Abstract

This Project Report presents the experimental studies on firing/co-firing of some
Thai unconventional biomass fuels in a fluidized-bed combustor with a cone-shaped bed
using two hydrodynamic regimes of the fluidized bed. Three cases studies were performed:
(1) a comparative study on combustion of sunflower shells in the bubbling and swirling
fluidized-bed combustors, (2) a study on co-firing of eucalyptus bark and rubberwood
sawdust in the swirling fluidized-bed combustor, and (3) a study on burning peanut shells
in the bubbling fluidized-bed combustor. Silica sand was used as the bed material in the
investigations of sunflower shells firing and bark/sawdust co-firing, whereas alumina sand
was selected as the bed material when burning high-alkali peanut shells to prevent bed
agglomeration.

In case studies for firing the shell-type biomasses, the fuels were burned at two fuel
feed rates, 60 kg/h and 45 kg/h, whereas in the co-firing study, eucalyptus bark and
rubberwood sawdust mixed in different proportions were co-fired at the only fuel feed rate
of 60 kg/h fuel blend. However, when (co-)firing distinct fuels, the key operating variable
— excess air — was ranged from 20% to 80% with the aim to determine optimal operating
conditions ensuring highest possible combustion efficiency of the proposed combustion
techniques at minimized emissions of major gaseous pollutants (CO and NO). Temperature
and gas concentrations (O,, CO, CiHy as CH4, and NO) were measured in all the studies
along radial and axial directions inside the reactor as well as at stack to characterize
combustion and emission performance of the combustors for the ranges of operating
variables. For all fuel firing options (case studies), the radial and axial temperature profiles
in the reactor were found to be weakly dependent on operating conditions. However, the
gas concentration profiles (exhibiting formation and decomposition of the major
pollutants) revealed the apparent effects of fuel properties, excess air and secondary air
injection (the latter being applied in the swirling fluidized-bed combustor), which resulted
in different emission characteristics when firing the biomasses selected.

For the maximum combustor load, excess air of about 55% seems to be an optimum
ensuring high (about 99%) combustion efficiency. The co-combustion of high-moisture
eucalyptus bark and rubberwood sawdust in the swirling fluidized-bed combustor exhibits
quite stable regime and high, 99.6%, combustion efficiency when the mass fraction of the
sawdust in the fuel blend is about 0.85 and excess air is maintained between 50% and 55%.
However, for firing peanut shells, the highest (about 99%) combustion efficiency is
achievable when firing this biomass at excess air of about 40%. At optimal operating
conditions, the major (CO and NO) emissions can be controlled at acceptable levels
(meeting the national emission standards) when firing the selected biomasses in the
proposed bubbling and swirling fluidized-bed combustors with a cone-shaped bed.

No evidence of bed agglomeration was found in all the case studies. However,
burning of peanut shells in a fluidized bed using silica sand as the bed material leads to a
rapid bed agglomeration and defluidization. In this work, it was managed to prevent bed
agglomeration during the combustion of high-alkali peanut shells only due to the use of the
alternative bed material (alumina sand). Timescale effects on the composition of the bed
material are substantial when firing peanut shells in the bubbling fluidized-bed combustor.
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