Abstract

This Project Report presents the experimental studies on firing of Thai oil palm
residues — palm kernel shell (PKS) and empty fruit bunch (EFB) — in a fluidized-bed
combustor with a cone-shaped bed (referred to as 'conical FBC') using alternative bed
materials, such as alumina sand, dolomite, and limestone, to prevent bed agglomeration. To
extend awareness of fuel properties, morphological and thermogravimetric characteristics of
the two biomasses were investigated at the first stage of the Project. As revealed by the
morphological and thermogravimetric studies, the two biomasses had excellent combustion
properties and a great potential as a feedstock for heat and power generation. With thinner
cell walls, greater porosity, higher content of cellulose, and lower burnout temperature, EFB
exhibited higher thermal and combustion reactivity compared to PKS.

Prior to the main combustion study, preliminary experimental tests on firing peanut
and tamarind shells (less problematic biomass fuels compared to the selected oil palm
residues) when using alumina sand as the bed material were performed to assess the
combustion and emission performance of the conical FBC, and the potential of alumina sand
to prevent bed agglomeration. During the combustion of peanut and tamarind shells,
experimental tests were conducted at a fuel feed rate of 60 kg/h and 45 kg/h, respectively,
with excess air of 20-80%. Temperature and gas concentrations were measured in radial and
axial directions inside the reactor and at stack. The axial temperature and gas concentration
profiles in the combustor showed sensible effects of fuel properties and operating conditions
on the combustion and emission performance. High (~99%) combustion efficiency and
acceptable levels of CO, CxHy, and NO emissions can be achieved when firing peanut shells
at excess air of about 40%, whereas 60% is more preferable for burning tamarind shells.
During all preliminary tests, the combustor showed no features of bed agglomeration.

A special test series was then performed with the aim to investigate the effects of
biomass particle size and operating conditions on combustion and emission performance of
the conical FBC using alumina sand as the bed material, when firing palm kernel shell of
different mean particle sizes (1.5 mm, 4.5 mm, 7.5 mm, and 10.5 mm). During the tests, PKS
was burned at a 45 kg/h feed rate, when varying excess air from 20% to 80%. The
experimental results revealed that the CO and CxHy emissions can be effectively controlled
by decreasing the feedstock particle size and/or increasing excess air, whereas the NO

emission can be mitigated using coarser biomass particles and/or lower excess air. A cost-



based approach was applied to determine the optimal values of biomass particle size and
excess air, ensuring minimum emission costs of burning PKS in this combustor. From the
optimization analysis, the best combustion and emission performance of the conical FBC is
achievable when burning PKS with a mean particle size of about 5 mm at excess air of 40—
50%. Under these conditions, the combustor can be operated with high (99.4-99.7%)
combustion efficiency, while controlling the gaseous emissions at acceptable levels.

During the main combustion experiments, PKS and EFB were burned at similar heat
input to the combustor (~200 kWy,) with excess air within 20-80% when using alumina sand,
dolomite, and limestone as the bed material. In each test run, temperature and gas
concentrations were monitored along the axial direction inside the reactor as well as at stack.
To achieve high (~99%) combustion efficiency and acceptable CO and NO emissions, excess
air of about 40% should be applied when burning EFB and PKS in a fluidized bed of
alumina, whereas 60% excess air is more suitable with limestone and dolomite.

Special attention was given to the behavior (condition) of each bed material in long-
term combustor operation. Physical and chemical conditions of the bed materials and
particulate matter (PM) were examined at different operating times using SEM—EDS and
XRF techniques, as well as a particle size analyzer. When using alumina sand as the bed
material, an interaction between alumina grains and fuel char/ashes results in formation of a
coating on the grain surfaces, generally consisting of ash-related elements (K, Si, and Ca),
with the contents increasing in the bed composition with time. Collisions and attrition of bed
grains lead to generation of Al-rich fine particles carried over from the combustor as part of
PM, thus causing a substantial time-domain decrease of Al,O3 in the bed. This gradual
diminishing of Al,O3 accompanied by the increasing of ash-related K,0, SiO,, and CaO in
the used/reused bed material enhances the risk of bed agglomeration in long-term operation.

The use of limestone/dolomite results in a quite weak interaction between the bed
materials and fuel chars/ashes, thus leading to an insignificant accumulation of ash-related
elements and compounds in the bed. Calcination, attrition, and breakage of limestone and
dolomite grains into fine particles in the fluidized bed lead to a substantial carryover of some
of the bed material from the reactor, and, consequently, result in a gradual decrease of the bed
weight with time. Additional fresh limestone/dolomite is therefore required to provide the

continuous/recurrent substitution of the lost bed material in long-term combustor operation.
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