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4 SHCHERBANIN Yury Toyo Engineering Corporation
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Contribution to Refinery and Petrochemical Industry in Russia

Through Japanese technologies and experience

November, 2014
ROTOBO Seminar

Naoyoshi Ilwasaki

JGC Corporate overview

m Established in 1928
m Core business: Engineering and construction

m Business areas: Refinery, LNG, Petrochemical, Industrial,
Power generation, Medical facilities etc

m Turnover: US$ 6.6 Bil. (Fiscal '12, ending March 2013)
m JGC group manpower: 10,000

10



[ JBC | Agenda

m Introduction (JGC Corporation)

O Current situation of global refinery industry
O Countermeasures by Japanese refiner
Heavy oil upgrading
Utilization of by-products

m Advanced Refinery-Petrochemical technologies
O High activity catalyst for FCC and hydrodesulfurization
(JGC Catalysts and Chemicals Ltd)
O Proprietary process and catalyst for polyolefin
(Mitsui Chemicals Inc)
O Recovery and utilization of C2 hydrocarbons
(Cosmo Research Institute)

® Summary (JGC Corporation)
[ JBC | Agenda
® Introduction (JGC Corporation)

O Current situation of global refinery industry
O Countermeasures by Japanese refiner
Heavy oil upgrading
Utilization of by-products

® Advanced Refinery-Petrochemical technologies
O High activity catalyst for FCC and hydrodesulfurization
(JGC Catalysts and Chemicals Ltd)
O Proprietary process and catalyst for polyolefin
(Mitsui Chemicals Inc¢)
O Recovery and utilization of C2 hydrocarbons
(Cosmo Research Institute)

® Summary (JGC Corporation)
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[ JBC | Current situation of refinery industry

Tighter motor fuel specs New fuels
700
Gasolin Diesel
s — - ==
¥ £ ok
g 50 ——deen &30
iw e & 200
® & I l B
2 100
Fopy == VO
ozooozmmmmzowmumu ommmmmzomzmzzou
. Crude oil quality Globalization

S AN ety - e et
p— - L4

ne ¥ ” \\‘
Souce OPEC Wold O Oubok 2013
[ JBC | Issues facing Japanese refiner

m Scale of Refinery

Capacity (BPD)
Japan (Average) 170,000
South Korea (Average) 570,000
India (Jamnagar, RIL*) 1,240,000
" Reflance Industries Limited Source: Ministry of Economy. Trace and industry ( METY). Japan
m Domestic competition
Number of Company
Japan 13
South Korea 5

Sowrce MET). Ol & Gas Jouma

12



[ JBC | Decline in oil demand in Japan

m Change in social structure
® Momentum of oil use reduction policy
m Global warming countermeasures

WFuelB,C wFuelA ®Diesel ®Kerosene wlet Fuel mNaphtha w®Gasoline
180
160

140 ‘

120 - ~

100 ‘

80 : - :
60

40 !

20 : . |
0

2012 2013 2014 2015 2016 2017
Fscal yoar

Ol demanag / My

Source Catculated by MET) data

[ JBC | Enhancement of competitiveness

Issues

m Small-scale refinery
® Intense competition in Japan
m Decline in domestic oil demand

$

Countermeasures

m Heavy oil upgrading (standalone refinery)
m Utilization of by-products

(refinery-petrochemical Integration )

13




[ JBC | Heavy oil upgrading technology

Fixed bed process
(ex. RDS)
Hydrogen Hydrotreating Ebullient bed process
addition process Hydrocracking (ex. LC-Fining, H-Qil)
eincreas D] of products volume
n eincreasing stahity Slurry bed process
Heavy ,o'l o eLow ‘_;uh.- content (ex, VCC, HDH p,us}
upgrading eHigh Investment cost
technology
—| Visbreaker
Thermal
cracking
_| Coker
Carbon rejection Catalytic I -
= process cracking FCC.RFCO
eDecreasing stabilty
Solvent
pojeiiin b iom extaction [ 1 20

9
| JBC | Heavy oil upgrading scheme in Japan
Type A: Hydroskimming Type 100,000 b/d, 1 Refinery
ARVR No upgrading units 3% on Total Capacity
Type B: VGO FCC Type
(F | produas 1,417,000 b/d, 8 Refineries
g 37% on Total Capacity
T VR ~ No upgadnv units
Type C: Residue FCC Type
(R oo (R] g s 1,356,000 b/d, 8 Refineries
AR_) g g e ;s 36% on Total Capacity
__J C
Type D: Thermal Cracking Type
”~ Voo [F] Prodas 920,200 b/d, 6 Refineries
> D > C > 24% on Total Capacity
u c
Products
DR o s
10
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i3  Typical refinery configuration in Japan

LPG
|
(— ) Naphtha Naphtha Catalytic Reformate Gasoline,
'HDS reforming Aroma
Crude oil| <. 1o Kerosene K?D.S“ » Jet Kerosene
distill. 4
Diesel o
s m i Diesel
e ~ VGO e FCCgasoline
[ HDS HDS
Vacuum i
distil. HCR e Kerosene, Diesel
VR [ Lube oil
Gasoline
.| soa Pitch
AR
RDS RFCC LPG, Gasoline Fuel oil
Fuel oil (Low sulfur content) 11
[ JBC | Refinery-Petrochemical integration

m Diversification of feedstock
m Effective utilization of petroleum distillate
m Sharing surplus utilities

(power, H,, steam, etc)

by,
i
j Kashima region
. |

2

N~q
v &= . :
Mizushima region : i,. '%t'c“'ba region

Shunan region Kawasaki region

Sakai/Senboku region
Setouchi region

15




| JBC | Enhancement of productivity

} Petroleum Petrochemical ‘
__Refining | ___Processing
i
Highly integrated production
~ |
c | CS Iso paraffin
Naphtha | 5 | C5.C5 Narmal B
5 al & %
¥| § | perafin 2%
a 591 Rainate
4 3
Refining unit CTice \,./ —
Heavy Ethylene unit
t o g BTX unit
C4 Olefins 4
Heavy ail q T
Latest and optimum production

1L

Source. RIG HP (Mitp Awww.ting of )

13

[ JBC | C4 to C37 and integrated H, system

Cry

‘ Petroleum ‘ Petrochemical
Refining ___Processing

Petrochetmecal

Refining unit
e Ethylene center
Advanced use l Cracked C4
Cracking of cracked C4
Atmospheric bos Cracked C4 a
distillation < ;r:sey:‘_r;
By-product H; § ey Cleain fuels
H, Rocwety Byp ™y
I High-purity H;
Stabilized multi-supply system forH, at Supply of high-purity, high-
each refining and petrochemicai complex pressure H,

Stable H. supply from multiple business establishments to multiple business establishments

Source. RNG HP (mitp /www ring or gv)

14
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| JBC | C4 olefin to propylene

(Removal of impurities) (Propylene production)
pre— g P P—
g 5 g § 2 s
_| 3 gL g n-Butene| ¥ |2.Butene g | e . Propylene
- E g 12z ke § v = §L (+C3 Olefin)
31z |5 s |2 g
g|E [2] |38 - §
g s =3 k= g a
= 3 Elz 5 2 8
i |~ & |3 @ = @
- = T - § - - -
C4 olefin
Ethylene (+Butadiene)
Clean FCC
fuel C4 olefin | EAeRE cenies
Source RING HP (hitp /weww tng of |p)
15
[ JBC | Integration scheme for C3= with DTP ® unit
L4 C-coorern: P %
- ; LLy c2Lighter
C4.( '] | I ey
1 ) . N )
DTP Reactor : : '_P_'?EV_'E"S
Methanol ; : |
|  Existing |
| Naphtha Cracker |
i i
1 '
) I
: :
MTD Reactor | 1
"Methanol to : =P Propane
|\Dmelhy| EmetJ { ___________ _:
P Gasoline

m High propylene yield: more than 70%
m Low investment cost (integration with naphtha cracker)

The DTP ® process has been jointly developed with Mitsubisti Chemical Corporation 18
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[ JBC | C4s to propylene with DTP ® process

710 KT/Y Naphtha Cracker (Propylene 400 KT/Y)

Ethylene 710KTY 710 KT/Y

Propylene 400 KTy ‘ 450 KT/Y
Others SKTHY

Naphtha Cracker
(No Modification)

Naphtha

Cds (Raf-2)

BOKIA45KTY)

Methanol 85 KT/

Water 45 KT7Y

Addition of 50 KT/Y propylene by DTP® process

The DTP * process has been jointly developed with Mitsubishi Chemical Corporation

