following methodology:

1. Assessment of current production and historical trends

Analysis of electricity generation ambitions by the Japanese government
Developing an electricity forecast

Assessment of potential growth for low-carbon electricity

Conducting a supply analysis

os e

3. Assessment
Current production and historical trends

Primary energy consumption peaked in Japan in 2005, and extensive energy efficiency efforts have driven a
gradual decrease at an average of -1.5% per year through 2021°¢, Electrical demand has similarly decreased,
although at a slower rate of -1.04% as the energy efficiency efforts were slightly offset by the increasing
electrification of cars, heating, and other end-use sectors'®’.

In 2021, a total of 919 TWh of electricity was generated, of which 77.5% used fossil fuels (32% coal, 42% Natural
gas, 3.5% other), and 22.5% used low-carbon fuels (19.5% Renewables, 3% Nuclear). Over the past decade, wind,
solar, and geothermal have been the fastest-growing generation sources, from 3% in 2012 to 13% in 2021. Nuclear
has also recovered very gradually since the shutdowns following the great earthquake and accident at
Fukushima Daiichi, growing from 2% to 6% over the same period. As of 2021, 17 reactors are awaiting approval to
restart, potentially allowing nuclear to return to a more central role in the Japanese energy portfolio'®®. As
renewables and nuclear have had a growing role and overall demand has declined, a small amount of production
has been phased out over the last decade, primarily from oil.
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Electricity generation ambitions

Japan has an established S+3E framework of energy goals, covering Safety, Energy Security, Environment, and
Economic efficiency. The 6™ Strategic Energy Plan published by METI in October 2021 set ambitious 2030
targets for each of these metrics, with the Energy self-sufficiency rate increasing to 30%, energy-related CO2
reducing by 45% compared to a 2013 baseline, and an average electricity cost of 9.9-10.2 yen/kWh.

These targets represent a rachet in environmental ambitions compared to the 5" SEP, which set a 2030
decarbonisation target of 25% reduction vs 2013. The updated target sets Japan on a practical trajectory
towards the 2050 carbon neutrality goal, although considerable challenges must still be overcome™®,

The initiatives to achieve these targets span demand reduction, growth in renewables, recovery of nuclear
generation, and decarbonising existing fossil infrastructure. Demand reduction includes the use of the
Benchmark program to reduce industrial emissions, updated commercial and residential building efficiency
standards, and promotion of electric vehicles. Renewables are planned to increase to 36% - 38% of electricity
consumption by 2030, and nuclear power to recover to 2010 levels, equivalent to 20-22% of overall production.
Existing infrastructure is to be initially decarbonised through carbon capture and co-firing hydrogen or

ammonia.

A further ramp is required to achieve the 2050 carbon neutrality target. Renewable energies must deliver 50%-
60% of total generation, nuclear should increase to 30-40% and co-fired hydrogen or ammonia power will
account 2050 for 10% of total electricity production.

Rapid growth of renewables and nuclear allows fossil fuels to be phased-out

The forecast Japanese energy mix

B Renewables E Nuclear OHydrogen W Natural Gas m Coal = Oil
2019 18% 37% 32% 7%

2030 37% I 20% 19%

2050 10%

Source: METI, EU-Japan Centre for Industrial Cooperation, Japan's 2050 goal: A carbon-neutral society
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Electricity forecast

METI forecasts electricity demand at 864 TWh in 2030 but provides only qualitative indications for 2050. The
International Energy Agency provides two longer-term scenarios, the Stated Policy Scenario (STEPS) and the
Announced Pledge Scenario (APS)™. The APS represents the more ambitious scenario with an implicit
assumption that additional initiatives accelerate the Japanese decarbonisation trajectory to align with the
announced pledges and targets. This matches the ambition of this analysis and will be used for the remainder
of the calculations. IEA forecasts a 1153 TWh net electricity demand in 2050, equivalent to 189 additional TWh
compared to METI projections in 2030.

Japan’s electricity demand is forecast to rebound as end-use sectors decarbonise

Net Electricity demand, TWh

1,400 Historical 1153

1,200 967 2 I
1,000 864

800
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400
200

0]
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Source: Historical from METI, Forecast from IEA World Energy Outlook, aligned to the APS scenario

To reach the forecasted demand, METI provides a range of expected percentages per technology. Two key
scenarios are (1) pushed nuclear and (2) pushed renewables, which reflect scenarios where either nuclear or
other renewables (solar, wind and geothermal) see the greatest acceleration. The level of demand (864 TWh in
2030 and 1153 TWh in 2050) and the percentage of low-carbon energy (59% in 2030 and 100% in 2050) are
the same in both scenarios. Combining the energy mix and the electricity demand provides a range of demands
by the power source for 2030 and 2050.
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Decarbonising and growing supply requires a rapid growth in renewables

Net Electricity consumed by generation source, TWh
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Source: ICF analysis. PRW = Pushed Renewables scenario, PN = Pushed Nuclear scenario

While the macro forecast does not mention an energy allocation for SAF production, the 2023 revised Hydrogen
Strategy™ mentions the use of synthetic fuel from hydrogen-based technologies. Therefore, some hydrogen
production may be included within the electricity projections, although it is likely that the volumes will be
incremental and will require additional generation capacity.

Potential growth for low-carbon electricity

The target set by the Japanese government implies relatively high growth rates over the coming decades,
especially through 2030. Double-digit CAGR for nuclear power sources until 2030 is feasible because it is a
matter of restarting existing facilities, and as of 2023, 17 reactors are awaiting approval to restart.

2030 2050
CAGR vs 2019 2013-2019 PRW PN PRW PN
Renewables 33.90% 6.30% 5.80% 4.70% 4.10%
Nuclear 10.90% 1.80% 6.10% 7.10%
Total 7.80% 5.40%

From a comparison point, these CAGRs are lower than the 14.3% growth achieved by renewables in Japan
between 2011 to 2021, and the 9.0% achieved in OECD countries over the same period. The growth in renewables
aligns with the global trend, with solar and wind expected to provide more than 80% of additional capacity from
2022 to 2050.
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Historical supply of low-carbon power has grown rapidly, particularly nuclear
(1980+) and solar (2010+)

Historical and Forecast Electricity Generation by Energy Sources, TWh
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Source: BP Statistical Review, ICF Analysis

To achieve the 2050 electricity generation objectives, the Japanese government established specific targets
for the installed power generation capacity of each renewable energy source. The 6" Strategic Energy Plan
outlines an increase in the capacity of solar photovoltaic power generation and wind power generation to be
respectively 20 times and 11 times between 2021 and 2050™. Current projects include the construction of 10
GW offshore wind capacity by 2030, and between 35 GW and 45 GW by 2040.

Installed renewable electricity is dominated by solar, supported by hydropower

Japan 2021 Renewable energy generation capacity, GW installed capacity
65.4

0.9 0.5

Solar Pumped hydro Hydro Biomass Wind Waste Geothermal

Source: Organization for Cross-regional Coordination of Transmission Operators, 2022 Aggregation of
Electricity Supply plan for FY2022

n2
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The growth of renewables was significantly catalyzed by the closure of all nuclear generation in 2011, and the
parallel maturing of technologies that made solar and wind increasingly cost-competitive. The targets require
growth across all generation technologies, with diversification necessary to overcome constraints in land,
weather, and generation variability.

Supply analysis

Aviation will need significant renewable electricity to decarbonise and produce SAF. While plentiful wind and
solar radiation mean renewable energy technologies are not constrained by feedstock, practical factors such
as space, funding, and build rates will limit the amount available for the production of PtL SAF. To ensure the
sustainability of the PtL produced, this analysis assumed that all renewable electricity used for PtL production
was additional to the amount required to decarbonise grid demand. Three scenarios were developed to
illustrate a range of growth scenarios, representing ambitious but realistic scenarios, particularly if SAF
production can act as a demand-pull factor to create a reliable and economically viable market that attracts
the required resources. The specific values were calculated to offer a realistic range in terms of compound

growth, absolute growth, and absolute numbers:

» Low: an additional +4% of total electricity production in 2050 will be available for SAF production,
equivalent to +45TWh

= Mid: an additional +7% of total electricity production in 2050 will be available for SAF production,
equivalent to +80TWh

= High: an additional +10% of total electricity production in 2050 will be available for SAF production,
equivalent to +115TWh

The amount required to meet these three scenarios is shown below, this is in addition to the 30 TWh required

to decarbonise the grid demand.

Annual growth in low-carbon electricity for the three PtL scenarios

Annual Additional Terawatt-hour of Low Carbon generation, Japan

30 15 26 37
30 25 L == = = I .
1 I 1 ! 1 1
20 10 P P P
! ! ! ! ! !
10 ! ' ! ! ! '
1 1 1 I 1 I
0 _: ] 1 ] i ] |
-30*
-10 ]
2008 2012 2016 2019 Low Med High
to to to to
20m 2015 2019 2050
ORenewables ® Nuclear O Hydrogen ® Yearly PtL Addition

Source: ICF Analysis.
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These three scenarios allow the calculation of the required growth in renewable energy to provide an excess for
SAF production. Without SAF, the 2019-2050 CAGR for renewable energy would be 5.4%. Adding the SAF
scenario gives a CAGR requirement between 5.6% and 5.8% over the same period. This is below the expected
growth for 2030 and below the historic growth for OECD countries. In absolute terms, decarbonising the grid
(with no PtL) would require Japan to increase its low-carbon electricity generation by 30 TWh each year from
2019 to 2050. The additional requirement for PtL would increase the growth rate by +1.5 to +3.7 additional TWh
per year.

An exponential growth rate was assumed, to align with the historic deployment dynamics, and the increasing
potential to deploy as equipment, infrastructure, and workforce are scaled. The final values were then converted
into petajoules to facilitate comparison to the other feedstock categories, as shown below.

Forecast of 160-410 PJ of renewable electricity for PtL SAF production in 2050

Renewable electricity available for PtL SAF Production, PetaJoules

500
[ ] Low Scenario 414
400 |[] Mid Scenario
500 [l High Scenario 288
200 162
105
100 aq 3 .
o 3 5 71.77 ]
2030 2040 2050

Source: ICF Analysis

Recycled Carbon

1. Feedstock Description

In the journey to aviation decarbonisation, the industry is exploring all potential resources to produce SAF. PtL
production approach uses CO2, and low-carbon hydrogen as feedstocks to refine sustainable aviation fuel.
While energy consumption is the main cost driver and constraint, the availability of CO2 is also crucial. This
section focuses on the opportunity to capture and re-use CO2 from various sources, including industrial
emissions, reducing the volume of CO2 that must be captured from the atmosphere.

Global CO2 emissions are unfortunately abundant, with numerous industrial processes generating it as a waste.
Capturing the CO2 directly at its industrial source is called Point Source CO2 Capture (PSC), and contrasts with
Direct Air Capture (DAC) systems that can harvest CO2 from the atmosphere.

The Japanese government aims to significantly reduce its greenhouse gas (GHG) emissions through new
technologies and improved operations, with carbon capture technologies used to address the residual
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emissions. The Basic Policy for Realization of GX (Green Transformation) ™ was approved in 2023 and stated an
objective of 120 to 240 Mtpa of CO2 captured in 2050™. As highlighted by the Research Institute of Innovative
Technology for the Earth (RITE) the Japanese demand for Carbon Capture, Utilisation and Storage (CCUS) may
be higher than the government’s current target™.

The utilisation of CO2for PtL SAF aligns with global efforts to reduce aviation emissions and transition to greener
energy solutions, contributing to a more sustainable aviation sector.

2. Methodology

The following factors and methodology were used to assess the potential of SAF made from CO2in Japan:

1. Assessment of current and historical CO2 emissions in Japan

2. Determining the potential for point source capture (PSC) technologies to transition to direct air capture
(DAC)

3. Sectoral deep dive into industry sectors for PSC technologies

4. Assessment of CO2 availability for aviation

3. Assessment
Producing SAF SAF from non-biological feedstock

1.1 Current and historical emissions in Japan

The National Greenhouse Gas Inventory published yearly by the Ministry of Environment of Japan provides a
summary of the national trends in GHG emissions since 1990™. The historical Analysis relies on the National
Greenhouse Gas (NGG) inventory report from 2022.

Japan emitted 1168 Mt of CO2.4 in FY2021, which corresponds to a 9.6% decrease against FY1990. Pure CO2
emissions accounted for 91% of total GHG Emissions in Japan in FY2021. That same year, CO2 removals achieved
through Land-Use, Land-Use Change and Forestry (LULUCF) were equivalent to 4.5% of total GHG emissions or
52.2 Mt CO2eq. Total Japanese GHG emissions peaked in 2013 and have gradually decreased since.
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Japan's GHG emissions represented 1,118Mt CO,, in 2021 amongst which 94% are
direct CO, emissions

Historical net GHG emissions and removals, Mt CO,., FY1920-FY2021
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Source: National Greenhouse Gas Inventory Report of JAPAN 2023

Methane (CH4), Nitrogen (N20), and Hydrofluorocarbon (HFC) accounted for almost 95% of the non-CO2 GHG
emissions since FY1990. These gases decreased rapidly to reach 106 Mt CO2eq released in FY2021. Only
Hydrofluorocarbon (HFC) (waste gas from air conditioning) increased its emissions, growing by 236% since
CY1990.

CO2 emissions account for most of the country’s GHG emissions. The breakdown of these emissions highlights
the significant impact of fossil fuel combustion on total CO2 emissions, driving 94.6% in FY 2021 (the remainder
from land-use change and smaller sources). Breaking down the fossil fuel contribution, the energy sector
emitted 444 Mt in 2021 (42%), followed by 250 Mt from manufacturing and construction (23.5%), 178 Mt from
transportation (16.8%) and 135 Mt from other sectors (12.8%)(1).

All sectors of the Japanese economy have started to decarbonise

Historical net GHG emissions by industry in Mt CO2eq FY1990-FY2021
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Source: National Greenhouse Gas Inventory Report of JAPAN 2023
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The Fukushima Daiichi nuclear disaster in 2011 served as a watershed moment for Japan's energy sector by
prompting a significant reevaluation of the country's energy policies, particularly its heavy reliance on nuclear
power. In response, Japan embarked on a journey to diversify its energy mix, invest in renewables, and enhance
safety measures, marking a transformative shift in its energy landscape. Consequently, the energy sector
experienced the largest drop in CO2 emissions since 2013 but remains at a higher level than FY1990.

Not all CO2 emissions are economical to capture

The economic viability of Power-to-Liquid SAF is directly correlated to the provision of feedstocks and
consequently to the cost of Carbon Capture. Lowering the cost of carbon capture is key for PtL SAF to scale up
and become competitive compared to fossil fuel. Focusing on sources with higher concentrations of CO2 will
be important.

