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72737, KETTIE 2015 AR OIS IEAMER S - 2 S o k0 | ElolmHeE L0
SRR o7, K 1. 1-6 1R & 912, KED S O I 2017 N 2019 ORI
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HABE - NEXANT &8}
X 1.1-6 KESOEGHEHSE (1,000 BPD)

NEXANT (Z & % tH5ie = & OJFUlETE T 23R 1 1-1 17T,

F11-1 ek = & oFmERE Ml (1,000 BPD)
HAHHL - NEXANT &84

2019YTD

Average Annual
Actual Forecast Growth Rate, %

2010 2015 2018 2020 2025 2030 2035 2040 2010-2013  2018-2040
Asia Pacific
Japan 3619 3258 3,059 2987 298 2834 2838 2692 21) (0.6)
China 8408 10684 12441 12736 14076 14686 15741 16,184 50 1.2
India 3899 4561 5,154 5126 5639 6450 6648 7135 36 15
South Korea 2390 2784 3,030 2979 3013 2982 345 3099 30 01
Taiwan 876 838 889 876 897 838 912 g24 02 02
Singapore 979 937 1,047 1,054 1079 1,081 1,08 1,116 08 03
ASEAN excl Singapore 2590 2816 3,146 3402 3995 4817 5241 5593 25 26
Australia 606 427 477 458 468 469 477 433 (29) 01
Ohers 41 450 508 536 654 855 1013 1335 27 45
Asia Pacific Subtotal 23778 26,765 29,751 30,154 32829 35123 37,012 38550 28 12
Middle East 7063 7728 5480 9392 10058 10,705 11507 12085 23 16
North America
us. 14724 16,188 16,969 16643 16783 16582 16,160 15698 18 04)
Ohers 2958 2699 2073 2606 2433 2479 2762 2899 4.3) 15
North America Subtotal 17682 18887 19,042 19246 19216 19061 18923 18597 09 01
South America 4977 4702 4499 4325 44% 5000 5092 5147 (1.3) 08
Africa 2422 2099 2162 2157 2751 2754 2756 2828 (14) 12
Western Europe 12270 11,766 11,505 11,152 10738 10334 10,107 9,849 (0.8) {on)
Central & Eastern Europe 7065 7958 7804 7069 8445 8712 8846 8920 13 06
Global Total 75257 79905 83244 84206 83526 91689 94245 95994 13 06
(excluding stock changes)
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#:1.1-2\C HARO A ML O = & DAPE « FBE T R EIRT,

BN DORNFE - EPEEREEA OfINC L 0 . BAROAIMELLOEFEL, 201047252018
FRTDNT T Uz, @ AL K 2 BRI iSO IS & ORRE A BT D &)

FEICL D AT E A E ORBREER I IR B 25 192 Z L APE LTZ, ZAUZ LD 20174F
TR R D EIB0% N LTz,

F72X 1.1-7 121 BAROERERH OIFER IRFE & ONR A7~ T,

ENOATIEEIL. 1990 A TUITIERG I NTHER L=, 2000 AR IE L A 8 DA
BT, FEOMGEN7: TRMEN2S 51, 2010 055 2019 AR/ CEAER 2.3% Tl L
7o TAUTES, PAFIORTAIIHE 2 BT 2 BURFOBOR, tEE0Z b, HERERE LRIRIC
XBEEZLND, ARITAMOMEZIAICKE IKFELTND, 207D, BIFFITEMFICHE
0. RSO, Hr UWEEREPREE Y7 o s o%kik, LNG S AOESEREZ & fAJRH~
DIEFE S TI200 S ESEARHEZEANL T, FEEOBENECIX, fAilakEd L, LNG,
Ak, FEMRE= RV —281 L T 5,

THFER I, HENEHEOSEAEEMIOT -2 LI XD Y U o - 8IS0, AIYEFREED/ ERED
WG U7z 7 Y OiRGerER D BA- BIZETSERITE S ¥ =y MREIOHE SN2 L, Al
(b EATE T2, Bt e LT, 2017 FEOH Y U v Ofreatt#id, 2016 FHE & 1FIZIH
IKHED 29.7% & 72> TN D,

B Hifi O C EMORIEEHARIT, BEEEDOE =T — U L DTERIAIR, KR A7
ERTMLSDOBREI~OlRE, BP0 DA O e Sl X 0 i E R Lis, B4R
AIRET LT —DORINIRF A R EATIENC L 2 36EH C HEMOEEROMEL H Y . 2017 4
FEIL62%F TIK L7z,

F1.1-2 HAROMFEFEOAFE « T3] (1,000 BPD)
HABH ;- NEXANT &}

Average Annual
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1.1}
1.1}
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1.

