September 2nd | 2024

The 33rd "Clean Coal Day in Japan" International Symposium (2024) ,{-:5:‘: =
@ TAIHEIYO CEMENT

Developments of Taiheiyo
Cement Group’s innovative
technologies for carbon
neutrality

Y. ISHIDA,

Carbon Neutral Technology
Development Department,

Taiheiyo Cement Corporation

s

CARBON NEUTRAL

k TAIHEIYO CEMENT J

=T ER, (201958HMT)

2024 ©TAIHEIYO CEMENT




Today's Topics

1. Carbon Neutral Strategy 2050

2. Development Status of Innovative

Tec
3. Car

nnologies for CCUS

bon Neutral Model Plant Plan

4. Summary and Future Development

& TAIHEIYO CEMENT  2024©TAIHEIYO CEMENT




Developments of Taiheiyo Cement Group's Initiatives

2015 Incorporated the CSR Objectives for 2025, which included a target of reducing
0 greenhouse gas emissions, into the Mid-Term Management Plan.
I (10% reduction in net CO, emissions intensity compared to 2000)

« Endorsed the recommendations of the Task Force on Climate-Related

2019 | Financial Disclosures (TCFD).
« Formulated the outline for the long-term vision of greenhouse gas
emissions reduction towards 2050.
2020 ‘ Developed specific measures for the long-term vision of greenhouse gas
‘ emissions reduction towards 2050.
2021 - Established a Carbon Neutral Technology Development Project Team to

achieve carbon neutrality.
« Published the 2023 Mid-Term Management Plan in which the Carbon Neutral
Strategy 2050 was announced.

2022 l Set up the Technology Development Roadmap and the 2030 Interim Target

for the Carbon Neutral Strategy 2050.
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Supply Chain Initiatives for Carbon Neutrality

Actions in the supply chain

! More than 95% of the total CO.  J§ : =
: emissions comes from the W

+ cement manufacturing process. Tanlkars anid Picle:

: Made more energy-efficient,
switch to EVs

Cement
manufacturing

O2 capture
ergy and efficiency

- Heavy machinery: switch to EVs !
- Plant trees at mines and quarries ; \

[ Limestone mining ]

and distribution

o056

Waste and by-product |
sourcing

CO:
utilization

Raw materials [ <;°"_e |
procurement . Initiatives |

" CO2absorbed
by concrete

Aggregate production
and distribution

Trucks:
Switch to HVs and EVs

Contribute to the creation
of circular economies

To make the entire supply chain carbon neutral by 2050.
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Raw material-derived Energy-derived

(decarbonation*) - Fossil energy and
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« CO, emissions from cement kiln (average): daily 2,500-3,000
tons/kiln

« About 60% comes from raw materials, and about 40% comes
from energy use.

— More than 50% of CO, emissions are derived from raw materials.
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Technology Development Roadmap

- Establish technologies that contribute to
50% fossil energy replacement.

- Establish gas firing technology and
study its introduction in our plants.

5 z = 2030 interim target .
Taiheiyo Cement Group's CO, reduction targets (reduction of emissions inkensity by 20% of mare
throughout the supply chain compared to 2000) by 2050
2022 2030 2040 2050 | Develo p an d
Subject / ; i i
) ; ; standardize
- Energy saving and improved e ncy (high-efficiency coolers, gas and waste 1 -
> heat powes generaton.etc) )’( | e e technologies for
(@] J 1 )
& e Uuc ca - Establishment of technology contributing to a 50% use of waste-derived energy : Use of synthetic methane L u Se Of SC M S .
g c - Establishment of gas firing tech - Eatiented Soncaphiaed el
O c g g fechnology ! hydrogen, and ammoni
° | g | . Develop low-
+ - Standardization of increased use of minor mineral Commercialization and
S g’ = admixture in OPC in domestic business area popularization C O 2 Ce m e n t
P ) - Development of technology to utilize - H
é g SCMs" in overseas business area Eandedused : ! te C h n O | 0 g I e S -
@) Ll : : - Development of low-CO, cement technology Market introduction, commercialization, and
8 (CARBOFIX®, etc.) popularization
é -C[ée;v;l?‘eprlgfg g(f):;)rbon circulation technology (chemical absorption method, i Utilization of captured CO, D ev e | O p C 02
o ovative Y
O

DIOQ - Development of CO,-capturing cement production process (C2SP kiln**) Sequential deployment to domestic Ca pt U re a n d
- Development of process to convert captured CO, into synthetic methane and overseas plants - .
. utilization

' technologies.