&

[ JBC | Agenda

® Introduction (JGC Corporation)
O Current situation of global refinery industry

O Countermeasures by Japanese refiner
Heavy oll upgrading
Utilization of by-products

m Advanced Refinery-Petrochemical technologies
O High activity catalyst for FCC and hydrodesulfurization
(JGC Catalysts and Chemicals Ltd)
O Proprietary process and catalyst for polyolefin
(Mitsui Chemicals Inc)
O Recovery and utilization of C2 hydrocarbons

(Cosmo Research Institute)
® Summary (JGC Cor

18
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JGC

Summary

19

JBC Agenda

® Introduction (JGC Corporation)

O Current situation of global refinery industry

O Countermeasures by Japanese refiner
Heavy oil upgrading
Utilization of by-products

m Advanced Refinery-Petrochemical technologies

O High activity catalyst for FCC and hydrodesulfurization
(JGC Catalysts and Chemicals Ltd)
O Proprietary process and catalyst for polyolefin
(Mitsui Chemicals Inc)
O Recovery and utilization of C2 hydrocarbons
(Cosmo Research Institute)

= Summary (JGC Corporation)
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[ JBC | Issues facing Russian refinery

m Pressure to produce value-added products
» Sulfur specs regulation for gasoline and diesel
» Export regulation for crude oil, fuel oil and diesel

m Shift of crude oil quality
» Higher sulfur and density of Urals and ESPO

m Flaring of light hydrocarbon gas
» Regulation to reduce flaring volume

21

[ JBC | Regulation for export duty in Russia

m Export duty rate change
m Crude 0il (international oil price - 25) % Coefficient A*' +4 -+- down
m Fuel oil Crude oil duty rate * Coefficient B*2 - Up
m Diesel Crude oil duty rate » Coefficient C*? -+« down

International oll pnce - 100 $bbl  wDess wFuelof wCrude od

490 483

0602013 3). 0 50(2014) 0 57(2015) 0 55(2016)
< 066(2013 1). © £5(2014), 0 63(2015) 0 61(2018) Year
*3 0.66{2013.3), 1.00(2015)

488
§ “ws 453
- 323
¥
S/ 2
& 314
o 5
5 78
B
w

2013 —

2014 - :

2018

Sowce Institute for Russian & NIS Economic Studies 22

20




FEd Proposal: contribution to Russia’s refinery

m Pressure to produce value-added products
= Heavy oil upgrading
Utilization of by-products
Adoption of new process and catalyst for chemicals
Recovery and utilization of light hydrocarbon gas

m Shift of crude oil quality
= Upgrading with proprietary catalyst

JGC has a lot of experiences to consult for clients and

execute refinery and petrochemical projects globally

23

[ JBC | Refinery experience

+ 100,000 BPSD
Pakistan, 2000

+ 130,000 BPSD
Thailand, 1996

+ 200,000 BPSD
Vietnam, 2016

=% 148,000 BPSD
Vietnam, 2009

+ 125,000 BPSD
Indonesia, 1994

- 116,000 BPSD” .
Oman, 2006 ri.; "

* Refinery Upgrading
Japan, 2010

+ Refinery Upgrading
Singapore, 2017

+ Diesel
Hydrodesulfurization
Singapore, 2014

+ 60,000 BPSD

* Refining/ Lo ; Refinery Upgrading
Petrochemical Complex :.zoh?:fz:& Singapore, 1995
Saudi Arabia, 2008 .

— « Extra-Heavy Ol Upgrading [T
Venezuela, 2001 y

* Refinery Expansion
Venezuela, 2004

24
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JBC Ethylene experience

Texas, USA.

+ 640,000 TIY(Revamp), 2000
+ 120,000 T/Y(Expansion), 1990

Tokuyama, Jap
+ 120,000 TIY (Revamp), 1991

Chiba, Japan

+ 300,000 TIY, 1985

~ubail_Saudi Arabia
* 1,165,000 T?Y, 2011
200,000 TIY, 2006 Singapore
+ 510,000 TIY (2"7), 1997
_Rabigh, Saudi Arabia , " 300,000 TIY, 1983
* 1,300,000 TIY, 2008 lesaieed, Qatay P i
. 230,000 TY ‘ Johore Bahru, Malaysia
(Expansion), 2007 + 330,000 TIY (2"9), 1999
+ 230,000 TIY, 1994
25
JGC
Thank you for your attention
www.jgc.com
28
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JGC Contact us

JGC Corporation(Japan)
2-3-1, Minato Mirai, Nishi-ku, Yokohama 220-6001, Japan
Contact Person: Mr. Motoichi KATO / Ms. Miki IKUI
CiS/Europe Sales Department
E-mail: kato.motoichi@jgc.com
ikui.miki@jge.com
Tel . +81-45-682-8110
Fax :+81-45-682-8803

JGC Corporation Moscow Representative Office
107043 Moscow, Trubnaya str., 12, Millenium House, 3" floor
Contact Person: Mr. Tomonori MATSUZAKI

Chief of Moscow Representative Office
E-mail: matsuzaki.tomonon@jgc.com
Tel - +7-495-795-0624
Fax :+7-495-787-2767

27
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“Nano is beautiful “

=t Isthe "Wano-concept” of JGC C&C.

‘«  Nano materials discreetly designed and produced at @ molecular level provide
.+ * beautiful uniformity and unique functions which have a deep impression.
N ~ We are challenging cutting edge technology and making a contribution through
.*. * ' muwmmmmdmm comfortable life, etc.

Latest Cafalyst: Technologles for Resid Upgrading in FCC ROTOBO Seminar
and Diesel Production to Satisfy Euro 5 Emissions Standards November, 2014
Mitsunori Watabe

JGG Gatalysts and Ghemicals Ltd.

23




oo JGC C&C

Business Fields of JGC C&C
NocReducincet o€
: age

Materialfor usein
rechargesbie Iithium jon

i Sisunlzals

catalyst
~ Colloidal products, for Cosmetics for

FCC Cet, Hydrotreating Cat. JGC CeC
Petrochemical Cat, Chemical Cat., _
Carrier, Zeolite

ISR JGC CRC
JGC C&C's Catalyst

Oil Refining Catalysts for FCC
- Resid FCC Catalysts, VGO FCC Catalysts
- Addttives for +-+ Octane Boost, PP Max. Metal Trap., Bottom Reduction
Gasoline Sulfur Reduction, De-SOx, CO Combustion

for Hydrotreating
- Desulfurization Catalysts for Resid, VGO, Diesel, Kerosene, Naphtha,
- Demetallization Catalysts for Resid
- Hydrocracking Catalysts and Mild Hydrocracking Catalysts for Resid, VGO

Chemical Catalysts Family | Petrochemical Catalysts
Hydrogenation Catalysts

Syngas Catalysts
Catalyst Carrler
Zeoiites

Environmental Catalysts NOx Reduction Catalysts for <+« Power Plant, Garbage Incinerators, etc.

24




S JGC C&C
Application in Refining Process
- > RLPaN
¢ 7 » ([ Naphtha )
ﬁ" z N-HDS II Reformerll ry » [Gasoline )
K KHDS |— + ossid)
r COSLX LS LR
= =91 GHOS j—1—% g LS
COSIP LS LS NHS - [ Fuel oil
R
- Cos.vP | cca-Hos |
v s 4 » FCC
a STWIDC T/ACZICVZ/PRM
— OCTUP.a/FPlus- 170 Senes
u NCHHYC, CAN
;—O[ S-Ex. [=#{Dewaxingjd={ HT |ty [uibricanl]
T [ NSs |
RDS
COSR.CDSES » PAsphalf

JGC Group from Naphtha to Resid

SRR X JGC CRC
Presentation Outline

B Propylene Maximize Catalyst Technology in FCC-U
- ZSM-5 Additive (OCTUP-a)
- Combined HT limited Host Catalyst and ZSM-5 Additive System

W Latest Hydrotreating Catalyst Technology for Sulfur-Free Diesel
Production
- Feature of High Stability Type Catalyst “NHS-0909" and
High Active Type Catalyst “CDS-LS110”

B Summary

JGC Group s
i

25



ER JGC C&C

Propylene maximize catalyst technology
in FCC-U

.