Actual Estimate Forecast Growth Rabe, %

2010 25 208 219 2020 2025 30 2035 2049 Z010-201%  2019-2030 20ZD-2049
Demand
LPG 492 ad3 402 364 36D %53 345 337 328 33 [@.5)
Naphtha a7 S53d 540 543 518 451 42 485 478 1m [1.5)
Gasoline 1,006 s &rh a5 B8 T5d Ed2 616 57 k)] [23)
Kanalel Fual 443 JE7 S48 327 312 el i 27 a1 @33 [1.9)
Diesel/Zas Qil ) Tad T8 TE TB9 T8 Eod 653 E1d n @8]
Residual Fuel ars 340 250 Fritk} 158 150 133 11E 102 66 [&7)
Total 3. 3433 ERE L 3,048 2975 2752 2,610 2498 2346 (23) (1.4}
Production
LPG 143 138 128 128 129 125 121 17 112 a2 [QuE)
Naphtha 138 113 BS 10 i ar a3 Be &3 (EE] [QE)
Gasoline 1,014 aar &Bd Bs2 B52 18 TE3 TaS a3 k)] Q&)
KaraJel Fusal 281 Sd2 487 8T T 436 a7d 452 d2d (13) [0.8)
DieseliZas Qil 1,020 a7 05 833 833 33 823 233 B2 1m .
Residual Fuel ara a0Q 268 27 v 210 152 177 155 [54) [14)
Total 3am 2878 713 2,758 2,758 2578 2,587 2517 2358 e [5)
Ned Trade
LPG [348) (304 [273) (235} {281) [228) (224} {220 217
Naohtha (457} (a71) [451) 1443} {818 [454) {38y {408] [2a4)
Gasoline B il E F) i [-T] o 132 146
KenaJel Fusl 128 178 148 180 165 187 18 173 158
Dieseli3as Qil 181 162 126 " T4 187 el 280 267
Residual Fuel ) {40} 18 24 E3 61 4] E1 53
Total [481) {455) [428) (280} {218) {Td) {13 n 13
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ARl bOER & & HIC A DIF20084-% B — 7 IZJNTEZ U TR Y | 4%, BO»A
IS e Z & D, AWML OTFENR—ANMIINT D EEZOND, 12T TAXA )V EFESE
HaEDZL, FRZHENFRRE 7 & 3 L= o) B0, IR ERIREIC LD =R —JHD
Zd, AR OFTEARD TR L0 b, BARBREERSEL . = puX—gh=R, [
TRVF—JROBNE, HEOBRERER OUGESE, RSB SN BURTANER )7 > SRS ZHEE
LT3,

~ 7 BREEOBLENG RS & AARITENEE & A5 . BRI R DN 7R
5HETREND, TIUES T, AMBLOTFEIL, 2019450520404 F CHVEIFEKI1 % Tl
T 5 ETHEIND,

HBIE, BHARIILPGE F7 V&g, YU AT UV AREILTEY . 7 4 —8/L & AT
LT3, 5%, ENEEORICEHNT Y U U EolataME 2 T 5 E Tl D,
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@RmEE
HROFIHFEEORIINT 2020 FELIEZI3H{E L, 2030~2040 £EiZi3 B —2  CYHEFR 1%0DH

I AZEET D Z EMFLAFNTWD, — T, AR ORI FIHSRITIINA#i ). 2035 42

XS T 18vol% E TiEd 5 & A i, ERSHgH A SR D8l OA b - B &

LT ilzl%kﬁuiw iﬁbé 20vol% ik Hns (K 1.1-11) LTRSS, RO R

& LT, A b7, VEEGRICHIINT % RIAZTH 0 | 2035 4RI IR OJFIMEER IR

2 HOK) 80% % 5&55 X 5 WD ETFHIS TS (K1.1-12),

Global Crude Oil Demand ABSOLUTE
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= Transport mmm Petrochemicals
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Hi#h . Ashish Chitalia, Wood Mackenzie, “Energy and Petrochemical Outlook”, Indian
Petchem Elite conference, Mumbai, 2018.
¢ 1.1-11  H#EFUFINFREIE 48 2035 4F £ TOMFR

Global Crude Oil Demand GROWTH
10 ) 100%
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o N b O
s|eaiway)

|
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mmm Transport mm Petrochemicals
s Resid/Comm/Agric == Electricity
s Other = Chemicals Proportion
Hi#t : Ashish Chitalia, Wood Mackenzie, “Energy and Petrochemical Outlook”, Indian
Petchem Elite conference, Mumbai, 2018.
1.1-12 AR EE R OER
2010 4E7> 5 JFHiRE g U723 KE D = — /L K 0 2ol KERE T 2 L N Liao,
A& 722 =77t LA D= 2 L OMEENIER LT, ZHUZ XY | ZfliZe= 2 & ik e L
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TexTF LU BRGERENFET S, £THEK, 5IERE T Y7 (FE) ToEEMESN TS (M
1.1-13),

FEEBH U AROAFERENC OV TS, K 1.1-14 DX HICT7 V7 NI g GER
DI 10-15 T 7 b 4.,

HRANCHTFEHRINN AEND C2 (= F L) /C3 (FrELY) 1F, ZhbORUEREDE
WIS LTz 7 B ADZE R G TN D, C2 =F LDkl « et R LT 7 DAF—
LT X TOEENRD L, =& UBKROFEEOEINT 5, —F, C3 T L DJFE} -
TR RAFIAF—LT T vx T E FCC OEIEMNEA L, On purpose (PDH : Propane
dehydrogenation, 7'v/ U fikR) OEGHENNT S & TASNTND,

New Global Ethylene Investments
North North
North America America America’s 2nd
15 Closes Adds 1 Wave Cautious B North America
> Capacity Wave
S ( A \ —r— W Middle East
3 10 i China
)
5 B West E e
2 5 est Europ
ES
-~ B Asia (Ex China)
zZ 0
= M Other
= 6K
e -5
= 05 10 15 20 25

Hi#h . Ashish Chitalia, Wood Mackenzie, “Energy and Petrochemical Outlook”, Indian
Petchem Elite conference, Mumbai, 2018.
1.1-13 RO F L REEE OFHIR L HER ¥

Annual Capacity Change- Total Basic Chemicals (Ethylene, Propylene, Butadiene

& Methanol)

m North America m South America m West Europe m Middle East
B Indian Subcontinent ® Northeast Asia H Southeast Asia

30
25
20
15

10

Million Metric Tons

Low Energy Price NAM Gas Price Crude Price Hits $100 Crude Price Collapse
Bowca: M3 Madk: Rise £ 2018 ™8 Markz

High : S. Sharma, THS Markit, Indian Petchem Elite conference, Mumbai, 2018
1.1-14  FEFFMEFMOEPERRS) & A% OBE5E RLAA
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2020 FEZIE HEHERLESS Y T D=2 X 5065 T2US $ /bbl Loy EFREDVREN T
BHH. LBEOHEASTRIC LY | At~ — AN N5 L O TRIG T A,

Indicative integrated site margin outlook

m Refinery alone m Value add aromatics
12 1 mvalue add cracker

10 o

Net margin, $/bbl of crude
o
Il

2017 2018 2019 2020 2021 2022 2023

Hi : 2019ERTC &%} The Energy Transition and its Challenge to Refiners(Wood Mackenzie)
1.1-15 A&, JFEERE, 77 v h—0~v—Y Tl

