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Abstract

 Today’s problems with emissions of green house gases, land filling of waste
and depletion of the oil reserves calls for new energy systems based on
alternative fuels like biomass and waste. Gasification is an attractive technology
for the use of such solid fuels. Conventional gasification, in the vast majority
of cases, uses in-reactor heat release from combustion of part of the feedstock,
possibly coupled with a limited preheating of the agent, to obtain the necessary
temperatures in the gasifier bed. During recent years, a new gasification
technology, using highly preheated gasification agents (> 1273 K), has been
developed. The extra heat brought into the process by the high temperature
agent reduces the amount of feedstock that has to be oxidized to supply the
necessary heat and the use of highly preheated agents has previously proven to
have several positive effects on the fuel gas quality.In difference to the previous
work on gasification with highly preheated agents, this thesis primarily focuses
on the fundamental aspects namely, mass conversion, heating and ignition.
It starts by considering single fuel particles or thin beds of fuel particles
inserted into highly preheated agents. Mass conversion, heating and ignition
are reported in function of the temperature and oxygen concentration of the
agent and formulas for the prediction of ignition time and ignition mechanism
are developed. The perspective is then widened to include the whole gasifier
bed. Simulations of fixed bed batch gasification using highly preheated agents
are performed with a mathematical model and used to study how the high
agent temperature influences the mass conversion, devolatilisation front rate
and the temperature distribution in the fixed fuel bed. Further, the gas quality
and gasification efficiency are studied by means of large scale experiment.
Ultimately, a thermodynamic analysis of the whole autothermal gasification
system, including both a regenerative preheating system and the gasifier, is
made.The particle study reports results from experiments with wood and
coal and agents consisting of mixtures of nitrogen and oxygen in various
proportions. It is shown that an increase in agent temperature from 873 K to
1273 K make the conversion process faster, mostly due to an early onset of the
devolatilisation (fast drying) but also due to an increased devolatilisation rate
(at least in the case of wood). The time to ignition also decreases significantly,
particularly so between 873 and 1073 K. Further, it is shown that the higher
the agent temperature, the more pronounced was also the tendency of the coal
particles to heat significantly faster in oxygen diluted conditions (5,10 and
21% oxygen) than in inert (0% oxygen) or oxygen rich conditions (30, 50, 80
and 100% oxygen). An increase in agent temperature is also shown to reduce
the dependency of the process on the oxygen concentration, at least in diluted
conditions (5-21% oxygen). The results also indicate that for coal an increase
in the oxygen concentration, specifically in the region above the atmospheric
concentration, leads to a decreased dependency on the agent temperature. It is
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finally shown in the experiments with agent temperatures of 1073 and 1273 K
that a flame is promptly formed even in very low concentrations of oxygen.The
gasifier study reports results from simulation of batch air gasification and
experiments in both batch and continuous up-draft fixed bed gasifier with
wood and waste derived fuel and air and mixtures of air and steam. It is
shown that the conversion process is faster the higher the air temperature.
In particular somewhere between air temperatures of 623 K and 803 K the
process behaviour changes. In fact, the devolatilisation rate is significantly
increased in this region while it increases less sharply with air temperature
below and above this temperature window. The temperature distribution in
the bed shows less sharp gradients at high temperature (> 803 K) than at low
temperatures (< 623 K). It is also showed experimentally and in fairly large
scale that the use of highly preheated air for the gasification of biomass and
waste derived fuels can produce - in continuous mode – relatively high yields of
product syngas with relatively high fractions of combustible gases and probably
also low content of tar. The efficiency of the gasification under these conditions,
even when the extra heat input in the preheated agent is considered in the
computation of the gasification efficiency, is shown to be comparable to that
of conventional gasification techniques. The results also shows that with the
use of steam in the agent, the content of hydrogen can be further increased
with respect to gasification with only preheated air.In base of the results of the
particle study and the gasifier study it is shown that a there exists two regimes
of operation in function of the agent temperature, separated by the minimum
agent temperature to guarantee spontaneous ignition regardless of the particle
temperature. The value of this temperature depend on material properties
and the kinetics of the reaction, thus also on the oxygen concentration. When
agent temperatures below the minimum agent temperature to guarantee
spontaneous ignition regardless of the particle temperature are used, the
drying and devolatilisation are mainly controlled by the heat released by
reactions. The heating of the fuel particles and their devolatilisation are
relatively slow and the devolatilisation rate is highly oxygen dependent. In a
fixed bed, the devolatilisation front rate is low and the bed is characterised
by significant temperature gradients.When the agent temperature is higher
than the minimum agent temperature to guarantee spontaneous ignition
regardless of the particle temperature, the drying and devolatilisation are
mainly controlled by the convective heat transfer from the preheated agent and
the released volatiles ignite very fast even in diluted conditions. This results in
very efficient heat transfer to the fuel particles. In the fixed fuel bed the process
is characterized by a high devolatilisation front rate. Thus, the temperature
gradients in the bed are significantly reduced and the gasification can be said
to be thermally homogeneous. Thanks to high rates of heat transfer and mass
conversion, the heating value of the dry produced syngas is high with high
concentrations of combustible species. The ignition of the volatiles and the
high temperatures all along the bed presumably contributes to the reduction
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of the tar content even in up-draft configurations. The high temperatures also
allows for operation with reduced air – to – fuel ratios which further increased
the value of the produced gas (thanks to less dilution by nitrogen).The system
study presents a concept for an autothermal system including both preheating
and gasification. Results from a thermodynamic analysis of such a system
are reported. Autothermal operation of a thermally homogeneous gasifier is
possible only in a twin component system in which the gasifier is coupled to
a preheating system able to reach preheating temperatures well above the
minimum agent temperature to guarantee spontaneous ignition regardless
of the particle temperature. It is shown that to reach certain temperature
levels of the gasification air, heat exchange between product gas and air is not
enough and the preheating system has to improve the temperatures involved,
for example by burning part of the produced gas in a regenerative preheater.
Further, it is shown that in comparison to gasifier without such a system for
additional preheating, the autothermal Thermally Homogeneous Gasification
system has the ability to significantly improve the gas quality (in terms of
heating value of the dry gas) without losing energy- or exergy efficiency to an
appreciable extent.
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