JGC C&C’s ZSM-5 Additive

JGC Group JGC C&C's (3= maximize Technology

i JGC CRC
Propylene Demand Forecast

mily Propylene Demand Propylene Source
120,000
100,000 » Latin America Others

80,000 % North America

60,000 nCis

u Africa
40,000 = Middle East
20,000 ¥ Europe
0 ® Asia, Oceania

» As Steam Cracker feed trend lighter
affected by shale gas, propylene
production cannot keep pace with
demand growth,

» Global demand reach to 100mmt/y in 2018
» Average annual growth rate : ~ 4.3%

FCC units play a much more important role
in meeting the growing demand for propylene.
JGC Group JGC C&C's (3= maximize Technology
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i JGC CRC
Propylene Production in FCC-U

6talyst Design \ @eratinq Condition \
v Input of ZSM-5 Additive v'Reactor Temp. increase
most effective for C3= increase (Cat. Cracking / hydrogen transfer
ratio up)

v Use host catalyst with
lower hydrogen transfer

\

v' Cat/Oil ratio increase
(accelerate cat. Cracking)

v Short contact time operation
\(reduce hydrogen transfer) /

Pore Size
0.55nm

JGC C&C's (3= maximize Technology

8

EXER JGC C&C

'Reaction scheme to Propylene Production
with FCC Cat.+ZSM-5

Catalytic Cracking — Pr_o_py’_e_'_,f-'— In order to maximize propylene,
by FCC Catalyst LPG(C3+C4) 1)ZSM-5 with Higher Activity
/ 2)FCC catalysts of HT limiting type
. |_should be used.
Feed Oil | by ZSM-5
Catalytic Cracking\ . Olefins — Paraffins
by FCC Catalyst - In Gasoline Range in Gasoline Range

Hydrogen Transfer(HT)

HT reaction over FCC cat progress much
more than it over ZSM-5 additive

Gasoline Olefins can be cracked by ZSM-5 to produce propyiene.
Hydrogen Transfer can reduce olefins.
JGC Group JGC C&C's (3= maximize Technology
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AR RX JGC C&C
Technologies applied for OCTUP-a

OCTUP-a has higher hvdrothermal stability due to JGC C&C's advanced phosphoris
modification tech. as well as improved diffusibility of reactant Ivdrocarbons into ZSM-5
acrive site compared to previous OCTUP series.

- Higher Activity Increase ZSM-5 Crystal Cont.
— Pore-Distribution Optimization
- C¢~ Crack Ability (Improved Diffusibility of Reactant)
Higher Acid Strength
- Higher Hydrothermal Advanced phosphorous
Stability L modification

- =

-Increase Propylene Yield/Selectivity.
*Minimize Dilution of FCC activity.

JGC Group JGC C&C's (3= maximize Technology

10

i JGC CRC
Performance of OCTUP-a (Riser Pilot)

JGC Group JGC C&C's (3= maximize Technology |,

28

Host Catalyst FCC E-Cat.
ZSM-5 Additive | non +OCTUP-11S +OCTUP-a
6% 6%
| CatJOll 7.0 7.0 7.0
| 325 | detta _ . delta
Conversion Wt | 7135 720 I A5 721 T4 OCTUP-a shows
PR = 750 7 %7 por) W] 2 poeviens yiad
Yo ) 2 T+10, .
o3 Wi 07 11 r 404 1.2 * «05 I at same addition rate.
Ci= wt’ 45 2.0 " +4.5 9.9 ¥ 54
c4 wt 3.7 51 T +1.4 54 o7
= 4.1 ﬁ% f o%A 1 "+
asoline o 57.0 : ~10, -12.
LCO wt% 19.3 19.9 — 198 —
HCO Wt 7.2 8.1 — 8.1 —
Coke W% 24 21 B 2.1
Total wt, 100.0 100.0 100.0
LPG Properties
LPG Olefinicity | 0.66 0.71 - 0.712 —
C3=/LPG 0.35 0.41 - 0.42 —
C3=iCa= 1.10 1.38 - 1.39 -
Gasoline Properties
RON | 923 a3.8 F M5 941 T o+18
Paraffins 35.2 28.7 - 283 - Deactivation(OCTUP).
O?pf'l‘m 29&4 ‘297-96 - 2:: = 750 °C-13hr-100% steaming
Naphtens A Y - . - ? SR g
Aroatios 20.3 3.8 3 336 RiserPilot: DSVGO, RxT=500C




ER JGC C&C

rConcept of Combined System(HT limited Host catalyst
and ZSM-5 Additive) for Propylene Maximization

e

HT limited cat.| + | OCTUP-a
s ~

+Increased Activity

(the amount of active site)
*Higher Acid strength

(to Crack more Cs~)

Maximize Propylene !! l

JGC Group JGC C&C's (3= maximize Technology

12

ISR JGC C&C
Design Concept of HT limited Host Catalyst

Control of Hydrogen Transfer Reaction is a key.
(in order to increase gasoline range olefins as
propylene source)

— Optimize Host Catalysts Properties

which influence Hydrogen Transfer Reaction
(1) Rare Earth/ Zeolite Ratio "
(2) Solid Acidity(Zeolite/Matrix Ratio)
(3) Pore Distribution

JGC Group JGC C&C's (3= maximize Technology |,
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AR X JGC C&C
Pe rformance of HT limited host catalysts (Riser Pilot)
"Host Catalyst CVZ HT limited Cat.
ZSM-5 Additive nof | OCTUP-a Ao | OCTUP-a |*CVZis representative RFCC catalyst
4% 4% of JGCC&C

Cat./oil 5.0 5.0

Conversion  wt'% 69.9 69.0 70.1 69.2

Dry Gas Wt% 21 22 2.3 z : -

Ll e ee e S ﬁ%— J Combined with HT limited
c3 W% 0.6 0.9 0.6 1.0 host cat., OCTUP-a can
Cc3= W% 40 8.8 4.1 96 | increase C3= more effectively.
c4 W% 24 34 1.9 25 Pagcrans
C4= 6 7. 3

[Gasoline % 4 4{21 5%31 &5 CMD (Ni/V=2,0004,000ppm)

LCO Wi% 19.2 187 20.6 205 Riser Pilot.

HCO_ Wt 10.9 12.3 9.3 10.3 DSAR, RxT=520C,

Coke Wt% 48 45 4.9 46 Gasoline: C5-204C

Total witt 100.0 100.0 100.0 100.0

LPG Properties
LPG Olefinicity 0.74 0.79 0.79 0.84 Conversion, Dry gas, and coke
C3=/LPG 0.34 0.43 0.35 0.44 yield can be maintained.
C3=iC4= 0.87 117 0.79 1.00

|Gasoline Properties

RON 91.9 93.5 92.9 94.6 I HT limited host cat. can
Paraffins 20.7 250 21.8 more olefinic Gasol
Olefins 346 355 433 _‘#; yelcs e e
Naphtens 83 9.2 7.0 74
Aromatics 27.4 30.2 27.9 31.4

JGC C&C's (3= maximize Technology |,

S JGC C&C

[ Diesel Hydrotreating Catalyst

JGC Group JGC C&C's Sulfur-free diesel production Technology |«
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SRR JGC C&C

Legislation of Diesel Sulfur

Japan(Government Regulation)
500pp

Diesel HDS catalysts by JGC
350ppm} == C&C has been applied at many
refineries over 20 years with
their full satisfaction.

50ppm|

=1 & EU Regulation
- —mmde e, €USA Regulation
10ppm| 10ppm €Japan (Voluntarily Limit by Ol Industry)

2003 2005 2007 2009 2011 year
Sulfur-free refining operation started in 2005 in advance of
Japanese government legislation, voluntarily.
JGC Group JGC C&C's Sulfur-free diesel production Technology

16

RNt JGC C&C

L

Countermeasure for Legislation of Diesel Sulfur

1970~1990 1990~2005 2005~
Diesel Unit HDS Unit deep HDS Unit Ultra deep HDS Unit

S R Some unit have been Some unit have
Existing devices

A established. been revamped.
Product Sulfur 500~2,000 ppm < 50ppm <10 ppm
~ LHSV 3~5 hr! 1~3 hr! 1~3 hr!
ppH, 2~3 MPa 4~6 MPa H, purity Up!
H,/Oil 100~200 Nm,/ki 170~300 Nm,/kI Up!
WABT 3207370°C. 340380°C 3407380°C
Other High performance
Catalyst

JGC Group JGC C&C's Sulfur-free diesel production Technology
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EmRERX JGC C&C

Sulfur Compounds in Diesel Fuel

NG
: X10;‘m~y 4,6-DMDBT
i S
H4C CHj4

9. 1x10 5 mom

Virgin Diesel
5=1.54% 4-MOBT

I ‘v-
Sp=115ppm ., . I fbv"H T .

