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# 4.2.1 FEGE AR o SGMpTIEE R R LR (2020 4F ;5 %)

SUHR-V  YOSPSEF UAE

HEEZRBRERE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
IFoE—MNEBESE 1.0 0.7 23.1 0.0 0.1 12.6 7.7 64.6 0.0 0.0 0.0 0.0 0.0 0.0 1.8
RERBRE 45.3 58.2 17.4 48.7 57.8 25.5 44.1 10.6 46.2 39.9 46.2 40.4 31.6 39.9 48.8
BRInEEE 1.1 1.4 3.3 1.1 1.9 0.0 1.0 0.0 0.0 3.5 0.0 0.5 0.8 6.2 2.5
J-h-%i8 3.2 14.0 1.2 18.2 13.4 0.0 7.5 3.7 53 0.0 0.0 9.6 3.1 10.3 15.9
ERTV—-h-&iE 0.0 0.9 0.0 3.0 1.7 10.6 3.8 0.0 6.7 10.1 8.0 7.2 6.8 6.4 0.1
Y BRI RE 8.9 0.8 0.8 0.6 23 3.0 2.7 2.4 6.7 6.9 12.4 10.6 4.8 7.0 7.0
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E-fuels integration in refineries
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BANAL F~ A REAE L LT HVO ST b b r — 2 REARB RO A FJFH (bio
oil X% bio crude) &I ARMLEMA AT LI LB HRETH DM, A AL Z
DHRIZ K0 PERSCHVER R 5720 EEH COLEEZ T CTREIE TDOH O 7272k
Jo b LB LR D,

(3) HFZEBHIEA T —
NA FREOMIGIER Z X D72 WIRE T TRIAKRERSAEEREY R D /NA 4~ A
P O s TR & & 5 S AR O BREF RN EH Sh T 5,
BUMPTIEE A~ & T2 2 DORTLEES I, 200 f#1E (Pyrolysis) & KBV ALIE
(Hydrothermal liquefaction, HTL) X 2010 X7 b BK THFZE RN T TER Y | BIEA
a7 BEITHTH D,



m BGHPRICH I DRI (A AR BOS AT — >

1. B¥AT-2
R, A8V, ERAE S KR LR
(REHPROK LAV RE T ER . FUMPIRERRIEAE, )

2. MAEBRAT-T
FEfih, HEih. BRASDCo-processing
EHLOFREHDE, [REINBEHFEFSOEIRETRHD G,

3. WREARAT->
JUA AR ARRIDE D R (pyrolysis)(C &5 ) (4 AEHADCo-processing
 JIA AR ARRIDKERAE(HTL)CE D)1 AFRIHRDCo-processing

2-1 WA HREREDOHEM AT —
2.1 HVO B&EH

W mmEmAE 2 KFBLOER LB (BEWET —ELLRE) 2/ETH T oER
X, BEICERERRONTEY . BB OKFCLBERZHZT 57— R L RIHATA
OB AKEMNEEBLZSE L TEATLI I —2A03H 5,

BN HVO B 2Rk L7 4 > F > F Neste i3 R DK 30% DRLEFEHZ 5D 5,
BRIMBBIZ T TR kEoRMEStEEoRER S LML TV 3,

N

m ZHPT COHVORIME(CmI T SRIEABRER B DS X5k

HO chy 0T W chs  FRERER
O  mEIEIE T THO+ H,C . cHy KEACRREES
ISAF— L CHs S

COz HE
CH ’C)cn,*
CV\NW\/\/\/\ _
CHy MO MC Hy 317,15 -
O MIUtIE Ha #5744

X 2-2 HVO RED KRG A F— A

#2-1 HVORE T uv 254 H—

FA kY — Ttk R4
UOP/Eni CKE/A Z V) 7T) Ecofining
Haldor Topsoe (7> ~—7) HydroFlex
Neste (74 7 K) NextBTL
Axens (77 &) Vegan

(HAN&H#HEZ b & 12 JPEC fERR

ZDOH T, Axens D Vegan HETIIHETIEIH Y, BAZHEE[REHA TS,
BEHMECE LT — A RN A RAFENOBAEFET 4 —EARY AT F I AV =



v NMRBIERET D720, KF#E - RIE S U — L KFBRBMALZT—D 2B TR L
7o TWND,
HIEIX Total TiEIEFEREH U . PKN Orlen & Repsol IZHFRERETH 5,

2015 4 10 A Total La Méde(Z A — F) #jlpT
2019 4 12 A PKN Orlen Plock(Z7' v o+ v 7 ) B
2020 4 11 H Repsol Cartagena(77 /v %~ )& Fir

UM AT N O BEAF O /K B RS E 2 dod U ¢ HVO RS I HR# 3 2 B0 BAREY 72 $ 78
AL & RHEIZ O W T OIERBARN DR, KEOx= =7V 7% Burns &
McDonnell #2357 E L7 EBE £ L O HmEENRAF SN2, T ONEZLL Ik
L7,

3=t Burns & McDonnell (21 : X UMDY HR) Ok

Bﬂlﬂﬂ’mﬁiﬁ b7~ UVERTOSTING, W20 FiaRDN5) , B
BH), K, BN, 1- 751 BEUILTSATL) DEUBMPRIAFET S
S ERADITHI TR A MG, T SEORREN DI AE

> mUVWHER

At — I OBEFRIGEDE RN S LD, COREBIRBOVSAIIEENNEE,

53bpd CHR@IT 3K RCAVRE R (L, BAERIEET +—PIUCEIRUIS S, 5,000bpd DERKLIE
(CEBE3.

> BRRWESATA

BEVRIBEREB RS, VOAIIELVITF AT LNREUS S R E R (CEIET D
DRIWES AT LNBE, RIbdsx 2RBEL TIL7ICU. RivZ{E1Ed 3,

> KEHE

KR L EICHE I IOKEESIGEIREHPR(E, SO NIRFCEL TV,
IKERISEE N R RVESHEMOKEZETZ Y MOBHICFEZHONEN DS,

» J4—Rh A DHE

AR Z(SOERI L. BEHORIBER/EDY I g2 ENH 5.
KERRCEBEBONLOBNRE, KRB &2 SRk EE R (HTHA) D ETAEHE A
. J4— MElDEBREOZIADEAEIT A I)LETLYS 14— FERILZ DFBLA VD% ED
B3l

» K& BB biRIEDERL

HKRUIREREBIDEABO/KE Bk FTELERU. MG T GBI REE RS
SlERIIS, HILEI NI FZRESEIVAT A (REAC) TR, iEE07YI T — FAARE(C
R25EN®5.

JeEZ (R, FKDBESRPROY D -4 —4— A )T —[5XBN 2L, KB AR BHIRCEEx
5z20]ge4nHns.

> E=PFRL—2

BN SRS RL ISV ZURE T OV RN E LT 31z, how o EhE EEmADIEMHMA
. IKERBAIBRBADIR A (T, AR &L I 20T, 420, ZS2R0EER FIFS
ZRFEBEBZOL— LAV AT A (BB AT HA) BMKE,

HIEALERIZ X 2 KB THE B O KRB K E W2 KFRGERE TR D 72 BT T
IKFFEAILE OB EH b L L 72> TS %,
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REEEEICOWTIE, M 2-3D 7 —IRr Lk 1T, il
BETDHEDODZ LTS,

HiK
ERARZRE

222722 :
* AW 6.1 MPa l oo 40°°C
24

H,

HARBER

R |
8] VT o8—) BRHE

S, N, CI&t masE

F7Y

ARJwri—

3, NH,, HCI, H,$ r
BEEESEE

itk

(X 2-3 BB IHTAE L 7K R0 At 2 i D A (X
(PP BRaERZERZRE (AW 7T MBI 27 = AL DK
A N OV BeREF TR ORE] 20124 7 H

S 90 O JE BN



2.2 Co-processing % ffr

BETFE D FCC oK FALAELEE 2 R U 72 3 A A4~ A JFELD co-processing (2 &5 K v
TA NA FBEORGE L, HVO AR L b EREELZ M - BT, ®hpro GHG Hl
B REM D —> &L L TEHCK TOEANREALTND,

ZAVE TOD co-processing DHFFEO#EFIL, FEHESE DO ZFBZK 2 5 WG E 0GR L
FRIC—EERRWEDEfRML DD, TDH., 5% OFNRRRERRIET TIX, AT
TV T g B LT REREAIT O 2 S35, IR EENELS | IR EE L AR
IRENG FRISCRE Y I Ot 3R L B O ARHI (T VR y) IR T 2 i (bokt 3R
DL D,

I BT, Ao ABEHTEF M E 0 B 2o, WA BMR LY S I T LIcRED =
A NEASOHIGBEE R D,

fiERR & LCiE, " A~ AR OBRAEZVELE T D L, AT 28RN % FAl
W7y 7 7L —=FLTBL EPNRESN TN D,

ELHPCo-processing DFATEN A1)

b3

TyTFL—F42%

VAV VTS
1

ATl

:{éiuﬁ;’l‘?j @ EQE Sl L o> B
- LN *
. VP AVYY
. DY
}m{mﬁ 1 BEH Jet
)

@ Co-processingFAH% At

KR BYUBEE (CSDHEVHRARIHVOBLE(C FEA. Co-processing(d:
A S A AERIOMHIRIC S DR E BT O (GREN DI,
I EER R CICITB A B LTS,

P : DECHEMAE R ZHE(DIPECIERK,

2-4 LW co-processing 7 H —

[E S %L —p&R (International Energy Agency, IEA) WNIZF&IT BTV 5
Bioenergy Task39 TlX. co-processing fifffiZ DWW THEEZIT-> TE Y, BUMFTOIEE I
BANT DA A~ AN A 4 D250 R, Brfgh, KBV b, 74 v v — -
fevy 7y a (FT) #IK) L, ZNO6ORBIZOWTEHEL TS (& 2-2),



#2-2 BUHPT T 0 & AT A A~ R FURHE O R L B

A

23 ZJFEHA O K

BT C DL

fESH (Vegetable oils)
BLE (Tallow)

BEfrith (Used Cooking Oil,
UCo)

U7 VR N L EEER RN A

NENTER DR BI L Th 2BEDORE M0 & 2 73,
LI 13—

BB D #iPH O IRFEL B

fEF#11% 5%, Heff/Clt 1.8

BEMNZIE, BV 5B 2 WEREARAI AR 2% (530 % 73,

=R

B R E T 13RS RIC & DK b
KERUNIREDT v STV —F 4 T
PNAF Ty MRBHE 1T ARIR TR Eh
ZWET D200 R

B
(pyrolysis bio-oils)

V7= DAL D S &R ERE

Bk ERE (>20%)

FEE BN 0T 43 AR SRAL BV AR D RITALER i | S B iR
HED BIEBREEAE (18~24wt%)

BB L& SRR O 5
SR LA E ST

I K A00FEH DRy

s & A Ba0% L F [ERI5 TS

BOYIRE T TRy i
HEBALE MO KFEA 3R
Ty 7T v— NMDsHE

fr7y o (FT) ik

s A1y RS A A Bl Zan . 0, Eg%l&%f
TRENRALIH K= E A& (HPF : 6-18%) T DN
10-01 SN =R 0, =
(HTL bio-oils) Bk EfAE (<10%) EEBE DK
TA T — FRFT G, AV VB LKV IES TEEZER  |[H-ALE

RIRFTIX, 7« —EAEHAOESHN 1% 4K

OREMAC DL E RS H Y

(HFT) IEA Bioenergy Task 39

2.2.1 & Al A A~ ZJFEFD co-processing
KN T D co-processing @ L3R HVO £EFED 10 % & OHER N SN TNDH DD,

co-processing IZHEIHFTNT DIEHR D720, K0S OFERABICHKIN D 5,
ARFHAETIE, BT Z2EH L2 IR RS AR GE R & LT, AR T 4 — B
(AT F TNy MREVEGT) ORLEHIFICESZH CREZIT- 72,

7% 2-3  BRK T co-processing JEHAZEAE D & 5 B FT

5| fAlhatt BT
A7 x—F >  |Preem Goteborg i FT
Tenerife AT
. Cepsa La Rabida$ T
A N _
~A San Roque B ilifT
Repsol —
VRN Y Galp Sines$4iH
747 K |Irving Oil WhitegatefHFT
HE Phillips 66 HumberB AT
" Marathon Martinez ST
K Petroleum (20184F, Tesorol>nHE W)

* 90204 8 . [RIBIMATEESZ AFH, 202143 A, A4 77 A4 F U —~DEEHTEFE
(AN & tEWmE % b &2 JPEC 1E%

41 O co-processing

AT CoFERmMBIER S

no,

FRECIE, s S A A PROBRE A 2285 28 To AL K PR 0 i



#* 2-4 BKK T co-processing i #iA W H ST AR H o0 B A

Hitkak [ fhEtt ST fii%
2 x—5.  |Neste Porvoo i flr —
F—AKMU7  |OMV SchwechatHL T —

o XUy Hellenic Petroleum |Aspropyrgos AT —

By R ELE 77 o M ANERIC

2 e P S 7 MS
7 x—7 2  |Preem Lysekil S HAT Har 2021 ERTH T E

A=K PKN ORLEN JENF —

M Martinez #3h A . -
\\0) -

. PBF Energy (20194EShell 7 & EY) FCCT®Dco-processing ¥ i€

Ibok BP 7y b/ Cherry PointZ At —
Chevron JNINE] SegundofditiFr FCCT®Dco-processing 77T

t 7N TINB by L
Viat 4 Parkland Fuels M7 M BurnabyBEmien —

(20172 Chevronh » EIX)

(HiFT) & thuE 2 b &Rk

Co-processing DHFFEIE 2000 FARUIZ A > T BEKTEL < {Thivlz,

K(E T, 2R3 AVX—HICET D ENYFHET FLX —iF%EHT (The National Renewable
Energy Laboratory, NREL %) 2.l 72b ., 77 oo " [FHELREMTE E LT,
Petrobras BT TO /XA v v 7T 2 ML D31 AR ALEE & KB L REEE L O
FCC TOIHEFEE 2015 FIH# T LT 5,

Z I E TD co-processing DHFZEFHID L B o —Tid, FEHEN 7R > 72 EF 0 8L BE 5y
BROEHPMIER L THE0, —BEHOHLHHNTE T RWNWEDERbH L7 L
R E FEATR IR R TE > T\ D,

Mz T, MIRZEM., HEEZEE., X A~AFEEFPOT AV h ) &EEORMY) (K%
LR O BILZ 5 S ZF) OXRPME LR D, £lo, ASA AREHI@EE . JLIH B
Jedd it X0 @liZe 7z d, WM T L7oRFO#E a X MR B L 70 5,

ZOX) R EREZ CKE NREL TiX. 673 M vy N7 T ML 2016
F10 A 7ayzs7 VDTS, £/, EU @ Horizon2020 #ff28 7' v Y = 7 K C
HEFIC LD ELRFIERED LTV 5%,

2.2.2 A FJFIH D co-processing

ARAZREARZ DOV T —RFNA A~ A BRIFEE 2 BTALBRLEE (2 T8 A ARl (3T
INA F A A NV) 1A L, BN AT (2 T co-processing T2 #H T & LT, 2 DD H i/ B
& LT, BV giE L RBIRALIE DB IE S EA TN D,

IEA TlX, 2 o2 E#EELF# k1L (Direct Thermochemical Liquefaction) &

FATBY, ZOEMEZICOWTIIANAS T~ ZADEBEESH TOERZSHICHAMEETO
LEa—Hithbhi T\,
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m Co-processingAl/N{ AR (NAAAA)) BERIRFHR(XEERAE)

p=3=E 0]
-REREE Fast Pyrolysis (FP)
-7K#&{t Hydrothermal liquefaction (HTL)

<FP/HTLEMZxR=ZE>
-FM EC Expert Workshop: Potential of Hydrothermal Liquefaction (HTL) routes for
biofuel production
2019/11/19 @Brussels
-K[E tcbiomassplus2019 -The International Conference on Thermochemical
Conversion Science: Biomass & Municipal Solid Waste (MSW) to ReNewable Gas
(RNG), Biofuels & Chemicals
2019/10/7-9 | The Hyatt Regency O'Hare | Rosemont, IL

<JHUANAENE RS>
2020/7/8-10 virtual

- e-EUBCE 2020 - 28th European Biomass Conference and Exhibition
2020/7/6-9 virtual

<v—FIL>

"Continuous Hydrothermal Liquefaction of Biomass: A Critical Review”, Daniele Castello,
Thomas Helmer Pedersen and Lasse Aistrup Rosendahl, Energies 2018, 11(11), 3165;
https://doi.org/10.3390/en11113165

X 2-5 3o AR ORGEEAMBAR BT 5 RS

(1) #5fRE (Pyrolysis)

NA G~ A% \WEEF T T, 1 100°CLL ETHEEMEL (450~600 °C) D, BorfRAK
R[REBHEEERET 5 L. BRMEZ 60~T5%DINETH LD,

oM., MROBBIVUREHE (KA 77—, B, F—E U2 EOBEE2=Y })
M—RKH) ThHoTe . & bIlz, KREO#EERRE N AR ORGSR L 72 5314 F
R L L CoOFFERARRETSATVS,

INA F R & SL0 & D co-processing Tid, AKFE(LHRMEER ZFH L7546 138
Ban, FCCEFMULIEGEIIXTY Y VB A4 LPG BREICEREN S,

BSRET o AORREIX. AMER o225 4B AL TWBRZ V=T ) )
SftEN— b —E LTHEEZHEL TS,

# 25 BpMETatERATA P —

A Y— = pEE= VA= R
Ensyn Technologies UOP (CKME) BB R
(hF#)
Anellotech (CK[H) Axens (77 R) i 5L 205 i
GTI CKE) Shell Catalysts & IH2 7t 2 (KFEE
Technologies (3%[H) 53 R IR B AT
BTG (47 v #) TechnipFMC (Z[H) FL Ay,

HAT : £REEZ b &2 JPEC {ERR
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# 2:6 NA AV RAOBIIIC K DAL
—HER R R R Sty —HERRKESIAL  BERKERGAL
(450~500%C) (600~6507C) (700~800%C) (900~1000%C)
Acids Benzenes Naphthalenes Naphthalenes
Aldehydes Phenols Acenaphthalenes Acenaphthalene
ik | Ketones Catechols Fluorenes Fluoranthene
Furans Naphthalenes Phenanthrenes Phenanthrenes
¥ Alcohols Biphenyls Benzaldehydes Pyrene
g | Complex oxygenates Phenanthrenes Phenols Acephenanthrylene
Phenols Benzofurans Naphthofurans Benzanthracenes
7 | Guaiacols Benzaldehydes Benzanthracenes Benzopyrenes
Syringols 226 MW PAHs
Complex phenolics 276 MW PAHs

(1 FT1) Thermal Valorisation of biomass and synthetic polymer waste. Upgrading of the
Pyrolysis Oils, July 2006 Cellulose Chemistry and Technology 40(7)

£z M E FSA A~ RFEHE O TR O k&2 & 2-T TR LTz,

£ 2-T JFH & A A~ ZJFURHE O JT 384 Al L

LR Jiih AKEEALIH FiEtgy i CK i) RURB AR | AR E R T
C. wt% 83~86 81.4 77.6 55~65 72
H, wt% 11~14 8.7 11.7 5~17 6.4
0, wt% <1 9.8 10.4 28~40 21.5
S, wt% <4 0.01 0.0006 <005 —
N, wt% <1 0.095 0.0011 <0.4 0.02

(H77) IEA Bioenergy Task 39

FT &BELSMC LR 2N A AR EGHENZ NI ERRETHY . ZOBFEIR
FOBRETO B ARKLEL D,

EHIT, BORIETY, MBOEELCIREIC L W ARDOMKICKE S BETLZ N
Do TIN5,

ZD XD, NS A~ AR FENT@E O FILEL & TR e B E SR O B b
7o G DIRR FMARBREL DA PEIL R AT THOR THFZERS IR > TV 5,

ZO=, BIMATTO co-processing (MR MR ) UNT AT D52 LAY
BERD,

(2) KEGEALYE (Hydrothermal liquefaction, HTL)

Z OHFEATE, KSR 250~550C, £/ 5~25MPa O i 7> & @B R T, KIS
] 20~60 73 DA I~ ZALIIE T Do RS 234 AT B iR A A 5
DR 25D F VX —FRE L JFUHIZIEWREEZ A L, KEWRLIEIC SN ER D R LX—
BOMEL D DN EEEMRE LTS, Ll BOfEL D S EIFR-ENRZ W2
LB RBEEE DOFERRITIZE > TR,

LRI K T O TRFEHI DN Z VA, DT XA vy MIFEL L ThY, T4
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— L LTIHEEDNBARGCEIIERKD 55 TH D (F 2-8),
MR DA A~ ZAGFIRIZIG CT-H B % 21T > TE Y | Steeper Energy X° Bio20il |3 &
BRHEHRERZERT A7 oA 2R L TWA,
Genifuel X° Eni {%, BMBEEYE A T RETEED D DA A M EE 2> TV
B
#* 2-8 AKBELIET o X5 P—

FA Y — AN A
Licella (ZEM) Cat HTR process
Steeper Energy (7> ~—7) Hydrofraction
Genifuel (CK[E) HTP process
Eni (/1 ZV7) W2F process
Bio20il (Fr~—7) —_

(HAT) FREREEZ b & ITFR

mk#E1b5% (hydrothermal liquefaction process, HTL)D#!sm
S ABHOFER33.6~36.9MI/kg  vs. Sk 38.2MI/kg

- BLEFEF
FItiEE 250~550°C. [£7 5~25MPa (FERFRi8ER5T)
FIGESR 20~607 (BESOTADT—X)
R~ BERTT
K+ (FRESIESE)

SFBJOER
5> NX—/)Steeper Energy HydrofactionJOtZA
CI 15CO2eq/M]  vs. $f 93.55C02eq/MJ]
HTU\A ABUISEADIAF) A AU HOR 2MEO IR F—FE

BARFPAIEE S/KED) A AVAVIR(C TR LT —HETIOICHA,
HTLIOtEZ(3E#

X 2-6 KEBALIEDOH R

KBEELIEOZELZ L E2— L, RIngcHE2 7y Lz (K 2-7),
7 v~ —7 Steeper Energy I, #F+Z TOFEL A L —Ya VIZRYVBATEY,
BRATCIIEBEMAR TR bSBEBERRIGERE L 2> TN5,
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N7 . . 4= »
m 7kERAbE (hydrothermal liquefaction process, HTLFAfTBAFELE 1—
(FISEAT 0y MEEES) l
0 5 Perc A Steeper Energy
& LBL
W STORS
P — o BERTR
= SERER | -
® PRNL (pomace) / A
O PNNL (wastewater solids) . \I supercritical
& University of Sydney a |
B University of ilints f o o | o
O lowa State Unsversity | |
250 || & Chalmers University of Technology L « o8¢ 6 o#ag o o
A Aalboeg Universiy \ /
E KIT (nuar) \ BEFM (221bar, Jf’ﬁt}
KIT (CSTR) _—
e e, | K(TRE) iges/
ET| & howaicamiintn — oo
g @ University of Bath -] 3 ‘O
@ O University of Twente A
£ A Siesper Energy e oo o
150 |- I; Murael o . J
S " (] rd
. E,'::m 26 marks Zkﬁﬁ( ﬁﬁ)
I
100 [~ " .,-'/LN[ vapor
a® /
P
ﬁwt B COROPT, 3tthEzE b zBiEL TS
0 e I 1 I 1
100 150 200 250 5 400 450
Temperat
{.':I:'.Fﬁ} "Continuous Hydrothermal Liquefaction of Biomass: A Critical Review®, Daniele Castello,
Thomas Helmer Pedersen and Lasse Aistrup Rosendahl, Energies 2018, 11(11), 3165

2-7 KBGEALIED OSSR T 1 v b

F7-.
BT 5505 THD .,

MR IR ONA AR ERE L TS HIFE LTS

IKBGAGIE X B AR Y 0 & 212138 TV VDA,

£ 9-9 H®UHET S ok R L KBEGELIED g

SR FIT 0> i g B i &

ANMELI D bRV —FRNBNEDZ &b GHG HEH %
#BoFERNYETX 5,

Hik &4 FObRBE FIA ol

TR - BERID KRB \mmicaEn MRS KRE | MEQEML 1L ORIk

KA IR BRIECOMoT b S FR1 | MABCEIZEY ks, CO 2, [HRIEIRN BRILF |0 RESVESIE ST
NiMo 7 /b £ 7 il CoeLThRE m*ﬂﬂﬁéqi@ *
B8 - BERIG. H2EZT | KFAMBIANZT, H59% B ORI

K& g (NiMo/EA M%) 46 |V D RIBFICFHEL, LYRERY |[HEBH E-é':‘?u:_"ijxﬁ;m
s BOLUMES FRRA T s lts s
him-mERG. BERME |2 #HESFCOMMDILER

BERASIO) |(Pd Ru PU5) CARBI | SIcky. RABROBRILE [RGBRE. ik B CRROZILATC
(ZILa—L%) {3 /

(W) https://www.sciencedirect.com/science/article/pii/S2590174520300416

2.2.3 JEKREURHEBE T o Bdirn

(1) k= DOE [E A JE T
OE LA AT RE = 1L X — 58

wf

AT (National Renewable Energy Laboratory, NREL)

2010 #1127 F /v Petrobras O SHATIZIAM T » 7 D EUHBNFIEIZ K B 31 A FH
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MEORA Yy N T T MR L, FCC TD VGO & ® co-processing H:[7 A 28 % S it
L7,

Co-processing (2351} D /31 A~ AR D ILEE ~ D & AR /AT 2458 & A
WFZEFT ISR 777 o b 2 3rax L. WFZE 2 fikfe 1, ARy MEREARIZ D\ Cid, PNNL & LA
WF5E & SEf L7z,

(K A)

https://www.nrel.gov/docs/fy170sti/66606.pdf

https://www.nrel.gov/docs/fy200sti/76131.pdf

@ v7 4w =AY A NENWFSET (Pacific Northwest National Laboratory,
PNNL)
HE O BFESCAM T v THEPEFY A A~ ARG 2 A AR E#RT 5 7 vt X
¥ & FEh .
B OKEGEAL HTL £ 2 BRFE A CTh 0 . K[E Genifuel #1127 1 & 2 A,
(H )
https://www.pnnl.gov/main/publications/external/technical reports/PNNIL-29861.pdf

https://www.pnnl.gov/news-media/okeechobee-blooms-biocrude

(2) KREMM KK &R (CARB)

[F N D LCFS MMt ST 5 81 AEHLE ATt o — &R T, V—F 0 7 I/ —T %
XiE L.2017 4 5 H 1Z”Co-processing of Low Carbon Feedstocks in Petroleum Refineries”
N7 7 MRZIRYD £ &, HMPRREEZHERL TV D,

[f# 5 Tlix. Co-processing (X, BEFORHR, @ik, RE, WBOA 77 2EMNTE
L0 TH Y | ARRFBIRACKFREBIOEFED X M ZHIT 2 2RIt TE 5, L
L, BB XSG OMEITE > TWDE LT TEEHL VD,

C BN R OB MR 5 ECRO RS L Y U T B B MR A A B B
BRSO b & 7 N U R & AR DAEER . 7 0 AR S 4
A L TG 2 A L S EATREMEND B,

- FUBATAS MR ORI AR B D =2 2 S 3 Rk i < 72 % & | co-processing D% i 15k
GRS 25 TN D 5,

- i BEDTEVES L & BB E BT S IREIL., AMERFEEOEHEZ DR E T 50, B
SR AET v T 7L — R L b0 ET 2% T ARERLETH D,

X 5|2, co-processing it O B A EET 121X, KRFBREIOE R EEI &
co-processing |2 & 5 GHG HEH & 2% 5 robust BliaH R EH HIENREE LN TW5D,

(HiA)

https://ww3.arb.ca.gov/fuels/lefs/lefs meetings/053017draft discussion paper coprocessi

ng.pdf
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(3) B & KIKEJEA (Natural Resources Canada, NRCan) [E 2 HF 42 Ft
@O CanmetENERGY Devon (7 /23— % JI| Devon)
2[E 4 1T d H Canmet LT DO —D>TH U | A AREMFIEO —ER & LT, Bl ¢
D IRA FJFIM D co-processing A5t % F fifi 1,
KW eT—~ L LTUTREEND,
c NAFFEWMOT > 7T L — RIFHLEL Y v & X B %5
ME BRSO BBV R (Thermo-Catalytic Reforming, TCR)
KRBV A 1A
- BTHLBE G IR R EFEIEY . T E I FEREY)
- BT ORI D= FTO/NA FFEIH D co-processing
- BUMET OEE & B OB A~ DR
Ty TR
- FEAM 2R AL LR S AT
- BRI T JRAME, 2 E M
- HfrRe g REm & LCA FFAfh
(HHFT)The Biomass Energy Network (BEN) Virtual Bioenergy Symposium
https://www.bc-smart.ca/wp-content/uploads/2020/08/August-19-2020-Virtual-Bioenergy

-Symposium-Presentation-by-Canmet ENERGY-Devon.pdf

@ CanmetMATERIALS (4> # U A Hamilton)

B F X CERKRBEOESIRFNL, T A N— X K%L HETHEIITDO AL FFEHO FCC
5B 2 X % co-processing W ZEE)[A] L B =2 — & 4TV, 2020 4 12 H 30 HIZAR LT,
“Advancing the application of bio-oils by co-processing with petroleum intermediates: A
review”

https://www.sciencedirect.com/science/article/pii/S2590174520300416

FCC ~ A AJFHBEAF DT » 77 L— FOFL & LT, SUEB R % Lo/ A AR
(CPO) . filfh A fifi > TEEfMEIF R U 72N A A S (CPO), ZUd By g il 2 7K S5 AL % 33

LB U 7oA Al (HDO A A V) O 3FD 7 v —248E L, Hifrak@Ez2 e L7,
FCCExThH7r—[2-81Z/-LT,

HDO FCCHYY>
) et ; RN _: (7K$:{b Vﬁ...................;
JHARRL ey . =3 | k= : FtEESRIH) | i e :
- T § R R H : | H
: - ! ?ﬂﬁﬁ@“: ! 4038 - > 7%% Xy HVUY
Ll . R, gEma i F =
VYRRl JAARM(biooil) ¢ | Y L]
....... ’: ﬁ?j’ﬁ?; beseossetiamiiinsasiiiimcsi ke » C
JAARRS:  esed el SEE 2 | C [ |
: | K= |,
& ’! s :r’ Bl
VGO e | §lo—--d i
R i -
FCC#2ifh

2-8 A AJFEH E VGO @ FCC co-processing 7 12—
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F7-. FCCITHEAT HWERM(VGO) & B3 il i & /N A A JFH O — ek 2 bl L 7=
(% 2-10),
WTNONAL FFI D VGO IR KanREL, BEEZREICEATHDLZH,
MEmE L 725,
# 2-10 Ao FJFUAE E VGO oMk bk

CPO HDO
PEAR By i ith (B fi 05 it Ok A i mg = VGO
PN A A ) A ARG
BARE wt% 15-30 8.3-11 2.1-15.9 0.1-0.6
pH 2-3.2 3.71 2.23 -
i 1.1-1.3 - 0.93 0.85-0.94
¥E@ 50°C, cP 40-100 - 45 180
FEE, MJ/kg 16-23.6 - 25-35 40
JLFEA, wt%
C 54-58 66-73.1 63.0-75.0 85-87.5
H 5.5-7.0 6.4-7.4 8.1-10 11-12.4
0] 35-40 19.5-27 13.4-28.0 0.3-1
N 0-0.4 <0.1 0.4 0.04-0.3
S 0-0.05 <0.2 <0.01 0.08-2.02
JK 5y 0-0.85 — 1.17 0.1

ABDOLVE2—DON LA RRFTTXEFHEE 4 SITEHE LT,

a) /A A O MR AR o HE M

NAFFMIFEBEZE THLT-D, MEREL LD, T, A AR E Wk gk
BEE ARG EATERVRARNRIRE TH 5, A A HIHOMIRZ EMEIT, R RIFE
ORI EBEZE L, ZOME, WAOIEREWEICEEZ 5 2 5729121 coprocessing
W2 L7e A FRM A PR T 2 0 R B 5,

AR OB, MO EN L, EEEWOTHEEN DRV TZD, KETHE
AT v 7OMEL L 72D A AR — FHR/NEDOBRNHRIES 2 L ik L T, FCC ®
co-processing (2 L CWAH Z Endbhrolc, ZNTH, A A~ AOFME L 7 1t X
23 co-processing (25 2 DB Z FEBENICTE TWRWEH, A A RMMHIRICEE T 5 of
TENEETH D,

b) kR F oD

FCC BT 7 1 & 2 Gl AT 25 MM RE OMERE T RREF 1 & > TR 2 B
HCTdh Y | co-processing DN /NA A D~ A )V RIBEER ZAT 50 E 9 DIminb b
TN AR ISR D B R LA IR AR B A KT, £ Ao AR o
TAH Y BRI, BEORMEIE S TR L OB KL 5] X ST RS B 5.
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ZDO LS, TIROFBEIZ S A A &2 & Lo JFURF O ALERIT1E 5 F < BEEE L 722 W ATREME A
»H 5,

*E DOE NREL & X ka7 J ZADK[ENIED SIX SA 1y 7T T, 5wth DEL
%E%VGO&H%@@Lt A 24 FEE] O YERR % (Al O RIG TR S N o 7208,
fil 5 D 1 M 5 i & FRAIE 5 5 121 i@ﬁ@@ﬁ%#h%f%é
m%&ﬁ%&ﬁé@@ﬁ®mk%$%é%#%ﬂ4ﬁﬁﬁﬁ®a%ﬁm%%mwm?
BITIX. EFE (TR V-T2 )= )T FY A RFIRUP L) &
il L7z FCC Ffib i CHFE M T, ZOfR TIiX, FCC ikl Dk R BTG IX
£V 2 < OWRKRBRE 2 AT 2 31 AR O B FALICHRNC@ N =23, F v 7 4 Uy
NRIBFIZ R T 7 0 ANCEBEN, TV OF 7 2 AMBNET T 528 EroTz,

TDOZENL, ASAFFEIME OBRFCHICKEEZRBIROICBEI T 2255925 2
L. A A JFEIH D co-processing ([ZHUY T ECTIHEFICEHEIE LD,

ST, BUMAT TR L T B & a0 & B it RE 2 1 B4 5 2 bk, flBEE

PEDMERE & B IREHLE ~ DS A A~ A RO EREIRRE DRV AR ZHINT 5 2 LT
DN D, BRI L RIE T E 2R T A E N EETH D,

c) JERFRNT & B IER o B
%@%%‘ﬁi‘ﬁﬂ’/§4’21‘J$?EE%*IJ%?‘ZDIK%3’\ WEARBEED 7 7y v ) 7 LR DK
WZHOWTHERG LTz, A AR OYEE & eRIGEMEIC L 2B EIL, BEfFor kS
’C/\4' ﬂ”ﬁ/ﬁﬂ%aUﬁﬂ%@fiﬁ‘éf_&)@ﬂ@ﬁhiﬁﬁifﬁﬁik 2%,

LU, 2NA FJFEIMD co-processing (81T DEEICEH L Tk, FEFITR O NF7E L
TR TR, FCCHRETIX, T4 —& 74— RB%ET A ik, /S A A B R
DAL KIZE S THEREINDARERD D, A FRMOIK S Z /KT 27 v ) 8B
KFOTADY LEHERIL, BREEREEZSEZTRERD D, —RNICHFET 2E R
WE <cdh 5 H2S %ﬁ?b\f R ORFEILAEWITT T e (C-CN) IZE# I, B
R OREN R EEZH S T LM AT — L ZFEEL TLE S ZDBREMET S,

Ot as DB (RFHH) 2B 25 L, BEOBEN O AL AFBIC ERFZ T2 ET
L NIRNOWZERRE & 72 D

d) JEURKH S oD B 2

IKFEACLER S 7' 0 A TRAEICRETE WA AT RED Y = / — v bEY
WEENTWD T2, 20wt% 2R 5 /A A& FRIRFHRAT 5 & 33— 27 ZADOERIE
WIS %,

2 — 27 ZADHEREIE FCC i D 7% 2 IR 25 723D . TR O /3 A A5 O N &2
T o2 &end, MHRICLD L, HELEEBSRE (NIBIOV) 1T, 7=/ —1A %
FEWAEBIOLEBRT DA AV A e, BE@RBIEIT VAT v NV A b2 ZERE
PER DY | B OEBDRMET T 2B R E 2D, ZDH, 7k AL Kl 2
Wi, a—7 ZAHERZMA D KO RIFERERR A LEE 2D,

EEEAEESE 2. FCC #EEIZ XL % coprocessing AfZED L B = —DfEim 2 kO X 5 1z~
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Tn5,

- Co-processing (%, HHEZHR/NRICHZ D7D T TICEHINTHDHEIK Ko
AVTIARNT T ZRATHZLICLY, Wk AREHCHARERFELEAT LD
D UEfF NHE > 7= IR A R 5,
« AR — 2 DO JFUE & AR Sk D BRI 10wt% ARl O co-processing Tlik, #EED 7 4
— RS 7 XV %2 24X FCC Opg3EIE N A[RETH D,
- AMHRAA AR E VGO R/ 5y & OFBEMEAZ UGET 51X, BRI 2 207
ERV IV R

BB iR 7 1 2 R KD N A AR O & AL

M2 XA FFIMOT » 77 L— KOO E 723l 7 v & 2 2800

Z DOzt co-processing H /A A FIMBLEAIL TIX, INELEL 3 iE<° HTL 72 £ O o
T AEMHEH LT RESCERENA A~ AR EOREEY DS ORSRIE LRI SN TEY .,
SBOPEE LT, FBOIRLESCAERY OERREOm L, Frtxax FoHEL H
L. AHEEE OBAMENE WA A~ AFROBRE, A A FHERRENEL, KE
BE ORI BN, FEMNE\ co-processing R D BAFE CIE A A 1 = X L DA |
JERB IEFEORFHZBR O MM ERH D Lhid <> TWD,

CanmetMATERIAL #2828 L B = — L 728 EOWFZEF X b BT 3 IR S 4,
SHBOMFRICBEICRDE L TEELEZLDAEFK 2-11I1CU A ME LTHIZELE,
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# 2-11

A AR & i 5y @ FCC co-processing (2892 & It DHFFE # 4L

R
No. |4 A<M /<4 FIRHMIR s | | meoms | JORIR | mmm |msmE %R URL
SAF LM 10wt % A T ThaLiEeo-processing TIEA VU & " y g ) , |
X KFARAIE £ UKL . Spmy R A= LCOIE, VGODH % 1B 5 554 & Aok, A%, =— |httos://www.sciencedirect.com/science/artic
i , 7 E- = N o [
! BH s monari veo 10 TR cat 58 FCCT A ¥ B2 |y DGO F 1, KF(CARL = SASYAE/SA H RN |of pil/S0378382018312736
9 & AR R D AT IR D A E T,
DO EHDOKFRLH o - 5 St 7y S A [ N 2 DA )
o U)ﬂ)hﬁ}f;f“?' L FPO(&E# S [ o A 5 EI)%W‘]&${E tEAl - JNEE TR 2 SRR kD X 1 *J?ﬁ{ﬁlli?ﬁﬁ AD/3A I & https://www.sciencedirect.com/science/article/a
2 mh - b b RATTHER IR | AL I AR 20 L 7= #iBRFCCfif 2 5-4 (MAT) 525 # LT, coprocessing/flkt L LCITaFE L Aedvodz, EH ”
Sy it A A B 3 75 3, bs/pii/S0016236119316667
e N CIOtE<3 5D /N4 A A TIE, VGORIEEZHT /KT L . . Jani e/
. ) ] https://www. direct. le/
3 Fibb B I DK AL Vao 590 E-cat 2535 FEEAMAT (SCT! 520 . BACIOHTD%. 515 wi%drs s A% oo ttps‘,’ www.sciencedirect.com/science/article/a
3 MAT) o L -7 515 wh % bs/pii/S221334371930675X
processinglL THIRI AT EA Z T oo Tz,
. 7% & (Phenol, syringol, iﬁﬁﬁgf #¥» FCREC* fii e 7)1@2%‘,%1{—??{1«{}:3%&7 1= FIZHALRR, 7 b https://pubs.acs.org/doi/10.1021/acs.energyfuels.
4 | ETLA . ThIV 50 E-cat 3 FA 500 7V Y BRO RIS FEE S, LPGI LUCIL+RAE | o
trimethosybenzene) KEOWERES 120, 2 ADIERES remre, |20
V7 m— AR T AR KA A S R R E
RV & L R BT = ) —MEEND 2T ), IEHERICERBE R || restcom/scionce/article/
5 | =FEat |7 x/ — A HE(GuaiacoD N 12 N - Ll TEERR gsg|iE e AT G, ABRCHAHINGRAMEA T L7g [ o enesatiears
BIEN~T 5 > OEBERIED L, A7 5 Alipgyic g L [PSRISURaBEtEn
7=
P . N G0 tti:l"i\]ﬁéfx < iﬂt%‘ﬁﬁ‘ﬁ’/ﬁ L7z, HVGODA&LM L https://www.sciencedirect.com/science/article/pi
6 WomsEE  |HTLOKERAL) Rk Heavy VGO 10 - 25-5 SCT-MAT 520 BWAITHA, 2= ZAB LT I hAA L (DCO)DILHE .
<L WYY L OIERREL F o, i/S0378382018320265
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2.2.3 INA FREFD E BT

