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(1) Proposals against Higher Sulfur and Heavier Crude Oil in Russia

o —

Proposals against
Higher Sulfur and Heavier
Crude Oil in Russia

\\\\\\\\\\\\\\ { O 30 I O

December, 2015
ROTOBO Seminar

O
|
|

JGC Corporation
Tetsuya Watanabe

JGC 1

Contents

1. JGC Corporate Overview
2. Proposals against Higher Sulfur and Heavier Crude QOil
2-1. Approach to Euro IV / V Specifications
2-2. Sample Analysis on Selection of Optimum Bottom
Upgrader
3. Compact Condensate HDS Process
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JGC CORPORATE OVERVIEW

® Established in 1928

® Independent, not member of a group
= Net Sales: US$ 6.6 Bil. (Fiscal 14, ending March 2015)
= JGC Group Manpower: 10,000 (Domestic: 5,100 + Overseas: 4,900)

® World Wide Experience: over20,000 projects in 80 countries

G o r p o irati Overview JBC 4

11



JGC Business Area

stream

stment

Environmental &

Petrochemicals & |8 Energy Conservation
Chemicals

Medical Facilities &
esearch Laboratories

JGC PROJECT HISTORY

First GTL(SMDS) in Bl g
Malaysia, 1989 1098 pan,

| §  NEWENERGY

Total EPC and Validation of ) . :
Medical Labora‘l:ry & one Large Pharmaceutical Copper Smelting Plant in

Pharmacetical Plant in Japan, 1986 Plant in China, 1994 Australia, 1999

PHARMACEUTICAL /INDUSTRIAL

First Grass-roots Ethylene Project in Large Ethylene
Singapore, 1979 Project in China,
H B PETROCHEMICAL

First LNG Plant in His g oec: Malaysia LNG in e Gas Projects
y 98

Brunei, 1972 Malaysia, 1983~2004

First Grass-roots Refineries in
Peru & Venezuela, 1965

First Mega Project
Refinery Modernization in
Kuwait, 1980

REFINERY

12




Major Refinery Experience

Total

. 9,290,000 BPSD

« Refinery Clean Fuels

+ 116,000 BPSD
Oman, 2006

+ Refinery Modification
Kazakhstan, 2006

* Refinery LSDP
Bahrain, 2007

+ 150,000 BPSD
Iran, 1994

Kuwait, 2018

<
£

" an ¥]

<

G o r

+ 210,000 BPSD
Refinery Expansion/Upgrading
Venezuela

+ Extra-Heavy Oil Upgrading
Venezuela, 2001

* Refinery Expansion |
Venezuela, 2004

p: © ik a ‘t e O v e

* Naphtha and
Aromatics Complex
Saudi Arabia, 2016

* Refining/
Petrochemical Complex
Saudi Arabia, 2008

i e w

+ 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

, S Refinery Upgrading
Japan, 2010

Refinery Upgrading
Singapore, 2017

« Diesel
Hydrodesulfurization
Singapore, 2014

+ 60,000 BPSD

Refinery Upgrading
Singapore, 1995

+ 100,000 BPSD
Malaysia, 1994

Recent Major Refining Projects

JGG 7

2. Proposals against Higher Sulfur

and Heavier

Crude Oil in Russian

13

JGC 8




Background

[Russia Current situation ]

»Sulfur content of Crude oil in Russia ==y getting higher

» Euro 4/5 gasoline and diesel
In Russia by 2015
Not applicable in CIS countries

»Change in Government policy on export tariff for fuel oil
- Reduction in fuel oil production
Residue oil upgrading facilities

~—

v Optimum sulfur treating process for targeted market
v Optimum bottom upgrader for Crude oil

2-1. Approach to Euro IV/Euro-V
Specifications

JGC 10
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Approach to Euro IV/Euro-V Specifications

> Optimum sulfur treating for targeted market

-

For Russian / w/Europe =» Euro V treatment
For CIS / e/Europe == Euro IlIl/IV treatment

> Stepwise sulfur regulations in Japan

B

Stepwise sulfur treatment as per regulation

JGC 11

Euro IV/Euro-V Specification in Japan

<> JGC HDS Data Base with Pilot Test
< State-of-the-art catalyst supply by JGC C&C
<> High performance reactor distributor design

ULSD
2005 to Now
$=10/50 ppm
i Dlese z
1997 =
$=500 ppm

15t Deep HDS
Unit

1905 \— -
s=0.2wt% ) 1981
JGC Own
> st

15

JGC Own Technology

Ultra Deep HDS
( S=10-50 wtppm )
8 Units




What JGC did in Japan for Sulfur Treatment

» How JGC cope with Japanese requirements

Analysis on HDS reaction

. =

Catalyst requirements and Reaction Conditions

1

Diagnosis of Existing plant

-

Revamp plan for current and future regulations

JGC 13

Revamp Requirements for Euro V Diesel

M/U Hydrogen Compressor

Recycle Gas Compressor Hydrogen
or
e 4

Reactor y

Higher recycle| More H2
Less H2 %
Catalyst

Improved internals — Reactor sizes
Higher AP

H2S Absorber

Gas oil

Separator

Check pgﬁormance ]

— Euro V diesel

JGC 14
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JGC experiences (HTR/HDS)

>»EPC Experience of HTR/HDS for light & middle distillate

* JGC has experience to execute over 130 projects for distillate HTR/HDS process.
* JGC has experience of the following licenser process

Licenser JGC’s experience
uoP Over 100 projects
Axens Over 10 projects
EMRE Over 5 projects
Others Over 10 projects

The most appropriate technology
Satisfying the plant owner’s requirements

JGC 15
2-2. Sample Analysis on
Selection of
Optimum Bottom Upgrader
JGC 16
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Selection of Optimum Bottom Upgrader

Change in Government Policy on
Export Tariff for Fuel Oil

-

Change in Product Slate of Refinery

> Necessity in Reduction of Fuel Oil
> Optimum Residue Upgrading Configuration

Jet 17
Simplified Typical Refinery Scheme
NHDS
| ICCR Gasoline
w ceips —
KHDS Jet
Crude cDbu | ¢

Qil

DHDS | . Diesel

RHDS —— RFCC ﬁ

L -
VDU . HCK

Fuel Oil

18




Simplified Typical Residue Upgrading Scheme

RHDS: Remove S / Metal / CCR from AR and VR for RFCC
SDA: Remove Asphaltene from VR for HCK and RFCC
RFCC: Catalytic crack Residue into LPG / Gasoline

CDU HCK: Hydro-crack Residue into Jet and Diesel

RHDS

RFCC

VDU

LPG / Propylene
Gasoline

Gas Oil

l_l

| HCK

SDA

Naphtha

Jet

Diesel

* Pitch

JGC

Typical Russian Crude Assay

Soviet Export
Blend

Crude
Density @15°Cc 0.8576
AP| 33’5
Sulfur (wt%) 1.24
Nitrogen (wtppm) 1716
V (wtppm) 55.0
Ni (wtppm) 19.0
Diesel (wt%) 19.2
AR (wt%) 47.0
VGO (wt%) 28.2
VR (wt%) 18.8