CO2 in the atmosphere was around 415.7 ppm in 2021 according to the Japanese Meteorological Agency",
representing a 0.04% CO2 composition. Heavy industrial sources are significantly more concentrated, with
industrial combustion systems between 75 and 425 times more concentrated in CO2 than the atmosphere™.

Industrial combustion systems exhausts are between 75 to 425 times more
concentrated in CO, than the atmosphere

CO2 concentration by combustion systems, % volume of total exhaust

13%-17%
o/ _149 o7 _149 8%-20%
1%-13% 12%-14% 12%-14%

0.04% I

Atmosphere Natural gas Gas Turbines  Qil Fired Coal Fired IGCC After IGCC IRCC
Fire Boilers Boilers™ Boilers*  Combustion* Synthesis gas synthesis gas
after after
gasification* reforming*

Source: ICF analysis

The higher the concentration, the easier it is to capture and separate the carbon from the other particulates.
Consequently, the cost of carbon capture in high-concentration industries (PSC) is lower than DAC. The
International Energy Agency estimates the price of DAC to be two to seven times higher than PSC™.

©ICF 2023 105



Charting the Path: SAF Ecosystem in Japan

Low concentration carbon sources generally costs more to capture than high
concentration sources

Estimated price of carbon capture in USD/ton (2019)
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Source: IEA, Levelised cost of CO2 capture by sector and initial CO2 concentration, 2019

The analysis of available CO2 at point sources in Japan with high concentrations is essential to assess the CO2
availability for PtL as it appears to be the cheapest way to capture CO2. The remainder of CO2 required to fulfill
the aviation market demand in PtL SAF will therefore be sourced from DAC with more expensive technologies.

Potential for PSC, sectoral deep dive, and government target

While considering the industrial sectors with high potential for CCUS technologies, it is important to recognize
that these industries will grow and start their decarbonisation journey. Most of the following industries are
challenging to decarbonise because no alternative method exists and therefore are strong candidates for CCUS.
Several industries were not included in this analysis due to the lack of available data (i.e. chemical industry).

1.1 Cement Industry

17 cement producers spread across 30 plants are present in Japan, mainly in mountainous areas where
limestone mines are located™. The country can produce 54 Mtpa of clinker which is an intermediary product in
the production of cement. The long-term vision for the cement industry toward a decarbonised society is
expecting a cement demand between 34 and 42 Mtpa'?. Considering the cement emission intensity being 763
kgCO2/t-cement, it means that the cement industry could be capable of capturing between 25.9 and 32 Mtpa

if we capture the total amount of emitted gas.

1.2 Iron and Steel

Emissions from the steel industry account for 48% of Japan'’s industrial CO2 emissions and 13% of the country’s
total energy-related CO2 emissions. The average equipment lifetime is 25 years amongst which half of them

will reach their operational the end of their operational lifetime by 20302,

©ICF 2023 106



Charting the Path: SAF Ecosystem in Japan

The country’s crude steel production was approximately 100 Mt in 2022'?%, The Japanese government forecasts
a demand of 90 Mtpa in 2030 and a further drop in 2050 due to population decline and falling exports. A study
by the World Economic Forum (WEF) and the government aligns on projections for crude steel demand to be
75 Mtpa in 20504 The Renewable Energy Institute (REI) combined all these assumptions as well as some
reduction targets to end up with the final figure for the CCS requirement of 47 Mt in 2050.

1.3 Thermal Power

The Japanese government set ambitious targets to reach net zero by 2050, especially for its power supply.
While it will mostly rely on the development of renewable energies, (50-60%) and hydrogen/ammonia (10%),
the remaining 30-40% will be covered between nuclear and thermal power with CCUS.

Thermal power, including coal and natural gas, has been a reliable source of baseload power for decades,
providing a consistent and essential energy supply but its decarbonisation is a challenge that requires the use
of carbon capture technologies as these generation sources released highly concentrated CO2 exhausts.

As explained by the RITE (3) and the REI'?5, the CO2 capture demand for thermal power stations is equivalent to
250 Mtpa in 2050. This exceeds the upper scenario set by the Japanese government of 240 Mt, leaving minimal
potential for industrial decarbonisation through CCS.

Forecasts estimate that Japan will need to capture over 300 Mt of CO2 in 2050 to
reach net zero

Carbon capture by industry projections in 2050 in Mt

[l Cement
[] Iron and steel
[[] Thermal power

Source: ICF Analysis, RITE, WEF, REI

©ICF 2023 107



Charting the Path: SAF Ecosystem in Japan

Japan roadmap and revisions

1.1 Existing carbon capture and storage project in Japan

The first pilot CO2 storage project dates to the 2000s when 10,000t CO2 were injected into a saline aquifer
between 2003-2005. The Tomokomai project is currently the first full-scale operational CCS project which
managed to store 300,000t CO2 in 2019.

To reach 46% GHG emissions reduction by 2030 and ideally a carbon neutrality society in 2050, numerous CCS
projects were initiated and selected to provide approximately 6 to 12 Mtpa CO2 by 203078, The Japanese
Organization for Metals and Energy Security (JOGMEC) selected seven projects. As previously mentioned, the
nature of the CCS projects is linked to heavy industrial processes with high concentrations of CO2 emissions.
In addition to the Basic Policy for Realization of GX, the government indicates that it will support the above-
advanced project as a role model for developing the business environment.

The Japanese government’s projections aim at capturing 120 to 240 Mtpa of CO2 through similar technologies
by 2050, which would require growing domestic carbon capture capacity by 16% every year from 2030 to 2050.
This figure was calculated by METI by multiplying the global CO, capture and storage volume under the IEA’'s
three energy scenarios by Japan's current share of global CO, emissions (3.3%).

X CO2 Emission
Companies Area of CO2 Storage  CO2 Storage Mtpa
Sources
Japan Petroleum
Exploration Com Ltd. . . ) . .
. . Tomakomai Area (Oil Oil refinery, electric
Tomakomai (JAPEX), Idemitsu . ]
and gas field or 1.5 power plant in the
Area CCS Kosan Co. Ltd., . ] .
. . saline aquifer) Tomakomai Area
Hokkaido Electric
Power Co.Inc.
ITOCHU Corporation,
Nippon Steel
Corporation, Taiheiyo Wide-area CO2
Tohok Cement Corporation, Tohoku west coast emissions in Japan
ohoku
. Mitsubishi Heavy offshore region, etc. Steel plants, cement
Region West . . 2
Industries, Ltd,, (Offshore saline plants and local
Coast CCS . . .
ITOCHU Qil aquifer) emitters near the
Exploration Co,, Ltd, CO2 storage

INPEX Corporation,

Taisei Corporation

126 https://www.jogmec.go.jp/news/release/content/300384254.pdf
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East Niigata
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Electric Power Co,,
Inc., Mitsubishi Gas
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Natural Gas
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Corporation, Electric
Power Development
Co., Ltd. (J-POWER)

Mitsui & Co., Ltd.

Mitsubishi
Corporation, Nippon
Steel Corporation,
ExxonMobil Asia
Pacific Pte. Ltd.

Niigata Prefecture
(Qil and gas field)

Metropolitan areas,
etc. (Offshore saline
aquifer)

Offshore northern to
western Kyushu
(Offshore saline
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Offshore the east
coast of the Malay
Peninsula in Malaysia

(Offshore depleted
oil and gas field,

saline aquifer)

Oceania (Offshore
depleted oil and gas
field, saline aquifer)

1.5

2

Chemical plants, pulp
mills, electric power
plants in Niigata
Prefecture

Multiple industries
including steel plants
in metropolitan areas

CO2 emissions in the
Setouchi/ Kyushu
regions

Oil refineries, electric
power plants in West

Japan

Multiple industries including
chemicals/oil refineries in the
Kinki/ Kyushu regions, etc.

Multiple industries including steel
plants in the Chubu region (
Nagoya, Yokkaichi)

Scenario development

By adding up all estimates from the sector deep dive section, around 330 Mt of CO2 is required to be captured

to reach net zero in 2050. While the targets set by the government are slightly lower (120 and 240 Mtpa), RITE

estimates that CCS volumes are likely to exceed the targets and capture between 326 and 555 Mtpa in 2050.
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RITE estimates in 2050 are almost double the Japanese government, while ICF
aligns on the low scenario from RITE

CCS projections in 2050 comparison in Mtpa of CO2 captured
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Availability of captured carbon for SAF production

To produce 1tonne of PtL jet fuel, approximately 4.3 tonnes of CO2 are needed'”. This means with the targeted
CO2 captured from PSC (120 Mt to 240 Mt), Japan could produce as much as 27.9 - 55.8 Mt of SAF annually,
which is substantially greater than the 23 Mt of fossil kerosene consumed every year in Japan today'?. However,
not all of this PSC CO2 will be available for PtL production. Significant volumes may need to be permanently

removed rather than stored, with other constraints limiting the PtL potential.

PSC carbon still represents the addition of CO2 to the atmosphere; therefore the industry will need to transition
to DAC over the mid/long term. DAC technology captures carbon dioxide directly from the atmosphere. DAC is
an energy-intensive technology and is comparatively expensive. DAC systems also require open space for
installation, albeit relatively limited, with expectations of reductions as technology advances.
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4 Import and export opportunity

Import opportunity

In addition to the domestic opportunities, Japan may be able to import considerable feedstock, intermediaries,
and SAF to decarbonise the aviation sector. This has precedence in other industries, with significant volumes of
wood chips and PKS imported for power generation, and ongoing discussions to import bio-intermediaries such
as ethanol from sugarcane or corn to decarbonise the road and aviation sectors. All SAF currently used in Japan
is currently imported, and with the growth of SAF capacity in Singapore, the US, and other countries, there may
be potential to increase imports.

Domestic production offers greater energy security and ensures that the job creation and investment are
retained within Japan. However, limited land, feedstocks, and labour may increase the price point for domestic
production vs imports, and the equilibrium will be driven by policy and economics. This sector aims to illustrate
the opportunity for imports, and the advantages and challenges to access global feedstock, bio-intermediary,
and SAF markets.

1. Assessment of Japan’s reliance on imports

In 2021, Japan had the third-largest economy in the world in terms of GDP, and the fourth in both total exports
and imports'?®. The majority of imports to Japan are crude oil ($54.9 billion), petroleum gas ($40.2 billion),
integrated circuits ($22.7 billion), coal ($22.2 billion), and refined petroleum ($18.1 billion), importing mostly from
China, the United States, Australia, China, and South Korea.

Japan’s economy is heavily dependent on imports, with majority of imports coming
from China and the US

Total import, 2020, Billion USD

us South Korea
$USD 63B $USD 25B
‘ UAE China
Total import $USD 15B SD1
value l
[ ] $1008B Brazil _
$USD 4B Australia
i $USD 31B
L $100B

Source: The Observatory of Economic Complexity (OEC)
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Japan is heavily dependent on imported crude oil and liquefied natural gas, with only very small volumes of
domestic production. In 2021, Japan was the 5™ highest consumer of oil in the world, relying on imports to meet
97% of demand®°. This reliance shapes trade policies and international relations, highlighting the balance
between self-sufficiency and global integration.

2. Global SAF market dynamics and influence on imports

The global SAF market is currently equivalent to less than 0.1% of jet fuel consumption, with c. 34,000 tonnes
consumed in 2020. Meeting the industry ambition of net zero by 2050 will require c. 400 million tonnes of SAF,
equivalent to a scale-up of almost 8,000 times in just three decades. While aviation is a global industry,
announced SAF capacity is highly concentrated in just a few regions, with almost 50% in the US, and 20% in the
EU, with the UK and the rest of the world contributing the remainder.

North America is leading SAF production with an estimated 50% share, followed by
the EU at almost 20%

Million tonnes, SAF production Production from

20 announced facilities
15 5% of 2019 fuel consumption - Other
UK
10 EU
5 .
North America
0

2023 2024 2025 2026 2027 2028 2029 2030
Source: ICF tracking of public announcements of SAF market developments

A significant number of additional facilities are under construction, using a variety of technologies, feedstocks,
and approaches. As these come online over the next few years, supply will rapidly increase, with almost 2 million
tonnes estimated to be added every year before 2030.

A range of existing and potential policies aim to stimulate the industry. For example, complying with the
proposed ReFuel EU mandate will require airlines to uplift c. 2 million tonnes of SAF by 2030, and the UK recently
finished a consultation on a SAF mandate that would stimulate production to deliver a 10% emissions reduction
by 2030 (requiring c. 1.2 million tonnes). The US already has several policies in place and recently approved the
Inflation Reduction Act (IRA), which contains several policies to stimulate low-carbon energy and fuel
production. The global CORSIA scheme also provides some support for SAF consumption by international
airlines.

Meeting the demand created by these policies is creating an active international trade in feedstocks and fuels.
The HEFA pathway for SAF and renewable diesel production requires used cooking oil and tallows, and the EU
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currently relies on 54% of imported UCO to supply their renewable fuel production facilities™ - some of which
are sourced from Japan. The capacity growth in the EU and the US will create a global pull for waste oil and fat
feedstocks. Japan may be able to attract local supply, although this would require competing with the
established policies and markets in other countries.

Majority of HEFA feedstocks are expected to flow into Asian and European
countries with several European countries shifting to PtL by the end of this decade

Global SAF production by technology pathway, location, and volume (mmgpy) announced by 2030
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As the number of announced SAF facilities increases, it becomes increasingly important for Japan to manage
and control the export volumes flowing from the country to other nations. By doing so, Japan can secure a
reliable supply of key feedstocks and maintain economic value, ultimately contributing to its economic stability
and self-sufficiency.

3. Assessment of SAF feedstock and fuel import opportunities
ICF considered three opportunities for imports within the Japanese SAF market:
= Used Cooking Oil and tallows, for production via the HEFA pathway

= Ethanol, from sugarcane, corn or cellulosic material for conversion using the AtJ pathway
= Hydrogen for use in the PtL pathway

©ICF 2023 n3



Charting the Path: SAF Ecosystem in Japan

While UCO is currently in high demand, it is anticipated that as the SAF market matures and production
technologies advance, other feedstocks such as ethanol used for Alcohol-to-Jet (AtJ) and hydrogen used for
PtL SAF production will gain prominence. As the SAF market continues to grow, diversifying the feedstock base
becomes crucial to ensure a sustainable and robust supply chain.

