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To begin with ... ECOS

B The Paris Agreement calls for a rapid decarbonisation of
power generation worldwide.

B Coalis the most carbon-intensive power generation source.

B around 20% of Japan’s greenhouse gas emissions come from
coal-fired power generation.

m) So here is an important lever to achieve Japan’s climate
goals!
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Agenda ECOS

1. Current Situation of Energy Supply in Japan and
Political Agenda

2. Clean Coal Power Generation: Technology
Overview and Roadmap

3. Carbon Capture & Storage (CCS): Technology
Overview and Roadmap

4. CCS Project Examples
5. Summary/Conclusion
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Part 1: Current Situation and Political Agenda
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Current Situation ECOS

Primary Energy Supply

Trends in Composition of Primary Energy Supply of Japan
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Current Situation ECOS

Electricity Generation Mix (2010-2017, in TWh)

mCoal mLNG m Petro & other FF . .
Generation in Fy2017
m Nuclear m Hydro power m Other Renewables v
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Wind
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2010 2011 2012 2013 2014 2015 2016 2017* Renewable Energy Institute, 2018
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Political Agenda ECOS

METI's long-term Energy Supply and Demand Outlook

Power source mix Primary enargy supply
- Expansion of CCT,
VLSRN MR MRS 489 billion ers - Carbon Capture,
1.278 billion kWh oy .
=7 _Jq N - Utilization and Storage
conservation: (T0al power generation) Geothermal power 1310 14% Saiisaiiatindinatie
Pf’““ 17% — oy v | (FCUS)
101 1% is intended to
Notrdl gos decarbonise fossil fuel
%
Target 2030:
Coal 26% 0,37 kg CO,/kWh
Target 2050:
e e o i
T Zero emission
: 1 Ol 30% .
gt Coa 2% - Promotion:
Corr ot low-carbon infrastructure
FY2030 FY2030
Valies are approamate

Source: METI (2015)
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Current Situation: plant fleet ECOS
e Coal consumption: 211 mil.t/ a
e Coal power plants in operation: 90
with a total capacity of: about 45 GW
e Coal power plants in planning: 30
with a total capacity of: about 18 GW

e Share of coal in electricity generation:  33% in 2017
(27% in 2010)
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Coal-fired Power Plants in Japan ECOS

JAPAN'S COAL FLEET
COAL POWER PLANT CAPACITY BY STATUS ANALYTICS
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Planned Coal-fired Power Plants in Japan ECOS

37 FUTURE COAL IN JAPAN CLmATE"
PLANNED POWER PLANT CAPACITY CHANGES

¥ 20
E
s PLANNED ADDITIONS
n'% Planned new coal capacity not including plant retirements
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POWER PLANT CAPACITY SET TO RETIRE
Based on an assumed retirement age of 40 years for all plants
-15

Source: Climate Analytics - REI coal plants database (version Feb 2018)
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Part 2: Clean Coal Power Generation ECOS
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Current Situation: technology implemented ECOS

Technology implemented: High Efficiency Low Emission (HELE)

Plants > 300 MW (34.6 GW):

M Subcritical

B Super Critical

m Ultra Super Critical
(USC)
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Power Generation Technologies

¢
ECOS

Power-generating o Technological | Transmission |CO, discharge
technology Outline and characteristics of technology establishment | end rate
(Year) (% HHV) | (g-COJkWh)
@ USC - high temperature and pressure steam generated by a boiler.
- - Long experience & reliability 1995 - 40 820
@ A-USC - higher temperature and pressure steam turbine than USC.
o’ - Advanced type of USC with heat resistant materials. 2016 46 710
® AHAT - A single gas turbine power generation using humid air.
- suitable for medium and small turbines 2017 51 350
@ GTCC - combined cycle power generation technology using a gas
(1700 dig. C class) turbine and a steam turbine. 2020 57 310
® IGCC - A combined cycle power generation technology through coal
(1700 deg. C class) gasification and combination of a gas turbine with a steam 2020 46 - 50 650
turbine.
® GTFC - A triple combined power generation technology combining
GTCC with fuel cells. 2025 63 280
@ IGFC - This is a triple combined power generation technology
combining IGCC with fuel cells. 2025 55 590
Innovative IGCC - adds steam to gasification furnace on the IGCC system.
(Steam entrained bed gasification) | - reduces oxygen ratio and increases cold gas efficiency. 2030 - 57 570
® Closed IGCC - circulates CO, contained in exhaust gas as an oxidant 42
(CO,-capturing next-generation throughout a gasification furnace or gas turbine. 2030 or later | After CO,
IGCC) capture
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High efficient power generation Technologies Roadmap of NEDO FCOS