PLABREL R O S A A PREE O LR IE . HHLESFICAR S 72, BEIC co-processing (2 & 55
PREFN IR L T AN T, i TEDEEMICOWTRIBEN LS TV,

) RMEZEBET—7 >3 v 7 TOMM

BRI T 6 S A FREF O S ROERIEICOWTEMmMNMTON TR Y . KRE 6 H I
SNTMEESTMY — 27 2 a3 v 7 Tl co-processing (2 K 5 /34 A BRED EU M E
M CENIERT 2 Z L2l x. BUERMBEEMAICIT> TWA00k%E EU TE—TX
LD EATo T2, BRIT—H L7Ze0 - 72, Co-processing % #5372 /3A A BREL D%t
BP0, A TOENORBICIRONTWeR, ARAEERNSEML, EU N
THET DL IR EEREIFEOBFREORMICHET L L ERD, TDRD,
FIERERF N ITONDLZ & ERoT VD,

B /A AV I F)—E A (bR
FRINZEE ST {E#ECo-processingie (68 19H webinar)
> IHIATHEATOAITE A HE—SNTLORL S, L8O\ AT LD
PHEMCOWCGER
TR INStEIN 5y
4308 SIRENAADFESRE C1481F
RAw C14 8IGE
A 57 IINStEIN 5y
=R INStEIN
AL IR=tEH0 7y

Thdh', A1 2 BEAOPEAEIREIEHAArt Fuels Forum(3iE A szxddifi8x3RE0L
THD, LB FFAREEICEEEEA D2 RiAH .
KEIMNTE, ST CC14REENEHB EENTLS,

2-9 BRI A5 [ o0 LWk i ER 55 oD E Bk

AR R FE X, co-processing DN A MET L7720 DEBERIFIETH Y | MFTS T
WD B, 14C RNLAR S HT, WEIE T 7 a—F (JRFEOWEILK & AW O E I
3K, BERFERNMAEL (18C/120), =X VF—EHEBEERD D,

ASTM D6866 “Standard Test Methods for Determining the Biobased Content of Solid,
Liquid, and Gaseous Samples Using Radiocarbon Analysis”(Z#¢ < 14C HIEIX. LA IR
RENAFRFZ KT D7D OwEY 72715 TT,

22U, N A~ A OEIE D 10wt% Rl O% 6, HAEWRERRIFALZRET D Z &
FEETERWARERD 5, ZOHEOEAVEHBIZ, 2 X MRE<, A FTo
AHERATRR LTS &V S HlKEZIT 5,
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@MK= &R (CARB) To#Eia

CARB 23 EHIICBET 5 LCFS U —F > 7/ 7 L — 7 2EIClE, 20174 2 AT 1 &
By g oo N — N —“Co-processing of Low Carbon Feedstocks in Petroleum
Refineries™2% & 0 &£ &, BMATICE AT 2O L LT, Wk RFE OFEFEEIC R
T HMREKVIANLTND,

M LCFS 1%, AWK R DOEREE U THNMERAMIETH 5 iK5E 14 (14C) HIESIC
KOG WEZEANE A TH D, Juil & A FTRIMOEREE LI L DR O A F RO
R 1%, KERER O RIN BHIC D> T 5D TH DM, @I E L TORIIEDHK—
ITAT DL TV R0,

DN RECE TR R, BB S R o £ IR IR FE 2 E BT 272D OMEINLN—2DT
Tu—F xR —hLTWND,

il 21X, FCC =y FTCOWEIILE2% N TEENIZHIFTE, A2y hAXA7r—
NINBDT =B EIMELCEAA — NV OT— 2% TRITHIENTELHELTND,

— . KEDONA AT 4 —BILRE A — 7 —Renewable Energy Group (REG) (%, %
BHE SR DAL A~ ZRRIRELO G R BEEMEET D 72O OMRAEATRE/2 E &b A it T2 &
WY R, WMBEINKIEIIAR o ThD EEELTEY, &M ToOEYRIRRSEZHE
LTHRETDOIRENDD LR L T\ 5,

DX DT, BRKIZEIT D coprocessing D E EMEFEMIEIZ DU TG HULEE 2 ke 3
5%‘gb§%5o

1 https:!//ww3d.arb.ca.gov/fuels/lefs/lefs meetings/lefs meetings.htm

2 https!//ww3.arb.ca.gov/fuels/lcfs/lefs meetings/020717 staffdiscussionpaper.pdf

3 ERE BATEE (AMS) ZH W TS A~ ARG DR A A~ A K IRFE 14C B E % 1
ET D, MWCIE, HR T UCM2C=10" 2L TAEFE L, WS 5730 4, EEFOFRIEIC
W5 5k & R,
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8. NAXY T 7 AF U —E NG AH/EHH O A 4R 5 D 35 ks
3.1 BRI D&y H

IV BEIDLT 0 —BLVERER L TWDHERIN TR, N1 HREIOREZREIIZD
W, B FBREL T D5 FAME IR EW CTH o 7ed, 5% IF/L A mEOH]
WaeZ T D il RooT, 2 Vo ~ORENYR AT TV T 1 ITEN,
S ET OK B LR RELE ZFH L CTRIECE 2 HAERRET 4 — BV OAEENEMNL T 5,

HARGET ¢ — B UICiX, i E KL L7 HVO (Hydrotreated Vegetable Oil)
RPERM, BIE OB R MG B OKF LMD H 0 . BRI 72T T 72 < LAY 7 TR
FEICLVREN TR L 2D (K 3-1),

1% Neste X, B<220 HVO B ICEF L, HEZ 4> 7 > F® Porvoo SHFT7-
JCaL FEHERILE DA T U by TV E LR R — VI HE Ok FE ALK L
B2 L, BRERIT, R CTHRARO HVO fiifad & L TR 72T T <, KERZEIMNIC
IS EZ IR TV D,

#3-1 B HVO i Rl pr— 5

. oy HVOA:ERE

- S A LY
77 A |Total La Mede® i ft 500
BP Castellon BT 80
R San Roque i 43
Cepsa |75 R
La RabidaHpT 43
Porto Marghera i Ft 314
177 |RBNT b o s s a2
A7V7 |ENI Gelafjih i 600
AL R AL |Galp Sines# P 72
47 %  |Neste Rotterdam i F 1,000
— . .. |Neste Porvoo S i ft 580
7 N N R e B
v 7k UPM Lappeenranta iy 100
_.. |PREEM Goteborg 8 A 800

A —7 =
V=7 S Goteborg BLH T 200

HET - BN ER S

NA FIREHT B % 2020 SEDHGEA B A1 2t o0 TGRS AN BE 4 2 Bl &2 LU T 5]
L7, ¥z, HMEEHETHRESINTFHRER 3-3 12L&,
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(1) BP

2020 4 9 H OFAHERIE A X bp week IC T, SHBDNAA FZRKILF—EIRADT
7 hTAUDBANFRINT,

NA G~ ZADFBECHREHMEIZE D $lA TR Y, HVO #iE % 5 % 44F0E 6 T3 L L E THY
SR, AT 4 —8BL - Vo MREIOMEEZRILT D E LT WD, x5 &7 58
FrZOWTIEET R THRESNTW RNV, KETY > kM D Cherry Point 8l AT Tl
BARRT « — B REN 2B S L7,
m PO BEES (BP)

420/ (ATRIF-ETFX (RIR) JAATRILE—DEFERA

» IAALA)-)E)NAAFE MSWE to biojet
TH/-)LELERRIE 40 kb/d and biofuel
JNAAFEBFRIZE 1.2 TWh

1/3 Biogas

> I\AAHR
HE CRAOEIESPIMEG HVO* & refiner
A AT AESS 173 c&proceszinge !

> A ASTYh
Fulcrum EMSW  (BEZEMINS OB 22 Ky
2hE) BN CIREL., anE., 113EET

BREUIES -

1/3 B_lofuel and
biopower

” Hvoﬂﬁti‘éfﬂlmco—processing Current Expected growth
6kb/d @SELHFT capacity contributions

(tEPR) bpweek 2020  Day Two 2020/9/15

3-1 BP DA F = )X — b Xk
(HFT) BP A& ¥ % ¢ &1 JPEC 1EK

(2) Total

2020 4 9 A O [Fl4L Investor Day (2T, 2050 =%~ b « EriglsD—8 L LT, /31
BUMATZTEH Uiz A AREHLE T e Y= 7 Mo TG Sniz, SM AV 7745
— DS O RN PT, BEFERLMPT T co-processing DL K, FUHFTNIZ ANA 47
Y REFHRT LD E M, KE, METHEERRLZFEL TWD,
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B OHEEOSIEZESERS  (Total)

Total Investor Day 9H29~30HA>S51 > BHE
“From Net Zero ambition to Total strategy”

el 0> S—«@ho0, BARET YL BAa T —ENEE E
OftEY—9-—%B159 Mt/y

B B P e EEaves— [
ey BPTICHTS

7-X=F(La Méde) || FrofinizkT, 2022 BEDaesan(71Y)

FUMPRERIEE ~2025%F(_300 ESHAT(C500 kt/ /

= Y
500 kt/y kt/y O4-EE géa»ﬁg Asiest | 2.5 /
5314 i

(Grandpuits)RG@Ph || kER-~r—5—
EEOEHEIVES— || (Port Arthur)E2s
(CErHa PRTOES A

100 kt/y e
(EERRAlG 20246 202 202 203

600-750 $/t Capex|| ~500 $/t Capex. || ~720 $/t Capex 0 5 0

. . E#+vyi1J0-CFFO
ASZI—UEFE(> 1,000 $/0) T, SEOERIHETES 2019-204F : 350 $/t
EIANDFRERETEI TS

3-2  Total BUMFAT TO Atk D /N A A PREH 1E
(i 77) Total AR EEL % & &2 JPEC 1EK
¥rlz, 77 > A Grandpuits ®fiFroE v i~ 7 v h 7 —A7 v =7 ME, [H
HOFBAEMET R LT —EVRAZERMELEZLOTH Y A BOFERBNERSND,
2020/9/24)—A
T b PNEARO—IREL T, Grandpuits(V 08 14 ) B HPT OdritveE ek

FEWAL 1 cbu (10.173bpd)  EXTL—B— (1.373bpd) . FcC (3/3bpd) .
1EahciE (1.45bpd) | PIAL—>43> (4.2Fbpd)
HCYE M B,

LIV EMERENCI: 7.1 (477 : 0G] 2020)

S5{E1 -0 E0i%E#%, 2024FFCICPOESHYVE S5y b JA— Al i

4 DDBEET TV IA— N ABEK

‘B4 TIEET )L, BCTTYMARIOBENE  BEEVIFERNSERI4075 >
N\ AATSAFVI (D RRIERDFLES ) D BGE

~TIAFVI YA 0 JIAH), 20234 FEREA0A

KIEYERE TS5 2 Ef5E 0 15MW

3-3  Total O Byl pT 5 4= B #a G- ]
(3) Eni
2021 4 2 H OFRIFHERSE A N MO T, RRFIEDN O A AREE A AT R L ¥
—HEENHEL, VT LEEERAE LT EERE LD LTS ERE L,
2050 FE > b - B kRS & L C, oM AR T & RERIC, HAEMRETZ R L X —FE
DR TONRA FREEZEIETDHE LT, ZNET2VHOENMTEZ A4 7745
V—HEMTHICERIER LISk S, AR, 25 L TW5,
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Mz T, BRSIML TW DA EIHET TS AREHRLE IC H B Y fHicdtETch . 7
THEEWENAFY) 77 A4 F )=&K, =7 Mombass 8HAT D BRI BN AR I
Vel

(4) Repsol

[ OEERS CIL, BHATOM/NOERIER TIE R, BAFRZ RV = —KR
A I NEMABE DT RN T -G E S L TOEBRE Y 5 V2R L TV D,

BEIZ, HALo 5 BUHATT X TT/A ABRELD co-processing EfENH Y . HENET «
— BN AT 2y NOFHTZ v MEFROFEGITHH S,

I bz, &MY — U KEREEZITH) ELTEY, FFZ, 27— MURICH
% Bilbao BT TlL, & RUREL e-fuel BENFIE SN TH Y, FftORMARE M O
FTNEoT WD,

7 3-2  Repsol OFLMFT T D /A A PRIEHE 5k 58 B BHRLE O B 0 H A

CDU * NA AR ENE

=t BUHPR (PREHD) (Fbpd) (FEHMEESE) PORSZie= - )| E-fuel®&
O O
Co-processingi& (EZ3>ICER#HHINMBINIEIREL)
Cartagena 20204, )\ ATy hMtBRENE (2020/11/26 new Strategic x
(1Y BIBnG) 22\ AT~ EEE ST bpd S5 k| PlanFss)
R, 2023F BT E
(2020/10/22 YY-2)
La Coruna 12 O @] X
(AN 4y 7-0-Zr) Co-processings=i& (EZa(CRBpDNMENITEREDL)
O O
ReRSO_I Puertollano Co-processing=i& (EZa>(CREHHIMHENMBIRRL) x
@R | ooy ) | 1° 20206, SHATTY NtERESS
(2020/8/3 YU—-2A)
Tarragona 18.6 @) ) ) o ) X
(N4 531" 1) ) Co-processingE#& (EZaICER#HndNMBINIEREL)
O O
Petronor Bilbao 100MW BB ARMERR 8 5 | 20244, 50bpd/ (1 Oy MEEBEHE)
(N 47 £ I 1) 22.0 o Ji—hF— UM9I-HydrogenPro, 2n° |J1-X 1 F8 60E5€//
(RepsolF2:4t) Co-processing=#i {yAriema) (2020/6/15 YJ—2)
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CVR Energy 7 7 <M Wynnewood 8 FT 202048 H

Marathon Petroleum J — A% 2 4 ) Dickinson T 20204ETH /A 20204EK F TITHERE T

World Energy NN Paramount it B8+ (2018423 A Delek US Holdings» & BIX)

HFT « 4 80E %2 B &2 JPEC 1ERK

M THIGIZ AT « — B A OME 21T 5 A&tk & LT, Valero Energy I%, [RIJN
TiE7e <. A 7 IO T 24t Diamond Green Diesel £EZ TR & K FE(LALE %
172 Rl 2 B> T\ %,

%72, Global Clean Energy |30 IZFT A 3% Bakersfield 83 (PASHH) o —# %
B L CHAEWNET —BL 28T 5 L L, ExxonMobil & 54 OA 77 1 7 2K
AR 8 AITHKiERE LTz,

I 5T, M oBEHESI OB & iX, dKEEEO T - 7 FUTMHICHE AL TR
0. N7 — =52 H 5 Parkland #: Burnaby #iiif7 (5t Chevron fTA) TliE.
AERRET 4 — BNV OREEFZED TN D,

2020 41T WP C 0 /A A REHILE 2 BT 2 B 4072 & U f A SV TR
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)\ (A T4 H) - B A GRS OEBEE CRE)
Y 3 A
I OBLERIRET 1 — Iy DGt
SERD EREE | JRin/Elr
== =0 N _ FEEE
a (BRfo/E) | (8RR | hoEeREs
Neste Singapore 340 850 2.5 Yes
REG Geismar, LA 75 175 2.333333 Yes
Diamond Green Diesel Norco, LA 575 o8 o Yes
(Valero)
Ryze Renewables (2 o0 wy 168 250  |1.488095 H2 2020
facilities)
Marathon Dickinson, ND 183 470 2.568306 Q4 2020
CVR Energy Wynnewood, OK 107 100 0.934579 Q3 2021
Diamond Green Diesel |\, ) o 400 1100  |2.75 H2 2021
Expansion
Marathon Petroleum  |Martinez, CA 736 ABR — 2022
HollyFrontier Cheyenne, WY 90 340 3.777778 Q1 2022
BKRF Bakersfield, CA 153 365 2.385621 Q1 2022
HollyFrontier Artesia, NM 110 360 3.272727 H1 2022
Neste Expansion Singapore 440 1600 3.636364 Q12023
Phillips 66 Rodeo, CA 800 750 0.9375 Q1 2024*
Diamond Green Diesel \o, 4 o, TX 400 8 — BEHEFES
(valero)
Omega Green Diesel |Paraguay 250 800 3.2 BEYIERESS
4577 j .
*20214Q2(2120 mmgy i e (H4PR) Stratas AdvisorsZ=FEBE(CHERR

(1) Phillips 66
KERTIZ 9 AT, £ 170 7 BPD OFgHREE ) 2 A9 2 [F+tiE. I LCFS xfik D72
B, PR REATOMEO KIERE LERELE,
KEO S RMAT COBARGET 4 —BALHIET Z o Mk b1T o 72,
INAAV T A =t oEiE AT CKEPhillips 66)
202048H12H

O ABLHAR (1275bpd) B4 oAEMBIRIERINC IS JOT 1 MR
R RAFIEOEX A Al ae AR B EhA

2021F  #HAKSEIRIEEE 8+BPD DCuEHE T
2022FE—UH  BERERTE (FID)
20244FE—TUH]  RUMATERASE T 44 FBPDAE
1%&%8 750-800B R

P

& GHGHFEHEh'50%HjFH 7z At
= HUTAN TN FRARIE LI LSy M ARl

& BIVIREBEO. BFO/KkR D EEBOUGS
=EFO1 -y MERIZERNROSVNTOTTIH

& FATEEN (Beeid. BeiA. JU—A. 85, AT hsE) ol
=ERANMNEREZEOLD(CE - FILBLUEL—ILov)%EH. Rl

20235 KIAFIE
¢ EmiiEoRfrHE
=>EBLHRRY - ZFIVERE U0 AT ARy N =B Ui R i@ ol fe

3-4 Phillips 66 O B FT 58 42 A4 51 ]
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(2) ExxonMobil
B L5 2R AT s8N A AREHLE O BRI 2R e BRI ICHGHLA TW A 23, |
HHEGHAT 215 H L7z HVO 2531 A PRVEHELE I IIT O T b O EM IR ZE THRIG L T\ 5,

(3) Chevron

i El1 Segundo BT T co-processing (2 K 5 /XA A BREFD fLiE % 3 1E 2 2020 E4)
WIZFEE L0, 2021 4F 3 H @ Investor Day O3 £ TH, FIEUEMREME L LCTW5, I
LIS O BLH T T O A A BIEEE OFHEIT RV, [FFEOFRIE & LT, /A FRRBHRE P 2=
FACHE 21T RS A A REE 2T o5 E LTWD, Eo, AN A A EHAEAEE
TRV — B ORI OV TIE, 2%k Chevron Technology Ventures %3 U C, A
A= T v T~OHEEIT> T 5D,

(4) Marathon Petroleum

K ER AT R BUMAT O B IS X 0 [EANHR KO 300 77 BPD 2 #8 2 DK REE 1 & A9 % Atk
1%, 2020 FIC, 16 I ETO RGN OB A R 2 LR Uiz, NUNTSG T O BARRET ¢
—BAEGED T DIT, KEWEHIZHD2-MFTONAL AV 7 7 A4 F U —~ DG DOFE R
DFERNTZ,

(5) CVR Energy
HPEERIC 2 P, £ 20 7 BPD O ®ihpT 2 A 7 2 /MR RS Th 2 25 Wi
BAMET  —EBLVET T POBAEZREK LT,

(6) HollyFrontier
[ S KEVEEIC 6 BT, 52 7 BPD ORI &2 F 3508, BAERRT « —E &M
TH~OTREEIR S E 0 EEELNMET T A AREHE 2 51l L TV 5,

(7) Global Clean Energy

At DN Bakersfield BIMPTIIIE O BN 2 CTHEEE L E 2> TWDH N, ANA 4
V7574 TV —~DFEREMRZED TE Y, ExxonMobil & E#MA 77 —7 K% TEL
TWo,

(8) Parkland Fuel

IN LCFS Ml 72 BN, B FHWEEO T U T 4 v ¥ 2 aw B 7 MERFEL O EHL]
DBAZHED TNDTD, A AR B ERMpT ToREE & LT 2020 412
co-processing D EFEHABRICEII L, 4%, WEZLEKRKTH L LTWD,

1 F X OB TOSA A PRBHGE OB 1380 < S A ARG & HE 6D 2 113K E D
HOWATH > LENH 5, BRI, KREVEILHRIZSH 2 BGH AT MM 7200 ¢,
ZTOBAEFRET  — BN REZ FEFEIZCEZO TN EOHEL H D,
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NAA D74 F)—E A A stt o AE (hF45Parkland Fuel)
Co-processingJU> 1/ : Parkland Fuelstt

-Chevron Burnaby®Lfph(JU7—/\—) 19365122 FIG
SITOVHEEE (20174F)
-IRAERIEE) 5.573bpd. NCI 7.4

AR )\ AJFHEELTHIA (2 B/H)
AR © 2019F(CGUER
20205 AABHE T i

SEAARBARIOR R ZReE E AL GHGHFH IR
‘REOS VXA
-EZENCLDRIBFEZOER,
B F DA > SO LE BB SR DS
SRATRERMORAER

(H5F) hF4Clean Resource Innovation Network (CRIN) TDFTR

3-5 74 Parkland Bl CT® co-processing D HY V) #H 7
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Chevron p/SEs| 20204E3H 3H JNJHEL Segundo &4 (26 977bpd) DFCCT/SAAFUEFDco-processinZ it (]
N F - https //www sdigest com/bdigest/2020/10/08/brightmark-and-chevron-form-dairy-rng-iv/
Chevron P 2020/E10/1 8H  |FLELE A AZ L % A BTN AR TR R SR 2 (RNG) DIV IS F i https //www.t e.com/news/home/20201007005196/en/Chevron-Brightmark-Partner-on-Dairy-Biomethane-Fuel Projects
Chevron Lummus N AR o o R . o § N ful id 851866
Global AA 20204E7TH 22H Chevron LummusGlobals H A TONRAFRE 7 a7 DL H FIF a3 FE https //www hydrocarbonprocessing com/news/2020/07/chevron-lummus-global 1ccessful-startup-of-biofuels-project?id 85186630
(C}iek:/;on Lummus K 20204524 19H ‘;Sl:lgg;g%;i ﬂize’?“}(’ s;‘;gjte;(g; 7% ffhewon Lummus Global (CLG) 3fF https //biofuelsnews.com/news/sustai aviation-fuel-production-pathway-authorized-by-astm/
S~ 1 I . S
CVR Energy KE 202048 H 5H ;:quVJIIWynnewoodﬁiﬁiFﬁW 577bpd) I UER L OFAE AT (— RV iR A% https //www.biofuelsdigest.com/bdigest/2020/08/05/cvr-energy-exploring-100m-r yable-diesel-facility-at-wynnewood-refinery/
ES
CVR Energy KEH 20204211 4H F A Coffeyvil BT (18 2/7bpd) TOFA A[HET (— BT 0y =7 Mol https //www.hydrocar] om/news/2020/10/cvr-energy-plans-potential diesel-project-at-coffeyville?id 85186630
St TR P S https //www.biofuelsdigest.com/bdigest/2020/12/21/cvr-energy-announces-full-board-approval-for-wynnewood-renewable-diesel-unit-project/
CVR Energy KE 20204E12H 21H 2;7&;:—‘4 HWynnewood BT CO B AL MTRET (— /b=y b7 me s O RIHRGE https //www.glob ire.com/news-r 2020/12/21/2148582/0/en/CVR-Energy- Full-Board-Approval-for-Wynnewood-F bl
< Diesel-Unit-Project.html
—— " - T -
CVR Energy K 20217171 270 g;:&lﬂ%%?ﬁ;égmw STbpd) (R PIRES 1 — £/ £ Haldor https //biofuels: com/news/erv-energy-selects-haldor-topsoes-hvdroflex-technology-for ble-diesel-production/
ExxonMobil KIE 202017 61 gﬁ%&)’rgﬁ;ﬁlﬁ@R&DﬁH‘iﬁbi\ 2020 LUBED SAAIBOMATCO8—=bT =357 D | s biofuelsdigest. com/biligest/2020001/08lexxonmbil-points-tobiofuels-in-therway-sheadtor 2020/
B
ExonMobil . 202068 111 Global Clean Energy Holdings i/ Bakersfield S 42 i 00 B4 T AE T 4 — L ;;«13: n//\.\/w biofuelsdigest.com/bdigest/2020/08/11/exxon-inks-525-million-gallon-5-year-renewable-diesel-offtake-deal-with-global-clean-energy-
EBHE], 5251 S5 0L DA T T — 7 R E https //www.proewswire.com/newsr ion-energy-gem-grosvenor-and-vova-close-a-365-million-strategic-capital-partnership-with-bakersfield-
ExxonMobil KE 20204E8 190 |NRELIESTHFZEHTE OB A AR 2 FIRF 27N 52 B 56 53 Jie v https //www biofuelsdigest.com/bdigest/2020/08/19/nrels-partnership-with-ex I'making-progress-on-algae-fuels
ExxonMobil P 2020491 101 FAMERL A SO R AT AR e 715 Nl T i htps /. biofuelsdigest.com)bigest/2020/08/10/exxonmobilto-expand-biofuel bunkeringater ful-trial/
Global Clean Energy x 2020461 9 JJH Bakersfield i 7127 ~—2Haldor Topsoett:®OHydroFlex 4 i HET 4—1  |http /www biof com/bdigest/2020/06/09/haldor-topsoes-hydroflex-chosen-for-bakersfield-refinery-revamp/
Holdings = IV AR E https //blog.topsoe.com/global-clean-energy-holdings-selects-haldor-topsoes-hydroflex-for-revam p-of-refinery-for ble-fuel-production
. . P S
Globz.il Clean Energy *m 2020454 127 E}lobal Clean Energy Holdlng§ |3 Delek US Holdmgs?xﬁ: Alon Bakersfield il I — R oo o be-converted-to produce ronewable-diesc]
Holdings T B L, 18~2002H 53 TAAY 7 7 A F ) — ~Dlirifid 31
2R S A Fideli N A ¥ - httm [/www biofuelsdigest.com / bdigest / 2020/12/14/ below-zero-the-worlds-largestr ble-diesel-project-iust-phase-one-of-a-9-vear-journey-to-a-
Grén Fuels LLC K 2000125 150 | AP O 7 THIEIS &F‘dehﬂ“ﬁ"“"““““m% #GronFuelsi, £ carbon negative ark-at the port of baton-rouge
TENABURDMAY THM A A M1 |~ Haldor Topsoeiffi & & h //blog topsoe com/gr%C3%B6n-fuels-llc-select-haldor-topsoes-hvdroflex-r bl and-h2bridge ‘bio-hvdrogen-technologies-with-bio-ccs
T o - PN https //www biofuelsdigest.com/bdigest/2020/06/01/hollyfront; onvert-chevenne-refinery-to-r ble-diesel production/
HolllyFrontier S| 2020464 1H Houyan_tlem: U/M—\/m”Cheyennei‘/mfﬁ (5 277bpd) &L AT — L/ AR https //www.hollyfrontier.com/investor-relations/press-releases/Press-Release-Details/2020/HollyFrontier-Announces-Ex; 1-of R bl
i et i i) 3
HollyFrontier = 209041 29 ?‘al/‘i‘—7T£)psoe;7)§HO]lyFI‘0ntier03:—1‘—)@?“/34‘“Artesiaﬁ%ﬂﬂ?Eﬁ(lo}jbpd) WZFF4 [https Mbiofuelsne vs.cominewsopsoetoicense uoltechnologs-tohollyronters renewable diessbunit) , .
AHEF 4 — L=y HydroFlexdF (&1 At https //www.hydrocarbonpr om/news/2020/01/hollvfrontier- select-solution-to-reduce-cost-of ith-renewable-fuels-blendin
HollyFrontier S 20204105 9H HollyFrontier7)§'7/f71‘i‘/7\d'|‘| Cheyenne@?ﬂlﬁﬁ% 275bpd) DEEHLD T3 TV M| hl.tns //w\\w ogj an/leﬁnu: g-processing/refining/article/14185024/ tier l:]‘:(}()j;l(;)‘()(:‘;()k min; -reﬁnm-j-
N . aign_CPS201020080&0 eic
IAGET m¥my hv R VAL M RKVERERS 62056H9Y &oly_enc id _4870A2262056H9Y
Marathon Petroleum | }¢[E 20204E2H 4H I OFAEFTHET +— BN E T 0y 7 MR BT C R https //www.biofuelsdigest.com/bdigest/2021/02/04/marathon-petroleum -deep-into-rd- sion-projects/
AT DA AT 4—¥ 75 FDuonix BeatriceZEULL . 2021478 ) — %44 [hitns fwww biofuelsdigest.com/bdigest/2020/07/20/marathon-petroleun buys-duonix-beatrice-to-pretreat-rd-feedstock
Marathon Petrol b 20204-7H 20 L . st https //beatricedailysun.com/mews/local/ohio- company-purchases-beatrice-biodiesel-plant / article b3hc71f0-6e2f-5a90-a2ed-13bfa89e7a37.htm] #
arathon Petroleum |K[H ETH 200 JH Dickinson i (1 95bpd) (711D HTHLELE 1 £ ptizs beatricedalyoun.com/news panyp plant / article b3be710-62f5290-a2d-13bfa89eTa37 html =
It 1 ! 7 — N ot Uy 1] 3
Marathon Petroleum | X[x 20208/ 31 ZJ:D/“LI\]{I ﬁ?ﬁi’%‘%iﬁf}tg});ﬁgﬁ%ﬂl A% 2 Gallup RAITT (2 T/5bpd) ZRMDT |\ o comirefining processing/refininglarticle/118091 3marathon permanendl-idles tsous refinerics
" https //www.biofuelsdigest.com/bdigest/2020/10/07/marathon-energy-applies-for-permits-to-convert-martinez-refinery-to-renewable-diesel/
Marathon Petroleum | [ 202046104 7H | Martinez 87T (16 177bpd) OFFAFTRET 4— LV LHEAOTE MR T https //www.marathonpetroleum com/Newsroom/Company-News/Marathon-seeks-permits-for-Martinez-t ble-diesel project/
Marathon Petroleum |#[E 20204£11H 3H —24 2% )| Dickinson i T CO AT RET 4 — B /LD FER IS https //www.biofuelsdigest.com/bdigest/2020/11/03/marathon-petroleum-starting-up-dicki north-dakota-r fuels-facility/

35




# 3-6 LKA LD NA APEFE IR D RITOHE (2/2)

At

=]/ i3k

il A R

Bz

Parkland Fuel

bear

2020410 5H

JEMEEOR 2 A o H Parkland Burnaby 8T a3 i /I iET +—E LD
PR D5 T2 728D KRED SO BRI AF O ATRENE

https //www.biofuelsdigest.com/bdigest/2020/10/05/canadian-refiners-may-be-too-slow-to-take-up-lefs-opportunity-as-us-gears-up/

https //www.agcanada.com/daily/u-s-oil-refiners-press-on-r ble-diesel-for-canadian-market

PBF Energyld, ShelloMartinez AT (15 7/5bpd) DB ULZE5E T, Shell 2R T

http //www.biofuelsd com/bdigest/2020/02/18/pbf-energy-looking-at-possibility-with-shell-to-repurpose-martinez-refinery-into-renewable-diesel-

PBF Energy KE 20204E-2H 18H . N . " - production/

TR TTRET ¢ — B Vs o FTREME A RKGER T https //www.prnewswire.com/news releases/pbf-ener pletes-acquisition-of-martinez refinery-creates stem-300997298 html

) ) https //www.biofuelsdigest.com/bdigest/2021/02/11/pbf-energy-looking-to-add-r ble-diesel-productior finery/
PBF Energy KE 20214E2 11H [ A7 F I Chalmette 8T (195 bpd) \ZFEA W HE T 4 — B /LB LR 003 A& it www.spglobal.com/platts/en/market-insights/latest-news/agriculture/021121-pbf-energy-considering-renewable-diesel-project-at-chalmette-
Phillips 66 K 20204 11 211 73w k) Ferndale 8T (10 1/7bpd) &3 A4 REGOFAEMHET +—E/VIE | httns fbiofuelsnews.com/news/s ble-energy-group-phillips-66-pull-plug-on-renewa -plant-in-washington
1ps - TG N R A T o CE T Tl X LoD 720 T Ik A htps //www.rigzone.com/news/phillips 66 and reg scrap renewable diesel project-22-jan-2020-160859-article/
Phillips 66 KE 2020424 10H 7 B IR AIEPhillips66 REGIC I DA FTHET +— B 7 0y =7 O HUIMI G http //www.bioft bdigest/2020/02/10/local-authorities-push-back-against-phillips-66-and-regs-cancelation-of-r ble-diesel-project/
P R P R ATRES ¢t LT 5 https //www.biofuelsdigest.com/bdigest/2020/08/12/phillips-66-to-build-worlds-largest ble-diesel sustainable-aviation-fuel-plant/

Phillips 66 K 20204E-84 121 D27 722 ASRET (127 bpd) &R O A TR T — L BBERTIC R | e fnancialinformation/nes, s/news release-details/2020/Phillips-66-Plans-to Transform-San-Francisco"

LB Vel
He[E Humber T 23U COMBDOFFA AT AE A AT ¢ — BV BGEE Y 2 — VAE AL, &

Refinery-into-Worlds-Largest-Renewable-Fuels-Plant/default.aspx

https //www.ogj.com/refining-| ssing/ struction/article/14187738/phillips-66s-humber-refinery-adv: s bles-projects

Phillips 66 e 20204117 181 7 i 23000bpd |3 https //www.phillips66.com/newsroom/2020-humber -uco

gy ) oy 7| CHE S S A AR5
Suncor / Shell BT 2021411 7H fg;g;;ig*i%iiz;‘f%g oSy MiVarennes BERINIR SATIRT T o commesssirefiners innew-partnershiprto build-quebee biofuels plang
Valero Energy K 202141/ 29R  | VAluroliEE DTy 2)i{Port Arthur®Diamond Green DieselttASFHERRE | 1 6 ous cominess/valerosnew-renessable-diescl-plant-makes-progress
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BLR, BEFEORGE T ETEAMEN R BEATWDLIDR, 74 vy —- ba7F = (FT)
BRI E DT YY) v - BIMORETH 5, WiEHEE LTL, CO2 #KFTE LT LI L
TEMA ACEHR L, BRH A% FENC FT S CTR{bkEEZRET 2 0 THY . CO2
#COICEMT 51> 7 MR EEH T CLLFOFLHT —~ & LTEL OFEFEEF-> T
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IZH L TENLICH D L E 2 D,

Wit 7 SO
CO2+H2 =2 CO+H20

FT &1k
nCO + 2n+1)H2 — CnH2n+1 +nH20
nCO + 2nH2 — CnH2n + nH20

FT &iiE. 1926 4512 KA 12T Fischer 231 R & A A D> DI E 2 ARk L= 2 &
\ZHhE D, T D%, Sasol(f7 7 U #1), Shell & M A RRLKIRA A& FEHE LT, [EHE
TENR, 2B EERCRBR ORS#E AW T, M7 700, ~b—v 7 B ¥
—/b, HETI¥EEN TV,

AARIZIBWT S AA GTL EMFFEH G 255k L S du, 2002 4EAGIEE ., 2009 45818 & /3o

2 MEER Tz, fEEe)E & LT, Fe,Ni,Co,Ru WAL TEY, CO NKHE
fbE&i= B~y (-CH2-) MAEMRL THEMBPREEESICLY ad L7 12, KFERICK
NINT T 4 UBRERT D, ERIE. Schulz-Flory 54 lZin > 7= 1 —AR U HARRIC 72 D,
Fe (3iEiE (350°C) THWHLNETICH VU VAN ERSND N, JBEA L 7 4 VR0
FLEMPIERT 5, Cold@miETETH D72 DKIE (250C) THWLRT 1 —E LY
v 7 AN SLS, Shell ® SMDS Tld, A ¥ VORIAEZMZ HT-DIZT—R D%
WHEBEMR Y 2% < AERSE, Uy 7 A% 505BELI2BIOKFA R LD 7 ¢ — B VERE
NELE SN TS, FT OGS TIERIAET D A XL CO2 DAERZIHI L, Uy 7 2 &4Rk
L 720 & X Schulz-Flory 534 124 & 72 W@ INE) FT AR S £ TR Y . IEFOBFE A
DEFE 2> TN D,

R DMWY 7 MROGIE, 7 MNROHMRISTH D REETH D, Fo, FIEICED
A= a URBARINE LTHEITT 5, W37 MORERERS TRIRBAFITH Y |
EE COMBWENER SN D, FomEE CIZRIKGE LT CO EARFENLAFER AIZD
IRIND AL PER LT VO TINEZMHET 20ERH Y, 2 b &g 2 flto b
HPHED LN TNDN, IZIFERENZHEHRTH 5,

CO2 +H2 — CO +H20 41kdJ/mol (WgZh)
CO2+4H2 — CH4 +2H20 -165kdJ/mol (F&#h)

L%, CO2 LIk3# (H2) 706 EHEAIE 2 iS4 21l (EEER) OB b
HAILTWD,

CO2 + H2 — 1/2(CH2)n

CO2+H2 — CO+H2 — 1/2(CH2)n
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—J. BRBEWTHLN, —EEMMLSNTZLDOLH LN, FEHDRL Enfk
B 2 AF OB F e v 7o > (EEERES) TS50 b a THIERERETH S,

AH =L, CO2 %W 7 MRUSICEY COWLEHL THEKRBLEKISSTEARONE
WTHoT=H, CO2EZANEE COZANWE LY & RISHEEN 20 fHE W L2 T
CO2MBEBEA Y ) —NERIET A OLNERE > TE TV,

A A ) — DRSS
CO + 2H2 < CH30H — 90.4 kd/mol
COo2 + 3H2 & CH30H +H20 — 49.4 kd/mol

WAy EAF e CO OBFEIIIER DA X 0 iEED @ WA ER S D,
CO LKFKRIZ X DAY 7 — AR TIE, ERLICMTEBIE R VEATEY, Sfry
N7Z 0 R ERRT, 2012 4121E, 74 AT > D Reykjavik (2% 5 CRI (Carbon Recycle
International) 7% 4,000 k> /0D CO2 ZJikte Lz A X ) —)VERET T o &R L,
2015 421X 130 T LIED T 7 v M BB IE T\ 5,

DME OHUEIEIZIE, ML L EEENH D,
#2150 DME (3, A% 7 —/vz it e U THUKEOS TRIE S T % ATEIFBEFD A ¥
J =AM & BUKBAT OMAEDETH Y | RN L WA 5, KR REI RIS
IC=ZERbT, R =7 V7 Lurgt (RA4Y) BdiFbid,

