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We conducted various studies 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 and peridotite using bio-based biodegradable chelating agents and atmospheric CO, removal via enhanced mineral dissolution with natural
chelating agents.

EMHERATERBUR - BT RILFX—25EHT

HEFKE L CO: DHEEMN B ICABVWBERREIRILF—TH
%, FElC. FRE 2~ 5kmICHBHRDTEREERE (150 ~200°C) &
HRPICELABELTED, RAAEREVTEEEShTWS, LM
U. Z5ULIE#IF. REBICDERBKDEDE (BEXEOEWVWEINE)
NOBWHHEBF AN HELWESNTE ., UAREE. EYHE
ROEDEMEFL —NF GLDA ZAWCEBHUREREZER U,
ZDFER. 150 ~200°C. =K 50 MPa EWSREBFRHEFICHEWNT
b, EBROBEKEDBE~BHBFICKEI B EEZFALR (EF
it Geoenergy Science and Engineering ICIBE]) .

Plant-Based Agent Dramatically Improves Deep
Rock Permeability for Geothermal Energy

We have developed a novel method to enhance the permeability of deep
granitic rocks using GLDA, a biodegradable chelating agent derived from
plants. Mid-temperature granitic formations (150-200 °C, 2—5-km depth)
exist worldwide but are difficult to use for geothermal power because they
contain few natural fluid pathways. We demonstrated that GLDA can
increase rock permeability by several to more than ten times, even under
deep-subsurface conditions of up to 50 MPa. The findings, published in
Geoenergy Science and Engineering, open a new path to unlocking
untapped geothermal resources with low CO, emissions.

New CO. Mineralization Technique Developed Using
Peridotite and Plant-Based Reagents
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Peridotite, a major mantle rock rich in divalent metal ions such as
magnesium (Mg) and iron (Fe), has long been considered a promising
host for CO, mineralization when lifted to near-surface environments.
However, its low permeability has posed a major obstacle to efficient
CO; storage. We have developed a breakthrough solution using GLDA,
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Fig. 1 X-ray CT images of a fractured granitoid
core before and after GLDA solution injection

Fig. 2 Coupling of the ex- and in situ CO, mineralization processes via the enhanced
dissolution of peridotite using biobased biodegradable chelating agents.
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Fig. 3 Sustainable biomass power system integrating
a resource-circulating ash treatment process.

a biodegradable chelating agent derived from plants. The method
enhances rock permeability and simultaneously enables the extraction
of Mg and Fe ions for aboveground CO, mineralization processes. The
study was published in the international journal Communications Earth
& Environment.

New CO: Fixation and Fertilizer Production Process
Developed Using Biomass Ash

The use of woody biomass for power generation continues to grow
worldwide, leading to a rapid increase in biomass ash, a combustion by-
product. Although this ash contains valuable elements, such as potassium
and calcium, it also contains hazardous heavy metals, making safe and
efficient utilization difficult. This challenge has undermined both the
economic and environmental advantages of biomass power generation.
We have developed a novel process that simultaneously reduces
environmental risks, recovers useful resources, and captures CO, by
using GLDA—a biodegradable, plant-derived chelating agent—together
with CO,. The method enables the extraction of valuable nutrients while
immobilizing heavy metals and converting CO; into stable carbonates.
The findings were published in the international journal Resources,
Conservation & Recycling.

A “Decarbonization Revolution” for Concrete
Product Manufacturing

Concrete product manufacturing faces two major environmental
challenges: the generation of large amounts of solid waste and significant
CO; emissions. CO, mineralization—fixing metal components in waste
materials as carbonates—has emerged as a promising solution to address
both issues simultaneously. However, conventional technologies require
large quantities of chemical reagents and generate wastewater, creating
serious environmental and economic barriers to practical
implementation. We have assessed the feasibility of applying a
recyclable, environmentally friendly chelating agent (GLDA)-based
CO, mineralization process directly within concrete product factories.
We also evaluated the associated reductions in environmental impact.
Our study shows that the proposed technology can simultaneously
reduce sludge-cake waste generated during concrete production and
capture CO,, resulting in a substantial decrease in overall environmental
impacts, including global warming potential. The findings were
published in the international journal Scientific Reports.
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Fig. 4 CaCO; generated from concrete sludge cake via recycled
use of a chelating agent solution.
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