Moreover, the opportunity for imports can be assessed from two perspectives: importing feedstocks to
produce fuel domestically, or importing neat SAF. Importing feedstocks can aid in diversifying energy sources,
creating additional employment, and supporting the continued use of existing crude oil infrastructure. With
refineries expected to either close or operate at reduced capacities, transitioning to renewable feedstocks
would contribute to maintaining economic value and employment within the sector.

To date, ITOCHU is the sole importer of SAF in Japan and is supporting the development of an SAF supply chain
to facilitate blending. On March 30%™, 2023, ITOCHU announced their first delivery of SAF to Central Japan
International Airport from Neste OYJ in cooperation with Fuji Oil Company™2. This SAF is subsequently supplied
to All Nippon Airways, Japan Airlines, and other domestic and foreign commercial airlines. No other
announcements have been made regarding the import of neat SAF.

As the SAF market evolves, there is potential for various feedstocks to play a more significant role in its
development. Additionally, importing resources can be a strategic move to meet the Japanese SAF target,
create jobs, and sustain economic value, particularly in the context of changing refinery dynamics and the shift
towards renewable alternatives.

Used Cooking Oil (UCO)

UCO is extensively used to meet existing biofuel mandates in both Europe and the United States, with the
demand for biofuel within Asia (including Japan) increasing as well. UCO is extensively traded in and outside of
Asia. Besides exports to the EU and US, China and Indonesia export UCO to Malaysia and Indonesia. China and
Japan export to the Republic of South Korea. Meanwhile, Japan also imports UCO from Malaysia and China. This
intra-Asia trade is reflective of the existing demand that is impacting incentives for both UCO collection and
exports for the increased demand for biofuels, including SAF.
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Asia exports significant amount of UCO, with majority exported from China and
Malaysia

Import and export values in kilotonnes per year, 2019
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Source: ICCT study utilizing UN Comtrade values

To date, Japan exports more UCO than it utilises domestically. The biodiesel and SAF market in Japan is limited,
currently with no financial incentives from the government and no national biodiesel program. Nonetheless,
several municipalities have programs that focus on biodiesel production from UCO. Approximately 15 million
litres of UCO biodiesel were consumed in Japan in 2021, and 9 million litres were exported', Japan is working
to expand the use of UCO as a feedstock for biodiesel to the production of SAF. For example, domestic SAF
projects have recently been announced, including the joint venture between JGC, Revo International, and
Saffaire Sky Energy, requiring an estimated 900,000 litres of UCO per year™*,

It is important to note recent project announcements in neighbouring countries, including China's Sinopec HEFA
facility™s, limiting the amount of UCO exported from China due to domestic use requirements. Although there
is competing use for UCO in Asia, there is an opportunity for excess or unutilised volumes to be exported to
Japan. Japan offers favourable economics of lower insurance and freight costs associated with shipping
compared to alternative destinations like Europe and the United States.

Ethanol

Under the Ethanol Business Act™®®, METI monitors the production, importation, and sales of ethanol exceeding
90 per cent alcohol content by volume. Japan utilises ethanol exceeding this 90% for the production of biofuels
(ethyl tert-butyl ether, ETBE). Currently, over 90% of ETBE consumed in Japan is imported. The remainder is
produced locally from imported Brazilian sugarcane-based ethanol.

In 20009, to encourage the replacement of fossil fuels with renewable energy sources, Japan introduced the Act
on Promotion of Use of Non-Fossil Energy Sources and Effective Use of Fossil Energy Raw Materials by Energy
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Suppliers™ (Sophisticated Methods of Energy Supply Structure Act). This directed METI to develop basic
policies and guidelines, and in 2010, they published their first biofuel standard, laying the groundwork for Japan'’s
decision to use bioethanol to fulfil its biofuel commitment for on-road transportation. This standard outlined an
annual biofuel target volume of 210 million litres of crude oil equivalent (LOE), which later increased to 500
million litres of LOE (approximately 823.7 million litres of bioethanol). It also outlined a default GHG emission
value for Brazilian sugarcane-based ethanol. METI published updated guidelines in 2020, including the default
GHG emission values for US corn-based ethanol. GHG emission values for both Brazilian and US imported
ethanol were updated in the recently proposed biofuel standard to be in place from 2023 to 2027. Under this
standard, the 500 million LOE requirement remains consistent, however, it will now recognize the use of SAF in
addition to bioethanol to meet this requirement. For SAF manufactured from certain feedstocks™® METI will
allow the derived SAF volume to count twice toward the 500 million LOE target. This introduction is likely to
increase the use and requirement of SAF, driving additional import volumes.

To date, Japan depends heavily on ethanol imports which have steadily grown since 2001, with the majority of
the imports coming from Brazil and the United States. For example, Japan imported approximately 854 million
litres of ethanol in 2020, with approximately 80% coming from Brazil, 13% from the United States, and the rest
from other countries.

To date, Japan does not produce SAF on a commercial scale, however, Idemitsu Kosan company received 29.2
billion yen for a 5-year project to develop and commercialize its SAF supply chain using AtJ. The project will
require 190 million litres of bioethanol per year to produce 100 million litres of SAF. By 2030, Idemistsu aims to
launch a second SAF plant with the expected capacity of both facilities to reach 500 million litres of SAF per
year™ e,

The following sections outline policy developments and imports from the US and Brazil to Japan.
United States (US)

In 2022, the US and Japan issued a Joint Leaders Statement® outlining the commitment to take all available
measures to increase the demand for bioethanol by 2030, including for SAF and on-road fuel, to reduce Japan’s
dependence on imported crude oil. Japan's recent draft biofuel standard would allow the US to capture up to
100% of Japan’s on-road ethanol market. Exports from the US are expected to increase to 80 million gallons
annually, representing an additional USD 150-200 million in exports™'.
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Additionally, under the 2020 US-Japan Trade Agreement (USJTA), Japan committed to providing substantial
market access for the US by phasing out most tariffs. This will eliminate the 10 per cent tariff on ethanol imports,
including fuel ethanol used for direct blending.

Under the US Japan Trade Agreement, Japan will eliminate the 10% tariff on ethanol
used for direct blending

Tariff Reduction Staging Table under USJTA (HS: 2207.10-199)
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Source: USDA Japan Biofuels Annual Report

Brazil

In 2016, Brazil launched the RenovaBio program to support the country’'s commitments under the Paris
Agreement and to promote the production, commercialization, and use of biofuels. Under this program, total
Brazilian ethanol production reached an estimated 32 billion litres in 2022, exporting a total of 1.55 billion litres.
Brazil exports the majority of ethanol volumes to South Korea and the US due to a favourable Carbon Intensity
(ClI) rating that Brazilian sugarcane ethanol receives under the California Low Carbon Fuel Standard (LCFS).
Additionally, Brazilian ethanol is also frequently shipped to the Gulf Coast to be converted to ETBE for further
shipment to Japan. Total export volumes to Japan reached 77 kiloliters in 2021, valued at USD 46 million FOB™2,

Hydrogen

The government of Japan recently adopted a revision of its Basic Hydrogen Strategy', centred on increasing
the use of hydrogen as a fuel, with plans to invest more than $100 billion in hydrogen supplied over the next 15
years. This strategy is aligned with Japan’s Green Growth Strategy, adopted in 2021, which aims to increase the
volume of hydrogen to up to 3 million tonnes in 2030, and 20 million tonnes in 20504 The Basic Hydrogen
Strategy specifically outlines the production of synthetic fuel (e-fuel) to be utilised for the decarbonisation of
the aviation industry. In this context, the strategy sets a goal of achieving commercialization of e-fuels in the
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first half of 2030, through the development of large-scale and highly efficient manufacturing technology to
support domestic and overseas projects.

In December 2020, nine Japanese companies formed the Japan Hydrogen Association (JH2A), which is working
to establish a hydrogen supply chain, in partnership with global entities. The nine companies include ENEOS,
Iwatani, Kawasaki Heavy Industries, Kobe Steel, Mitsui & Co, Sumitomo Mitsui Financial Group, Kansai Electric
Power, Toshiba, and Toyota.

Additionally, GOJ has expressed interest in working with other countries to collaborate on cutting-edge
technology innovation and to establish global value chains. Over the past year, several announcements have
been made outlining strategic agreements between Japan the United Arab Emirates (UAE) and Australia, to
cooperate on hydrogen and other clean energy transition technologies. The following sections outline the
development of Hydrogen in both the Middle East and Australia, as well as its imports into Japan.

United Arab Emirates

In 2021, Japan and the UAE signed a memorandum of cooperation (MoC) on hydrogen to exchange hydrogen
policy and standard development and to build an international supply chain including the production and
transportation to Japan. This is based on a joint effort to enhance industrial cooperation and to drive new
opportunities in hydrogen and renewables. Later that year, the UAE published their Hydrogen Leadership
Roadmap™®, which outlined a target of 25% market share of low-carbon hydrogen and derivatives and key
import markets by 2030, with a focus on Japan.

The collaboration between Japan and the UAE, sparked several announcements, including a joint study
agreement between Abu Dhabi National Oil Company (ADNOC), INPEX Corporation, JERA, and the Japan Oil,
Gas, and Metals National Corporation (JOGMEC) to explore the commercial potential of blue ammonia
production in the UAE. More recently, Japan’s Mitsui, along with South Korea’s GS Energy, agreed to take stakes
in a blue ammonia plant being developed at Ruwais, UAE, joining with ENEOS and ADNOC to evaluate the
development of a commercial clean hydrogen supply chain between the UAE and Japan. This project will
conduct technical and engineering certification of a hydrogen production facility with a capacity of 50,000
Mt/year and a feasibility study on the potential to expand this facility to commercial production of 200,000
Mt/year®. Following this collaboration, METI and ADNOC announced the establishment of the Japan-UAE
Collaboration Scheme for Advanced Technology, which includes collaboration on decarbonisation technologies.

Australia

In 2018, a consortium of companies, including Kawasaki Heavy Industries, J-Power, lwatani Corporation,
Marubeni Corporation, Sumitomo Corporation, and AGL Energy, announced the Hydrogen Energy Supply Chain
(HESC) pilot project, which received AUD 500 million in funding contributions from the Australian government

and 220 billion yen from the Japanese Green Innovation Fund. This pilot project consisted of a hydrogen
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production plant, located in Latrobe Valley, to produce hydrogen using brown coals and biomass, as well as the
development of the world'’s first hydrogen tanker the Suiso Frontier.

From the success of this pilot project, Japan and Australia agreed to cooperate in facilitating the carbon-neutral
goals of the Paris Agreement by announcing the Japan-Australia Partnership on Decarbonisation through
Technology', followed by the Australia-Japan Clean Hydrogen Trade Partnership®. Following this, the HESC
project celebrated the successful voyage of the Suiso Frontier from Australia to Japan and is discussing a
commercialization phase which is expected to produce an estimated 225 kilotonnes of carbon-neutral liquefied
hydrogen'®.

In 2023, ENEOS Corporation also announced the construction of a demonstration plant in Brisbane, Australia, to
produce methylcyclohexane (MCH), a hydrogen carrier, using their low-cost Direct MCH method. The
demonstration plant will produce green MCH using a 250-kilowatt solar system in Queensland, which is ideal
for solar generation. During the demonstration period, MCH equivalent to 2 to 3 tons of hydrogen will be
produced and transported to Japan, where hydrogen will be extracted from the MCH in ENEO’s Central
Technical Research Laboratory. ENEOS is further working to develop production technology for stable and cost-
competitive green hydrogen™® in Australia'™.

Australia’s National Hydrogen Strategy™? which outlines more than AUD 13 billion in investments in the
development of its hydrogen industry, includes an AUD 150 million Australia Clean Hydrogen Trade Program to
support Australian-based hydrogen supply chain projects and secure overseas public or private sector
investment, with a focus on the export of clean hydrogen to Japan.

According to the International Agency’s 2022 World Energy Outlook, Australia is expected to become the
second-largest net exporter of low-emission hydrogen by 2030 and the largest by 2050. Due to ample low-
cost solar and wind energy, Australia’s hydrogen production from renewable electricity could reach 3 million
tonnes of hydrogen by 2030, based on announced hydrogen projects and partnerships™®.

Summary of hydrogen import opportunities

Japan has led the world in hydrogen partnerships, with a sophisticated network of agreements to produce and
import hydrogen. Supported by the demand created by the Japan hydrogen roadmap, imported support is
expected to rapidly increase, particularly for applications allowing direct use, such as chemicals, fuel cells and
combustion. However, for PtL SAF production, economics may favour the conversion of the hydrogen into SAF
before importation. Hydrogen is relatively challenging to transport long distances, with a low volumetric energy
density requiring large spaces, and complex infrastructure required to compress or liquefy the hydrogen, in
addition to the energy losses. By comparison, liquid SAF can be imported at ambient temperatures, and has a
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significantly higher volumetric energy density, with both factors greatly reducing the transport costs. As a result,
most hydrogen for SAF may likely be processed in other countries and imported as liquid fuel. However, there
may be a residual opportunity for imported hydrogen to smooth any volatility in domestic production for PtL,
and to ensure the SAF refining infrastructure is built, with Japan possessing much greater control over domestic
facilities.

4. Discussion

The international market presents significant opportunities for Japan to import feedstocks, intermediaries, and
neat SAF. Considerable Used Cooking Qil (UCQ) is already traded internationally, and Japan may be able to
access some of this supply as domestic comes online. Ethanol imports into Japan have been steadily rising but
still represent a fraction of the global market. Nearly 30 billion gallons™* of ethanol are produced globally, and
as road vehicle efficiencies improve and electric vehicles proliferate, much of this ethanol may need to flow to
alternative markets. The combination of surplus ethanol supply and aviation demand could create a significant
opportunity for Japan to use imported ethanol to meet SAF targets.

Hydrogen is emerging as a crucial component of Japan's green energy strategy, with significant investments
planned for both domestic production and imports. Collaborations with countries like the United Arab Emirates
and Australia are expected to secure a stable supply of hydrogen, which can also be used for SAF production,
although much of this may be refined locally into liquid SAF for ease of transport.

While the current SAF market is relatively small, it is expected to rapidly grow over the next decade. This
capacity growth may create some opportunities to import SAF, although current production projections fall
short of demand, suggesting continued scarcity. Clear demand from Japan and other countries may be
necessary to catalyze the production growth required for imports.

To achieve its target of replacing 10% of jet fuel consumption with SAF by 2030, Japan faces both challenges
and opportunities to access imports. The potential volumes are significantly greater than Japan’'s demand, but
the markets may be increasingly competitive. Imports would likely be diversifying energy sources and may
reduce costs but would catalyze less economic growth and domestic investment compared to imports. The
balance is likely to be driven by government priorities and priorities.

