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Outlook of Total Production of Energy Sources

Annual average increase rate

1980 2000 2006 2015 2030 2006-30

Coal 1788 2295 3053 4023 4908 2.0%

(us) 551 580 633 06n |

(China) 1214 1898 2441 2.0% i - i

T o 0 Three countries - U.S., China, and
PetroleumQil 3107 3649 4029 4525 5109 1.0% 1 _ 0/n 1
Gas 1235 2088 2407 2903 3670 1.8% Indla‘ account for 75/0 In 2030
Nuclear Power 186 675 728 817 901 0.9%
Hydraulic Power 148 225 261 321 414 1.9%
Biomass 748 1045 1186 1375 1662 1.4%
Other Renewables 12 55 66 158 350 7.2%
Total 7223 10034 11730 14121 17014 1.6%

—_—

Approx. 45%
increase



Global Future Energy Supply Scenarios
Baseline Scenario (or Reference Scenario)

Future Global TPES by Energy Source C02 Emissions (Baseline Scenario)
—_— ( Baseline Scenario)
000 :

70‘

Year " Year

Source : IEA’s WEO 2007(2015&2030) and Energy Technology Perspectives 2008 (2050)



Accelerated Technology Scenario (ACT)

Future Global TPES by Energy Source (ACT Scenario)

o CO2 Emissions (ACT Scenario)
- |
o
-
0,000 |

:

o000

vear  (ACT) (ACT) (ACT)

l 1990 2000 2005 2015 2030 2050

Source : Energy Technology Perspectives 2008 (IEA) “Scenarios & Strategies to 2050”



Per Capita Electricity Consumption in Major Countries
(2006)

Source
ENERGY BALANCES OF OECD COUNTRIES 2008 Edition
ENERGY BALANCES OF NON-OECD COUNTRIES 2008 Edition
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Best Mix at Every Time
Fossil Nuclear( Renewable



CO2



Trend in Fuel Prices (CIF)

¥/1,000kcal
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Steam Coal
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World Reserves of Coal, Oil and Natural Gas Resources
(Unit:100 million tons oil equivalent)



Reserve-Production Ratio



CO2

CO2

CO2



World Oil Reserves

Heavy Crude such as
eArabian Heavy
eKuwait heavy
e|ranian Heavy
eMaya

eMarim

eBoskan
eAthabascan



Up-Grading Scheme of Heavy Crudes, Concept and Steps

Current and Next Generation Concept

Heavy Crude

Intermediately Heavy
Intermediately Contaminated

Relatively Light | Primary

Relatively Lowly

Catalytic Refining

—p Distillation

— P Deep Refining

. y N
Contaminated

Heavy

v

Light Fraction

Additional Heavy Fraction by
4— Better Catalyst or Process
(Additional Solvent)

Separation |17 Cutting Point Control

lHeavier Fraction

)I Thermal Cracking —— | Distillation —» Deep Refining

\—b Poor Coke

High Aromacity Issues

Very Heavy , Basic 4’|

A 4

High Quality Coke

Thermal Refining

—» Deep Refining of Distillate

Catalytic Treatment

Secondary Catalytic Refining

HDM appears Key!



Super Structure of Petroleum Asphaltene

Agglomeration and Deagglomeration, Location of Metal Porphyrin

Better HDM
Better Cracking

.
.
.
.
.
“““
Pey
.
Py
.
.

Liberation
(Solvent / Partial Hydrogenation)

No Deagglomeration
Condensation

Coking and
Catalysts Deterioration




CO2
LNG



CO2
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Clean Coal Technology (CCT)

co,









ECOFYS(2008)



Clean Coal for the Earth







Efficiency Improvement of Coal-Fired
Thermal Power Plants

1 Integrated Coal Gasification

1
1
! Fuel Cell Combined Cycle I
(0 2
>
I
] - A
I y Integrated Coal Gasification 1
) 1
— 1700  LevelGT : Combined Cycle (IGCC) 1
(<B) 50% S 1
Z oo —————
1 Ukra Supercritical 1500 Level GT

