The 339 JCCP i’gmvung
International
Symposium

Innovations in Petroleum Refining Industry
and
Role of Japanese Refining Technology

January 2015
Shigetaka Fujii

Technical Specialist

Chiyoda Corporation
Refinery ,Petrochemical & New

Energy Process Engineering

YUDA Unit

CORPORATION All Rights Reserved. CHIYODA 2014




Contents

1.Chiyoda in Brief

2.Energy Poverty & Diversity
3.Focused Areas for Refinery
4.Required Technology for Refinery

N Ean



CHIYODA at a Glance

+ Founded on January 20, 1948

+ Employees : 8,300 (Global Basis)
+ Capital : USD 425 Million (for 2013)

+ Revenue : USD 4.4 Billion (for 2013)
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*1 USD=102 JPY(as of 2014/03)
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Safety as our Core Value

&7 CHNDDA Our Corporate Philosophy

Saﬁfg:%” " “Energy and Environment
in Harmony”

arerei g o e ek ffen
S ® Safety is our Core Value.

shall share with same consciousness and

recognition that “Safety must be top priority
more than any other business activities.”

Siel sneure tha (g AL ERIaibIty 10 slop ® \We all make and implement

R o v S ote sty personal safety plans
S individually.

N B 1 ® Our 2014 TRIR target for
RehablhtyNO, overseas projects is 0.15.

...........
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Business Fields

Offshore &
Upstream

®|ntegrated Offshore
& Upstream Services

Gas

®Gas Processing
OLNG

- Liquefaction

- Regasification

- Floating
®Synthesis gas

Petroleum Refineries

®Heavy oil upgrading
®Chemical Refinery
Integration

Petrochc_amicals

& Chemicals
®Methanol
®Fertilizer

®0Olefins
® Aromatics

Pharmaceuticals
& R&D

®Pharmaceuticals
OR&D Center

Green Energy

®Solar Energy

- CSP / PV Power

- PV Module Production
®Hydrogen Supply Business

Water Management - ="
®|ndustrial Water /e -
- Waste Water Treatment + 2 2%, 'S
Recycling SN I_/g\ =

- Produced Water Treatment —

Environmental Protection

®Flue gas desulfurization A
®Acid gas/CO, capture and storage g
®Energy conservation

Metals & Mining

®Metallurgical Refining
and Smelting

Infrastructure

®Airport
®Transport

General Industry

®E|ectronic materials
®Food processing

CORPORATION
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Maior Refine! ! Exgeriences (recent 15 years for overseas)

TURKMENISTAN —m87m +o— THAILAND
« 750,000 T/Y Hydrotreater .
» 5,000 T/D x2 Gas Oil HDS
750,000 T/Y Catalytic Ref ’ KOREA
atalytic Reformer + 3,300 T/D Hydrocracking Project
* 2,250 T/D Isomerization
IRAN » 100,000BPSD (Stage Il) Refinery Project

. 232,000 BPSD No.8 Petroleum . 40,000 BPSD Petroleum Refinery
Refinery Revamping

+ 200,000 BPSD Petroleum
Refinery

» Heavy Oil Upgrading
30,000 BPSD Hydrocracker
30,000 BPSD RHDS

SLOVAKIA
+ 106,000 T/H VGO

Hydrotreater '
38,000 NM3/Hr Hydrogen %

Plant

MEXICO
7,677 BPSD Alkylation Plant

SAUDI ARABIA )
« Coker Unit) for Jubail Exporw *14,145BPSD Alkylation Plant
Refinery Project
« 2,000,000 B/Y Lube Basestock H\
Refine T i \
e \ L A (%r:f‘? ' \
NIGERIA r‘ .

Refinery Rehabilitation Phase | 26,000 PS A

Refinery Rehabilitation Phase Il Utility Facllltl 7 7
FCC Unit \, J
LPG Merox for Refinery laj

SINGAPORE, ™
-Sheﬁ_I,Bu LREGCU Revamp Project
*Condensate tter Unit Project
*LRCCU Performance ﬁhancement Project Phase-lI
*Gas Oil HDS 6,000 T/D LGO 4,000 T/D HGO
+17,000 BPSD Catalytic Reformer

VEI]U
. Pu ruz Valcor Refinery Project

TAIWAN

MALAYSIA -CD-3 Revamp Project 60,000 BPSD Mild Vacuum " 30,000 BPSD Residue HDS
+100,000 BPSD Melaka Refinery Project Stage-1 18,0000 BPSD Kerosene Merox . é?é\(z:?((i)nBTJili:: Residue Ol
6,500 BPSD Catalytic Reformer +23,000 BPSD Hydrocracking Complex 9