Sp =16ppm
Sp=2ppm

e —_—

To achieve sulfur—free rt is necessary to remove these sulfur compound

JGC Group

E AL X JGC C&C

Hydrogenation Route
(HYD Route)

O O Direct HDS Route ©_[[>
———»
. (DDS Routs)

HiC CH  CHB

\Ax\
A

JGC Group JGC C&C's Sulfur-free diesel production Technology
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e JGC C&C

Schematic lllustration of Active Sites S canca

< Mo
@ s

cHa H ”"‘Q\Q&G
S WG Ld W

/ ';.1.""'.1."'" { e 111 "R H"c s
LA YY) Type ll-like
(PP e To yp
el G SRR

{:T: 737‘:‘ ‘.'k-@L ,A'| o1

SIS s Or 49 N

L= AR R Y
Type l— i ) ) Ty 'i@ etal Sullide

: o °
® ® o  Camer °

Migrated W Metal

JGC Group JGC C&C's Sulfur-free diesel production Technology

i JGC CRC
JGC C&C's Diesel Hydrotreating Catalyst

» To cope with sulfur legislation, JGC C&C developed /
commercialized two types of catalysts, High stability Type
and High activity Type.

» High stability Type is a metal oxide catalyst of easy start
up with attractive activity stability. NHS-0909

» High activity Type is an organic metal catalyst of highest

initial activity. CDS-LS110

JGC Group JGC C&C's Sulfur-free diesel production Technology
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BRI ERX

Stacking

JGC C&C

rDesign concept of JGC C&C’s catalyst

i Less stacking |

MoS: sheet
o 'o/‘/ Co species \\

O .
O

©
SN O O NN O
| Carrier | L -

L1

JGC Group

High stability Type catalyst

NHS-0909

Il
High activity Type catalyst
More CoMoS site

CDS-LS110

JGC C&C's Sulfur-free diesel production Technology

BRI ERX

JGC C&C

Activity & Stability (Case Study on Pilot Test)

0 —/——mmm -
g
S - L L T T T T PP PSP PPN
Initial Stability ¥ —
|
High High =TT R o A v Lm,?;;‘;ﬂ%.:.z:..
stability | > | activity g : R
Type Type = P - e RS
s TRy s
v f ,'".' !
I el e wi|  Activity Retention
% 7 High |=| High
5. Ireafissssnnsasprsasnnsasesssassessonsaansnsssesy activity | " | stability
. g Type | | Type
Initial Activity 2 gase * : : . - J
High | [ High Time on Stream
activity > stability
T‘IPG| Type

JGC Group

JGC C&C's Sulfur-free diesel production Technology
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BRI ERX

JGC C&C

rEi‘l‘ect of Hydrogen partial pressure

25
& 20 (| High activity Type l
3 2 : :
S
r T Dependence of ppH,
x / Wigh | [ High
.g High stability Ty activity > stability
t
& Base gh stabliity Type ’ Type Type ‘
0
o
b
0.5
0.0 20 4.0 6.0 8.0 10.0
ppH2 (MPa) Reaction conditions  Feed properties
LHSV 1.0 hr! Sulfur 1.10%
H/Oil 250 NWI Dens. 0.852 g/ml
100% SRGO

JGC Group

JGC C&C's Sulfur-free diesel production Technology

24

BRI ERX

L

JGC C&C

General Feature of our two type Catalysts

High stability Type catalysts
(NHS-0909)

Low hydrogen consumption
High initial stability
Advantage in low pressure unit

Easy to regenerate

Many experiences on commercial HDS
units for sulfur free diesel

High activity Type catalysts
(CDS-LS110)

High hydrogenation activity
High activity

Advantage in high pressure unit

Introduced from 2013
One commercial unit experience

JGC C&C has developed both type of catalysts
for flexible application

JGC C&C's Sulfur-free diesel production Technology

JGC Group
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e e JGC C&C
Summary

® JGC C&C has a variety of catalysts for green earth and for global
demand, regarding oil refining, hydrotreating catalysts,(naphtha,
kerosene, diesel, VGO, Resid etc.) FCC catalysts(VGO, Resid)
and their additives to meet the refinery’s requirements.

® "OCTUP-a" is JGC C&C's most active ZSM-5 additive for
maximizing propylene yield in FCC operation, for refinery’s
profitability improvement.

® JGC C&C has applied two types of advanced hydrotreating
catalysts for sulfur-free diesel production, “High stability Type”
and “High activity Type". JGC C&C recommend it which catalyst
is most suitable, depending on unit conditions and feed properties
of refinery.

JGC Group 26

S JGC C&C

Thank you for your kind attention

JGC Catalysts and Chemicals Ltd.
URL : http://www.jgccec.com

Takashi Matsuda

Catalysts Sales Department
(Kawasaki Head Office)

E-mail : matsuda.takashi@jgcce.com

Mitsunori Watabe

Catalysts & Advanced Materials Research Center
(Kitakyushu Operation Center)

E-mail : watabe.mitsunori@jgccc.com

JGC Group
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Mitns Dawecan

Proprietary Process and Catalyst for Polyolefin

- Case of Mitsui Chemicals, Inc. -

Part 1: Catalyst Innovation
Part 2: Process Innovation

Corporate Summary )
®Company Name Mitsui Chemicals, Inc.
¢ Establishment October 1, 1997

® Paid-in Capital ¥125 billion
(ca. USD 1.1 billion)
o Subsidiaries & Affiliates Consolidated; 135

¢ Employees Consolidated: 14,271
(as of Mar. 2014)

® Consolidated Net Sales ¥1,506.6 billion
(ca. USD 13.5 billion)
(FY 2013)

{Bilkons of yen)

2000

1%
1000
S00
ol - > - .
2008 1010 2011 w0 2013

2006 000 2008
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Six Business Sectors P

Mitus hema sh

Six Business Segments to Strengthen Operations for Sustainability on the Domestic Market
and Expansion and Growth on the Overseas Market

\ <
e s e T T T - Tt SoXaodni—)

[ Fine & Performance Chemicals |
[ Health Care Materials | [Purifiedteraphthalic acid (PTA) |
[Peresn |
[Coensngs Cayats | [iocustiel chemicets |
| Agrochemicals |

FuncionaiPamen s susnessecor]  (PeoehemiEas Bushes Secar ]
| Elastomers I | Petrochemical feedstocks |

| Performance compounds | Polyethylene

| Performance pdymrmaﬁerials' IPolypropylm I

ethane Business Sector |  Mitsui Chemicals Tohcello,Inc. |
Polyurethane materials Film

| Coating & engineering mawialsl Sheet

Mitus e sh

Part 1: Catalyst Innovation
Creation and Development of Mg Supported Ti Catalysts
for Polyolefin Production
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Beginning of Polyolefin Catalysts )“

; Ziegler's Mitsui's
1953 1954 original original
Ziegler’s Natta’'s reactor reactor
discovery discovery First HDPE
commercialization
in Japan(1958)
In Japan

1958 Mitsui started PE business as a licensee of Ziegler.
1962 Mitsuistarted PP business as a licensee of Montecatini

1968 Mitsui invented MgCl,-support TiCl, catalystand the first
patent for which was applied on August 1%, followed by
Montecatini’s application for their own MgCl,-support TiCl,

catalystsame year

Discovery of MgCl,-supported TiCl, catalyst P e
Breakthrough

TiCl;/ Et,AICI > MgCl,I TiCl,/ Et,Al
Mitsui Chemicals started first commercial
production of HDPE in 1958 with TiCls/EtAICI

2 H

| Extremely
High
Activity

|

Extremely high activity 1

(more than 100 times)

Patent Application
: by increase of [*C] and k,

1968. 8. 1 Mitsui
1968. 11. 21 Montecatini

enabled us to eliminate
de-ashing process
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Technical Breakthrough
of PolyEthylene Catalyst & Process

G 3 Next gen
dgelescc Licznsing

,500,000t/y)

3" generation

CX process 8 (R2)
1930 N
N
First HDPE N
commercialization in 1970 2™ generation (P2)
Japan - Direction of catalyst
(Mitsui; 1958) MgCl,/TiCl,/Et;Al development
o (Mitsui; 1968) Customer Oriented
TiCl,/ Et,Al High Performance
(Ziegler; 1953) Catalyst
MCI Catalysts for PE P e
Catalysts Characteristics
PZ *Basic Performance
*Higher Activity
RZ »Better Powder Morphology
*Less Generation of Low Polymer
TE *Better Powder Morphology
* Good co—monomer Incorporation

*Applicable process: Slurry (CX, Hostalen)
*PZ, RZ and TE catalysts are used both for Unimodal and Bimodal grades.
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Technical Breakthrough

197¢
Hypol-l process

TiCl,/ Et,AlCI
(Natta; 1954)

of PolyPropylene Catalyst & Process

Innovated
process

1949

3 generation

£D/MgCl,/TiCl,/Et,Al
(Mitsui & Montedison; 1975)

The Design of ED (Electron donor) is very
important key factor !