—75 . AARENOTF L REERET 7,000 225 6,000 T~ AETHERS LTV A8, 2022 4RI
VXEIPNERIE O AL 2 BBES 50 4ELAL B & 720 | HBERE e 2RI STz A T
FU AR NOBEREDNINDY | BFEOER TR E2FEICER TS5 L ST (X 1.1.16),
7235, Wood Mackenzie #i#r & 5 & HAD YA =T L Mg 2 R 3K 800$,” AR & RAED
HNTEY, A MNEFIITIRNLTH D, (X1.1-17)

0201 7FLE, RXETI T -IIAABREROGREZETS > MAFIBNICIIEENS LT, £DO
A MRENDHB IRV ITFL AT THBICRAT IEREENKE L,

OFRETIE. 201 8FEETIC. AFRIFTS> M (CIBFREN. EBNEESH AR CTIEMLTL
BRI STAR

OFf. 202 2F (L. EBROIFL Y —0OFML FHBREEHS 0FLU LD, AT
SRAAAROIEXR, EHEDRAVEERFEZDE. 20 2 0FLEGE, FEENASIREESLTE
DHEDD. Build & ScraplC KD ILFL 225 —DEAPAIBRIEOBRELE.
=201 7FLIBICHBEMmENSKE < ZLT SeT6eEE.

sEEEH EROIFL o 5—DOREBER
8000 TR TR
7000 1 20228 1T1E, BB ESRBEMSERLE T
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EEEEEREEKEKEEER
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AN EEEREERESEEN :
4,000 -+ — 1
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I BB EEEEEEN
0 4
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Estimated Regional Ethylene Cash Cost Curve - 2018
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Cumulative Ethylene Production; Million Tonnes per Year
SOURCE: M1 Consulting

**Imported Ethane costs are representative of purchasing Ethane FOB Mt BV USG and shipped to Destination, includes
Liquefaction & Handling Costs

8 : ICIS Consulting Japan, Jan. 2019.
1.1-17 HgRIO=F L AT 2 hOHEENR (2018 4F)
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Energy Circular 1.5°C 1.5°C Sustainsble
Electrification Hydrogen Power-to-X Efficiency Economy Combination Technical Lifestyles
(ELEC) | (H2) (P2X) (CIRC) (COMBO) | (1.5TECH) (1.5LIFE)

Increased Cost-efficient Basedon
Pursuing deep Based on
Main Drivers energy efficiency resource and combination of COMBO with COMBO and
in all sectors gete | [(optlons hom 2T o REcCSiecs) [ G
efficiency scenarios lifestyle changes
GHG target ~90% GHG (incl. ~100% GHG (incl. sinks)
in 2050 sinks) [*1.5°C* ambition)]
. * Market for inf
Major C . * BECCS present only post-2050 in 2°C scenarios
U circular economy ures * Significant leaming by doing for low carbon technologies
* Digitilisation * Significantimprovements in the efficiency of the transport system.
P - Power ifinearly decarbonisefl by 2050. Strong ion of RES f by sy
ide storage, role Bf p Nuclear still plays a role in the power sector and CCS deployment faces limitations.
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Electrification of " rates, material
LEsy processes fepea EAEeC E"d . substitution, Combination of DRt
Energy Efficlency dreular measures most Cost-
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e nceted of  Depl of I of | el e SWtainable  from “wellbelow  COMBObut  CIRCYCOMBO
heat H2 for heating | e-gas for heating and dapth 2c" i g but stronger
with targeted
Faster application + CIRC+COMBO
H2 deployment E-fuels
electrification for Increased Mobility as a (excluding CIRC) but stronger
U e all transport ::v:?::n': "’:ﬁ'm' —— modal shift service * Alternatives to
modes airtravel
Limited * Dietary changes
H2 ingas E-gasingas
Other Drivers t enhancement  * Enhancement
o Sy Gftation gid natural sink natural sink

80% reduction 100% reduction

Hift : ERTC Understanding the technology. Challenges and potential opportunities (Concawe)
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Hi#i : ERTC Understanding the technology. Challenges and potential opportunities (Concawe)
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EIRT L —JT : httpsi//www.enecho.meti.go.jp/about/special/johoteikyo/typhoon.html
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1. 3. Hiff
(1) EEHNIERT

R R MBS e 2 ORBEE E LTI, PSR, FEIKSLIR, I FCC, ©
AT Ly, AT, ZOMOESHR (L - FREMET - F-E4HC & 5 EUREKA 7
B ASRHPET L Y+ SR L 5 HSC 7t %) | 7 AL, WHIBE (SDA) 174y
NS,

$7-, AR OEEEOR b MBI 131 ORI THY . OB e LRtk
(L. PERUKSALANIR, 7 FCC, =—h—. FEA AMEAIER S, T EAT L—h—, %
DIMOBASIRILE FIERITE 5,

#1.31 HHROEERR b LUERRES D2, 1,000bpd  <ICIS 77— ) HAERS

R R DAL 20104 2020 4= 1 AR
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¥t FCC 4,438 6,526 2,088 47.0%
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Z DA DR ikt 538 518 —20 —3.7%
Pt A4 183 289 106 57.9%
TAHINLIE (SDA) 1,185 1,404 219 18.5%

aF 18,271 25,914 7,643 41.8%

FERUE S TSR b 2BREA R O OREE & LTE, Bl ClERA 7 U —HRKE LR
T AEEPEESTND, ATV —KOMRORHEE LTI, ZOMOFE7 7 & R~
O TEEER QB 90%LL L) 727-8, RofiErkihe L Coa—7 RrEn iy Moz 6hbd Z &
&L R LTSS B E D ORARR TR LN D Z EIZH D . AT U — IR T il A g ER 4
HZ ETARBIZL TV D, FRZ Eni D AT U —7 kv A (EST) (3% ORGHATIZERH S
& DIERNH D,