Export opportunity

According to Santander Trade, Japan ranked as the fifth largest exporter of goods in 2023, accounting for 37%
of the country’s GDP™5, In 2023 (fiscal year), Japan’'s exports were predominantly transporting equipment,
machinery, motor vehicles, and electrical machinery, providing an estimated revenue of 40 trillion yen'™®¢. Japan's
export success is fueled by a rich history of technological advancements, research and development, and a
skilled workforce. The strategic global positioning of Japanese corporations has enabled them to adapt to
evolving market demands and remain competitive on the international stage. As Japan continues to explore
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new markets and invest in emerging technologies, its export industry remains pivotal to the country's economic
resilience and global influence.

While domestic feedstocks provide limited opportunity for export due to their higher economic value within
domestic markets, Japan can capitalize on its extensive technological expertise to pioneer and globally
commercialize advanced SAF technologies. Lanzaldet, a prominent sustainable fuels technology company,
initially developed its groundbreaking technology in the United States. Presently, their innovative solutions are
being implemented in various countries, including the EU, the UK, India, Australia, and New Zealand.

Although there is limited opportunity for SAF feedstocks to be exported due to providing higher economic value
domestically, there is an opportunity for Japan to leverage years of technological expertise and knowledge to
develop and commercialize advanced SAF technologies to be exported and utilised in other countries. LanzaJet,
a leading sustainable fuels technology company and producer, first developed its technology in the United
States. Today, however, their technology is being used in the EU, the UK, India, Australia, and New Zealand."’

The ATAG Waypoint 2050 study projects a financial requirement ranging from 1,080 to 1,450 billion US dollars
for the development of essential infrastructure to build sufficient SAF capacity. Furthermore, the study outlines
the necessary investments in the Asia Pacific region, estimated to fall within the range of 421 to 554 billion US
dollars. The study further states that the level of investment will become increasingly achievable as additional
producers enter the market, fossil infrastructure is increasingly available for retrofitting and investors look to
decarbonise portfolios. As an example of this, there has been a notable trend of financial institutions and
consortium groups gathering investment funds to support the SAF industry. An example of this is the United
Airlines Ventures Sustainable Flight Fund™®, which has reached $200 million in investments from consortium
partners, such as American Express Global Business Travel, Aramco Ventures, Aviation Capital Group, Bank of
America, Boeing, and others.

Sustaining growth in the SAF industry demands continued investments aimed at mitigating risks associated with
production technologies. Leveraging its global reputation for excellence in producing high-quality goods and
pioneering technologies, Japan stands at the forefront of this transformative endeavour. The study underscores
that a significant portion of Japan's available feedstocks are comprised of advanced resources like woody
biomass and Municipal Solid Waste (MSW). However, the utilisation of these feedstocks requires technologies
that are not yet proven commercially viable.

This presents a unique opportunity for Japan to utilise its domestic knowledge and expertise. By doing so, the
country can play a pivotal role in supporting the development of a robust domestic SAF infrastructure while
simultaneously contributing to the global SAF industry. Key to this effort is the development and de-risking of
advanced technologies, such as Power-To-Liquids. Successful development and de-risking offer a significant
opportunity for Japan to export these technologies to the global market.
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Section 3: SAF production and technology

1 Introduction to SAF technology pathways

ASTM approved pathways

SAF can be made using a range of conversion pathways and feedstocks. Once produced, SAF is operationally
identical to kerosene and can be used with existing infrastructure and aircraft up to a 50% blend. Today, only
seven technology pathways (and two co-processing pathways) for SAF production are approved by the
American Society for Testing and Materials or ASTM, the recognised body to approve the suitability of jet fuel
for aircraft. Only the HEFA pathway (which produces fuel from feedstocks such as waste vegetable oils) is
commercially mature, although considerable effort is ongoing to scale other pathways, particularly Alcohol-to-
Jet (AtJ), and Fischer-Tropsch (FT). Other production pathways, such as HTL and methanol-to-jet, are
proceeding through the approval process by ASTM, and it is expected that the pathways available for SAF
production will increase over time.

Table 1: ASTM-approved pathways for SAF production

FT-SPK Biomass (e.g. trash/rubbish, forestry residues, grasses) EEEEE
HEFA-SPK Waste lipids & fats (e.g. UCO, tallow, DCO) EEEEE
_ Sugars to hydrocarbon (e.g. molasses, sugar beet, corn o
HFS-SIP dextrose) EEEEE
FT-SPK /A Same feedstock as FT-SPK, but slightly different process 0
ATJ-SPK Agricultural waste (e.g. forestry slash, crop straws) EEEEE
CH-HK Plant and animal fats, oils and greases (FOGs) —
HC-HEFA-SPK Bio-derived hydrocarbons, fatty acid esters o

Fats, oils, and greases (FOG) co-processed with
_ * %
Co-processed HEFA petroleum '
_ Fischer-Tropsch hydrocarbons co-processed with 1 5%
Co-processed FT patraleum -

Feedstock mapping

The appeal of each feedstock is predominantly influenced by its environmental qualities, conversion feasibility,
and cost, while limitations in environmental sustainability and competition for resources will place constraints
on the aviation industry’s long-term utilisation potential. Opting for a specific feedstock plays a pivotal role in
shaping the necessary infrastructure and can account for up to 85% of the overall cost of fuel production.

w
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Consequently, a comprehensive understanding of various feedstocks is important when evaluating the
trajectory of the development of the SAF industry.

The environmental attributes, ease of conversion and cost will drive the relative appeal of each feedstock, while
environmental limitations and competing demands will constrain the volume that the aviation industry can
reasonably expect to use over the long term. The choice of feedstock determines the infrastructure required
and can drive up to 85% of the cost of the fuels produced, so understanding the feedstocks is critical to
assessing the development of the SAF industry.

The variety of potential feedstocks is illustrated by the Commercial Aviation Alternative Fuels Institute (CAAFI),
which lists over 130 distinct categories. Only some of these apply to Japan, and the opportunities have been
grouped into five categories, as illustrated below.

Table 2: Feedstock opportunities for Japan

Feedstock category Sub-category Example feedstocks Conversion pathways

Biological feedstocks

Waste and residue lipids N/A UCO and Tallow HEFA
. . Corn stover, rice
Agricultural residues N/A ]
residues, bagasse
. Forestry coppice, slash,
Woody biomass N/A . Gas/FT or AtJ
thinnings, offcuts
. . Black bin and industrial
Municipal solid waste N/A

solid waste
Non-biological feedstocks
i Waste carbon gases

Renewable fuels of Industrial waste gases . .

. . . from industrial plants
non-biogenic origin - Gas/FT or AtJ

PtL (H2 from electrolysis o

(RFNBO) Renewable electricity

and CO2 from DAC)

Technology readiness

The different SAF pathways are at different levels of commercial maturity, as measured by their technology
readiness levels (TRL). This system ranges from Stage 1to Stage 9, as outlined in the Appendix.

Apart from HEFA, SAF production is mostly at low to mid-TRL, with few large-scale projects operating. Analysis
shows that HEFA currently has the highest TRL (reaching TRL 9), with FT on the cusp of commercialization (stage
8), as facilities such as the Fulcrum Sierra plant undergo commercial deployment. AtJ is currently at stage 7,
although the commissioning of the LanzalJet Freedom Pines plant and the Gevo NZ-1 will see this pathway
achieve full commercialization. HTL is at TRL 5, yet to be approved by the ASTM.

As the most mature technology, the HEFA pathway is the most widely used today to convert fats, oils and
greases (FOGs) into jet fuel and renewable diesel. This conversion process requires relatively little capital
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investment and requires producers to take on limited technical risk. However, the feedstock availability is
constrained, and the price of FOG is volatile, limiting the potential to scale this pathway.

The AtJ and FT pathways are currently undergoing commercial deployment. These pathways can be used for
processing advanced generation feedstocks, such as municipal solid waste (MSW), woody biomass, agricultural
residues, industry waste gases, and direct air capture carbon dioxide into sustainable aviation fuel. The AtJ
pathway requires alcohol as the intermediate input (isobutanol or ethanol), made by direct fermentation of
feedstocks or through fermentation of carbon monoxide by engineered microbes. The FT pathway uses syngas
(a mixture of hydrogen and carbon monoxide) as a feedstock. The syngas can be produced by gasification of
solid feedstocks, or through the Power-to-liquid approach, which combines a sustainable source of carbon with
green hydrogen.

2 SAF technology pathways

HEFA

HEFA feedstocks are waste and residue lipids, such as used cooking oil and waste animal fat, as well as
sustainably grown oil crops. Depending on the feedstock, HEFA provides a GHG emission savings potential of
50%-85%, which can be slightly increased through the use of low-carbon hydrogen in the hydroprocessing step
of the production process and carbon capture integration. It has a conversion ratio of c. 0.9 mass of inputs to
mass of fuel produced, of which SAF ranges from 0%-70%, depending on the needs of producers and plant
economics.

HEFA process (simplified)

Lipids HEFAProcess =T
Feedstock Qil extraction (Hydrotreatment/ SAF (25%-70%)
(FOGs) . Other products
Hydrocracking)

Alcohol-to-Jet (AtJ)

The Atd pathway can use any biomass that can be fermented into ethanol, including corn, sugarcane, and
cellulosic materials such as forestry wastes, and agricultural residues. Industrial waste gas can also be used as
a feedstock, through the utilisation of engineered microbes to convert the waste gases into ethanol. This
pathway offers an emissions reduction potential of about 20%- 95%, with the range strongly dependent on the
feedstock, particularly the direct/indirect land-use impact. The conversion rate for the AtJ pathway is estimated
at around 45%, with SAF consisting of up to 78% of the product.
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AtJ process (simplified)

Feedstock AtJProcess

(Sugarcane, corn Fermentation (Dehydration/ SAF (60%-85%)
industrial off-gas, wood Oligomerisation/ Other products

residues) Hydroprocessing)

Fisher Tropsch (FT)

The FT pathway can use any feedstock which can be gasified to produce syngas — a mixture of carbon monoxide
(CO) and hydrogen — which is subsequently fed into a Fischer-Tropsch reactor where it is combined into a mix
of hydrocarbons in the presence of a catalyst. The process consists of the following key steps: feedstock
pretreatment (sorting, sizing and drying), gasification, syngas clean-up and conditioning, FT catalysis, distillation
and hydrocracking. Special attention has to be paid to controlling the H2:CO ratio in the syngas as this has an
important effect on the reaction output. The pathway offers CO2 emission reductions of 85%-94%, and
potentially well over 100% of significant CO2 is captured and sequestrated during the process. The feedstock
conversion rate to total output assumed is 40%, and the jet-optimized SAF yield is 60% on average.

FT process (simplified)

FTProcess o A
(Bizemzdsztohfls(w) Gasification (FT Reaction/ SC?tlr:\éfor/:)fu?:fs)
) Hydrotreatment) P

Power-to-Liquids (PtL)

There are various feedstocks and technologies to produce SAF through the PtL approach. Hydrogen can be
supplied from SMR+CCS, electrolysis or gasification of biomass for hydrogen, and the CO2 can be sourced from
point sources or the atmosphere.

The FT process is the current focus for PtL production, but the methanol-to-jet route is also progressing through
development and certification. The FT route converts syngas (CO and H2) into a mix of long-chain
hydrocarbons, which is then upgraded into final products, including aviation fuel (SAF). The methanol-to-jet
pathway converts syngas into liquid methanol through catalytic reactions, which can then be processed into
SAF. In addition to its use for aviation fuel production, synthetic green methanol can also be used in road and
marine transportation. PtL has the potential to provide up to 99% emissions reduction, with 65% SAF output on
average.
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The Power to Liquid SAF production process

Feedstock Sources Feedstock acquisition Process Inputs Fuel Conversion Pathways

Atngosphenc Direct Air Capture (DAC) FT 2 SAF + coproducts
ource upgrading (ASTM Approved)
p Carbon
Supply
Point Source Carbon Capture from point
Capture (PSC) sources (PC)
s ) e M\
e Fermentation + | | SAF + coproducts
Atd (ASTM Approved)
Renewable k J U )
Electricity
Electrolysis Green hydrogen
Hydrogen e N O R
Supply L Methanol + L | SAF + coproducts
Steam Methane Reforming Conversion (Not ASTM Approved)
Blue hydrogen k J LU )

(SMR)
Natural gas /
Biogas

HC-HEFA-SPK (production of algae-based biofuel)

In May 2020, Annex A7 was approved and announced by ASTM, which establishes criteria for the production
and use of a type of synthesized paraffinic kerosene from hydrocarbon-hydroprocessed esters and fatty acids
(HC-HEFA-SPK). The standard provides that HC-HEFA-SPK fuel, the development of which was led by Japan's
IHI Corporation, may be blended at up to 10% by volume with conventional jet fuel.

As a part of the NEDO project, which started in 2017, IHI developed a next-generation technology for the mass-
production process of microalgae, Hyper-Growth Botryococcus Braunii (HGBb), and fuel manufacturing process
of algal oil produced by the microalgae. Japan Airlines successfully utilised the SAF produced via this method
in 2021 to fly from Tokyo to Osaka. In collaboration with Honeywell UOP, IHI has announced plans to build a
supply chain for fuel production and supply of algae-based SAF.
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3 SAF production

As a hydrocarbon fuel, SAF has similar physical properties to naphtha, gasoline, diesel, and other fuels. For
example, diesel has a slightly longer-chain hydrocarbon chain (10-22 carbon) compared to jet fuel (8-16).
Consequently, the production processes for RD and SAF are similar, requiring only a small piece of additional
infrastructure at the facility.

Every facility will produce a range of carbon chain outputs, different processes can
optimise toward specific factions

lllustrative facility output

4+« TypicalDiesel —
| fraction
Typical Jet
‘ ‘ fraction
Typical
< gasoline >
fraction
Light ends Long-chains
0] 5 10 15 20 25 30

Carbon chain length
Source: ICF analysis

This similarity to other fuels is both an advantage and a challenge for SAF production. It means that SAF
producers can draw on some of the mature technologies that have already been de-risked by the RD industry,
facilitating the rapid deployment of capacity. However, economics in countries such as the US currently favour
RD production over SAF, meaning that much of the feedstock, capital, and expertise that could be used for SAF
is currently utilised for RD production.

