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Million Barrels per Day
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100 | IEA STEPS
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Lighit Heavy-duty Aviation Shipping Petrochemical RCA* Industry & Others***
vehicles® vehicles feedstock Power
LR e

EBPS Rl RARIAR S22 5731 (2015~2050)

H P : ERTC 2021 Wood Mackenzie
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SEHHUSTA

== Fthane & LPG”
N aphtha*
Gasoline (ex. biofuel)

35 q = |et/kerosene (ex. biofuel)
Diesel/gasoil (ex. biofuel)
e | Ol
30 4 = Biofuels
25 A
Z 20
]
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2000 2[I}{]5 2[I}'1D 2[I}'15 262[} 2[I}25 ZE}SD 2635 2'ID4D 2645 2650
yHfERI AR EEZE(2000~2050)
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> COTClE. JO0F(CLDFHE

BRI ITERDNIES

R(CkD, —B7OC 1 MRELHD

Fitizicl
No BhPR 13 i7ith [E3] (1018) i B [
2019(phasel)
1 T T EALAIRAT T wE $26 Greenfield 2021(phase2) | 2021#phase2
SEERE
2030(phase3)
2020.9IFL>
BEARIEERAR "
2 =] CIREHERADET) BiEE HE $11 Greenfield 2019 (15073t/y)
SR
BITHRAERAT
s b oty 5 1 - K|
3 ETE (BUBLEEASEBATET) ETE HE $11.84 Greenfield 2019 2021CEE
4 254 ERPER(EARAT R HE $5(est) Revamp 2018 2022(cEE
bt ERFAER{LERAT $10+ 2020.8
5 l { BEY PE l Greenfield 2024(phase2) - ;éqig
5 R LS ESMEF T REFFRAT $11.9 7
6 bt SABIC/{ERAILERAF mE HE NA Greenfield NA
PR XRREAE N .
7 X (SINOPEC/SABIC) xig HE $45 Revamp pre-2017 Operateing
8 K& HEGHXERESAE K HE combined Revamp pre-2017 Operateing
9 =B HEAHERAILERAT =@ HE (est) Revamp pre-2017 Operateing
hiBRMaRIETARAR y _ pre-2017 .
10 =M (CNOOC/Shell) M hE Revamp 2025(phase3) Operateing
11 EEE TEGHEZERR - AHaY0YIIb EEE HE $2.80 Greenfield NA
REAR{EILRFTLUSLE y -
oS, B E =
12 T (EREEEE) g HE $4.26 Greenfield NA RIZEE
ERLEGERAT : ) 20207 2018.2
13 aE (e AR /R TARAR) aE e S120.1 | Greenfield | )4 (phase2) EER
1B (X3R) RERBAH . "
14 | Pulau Muara Besar GRIERERAT) Pulau Muara Besar T4 $20 Greenfield 2020
15 Raigad Saudi Aramco/ADNOC/India Consortium Raigad AYR $44 Greenfield 2025
16 Pengerang RAPID(Petronas/Saudi Aramco) Pengerang IL-37 $2.70 Greenfield 2019
17 Jurong ExxonMobil Jurong island SV HR- <$1 Revamp 2023
18 Tuban Pertamina/Rosneft Tuban,East java AYRRST $15 Greenfield 2025
19 Al Ruwais ADNOC Al Ruwais UAE $45 Revamp 2025
20 Yaubu Saudi Aramco/SABIC Yaubu $OI7SEF $30 Greenfield 2025 REL®H
21 Jubail Saudi Aramco/Total Jubail YoSFSEF $5 Greenfield 2024
22 Yaubu KNPC/KIPIC Al Ahmadi J91—-b $13 Greenfield 2019
23 Dugm Oman oil company/kuwait Petroleum Inte Dugm A= $15 Greenfield NA
24 MOL Group NHY— $4.50 Revamp 2030

PR : TCGR 2019%6EICIPECHFRE
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» Saturated g £
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Cs & E
» SR Naphtha 4
» Cracked
Heavy
Naphtha Naphtha | Aromatics Complex
» Gas Oil
» HC bleed Hs
-—\\

PE

—
polyethylene
| C—
Ethylene polypropylens

PUR

acrylonitrile buradiene styrene
Benzene
PET
@ FPolyethylene terephthalare
Toliens > [N
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Polvinyl chioride
Other Plastics

—
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Xylenes

HF : Axens Annual Technology seminar 2021
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> CO2BFH=L Y hULEFREFHIHD

10S IS CORE TO A ZERO FUELS COMPLEX

Fuel Gas
LLDPE
& LDPE
-

Ethylene

C, from Complex

SRN Upstream |10S

(MaxEne™ + IsoFlex™)

