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Coal Production(Million tonnes)

1. Coal Now -Situation of Japan--

World Coal Production and Consumption
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World Coal Consumption
IEA Coal Information 2015
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Coal Import(Million tonnes)
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World Coal import
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Electricity Generation Mix of Japan

® July 2015, Japan’s New Energy Mix towards 2030 was decided.

® The basic policy of “Energy Mix” is to realize a balanced power
source composition, while achieving 3E+S(Safety, Energy
Security, Economic efficiency and Environment ).

® Coal is positioned as the important energy source to be used
while the environmental burden.
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2. What is Clean Coal
Technology ?
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2. Clean Coal Technology

Components of Coal and Emissions

Component Molecule Content(%) Emission Problems Countermeasures
Carbon C 10-7%5 02 Global Warming  |High efficiency, CCS
Hydrogen H2 around 5 Steam None
Support
Oxygen 02 around 8 combustion None
Nitrogen N2 0.2-3 NOx Plroblems De-NOx(SCR)
torespiratory organ
Sulpher S 0.1-5 SOx Problems De-S0x
torespiratory organ
Si02, Fe203 Problems EP, Bag Filter
: ! 15-50 ’ !
B Al203, etc. ke torespiratory organ | Cyclone Seperator
Hg, Cl, F, Cd, Activated Carbon,
Heavy metals Se. Pb, etc. Heavy metals Health Problems Wet Serubber

Clean Coal Technology
====== Remove emissions from flue gas |,




{3 JCOAL

Japan Coal Energy Conter

Clean Coal Technology
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Technology
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3. Coal Preparation $3JCOAL

Clean Coal
Technology
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$3JCOAL
4. Environmental Protection =

Coal Preparation Clean Coal
Technology

Washing

Environmental

_ Global Warming
Protection

Biomass
i ici CO, Capture
High Efficiency 2 p Co-combustion
Low NOXx Flue-gas
Combustion Treatment
Combustion Gasification
SC, USC, A-USC IGCC, IGFC CCS

Ash utilization
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Environmental Protection of $3JCOAL

Coal Fired Power Station
Low NOx Furnace &

Low NOx Burners
De-NOXx De-SOx
\ Boiler
\N\ /
EP
Turbine
IGen
(:) E
Condenser il 3 S :.-.:--_:-

Ash treatment i Ash recovery
facility

Coal unloader
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Flue Gas Treatment Facilities
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Japanese History of NOx Regulation
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Environmental Monitoring of SO, and NO,

- Environmental protection for SO2 emission from factories completed in 1970’s
- Environmental protection for NO2 emission from factories completed in 1980’s
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Drastic Change of Air Pollution in Japan OL’.%J:

Tokyo industrial area 1970

P

Tokyo industrial area 1970
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NOx and SOx emission levels in
Power Generation by country

Comparison of SOx and NOx Emission from Fossil
Power Station
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OECD StatExtracts, IEA Energy Balances of OECD Countries 2014 19
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5. Global Warming

Coal Preparation Clean Coal
Technology

| /

Washing

Environmental Global Warming

Protection
High Efficien CO, Capture Blomass
ig iciency 2 8P Co-combustion
Low NOx Flue-gas
Combustion Treatment
PF Combustion Gasification
De-SOx De-NOx Dust

Removal

SC, USC, A-USC CCS

Ash utilization

20




5.1 High Efficiency

High-Efficient Coal Fired Power Generation
Efficiency: HHV Basis
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(|
Boiler Steam Turbine

Gas

TurbineI:

Steam
Turbine

Gasifier

. IGCC IGEC
PUIve(rLIJZSeg) Coal (1500C Class Gas Turbine)
High Steam Temp: 620C H_l
Fuel

Cell

-
S
Turbine ]

Steam
Turbine

Gasifier

Gross Efficiency :44%
Net Efficiency :41%

Commercialized

Gross Efficiency :49%
Net Efficiency  :46%

Commercialized

Gross Efficiency :60%

Net Efficiency :54%

Under Development
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Steam Temperature Increase of Boiler

(Japanese Ultra Super Critical Units) Isogo No.2
Isogo No.1

Tachibanawan No.1

Steam
Temperature
566

Hekinan No.1

Temperature/Pressure

Steam pressure

))
55 60 ‘65 70 . ‘90 95 2000
Year of operation
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World Highest Efficient Coal fired Power Station
---Isogo No.2 600MW 600/620C USC (Japan)---

Efficiency :
Gross 44%
Net 41%
(HHV Basis)

23




SI00AL
Installation of USC in the Worlid

*First Ultra Super Critical Unit (USC) was installed in Japan in 1993.
Since then, USC is increasing RAPIDLY and Super-Critical and Sub-Critical
units are decreasing.
-60% of recent installation is USC in the world.
SC is less than 10% and Sub-Critical is small number.
® Countries where USC were already operated:-
Japan, Germany, Italy, Poland, Czech Republic, Netherland, Slovenia, USA, China,
Korea, Taiwan, Malaysia,
® Countries where USC is planned:-
Greece, Indonesia, India, Philippines, Morocco, Vietnam

Annual installed capacity of coal fired power generation in the world
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Efficiency of Coal Power Generation
of Various Countries (HHV, Gross)
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Life Cycle Cost of USC

® Total cost of USC is smaller when compared with Sub-Critical unit,

when studied about the case in developing country.