Power generation efficiency
B5%

Gas Turbine Fuel Cell Combined Cycle (GTFC) LN
er

Ultra-high Temperature Gas : : c Coal-ﬁred
Turbine Combined Cycle . Redu 2l thermal power

55% IGFC
Gas Turbine Combined Rk el Gn e
2 hreinsadlad Integrated Coal Gasification Fuel
xxm - 340 g/kWh L Cell Combined Cycle (IGFC
50% Advanoad Humid Air Gas (AHAT) 1700 deg. C class : EMciency  :55%
t::D 150 g/AkWh IGCC ' CO, emissions : 590 g/kWh
T Ea— Nmﬂ ' Target Around 2025
o ®  AUSC
45%
IGCC & Ad?"m':;f: Lih‘SSSgper Integrated coal Gasification Combined
( Demonstration J Cycla (IGCC)
blowing air) Efficiency L 46%
40% *® b? cO issions © 710 o/kWh Ty o ;46 o 50%
Ultra Super Critical COsomissions - 7100MW S 0 erasions oo
{USC} : Target : Around 2020

Efficiency : 40%
CO, emissions : 820 g/kWh
Proton by Witsutsais Moy indunimes, L8 . Joten Jod Poses Co . Uil Wittty Machs Power Systesa. L0 ard Deasi CoofGen Corporston
* The prospect of powar generation efficiencies and discharge rates in the above Figure were estimated based on vanous assumptions al this momant

Present Around 2020

Source: NEDO 2018
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Technology Roadmap ECOS

(Mt'COz)

300 CO, reduction potential for coal-fired
power plants in the efficiency
improvement

250 -

200 -

150 -

100

Coal fired USC IGCC  IGFC
(Japan) 40% 46% 55%
38%
Source: NEDO 2018
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Technology Roadmap ECOS

Clean energy generation technologies

Research Plan of the IGFC Technology

FY FY2016 | FY2017 |  FY2018 FY2019 | FY2020 | FY2021
3 | | .
@Gmmmwmnmmmamwmm>
Develﬂpment Df E_IemEn'Ial ...........................|...........I.................I................................................l‘......... e e et e e e
technologies to apply coal gas (2) Research on applicability of coal gas to fuel cells >
to fuel cells oo o] 4 ) I o SR L
(3) Elemental research on coal gas ‘
I D{POS 108 Rt covs Incorporating research findings into design
¢Inmrpma into
Demonstration of CO: capture pmmnns -.??TET.SE- --_Elf"."
IGFC 5 Planning Detailed design, production, construction, and tral >%
[T T ——— T ------- | /|

Source: METI 2018
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Funding of CCT in 2018 ECOS

NEDO's budget for the development of CCT totaled over EUR 188 million
in 2018.

Clean Coal Technologies Budget [in million €]

Project name FJ2017 FJ2018

Development of next-generation thermal power

, _ 88.48 90.00
generation technologies
Development of Clean Coal Technologies 3.52 0.40
CO, Ultimate Reduction System for Cool Earth 50
_ 11.92 6.64
(COURSES50) Project
Project for the international promotion and
dissemination of advanced thermal power generation 13.52 14.40
technologies
International Demonstration Project on Japan's Energy
- : 0.40 2.40
Efficiency Technologies
Research, development and demonstration of CCS- A

Technology

1JPY = 0,008 EUR (11.04.2019)
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Funding of CCS by MoEJ ECOS

The Japanese Ministry of the Environment (MoEJ) invested nearly EUR 29
million in the development of CCS technologies in 2018.

MoEJ Basic Environment Plan, April 2018:

- MoEJ is aware that the plan to build more coal plants could pose a
threat to the climate.

- MoEJ aims to promote R&D of innovative technologies that
contribute to drastically reducing global greenhouse gases, such as
CCUS.

- MoEJ wants to take all measures to reach the emission quota of
0.37 kg CO2 / kWh, which is in line with the reduction target and the
energy mix of METI planned for 2030.
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Part 3: Carbon Capture and Storage (CCS) ECOS
[
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CCS Technology Options ECOS

CO, Capture in Coal Power Systems

Postcombustion
(PC)

Air
Precombustion
e Y

Webinar on Clean Coal Technologies in Japan 20




4
Technology Roadmap ECOS

CO, Capture and Storage (CCS)

Emissions
= 1400
2 1195 |
=<, 1200 r —n
8 067 Reduction
5 1000 by CCS
800
600
400 375
200 | e
0
India China  U.S.Germany Wurld Cﬂa'ﬂed USC IGCC c“ Qil LNG  LNG
\ (Japan) IJ (Japan) (steam)(gas turbine
CCS combined)