DME oflifik (85
2CH30H—CH30CH3+H20+5.5kcal/mol

B A b EBERLE S B HiAffiz 2\ Tl Haldor Topsoe, Air Products and Chemicals
MWBRFEZIT> TS, HATIZIFE ZHOICEMBE v o= 7 MO bz, Bzl
AL SIVIAFFHEANA RS T 4 —= A —BHFEIC LV EfiSh, AT 72 b~D R
—IT  TEAHENL SIVT3. Z DB D TEEAPEITITE > TUHRUY,

DME O fxEyk (EHEE)
SR A 3CO+3H2—CH30CHS3+ C0O2+ 58.8kcal/mol
e B : 2C0+4H2—CH30CHS3+H20+49.0keal/mol

DMC %, #Y VN Fay A VARERIRIRRELE LT LTS, I—AR U A
T OVHNZIE, BRMEMIE D FC M bRFB L A X ) — AL ARRT D2 L TERT D Z &N
TX D, BREERFIETIE, VU D 20%IRG TR Tl AR R MR STV 5,

COHC bR FERICHERE STV D, BBt E LTl a2 MR R <o BUSSEME (R -
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FIEDSKE) LW ENLTRERICT L—7 ZA—BLETH D,

DMC ok
CO2 + 2CH30H — (CH30) CO (CH30) + H20

FXAF LT —F )L GEF OME, OMEn, CH30 (CH20) nCH3) 1%, kKi+ik¥
B & NOx OHHZHI T 272007  —B kB LTHZE TH S, OME OAFEICE L
T, @EICRE#Eb ST e AT ELER I TR, 2 2 Tidk OME O/ 3
DD FHEETRT,

FBLOFHEZ YARXFU ALY (DMM) BEIOR NI AFH o605 TH D,

A A MG Amberlyst36 & B4 7 A BRI E L CHEHBSY, B4 T4 b
BEA25 |35 & O fib by v 2 74,
HADFIEIZ AKX ) —ILERNLVAT AT E RMLEKRTALOTHA,

bt ERERICS, A A AR Amberlyst36 & B4 T A N AERPEMREE S U CEHRD
FEPERE TRIEMED MV VlEE & 72 > T B,

B3 DHEZ, YAFArT—T L (DME) & b U AFH DGR T OME &8s 2 ik
Th b,

B & U CORMEIL, INAIZ BN L 2SR 2 95 2 & CREERMEIZAE V., — 5T
BFEOT D ATEEIIATRE TH 2D EIREOG TG EN LI L 10D, 7272 URGE,
S AR TZ I 100% THAT 5 LIRBER RIS 5, INNAIZ VWD Z LIk 0t
DOHREMENR B 5,

AB ) —=NEDRAKE (T ) ZE8iET 5 ExxonMobil #OBi%E L7 MTG

(Methanol to Gasoline) vt X%, 1985 F==2—v—7 » RCLEfI N0, Al
ks DK L 72 1997 FFICBH# 245 1 LT\ 5, MTG (Methanol to Gasoline) 7' & &
FTTITEESNTBEINTH Y . 2L OEFEE LT TnHh, ERRLEX S ICEmE s
WZOWTIHEFR DR EDLEWEBFOREIRENZ P v 71 > (EHEES) T
LML ED THIIERRBEME Th 2,

ROYAL SOCIETY OF CHEMISTRY X ¥ ., “Power-to-liquid via synthesis of methanol,
DME or Fischer-Tropsch-fuels:a review” &8 L TR TW 5, £ Z TiX, e-Fuel &
LTAZ )=, VAFLx—7)v (DME), FT GHIC X 28K B2, fildlt, pEH
RIGRORGE T rE A, BIORROT v 7 7L — FEOHEHNPLELOOENTWD, T
DO BEERFERD AL ) —)WZOWTRUF S 1y b FEGEES T & MIOWTHE 4-1,
DME (oW T, EEAKEINSEK 4-2 125 LD 5TV D,
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7 4-1 Bench,pilot and demo plants for CO2 to methanol processes

Institute/company, capacity Reactor GHSV Carbon Recycle .
T[°C] p[bar] . i Description
coutry,year [kg d-1] volume[l] [x103h-1] efficuecy[%] [ratio]
Lurgi AG Germany, n.a. n.a. 250 80 10.5 94.0-96.5 Yes[4.5] Heated water
1994/2020 jacket
NITE,RITE Japan, 0.9 0.05 250 50 18 n.a. Yes Reactor immersed
1996/1998 [200-275] in a sand bath
50 4.6 250 50 10 n.a. Yes Oil cooled reactor
[230-270] [30-70] [5-20]
Centre foer Solar Energy 6.1 0.4 260 80 8.1 23 No Electrical heated
and Hydrogen Reserch jacket
[ZSM]Germany,1996
Korea Institute of Science 75 8.1 250-300 51/61 n.a. 66.9-70.5 Yes Prior RWGS reactor
and Technology[KIST] [electrical heated]
Korea,1994/2004 and four SRC in parallel
n.a. n.a. 250 30 7.9 53 Yes[1] Minipilot-plant
Mitsui Chemicals Inc. 274 n.a. 250 50 10 72-88 Yes Pilot plant
Japan,2009 [2.6-3.2]
Northern Arizona <0.5 0.05-0.08 240 69-97 3.3-8.3 2.6-14.3 No Electrical heated
University[NAUJUSA, jacket
2009/2014 1.6 0.15 240[/260] 90 1 40 Yes Mobile rest rig,
[0.6-12.0] electrolysis,electrical
heated reactor jacket
Silicon Fire AG 40 n.a. 265 80 n.a. n.a. n.a Pilot plant
Switzerland, 2010
Carbon Recycling 12000 n.a. 250 100 n.a. n.a. Yes Commercial plant
International[CRI] converting CO2 from
Island, 2012 geothermal flue gas
CRI,MHI Germany, 1000 n.a. n.a n.a. n.a. n.a. n.a. Integrated in a coal
2019 power plant

HiFT : Vincent Dieterich, Power-to-liquid via synthesis of methanol, DME or Fischer-Tropsch-fuels: a review, Energy Environ. Sci., 2020, 13,

3207--3252
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#* 4-2  Overview of direct DME synthesis technologies

Haidor Topsoe KOGAS JFE Air products
H2/CO 2 0.8-1.5 1 0.5-0.7
Reactor design Adiabatic fixed bed Tubular SRC Slurry Slurry
p[bar] 37-42 30-60 50[30-70] 52
T[C] 240-330 260[200-300] 260[240-280] 250
GHSV n.a. 2000-10000h-1 4000 sl per kgcat per h 6000 sl per kgcat per h

Catalyst MeOH/DME

Catalyst ratio[MeOH:DME]
Product[DME purity %]
Recycle ratio

CO coversion[per pass]
Overall CO conversion[%]
H20 selectivity[ %]

DME selectivuty[%]
Plants

Cu-based/aluminosilicate

n.a.

MeOH/DME mixure
4-5

40-70

94-97

18-28

74-76

1993:50kg per d Bench

CuO0/Zn0O/AI203
AIPO4/T-alumina
0.8-4:1

99.6

n.a.

67

n.a.

n.a.

60-70

2003:50kg per d Bench
2008:10t per d Demo

Cu0/Zn0/AI203 IN-alumina

2:1[0.75-20:1]
>99.5%[99.9]

1.6-1.8

50-60

94-96

1.3

91

1995:50kg per d Bench
1997:5t per d Pilot
2003:100t per d Demo

Cu0/Zn0O/AI203
M-alumina
95:5[80:20]
MeOH/DME mixure
n.a.

19-24[21-31]

n.a.

<1

61-67[40-80]
1991:4-6t per d Pilot
1999:8-9t per d Demo

HiFT : Vincent Dieterich, Power-to-liquid via synthesis of methanol, DME or Fischer-Tropsch-fuels: a review, Energy Environ. Sci., 2020, 13,

3207--3252
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OME, DMC IZBJ L Ti%, NEDO |2 T S fv7z TR AR T7 58 5B 5 He il BA s R AR
KN FEEBIHELEFFE CO2 1 b DR BHEOE RN IR T 2% > — XA BIWO 2D D
HE) OBRIEEBREI O R T o v VFHIIC B W T, RIEKFER K OVEEESE D% E-fuel
\ZBI LT, S+3E OBl CTBEF OWRAAIREL & RIERIZ IS S B 5 72 0 O R O BB
RENTND,

GEFE D% E-fuel & LT, BRIZEIN CREMBAIZHFZEN{THIL TS OME & DMC (255
HL. ZOMWRSBBEFHEICOWTHEEZIT-> TV D, GRRIKIEIRELR 7 > o v L FEAI RS
RoOFLoofT, BEEM (CO2HitHE) . &t (BE= 2 N) Ol T, =xL¥
—RE TR SEET COERMAT 903 Thbivk v, TOMENTHIN TS (M 4-2,
4-3), £z, GRFREGEKLE (OME, DMC) IZ Soot 7 U — &\ 95 Kilig 72 R EENE 1) _E o
AREMESC WET-CO2 HEHH &SP E 2 X NEH TART Uy v EHLTNH E LTV,

SO0 MRS
S Sl

T 00 W ERHINE
=

(WETOORN 3B

ey

(EEETO A

(METOOHE=

4-2 FT & ke E OME,DMC & @ CO2 B E D thEk (5 CO2 mEH#H %K 0.5)
AT . — M EEAN = RV X—E T2 At BAMRED RNV —HEKFELZIEHT 5K
B 55 A A7 7 PR BE B BRI B T 2 A SRS B RAL K R
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t

E-1

RO T EIRTO0H BN
ik M 4] -

o

A3 ZO0RD-H LR TO00ME BUING)
(BEEETO0 M)

B 4-3 FT GRUAREE OME,DMC & OB = X |k D ik
HET - — M AN = L X —fe B T 58 B fERRE= 2L X — HRKEFZEH T 5K
BRET R 70 PNRAE RS B Bh B FIRBHZ B - 2 A S 5 ALK FE R

OME (CRAL T, WY R Y7 L52BWWT, EEMYFEMAICH T 5 OME —#%
IR A BB OWEFRePE 3 L OVRBERAEDS . RIR, W S s, =0 P U NEEE L
ToEIRE LY COMBREZ . ERBERSRE A VTRERRE L THRESI LTS,

- ME TR BRBEAR AR N & 6 MPa, 920K & L, OME (R A {2 50MPa THEAF L 7= 5 5,
EHEOREEEICE T o7, OME IZEENKE S HEBENHOD Z EREE SN
. FRFEMENBEL . WEANERT DL HANCEE L EZ NS, OME RBAIC XY g
FHENERT D2 L, OME OBGGRZEKEN/ NS NI & &N D FEN OB I IT#RH XL

D&E (V—2) b eEZOND,
< EKEE - ERRBER A TR SN KENHEIL OME ORAHIZE v EL 20 |
CFRE&# UMl & IX R DM EZ R LT, IREKIEK EBRELO BAE KFHEIC LV IRED &5
Z Biv, BEMTSRCM, Y a v/ Fa—TIZX5ALETHD,
< PRBEFFME : OME100 O KK HEFE TR < | i b fE T D AN D72 EBNRB S v,
OME B &8I D K 2 R L (34 & R Ch - 72,

X, I OME ZEA Lo HAa 0 ABHICHEH ST D 2 A ~D R BT v

5 45 31 MIPVREEIE S RO A

A 70 EE Y RS ICE T S OME — 8RS BB O E R R K OVREERFE KBR e x RIC ABAREIC,
FHK, AP, &K, WIS @rK, gk

HWES T B~ OME [BEEBNRBHER & F 0 — BB MR I RIT T 22 W W hifF ZFHEK, MAK.,
F, /MK, A)IlK
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VA L5 E O WIR R HER BRI RIE TR EORE L STV D,

< BRBHER ~ DR OME OIREIZ X VIR EEEDME T Le, £/, BE EACHEES
JE DR T 8% 53 20 B E % LA EDOIRA TEEAFREL OIS & 7o 72,

- LM A~DOEE  OME ORAIZE U GIRMEIME T, WMEMERESEM L, WE
DA FIREL OB R — 2K T ORFHEREZ S EZICT 5 LR LIRIBA RIT 10%FE &

RiAEN D, (OME O I LM ~ORBNRIK EHEE SND)

- BEBIMERE. HERUEME  OMEIRAIC LV =0 R Z BME T L=, IBA B RS 3
BEOKT EHENH 7=, Soot, HCEB LN CO MK F Lz, GMIBRETHD Z LI
LRI 2D EBREIND, —HTEENMET Lz, [H— b7 24525 72 DI BREHE G
D= ' & Al E <, BRBENTERIL L, RIWNIRED L5 L2 2 &b mABE K
MU ENFENEHEEIND, 5%I1TZCFD T AR E THRITZITOMLEL L TWD,
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4.2 BCKOERBEEIA X — T v T eFEHN
(1) BRI

RFAYDa—1 v b MAEFZEHERE L KM D Power-to-X 712 = 7 kd 2020 4£~2020
FeHETIIREINT M vy MBI LT 0y =7 SO 2470, 2020 4 9
HIZNFE LT,

ZOHT, efuel SEHEAARRE 70 V=7 MZOWTHLEELTEBY, KA Y ODOH
DRADTAT L TWD Z EDRHALNE ST,

m R DPower-to-XJOS 147 hOERS
RAw I1-Uy S TACHE TRV — - B FRCE S0 na R

<&IOSIR>
2000ELUBEOTRLS Y FOTB&ESE SO (W75 EF, 27, 51HE) #Z3isk
20204E6 A OISR T, MM 200 E TEET2204F

<FEH>

-TOSTI MR T R Y ER

- TOS T MNAESEFEIA T (& PEMATILHUER% FO3

RRIESETUS I MRS, D55 (L - THT7E]

- 20304F(Ca) TSR S UEE 2 T OS 17 ML 5 EIFHERME

() BAY -y SRFHERE T+ — SURAZRT (20204982581 %K)

“Review of Power-to-X Demonstration Projects in Europe, Frontiers in Energy Research”
https://www.frontiersin.org/articles/10.3389/fenrg.2020.00191/full

B4 4-4  FRIN D5 BB T8 7] 25 AT
2021 FIZAV Y AT F TN Tz y MRBHGEEZ T FT U VA LI AZ — NT v P ¥%
I LTz, MBI RIZREN TH DM, 770 FEFROEBRMIC OV THERE L 7215 W EE
DLETH D,

JAAESHERRR RS (FCKDe-fuel A5 — M Py T {BE)

PR
m Z1(ZSynhelion (2016435%17)
ETH Zurich (Zurich Polytechnic University) m52EYATL20165E53T
(ClimeworkstEIHERNS20104FICAE VAT)
201946H13H (Eni UU—-2X)
BT +FABIC&AERRREESESun-to-Liquid CBIUI HE2RRES
20215 2A8H (>4 1—3kE
Fa—Uybk ZBET AL AMZE, LT N\ AHICEHRE T E
El 7 basEm
FFO— Ry S
2023 F £1 5772 MEE
2025 4F S5 2 hEhEs
2030 # A 2031y NRRIREOF S s

m 4355 Synkero (202162H9HHER)
20214F2 A8 ORRINFH ORI =3 (SAF) TIL5 LIFBNIAY— Py
P LATINA WA TOSAFHS
JS—1F = PAATIA LS, SkyNRG. Royal Schiphol Group. KLM
2027 F FEER 5> Mok, /5 bR

4-5 FKINTHEBR @ e-fuel A X% — v 7 v 73
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(2kH

N LCFS 128 & SRR BREIUE L LT, 225D efuel AX— 7 v T RT7 T
AEITHo T2,

KA YERNTIET 7T 4Ry =? efuel ~OFYEANITHORTWNDER, KA
BMW [ k[E @ Prometheus Fuels (Z#&& L7- Z S13H - EBEN R — A —H—DE) &
ELTHERIND, MM TOHRSGEATEE LV ELTHD2, 2021 FEIZER T L E
BT 2 UERE D,

—77. 2021 4 1 A @ Infinium O 7 F 7 2 A0, BEMRICHRR DWW L2k,
LSHOIEMBATRNFHI-hDEZATH D,

A LB X D OIE A Y OFMA e AT F 7 vy =y NMREHILEZ T o R
LIcAZ— T v 7¥EEZFF LT, [HEHRATRIIBENTH L8, 77 MR OEBNEIC
DWTHERE L2 EMENLETH D,

S A AEESERBREE (FeKDe-fuel A5 — b v %)
KENM

mInfinium (-t OZZETHAARTIVAY-R (2021/1/27)

P miEENREE /N — M —TEOE S LDElectrofuels™nEAIL
BRI (BB OCO2Cat ™ TE Ak I AZ R, FTEATTHRHUE)

https://infiniumco.com/infinium-closes-funding-to-decarbonize-transportation-sector-with-electrofuels-

solution/
https://www.mhi.com/jp/news/21012701.html

® Prometheus Fuels @Santa Cruz, CA
2020&E68. BMWOAYFv—J7 B (BMW i Ventures) #12.58 A RILHE
2021418 KECES (Consumer Electronics Show)ICTBMWH'Y25=
(20205 10H OINMBRFADIRE TIE, 2021 48O HTFOILE)
2021F8 AV ELE-HRTE
20224 Ty MEREIELE
ISLOLETE
A=y SETTATI PN ORI B LB Rdlire 5
KAFTCO2MPEMEBRCLD7 ILI- BB TRibKRGR (FTam{EDT)
K DFFZ ST IL =)L B C(E B 1 Bt R 1@
https://www.prometheusfuels.com/

https: //www.bmwiventures.com/
https://www.prometheusfuels.com/news/ces-2021-prometheus-defines-the-future-of-fuel/

4-6 KETHHEHD efuel AX— 7 v ¥
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5. NAFV T 7 ATV —=E AR D BORSEBA
5.1 KKJN O HEyi

5.1.1 FFZE@E)[m

EU Ot A AREFFEOHR T, N AT 4 —EB ML 8HIZ HED TV D,

FEFEW R A F N 2T Al LTe S A Ak (UCOME, TME) 1%, FE&il UCO % A
F LT AL L7 UCOME R¥ERE A X F /L AT L{t L7- TME O FEE &% 2011 £
52019 FE TR 3L ooz,

L7 L, REDIS#HNIZ LY. 2021 4E2> 51X UCOME & TME 55 %8 &3 fie b g 6 X
A FRELD 1.7% D EIRBR T b, FEH, 74 —BNVRBEMOBGITH 5,

—Ji. BVO X R v 7 A A FRETH B 720 A F L= 27 b D X 95 Aelid Al
WaEZ TN & Mx T, FAME RBEEW R RANA FRE LD bR~ —Y U R G o h
52 L6, 2030 AT 7oA AREHE A EIERIC RN HVO OMERNE L 8-
TW5

Fro
4,000 1 UCOME (Used Cooking Oil Methyl Ester)
TME (Tallow Methyl Ester)
3,000 1
BRI REHEE
2 000 1 D 79%|3 UCOME
1,413
999
1,000 1 927
0
2011 2012 2013 2014 2015 2016 2017 2018 201950

4 5-1  FEIEWIH K A F L 25 WAL S A FIREL O S5 B
(AT BN ZEE 4. Greenea L& £}
EU ©F ¢ —B/VBREHEE X 2020 R4 B — 7 [T 2 E O RB LB THRTED
BUTHH] ORI LA VIRPL T TIEBERY R A TV Z AT /W OFTE bR D &
o,
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EUdy ek EUDF+—H L

SAFF L EETH seEETa
(B5k) (Fh2)
10 250
218 l%
191 200
EEFEYHFR R (UCOME, TME)
DRFEIE PR TGRS B LU B — L W = £
FEEDBFELD HELEET S 150
4 100
7=l o 16% A% AT%  AT%  AT%  17%  AT%  17% o 7 7 .
e 2| 18% % AI% AT% AT% 7% 7% | 50

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
— B r—BILEE B ek A T — LR

X 5-2 PBEFEWH K NSA AREO T E RS L
(HPFDERINZEZE B, Greenea tH&E £

HhHER R 4 EG X DT AL v RV AL, FU T ¥)THE, 2010 05 EU
Fuvzy e LUTERM UCO 231 47 ¢ —B/ARELE U CHFIE T 5 FEGERERTT D
. ZThaeE7 VI EU BlUcRAS N 2 & Loz,

EU T» UCO FZEAREE A LT ROV Tid, 77 2D UCO 7 & — 5 —Greenea
NEEEZ VU — 2 RZ#Z%E B2 (International Council on Clean Transportation, ICCT) 7>
LOZLEFLHA L LTE LDz EUICBIT 2% EM UCO N4~ 27 L OBRRER I 54T L AR
— b “Analysis of the current development of household UCO collection systems in the
EU”(2016/6/14)6TE L HAL TS, ZOLAR— KT, 2015 R0 EU 2k o it
MOERK S RO UCO BIE SN TND Z &b, BIEMIZITARM 80 7 ~90 7 k
DL O UCO BFAL TWD EHEE L, 4% MEESEmA R EIN AT 5 2 & T,
2030 4% TICHERM 20 7 b OEIRA AT ERE L T 5,

- KFE LW (HVO) o> =7

EU Ok S A B O LLRITHBIAE 12% £ TER>THEY 205 LERMEBR HVO
% 15%% D DKW &> TN D,

H1E. Neste, Eni, Total %3 UCO 226D Fua v 7 A 2314 F HVO O pg 3EERR 21T -
TW5,

HVO (X UCOME X° FAME LV ~v—Y R R& <, GHGHIBIE L KE Wb, 4
DFBEEMBRIAENRLTND,

L R & GHG BB R
UCO OBRHE T 48200 5 FBER © /N ORI TR < L i TH-RORE AN T T 3570
b RBOFEINEHE L5E, ks GHG BIBAMR T, A—J L  ofiinmss X0 b

6

https://www.theicct.org/sites/default/files/publications/Greenea%20Report%20Household%20UCO%
20Collection%20in%20the%20EU ICCT 20160629.pdf
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UCO RERIE D & 5 e BEEEM HORIFEEI S ERIRICEMICH D EEbTnD,

5 4
(USDI-2+)
e - HVO&EEE([ZESTIE
High | e e i+ L GHGHIEZN R D
L ASURAEL BB RIS
. EGHGHIRE O EmCEA
Medium:
| K=
uco
VEHY
- IACYIY | i !
Low i ERls
| v ——— GHGHIEMR
Low T Medium ~——High (%)

5-3 A AT 4 —BIVEEHIAE & GHG B8 R o B

HVO (3 UCO REEA 5 fli& S 4v. GHG T RIZ O W T b A REHE I X 0 bR
TV 25, HVO BUEIZfE O BRI L0 REREND D, BT £ 3-3 TIX, FERHH
RiZAN—LflERE D b 8EFE< GHG ANV W EFIsn TV D

5.1.2 /A A PREHE NI AR D Bl S8

EU 1331 AREHE A A2 2 255k LT GHG OXIRAIEICAE L TWA R, FEOY
V) RO N T NT DL DT, AN A O EEBLE O A b EIZ K o T
B DT,

ElxWVz, FEPSMBAICRETE 52D TR, EU O FREHE AMEEIZETE ST 5
MEPOBLE THRMNEBSDEFEENLE LR D,

OzEE
Frfge rIRe 72 iR AE T REBR B 2 fibfa L2 BRICRITS D 7 LY v & (Renewable Transport
Fuel Certificate, RTFC) ®OFEEHIEIZ L W EAMREL K> T\ 5,

@RAY

HILT A I v a Bkl (Bundes-Immissionsschutzgesetz, BlImSchG) (2 X 2=
NRA A Y TIZE D, ARG EETICH L T—EREDO A ARELOE N % G
TW5,

2015 4FED /A A PREFEN D 2 TIELIE T GHG ORIEA T B L S v, Al G F £ I
A FBEEOEAG R (BAE N — ) TIER <, BEAEE T 2 8080 GHG HE H HIEER A3
BHEMT T,

FDRH, IV, Ta—EL NATREOERICHTZY | Aba BB B EE 1%t

7 SRR 81 AEEGIET R X —FRIETE (N4 FRE AL E LN E OB BIEDOLE Y
FIZBT DA
https!//www.meti.go.jp/meti lib/report/2019FY/000446.pdf
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LT GHGHIRENED LI, Wl ERWVWEEETAT A RBRINIHELR>TND
729, PRHEBRBOFVERH~OERBK LA TVD

@77 A

2005 FEDEMIEF 32 KICLV, HY Vv eF 4 —BMIHTHHEREERAB (la
Taxe générale sur les activités polluantes, TGAP) RNEA X, HV Vv, T4 —ENL
DEEMICF LTRSS L LT,

F D%, A FRELEEA L -d@k HREHIx L TiX TGAP &AM A NEHESBL (La
taxe intérieure de consommation sur les produits énergétiques, TICPE) D#fiikiE %
EWiTHIEICEY. N AR OBEAREILRK L TE T,

TICPE % 2015 4EI2#& T L7223, TGAP 1334 A Et 0B A BE %2 R L - B EE o0t
LTHABHENELONTEY, FELOFAREM T LR oTW5,

Bl 21X, 2017 X, T4 — BNV ORFERIZED D25 FREOFIEG D 7. 7% %2 B2 -5
A TGAP IR, BERZEOHAIX. REFITS LU TR I,

2010 48D TGAP IEIC K V| FMBEOFERIZMIT T, BEDLEREH KD A AR
B 2 et LS 2 K 5122073, ZOHBEOEAIZLY | 2011 FIZKEDOFEREY - BE
FEYHENAA TREOBMAICER > TLEL D, BEZXERBIFEINLTWVS,

DAY =z—FT v

NA FREHZH L T =R F—BiC 1991 F£E A D CO2 BiOBH. 23T, EU OF
AFRET RN X —RHBRICESS FRATREHEEEOZER Z K > TV, ZOREBLIMBI&
W7D LTRNEBZERESNOEEDOIERNBDY ., 2018 ENOHREREE I T,

#51 AUxz—F  OREBIRER

) ‘ TR E—R Co2 B
7 ARF O (2018/7L1FT— L) (2018/7 LART— L)
RAHF 4 —E (&8 BT 36%% B — 100%MBB. | 100%5ER—100%E:
(FAME) 5 18 FE~100% 63% R —100%% K | 100%% K —100%4% K
E10 88%% B —100%MRBE | 100%%ER—100%B:
NAFxH ) —)
ES5 92% R —100%% B | 100%5ER—100%5
WA FHA, s 0, 0, °, Y
T FOME HBEAREAE | 100%RKR—100%%8R | 100%%E—100%5% K

(t4Fr) Government Offices of Sweden, Sweden’ s fourth progress report on the development

of renewable energy pursuant to Article 22 of Directive 2009/28/EC




5.1.3 EU £l 3 BUR

Ny 7 A N FIREDOTREE R T-TT20IL, JREE D A A~ 2D ZEL 2D
D HABIR D LTV 5,

RRINBURF 3 RS 5 3 A ABREHFZEIZIE, ATMKT LB L TR0 RHATHAN & R
ShTWwWb,

FER I K FACALER 721 TREHME T & 2 3 A A~ A FEHZX L, KEELa— AR A
T 205 DREHME D B I3 TEALICE - TR & M T CLHE TX 531 AR (N
A FFHAN) ZET ZKBELET o 2AOBRENRTEE SR TN D,

Repsol, Eni EKINAMKFL T m =7 N A AN—L L THFRIZSE LTV 5,

TRIO27vaY=x7 ME 2020 FFITE T L, RENAREIND TEER->TND,

w BTtz 48 R
EC Expert workshop: Potential of Hydrothermal Liquefaction (HTL) routes
for biofuel production (2019/11/19R34)
ERINH20200D4883D) A AR T OS17 bR THTL /O ABFEZ S0 0517 b — ADIBHRET 0%
. Heat-to-fuel, European H2020 project
. NextGenRoadFuels, European H2020 project
. 4Refinery, Furopean H2020 project
. HyFlexFuel, European H2020 project
. Waste2Road, European H2020 project
. Bio4Fuels, Norwegian FME

U AW

ZO(Z, Repsol, MOL. Enih'EE,

v4REFINERY project

J{—F—: JIT-SINTEF, 75> ACNRS, AS>4BTG, 74252 RVTT, 231>~ Repsol,
T ¥ —DAalborg K E, mEE4Tech, J\>HJ-MOL

BIFEHARD: 2017/5/1~2021/4/30 (4h4E)

EUBHA : €5,965,474

v HyFlexFuel project

JU—h— ROV ZE SRR ZTI%RE) () \D Z - )L J R J7—)L (Bauhaus Luftfahrt),
FAW- A AR 29— (DBFZ), 7>X—Aarhus AE, Aalborg k%,
A+ ZPaul Scherrer Institut, F+{YHohenheimAZ, ~JL¥—0rganic Waste Systems,
AFPENI, 7>¥—%-Haldor Topsoe, JZ>AArttic

FAFERARS : 2017/10/1~2021/9/30 (4h'EF)

EUBNRE : €5,038,344

X 5-4 PR B 22 K 2 BMATTE AN A AREHE T e o =7 b

(HiAT)

http://www.besustainablemagazine.com/cms2/expert-workshop-potential-of-hydrothermal-
liquefaction-htl-routes-for-biofuel-production/

a2~ web A b

https://www.sintef.no/projectweb/4refinery/objectives/

https://www.hyflexfuel.eu/

5.2 dbk A

IO A FEHH RFS K0 gk LW LCFS 13, EU O A Alg = 1)L F —fF 5
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B DA FERBIERBAL K0 b A 22l EE R & B R M T bl TV b,

Iz 3 5 A L LCFS OESFR TE R WA REMENEH L D), K&k
FEEBEMREXY SDOH D,

AL, ALK, FROMINCE S E2 Y T, KRBREN O B & & A fR 5 Bl
BHEEZ F LD,

X 51T, B PTC O R FBIREHLE IR D INEF~DO FFE EFHICOW T L RE LT 72,

5.2.1 MINDT 1 —B/VEREHE B )

ISA FPRBE OB NN FEMRAY 72 N TUE, Fede S o A RELOHEERIA TdH %5 California
Advanced Biofuels Alliance (CABA) & VW L7/ L A — bk “A Roadmap for
Eliminating Petroleum Diesel in California by 2030” 82 ¥% 2. 201942 A 6 H., /N
HEIL, 2030 EE TN S AMART 4 —EL AR ZLITREE OFE Z1T V), 1EH
Oz,
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R
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&

o

m GERT I na BEAES —EI
F4—E)I)

5-5 N o ik FH g i 7 2 R am L
(H7) California Advanced Biofuels Alliance

IOVHR—FTIX, XM AT 4 —BARLHAERRET 4 —EBLEY AT FTAT 4 —E L
L. AMBRT 4 —E¥L LD H GHG BAED T1%HI D & LTnD,

2010 TN T 1% A FIZ o2 2T F 705 4 —E Lk, 2018 FITIEH 15% % 5
TWER, AHZRT A —EART_XRTCHRTFIALT 4 —EL (N FTF 4 —EL 20%.
FAHRET 4 —E /L 80%) ICE xH#ib 5 2030 4£ % TITiX, 218 6300 5 > GHG HEH
DHIPECTCEHLE LTS,

B L., EFED D\ ITH A OB 2 MG EE O EHR ST 2 RIS H D729,
REOFHBE SN TV RENO T B Y =7 BT XTI H B D 0TRIE BSF D 5630
H%, (X56)

8 https://www.caadvancedbiofuelsalliance.org/a-2030-roadmap
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UM RV TEAETRET 4 —E L2 8E L T 5 Neste 1E. KEA~EH L7223 A A8
B2 MM CTIRGE L7 H 7 LYy FOMHERIN S 570, b7 v 7 (a8l ke LS % B
AL 20190 FEREBEZX > TV 5,

BT OZEMENINTEIRG D8 MMMORITERHEEEaBAoBEn]aE T — I
HAEESNSIEERS,
ZOI8 . FREISFEARMMIZT TR BRMNAOEHEZEZANS,

M= BETTEET «— P EHREE N RIEL (020588855)
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u FEp
w jEeth
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m JIMULSD 2019FFE (PR Stratas Advisors=

5-6  NMNIENTEAERRET « — B L DG RE

5.2.2  KEININ BRI

JNTIZ LCFS HANZ X o TAA AT 4 — B DOFEEN 2 TE Y . 2018 FED NN
ERRET 4 — B RN AT 4 —BALZHET) O =71%10.2% TH > 72723, 2019
FEEMIZIZ17.2% I F TR B o7, 9

DN T, FMEET ik HREIORFERE CIL A 27 2R/ HL T, EHICA
BEL%ZLTHERMAREZITo TS,

N o FELEMECE AT Y U ik (CARBOB) &k T « — BV BRE O [ 35 580 E
XTI 100 & L, CO2 BEH DO EZ R L T 5, WO REHE b #1548 ¢ LCA
PN e B 720 CLIEDOWEN B 5, (4 5-7)

9 https://www.argusmedia.com/ja/news/2052092-renewable-diesel-makes-inroads-in-california
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m JINHAAREUC RS2 ERBUILRIEORREECI (CO2e/MJ)
Carbon Intensity Values of Current Certified Pathways (2020)

Last updated: October 9, 2020
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mN20305F COLCFS(AVY> . 8l) D=3 CIHIR20%BIROZEMIRR
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e 0
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Carbon i ities based on ite of line and diesel fuels
(IIj:IIFﬁ) CARB Last Updated 05/31/20
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5-9 M LCFS (2 X % pR32 5 CT DHIPEERHER & AR

R#EEE CI & LCFS 7 LYy b L OBRAZX 5-9 ICHKFE L 7=,

HMBRAT Y T 4 —B A REWRE 100 & LT, EMEMMEVIE E GHG AN D 72
KR HEETH D,

XTIt UCO 758l LA 4T 4 —F L« BAEARET +—F¥ L0 CLIER 21 & 85H
D15 L7720, KXIZLCFS 7 Ly MEEITREFEE 72> T\ 5,

IO VY y NEESTDLZENREIREEOA T A TR D,

120.00 3 — s ! ~ = = > $2.00
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2=~ 100.00 1
g s ! 1.5
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5-4 JIM LCFS OMEHFE CI A a7 &7 LTy b
(H77) CARB. Renewable Energy Group (REG) 10

10

https://seekingalpha.com/article/4302907 -renewable-energy-group-inc-2019-q3-results-earnings-call
-presentation
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NAAT4—)L (FAME)EBADIRET 4 — CILOCUIFEICIDEENH SN,
CIOFEBIETA ) - ILDED LT Thd.

LCFSix Z=®ECITII{EHTE (gC02e/MI)
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5-9 N LCFS 125 < R HRE D FLiE L JEJE

5.2.3  3A FRREHE AR D K E AN o B 3 %

T D iigi s FREHZ B & S D8 ABREHER Ik L, BIE, kT Y= 0 3FOR

#HERR (Tax Credit, 7 LYy M) AfEfEEn TV 2D,

7 Ly ME, GG CTE® T 58 RFS Credit & M LCFS Credit, FReBR I EE D

HA BTC 6725,

BTC (32 —#AR= % / — 3T G SRR IR RN ARETH 5B m — 2%
TH )=V EBRERRET 4 — BB SN, 3O LYy FERERT D E AT

4 —BNLOgEIE, B - IRFET D L 3.43 RAORBEEZERE 25,

AN, A ARERUIG - BT B FRAITEDCredite X TED,

A JIEELNS pEES
RFS LCFS BTC
Credit Credit (Blenders Tax Credit)
d->145)-)1 $0.30/gallon  $0.58/gallon 0
TIO-A%RIA./-)l $1.10/gallon $1.57/gallon $1.00/gallon
BAolager—t)L  $0.85/gallon  $1.57/gallon $1.01/gallon

-RINI#5, LCFSTZ(CT. GHGHIEEZNR(ZILU T, Credit®aldZE 195
-EFBTCHI$1/gallon(dBEIERHL THh. EERIGHECAZE 59D
1385, BTCE20228 R F CORFBRHIE

(tHP) DigestConnect webinar (2020/8/21) FHE(CHERE

5-11  URHAR/SA A BREE O Bl B B
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INA FEGEHM XA ——NHFROBET T o FROKRK KOO A 7Y 1 bR &L
—REFTHICERELREARANRLETHLN, WM CHONEBEGFA > 7T 2IEHTX %
TOBAERRET 4 —BREHLE IR EZ M CEERBLRHND Z L HRERE &
o TW5A,

®© RFS7ZLVv¥wy b
# 5-2 L RFS (KDY A 7L Bk GHG HI R

B iFEHPRFS(CLBGHGHIEZN R ORI 11— I
DAFNAANABET 1 —PINA1TE L, GHGHIERNERN50% OB 4 nlHE
T1—PIHEFNS.
A ARl FEDOH S (FHIMLCFSEFER S,

RIND J—F REI1T ERGHGHIIRER
Cellulosic ethanol, cellulosic
0,
D3/D7 Cellulosic Biofuels >60% naphtha.\, .
cellulosic diesel, Renewable
CNG/LNG, etc.
D4 Biomass-based Diesel >50% Biodiesel, renewable diesel, etc.
0,
D5 Advanced Biofuels >50% Suga_rcam? ethanol, renewable
heating oil, biogas, etc.
D6 Renewable Fuel 20%L T Corn ethanol, etc.