Propylene

Steam
Cracker

©
H g
= g
Z s
u 3
a s = Butadiene
> £ Mixed Olefins
y ]
=) z n-Paraffins to
crud 8 l—;n Downstream 10S IRAkatud i pPX & Bz
o Distillat - (AroFlex™) FCC Cus | Flex to Zero
Istillate

Advanced
Hydrocracking Suite

VGO Coker Naphtha

satc, c3 C,=
Oleflex

[l Refining Blocks
Petrochemicals Blocks

Il 10S Core
108 Fnahlers

Light Nap

Distillate

Cc4 C,=
Oleflex

Sat C,

Bottoms Upgrading
Pitch to
Gasifier

100 KBPD REFINERY

64% Net PetChems
(50% PC on Crude)

100% Net Fuels
(80% LSD / 10% Gasoline / 10%

100% Net PetChems
(75% PC on Crude)

@®IOS (Integrated Olefins Suite)
Steam Cracker (SC) HFulMIERIE
ErREbL. BAJOtALBESE

@ﬁ?l//\)L'C‘SC)?*Slt%E%ODF*EH%’Z%MﬁI]
(Molecular Management)

QTDIHOFFR IO
MaxEne,IsoFlex,/ AroFlex

@RMADEREFAEET

"Zero Fuels"2>FLyIR

105 BDESHFR - EARIER
D RX—=2. 100%A%}
@ 64% A1fbaa

LPG)
[
A1-71,2 Base Refinery Emissions 5,810 18,150 22,371 ® 1000/05'”-113!3
A1-7'3 Fuel Products Burned 39,155 11,256
Total, TPD CO2 44,965 29,406 22,371 E{ bSREsiac KD REEE DA
P T—— HEGHER (Scope-3) T
o arpon Capiure
AI=T1,2 S T MR gtack ( 900) (1.430) ( 2,985) COZ’E’j(%({EE/FE
Net, TPD CO2 44,065 27,976 19,386 SHIIIKREENSDCO2%
CCSTHIRo

56% Reduction in Net CO2 Footprint

ERA56%NDCO2H|i%

P : 2021 UOP European Refining Seminar
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Fossil Feed

Make-up H,

y

:

Renewable Oil

1
T

Grading
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Active
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catalyst

l

4

Recycle Gas
Quench

HEARIBRN

¥
Purge

—>

|
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Pressure
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Separator

!

Product i

H7f : ERTC 2021 ALBEMARLEE !
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> RIGSEF, thas, AREF TR INTREEM IOV TS

IKFR{CAIRRIE T DR EX I

AN oY BE or MG 8
RIS _ .
AT BROUS A IV EZRBOHE
HISFOER
HEYDSHCh D ERAS SRS/ HIVRY BRIC & BB ATER
LRAOERS LT IFIVSY EROFLE, MASOTE, T504y MY Y OERIC & SRED R
(BRI
AOZALTSE=D MEORIH:
s FHRAOEHH ST AR : 150~250 CTIE. %A 4> 10ppmUF
SEBKDIEA
BESBEOHKEY A ADBE(L : TLyY174— KBOKA R, 15%5F. SEEMAA
TORVBLVKDOIRE DiEHN
(REIBERR, P222I5)8-) BIEHAD (5%MEE) DATY. TO/KIE. BEMELET. BRI — Ke—88/(—3U
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Accumulated HC Concentration ( wt%)

100

80

60

20

E/ $EB
5'/ =

B RIS BRI
B SO RO BRSO

Gasoline Diesel Range Bottoms Range
Range (LCO) (HCO)
- § ~0~Soybean Oil
+ r* .
| | / ) -o-Com il
| a ~-Py-Oil - Wood Chips
1 .

232%

|/

~O=Py-0il - Plastics |

~0-Py-Qil - Plastics Il

mmVaccum Gas Oil
(VGO)
300 600 900 1200 1500
149°C 316°C 1 482°C F) 649°C 816°C

1800

BHICHNT, KA. -2,
SHl&D

— Py-Oils from
recycled plastics

RE RN
ESRis

— Qils from biomass

SYIERRDih
Eﬁﬂﬂﬁb‘“ﬁ(s

H P : ERTC 2021 BASFEHRI
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LHAOHmINEME T

At constant C/O =7

,%;g%*ﬁnj- jJ \JU/\ /-I_\ |\

90
80
70
60
50
4
3
2
1

o o o O

0

Corn oil

Conversion Gasoline

HQ% E50% H100%

\
L T

Bottom

Soybean oil

Conversion Gasoline

H0%

50% W 100%

Bottom

Wood chips py-oil

Conversion Gasoline Bottom

H0% M25%

H7f : ERTC 2021 BASFER}
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Yield Deltaat C/O =5