New Donor System has led to new Generation Catalyst J%

4dth 5th 6th
generation generation generation
) TiCl/MgCl,/diester TICl,/MgCl./diether
O : proportional to Activity - EtAIR,Si(OMe), — ELAI R, 7 New
100 (1982) . /(1989) . Generation
- L=98% ] 11=98% __
%s 3rd generation mm’,\\ y
£ TiCl,/MgCl,4 ) - o W diether
£ |1st generation ~ CLAE oy
g g (1975
- TiCl,— EGAICI LL= 94% o—r
.g (1954) EB ° Improvement of |
90% L1= 90% W Stereoregularity Control
\ o=t by New Donor system
~7 A
Increase of Activity R, Si{OMe};
30%)| by MgClz-supportec L= 30% * External donor R /R
catalyst o C donor, /\m\
gCl,-ELAI D donor, etc.  HC0” ‘oCH,
(1968)
1960 1970 1980 1990 2000
Year




Feature of Mitsui Catalysts for PP

Mtus Ovweash
Catalyst | Activity H2 res MWD Toluene & Remarks
Phthalate
TK Standard | Standard | Standard Toluene free | MCl's standard Cat.
Basic performance

MK High Standard | Broad none Broad MWD
MH High Standard | Broader none Catalyst for top quality ICP
with higher Izod and FM
Realization of Differentiated PP Properties )‘\

Mitus Ovweashy

Merits of Phthalate-free Broad / Narrow MWD PP in polymer design

Application Preferred Merits by preferred MWD
MWD (introduced today)
- Higher rigidity (FM)
Injection Broed - Better appearance (Flow-mark check)
- Energy savingin molding
(Spiral flow length)
Fiber Narrow - Higher spinability
Film
Sheet Bvcnd - En?rw savingin molding
(Die Swell)
Blow

42




Catalyst Morphology Control Technologies )“

Mtus Ovrs by

Figure Control

Catalyst Granular Spherical

Polymer

Particle Size Control ’

MCI has superior catalyst families applicable to all PP

production process Bulk, Slurry, Gas

Catalyst Innovation brings Process Innovation

Part 2: Process Innovation
Our process technology and License (CX™, Hypol™-I1)
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Status of Licensing }ﬁ

Mitus Ovweashy

as of March 31, 2010

CIS/Cantral
and East

—— Em
West Europe r (CIS/CEE)
(we)

Southwest Asia Central/South
Africa/Middie

(Swa) 5? o America
and Near East m (ca/sa)

(Africa/MNE) y
wr
Southeast Asia/Ockents

VOMN/PYE

oy

Mitus Ovweashy

( = ;'-Korea \’
o °°885g }o__; :
Bf \\()80 /
Q{o‘ o B g3
} ‘D? % S Q0 D
9 &
o
o

o HDPE (CX process)
o PP
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World Wide HDPE - PP Production Capacity ﬂ
and Share by Technologies

Phillips

Spheripol/
Spherizone

Others

(forecast
for 2012)

Unipol-PP

PE: CX Process Flow Scheme )“

Catalyst Separation Silo storage
feeding Polymerization & drying Pelletizing & packing

Product

__ Ethylene -, Stabilizers
‘,li’ Catalyst 1streactor lﬁ’tacto_r —’—[

N —_lﬂul

= f=1

'

-~ Low polymer
Solvent recovery
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Properties of BOCD Product by CX Process

1%t Reactor Polymer . ‘2"" Reactor Polymer

>

Mtus Ovemashy

MFR

) -——
Good — ___ ‘ ’ \ Excellent S
= w l mgqhﬁnip_a[ g
@ \ strength o
S c
oy 3]
2 | Mitsui 7000F <
N
S Competitor's|
2l Y s grades =
S m
2 5
< &
8
=
-
| | 1 1 1 1 Z
10 10° 10¢ 105 100 107
Molecular weight
Mitsui Product Line »
980
970 £
/CX process’
960 |— = CW ,
- - | tion
m H
: ‘\‘ pe |} o]
Q /|3
930 | -
: Film
a0 | Light dillient siutry process | |
[ Gas phase procpss
910 " VR R AT S —— RSRra—— ——————td ekl VS G S .
0.01 0.1 1 10 100
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Summary of CX Process >

Many Experiences in license

MCI has many experience in license of CX process.
(44 CX Plants in the world, Accumulated Capacity is 5,800 Kton / year.)

CX, the best process for high quality product and reliable operation

CX process provides the stable quality of product.
+« CXprocess provides the reliable operation.

« CXprocess provides excellent creep resistance of product,
which is the mostimportantin pipe product due to BOCD.

+« CXprocess also provides excellent properties of product,
which is suitable for HMW film and large blow etc. due to

BOCD.
PP: Hypol™.-ll Process Flow Scheme ﬁ
Catalyst Homo-
preparation polymerization Copolymerization Drying Finishing
(Bulk) (Gas Phase)
Propylene
I l Stabilizer
(A (A 1
Catalyst

AG0)

oy U7
EthyleneJ
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PP: Concept of Reactor Arrangement )ﬁ

Mt Ovmashy

Homopolymerization

]. 3
|Multi stage l m;> Better uniformity I
' Easy MWD control I

Copolymerization

| Gas phase reactor I
| Higher copolymer content I
| Better operability I
IEE) Easy composition control I
Catalyst flexibility l
Long-termstable operation I

Advantage of HYPOL-II Process P

Mtus Ovmashy

1. High performance catalyst system
- Wide variety of products covers all needs of your customer
- Spherical powdershape promises easy and reliable operation

2. Optimum polypropylene production process
- Simplified process minimize your investment
- Uniquedesign of Mitsui gas- phase reactor ensure
- Long-termstable operation
- Excellent quality product fit market requirement

3. Dominanttechnology in the world
- About half of the world capacity is using our technology
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Value as Catalyst ¢ Valueas Process [=) Value in Applications ,i

Mtus Ovema by

Rich Experiences
In Licensing

Technical Support

OpC Sanitary
(dlaper)
r-/

Technical Support Capabilities P e

Mtus Ovma by

Total Technical Assistance

Excellent catalyst producer

Catalyst (Stable quality control, Capability
of dgyeloping new catalyst)

Process | Products

\ c;.lobal process Leading PO pro ducer
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2. Trend of Ethylene Production in the World
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3. Ethylene Production and Recovery from Refinery Off-Gas

4 . Conclusion

Reference
Ethylene Production and Refining Capacity in Russia
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24 COSMO RESEARCH INSTITUTE
1. Background and Purpose 2

- At Volga riverside in Russia. the shortage of petrochemical feedstock of naphtha, LPG and
ethane is expected for the production expansion of ethylene, and this problem needs to be
solved.

Actual Data in 2012
All Production Export Petrochemical Feedstock  Vehicle Fuel

Naphtha 19.2MMI 16.0MAMIt 32N
LPG 104Nt 3. 8MNM 29NNt 3. 7MM
Ethane 0.7 MM . 07N

= Although production of wet gas started in west Siberia recently, since an infrastructure (an
ethane separator and pipeline) is insufficient , ethane recovery rate is only 6% to 8% and
exported Europe as a natural gas component.

- The ethylene production cost of Russia presumes that it is high compared with Middle East
and North America(Middle East 300S8/t, Russia 500-1,0008/1).
Global competitiveness is low and imports from CIS Middle East Europe and US.

- As a solution of petrochemical feedstock insufficient , unused refinery off-gas to ethylene
production and recovery is possible. I explain an outline about the conformity to Russia
from the use situation in the world.