® Conditions of estimation:-

Relative Cost(-)
=)
)} =

o

Capital cost O&M cost Fuel cost

B Sub-critical plant ® USC plant

e .thermal Load factor Data source
efficiency
USC 0.4 0.8 CRIEPI
Sub- 0.26 0.73 ECOFYS 2013
Critical
Comparison of Cost
2
1.5

Total cost

{3 JCOAL

““”M

CCT Workshop 2015 26




Advanced USC (A-USC)

Japan 2012
700 degree C, S500MW Class

|

o ﬁ" 1;-// ﬁ e il
Boiler p— p—
"--.,__M‘ B

Ln—l—r Steam

India 2011

700 degree C, S800MW
EU 2021

700 degree C, 540MW

USA 2021
760 degree C 35MPa Developed by NETL

China 2011
700 degree C, Double Reheat

27
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System flow of IGCC

(Nakoso 250 MW IGCC)

Gasifer Heat Nasot e
exc.hanger Char
- recovery unit
| Combustor
| ¢
.‘l

3 * Oxygen == i
o JIJI_[ ‘ez cares

Air separator

New IGCC (Website)
® Osaki CoolGen 170MW : Operation: 2017

Coal

Gas turbine

® Nakoso About 540MW : Start of construction 2016(Planned)
Start of operation Early 2020(Planned)
® Hirono About 540MW : Start of construction 2016(Planned)

Start of operation Early 2020(Planned)

28



(3 JCOAL

mmmmm

Development of IGCC

Japanese IGCC

® Nakoso NO.10 : 250MW
Commercial Operation : April 2013

® Osaki CoolGen : 170MW
Operation: 2017

New IGCC plan(Website of Nakoso and Hirono)
® Osaki CoolGen 170MW : Operation: 2017

® Nakoso About 540MW : Start of construction 2016(Planned)
Start of operation Early 2020(Planned)
® Hirono About 540MW : Start of construction 2016(Planned)

Start of operation Early 2020(Planned)
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Produce Chemicals from Coal Gasification

Gaéification

Diesel e (H2+CO) —--' Fertlllzer

N === R SR
="

Gasoline Coal

Chemicals
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5.2 Carbon Capture and Storage —————

Coal Preparation
Washing

Clean Coal
Technology

—

Environmental

Protection
Low NOx Flue-gas
Combustion Treatment
De-SOx De-NOx

High Efficiency

PF Combustion

Dust
Removal

SC, USC, A-USC

Ash utilization

Gasification

IGCC, IGFC

Global Warming

O, Capture

3 JCOAL
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Biomass
Go-combustion
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Carbon Capture and Storage ven {3JCOAL

g 5en Co EnargyCostr
CCS 2020

No less important is “High Efficient
Power Generation + CCS”

. Injection
". from sea-
‘™ Sequestration — Capture based

Injection from -+ = facilities

surface 8 4
facilities Pipeline - 5 Tanker transport = 2} bl
A transport o ‘—'_’—l : | i

Wz = (mm | [ EEY i |;

Large-scale CO2 emission
source

Structural Cap Rock Pipeline
(impervious bed) transport
) “a

Land zone 5 L0 Structural Cap Rock
Underground water B atrt (impervious bed)
bearing stratum R

Sea zone
Underground water
bearing stratum
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Distribution of Storage Capacity LIJCOAL
(IPCC Special Report)

Prospective areas in sedimentary basins where suitable saline
formations, oil or gas fields, or coal beds may be found.

i Storage prospectivity
. Righty araspactive sad mentzry
‘ hasins
Prospectve sedmenlary besing
Non-prospective sadimentary

basins, metamorphic anc
igneous rock

Nata quality and availaility vary
ameng regicns
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CO, Injection Point
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Weyburn

SaskPower

Boundary Dam (CO, from Coal firing)
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CO, Capture from Coal-fired Power Plant

1. Pre-combustion

Coal

CO, seperation

GT

(3JCOAL

Japan Coal Energy Center

¢/

Y

HRSG -ﬂ—

O

CO, Storage

'CO, Storage

O

CO, Storage

Gasifier _
NZ? ‘ Gas Refining CO shift
Air —>= O§) —_ > B
2 CO, H, CO,,
ASU Hy
2. Post-combustion
- Flue gas CO
Boiler treatment seperation (¢
Coal ——> S 5 , \
Air —— 5
CO, O
3. Oxyfuel
Coal Boiler Flue gas ¢/
treatment —
Nt |
—
Air —
Oxygen
production Exhaust gas recirculation (ICO,)
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Japanese CCS Demonstration Project