4 Technology scaling and future projections

Different SAF production technologies offer different market and technical risks. HEFA is the most mature
technology but has significant exposure to the feedstock market. Volatile prices of the HEFA feedstocks and
their limited supply increase the market risks for HEFA. On the other end of the spectrum, there is PtL technology
with potentially much lower exposure to the feedstock market if the electricity price is fixed through long-term
power purchase agreements (PPAs). This spectrum has been illustrated in the following diagram, although each
facility will bring bespoke risk profiles.
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HEFA has the lowest CAPEX with high exposure to the feedstock market, whereas
PtL has high technical risks and low exposure to the feedstock market

lllustrative Area = CAPEX
e B Higher

- Lower

Market risk

v

Technicalrisk
Source: ICF analysis

Increasing policy support is driving an acceleration of the SAF industry, and the HEFA pathway is expected to
provide the majority of capacity over the next decade. Several large fossil facilities are undergoing refits to
process renewable feedstocks, including the Neste facility in Singapore, the Shell facility in Rotterdam, the Total
Facility in Grandpuits, and the Phillips 66 and Marathon facilities on the West Coast of the US. Many others add
to this capacity and greatly increase the availability of SAF in the coming years.

Only a small number of AtJ and other technologies will come to maturity before 2030, but these will be crucial
to demonstrate the potential to process a more diverse range of feedstocks. Notable facilities include the
Fulcrum FT plant in Sierra, the LanzaJet AtJ facility in Freedom Pines, the Gevo AtJ NZ-1facility and the Velocys
FT facilities in Bayou and Immingham. A small number of PtL facilities will enter operations before 2030, although

these generally offer very small capacities.

HEFA technology is expected to drive SAF supply through 2030

SAF production per year, Million tonnes (Mid-scenario)

20 [] other
[[] Alcohol-to-Jet

[l HEFA

15

o]
2023 2024 2025 2026 2027 2028 2029 2030

Source: ICF Analysis
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Beyond 2030, constraints on the availability of UCO and tallows are expected to result in a plateau in HEFA
production, with AtJ, FT, and other advanced technologies accelerating to provide greater supply in the mid-
term. The power-to-liquid approach will be increasingly important in the long term, as other feedstocks are
increasingly demanded, and the economics of renewable and hydrogen production continue to improve.

HEFA supply is expected to plateau due to feedstock limitations, while PtL supply
is expected to substantially increase by 2050

SAF production per year, Million tonnes

500 o
[] Power-to-Liquids

a00 | ] Waste gases
[] Advanced feedstocks (AtJ and FT)

[l HEFA

300

200

100

o
2020 2025 2030 2035 2040 2045 2050
Source: ATAG Waypoint 2050 report
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Section 4: Policy framework considerations

1 Introduction

The cost of production for all SAF technologies is at least several times the cost of production for fossil fuels,
due to the differences in (1) scale, with SAF at the early stages of commercialisation, and (2) technical difficulty,
with many SAF technologies requiring complex processes to convert sustainable feedstocks such as waste oils,
agricultural residues, and municipal waste, into liquid hydrocarbons. The aviation industry serves cost-sensitive
customers and cannot absorb or pass through significant incremental costs for SAF without regulation. The
importance of aviation to the global economy and connectivity makes it essential that governments recognise
and address the challenges.

Increased use of SAF is a key component of the government of Japan’'s (GOJ) plan to reduce greenhouse gas
emissions from aviation. Japan’s Ministry of Economy, Trade and Industry (METI) recently announced a planned
target volume for SAF under the Sophisticated Act by 2030. This target volume is in alignment with the
announcement of the Basic Policy for Promoting Decarbonisation of Aviation by the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT). MLIT estimates that if SAF replaces 10% of jet fuel by 2030, SAF
demand will reach 1.7 billion litres a year, equivalent to 452 million gallons.

METI announced SAF will account for 10% of jet fuel consumption by 2030, with the
forecasted supply volume expected to exceed the announced target

METI forecasted SAF demand and supply, METI, Million kL

2 1.83 192
[l Demand projections
[l supply intentions
1.5
1
0.5
o}
0] &
2024 2025 2026 2027 2028 2029 2030

Source: METI

The focus on sustainability and scale requires new feedstocks and technologies to convert them. Globally, just
under 20% of major crop production (sugarcane, corn, vegetable oils) is used for renewable fuel production,
with almost all used on-road. Land constraints, the impact on biodiversity, and carbon limit the ability of these
feedstocks to expand. More sustainable and scalable feedstocks exist, such as cellulosic materials, municipal
wastes, and renewable electricity. However, the technologies to convert these feedstocks into fuels are at an
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early stage of development. Commercializing them will be expensive, risky, and essential. Policy to incentivize
the research, development, and deployment of these advanced technologies, which will be crucial to support
the SAF landscape's transition toward sustainability and scale. Policy can further support the development by
driving the supply and demand market of SAF.

The development of a sustained global SAF production industry requires a nuanced approach, recognizing that
the opportunities and challenges for SAF production can vary significantly from one state or region to another.
Diverse factors such as climate, agricultural systems, available resources, and economic conditions will influence
the feasibility of SAF production in each specific area. Additionally, political barriers, existing regulatory
frameworks, and economic considerations will differ, making it clear that there is no one-size-fits-all approach
to successful SAF policy implementation. Instead, a tailored and customized strategy that considers the unique
circumstances and needs of each state or region is likely to be the most effective way to promote and support
the growth of the SAF industry on a global scale.

2 Policy context

Global targets and market-based measures

Efforts to reduce carbon emissions in the aviation industry, both on a global and national scale, have been
pioneered by the International Civil Aviation Organization (ICAO) and its Carbon Offsetting and Reduction
Scheme for International Aviation (CORSIA). These initiatives aim to align with the objectives of the Paris
Agreement, emphasizing the aviation sector's commitment to addressing climate change and reducing its
carbon footprint.

= Paris Agreement: Under the Paris Agreement, member states committed to limiting the global average
temperature increase to well below 2°C above pre-industrial levels, with an aspiration to limit it to 1.5°C. To
achieve this, member states are expected to enhance their Nationally Determined Contributions (NDCs)
every five years, outlining their specific plans and targets for reducing greenhouse gas emissions. In
alignment with these commitments, several nations, including the United Kingdom, have started to
incorporate international aviation emissions within their NDC targets, recognizing the importance of
addressing emissions from the aviation sector in their overall climate action efforts.

= ICAO: In October 2022, member states of ICAO came together to adopt a collective long-term global
aspirational goal (LTAG) of achieving net-zero carbon emissions from international aviation by the year
2050. This ambitious target signifies a shared commitment to significantly reduce and ultimately eliminate
carbon emissions from the aviation sector to mitigate climate change impacts. To support the realization of
this goal, member states also endorsed the new ICAO Assistance, Capacity-building, and Training for
Sustainable Aviation Fuels (ACT-SAF) program. This program aims to provide assistance, build capacity, and
offer training to facilitate the development and adoption of sustainable aviation fuels, contributing to the
broader efforts to decarbonise the aviation industry and achieve the net-zero emissions objective by 2050.

= CORSIA: CORSIA is an ICAO initiative designed to achieve carbon-neutral growth in the global aviation
sector from 2021 to 2035, with a baseline reference point set at the 2019/20 levels. CORSIA is a widely
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adopted mechanism for international aviation to align with the goals of the Paris Agreement and mitigate
climate change. Participating airlines are required to report emissions data and purchase and cancel
‘'emissions units' to offset the increase in international CO2 emissions between signatory countries covered
by the scheme. Sustainable Aviation Fuels (SAFs) that meet CORSIA specifications, including a minimum
greenhouse gas saving threshold of 10% against a fossil fuel baseline, can be utilised by airlines to reduce
their CORSIA offsetting obligations. Reporting the use of SAFs and claiming associated emissions reductions
will be governed by CORSIA's Standards and Recommended Practices (SARPs) and the accompanying
Environmental Technical Manual (ETM). Furthermore, SAFs must demonstrate sustainability through the
CORSIA Approved Sustainability Certification Scheme, such as the International Sustainability and Carbon
Certification (ISCC) and the Roundtable on Sustainable Biomaterials (RSB), to be eligible for use within the
program. Japan is a signatory to CORSIA, obligating the national airlines to comply with this policy.

Global policies

To ensure the effectiveness of SAF policies, they must align with global targets, such as those outlined in the
Paris Agreement and the Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA). This
requires a coordinated effort among governments, airlines, and other stakeholders to create a sustainable
framework for the production and use of SAF.

The regulatory environment is currently a patchwork, with overlapping regulations in states, countries and
internationally. Many countries are introducing SAF policies, with the US, EU, and the UK leading. These policies
have typically been built by adjusting existing policies to decarbonise the road industry, although
decarbonisation pressures are driving a resurgence, leading to the introduction of new policies specifically to
decarbonise aviation. Alongside Japan, ICF is aware of ongoing policy discussions in many other countries,
including Turkiye, India, Australia, Singapore, the UAE, and others.
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There are many SAF policies and mandates already in place or underway

* ICAO | UN Specialised agency l n Int. Air Transport Association ‘ + Finland

Federal Clean Fuel 2022: Established long-term goal of net-zero Representing 290 airlines, IATA committed for Target of 30% SAF by
Standard, mandate in carbon emission by 2050, supported through global air transportation to achieve net-zero 2030, with mandate
British Colombia, and CORSIA. emissions by 2050. for 0.5% blend from
C-SAF roadmap. 2023 (CAAF/3): Adopted short-term goal aiming 2020
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Source: ICF Analysis, https://www.itf-oecd.org/sites/default/files/docs/sustainable-aviation-fuels-policy-
status-report.pdf, https://www.iata.org/contentassets/8d19e716636a47¢c184e7221c77563c93/policy-net-
zero-roadmap.pdf https://www.icao.int/Meetings/a41/Documents/WP/wp_516_en.pdf

The following sections will provide a detailed overview of the policy mechanisms enacted and under
consideration in the EU, UK, and US.

Case studies

1. US SAF policies

Available policies in the US

= Federal programs
o The Renewable Fuel Standard (RFS) — SAF typically claims RIN D4 credits
o The Inflation Reduction Act (IRA)
= SAF BTC (40B), 2023 to 2024
= Clean Fuel Production Credit (CFPC - 457), 2025 to 2027
=  45Q and 45V tax credit
= State level programs
o California Low Carbon Fuel Standard (LCFS)
o Other Low Carbon Fuels (LCF) programs in Washington and Oregon
o lllinois, Washington, and Minnesota SAF tax credit
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The US is leading the SAF industry with both the highest level of ambition and the greatest policy support. The
cross-government SAF Grand Challenge aims for 3 billion gallons of SAF (c. 15%) by 2030, and full replacement
of fossil fuels with SAF by 2050. The IRA combines with existing federal policy (the Renewable Fuel Standard,
RFS) and state-level policies to put this within reach.

The RFS is the backbone of the US biofuel/SAF industry. This policy is a mandate for road fuel users and is
predominately met using ethanol from maize/corn. The environmental attributes from SAF can be sold to
obligated parties, but fossil jet fuel is not itself an obligated party; therefore this policy acts as an incentive for
SAF producers and is ultimately funded by road fuel consumers. Imported fuels are eligible. All biological-
derived feedstocks are eligible as long as a 50% greenhouse gas (GHG) reduction is achieved.

State policies complement the federal policies. These include the Low Carbon Fuel (LCF) programs like those in
California, Oregon, and Washington, which are mandates to reduce the Carbon Intensity (CI) of the fuel pool.
SAF is eligible but not mandated, so these policies also act as incentives for SAF producers, funded by
customers using other fuels (e.g. road fuels in California as c. $0.1/gal more expensive due to the policy)

There are new state incentives are developing. The state incentives are likely to be the most important and
dynamic area following the passage of the IRA. To date, there are three separate state incentives available in
lllinois, Minnesota and Washington state:

= Washington bill SB 5447 promoting the alternative jet fuel industry in Washington: This bill provides
incentives available for purchases of SAF for flights departing Washington. It is equal to $1for each gallon of
alternative jet fuel that has at least 50% less CO2e than conventional jet fuel and increases by $0.02 for
each additional 1% reduction in CO2e emissions beyond 50%.

= lllinois Sustainable Aviation Fuel Purchase Credit: This credit is available for every gallon of SAF sold to or
used by an air carrier in lllinois. Airlines can claim a credit of $1.50/gallon of SAF that achieves a 50%
reduction in GHG emissions and is only available to airlines operating. The incentive is effective for ten years,
from June 1, 2023, through June 1, 2033. By 2028, all fuel must be derived from domestic biomass resources.

= Minnesota Sustainable Aviation Fuel Tax Credit: The refundable tax credit provides $1.50 per gallon of
sustainable aviation fuel produced or blended in Minnesota and sold for use in planes departing Minnesota
airports. It further provides a sales tax exemption for construction materials and supplies to support the
construction of facilities that produce or blend SAF. The tax credit expires on January 1, 2035.

In August 2022, the US government announced the Inflation Reduction Act (IRA), which introduced specific
incentives for SAF. The existing BTC has been modified and the level of support will be calculated based on the
Carbon Intensity (Cl) score of the SAF, which means more emission reductions will yield higher incentives. The
IRA will provide a two-phased approach to incentivize SAF:

= The first phase, 2023 to 2024: Starting from 1 Jan 2023, the SAF BTC will provide a $1.25/gal baseline
incentive for SAF to achieve a minimum 50% emissions reduction. With increased emissions reduction $0.01
incentive will be provided for each +1% emissions reduction, up to 100%, meaning that SAF demonstrating a
100% reduction will be eligible for the maximum incentive of $1.75 per gallon. To be eligible for these
incentives SAF must;
i.  Meet the requirements of ASTM fuel standards,
ii.  Be produced from eligible biomass material,
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iv.

Be certified as having a lifecycle GHG emissions reduction percentage of at least 50% by CORSIA
or any similar methodology,
Be blended and sold in the U.S

o Fuel produced outside the U.S. qualifies if it is blended and sold in the U.S.

* The second phase, 2025 to 2027: The SAF BTC will transition to the Clean Fuel Production Credit (CFPC),
also known as Section 45Z. The CFPC sets a baseline emissions factor for SAF at 50 KgCO2/mmbtu
(approximately 50% reduction), scaling to $1.75/gal for SAF with a 100% emission reduction, and does not
appear to be capped so SAF with a negative Cl could receive greater value.

The credit can only be earned for the production of fuels in the U.S, so imported SAF is not eligible.
However, the fuel does not need to be used in the U.S.

The credit is earned by the producer of the qualifying fuel rather than the blender. This would be
expected to impact how contracts need to be structured to enable the sharing of this value between
the seller and buyer of the fuel.

= Additionally, the IRA included two tax credits, the clean hydrogen production tax credit (45V) and the
carbon capture and storage credit (45Q).