(Source)lzuni Sakaguchi, Petrochemical industry of Russia to challenge the modernization.
Inst itute for Russian & NIS Ecoromic Studies ,Seo-Oct (2012)
Jacan Petroleum [rstitute (JP1), Petroleun Refining Process, new edition (2014)

4 COSMO RESEARCH INSTITUTE
2.1 Ethylene Production and Feedstock in the World (2000-2025) 3

e — e s e e —————

= The global amount of production is likely to increase from 130MMtin 2012 to 210MNMt in 2025,

= As a petrochemical feedstock, light naphtha, ethane and LPG arve most and refinery off-gas, coal, ethanol, etc.
are only minority.

World (Ethylene Feedstock) (Feedstock Ratio)

250 — 100% -
u Ethane
200 - | |
o nLPG
70% !
- w Light
= 50% . Naphtha
=
w Heavy
30% - = - z . Condensate
50 = \liddle
10% . Distillate
N P T P T ' o Actual Estimated ™ -Refin
Actaal Estimated rResmey
2000 2005 2012|2015 2020 2025 2000 2005 2012{ 2015 2020 2025 .g:-::s
~ Ethanol, etc

(SourceRet ining ard pet rochemical research report 2012-2013 edition (2013)
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4 COSMO RESEARCH INSTITUTE
2.2 Ethylene Feedstock Ratio Classified by Region in the World (2012) 4

= The ratio of ethylene feedstock has a large difference by the country and region.

= Generally, in rich natural gas countries (Middle East, North America) ethane feedstock is high ratio,
but poornatural gas countries (Europe, Asia) crude oil refined or imported light naphtha mainly .

* Although Russia is rich natural gas country , it is produced ethylene with light naphtha mainly.

100%
l Ethane
90% {
80% | MLPG
70% |
l Light Naphtha
60%
S0% | mHeavy
0% . Condensate
30% . W )\iddle
Distillate
20%
¥ Refinery Off gas
10% . Coal
Ethanol, etc
0% |

World R-nh Other Elnpe \ﬁll(le hoﬂi AlAsia Cihl Japan Kom Soni
East  America East Asia

(SourceRet inine ard pet rochemical research regort 2012-2013 edition (2013)

24 COSMO RESEARCH INSTITUTE

2.3 Ethylene Production Cost Classified by Region in the World 3

= Middle East Politically cheap ethane feedstock is offered and cost competitiveness most in the world.
=North America Cost competitiveness improved by the benefit of the shale gas révolution from around 2009,
= Europe, Asia In connection with the jump in crude oil price, light naphtha price also rose and
cost competitiveness fell (Same plants stopped).
Feedstock &Product Cost(S/t)

1600 Asla
(Light Naphtha)

High Cost
1 North Americn Europe
(Light Naphtha) (Light Naphtha) m
1200 /\
Middle East N
1000 (Naphtha)
800 China
North America (Import Methanol
500 (Ethane) to Olefin)
| so0 Middle East l
Low Cost (Ethane) \— China
(Coal to Olefin)
L A —
0. T T T - T v
0 0 40 €0 &0 100 120 1w 160
High b4 —Low
performance Amount of Ethylene Capacity (MMt) performance

(SourceRet inine ard pet rochemical research compary presentat ion file (2014)
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2.4 Ethylene Production and Feedstock in the World (2000-2025) 6

* The production rise of rich natural gas countries such as the Middle East and new emerging countries
such as Asiais remarkable,

* Russiawill increase in 2025 in about the same 6MMt as Japan, although it is small in 2MNMtin 2012,

* While Japan will decrease, North America(US) which received the benefit of the shale gas revolution will
increase.

(MM1)
220
Product ion Increase Ratio (2075/2000)
M' . - e ——=l B ——— i 15 — i == ==
x3.3 x7.6 x1.3 x1.2 %3.0 x0.9 |wEthane
140 sLPG
120
" Light
00 1 | Naphtha
= * Other
60
40
o lllllnll *
4 S ] I N W

2000 2012 2025 2000 2012 2025 2000 2012 2025 2000 2012 2025 2000 2012 2025 1000 2012 2025 2000 2012 2025
World Russia Middle East  North America Europe Japan

(Source)Ret inine ard pet rochemical research regort 2012-2013 edition (2013)

24 COSMO RESEARCH INSTITUTE

2.5 Ethylene Feedstock Ratio Classified by Region in the World (2000-2025) 7

*Compared with change of amount of production, there is a little change of a feedstock ratio in every region
in the worid.
*Rich natural gas countries such as Middle East and North Amcrica have been producing ethylene mainly
ethane and LPG for some time, and will be also in the future.
= Russia will Increase the ratio of ethane , LPG and decrease the ratio of light naphtha.

{¥ Light
Naphtha

» Other

SRR EEEREREE

V=) | it I e = I = |
2000 2012 2025 2000 2012 2025 2000 2012 2025 2000 2012 2025 2000 2012 2025 2000 2012 2025 2000 2012 2025
World Russia Middle East  North America Europe All Asia Japan

(SourceRet ining ard pet rochemical research report 2012-2013 edition (2013)
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2.6 Ethylene Derivative Supply / Demand in the World (2012) 8

= As an ethylene derivative, low density polyethylene, high density polyethylene, styrene, ethylene glycol, PVC, etc.
are produced 128MMt in 2012(convertinto the amount of ethylene monomer in these figure).
= Middle East, North America and Some Asian countries are net exporter(surplus).
China JIndia and Latin America are net Importer(short),
Unit : MMt

A

Workd

0
Capacity Supply Demand
(Sourcs)Japan NET],Pat rochemical Products Sueely / Denand in the World 2014 edition (2014)

4 COSMO RESEARCH INSTITUTE

2.7 Ethylene Derivative Supply / Demand in the World (2018) 9

* Production of the ethylene derivative in the world will increase 160MNMtin 2018,

= Many Asia countries, Middle East, North and Latin America, CIS will increase, but Japan and a few countries
will decrease.

Unit : MMt

k2

|

)

- -
cEEEt e 2E s EEEEREESEE

@
! »w
|
»
w .
0
‘ ﬂ
Net Import o
| Capacity Supply Demand Fet import
Capacity Supply Demand P . Capacity Supply Demand




4 COSMO RESEARCH INSTITUTE
3.1 Ethylene Production Process Ratio Classified by Region in the world (2011)

10

¥ B 4 o e e 4 e e B e A e PV i sl i A 0G5
* The most of ethylene (98%) is produced in petrochemical steam cracking (feedstock: ethane, LPG, light naphtha,
Heavy condensate, Middle Distillate and the following processes are special,

(I)Refinery O Gas Ethylene production and recovery from FCC(Fluid Catalytic Cracking) unit
(ZMTO Firstly produce methanol from coal or natural gas feedstock , secondly produce olefin
(3)Ethanol Debydration
100%
e o
%
you 1- L
© Petrochemical
0% ~ Steam Cracking
S0% ® Reflnery Off-Gas
0% Cracking
0% - ®MTO
20%
10% l » Ethanol
Nl i l | l I S
World  Russia Other Ew“ﬂk'ﬁwﬁﬂmc&l Japan Korea Sosth India
Russia CIS East  America East Asia
{Source)Ret ining and pet rochemical research report 2012 edition (2013)
24 COSMO RESEARCH INSTITUTE
3.2 Olefins Production in Petroleum Refinery Process "

* Olefin produced in FCC of oil refining are propylene(C=C-C) and batene(C-C=C.-C ,etc),
It has been a weak point that ethylene(C=C) and butadiene(C=C-C=C )are hardly produced.
* Since a little ethylene(0.9-6.1%) is contained from FCC unit off gas, recovery is possible.