—J5. ARG CIL. RO X 5 2FHl 7o 225l HE o A FENTTEAT S LD
1%, BRGNP A B LR IR TN T 5, FHEEH (AR) 2+ 2576H 7 0t 2
E ENTIEFEELTEBY ., FHIUTFD 3D EN5 &9, [K1.31177,

@ FCC HFul», VGO % FCC THHE L, VR L SDA Z TN D4 A 7, 47%
@ RFCC i, RDS-RFCC TAR Z4UEL, VR I35, 32%
@ FCCHVR 7fit, VR & a—h—=<° H-Oil & CREE, 19%

O A ZIFENT I3 BLHFTCTH DM, ZD 9 5 SDA 24 L WA EGFTEL 5 DI > T 5D,
70 0 8 BHMATIZ U Tk SDA Z BT % Z & T, HSFO & LCUW/= VR Ohv7p v oElE %
LSFO |ZHald 5 = L wREE 70D, — 7. @A ZIFEWNTSENHFTTH Y . AR AUERIZILiE L
TVWAHA, VR ODUBLIIRER ThH -7, D7, & [FkEIC SDA 2B+ % = & T VR %z
B B2 LNAIREL 725, @F A 71T b & H & VR AELE ¢ < AA RGN CH Y . IMO % b
FTTICAILTEY, BFIDEmWEF R D,
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Simplified Processing Schemes for AR

JAPAN

(As of 2017)

AR

(1) FCC
V
m VGO >'_—>Products
[% Conversion

[1,658,700 b/d, 13 Refineries]

47% on Total CDU Capacity

VR (8 refineries)
_(2) RFCC

,125,000 b/d, 8 Refineries
32% on Total CDU Capacity

|

Fuel
AR R
D Products [
s 1
Vv
D
U
(3) FCC + \(R VR Fuel oil, Asphalt
Conversion
AR VGO

Products [

668,000 b/d, 5 Refineries
19% on Total CDU Capacity

|

VR .
Conversion |[— Products

Coker, Hydrocracker

Hi# : S, Atsunori, JGC Corporation, “Growing role of residue upgrading process. — Responding
to the IMO 2020 SOx regulation 7, 29th Saudi-Japan Annual Symposium (KFUPM

Research Institute), Nov. 2018.

1.3-1 AR o 2O LT 5508 D

@ Enit:25 U —5fE7mt 2 (EST: Eni Slurry Technology )

EST (3 ENI #:4% 20 LA EOHANBAFE ZATWFEAUL L7

K BT B AT, 2018 4RI

[Fl#1:0> Sannazzaro fHHATIZ 23 TBD (L3 B b/ 4F) ORMRITZ k& L TR S

LTW5, OB 1.3-2 157

Eni Slurry Technology: First Industrial Plant Timeline and Lay-out

FEED
start

Site

Steam Reformer EST

- Flare

H2 unit (&g X)
100kNm3/h

Activities Start-up Commissioning
| 2009 2010 2013 2013 2013
Auxiliaries: Slurry Reaction Unit
- Steam Reformin
: 23,0008PD Slurry section
- Sulphur Recovery 5 1.3 MMTA
- Amine Treatment : Diesel and VGO
- Cooling Water Hydrotreating section

Bunkerized
control room

Pitch Storage and loading station

1.3-2  Sannazzaro fHATD EST 7°7 o MU
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WLTT v b OTEIRSEE) D OBVHBRL RS 278 LIS R 2 X 1.3-3 1T T

PURGE 13%: Gas
]
H2
MAKE-UP M GAS CIRCUIT | ]
|'r (Cooling & Separation)
uGHT DisTiates  11%: LPG+Naphtha
{LPG, Naphtha, Gasoil)  47%: Diesel
¥
4 ‘; G0
Y SLURRY FRACTIONATION 23%: VGO
SECTION —
VGO
X
¥
¥
RECYCLE Y PITCH
i 2 6%: Purge RAGEERG
WMEE : 425-435°C
EH: 150-160 bar
» HRRLLASTLIRLYRELT
! TAVRTIHOREK T 15205
EST cake “as it is” After pelleting/briquetting

1.3-3  EST 77 b OiEd=EE ]

©@ Axens tt

Axens [FFEERIZ Hyvahl &9 RDS DS E 7' 1 A GRIBD U 7 7 X —n 25\WFIZH 0 |
PAITIE U CAcHe L Cililin g2 50 246 L CRY ., BI7 m+ AT VR 2250 LSFO #liE 4 nl§E
B I

SDA-+HDT (SDA 7250 DAO Z/KFELiAAEL L C LSFO 55 324X 2.1.7 T
T, ZO%A, il E a A FC, LSFO 24 < il cx b, 72770, L LTE YT 0E
AT 57280, RO~ E EET D 0ENH 5, —J5, EMED H-0il Tl
DMVAEPE S VBB B N 72 D, RDS /2T 5 Hyvahl D3, LSFO AFEN R L 72D,
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2020 Marine Fuels: Options Recap &

100

m H-Oil
80
Hyvahl
80 ® SDA + DAO HDT
AR
40
) I I I
0 i M. W . . .
SDA  Lapicn H2S+HN3 C1-C4 Naphtha Diesel LS VGO FO 0.5%S Pitch

[ ? ] [ @ ] = Lower price tag: 150-170 MM$

SDA = Large production of pitch =» profitability dependent on
pitch value: ~20-30 $/bbl gross margin

- . Harket demand for large pitch quantities?