(HP) EPA

RIN O ik & BB 2 A 7N X0 BB R | BEEN DRSS T T 4 —E L
MEEDIRG & 72> T D,

miEFIRFS RINThiE{itEENm]
A ABRREE(CRINTIZ TOIL Yy MIIIEHZEEN 9 5.
DA(INAAYZT 14— IL)ORINMEE, DI —FO) A ABRBICLEL. [B_EADENS L,

Weekly D3, D4, D5 and D6 RINs Prices

D4

RIN Prices

2021/2/10 EPAEH

https://www.epa.gov/fuels-registration-reporting-and-compliance-help /rin-trades-and-price-information

5-12 I RIN stk #
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@ #H BTC

HAL BTC 28 2022 K E TO =0, £ < OKEMM LR AT 2B R o il 2 R I T
L. faiRHl 2T 28 12bh 5,

Bz, FM 1EH 2 (6,500BPD FHY) O/ FREHEFEREIZRT L, 118 RV O Tax
Credit NEZTE 5728, REHKEL R TEH L LD,

5.2.3 NN+ BA%E 32

MO =R —H MW T 7 v 77 L%, N =x1r¥—ZFH2 (California Energy
Commission, CEC) 123H Y 8] > T\ 5,

1Kk gk FRREHC B 5~ % SE AL 4% % B 92, Fuels and Transportation Funding!2
DOHZiX, EV % Clean Transportation Program (H4FH K 100 55 KAV D 7 7 > Rz
FRE)  EARIR BB O TR O A FE 2 389 % Low Carbon Fuel Production Program

(BEEMR T 7 > REOREILRD) INNOBRT 4 —B Lz P DRI — LR A E R
INEDFRUNZNEES A DT 0T T DD %,

EDIEH, BEFMRENEDO VY —r XX —OFEMOIEE%Z HIYIZ Renewable
Energy Funding, AN O KFE DMK 21T 9 Research Funding NHE I N TV 5,

oI B O e 77 AEDOEEEMBEMOILE T 0 77 MIHTTHHDHH D
FRICREEENCE T 2 Bt OfKimIT e T L TR Y . 2030 2T, NN TO CCS B2
22 RIAIN DAC HfidFE > A FLb—varou— Kvy 7OMRFEEICH D,

F 72 N THA FTREREF O BiLiE | i5E A2 T D RIS SAEBINC BRFETRE 2 H L, CARB
WCHEEZITOMERD D,

R E A FIH Lz A 88 (BAERRET +—8BA, B AT F T2y MREL
FAEAHE LPG %5) 2 83 2 BRICIX . EiE T — X OfEHR RO 6, £ DfE% ¢ L 12 CARB
MWER, XTaAZHZETHFIRERD,

HFEE7T 5 & CARB @ Tier 2 Pathway Applications ¥ MZTEERABR S, X7V
v 7 aXy NOWBNREITONS, 13

7L, HEEETOEMEILIT X TAF 7 andizd, FERCRIELICR DM 72
B IT 7220,

HHlE LT, Sinclair & BP ® 2 oo ERHEZ Y 7 v E L THIRE LT,

11 https!//www.energy.ca.gov/
12 https://www.energy.ca.gov/programs-and-topics/programs/clean-transportation-program
13 https!//ww2.arb.ca.gov/resources/documents/lefs-pathways-requiring-public-comments
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(%61 1) Sinclair Wyoming Refining Company :
AT 4 —BALER T T MO AEI4EN AT 5 HE
2019 4 12 H 11 HAAF

https://ww2.arb.ca.gov/sites/default/files/classic//fuels/lcfs/fuelpathways/comments/tier2/b

0047 cover.pdf
https://ww2.arb.ca.gov/sites/default/files/classic//fuels/lcfs/fuelpathways/comments/tier2/b

0047 report.pdf

Content of Application Package
<N CalEPA /L CALIFORNIA
Cattomi Envromensi '™\ AR RESOURCES BOARD 1. CARB Staff Summary for Sinclair Wyoming Refining Company
Pathway

2. Tier 2 Pathway LCA Report for Sinclair Wyoming Refining Compan

Low Carbon Fuel Standard
Tier 2 Pathway Application 3. CA-GREET3.0 Model in Support of Sinclair Wyoming Refining
Company Application

4. Air Permits

Sinclair Wyoming Refining Company (3994)
Sinclair Wyoming Refining Company (83388) 5. Following Supporting Documents Contain Confidential Business
0 Information:
Sinclair, Wyoming a. Attestation Letter
Application No. BOD47 b. Utilities Invoices

(i). Electricity Bills

(ii). Natural Gas Bills

Deemed Complete Date: 09/30/2019
Posted for Comment: 12/11/2019
Certified and Posted: 12/27/2019

Cl Effective: 7/1/2019

c. Faility Process Flow Diagram

d. Monthly Data and Calculation for GREET Input Values

JA—LIEAALT
ﬁ -

5-14 LCFS HiEEY 7L

(641 2) BP  Cherry Point Refinery :
BRAE O co-processing |2 Xk A FAEFRET ¢ — P AR ICE 4 5 B

2019 4F 11 A 18 H/AARH
https://ww2.arb.ca.gov/sites/default/files/classic//fuels/lefs/fuelpathways/comments/tier2/b

0018 cover.pdf
https!//ww2.arb.ca.gov/sites/default/files/classic//fuels/lefs/fuelpath ways/comments/tier2/b

0018 summary.pdf
https://ww2.arb.ca.gov/sites/default/files/classic//fuels/lcfs/fuelpathways/comments/tier2/b

0018 report.pdf

5.2.5 H X DIKRFBIREBUR

KENN OB & 13 ALK S M O R B OB AEEBOR IR L 5 2 TR0 . N
LCFS LI L=7 vy v FeHEZETeIEZL, Clean Fuel Standard (CFS) 2347+ 4 T
2020 4F 9 HIZHR I, ORI ZRET 2021 FRICHITTE L > TWD,
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BT Z1E 2050 4FE TIZCEMR e OBEHREICET DI EES L TEBY, CFSIXZDBURD
EERE S EMEY L LD,

CFSiZ. #V Vv, T4 —F, (T’ EDRIKBREIOY 77 4 v —iz, "iLFo
DEERLZIZHBT 22 LE2ROTND,

PREFZ &1 WTW O LCA Al 217 o T A 80 W B AR 23S ERE S 4L, 2022 0 HhhE
D, 2030 FFE CHEAFERIELEMT 22 L LTV,

BUFIZ S 0], KRR & EAREL S B35 2 L 25 E L TV 223, Eima iR T, IR
sk,

CFS OXR &7 D DIE, I ¥ TR 2 83E 72 13l A 5 24k, HAETRRT R /L
XF—RKKER EDAMAN—ZADBRE LA O REBERE 2 G T 2 R ESCEX BB EOTEIC
BT 248¥baEn, Z7vyy NeEETED,,

PREFDIRFIRE A HIA 7> a & LT, N ARE ARG T Vo R 5 2 L nEB
fFFonTkh, MCEVEERITE RN, 4%, BT 2HMICH 5,

SE
H

20304 (CmF Tz /374 DARRRIRAFARH

Provincial Mandates

Diesel Pool RFS %
Gasoline Pool RFS %
Clean Fuel Standard % Reduction

Federal Mandates

Diesel Pool RFS 2%
Gasoline Pool RFS 5%
Clean Fuel Standard: 10-12% Reduction

WIS BEMPREES) (17H'Fh)

800,000

g
g

400,000

barrels per day

2
o §

TrRyIMIE

yipghici:it

X 5-15 1 F & %I DK R SRS H R

AVHYAM

(DA FZ =3 v X —#i1% )5 (The Canada Energy Regulator, CER)

https:!//www.cer-rec.gc.ca/en/index.html

https://www.canadianfuels.ca/resources/driving-t0-2050-the-role-of-transportation-fuels-

in-canadas-low-carbon-future/

https://www.hydrocarbonprocessing.com/news/2020/12/how-does-canadas-clean-fuel-sta

ndard-policy-work
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) Vehicle Problem IK Petro

Vehicle Accident by lubricant and fuel

u
i (ol o Wi
3o

C&%ﬂ!
)

[clinder |

B
(J'

Normal Contaminated
by fuel

Explosion

+ contaminated engine oil cause vehicle defect and accident
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(5) = VU A ANFOREZRIET D72, SIMDISTIZE > TG/ F— AL
7
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P Analysis of SIMDIST KK Petro

- The boiling range distribution of petroleum fractions provides an insight
into the composition of feedstocks and products related to petroleum
refining processes.

- The gas chromatographic simulation of this determination can be used to

replace conventional distillation methods for control of refining operation.

SIMDIST Analyzer
(Thermo, Trace GC Ultra)
Manufacture Thermo
Model Trace GC Ultra
Test Method ASTM D 2887
Column 10 m * 0.53 mm ID * 0.88 um
Oven Temp. .Initiil ; 49 € 1 mil: hold )
Increase ; 15 °C/min to 360 °C, 10 min hold
Detector FID (370 °C)
v need to alternative analytic tool when tiny sample =

)Quantitative Analysis of fuel by SIMDISIN Petro

100 =

y=0.8411x - 1.5007 -
R>=0.9942

o 20 40

Gasoline areain SIMDIST
N 2 @@
8 & & 8

o

60 80 100
Gasoline content in Engine Oil (%) .
” ° Diesel Content
Gasoline content %
- v =0.4333x + 1.6792 N
gv R:=0.9871 .
= 5
&0 s
= il
g 20 = /‘,/’/
'é 10 7;‘/!/, =
i
0+

2 40 60 80 100
Diesel contentin Engineoil (%)

s : - . g 28
v possible to quantitative analysis for fuel content in engine oil
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: . K Petro
 Biofuel Overview

[ Foadstock }—-)( Processing }—)[ Fuel procursor J—)[ Processing ]—-)[ Biofuel ]
e
VO

Practical

Sugar/starch crops.

* Source: IEA Bioenergy Task 39 5
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- : 5 K Petro
*. Biofuel vessel_Bio-heavy oil

+ Substitute fuel for heavy oil produced by refining and mixing low-cost raw materials such

as Palm oil, high-priced palm by-products, and animal oil and fat to meet quality standards
animat and vegatabie Production Power Generation

=] e 1
b - . ‘3 m ﬂ m m

L B2
=iz 5 B -~ @
-

u.(—o—g—l. ”, -3-—0 -—CH,
—O— =R, *
u.!—o—g—u. Glycerin
R CE - C24 HyC = OH
. 8-
oo

) +

H=0=—C=—R By-Product
(Pitch, etc.)
(Bio-nasvy ot Main tngredicnt)
Power Plant of heavy oif

(4) oA AR & TH & ASA ARELE DIRE ] OREDR (RHRbY, 7235k
WAL, BFIR)

K Petro
- Biofuel for Ships_Bio-heavy oil

@ Environment effect of reduction Sulfur oxides 0%, Nitrogen oxides compared to heavy oil 39%, Fine dust 28%

mBia-haavy oil Emission Gas Results

&

B

©

37.1% |

Dust(mg/Sm3)
)
NOx(ppm)

w

@ o 100% 1 100% L 100% L
Fueloil  Bio-Fuel oil Bio-Fuel oil Bio-Fuel oil Fueloil  Bio-Fuel oil Bio-Fuelcil Bio-Fuel oil Fueloil  Bio-Fueloil Bio-Fueloil Bio-Fuel oil
(8-c) (a) (&) ) (8-c) [0 8) ) (B-c) (A (8) ()

1Mimd Bio-heavy oil Emission Gas Results

1s Nox Output
1%
- 1%k spe
Ts =
: ;
g° 8
3
3
o
% 10% 30% 50%  100% 3 10% 30% 50%  100% 0% 10% 30% 50%
(8-C) (Bio-Fuel oil) (B-c) (Bio-Fuel oil) (8-C) (Bio-Fuel oil)
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Development of new generation catalyst

» Key factors for catalyst stability
— Weak interaction of metal and support
— Coke formation
— Reaction pores block by coke

Active phase and coke on the catalyst Rection pores block

Fresh catalyst

Coke
formation

lAggregation of
active phase

Spent catalyst

(3) BEVNEM & ZEVEE R il 2 S8 9-25 712, ROCKET £ 77 v b 7 4 — A%,

U SOiETEAR i b & FEIE AL D RIPP IZRRE L 72,

7Ty b7 —ALTIL, diffusion FY XNVEZHEL, TV T4 72 A b~DT
IR AN EEODIZODA Y vy KRR LN, 77T 47727 = — XRiEIE S il
EN. TI7T 47 %A NORENRIEENEE SN, SoBIEHEMERR L, &
HALOR L ZEMZHIMSE L7202, RN GE SN, 3 — 27 2ADBMITETE
WEE LIEEMREZ ST 5 28I ks THLT 2 ENTE DL, a—7 A E

LI ENWTED,



(4) UFAF—2L

(5
®

Catalyst preparation technology platform

Reactant-active phase Optimization & Cost-effective Key Technology

[ I I 1
I th imize th Highl i
m|.)rov? e Opt.lmlze e ig y dispersed Rediice coke
diffusion active phase active phase =
2 formation
channels precursor preparation

@ P

ROCKET technology platform

PN A B R
18"3 b Aol ke E

X, RIPP 7 4 —E /A R LB il e D% 779, RS-2100, RS-

2200 3 X TYRS-3100 (%2 47 v M ELffT 2 BRI U7 iefr O T 0 . 10 ppm DR 2 1E
DT Z LR TE S, RS-2100, RS—-2200. RS—-3100 4% & il oo 4k 2 305k U7~

Relative HDS activity

R&D of ULSD Catalysts

« Evolution of RIPP diesel hydrotreating Catalysts

@ B AL IR TR
SINORKC: AN PR L~

ROCKET
[C) 10ppm
Sulfur
RS-1000
>
RN-1 RN-10 RN-10B
> ¢ ®

1985 1990 1995 2000 2005 2010 2015 2020 2025
Year

LA fae it DR TR - - e
5 ft:#%100083 At e

) B R
fi e 4 & 2
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EMEOBEERFZOVEVEAE . ROCKET #7777 v b 7 +— AL &
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—AXFHEEE L= X b

—fE VY HDS, HDN & EhF K OVE W22 e T

@ RIPP fillitrx, BUMpTD & £ S F 2R & B 2R T o N TE



4. LTAG/LTA T2 )uP—%fFER L~ FCC LR L — NOEBEILICETARA N TFF 7
T4 A (FEH)

(1) PEFHTIE. OF 4 —BALEEOR . @QEVWVRON DO H VU v Ok 72 E. ©®
X0 &SI EOA L E~D 7~ DEFRETR>TWD (T YV AR DR
METFLTWD),

(2) AR T o2 2ANITBW T, BIERMCEMZ NS, FE LTH Y Y oo
NERET L7 e XL LT, B MEENH D, 20T nk 20RO 5 B
VU X0 @A OR S IIEER I £ 7o I3 R & RTINS,
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Selective Hydrogenation of LCO<

Hydrogen consumption:5.12%¢«

s

. L____________I
s Lh3 Hydrogenconsumetion. _%-Ha
/ 2.12%¢
OO hydrogenation
——
C,Hs H C,Hs
Di-aromatics« Tetralin structars Decalin structure<’

tt ot

1
1
1
1
1
“ 1
1
1
1
|

O
' .
O lewirceseeersien: B High hydrogen ¢ sur!'lptlon and

y non-target hydrogenation product<
B Targeted hydrogenation product< B Low ROgN fo?gas?)linee‘ p

-

____________________________________

Tttt 1t
- 4

* high saturation rate of PAHs«

* high mono-aromatic hydrocarbons production«

(4) LTAIZ. woﬂ4%mﬁj~bx/%&mﬁ%h%ﬁ THZ LTk, o7 LCo
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(5) =1 —
O AL — NHEOTZ O OFERR FCC Hifi1k, Himogt s b

@ LTAG #4f71%. PETIALS #@H SN KF L SR 7T o 2 2HAETHZ LI
YoT, Lo L0 EEHWRINDH VY NIEWT HZENTXS
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5. BARICBIT BKFEEE L HFS (BT 2 HAHIREICMIT TO JPEC OiFE) (BA)

(1) ARISKFHZEMEFS DI, B EEREE ORFPERE 1IK) 2 FANKFE DO

PN e O
Z ORIV TEEZLHAEIT. 2030 EDKFEO RN 300kton, HFS TOHAKE DA

KA 25cents / Nm3 IZIEIEEE LV 30yen / Nm3, HFS DA 900, FCV 25 80 H T 7%
AZ L, 2020 FFRD HFS # D FIE EE L RS0 BEE L 160 (272 5,

Hydrogen Basic Strategy in JAPAN ( becemper 2017 ) «

| y chain+
Fossil fuel-derived hydrogen+ -Es ragen CO2-free hydrogen+
Suppl [By-product hydragen and natural gas reforming) + an nabogy Fro rawn cealx CCS, renewalle energy utilization] «
i
amestic renewable energy
Supply chal coastruction demonstration, scak-u) 3

Cumantds N = {Aeference comparizon] ¢

. . Nataral gas Impast volum a4

10 mitlion tons o 25 million tonsfy+

2,000 tons: = 40 thousand tons:

“1 (Depends easily on pomer comssmption)

Matural gas impart price

= 100yen/Nm? = 20yen/Nma+ 16yer kin‘r:ﬂ
- - qul e

{station price)- (Less than1/5): B :
o ye h— 12yen/kWh- LHG tuermal pawer

- 3> (G il stage) Alternative to gas-fired®  peneration uak prices
(-rechnalngy de'-lelcpment stage,) . Wwersmz':m" . 12yen/Nm@

- - | B AR AHANAG S '

el e = 5-19 miMan tons is about 15-306W in Uity N

generation facilities

terms of gower pereration capacity
132GW+

sumber of gas statians

3 Roplacing gas stations by 31 500
Impraving profitability: *

Self+
Replacing gasaline-powared oo por o
cars by technalogy progress: (I

% FCV/HRS™ -+ and coct reduction af fuplca 520 mlllmn
3 o2 palf af 000
a0 s00 hana0e S > 10 FC conuersion of large-sized-

Hehaistananca of hydrgan sussly netwark by
Eonparatinn wrn g ssnis s wehicles:

c
8
8
®
@
-
T
o
g
£
=
=
=]
=

FCe
Num ber of bousehalds

Utilization Ensfarmy - Alternatioe to conven: ticnal:
=2 220,000 Jse”_m,im | > 5.3 milliom——> e o
(et etance ] - |

|Source: METI's wehsite. |+

(2) METI |Z. /KFBEAWME 2 W RICER T D701, 2019 45 3 HITKkFHE

- BREFE I
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2fEMA~ENRT 270 L, BRIy a2 NEEEMIREEZ R LT, ZhE3 E T2 —
NG 1L HA—a CHI L7 Z SIIZIEEE L <, HFS OEM =2 &2 MIAER 34 55
M225 16 B HMICHIE S LD, ZAUVHIEFER 30 T —r B4R 120 T2—r(2iF
FELIRD,

(3) WIT TERIZBIIDKFAT— a COEMMOEELR] 2350045,
AU, NESL QB - AR ). TENEYE - Btk TAETA R4 0] hoid
KFEAT— a BB« REEZ R LD, T b OB, EHENRKFE R
T a Y OREMRRITENL > TV D,

Regulations and standards related to hydrogen stations

/Laws and Regulations\ / Code and standards \ / Voluntary guidelines \

* High Pressure Gas Safety Act
General High Pressure Gas Safety
Ordinance
Container Safety Ordinance
Designated Equipment Inspection
Ordinance

*Fire Service Act

+Exemplified Standards for Ordinance

+Japanese Industrial Standard (JIS)

*International standards (I1SO TC197)

*High Pressure Gas Safety Association
KHKS

«Japan Petroleum Energy Center

JPEC-S

*Japan Petroleum Energy Center

*The Association of Hydrogen

JPEC-TD

Supply and Utilization
Technology ( HySUT )
HySUT-G

*Building Standards Act

*Industrial Safety and Health Act

*Petroleum complex disaster
prevention Act

&oad Transport Vehicle Law/

«Japan Industrial and Medical Gas

Association

JIMGA-T-S

Ay

S J

Ensuring safety of hydrogen station

- o

(4) 2L T, KFHESVDOTHD JPEC DIFENZ DWW TRHLHT 5,
F9. BFOBS AR, LV AENTARRREEELZ YR RT LI LICk
Y. JPEC IZBUEDHHIOUGET ZH-E L TV 5,
AT, FTLWEHER NI LT 5,  JPEC IXE 72, HFS O LWk, 7= &
ZALHFS, BEERTE AR, EHEE 7 1 b avie EOEMIRA O FEHED H R A VERK
LTWa,




(5) HIfE JPEC b > TW\W5 INEDO 73
HATIE, B EEERNKE LY BIEA20ITEY, ZOEWOHBIL,

Why JPEC is taking care of Regulatory Reform on HES ?«

JPEC's activities for creating Hydrogen Society+«
- Review of existing regulations~

By presenting more reasonable and useful safety standards to the authorities,
JPEC is proposing the revision of the regulations.«
- Establishing new standards+
JPEC is also making drafts of new technical standards for Hydrogen stations,«
e.g. the standards for the periodic inspection, the distance between dispenser«
and public road, very high pressure storage vessels and Hydrogen fueling.«

Standards regarding allowable maximum

temperatures and safety valves of
hydrogen containers for trailers

H, Trailer ||

High pressure
storage vessels

Hydrogen fueling
standards

Perlodic safety

Distance between dispenser and public road:
inspection standards

this April, 8m = ith proper dispenser structure
Fig. example of JPEC activities—

ALEEERB L OBET 5% < ORMI & HEELETT 52 LIk b0,

INHDARNEZLTHZDIT,

PE LT, WL OORBEIZ T TICHFZE % 2017 E X VG L TW 5,

Construction Cost ( Initial Cost ) - Construction Cost ( Initial Cost ) -

400 ~ 500MMM¥s4 ~ SMMEe 200 ~ 300MMESZ ~ 3MM e

Izl Cperation {pst.{ Running, Cost) Cperation Cost.{ Bunning, Cost )
A0 ~ 50MME S04 ~ 0. 5MME« _— 20 ~ 30MMESD2 ~ 0 IMME=

—

common materials selected by owners+
|mater|al & machine only defined bv ordlnance etc.: 4MM5\] with lhEIr responsibility: 2 SIS

A ’, self-fueling not: reformers zelf fuellng'
permitteds permltted(
high press ua;sels Mien press, vesseise
A
dispenser

_% \ dls‘pensEr
cvl'm:ler bundle+ cvllm:ler bundles F

resident of safety controller or+ unaﬂended station wlth(
safety chief, necessary: 0.2MMS< remote monitoring system:

METI: Ministry of Economy, Trade and Industry

High Pressure Gas Safety Act and related many Ordinances and Standards«
mzake construction and operation cost more expensive in Japan than the States.«
* Regulatory reforms are necessary.«

| legal safety Inspection{once/y): 0.2MMS & 30days« J self-inspection only (legal safety inspection not neoF_f»sarv)<|

compressar

very small leakage =+
prohibition of business:

37 issues determined (2017 June) and already started studying them- 4
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B A AV T 7 AF U —~OHEHUI I OM 2 2 TR T 2 /TREMEDR & 5,

B 2. FAEFRET 4 —EBL - Vv MRBIOAFERM &S %O RELIT?
[m]ZZ

Frfge iTRE 22 zeREl (Sustainable aviation fuel, SAF) (%, kDY = » MRS Hoig L
T, EBRDOT A 7 A 70T CO2 HEHEAHITE 5, SAF 1X. ASTM D7566 (ZHLE i
TR ST 5 £ 0 ICBE SN IEAMARE Y = v MRBHEA & LT, BIE—RAIZfE
HEINTWLIHETH D, Zib0BREHT, UANIHAEMRY = v MREL &Yz MR
Bl FRAEFTREMUZENEE, ARERMIZEREL, MLZENA B, A AT = > MREL E 7213k
AIREZR R Y = v MEREL & FEITI TNz,

SAF Z0tkDY = v MRELEIBET 25 &, ASTM D1655 12 A L. BEfEDOMZekE0A1 o
TIATHEHATED LT85,

SAF IR ENTEY ., 2016 FEnb oY P AEBEZER T A T v RHZEIc k- T
fEHI S, 2018 ENBH 7 T v X aEREB TR S TS, 1 DDOEWN SAF 4
PERERX S 2 BV ATEM L TR, WL OTEFT £ 3G EF Th 5,

EIA @ Annual Energy Outlook 2021 |(ZFt# ST\ 5 K 912, KEDO AL 7 4 —E L
FEPERNT 2020 D 11 5 b/d 205 2023 121X 13 5 b/d 128N L, 2050 4EF TliX, =D L
UL EHERFT D E TSN TN D,

B 3. trm—2FRTH ) —iE, HEERELE L CRREMERH D D02
[EIR2a
BE, Bro—2Rx ¥ ) —OAERIT, RFSIZESL LIETO B 0 03B 21X
B TFES TS, @MWAREI X MIINA T, Bre—RARxTH ) —F, a—2 RAHF—
F7 EOMDIKT A hDOF ) —VFEE O L WBERICIE R Lt T TV 5,
RFAIZLED L, a— U AF—FIXKEOTF ) — )VAEFERE IO 94% % HH T\ 5, L
0 —ARNA F AL, NAFZH ) — VAT, D 0.5% L ED TV,
S5, KETORLN G —ZAFRTE ) —)VOAFEIL, EERBH D ORVERIE & AT %
BEIZRKEKGFLTE, EEaXINPMETFL, oA 4= ) — L EFHAETEDL LD
WZRLRWRY B —RRxH ) —/LOPEEITEE LV,

2. 7 KEEH®E (USDA)
Anthony Crooks [k (Higher Blends Infrastructure Incentive Program 1) & Anthony
Radich [X (FAERTRERELO Tl & g b doY) (1TEfg L, UL FORZE A5,

B 1. BAERRRRAAL AT 0 — BV OENEEORDL & FEE OB RIT ?
[

2R T L 91T, 2019 4F, KE DAL AT 4 —BUVAERITN 1TET v T, 2018 4
D 18ET 1 B Lz,

2020 FEDOHIDOITIX, 91 DA FF 4 — VB IVAFEZE D KEICH 7=, KEDO AL AT 4
—BNVAEFERN O EE, FIZTA4AY, S A=V, 4V A4 DOHAHHIEE (PADD 2)
B D, A AT 4 —BNEFED EAL 15D 5 B 9MITHFTEEIZH U | $EROMRE EIT 15
EHa ETHD, vy x—[LkE (PADD 4) ZBW T, folE & A L ofukicix,



Fal L 12 DAL AT 4 — VPR N 5
2020 FFOFRFER T, KENZIX 4 DOBEFRET A —EBLT 7 FBRBHL T, v
£ DT FINC 2 SORERNR B Y . 4R 9,000 FH 0L A EETE S,

Tuu
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0 —

2001 200

2 KREDOAALFT 4 —B NV AFER

B 2. Baa—RR A FIRE O A FEEHIN O FLAIIL ?
[EIa
FAATRERREHEYE (RFS) 1, KECRGE S Dk FREHT ., B — 2231 A BREH
WA F AR—=ZADT 4 —BREL, IR SA AR E O FA FTRERRE O B/ MRS & %
FURTHEM T 0 7T A THD, RFS Tk, WA RERE 2 IREHZIIRA T 5 B & |iF
BN 252 22> TEY ., 2022 4FF TIZ 360 (BH 1 TINS5 Z L iz > T 5,
EPA S RFS 70 /7 AEEH L TR, EEEEBEIOATAREMHIZE SN T, &8 T
T DORBEEDOEMHZREL TS, LML, EEOENLT—ZXZ A FTREOAFERIL,
EARAIRENT EZICRESINTETHEEZ TEIS>TWD, 72& 201F, 2020 Fi2iE, EFIT
105 @ a Ot —AR A FRELZER LT 223, EPA T HEEES 515 9000 747
0 A FHEIE LTz, M0 BRERZEMIT, REBEOARR, %5 XEOME, Hilio%ik,
HIEUF NS OO AR 72 L, WS ODDOERIZEDHDThH D,

‘&[] 3. Higher Blends Infrastructure Incentive Program (HBIIP) ®OHUY fHARIIE (Rf
(ZEEJH > B20 SHADATEEMEIC DN T) 2
[EIFaa

USDA (&, E15 oA A7 4 —E/L (B20) Z2E XD, SHIZEWNT b2 FHRITHIGET
HledDA 7 Z8i 7 v 77 5 (HBIP) Z#%3L L7z, USDA (%, ik HEHEG I L Ot
NAFF 4 —PAFERIC, kK 1{E VOB E 24 %, HBIIP 12 LV, 2020 4F
WO = & 7 — LT, 150 @ e U ICkE Lz TIREATW S,

2020 4= 5 H 5 H, USDA X HBIIP && DA D FiE= T 2 Bth Lo, efo REE kI
202045 H 15 H~20204- 8 H 13 H TH-7=, USDA (&, HBIIP &4:? 2 [A1H ®HGE%
1% 2020 4% 12 A 21 H~20214F 1 A 19 BIZFEME L7z, ZAU2 LY K 2,200 J7 /AL
TOEETHMEEIZR D,



E15 72 &, =& 7 — )V OIRAED 10%% 2 5 @A R 2 WA 28 0 faihpT, 22>
B AR N7 RGN, KA — R—<—2» MEHET, 7V — Mgk, B&
WRIEEDF IR,
B20 2. B%EMBAHNA FT 4 —BILZIRAE LB Z @R IS D 7D 2 —3
FoVtisk, BFERAT. 3 X OMRED R — kT —,
Crooks [KIZ X % &, USDA 13 2021 Fi2id, 2Bl EO&EERMEE TEL Tk D
EThHoT,

2. 8 AVx—faijhiatt (Chevron)
Chevron DU > b F T 4 AZH D, HIHE, ¥V AN — A& T I NNV AD~ X —
V¥ —T& 5 Jason Larrabee [KIZ3E A& L 7=, 7272 L. Larrabee KIZBFF B OHMAE TH Y |
WS OPDERIZ DWW TREIET HREIELT L H R0 o7,

B 1. COVID-19 2T, H YV o EBMITKIFIERELIZL ) THHIN, Vo v MEEID
FENREAD L2 X3, BHATIE E D X T Lz ?
[F
Chevron 1% 2020 4E12 = v MREBIOAEFEZ B S MIHIE L7725, SMproApER Yo &
INTFHE L7252 W TiE, BTSN ho i,

B 2. BUHET~D AL <° IoT HEAIZIZ, ED X 5 3B EB e S h (U TV A L0587
AEPERN AL, BHEhER - B b L) 2
[EIpAg

Chevron @ 2021 FFLIRED L H G0 L, HMOMREZ B -HES~L—a ¥
—HIEAL, UL T 7 av—Y ) a—varERFBIOERL, 7— X ok
LS EDLZEITED, AEEELEDROBEEZIDIZERTDHZETHLD, ZO/RT,
Chevron |%, #HMPTOFE L mO | BAK~ORFHIEY ORZEZHER L, ~— 7T 1 7B X
OR7EY —/v & 7 at Z0fkGR e T v # b xz B L T\ 5,

Chevron |%, LW O REBE £ TONY 2 —F = — 2K %18 U, B 0E 4% K
KALTHERH YV 2— a D ERGIICHER L T D, N a—F = — it (47
TANAYT—) TUXNLYY a—vaid, V=T ey OEIKNE X OT VXL EORES
FHO1DOTHDH, LR edtm, 23 5 ~Oiul 72 xtin, £ < OfFHRICHEKDSN -
BB LR ORINOT- D12, ARSI NTT — X &2HEH L TY 7 ¥ A A TEIZEES<
BEREREZ A[REIZT 5,

Chevron |%, /XA H 7 —Z BLNPT CIR SR T AR — NV ORBER ZBiG L7z, 21
WCED RIS EIEREHE— ROREBEFML, MRFE YV 2 —a U EIBRTEX S,
Fo, AR — V2R LT, RO 10 OpgEEiR TR D/ T 4 —~
A n) kST,

IHI, =T ar TR, 2 VT ) SRR EENGT VA NNT —HICETET D,
ZhCkY, V= Tvu—otE, eyl FORMICEDbEI Sy r—Ufk, ar 7T
AT v ADEL, BEEOEH, BIXOBS I OFRIZ RS 528 206 2. B3 LW
FEREN RTREIC 7R B,

B3, BUMATAZMSE L CARA A 7 7 A F U —|Thsifd 28 & 23, YRS <° PADD3 CHifh
HDTWDHN, ZOL D REEIIIERT L2002
[

Y T A N=T IOt 7 REGHETIL, ASA AR DA TR 2 EFETE 5 &
INCEELREELZLEFE L, 22XV, Chevron i, BV 7 =T IOz L& 7 Nl
Mt X O » FE L FEGHFTC, Tier 3 A Y U r, IMO2020 (24 L 72 (KA S AR A
BREL, BERTRET ¢ — B2 EOMRRFBIRE A EFET D7D OB MA AT TV b,



B4, NAFV 7745V —DSMNTH, BEEW, BES T AT v 7 RN AT A HlT 28
AT D ABENEIL S D2
[

2020 4= 10 A . Chevron I CPChem D& ER ) YA 7 A FiE#FEH LT, 77 AF v 7
BEFEM IR U =T L > O RFERR O A pE 2 K [E T Tk L7z, Chevron (%, PR
TIRKREZE VY 2a—2 g V&R TE LT 7 ) oo — 2B ET5H 2L T, =T —i5fi~D
HAESBHO 1D EAEMT WD, 7272 L, BT 7 AT v 770 EbIRE 2 8E 3 5 8k
DNWTITE K LehoTz,

B 5. fMATO CO2 BB RIZED L 21D 5o 0 7> 2 £k A9I21X CCUS 72 & 1A
T B AREMEITH D D2
[EIPAS
2% 10 4[] C. Chevron |Z CCUS OHF5E, %, EHIZ 108 RVl EABRE L TX 7,
2020 4=, Chevron |ZKE=T X /L¥—4 (DOE) 7bH ., BREEZ O A CO2 Z[RIINd 5
Hiffi 2 BN E AT D120 OE w5 SN, ZoHT, 2V 7xr=TMch b
7R rOH—)EHETT A MER5, RftE, "M ay N7 MUETH S, FH
10,000 b > D RFMEIEE OFREF, Ba%, Eis, 7 A F&2FHE LTV 5, 2020 46 A,
Chevron (37 4 —/V R NI A T LD FEED {E¥%Btt L7z, ZD/~1 2 v k CCUS
Tuv=r M, 2022 FICREEEIND TETH D,
2020 -, Chevron (L3 > HAR—/WVESMIEUH E D Y =T MM L, TR
— L TRHIIDT Y Y — v RORRFE T D ZE2HFETH 2L TWDS &R
L7z, ZOaTRlb—yaid, RRERE EMFROEERBICORNDLAREEOH D, &
FEIZHEA ST R X =2 DOE CCUS Y A7 ADRRZM#ET L2 L2 HAE LT
W5,

. R EAEER
. 1 DOE OFEZEW FET T AF v 7 2 E D OFAETHET 2L X —F 72 136 BHEER T O BF
72 BH R N[

DOE O AR R XL —DOIFZERRR 1L, ENL = VX — s aT (NETL) &4 —7
U PENAFZERT (ORNL) IZHEH LTS,

Blo, REFH W—FRrUHA270) FYurF ML T, DOE X CO2 5 L UM 5k
FRIFEWMOK 2, MR TRIFMN, D> OBREEICHE LV G CrRiE RIS+ 5 -0 O f
iR A2 BB LT\ 5, NETL 2338425 DOE & [REFH 7w 75 ) 13, BREH A5
F OV L2 BER SRR, AR, BIREERIY (7= & 20F, A, AL K &
OB T 2L —) | =RV X 7, AL & a0 H 5 %< oG B IO H®EEY
wAEL TS,

RFEFNAT 0 7T K%, LLFD 3 >O3EE > T\ 5,

B A W IRERD AT — A A~ ADREER I OVEESCKEREY AT LITEH
% CO2 OFIF, BT AT LCTEEINTZ A A~ AL, B b5, - 8)
W Ao, HEY 70 20 b BIOMOR R « 8B IOIN TE# N T
Do

BREFRS L OB ~ DB — Ff&BlEh & L CoREC 7 L v REM D S IR LS
i BN « R ERU LSS £ TRIRIT D72 D E AT Il e A L~ CO2 ZH#h, 7
PR IRIZIIBV LY, BRbF. BT, ks, I 7 XA (bF OGS, BEW
WA LD TFERGEND, < OEBBEIEIT., OOV AT LEfitET 2
OB RN X — 2 KT D7D, L E I TG T e A2 0B ET 5,
Z OREEEIE, FEERFZABUREL (behh, T ATy 7 BRXOREMHED X 5 72
B RFRL 7 ORI AW TE 5,



© R B ~OEME - TR R — F e A PBIOEM, 3 EREEES L O
B2 7 8 O MERERLEL A A ET D CO2 DU, M LIRHEIL, BE ST b,
BB, B X OO ESED D DFEEBEIEY & & e 7 V1 UVERIGHENC X 0 b+ 5,
T — R F— MEHT, FRCEERRPEE~OFAIZE L T, CO2 DA% IR IR
iz 72 B AIREMEDN B 5
DOE ORFZEFAR—=F 73 VA TIL, 7=l FORFEDREEL X OE#ELSHL~D
CO2 B HE S A E VTV D,

WHOLE ALGAE o

BIO CHAR NEAT FUELS & BLENDSTOCKS

R COMMODITY, SPECIALTY
BIO CRUDE OIL &FINE CHEMICALS
FUELS &
EPOS s cﬁ:ms EMERGING
QUagy, ¢s® BIOCHEMICALS

PROTEINS

CARBOHYDRATES  ©

BICARBONATES B COMMODITY,
INORGANIC a g:&i; SPECIALTY & FINE
A . CHEMICALS
CARBONATE MATEIEALS } CHEMICALS
AGGREGATES >
CARBONATE C2BASIC CHEMICALS,
CEMENTS GRAPHITIC CARBON

WORKING
FLUIDS

OTHER MATERIALS
& CHEMICALS CO, SYNGAS,
/ C1BASIC
o CHEMICALS
ENHANCED RESOURCE RECOVERY
CRUDE GEOTHERMAL
oL \ ENERGY
NATURAL GROUND!/
COALBED WASTE
METHANE WATER
3 DOE ORFEFM T a7 T Lo
Algae Conversion
WHOLEALGAE . *
' (7.5 projects*)
NEAT FUELS & BLENDSTOCKS

BIO CHAR

BIOGAS, SYNGAS s COMMODITY, SPECIALTY

BIOCRUDEOLL ™ & FINE CHEMICALS
S EMERGING
e BIOCHEMICALS

PROTEINS e

PARBOHYDRATES ¢

COMMODITY,

BICARBONATES
INORGANIC SPECIALTY & FINE
CARBONATE MATERIALS CHEMICALS
AGGREGATES
Current Carbon
CARBONATE (C2 BASIC CHEMICALS,
CEMENTS GRAPHITIC CARBON

Utilization Portfolio

OTHER MATERIALS
& CHEMICALS CO, SYNGAS,
C1BASIC
CHEMICALS
Production of Synthesis of Fuels and
Inorganic Materials Organic Chemicals
(9.5 projects*) (30 projects)

*Some projects incorporate multiple conversion pathways
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2 KEIZBIT S EV, F3EorEOREMO GO T A

2010 =, KEOILHES & HE R PERE I E 3 2 EN O BRI B Fo K ONEHRRD
AN, SEEEL T A 6 O R FEPEH & IR D 72 0 O i B A 2 9~ 5 BT, E
A =77 47 (Transportation Climate Initiative : TCI) %36 Eif7=,

202012 H 21 A, ~HFa—ky VM, axT 4By M 2= RT7A4 7 NN
OFFE, 2O W anr BT RRIXKG R, RSy 77 K hL— R
075 KA TCI v 75 5 (TCI-P) #%F L7,

TCI-P 1%, #Y Y | @O REURALFGEF 125 L, TCI-P 2SI L TV 5 EEX T
WR5E T D REFDIRBEIZ K D159 L C THEHRE) DIAZED DD TH D, HHNE
FHEL 72 D 2023 FEOFM CO2 TEMNGIGE - T, PRI MER RS>, 2032 FF
TIT 30%P3 %, 2023 FEOHEAE CO2 M THRIZLL T DB TH D,

axT 4By M 13,497,957 kv
o T RRIX 877,715 kv
~HFa—t VI 24,467,216

FEEEXIL, 7077 MESORETIEEZMNL L TRET D, Ll BEEXOIL
WO LD 35%IE, BRERNFEEDRE~OXAL GHElg S 2 7 LS A543 7 Hiull
B RABORE VMRS, 2070 7T A TRFICHE Z52 T 51000
ERE) il bng, BEDOHE LTI FREEND,

RIZZEDOIERANE 2 SE T D

BEFOBER-CBAEE L, EhA 7 7 OKBEEI T 5EE 2 mD 5,
FH sl i ds L OMEFTA I s B L Tmili A > F — X b &2 IERT 2,

AY =W RARHEIR AN 2 BT D

AN I KOV [ A 8T 72 e i@ S A R 2 BHER T 5 6

e X OVEW sk DEAIC X 0 RRIGRZIRBT 5.

LR HERELE TR, WARER LOSBEZ IR T 5,

B EHBERS LOEPHHEICE L THEE Y ~— T (BBRL) 2Rt 2,
MNZFEWEEKXEBEOFTEL— N LT D,

IRMEER DT fikfer 7 LU — 7 ([ZB§ 2 B HE 2 120 2,

2021 4EI2iX, SINEEEXK IS 7' 0 7T A& LT 5 72 OIS B 72 B T %
A B s, B, EREMAICET sl v 7 - T K hL—RKTF /7T A



~OBINTIE, MNENO X EZET 5, BEEX 2022 0 TCI-P £ CTh 5, o
TCIZMIN G, R ZDE T /T LMIMbbLF ¥ o AR5 EBbhb,

.3 BHEARICE AR A= TEIM, A4 T RO AT TV AL (PADD3 (28T
2 HE I O IE, BN B D HSFO O AD3GE < D))

2019 £ 1 A IKEBUF IR X 7 REEJR Il H ISRl # 2 3- L, £ 72 IMO 2020
i 28 53 B 233000 < AZPE - TR FAIREE (HSFO) OAiMEAME T L7z72, A%
B FEORREFIL 2019 FURKE, XX A FERMONRZFL LT, v 7 b0
HSFO DAL LTz, XXX I NOFMOMEIEN R leo7c 2 & T, KED =
— 1 — %A 2 BAMET A O /AT O i 13EE Lz,

2020 £ OPECH+ QJFHEEIZ LV, YOV TIET AT 7 JU=—bFnbO
RIS TS5 & B2 Uiz CREFERE G E ML, kKEoa—T—%2F7 2%
BUMPTICIZH E 0 By |

KEOREEEH D% <1X, HSFO LEEFMO7 L FHiT-o T, 4 77 nb0H
R A & X X T EEE M O KN A o TV D, 2020 4, KE O 2R
7SR A N4 5 o HSFO i Al 2011 AELIE TR b i\ LUL £ THIN L
72

KE D HSFO O ADIFIEETH, A ¥ 2B RITAET 5 PADD 3 O AR R
FrCh b, #2112, KERT RGOS BOZ 5 7 EAR7, KE T 58 A5G E
DL, ZNSD L5 HEN, Z OB OKERA D KIS E EDTWDS, FL5h
[E23 5D 2 EIA T, 2019 FE AL T 72%., 2020 2355 T 85% CTdh - 7=,

VTR, KEORREEIC L D0 o7 HSFO OABEML TS ZEhe, u
TIKEMSG R R HEE S LTI E EE o T D,

2020 4F, TAY = YU TIX2MOMEE A X 2 ZHIFHE L, #66E A5 ZEND S
Nit, BRIEOWEICLD &, 7A=Y TITEMNREEOES & T4 b O/
FICEY a e T AOEHSKRIEIE T L TnD,



F 2 OKEMGERGOBEE B 5 [E

1 | Russia .315 | Russia .272 | Russia .235 | Russia .301 | Russia 392
2 | Algeria 122 | Algeria .120 | Algeria .095 | Algeria .056 | Mexico .036
3 | Belgium .041 | Belgium .042 | UAE .050 | Belgium | .046 | Egypt .018
4 | France .012 | Netherlands | .021 | Belgium | .043 | Egypt .040 | Ecuador | .015
5 | Norway .010 | Norway .020 | Canada .021 | Canada .020 | Belgium | .011
Top Five Total .500 475 444 463 472
Total Unfinished | .606 634 611 .645 555
Imports

* Through November 2020.