*

0.9542
16.8
2.04

3833
117.0
40.4

9919
40.1

Crude

0.866
31.8
1.49
1850
46.6
152
21.0
47.7
25.0
2247

*: AR = Atmospheric Residue (370°C +)

19

R* Crude
0.966 0.8508 0.
14.9 34.7
2.59 0.54
3800 980
97.8 3
31.9 3
- 21.3
- 20.2
52.4 27.2
47.6 23.0
JGC

9336
20.0
0.87

1900

9
5

54.2
45.8

20




Case Study : Urals Atmospheric Residue

200kBPSD . .
(9450KTPA) AR Density @15°c Sulfur (wt%) V (wtppm) Ni (wtppm)
0.9542 2.04 117 40.4
cbu - . "
High sulfur and metals ™% RHDS for de-metal is required
LPG / Propylene
RHDS RFCC Gasoline
Gas Oil
VDU I
Naphtha
| HCK Jet
| Diesel
SDA * Pitch

JGC

21

Case Study : Urals Atmospheric Residue

w\

»

For High metal crude

- Application of SDA and HCK for Automobile fuel production
AProfit=+158 vs. APlant=-270 == SDA/HCK > ARDS/RFCC

- Application of RFCC for Petrochemical option

20

Profitability of BTM Upgrading Process KTPA RDS+ |RDS+HCK| RDS+SD | SDA
- Urals crude - RFCC | +RFCC | A+RFCC | +HCK
2500 CDhuU 9450 | 9450 | 9450 | 9450
VDU 3115 | 3115 | 3115 | 4450
2000 RDS- RDS- RDS- - ARDS | 2580 | 2580 | 1335 na
KECE: HCR- SDA- el RFCC | 4065 | 2200 | 3865 | na
RFCC RFCC
i 1500 SDA na na 825 1780
g HCK na 1870 na 3850
2 1080 1061 1008 RDS+ | RDS+HCK | RDS+SDA
= 922 + + +
£ 1000 KTPA ree | i | “iiree |[SDASHER
& LPG 711 522 541 292
<00 c3= 524 283 498 0
L-Naphtha 1011 1035 761 621
Gasoline 2935 2714 2878 2420
0 Jet 922 1295 922 1690
Base +95 45 270 Diesel 2519 3082 2484 3642
Plant Cost (MMS$) FO 217 203 627 778
JGC 22




Case Study : ESPO Atmospheric Residue

200kBPSD . .
(9380kTPA) AR Density @15°c Sulfur (wt%) V (wtppm) Ni (wtppm)
0.9336 0.87 5 5
CDU
Low sulfur and metals ™% RHDS is not required
LPG / Propylene
RFCC Gasoline
Gas Oil
VDU
Naphtha
HCK Jet
| Diesel
SDA * Pitch
JGC 23
Case Study : ESPO Atmospheric Residue
> For Low metal crude
- Application of RFCC for Petrochemical option
Low metal and no ARDS == RFCC > SDA/HCK
Profitability of BTM Upgrading Process " TPA REGG  |REGGEHGCK| SDASHCK
- ESPO crude - CDU 9380 9380 9380
— VDU na 4715 4715
ARDS na na na
— 2000 RECC RFCC- SDA- RFCC 4715 2154 na
?\,; HCK HCK SDA na na 2154
§ 1500 HCK na 2560 4048
= 1033 1005 kTPA RFCC RFCC+HCR | SDA+HCR
5 2o 836 LPG 811 553 309
£ C3= 607 277 0
2% L-Naphtha 582 614 592
. . Gasoline 2887 2585 2223
9 ‘ Jet 675 1186 1483
Base 44 e Diesel 2816 3588 3921
Plant Cost (MM$) Fo 252 233 852
JGC 24
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Enhance Refinery Margin

Produce high value added products
Effective utilization of by-products

Energy saving 3 --_
Integrate Refinery with 2 /
Petrochemical Complex and & Increase Refinery Margin

o by [ntegrat!on with
Gas/LNG Plant Petrochemical Plant
£P ;’-é g § B ;'Q o
$2£5 2 023523
J6e 25

Integrate Refinery with Petrochemical / Gas
Processing Plant

/ e |——psr

Gas
Gas C POWER
PROCESSING +—— > Electricity
( :) PLANT GENERATION
Cy-Cy ,—» LDPE
Naphtha GAS AND ——> HDPE/LLDPE
PETROCHEMICAL
COMPLEX —> PP
Propylene
PS
Crude Aromatics
REFINERY

| Petroleum Products
Qﬁsoline, Jet, Diesel Oil, Fuel
i

22



Refinery Bottom Upgrading Scheme

» ARDS/RFCC is the most suitable combination to maximize the gasoline and petrochemical
production from residue oil.

le LPG
AR L—— Propylene
— | ARDS [—— | RFcCc [— Gasoline
Treated AR —> LCO

I—, CLO

> JGC is a leading company for FCC/RFCC in the world.

No of Unit
o N N (9)) [05]
h
|

JGC 27

3. Compact Condensate HDS Process
~ Sulfur—free Condensate by Simple and Single HDS Reactor ~

Confidential JéC 28
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Technology Background

Eigure 1-1. Conventional Refinery Process Schel
LpG 8 Off Gas M anosd irsa e | " . . i
e JGC'’s Unitized Smart Tailored Refinery
(JUST®)

o

Naphtha
HIR

Haphtha

Catalytic | Reformate
Reforming

H:
D"i;tu Kerosene === HIR Kerghene —
e et Kerosens
(e |

el :— Gas 01 HIR:Cas 08 Figure 1-2. JUSTe Refinery Prpcess Scheme

| Atmospheric Residue

Acid Gas from

s W'A:::’ Sour Water Sulfur -
Stripping Recovery HTR-LN
JUSTe AN
Hydrotreating
HIR, \ HTR-HN Catalytic Reformate Eandiiie
- ... ) | S
HTR-Kerosene

Core technology of JUST is [ | / ot orcntns
to desulfurize crude gas oll — esel
lighter by single HDS reactor. lI /

Atmospheric Residue

Fuel Oil

Acid Gas from

Sour Water Sour Water l | Sulfor I Sulfur
Strioping | | Recovers |

JGC 29

Confidential

Approach to JUST HDS to Condensate

@ Selected typical whole-range condensates are similar or lighter than crude gas oil lighter
(Arabian Light). = Whole-range condensate could be treated by single HDS reactor.

