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Deepening of Geo-Environmental Science and
Sustainable Energy Resource Development
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We have conducted various research in energy resource and environmental sciences and engineering, such as environmental risk assessments,
geosciences and geoengineering in light of energy resource production, geo-informatics, and so on, for our sustainable future. We have investigated
hydraulic, mechanical, and chemical properties of rocks at a wide range of temperature and pressure conditions, as well as ways to control and utilize
them, particularly for sustainable and profitable production of petroleum and geothermal resources as well as CO, sequestration and mineralization.
Recently, we initiated research on a new method for CO> mineralization in which an environmentally friendly chelating agent is applied and is recycled
to dissolve calcium silicate efficiently and produce high-purity calcium carbonate in an alkaline aqueous solution. Furthermore, we initiated new
research on atmospheric CO, removal in croplands via enhanced weathering of industrial calcium-rich silicate by-products.

BERSHEAT R B ODE RN  BERSR K ERRIE
REBICHATEZBRAKCEAEZIOEENBFIND
400CU LM TIRET 0)7J<I_E)S‘ZE+ IC& 3BT BEERK > We have published simulation results of supercritical geothermal
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Formation of supercritical geothermal reservoir:
Supercritical hydraulic fracturing

dimensional supercritical geothermal reservoir formation simulator was
developed based on experimental findings on fluid pressure and crustal
stress conditions for initiation of the supercritical hydraulic fracturing
BERYI AL —Y TH D, AVIaL—FZEZFEL and degree of permeability enhancement induced by the hydraulic
fracturing. Reservoir formation simulations using this new simulator
showed that the hydraulic fracturing was able to form reservoirs with a
radius of several hundred meters and that the initial crustal stress field
had a significant effect on reservoir-formation behavior.
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UARE THRAUCRERAMEF L — MNIZBAWH - 2R A new chemical stimulation method using environmentally friendly
mklc kb (3§ 7115692). SEMIDOMEREEL DML, 8% chelating agents, invented in our laboratory (Patent 7115692), has been

shown to rapidly and significantly improve the permeability of fractured

Improving permeability of geothermal reservoir
using an environmentally friendly chelating agent
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Fig.1 Simulation of supercritical geothermal
reservoir formation

Fig.2 High-temperature true triaxial rock
mechanics experimental system

Fig.3 Wellbore failure of granite in a supercritical
geothermal environment
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(Yoshioka et al., Frontiers in Environmental Science).
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granite (a type of rock that can serve as a geothermal reservoir) without
causing mineral precipitation. Chelating agent flooding experiments on
fractured volcanic rocks, taken from geothermal fields in El Salvador,
were newly conducted, and as a result, it was shown that the new
chemical stimulation method was also effective in geothermal reservoirs
composed of volcanic rocks (Salala et al., Geothermics).

Enhanced CO. mineralization process using
renewable chelating agent

To solve the major problems (i.e., large consumption of chemicals and
generation of large amounts of waste fluid) in the pH swing process,
which is a well-known enhanced CO, mineralization process, we
proposed a new process to enhance CO, mineralization at around room
temperature using an alkaline solution of a renewable chelating agent,
and we experimentally demonstrated the technical feasibility of the
process (Wang et al., Journal of Environmental Chemical Engineering).
The process consists of enhanced extraction of calcium (Ca) from
silicates by proton and chelating agent attacks in a chelating agent
solution under weak alkalinity, production of carbonate minerals from
Ca and carbonate ions in the same solution under elevated alkalinity, and
regeneration of the extraction solution by CO, gas capture with the same
solution. This chelating-agent-based enhanced CO, mineralization
process conducts all reactions under alkaline conditions and produces
no waste fluid.

Atmospheric CO, removal in croplands via
enhanced weathering of calcium-rich silicate
by-products

Enhanced weathering of calcium-rich industrial by-products in croplands
has been proposed as a method that can be used for large-scale removal of
atmospheric CO,, but the effectiveness and characteristics of this method
have not been experimentally clarified. Therefore, we clarified the
effectiveness and characteristics by conducting laboratory experiments
using andosol as agricultural soil, decomposed granite soil as nonagricultural
soil, and Portland cement, steel slag, and coal fly ash as industrial by-
products (Yoshioka et al., Frontiers in Environmental Science).
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Fig.6 Atmospheric CO2
removal by andosol with
calcium-rich byproducts
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