:ThermaIPQNer

0 ! -
1 Generation (USC) 48% Coal-fired Themmal

_____________ 700 Level 1 -
AT , Power Generation (A-USC)

600 Levellh  emmmmmmnd 00 S e e s m e —mm m —m i —
42%

-
1
46 -48%
1 CoaHired 1 — iy
I
I
1
1

Year



Higher Efficiency in Combined Cycle Power
Generation

High Temperature and Turbines
High Temperature Flue or High Calorific Fuel

High Efficiency Gasification

High Temperature / High Pressure Cleaning of
Gasified Gas



Coal Gasification

Key Technology of Clean Coal Use
High Temp, Pressurized, More or Less Endothermic

— Power Generation
Coal > CO+H2 > Synthesis — Liquefaction
| . CH4
Heat Supply

Coal Combustion, Waste Heat, Nuclear Energy
High Efficiency of Combined Cycle

Fuel Cell, Gas Turbine, Steam Turbine

Coal to Gas and Liquid

CTG, CTL



Reactor System for Coal Gasification
Moving Bed Gasifiers

Concept of Moving Bed Gasifier British Gas/Lurgi(BGL) Slagging Gasifier

Sasol
Fischer Troph 50,000ton /



Entrained Flow Gasification Technology

Texaco
Gasifier

This involves gasification process using
oxygen in a entrained flow, with a
pressure of 30 bar and temperature of
between 1250 and 1450°C, with a
reaction chamber protected by brick
refractory walls.

The coal feed is a wet type one, in a
mixture with water, and is carried out
via burner situated at the of the top of
the gasifier.



Entrained Flow Gasification Technology

Shell Gasification

Surrounded by an outer pressure vessel the inner
membrane wall of the gasifier contains the hot
reaction zone and produces medium pressure
steam

This design of the coal gasifier prevents materials
being exposed to both high temperatures and
high differential pressures.



Entrained type Coal Gasification Technology in Japan

ltem EAGLE HYCOL IGCC ECOPRO
IGFC H2 Production (Integrated Coal Gasification C.C.) (Coal Flash Partial Hydro-pyrolysis)
Process
Flow

Characteris
tics

Entrained, Oxygen blown
High Pressure, One Chamber,
Two stage burner

IGFC, C1 Chemical

High power generation efficiency
Acceptability of many coal classes

Entrained, Oxygen Enriched Air blown

High Pressure, Two Chamber,
Two stage burner

Combined cycle (IGCC)

ASU is uninstalled.
High power generation efficiency
Net 41% GT 1200 class

Entrained, Oxygen blown
High Pressure, Two Chamber,
Two stage burner

Co-production of light oil (BTX,etc.)
IGCC C1 Chemical

High energy efficiency(85% at1000t/d)
Light oil is high quality

Situation of
Develop-
ment

Pilot Plant(150t/d) is on
operation tests
2005 Achievement of
Consecutive Operation(852hr)
2006 Completion of operation tests
Wide Range of Coal

Demonstration test - Commercialization
Broad Application for Synthesis

Demonstration Plant(1700t/d) is
under construction
2007 Construction completion and

Start of operation tests

2009 Completion of operation tests

Remarkably Successful Operation for 2000h,
Ready for the Next Stage.

Commercial (Net 46%, GT 1500 )
Lower auxiliary power

Pilot plant(20t/d) is on operation tests

2006 Construction completion and
Start of operation tests

2008 Completion of operation tests

Demonstration test - Commercial
Coal + Waste
Solid Carbon




IGCC (Integrated coal Gasification Combined Cycle)

m Plant Efficiency m Commercial Plant Performance

CCS May Change Preference? MITSUBISHI HEAVY INDUSTRIES, LTD.



Key Issues of Gasifcation

Slug Handling, Smooth Melt Flow
Adhesion of Fly Ash, Remaining Char

One Path Conversion-Circulating — Errosion and Corrosion
Oxygen Cost, How to Reduce the Cost?

Energy for Gasification, Recovery and Usage
Furnace ; Low Temp



Coal Gasification Combined Cycle

Higher Efficiency and Higher Cost.
Learning and Experience for Lower Cost.

Best Process for the Optimum Application Must Be Designed.
Liquid Fuel and Chemicals through Synthetic Gas Can Be Included.

Who Can Pay?