Feed - Crude Gas Oil Lighter (Arabian Condensate (Qatar) Condensate (Australian NWS)
Sp.Gr = 0.7827 0.7766 0.7736
API° 49.3 50.7 514
Total Sulfur with 0.62 0.22 0.02
Distillate TBP Yield Total S |Mercap. S| Total N Yield Total S |Mercap. S| Total N Yield Total S |Mercap. S| Total N
LV% with Wtppm wippm LV% wik Wtppm wtppm LV% with Wippm wippm
—- LPG C3-C4 - - - - 0.8 - - - 0.8 - - -
— Lt. Naphtha C5-65°C 5.0 0.011 708 0.0 9.2 0.445 4469 1.0 14.1 0.010: 25.0 1.0
— Hy. Naphtha 65-180°C 18.6 0.035 1294 0.7 421 0.208 1827 6.0 477 0.010 48.1 8.9
— Kerosene 180-230°C 10.6 0.220 34.1 71 17.8 0.180 1297 1.2 14.1 0.016 35.8 1250
— Gas Oil 230-370°C 23.1 1.267 0.0 715 254 0.181 n.a. 314 204 0.045 12.3 107.0
- VGO 370-565°C - = = = 9.21 0.337 n.a. 595.5 - - - -
- VR 565°C+ = = = = nil. = = = = = =R =
100%
90%
80%
70% -+ mLPG
§ 60% mLN
£ s0% = HN
&
T 40% = Kero
2
30% =GO
20% m VGO
10%
0% -+ ;
GO Lighter (AL) Qatar Condensate  Australian NWS

JGC 30
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Approach to JUST HDS to Condensate

® Minimize CAPEX and plot area by desulfurizing whole-range condensate in single HDS reactor
® Reduce heater duty (OPEX) by reversing position of HDS reactor and fractionator

Conventional Multiple HDS Simple JUST HDS

Sulfur free

Lt Naphtha feed for:

—\

am  / ‘ 16,008P5D. LtNaphtha [ Gasoline |
i i Olefin
| Naphtha | Naphtha Qatar 26, 00RED
Qatar 50,0008P5D HDS Eontinsate :
Condensate | & | / 1; 100,0008PSD ‘ £ |HyNaphtha [ogoine |
100,0008PD | £ | i ‘ Hy Naphtha _ = 3000000 BT |
& | i 34,000BPSD ‘ | JUST . | =
4 % i ; HDS © Kero
2 NiEaseieg)) oo s 24,000BPSD A Keis0) |
z HDS 24,0008PSD 3 g
p -
- IR E
o ¥ Diesel SiesE
I— i i ) iese
Diesel Diesel . S
HDS 22,0008PSD
| S
|
l Resid VGO
Residue (VGO) esidue (VGO)
Confidential JGC 31

Target Performance

Item Actual Performance Target Performance
(JUST Pilot Test) for Condensate
Feed Crude Gas Qil Lighter (AL) Condensate
Sulfur Content
- Heavy Naphtha Sulfur < 0.5wtppm same
(for CCR feed)
- Diesel Sulfur < 0.05wt% Sulfur < 10wtppm
(Euro V)
Catalyst Life = 2 years same
Operating Condition Press. : 33-50barg To be optimized for
Temp. : 320-360°C condensate feed by
LHSV : 1.3 hr-1 verification test

H2/0il Ratio : 70-100Nm3/kl
Development Status

Pilot test for optimization of operating condition is under way by using Qatar
Condensate containing much sulfur among global condensates.

JGC Ky
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Condensate Production in Russia

14000 . .
@ Steady increase in condensate
© Natural Gas Liquids production
12000 . ™ Condensate

B Crude OIl S m @ Current 600,000 b/d condensate
N production (5% of total crude) to
increase 900,000 b/d in 2018
(8% of total crude)

10000 -

8000 ® Condensate production increase

mostly in West Siberia

= /\Shloknmnm 2

)

)3
\ Priaziodngid, | (3Bovineniov

B e Sy
‘xnarya‘g Y o

Production, 1000b/d

T4 'Vambulgv

Usinskoye
N 1 & Zapdiyamoe(Gazprom).
Mtdvezhe‘ Urengoy
5 !
KomsomoljRosneft)

A Fi P
P I
Krasnolerinsk \
i ashotoss Tyan(Syraut 'Khafa?t_:pw

Yurubehen
Pri osneft s %
f;\:b i v (Rosnef);
; uops.,mn% ThK 8P,

£ (CazpramNen) Salym ot TR ER

{ A .
i \ /Yuvat(TNK-BP)

2000

8/ H sLuginetsiRosnefn)
Romashkino ’ y

. ;;Umu Basin
Volga-Urai Basin 7

+ ™ =

0 :
1,000b/d 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year

Source: IEA, JOGMEC (Japan Oil, Gas and Metals National Corporation)
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Global Condensate Supply and Demand

® Condensate is more likely to be surplus for 2020 in the context of sharp increase
in condensate production in the World, mostly in the US, accompanying with
natural gas development.

Global Condensate Supply and Demand

2,000 Overseas Export

2,000 M Canada for Diluent
1,800 Blended/Refineries
1,800 1,600 -
1600 In 2020, About 700 1,400 - Export Potential
' kBD of Condensate - 1,200 - to the outside the
1,500 Surplus in the World | 5 1,000 -
g1
o b0 800 i
31000 600 - .
] Condensate Splitter 400 | Demand in the US
800 Capacity outside 200 ‘
N. America |
I X T T W I
» & F HF PN
o1 S S
200 {
o The US Condensate

2013 ‘ 2014 2015 2016 2017 2018 2019 2020 Supplv and Demand

N Field production W Potential US Condensate "Surplus”  =fli=Splitter Demand

Source : RBN Energy, ESAI Energy, Nov. 2014

JGC Kz
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(2) Ceramics Membrane for 0il & Gas: C02 Separation Produced Water

Treatment

Ceramics Membrane for Oil & Gas

CO2 Separation
Produced Water Treatment

Kazushi Odani
NGK INSULATORS, LTD.

Agenda

1. About NGK
2.Ceramic membrane
3. Gas separation membrane

4. Produced Water Treatment

NGK INSULATORS, LTD. 2
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1. About NGK

NGK INSULATORS, LTD. 3

Outline of NGK

Company Name NGK INSULATORS, LTD.

Date of Establishment May 5, 1919
Paid-in Capital 69.849 Million Yen

Representative Directors

Eiji Hamamoto (Chairman)
Taku Oshima (President)

Yukihisa Takeuchi (Executive Vice President)

Number. of Employees 3,569 (non-consolidated)
16,217 (consolidated) neatiaeh; 2018
O EIGEIER ST CEIEE Y 58 companies As of March, 2015

NGK'INSULATORS, LTD. 4
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Overseas Subsidiaries %)

Number of Global
Production Bases

16 [10 countries]

Mexico

‘e

@ Production Bases 4
‘/// y “/’/
/ Sales Offices
South Africa Australia ™ /» . y
g
Domestic Offices /(///’
Sapporo
Toyama
Ishikawa Plant
Hiroshima PTokyo (Main Office)
Fukuoka P )/

N |
Nagoya (Head Office)
Chita Plant

T!Zamaisu

/ Komaki Plant

NGK INSULATORS, LTD. 6
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Our Main Products

Powerasssssl Electronics: (Ceramic

-—

™ S —— Procdieces

S &

NGK INSULATORS, LTD.

