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FIGURE 2. Systematic diagram showing phase changes during CO; injection into geothermal
FIGURE 1. Conceptual diagram illustrating a geothermal reservoir beneath the Earth’s surface
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RESULTS

Injected CO, in geothermal reservoirs dissolves into brine, forming carbonic acid and lowering the pH, which triggers mineral dissolution. The released cations then react with bicarbonate to form stable car-
bonates, effectively sequestering CO, within the geothermal reservoir. Additionally, secondary minerals may form, influencing reservoir properties. The predominant reactions are contingent upon the reser-
voir’'s mineralogy, temperature, pressure, and fluid chemistry. These processes render geothermal reservoirs,
co, i Dissolution g Acid Y Mineral particularly basaltic ones, promising for CO, storage and utilization as depicted in Figure 2 and systematically
Injection of CO, Dissociation Reactions elaborated upon in Figure 3.In Japan pioneering a novel geothermal power generation method that replaces re-
CZ) CO,+H,0 = H,CO; H,CO; = H* + HCO; - Dissolution of CaCO; !lance on. r?atu.ral hydr.othermal fluids with supercrltlc.al carbon d!OXIde (CO,) as the working fluid. Thg proce.ss
2 | e involves injecting CO, into subsurface hot rock formations where it absorbs geothermal heat before being recir-
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FIGURE 3. Systematic diagram for CO; injection into geothermal reservoir FIGURE 4. Diagram of the carbon recycling CO,-based geothermal power generation system (Richter, 2021)

DISCUSSION

The discussions examined the technical feasibility, environmental benefits, and operational
implications of CO, injection in geothermal systems. The CO, Plume Geothermal (CPG) ap-
proach demonstrates that supercritical CO, can function both as a heat extraction fluid and a
permanent carbon storage medium. Compared to conventional water-based systems, CO,
offers improved heat recovery, lower pressure losses, and enhanced sweep efficiency, while
enabling long-term sequestration through dissolution and mineral trapping.

International pilot projects validate these findings. In Turkey’s Kizildere field, tracer tests and
numerical modeling confirmed effective CO, dispersion and controlled reservoir behavior. In
New Zealand, reinjection trials at Ngatamariki, Te Huka, and Ngawha show significant emis-
sion reductions without compromising reservoir integrity. Reactive transport modeling indi-
cates that dissolved CO, lowers pH, suppresses silica scaling, and in some cases improves
injectivity. Full reinjection at Te Huka has demonstrated near-zero operational emissions.

Japan’s CO,-based geothermal innovation further expands application to hot dry rock sys-
tems. Despite promising results, challenges remain regarding long-term geochemical chang-
es, permeability evolution, and economic sustainability, requiring continued research and
monitoring.

CONCLUSION

From this study, it has been observed that anthropogenic CO, emissions remain a primary
driver of climate change, prompting ambitious global decarbonization targets. Integrating CO,,
reinjection into geothermal reservoirs presents a transformative approach that simultaneous-
ly enhances renewable energy production and achieves long-term carbon storage. This study
synthesizes field-scale evidence from global pilot projects, including Kizildere (Turkey),
Ngawha and NgaTamariki (New Zealand), Umurlu (Turkey), and the University of Alberta’s CO,
Plume Geothermal project, providing comprehensive insights into technical feasibility, opera-
tional performance, and environmental impacts. CO, reinjection offers multiple advantages
over conventional water-based systems, including improved fluid mobility, enhanced heat
transfer, and thermal efficiency, while mitigating silica scaling and promoting beneficial miner-
al dissolution. Pilot results demonstrate potential for substantial climate benefits, with emis-
sions reductions equivalent to hundreds of thousands of vehicles annually.

Challenges remain in long-term reservoir management, scaling, chemical interactions, and
site-specific geological variability. Addressing these requires integrated monitoring, advanced
modeling, and adaptive management strategies. By scaling pilot initiatives and establishing
supportive economic, regulatory, and technological frameworks, CO, reinjection in geother-
mal reservoirs can serve as a dual-purpose, sustainable solution that strengthens global de-
carbonization efforts while optimizing geothermal energy production.

Acknowledgements

Heartfelt appreciation goes to Tanzania Geothermal Development Company Limited (TGDC) for its unwavering support, invaluable insights, and commitment to fostering geothermal innovation. Their collective contributions have been cru-
cial to the successful completion of this study. Some figures in this study were generated or enhanced using Al-assisted tools to improve clarity and visualization. All outputs were critically reviewed, validated against original data, and edit-
ed by the authors to ensure scientific accuracy.

REFERENCES

McLean, K., Montague, T., Alcaraz, S., Daysh, S., Doorman, P., Luketina, K., Tsui, K., White, B. and Zarrouk, S.J., 2023. 2020-2023 New Zealand country update. In: Proceedings of the World Geothermal Congress.

Montague, T., Stephenson, C., McLean, K., Brooks, A., Brotheridge, J., Pezaro, B., Allen, M., White, B. and Zarrouk, S., 2023. 2022 annual Aotearoa New Zealand geothermal review. In: Proceedings of the 45th New Zealand Geothermal Workshop, Auckland, New Zealand.
Isaka, A., Ranjith, P.G. and Rathnaweera, T.D., 2019. The use of super-critical carbon dioxide as the working fluid in enhanced geothermal systems (EGSs): A review study. Sustainable Energy Technologies and Assessments, 36, p.100547.

Ngata, M.R., Yang, B., Khalid, W., Ochilov, E., Mwakipunda, G.C. and Aminu, M.D., 2023. Review on experimental investigation into formation damage during geologic carbon sequestration: Advances and outlook. Energy & Fuels, 37(9), pp.6382-6400.

Richter, A., 2021. Carbon recycled CO, geothermal power generation technology. ThinkGeoEnergy. Available at: Carbon recycled CO2 geothermal power generation technology (Accessed: 4 April 2026).