- Optimization by use of EVs and Al in the transportation sector
Other than cement - Limestone mine greening and development of algae propagation technology,

2 etc.
prOducnon RrOcEss - Standardization of accounting for CO, uptake by concrete carbonation

(recarbonation)

Introduction and deployment
throughout the supply chain

*Supplementary cementitious materials, **Trademark registration in process
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CCUS-related Technological Development Projects

Stable supply of waste concrete & sludge
(1) NEDO-funded Project

——— ——————————————————————————————————————— — —

¢ ~
- - - - '
E Chemical absorption CO: mineralization '
! Carbonated slurry system; :
| "-  alialial CARBOCATCH?® E
: St CO= Cenent Water ]
: Carbonation Log::égepr:\;gt; U U :
- S e equipment I
L =EEE 1YY |
B - = Reaction tank ~Surry tank | :
! \ .
-------------------------------------------- Rgg\llzatlon
CO:capture @ CO.utilization  CO.storage of,Carbon
ma-\%?g:ﬁ-mg 1 Figh purity COs e — (o sutrality
ICO. purificati
plant :Cozﬂpm'"s‘»( J ! &Iit;wu:fact}:atioc:mn |
1 cak:mer i [ Ship I
| " Combustin :: y COstank igading |}
: Energy {’ e 300 :: ==+[EEH  equipment !
4l CO.-capture cement :i ‘ e |
Hll production process : ! :
: C2SP Kiln® : K
(2) Gl Fund Project (3) JOGMEC Prcuect

Stable supply of green hydrogen & clean energy

« Our technological development has been supported by various
government subsidy programs, including GI Fund and others by NEDO
and those by JOGMEC.
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(1) NEDO Project (2020-2021*): Development of Carbon O\O

Circulation Technology for the Cement Sector

Themes:

« CO, capture technology: chemical absorption method (amine process)

« CO, utilization technology: CO, mineralization in cement and concrete
materials

CO, fixation into
/7~ concrete sludge ™\ e
E

N Ball Mill Cement 1 @
—> .S “
= Bl . COfixation
T into ready-
prep (), Dissolver leE,‘d
@ C;C)2 - b Slurry Mixing Tank| = ‘ 2 concrete
Capture ok Uplu-i:; I | J LReady-Mixed ConcreteJ
Concrete Sludge
| CO2 Liquefaction k = =

~\

 Carbonation Reactor (Externally Heated Rotary Kiln) Paving
@ Material
T T o Dy 0 I"" Crusher ﬁ

Carbonating

Low-CO, Cement J Carbon-
e cured

demolished

Concre_te, Demollshed Concrete | ( Q/ 5()1 ter . ‘ & Carbonation Curing precaSt

Recycling v concrete

cement paste | ‘ using low-
! W Concrete Products

as a limestone Cement Raw Materials 1 Paving Matarial P [ J

CO, cement
i &S e
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@ CO, Capture from Kiln Exhaust Gas oo

TAIHEIYO CEMENT

Chemical absorption method

«Plant specifications and
results»

v

™58 Avson
PSS oo
T
\ 'ﬁ-‘; .'

« Method: amine solution

« Plant height: 25 m

Pre-treatment :7“ T B el itorllsg]enr
\ .
column \ ; CO2 gas tanks

(Each 25m3)

« CO, capture capacity: 10
t/day

« Concentration of
captured CO,: 99% or
above

« In operation since
December 2021.

' A complete set of equipment built in a
* frame for compact installation

Demonstration test is ongoing at a scale of 10 t/day, which is the first in
Japan for a technology to capture CO, from actual kiln exhaust gas.
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@ CO, Sequestration in Waste Concrete \)\O

CO, sequestration demonstration plant (Kumagaya Plant)

«Plant specifications and results»
« Method: rotary kiln

« Amount of waste concrete treated:
500 kg/h

« Amount of CO, fixed: up to 125
kg/t-cement

CO2 sequestratlon reactor
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3 Low-carbon Concrete Products Cured in CO, Atmosphere o0

TAIHEIYO CEMENT

CARBOFIX® cement

CO, emissions

« CARBOFIX® cement uses less limestone and can be burnt at lower
temperatures compared to ordinary portland cement, thereby
reducing the raw material-derived and energy-derived CO, released
during manufacturing.

- High strength is developed by absorbing CO, (fixed in the form of
CaCOs5) during hardening.

« As a result, up to 60% reduction is achieved in CO, emissions.