Predicted numbers
4.00

3.00
2.00

1.00 -

== Ul—-n My

Yield delta (%)

-1.00
-2.00

-3.00

100% Standard 10% blend 50% blend Plastic pyoil
Feed
M Gasoline, wt% M LCO, wt% M Bottoms, wt% M Total C3 M Total C4=

H7f : ERTC 2021 BASFER}
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> BURPROIJO0wYS T8 A - AT s N I

Topsoe’s HydroFlex™ |tall il triglycerides

1 AII-F> Preem Gothenburg &l
(2021.5.25)
Honeywell UOP ARAETORANERSRT T
2 29I-7Y Preem LysekilZPi OptimixTM GF Feed (2021.9.15)>6@ED RSP
Distributor 2024 FTICRA
s
v: \ AY —
- N RMERLET S MESHEPICHRL.
Fﬂﬂ | ﬁ $& ’ ' bd) E %’ | ¢| k / ; | E%, I 3 AI-FY Neste Provoo Rt MARE 20215 RRRFE
2023%FT
a A-ZRUP omv Schwehat BT "?{"":’5':3“"’ vegetable | e>00mn ($247mn)
oil (HVO). 20254(200,000t/y)
5 K-Sk PKN ORLEN Unipetrol B MAE FTWAX%E KL
AY
7—\ \$ " 6 K-5Vk PKN ORLEN PlockBLiPR rs@os)
used cooked ol
M= .
7 R=5VF PKN ORLEN LitvinovEdiP FS(2018)

used cooked oil

BATRET 1 —ILSAF | e | e

9 ARAY Cespa TenerifeMiT own technology is"el;’:ii 4 oil(4,200t/y)
201 157 {E

vegetable oil
(soybean,rapaseed or palm)
(278,000t/y)

20154 E

3 = W \\ . E N N 11 ARAY Cespa Sa“(z":‘e‘:::*m own technology  |Ve9etable ol or paim)
(- N . / / oty)

20184 7E

12 ARAY Repsol La CorunaBlitFfi own technology palm oil,used cooked oil
(60,000t/v)

20185

13 ARAY Repsol Tarragona®ilf own technology palm oil,used cooked oil
(60,000t/y)

20185

14 ARAY Repsol Bilbao B own technology palm oil,used cooked oil

. (60,000t/y)
20184 B
N 15 ARAY Repsol CartagenaBilifi own technology paim oil,used cooked oil

(60,000t/v)
201758

AN TTRY % 73 -~ 16 pS: Galp SinesEidiFT own technology waste oils,waste animal
}\’r; | E ; '\%J ; *-‘—I—tbFi;ll 6 i q:‘E fats(25,000t/v)
G s / 17 PANIVR Irving Oil WhitegateBisiFi R

soybean 0il(46,000t/a)

10 AN Cespa La Rabida®idpr own technology

. TR 20226 15 DLivorno B A R
I (256520, TarantoBEHPRICTO.5% %
r y I / &il(UCO:used cooking oil) L |
18 K1y Irving Oil HeideBiFi* R ORAINIET LR
Atmosfair (EIBEINPO) . Siemens.

EWE. Ineratec (KIT start-up) 1>
V-57h

2022415 D Livorno BdA A& R E
(56320 T. TarantoBhPRICTO.5% 8

. " N .
19 1597 Eni Taranto B Ecofining &#(UCO:used cooking oil)EBHR
RRORAIET LR
20 =E Phillips 66 Humber P
21 KE i 20213\ AUT7( FU - ERIRRR
22 *E PBF Energy MartinezB5Pi(HIH) FCCTMCo-processingF7E
23 KE BP Cherry Point &Pt
. 2021.9.14 #EFIFWebsast
24 *E Chevron EL SegundoBiiff [,
25 nry Parkland Fuel Burnaby 2P 20174 Chevron&kDEHR
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> ADI—To0fEESHPreemiE. 2021F9B (CHHKITHBDINA AYZAESY
fEREARERE., Lysekil 2B OFCCRE THEMEDESUIETS
ERZTE T

No Aihatt HihPR 5201 {E]
20104 #5E)
— Topsoe’s HydroFlex™ tall oil, triglycerides
— ) B
1 AVI=F Preem Gothenburg RiPf technology hydrotreater®revampsEht
(2021.5.25)
Honeywell UOP BEMRIETORSUERIRT T
2 AUI-T> Preem Lysekil&hPR OptimixTM GF Feed (2021.9.15)—>6BHD ;517
/7 Distributor 20244FF Tl

__— [

Preem : BHKITHSDONA A AL OFCCLULIE
INAAAAI : BTGOERED#E IO A(BTG-BTL process)

BIOCRUDE CO-PROCESSING IN FCC

Srooues ENABLED WITH OPTIMIX™ GF
CHAR —_— BOILER Process Customer )
Flue G 2 *  Optimix GF injection distributor designed
WET < _ Hoh specifically for injecting oxygenated biofuel
BIOMASS A ( . ressure JlL- FCC Riser Sistrbutor Tip feeds into the riser

Hot Zone
Power

Grd

+ Designed to minimize process effects on
biofuel feeds and optimize product
conversion

+ Incorporates design methodology from
Optimix GF Injection Optimix line of petroleum feed distributors
Distributor
+ Design concept tested in multiple
commercial refinery tests.

