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A New Principle of Carbon Resource Conversion for Reduction of Carbon Dioxide
Emission by a Large Scale
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We proposed a novel system that produces electric power and organic compound

(secondary carbon resource; SCR) from fossil fuel or biomass accepting external C02, 1.e., a carbon

negative coproduction system. We numerically simulated the coproduction of that system consisted
mainly of steam/C02 reforming (or gasification), fuel cell power generation at high temperature,
water-gas-shift shift reaction, membrane gas separation, and syngas conversion to SCR, and
demonstrated that coproduction of power and formic acid or oxalic acid is carbon-negative regardless
of the fuel input. For example, the coproduction accepts CH4 and C02 with 1:1.9 molar ratio, and
produce oxalic acid (2.9) and power at 46%-LHV efficiency. We extended the coproduction to a system
produces while produces power, oxalic acid and iron from that accepts air C02, biomass, natural gas
and iron. This system can potentially reduce CO2 emission by 30 billion tons per year, if installed
over the world.
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Yield @power-maximum mode, per LHV-CH,

Product Formula

CO, reforming Steam reforming
Olefin CH, 48% 62%
Methanol CH,O 48% 62%
Ethanol CH,O 58% 62%
Benzene CH 58% 75%
Ethylenecarbonate CH,/30 72% 93%
Acetic acid CH,0O 72% 93%
Formic acid CH,0, 144% 187%
Oxalic acid CHO, 289% 374%

Electrical efficiency@power-maximum mode: 46.2% (CO, reforming), 38.5% (steam reforming)
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Olefin Benzene Aceticacid Formicacid Oxalic acid
Electrical efficiency 1 0.462 0.462 0.462 0.462 0.462
Total energy recovery 0.858 0.838 0.816 0.841 0.822
Electrical efficiency 2 0.766 0.741 0.716 0.744 0.722

EE1 = (power)/(LHV of CH,)
EE2 = (power)/ {(LHV of CHy) - (LHV of secondary resource)}
Total energy recovery = (LHV of secondary resource + power)/(LHV of CH,)
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Product Olefin production Formic acid production Oxalic acid production
Feedstock/fuel Methane  Lignite Biomass  Methane Lignite Biomass = Methane Lignite Biomass
Formula CHs  CHowOo3 CHi350062 CH,4 CHo900030 CH13800s62 CH,4 CHo900030 CHi350062
Steam reforming
Electrical efficiency 0.385 0.458 0.490 0.385 0.458 0.490 0.385 0.458 0.469
C-based yield 0.623 0.264 0.268 144 0.792 0.803 3.74 1.58 1.61
CO, reforming
Electrical efficiency 0.462 0.559 0.436 0.462 0.559 0.436 0.462 0.559 0.436
C-based yield 0.481 0.164 0216 1.87 0.494 0.647 2.89 0.989 1.37
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