NGK’s R&D and Business Area

Vel
=4
. New Business
SubNano-Cera JLU Area S IRESIy 52
Membrane KRB
~ RC
{ ore Te olog
1
. " ate 3 s
Solid Oxide Fuel Cell and Manufacturing
Technology EFFNARADIN-

NGK INSULATORS, LTD.
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The Origin of NGK

1876 Morimura Bros., Inc. Porcelain Export

1904 Noritake Co., Ltd. China ware

— 1917 TOTO Ltd. Sanitary ware

1936 NGK Spark Plug Co., Ltd. &

2008 METAWATER Co., Ltd.

Water Service. Sewage

NGK INSULATORS, LTD. 9

Contents

2.Ceramic membrane

NGK INSULATORS, LTD. 10
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Ceramic Membrane

Seal glass Support body

B Characteristics
High corrosion resistance, High filtering accuracy
Stable filtering accuracy and distinguished durability '

= e Slit

A full automatic, maintenance free filtration system l;luo
Membrane layers

The Largest membrane area in the world P'“Q. _
(12~15m?2/element) Membrane Filtrate collection cell
filtration cell

C ic Memb
eramic emprane Raw L|qu|d
NGK INSULATORS, LTD. 11
Ceramic Membrane %
.1:(
NIGK:

O QI8OKREIIVEDIZS

Filtrate collection cell

Membrane
filtration cell

Filtrate

Raw Liquid [OERE [ wEE | EH |

NGK'INSULATORS, LTD. 12
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Application of Ceramic Membranes

NGK INSULATORS, LTD.

7]
b Yeast Pyrogen
2 |
E Bacteria | Virus Dye
& | |
8 Particle ' Polymer* Colloid Low molecularion
Pore size 10pm 0.1pm 0.01pm
100nm 10nm 1nm
DPF [ sub-Namo |

‘V —_——

|

|
> [ i
N
§ High-Temperature dust collector [ Gas separation ]
‘5’ L
z Removal of bacteria, purification, concentration Dehydration

Optimal separation membrane systems

33

<11l

Bacteria Separation Equipment (UF) Semiconductor Polisli- Wastewater UF)

NGK INSULATORS, LTD. 14




Membrane business of water treatment %)

Ceramic Filtration Equipment MCM Filtration Equipment

MCM : Mobile Ceramic Membrane

;h E > .- \. - - -
o) <
Seawater Desalination Treatment
RO Membrane
E (Desalination) Post-Chfrination

Pre-
Chlorination - e — — =11 RO Product
Seawater l ecurity Filter

FeCly (-D

Ceramic Membrane RO Brine

(Pretreatment)
X739 IEEIRSE, TP =714 [EMETAWATER

EXKSEFTOESIY/IEERH

(RELBRBFELE]

(BFE3a0E]

S TR —

BokH ESKEMM TO-OFEM B Z@ssEit | AV VAEBAC

K739 IEFERSE, T =7V [EMETAWATER
NGK INSULATORS, LTD. 16
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Advantages of Ceramic Membrane %

High corrosion * _, g )50 maicsiL cipue s 5%,
LSt S OR MR- FERF AL

Highheat | oo umer vi\ahm. BB MK
ELSISINCe BB COERN A

High strength  — BHENEENE VYD, EAICLIEOERL®
HAZOELDNBV, FLMEFREEICENDS

High separation — #iIABZLMHIES FERELEL Iv—TTHELH,
SEERENSEL

Low leaching  — sihhd, BRAOEEHEL

1
Contents

3. Gas separation membrane

NGK INSULATORS, LTD. 18
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Characteristics of DDR-type Zeolite Membrane
NGK made the DDR Membrane first in the world.
> an 4 are separated in the size of a molecule
& CO d CH ted in the si f lecul
igh permeability(Ei&tt) o 2 ow CH, Loss
€ High bilit fCO,=> LowCH,L
( Molecular i h
Structure oleciiar size Properties of Mixed Gas Separation
044 nm_, b by DDR-type Membrane
i ; ) l—— benzene
o Sij | i 2
OOI 5 Feed-side composition P:;m;z;?ﬁs;:e
e o l i i Hy : CH, = 50 : 50 H, = 99 %
O (0.38nm) o '""':‘ Z::a/co/c,mczu. Kog Sy = BL0N g
== ——— . 0 R N, NQ:CH4=50:50 N2=90%
S CoHq i CoHs = 50:50 | CpHy = 85 %
\_ Mesh-like crystalline structure Is used for separation. o
NGK INSULATORS, LTD. 19
g -
DDRIETHDEHADEE 7 THDEBERE
co> DDR pore size(0.36 X 0.44nm)
1000 =
Zﬂ' O <‘_‘>: (&#)
& Hz. I : B8 EH: 0.1MPaG
£ 100 .,..-“He' 2. ] | BE:  25C
° 1 : EEfstk:  ©30-L160mm
£ A @ o\ |
o 10 e
X, : 2H4  C3Hs
X e
% 1 :Cz 6 : : Q SF -
; | CFa 6
% | C3Hs, iCaH10
0.1
0.2 0.3 04 0.5 0.6
DF1=E [nm]
NGK INSULATORS, LTD. 20
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DDR-type Zeolite Membrane

[Characteristics)
€ Large Membrane area  (12m?/Element)
€ High acid resistance (Little Al content)

CcO2 CH4

[x] 2o -9 RBETTEERR.

E’ iﬂ)*ﬂ -UE. RERTTIRE

NGK INSULATORS, LTD.

10

DDR Membrane application to natural gas refining

@ Effective in the pretreatment of amine absorption (CO, reduction)

/ Natural gas field
CH

4

Solid removal

‘ Products (CH;,) ‘

DDR Membrane
(CO, reduction
Amine absorptio

CO, v

¢

\ CO,

\

4

@ By gas pressure use of a natural gas, the driving force for separation is unnecessary.

CH; 85%

/

CH; 60%

~

NGK INSULATORS, LTD.
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Comparison with DDR and polymer membrane

@ CH, Loss of DDR is 1/10 or less of a polymer membrane.

Feed gas

1000

50%C0,+50%CH,

B

DDR Membrane

co,
U —— >

The upper bound of (DDR Membrane)
Permeate composition

CO,/CH, Separation factor

- \ CH,: 1%
Polymer Membrane
1 1011 1 11 1t L1l 1114l 14011
0 1 10 100 1,000 10,000 ™ -
CO, Permeability(iEi&4t&E) [Barrer] (Polymer Membrane)

2% Data in a low-pressure Permeate composition

(Baker et. al., /nd. Eng. Chem. Res. 2008, 47, 2109-2121) CH,: 12%

NGK INSULATORS, LTD.

The merit of the DDR application
to natural gas refining

[> High yield CH,; & High product profit

oy

Supply Condition Quantity of CH, Production
Supply gas volume 1,000 million m3/year DDR Membrane
545 million m3/year

Polymer Membrane ’
~ 500 million m3/year

——-——

CH, selling-price difference
0, 99% 3 million US $ /year
(2US $ IMMBtu, 85JP ¥ /US $)

3

CH,55% 5%

CO, 459

NGK'INSULATORS, LTD.
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4. Produced Water Treatment

NGK INSULATORS, LTD. 25

Whatis Produced Water?

