
Gasification of organic waste with ultrasuperheated steam and carbon dioxide

GASIFICATION OF ORGANIC WASTE WITH ULTRASUPERHEATED

STEAM AND CARBON DIOXIDE

S. M. Frolov

N. N. Semenov Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin
Str., Moscow 119991, Russian Federation

Abstract: A literature review on allothermal gasification of organic waste in steam and carbon dioxide environment
at atmospheric pressure is presented. Two groups of technologies are considered, namely, low-temperature (500–
1000 ◦C) and high-temperature (above 1200 ◦C). The existing low-temperature gasification technologies are shown
to provide the syngas of relatively low quality, exhibit low efficiency and complex control of gas composition, and
low yields of syngas. The main efforts to improve such technologies are directed at preprocessing of feedstocks and
additional processing of the product syngas as well as increasing the reactivity of the feedstocks with the help of
catalysts. Unlike low-temperature gasification, high-temperature plasma gasification provides high quality syngas,
exhibits high process efficiency and easy control of gas composition, and high yields of syngas. However, arc
and microwave plasma technologies require huge energy consumption as well as special construction materials
and refractory lining for gasifier walls. Moreover, gasification of feedstocks in plasma reactors mainly occurs
at temperatures of 1200–2000 ◦C, so that the gas–plasma transition turns out to be an unclaimed but highly
energy-intense intermediate stage. An environmentally friendly detonation gun technology for organic waste
gasification is proposed and demonstrated as a more effective alternative.
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Figure Captions

Figure 1 Equilibrium composition of detonation products of stoichiometric ternary mixtures of fuel gas – O2 – steam; circles 1

correspond to the temperature and composition at the Chapman–Jouguet point and circles 2 correspond to the temperature and
composition of the detonation products isentropically expanded to 0.1 MPa. Fuel gas: (a) syngas with H2/CO = 1; (b) syngas
with H2/CO = 2; (c) CH4; and (d) C3H8

Figure 2 Schematics of pulsed (a) and continuous (b) detonation guns [35]

Figure 3 Three-dimensional model and photographs of a detonation gun 50 mm in diameter

Figure 4 Temperature and composition of detonation products of stoichiometric ternary mixtures of C3H8 (a) and CH4 (b)
with oxygen and steam depending on steam volume fraction X after isentropic expansion to 0.1 MPa. The shaded areas indicate
the conditions under which detonation is detected experimentally

Figure 5 Schematic of a plant for high-temperature steam gasification of organic waste

Figure 6 Schematic of a plant for high-temperature steam gasification of organic waste with a branched detonation gun [38]

Figure 7 Schematic, computational mesh, and boundary conditions for calculating a flow pattern in a vortex reactor [82]

Figure 8 (a) Calculated fields of gas temperature and velocity vector in a vortex reactor at three instants of time during one shot
of the detonation gun [82]

Figure 9 Instantaneous distribution functions of steam temperature at particle positions (top) and the predicted dependences
of characteristic instantaneous steam temperatures in the reactor: maximum, mass-averaged, minimum, and at particle
positions [82]

Figure 10 Predicted distribution function of particle residence time in a vortex reactor [82]

Figure 11 A pilot plant for steam gasification of organic waste with a capacity of up to 100 kg/h with a spherical reactor and
a branched detonation gun (a); and thermal glow of a detonation gun during operation (b)
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Table Captions

Table 1 Experimental studies on low-temperature steam gasification of carbon containing material (CCM) at 0.1 MPa

Table 2 Experimental studies on low-temperature gasification of CCM by steam and/or carbon dioxide at 0.1 MPa

Table 3 Experimental studies of high-temperature gasification of CCM by steam and/or CO2 at 0.1 MPa
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