Source: EIA.
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) Contents I\ Petro







) Vehicle Lubricants I\ Petro

Lubricating oils for passenger vehicles

Gear oil

Engine oil

Antifreeze

ATF

Gear oil Power handle oil

Brake oil

\/ Use much engine oil due to exchange regularly



) Vehicle Engine System I Petro

Engine Structure

Intake Compression Combustion Exhaust
("Power")

v Engine oil function : lubricant, cooling, sealing, detergent....



) Specification of Engine Oil IK Petro

Specification of Engine Oil in Korea

Grade Grade Grade Grade Grade Grade Grade Err Grade30 | Graded0 s Grade60
0 0
Test It SAEOW SAESW SAE10W SAE15SW | SAE20W | SAE25W (SAE30) | (SAE40) (SAE60)
est fem SAE20 (SAE50)
Flash Point(°C) min 170 min 170 min 170 min 175 min 180 min 185 min 180 min 190 min 195 min 200 min 205
Cold Cranking Viscosity max 6.20 max 6.60 max 7.00 max 7.00 max 9.50 max 13.00
(Pa.s) (-35°C) (-30°C) (-25°C) (-20°C) (-15°C) (-10°C)
Kinematic Viscosity 56~ 93~ 125~ 163~ 219~
in 3.8 in 3.8 in 4.1 in 5.6 in 5.6 in 9.3
(100°C,mi/5) “uh = mn i me mn 93 125 163 219 26.1
Viscosity Index min 85 min 85 min 85 min 85 min 85 min 85 min 85 min 85 min 85 min 85 min 85
min min min min min min min min min min min
Pour Point(°C)
-35.0 -30.0 -25.0 -22.5 -22.5 -17.5 -12.5 -10.0 -1.5 -5.5 -2.5
ratio of
max 1.5 Max 1.5 max 1.5 Max 1.5 max 1.5 max 1.5 max 1.5 max 1.5 max 1.5 max 1.5 max 1.5
Viscosity
Oxidation
Stability Increase of
(165.5°C, TAN Max 1.6 Max 1.6 Max 1.6 Max 1.6 Max 1.6 max 1.6 max 1.6 max 1.6 max 1.6 max 1.6 max 1.6
24h) (mgKOH/g)
Lacquer Light light light light light light light light light light light

*Source : Business act for quality standard inspection method and inspection fee for petroleum product

v/ Need to use suitable grade of engine oil for vehicle 2



) Vehicle Problem I\ Petro

Vehicle Accident by lubricant and fuel

’ XL
, »
[ oil film CY'i"deroil film |CYlinder R
(e (a C‘
’/

e, e

——

fuel fuel

Normal Contaminated
by fuel

Explosion

v contaminated engine oil cause vehicle defect and accident






> Analysis of Engine oil by fuel mixing I Petro

Engine OIl Fuel (Diesel, Gasoline)
100% 0%
95% 5%
90% 10%
85% 15%
80% 20%
75% 25%
70% 30%
0% 100%

Engine oil : Hyundai MOBIS, Premium DPF, 5W30
Diesel : Winter season, Vehicle diesel
Gasoline : Vehicle gasoline

v prepare contaminated engine oil by certain percentage fuel



) Test Method I\ Petro

Determination of Kinematic Viscosity and Viscosity

| n d e X

- Viscosity is a measure of the resistance of a fluid which is being deformed by

ﬂ either shear or tensile stress. In everyday terms (and for fluids only), viscosity

is "thickness“or "internal friction”.

- Viscosity index (VI) is an arbitrary measure for the change of viscosity with
temperature. It is used to characterize lubricating oil in the automotive industry.

e The viscosity of liquids decreases as temperature increases. The viscosity of a

‘4‘ lubricant is closely related to its ability to reduce friction.
—_—

Kinematic Viscosity Tester
(CANNON Instrument, CAV2100)

10



) Analysis of kinematic viscosity

I\ Petro

Kinematic Viscosity (mm?/s) ) g
Test Item Viscosity Index
40 °C 100 °C
Engine oil 69.83 11.79 165.3
E:D=95:5 57.22 10.35 1718
E:D=90:10 46.13 8.981 179.6
ED=85:15 38.70 7.956 185.2
E:D=80:20 31.12 6.898 191.6
ERD=75:25 26.80 6.233 195.1
E:D=70:30 20.91 5.256 2014
Diesel 2.245 1.039 10404.9

- E; Engine oil, D ; Diesel

v shows decrease Kinematic Viscosity under large diesel %

11



) Analysis of kinematic viscosity I Petro

Kinematic Viscosity (mm?/s) ) g
Test Item Viscosity Index
40 °C 100 °C

Engine oil 18.71 11.79 165.3
E:G=95:5 32.94 9.425 181.1
EG=90:10 23.20 7.515 206.3
EG=—85:15 16.78 6.151 236.3
E:G=80:20 12.13 5.384 3014
EG—7/5:25 9.174 9.621 (at 50°C) 273.1
E:G=70:30 18.71 7.717 (at 50°C) 433.8
Gasoline - - -

- E; Engine oil, G ; Gasoline

v shows decrease Kinematic Viscosity under large gasoline %
v Butirregular results at 40 °C due to heterogeneity

12



) Test Method I\ Petro

Determination of Flash point &

___l'}_ensitv

Flash Point Tester Density Analylzer
(TANAKA, ACO-T601) (Anton Paar, DMA 5000)

- The flash point of a volatile material is the lowest temperature at which it can vaporize to form an ignitable mixture in air.
Measuring a flash point requires an ignition source. At the flash point, the vapor may cease to burn when the source of
ignition is removed.

- The density is relate with viscosity, pour point and flash point.

13



) Analysis of flash point and density I Petro

Test Item Flash point (°C) Density (mg/mL)
Engine oll 226 0.85143
E:D=95:5 212 0.85084
E:D=90:10 176 0.84957
E:D=85:15 148 0.84845
E:D=80:20 137 0.84700
E:D=75:25 124 0.84596
E:D=70:30 116 0.84420
Diesel 68 0.82690

- Flash point was checked by COC (Cleveland open cup) method

v/ shows decrease Flash point and Density under large diesel % 4



) Analysis of flash point and density I Petro

Test Item Flash point (°C) Density (mg/mL)
Engine oll 226 0.85143
E:G=95:5 205 0.84642
E:G=90:10 93 0.84103
E:G=85:15 -13 0.83560
E:G=80:20 -18 2 0.82994
E:G=75:25 Below -20 2 0.82463
E:G=70:30 Below -20 2 0.81909
Gasoline Below -20 2 0.74054

a Flash point was checked by rapid equilibrium instrument

v/ shows decrease Flash point and Density under large gasoline %



) Test Method I\ Petro

Cold Cranking Viscosity and Dynamic

- ty- The CCS was invented (USP 3350922) and developed by Dr. Dae Sik Kim of Esso

Research and Engineering Company in 1964. CCS simulates rheological process of "an
average engine" during cold starting. The Starter motor was replaced with a small series
wound universal motor; a typical sewing machine motor, and the engine, with a specially

designed cold cylinder and an insulated cylindrical rotor with a pair of parallel flats

Auto Cold Cranking Simulator
(Cannon Instrument, CCS-2100)

-Pour Point; the lowest temperature at which it will pour or flow
under low temperature.

Pour/Cloud Point Tester 16
(TANAKA, MPC-602)




) Analysis of cold environmental CharadlerBetso

Test Iltem Pour point (°C) CCS (mPa-s)
Engine oil -42 6197
E:D=95:5 -45 4466
E:D=90:10 -45 3011
E:D=85:15 -48 2134
E:D=80:20 -48 1512
E:D=75:25 -48 1237
E:D=70:30 -51 821
Diesel -51 93

v shows decrease Pour point and CCS under large diesel % o



) Analysis of cold environmental CharadlerBetso

Test Iltem Pour point (°C) CCS (mPa-s)
Engine oil -42 6197
E:G=95:5 -46 2561
E:G=90:10 -51 1188
E:G=85:15 -56 624
E:G=80:20 Below -65 346
E:G=75:25 Below -65 245
E:G=70:30 Below -65 196
Gasoline Below -65 -

v/ shows decrease Pour point and CCS under large gasoline %

18



) Test Method I\ Petro

Determination of Wear scar

Friction & Wear Tester (Falax)
Lubricant, Grease, Diesel Lubricity

- Four ball wear tests are outlined in ASTM D 226, as well as others, and are used for testing different lubricants.
In each, three hard steel balls are locked in position while a fourth ball is rotated against the three others.
Light loads are applied for the wear test producing a circular wear scar on each ball, and the average wear scar

19

diameter is determined for comparison.



) Analysis of lubricity

I\ Petro

Test Item Wear Scar (mm)
Engine oil 494
E:D=95:5 500
E:D=90:10 502
E:D=85:15 502
E:D=80:20 507
E:D=75:25 508
E:D=70:30 511

Diesel 674

BALL SCAR MEASUREMENTS (mm)
BALL 1

AVERAGE SCAR DIAMETER:

0674 mm

v shows increase wear scar under large diesel %

20



) Test Method I\ Petro

Determination of Oxidation stability

"
o w

Oxidation Stability tester TAN Analylzer
(Yoshida, ISOT-D8) (Metrohm, 805 Dosimat)

- Oxidation is the most predominant reaction of a lubricant, It is responsible for numerous lubricant problems-including
viscosity increase, varnish, sludge and sediment formation, additive depletion, base oil breakdown, filter plugging, loss in
foam control, acid number increase, rust formation and corrosion.

- The Total Acid Number (TAN) is the amount of KOH in mg that is needed to neutralize the acids in 1 g of oil. It is an

important quality measurement of petroleum product. The TAN value indicates to the petroleum product the potential of

corrosion problems.

21



9 Analysis of Oxidation Stability

I\ Petro

Oxidation Stability (165 °C, 24 h)
Test Item . , : .
Ratio of viscosity Ratio of TAN Lacquer
Engine oil 0.94 0.28 No attachment
E:D=95:5 1.10 -0.26 No attachment
E:D=90:10 1.21 0.45 No attachment
E:D=85:15 1.23 -0.54 No attachment
E:D=80:20 1.32 0.36 No attachment
ER=/5:25 1.56 0.11 No attachment
E:D=70:30 1.64 0.64 No attachment
Diesel 1.84 0.81 Attachment
v shows decrease oxidation stability under large diesel % 22

V/Also neat diesel shows lacquer which is oxidation adduct



9 Analysis of SIMDIST I Petro

- The boiling range distribution of petroleum fractions provides an insight
into the composition of feedstocks and products related to petroleum
refining processes.

- The gas chromatographic simulation of this determination can be used to

replace conventional distillation methods for control of refining operation.

SIMDIST Analyzer
(Thermo, Trace GC Ultra)
Manufacture Thermo
Model Trace GC Ultra
Test Method ASTM D 2887
Column 10 m * 0.53 mm ID * 0.88 um
Oven Temp. Initiill g 4Q °C, 1 miT hold |
Increase ; 15 °C/min to 360 °C, 10 min hold
Detector FID (370 °C)

vV need to alternative analytic tool when tiny sample <



9 Analysis of SIMDIST I Petro

L ] L] L ]
Engine oil Diesel
IBP FBP IBP FBP
3839 °’c 5425 °’c 1559 4??2 o’
72 138 192 245 299 352 405 58 50? 542 °c 72 138 émw ZkS h2 5 458 507 542 °’c
| | |

)\ J”W' N

Gasoline

e FEP
75 & o 286.1°C

38| 192 245 239 352 405 456 507 542°C
| | | | | | | | |

L LY

| ] ] |

v each sample shows typical pattern chromatogram by SIMDIST 28



2 Analysis of SIMDIST

I\ Petro

E:D=90:10

E:D=80:20

\ FapP
\ onY

E:D=70:30

b
g i I\M W'

E:G=90:10

\
18P \ FBP
725% | S5e25°%C
2 138 192 2¢ ¥ 406 13 501 2
f) ! 1 1 1 J
i \
| ‘DJ ‘ll| ‘l
Y, | r W ‘,--.J'y; L
A e

. ."!
E:G=70:30
o 1 j S8
ﬁ l ‘ 1‘ 245 20 3?3 41:5 4;$J| 5;_] [

I f‘L - _ M

v increase fuel area part on chromatogram under large fuel %



9 Analysis of SIMDIST I Petro

Engine oil IBP(°C) 10% (°C) 50%(°C) 90%(°C) FBP(°C)
Engine oil 412.2 446.1 481.0 524.0 542.5
EID=95:5 2924 431.6 478.6 524.2 542.5
E:D=90:10 254.0 412.0 477.2 524.0 542.5
F:D=85:15 241.5 365.1 472.1 521.2 542.5
F:D=80:20 237.6 333.7 469.7 520.0 542.5
EID=75:25 237.6 339.1 467.6 519.2 542.5
E:D=70:30 226.7 323.0 464.6 517.9 542.5
Diesel 121.5 265.9 340.2 4204 529.9
v possible to check the IBP, 10, 50, 90 and FBP 26

v also possible to check the fuel ratio on each range



9 Analysis of SIMDIST

I\ Petro

Engine oil IBP(°C) 10% (°C) 50%(°C) 90%(°C) FBP(°C)
Engine oil 412.2 446.1 481.0 524.0 542.5
E:G=95:5 72.5 430.9 476.1 522.8 542.5
E:G=90:10 72.5 407.4 473.8 522.2 542.5
E:G=85:15 72.5 143.5 467.9 519.2 542.5
E:G=80:20 72.5 143 468.7 519.3 542.5
E:G=75:25 72.5 123.9 465.3 518.5 542.5
E:G=70:30 72.5 120.4 464.2 524.1 542.5
Gasoline 72.5 76.3 129.3 217.7 286.1

v possible to check the IBP, 10, 50, 90 and FBP

v also possible to check the fuel ratio on each range

27



)Quantitative Analysis of fuel by SIMDISIN Petro

[y
o
o

y = 0.8411x - 1.5007 +

o
o

Gasoline areain SIMDIST
(o)}

40
20
0
20 40 60 80 100
Gasoline content in Engine Oil (%) Diesel Content
Gasoline content so

y=0.4333x + 1.6792
2=0.9871

20

Diesel areain SIMDIST
3

0 20 40 60 80 100
Diesel contentin Engine oil (%)

28
v possible to quantitative analysis for fuel content in engine oil






) Summary & Conclusion IK Petro

2 Engine oil can be mixed with fuel by defect of fuel or engine system..
2 The engine oil contaminated by large fuel, it make a problem for oil and vehicle function.

» We investigated the engine oil functional property by fuel mixing.

» The engine oil which involved fuel show low flash point, pour point, density,
kinematic viscosity and cold cranking simulator value.

2 The engine oil which involved fuel show low lubricity value under four ball test.
2 We investigated the GC pattern by SIMDIST for determination of fuel in engine oil.
» The fuel was detect at earlier retention time than engine oil in SIMDIST.

» It was possible to quantitative analysis of fuel content using SIMDIST.

» SIMDIST method will be use for diagnosis of oil condition such as fuel contamination.

30



Thanks for your attention!

I Petro

Korea Petroleum Quality &
Distribution Authoritv

If you have any question, please contact to me.

E-mail : yklim92001 @kpetro.or.kr
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KK Petro
*- @ Study Background

The regulation of sulfur content of
Regulatory countermeasures

vessel fuel(IMO)

® Main contents ® Low sulfur-oil usage

& * Use low-sulfur oil such as MGO, Blending Fuel
] Sulfur

* Operable with existing ship system

* Problems caused by increased fuel cost, fuel replacement

content content

After Jan.1.

35% p 05%

® Scrubber installation

* In the case of ECA region, 0.1%sulfur content has been
regulated since 2015. * Available with existing high-sulfur oil

® Domestic status (South Korea)

* Commercialization stage, Low operation expense

* Marine Environment * Preference of domestic shipping industry * Huge initial investment cost, Incomplete of Nox reduction
Management Act. Article 44. 100%
- i 9 69.40%
> A heavy oil 2.0%, 5% ® LNG fuel usage
B heavy oil 3.0%
C heavy oil 3.5% 50% . . . - .
-> Revision to 0.5% of all 20.10% Reduction of air pollutants and marine emission pollution
fuels 5% l « Competitiveness of high fuel price
. 1.50%
Government response 0% * High initial installation cost, LNG bunkering terminal
-> Establishment of low Uselow  install scrubber  Use LNG fuel

carbon energy self- sulfor o

reliant green port
-> Establishment of
domestic port Greenport

shortage

Biofuel + Vessel-fuel = Low-sulfur fuel oil

Reactive fuel for IMO 2020 Sox Regulation




K Petro
*- Regulation of Domestic and Foreign Sox and Response

» Regulation of International Sox (IMO 2020) Source : Ministy of
Oceans and Fisheries
Sulfur content less than 3.5%
Sulfur content

. less than 0.5%

m Sulfur content less than 0.5%

\ J
» Regulation of Korea domestic
(Marine Environment Management Act&Port Air Quality Act) 3 )
=
: ¢ - Ulsan port S ifyr content
Previous Sulfur content less than 3.5% suca 38
~ 3 usan
‘4 Yeosu - Gwangyang po;t ‘g less than
Outer ECA Intemal ECA J{Jg’ mm 0.1%
r . ‘,-;2 .é': 't':._ .ﬁawqudtyoontml area
w Sep. 2020.* " - Ad s (Southem)
. e f“
Sulfur content less than| [Sulfur content less than D ® e | e
0.5% 0.1% e | e :gé?;e;

l‘-/ Yeosu, Gwangyang, Hadong, Dolsan Is. (Yeosu,
h, Jenl =
)
n

* Domestic vessels wil be applied from 2021. ** Ships for at anchor and moored et s

Busan, Ulsan, Pohang
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° Biofuel Overview

Processing —

Feedstock —ﬁ

Fuel precursor —){

Processing ﬁ‘ Biofuel

SVO Practical
4 _ B.od.pse. alternative
Esterification . (l;\Mt)
~N,

Renewable diesel

Pressing or
extraction

Vegetable oil

Hydrotreating and

refining (HVO)

Sugar/starch crops Hydrolysis Sugar Fermentation Fthanol, Butanol

Pretreatment and Lignin diesel oil

Lignocellulosic
biomass

hydrolysis

Pyrolysis

Hydrothermal

Lignin residue

Bio-oil

Bio-crude

Solvolysis

Catalyzed
upgrading

Catalytic refining

(LDO

Upgraded
pyrolysis oil

Upgraded bio-oil

i0-hea

liquefaction
°
Methane O II
- Methanol, DMEC
Catalyzed

Gasification "
synthesis
FT-Diesel I I

Catalytic
upgracing

Biofuel

Tall oil Renewable diesel

Catalytic
upgrading

Renewable diesel

Green crude

* Straight vegetable oils (SVO) )
* Source: |IEA Bioenergy Task 39
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Biofuel vessel_Bio-heavy oil

+ Substitute fuel for heavy oil produced by refining and mixing low-cost raw materials such

as Palm oil, high-priced palm by-products, and animal oil and fat to meet quality standards

Power Generation
Company

Production
Company

i i

Raw Raw Heater

| raw material I
Triglycerides

u,c—o-g-a. Ry ==C =0 =CH,

I-J-o—g-l: .
L

. . material 1 material 2 material 3
Biodiesel . . . Heater
0 | «

Preprocessing

rop=

Fi
—

Pump )

7

®R:C6~C24 : H,C ==OH
+ H! -OH Mi)dr\g Tank
Fatty Acid “'! -
2 0 : +
T SRR By-Product
(Bio-heavy oil Main Ingredient) (PItCh' etc.) Filter s

Steam
Power Plant of heavy oil



** Quality Standards of Bio-heavy oil

K Petro

ot Ol Qpad b D4 e L

@ Quality Standard of Bio-heavy oil for Power Generation (March. 15t. 2019)

- Implementation of full-scale quality standards reflecting test supply business and commercialization research results

Test Item

Enforcement

Standard

Quality Standard

Current
Standard

Full-supply
Standard

Flash Point
Viscosity(50°C)
Carbon Residual
Ash

Sulfur

Copper Corrosion
(50°C, 3h)

Pour Point
Density(15°C)
Water
Acid Value
Na
Ca
K

lodine Number

Alcali
Metal

Nitrogen
Vanadium
Si+Al+Fe

Prosphorus

Water and
Sediment
Total
Heating Value

°C
mm'/s
Weight%
Weight%
Weight%

°C
kg/m’
Weight%
mg KOH/g
mg/kg
mg/kg
mg/kg
g/100g
Weight%
mg/kg
mg/kg
mg/kg
Weight%

Kcal/kg

(Jan. 2th.2014)[(Dec.16t.2016) (Mar.15t.2019)

Over(or) 70
20~100
Under(or) 10
Under(or) 0.10
Under(or) 0.05

Under(or) 1

Under(or) 27.5
Under(or) 991
Under(or) 0.2
Under(or) 25
Under(or) 70
Under(or) 30
Under(or) 70

Under(or) 120

Under(or) 0.3

Under(or) 50

Under(or) 200
Under(or) 100

Under(or) 0.5

Over(or) 9,000

Over(or) 70
15~80
Under(or) 10
Under(or) 0.10
Under(or) 0.1

Under(or) 1

Under(or) 27
Under(or) 991
Under(or) 0.3
Under(or) 25
Under(or) 70
Under(or) 30
Under(or) 70

Under(or) 120

Under(or) 0.3

Under(or) 50

Under(or) 200
Under(or) 100

Under(or) 0.5

Over(or) 9,000

Over(or) 70
15~80
Under(or) 5
Under(or) 0.10
Under(or) 0.05
Under(or) 1
Under(or) 27
Under(or) 991
Under(or) 0.30
Under(or) 25

Under(or) 50
Under(or) 30

Under(or) 50
Under(or) 120

Under(or) 0.3
Under(or) 50
Under(or) 200

Under(or) 30
Under(or) 0.5

Over(or) 9,000

- First Revision (December.16th.201 6)

- First Revision (December.16ﬂ‘.201 6)

- First Revision (December.16th.201 6)

- First Revision (December.1 6“‘.2016)

- Reinforcement of standards based on facility and environmental impacts

- Reinforcement of standards based on facility and environmental impacts
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Biofuel for Ships_Bio-heavy oil

@ Environment effect of reduction Sulfur oxides 0%, Nitrogen oxides compared to heavy oil 39%, Fine dust 28%

lBio—heavy oil Emission Gas Results

3 m 0 m ® m
12 50
E =
v E_ 40
59 33.4% | =3
£ 26.1% | 37.1% | e =
E 29.8% | 31.9% | Q 30
k7] 47.9% |
36
o
20
3
10
0 0 100% | 100% | 100% |
Fuel oil Bio-Fuel oil Bio-Fuel oil Bio-Fuel oil Fueloil  Bio-Fuel oil Bio-Fuel oil Bio-Fuel oil Fuel oil Bio-Fuel oil Bio-Fuel oil Bio-Fuel oil
(B-C) (A) (B) (€) (B-C) (A) () (©) (B-C) (A) (B) ©

lMixed Bio-heavy oil Emission Gas Results

250 ; 50
12 -------------- Ao} on
15.6% |

T, 200 40
5 16.8% | g_ 33.4% || = 35.8% |
= 2150 230
g 31.9% | % o
Ee6 3 &
{2 = 100 » 20
[a)

3 50 10

0 0 0

0% 10% 30% 50%  100% 0% 10% 30% 50%  100% 0% 10% 30% 50%  100%

(B-C) (Bio-Fuel oil) (B-C) (Bio-Fuel oil) (B-C) (Bio-Fuel oil) 8



Fuel Oil

: Substances subject to
Sulfur environmental Regulation
Powder
ne

Total ® Vessel Breakdown
Sediment Check

Fuel oil
Performance Mo

' Safety Management

SOL®

Verification of the application of bietuel for Ships
by eptimizing the quality of bio-heavy ofl
generation 9



*~ Quality Evaluation of Biofuel for Ships

K Petro

s (b D L9

+ »

=

Mixed Fuel BASE

* Bunker A Oil: Company B 2.0% B-A Oill
(Production on May. 2019.)

* Bio-heavy oil: Company C low-cost palm oil
Base (Production on May.2019.)

* Bunker C Oil: Company B 4.0% B-C Oill

(Production on May.2019.)*
*Only Check the quality Standards after mixing the fuel

Check Quality

)

* Notice Quality Standards:
Flash Point etc. 21units
* ISO Quality Standards:
Viscosity etc. 16units
» Common Item: 12units
* Final Test Items including other Items:

24Units

10
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*- Selection of Biofuel Quality Assesment Fuel for Ships

Domestic Standard
Division (Petroleum and Petroleum Alternative | International Standard (1508217) Purpose
Fuel Business Act)
- Main Engine Fuel for Small
MGO DMX, DMA, DMZ, DFA, DFZ, DMB, Ships
(Marine Gas Oil) Diesel for Ships DFB - Starting Fuel for Medium-
sized Shps
- Main Engine Fuel for
MDO Medium-sized Ships
(Marine Diesel Oil) AHe_avyoil M - Generator Fuel for Large
Ships
B Heavy oil RMB 30
MFO RMD 80, RME 180, - Main Engine Fuel for Large
(Marine Fuel Oil) C Heavy ol RMG 180, 380, 500, 700, Ships
— RMK 388500, 700

Bunker A oil
B refinery
B-A 2.0

Bunker A oil 30%

+

Bio-heavy oil 70%

Bunker C ol
B refinery
B-A 4.0

Bio-heavy oil
B company
Bio-diesel

Bunker C oil 17%
+

Bio-heavy oil 83%

11
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Analysis Result of Biofuel for Ships Quality Optimization Fuel

Quality 2019-7-15 2019-7-15 2019-5-22 2019-7-15 2019-7-15
- Quality Standard Test Methods Standard Test Methods
Test Item Unit for Ships for Ships For for Development B-A B-C Bio-heavy oil 100% § . D s
Development, Bio-heavy oil 70% | Bio-heavy oil 83%
Flash Point(PM) = KS M ISO 2719 Over(or) 70 KS M ISO 2719 83 91 234 99 133
- Variety Over(or) 15 ~
Viscosity(50°C) -/s by ol KS M ISO 3104 Under(or) 80 KS M ISO 3104 7.224 325.4 29.17 195 44.01
Viscosity(100°C) /s - KS M ISO 3104 - KS M ISO 3104 2.559 31N 8.48 6.029 12.05
c’“ """‘I . Weight % 2.5~U; 20 KS M ISO 10370 Under(or) 5 KS M ISO 10370 297 16.66 0.27 131 3.90
= leight nder(or) inder(or) & £
Sulfur Weight % Legal Standard KS M ISO 1459 Under(or) 0.05 KS M ISO 8754 1578 2.832 0.008 0.425 0.460
Ash Weight % 0.04~0.15 KS M ISO 6245 Under(or) 0.10 KS M ISO 6245 0.004 0.030 0.010 0.011 0.007
Copper
Corrosion(50 °C, 3 h) - Under(or) 1 KS M ISO 2160 1a 1a 1a 1a 1a
Pour Point = 0~30/6~30 KS M 3016 Under(or) 27 KS M 3016 -120 0.0 6.0 -3.0 0.0
Density(15 °C) ky/ni 920~Under{or) 1010 KS M 12185 Under(or) 991 KS M 12185 924.1 984.9 915.9 918.7 927.9
Water Weight % e KS M 1SO 3733 Under(or) 0.30 KS M 0100 0.0321 0.1481 0.0305 0.0405 0.0845
0.30~Under(or) 0.50 g
Adid Value mg KOH/g Under{or) 2.5 ASTM D 664 Under(or) 25 KS M ISO 6618 1.09 231 0.16 0.46 1.24
Na /g 50~Under(or) 100 IPS01 Under(or) 50 EN 14108 1.4836 12,5975 0.0493 0.9398 2.8267
A ca ny/lg Under(or) 30 ASTM D 7111 0.409 1734 0.220 0244 0.461
K ) Under(or) 50 EN 14109 0.7583 11353 0.2680 0.8015 0.7544
lodine Number 9/100 g Under(or) 120 KS M 0065 51 77 59 53 57
Nitrogen
—_ ny/kg Under(or) 0.3 KS M 2112 0.096 0314 0.001 0.029 0.057
Vanadium(V) ny/kg 50~Under(or) 450 KS M ISO 14597 Under(or) 50 ASTM D 7111 15.650 105.800 Under 0.001 5573 19.080
Total Heating Value /by Overfor) 9,000 KS M 2057 10,306 10,136 9,376 9,658 9,521
Water and Sediment Volume % Under(or) 0.5 KS M ISO 3734 Under 0.025 Under 0.025 Under 0.025 Under 0.025 Under0.025
. 25~Under(or) 60
Si+Al+Fe /g o) KS M ISO 10478 Under(or) 200 ASTM D 7111 1.573 24321 0.067 1.206 3.930
Phosphrous{P) ny/lkg Under(or) 30 ASTM D 7111 Under 0.001 Under 0.001 0.747 0442 0.346
Storng Add Number
i mg KOH/g ASTM D 664 Under(or) 0 ASTM D 664 0 0 0 0 0
ccal = 850~Under{or) 870 KS M ISO 8217 849 847 811 81 816
HaS ma/kg Under(or) 2.00 IP 570 0 0 0 0 0
Common ltem
»Satistying th lity Standard of alll Items off mnf il rpamiagl
ISIYIng tne QU@ haa a S MixXeel Ol Ship Item
Add tional Item

12



. . . . . KK Petro
* €D Review of biofuel for ships Engine Evaluation

Division Detail Spec.

Maximum Power | 430 PS(@2,000RPM)

Displacement 12.92L

No. of Cylinder 6
Bore x Stroke 133 x 155

Compression

Ratio 17:1

Inhaler Type Turbo charged with cooler

Cooling System Forced lubrication with gear pump




A

Sample Temperature(°C)
Bunker A oil
Viscosity Bunker A oil Bioi?:\v; oil Bio-heavy oil
(mm2/s) 70%
3 20 147 173
5 64 116 131
10 38 75 91
15 27 59 73
20 20 49 63

X Engine rated temperature is shaded color ‘Orange’

. .

Bunker A oll Bio-heavy oll

» 38°C
» 64°C

» 73°C
* 91°C

» 49°C
» 59°C
« 75°C

ENGINE TEST METHOD

iSd ISO 8178(EMISSION ENGINE TEST
3 ¢ METHOD)
N

E2, E3, D2 MODE

=3 . DB
LT

\)(1IQ;
— A —_ NSNS\

» Test twice for each mode

* Fuel consumption per test

* Basic test by diesel before
test start

\ 4

E2 mode and D2 mede are the same

Speed load carrying-mode




** Test Results of Performance Evaluation Engine(Performance)

K Petro

vt i Gt & e e L@

1800

1700

Torque (N.m)

1400

-
@
5
T

-
w
3
T r

A Heavy (38 degC)

A Heavy (64 degC)

Bio + A Heavy (49 degC)
Bio + A Heavy (59 degC) |
Blo + A Heavy (75 degC)
Bio Heavy (73 degC)

Bio Heavy (91 degC)

Fuel consumption (g/kWh)
-~
o

25

| i

A Heavy (38 degC)
A Heavy (64 degC)
Bio + A Heavy (49 degC) §
Bio + A Heavy (59 degC)

Bio + A Heavy (75 degC)

Bio Heavy (73 degC)
Bio Heavy (91 degC)

- e 126% AAAAAAAAAAAAAAAAAAA

350

325

Power (kW)
N

>

) J I
250

~ Differnces in engine torque, output,

A Heavy (38 degC)
A Heavy (64 degC)
Bio + A Heavy (49 degC)
o4 Bio * A Heavy (59 degC)
Bio + A Heavy (75 degC)
Bio Heavy (73 degC)
Bio Heavy (91 degC)

JA%

and fuel consumption are shown
by the difference in fuel
calorific value

Depending on the fuel viscosity,

the injection timing and consumption
Charateristics are improved, thereby
Improving engine performance

15
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*~ Test Results of Performance Evaluation Engine(Performance)

R A Howvy (38 degC) I
550 o+ A Meavy (78 degC)
BN o Heavy (91 degC)

E3 mode

Power (kW)

2 §
r *

- Same characteristic results for partial-load
as for full-load

Power (kW)

B A Heavy (38 degC)
BN Do+ A Heavy (78 degC)
B e Meavy (91 degC)

Comparing the fuel consumption Ratio of

% mixed fuel to bio-heavy oil,
i Bio-heavy oil is less consumed Due to the
g characteristics of oxygenated oil

16
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** Test Results of Performance Evaluation Engine(Emission Gas)

ngine Emission Gas Test Result

s 550
B A Hoavy (8 degC)
I A Heavy (30 degC) B A Heavy (64 degC)
D2 mede ol E3 mode B B0+ A heay (00 609
peveell m [0 Blo + A Heavy (39 degC)
- 500} [ B0+ A Meavy (99 degC) 2 - ‘
4 Rl Bio + A Heawy (75 degC) ! G Bio + A Heavy (75 degC)
g B B Heavy (73 degC) é I Bio Heavy (T3 degC)
g B Bl Heavy (91 degC) [} B Bio Heavy (91 degC)
g 400} ; a0}
7
i 2% 41%
— ‘Mh - m-
v ’,
i :
< o §5o% HEE }’
- 35 4 w354
-] o]
v V]
300 Same reduction of
€02, THC as bioffuel
0.5 0.5
- o 38 o) - v o1 engine test results
A Heavy (64 degC) A Heavy (64 degC)
B Blo+ A Heawy (49 degC) mod @0 Bio+ A Heavy (49 degC)
L | DZM@ ... EEN Bio+AHeavy (59degC)]| = 04f - E3 ooy @ oo [EEN Bio+A Heavy (59 degC)
z =1 Bio + A Heavy (75 degC) = =1 Bio + A Heavy (75 degC)
Z B Bio Heavy (73 degC) < B Bio Heavy (73 degC)
E} EEN Bio Heavy (91 degC) = B Bio Heavy (91 degC)
~ O —
g 03 £ 03
e s
z z
£ £ 62.1%
- «
g 02k ‘g 0.2
2 z
< 3% | =
v ot 21.0%
g 01 - 5B.9% g 0.1 . ~—
— -
0.0
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** Test Results of Performance Evaluation Engine(Emission Gas)

Engine Emission Gas Test Result

7.0
Regulation value : 9.8 gkWh Bl A Heavy (38 gegC) e
= ::-;t:vm)m Regulation value : 9.8 g/kWh = :mg:cc:
-~ [ Bio + A Heavy (49 degC)
z | D2 mode = soawemimenl| | E3 mode et S
g" B Bio Heavy (73 degC) z 65} = :;::yanv;&?n
= NN Bio Heavy (31 degC) § EEE  Bio Heavy (91 degC)
- g Same increase
>
£ a0l e of Nox
M % reduction
3 of CO as biofuel
S ssf . Engine test result
M )
o 7
50
1.0 1.0
D2 mod M A ony 64 0030
g O8] ank E3 @ = MQAM?HSCWC) »
3 < Bio + A Heavy (75 degC)
z 0 Bio Heavy (T3 degC)
B S W 8o Heavy (91 degC)
[ B = 06 - s e Similar trends in
i 31.3% asax | 2 Emissions off
< o4} - S o} / | | mixed fuel and
- 2 | A76%
H : bio-heavy oil
= = W
z Z
o) 02} o) 02 T':“:
C o 7 =
Y :
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** Test Results of Performance Evaluation Engine(Emission Gas)

B A Heavy (38 degC)
B A MHeavy (64 degC)
B0 + A Heavy (49 degC)
80 + A Heavy (%9 degC)
B B0 + A Heavy (75 degC)
B 8w Heavy (73 degC)
B 80 Heavy (91 degC)

o
Y

w
v

D2 ’)Sm( is the same result
as the sulfur content
of the fuel

2
3

SOx exhaust emission (g/kwh)
~ -

-
T

Pe—
——
—
v
s

98.3%

—— A Moavy (38 degC) [—— AMHeavy (38 degC) |
e :-Anu:almj ——  Bio+ AHeavy (75 degC
“ mw
H

D2 mode

E3 mode
100} __'“—““\_.__..\_____ " o T——
P B e o

0 200 400 600 800 1000 1200 1400 0 200 400 800 800 1000 1200
Measuring time (sec) Measuring time (sec) 19

SOx exhaust emission (ppm)
SOx exhaust emission (ppm)
g
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* Test Results of Performance Evaluation Engine(Emission Gas)

-. - .

A Heavy (38 degC)
A Heavy (64 degC)

Bio + A Heavy (49 degC)
Bio + A Heavy (59 degC)
Bio + A Heavy (75 degC)
Bio Heavy (73 degC)
Bio Heavy (91 degC)

0.5 0.5
04 04}
= =
% 0.3 .:% 03}
3 £
.é 0.2 .:% 0.2}
- ; 62.0% =
= i ? X J24% | ™ o4l
7 B |
72
0.0 ’7/' &‘ 0.0
e ==

PM, being for regulation,

Also produces less bio-heavy oil
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* Corrosion Test of Mixed Fuel for Metal

Copper
Iron

Stainless steel
Aluminum

*Bunker C oil
Bunker A oll
Bio-heavy oll
Bunker A+
Bio-heavy ol
Bunker C+
Bio-heavy ol

Almest ho dh@lmg@ within
10mg of change rate

Bunker A oil
— =>
Neo change in
metal contend
than
Copper
— specimen

Bunker A oil->Neo change in appearance other than

copper Specimen
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“ Conclusion

@ Complete applicability through quality evaluation of bio-hravy oil as biofuel for ships
- Need to improve the requirements for conforming to ISO 8217 standards for ship quality

standard

@ Complete verification of application of bio-heavy oil to small ship engine as biofuel for ships
- When mixing ships fuel with ships biofuel, biofuel performance is similar compared to
marine fuel

- Emission reduction effect of Sox, PM, THC

@ Confirm the applicability of bio-heavy oil as a biofuel for ships through quality and engine

performance evaluation

22



Thanks for your attention!