Coal fired thermal power Coal fired thermal power
in the World ‘ in Japan

Source: NEDO 2018
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CCS Technology Roadmap ECOS

CO, separation and capture cost _ |
Hah- 4 Utilization of CO
+  Recirculates highly concentrated | =
oxygen in exhaust gas. :
- R S
This technology utilizes captured CO, to
- produce valuables such as alternatives 1o
g oil and chemical raw material.
Chemical absorption method For pulverized coal
L E?cg Q?nmo? S o™ Solid absorbent method I
Separates by using a sorbent
which adsorbing CO,
ForIGCC . . 2,000 yen levelt-CO,

Membrane separation method

. Separales by using a
. 3 membrane which
Storage of CO, O S T T mu;ca,
_ - e ’ 1,500 yen levelt-CO,
absorption solution under high
2,000 yen levelt-CO g
e : Closed IGCC
The oxygen fuel lechnology to
the IGCC technology.

o e
* The cost prospect in the Figure was estimated based on varous assumplions af present
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Part 4: CCS Project Examples
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National CCT Demonstration projects ECOS

Overview

operating Sappar :

P
Viadivostok, sisoma ¢l:.1 .
© Tomakoma CC B amimedt (i YT <
ankes J
O i S0 Proect ] 0 ( ﬂ
E e
O rusyshoma Plant pickuiiie

planning stage i

[ 1]
Daai CodOen Project
hlmawa Demonstraton Plant :'.' "-",_a‘.:,-.-
finished
Beridad
| 54 |
MHagaoks ingecton Tes! Mo 1 Migats o
. lagaca Inpe 1 Té Jla o i

cancelled or inactive it . .
"u- D

pilot project an =
Oanha

@ rippon Steel GO Capture Hugghima . ELW

.', Fis hk . Fukunks .

wara Pilot Capture Plamt TS 14
o Manko Power Stabion Pot Tl

n Kawasaw COJ Captyre Barsch
Dlant

ant Een ?I-.
'° Kighe Teat Facibilses

ﬂ' Matgushsma Palat Plant

Source:
Scottish Carbon Capture & Storage (2019)

Webinar on Clean Coal Technologies in Japan 24




4
Tomakomai CCS Demonstration project ECOS

CO, source ] [ Capture facility ] [ Injection facility ]
(meemane = mmesemasen == '
‘ PSA system in E I Activated amine process I +
| hydrogen production unit ; : ~ '
' - . : E Compressors E

I ]

- ]

I Injection wells I

L

PSA offgas .| Capturing 100,000 !
Containing CO2 . | Uyear or more of CO2
s ssssasssssssssrsrsssssesesessssss - B o T e
Existing oil refinery
PSA (Pressure Swing Adsorption )
Typical composition of PSA Offgas
CO, =50%, H,=40%, Reservoir : Sandstone layers of Moebetsu Fm.
CH, =6%, CO=3%, H,0=1% 1,000~1,200m under the seabed

.
Reservoir :Volcanic Rocks layers of Takinoue Fm.
2,400~ 3,000m under the seabed

Source: JCCS (2017)
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Tomakomai CCS Demonstration project ECOS

main features of the project:

1) Extensive monitoring system in seismically active country

2) Deviated CO, injection wells drilled from onshore to offshore

3) Marine environmental survey

4) Low energy CO, capture process Source: JCCS (2017

26
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Tomakomai CCS Demonstration project ECOS

Tomakomai CCS Project 2-stage Capture by Amine

1 Absorption Tower

i 2 Low-pressure 1'High purity CO2( >99%)
IStripping Tower COz2-lean gas Flash Tower
(LPFT)

2. CO2 is stripped from Amine by
*Depressurization

*Thermal energy of water vapor of CO2 stripper.

i 3. Great part of Amine from LPFT
LPFT is sent to absorption tower

_—_-
Aoty '

(1)CO2 Absorption

Tower /F\

= — 4, Only Small part of Amine is
+$"* v 1"’ % | sent to stripper & heated.
Off gas 35(;502 + =Heat energy can be reduced.
C02:51.6 % CH4 :6.6 % ripping

Tower

H2 :388% CO :2.3% . Heat ... 1.2 GJ/ton

(1/3-1/2 of conventional one)

F .___.--". ! o J .
MDA wes rovided | 1 CO2 is absorbed by . 5. CO2 lean Amine is sent
by BASF 2 ~ Amine at low temp. !

to absorption tower.

