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We conducted various research in sciences and engineering related to energy resources and environments, such as environmental risk assessments and
reduction, and geosciences and geoengineering, in light of energy resource developments and environmental protections for a sustainable future. We
have investigated hydraulic, mechanical, and chemical properties of geomaterial such as rocks at a wide range of temperature and pressure conditions,
as well as ways to control and utilize them. Our work focuses on the sustainable and profitable production of petroleum and geothermal resources,
atmospheric CO, removal, and CO, geological storage and mineralization. Recently, we initiated research on a new method for CO, mineralization, in
which an environmentally friendly chelating agent is applied and recycled to efficiently extract calcium from industrial waste for high-purity calcium
carbonate production in an alkaline aqueous solution. Furthermore, we initiated new research on enhanced CO, geological storage and mineralization in
basalt using biobased biodegradable chelating agents and atmospheric CO, removal via enhanced mineral dissolution with natural chelating agents.
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HEDS CO: TR ZITWREY 2D — R VT A7) CO: it conducted research and development of carbon-recycling CO, geothermal
HRBRIMOMFEHFED JOGMEC ICLDEHEINTWVNS, HifFR power-generation technology, in which a geothermal reservoir is created by
ETIR. COFBABBROEBHELVTOEREZENERE LOHIE rock fracturing using CO,, and CO, heat extraction from the created
YXal—YavicKD#ERRLU (Takuma et al., Geothermics) o reservoir generates electricity. In our laboratory, the characteristics and
rocesses of CO, fracturing were elucidated by laboratory experiments and
Efo. COBEMBICEIBRAERBT B0, Fllc COr e D o0 s O v 0Tty X
numerical simulations (Takuma et al., Geothermics). To overcome the
KEHAUCERRBEZRBL (5 2024-094841). £0% disadvantage of rock fracturing using CO,, a new rock-fracturing method
BELOEHEZBESHICULIZ (Pramudyo et al., Geoenergy that combines the use of CO, and water was invented, and characteristics
Science and Engineering). &5z, BERKOEANE BER and effectivear’less of the method were clarifiedl (Pramudyz etal., G:ienergy
. - Science and Engineering). We previously invented a rock-fracture
e L, BRUBOURINOBBEETESCHLHIRERALL. and Engineering). We previously invented a rockfract
permeability improvement technique using selective mineral dissolution
REFANEFL - MICLIBROMBMBREAVCEGESHE via environmentally friendly chelating agents to minimize the use of high-
BERERM (IFEF 7115692) ICEAEL T, #Hifzlc, CO2 e pressure fluid injection and concern of induced seismicity (patent 7115692).
OHEFEERETZEESIC (Pramudyo et al., Geoenergy In this yeiifr, we newly prop(:ised a v&lfay to use this technique in combination
with CO; fracturing (Pramudyo etal., Geoenergy Science and Engineering).
Science and Engineering). XILEZERANDERICE TS pH ’ 8( Y & s 2)
DEE=EBESMC U (Luis et al., Geothermics)

Creating geothermal reservoirs by injecting CO;
and/or environmentally friendly chelating agents

Japan Organization for Metals and Energy Security (JOGMEC) has

Moreover, we clarified the importance of pH in the use of this technique for
fracture permeability improvement in volcanic rocks (Luis et al.,
Geothermics).
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BEMREFL—NMIOZEFHFWAAICED TOOCUTDORERTY
'R CO. BUY - SR EE KM ERFE Ulc (FaF 7345791). £
fffld. R TO CO2 ZRINS B loF L — MEIKAR (HHER) &
DEEREVMNSOAILY UL (Ca) OHHORE., HmEROME
(100°Ck#) ICLDRBISHMMDOEEL KU CO2 HRIRINIC LS
HMHEBROBAEHI 5425 (Wang et al., Journal of Environmental
Chemical Engineering). AT, #RD CO: SLYIEE Kl
DHOMBEZBRIDEEBIC. EBEROEINGERFS . HH
OEEERALICAFcERAREZERLTND,

PI/BREKREEFALIEARTH COBREVAT L

TABIELYDKPTORMREICELSD pH EEEZFIALT. KK+
CO2 DIKNDBBRERETED, —A. FPI/B (RAFL—KA)
(FIE DB R Z RN B D, 22T TI/BRICLDIME
FREERERTH CO2 REMRZEARRICLDIRIEL. NaCl
ET /BN BHRERETIDICHEENRZHKRE U, k.
FPI/BNEEICFET R KREZHAUCEHRNZAI[H CO:
BREVRATLZERZEUR (Wang et al., Environmental Science
& Technology)
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Enhanced CO. geological storage and mineralization
using biobased biodegradable chelating agents

We acquired fundamental data on dissolution behaviors of minerals
under the conditions of CO, geological storage and mineralization (Wang
et al., ACS Omega; Wang et al., American mineralogist). Additionally,
we published an innovative method for enhanced CO, geological storage
and mineralization using biobased biodegradable chelating agents that
enhance mineral dissolution and trap metal ions in Science Advances.

Enhanced CO; capture and mineralization process
using recyclable chelating agents

An advanced CO; capture and mineralization process using a recyclable
chelating agent solution has been developed (patent 7345791). This
innovative approach tackles common challenges in CO, mineralization,
notably the excessive use of chemicals and substantial wastewater
generation. The process involves the enhanced extraction of calcium from
industrial waste using a CO,-charged chelating agent solution at room
temperature, carbonate mineral production by heating the extraction
solution (< 100°C), and CO; capture by the extraction solution for solution
regeneration (Wang et al., Journal of Environmental Chemical Engineering).
This process is currently undergoing practical implementation through
joint research with multiple companies.

Atmospheric CO, removal system using amino acids
and aqueous environments

The dissolution of silicate minerals in water, which increases pH, can be
applied for atmospheric CO, removal, and amino acids, the natural
chelating agents, have the potential to boost this process. We experimentally
demonstrated the effectiveness of amino acids in enhancing mineral
dissolution, revealing a synergistic effect between NaCl and amino acids in
enhancing mineral dissolution. Based on the findings, innovative
atmospheric CO, removal systems using amino acids and aqueous
environments was proposed (Wang et al., Environmental Science &
Technology).
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Fig. 1 Water and CO, fracturing simulations of
a volcanic rock under geothermal conditions

Fig. 2 Water-assisted CO, fracturing of a volcanic
rock under geothermal conditions

Fig. 3 Temperature-swing process for CO, capture
and mineralization using a recyclable chelating
agent solution

Fig. 4 CO, geological storage and mineralization
using biobased biodegradable chelating agents

Fig. 5 Improvement of pore properties of basalt
using biobased biodegradable chelating agents

Fig. 6 Atmospheric CO, removal using amino
acids and aqueous environments
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