I Petro

Korea Petroleum Quality &
Distribution Authoritv

If you have any question, please contact to me.
E-mail : jun119ggg@kpetro.or.kr
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Introduction

Environmental regulations impose more and more stringent
limitation on sulfur and polyaromatics hydrocarbons (PAHs)

content
Standards for automobile diesel ULSD production: A great
in China challenge for catalyst activity
e ——————————

. e pe— T Sulfur HDS Temperature
Quality Standard China-IV  China-V China-VI
Start year 2015 2017 2019 500 100 Base
B ) " - " 350 130 +7
(max.) 200 190 +17
PAHs /(w%) 11 11 7 100 300 +29
e ) 50 420 +38

Density/(kg/m’) 810-850 810~850 810~845 10 NoTe Nore

) tse

CLAGHTE CFRERITERS o g T i o)

O fi4100083 SINOPEEC GROLS

Introduction



Introduction

+ Fast deactivation causes great challenge to the refineries

Results of catalyst industrial application

%ﬁ% ® b& ;20

B
N
o

1=y
I
o

e -n 80
& a0 T q.- w L —u.’%- &
S 70 >
@ 3% Deactivation rate: 1.2 °C/month | 60 £
3 n 50 ppm operation
= 380 ' s 50 ‘_’3
b

o
2 a0 “us
g 30
g 360

Deactivation rate: 3.6 °C/month
in 10 ppm operation

g

340 :
0 100 200 300 400 500 600 700

Run time/d
Lk 2 II b R FEER A Sl A A R R @
@ IEN()PE@ || ARG ,-.‘..‘I{ ‘,f-itnf,’l,lg‘.} 4100083 ....afé’é".‘,f‘.,.,%w 7

The industrial application shows that deactivation rate of catalyst is greatly increased for

the production of diesel from 50 ppm S to 10 ppm S, which bring great challenge to the
refineries

0




Introduction

 Strategy for producing clean diesel

More

active and
New process operation reactor stable

severity internals catalysts

Most economic and efficient solution
— To develop more active and more stable catalysts!

o) HEAEL ot R s T fimtt CREE IR e e
gD SINOPEC [t e pises 100083 e

Strategy for producing clean diesel can considered from many aspects, including new
process, operation severity, novel reactor internals and catalyst. The most economic and
efficient solution is to develop more active and more stable catalysts



Development of new generation catalyst

« Key factors for catalyst activity
- Number of active sites
- Intrinsic activity of active sites
— Accessibility to active sites
Activation energy : to describe the energy required to

reach the transition state; is related to the properties of
catalyst active sites.

Arrhenius equation:
s RT
k=(k,)-e

Frequency factor : collision frequency; is related to
the Diffusion of reactant molecules and numbers of

active sites
¥ o R i {17 L R R b “ b gl T =
@ EE‘(!‘ [ESUTHE (OFNE 18 Ti4w100083 ?-Eﬂg"&gﬂiwi : m

Based on arrhenius equations, key factors to increase the catalyst activity can be
considered from number of active sites, intrinsic activity of active sites and accessibility
to active sites. Activation energy is related to the properties of catalyst active
site. Frequency factor is related to the diffusion of reactant molecules

and numbers of active sites.




Development of new generation catalyst

+ Key factors for catalyst stability
- Weak interaction of metal and support
— Coke formation
— Reaction pores block by coke

Active phase and coke on the catalyst Rection pores block

===

Fresh catalyst
f‘ W
Coke

o B formation
5§

Aggregation of

active phase % 2 E ‘/ =

Spent catalyst

@ hIRE L L
SINOPEC | ARg; 3

LA R sl At R b T
18 TB4n100083 :‘:Euéc cRoLA

The catalyst stability can be considered from metal and support interaction, coke
formation and reaction pores block by coke. Weak interaction of metal and
support can lead to aggregation of active phase. Duration the reaction, the
coke can be formed on the catalyst. On the other hand, the reaction pores
can be blocked by pores and the active sites in the pores can no be accessed
by the reactants.



Catalyst preparation technology platform

ROCKET technology platform

Reactant-active phase Optimization & Cost-effective Key Technology

Improve the Optimize the Highly dispersed
diffusion active phase active phase
channels precursor preparation

Reduce coke
formation

HIRE I o Bl TR AT 4 A R RO e
@ SINOPEC 5T [P B8 5 4100083 b a8 LR

In order to prepare the catalyst with high activity and stability, ROCKET technology
platform was established in RIPP, which called Reactant-active phase Optimization &
Cost-effective Key Technology. In the platform, methods were taken to improve the
diffusion channels and increase the accessibility to active sites. The active phase
precursor was optimized and the intrinsic activity of active sites was improved. The
preparation was improved to form highly dispersed active phase and therefore increase
the number of active sites and stability. The coke formation also can be reduced by
designing high stable active phase and reduce coke formation.



R&D of ULSD Catalysts

« Evolution of RIPP diesel hydrotreating Catalysts

ROCKET
10ppm
Sulfur

|

RS-1000
L4

RS-1100

RN-10 RN-10B

RN-1
Py >

°

Relative HDS activity

T

1985 1990 1995 2000 2005 2010 2015 2020 2025

Year

fH AL EaiEn a1 ATONITIR B e Rt I T 5
@ SINOPEC LSt 52N i 18Y)  T4100083 ?-E:’égl.&h‘h‘%w" “

This scheme shows the evolution of RIPP diesel hydrotreating catalysts. RS-2100,
RS-2200 and RS-3100 are the latest catalysts based on ROCKET technology and

can produce 10 ppm sulfur.




Catalyst

Metal
system

Feature

Application

) tse

Latest generation of ULSD catalysts

Highly active High cost-effctive -
ULSD catalyst ULSD catalyst Hégg:'y ::a‘;:sl?slil(.)%D
RS-2100 RS-2200 y
NiMo CoMo NiMo
High HDS = High HDS
High HDN "I'_g":v':fs High HDA
2 - g
Improve Cetane consumption High stabl‘llty
number Low density
Moderate / high Low / moderate Moderate / high
pressure pressure pressure
hydrotreaters hydrotreaters hydrotreaters
with secondary with straight run with secondary
processed diesel diesel processed diesel
e 't (AR AL r‘l“i (IR | 1'.‘H P S A R TR 4 5 10 veo
(e gt e (L 18 Tiém100083 SINOPEE GROLSA ‘,'.-

This table show the detail metal system, typical feature and application of RS-2100, RS-

2200 and RS-3100.

10



-

¢

U'l-h}»Ni-'

-

Introduction

Technology platform

R&D of ULSD catalysts
Application of ULSD catalysts

Conclusion

Contents
H x

content

11



RS-2100 catalyst for clean diesel

- RS-2100 showed high HDS activity, stability and low
packing density

Stability
HDS activity higher 36%
higher 21%
440 Packing density

lower 15%

v

#
120

g

=3
o

w reference

60 w RS-2100

relative value/%

40

20

/ /,"
0

HDS acitivity  stability density

¥

Feed : 80%SRGO+20%LCO , density:0.85g/m3, Nitrogen:237ppm , Sulfur:10500ppm

WAL o B TR R S R R A T 2 5
@ SINOPEC [EsiiiGE L rnigies i4e100083 e 12-_:

Compared to the reference catalyst, RS-2100 displays

21% higher HDS activity, 36% higher stability and 15%
lower packing density. So it has high cost-effective and
strong market competitiveness



RS-2100 catalyst for clean diesel
* RS-2100 can deal with various feedstocks
Feed No. Feed 1 Feed 2 Feed 3 Feed 4
Feed processed ‘ SRGO/LCO ‘ SRGO/LCGOv SRGO/LCO SRGO/LCQ _
Composition , wt% 80/20 80/20 50/50 30/70
Feed  Density(20°C)/(g/cm?)  0.8500 0.8388 0.8865 0.9100
Sulfur/% 1.050 1.15 0.802 0.563
Nitrogen/ppm 237 375 503 794
Hydrogen 6.4 6.4 6.4 6.4
Operating pressure/Mpa
Condition  Temperature/°C base base+10 = base+15 = base+15
LHSV/ h1 1.5 15 15 1.5
Sulfur m 6.5 5.4 9.1
Product il
Nitrogen/ppm 0.6 0.6 27
Gl s Mesoons | EAMETEEES

This table shows the performance of RS-2100 when producing various feedstocks. Four
kinds of diesel with different composition were tested. The S in the product can be
decreased lower than 10 ppm. The results suggests that RS-2100 has good adaptability.



Commercial application of RS-2100

- RS-2100 catalyst was commercially applied in 3700 kt/a
diesel hydrotreater of a Sinopec Y refinery in Sept. 2015

Feed 43%SRGO+24%LCN+18%LCGO+15%LCO

Feed rate/ (t/h) 120
| Hydrogen pressure/MPa 7.2
Reactor inlet temperature/°C 306
WABT/°C 367
LHSV/h1 1.7

Properties feed Refined Diesel

Sulfur/ppm 9000~10000 8

fH AL o B TR TR fimth CREERTRE S FEPE A e i)
@ EOREC st € is18s 100083 e L e

RS-2100 catalyst was commercially applied in 3700 kt/a diesel hydrotreater of a
Sinopec Y refinery in Sept. 2015. The feed contain
43%SRGO+24%LCN+18%LCGO+15%LCO. The sulfur content can be decreased to
8 ppm from 9000~10000.

14
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Commercial application of RS-2100
» Production of China V diesel
— In 8 months application in Y refinery with China V diesel
400 300.0
390
380 1 y =0.0239x+363.41 y 200
e ’.. g
{ 370 '\.- T “er. L 200.0 <
£ 350 | - 10. pm operatl‘?n sk g
g Deactivation rate: 0.7 °C/month g
5 07 - e e ST i a
= 330 A A.\"\‘\',n‘*"‘;.l, ., '_?u'..;'\.l‘;g).:x'\? . v, J - 100.0
320 A | s00
310 . WABT/C . Processing capacity/(t/h)
300 T v v 0.0
80 130 180 230 280
Run time/d
@ I E L L TRAATIRA AL LIRS smrukce@as
| AR S $18%) 1100083 SINOPEE GROLS 3

The figure shows the variation of WABT and processing capacity with time
on stream in 8 month. It shows that RS-2100 catalyst exhibits very good
stability of 0.7 ‘C/month deactivation rate



Commercial application of RS-2100

- Applied in 2400 kt/a diesel hydrotreater of a
Sinopec C refinery in May 2017

Feed 81%SRGO+7%LCN+7%LCGO+5%LCO
Feed rate/ (t/h) 180~220
Hydrogen pressure/MPa 6.0
WABT/°C 335~355
LHSV/h1 1.2
Properties feed Refined Diesel
Sulfur/ppm 3000~6000 <10

CICER A CRERL G TR AR Bl M R R A T s
@ SINOPEC (ST e 18 TBé100083 ?.ﬂfé’é'ﬁ?lu;w" 2

RS-2100 catalyst was commercially applied in 2400 Kt/a diesel hydrotreater of a
Sinopec C refinery in May, 2017. The feed contains
81%SRGO+7%LCN+7%LCGO+5%LCO. The clean diesel with sulfur lower than 10

ppm can be produced.



Commercial application of RS-2100

* Production of China V diesel

370 |
365 1 10 ppm operation
o) 360 ‘ Deactivation rate: 0.88 °C/month
? 355 ‘ f ° g,
g =90 ¥
2 3451‘ { Y < - ‘ *
£ 3401 $
& 335 i . *
30 | o y=00294x+ 339.96
325 -
220 | %
0 100 200 300 400
Run time/d

RS-2100 catalyst demonstrated excellent HDS
performance and stability

HHA o et e TR PR T A R R T
@ SINOPEC [Entiiiie PP it1es 4n100083 i b )

In more than 1 years application in C refinery with National V diesel, RS-
2100 catalyst exhibits very good stability of 0.88 ‘C/month deactivation
rate



RS-2200 catalyst for clean diesel

« Excellent HDS activity

* Low H, consumption

* High stability

- Good cost performance

@ Topet ettt ide b e KB © 1y T T

RS-2200

18



RS-2200 catalyst for clean diesel
 Activity of RS-2200 (Bench)

Stability
higher 31%

140 HDS activity
higher 4%
L~

Packing density
lower 15%

'y

120

100

&
g 20
‘;‘ u reference
g 60 W RS-2200
K
< 40
[
20
0 L7

HDS activity stability density

@*EER REA LR IR S MR s mmmer
SINOPEC U Peigaes) fildn100083 SiMoREE GAOUR

Feed : 85%SRGO+15%LCO , density:0.8588g/m? , Nitrogen:220ppm , Sulfur:12000ppm

Compared to the reference catalyst, RS-2200 displays 4% higher HDS activity, 31% higher

stability and 15% lower packing density. RS-2100 shows high cost-effective ratio and
strong market competitiveness
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RS-2200 catalyst for clean diesel

« RS-2200 exhibited lower hydrogen consumption

Reaction temperature, °C Base Base+10
Product sulfur, ppm
Reference 6 4
RS-2200
Chemical hydrogen consumption, %
Reference 0.76 0.85
RS-2200 0.57 0.63
Relative hydrogen consumption, % '
Reference 100 100
RS-2200 75 74
) st il ol Sl e

This table shows the performance of hydrogen consumption of RS-2200. Comparing to
reference catalyst, relative hydrogen consumption was 25% lower. It suggests that RS-
2200 can produce 10 ppm sulfur diesel with low hydrogen consumption. It can save cost
and increase the profit for the refinery.



RS-2200 catalyst for clean diesel

« RS-2200 is adaptable to various feedstocks

Feed No. Feed 1 Feed 2 Feed 3 Feed 4
Feed processed SRGO/LCO  SRGO/LCO  SRGO/LCO SRGO/I.CGO}
Composition , wt% 85/15 | 70/30 50/50 85/15
Feed  Density(20°C)/(g/cm®) ~ 0.8588  0.8613 0.8902 0.8481
Sulfur/% | 120 | 114 | 084 | 126
Nitrogen/ppm 220 325 495 599
Hydrogen 6.4 6.4 6.4 6.4
Operating pressure/Mpa
Condition Temperature/°C Base Base base+15 base+15
LHSV/ h? 15 1.5 1.5 135
Sulfur /ppm 7.0 6.0 6.4 5.0
Product Nitrogen/ppm <0.2 <0.2 0.8 0.8
Density(20°C)/(g/cm?) 0.8301 0.8391 0.8580 0.8270

% R by ey ECME AN § AV TR R e B . —
AL oA TR R i R R A TR
@ SINOPEC [EtTGE LI i8S 4100083 bt

This table shows that RS-2200 can process various kinds of feedstocks to produce clean
diesel with sulfur content lower than 10 ppm. RS-2200 is adaptable to various
feedstocks



Commercial application of RS-2200

- Applied in 600 kt/a diesel hydrotreater of a Sinopec J
refinery from Sept. 2014

Py, , MPa 4.6
WARBT,C 359
LHSV, h? 1.74
H,S in system, ppm V 34500
Properties Feedstock Refined diesel
Densiy(20°C), kg/m3 0.849 | 0.838
Sulfur, ppm 3960 5.3
Nitrogen, ppm 83 8.9
() mae st feheas TR GEENETADAS

RS-2200 has been applied in 600 kt/a diesel hydrotreater of a Sinopec J refinery
from Sept. 2014. The feedstock can be treated from 3960 ppm sulfur to diesel
lower thant 10 ppm even the H2S in system is 34500 ppm, which was very severe
condition.
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Commercial application of RS-2200
» Production of China V diesel with RS-2200
380 = 3500 50
10 ppm operation
370 A ~ ; L] ° 135
Deactivation rate: ow | Sulfurin feed o) &
= 0.9°C/month R W, L “e
g s"'{ S -~ g.fsoo P of o ‘o’..f.' 35 &
2 3 . ""s So 8 e E‘ " ..... 00 >
Z o Pp, e ) - * 3 o0 Bt %g 9 0 B
® S % T, , “\"M:Q Lad % 7] ” e . 4 X < =
@ . sieke * s e @ o m ° 58
g = ‘“‘“}“‘V\‘.“.\: e ‘” '.Q .E b )y 2 a
2 & £ 1o Sulfur in productis E
310 a N AA I 11 ‘E
i 500 N A iA M ¢ u=)
. + Inlet temp./°C WABT/°C . aa ‘:A“‘A‘h‘A 1‘5‘5 Aﬁ‘iﬁ‘x o ;)
0 20 40 0 80 00 ] 2 40 60 80 100
Run time/d Run time/d
@ *mag “-_'“ ?1:‘“;5‘:}1!;;708{; i ..E,’éﬁ",.~£,, iz

The left figure shows that the variation of reaction temperature with time on stream
when producing 10 ppm sulfur diesel. The deactivation rate is 0.9°C /month.
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Commercial application of RS-2200

« Applied in I refinery, from Oct. 2019
— Objective S content: 35ppm

Py, ., bar 33
WABT,°C 356.7
LHSV, h? 1.73
H,/oil 130
Properties Feedstock Refined diesel
Density(20°C), g/cm? 0.8325 0.8224
Sulfur, ppm 8660 30-36
Nitrogen, ppm 53.5 J 0.66
FBP, °C 365.4 } 360
) st et ey | SMIALA

RS-2200 has been applied in | refinery from Oct. 2019. Even at lower hydrogen

pressure and very low H2/oil ratio, the content of sulfur can be reduced to 30-36
ppm.
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RS-3100 catalyst for clean diesel

- Active phase in RS-3100 showed good dispersion and

stability
Mo dispersion
+21% Enlargement
” -52%
16 6 =
14
s .- ..Ul W
® 2
T Ni dispersion Eiv. ﬁ
2 X +27% =!
2 =,
@ @ ©' 3
=3 (X
2 3
s 2 1
. o
2 1
[ 0
Ni dispersion Mo dispersion Fresh sulfided Spent catalyst

2 1hI FHE R GG
3 Mi#100083 SINOPEE GROLA

The dispersion Ni species in sulfided RS-3100 increased from 27% compared to former
generation catalyst, while Mo species are increased 21%. In spent catalyst, the slab
length in RS-3100 and former generation catalyst are increased. The enlargement of slab
length in RS-3100 is 52% lower than that in former generation catalyst.



RS-3100 catalyst for clean diesel

« Coke formation is significantly decreased

Coke content

N

-~

=)
1

wn

Coke content/%

[}

Before reaction After reaction

BRI LB

On the other hand, coke formation is significantly decreased in RS-3100 compared to
former generation catalysts. The results suggest that RS-3100 has good stability.




RS-3100 catalyst for clean diesel
« RS-3100 shows good activity as RS-2100
Feedstock SRGO+20%LCO
H,/MPa 6.4
LHSV/h? 15
H,/oil ratio 300
Temperature/°C 360
S content /(ppm)
RS-2100 6.1
RS-3100 8.3
PAS/%
RS-2100 5.5
RS-3100 5.8
() mag s Mo USR  AEE AL

The catalytic evaluation shows that RS-3100 can reduce the sulfur in SRGO+20%LCO to
around 6 ppm. And it shows good activity as RS-2100.
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RS-3100 catalyst for clean diesel

« RS-3100 shows good stability for 10ppm
diesel production

390
o
S 385
=)
=
7 380 A
g 375 + RS-3100
o — = A * RS-2100
o 370 s — £ (RS-3100)
: ¥ = 0.069x + 369.53 — & (RS-2100)
2 365
3
360

0 30 4 50 60 70 80 90
Time on stream/d
Feedstock : SRGO +20%LCO , S: 1.089% , N: 321ppm

LICETIA o L R A ) A SR A IR A T 2
@ SINOPEC [EyiTGHE ISk di100083 S e T 25

This figure shows the WABT at 10 ppm sulfur are varied with time on stream. The
feedstock contains 1.089% S and 321 ppm and N. RS-3100 shows much lower
deactivation rate than RS-2100



Commercial application of RS-3100

« Production of China VI diesel in Sinopec refinery
from Apr. 2020
- Dense loading density: 0.707 t/m3
- Blended with 50-55% secondary processing diesel

P,,. MPa 7.1
WABT,*C 349
LHSV, h-1 | 1.2
H,/oil 500
Properties Feedstock Refined diesel
Sulfur, ppm 5100 ' 6.4
Nitrogen, ppm 445 0.66
Polyaromatics 16.6 4.2
k) st Bl el R e TR L

RS-3100 has been applied in Sinopec refinery from Apr. 2020 for the production of China
VI diesel. The density loading is 0.707 t/m3 which is much lower than former generation
catalyst. The catalyst can produce China VI diesel with the feedstock blended with 50-
55% secondary processing diesel.

29



Conclusion

* In-depth understanding of the key factors of
catalyst activity and stability, ROCKET technology
platform was established

« RIPP latest ULSD catalysts are featured with

— Low packing density and low cost
- High HDS, HDN activity and high stability

* RIPP catalysts can meet various specifications and
requirements for refineries

Conclusion
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China Refining Trends

Fuels & Chemicals Demand . Diesel demand declining

Continued growth in gasoline
with high RON

« Shift to more greater added-

- Diesel | BTX value chemicals

* The ratio of diesel to gasoline is declining in China market

=) PEAK 2020/10/30
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Chinese Fuel Specification Trends

GB19147-2016 China

~
o

BGZ ltems
China lll | ChinalV | ChinaV | China VI
60 uSJZ
50 LaL Sulfur/(pg/g)= 350 50 10 10
ayZ Polycyclic

11 11 11 7

I
o

aromatics/%<

Cetane value= 49 49 51 47-51
Cetane value
. 46 46 46 43-46
index=

"l i’h .] Density(20°C) 810-845

810-850 | 810-850 | 810-850
Paraffins Naphthenes Mono-ring  Di-ring Tri-ring /(kg-m-3) 790-840
aromatics aromatics  aromatics

w
o

N
o

Typical LCO composition/%

-
o

o

LCO is hard to be used as blending component of diesel because of

its poor quality
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How to Efficiently Use LCO ?

4 2\
Converting LCO into high RON gasoline might be an effective way

to decrease the ratio of diesel to gasoline and to enhance the

\_production of FCC naphtha )

y Hydrocracking - -
' Hydrodreating-
Catalytic Cracking [ 3
Integration , .

lhe=) B EAE 2020/10/30
oce  SINOPEC
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LTAG—LCO To Aromatics and Gasoline

LTAG is a process which

converts inferior LCO into high
RON gasoline and/or BTX by
integrating LCO hydrotreating

and catalytic cracking

The key points in LTAG are to

desigh a H-LCO conversion
A finalist of Best Refining Technology

rA R o el li [ [PLRG R IIEW NN by “hydrocarbon processing” in 2018

Special Focus | Clean Fuels
J. GONG, A. MAO, J. LONG, J. ZHANG, X. CHANG
and J. TANG, Sinoj titut

ec Research Ins ¢ of Petroleum
Processing. Beljing, China

parameters of hydrotreating and
FCC units

Convert LCO to gasoline with a high RON

== BHEAK 2020/10/30
ot SINOPEC




Selective Hydrogenation of LCO

Hydrogen consumption:5.12%

5 |

i
S CH ) ¥
3 Hydrogenconsumption Hj \

: 2.12%
O 0 hydrogenation > i
CZHS saturation S S

C,Hs C,Hs

Di-aromatics o Tetralin structure Decalin structure
éy \
B High hydrogen consumption and

non-target hydrogenation product ).
<~ M Low RON for gasoline 4

. d
*
..........
----------------------------------------------------------------------------------------------------------------------

B Low hydrogen consumption
B Targeted hydrogenation product

[ g -
I

« high saturation rate of PAHs

« high mono-aromatic hydrocarbons production

=) PEAK 2020/10/30 m
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Selective Catalytic Cracking of Mono-aromatics

Idle loop
, rd - - = ~ = .
y \
R, R,
Hydrotreating . : FCC
Ro Aromatics Ry Hydrogen /“ @
saturation ) transfer
rcc| Ring
opening

Reaction Type FCC LTAG
Hydrogen transfer reaction ratio,% 80% 28%
Ring opening reaction ratio,% 20% 2%

e Fl’liﬁ'ﬂ:

2020/10/30




LTAG Process Description
BT ————

Flexible Operation Modes:

s Mode | —For High RON Gasoline/BTX

m Mode II— For High RON Gasoline

=) PEAK 2020/10/30
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LTAG Technical Features

Mode I

« High gasoline High RON (>94)

selectivity (~80%) Olefin content about 5
vol% in gasoline

ModeIl
FCC gasoline olefin
content reduced by 4~5 %
RON increased by 0.5~1.0

* High once-through Low hydrogen
LCO conversion consumption
(>70%) (2%~2.5%)

| Ak 2020/10/30
ot SINOPEC




LTAG Mode I: For High RON Gasoline/BTX

High RON gasoline

\_
»

lFCC Feedstocks' Catalysts

| Ak 2020/10/30
ot SINOPEC

A
Products




LTAG Mode II: For High RON Gasoline

Heavy oil High RON gasoline

Hydrogenation
unit

'FCC Feedstocks' Catalysts . Products .

Ak 2020/10/30
Mosee  SINOPEC




LTAG Commercial Experience
BT

26 Units on Stream

Refinery FCC Cap. Mt/a Start time
Shijiazhuang 0.9 2015
Fujian 2.3 2016
Anging 2.0 2016
Qilu 2.6 2017
Jinling 3.5 2017
Shanghai 3.5 2018
Jinan 1.2+0.8 2018
Zhanjiang 1.5+0.5 2019
) PEAE 2020/10/30
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LTAG Commercial Experience

LTAG Mode Il Applied in Shijiazhuang Refinery

Items

FCC

FCC+LTAG

Heavy oil rate, t/h 86.6 86.12

Product slates, wt%
Dry gas 3.46 4.35
LPG 18.33 20.85 +2.33
Gasoline 42.95 59.03 +16.02
LCO 21.25 0.94 -20.13
Slurry 4.73 4.61
Coke 8.79 9.73

Total liquid yields 82.53 80.82

Gasoline properties
RON/MON 92.6/82.0 93.2/82.7 +0.6
Olefins, v% 20.3 16.2 -4.1

M) PEAE 2020/10/30
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Full View of LTAG FCC Unit

& |
;
“
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LTA—LCO To Aromatics

m LTA is a novel process which converts inferior
LCO into high light aromatics by integrating
LCO hydrotreating and catalytic cracking

m LTA s for max. light aromatics, especially BTX

production

=) PEAK 2020/10/30
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LTA Technical Features
B

m A unique process combined with proprietary catalyst of

LCO selective hydrogenation

m Higher saturation rate of PAHs and selectivity of mono-

ring aromatics

m Optimizing reaction & operation for cracking of

hydrotreated LCO

m Employing a special designed zeolite catalyst for catalytic

cracking of hydrotreated LCO

=) PEAK 2020/10/30
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LTA Commercial Demonstration
B —
m Commercial trial of LTA technology was successfully
carried out in hydrotreating unit with capacity of 0.705Mt/a
and catalytic cracking unit with capacity of 0.70Mt/a in

2019, in Yangzi, China

m Heat-balance operation of reaction and regeneration

system itself was realized

H-LCO density(20°C),(kg-m-3) 921.0

Gasoline yield,% >64%
C6~C8 aromatics yields,% >23%
Gasoline RON >98

k= PEAK 2020/10/30
oce  SINOPEC
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Summary
BT

* Flexible FCC technology for product slates adjustment are the

key for Market!

« LTAG technology is to convert inferior LCO into gasoline with
high RON by integrating the hydrogenation and catalytic cracking

process which applied widely in China

- LTA is a newly developed technology for max. light aromatics,
especially BTX production by integrating LCO hydrotreating and

catalytic cracking

* Professional technical service can be provided by SINOPEC

k= PEAK 2020/10/30
oce  SINOPEC




Thanks for your attention

www.sinopec.com
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Hydrogen Basic Strategy in JAPAN (December 2017)

* Establishment of International
hydrogen supply chain

* Establishment of hydrogen

production technology from

domestic renewable energy

Supply chain construction demonstration, scale-up Scale-up

e Sighificant cost reduction

= (Reference comparison)

Fossil fuel-derived hydrogen

CO2-free hydrogen
Su pPp |y (By-product hydrogen and natural gas reforming)

(Brown coal x CCS, renewable energy utilization)

Amount of (Current) (2020) I I
Natural gas import volume
hydrogen 2,000 tons ? 40 thousand tons > ~ 10 million tons+a 85 million tons/y
(Depends heavily on power consumption)
2 0 3 Natural gas import price
e ~100yen/Nm3 yen/Nm 16yen/Nm3*
. . (Less than 1/5) * Equivalent hydrogen
(Stat'on p"ce) calorie conversion
g M 12ye n/kWh LNG thermal power
‘(:UJ - > (00mmefcia| Stage) Alternatlve to gaS-ﬁI'Ed generation unit price
Q (Technology development stage) power generation 12yen/Nm3
8 Establishment of a hydrogen power generation demonstration (Refert?lrl‘!ce) Hydrf)get:l consumption. y Thermal power
- and environmental value evaluation system 5-10 million tonsis a Otjlt 15-3OG_VV n generation facilities
0;) terms of power generation capacity
3 132GW
[
(Current) —\ (2030) Number of gas stations
@ 100 — equivalent 900 _— .Replaci_ng gas :tatli:;r_\s by 31,500
StaNewerS halved improving profitability
- 800,000
=2 2,000 =—>» 40,000
E Station Strategic development, regulatory reform, Self- L
[e) technology development sust.alnlng Replacing gasoline-powered Numb "
2 2 % 100 blismess of ) 1.200 — é cars by technology progress umbero Pa.ssenger cars
FCV/HRS ’ and cost reduction of fuel cell 620 million
d
40 —> 500 2-halfof L5 10,000 ——
. \2020s__/ FC conversion of large-sized
Maintenance of hydrogen supply network by vehicles
cooperation amoung ministries
FC
Utilization l Enefarm I I Alternative to conventional Number of households
220,000 l Self-reliance | -» 5.3 million =——> energy systems in homes, etc. 530 million

(Source : METI's website.) 3



Present Hydrogen Stations Distribution in Japap August 2019)

/’f

Total 134HFS
including 23 stations underplanning -

Okayama | Hiroshima | Yamaguchi | Tokushim, agawa
ST 1 3 1 2.4 1
Planning

S 4

Gifu Shizuoka Aichi
ST 6 3 27

Planning 1 1 7 ‘ \

Hokkaido Miyagi | Fukushima | Niigata
ST 1 1 3 1
Fukuoka Shiga Oita Kagoshima o) Planning
ST 10 1 1 1 .
Planning 1 =
0
0
o 4 v 4 \
raki [Tochigi Gunma Saitama Chiba Tokyo Kanagawa | Toyama |Yamanashi
0o ST 1 1 1 10 4 20 14 1 1
\ Pijning \ 1 2 6 1
Mie Shiga Kyoto Osaka Hyogo Wakayama . O pe ne d
ST 2 1 3 9 2 1 .
O / Planning 1 1 Plannlng

Source: Fuel Cell Commercialization Conference HP



Hydrogen Energy Ministerial Meeting 2018 & “Tokyo Statement” (2018.10)

At the Hydrogen Energy Ministerial Meeting 2018, representatives from 21
countries, regions and institutions around the world who are actively engaged
in the global use of hydrogen at the ministerial session gathered together to
discuss issues and policies for the realization of an international hydrogen
society. They discussed the direction. As a result, they shared the recognition
of the importance of cooperation in each country and announced the “Tokyo
Statement” consisting of the following four items as a chairman's statement
under the common recognition of each country.

Tokyo Statement

1. Collaboration on Technologies and Coordination on Harmonization of Regulation,
Codes and Standards.

2. Promotion of Information Sharing, International Joint Research and Development
Emphasizing Hydrogen Safety and Infrastructure Supply Chain.

3. Study and Evaluation of Hydrogen’s Potential across Sectors including its Potential
for Reducing both CO2 Emissions and Other Pollutants.

4. Communication, Education and Outreach



The Strategic Road Map for Hydrogen and Fuel Cells (2019.3)

® In order to achieve goals set in the Basic Hydrogen Strategy,

=

Set of new targets to achieve (Specs for basic technologies and cost breakdown goals), establish approach to achieving target

(]

GoalsintheBasic
Hycrogen Srategy

ROV 200k by2025
800k by 2030

HRS 320 by 2025
900 by 2030

Bus 1,200 by 2030

Commercialize
by 2030

Establish expert committee to evaluate and conduct follow-up for each field.

Set of targets to achieve
2025 Price difference between FCVand HV (¥3m — ¥0.7m )
Cost of main FCV system (" FC ¥20k/kW — ¥5k/kW
Hydrogen Sorage ¥0.7m — ¥0.3m
2025 Construction and Construdion st ¥350m — ¥200m
operating costs Operatingcost ¥34m —¥15m
Costs of components for(Compressor ¥90m — ¥50m
HRS Accumulator¥50m — ¥10m
Early Vehicle cost of FC bus (¥105m — ¥52.5m)
2020s

#In addition, promote development of guidelines and technology development for expansion of

hydrogen use in the field of

trucks, ships and trains.

Efficiency of hydrogen power generation (26%—27%)
#1MW scale

Realization of grid parity in commercial and
industrial use

Approach to achieving target

Regulatory reform and developing
technology

Consideration for creating
nation wide network of HRS
Extending hours of operation

Increasing HRS for FC bus

Developing of high efficiency
combustor etc.

Developing FC cell/stack
technology

Hydrogen Cost

¥30/Nm3 by 2030
¥20/Nm3 in future

o
3
0]

Early realization
of grid parity
(&)
+
%3
u_u.

Production: Production cost from brown coal gasification
(¥several hundred/Nm3— ¥12/Nm3 )
Storage/Transport : Scale-up of Liquefied hydrogen tank
(thousands ni—50,000m)
Higher effidency of Liquefaction

Cost of electrolyzer (¥200,000m/kw—¥50,000/kW)

Efficiency of water (Skwh/Nm3—4.3kWh/Nm3)
electrolysis

Scaling-up and improving
efficiency of brown coal gasifier
Scaling-up and improving
thermal insulation properties

(13.6kWh/kg—6kWh/kg)

» Designated regions for public deployment
demonstration tests utilizing the outcomes of
the demonstration test in Namie, Fukushima

» Development of electrolyzer with higher
effidency and durability

6



The Strategic Road Map for Hydrogen and Fuel Cells (2019.3)

For HFS Construction Cost Reduction

-Expanding the Sort & Range of Metal Material for Hydrogen Station

-Improvement of the Design Method of High Pressure Storage Vessels

For HFS Operation Cost Reduction

-Realization of an Unattended Station

-Reconsideration of Safety Components based on New Risk Assessment Method




IEA Hydrogen Report Summary (2019.6)

The future of hydrogen

1. Hydrogen can help tackle various critical energy challenges.

2. Hydrogen is versatile.

3. Hydrogen can enable renewables to provide an even greater contribution.

4 Challenges to overcome

1. Producing hydrogen from low-carbon energy is costly at the moment.

2. The development of hydrogen infrastructure is slow and holding back widespread adoption.
3. Hydrogen is almost entirely supplied from natural gas and coal today.

4. Regulations currently limit the development of a clean hydrogen industry.

7 key recommendations to scale up hydrogen

1. Establish a role for hydrogen in long-term energy strategies.

2. Stimulate commercial demand for clean hydrogen.

3. Address investment risks of first-movers.

4. Support R&D to bring down costs.

5. Eliminate unnecessary regulatory barriers and harmonize standards.

6. Engage internationally and track progress.

7. Focus on four key opportunities to further increase momentum over the next decade.

(1)Make the most of existing industrial ports to turn them into hubs for lower-cost, lower-carbon hydrogen. (2) Use existing gas
infrastructure to spur new clean hydrogen supplies. (3) Support transport fleets, freight and corridors to make fuel-cell vehicles
more competitive. (4) Establish the first shipping routes to kick-start the international hydrogen trade.
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Regulations and Standards related to Hydrogen Stations

/ Laws and Regulations\

* High Pressure Gas Safety Act
Ordinance on Safety of General High
Pressure Gas
Ordinance on Safety of Gas Containers
Designated Equipment Inspection
Ordinance

*Fire Service Act

*Building Standards Act

*Industrial Safety and Health Act

*Petroleum Complex Disaster
Prevention Act

Qoad Transport Vehicle Law/

/ Codes and Standards\

Regal

*Exemplified Standards for Ordinance
*Japanese Industrial Standard (JIS)
*International standards (ISO TC197)

Industry Voluntary
*The High Pressure Gas Safety Institute
KHKS

*Japan Petroleum Energy Center

JPEC-S
*Japan Industrial and Medical Gas

/ Industry Voluntary \

Guidelines
*Japan Petroleum Energy Center
JPEC-TD
*The Association of Hydrogen
Supply and Utilization Technology
( HySUT)
HySUT-G

Association
&[MGA—T—S j

\ /

Ensuring safety of Hydrogen Station

10



Ordinance on Safety of General High Pressure Gas
Article 7-3 Overview

Technical standards for Stationary Hydrogen Stations

B [tem 1 (Technical Standard for Suburban Stations)

-No. 1 General Provisions Article 6 (Appropriate Safety Distance etc.)
-No. 2 Distance between dispenser and public road

-No. 5 Safe filling method for vehicles (maximum filling pressure)

m Item 2 (Technical Standard for Urban Stations)

-No. 2 Distance between high-pressure gas equipment and site boundary
-No. 3 Distance between dispenser and public road

-No. 4 Install a fire barrier around the station

-No. 18 Flame detector installed in accumulator

-No. 25 Breakaway device installed in dispenser

B Item 3 (Common Method for Fueling Hydrogen)
-No. 4 Fueling hydrogen safely
(Pressure Ramp Rate: JPEC-S 0003 Technical standard for fueling protocol)

11



Regulations and Standards related to Hydrogen Stations

/Laws and Regulations\

. I ligh Pressure Ga:t
Ordinance on Safety C?'f
Pressure Gas
Ordinance on Safety of Gas Containers
Designated Equipment Inspection

Safety Act

Genera

High

Ordinance
*Fire Service Act
*Building Standards Act
*Industrial Safety and Health Act
* Petroleum Complex Disaster
Prevention Act

Qoad Transport Vehicle Law/

/ Codes and Standa rds\

Regal

* Exemplified Standards for Ordinance

*Japanese Industrial Standard (JIS)

*International standards (ISO TC197)

Industry Voluntary

*The High Pressure Gas Safety Institute
KHKS

*Japan Petroleum Energy Center
JPEC-S

*Japan Industrial and Medical Gas
Association

JIMGA-T-S

/ Industry Voluntary \

Guidelines
*Japan Petroleum Energy Center
JPEC-TD
*The Association of Hydrogen
Supply and Utilization Technology
( HySUT)
HySUT-G

Ensuring safety of Hydrogen Station

12




Example of Exemplified Standards

56 -2. Measures equivalent to having a prescribed distance from the site boundary
(Compressed hydrogen stand / Mobile compressed hydrogen stand)

AN

. 8m or more
Overview : .

For a hydrogen fueling station,
measures equal to or greater than
having a prescribed distance from
the outer surface of the dispenser
body to the road boundary line of
public roads shall install a barrier
that meets the following standards.

i

High-pressure gas equipment
or container storage

Vertical plane on site boundary

Barrier

Outside site boundaries «—+—> Within site boundaries

1
Site boundary

13



Regulations and Standards related to Hydrogen Stations

/Laws and Regulatlons\

* High Pressure Gas Safety Act
Ordinance on Safety of General High
Pressure Gas

Ordinance on Safety of Gas Containers
Designated Equipment Inspection
Ordinance

*Fire Service Act

*Building Standards Act
*Industrial Safety and Health Act
* Petroleum Complex Disaster
Prevention Act

Qoad Transport Vehicle Law/

/ Codes and Standards\

Regal

*Exemplified Standards for Ordinance
*Japanese Industrial Standard (JIS)
*International standards (ISO TC197)

Industry Voluntary
*The High Pressure Gas Safety Institute
KHKS

*Japan Petroleum Energy Center

JPEC-S
*Japan Industrial and Medical Gas

Association
&I‘M GA-T-S j

/ Industry Voluntary \

Guidelines
*Japan Petroleum Energy Center

JPEC-TD
*The Association of Hydrogen
Supply and Utilization Technology
( HySUT)
HySUT-G

N /

Ensuring safety of Hydrogen Station

14



Industry Standards for Hydrogen Infrastructure Industry

Legislation and Standards System and Industry Standards and Guidelines

High Pressure Gas Safety Act (law)

Standards «
based on Laws

Ordinance for Enforcement of High Pressure Gas Safety Law (Government ordinance)

General high pressure gas safety Ordinance -~

Supplementing

— Exemplified Standards for general high-pressure gas safety Ordinance

> Standards related to alternative measures for distance regulation
“ (JPEC—S 0008 (2017) ]

.

