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Abstract — Increasing of energy demand due to the rapid growth of global population and the development of world
economy has inevitably resulted in the continuously increase of fossil fuel usage in the world. However, highly
dependence on fossil fuels has necessarily brought about critical environmental issues and challenges such as severe air
pollutions and rapid global warming. In order to settle these environmental and energy problems, clean energy
generations in the conventional combustion processes have widely adapted in the world. In particular, novel thermo-
chemical conversion processes such as pyrolysis and gasification have rapidly been applied for generating clean energy.
Fluidized bed technologies having advantages such as various fuel use, easy continuous operation, high heat and
material transfer, isothermal operation, and lower operation temperature are widely adopted and used because they are
suitable for thermochemical energy conversion. The latest research trends and important findings in the thermo-chemical
conversion process with fluidized bed technologies are summarized in this review. Also, the need for research such as
layered materials and substances to reduce fine dust (biomass, natural resource waste, etc.) was suggested. Through this,
it is intended to increase interest and understanding in fluidized bed technology and to present directions for solving
future challenges in fluidized bed process technology development.
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Fig. 1. Schematic representation of pyrolysis in a fluidized bed [29].
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Table 1. Various fluidized bed pyrolysis process

Fluidized Characteristics Bed Materials ~ Feedstock ~ Temp. ('C) Results Ref.
. L Production of oil at a pyrolysis temperature of 550 C is maximum
Bubbl”}],g folr 1;i;ed Bed Sand Oil Sand 450~650 Quick heating and vaporization of oil sand and quick removal of vaporization [30]
yroly products to maximize production
Helical screw Palm shell 400~650 Bio-oil and gas production increases as temperature, feed rate increases 31]

Fluidized Bed Pyrolyzer

Bio-Char Decrease

Pyrolysis Fluidized Bed

Sand Mongolian oak  450~600
Pyrolyzer

Acids, aldehyde, and ketones in bio-oil successfully convert to esters and
acetals by esterification pyrolysis/catalyst pyrolysis gases due to n-butyle alcohol

[32]

Bubbling Fluidized Bed

PE and PP produce gas and oil at 700 ‘C

Sand Plastic 700~740 It is possible to recover high amounts of monomers from special polymers by  [33]
Pyrolyzer . o
pyrolysis in a fluidized bed process
. . L Most suitable conditions for pyrolysis oil production at 473.68 C, feed rate of
C“c“la“;‘gr ;luz‘gfed Bed  gand Napier grass ~ 440~500 60.39 kg/h [34]
yroly Oil produced is applicable to steam and gas turbine engines
Sawdust Among the three raw materials, giant miscanthus has the highest heating value

Circulating Fluidized Bed

Sand Giant miscanthus 500
Pyrolyzer

The kinematic viscosity and total amount of acid were influenced by the [35]
EFB moisture content

Bubbling Fluidized Bed

Bio-oil heating values fall below medium (20.88 MJ/kg) compared to heating

Purolvzer Sand Date palm 525  values of fast pyrolysis bio-oil [36]
Yoy High oxygen content may affect oil stability and corrosiveness
Wood Gas production increases as temperature rises

Bubbling Fluidized Bed Biomass

Decreasing tar production
Sand . ., 600~800 The generation of charcoal is slightly reduced [37]

Pyrolyzer Munlvc&]; :tleSOhd Higher carbon content of waste increases hydrocarbon generation
CO, generation increases due to reduced CO
Bubbling Fluidized Bed Sand Zeolite Reefd 530~780 Can bcf performed at blgher tt.:mperaFures (780 C) when .zeollte is used [38]
Pyrolyzer black liquor Reducing tar production and increasing total gas production
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Fig. 2. The two types of FBG: (a) Bubbling FBG; (b) Circulating FBG [15].
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Table 2. Various fluidized bed gasification process
Fluidized Characteristics Bed Materials ~ Feedstock  Temp. ('C) Results Ref.
The gas composition is increased to H,(+10.1 vol%db), CO,(+5.1 vol%db) and