The 45V tax credit acts as a production tax credit (PTC) for the production of qualified clean
hydrogen produced by a taxpayer at a qualified clean hydrogen production facility for 10 years
beginning on the date such facility was placed in service. The base tax credit amount is set at $.60
per kilogram of clean hydrogen but increases to $3.00 per kilogram when the hydrogen's lifecycle
carbon intensity measures between zero and 0.45 kilograms of CO2 equivalent (CO2e) per kilogram
of hydrogen (H2).

The 45Q tax credit supports the construction of carbon capture facilities. Any carbon capture,
direct air capture or carbon utilisation project that begins construction before January 1, 2033, will
qualify for the Section 45Q tax credit. The IRA extends carbon capture tax credits through 2033 but
also lowers the requirements for additional carbon capture facilities to qualify. The base tax credit
for carbon capture by industrial facilities and power plants equals $85 per metric ton for CO2 stored
in geologic formations, $60 per ton for the beneficial utilisation of captured carbon emissions and
$60 per ton for CO2 stored in oil and gas fields. Additionally, it provides $130-180 per metric ton of
CO2 captured through Direct Air Capture (DAC).

These tax credits can not be claimed together, and cannot be claimed with the CFPC.

SAF in the US can claim multiple incentives, known as ‘stacking’. As shown below, a producer could access

over $7/gal by selling the physical fuel, claiming the federal RFS and BTC, and selling into California to access

the LCFS. This value stack makes the US the most economic region to purchase SAF and has resulted in

airlines focusing efforts on geography.
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In the US, policy mechanism can be ‘stacked’, allowing producers to sell SAF close
to parity with conventional fuels

US example
|:| Paid by airline
B Paid by other funding

[1JRFS

Capital
~ Depending on location, incentives

5 Y BTC/ CFPC
3 Loan ’ can be ‘stacked’ to support value
Guarantees
- LCFS )
o Tax —_— -
) . | Premium |
cg Incentives —_—
Fossil fuel
Production cost Value of Incentives Premium Conventional sale price

Source: ICF analysis

The US also offers a series of grant/loan programs, which are particularly supportive of the developing SAF
technologies. The IRA included a $244 million dedicated SAF grant funding through a new U.S. Department of
Transportation program. The DOE and other agencies also offer loan guarantees and grant programs, although

these can be challenging to access.

Challenges for SAF in the US
The main challenges for SAF in the US are threefold:

* Timeline: The SAF incentives under the IRA (BTC and CFPC) will expire in 2027. While they may be
renewed, this creates significant policy uncertainty for a key source of revenue for US SAF producers.

*  Funding: Most SAF support in the US (RFS, LCFS-programs) is funded by road fuel users. With slightly
less than half of Americans flying in a typical year, this means many people who don't fly are funding
the decarbonisation of the industry. Long-term scaling of the industry may be more challenging as
the volume and therefore cost of SAF increases, and this challenge has already led to discussions in
California on the possibility of obligation flights within the state within the LCFS.

=  Premium: A premium of fossil fuel is still required to access SAF in the US, and with no firm
demand-signal airlines may limit the additional cost by not scaling to the levels targeted by the

Grand Challenges.
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2. EU SAF policies

Available Policies in the EU
= ReFuelEU Aviation
*= Emission Trading System (ETS)
* Energy Taxation Directive (ETD)

In July 2021, the European Commission announced the Fit for 55 package which included a set of proposals to
make the EU's climate, energy, land use, transport and taxation policies fit for reducing net greenhouse gas
emissions by at least 55% by 2030, compared with 1990 levels. The package included a recast of the Renewable
Energy Directive (RED lI), to ensure the EU delivers on their new target by ensuring at least 32% of its energy
consumption comes from renewable energy sources by 2030. This also includes a target of a minimum 40%
share of RES in final energy consumption by 2030, accompanied by sectoral targets. It also included a proposal
called the ReFuelEU Aviation, which introduced a set of policies to decarbonise aviation. The ReFuelEU proposal
includes an SAF mandate to support the scaling up of the SAF industry, which will go into effect on January 1,
2025. This mandate applies to all airlines taking off from EU Airports and requires fuel suppliers to supply a
minimum share of SAF at EU airports. To avoid European airlines facing a competitive disadvantage due to higher
fuel costs pass-through to their customers, airlines will be allowed to claim allowances. A non-compliance
penalty has been introduced to ensure mandates are followed across the industry. This mandate will scale up
the SAF requirement until 2050, as outlined in the table below.

European Commission’s proposal
ear

Overall SAF Mandate PtL SAF Sub-Mandate
2025 2% 0%
2030 6% 1.2% (increasing to 2% in 2032)
2035 20% 5%
2040 34% 10%
2045 42% 15%
2050 70% 35%

As a part of the package, the Energy Taxation Directive (ETD) is also under revision. The EU ETD aims to align the
taxation of energy products and remove outdated exemptions and reduced rates that currently encourage the
use of fossil fuels. The revision has not yet been passed.

Feedstock applicable for SAF production is strictly regulated under the EU legislation. SAF is defined as 'drop-
in' aviation fuels (fuels substitutable for conventional aviation fuel) that are either synthetic aviation fuels,
advanced biofuels produced from feedstock such as agricultural or forestry residues, algae and bio-waste, or
biofuels produced from certain other feedstocks with 'high sustainability potential' (used cooking oil, inedible
animal fats) that comply with the sustainability and greenhouse gas emissions criteria.
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In December 2022, the EU reached an agreement on the EU ETS Aviation reform which paves the way for a faster
phase-out of free airline emissions allowances and introduces a system to monitor, report, and verify (MRV)
non-CO2 emissions as well as a “SAF allowances” pricing scheme. As a result of this reform, free emissions
allowances for airlines covered by the EU ETS will be phased out by 2026 (a year earlier than originally planned),
which is expected to increase the operational costs of airlines substantially. Emission allowances will be phased
out gradually starting from a 25% reduction in 2024, continuing with a 50% reduction in 2025 and finalizing with
a complete phase-out by 2026. Airlines will also need to start reporting non-CO2 effects starting from 2025.

SAF mandates, removal of ETS allowances, and the potential jet fuel tax could meaningfully increase operational
costs to airlines. The ICF case study analysis on an intra—European flight suggests that the fuel costs (£/pax)
could double by 2030.

Fuel costs may double for a typical short-haul flight in the EU by 2030 mainly as a
result of the carbon costs, fuel tax and SAF

Cost of flying (£/pax) — Intra—EU example, fuel-related costs

40 | v
Fuel costs could increase from 35 Carbon cost (based on EU EUTS only): Assume no free
35 £35/pax, increasing air fares by as allowances & €85/tonne CO.= £4/pax vs. <1£/pax today
30 much as 20-25%. The mandated SAF
uplift & fuel efficiency improvements Fuel tax cost (applied to jet fuel only): Assume
25 would resultin a 20% reductionin per- £0.28/liter > £10/pax
flight CO2 emissions. /V
|
20 15 SAF cost (mandated 5% of fuel uplifted): Assume 100%
15 net premium vs. jet fuel > £1/pax
10 Jet fuel cost (95% of fuel uplifted): Some increase in
5 Brent Crude (~$75/bbl) offset by incremental efficiency
improvements (+10%) = £14.1/pax vs £13.7 today
2019 Baseline 2030

Source: ICF analysis
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Challenges for SAF in the EU

The main challenge for SAF in the EU is the ability to comply with the mandate levels. There have been limited
investments into new capacity in the EU, driven by the following factors:

= Minimal supply side support: While the mandate will establish a demand signal, there is currently no
supply-side support. Assuming that customers will pay due to the mandate challenges the investment
case for SAF facilities, which often cost several billion USD. This may change, with the EU announcing a
potential program to close the price gap using funding from the ETS revenues.

= Constrained feedstocks: Essentially all investment in the EU has been in HEFA capacity as this will
likely be the cheapest approach to comply with the mandate. This technology requires feedstocks
such as UCO and tallow, which are in short supply globally. Competition from the US and other demand
centres that may evolve in other countries will drive up the cost and availability for these feedstocks.

* Policy uncertainty: The policies are yet to be established and have been delayed several times. This
leaves very little runway to get capacity built, with just 1.5 years until the mandate start compared to a
more typical 2-5 years to plan, build and commission facilities.

3. UK SAF policies
Available Policies in the UK

= SAF Mandate, in place from 2025

= SAF Facility grant funding

= UKETS

* RTFO (Obsolete after mandate implemented)

The UK government has committed to scaling the use of SAF to achieve its “2050 Jet Zero target”, announced
in July 2022. As part of this strategy, by 2025 the UK has committed to have at least five UK SAF plants under
construction and a SAF mandate in place with a target of 10% SAF by 2030 (equivalent to 1.2 million tonnes),
with a carbon intensity mechanism, allowing SAF with higher emissions reductions to contribute more to the
goal.

The UK government has allocated £180 million in funding for the SAF industry by 2025, which is incremental to
the Advanced Biofuels Demonstration Competition (ABDC, 2014, £25m), Future Fuels for Flight and Freight
Competition (F4C, 2017, £22m) and Green Fuels Green Skies Competition (GFGS, 2021, £15m) funds that
supported the development and commercialization of SAF pathways.

In March 2023, the UK government released the second SAF Mandate Consultation, detailing the proposals to
design and implement an SAF mandate. The paper presented proposals for volumes (via blending ratios), buy-
out prices, details on the PtL SAF sub-mandate, and a HEFA cap. The mandate will start in 2025 and will establish
targets through 2040. Once the mandate is implemented, SAF will no longer be eligible for the RTFO.
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SAF Mandate: The paper proposes a standard obligation, which can be met using "standard SAF", and a
sub-mandate for PtL SAF. While the sub-mandate design is similar to the EU's approach, the PtL SAF
mandate is notably less ambitious.

2025 2030 2035 2040

Standard Standard Standard Standard
PtL SAF PtL SAF PtL SAF PtL SAF
SAF
Low 0.5% 0% 10% 0.05% 13% 0.25% 17% 1.5%
Med 2% 0% 10% 0.10% 15% 0.50% 22% 3%
High 4% 0% 10% 0.20% 18% 1% 32% 6%

Sustainability criteria: SAF must achieve at least 50% greenhouse gas (GHG) savings relative to fossil
jet fuel, which will increase over time.

Feedstocks: Waste/residue feedstocks can be used but food/feed crops and energy crops are
excluded. For the PtL sub-mandate, CO2 from the atmosphere, biological sources and fossil sources
can be used. While the EU suggests that fossil CO2 will not be eligible after 2035, the UK Proposal does
not suggest a similar cap. Hydrogen needs to be produced using electricity generated from
renewables or nuclear (Blue hydrogen is currently excluded and would require legislative change to
include).

HEFA cap: HEFA contributes to the standard obligation, but can only be used up to a cap. The proposal
suggests a wide but low range for the HEFA cap, from O to c. 0.2 million tonnes (Mt) in 2030. For context,

the total 2030 mandate is expected to be around 1.2 Mt.

Buy-out price: The UK is proposing a fixed buy-out price (compared to the EU proposal of a buy-out
price as a multiplier of the premium).

Buy-out price options

Standard SAF (£/tonne) PtL SAF (£/tonne)
Low £ 2,051 £ 2,567
Medium £ 2,567 £ 3,525
High £ 3,846 £ 5,320

©ICF 2023

Carbon intensity (ClI) mechanism: The proposal suggests a mechanism to scale certificates awarded
by the CI factor. SAF with a lower Cl score, would generate more certificates. This would increase the
certificates awarded if they are higher/lower than an ‘average’ SAF value, proposed at 26.7 gCO2e/MJ
(a 70% GHG reduction). It suggests either a continuous calculation or using a bands approach. For
example, using the ‘banded’ approach, SAF achieving a 50% GHG reduction would receive 0.79
certificates, while SAF achieving a 100% GHG reduction would receive 1.36 certificates.
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= Tradable certificates: The proposal suggests the compliance certificates will be tradeable. This means
that the mandate could be met with geographically variable use of SAF, with some airports using large
volumes and others using none.

The UK ETS supports SAF by increasing the cost of fossil jets. While the UK ETS trades with anilliquidity premium
to the EU ETS due to the smaller volumes, the value is still insufficient to make SAF use viable without other

measures.

Challenges for SAF in the EU

The main challenges for SAF in the UK are the ability to comply with the mandate level and specific
sustainability criteria. No new facilities in the UK have passed the Final Investment Decision (FID), driven by

several factors:

= HEFA Cap: While the EU has heavily invested in HEFA and co-processing capacity, the UK HEFA cap
has held back any major investments in this approach - compounded because the level of the cap
has yet to be announced. The rationale for this approach is to avoid the substitution of feedstock
from renewable road fuels (via the RTFO). This drives the UK to technologies such as Fischer-Tropsch,
and cellulosic ethanol to jet, and while these are potentially more sustainable and scalable, their high
cost and lower technical maturity make the investment case significantly more difficult.

= Minimal supply-side support: While the UK has several facilities in reasonably advanced stages of
planning (stimulated through the grant funding), these plants cannot be financed/built without policy
and revenue certainty. While the government has discussed several mechanisms (with industry
coalesced around a CfD), no decision has been made. ICF understand that a key stumbling point is
funding, with the government seemly unwilling to hypothecate revenue from the APD or ETS, and
suggesting any mechanism would require additional funding, presumably from the aviation industry.

= Timelines: The mandate is still under consultation, no supply-side policy has been established, and
non-HEFA facilities are more complex and will require several years to design, build, and commission.
The non-existent availability of compliant SAF for import by 2025 suggests that any shortfall will need
to be bought-out from, resulting in airlines incurring cost while achieving no emission reduction.

3 SAF policy development framework

SAF policy framework considerations

To stimulate domestic SAF production, METI further announced plans to (1) develop a capital investment
subsidy program, (2) exempt imported SAF from the fossil fuel import tariff, and (3) support research,
development, operation, and certification acquisition. To successfully develop policies to support METI's plan,
it is crucial to consider the guidance document developed by ICAO on the importance of SAF policies for the
deployment of SAF, ‘Guidance on potential policies and coordinated approaches for the deployment of
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sustainable aviation fuels'.®® This document states that long-term, stable policies are necessary to create a
sustained market for SAF.
According to ICAQ, policy mechanisms can:

1) Stimulate the growth of the SAF supply through research and development (R&D) investments and
financing;

2) Create SAF demand via mandates, subsidies, and commitments; and
3) Enable the SAF market via standards.

Policy effectiveness as well as options to simulate the growth of SAF supply and to create a demand for SAF
are detailed further in the following sections.

1. Policy effectiveness metrics

To determine whether a policy is effective, feasible, and practical, ICAO identified several metrics to serve as a
guideline.