Standard for hydrogen fuelling protocol
([JPEC—S 0003 (2016) )

Safety inspection standards
— Notification of safety inspection method |—»| [KHK/JPEC S 0850-9(2018))

Container Safety Ordinance

L{ Exemplified Standards for container safety ordinance l

Standards for containers for
compressed hydrogen transport vehicles
([JPEC—S 0005 (2012) ]

compressed hydrogen transport vehicles
(JPEC—S 0006 (2016) ]

Standards for accessories for “

L1 Bylaw of general High pressure gas safety ordinance [«

Standards that
Support Laws

|

Safety standard for

hydrogen fuelling station
[JPEC—S 0007 (2017) ]

Safety guidelines for

hydrogen fuelling station
(JPEC—TD 0001 (2017) ]

Self hydrogen station guideline
(JPEC—TD 0004 (2018) ]

Periodic self-inspection guidelines

(KHK/JPEC S 1850-9(2019)]

Guideline for Classification of
hazardous areas of dispensers
[JPEC—S 0004 (2014) ]

Technical document of
low alloy steel hydrogen cylinders
(JPEC—TD 0003 (2017) ]

Hydrogen trailer safety guideline
(JPEC—TD 0002 (2017) ]

Standards of the method of
fixing containers for hydrogen trailer
[JPEC—S 0009 (2018) ]

15



Example of Exempllfled Standards revised in March 2018

56 -2. Measures equivalent to having a prescribed distance from the site boundary
(Compressed hydrogen stand / Mobile compressed hydrogen stand)

Alternative Measures :
Source: “JPEC-S 0008 (2017)” cited in this example

(1) Barriers should be installed between the site boundary
and the high-pressure gas equipment to ensure a line-of-
sight distance of 5 m or more.

(2) Cover the necessary range of the side and top of the
frame with high-pressure gas equipment with panels
made of noncombustible material such as steel plates.
The panels can be equipped with ventilation louvers.

(Hereinafter omitted)

-

Reduction the safety distance

Asepunoq aus

Jaeq

Former regulation: 8m (based on Hydrogen diffusion concentration)

=New regulation with alternative measures: 5m (based on radiation heat of jet-flame)

Plan view

5m or more (line of sight)

Required range of (2)
(Panel installation)

High pressure
( gas equipment

R

Flame

Required range of (2)
>m or more (Panel installation)
(line of sight)

16
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Why JPEC is taking care of Regulatory Reform on HFS ?

v' JPEC is a technical center, established by Japanese petroleum and
other related companies, to execute common tasks for the
petroleum industry.

v' Petroleum industry already has a strong infrastructure to deliver
liquid energy (including LPG and LNG), has unloading and loading
facilities for liquid energy in oil refineries and also has a lot of

experience in treating Hydrogen at refineries and operating gas
stations.

v Petroleum industry has a large potential to supply Hydrogen.
= Based on these backgrounds, since 2003, JPEC has been

executing technical research and development for the Hydrogen
society from the stance of regulations and standards.

18



Why JPEC is taking care of Regulatory Reform on HFS ?

'JPEC’s activities for creating Hydrogen Society

-Review of existing regulations
By presenting more reasonable and useful safety standards to the authorities,
JPEC is proposing the revision of the regulations.
-Establishing new standards
JPEC is also making drafts of new technical standards for Hydrogen stations,
e.g. the standards for the periodic inspection, the distance between dispenser
and public road, very high pressure storage vessels and Hydrogen fueling.

Standards regarding allowable maximum

temperatures and safety valves of
hydrogen containers for trailers

H, Trailer ||rm

- Regular
- Diese

High pressure
storage vessels

Hydrogen fueling
standards

Periodic safety Distance between dispenser and public road:
inspection standards } this April, 8m = 5m with proper dispenser structure

Fig. example of JPEC activities 19



~FCV/Hydrogen Infrastructure National Project in Japan .

FY |~2001|2002(2003({2004|2005|2006|2007 |2008|2009|2010(2011(2012|2013|2014|2015(2016|2017|2018(2019(2020|2021|2022|2023

JHFC1 . | JHFC2 JHFC3

Researchon . | Demonstration Regional hydrogen
solid polymer | research on fuel cell supply infrastructure
fuel cell system | systems, etc. technology and
demonstration social demonstration

oy
a F::ndar:nerlwta! defvelopfment Development of technologies\ |Research and development \|Development of
0] ° ftscdno Og'?sf Or 5ale US€ Nfor hydrogen production, of technologies for hydrogen }Technologies for Hydrogen
2 ofhydrogen Infrastructure /1, ivery and storage systems/ |utilization by NEDO Refueling Stations by NEDO
8‘ by NEDO by NEDO *Unattended operation
*Re-risk assessment
20 | 1 |
WE- | *Research on steel
g NET x\ Common fundamental *Vessel evaluation=design
6 development project of
= ; hydrogen society building
§ 1993~ by NEDO
& | 2000
'_*_ !

WE-NET : World Energy- NETwork
JHFC : Japan Hydrogen & Fuel Cell Demonstration Project
NEDO : New Energy and Industrial Technology Development Organization

Solid line : Projects in which JPEC participated -0



Construction Cost (Initial Cost)
400~500MM¥=4~5MM$
Operation Cost (Running Cost)
40~50MM¥=0.4~0.5MM$

legal safety Inspection(once/y): 0.2MMS & 30days

material & machine only defined by ordinance etc.: AMMS

Construction Cost (Initial Cost)
200~300MM¥=2~3MM$
Operation Cost (Running Cost)
20~30MM¥=0.2~0.3MM$

=

self-inspection only (legal safety inspection not necessary)
/

common materials selected by owners

reformer self-fueling not
permitted
high press. vessels V
compressor ..
dispenser

cylinder bundle

—_——
pyn

very small leakage =
prohibition of business

_E )
t

resident of safety controller or
safety chief, necessary: 0.2MMS$S

with their responsibility: 2.5MMS
reformer self-fueling
\ permitted
high press. vessels V
compressor . —
G 3 dispenser

==\

unattended station with
remote monitoring system

METI: Ministry of Economy, Trade and Industry

High Pressure Gas Safety Act and related many Ordinances and Standards
make construction and operation cost more expensive in Japan than the States.

= Regulatory reforms are necessary.

37 issues determined (2017 June) and already started studying them,,



JPEC's present Activities

-Realization of an Unattended Station
By introducing new understanding of high pressure gas safety act
as never before and new remote monitoring and control system,
we can realize an Unattended Station.
= “Ordinance on Safety of General High Pressure Gas” defined an
unattended station on Aug. 6t 2020.
-Reconsideration of Components based on New Risk Assessment
Method
By introducing quantitative evaluation in the procedure of risk-
assessment replacing the concept of “absolute safety” to ALARP,
we can find some excess components for safety in Hydrogen Stations.
ALARP: "as low as reasonably practicable"
= Probably some excess components for safety (e.g. safety valves)
will be disappear in the next several years

These two issues are included in 37 regulatory reform issues
22



Thank you for your Attention!!

This presentation is based on results obtained from
projects (JPNP18011) commissioned by NEDO.

23



Prospect of Petroleomics as a Tool for Changing Refining Technologies

Japan Petroleum Energy Center (JPEC) and partners have been developing “Petroleomics” as a new refining
technology since 2011. Petroleomics can be a technology to achieve the ultimate method based on molecular
reaction models with molecular level analyses of heavy oil. After the fundamental stage taking five years, our
petroleum informatics database includes more than 25 million chemical structures of heavy oil components
constructed with the aid of Fourier Transform Ion Cyclotron Resonance Mass Spectrometry (FT-ICR MS). Sub-
sequently, reaction modeling studies were applied to residue hydrodesulfurization (RDS) and the aggregation
model for asphaltenes to sediments, both of which are particularly important subjects in heavy oil upgrading.
Our Petroleomics project is now in the application stage to attempt three major investigations: a molecular data-
base of crude oils including unconventional oils, total optimization of RDS and residue fluid catalytic cracking
(RFCC) operations with reaction modeling, and the mechanism of asphaltene aggregation responsible for fouling
and plugging in some heavy oil upgrading processes. Further progress in Petroleomics is expected to achieve
practical applications in refineries, such as advanced performance diagnosis, operational optimization, and catalyst

and process development.
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1. Introduction

Modern analytical methods have allowed consider-
able progress in the field of refining technology. Con-
ventional gas chromatography (GC) can provide both
qualitative and quantitative information about almost all
chemical species contained in gasoline (naphtha). GC
methods identified the most refractory sulfur compound
in gas oil (diesel) as 4,6-dimethyldibenzothiophene using
a selective sulfur detector, sulfur chemiluminescence
detector (SCD) in the early 2000s, and two-dimensional
gas chromatography (2D-GC or GC X GC) provided
details on the chemical species distributions at the
molecular level in the range from lighter paraffin to
complex naphthenic tri-aromatics?. These analytical
techniques have helped to achieve improvements in
both regulations and refining processes for clean fuels,
such as lower benzene content in gasoline and ultra-low
sulfur content in gasoline and diesel?. However,
heavy oils, such as vacuum gas oil (VGO) and vacuum
residue (VR), had not been investigated at the molecular
level until quite recently, mainly because of their com-

DOI: doi.org/10.1627/jpi.63.133
* To whom correspondence should be addressed.
* E-mail: ka-inamura@pec;j.or.jp

plexities. Fourier Transform Ion Cyclotron Resonance
Mass Spectrometry (FT-ICR MS) as ultrahigh resolu-
tion MS was first applied to petroleum analysis in
19943, and has been extensively used at the National
High Magnetic Field Laboratory (NHMFL) to investi=
gate heavy oils, leading to a new methodology for
petroleum called “Petroleomics™ ™9,

Almost all crude oil was imported into Japan, espe-
cially from the Middle East (total 87.3 %, 39.4 % from
Saudi Arabia and 24.8 % from United Arab Emirates in
2017), so efficient utilization of petroleum has been the
most crucial issue in the oil industry. In particular,
noble use of petroleum has been the top target, especially
at Japan Petroleum Energy Center (JPEC), requiring the
technological enhancement of heavy oil upgrading.
The conventional approach for process studies, for
example RDS unit, has considered heavy oils as simpli-
fied lumping models and overall reaction rates for sev-
eral major reactions, such as hydrodemetallization
(HDM) and hydrodesulfurization (HDS), simply
because limited information was available on heavy oil
components at the molecular level.

The Petroleomics approach based on molecular level
feed and product information and statistical analysis
can investigate the heavy oil upgrading process using
molecular kinetics models, with the potential for molec-
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ular level selectivity of products as shown in Fig. 1.

2. Design and Construction of Heavy Oil
Component Database at the Molecular Level

As a fundamental stage, the study from FY2011 to
FY2015 began to build an oil component database at
the molecular level based on structural analyses with
FT-ICR MS to introduce the informatics approach to
petroleum by combining structural and physical proper-
ties.

2.1. Analytical Procedures
2.1.1. Sample Preparation

Direct measurement with FT-ICR MS of crude oil
samples easily causes under/overestimates of heavy oil
components due to their different ionization efficien-
cies. Therefore, heavy oil should be separated into
several fractions based on the chemical structures of the
sample. The extended SARA (saturate, aromatic, resin
and asphaltene) fractionation method is routinely used
at JPEC before FT-ICR MS measurements as shown in
Fig. 2, where heavy oil samples, such as atmospheric
residue (AR) or vacuum residue (VR), were separated
into seven fractions by column chromatography: satu-
rates (Sa), one-, two-, three- or higher ring aromatics
(1A, 2A, 3A+), polar and polyaromatic resins (Po, PA),
and asphaltenes (AS)”.

Fig. 3 Fourier Transform Ion Cyclotron Resonance Mass Spec-
trometry (FT-ICR MS)

2.1.2. FT-ICR MS Measurements and Ionization
Methods

All MS measurements were performed using a FT-
ICR MS (solariX 12T, Bruker Japan K.K.) equipped
with a 12 T refrigerated actively shielded superconduct-
ing magnet (Fig. 3). Atmospheric pressure photo-
ionization (APPI)® was used to ionize the 1A, 2A, 3A+,
and Po fractions, which contain aromatic species as the
main component that are ionized effectively by APPI.
The heavier PA and AS fractions were ionized by laser
desorption ionization (LDI)?, because of poor ioniza-
tion with APPI for these low volatilities. Ag-
cationization and laser desorption ionization (Ag-LDI)!?
were used to ionize for Sa fraction containing paraffins.
All MS analyses were performed in positive ion mode.

Figure 4 shows the DBE (double bond equivalent)
versus carbon number plots of 1A, PA, AS from a VR
sample, where the DBE values represent the number of
rings plus the number of double carbon bonds in a given
molecular formula. DBE values can be calculated
using the following equation!":

DBE =c—-h2+n/2+1
for elemental formulas of C.HyN,O,S;.

In Fig. 4, the range of carbon number remarkably
decreased in the order of 1A, PA, AS, indicating that
petroleum molecules contained in 1A have longer alkyl
side chains than PA and AS. The range of DBE values
of 1A, PA, AS were 3-16, 12-33, and 4-38, respectively.
The distribution of AS was aligned on the line of planar
aromatic limit'?, and the trend was clearer than for PA.
This suggests that AS contains highly condensed (poly-
cyclic) aromatic species with shorter alkyl side chains
than PA. The DBE versus carbon number plot is one
of the most important visualization methods to obtain
deep insight into such FT-ICR MS data.
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2.1.3. Core Structure Estimation Using Collision
Induced Dissociation (CID)

In the measurements with collision induced dissocia-
tion (CID), ions passing the quadrupole mass analyzer
(Q1) were sent into the collision cell. The Q1 was
opened and all parent ions were subjected to CID,
because mass isolation of each ion is not practical for
highly complex mixture such as heavy oil sample.
Under this condition, parent ions decompose into con=
stituent core structures, with each core structure con-
sisting of a combination of aromatic, naphthenic and
hetero-atom rings, as fragment ions.

Figure 5 shows the distributions of 1A, PA, and AS
fractions from a VR sample before and after CID. The
distributions of VR-1A before and after CID were
located almost in the same range of DBE. Therefore,
VR-1A contains single-core molecules as the main
component. In contrast, the distributions of PA and
AS showed remarkable shift in the lower DBE direc-
tion. In particular, the high DBE range of VR-AS
(DBE: 26-38) needs at least two cores to explain the
structure. It is suggested that VR-PA and VR-AS con-
tain both single- and multi-core molecules. This infor-
mation can be utilized to reconstruct residue molecules
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as input. Figure 6 shows the concept of the structure
estimation method with CID. More detailed explana-
tion is given in our publication elsewhere'.
2.1.4. Data Analysis

MS peak detection, internal calibration and assign-
ment of elemental formulas were performed with
Composer software (Sierra Analytics, Inc.), and other
procedures are detailed elsewhere'®!®. The chemical
structure of each oil molecule can be defined by a com-
bination of core structures, bridge and side chains,
where the order of combination of each component is
not considered and so all derivatives (isomers) are treated
as the same component.
2.2. Petro-informatics Database

A comprehensive database for petroleum molecules
was constructed containing information about the
known chemical structure and physical properties.
Definition of the chemical structure allows calculation
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of some bulk properties. Physicochemical properties
such as boiling and melting points are obtained using
the group contribution method. Other thermochemical
properties such as formation energy and heat capacity
are obtained from quantum chemistry calculations.
Extensive efforts to construct the database for all petro-
leum molecules are ongoing, and the number of regis-
tered molecules has exceeded 25 million.
2.3. Molecular-based Reaction Modeling for RDS
and Asphaltene Aggregation

RDS was selected for the first application of the Petro-
Informatics Database as a platform for reaction modeling.
Reaction behavior of involved cores was investigated
using the chemical structure description data of cores
during the RDS reaction. As a result, 1233 types of
cores were selected as dominant species accounting for
over 95 mol% of the feed and products, and reaction
networks for these cores were proposed consisting of
2107 reaction pathways!'®. For example, reaction
pathways of two ring cores with S and N are shown in
Fig. 7. The second application was the asphaltene
aggregation modeling as described in the next section.

3. Application to Practical Uses of Petroleomics in
Refineries

The second stage of the Petroleomics project began
in FY2016. Based on the technologies developed in
the fundamental stage, application and utilization tech-
nologies are being developed for practical uses of
Petroleomics in refineries, where our developed tech-
nologies may be useful for performance diagnoses, as
well as operational optimization, and new catalyst and
process development, as shown in Fig. 8. Some of
main subjects in progress are explained as follows.

3.1. Crude Oil Database with Petroleomics

Lighter crude oils are preferred in Japan with average
36.0° API gravity (S: 1.45 wt%), and a feasibility study
for processing heavier crude oils, such as unconventional
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Fig. 9 Current Lineup of Crude Oils in the Database Established
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oils (oil sands) and heavy oils, will be essential, so we

initiated to create a crude oil database with Petroleomics.

A total of 12 selected crude oils have been processed up

to 2018 and are listed in Fig. 9.

Carbon number versus DBE plots as heavy compo-
nent distribution diagrams are shown in Fig. 10 for
three atmospheric residues (AR, cut at 360 °C). AR of
Crude-B contained more components with higher DBE
values at carbon number around 35 than AR of
Crude-A, indicating more polycyclic aromatic hydro-
carbons (PAHs) with 6-10 aromatic rings and fewer
side chains. In contrast, AR of Crude-C contained
components widely distributed from PAH to 1-3 ring
aromatics with many side chains. Crude-B and
Crude-C contained much higher amounts of nitrogen-
containing components than AR of Crude-A. HDS
and HDN reactivities of these ARs are now being inves-
tigated based on their compositions.

3.2. Total Optimization of RDS and RFCC
Operations with Molecular-based Reaction
Modeling

RDS kinetic reaction modeling was developed as
described in Section 2. 3.1 and was subsequently
applied to the simulated evaluation of the molar fraction
distribution of main core components inside the RDS
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reactor from the feed to the desulfurized AR (DSAR)
products. The study of molecular-based reaction mod-
eling is now being expanded to the RFCC process as
illustrated in Fig. 11, in which fundamental reactions
in RFCC are considered!?.

Figure 12 shows comparative diagrams for 22 types
of core components found in the RFCC feed and prod-
ucts, in which these cores account for 98 % of all cores
in RFCC products. One and two ring aromatic cores
are the majority in the products, which are formed
through aromatization of paraffins, dehydrogenation
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Fig. 12 Comparative Diagrams for 22 Major Types of Core

and ring-opening reactions. In contrast, PAH cores
with more than four aromatic rings undergo very little
change in quantity except for some cores with a naph-
thenic ring, indicating that catalytic cracking only
occurs at the hydrogenated naphthenic ring. Figure 13
shows comparative diagrams for different numbers of
rings (aromatic + naphthenic) in the RFCC feed and
products. One- and two-ring cores increased in the
RFCC product, whereas more than three-ring cores de-
creased.

Two possible reactions could account for the decreases
in quantity of three- and higher ring core, ring opening



by cracking of the naphthenic ring, decreasing the num-
ber of rings, or aromatization and coke-formation by
dehydrogenation. Being applied in the same proce-
dure as for the RDS reactions, most molecular compo-
nents in DSAR as a feed for RFCC and their products
were analyzed. The reaction networks of one- to
six-ring cores for RFCC were obtained as shown in
Fig. 14. By fitting reaction rates to experimental data,
the following reaction trends were obtained; ring open-
ing is in the order of three-ring > four-ring > five-ring,
and ring opening rate was higher for cores with more
naphthenic rings among aromatic + naphthenic cores
with the same number of rings (aromatic + naphthenic).
Our reaction network modeling of RFCC is now being
expanded to both coking reactions and aliphatic chain
reactions'®).
3.3. Mechanism of Asphaltene Aggregation

The aggregation model for asphaltenes (AS) to sedi-
ments, which are the primary causes of fouling and
plugging, was developed as the Multi-Component
Aggregation Model (MCAM). The model consists of
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Fig. 13 Comparative Diagrams for Different Numbers of Aromatic
+ Naphthenic Rings between the RFCC Feed and Products

the Hansen solubility parameter (HSP)!® and has been
developed by a joint research group between Kansai
University, National Institute of Advanced Industrial
Science and Technology (AIST) and JPEC?)2D,  All
molecular-based heavy oil components in AS can be
attributed to a specific HSP value from its compositional
data. Figure 15 shows the HSP of AS extracted from
VR of Canadian oil sand bitumen (CaAs) in a 3D dia-
gram as an example?®, The radius of the sphere is
called the interaction radius Ro. Quantitative evalua-
tion of the solubility can be determined using the Ra
value, meaning the distance of the HSPs for both sub-
stances.

R.= [4(5d1 —Sa) + (Op1 = Op2 )2 +(Ont — Oh2 )ZJW

Quantitative evaluation of solubility can be represented

B0 P———— | @ AS asSolute
®: “Good” Solvent
M: “Poor” Solvent

intermolecular dipole
8 [(e)a)

Blue circles are “good” solvents, and red cubes are “bad”” solvents?”.

Fig. 15 Hansen Solubility Parameter (HSP) of Canadian AS (CaAs)
as a Solute in a 3D Diagram with HSPs of Organic Solvents
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Table 1 Hansen Solubility Parameters and Solubility Score of CaAs in Some Organic Solvents®”

Solute Sa [(em®?] 8, [((Wem®M] & [(Mem®)?] &, [(F/em?)'?] Ry [(M/em®)'?)

As (CA) 19.1 42 44 20.1 6.1

Solvent 84 [(lem®?] &, [((em®)'?] & [(em®)?] & [(F/em?)'?] R, [(J/em®)?2) RED R.J/R, Score
Bromobenzene 19.2 5.5 4.1 204 1.3 0.22 1
Toluene 18.0 1.4 2.0 182 43 0.70 1
Benzene 18.4 0.0 2.0 18.5 5.0 0.83 1
THF 16.8 5.7 8.0 19.5 6.0 1.0 1
Cyclohexane 16.8 0.0 0.2 16.8 7.5 12 0
Acetone 15.5 10.4 7.0 19.9 9.9 1.6 0
Pentane 14.5 0.0 0.0 14.5 11.0 1.8 0
Ethanol 15.8 8.8 19.4 26.5 17.0 2.8 0
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Fig. 16 Precipitates Estimated for the Resid Hydrocracker by MCAM

by the Ra value. With a small difference in HSP
between solute and solvent (R, < Rp), the solute is likely
to be soluble in the solvent. Thus, the degree of solu-
bility can be determined by relative energy difference
(RED =R4/Ro). HSPs and solubility score of CaAs in
some organic solvents are listed in Table 1. Bromo-
benzene was determined as the best solvent for CaAs.
Distribution of specific components between soluble,
aggregate and precipitate phases can now be determined
by the degree of AS aggregation (Dagg) as a function of
the HSP values of the component and liquid phase, con-
centrations and temperature?). In addition, HSP

values have been precisely determined for a series of
synthetic AS model compounds using experimental sol-
ubility testing??.

The developed AS aggregation model is now being
applied for some refinery tasks, such as the degree of
sediment estimated from the feed compositions in some
heavy oil upgrading processes, and crude oil stability
after mixing (miscibility) in a storage tank. A success-
ful example is a case study of precipitates (sediment)
estimation in the heat exchanger located after the ebul-
lated-bed resid hydrocracking unit, as shown in Fig. 16.



4. Conclusion

Our Petroleomics project is reviewed from the funda-
mental stage started in FY2011 to the ongoing applica-
tion stage. The crude oil database based on
Petroleomics is expanding in terms of both quality and
quantity and is expected to be become invaluable as a
shared resource for dramatic progress in operational
reliabilities and productivities in refineries.
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ITTA REPORT: Interview Project
March 12, 2021

A.

U.S. Energy Information Administration (EIA)

ITTA contacted various EIA experts who contributed responses below, including
Estella Shi (Biodiesel and biorefinery trends), Peter Colletti (Long-term jet fuel forecasts)
and Kevin Hack (Short-term jet fuel forecasts and U.S. crude oil imports).

Due to the impact of COVID-19, jet fuel is oversupplied all over the world. What is the short-
term demand forecast for jet fuel in the United States?

EIA Short Term Outlook for U.S. Jet Fuel Consumption: 2021 — 2022
Million Barrels per Day
2019 2020 2021 2022

12/20 1.74 1.09 1.54 NA
01/21 1.74 1.08 1.41 1.71
02/21 1.74 1.08 1.39 1.70
03/21 1.74 1.08 1.40 1.73
Source: EIA Short Term Energy Outlooks December 2020 — March 2021

January 2021 STEO: EIA’s January 2021 Short Term Energv Outlook (STEO)
presents EIA’s first short-term forecast for jet fuel demand in the United States for 2021. Please
see attached January STEO.

“Among petroleum products, jet fuel consumption fell particularly sharply in 2020,
and ETA assumes that global jet fuel consumption will remain below its 2019 level
through the end of 2022. EIA expects jet fuel consumption to return to pre-
pandemic levels more quickly in China and the United States than in most other
regions.” (page 5)

“EIA estimates that in 2020, U.S. consumption of liquids fuels averaged 18.1
million b/d, down 2.5 million b/d (12%) from 2019 consumption levels. Reduced
travel because of the COVID-19 pandemic drove consumption in the second quarter
0f2020 down to 16.1 million b/d, the lowest level for any quarter since 1986.” (page
5)

“Total liquids consumption then increased, reaching approximately 18.5 million b/d
in the fourth quarter of 2020, down from 20.6 million b/d in the fourth quarter of
2019.” (page 10)

“Although EIA forecast liquids fuels consumption to increase from 2020,
consumption in 2021 is forecast to remain lower than 2019 levels of 20.5 million
b/d largely because consumption of transportation fuels including gasoline

distillate. and jef fuel is expected to remain lower than 2019 levels.” (page 10)

“EIA forecasts consumption in 2022 to almost return to 2019 levels; forecast
gasoline and jet fuel demand that is less than 2019 levels is offset by distillate and
hydrocarbon gas liquids (HGL) consumption that is forecast to be greater than 2019
levels.” (page 10)

Please see the attached PDF copy of the January 2021 STEO.
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EIA Quarterly Forecasts for U.S. Jet Fuel Consumption: 2021 and 2022
Million Barrels per Day
2021 2022 Year
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 | 2020 [ 2021 | 2022

01/21 1.26 1.39 1.51 1.48 1.57 1.71 1.77 1.78 1.08 1.41 1.71
02/21 1.22 1.38 1.50 1.47 1.57 1.70 1.77 1.77 1.08 1.39 1.70
03/21 1.20 1.39 1.52 1.50 1.60 1.73 1.79 1.79 1.08 1.40 1.73
Source: EIA Short Term Energy Outlooks for January, February, and March 2021

March 2021 STEO: In the March STEO, “EIA reduced expectations for jet fuel
consumption in 2021 in response to lower than expected first-quarter flight activity, along with
reduced air travel expectations from the International Civil Aviation Organization [ICAO]
during the second quarter of 2021.” (page 10) However, “EIA forecasts consumption in 2022
to almost return to 2019 levels; forecast gasoline and jet fuel demand that is less than 2019
levels 1s offset by distillate and hydrocarbon gas liquids (HGL) consumption that is forecast to
be greater than 2019 levels.” (page 10)

Please see the attached PDF copy of the March 2021 STEO.

Regarding its reasoning behind these jet fuel forecasts, EIA stated the following:

“Unlike Europe and Asia, there does not seem to have been as substantial an impact
on U.S. air travel since the start of 2021. We do expect to see some hesitance in
returning to air travel through the spring of 2021, but otherwise we see it largely
continuing to grow closer to 2019 levels through the end of the year.”

“This forecast operates under the assumptions that travel restrictions and
government guidance are eased with increasing domestic vaccination rates, and
consumer comfort gradually increases as customers feel safer about air travel.”

“Again, we are also using the ICAO’s short term regional forecast as additional
guidance through the end of 2Q 2021. On a medium-term, annualized basis, we are

expecting jet fuel demand to remain below 2019 levels for a few years after 2021.

That 1ssue 1s covered in more detail in the 2021 Annual Energy Outlook.”

The relevant AEO2021 statements concerning air travel are the following:

“In the Reference case, U.S. passenger air travel demand decreases by nearly two-
thirds in 2020 and returns in 2025 to 2019 levels; bus passenger travel demand
decreases by nearly half in 2020 and returns in 2031 to 2019 levels; and light-duty
vehicle (LDV) travel returns to 2019 levels by 2024.” (page 5)

“After air load factors return to 2019 levels in 2024, the trend in energy intensity
per passenger mile returns to a steady decline as rail, air, and bus modes adopt
energy-efficient technologies and practices.” (page 10)

Please see the attached PDF copy of the AEO2021 Narrative.
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In addition, EIA offered the following explanation: “To be clear, the statement included
in the January STEO text suggests that China and the United States are both expected to return
to pre-pandemic levels more quickly than other regions, such as Europe, the rest of Asia, Latin
America, etc. That said, we have generally seen a faster recovery in Chinese air travel than in
the United States.”

e “Recent reported small-scale outbreaks in China, combined with concern over
travel during the Lunar New Year both contributed to renewed measures to contain
the virus in January and February.”

e “However, the top-down nature of the shutdowns, combined with the rate of
recovery seen in most of 2020 leads us to believe that China is likely to also recover
relatively quickly from these shutdowns as well.”

e “EIA also uses the ICAO’s COVID 19 impact reports as guidance for the jet outlook
in the STEO forecast. Their report currently extends through the second quarter of
2021, though it does not provide a country level forecast, and instead operates
primarily on a regional basis. That said, Chinese is the largest single jet market in
their Asia/Pacific region.”

We also would like to know the ratio of jet fuel demand for domestic and international flights
in US?

According to EIA, “the majority of U.S. airline flights are domestic. Based upon the
data available to us, we generally see about one-third of present jet fuel demand is consumed
for international flights, though we estimate that can be closer to just under half under “normal”
pre-COVID conditions.”

EIA contacts further offered, “the U.S. Bureau of Transportation Statistics publishes
data on Revenue Passenger Miles (RPM) and Available Seat Miles (ASM), broken out by
Domestic and International, as well as total flight numbers by carrier. It is generally worth
noting that RPM, ASM and flight numbers show a higher percentage in domestic vs.
international. Higher jet fuel demand estimates relative to these indicators are driven by flight
distances and efficiency calculations, such that international and transoceanic flights are
generally more fuel intensive than domestic flights.

What is the long-term scenario for renewable diesel and jet fuel production?

Types of Renewable Diesel: EIA makes long-term projections for two types of
renewable diesel fuel: Biodiesel and Renewable diesel. Both types are made from the same
feedstock: renewable organic non-fossil material of biological origin (e.g., soybean, canola, or
other vegetable oils; animal fats; and recycled grease). As such, biodiesel and renewable diesel
are virtually the same product. However, the key difference between the two fuels is that they
are produced by different methods.

e In biodiesel production, the feedstock is reacted with methanol to produce mono-
alkyl esters of long chain fatty acids or fatty acid methyl esters (FAME). In
renewable diesel production, the feedstock is reacted with hydrogen during a
process called hydrotreating.

! https://www.icao.int/sustainability/Pages/Economic-Impacts-of-COVID-19.aspx
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e Another difference is that renewable diesel has no oxygen in it. whereas biodiesel
does. Renewable diesel also has lower production volumes than biodiesel in the
United States, which has created supply issues.

e For EIA reporting requirements, biodiesel is designated B100, and meets the
requirements of American Society for Testing Materials ASTM (D 6751).
Renewable diesel meets ASTM D975 specification for petroleum diesel.

e It does not require blending with petroleum diesel for its use. Both fuels qualify for
meeting the biofuels consumption levels required by the U.S. Renewable Fuel

Standard Program.

Liquid Fuels: Biofuels X oownLoaD

Graph Provided by EIA Contact

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050
— Biodiesel: Reference case — Other Biomass-derived Liquids: Reference case

EIA Forecast for Renewable Diesel: According to the Reference Case scenario in
EIA’s Annual Energy Outlook 2021, “EIA projects that the percentage of biofuels (including,

ethanol, biodiesel, and other biomass) blended into the U.S. fuel pool (gasoline and diesel) will
increase and slowly grow across the entire projection period [through 2050].

e AEO 2021 states: “In the High Oil Price case, the share of biofuels consumed in the
United States rises to a greater percentage as higher prices for gasoline and diesel
make biofuels more competitive.” (page 30)

e “The share of biofuels in the Low O1l Price case remains relatively unchanged when
compared with the Reference case because of regulations...For example, the LCFS
[California’s Low Carbon Fuel Standard] encourages the use of biomass-based
diesel because renewable diesel has one of the lowest carbon intensities of the
approved pathways for LCFS compliance.” (page 30)

According to the AEO 2021 Excel data file for Table 11, domestic U.S. biodiesel
production is expected to rise from 110.000 barrels per day (b/d) in 2020 to 130.000 b/d in
2023 and stay at that level throughout the forecast period ending in 2050. (A copy of this file
1s attached.)

Domestic production of biomass liquid fuels, which includes biomass diesel, 1s forecast
to grow from 30.000 b/d in 2020 to 70.000 b/d in 2022, 100.000 b/d in 2023, 110.000 b/d in
2030, 100.000 b/d in 2033, and 90,000 b/d from 2039 through 2050.

e AEO 2021 states: “Biomass-based diesel. for the most part. tracks overall diesel
demand. Biomass-based diesel is supported by policy including the renewed
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biodiesel mixture tax credit, and so it is likely to continue to gain market share
through 2050. EIA projects diesel demand in the Reference case to almost return to
pre-COVID levels in 2021, but never quite reach 2019’s peak. (page 31)

e EIA expects biodiesel to grow slightly, maintaining a steady level of production
through 2050. Several new renewable diesel plants have been announced this year.
both domestically and overseas. A few domestic refineries have shuttered to convert
to renewable diesel production, or they have made plans to do so in the near future,
contributing to projected increases in renewable diesel supply.” (page 31)

EIA said that biomass diesel is the driving factor in the projected rise in biomass-
derived liquid fuels to 2030 (The graph above was provided to ITTA by EIA and contains the
data from Table 11): “There have been several announcements of new renewable diesel plants
within the past year, and so with the added capacity coming online in the near-term, we see
renewable diesel driving that growth in ‘other biomass-derived liquids.’”

Liquid Fuels: Biofuels: Biodiesel X DOWNLOAD
MMb/d

05

- - T
04 Graph Provided by EIA Contact -
7
4
03 == 2T
P
I _ 7’
- -
— ”
02 —
=TT
A R N ittt el R R Rl R Rl
e e
e
0.0—— T : T T : ; : : ; ; : ; ; ; :
2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050
- Reference case = High oil price = Low oil price

EIA further stated, “Prices do play a role, as the model is a linear program that makes
decisions based on what is economic. For example, if you look at the side cases, you can see
the effect that oil price has on renewable fuel. In the High Oil Price scenario, higher prices for
diesel make biofuels more competitive. However, in the Low Price scenario, the biodiesel
remains relatively unchanged, as it is supported by regulations such as the Renewable Fuel
Standard or California’s Low Carbon Fuel Standard. In the model, the RFS 1s a minimum level
that must be met. requiring a certain level of renewable fuel—so policy mandates do play a

large role in determining biofuels levels.”

Jet Fuel: Our EIA contact confirmed that EIA does “not explicitly track projections for
domestic jet fuel production.” However, EIA does provide a long-term proxy measure for jet
fuel consumption in term of “product supplied.” According to EIA’s AEO2021 Excel data file
for Table 11 (Reference Case), domestic product supplied of jet fuel (kerosene type only) is
expected to increase from 1.08 mb/d in 2020 to 1.54 mb/d in 2021. Beyond 2021, jet fuel
product supplied is expected to increase to 1.70 mb/d in 2026, 1.82 mb/d in 2033, 1.90 mb/d
in 2037, 2.01 mb/d in 2042, and 2.19 mb/d in 2050.
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B. American Petroleum Institute (API)

ITTA contacted Andrew Van Eyck of the American Petroleum Institute. However,
API declined to comment based on the sensitivity of some of the questions. The information in
this section is based on official API statements, additional information provided by EIA, and
ITTA’s own research and insights.

What is the import / export scenario of Venezuelan crude oil and Iranian crude oil due to the
change of government?

Outlook for Venezuela: During the 2020 election, then-candidate Biden criticized the
Trump Administration’s sanctions policy as ineffective in forcing political change in
Venezuela, but effective in harming the people of Venezuela. Despite this criticism, the Biden
Administration’s policy toward Venezuela is largely similar regarding sanctions and the
political changes it expects to see in Caracas.

In ITTA’s assessment, the Biden Administration will continue to maintain harsh
sanctions that have blocked virtually all Venezuelan oil exports to the U.S. market
by banning U.S. entities from entering into financial transactions with Venezuelan
state-owned oil company PDVSA. The Biden Administration also recognizes Juan
Guaido as the interim president in continuity with the previous administration’s

policy.

During a White House background briefing for the media on March 8, an unnamed
senior Biden Administration official said that President Biden “is in no rush to lift
sanctions” and that “the United States is going to continue to increase the pressure,
and it is going to expand that pressure multilaterally” until the government of
President Nicolas Maduro restores U.S. confidence by opening genuine “good
faith” dialogue with domestic political opponents that leads to “free and fair
elections.”

The senior administration also stated, “As I said before, there is no rush to lift
sanctions, and—you know, unless the Maduro regime demonstrates that it is ready
to sit down at the table and takes measures that demonstrate to the international
community, to the Venezuelan interim government that this time is going to be
different.” (https://www.whitehouse.qov/briefing-room/press-
briefings/2021/03/08/background-press-call-by-senior-administration-officials-on-

venezuela/)

Also, on March 8, the Biden Administration announced that it granted temporary
protected status to Venezuelans already living in the United States for 18 months, a
bipartisan request from elected officials representing southern Florida regions. The
Trump Administration ignored this request during its tenure. The order will affect
up to 340,000 Venezuelans currently living in the United States.

Until the Maduro government demonstrates a genuine commitment to political reform
that is endorsed by the international community, the Biden Administration will continue to
maintain oil sanctions on Venezuela.
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e The changes the administration needs to see are (1) Maduro’s engagement with
opposition leader Guaido and his followers in the Venezuelan Congress and (2)
acceptance of an international monitoring of free and fair elections.

e Inour observation, there have been no official statements indicating that Maduro or
Guaido are ready and willing to commence dialogue. At this time, they are locked
in a sustained impasse.

e Until the political situation in Caracas starts moving in the direction Washington
wants to see it go, U.S. sanctions on Venezuelan oil exports will remain in effect.

Outlook for Iran: Iranian crude oil production has fluctuated during the past 30 years,
between 3.0 and 4.0 mb/d. Iran maintains the potential to produce up to 4 million barrels per
day of crude oil. Some forecasts indicate that Iran could increase its crude oil production to
over 4 mb/d by 2023 if U.S. sanctions were lifted.

e The volume of Iranian crude oil exports has fluctuated greatly from a high of
900,000 b/d and a low of 100,000 b/d per month since the restoration of U.S.
sanctions in 2018.

e To break free from U.S. sanctions, recent reports indicate that Iran has approached
Asian refiners to gauge interest in its crude oil.

e While the countries of actual interest are unclear, China, India, Japan, and South
Korea all are previous major buyers of Iranian crude oil.

e Recent reports based on independent assessments say that in January 2021, Iranian
oil exports increased despite U.S. sanctions, from an estimated 490,000 b/d in
October 2020 to 710,000 b/d in January 2021.

e This monthly variation makes any prediction concerning Iranian crude oil exports
difficult to make as long as U.S. sanctions remain in effect. Another uncertainty is
how strongly the Biden Administration will enforce U.S. sanctions.

Iran has adopted several methods designed to bypass U.S. sanctions to sell its crude oil
in foreign markets: smuggling, transponder tampering, and lightering.