Hi#h - "Marine Fuel 2020 Sulfur Cap: Choosing the Best Technology Pathway”, Cristian
Dupraz, Axens (Senior Vice President Asia)
1.3-4 AXENS #5772 AfHATIT L 2 R

17

® CLG %Lt (Chevron Lummus Gloval)

CLG #14%, Chevron & McDermott D&FEfE, FRiEH (VR) AU E LT On2%E L
TWDD, Wb R KB L7 117 20 LC-FINING Z/AAA & DT, AAERND
BEFEGMPT COBHIL, KRG 2L 9 T2 DR TR, L LR D, AfbinfSR e i b L,
TF Ly, TRELVIESLT 4 U ERGOMEEITERITET D,

LC-FINING % FCC DUGERR T, BT LEE O (VR) 28 ko L, AL SR 4m)
S ELHEINNTH D, FUNEEOHFRAA L LT, M A BT ORAT 52 LIk, EHENE
MU, Jiodz B A ESERT 5 2 LN TE | ZAUC K D EREMOREEZ A H Z LINTE D,
LC-FINING ZAHZmAATE =y Mo, BEFORGMFTIZEAT 2 Z LT, 2=y FOMREITIG LT,
AL ORI, 13%~ K 40% FTHX B2 Z L TX 5, AEAEMONRRIL, GFtf5E
M 13%DIE. TF L2 6%, X 1%, bl 6%EoTin5,

. AR (VR) ABEEAE, LT O 4FEIZ 0 E S D,

- LC-Fining : #5{t 80%, Base

« LC-MAX : ##F2 90+%, LC-Fining & SDA % &7>%, LC-Fining X ¥ SEEIHxn,
« LC-Slurry : ##{L3 95+%, LC-Fining, LC-MAX XV & 5200 fm L,

+ LC-LSFO : #i#{k= 98%L) E, LC-Fining |ZEEKR RDS ZfA/E7= AT L,
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Residue Conversion Addition CLG.
Impact on Refinery Yields -7
Chevron Lummus Global
100%
ULPG
80%
% u Gasoling/Naphtha
=1
S 60%
L
: M Jet/Diesel
-
:E, 40%
; u Fuel Oil
20%
h
Process: 00/0 R:'?::ry Coking LC-FINING LC-MAX LC-SLURRY LC-LSFO
Pe Base 17.6% s.;:sr:s;o 214% 1;:/;?5;0 4.;:'2:5;0
Residue S, wt% 35 5.0+ <2.0 43 <0.5 <0.5
© 2018 Chewron Lummus Global. All Rights Reserved. Company Confidential

Hi#h : Ujjal Mukherjee, Chevron Lummus Gloval (Vice President, Technology), “Profitable
Schemes to Maximize Refinery Profits Post 2020”, ERTC, Nov. 2018.
1.3-5 CLG #:4H~7 1t A5 RO SR
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(2) {EF ISR LR

HASCIE, 1950 4L 0 . A{LFEEOERBICAEDE TA L 7 4 VEED LD AT —LT T v J1—
DOEAFHFEIE L, F 7 VAFEREIN LT, ARSI Taby 7 M kD, BUIRTIE, A1
DRI, R 10~12% L 72> TCD, BIHED v RE LTL, FE Y ot 2 L AF—L7
T v H—BLOFCC ZHAT A TH 5,

—J7. HE, A > R, R E S IR OB E N - FHE STV D, 2 oHg)
BEAFBGIAT L 0 IZ D MmO A LSRR 2T 5 a7 NORR D8NS 5 Z & H3A Eﬂ
T&ET, EONDOm\ A LR ERA A 5 SMpT 2 BE RO PT &t U 7= 141X 1.3-6 12~
a7 Ly 7 2L LTI ARG 2 T8 E L CRREFS TR Y. Crude
Oil-to-Chemicals (COTC) & FHII TV 5,

LiOthers M Jet/Kerosene uiDiesel M Gasoline i Chemicals
100

80

60 -

Refinery product yields (wt%)

Global Refinery Petro-Rabigh IHenin-PXI Aramco COTC

Hi#t : Stephen Li, IHS Markit, “Crude Oil-to-Chemicals (COTC) — A Major Disruptor, ACI
Maximising Propylene Yields Conference, Balcelona, Jan. 2019. % ¥ /£
1.3-6  BEAFET & s A bin iR O SGmpr oS 53R NER

Crude Oil-to-Chemicals (COTC)

Process
>
SK/KBR Naphtha . > .
=
g
g
Crud
Announced COTC 5
projects are mostly
based on existing e
refinery and Hengli Mixed Crudes > Crude Oil-to-PX 5
petrochem processes Complex
but using different
rations. Light Crude
Aramco/SABIC ——— 3 Crude O-to-0me N

Hi#t : Stephen Li, HIS Markit, “Crude Oil-to-Chemicals (COTC) — A Major Disruptor, ACI
Maximising Propylene Yields Conference, Balcelona, Jan. 2019.
1.3-7 DA bR o 2 N oFhET (Crude Oil-to-Chemicals: COTC)
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O RbrepFR Ty RRAPID) 72y xs b (wL—37)
¥ a IR — W ORI 7 AT T AIRERD O A T BAERT O Al
arvF Ly A7y NTHY, 2019 4 1 FIZFMAEROREER A BIMG Uiz, B8
A USD 270 [BOERFHETH Y . FUMOMKSEEZIRE LW D o7 7 ©7 OEE AMttT 7
L b o FAOEREHNFETIRE 72> TS, 4 1,500 75 t (30 75 BD) OJEHALER) G
3.5 5/ t OF TSR IS, =F LU 11 EA ). 7rE L (0.85 HF 1) %D
AL A ERAE 2.8 B t EFETE D & ShD,

@ fahMt 1877 Hengl i) BmAT (FE)

HHIE I 2023 4RI TR 200 J7 BD BUSEOUBRRET) & 72 D 7 SOREMETOHTER & FHE LT
Do EDOHD—DTd 5 Hengli (7)) AL FERGHFNL, 7 rEeLy PP) 37 F L (PX)
72 E O VLA TAEREY & UGG SIS C, FERdEETT 2, 000 5t (40 75 BD) DK
TTONEHIRES) T, B AFR 6.8 HH t HHETE D, DO H, /NTXL LU AEPERIT A5
At EHEENFEOR 30% A ERTn Y =7 hElaoTD, 2018 45 12 A/ BEHEIR
i, 2019 45 A7 VBB AR L TV D E OfFHCoH D, CDU 1320 J7BDX 2, FilsafiEs LT
H-0il1 & SDA \ZHIAE O TAHLDOKRILiR, H8KAeT v~T7"T > MZ &% PX, PDH Zf % 7= PP
REILEAEC X0 A BIED 42wt & STV,