Flexible policies can adapt to various situations and priorities,
Flexibility while rigid policies have limited flexibility and can only be
altered by high-level authorities over the long term.
These characteristics involve timeframes, legal conditions,
and political decisions. Policy certainty is crucial for investors
and stakeholders, as it affects the economic value and
Certainty security of investors. Greater policy certainty enhances the
attractiveness of capital investment, while lower certainty has
the opposite effect. Medium to long-term policy certainty
sets investor expectations and increases investor interest
Policy effectiveness should evaluate costs, benefits, and
Financial costs and bensfits s.ocial .costs, especially fc?r polic'ies .rering on government
financial support, assessing their alignment with stated
objectives.
Policy implementation can be hindered by administrative,
governance, and procedural challenges, especially when
Ease of implementation multiple agencies are involved. States should clarify the roles
of local, regional, and national jurisdictions to prevent barriers
and ensure effective policy governance.
Contribution to SAF deployment and Policies should set clear criteria on the target quantity of SAF
GHG reduction to be deployed, sustainability achievement, commercial
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parameters, and timeframe. Incentivizing higher GHG

reduction and considering social and economic

consequences can enhance policy effectiveness compared

to environmental-focused policies.

Effective policies must consider and mitigate the risk of
Unintended consequences unintended consequences, which can be economic,

environmental, or social, through suitable mechanisms.

Policy effectiveness is influenced by its robustness, which

. involves a regulatory system to ensure objectives are

Robustness of policy .

achieved and proper procedures are followed post-

implementation.

2. Stimulating the growth of the SAF supply

To catalyze the growth of SAF feedstock and production capacity, a recommended policy approach involves
strategic measures. Firstly, government funding should be allocated to SAF research, development,
demonstration, and deployment, accelerating the learning curve and fostering innovation. Secondly, targeted
incentives and tax relief mechanisms should be implemented to encourage the expansion of SAF supply
infrastructure, ensuring a robust and widespread network. Thirdly, providing support for the operational costs
of SAF facilities is essential to bolstering their viability and sustainability. Finally, recognizing and valorizing the
environmental benefits of SAF plays a pivotal role in incentivizing further developments in this sector, reinforcing
the importance of aligning policies with the broader goal of sustainable aviation.

These policy options collectively foster growth and innovation and are supported by the following policy

options.

Policy Option Description'™

A government grant is given to an entity to build or buy SAF-
specific infrastructure. Capital grants reduce the financial
needs and financial risks of the targeted investment. (e.g., US
Department of Energy (DOE) Loan Program Office)

A loan backed by a government institution helps the project's

Capital Grants

financial case and also reduces overall project risk, making
acquiring additional equity of debt easier and lowering the
cost of capital.

Loan Guarantee Programs

An ITC allows the deduction of construction and/or
Business Investment Tax Credits (ITC) commissioning costs of a qualifying asset which can reduce
income tax payable and flow through the investors.
An incentive targeted at the providers or blenders of fuel that

Blending Tax Credit (BTC
ending Tax Credit ( ) provides a credit against taxes. This mitigates the blender’s
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cost of production or purchase difference between SAF and
fossil jet. (e.g., US State-level BTC in lllinois and Washington)
An incentive targeted at the producers of fuels that provides
a credit against taxes. This mitigates the cost of production
difference between SAF and fossil jet. (e.g., US Inflation
Reduction Act (IRA) Clean Fuel Production Tax Credit (CFPC))
Where a jurisdiction has introduced a carbon tax, carbon
price, or carbon levy, SAF could be rated as either zero or in
Recognizing SAF benefits under carbon proportion to the life-cycle greenhouse gas emissions benefit
taxation and cap-and-trade systems of the particular fuel, thereby subject to reduced tax. This
differs from a cap-and-trade system by not stipulating an
overall emission reduction target.

Production Tax Credit (PTC)

3. Creating SAF demand

To develop the demand for SAF, a multi-faceted approach is recommended, encompassing the following:

= The creation of SAF mandates
= The revision of existing policies to integrate SAF, and;
= The demonstration of government leadership.

These policy options collectively aim to encourage increased SAF utilisation within the transportation fuel
supply. Strategies include enforcing mandates that require a certain proportion of SAF in aviation fuel,
updating current policies to encompass SAF applications, and fostering voluntary commitments from
stakeholders in support of SAF adoption.

Policy Option Description'®?

An obligation on fuel providers to provide increasing SAF
volumes added to the existing fuel supply on a multi-year
Mandate renewable energy volume in the schedule creates an incentive for the production of more
fuel supply SAF and other fuels which meet the renewable energy
definition of the program. (e.g., the EU’s Renewable Energy
Directive (RED) and US Renewable Fuels Standard (RFS))
An obligation on fuel providers to reduce the carbon
intensity (life-cycle greenhouse gas emissions intensity) of
Mandate reduction in carbon intensity of the transportation fuel supply on a multi-year schedule
the fuel supply creates an incentive for the production of more SAF and
other fuels with greenhouse gas benefits. (e.g., California
Low Carbon Fuel Standard (LCFS))
Setting aspirational goals for a specific production or use
Policy statement to establish direction amounts to signal future intent to develop comprehensive
SAF policy measures. This can be linked to the
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Corporate commitment to SAF use

Stakeholder/Customer pressure

4. Enabling SAF markets

implementation of future policies, sending a signal for
project planning. (e.g., US SAF Grand Challenge)

A strong demand signal can be created by requiring
corporations to commit to renewable fuel/SAF procurement
to reduce the impacts of air travel and operations.

Policy certainty and the requirement to decarbonise
operations are typically important to stakeholders and
customers to continue their investment.

Further actions may be required to establish the transparency and confidence necessary for the optimal

operation of SAF markets.

Policy Option Description'®

Adopt clear and recognized sustainability
standards and life cycle GHG emissions
methods for certification of feedstock
supply and fuel production

Support development/recognition of
systems for environmental attribute
ownership and transfer

Support SAF stakeholder initiatives

The use of clear standards and harmonized methods for life
cycle GHG emissions calculation and sustainability
certification will support broad SAF markets and ensure
environmental integrity.

Standard processes and shared systems for calculating,
crediting, and trading the environmental attributes of SAF
may facilitate “book and claim” purchasing of SAF that
decouples the physical fuel location and the environmental
benefit to facilitate and promote more efficient and broader
use of SAF volumes and their GHG emission reductions.

Stakeholder consultation groups can take many forms and
be either government, industry or NGO-led. These groups
serve a critical function of aligning the diverse stakeholders
that make up the SAF supply chain. They can directly
coordinate actions and provide critical information and
feedback to policymakers.

4 Policy opportunity in Japan

Overview of SAF policy developments in Japan

The long-term adoption of SAF is a key component of the Government of Japan’s (GOJ) plan to increase the

utilisation of biofuels in the transportation sector and to support their overarching goal to reduce greenhouse

gas emissions in their aviation sector. To realise this goal, MLIT and METI jointly launched a public-private
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partnership to facilitate the development of reliable domestic production of SAF. Council members include
government agencies, oil refineries and retailers, airlines, airports, oil storage, plant design, trading houses, and
related industry associations.

As a result of this partnership, MLIT published the draft Basic Policy for Promoting Decarbonisation of Aviation
in October 2022. MLIT outlines three targets for airlines:

1) Stabilization of CO2 emissions from international flights
2) Reduction in CO2 emissions per unit transport from domestic flights by 16% by 2030
3) Carbon neutrality for both international and domestic flights by 2050

Additionally, METI published a draft interim report'®* on SAF introduction in Japan. This report calls for Japanese
SAF producers and suppliers to establish sufficient SAF manufacturing capacity and secure raw materials to
produce SAF sustainably and at competitive prices™®. To stimulate domestic SAF production, METI announced
plans to set a new target volume for SAF under the ‘Act on Promotion of Use of Non-Fossil Energy Sources and
Effective Use of Fossil Energy Raw Materials by Energy Suppliers’ by 2030. METI based this target volume on
the Basic Policy for Promoting Decarbonisation of Aviation, aiming to replace 10 per cent of jet fuel consumption
with SAF by 2030. MLIT estimates that if SAF achieves this target, SAF demand will reach 1.7 billion litres per
year.

Unlike the pessimistic outlook for Japan’s on-road biofuel demand, the GOJ foresees SAF as an opportunity to
expand Japan'’s liquid biofuel demand. Japan’s biofuel target for transportation was recently updated. METI
proposed to maintain the annual target volume for transport biofuels at 500 million litres of crude oil equivalent
(LOE), with both bio-ethanol and sustainable aviation fuel eligible to count to meet the target. Additionally,
certain feedstocks will allow the derived SAF volume to count twice.

Existing SAF funding mechanisms

As part of Japan’'s goal to achieve carbon neutrality by 2050, METI has established a substantial Green
Innovation Fund with a budget of 2 trillion yen (USD 16 billion), as part of the Fiscal Year 2020 Tertiary
Supplementary Budget. This fund is entrusted to the New Energy and Industrial Technology Development
Organization (NEDO) for its administration and operation. The primary objective of this fund is to provide
steadfast support to companies and other organizations committed to embracing ambitious targets for 2030,
which have been collaboratively set by both the public and private sectors. This support spans the entire
spectrum, ranging from research and development (R&D) efforts to practical demonstrations and the societal
implementation of innovative solutions over the next decade. These target areas have been carefully selected
based on their potential for significant policy impact and the necessity of sustained, long-term support to
realize their widespread adoption.
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As part of this fund, NEDO awarded 114.5-billion-yen (USD 916 million) grants to pilot projects developing e-fuel,

SAF and other green fuels.

Carbon credit mechanisms

The Government of Japan (GOJ) administers two carbon credit certification programs, namely the J-Credit

System for domestic activities and the Joint Crediting Mechanism (JCM) for international activities. Both

initiatives were inaugurated in 2013. Under the domestic program, known as the J-Credit System, METI, MAFF,

and MOE collaborated to establish and manage a carbon market. This system is designed to bolster regional

efforts to reduce greenhouse gas emissions. It's noteworthy that J-Credits may be applicable within the Carbon
Offsetting and Reduction Scheme for International Aviation (CORSIA), despite CORSIA's offsetting not being
voluntary and necessitating corresponding adjustments.

Principles for successful SAF policy in Japan

The SAF industry in Japan is still in its early stages, and the success of different policy approaches is yet
to be proven. It is crucial for policies to address the existing challenges faced by the SAF industry in Japan.
These challenges include:

Non-binding target: The ambition for 10% SAF by 2030 represents a target, rather than a mandate. ICF
understands from discussions with local stakeholders that the social obligation created by this target will
drive many companies, particularly those based locally, to increase SAF use. However, it lacks many of the
important details of a mandate, such as a non-compliance penalty, sustainability criteria, and trajectory
beyond 2030.

Limited feedstock availability: There is relatively limited feedstock in Japan compared to the size of the
aviation industry, and the high cost of land and labour may make it more economical to develop production
in other countries and then import the SAF. This may directly impact Japan, with several companies
investigating opportunities across the country.

Supply vs. demand: The relationship between fuel suppliers and airlines relies on regulatory authorities to
provide guidelines, and determine the SAF market drivers, rather than building a symbiotic relationship for
creating demand for SAF and providing SAF supply based on the set government target.

No clear CAPEX or OPEX support: While several options are under consideration, no support has yet
been announced. This may hold back investments in SAF facilities in Japan.

To address the challenges faced by the sustainable aviation fuel (SAF) industry in Japan, several policy
trends can be observed across the leading countries. These trends include the following:

Developing a strategic goal: Successful SAF policy hinges on the development of a strategic goal. This
includes considerations such as the country's decarbonisation targets, the desired volume of SAF
production, and the associated economic and environmental impacts.

A combination of mechanisms is required: Every country with meaningful progress on SAF has
adopted a combination of policies, with each addressing a different challenge. Most countries have a
range of demand mechanisms (the mandate in the UK, EU, and Grand Challenge in the US),
complemented with supply mechanisms (the IRA in the US, revenue support in the UK, and ETS fund in
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the EU). The EU and UK are further using the ETS to close the cost gap, while the US has adopted much
more generous supply-side mechanisms to bring SAF prices closer to parity with fossil fuels. These
combinations are both more effective than isolated policies, and also provide a measure of policy
redundancy, mitigating the impact for investors if one of the policies is removed or altered.

= Clear policy over longer durations: Policy uncertainty holds back policy investment, with financers
waiting for clarity and enforcement before deploying the considerable value required. The impact can
be seenin the UK, where no greenfield facilities have achieved FID despite the progress made on policy.
Longevity of policy is also crucial given the long timeframes that SAF facilities will operate over, and the
uncertainty over the renewal of the CFPC credits in the US IRA has been cited by several companies
as a reason to avoid investment.

= Grants tokick-start the market: Every country developing SAF has made use of grant mechanisms to
de-risk early facilities, including the IRA funds in the US, AFF in the UK, MS funds in the EU, and GX fund
in Japan. These have generally been awarded to support the developing (non-HEFA) technologies.

= Sustainability standards: The US, EU, and UK have all established sustainability standards with a higher
floor level than CORSIA, by requiring higher GHG reductions. In the US, several policies (LCFS, BTC,
CFPC) directly link the credit value to the Cl of the fuel, and the UK has proposed a mechanism to
increase the mandated value for fuels with a lower CI.

= Market for co-products: Every SAF facility produces a range of products, and the commercial case for SAF
facilities typically leverages domestic value for the renewable diesel and naphtha produced. For example,
renewable diesel can claim the RFS, LCFS, and BTC value in the US, RED Il compliance in the EU, and the RTFO
in the UK, providing a meaningful contribution to the commercial case for an SAF facility. These existing
renewable fuel industries also ensure access to a skilled workforce, and knowledgeable investors, insurers,
and engineers. Attracting and building these skills may require additional time and value compared to more
developed markets.

5 Policy impact analysis

Price disparities in aviation fuel can adversely affect airline operators' financial performance, undermine market
competition, and result in higher fares for consumers, reducing regional connectivity and business
competitiveness in the aviation sector. Due to the price premium airlines must pay for SAF (compared to
conventional jet fuel), implementing a mandated SAF target with no additional mechanisms to reduce the cost-
pass through to airlines and passengers could put transiting passengers and associated revenue at risk.