Smuggling: Iran continues to export small quantities of crude oil to foreign markets via
countries attempting to bypass U.S. sanctions, including China.

e China remains Iran’s major customer and may have 30 million barrels of unrefined
Iranian oil for use as domestic demand increases.

e In December 2020, China imported 9.06 million b/d of crude oil from all sources, a
decline from 11.04 mb/d in November, but continues to stockpile crude oil.

e The 2021 Chinese oil import quota increased 18 percent from 2020, which coincides
with Iran’s reported efforts to increase oils sales in 2021.

e Official Iranian-sourced crude oil imports to China are nearly zero, but unofficial
arrivals have increased significantly. During 2020 through February 2021, China
secretly imported an average of 306,000 b/d of crude oil from Iran, according to
recent reports.
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e Iran shipped 60,000 b/d for the first five months of 2020 through to China through
channels in Malaysia, with the latter providing falsified paperwork that may explain
the $500 million/month shortfall in Kuala Lumpur’s official export values.

Transponder Tampering and Lightering: Iranian shippers routinely shut down their
transponders and engage in ship-to-ship transfers to conceal crude oil origins.

e On January 24, 2021, Indonesian coast guard units intercepted and seized
Panamanian-flagged, MT Freya and Iranian-flagged LVCC tankers transporting
Iranian crude oil. The vessels had shut off their transponders. The Iranian-flagged
MT Horse was nearly full.

e During 2020, Iran delivered at least five vessels filled with gasoline to Venezuela,
also through the disabling of transponders.

e On January 27, Liberia-flagged Achilleas VLCC was seized by the United States
after having been discovered with Iranian oil. It underwent lightering via a UAE
port and was en route to Muscat, Oman.

What is the outlook for the return to SAFE standards or CAFE regulations and the impact on
demand for gasoline and diesel fuel (including trends in California)?

API has not yet articulated a clear public stance/position on the Biden Administration’s
efforts to revise the Safer Affordable Fuel Efficient (SAFE) Vehicle and Corporate Average
Fuel Efficiency (CAFE) regulations given the sensitive nature of ongoing discussions among
stakeholders.

Outlook for the SAFE Vehicle Rule: On January 20, 2021, President Biden issued
Executive Order (EO) 13990 (“Protecting Public Health and Environment and Restoring
Science to Tackle the Climate Crisis”), calling for a review of Trump-era environmental
regulations deemed inconsistent with policies advocated to address climate change.

e Rhe Biden EPA is now working on a legal and regulatory strategy to revise and
strengthen the Trump-era Safer Affordable Fuel Efficient (SAFE) Vehicles Rule.

e Legal Strategy: On February 1, 2021, the Environmental Protection Agency (EPA)
and the National Highway Traffic Safety Administration (NHTSA) asked the
federal court overseeing the SAFE Vehicles Rule lawsuit to pause the litigation as
the agencies work to implement EO 13990.

e Reqgulatory Strategy: According to EO 13990, the EPA/NHTSA are directed to
revise Part 1 of the SAFE Vehicles Rule by April 2021 and Part 2 by July 2021.

Outlook for the CAFE Rule: In ITTA’s assessment, it is possible that the Biden
Administration may adopt the voluntary fuel efficiency standards reached by California and
six automakers in August 2020.

The California agreements aim to achieve Obama-era fuel economy standards in 2026,
rather than in 2025 as originally proposed under Obama.

e Thisamounts to an average fleet-wide fuel economy of 54.5 miles per gallon (MPG)
by 2026.
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Notably, though, the fuel economy standards set under the SAFE Vehicles Rule and
under the California agreement only extend to 2026.

The Biden Administration will need to set new standards that extend beyond 2026
— an effort that could take years and encounter significant legal challenges.

It is difficult to forecast the impact on fuel demand from regulations that are likely to
be changed in ways that are currently unclear. EIA’s Annual Energy Outlook 2016 (AEO2016)
published its last detailed assessment of the impact of CAFE rules on U.S. gasoline demand:

“With corporate average fuel economy (CAFE) and greenhouse gas (GHG)
emissions standards included in the Reference case, new light-duty vehicles (LDV)
average 47 miles per gallon in 2025. The improvement in vehicle efficiency more
than offsets an increase in total LDV vehicle miles traveled (VMT), which leads to
a decline in motor gasoline consumption.”

“In contrast, diesel fuel consumption continues to grow as VMT increases because
of a smaller fuel efficiency improvement in freight trucks than in LDVs.
Consumption of diesel fuel grows by about 0.7 million barrels per day (b/d) from
2015-40, while motor gasoline consumption falls by 2.3 million b/d.”

Due to the impact of COVID-19, jet fuel is oversupplied all over the world. What about the
demand for jet fuel in the United States?

Kerosene jet fuel deliveries
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APl publishes statistical reports based on its own data (not EIA) concerning
consumption of refined fuels. However, APl only makes a small number of these reports
readily available to the public.

According to API’s Monthly Statistical Report for January 2021,
“Distillates/diesel fuel demand also exceeded its year-ago level, but motor gasoline,
jet fuel and residual fuel oil each decreased year-on-year by double-digit
percentages.” (page 1)

Kerosene-type (K-type) jet fuel deliveries were 1.207 mb/d in January 2021, “which
was an unusually mild seasonal decrease of 2.3 percent from December but 27.9
percent below the level of January 2020 [1.673 mb/d]. This was consistent with
high-frequency data from Flightradar24 that showed a drop-off in flights from
December as well as a continued gap versus activity in January 2020.” (Page 3)
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e According to the reports statistical table, U.S. refinery production of K-type jet fuel
was 1.248 mb/d in January 2021 compared to 1.855 mb/d in January 2020, a
decrease of 32.7 percent. (page 8)

Please see the attached PDF copy of API’s Monthly Status Report for January 2021.
Flightrader24 data can be accessed at this link: https://www.flightradar24.com/data/statistics

Around the west coast, the business of closing refineries and converting them to biorefinery
has begun. Is there a possibility that there will be a shift to biorefinery in other regions in the
future?

API has not published any recent information concerning this issue. However, our own
research and our recent conversations with EIA experts offer the following perspective:

e According to EIA contacts, “EIA updates production capacities for biodiesel,
renewable diesel, ethanol on an annual basis, but tracking for biodiesel is new and
only goes back to 2019.”

e “As far as EIA’s forecasts are concerned, they are based on an assessment of
industry production facilities, actual and planned. EIA’s forecast model also
includes supportive policies: Renewable Fuel Standard, LCFS (California only),
and the biomass-based diesel blender tax credit, which goes through 2022.”

According to ITTA research, some refinery companies have announced plans to convert
existing refineries into renewable diesel facilities. These facilities include:

e HollyFrontier: In June 2020, the company announced plans to convert its
Cheyenne, Wyoming refinery into a renewable diesel plant by 2022.

e Marathon Petroleum Corporation: In August 2020, MPC said it would convert
two of its refineries into renewable diesel plants: The 166,000-b/d refinery near
Martinez, California, and its 19,000-b/d refinery in North Dakota by the end of 2020.

e Phillips 66: In August 2020, the company announced plans to convert its 120,000-
b/d Rodeo refinery near San Francisco, California, into the world’s largest
renewable fuels plant by 2024. This plant will produce diesel, gasoline, and jet fuel
from renewable sources of feedstock.

In our assessment, the effort to convert existing refineries in California is not surprising
due to that state’s LCFS policy. Policies of this type are absent in the Gulf Coast refinery region,
which probably explains why there has been no similar trend in that area.

Shell has announced that they will sell or close their refineries in the future. What does the API
think of Shell’s environmental strategy?

This is a very sensitive topic for API due to the fact that Shell is ‘unhappy’ with API’s
positions on climate policy, which tend to adhere more to the wishes of large, influential U.S.
API members like ExxonMobil and Chevron in contrast to the views of the large European
members like Shell and BP.
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In January 2021, just two days after API released its annual report, Total terminated
its membership due to a clash of views over climate policy, specifically API’s past
opposition to carbon pricing and the regulation of methane emissions. Total’s
corporate strategy is now focused on transforming the company into a major seller
of renewable energy.

After withdrawing from API, Total CEO Patrick Pouyanné stated that his
company “acknowledges the API’s considerable contribution, for over a century, to
the development of our industry. Nevertheless, as part of our Climate
Ambition...we are committed to ensuring, in a transparent manner, that the industry
associations of which we are a member adopt positions and messages that are
aligned with those of the (company) in the fight against climate change.”

Reports at the time indicated that the Shell and BP felt similar frustrations over API’s
stance on climate change policy, but the companies decided to remain in API to try and
influence the organization to adjust course on climate policy.

On FEebruary 11, 2021, Shell announced a new policy designed to phase out oil
production and reduce output of traditional fuels by 55 percent by 2030 and to
reduce net carbon intensity 45 percent by 2035 and 100 percent by 2050.

On February 26, API released a statement on the social cost of greenhouse gas
emissions, expressed interest in working with the Biden Administration’s
interagency group focused on finalizing relevant regulations, and stated its support
for the “direct regulation of methane for new and existing sources.”

Please see the attach MS Word copy of API’s statement of February 26, 2021, for

details.
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C. American Association of Fuel Petrochemical Manufacturers (AFPM)

ITTA contacted Susan Grissom, Chief Industry Analyst, for American Fuel and
Petrochemical Manufacturers. Ms. Grissom referred us to AFPM statements, interviews and
annual reports on these issues. The information in this section combines official AFPM
statement and comments as well as additional relevant information from EIA and API.

Shale oil is too light for the PADD3 refineries. On the other hand, Venezuelan crude oil cannot
be imported due to the economic sanctions. Will the imports and exports trends of U.S. crude
oil and petroleum products change in near future?

AFPM does not publish any assessments or statements concerning the availability, or
lack thereof, of imported crude oils. However, contacts at EIA offered the following thoughts
in response to this question:

e “It can be hard to isolate the changing trends in the refinery industry right now
because of the obvious ‘COVID elephant in the room,” which has imposed
substantial downward pressure on refinery runs through the course of the year. The
lower runs number also translates to reduced crude oil imports.”

e “Taking a quick look at the data, it looks like Canada and Mexico are still the major
suppliers of U.S. crude oil in 2020, and heavy-grade imports by region to PADD 3
are still most heavily weighted to Canada and Other Americas. In the case of Canada,
it may also be worth noting that, while pipeline volumes remain a politically
contentious issue, a large volume of Canadian crude oil still reaches the U.S. by
rail.”

e Outside Canada and Mexico, the trade press reports that Brazil, Colombia, and
Ecuador may also be potential sources of replacement heavy crude in the absence
of Venezuelan imports, but EIA data does not necessarily show an increase in
topline import volume or percentage shares for these countries in 2020.”

e “The pattern same holds true for Russia that total crude imports decreased on both
an import volume and share of imports basis. Still, that may be more due to the
topline reduction in crude oil demand due to COVID-19 than any issue with the
viability of those crudes as feedstock.

e “There is also the possibility of blending unfinished heavy gas oils and residuum
with lighter crude grades to reach a target gravity. While heavy gas oil refinery net
inputs decreased on average in 2020, residuum inputs increased, and Russia
remained the largest supplier of residuum in 2020.”

Due to the impact of COVID-19, jet fuel is oversupplied all over the world. What about the
demand for jet fuel in the United States?

AFPM also does not make any public forecasts concerning petroleum demand.
However, in an interview with Susan Grissom published on October 20, 2020, she stated the
following about the anticipated recovery of demand for refined fuel products:

Question: What about the arguments that the COVID-19 pandemic has kickstarted an
irreversible decline for refined products?
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Susan Grissom: The COVID-19 pandemic has precipitated significant, but transitory,
changes in fuel consumption, eliminating some gasoline and diesel demand and a great deal
of jet fuel demand — but the world will evolve from this point.

o The argument that this is somehow a “new normal” is not reasonable. As Valero
CEO Joe Gorder recently stated, the way we’ve all been living for the past six
months is not the way most people want to continue living. Once the underlying
driver of the pandemic has been ameliorated, it’s reasonable to believe that most
people will largely return to their pre-pandemic lifestyle preferences.

e Moreover, changes associated with COVID-1/9 haven't led to major shifts in
consumer demand from refined fuels to alternatives. Rather, because people have
not been moving around in vehicles as much in recent months, less energy has been
consumed for transportation. That said, EIA data show gasoline and diesel
consumption have returned to more than 90 percent of pre-COVID levels. So,
gasoline and diesel demand are coming back — and we ’re not even driving to work
and school like before.

Please see the attached PDF copy of Susan Grissom’s October 20, 2020 interview.

In consideration of the improved fuel economy of internal combustion engines and the
widespread use of electric vehicles, when do you expect U.S. gasoline demand to peak?

As best we could determine, AFPM has not published any predictions concerning peak
U.S. gasoline demand. However, in AEO2021, EIA forecasts that motor gasoline consumption
in the U.S. transportation sector will peak in 2022:

e “Because most light-duty vehicles [LDVs] have internal combustion engines, motor
gasoline remains the major transportation fuel through 2050 as personal travel
returns to pre-pandemic per-driver levels in the longer term.” (24)

e “After pandemic response-related demand losses in 2020, consumption of motor
gasoline in transportation peaks in about 2022 as fuel economy improvements
partially offset travel growth. Motor gasoline use slowly trends lower thereafter as
a result of further fuel economy improvements in new LDVs relative to travel
growth, as well as increasing sales of energy-efficient alternative-fueled vehicles
that further displace motor gasoline use.” (24)

e In contrast, EIA “projects diesel demand in the Reference case to almost return to
pre-COVID levels in 2021, but never quite reach 2019’s peak.” (30)

Has COVID-19 changed the investment trend for the petrification shift of refineries and the
construction of new ethylene plants?

AFPM’s annual report for 2020 discusses the petrochemical industry some detail. It did
not make any predictions concerning the deployment of new ethylene plants. However, the
report makes several statements relevant to the current state of the U.S. petrochemical industry
and presents a brief outlook for the future:

e “Ethylene and propylene are the two most in-demand of the six primary
petrochemicals. Together they account for nearly two-thirds of the global
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petrochemical demand. The United States today is the undisputed leader in global
ethylene capacity with 20% of the total market and will remain a net producer as
planned U.S. projects come online. Since 2015, we’ve been a net exporter of
ethylene and are expected to remain so for the foreseeable future.” (page 9)

e “The United States produces about 16% of global propylene capacity, second only
to China. Although produced in much smaller quantities, we are also net exporters
of toluene and xylene, with 14% and 7% of global capacity.” (page 9)

e “In 2019, there were 32 active and completed petrochemical projects in the United
States, with investments of $14 billion. Additional investments are planned, which
through 2021, total over $29 billion.8 As this construction ramps up and new
facilities open, thousands of new jobs will be created.” (page 10)

e AFPM expects U.S. total petrochemical capacity growth to increase from 89 million
metric tons in 2019 to 96 million metric tons in 2027. (page 10)

Please see the attached PDF copy AFPM’s 2020 Annual Report for details.

In contrast to AFPM, API’s guarterly industry outlooks occasionally present aggregate
data concerning the deployment of new petrochemical plants. In its Industry Outlook for Q1
2020, API assessed that there were 36 petrochemical projects under construction worth an
estimated $108 billion. In its most recent Industry Outlook (Q4 2020), API presented the same
data for petrochemical plants.

Please see the attached PDF copies of API’s Industry Outlooks for Q1 and Q4 2020
for details.
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D. Major Oil Company: Chevron

ITTA contacted Jason Larrabee, Manager, Federal Affairs, Downstream & Chemicals,
at Chevron’s Washington office. However, Jason Larrabee is a government affairs specialist
who was not necessarily competent to discuss detailed questions concerning the refinery
adaptations to the decline in jet fuel demand, the deployment of advanced digital and
automation technologies at Chevron refineries, or the plans of Chevron’s competitors
concerning the deployment of biorefineries.

Moreover, on March 9, Chevron CEO Michael Wirth announced significant changes
to the company’s corporate strategy: “higher returns, lower carbon.”

e Overall, Chevron plans to increase its oil and gas output 20 percent by 2025 to about
3.7 mb/d, featuring an aggressive increase in its Permian Basin business toward 1.0
mb/d.

e Chevron intends to spend about $3.5 billion per year in its U.S. shale assets, which
is more than the $2 billion it plans to spend on low carbon technology through 2028.

e Chevron’s low-carbon strategy is focused on stripping carbon out of its oil and gas
production by increasingly powering operations with renewables, reducing methane
emissions, and gas flaring.

e Chevron is also funding several early-stage low carbon technologies, including
carbon capture and sequestration (CCUS).

Please see the attached MS Word copy of Chevron’s March 9 press release and the PDF
copy of its Climate Change Resilience strategy.

It seems that the demand of gasoline and diesel fuel in US have almost recovered due to the
influence of COVID-19, but how did the refineries respond when the demand for jet fuel
decreased?

Chevron clearly reduced production of jet during 2020, but it did not specify how it
adjusted its refinery’s output. (See the attached 2020 Supplement its 2019 annual report for
statistical data.)

What fields are prioritized for the introduction of Al and IoT to refineries (real-time analysis,
production efficiency, autonomous driving, labor saving, etc.)?

Chevron is deploying digital technologies at numerous facilities. The 2020 Supplement
to its 2019 Annual Report did not identify any refineries, but noted other examples:

“Through a greater focus on data analytics, the company has been able to gain further
insights into its performance. Key focus areas for 2021 and beyond are pursuing further
productivity and efficiency opportunities by utilizing cross-functional integrated operations
centers, designing and deploying digital technology solutions and advancing data analytics

capabilities.” (page 12)

In this regard, “Chevron is also investing in digital solutions across the business to
increase efficiency at the company’s plants, ensure on-time delivery to customers and improve
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the customer experience. One example of this work is the ongoing digitalization of the
company’s marketing and sales tools and processes.” (page 46)

“Chevron continuously seeks innovative solutions that maximize product value
through the entire value chain from wellhead to end customer. The Value Chain
Optimization (Optimizer) digital solution is among Chevron’s top strategic and
digital priorities. The Optimizer leverages an end-to-end cloud-based application
that utilizes models with built-in scenario-planning capabilities.”

“It generates insights that lead to faster planning, accelerated responses to changing
market conditions and improved transparency for better-informed trading and
contracting choices. This ecosystem helps promote an enterprise-wide forward view
of the value chain and enables value-based decisions in real time through the use of
interconnected data.” (pate 49)

Chevron also highlighted the deployment of digital tools to support operations and
project development at multiple sites in 2020:

“Began piloting a greenhouse gas monitoring tool at the Pascagoula refinery that
allows facilities to evaluate impacts of different operational modes and pursue
lower-carbon solutions. (page 18)

“Scaled a heat exchanger monitoring tool to improve heat exchanger performance
across 10 business units globally.” (page 18)

“Implemented condition-based monitoring of electrical assets at Tengiz and
enabling remote access to operations and event logs to help identify and prevent
power issues at Big Foot, Mafumeira Sul and other key assets.” (page 18)

“Deployed predictive flow models to help Indonesia avoid oil congealment in
pipelines and improve returns.” (page 18)

“Developed new offshore platform monitoring tools in the Gulf of Mexico,
including a new hurricane impact assessment tool to compare forecasts to design
conditions.” (page 18)

“Transformed Chevron’s engineering standards from documents into digital
knowledge assets enables better workflows for design, fit-for-purpose packaging of
specifications for projects, and new analytical capabilities for enhancing
compliance, managing changes and applying lessons learned to ensure
competitiveness and predictability.” (page 18)

Chevron reported the following concerning its deployment of digital technologies at its
TengizChevroil joint venture in Kazakhstan,

Process engineering experts developed a virtual plant model for TCO using ‘virtual
tags’ from process simulations to help optimize the processing plants. This model
is automatically synced to real-time field data and helps operators proactively
capture hidden optimization opportunities.” (page 29)

“Leveraging proprietary knowledge of flow conditions, TCO completed a multiyear
campaign to develop and deploy three-phase separation slug catchers that eliminate
the need for downstream crude dehydrators, avoid capital expenditures and
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shutdowns associated with construction and improve the operational performance
at a high-volume facility.” (page 29)

e “Using data analytics, automated performance monitoring and event notification,
operators are enabled to drive better decision making, which has led to increased
throughput, optimized maintenance and turnaround scopes and lower-carbon
emissions.” (page 29)

Chevron similarly highlighted its digital deployment efforts at the Wheatstone LNG
and offshore gas field in Australia:

e “Smart Facilities are a key enabler of assets operating more efficiently — and more
autonomously — in the years ahead. They rely on digital twin technology to rapidly
expose data, relationships, conditions, trends and insights for an operating facility.

e “Adigital twin of the Wheatstone platform has been created to optimize the planned
2021 maintenance turnaround. The solution aggregates hundreds of terabytes of
data, including laser point cloud surveys, drone-acquired photos, engineering and
design systems of record, operational procedures, and equipment and process data
collected from tens of thousands of sensors in real time. Comprehensive data
integration allows the digital twin to transform essential workflows, such as work
orders, the planning of process system isolations, and the management of safety-
critical equipment.”

e “The result enables significantly reduced time and effort to plan for the turnaround,
eliminating the need for most site visits and vastly improving collaboration between
different work teams. Digital twins are positioning Chevron for future sustained
success and competitive advantage across the enterprise, enabling the operation of
true Smart Facilities with optimized safety, reliability and efficiencies. (page 33)

Movements to close refineries and switch to biorefinery have begun to appear on the west coast
and PADD3. Will such movements expand?

According to the 2020 Supplement to its 2019 Annual Report: “Chevron continues to
innovate to produce lower-carbon fuels, including Tier 3 gasoline, IMO lower-sulfur fuel oil,
and renewable diesel blending at the El Segundo and Richmond Refineries in California. In
addition, the El Sequndo Refinery has modified key units to enable production of renewable
fuels from biofeedstocks.” (page 43)

Is there a possibility that the refinery will introduce technology to convert waste and/or waste
plastic into fuel in the future?

In 2020, Chevron achieved the first U.S. commercial-scale production of polyethylene
from mixed-waste plastics using CPChem’s advanced recycling technology. However, there
no indications in the supplement concerning the conversion of waste plastics into fuel.

e “In October 2020, CPChem announced it successfully achieved first commercial
scale production of polyethylene using advanced recycling technology, making it
the first company in the U.S. to announce circular polyethylene production at this
scale. Advanced recycling, or chemical recycling, converts plastic waste to liquids
that can become new petrochemicals, also known as circular polymers.” (page 48)
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“This development is an important milestone for CPChem and could reduce waste
from plastics, create innovation, and highlight how plastics can be recycled
efficiently and economically. It also supports one of Chevron’s energy transition
focus areas by investing in technologies that can deliver low-carbon solutions at a
commercial scale.” (page 48)

How are you going to proceed with CO2 reduction measures at refineries? Is there a possibility
that CCUS will be introduced in the future?

According to the 2020 Supplement to its 2019 Annual Report: “Chevron has invested
over $1 billion in carbon capture and storage projects in Australia and Canada. At Gorgon
[Australia], Chevron has sequestered more than 4 million tons of CO2, providing valuable

insights and experience in designing and operating a commercial-scale carbon storage facility.”

At the Athabasca Oil Sands Project (AOSP) near Fort McMurray, Alberta, Chevron
holds a 20-percent nonoperated working interest:

“Bitumen is extracted from the oil sands and transported by pipeline to the Scotford
Upgrader near Edmonton, Alberta, where it is upgraded into synthetic oil using
hydroprocessing technology.” (page 21)

“C0O2 emissions from the upgrader are reduced by the Quest carbon capture and
storage facilities. In 2020, average net daily synthetic oil production was 54,000
barrels, and carbon intensity was reduced by capturing 188,000 net tons of CO2

through Quest.” (page 21)

“Total CO2 captured through Quest since inception in 2015 is approximately 1.2
million net tons.” (page 21)

In addition, Chevron is moving ahead with plans to deploy a CCUS pilot project at its
Kern River facility in California and is also working with Singapore on the accelerated
deployment of an end-to-end decarbonization process:

“Over the last decade, Chevron has invested more than $1 billion in CCUS research,
development and deployment. In 2020, Chevron was awarded funding by the U.S.
Department of Energy to pilot technology that captures CO2 from post-
combustion gas. The technology will be tested at Chevron’s Kern River facility in
California, where the company plans to design, construct, commission and test a
pilot-scale carbon capture plant.” (page 9)

In March 2020, Chevron completed the pre-Front End, Engineering and Designed
(FEED) feasibility and design study for this pilot project, a 10,000-ton-per-year
carbon capture unit. In June 2020, Chevron commenced FEED work for a field trial
and gained DOE funding support. This pilot CCUS project is expected to be
commissioned in 2022. (page 20)

“In mid-2020, Chevron joined a consortium with the Singapore National
Research Foundation that plans to develop the first end-to-end decarbonization
process in Singapore. This collaboration is aimed at accelerating the development
of a highly integrated, energy-efficient CCUS system that can lead to a lower-
carbon economy and future commercial developments.” (page 9)
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E. U.S. Department of Energy (DOE)

ITTA reached out to the following DOE experts at the Bioenergy Technologies Office
(BETO), specifically Alison Goss Eng on BETO’s research efforts in e-fuels and sustainable
transportation fuels.

We are interested in from BETO's Efforts in CO2 Utilization and Plastics, A Circular Carbon
Economy, Advanced Algal Systems (AAS). If these technologies are established in future, what
percentage of automobile fuel can be replaced?

DOE’s Bioenergy Technologies Office (BETO) does not project the specific amount of
automobile fuel replacement from its various programs. That said, BETO does align its R&D
activities to achieve the following strategic goals:

e By 2025, complete projects that will result in 5,000-10,000 gallons of alternative
jet fuel for testing in jet engines to contribute to significant net carbon emissions
reductions from the aviation industry.

e By 2030, demonstrate a 30% reduction in per-vehicle petroleum consumption
resulting from co-optimized fuels and engines that have increased engine efficiency
and use lower life-cycle GHG emissions fuels (>50% reduction from petroleum).

e By 2030, verify demonstration-scale production of algae-based biofuels at total
production cost of $3 per gallon of gas equivalent (gge) ($2014), with or without
coproducts.

e By 2040, demonstrate an additional 9%-14% reduction in transportation fleet GHG
emissions resulting from the deployment of co-optimized fuels and engines.

e By 2040, enable large-scale biomass production and conversion that allows biofuels
to constitute 25% of the U.S. transportation fuel market.

e By 2040, through R&D, support replacing 7% of petrochemicals with bioproducts.

Please see attached BETO strategic plan for more detail.

Are you conducting research and development on renewable liquid fuels other than alcohol,
such as e-fuel, as fuels for automobiles?

DOE’s BETO coordinates with other DOE offices (such as the Hydrogen and Fuel
Cell Technologies Office) and various national laboratories to conduct R&D on various areas
regarding e-fuels.

Notably, Argonne National Laboratory (ANL) is relatively active in this research
area:

e E-fuels and heavy transportation: ANL researchers are looking at the role that e-
fuels can play in reducing emissions from heavy duty transportation in two major
ways.

o First, the researchers are analyzing the e-fuel production process and its
impact on the environment and cost. They model the entire process from
when electricity is generated to when a gallon or a barrel of e-fuel is
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produced. According to ANL senior scientist Amgad Elgowainy: “We do
modeling to look at how low carbon the e-fuel can be, what the costs will
be and what the different costs drivers are to inform DOE and industry
stakeholders on whether e-fuels can satisfy their cost and environmental
targets, and to guide their R&D and product decisions.”

Second the researchers are investigating how e-fuels can be used in engines.
They determine whether the unique features of the fuel affect engine
efficiency, and in turn the carbon intensity of the e-fuels. In this regard, the
researchers investigate whether components within the fuel might affect
criteria air pollutant emissions such as nitrogen oxides and particulate
matter. According to ANL researcher Doug Longman: “If e-fuels are in the
category of drop-in fuels, consumption of them would be straightforward,
but some of these more novel fuels or processes might have a slightly
different composition of hydrocarbons, and that’s where we’d get involved
to assess combustion performance.”

e (CO2 to ethanol: A research team, led by ANL and Northern Illinois University,

discovered a new electrocatalyst that converts CO2 and water into ethanol with high
energy efficiency, high selectivity for the desired final product, and low cost.

o Because CO2 is a stable molecule, transforming it into a different molecule

is normally energy intensive and costly. However, according to Di-Jia Liu
(a senior chemist at ANL): “We could couple the electrochemical process
of CO2-to-ethanol conversion using our catalyst to the electric grid and take
advantage of the low-cost electricity available from renewable sources like
solar and wind during off-peak hours.”

Because the process runs at low temperature and pressure, it can start and
stop rapidly in response to the intermittent supply of the renewable
electricity.

The team’s research benefited from two DOE Office of Science User
Facilities at Argonne — the Advanced Photon Source (APS) and Center for
Nanoscale Materials (CNM) — as well as Argonne’s Laboratory
Computing Resource Center (LCRC).
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F. U.S. Environmental Protection Agency (EPA)

ITTA reached out to EPA experts such as Sarah Dunham and Bill Charmley (CAFE
regulations and SAFE Vehicles Rule).

What is the outlook for the return to CAFE regulations or continue to SAFE standards?

President Biden has signaled his intent to review dozens of Trump-era environmental

regulations, to include fuel economy standards finalized under the Trump Administration’s
SAFE Vehicles Rule.

e On January 20, Biden issued EO 13990 (“Protecting Public Health and
Environment and Restoring Science to Tackle the Climate Crisis”), seeking to
review Trump-era environmental regulations that are inconsistent with addressing
climate change.

e Specifically, EO 13990 directs the EPA to “consider suspending, revising, or
rescinding” the Trump-era SAFE Vehicles Rule. In addition, the EPA is directed to
“shall consider publishing for notice and comment a proposed rule suspending,
revising, or rescinding” Part 1 and Part 2 of the rule.

The Biden EPA, under the new leadership of Administrator Michael Regan, is now
working on a legal and regulatory strategy to revise the SAFE Vehicles Rule.

e Legal strategy: On February 1, 2021, the Biden EPA and the National Highway
Traffic Safety Administration (NHTSA) asked the federal court overseeing the
SAFE Vehicles Rule lawsuit to pause the litigation as the agencies work to
implement EO 13990.

e Regulatory strategy: According to EO 13990, the EPA/NHTSA are directed to
revise Part 1 of the SAFE Vehicles Rule by April 2021 and Part 2 by July 2021.

If it will be return to CAFE regulations, will the regulation value be the same as the one
announced in August 20127

Discussions at the EPA regarding the specific level of potentially new fuel economy
standards are currently “behind closed doors.” Typically, the EPA will not release information
on regulatory considerations ahead of schedule (in this case, April 2021 and July 2021).

That said, it is possible that the Biden EPA may consider adopting the voluntary
standards reached by California and six automakers in August 2020.

e The California agreements aim to achieve Obama-era fuel economy standards in
2026, rather than in 2025 as originally proposed under Obama.

e This amounts to an average fleet-wide fuel economy of 54.5 miles per gallon
(MPG) by 2026.

Notably, though, the fuel economy standards set under the SAFE Vehicles Rule and
under the California agreement only extend to 2026. In addition to reviewing fuel economy
standards for model years 2021-2026, the Biden EPA will also need to start to consider new
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standards that extend beyond 2026 — an effort that could take years and encounter further legal
challenges.

INTERNATIONAL TECHNOLOGY AND TRADE ASSOCIATES, INC.

23



ITTA REPORT: Interview Project
March 12, 2021

G. U.S. Department of Agriculture (USDA)

ITTA reached out to USDA experts Anthony Crooks (Higher Blends Infrastructure
Incentive Program) and Anthony Radich (Renewable fuels forecasts and commercialization
trends).

What is the status of domestic production of renewable biodiesel in US and trends in
commercialization?

In 2019, U.S. biodiesel production reached around 1.7 billion gallons, down from 1.8
billion gallons in 2018.

U.S. Biodiesel Production (million gallons)
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Specifically, lowa, Texas, Missouri, and Illinois are the top leaders in U.S. biodiesel
production. At the start of 2020, 91 biodiesel production facilities were in the United States.
More than half of the nation’s biodiesel production capacity is in the Midwest (Petroleum
Administration for Defense District, or PADD, 2), mainly in lowa, Missouri, and Illinois. Of
the top 15 biodiesel-producing states, 9 are in the Midwest, and they have a total nameplate
capacity of 1.5 billion gal/year. Most other regions have at least a dozen biodiesel production
facilities, except for the Rocky Mountain region (PADD 4).
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At the end of 2020, there were four operational renewable diesel plants in the United
States: two facilities in Lousiana, capable of producing 90 million gallons per year (MMgy)
and 275 MMgy, a newly commissioned 184 MMgy plant in North Dakota; and a 4 MMgy
unit in Kansas.

What is the prospect of increased production of cellulosic biofuels?

The Renewable Fuel Standard (RFS) is a federal program that requires transportation
fuel sold in the United States to contain a minimum volume of renewable fuels, such as
cellulosic biofuel, biomass-based diesel, advanced biofuel, and total renewable fuel. The RFS
requires renewable fuel to be blended into transportation fuel in increasing amounts each year,
escalating to 36 billion gallons by 2022.
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The EPA administers the RFS program and establishes the volume requirements for
each category based on legislated volumes and fuel availability. On December 19, 2019, EPA
finalized volume requirements under the RFS program for 2020 for cellulosic biofuel, biomass-
based diesel, advanced biofuel, and total renewable fuel, and biomass-based diesel for 2021.
The final volume requirements are listed in the table below.

Final Volume Requirements
2019 | 2020 2020 2020 2021

Statutory Proposed Final Final

Volumes Volumes Volumes Volumes
Cellulosic biofuel 0.42 |10.50 0.54 0.59 n/a
(billion gallons)
Biomass-based diesel 2.1 >1.0 n/a 243 2.43
(billion gallons)
Advanced biofuel 492 |15.00 5.04 5.09 n/a
(billion gallons)
Renewable fuel (billion 19.92 | 30.00 20.04 20.09 n/a

| gallons)

Notably, the annual cellulosic biofuel volume target established by Congress 1s not
being met. Actual cellulosic biofuel production volumes are below the expectations set when

the law was passed.

e For instance, in 2020, the statute requires 10.5 billion gallons of cellulosic biofuel.

e EPA set the 2020 target volume at 590 million gallons for 2020.
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e This shortfall is due to several factors, including lack of private investment,
logistical challenges, technology setbacks, and uneven support from the federal
government.

What is the status of the higher blends infrastructure incentive program (HBIIP) (especially
about the possibility of introducing diesel fuel B20)?

USDA designed the Higher Blends Infrastructure Incentive Program (HBIIP) to
increase availability of higher blends of ethanol, such as E15 and biodiesel (B20). USDA will
provide up to $100 million in grants to transportation fueling and biodiesel distribution
facilities. HBIIP is expected to grow the ethanol market to 15 billion gallons in 2020.

On May 5, 2020, USDA opened the first application window for HBIIP funding. The
first application window opened on May 15 and closed on August 13, 2020.

USDA noted the second application window for HBIIP funding opened for 30 days on
December 21, 2020 and closed on January 19, 2021.

Approximately $22 million is made available to:

e Fueling stations, convenience stores, hypermarket fueling stations, fleet facilities,
and similar entities with capital investments) for eligible implementation activities
related to higher blends of fuel ethanol greater than 10 percent ethanol, such as E15

or higher; and
e Terminal operations, depots, and midstream partners, for eligible implementation

activities related to higher blends of biodiesel greater than 5 percent biodiesel, such
as B20 or higher.

According to Mr. Crooks, USDA does not anticipate any more funding for 2021.
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H. Renewable Fuels Association (RFA)

ITTA reached out to the following RFA experts: Robert White (Status and outlook of
US renewable fuels) and Ann Lewis (Biorefinery conversions).

Around the west coast, the business of closing refineries and converting them to biorefinery
has begun. Is there a possibility that there will be a shift to biorefinery in other regions in the
future?

The reason why so many refineries along the West Coast, particularly in California,
are converting to biorefineries is because of California’s low carbon fuel standard (LCFS).
Under the LCFS, low-carbon fuels (such as ethanol, biodiesel, and renewable diesel) generate
credits that can be sold to other companies for compliance. Other jurisdictions in the region
have adopted similar LCFS policies.

e Oregon began implementing a LCFS in 2016. Otherwise known as the Clean Fuels
Program, their standard phases in a 10% reduction in the carbon intensity of
gasoline and diesel by 2025.

e British Columbia began implementing a LCFS in 2010. Their standard phases in
a 10% reduction in the carbon intensity of gasoline and diesel by 2020. The province
has committed to requiring a 20% reduction by 2030.

In the short-term, it is possible that some refineries outside of western states may be
repurposed and converted to biorefineries. So far, for refineries outside of the West Coast, this
has been determined on a project-by-project basis. For example:

e HollyFrontier: In June 2020, the company announced plans to convert its
Cheyenne, Wyoming refinery into a renewable diesel plant by 2022.

e Marathon Petroleum Corporation: In August 2020, MPC said it would convert
two of its refineries into renewable diesel plants: The 166,000-b/d refinery near
Martinez, California, and its 19,000-b/d refinery in North Dakota by the end of 2020.

e Phillips 66: In August 2020, the company announced plans to convert its 120,000-
b/d Rodeo refinery near San Francisco, California, into the world’s largest
renewable fuels plant by 2024. This plant will produce diesel, gasoline, and jet fuel
from renewable sources of feedstock.

In the long-term, biorefinery conversion could expand beyond western states if similar
LCFS policies are adopted by other states or if federal tax credits are expanded.

What are the production trends and future supply outlook for renewable diesel and jet fuel?

Sustainable aviation fuel (SAF) is a fuel derived from renewable resources that enables
a reduction in net life cycle CO2 emissions compared to conventional fuels.

e SAF is the preferred, now commonly used term for non-petroleum synthesized jet
fuel components produced to the definitions in ASTM D7566. These fuels were
previously referred to as renewable jet fuel, alternative jet fuel, renewable aviation
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fuel, alternative aviation fuel, aviation biofuel, biojet fuel, or sustainable alternative
jet fuel.

e When SAF is blended with conventional jet fuel, it meets ASTM D1655, which
allows it to be used in existing aircraft and infrastructure.

e SAF is commercially available and has been used by United Airlines at Los
Angeles International Airport since 2016 and San Francisco International Airport
since 2018. One domestic SAF production facility operates in Los Angeles and
several are under construction or planned.

e The United States consumed 2.4 million gallons of SAF in 2019.

e Asof 2018, there was one SAF plant with a capacity of 42 million gallons. Notably,
World Energy, which owns five biodiesel plants in the U.S. and two in
Canada, announced a $350 million investment to fully convert a recently acquired
refinery in Paramount, California to produce 330 MMgy of renewable fuels
including SAF, renewable diesel, renewable gasoline and propane from inedible
agricultural wastes. The conversion is scheduled for completion in 2023.

As noted in the EIA’s Annual Energy Outlook 2021, U.S. biodiesel production is
expected to rise from 110,000 barrels per day (b/d) in 2020 to 130,000 b/d in 2023 and stay at
that level throughout the forecast period ending in 2050.

e As of 2018, there were four commercial renewable diesel plants with a combined
capacity of 356 million gallons.

e The United States continues to import renewable diesel, largely from production
facilities in Singapore.

e Nearly all renewable diesel is used in California due to the state’s Low Carbon Fuel
Standard.

Is cellulose ethanol a potential alternative fuel for automotive in the future?

Currently, cellulosic ethanol production volumes are far below previous estimates and
legislative requirements under the RFS. In addition to high production costs, cellulosic ethanol
continues to face steep competition from other lower-cost ethanol feedstocks, such as corn
starch.

e According to the RFA, corn starch accounts for roughly 94% of U.S. ethanol
production capacity.

e Cellulosic biomass accounts for around 0.5% of capacity.

Additionally, cellulosic ethanol production in the U.S. has been heavily dependent on
loan guarantees and R&D funding from the federal government. Unless production costs can
decline and compete other forms of ethanol, cellulosic ethanol will continue to face
commercialization challenges.

We hope that this report is helpful. Please do not hesitate to contact ITTA with any
guestions or comments you may have.
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