@ ALK UTAT 22D Jamnagar BLHAT

WA TGN TR OO EEHFT 2 W) < ODET 5, T RIEEREMATO—Fl L LT, A
VR U547 2D Jamnagar BUHTA 3R 1L 3-2 1059, [RIEGHETOFIMAERRE S (CDU : JEh
RERIEERES)) 13124 77 BD, AUEEGHO APT FEERIE 26 - 27 TH Y, s s bmHLC, %
BINAPE SN A A AL 2N & LB cdh 5, Afbkdddih & LTiE, BIX (PX: /X7
X LY) OAEFERESNTBT5 (440) 7 t/4E, AL 7 ¢ (PP: 7FuE L) OAFERTIIT 380 (220)
T t/ETHY . AR OFHERRL 6 D FRRIT 14, 2wth & @,

Jamnagar BUMATORERIE, 2.2, LITREND L 91T, USA, EM BEHATIC PG 28T 0 |
ER7Zpa—1—& FCC ZAi 2 Mz Mk U, 15 LIV s oy A LB S L TN D,

#21.32 U T4 7T v ARGHAT & KERHELHETORREE o i (B : T BD)
i T > RS EAIEREEOECENR | . JPEC LAR— bk 2017 4

3000 90 7 Y i ¥.8 b1
m RELIANCE RELIANCE RELIANCE EXXONMOBIL EXXONMOBIL
JAMNAGAR 1 (2000) |JAMNAGAR 2 JAMNAGAR (&#) |BATON ROUGELA [BAYTOWNITX
RARERE 660 580 1240 502 561
EMENIREE) 89 85 174 74 122)
FCC(REERBMAR) 180 200 380 232 205
REERKRLESR 0 50 50 25 28
RERERI—H— 160 160 320 117 90
n* ENRAKERREREIIZ, 22)A-BEIC [EDKEC., [E1IAEC.EEL,
STIBNLYORNERY,  |RESE a—h—22%HY, |
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(3) Al, TURILEHH

7T MOEREAERONRT T UEEEB ORI L0 ) R BRI B R AR AR D &
NTCND, &I TEIET AR T, BERYAT<RX VA " 10T » By 7T —X Dk
RS L DB T QD FHENE [A—S—REFET L LTREL, BAIIRTT
i 2 58 b3 D HIEEANSERL 29 4 4 HICARR Shiz,

F 7= AARORGHATOERS54 b OB G, ToT OIEFRRLREDOSHY I L5 <L
—a A MOEEEY 7 NETCORKREZHED D Z ERRDENTND, IR T v RA UK
A MU —OE A E LT, BYHAT(LE 77 > MR ANmEEE TR TV, SR Tl
TV, BEBRATHY AT DEOREEMTONT-, FrFEEREEZ TINODU AT LD
FEEEW HIZET 577 » N7 4 — A0 - O H 5 _RERIHOWTHGETEI T 72,

FA WA D =D LIRS, —REOMMMOEGREL IS, = 2 MEIE - B4 158
{EIZIENT CAL RRI0T %07 VX NVEMT TG L= F3EE T VORI BT =8 & 2 hm# b LT
o WFHHFEIIBNTH, 77 MELOSEF T, Rue—22i0H L0 s s,
P—lC kDT —HERE © 7 T— N L DGR A T =X WO & B O TR & R
227 - BB EEIEO R EROEER LA BB E LT, T U A EIROIE DA TODIEDN,
PREMIEE B U R AT, KERUF v — DRI L 54T~ RGP —E 2D, Al - [#jg
ORI TG ] LT I NFATN 72 & OFT- 72— EAOBE R R L5,

LU RIS ol =7,

(DThe Reality of the Promise of Artificial Intelligence KBR Consulting
WAl ==2—J L%y FU—27ET /L
cCDUNVDU v a2 lb—raiik?d AR VX —inmil,
- LP 7/ ik
- R ) r—a v
W2y A
s T NREE THATA

- eY— HERER. BBl 3D TV
W7 A A NHIE

DL R

- ek

W5 EIR R = —
N eV NS/

. Ean Advanced equipment e —— —
AN condition monitoring b =——— = I}
| BNy CORROSION E
A L—a & - = =
— = =——
» FEHEIRRED b DL = ——=

£ &
Corrosion Rate

locations

(i)



AVT-6
Performance Monitoring

Optimised
cleaning
schedule

Digital Twi
RBI risk matrix

locations
sensor Data Analytics
technology

@Spotlighting the Darkest Corners of Your Plant Precognize

Bt AN T DOF—Z%5F T LIADAL Ea—F—TUF 5 2 & T, BiEaimt 5,
B3 1 BICHA 77— 20 05 R TH D Z & 5 H ) DEAEMRT O R+ 5 2 &

MREEFTZRE L CORT 2 & Th D, EIHEAWIRD 2 BERE L EOO LR TH D, (Wb

LEENIR UFETIT D DT, T 77— HDMENH D08, TNEMZ IO, BT

GE. 3 — AV RIFHEN7: LR AR 2 LD AT WIS ) FEClmE 2 RO H -

TLDIIFET L ENTEDLEESTNDHEDI L)

T T =BT T — 2 B HGRT D I L HM AT D, FERREICT T — L% 2RSS LT

KFIZEST=HE R LT D,

The Data that is e N
Already There to Start! / On-premises
'SAM GUARD'/
.\,_ powered by R'acognizp-: ¢
Process Data I
(Temperature, Level, Flow, Pressure, Qaulity),
Equipment Data
(Current, Vibration, Bearings Temperature etc.)
Historian ‘
DCs

cla () ok O ok D R ——
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(@Getting from Smart to Digital Operations Honeywell International