OIL FIELD

Sandst
andstone PR

OIL RESERVOIR

UNDERLYING WAT

Source: Japan Corporation Center, Petroleum 0.2mm
NGK INSULATORS, LTD. 26
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Preliminary experimental trial

raw water permeate

0.14m membrane
SS:180mg/L with 30mm dia. SS:<10mg/L
Qil: 280mg/L Oil: <bmg/L

v/ Ceramic membrane can handle produced water containing up to
800mg/I of oil and suspended solids and create permeate which
satisfies typical reinjection criteria.

27
EIIVIRDEREEN Z
TiO2. SiCl¥. ARO3ZEHRpH7 UL ETE—4ABRNATSLF R,
BEEE KB EICIETIO2 /SICIEMNBELTLAHATREMERY .,
100
80
60
< 40 1
E 2 ' -
g . NN, .
E—zo | —e—sic ;\ AN
T e
60 H —e—Tio2 - ,
55 :
0 2 4 6 8 10 12 14
pH
NGK INSULATORS, LTD. 28
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BEEKDEED

© 01 umtSIVIREFERLESREARICTMS 5me/LLLT ., SS10
mg/LEATFZ&ERK,

- SR EAKLEBISEL-REAFEEROEIIVIBEMHEZREL.
RELTITS

- NGKIZtESEYIEDKFTHY. ¢ 180 % 1500mmLAD KN [ELE
ELTWLA,

- BAXOREAKLEBICELDZS-hELES, T—HEBVLLET.

2
7z
THE END

Thank you very much for your attention NGK HP http://www.ngk.co.jp

& et “{\

i‘i
1,000,000,000
5 oo TTH)
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-

NGK INSULATORS, LTD. 30
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M Oil Gas Project £k
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5. HEEH

OV70RBHRER - REOBERKERE

Rus ian O & Gasindustry: :
currenit development and =

perspectives

Tokyo,
February2, 2016

' *mr—'i

Deep differences between oil and gas sectors in Russia

Qil brunch . Gas brunch

Production and export
in 2010-2015

Sustainable growth

(including export of oil products) Stagnationcrdaciing

Future production dynamics

‘ Share of Asia Pacificin 2014
Share of Asia Pacificin 2035

® Oil and gas condensate
production,
mmt

Sustainable growth

Stagnation (+38% by 2035)
30,4% (excluding oil products) 7%
38-52% 39-41%

526.7 525-526

sig S84 S ==—————

ms__—

2000 2012 2013 2014 2020
® Natural gas production,
bem 73
668.2 /.
654.5 640.3
553.9/".\.
- 6421
2000 2012 2013 2014 2020
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Deputy Director,
Institute for Energy and Finance
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o
g System of strategic documents in Russian oil and gas sector
Ed

* IEF
.

Energy strategy of Russia

up to 2035 (ES-2035)

Industrial Level General scheme of  brunch General scheme of brunch

development up to 2035 development up to 2035

Regional Level Conception of the state program

for exploration and exploitation
of the continental shelf of the
Russian Federation

Program of long-term

development of the fuel and
energy complex of the Russian
Far East

T S | S | | W |

Investment programs of oil & gas companies

* ES-2035 is an ideology of development
* General schemes are industry roadmaps of development
* Investment programs are the concrete realization of the development

I. Russian Oil Industry

Refining and export
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Source: IEF, 2015

Oil production
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Primary oil refining

[0 —l | |90

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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%, Ed
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Reasons for oil production growth in 2015

Production cost

Source: Bloomberg, IEF, 2015

100 - Sperbarrel © CAPEX
%0 4 » Exploration and
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1200 4

" Income of oil producer

| ™ Mineral extraction tax
Export duty
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Oil Brent price, $ per barrel

Source: IEF, 2015
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Production structure

\TUTE
&

IrT1
M

Qil production

* Operators PSA

(Sakhalin- . Others 11%
1.2.l02:mo-) J—-

Gas condensate production

mmt per annum

2009 2010 2011 2012 2013 2014

* Gazprom
= Surgutnefnegaz » NOVATEK
12% ¥ Operators PSA (Sakhalin-1, 2, Kharyaga)
" LUKOIL 16% * Rosneft
= Others
Source: IEF, 2015

eNERG).
:0“ ‘ 115
(=] . - . .
2 \\ 2 Russian oil productionin 2016-2035
ko) g (including gas condensate)

K2 Ed

JEF
e

mmt per annum

Al ios deeply depend on using of a tax on finandial results for new and exhausted oil
460 fieldssince 2020-2022 at the latest

The Low scenario takes into account the worsening of the tax conditions in 2016-2020.
The implementation of the High scenario is dependent on access to new oil production

technologies

440 1 T T 7 T T T T T T T T T T T :
s wn el ~ @ a o - ~ Ll < mn L3 ~ 0 D o Al o~ m < wn
=l -t P=d -t -t -t o~ o~ o~ o~ o~ o~ o~ ™~ ™ o~ m m o m m [l
O O O O 0O 0O O O O © 0O 0 o 0 o o o o o o o o
N 8 N 8 8 & 8 8 § 8 8 8 8 8 8 8 8 8 8 8 8§ &

Source: IEF, 2016
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£ H Russian gas condensate productionin 2016-2035
*IEFY
mmt T annum
50,0 pe
a0 46
450 -
430 42,9 42,8 42,7 42,6
40,0 -
381
35,0 -
33,6
30,0 -
—+ Low scenario
28,2 — Basicscenario
250 - . .
258 — High scenario
24,5
< 1 e S
X 0 0 A O D N DD DD AN ® DS DN D D ) D
NN PP IV T I VSO DY »
DX S S S SRS S S S S S Sl S S S S S S S SIS

Source: Gazprom VNIIGAZ, 2015

New exploration

High scenario of

production 0 100 200 300 400 500 600 0 100 200 300 400 500

Source: IEF, Vygon Consulting, 2015

€NERG),
o Y
& ‘\ % Oil production structure
2 N 2 : ;
% 2 (not including gas condensate)
%, rd
IEF
mmt per annum 2020 16 2035 roxn
Low scenario of 4258 292,0
production
60,0 35.4
‘Old’ onshore fields
17.6 12,0
New onshore fields
12,6 38.1
Hard-to-recover reserves
. 10,7 42,6
Arctic shelf
4,0 81.6
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g Big tax maneuver of 2015-2017
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76 | 82 100
493 766 | 857 919

1 4,4

Source: IEF, 2015
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Mineral extraction tax vs. customs duty

—

—

- 2014
. " mineral extraction tax

. export customs duty for crude

_lg)lcpodoustomsdulyforoil
products

—

0,0 . . &
2014 (fact) | High refining Balanced, High refining Balanced
scenario refining scenario refining
scenario scenario
= mineral extraction tax = export customs duty for crude oil
1 export customs duty for oil products —*—Total taxes 2020

Source: IEF, Vygon Consulting, 2016
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N E Presence of foreign companies in Russia oil production
IEF ©
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ExxonMobil
Shell

Total

JAPEX, Marubeni
etc.