To understand the potential risk of the 10% SAF target, ICF conducted a risk analysis. For context, the Japanese
aviation industry is reasonably concentrated with 62% of scheduled seats concentrated in the top 5 airports.
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The top 5 airports in Japan represent over 60% of total scheduled seats in Japan

Total scheduled seats by Japanese airports, 2019
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Source: ICF analysis, OAG data

The market is dominated by local passengers and point-to-point traffic, which provides a degree of resilience
to cost increases. Although the Shinkansen provides strong competition on short routes, many routes cross the
ocean with few direct alternatives. At the top 5 airports, only 12.5% of passengers are connecting. However, this
portion is focused on Haneda and Narita, with 18.4% and 15.7% connecting passengers respectively. While many
are domestic to domestic (D-D) and not at risk of substituting to foreign airports, a non-negligible portion are
domestic to international (D-I) or international to international (I-1) and could feasibly connect via alternative
hubs.

Narit
art .a Kansai New Chitose Fukuoka
Haneda International . . .
. Airports Airport Airport
Airport
54,891,639 26,568,724 19,748,881 15,617,989 15,652,319
Total scheduled seats (Total actual (Total actual (Total actual (Total actual (Total actual
PAX: 41.2M) PAX: 22.2M) PAX: 16M) PAX: 1.9M) PAX: 12M)
% of J heduled
° O Japan schedue 26% 12% 9% 7% 7%
seats
Number of local pax 33,992,952 18,685,268 15,282,284 11,334,081 11,493,987
% of local pax 81.6% 84.3% 95.7% 95% 95.7%
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Number of total

transfer pax (D-D, D<>|, 7,648,220 3,471,873 681,214 592,461 522,322
I-1)
% of total transfer pax

18.4% 15.7% 4.3% 5% 4.3%
(D-D, D<>l, 1-1)
Number of non-
domestic transfer pax 1,686,609 3,325,691 467,572 47,343 65,812
(D<o, 1-1)
% of non-domestic 4% 15% 3% 0.4% 0.5%
transfer pax (D<>|, I-1)
Number of
international- 210,784 1,795,352 95,817 110 1,895
international transfers
% of international-

0.5% 8.1% 0.6% 0.01% 0.02%

international transfers

PAX = Passengers

There is growing competition from regional hubs. Seoul (ICN), Singapore (SIN), and Shanghai (PVG) are all located
within a few hours of flight time, and all three have aggressive expansion plans. Beijing is opening a new airport
(PKX) in the same radius. All have significantly increased their share of transfer passengers (PVG+10%, ICN+4%,
SIN+7%, PEK+9%), and while Haneda (HND) increased by +10%, Narita (NRT) (which has significantly the largest
transiting pax share in Japan) dropped by -1%.
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PVG and SIN have increased their passenger growth between 2015 to 2019, and
provide the highest threat for passenger spillage to Japanese airports

Total scheduled seats by airports in Japan, 2019, Millions
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Transiting passengers is a small (12.5%) but valuable segment for Japanese airlines/airports. Approximately 5%
could use alternate airports, representing 14% of revenues. Other regional hubs (PVG, ICN, SIN, PEK) are
increasingly becoming gateways to the Asian market, increasing competition for valuable transfer passengers.
Implementing the Japanese 10% SAF target with no additional mechanisms to reduce the cost pass-through to

airlines/passengers would put many of these transiting passengers and associated revenue at risk.

PAX Number
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Distance
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Airport expansion projects

SAF Policies

Airport
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ountry Code
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released on this airport but
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PKX (100mppa)®

Initiation of expansion
project 4" phase, new T3
expected 50m additional
pax ("

The current expansion
project transforms the
airport into 3 runways
system+ that expands T2
by 2024 M

No SAF mandates or
policies to date.

Working on SAF
development, exploring
partnerships with research
institutions and industry
players for sustainable
aviation solutions.

In 2011, China’s regional
carbon emission trading
systems were launched in
seven provinces and cities.
Shanghai is the only one to
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Airport |PAX Number| Distance

Count
ountry Code (2019) to HND

Airport expansion projects SAF Policies

Phase 3 expansion to start have included the aviation
1,792 mi in 2023 + creation of new  sector, but the Chinese
(2,884 km) international airport (120m government aims to do so
pax expected) ) by 2025. 0

CAN 73M

No SAF mandates or
policies to date.

Regulators want to frame a
SAF policy in the upcoming
years and are using Korean

Phase 4 is to be concluded .
Air to test SAF at scale.

in 2024 including
751 mi expansion of Terminal 2, ICN is the first Asian airport
(1210 km)  additional runway and to join RE100 (100%
access and operation renewable energy),
improvements ) enabling the airport to
largely cut its Scope 1and 2
emissions. It is also

Korea ICN 7M™

currently improving its
infrastructure for future
SAF supply. @

No SAF mandates or
policies to date.

Singapore Government is
working on a Sustainable
Air Hub Blueprint, due to be
published in 2023, that
should provide guidelines
The expansion project towards SAF incentives or
includes the construction  mandates ©
3292mi  of T5 (+50m pax) and
(5,299 km) transformation into 3
runways system by mid-
2030 W

Civil Aviation Authority of
Singapore partners with SIA
and global investment firms
to develop SAF credit
usage, to incentivize SAF
utilisation

Singapore SIN 68M

The airport is supporting a
one-year trial which will see
Singapore Airlines and
Scoot purchase 1.25 million
litres of neat SAF delivered
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Airport |PAX Number| Distance

Country Airport expansion projects

Code (2019) to HND

SAF Policies

East Expansion Project is a
$236m expansion starting
2,862 mi from July 2022 and to be
(4,607 km) completed in 2025 that will
increase capacity by 44%
up to 65m MM

Thailand BKK 65M

IGI to become the only
Indian Airport with 100m+
3,632 mi  capacity. These projects
(5,845 km) include expanded T1and
T3, construction of a fourth

India DEL 68M

runway, new T4 (VI

3586 mi Creation of Terminal 4 to
Indonesia CGK 54M (5772 km) Dring total capacity to
100m+ pax. The project of

©ICF 2023

through the airport fuel
system. ©®

No SAF mandates or
policies to date.

The government is showing
interest in SAF
development and
evaluating its feasibility
within the broader context
of its sustainability goals.
However, the country is
only starting to measure its
emissions and no
policy/regulation/mandate
or incentive has yet been
published ©®

Some Thai companies like
Energy Absolute or
Bangchak Corporation are
investing in SAF

No SAF mandates or
policies to date.

Exploring options for SAF
production and
deployment to address
environmental concerns
and promote greener
aviation practices.

India has the feedstock
potential to produce
sufficient SAF for 50%
blending of current
aviation. @

No SAF mandates or
policies to date.

SAF development program
in Indonesia, but no
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Country Airport Distance Airport expansion projects SAF Policies
Code to HND
the new airport was mandate announced to
abandoned. ™ date.

Garuda Airline tested SAF
on its aircraft in mid-2023
from Palm Oil feedstocks ®

Sources: Pax number from Airport Council International, Airports annual reports and Websites. Country regulator guidelines, distances
from Great Circle Mapper, (1), (ID), (11D, (1V), (V), (VD), (viID), (v, (1IX)
(1), (2), (8), (4), (5), (6), (7), (8)
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https://daxing-pkx-airport.com/
https://www.airport-technology.com/news/pudong-airport-expansion-project/
https://www.airport-technology.com/projects/hong-kong-international-airport-hkia-expansion/
https://centreforaviation.com/analysis/reports/guangzhou-baiyun-airport-builds-for-future-while-second-airport-remains-on-drawing-board-part-one-638994
https://www.airport.kr/ai_cnt/en/business/summary.do
https://edition.cnn.com/travel/article/singapore-changi-airport-t5-cmd/index.html
https://www.airport-technology.com/news/suvarnabhumi-airport-expansion/
https://themetrorailguy.com/delhi-igi-airport-status-update-news-plan-design/
https://www.pwc.com/id/en/media-centre/infrastructure-news/september-2019/ap-ii-encouraged-to-finish-terminal-4.html
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/011222-china-outlines-carbon-plan-for-civil-aviation-sector-sets-emissions-targets
https://www.airport.kr/esg_cnt/en/environment.do
https://www.caas.gov.sg/who-we-are/newsroom/Detail/singapore-takes-key-step-forward-to-develop-sustainable-air-hub/
https://www.temasek.com.sg/en/news-and-resources/news-room/news/2022/caas-singapore-airlines-temasek-to-launch-sustainable-aviation-fuel-credits
https://www.caas.gov.sg/who-we-are/newsroom/Detail/caas-sia-and-temasek-pick-exxonmobil-to-supply-saf-for-singapore-pilot
https://thaiembdc.org/2023/05/31/thai-firm-doubling-production-of-sustainable-aviation-fuel-2/
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1925417
https://centreforaviation.com/news/garuda-indonesia-testing-jet-fuel-mixed-with-palm-oil-on-boeing-737-800-aircraft-1216023
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6 Closing statement

Decarbonising Japan’s aviation industry in less than three decades is challenging but achievable. Commercial
aviation has barely existed for a century, and yet in that time has progressed at a rapid pace, with Whittle
inventing the jet engine just 27 years after the first powered flight, and Concorde carrying passengers at
supersonic speed only 46 years later. Recent improvements have been less noticeable but perhaps more
revolutionary, with efficiency improvements making flights affordable to millions more people and decoupling
emissions from the industry growth.

The industry must continue to evolve. In just 26 years, by 2050, aviation should replace the polluting fuels
currently used with clean energy to avoid the worst impacts of climate change. Accelerated efficiency
improvements will be critical to ensure as little energy as possible is required, but this must be matched by a
very rapid build-out of the SAF industry.

This analysis shows that considerable feedstock can be accessed in Japan, with the capacity to produce 11
million kilolitres (2,906 million gallons) SAF by 2050. This is adequate for Japanese aviation to achieve its
decarbonisation goals, succeeding through a portfolio of efficiency, net zero aircraft, SAF, and out-of-sector
measures. While SAF is currently more costly to produce than fossil fuels, it also provides much more value -
most prominently through reduced emissions, but also by enabling job and economic growth, and increasing
the resilience of Japan's energy supply.

The Air Transport Action Group (ATAG) Waypoint 2050%¢ report estimates that the global aviation industry will
require approximately 400 million tonnes of SAF by 2050. The report emphasizes that the companies and
intellectual property (IP) required to achieve even half of this volume will be significant drivers of the future
economy. This is an area Japan has shown leadership in previously, with exports of equipment and machinery
providing an estimated revenue of 40 trillion yen to Japan every year.

The global SAF policy environment is developing at pace, led by the US, EU, and UK. Japan has a solid foundation
to join these pioneers, with adequate feedstocks, expertise, and abundant enthusiasm. Efficient and transparent
policies to support both the demand and supply side of the industry represent the final catalyst to develop a
SAF ecosystem in Japan, and their evaluation and implementation represent the most important next steps for
the industry.
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https://aviationbenefits.org/environmental-efficiency/climate-action/waypoint-2050/
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Appendix

CORSIA Sustainability Criteria for SAF*

To be eligible under ICAO’s CORSIA, SAF needs to meet the following principles of sustainability across its
supply chain:

SAF should achieve a life cycle emission reduction of at least 10%
1. Greenhouse Gases (GHQG) compared to the baseline life cycle emissions of 89 grams of
CO2 equivalent per megajoule

SAF should not be made from biomass obtained from
2. Carbon stock land/aquatic systems with high biogenic carbon stock (i.e.
forests, wetlands, or peatlands)

3. Greenhouse gas emissions

_ Emissions reduction attributed to SAF should be permanent
reduction permanence

Production of SAF should maintain or enhance water quality and

4. Water availability
5. Soail Production of SAF should maintain or enhance soil health
6. Air Production of SAF should minimize negative effects on air quality

Production of SAF should maintain biodiversity, conservation

7. Conservation .
value, and ecosystem services

Production of SAF should promote responsible management of

8. Waste and Chemicals .
waste and use of chemicals
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https://www.icao.int/environmental%20protection/CORSIA/Documents/CORSIA_Eligible_Fuels/ICAO%20document%2005%20-%20Sustainability%20Criteria%20-%20November%202022.pdf
https://www.icao.int/environmental%20protection/CORSIA/Documents/CORSIA_Eligible_Fuels/ICAO%20document%2005%20-%20Sustainability%20Criteria%20-%20November%202022.pdf
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9. Human and labour rights

10. Land use rights and land use

1. Water use rights

12. Local and social development

13. Food security

©ICF 2023

Production of SAF should respect human and labour rights

Production of SAF should respect the land rights and land use
rights including indigenous and/or customary rights

Production of SAF should respect formal or customary water use
rights

Production of SAF should contribute to social and economic

development in regions of poverty

Production of SAF should promote food security in food-insecure

regions

160



Charting the Path: SAF Ecosystem in Japan

Technology Readiness Classification

Technology Readiness Levels as outlined by the U.S. Government Accountability Office:

©ICF 2023

Basic Principles observed and reported

Technology concept and/or application
formulated

Analytical and experimental critical
function and/or characteristic proof of
concept

Component and/or breadboard validation
in a laboratory environment

Component and/or breadboard validation
in a relevant environment

System/subsystem model or prototype
demonstration in a relevant environment

System prototype demonstration in an
operational environment

Scientific research begins to be translated into
applied research and development.

Invention begins. Once basic principles are observed,
practical applications can be invented. Applications
are speculative, and there may be no proof or detailed
analysis to support the assumptions.

Active research and development is initiated. This
includes analytical studies and laboratory studies to
physically validate the analytical predictions of
separate elements of the technology

Basic technological components are integrated to
establish they will work better together.

The fidelity of breadboard technology increases
significantly. The basic technological components are
integrated with reasonably realistic supporting
elements so they can be tested in a simulated
environment.

The representative model or prototype system, which
is well beyond that of TRL 5, is tested in its relevant
environment.

Prototype near or at the planned operations system.
Represents a major step up from TRL 6 by
requirement demonstration of an actual system
prototype and operational environment (i.e. aircraft of
the vehicle)
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The actual system was completed and
qualified through tests and demonstration

Actual system proven through successful
mission operations

©ICF 2023

Technology has been proven to work in its final form
and under expected conditions.

Actual application of the technology in its final form
and under mission conditions, such as those
encountered in operational tests and evaluation.
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About ICF

Alastair Blanshard

Alastair.blanshard@icf.com

Alina Viehweber

Alina.viehweber@icf.com

twitter.com/ICF
linkedin.com/company/icf-international
facebook.com/ThislsICF

#thisisicf

ICF (NASDAQ:ICFI) is a global consulting and digital services company with over 7,000 full- and part-time
employees, but we are not your typical consultants. At ICF, business analysts and policy specialists work
together with digital strategists, data scientists and creatives. We combine unmatched industry expertise
with cutting-edge engagement capabilities to help organizations solve their most complex challenges.
Since 1969, public and private sector clients have worked with ICF to navigate change and shape the

future. Learn more at icf.com.
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