Production Petroleum Refinery (FCC)  [PetroChemical(Steam Craking)
Yield(wt%) [Basic h-hchSovemyType IFeedstoek
ce [Ethane LPG |Light
Propylene MAX) [Naphtha
C2  Ethylene 0.9 6.1 54.1 374 30.0
C3 Propylene 6.8 205 0.8 12.5 16.7
C4  |Butene 110 143 0.2 0.9 5.0
Butadiene - = 1.1 40 4.7

{Source)Jagan Petroleun [ratitute (JPY), Petroleun Refining Process, new edition (2014)
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3.3 Ethylene Production and Recovery from Refinery Off-Gas() 12

(1) Ethylene production and recovery by Refinery Off-Gas Cracker
* Petrochemical stéam cracker produce much and cheap ethylene. Although there is an off-gas cracker which
used refinery off-gas as feedstock, the plants under operation are only four sites and total capability 250Kta in
US and China at 2011, Small scale plant are already stopped.
» As an exception, Reliance group in India will construct the large scale plant of 400kta for ethylene capacity,
(completion Is scheduled for 2016)

Reafinary O ff~Gas Crackar in the World

Capacity(hta)
Btate

Caurtry Statis ompmny Location Prefectas | 2000 | 2011 | 2025
T3] rourd 2000 5 topped WJAVELINA COMPANY C ORPUS CHRISTI [Texas 80
T3 2008 astatiishmant LOUSIANA PIGMENT GEISMAR Lo uisiare 50| 90
S 000 estatiishrment MARKWEST JAVELINA C ORPUS CHRISTI [Texas 100 100
S 2010 stopged UNCOCHEMICAL MARCUS HOOK Penmeyhania 110

Suttotal 150 150 1
Argertina arourd 2000 d IPAKO ENSENDA | 15

Subtotat 15
UK 2010 ] SHELL CHEMCALS STANLOW | A5

Buttotl 45
Chira 2008 cstabiishmort e G HURINGPC  inoncying me so| a0
Chirm 2000 estabiish SINOPED ANGING PC CO  ANGING Anhu 30 30

Suttota 60) 60
ndis {Corglection 2016) corstructionRELIANGE IND JAMNAGAR 400
India (Conglection 2016) corstrution]NDIAN OIL CORP PARADEEP 200
India nning | UNKNOWN 300

Subtotsl a

(Sourca)Ret inirg and petrochenical ressarch report 2012 edition (2013).2012-2013 edition (2013)

24 COSMO RESEARCH INSTITUTE
3.4 Off-Gas Cracker Construction of the India Reliance Group 13

*Reliance group is advancing large scale investment of the Jamnagar refinery, and the construction project
of the cracker which used as feedstock off-gas containing the ethylene, propylene, and butene which are
produced by the RFCC unit.

* However, since there is original refinery as crude oil refining 1,240KkB/D, RFCC 400KB/D large scale

(severaltimes of the refinery in Japan), and 1,000kta of off-gas treatment capacity (400Kta of ethylene

capacity).
* Investment of total amount 8 billion dollars.

Jamnagar Refining and Petrochemical
Complex — India

In 2012, Reliance Industries Limited(RIL) awarded
Technip a contract for technology license, supply of
basic engineering package and an engineering and
procurement services contract for the refinery off-gas
cracker{ROGC) plant. The contract is part of
xpansion project being executed at RIL's world-scale
amnagar refining and petrochemical complex in
jarat, on the West coast of India. The plant, which
ill be among the largest ethylene crackers in the
rorld with 1,400 kta ethylene production, will utilize
echmip’s technology, including its proprietary
MK™ furnaces, a cornerstone of Technip’s ethylene

3D model know-how.

(Source)apan petroleten energy center (JPEC), the wodd petroleun refinery related latest sdormation, p23, Aug (2012)
Plant engmeering company homepage data
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3.5 Ethylene Production and Recovery from Refinery Off-Gas(2

14

(2) Refinery Off-Gas Supply on Petrochemical Steam Cracker

= About 20 sites of steam cracker in the world use refinery off-gas for feedstock.
* This processis adopted also with farge scale ethane cracker Rabigh plant in Saudi Arabia.

(2008 establishment /JGC construction).

*Feedstock ratio of refinery off-gas Is 0% to 70%. Total capacity reach about 1,000Kta (maximum of one site

about 200kta).

Petrodhemical Steam Cradker Processing of Refinery O fi-Gas

Capacitylkta) Feedstock Ratiol %)
Courtry o mpary Lo cation tans :&: M:Bm: LPG Naphtha e,
Carads IMPERIL OR (ESSO) SARNIA Dntark 270 | 0-50:0-50.0-37.0-11: 0-11
s SHELL CHEMICALS NORCO Loukbra | 580 14 :34-64:0- 42'3—42: 15
Firnxil 10 POLRERCS DUGUE DE CAXIAS 500 40 (1—00 oz (nﬂ:
Austris OMV [SCHWECHAT 500 o—zo: {0-25.60-80; 0-15
Geech NI PETROL LITVINOY 580 | 0-30 ! 1 0-20;70-90; 0-30
F inkrd POREALE PORVOO 380 | 0-30 ;. 0-40 [40-80; 0-30
Gemmary  LYONDELL-8ASHLL MUNGHSMUNSTER 300 | 0-10 : { 0-40 60100
Germary  BP REF 8 PG SENBUER 550 | 0-5 | L0~ 20 A0 - 100
Germery  BP REF 8 PC GELSENBUER 515 | 0~6 ! L0~ 20 160 -100; 0~20
Germary  DOW HOHLEN 610 | 0-10 ! F0-10 B0 -100; 0-40
(Germary  DEUTSGHE OMY BURGHALGEN 450 | 0-15 | ' 85-100._0-5
Gormery  INFOS OLEFINS KOELN 475 | 0-10 . 0-10 .90 -100;
Germay  INEOS OLEFNS KOELN 680 | 0-10: ;010 80 ~100;
Gomary  MEDE REFINERY HEIDE 110 |30-70; {0-15 :130-70. 0-30
Netherbyd  SHELL GHEMICALS MOERDMK 910 | 0-10 L 0-5 0-100:0-100
Paknd PNK ORLEN PLOCK 700 | 0-20: .0~ 30 60 ~100. 0 - 30
Bpain REPSOL QUMICA PUERTOLLANO 280 | 0-10 1 0-10 80 - loo'
jausd 3 1,250 | 0-30 :70 - 100 :

(Source)Ret inirg ard petrochenical ressarch report 2012 edition

(2013) 7 2012-2013 edition (2013)

4 COSMO RESEARCH INSTITUTE

3.6 Example of Ethylene Production and Recovery from Refinery Off-Gas in Japan

15

e e 710 st w52
* One of Japancse national projects (RING 11 * ) that efficiently recovers olefin component from by-product

cracked off-gas unused by the heavy distillate catalytic cracking unit in the refining process.
It studied ways of effective refining and use of the olefin component as a petrochemical feedstock

3% Research Association of Refinery Integration for Group Operation : Second Stage Projects for 2003.2005

Site:Kashima Region.

Refinery Petrochemical
Steam Cracker
Light Naphth
GAt Naphtha *Ethylene
I_’Gasolhle .- -6;5 e ved *Propylene
Crude Oil IPTRy = '
.~ Other Olefi
Distillate Unit Component ‘ er Olelin
L]
Of-Gas Olelh
Heavy Distillate Separator,
..... ®oy o 3
e snnncosnsnn="® ' Emclenﬂy Recovers
Gasoline Olefin Component
FCC(FI!M Catalytic Cncklng) Unit from By-Product

(Source)Ryvo) i Ohishl, Research and deoloyment of RING projects,

Pet rotech p14-18, Oct. (2010)
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4 Conclusion

16

- Although the most of ethylene in the world is produced in petrochemical steam
cracker (feedstock: ethane, LPG, light naphtha, etc), when the refinery off-gas
is used as feedstock , it is possible to produce and recovery about several ten

~ hundred kta ethylene in one site .

( 1) Ethylene production and recovery by Refinery Off-Gas Cracker
* The operating Off-Gas Cracker are small scale(30 - 100 kta).
-The plant which the Reliance group in India is constructing now 400Kkta

<Example: US ethane crackers are 1,500kta in completion 2017.>

(2) Refinery Off-Gas Supply on Petrochemical Steam Cracker
*This process is possible in Russia. It is still more desirable if the conditions

below are fulfilled.
1) Planning large scale investment by refining site.
2) Crude oil capacity of existing refinery is large.
3) Large scale and high severity FCC existing refinery
4) Refinery integrated petrochemical complex.
5) Demand C3 propylene

for ethylene capacity, but it is small scale compared with other steam crackers.

