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We conducted various research in energy resource, environmental sciences, and engineering, such as environmental risk assessments, geosciences, and
geoengineering in light of energy resource production, and geo-informatics 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, 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 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 biodegradable chelating agents and atmospheric CO,
removal via enhanced mineral dissolution with natural chelating agents.
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Creating geothermal reservoirs by injecting CO-
and/or environmentally friendly chelating agents

Japan Organization for Metals and Energy Security (JOGMEC) has

fracturing using CO», a new rock fracturing method that combines the use
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Fig. 1 Simulations on fracturing of a volcanic
rock by water and CO, injection

Fig. 2 Thin-section microphotographs of
fractured granite after a chelating agent flooding

Fig. 3 Formation of voids in a fractured
volcanic rock by a cheating agent flooding
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in basalt before and after a
chelating agent flooding
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Fig. 4 Isolated pore distributions

Enhanced CO. geological storage and mineralization
in basalt using biodegradable chelating agents

By applying the chemical stimulation method for geothermal reservoirs
using environmentally friendly chelating agents invented in our
laboratory (patent 7115692), we invented a technology to enhance CO,
geological storage and mineralization in basalt using biodegradable
chelating agents. This year, we initiated a joint research project with a
private company on the application of this technology to promising
basaltic CO, reservoirs in Japan.

Enhanced CO; capture and mineralization process
using recyclable chelating agents

An advanced CO: capture and mineralization process, assisted by a
chelating agent, has been developed for large-scale application (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
(regeneration of the solution). This process is currently undergoing
practical implementation through joint research with multiple companies.

Atmospheric CO, removal system using accelerated
mineral dissolution by natural chelating agents

The dissolution of some silicate minerals in water raises the pH level and
facilities CO, gas adsorption, and the presence of chelating agents boosts
this process. Based on this, our laboratory proposed an innovative
atmospheric CO, removal system using natural chelating agents such as
amino acids, and water abundantly present in wetland ecosystems to
accelerate mineral dissolution. The effectiveness of this system has been
experimentally demonstrated. We also identified specific natural chelating
agents with high promotion capacity, establishing a foundational theory
and toolbox for potential system applications.
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Fig. 6 Natural chelating agents accelerate mineral
dissolution for atmospheric CO, reduction

Fig. 5 Enhanced CO,
mineralization process using
a recyclable chelating agent
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