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Harmonic circulation of the carbon substance as energy resources
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Our research interests are developments of effective and environmentally benign processes for organic resources
such as biomasses, conventional and unconventional oil/gas. Concerning biomasses, we have developed a sustainable
hydrogen production process by utilizing waste heat/geothermal energy, sulfur and biomasses. In this process, hydrogen is
produced from alkaline water containing HS/S” (raw materials) at relatively low temperatures of around 300 C , and the raw
materials are recovered at much lower temperatures of < 100 C by using organic compounds from biomasses (e.g. glucose)
as reducing agents. Concerning oil/gas, we have developed a new concept fracture network model simulator, GeoFlow,
in order to investigate effective processes in developments of fractured oil/gas reservoirs. GeoFlow has revealed impacts
of 3-D channeling flow in developments of fractured reservoirs. In addition, we have developed a new technique to obtain
information of fracture flow characteristics from X-ray CT data of reservoir core samples at in-situ conditions. Moreover, we
have developed an on-site upgrading process using super critical water for heavy oils (e.g. bitumen). We have studied phase
behaviors in water/heavy oil systems by using a newly developed view cell, in order to optimize the upgrading process.
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Fig. 1 Hydrogen production process by utilizing waste heat/

geothermal Energy, sulfur and biomass.
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(a) Hydrogen production vs, Temperature (b) Hydrogen production vs. Initial pH
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Fig. 2 Effects of temperature (a) and initial pH (b) on hydrogen
production from Na2S aqueous solution.
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tant. Fig. 4 Oral presentahon in the World Fig. 9 Newly developed experimental system
Noriaki Watanabe  Geothermal Congress 2010 (Bali, Indonesia).

for phase behaviors in water/heavy oil systems.

(a) Flow paths at the no well condition,  (b) Production by wells, and flow path
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Fig. 5 Demonstration of 3-D channeling flow (a) and its impact on
productivity (b) in a fracture network.

(a) Mean fracture aperture vs. Fracture size  (b) Fracture permeability vs. Fracture size
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Fig. 6 Prediction of scale-dependencies in fracture aperture (a) and
resultant fracture permeability (b).
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Fig. 8 Numerical simulation for displacement  gyp=sn= % 15
process of water by decane in a rock fracture.
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