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La escalada de los precios = Wwwws 1005009

En los Gltimos 24 meses, los costos marginales se han incrementado exponencialmente llegando a diferencias
méaximas de 1700%.
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Chapter 2

The Thermodynamics of
hasification
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Figure 2.1 Influence of pressure on syngas compositions at 1000°C.
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Figure 2.3 Influence of temperature on syngas compositions at 30 bar.
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From coal to biomass gasification: Comparison of
thermodynamic efficiency

. B - . . M
Mark J. Prins™, Krzysztof J. Ptasinski, Frans J.J.G. Janssen

Abstract

The effect of fuel composition on the thermodynamic efficiency of gasifiers and gasification systems is studied. A chemical equilibrium
model is used to describe the gasifier. It is shown that the equilibrium model presents the highest gasification efficiency that can be
possibly attained for a given fuel. Gasification of fuels with varying composition of organic matter, in terms of O/C and H/C ratio as
illustrated in a Van Krevelen diagram, is compared. It was found that exergy losses in gasifying wood (O/C ratio around 0.6) are larger
than those for coal (O/C ratio around 0.2). At a gasification temperature of 927 °C, a fuel with O/C ratio below 0.4 is recommended,
which corresponds to a lower heating value above 23 MJ/kg. For gasification at 1227 °C, a fuel with O/C ratio below 0.3 and lower
heating value above 26 MJ/kg is preferred. It could thus be attractive to modify the properties of highly oxygenated biofuels prior to
gasification, e.g. by separation of wood into its components and gasification of the lignin component, thermal pre-treatment, and/or
mixing with coal in order to enhance the heating value of the gasifier fuel.
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Grastfication at 877 °C, equilibrium and quasi-equlibrium conditions

Equilibrium Quasi-equilibrium
conditions conditions
Equivalence ratio 0.295 0.151
Carbon conversion (%) 100 60
(ras composition (mol%)
H,0O 9.6 17.9
H- 36.0 37.0
CO 443 19.5
COs 10.0 21.3
CH, < 0.1 4.3
Crasifier efficiency (%)
Chemuical 73.2 70.3
Physical 3.3 6.7
Total 80.7 77.0
Process losses (%)
Heating oxygen 0.4 0.3
Heating fuel and chemical 17.9 21.4
reaction
Product mixing 1.0 1.3
(rasification system efficiency
[n u}
Total T73.6 73.0
Total 1f unconverted carbon 48.7

15 lost
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5. Conclusion and discussion

It was shown that the presence ol kinetically hmited char
gasification reactions i gasifiers negatively influences the
efficiency of a gasifier. Therefore, a relatively simple
equilibrium model predicts the maximum efliciency that
could be attamned.

In order to gasity fuels with high thermodynamic
efficiency at atmospheric pressure, 1t 1s recommended to
use a gasification temperature around 927°C, and fuels
with O/C ratio smaller than 0.4 (corresponding to a
preferred lower heating value above 23MIJ/kg). To mini-
mize kinetic restrictions, higher temperatures may be
preferred. At a gasification temperature of 1227°C, the
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recommended O/C ratio of the fuel 1s 0.3 or less
(corresponding to a preferred lower heating value above
26 MJ /kg). Fuels with higher O/C ratios, such as wood,
have larger exergy losses because of their high ratio of
chemical exergy to lower heating value. Furthermore, such
fuels are over-oxidized in the gasifier in order to reach the
required gasification temperature. In practice, due to heat
losses, the presence of ash in the fuel, and of mitrogen 1n the
gasifying agent 1f air or ennched air 1s used, the extent of
over-oxidation will be more severe. However, for gasifica-
tion at elevated pressures, the mimmimum temperature
required for gasification increases, and the gap with
kinetically preferred temperatures (1.e. the extent of over-
oxidation) can be reduced.
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