4 COSMO RESEARCH INSTITUTE

Reference 1 Refinery and Petrochemical Steam CracKker in Russia

£ 14

(in 2012) Refinery(more than 100KB/D), Steam Cracker (New plant in a remote place)

@ Operating @ Operating 4% Under construction, Planning
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Reference 2 Ethylene Plantin Russia 18
Ethylene Plant in Russia Capacind ka) Feedaock Ratiolk)
stane o el }?odon x 2012 | 2028 F:zm" g M?ﬁ- s
ARGARSK [EastShen| 300 300| 100
T INOCHEMOAS MAKHODKA [Far Eact 1,4007, O o
WSTRMHANG  South 2007 (o} o
oA el T Voles sod 200 @00 o|o
KAZANNORGS WTEZ KAZAN Voles 80 80| 80 100
DPERATMNG K AZANNORGS T AZAN Volea 1000 245 245 100
o WiEz KAZAN Volea 16  3s0f 360 100
PemeerTEORe ez FERM [Volea s 6o 6o 100
e NIZHNEEMGK  Voles 485 635 635 100
LINIOHO WS 2 XA T NIZHNEKAMSK  Voles 30/ 1,0007 o]
LINIOMO RN WATEN-TTT AN POSK Wert Sderas 4001 [s)
B ANORS JHOVO KUBCSHEY Valea 80| B0 100
OPERATNG 5 AMORE NOWO KUBYSHEV Wolea 1000 100, 100 100
VH LRI GAZ  NOVVIURENGO] Wt Sdrn | a7 100
BIDLRNIT T M K5TOVO Volea 300 400 430 100
T 5T AOLEN PUDYENNOVEK  Seuth 3sg ol 950 0-30 [70-100(
! TOMGK NFTRO B [Tomsk West S| 300{ 00| 300 (o]
praee ol pra [votea 6| 60| 60 100
OFERATING L ADFIES WITEZ UFA Nolea 1780 175] 178 o]
T [rosoLsK et S2ema 15007 o |0
LINSOLY IS 202 KNOWM O O O

(Source)lzumi Sakasuchi, Petrochemical industry of Russia to challerge the modzrnization.
Iratitute for Russian & NIS Econemic Studies ,Sep-Oct (2013)
Ref ining and petrodenical research report 2012 edition (2013) / 2012-2013 editicn (2013)
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Reference 3 Refinery Plantin Russia 19
Refinery Plant in Russia (more than 100KB/D)
Comparny I_ocation Re gion
BASHNEFF T EKHMZAVOUY NOVO-UFA Volga
BASHNEFFT EKHMZAVODY UFA Volg
BASHNEFFT EKHMZAVODY UFANEFT EKHM Vol
CENTRAL RUEL CO MOSCOW Contral
GAZPROM BALAVAT Volg
GAZPROM NEFT OMSK West S
LUKOIL KSTOVO Volm
LUKOIL PERM E!
LUKOIL UKHTA rth West
LUKOIL VOLOGRAD Fomh
ROSNEFT ACHINSK West Skeria
ROSNEFT ANGARSK Esst Siberin
ROSNEFT KOMSOMOUSKION-MWR)  [Far East
ROSNEFT NOVO-KUHSHEV Volg
ROSNEFT 5 AMARA-KUIBGHEV Volg
ROSNEFT YZRAN Iga
IDANCO CRACKING ARATOV Volg
LAVNEFT ANCS Centrad
URGUT NEFTEGAZ KIRISH North West
ﬁAﬂEFT DI, TARTARSTAN Vo lga
NK-8P ORMS, ORENEURG Volga
NK-BP RYAZAN Certrd
NK-8P BARATOV Vol
otal n Russia

[Source)Ref ining research report .Dec (2013)
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7. WREEH
(1) DTPZF O+ XIZDLVvT ~Now Ready to License

By

Dominant Technology for Propylene production
(DTP Process)

“Now Ready to License”

November 2014
Azerbaijan

Kazunon HONDA JGC Corporation
JGG GORPORATION

Agenda

(1)What is DTP Process ?
(2) Development Status

(3) Comparison with MTO/MTP

S - . cororAnon |
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(1) What is DTP Process ?

3. FEd JGG GORPORATION |

What is DTP Process ?

> Polymer etc.

Ve <" Propylene
Natural , | c,:;:\} (C3Hg)
Gas : /0

Methanol

-On-Purpose Propylene Production from Methanol

FZ3 JGG CORPORATION |
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What is DTP Process ?

- Liquid Cracker _» R-C=C-R .
- FCC v 2
C4-C; Olefins

—

[ > Polymeretc.

Propylene

Natural I (GHe)

Gas

Methanol

-On-Purpose Propylene Production from Methanol
- Additional Unutilized C,-C; Olefins as Feedstock

DTP Catalyst & Reactor

M Catalyst Type:
Modified MFI Zeolite

B Catalyst Shape:

Three-Leaf-Shaped
In Cross-Section
W Catalyst Manufacturer:

JGC C&C etc.

M Feature:

- Developed Proprietary Zeolite Catalyst
- Manufactured on Industrial Scale
- Achieved Simple Fixed Bed Reactor
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Process Flow (Standalone Case)
C4-C6Olefin
(Option) p C; Lighter
ropyen
Methanol \
MTD Reactor y
Methanol to | | Propane
[Dmethyl EMerJ 3
‘Me.'mn;:l) ?gn;efsm i
B Feature: Gasoline
- High Propylene Yield: More than 70%
- Applied Existing Proven Technologies: Easy for Commercialization
- High Methanol Conversion (99.99%): Production of Useful Water

IR i

Process Flow (Integration Case)

C; (Opbon)

:"—b C, Lighter

________

Methanol —1

MTD Reactor

Methanol to
Demethyl Ether

Existing
Naphtha Cracker

Sphtter

- - - - - - - -

- ——— -

- ‘ 1 ’, ? -
A emn;gogn;e/su l ‘l Waler
B Feature:

- High Propylene Yield: More than 70%
- Applied Existing Proven Technologies: Easy for Commercialization

- High Methanol Conversion (99.99%): Production of Useful Water
- Integration with Naphtha Cracker: Low Investment

I Y i v
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Application

(1) Standalone Case (Propylene Capacity: 100KTA — S00KTA)

Natural Gas - Propylene
oo cOaI______'\‘. Methanol
Lnsiovoiss ” Propane
1 Plant :
| Gasoline
N
(2) Naphtha Cracker Integration Case (Propylene Capacity: 20KTA — 100KTA)

Ethylene
Propylene
Others

Naphtha

Naphtha Cracker

pIP
Plant’”

C4s (ex. Raf-1,2,3)

- Two Cases available depending on Client requirements !!

I i

(2) Development Status

I S - . covoninon |
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Development History and Prospect

0
AP
\BQ
o 5 Commercial
5 +\Q° Plant
Demonstration
Plant 201X~

d
2010 Collaboration
2007~ JGC & MCC @ ’ A
Started Joint Development —_— g
JGC McC

* Located in Mitsubishi Chemical Mizushima Plant

+  Successfully Start-up in August 2010
Continuous Operation for Two Years

I o
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(3) Comparison with MTO/MTP

I v

Comparison with UOP MTO
Process | MTO . DTP
Company UOP/HYDRO JGC / MCC
Catalyst | modified SAPO-34 modified ZSM-5
Process description ‘
Reactor system Fluidized bed Fixed bed
Regeneration Continuous Batch mode
Recycle no Olefin and Paraffin
Conversion (%) 99.6 | >99.9
Operation
Conditions
Temp. (deg-C) 350-550 450-540
Pressure 1-3 barG 2.0 bar
Olefin Yields (wt%)
Ethylene 48-31
Propylene 34-45 >70

I, - . coreoninon |
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Comparison with Lurgi MTP
Process MTP . DTP
Company Lurgi JGC / MCC
Catalyst - modified ZSM-5 | modified ZSM-5
Process description
Reactor system Fixed bed Fixed bed
Regeneration Batch mode Batch mode
Recycle olefin and water Olefin and Paraffin
Conversion (%) >99 | >99.99
Operation
Conditions
Temp. (deg-C) 425 450-540
Pressure 1.5 bar 2.0 bar
Olefin Yields (wt%)
Ethylene
Propylene 65 >70

e T

Comparison with Lurgi MTP

Lurgi AG has developed MTP process, which is for the propylene production.
DTP and MTP look similar, but there are some differences.

Item DTP MTP Remarks

Propylene Yield >70% 65%

Itis assumed that a
particular WWT should

Metl Conversi .99% %
ethanol Conversion 99.99% 99 be required for MTP
Process
Simple Complex MTP Reactor operation i
. 2 1S
Reactor Design P (Thin Layer Sandwich pe
{Just Vessel) more complex,
Type)
Methanaol
P fe : )
Feed Stock and Methanol MTP feed stock s only
. methanol,
Olefin
ol Demonstration Commercial
Achievement
{Japan) {China)

I i
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Thank yow very muci !!

Contact:
Mitsuo Morita
Technology Development Center

Process Technology Division Phone: 81-45-682-8371
2-3-1, Minato Mirai, Nishi-ku, FAX: 81-45-682-8183
Yokohama 220-6001, Japan E-Mail: morita. mitsuo@jgc.com

I - . cc coronnon |
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