@ mrsusco  Mitsui

o misubiah
Source: IEF, 2015
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Foreign investments of Russian oil companiesin 2015
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Source: IEF, 2015
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I. Russian Oil Industry

Production

Refining and export

@ eNERG),
& ! "%
%\ \\ § Petroleum refining scenarios by 2035
% |EF ¢
Maximum refining scenario Balanced refining scenario
351 “ Gasoline
491 337 = Diesel fuel
310 = Black oil
289 289 = Others products and waste
+ Primery refining
260 559

240

2014 (fact)

2014 (fact) 2020 2025

Source: IEF, Vygon Consulting, 2015
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Domestic consumption and export of motor fuels by 2035

Source: IEF, 2016

Domestic consumption of diesel fuel Xport of diesel fue
45 o 02508 5g 10 [ 604 596 mmtperannum
mmt per annum -
40 - 50 -
35 - 40 +
30 30 " Diesel fuel min
20 " Diesel fuel max
25.
10 i
20+ T T T T T T T T T T T T T — —
285822258858 388 ° : ' :
EEEEREERERREERERER: 00 205 200 203
High scenario e Fact Export of gasoline
14 134
oy 12,6 12,7 12,4 mmt per annum
45 -
40
35 4 “ Gasoline min
30 4 ¥ Gasoline max
88582 2225253888888 83
S 8 8 8 82 aggeegeee-=re
~— Highscenario =~ Basic ~— Fact 2020 2025 2030 2035
Source: IEF, 2015
eNERG).
& %
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£ 2\ Crude oil export by 2035
* |IEF ¥
350 350
317
i 29y 302 2 | 0
250 23 - 250
V
200 - 200 ~ Exportoutside the former USSR
=== Exports to the former USSR countries
150 150 (Belorussia)
—Export (total)
100 - - 100
50 - 50
0 T T -0
2014 2015 2020 2025 2030 2035
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Pipeline transport

Crude oil pipeline transportation

mmt perannum

H

2013 2014 2015 2016 2017 2018 2019 2020
Oil products pipeline transportation

60 mmt perannum

440

420

400

2013 2014 2015 2016
Source: Transneft, IEF, 2015

new refineries
» growth of ‘old’ refineries
40 - curmrent level
290 201 1281 208 FO0N 208 281 20
0

2017 2018 2019 2020

Siberia and the Far East

¢ CMHN Kosbmunal

’ lntrouctibn of 2'100% duty

L(g; hlack oil products starting
from 01.01.2017

and-

* 2016-2018

‘:o“ ENERG), 416
?_‘: ‘\\ E‘- Strategic furcationes of Russian oil sector
*IEF Y
*2016-2017 *2019-2021

——

#Pransition to a new systém of
oil production-taxation

Maintaining of subsidies for
the light oil products export

[ after completion of oil
refinery modernization

*2019-2020
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I1. Russian Gas Industry

Supply capacity

Pipeline gas
LNG
EAEU

800 -
700
600
500 -
400 -
300 -
200 -
100
0
2010
- e
. Gas production | ®m  Gas production
u Gasexport } m Gas export
T A
O
¥ R
-—-"-', =3 _-.-:J-/Yf'\:___
= o
e
Ny
i
Decline of gas production in 2015: P P R
-0,8% (635,3 bcm per annum) — -
Nprsasmcand oupyr
Source: IEF, CDU TEK
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E; \\ 5 Crisis of traditional Gazprom’s markets
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Gazprom’s gas export to the former USSR republics Share of Russian gas in Europe is growing, but
100 | 96, oy only due to the collapse of demand in the EU
PErannum .. yzbekistan

90 — 81,7
e " Kyrgyzstan 165 35
70 - bem per annum %
60 - 160
50
40 155
30
20 - 150
10

0 e 2 = . . = 145

2008 2009 2010 2011 2012 2013 2014
Stagnation of Russian gas supplies to Europe lasts for 10 years 140
bem perannum

135

130
125 - : -
W Russian gas export in Europe
III ~—— Share of Russian gas in European gas consumption

o

E

5 Crisis of long-term contracts in Europe
<
»

Gazprom’s contractual obligations and the actual export to European consumers

%
bem per annum i

90,0

250

80,0
- 70,0
60,0
- 50,0
40,0
30,0
—+ 20,0
10,0

— 00
) -~ o

5 = o=

3 3 3
& & A &

W Long-term contractual obligations by 2035
s Actual export
= Ratio of the actual export to the obligations

Source: IEF, Gazprom
export
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£ \\ ; Independent gas producers attack Gazprom
L8 9
“JEF”
" I | |
2014
= Gazprom
1 = NOVATEK
- o
= LUKOIL
1 = Gazpromneft
- + somteteg
« Tatneft
| = Bashneft
-  sove
« Russneft
1 = Others
2010 « PSA
. l | |
0 100 200 300 400 500 600 700 800
bcm per annum

Since 2000 the share of independent producers has grown from 10% to 34% in 2015

7S eNERG).

NOVATEK and Rosneft

% (share of Gazprom) NOVATEK gas production, bcm per annum

Total production
Yurkharovskoe
East Tarkosolinskoe
North Urengoy (49%;
Arctikgas (50%
Khancheyskoe
Others

=W o
or0o0RRY

= w o
cawrnvES2
rwasunBb 83

Rosneft gas production, bcm per annum

Total production
Sibneftegaz
Samotlorneftegaz
Vankor
Purneftegaz
Yugansknefteg

N
= o (=]
=
&

az

(]
@
NULuUuuno = On

v

2013 2014 2015

2011

2009 2010
=

= Other producers
- Share of Gazprom in the total gas production

2012

58



o gNERc,,
&L

A

",
¥ A\ :
£ A\ 5 Gas reserves and production by world biggest gas companies
o,

% $

“JEF
HE |

Proved gas reserves as at 31.12.10 (SEC), bcm Proved gas reserves as at 31.12.14 (SEC), bcm
Gazprom NN W 18,992 Gazprom I W 18,947
ExxonMobil I 2 232 ExxonMobil I 1,943
Petrochina NN 1,855 Pefrochina EEEN————— 1,963
Shell I 1,335 NOVATEK I 1,747
5P NN 1,209 Rosneft NN 1,329
NOVATEK I 1,144 P NN 1,266
Total NN 730 Shell I 1,142
Chevron NN 487 Total NN 951
Lukoil NN 4569 Chevron _ 824
ConnocoPhi.. I 415 Lukoil NN 478
Gas production in 2010, bcm Gas production in 2014, bcm
Gazprom IENENENNNN—— W 480 Gazprom I W 488
ExxonMobil |G | 34 ExxonMobil G | 24
Shell IEEEE—————— 01 Shell I 102
BP I 92 Pefrochina N 79
Pefrochina |E— 43 5P IS 78
Total |EES—— 58 - Total NN (4
Chevion [N 52 NOVATEK I ;2
conoco?hlli::‘si = 4571 Chevron s 53
statoil mm— 43 ConocoPhillips NN 44
NOVATEK _ 37 Eni NN 45

Source: NOVATEK, Bloomberg

Structure of Russian Gas Industry: Gazprom and others

Gas production

Gazprom (less than 66%)
NOVATEK (11%)

Rosneft (10%)

Gazpromneft (3,5%)

LUKOIL (3%)