Reduced . Energy-related CO2 emissions
by about are reduced.
Energy- 60%.

related . Raw material-related CO2
emissions are reduced.

. COz2 is absorbed during the
hardening process.

Raw material-
related

Emitted CO,

Ordinary portland cement™ CARBOFIX”® cement
Figure 1. An example of CO; emissions of a concrete product using CARBOFIX cement Appea rance of CARBOFIX
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@ CO, Sequestration in Fresh Concrete

CARBOCATCH®

« A system that fixes CO, in cement slurry at a high efficiency (reaction
efficiency: over 90%) while the slurry is circulated through a reaction

bath filled with CO,.

« Applicable to both precast concrete and ready-mixed concrete, and
capable of fixing about 8-20 kg of CO, per 1 m3 of concrete (depending

on the concrete mix proportions).

« Equivalent to ordinary concrete in strength development and durability.

Cement Gravel Sand Water

—

f CO, Cement Watem
v Vo

-

Reactor Slurry tank
\L viank
CARBOCATCH™

=

Conceptual diagram of CARBOCATCH®
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CO2 uptake rate in cement slurry (%)

0

90% or more of externally

CARBOCATCH can fix
supplied CO:z (efficient)

20

B

Aeration CARBOCATCH
(Conventional technology) (Taiheiyo's technology)

CO, uptake rate in CARBOCATCH® slurry

& TAIHEIYO CEMENT  2024©TAIHEIYO CEMENT

12



CARBON NEUTRAL

7~
@ CO, Sequestration in Fresh Concrete ‘)\O

Applications of CARBOCATCH® slurry

Photo 2. “r"ave-dissipatn concrete block Photo 3. Precast concrete products (continuous
manufactured by using CARBOCATCH foundation blocks for guardrail) manufactured by
slurry using CARBOCATCH slurry

Photo 4. Test construction of pavement concrete using CARBOCATCH slurry
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(2) Gl Fund Project (2021-): Development of CO,-capturing O ®
Cement Production Process

Themes:

« CO, capture technology: CO,-capture calciner (C2SP kiln®~)
* CO, utilization technology: methanation technology suitable for the
cement process

CO, captured at high concentrations can
be reused as it is.

CO, derived from raw materials and energy

Cement raw — j - ; . S
material?' , Raw material-derived CO, -4 CO, utilization

CO,-capture | bbbty Energy- Part of CO, is converted\
3 calciner SCNVELEREOPN  to energy (methane)
) precheater  peeee— and reused in cement
\l_ ! [ production
n | ) | - Methanation
} . p— J» Combustion | CO, + 4H, - CH, + 2H,0 )
!— L j -3 supporting gas :
| e e 5 (&) ' - Reuseof
X : L CHs
1
‘ - . o :
Y, |: g ol
\d | -: i Energy
_ 2 - == Gas flow
Rotary kiln — Material flow

Cement production process incorporating a CO, capture system
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(2-1) Development of CO,-capture Calciner
Overview of conventional cement kilns (NSP kilns®)

Cement raw materlal* COZ emission ratio /Suspension Preheater \
\ CVC'O”e = A heat exchanger that consists of four or
4 _ five stages of cyclones. Preheats raw
Suspen5|on preheater 5% materials to about 700°C by using hot kiln

(raw material-derived 5%)
exhaust gas.

Cyelon® Calciner 70%
(0] -
[ l‘ "8 (raw material-derived 50% + fuel- —Calc_:lner _
\ . derived 20%) alcines raw materials (decarbonates
- Cal terials (d bonat
t > limestone), with energy source supplied.
i . = Decarbonation rate: 80-90%
Cyclone : Qll 1 Rotarv kiln
b f"“ IOl 2 T;_nirg_y_________ Burns decarbonated raw materials at about
- Y| Approx 1450°C to produce clinker, with energy
: :I 800°C source supplied.
14 Kiln 25% Cooler

| (raw material-derived 5% + fuel-
gy corved 20%) Part of the hot (about 800°C) air after heat

: t{ Kexchange is used as a /

- Gas flow Rotary kiln Cooler
) NSP kiln(New Suspension Preheater kiln)
- Material flow ) . . . .
*Suspension preheater kiln equipped with a calciner.

Cools hot clinker with air.