1

Traditional Business Model within a Country
International Especially Asian Cooperation for
Development and Commercialization



Future Development of Gasification

Gasification with Heated CO, and H,O
Utilizing Exhaust and Waste Heat

1l

Exergy Regeneration
Gasification with CCS

1l

No Necessity of CO, Separation
Lower Temperature Gasification



Gasification of the Second Generation
by CRIEP In Kyushu University

Gasification by Recycling CO, in addition to O,

CO, of Higher Temperature
More CO In the Product Gas

— High Thermal Efficiency by CO, Gasification
CO, Recovery for CCS without CO,/N, Separation

More CO, Recycle — Reduction of O, Production Cost



High Temperature Melting Ash
Flow Chart of A-PFBC Combined Power Generation System



Key Technology for Higher Efficiency

Endothermic Reactions to Regenerate Excergy
Low Temperature Gasification

e Reactor Design

e Coal Activation

e Catalyst
Heat Transportation and Exchange are Issues.



Catalytic Coal Gasification

H20/C0O2 Gasification — 02 Reduction

Energy Recycle
l
Cold Gas Efficiency
Combustion
Coal —| Gasifier |—>| GT |—| ST Coal —| Gasifier |—>| GT |=—=—>| ST

Conventional Energy Flow Waste Heat Recovery by Endothermic Reactor
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Thermal Efficient Drying of Brown Coal

Limited Use Because of High Humidity
Fluidized Bed by Waste Flue
Mechanical Pressing

Extracting Water by Supercritical Gases
And
Fluidized Bed by Waste Flue

Supercritical gases such as DME (CRIEPI), CO,

Briquette === Efficient and transportable Fuel
Value Added carbon



Block Flow of UBC Process

Fine Coal
350KPa 100KPa 100KPa
140°C 130°C 150°C
Slurry Coal/OQll > Ol
Dewatering Separation Recovery

Recycling Oil Briquette

» No Chemical Reaction
» High Thermal Flux
» Product Stabilization



» CCS

>

CO2

E s ——

|

Energy Saving Crying of Brown (Lignite) Coal

I




Combustion or Gasification
by Fluidized Bed of High Ash Coals

Short Transfer by Ash
» High Melting Ash
 Large Amount Ash



Outline of PFBC Process, 37kW, World Largest






Direct Coal Liquefaction

Japanese Technology is Highly Evaluated.

But So far Development is Stopped.

What can we, Japanese, Do now?

+Application to Heavy Crude Up-Grading by Slurry Bed
+Moderate Liquefaction through Dissolution

and Mild Hydrogenation

¢Tar Substitute and Binder



Coal Liquefaction Projects in China



Gaseous and Liquid Fuels and Chemical from Coal

Synthesis Using CO and H,
% NH,
% CH,;OH and Its Drived Products Such as DME
 FT, Hydrocarbons



Iron and Steel of 215t Century

Concentrated Production of High Quality Steel from
Poor Raw Materials.
Global Warming Issues.



Iron Making Process






Coke-Making Process



Energy Consumption of Iron Works in the World

Japan China
Raw Steel Production 100 MT 400 MT
Energy 100 120
CO, 200 MT 960 MT
Japan Korea Large Average USA Russia

China



Coal Reserves (2007)



How to Prepare the Coke More Efficiently

from Lower Rank Coals?

Coal
Coke Oven Formed Coking

! !
Pretreatment Pretreatment

| Binder t— Binder

Partial Briquetting

Oven Coking Forming
{_ Coke 3 Formed Coking

—————

_____



Outline of the Next-Generation Coke Oven Process
Scope 21 Process Now Commercialized.






Coal Modification

Coal

Disso

g| As Produced Coal

» Oven

|

» Oven

Low Tem. Char

Softening
Rapid Heating
Pressurized

lution

Hydrogen Transferring Dissolution

I

——Forming

|

Formed Coking

----9 Swelled Coal

» Oven

Pressure to Control the Volatilization is Effective.



How to Prepare the Binder?

Tar and Pitch

> QOven 4|:

Coke

»Binder

» Binder

Extract

Coal » Extract —|:

Extract Residue

?

»Binder

Heavy Liquid

» Liquefaction —|:;

Liquefaction Residue | — Binder

Petroleum and Petrochemical Residues

Bio Tar

- Binder



Swollen / Dissolved / Slightly Hydrogenated
Coal

Mild Coal Liquefaction
50kg/cm2, H2 or CO/H20
Catalyst : Very Small amount of Iron Base
Solvent : Dissolving and Hydrogen Transfer Activity



CoolEarth50



Gaseous Fuels Supply from Coal

Coal Gasification is Recognized As a Key
for Higher Efficiency Use of Coal

Efficiency Use of Gaseous Fuel for Power Generation