PSA-operators (3%)

Other ‘independent producers’ (2%)
Regional gas companies (about 1%)

Sus praceing Sibur (associated with NOVATEK, 10% - Sinopec) —more than 50%
Gazprom (25%

Oil companies (25%)

Gazprom (100/ uropean part od Ru
Regional gas compan astern regions (Nor

Gas transport

Gas distribution Gazprom (7

Independent regional companies (25%)

Gas pipeline export Gazprom Export (10

Gazprom, NOVATEK, Rosneft, PSA
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All gas producers and import

u
“‘)1\1' Te *o
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“Myia o

sss 5 687,5 671,5 684,0 654,2
509 0 510,1 478,5 476,3 432,1
mm:— 37.8 535 513 53,0 53,7
71,5 78,0 82,0 89,5 91,4
-mz— 30,9 333 35,9 40,6 44,0
174 17,9 18,1 19,5 19,8
| Gazpromneft ¥ 8,9 10,9 12,7 133
| Surgutneftegaz  [BLX) 13,2 12,4 12,2 9,5
08 0,9 0,9 0,9 0,9
0,5 0,5 05 0,6 0,7
12 11 11 1,1 11
-EM_ 19 2,1 21 2,0 2,0
23 9 20,7 32,9 37,3 49,0
23 3 25,2 26,8 27,8 28,0

Gas import, bcm per annum

2015
2008
(estimate)

!ussuan gas pro!uctlon, !cm perannum

[ Total import [ 66,1 37,3 37,7 326 32,8 299 295 16,0
Turkmenistan 42,6 42,3 11,8 10,7 11,2 10,9 1,0 11,0 4,0
Uzbekistan 9,6 14,2 15,4 13,8 8,0 87 57 74 1,0
Kazakhstan 85 9,6 10,1 12,4 11,9 11,6 11,9 11,0 11,0
: : : 08 15 16 14 o2 00
eNERG).
& Y
B ‘\ 2
2 > - -
£ 2\ 5 Russian gas production by 2035
* IEF ¥
Low scenario High scenario
bem o
800

1000

2013 | 2015; 2020 2025 2030 2035 2013 2015 2020 2025 2030 2035
(fact) l---- (fact) L----- .
= Production = Import = Production = Import

Source: author, Gazprom VNIIGAZ

700 |
Il -— | .
800 800 -
|
500 . == — N N .
600 — naml il [ il i
400 : 767 B 754 I 788 961 987
668 i 1 881
300 400 785
668
200 . - . . .
200 -
100
0 - - - +— — — 0 + T T T - :
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The share of the Asia-Pacific Region in Russian exports of oil

‘o

&t \TUTe
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Current significance of the Asia-Pacific Region

.
“Myia o

7’

The share of the Asia-Pacific Region in Russian exports

and oil products, 2010-2014 of natural gas, 2010-2014
400 mint % 180 250 7 bem o 100
200 - - 8,0
300 - - 16,0
150 - 6,0
200 - - 140
100 - - 40
100 - - 12,0 50 20
0 - - 10,0 0 - T T - 0,0
2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
I Total export [ AP import - Zc;t:'l‘::gort M. AP impont
= AP share |
Source: IEF occording to CDU TEK
«O'.QNERcy%
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£ \ 5 Gas resource hase in the Russian East
¥ |EF ¥
Proved resources (ABC;) in the Russian East = | S P
J KPACHORPCKMR  KPAR ': e —
"/ PBENKMACKHA ‘\_‘;ﬁ
MYNUNOARROUS OEEYN ,;‘ \} PECNYENMKA CAXA (REYTHA)
; - (: . v’
" u Pl (..-..70‘3__.
ﬂ ; 5 o ’/:" 4
i IR
N R, =4 ,_} ] { »
T - CII® AT X
7,atrillion | "\, N L
meters ~ ,‘ v S
{ v 5 K > 3 Y
3 urkyrcian osmacte ..': - % '
7 s P \ W x
i '! E— \ )
‘\'\/ — 1 EYPATHA _—> g
¥ Gazprom B P 7 NMTHHCKAN
* Gazprom neft L /) __; “‘,J;( /‘ { OBNACTE
# Petromir (Angaro-Lenskoe field, Levobezhnoe field) ~ "*cvenveat’ L Silmmminil o y
» Rosneft Tuea [ l~,\ y ) 7
» Surgutneftegaz — =
= Others
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Gas production in the Russian East by regions

120
bcm per annum
100
80 “Amur USG
~ Kamchatka and Chukot
© Sakhalin others
= Sakhalin 3
o w Sakhalin 2
= Sakhalin 1
= Yakutia
40 wIrkutsk
w Krasnoyarsk
20
0 ‘
2013 2014 2015 2016 2017 2018 2019 2020 2025 2030 2035
Source: author, Gazprom VNIGAZ
eNERG).
>
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w °
5 ‘\ 3
£ 2\ 5 Gas production and consumption in the Russian Far East
v,
*IEF*
Gas balance of the Russian East Export capacity of the East
120 ; 2.
bcm bem
80 -
100
70
80 o
60 50

40

20

34,6
- o
. 18,3
i i |

2015 2016 2017 2018 2019 2020 2025 2030 2035

= East Siberia consumption
= Far East consumption

i
2013 2014

Source: author, Gazprom VNIIGAZ

Potencial Others Rosneft Gazprom

5 exploration
= Gas chemistry
= Gas industry technological needs 2020 %2025 ®2035
= Amur USG
= Pipeline export
®LNG export Source: author, Rosneft
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I1. Russian Gas Industry

Supply capacity
Pipeline gas

LNG
EAEU

eNERG).
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2\ ;_ Key Gazprom export destinations
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Sakhalin-Khabarovsk-Viadivostok
Power of Siberia
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s_ Russia Eastern Gas Program
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Gas Pipelines h
Existing
Under Construction ww ==
Possible esssescscnse
Planned — —
Oil Pipelines
Existing D aa———

Planned secssoes
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LNG Liquefaction Plant

Existing Qe M ONGOL I A
Planned Deee,

Source: OIES, Gozprom
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§ “\ 2 The possible routes of Russian pipeline gas export
%, »,,«g to North-East Asia

12-15bem

= pipeline to China ‘
(from Sakhalin) /4
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E; \\ Risks of pipeline supplies of Russian gas to Japan and South Korea
*IEF ¥

+ monopsony

+ unclear long-term prospects of demand for
Russian gas (reopening of nuclear power
plants, gas hydrates)

+ seismic hazard ofan undersea gas pipeline

limited pipeline construction routes in Japan

due to high population density and urban
development

South Korea

Kaghem
h
oo
- b
/
/
W

By sea

+ greatdepths and complex bottom topography
By land

+ highrisks of transitthrough North Korea

Source: OAD «laznpom»
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';'% \ ; Risks of pipeline supplies of Russian gas to China
il |- e
a0 |
Are of Central-Asian gas Area of Russian gas

Key uncertainties
+ Future gas demand

+ Shale gas production in
China

« Export potential of Central-
Area of LNG Asian gas

+ Price competitiveness with
LNG

== CNPC Under construction

Gas pipeline system of China S Gt N
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Gas import requirementin China 2030
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Total gasimport in Chinaby scenarios Russian sharein the Chinese gas importby scenarios
300 45%
40%
250
35%
£
200 3 30%
E
= 25%
£ ®
Eik B 20%
8
100 4 15%
o«
10%
50 5%
0%
0 2012 2020 2025 2030
2012 2020 2025 2030

e High  s—EA s EIA
e High s EA s E[A

Source: Oxford Institute for Energy Studies

II. Russian Gas Industry

Supply capacity
Pipeline gas

EAEU
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Gas-on-Gas ets (Henry-H 1 Oil Linked Markets (JCC/Brent)
2 : oS g&k:

Japan
Korea
Taiwan
“ 0 LNG exporting countries ( 17 countries ) —#* EXPORT /IMPORT (existingroute)
) X -~ EXPORT /IMPORT (future routes ?
Source: IHS, USDOE, IGU [ LNG Importing countries ¢ )
NER
rY € Gy

List of Russian LNG projects

1.