*4.000 T/D Long Residue Catalytic Cracker
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There Is a global imbalance
between resource wealth and

energy access

lack access to. vr-:.-:.,.f T
Electrlclty _arelocatedin

iumhgaah:? " of the world's oil and

as reserves are held in
! _ﬁ.ﬁﬁzelopmg Asia SubsSaharan Africa
and Developing Asia

\“\\
Source: 20t World Petroleum Congress \\\ PglﬁlAXRUAHUAN




Increasing World’s Pogulation and Energx Consumgtion

1. The world’s population will increase of
8 billiion in 2025 from current 7 billion.

2. The world’s energy will increase from
current 13 Btoe to 16 Btoe in 2025.

Source: IEEJ Energy Outlook 2014

3. This increase of energy consumption will
enlarge CO, emission that accelerates
global warming and also leads to serious
environmental problems worldwide.

‘§§\§~‘VCHIYU DA o

CORPORATION



Oil will still be the Primary Energy Source in 2030

Hydro: 2.3%

Nuclear: 4.8% | [ dro: 2.4% Nuclea:5.7%

Renewable
11.1%

Renewable

Natural Increase
Gas -o
21.3% By 30 %

Natural
Gas
24.2%

13,371 Million Tons of Oil Equivalent 17,413 Million Tons of Oil Equivalent
2012 2030

Source: IEEJ World Energy Outlook 2014 W&mm‘%ﬁ 9



Trend of Consumgtion b¥ Product GrouE in the World

100% - 1 - - 9.2%
WEZIN == . m ] I
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Distillate
10%
1970 1980 1990 2000 2010 2013
Year

Source: BP Statistical Review of World Energy 2014, excluding FSU till 1990 N\VEHIYODA



Mission of Petroleum Refine

v" To produce clean & high quality petroleum products
v' To maximize the utilization of petroleum,

or Noble Use of Crude
v' To deliver petroleum products at any circumstance

g
Reliable, Efficient, and Competitive Refinery

‘R\W’CHIYUDA 1
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Role of Refining Indust

Sustainability by Deliver Petroleum Product at Any Circumstance

Response to the Great East Japan Earthquake

() Strengthen production system of refineries in operation (Raising operating rate, increasing production capacity, etc.)

' Urgent import of gasoline and restricting product export {Increasing domestic supply)

() Shipping petroleum products to disaster area from westem Japan and Hokkaido (Coastal tanker, tank car and tank truck)

() Cooperation among oil companies in the disaster area. (Joint usa of oil storage facilities)

() Shifting of tank trucks from westarn Japan to the disaster area (Special engagement of approximately 200 trucks)

(' Public relation activitios in the disaster area for relieving consumers’ anxiety such as informing them of service stations in operation

B Operating Situation of Refineries and Oil Terminals in Tohoku and Kanto Areas
|I'I."Iar1:h 12 (aftermath of the quakeil I

e March 21
[ Refining Capacity in Japan ]

: Refining Capacity in Japan
3.12 million b/d 4.0 million b/d

Tehoky Arca

e Exprassway e Exprassway

EIIO 8 Shurt o E-? g/ 3 5k
Nommal shipping operation is _= = 0il terminals on the Pacific coast [
stopped in most of are partially open, and most of

East Japan oil terminals B G those in the Tokyo area are open L b A

Source: PAJ Petroleum Association of Japan WEUI;IIFI'DYR%II]UAN 12



Role of Refining Industg

Sustainability by Delivering Petroleum Product at Any Circumstance
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Focused Areas for Refinery

v" More Demand for lighter Distillate products

v Stringent Environmental Requirements/Regulations
v Improve refining Margin by Heavy QOil Cracking

v' Energy Saving by Energy Integration Technology

W
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Focused Areas

Process Technologies o,
Light Naphtha :: R . | Ethylene @
N ] C‘l:aCkl ng Propylene S
A :
: : P
=  Naphtha . - . B
= ! : » Aromatics ‘ eg(ene @)
z - = B
— . . . .
= Chemical Oriented peee®” - . o
1< Technology o o
2 Distillates T . ‘."‘ . HDS > Sulfur Free SRR
% P s g o Gasoline 5 E
= & Diesel | 5
5 C ““:0:‘------- l::'-:t-...‘ HDS Catalyst N
N Development Technology
- ame L Y — -
Residue.’ Residue RSP =
: Conversion : g
‘u .’ m
Residue Upgrading Technology
Technology Platform I t a D ' -
: -
Advanced Refining Reliable Plant ~)  Energy Integration  }-
Operation Technology Maintenance Technology ‘...  Technology “a"
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A Example of Chemical-Oriented Technology
High-Severity FCC (HS-FCC)

HS-FCC has been developed to convert heavy oil into valuable chemicals.
Compared to conventional FCC, higher propylene and butane yield are expected.
3,000 BPSD semi-commercial plant was constructed at Mizushima refinery of JX
Nippon Oil & Energy Corporation.

