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Combustion Characteristics of a CO, Mixture Methane & a Microturbine Cogeneration System
utilizing Sewage Digester Gas

by Tadashi KATAOKA, Teruyuki NAKAJIMA, Takahiro NAKAGAWA, & Saburo YUASA

An attempt has been made to utilize biogas (sewage digester gas) as a fuel for gas turbines. The sewage digester gas utilized had low
Btu, constituting 60% methane and 40% carbon dioxide. Conventional attempts necessitate the optimization of combustion systems to
improve flame-holding and other characteristics to enable the use of biogas as gas turbine fuel. The novel approach taken here by the
authors was to use mass-produced microturbines and peripherals, with minimal modification and without using specially-designed
combustors. The regeneration cycle is started up using a high calorific fuel for the microturbine’s RQL (Rich-burn, Quick-mix, and
Lean-burn) combustor. The fuel is switched to digester gas once the inlet air gets preheated to 600 K or higher. This method has proven
itself to enable reliable startup, stable operation (from idling to the rated power output), and to be equivalent in efficiency to that by an
operation wherein high calorific fuel is used. This system is looked forward as an energy-efficient, energy-saving cogeneration system

with minimal impact on the environment.
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Fig. 1 Effect of mixture ratio of carbon dioxide
on adiabatic flame temperature
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Table 1 Composition of the digester gas

BLg opasiiting LB
Composition Before pretreatment After pretreatment
CH, 589 vol % 59.3 vol %

CO, 38.0 vol % 38.3 vol %
0, 0.5 vol % 0.3 vol %
N, 1.9 vol % 1.2 vol %
H,0 2.2 vol % 0.5 vol %
H,S 4 ppm <1 ppm
VS‘i:lIo;)\:;:e/ 1.1 ppm < 0.1 ppm
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Table 2 Composition of the exhaust gas
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Composition Measured Conversion value (15% O,)
0, 17.7 % —
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NOx 8 ppm 14.5 ppm
SOx <1 ppm <2 ppm
THC <1 ppm < 2 ppm
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Photo 3 Turbine blades after 8200 hours of operation
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