NOVATEK, S <
Yamal LNG Total, CNPC 16,5 2018 Technology sanctions
Vladivostok LNG * High cost of pipeline
z (Sakhalin-1) Gazprom 1015 =200 transportation
Sticprom * Uncertainty of resource
3.  Sakhalin LNG (3™ line) (Sakhalin 5 >2019 Ty
base
Energy)
4 Far East LNG (South Rosneft, 5 52019 * Pipeline transport
®  Sakhalin or De-Kastri) ExxonMobil - litigation with Gazprom
Alltech
il
5.  PechoralNG & 2,652 22019 | lemporaryowner
perspective — * Small resource base
Rosneft)
6.  Baltic LNG Gazprom 10 22018 * EU market orientation
7. | ShiokmanING Gazprom 30 >op2s, | |1 g produsion cost
Source: U3® No 4aHHBIM KOMNEHWI 5 Tec"w|°gy SRELELS
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Yamal LNG E

YAMAL LNG
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16.5m

tonnes Yamal

annual production

capacity
2018-2019

15-20

LNG carrier loads

.lllearket Yamal will require
per month

. LNG exporter -
2018-2019

— SUMMer route

e Winter route

40.2m

cu m monthly

gas exports
from Yamal
in 2018-2019

Source: Yomal ING

A

1

N
* |EF

o
g Cost of new LNG projects grows everywhere
Ed

US $ pertonne = 2000—2006
12007-2013
m2014-2018

Brownfield
Brownfield

Pacific Atlantic- Middle East
Mediterranean
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New Russian LNG projects are not more problematic than foreign
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. Regasification
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Source: Oxford Institute for Energy Studies
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120
bem per annum s Middle East
Spot/Flexible
100 | e e e e mmm South America
! = ¥ = Spot/Flexible
= North America
80| _ e Spot/Flexible
L= Europe
Spot/Flexible
60 | ) ~ mmm Europe Short
Term Contract
| Asia Spot/
40 It i : . Flexible
’ I Europe Long
i Term Contract
20 | B Asia Long
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— - Indicative
0 Future Total
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Supply capacity
Pipeline gas

LNG

II. Russian Gas Industry

eNERG).

N

o

A

"
5 Gas trade between the EAEU membersin 2014
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Armenia Belorussia Kazakhstan Kyrgyzstan

Russia

EAEU

Armenia

Gas export
Gas import
Belorussia

Gas export
Gas import
Kazakhstan
Gas export
Gas import
Kyrgyzstan

Gas export
Gas import

Russia

Gas export
Gas import
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arguments for

» presence of the political decision (the Treaty on the EAEU dated 29.05.2014);

« presence of objective reasons (interstate gas pipelines, interstate gas trade,
initial institutional conditions, the general vector of development);

» response to the global trend towards integration of energy markets;

arguments against

« absence of implemented common gas market models;
« absence of target domestic gas markets models in the EAEU countries;
=« lack of request for the common market from direct market participants

Arguments for and against common gas market

TUTE
& “o
9. Y
“Myia O

chief distinction

» target market model needs to respond to future needs

current needs

future needs
’ decision making point
..................................................................... markef’s infegration
2015 s 2025
eNERG),
o <
:'1"‘ ‘\ K
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£ \ 5 EAEU common gas market formation stages
* IEF ¥
Market formation steps Market formation stages
1. Stages
January 2025
conclusion of an international treaty Stage I1I
(2025)
Stage Il
implementation of the common gas (2021)
market formation programme
Stagel
(2020)
January 2018

The decision on transition to the next
phase and its content must be accept
by the Supreme Eurasian Economic
Council on the basis of the agreed
proposcals of member States.

development of the common gas market
formation programme

approval of the Concept of the common
gas market formation
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Economic effect

direct effect
positive effect of the alignment of wholesale gas prices

(excluding transport costs) in the participating countries ‘

$1 billion in year

growth of trade between participating countries

multiplier effect for Armenia,
Belarus and Kyrgyzstan

acceleration and increase of level of national gas markets
gasification

i

increase of CAPEX spent by economic entities of one of the
EAEU countries in the gas sector of other countries

$10 billion in year

unaccounted effects
Improving the investment efficiency at the expense of balance -

and coherence in the development of the GTS

* gasification of new regions in
Kazakhstan and Kyrgyzstan;

increase in the utilization of free capacdities of the GTS o muliiplier effect for Russia and

Kazakhstan.
eNERG),

:'1’« ‘\ 116
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£ \ 5 Gas trade structure on common market
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Suppliers Infrastructure organizations Consumers

direct contracis

{about 70-80% of the total frade)

Gas suppliers

(real gas producers

End users

gas exchange trading
(about 20-30% of the fofal frade)

Resellers of gas

supply contracts

---> -direction of supply

---> - provision of infrastructure services ization on non-di

=3

Iy terms
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Laoend: Current gas trade between Common market Single market
-trade between EAEU countries (target EAEU model) (target EU model)
EAEU
oSN
o —— =
outside EAEU . \\\\\ulu,l"
~ vt
= s ER.
—— 2 & s
Mal:':' = ;\/! "’"m\\
: with the ic entities of i of rkets in
Market format 5 5% o all Scoumnes with the preservation hvourof deli d
importsupplies between them of national markets S mput-output’
use that defi
. national regulatory pproaches to specific aspects of the PRI
State lation o -
o authorities only regulation regulatory authorities
(harmonized legislation)
Vi
Supply b polies on the basis le direct. b any gas suppliers and within
of the interg; g the Union
Accessto a pipefine b;ssol 2 4 or:lt‘i:; | d by a nati independ P on the basis of uniform
s Union rules
initial developmentstage only in one of the EAEU hanges with full 5 h serving the d
Gas exchange trade ) with to trading for rights for business entities of all the trading hubs with access forall EU
Kties Som othes EAEUcounties | businessentities §
govemned by EU rules, with the
ek notregulated at the level of the EAEU (except for customs-tariff policy) At

prospect of forming a single gas

P

Alexey Belogoryev, 2016

a_belogorev@fief.ru
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