B0 RN AT, FRRTIEETRT 0 — B2 &1T 9,
HRPTI3 5=y FETILTND,

WSEEHE LT, WL D7 T v 77 7 v ) U I R— U A 2 SRR

WALTFUASREE LT, B2 MR, 777 R, VR, ffridhze £ &/

(@Proactive Maintenance on a Fleet of Critical Large Machines Using Early Detection Digital
Tool TOTAL R&C
Wty VT2l 0T aT 7T 4 T AT I A RN K D ERY A=V T3 D)
DD,
WL LTH AT Uy —0lEE 1 5 HRNSHRE L, E#ZOEEE A 7 ) o ADOFRTEE
{172,

LR TOBEER 0.04%, L7 aRr TOBREER 0.1%M Bk, AT FrAazx
2] 10%005E LT,
BRI K0 [BSSaR D X 7 2 A B 0.12%[BMECE 72, ZAUCED AT A X D
86% & il 95 Z L BHIFFCE B,

43



(4) h—R2)HAL4 o)L

HIERIBRRUAITRSOPE T 7 AT 77 OUEHGYRIE CESRIEI T B0 omE 0 ) H I —R
2 UHA T NVEGROMNLRD B, R CEEE O & SRR, BT ED Hi1T
W5, ZOHMBIR T, CO2 Z&IRE LTI, Zhand - B L, S AT AR, A
B = a AR D FMOREI~OBEFIASE L & bic, K&K~ CO2 PEHZHI LT, &
TRNF— FARET L —, CCS L & & I —R VWA 7 W3k L 72 5 B0 A —
DEISTND, LU TN AEL M Z 7~ T,

@O E-Fuels (283 % Concawe DS
Concawe TIIAFHAAKEID T TV AZF LD, efuel FEBLARE L TCD, 2050 4FHEF
SLOBRMAERIFEEE T 0~400 F 5 t EHEAKEV, THIZEE LV, < OBBIO TRIDMEF L
TWOFTEEDOK 0% & EEHZ 5 &7 5 &R AR THRMFEIFR 100 B h t & THIL TV,

500 F\W high
Potential global Ptx demand EWwW
450 by 2050: 850-3 500 Mtoe/vear - CCT
(source: Frontier Economics) Lo -
s ESSSS—SSSS————————, UL CECHEMAhigh
demand e
DECHZMA
E_] 150 i, =g ena high
;:J‘ L‘ r == Cena
S 300 =k N —
= Renewable 305 roshigh
o 250 E electricity v Lgnos
g dermand SGABhigh
T K5 5GAB
o 200
4 == ErCorys high
.:l 150 A4 Ecorys
il}
0%
o s smmsN —
100 demand
o ______.-—r-"'""'r,."'-—‘:
0 e — 3
2020 2030 2050

Hi# : ERTC Understanding the technology. Challenges and potential opportunities (Concawe)
1.3-8 E-FUELS OFFZE T

e—fuel [T F S E AN D D03, FHARHER 1) HAKFEEE (Electrolysis) L, KFE L €02
12X VAR A Z 4R Rewerse water gas shift) . FT-&H¢(Fischer Tropsch synthesis) |2 & Y&
KB A RET D, BUEEFRICIBW T, (LABREILE T A 2 MIAD 3, GHG HEHIE, (RIFE
UNZEELLY,

The simplified reaction sequence is as follows:
Electrolysis: JH0+e->3H,+150,
Rewerse water gasshit ~ COy+3 H; —> CO +2H; +H,0
Fischer Tropsch synthesis: C0+2 H, ~>-CHy- +H,0

Hi# : ERTC Understanding the technology. Challenges and potential opportunities (Concawe)
1.3-9  E-Fuels #5&DMG
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GHG emissions of e-fuels vs fossil diesel & gasoline
25 100
-, o
_gp £
g 2
g% 80 273« conditioning &
‘E' 70 ES distribution
W =
15 60 v ¥
= | < 59 Transformation
£ D@ pear market
g 10 40 g B
g 30 ®%  mTransportation to
g s 20 3‘5 market
= €5
Q =1
* 0 = :
A b . . . = B Production &
0 ' ' ' - N S conditioning at
: é’?"\ S \5“0 O A A S source
b\ '-)0 ’\\.0 & 0 ‘2?) g,% Q .
¢ & SO O A AN < Total non-
¢ ¢ e renewable inc.
& ® 2 .
& N combustion
A £
&
¢

Hif : ERTC Understanding the technology. Challenges and potential opportunities (Concawe)
4 1.3-10  AHRERE D GHG HEHH &

T A NI L CE 2050 FRISIE, ABARRERO. 7€/ TN LYV E THRET D & RIAE R
5D HUIEIZ LY 0.9~1.3€/L), = A FRERTIX, 4 ATHEE /) Renewable Energy Sourced
Electricity) & EBEME Electrolysis) WA EFT61% L Ea 50T . ZotERa A
NEIRRDRA > k& 725,

(R = A b Ll (e—fuel ¥ ALAEED ]

2022 2030 2050
0.30 30
2 025 25 &
== -
@ ©
z 020— 20 ¢
2 0
= 5
9 15— — 15 3
3 8
g 010— _ _— 10 a
2 “
a 005— — —_— —05 %
5 8
] 1]
Morthand  Morth Africa lcaland Morthand  Morth Africa |celand Morthand  Morth Africa lceland
Baltic Seas and the Baltic Seas and the Baltic Seas andthe
MiddleEast Middle East MiddlzEast
e-fuels . North and Baltic seas based on offshore wind power
== fossi gasoline Morth Africa and Middle East on PV and PV/wind systems
; Iceland on Geothermal/hydropower /,:\\

Hi# : ERTC Understanding the technology. Challenges and potential opportunities (Concawe)
1.3-11 E-Fuels a2
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TA AT RIZBITD e=AH ) —/VAEFEIZOWTL, HffFERE L1 (Technology Readiness
Level) 8 ~9ZHEATEY | FEEEIAZ AT 72 RO HA DN TIFHENL L TR & 72> TN D,