Energy

T R E R R R R R T R 4

Our GI Fund project aims to develop technologies to efficiently capture
CO, generated in the calciner (70% of the amount generated). 15
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(2-1) Development of CO,-capture Calciner
Overview of the CO,-capture calciner

Approx. 30% of CO, generated
(raw material-derived 10% + energy-derived 20%)
Captures about 70% of CO, generated. O Com paCt C02 Ca ptu e system

ial-deri 0 -deri 0 . . ..
(raw material-derived 50% + energy-derived 20%) . TthGIYO'S technology to eff|C|entIy

i

\_’ : CO, is captured at high :

~>0 ) e e and directly capture CO2 from the
v ; calciner at the source.

Cement raw material ‘

7 \

u
7S 1 Dry-based e The concentration of CO2 is made
3 N ' higher by replacing air with

polg = : -

"N o T oxygen to support combustion.

B b CO.-capture :
I U< | e _ O Advantages of the conventional
2 4 . | Combustion . ] )

20 7T W e The high heat exchange

- circulating CO,

performance of the NSP kiln is
exhaust gas

maintained.
e Waste usage is at the same level

= t%::a Energy as, or higher level than,

conventional kilns.

il

[---» Gas flow J Rotary kiln Cooler
W

—p Material flo

Carbon neutrality will be reached, with the CO, reduction (20%) through the use
of carbon-free alternative energy and the natural CO, uptake (15%) by the
concrete in service taken into account. 16
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@ Development of CO2-capture Calciner ‘)\O

Small-scale demonstration equipment

Location: Sanyo Onoda City, Yamaguchi, Japan (in the premises of Onoda Plant,
Taiheiyo Materials Corporation)

Raw material heater| .

Calciner

Raw material tank

| E N | gﬂCYCIonex '

Bag filter Gas cooler | | Rising duct Rotary kiln

«Specifications of the equipment»
Clinker output: 5 t/day
CO, capture capacity: 2.4 t/day

Methanation equipment: 300 Nm?3 of methane/day
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(2 Methanation Technology Suitable for the Cement Process

« Synthesized e-methane is produced by using the CO, captured at the
CO,-capture calciner, and reused as a thermal energy source for the
kiln and calciner.

« The captured CO, has acid gases, oxygen and other components that
inhibit the methanation catalyst, which requires development of
pretreatment technology. = Joint research with IHI Corporation

« Feasibility study (FS) is required for injection of e-methane synthesized
from the captured CO, to city gas pipelines. = Joint research with
Tokyo Gas Co., Ltd.

CO, captured at high concentrations]

CO, derived from raw materials and energy can be reused as it is.

Cement raw . | e
material?' } Raw material-derived CO, [ "3 CO, utilization

CO,-capture S\ Part of CO, is converted to
!— ) calciner
| i Pre-heater

derived energy (methane) and

[ Co, reused in cement production
< . i T 3 ' 3 CO, + 4H, - CH4 + 2H,0
r 2 } _' | \ Y Methanation
\ —» Energy J\, Combustion
!—— 1 o supporting gas !
o iR o (O2) »--f Reuse of
\ : CH,
1
r
I_ —_
= :
= e
—_— [---p Gas flow ]
= Rotary kiln ; -
wl By —p Material flow 18
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(3) JOGMEC Project (2023-): Japanese Advanced CCS OO
Projects by JOGMEC

v" CCS project in the Tohoku region on the Sea of Japan side
Capture CO, emitted by the hard-to-abate sectors including steel and

cement industries.

Transport the captured CO, by ship.
Store the CO, offshore the Tohoku region on the Sea of Japan side.

v Consortium members and their roles
l JOGMEC ‘

l Outsourcing  contract

Managing conpany
Nippon Steel Taiheiyo Cement MHI ITOCHU CIECO INPEX Taisei
= Jrenwy Jrennay ’
s NIPPON STEEL |69 TAIHEIO CEMENT || o' MITSUBISHI JTOCRYS JTOCRY INPEX 4!* TAISEI
o Study of the Study of CO2
= . . e 5
g separation, capture | [Overall coordmation, | [Technology and mjection and Study of CO
£ |Study of separation, J|Study of separation fJand liquefaction of | |evaluation of cost/economic underground storage, | |. . y o i
3 5 . S oafaks . i . N o i 2 injection and
capture and capture and CO2/ Study of ship | |economic, evaluation of the CO2 monitoring s
o 0 : 3 : : ~— § 3 8 K underground storage
% |liquefaction of CO2 J|liquefaction of CO2 ff transportation of arrangements and entire value cham, planning, and overall 2%
A A ST X z B X 5 = and receiving and
S |and shipping and shipping liquefied CO2 and management with and study of CO2 evaluation of e l:tr:s
. - 3 ~ e v . 3 § < CLi
2 |terminal terminal onshore liquefied CO: emitting injection and technologies at ( ongl;c iities)
& CO2 receiving and companics underground storage | |receiving and storage L
storage facilities facilities

v" Role of Taiheiyo Cement Group
Study on purification, liquefaction and shipping bases for CO,
(captured by the C2SP kiln within the scope of the GI Fund project)