+ Optimix GF supplied by UOP Key
b T Mechanical Equipment group
Riser Catalyst Flow \ Biocrude Injection

Fcc 270tws > [BRIJ4— ROoptimixTM GF

Recyded
Pyrayss
o

| MOISTURE

H PR : ERTC2021 UOP
H P : NexantECA
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A=ANSU7
—1—-3-3YRk
B&X Asia Pacific ex. .
China China

1.4% 1.6%

Western Europe
44%

North America
53%

South America

0.2% l

HVOtE SR Dtz Al FEE (2021)
(7.6 K)

> FHMEERAR : HVOOFBE(F, LKA ALT7.68H 8> (20214F).
BATRET 1 —ILAE(RD)NETHD,

Naphtha LPG

RD
91%

HVOtH RO RRRIFEE(2021)
(7.6 L)

H P : NexantECA

18



5. IHEaRM JPCC

Japan Petroleum Energy Center

> 3F4I:E%?’§ﬂ=’ll : HVODEIEREN(E, 8.28 5 b (20214F) T, Hiitgkil T
b\fﬁﬁgﬁf Neste. EniZ b%)b(o

Galp(PG),Saras(IT),Preem(SW),
UPM(FI1),REG/AitAir/Phillips66/Kem oil(US)

5 Operators(CN)

Other
5%
Asia Pacific Renewable Energy
17% Group
S
Cepsa
China 3%
8%
Repsol _—
Western Europe 4%
54% Total _—"
6%
North Amerit BP_/
21%
7%
Diamond Green \ ENI
Diesel 13%
10%
HvOTHFRDOHBIg B RLERE S (2021) HVOTH AR DA EE R RIERES](2021)
(8.2BA LK) (8.2B A K)
7 : NexantECA
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20102015 20202021 2022 2023 2024 2024 2030 2035

HvVODithig B FEE#EFS(2015~2035)

=TT (hE R
—— 3]

==t

-k

e FE R,

i CR[ET

=g T

—— 5

T 1))

HvODithig Bl HHEHERS(2015~2035)

=TT (R EEO
=—1[F

el

-

== FHIT

e TR

==K

—8—hE

- )7

> FHMEERAR | HVOD2035F X TOHMERI FTHEHERS(E, 6K - FRFRERL
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30,000
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15,000
10,000

5,000

0

50,000
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40,000
35,000
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5,000

0

L i)
mPE
==l
m PER

u FEEr
L Reaf
=
I mPE
I I BT (HERO
n

2010 2015 2020 2021 2022 2023 2024 2025 2030 2035

n7JUh
wohE
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R

= FHER
WA
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I oo
I I m 7T (PR
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2010 2015 2020 2021 2022 2023 2024 2024 2030 2035

HAR : NexantECAT—4%EE(CIPECHERY
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SEREHABULRIAR aholzceE

1. ZZhI2Jb0EmE > FEROEBREZETAOVTE. B2 RBRRIFNHS. DINTEHINN
v MZOEAOES I H'FIEL TS,

- COTCOENME] > COTCICHBWT—ERELOENEN®DBN. I TEREISEA TS,
- TSRS TR > TZHIVI\TOIETMEZE., CO2BER IR 2 UILIRES 5D,

2. 2Ot HDIRR > FCCEBE. KFEEB(OWVT. EAINIERICLBEHNIREZR
BERBESENFIET B

. SESELIS > FERRRE. BADRET A —SAFTHI. EBEMELTIE.

CEA SRR EYDRPCREEBMERINTOD . NAAVZAZIRRIE U B RRRO
AT N KA FE(CE TS,

3. IHbaAR > HVOOFEZ(L, IERPERRFLTY7.685 M (20214), BAEOIEE
T —TIARRD)NETHD. HVODRIEEES(F. 8.2B K>

. HVOE=4 (20214F)T. HskBITIRIAERRDF 358 T Neste, EniEh i<,

» HVO®D20355F F TOMUER FHaHERS (L. LK - FHRRFLLITIEINT B,
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