Typical operating conditions for FCC

and HS-FCC
FCC HS-FCC 100
Reaction T,°C 500-550 550-650 90
Contact time, s 2-5 0.5-1.0 80
Catalyst/oil, wt/wt 5-8 20-40 Proptl
Reactor flow Upflow  Down flow L 70 10.6
()]
n 60
£
FCC 50
up flow riser ;‘If‘::ﬁﬁ . Feed + catalyst E-. 40
— Q
> 30
Back 20
mixing
Low Over 10
conversion cracking 0

-G- Bench scale (0.1 bpd) Demo plant (30 bpd)

Feed + catalyst

Reactor residence time

Source: Axens Homepage W&'&'ﬁ!ﬁ% 18



B Sulfur-Free Fuel by Hybrid Titania Catalyst

High Denitrogenation Selectivity Low Hydrogen Consumption
100 s 10/ ‘ ‘
e '%_ ~ CoMo/Alumina A
~ £ ~ A NiMo/Alumina
o 98 . L ; 60 o
= CoMo/Titania 7 ® CoMo/Titania
L \ Y £ o
c 96 ! / o x50
O] i N
g,) 94 NiMoIAIumina/ ch £ 40 —o/.
£ 92 . E 30
S CoMo/Alumina S
o) 90 | | | 5 20
90 92 94 96 98 100 75 80 85 90 95 100
Desulfurization Rate (%) Denitrogenation rate (%)

Hybrid Titania Catalyst : Alumina Supported and Titania Layered

‘K\W’CHIYUDA 19
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C Heavy Oil Cracking by Petroleomics Technology

Detailed Chemical Composition Analysis of Heavy Oil

SARA Detailed composition analysis

- Y > . Figure 2 Detailed composition analysis of
Figure 1 Pre-fractionation proc for detaled composition anatysis of h il
T o s : i atmosphenc residue (by way of exampla)

Molecule-based Reaction Modeling Technology

Products
... Chemicals

: 03( Fuels

@ Materials

Figura 3 Molecule-based Kinetic medeling for molecular-leval analyzis of heavy il (Basic concept)

Source: JPEC Homepage WEUI&II!‘!R%II]UAN 20




C Technological Development of Petroleomics

(a) Development of Technologies for Heavy Oil Cracking Processes
Utilizing Advanced Pre-treatment Processing and Hydrotreating

(b) Analysis of the Catalyst Deactivation Mechanism for Developing
Optimum Technologies for Processing Feedstocks with Low
Reactivity

(c) Development of Advanced Residue Cracking Technologies for
Processing Extra-heavy Oils

(d) Development of Advanced Slurry Phase Hydrocracking(SPH)
Process for Extra-heavy Oil Upgrading

(e) Development of Innovative Upgrading Process for Light Cycle
Oils and Others

[P —m— e

Hyevo-tharmal Craking g ]
Siurry phase reacinn) I ncadbedr;a or} Product procassing of sdra-haawy oils
= N Cizan fusi ol
i 3 II y & : I T E
shes a o e g = 1| ===
E : e E AT =
i 3 Ihigh ‘ £ ™ i = i e
; 1Y - A o e ‘;s%EH |
el T - = _ = o N =o = = = =
"'ﬂ 1--.'. :: ra I.' i% E EE J 13 W =0 E -
Sk ot 1 ¥ il | %= BElcE Cracied e H
2 — i o processing § | [
= ;

\ / hrralaﬂi:r
ol craciing sevarity NJ'\H(T ks by maans Iﬂl’ -ﬂ':‘ulangi ] e
s ol recking Raatl ough oplimizztion o
by aphaline rofmeaion | | T%E'ﬁgiﬁdmu'ﬁa_ “P'D "i reachion conditions ——

4 Concept of the technologies for heavy oil cracking procaess

Figura & Concept of Advanced Slurry Phase Hydrocracking (SPH) Figure 5 Concept of Advanced Residue Cracking Technologias

Frocess for Extra-heavy Qil Upgrading

Source: JPEC Homepage \ WEUI&IJR[}TIIJUAN o1



C SPH Features: High Yield, Less Residue

Fe Cat.
(Natural Limonite)

Quench Gas

SPH Reactor
(Slurry Phase)

3

Advantages:

1. High QOil Yield

2. High Conversion
3. Good economics

=
.
N
o
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o .o & 85 &6 6 ©o 6 o ©6