Source: METI (2016)
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Osaki CoolGen (OCG) Demonstration project ECOS

IGCC Gas clean-up facilities R T'C_G,_Captura Technology | )
Shift CO, Capture
reactor Technology CO,
Air Syngas (CO, H,) uﬂz. Hfdeccmmaaa -
| Coal &8 || [T fi I
it
Air == H, rich gas 1
separation | — (R e et - '
unit R— P!
Gasifier| Air '~.._ ¢ 3 J
Oxygen 2 — g
turbine Generator Fuel Cell | |
Steam o M | :
I
turbine Stack -
¥ Compressor . Fuel cell
HRSG (hefit recovery steam generator)
L N ' Now A
‘ |
09| 10 11| 12| 13| 14| 15| 16| 17 |, 18| 19| 20| 21 | 22
|
IGCC optimization R
feasibility study I
|
1% Step | I =
Oxygen-blown IGCC Design ,Construction | Upera!c—na testing
| r |
2™ Step > : S |
CO, Capture IGCC FS Design, Constliction, Operations testing Source: Osaki
| 1 1 CoolGen Corp.
3 Step > 1 = > (2018)

I CDZ Capture IGFC FS lesign, Construction Qperatiops testing “
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Mikawa CCS Demonstration project ECOS

Mtkawa Thermal Power Plant |

i CFB Exhaust Duct |

; Boiler —_— — :

I Exhaus! Gas ‘ Stack I

Y e —— N N g A A 1

I | { :

+ Fue| — . — _ I

I | - | . !

: e '

| Condensate I ] 2 I

: Steam Turbine || Steam : : Stripper Absorber | |

I Generator | :] Tower Tower | :

; I"""""'---...___ . 2 ~ I Plzrned Layout of CO, Capturs Demao Plant

™oy i = o

: ] " T3 . i

I —r = Absorbent Oroer

| Extraction | S e I _
Steam 1 |

! Condenser ] =® —

| ! = —U 7

| Cnnd;;att D iCnmnsate il " Absorbent

'| |_ CDE Capture Demonstrahun F’Iant

- To capture more than 500 tons of CO, per day. (500 tons of CO, per day is about 50% of the daily
emissions from the 49 MW Mikawa Power Plant). Demonstration phase: 2019 & 2020

- To evaluate performance of technology under various operating conditions, cost and environmental
aspects of the amine-based post-combustion chemical absorption technology.

Source: Japan CCS Forum 2018, Toshiba Energy Systems & Solutions Corporation
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National Research Program “COURSE 50” ECOS

CO, Ultimate Reduction in Steelmaking process by Innovative technology for cool Earth 50

Prasent steelmaking process

blast Ir.iumuéié'?ns
. withoul s ==
H_‘ N sintering l 2 CO, capture methods are
are

tested:

Sintering Plant

blast lurnace gas

Coke Oven Gas 1. Chemical absorption in

—b-‘ » D — Bhot meta ) m which a new liquid

j
1

Coke Plant absorbent was
fiace o subjected to a
Technelogies lo hetir bl
support COURSE 50 performance test

Iimprovemen! of coke

Technologies to

BUPPRHECOUGRE B hddbalinsitatid ) 2. Physical adsorption in
Utilization of COz caplure .
-.|f1u‘lf.a_"lci j-'ﬂﬁl-? Jhr?.]'. separation i[rj‘c recovary WhICh the development
of a pressure swing
adsorption (PSA)

- tEChnO|Ogy oo
_ Technology for CO2 Capture ST
| - saparation and recovery

Source: The Japan Iron and Steel Federation

Technologies to
support COURSE 50

Incregse of hydrogen

concaniralion in
coke oven gas

New technology 1

Hydrogen reduclion

Technology to decrease
€Oz emission
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International Projects ECOS

B Since 2015, the Japan International Cooperation Agency
(JICA) supports the financing of USC and super-critical coal-
fired power plants at national and international level.

B €.9.India: the Indian state-owned energy utility NTPC
received EUR 200 million in loans from JICA and the
Japan Bank for International Cooperation in 2015.

B e.g. Canada: a Japanese consortium are jointly assessing
the feasibility of the application of Japanese CCUS
technologies in Saskatchewan, Canada.
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Japanese Activities to Realize a “Hydrogen Society” ECOQS

!l_- Production

Y /)4

(supply chain)

Transportation and supply

» Use

Domestic fossil fuels

City gas
LP gas

~ Byproduct
_hydrogen

Future

" Brown coa | " f;ilu.‘_;aﬁi!ﬂmllnr-i" ' . -}-
: ByprﬂdUCt I'l'..".'ll.l'..u.}
" hydrogen :

Overseas

renewable energy

Solar power

Water
alectrolysis

Wind power

. *Use hydrogen as a means of energy -
. storage (absorb fluctuations in
»‘ [ I

iiiiiiiiiiiiiiiiiiiiiiiiiiii
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‘== City gas pipeline/LPG supply network ==3» |

Liquefied hydrogen lorry
.--_"---------- Hlj,-dmgen piE“nE n

= Installation of 103
stations naticnwida

= Promotion of regulatory
reform for cost reduction

(-—-
j..