Examine Kawasaki Plant of DC Co., Ltd. as a possible model plant

& TAIHEIYO CEMENT  2024©TAIHEIYO CEMENT
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Carbon Neutral Model Plant Plan ‘)\O

v Innovative CCUS (CO, capture, utilization and storage) technologies need to be
introduced to make the cement sector carbon neutral.

v In our GI Fund project, real plant demonstration will start in 2026, and
development of innovative technologies will be completed by 2030. = Our carbon
neutral model plant will be realized in 2030.

v' Study on Kawasaki Plant of DC Co., Ltd. for the carbon neutral model plant has
been started (released on August 7, 2023).

—— Study points for the carbon neutral model
plant:

O, Capture I ~_ 1) GI Fund project: real plant demonstration
s & of the CO,-capturing cement production

system (C2SP kiln®)

€ i 2) JOGMEC project: Feasibility Study on the
%4~ Implementation of Advanced CCS Projects
(2023)

3) Study on the carbon neutral model plant
plan in which CO, capture, CO, utilization
(CO, mineralization, methanation, etc.) and

_ CO, storage technologies are implemented
Conceptual image of a CN Model Plant at the real plant level.

9
aga?gﬂ
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Summary and Future Development

(1) We have set forth the Carbon Neutral Strategy 2050, seeking to achieve

(2)

(3)

(4)

carbon neutrality across the entire supply chain by 2050. To reach the
goal, a technology development roadmap and interim target for 2030 have
been formulated.

Innovative CO, capture and utilization technologies need to be established
for the achievement of carbon neutrality. Such efforts in¢lude the GI Fund-

During the transition period until C2SP kiln® is widespread, ¥ of blended
cements and other low-carbon cements will be promoted in parallel.

& TAIHEIYO CEMENT  2024©TAIHEIYO CEMENT 21



= g 4 ’ e i
s . 7 ’ A : o 4 5 g
- h ,A‘. . . ", s} Z AN (i (o
A 3 l ' G5 : -3 4
\ . E } . ," . g .
¥ 2 y -~ " - o DY

" ’/ X W 4. : - T4 9 -y A 7

4 4 D, . B R
3 4 Ak { %

- \ S
VL & o

J. Talhelyo Cement _C_iroup W|Il.conduct

f:
|ts busmess actl |e§"in harmony not
4 onl W|th economic development \
"’ - AR

butfalso,with enwronmental R
2 s A\

vwl con5|derat|on§ a\nd semal %
& contribution. S
/Q \j\b\u\({\ X ‘) ///
~ \ s\\\\ \\ : X y, /
% /7 \ . \\ \\\\\\ \ // /
| \\ SON 'y 4

ank you for your wattentlon /

4k N 7
< & ~' - ,h- A._ - . N\ ‘




	スライド 1
	スライド 2: Today's Topics
	スライド 3: Developments of Taiheiyo Cement Group’s Initiatives
	スライド 4: Supply Chain Initiatives for Carbon Neutrality
	スライド 5: CO2 emissions from the cement production process
	スライド 6: Technology Development Roadmap
	スライド 7: CCUS-related Technological Development Projects
	スライド 8: (1) NEDO Project (2020–2021*): Development of Carbon Circulation Technology for the Cement Sector
	スライド 9: ① CO2 Capture from Kiln Exhaust Gas 
	スライド 10: ② CO2 Sequestration in Waste Concrete
	スライド 11: ③ Low-carbon Concrete Products Cured in CO2 Atmosphere
	スライド 12: ④ CO2 Sequestration in Fresh Concrete
	スライド 13: ④ CO2 Sequestration in Fresh Concrete
	スライド 14: (2) GI Fund Project (2021–): Development of CO2-capturing  Cement Production Process
	スライド 15: (2-1) Development of CO2-capture Calciner
	スライド 16: (2-1) Development of CO2-capture Calciner
	スライド 17: ① Development of CO2-capture Calciner
	スライド 18: ② Methanation Technology Suitable for the Cement Process
	スライド 19: (3) JOGMEC Project (2023–): Japanese Advanced CCS Projects by JOGMEC
	スライド 20: Carbon Neutral Model Plant Plan
	スライド 21: Summary and Future Development
	スライド 22