TR

mC5~171
W171~343
B343~525
m525+

A

T

wt%

450°C
12MPa

VR Feed

Cat: 1wt%VR as Fe
T

Separation/
Distillation

Naphtha )
Kerosene

Diesel Qil

> 80-85

\

vol% ¢~ > 100 vol%

)VGO S

3 Residue 5-10 wt%

: > 80-85 vol% (> 100vol% including VGO)

:> 95 % on Feed VR
: Cheap limonite catalyst

(more 10 times cheaper than other synthetic catalysts

NVR 22



Energy Integration Technology
Area-wide pinch technology analysis

Map Ta Phut Industrial Complex
in Thailand

15 chemical, petrochemical and refinery sites in Map Ta
Phut participated for optimizing total energy systems
including heat and electricity in multiple sites.

o /Q% i

T S =
o m— A . s e Boundaryl.ne 5

F Energy Sharlng T“Lﬁ ji 0"] a Df two comPa“'es /
Fuji Oil o - o

-

Tokyo Bay Industrial Area H;,, P /A

in Japan

23 chemical, petrochemical and refinery sites in
Tokyo Bay industrial area participated in the
analysis study

NVRHO 25
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Solutions for Heavy Oil Upgrading

Experiences in Residue Conversion
EUREKA 2 units (Japan, China)
Delayed Coker 2 units (Malaysia. Middle East)
SDA/PDA 3 units(*) / 6 units
*: including pre-feed unit
Experiences in Hydrocracker / Residue HDS
RDS 18 units (Chevron/Unocal/Shell)
H-Oil 1 unit
Chevron OCR 3 units
Hydrocracker 12 units (UOP/Chevron/Axens/Shell)

» Keeping in touch with the latest RDS & Hydrocracker technology since 1970

> Sales-agreement made for SDA with KBR under the name of ROSE™ process.

» EUREKA is a thermal cracking process developed by Chiyoda & Fuji Oil to
produce cracked oil and aromatics pitch from vacuum residue.

NVRIN 25



Conversion of CO, into Chemical Resources

Chiyoda’s CO2 Reforming is an effective solution for environmental friendly synthesis gas production.

— =~ |
GTL |-
Natural Gas f—
H2/C=2.0 —
I Methanol
cl DME

|_> CO2 Reforming Process

CH4 + CO2 - H2 + CO
CH4 + H20 — 3H2 + CO

Oxo —synthesis

H2/C=1.0

MMA 500BPSD GTL Demonstration Pinat
Chiyoda’s CO2 Reforming Process
. is used for synthesis gas
Ace_tlc production in National GTL project
Acid by JOGMEC and Nippon GTL
Technology Research Association.

CO separation
CCS

Carbon Capture Storage

range of H2/CO ratio is efficiently accomplished. Synthesis gas with a H2/CO ratio of 2.0 is used
as feed gas for GTL, methanol, and DME. Synthesis gas with a H2/CO ratio of 1.0 is used as
feed gas for Oxo-synthesis and MMA (Methyl Methacrylate ).

1Flue 6331 Chiyoda’s CO2 Reforming can convert CO2, a greenhouse gas, into raw chemical material. Wide
ey

I

CO2 contained in flue gas from refinery, chemical plant, or power plant can be used as feedstock
for CO2 Reforming.

Refinery Power
Chemical Plant  Plant

NVEHOA 26



derogen Sugglx Chain for Clean Energx Utilization

>
v

' 3

{Overseal > {Japan]

MCH
(Methyl-Cyclohexane)

Hydrogenation “ Dehydrogenation » Hydrogen

Chiyoda’s Hydrogen Storage/ Transportation system

i

Hydrogen

Hydrogen
Natural Gas Plant

Gas Field

Refinery
Chemical Plant

Advantage of Proposed System
- Hydrogen is fixed to toluene as stable liquid state
- No CO2 is exhausted at hydrogen use point

Renewable Energy

- Solar Energy >
- Wind Energy

Water

Electrolysis Fuel Cell Power

. G i

- Hydraulic Energy - CO2 from hydrogen plant is injected into gas/ oil well eneration
- Renewable energies and nuclear energy can be used

to produce hydrogen Addition to

Natural Gas

Nuclear Water Decompogition .
Energy by Thermo-chemical City Gas
Reaction - Power Plant

NVR 27




Rejuvenation of Existing Column by Partial Regression
Method

Partial regression method is developed by Chiyoda group to update the Mock-up Test
corroded area of existing column into clad material - L
New shell clad plate is fabricated and divided in shop

After removing corroded shell plate, new shell plates are welded in two
diagonal points

The method could reduce cost and duration

It could be applied where a large crane is not available
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After removing
corroded shell
plate, new shell
plates are welded
in two diagonal
points
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— Field Construction Fabricated and divided in shop
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