——

~

kHvdrugen statluh_)

+ Demonstraton of the world’s
first intermational hydrogen
supply chain in 2020

* Large-scale hydrogen ocean :

Transportation network

= » Demonstration of large-
scale power-to-gas
@Fukushima/aiming for
use in the 2020 Tokya
Olympic and Paralympic
Games

"+ 3,000 vehicles installed
« 40,000 vehicles by 2020
f

_; | - Fuel cell vehicles —
rasinad) (FCV, FC bus, etc.) =
=== 7]
| =
R = s
e « Entered service cr
in Tokyo in o
& March 2017 3
\ + 100 buses by
2020
« Over 270,000 units installed + For Business
® nd Ind
i Fuel cell cogeneration ﬂ;.,, 'm.;‘f i
(e.g. Ene-Farm) models have
already been
launched in

oo

iiiiiiiiiiiiiiiiiiiiiiiiiiiii

. Hydrogen power generation
- (CO,-free thermal power plants)

+ Combined heat and
power supply using
hydrogen cogeneration in
Kobe in early 2018

-----------------------------

|||||||||||||||||||||||||||||||

Use in the industrial sector
(Power-to-X)

------------------------------

13130

Source: METI 2019
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Ongoing H, Supply Chain Projects ECOS

rtamtions s Supohy G
Ty

— -

(0, AH=AID FH R —

Off-gas

Steam. ¥ =
Methane _J ﬁbt. IE ! 1.
Reforming o il 1 e

Hydro-

genation*
(TOL-+MCH)

Electrolysis

\ System
| Liquefied (Alkaline)
c".‘r‘a"r“‘::: “'H, Carrier*
'ﬂ:l-rf:tﬂ 1'!113!_‘?0
X 4.
Dehydro- Loading
genation* Facility* Tokyo
{MCH-+TOL)
* Image

Source: METI 2019
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International cooperation project HySTRA ECOS

HySTRA (Hydrogen Energy Supply Chain Technology Research Association) is
a pilot project to establish an H, supply chain from abroad in conjunction

with CCS.

Australia Japan

Minlng $ite Facility st Part Site Facllity
[Latrobe Valley) ferm [(Hastings) Kobe Alrport island

The result of the pilot phase should be a commercially viable power plant in
the Latrobe Valley, in which a CCS plant is integrated. This plant injects CO,
into various local storage caverns.

Source: HySTRA
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Hyd rogen. Total supply COStS (production, storage and shipping) ECQS

Australia -> Japan - (USD/ Kg H2) — present costs

»  Wind + PV 2030: Free-Electricity and 1000 h/year;
35 USD/MWH and 6840 h/year

» Natural Gas price: 5 USD/million BTU
» Coal price: 2 USD/GJ and 10.3 MJ/kg

2020 2030 = =B Hydrogen Production
= i 6.80 Logistics
-, Carbon-free CO, reduction >80%
x 6.0
S
& 5.0 YT
=
-+ 4.0
S 3.0 2.86 2.72 2.54
e .
2.0
0.0
Electrolysis @ 50 Electrolysis @ 0 USD/MWh, Electrolysis @ 35 Coal gasification with CC5 Steam reforming of natural
UsD/MWh, Eff: 65% and Eff: 75% and 11% load UsSD/MWh, Eff: 75% and gas with CCS
50% load factor factor 78% load factor

Source: IRENA, 2019
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5. Summary/Conclusion ECOS

* The aim: zero domestic CO, emissions in 2050

 The plan: promote “clean” coal-fired power plants and CCS
technology domestically and abroad

e The problem:
— even clean coal is not really emission-free

— it is highly uncertain whether and when CCS technology will
be economically viable on a large scale

 The reality: Coal-fired power is being phased out around the
world
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Save the Date: EEDF 2019 ECOS

10t" German-Japanese Environment &
Energy Dialogue Forum

29/30 October 2019, Tokyo
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ECOS
Thank you for joining!

We are looking forward
to your questions and comments

Download of the presentation:

https //www ecos-consult. com/weblnar cct

WWW.ecos.eu

Clean Coal Technologies