 Place: Tomakomai(Japan)

* Injection capacity : 0.1Mt-CO,/year

 Schedule : Project start 2008
Injectlon 2016-2018

Observatlon Well for b ‘
Moebetsu Formation

Observation Well
Tomakoma| CCS-1

Observation Well for
Taklnoue Formatlon

Al O

« Working area of 3D Seismic Survey

Tomakomai CCS Website 36



Japanese CCS Demonstration Project

7 Gas Supply facility " P CO2 Capture Facility 02 Injection Facility £

100,000 tonnes/
year or more

: » i Variable depending on &

[ Piveine length: Approx. 25 km [ aating Condifion ot he |
L[5 . gas supply facility
E | S e E

b"qlivery ,

=
CO2-containing gas

a1 1L Ays ooy

1000m

[Reservoir]Moebetsu Formation
sandstone layer / 1100-1200 m
under the seabed

[Reservoir]Takinoue Formation
T1 layer / 2400-3000 m
under the seabed

|

4000m

Tomakomai CCS Website

1000m
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5.3 Biomass Co-combustion

Coal Preparation Clean Coal
Technology

Washing

Environmental Global Warming

Protection
High Efficien CO, Capture EIonnESs
'a elency 2 : Co-combustion

Low NOXx Flue-gas

Combustion Treatment
PF Combustion Gasification
De-SOx De-NOx Dust
Removal
SC, USC, A-USC IGCC, IGFC CCS

Ash utilization
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Pulverization Biomass with Coal

SEM ]RFRI[P\
Pulverization coal/biomass
edar bark | Pine tree bark

Cedar chip Saw dust of pine tree

CRIEPI Biomass Forum 39




Reduction of Coal Consumption
with Biomass mixing

Reduction of coal consumption
: -
+ lom
*
-
.

o
[
&

Biomass mixing ratio

Coal technology conference(Shikoku Power)

GJCOAL

L
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6. Utilization of Coal Ash

Coal Preparation
Washing

$3JCOAL

MMMM

Clean Coal
Technology

Environmental

Protection
Low NOx Flue-gas
Combustion Treatment
De-SOx De-NOXx oy

Removal

Global Warming

Biomass
i ici CO, Capt
High Efficiency , Capture .
PF Combustion Gasification
SC, USC, A-USC IGCC, IGFC CCS

Ash utilization
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Amount and Utilization of Ash 224

from Boiler in Japan

4%

H Cement
H Civil
H Building

M Agriculture,
Fishery

Utilization of Ash from Power Stations
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Percent of Utilization(%)

Amount of Ash (Thousand tonnes)
BN

o
o

B Total ash  mmm Utilized ash —e=Percent of utilization
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7. Japanese Roadmap of Clean Coal Technology R&D

§ Mid-long term R&D

Y

Power
genera-
tion

2020 2030 2040

| |
> Commercial v
j . (700°%C)
IGCC demo. | Demonstration
(Osaki) (Osaki)

)—

2014

Commercial
(800°C)

Commercial
Commercial (GT1700°C)

Commercial
(>10%)

(@ A-UsC
(@ 1GFCY
(® Alcce?
(@ ABC?

: I
Commercial )
(<10%) )

N
Steel

High
Industry
A\

efficiency

) [@ Ferro Coke® ]— Demonstration
B Blast furnace demo. + Commercial

\ (® COURSES09 a8

Commercial

min. blast
furnace test

and low |/ \

carbon

CO2
capture

Upgrading

Low rank
coal
utilization

Low environ-
mental
burden

Environmen-
tal protection

|
@ CO, recycle } 0.-CO CO, Cycl
2 2 | | 2 Lycle i
[ IGCC Gasifier test test S 300MW demo. B Commercial

_ : Study of
Chemlcal Looping Reactor

@@Oxy-fuel combustion (Demonstration 8% Commercial
Demonstration

Post combustion P ooy
! |

[@CO2 Conversion} CO, Conversion test 8  Small scale test

@Brown coal } PP test # Commercial

carbonization |
fluidized bed drying . test

30MW PP R100MW Demo. Commercial

Commercial

TR

Pilot scale test

(3High efficiency Bench ¥ P test Bl Commercial
|

() Hyper Coal® Commercial

|
B16eC i
Demonsiaion B Commerca
® TIGAR? Demonstration

i R&D of reducing
tech.

Standardization of
analytical methods
JIS/ISO

@®Low environmental
burden (B, Se) ‘

2050
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8. Lastly-------u-nu--

Coal should be used as a main fuel in the future.

Especially, non-OECD countries will use more coal
for there economic growth than OECD countries.

However, consideration should be paid to reduce air
pollution and CO, emission in order to continue using
coals.

Now, Clean Coal Technology is essential.

Japan will contribute in the world for use of clean
and high efficient coal power generation.

44




Thank you
for your attention.

<
:

45