Currently, technology at a demo scale (TRL 6-9)

E-methanol
2,460 kg CO,/day production:
(0,9 kt CO,/a) 5 Million
litres/a
(4 kt/a)
Global Leader in e-Methanol (TRL 8-9)
Climeworks, Switzerland / Germany Carbon Recycling International, Iceland
[t %
E-fuels
150 kW production:
electricity - — 0.057 Million
40 Nm3/h . 1t litres/a
hydrogen - 0,045 kt/a
ydrog; - ( )

(0,02 kt/a H,)

Global Leader in green hydrogen generation (TRL 7-8) Global Leader in e-Crude via Fischer-Tropsch (TRL 6-7) (\(Concawe
Hydrogenics, Belgium / McPhy, France / ITM, UK Sunfire and Ineratec, Germany

Hi# : ERTC Understanding the technology. Challenges and potential opportunities (Concawe)
1.3-12 E-Fuels OFEFETE77 b

E-Fuels [ZB3F BERM TD A 2 ¥ — At EOR Y f1ADHEA TN D,

+ Shell |3 10MW DFEMEEE (1. 3kt 7'V —/KE/4F) % Rheinland BHHFTIC 2020 422 FARIZHERR
LT, Shell & RA Y MBURFIXZ ORLHFTC E-Fuels OAFEIZBI 5 FS 217V, 2019 42K
FTICFS 3 TT5H 2 & 2FFE LT, ZOFS T A INBURT & St ditiii, BRI /HH)
\ZOWTHRET %, ZRB4PE LTz E-Fuels 137 = v b, HEHEBREHIIRETHGET 2 HIME D
B

«Sunfire & Total 1% RA Y Leuna S8HFTC emethanol fhE7 =7 ML CHITAZ &%
WF LTz, BEARITILITOm®ED,

-2021 AR HLERAG A HEE L. 3 4EC 500t @ e-methanol Z4pE 5,
-Sunfire | % IMW OEMEEE A48 L, 84T €02 725 e-methanol ZHiEd 2%,

* BP Tl Green KEDHLEET 1Y/ M an v T /L F LAORGHATCHEITH T, & HIZ 250MW EfikE
& (45kt 7'V — KB4 CIRFREL (A% /7 —/L, DME, OME, FT-Diesel %) <>fbFhh
5 = & AR,
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Q@ BT T 2AF v 7 HAHGN (ERTC 12815 KBR £ X O Clariter D)
TT AT JARERITELBIINL TRV, 2050 41213 1, 124 55 t (2014 4Ex[t 4 £2) DS HRAA
FNTEY ., AIHEEICBTA T TAF v 7O =T 20%E 2014 45kt 3 (200 EOHENAS

2014 2050

F- - - -
K %l 3
Annual plastics production I ;]

311 MT 1,124 MT

e £
| e |
Ratio of plastics to fish ] = L ) B = —
in the ocean (by weight) e ﬁ ﬁ =2 [
>1:1

1:5

Plastics' share of global L7 Y o7
oil consumption

&% 20%

Plastics' share of @ @
carbon budget
1% 1592

REND, —T7, HPESNCT T AF v 7 DI B YA 7 /UIESITNDDIE 10%IHE T,
ZDEETT AT v 7 OUHEFEFEDGUT I THEDORDOE LRI CIZ/3 5 & ST,
Hi# ERTC  Conference Waste ?Not. Want? A lot. (KBR Consulting)
[ 1.3-13 2014 4F & 2050 4ED T AT 27 AFEC B 7% bt

T 2AF I DY WA I AERIFAI LT 3250 . =T U TV A 7v (ThEEH 3o 7 1]
TRrEEA) TR THRARI) 728wt FEEmZ RS LTEHAIH) . —<1U
YA 70 BEHOBNR AT DT X —Z 0L - FIF) . 7 ) A 70 BRI
KO U715, FHEIL) &b, £DH 6, UUITFOr I HA 7 /UL 25
DOEATFEI T iz,

7. Clariter ft7 I 7ot *
BEZZ DI OLL T O m L0 | 3 O8N ((BFEEEA A L, Uy 7 2 B
EAPETELLE LTV, M7 7Y A TRHIDT A NF T2 Mael=bdblFTBY ., BIEONELE
X, 2. FERL Tt THAN, K15 Tt FTHEEHENSH D & LTWA,

Oittor - |

—— (000

S
__________
1 2 3
Cracking Unique Separation &
Hydrorefining Unification

HifL . ERTC Making specialties out of plastic waste? Yes, we do it! (Clariter)
1.3-14 Clariter 7 I Vv7atx
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A KBRS 7 2 A
£ 7000t DOJFUBMIEE T L, BLEERIT. K 75% (FERE] 5200t) & 72> TN 5, Bt
WZED, WAX 23 T, B~EHORHMAAFETX 5,

Plastic waste pyrolysis for steam cracker feeds & waxes

Thermo-granules Flue gas

Thermo-granules | ‘
Plastic 1 2 7
waste
Light HC gas
o~ [ ] [ ] l
vapour
4 5
= 6
— e —— e ——_—— l
1 1 il Light Distillate
W A Heawy Distillate Medium Distillate

Hi# : ERTC Conference Waste ?Not. Want? A lot. (KBR Consulting)
1.3-15  KBRfZ I 7wt

HEZ K> CTEIH D0, BIMNOBEEEET T AF 7 2 A M, 369US$/t (50US$/bbl L~L) T
H U | JFIHEESE 2SR ITO X 912 50US$/bbl A2 TV UL, Hlik L Tt 103 h 5 & 2T D,

1200
US Heawy
NW Ev
o W Singap
00
E
S 6ot
=
£
400 @560 /bb
@540 /bbl
200
Crude >
Crude > S60/bbl
/ 50/bbl

Hi#L : ERTC Conference Waste ?Not. Want? A lot. (KBR Consulting)
1.3-16  KBRfA I 7t R
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