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ABSTRACT

A low-carbon cement was developed in this study as part of development of CCU
technologies using cementitious materials. The cement is made low in carbon by
adjusting its chemical composition and characterized by its ability to harden during
carbonation curing. As an application of the low-carbon cement to precast concrete
products, two types of carbonation-cured low-carbon interlocking (IL) blocks were
manufactured by carbonation curing in COz gas, and their properties were evaluated. It was
found that the IL blocks of ordinary type and of water permeable type satisfied the JIS A
5371 requirements specified for roadway IL blocks and for permeable sidewalk IL blocks,
respectively.  Evaluation was also made by means of LCA on avoided CO2 emissions to be
achieved by substituting the carbonation-cured low-carbon IL blocks for conventional IL
blocks.  The results showed that the avoided CO2 emissions by the use of the carbonation-
cured low-carbon IL blocks would be 69.1 kg/t. These results of evaluation on the properties
and avoided COz emissions indicated the effectiveness of the carbonation-cured low-carbon

IL blocks developed in this study as a CCU technology.

Keywords : Low-carbon cement, Carbonation curing, Interlocking block, Strength,
CO:2 emissions, Avoided COz emissions, CCU
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Table 1  Moduli of the low-carbon cement
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HM SM IM

Low-carbon cement 1.39 2.99 1.66

OPC (example for reference) | 2.24 2.46 1.80

HM (Hydraulic modulus) = CaO / (SiO2 +Al203 + Fe203)
SM (Silica modulus) = SiO2 / (Al203 + Fe203)
IM (Iron modulus) = Al203 / Fe20s
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(a) Molding the IL blocks

(b) Carbonation curing (c) Carbonation-cured low-
chamber

carbon IL blocks

Fig.2 Outline of the carbonation-cured low-carbon IL block manufacturing process
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Fig.3 Carbonation test for the carbonation-
cured low-carbon IL blocks
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Table 2 CO2 reduction effect per ton of low-carbon cement (kg-COz/t-cement)
(ERFRE LAY Mt H=Y D COHELFER)

Type of the Carbonation-cured low- CO2 emissions reduction by CO: absorption by Total
carbon IL blocks low-carbon cement carbonation curing

Ordinary type 243 508

Water permeable type 236 501
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Fig.6 Evaluation results on the avoided CO2 emissions per ton of carbonation-cured

low-carbon IL blocks
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Table 4 CO:2 emission factors for electricity and transport given in the calculation

(EETEZEBAEEED CO, HEHFRED)

Present Ta_rget 2030- Carbon-free state
equivalent state
Electricity [ kg/kWh ] 0.479 0.25 1213) 0
Transport [ kg/(t-km) ] 0.192 0.192 0
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Fig.7 Evaluation results on the avoided CO2 emissions assuming future carbon-free

electricity and transport

(BA-8EDH—R T ) —e~DETERTE L 1= COHIH TR EDFHEHER)



1)

2)

3)

4)

5)

6)

7)

8)

9)

32

KEPEER AV M FZEHRE (TATHEIYO CEMENT KENKYU HOKOKU) 2518545 (2023) : S£BF fih

£ E XM

David Sandalow;Roger Aines;Julio Friedmann
et al. Carbon Dioxide Utilization (CO2U) —
ICEF Roadmap 2.0. 2017, p. 7-16.
https://www. icef. go. jp/pdf/summary/roadmap
/icef2017_roadmapl. pdf, (Accessed 2023-11-
08).
BFFERE. =R VYA vn—FK~vvy 7/
Bk 2023.
https://www. meti. go. jp/shingikai/energy_en
vironment/carbon_recycle_rm/20230623_repor
t. html, (accessed 2023-11-08).
K A > b NEDO iR E R B a3 TR
FIFERAE A o ME T 0 AHATER ) (TR
W KEEEA S F=a—A L& —. 2020-06-
18.
https://www. taiheiyo—
cement. co. jp/news/news/pdf/200618. pdf,
(Accessed 2023-11-08).
— PR, SER H, WA SEIRIE . IRBEE R
AL MLET e ZAEMRRYE (B A N LY
EHLE LI —AR VYA 7 NSO FEBLIC
M 7ZBGA) . 227 U — F L%, 2021,
59(9), p. 827-829.
KFHEEAY . BAY ML PETANED
COz 53 fE - EIIN, A 20 FI FH 2R R i el K
YPEE R h=a— AL Z—, 2022-02-04.
https://www. taiheiyo—
cement. co. jp/news/news/pdf/220204. pdf,
(accessed 2023-11-08).
AL MHE. AL OB 2020 AR
2020, p.8.
TARES a7 Y — FOmREAREMm (20
2), (27U —bhiire U —X 62). 2004.
AV MR AV MO LCL T— X OE,
2022, p.8.
BRIGA, ®RFPEEL. BBREELHPEHGREK
(FrEPEHE OWRENRT AP BEFEEH) —
RIAEFEFERE (R3. 1.7 BRBEF - MK PEEB AR,
R3.7.19 —&BIBAN - HH) . 2021, p.13.
https://ghg-
santeikohyo. env. go. jp/files/calc/r03_coeff

icient_rev. pdf, (accessed 2023-11-08).

10)

11)

12)

ONOYE; Kensuke

Development of Inventory

Kiyotaka TAHARA; Toshio
KOBAYASHI et al.
Database for Environmental Analysis (IDEA).
the 9th International
Conference on Ecobalance. 2010, eP-119.

Steven Jackson; Eivind Brodal. Optimization

Proceedings of

of the CO, Liquefaction Process—Performance
Study with Varying Ambient Temperature
Applied Sciences. 2019, 9(20), e4467
BREEA. HIERIRMRL AT REHEN S 3517 5 xR OHI
JEORHL. 2021, p.6.
https://www. env. go. jp/content/000051887. pd
f, (accessed 2023-11-08).