Dual Fluidized . WOOd CO(-8.5 vol%db) content decreased
Bed Calcite Biomass 850 e [54]
- L The gas composition is increased to Hy(+5.0 vol%db), CO,(+3.0 vol%db) and CO(-
Gasifier Lignite
4.5 vol%db) content decreased
Dual Fluidized In three types of biomass, As the reaction temperature increases, gas production increases
Bed Sand Biomass 700,800 The reaction temperature has a significant effect on the yield and composition of the [44]
Gasifier generated gas
Bubbling Fluidized Sand Unused H,, CO and CH, contents decrease as ER increases
Bed Olivine Biomass 800  When olivine is used as a bed material, the H, content in the generated gas is higher [52]
Gasifier Waste Wood than that in the case of silica
Bubbling Fluidized High thermal stability and carbon conversion efficiency of willow trees were observed
Bed Sand Willow 650~850 Increasing bed temperature as ER increases is an important factor in reducing tar and [53]
Gasifier improving carbon conversion rates
Bubbling Fluidized . . . .
Walnut Shell Walnuts, pistachio shells produce gas of almost the same quality as wood biomass
Bed Sand . . 770 . . [55]
. Pistachio Shell Can be used as an alternative to wood biomass
Gasifier
Circulating Fluidized
Bed Ceramic Lignite 900  Autothermal CO, gasification of lignite is possible and it increases the CO yield [56]
Gasifier
Circulating Fluidized A relatively low amount of rice husk raw material can be effectively mixed with
Bed Sand Biomass 800~900 other biomass with a high carbon content [12]
Gasifier Gasifier performance can be enhanced by mixing of biomass
Carbon conversion efficiency (91.6%) and thermal efficiency (75%) at optimal
temperature (790 ‘C) when gasifying rice husk
Fluidized Bed . Higher temperatures (720-855 “C) produce better quality gas than lower
Gasifier Sand Biomass 700-900 temperatures (700-720 C) 571
Gas produced by rice husk with low tar+SPM content can replace natural gas or
LPG for heat application
Bubbling Fluidized Bed ~ Bauxite . Higher gasification temperatures improve gasification performance
Gasifier (high Alumina) Biomass 600-800 Gas temperature decreases as ER increases [58]
Product I Fuel product gas flue gas
Gas | Gas
olivin, heat
solid
fuel fuel to
circulation of comb.
— GASIFICATION Jinccibll COMBUSTION Pk
800 - 850 °C 900 - 950 °C
olivin, char
steam air
T Air
Fig. 3. Basic principle of dual fluidized bed (DFB) gasification (Left[65], Right[6]).
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Table 3. Various fluidized bed combustion process

Fluidized Characteristics Bed materials ~ Feedstock Condition Results Ref.
750 C . . o) o .
Circulating Fluidized Sub-bituminous 847 C Combustion efficiency of 97.6% increased by 2% compared to combustion

Sand . of subbituminous coal air combustion efficiency [68]

Bed Combustor Anthracite Alr Significant effect on reducing fine dust emissions
Oxy-Fuel
800N9.0 0C Oxy-combustion conditions are higher combustion efficiency than air
IEA-CFBC Air .
Sand KPU coal combustion [69]
Model Oxy-Fuel However, SOx and NOx emissions increase due to temperature
(0, vol 21-41%) : p
IEA-CFBC Anthracite KPU 850 C Among the three fuels, combustion efficiency for anthracite combustion
Model Sand coal Oxy-Fuel is the highest at approximately 90-94% [70]
BG coal (0, vol 21-29%) Air pollutant emissions decrease compared to other coal
850 C
Bubbling Fluidized Bed Sand Sludee Air Optimal conditions for high purity CO, and heat recovery for long [71]
Combustor g Oxy-Fuel operation with 25% Oxy-combustion
(0, vol 21-40%)
. 800~900 C  Boiler efficiency increases with increased combustion efficiency
Bursa-Orhaneli . R ot .
. . L . Air Bursa-orhanelli lignite: 79.03% (with limestone), 78.29% (with
Circulating Fluidized Bed Lignite 3 . N .
Combustor Sand Bolu-Goynuk 2000 Nm°/h  biomass), 76.9% (alone) efficiency [62]
Lienite Pine, limestone Bolu-goynuk lignite: 71.50% (with limestone), 71.57% (with biomass),
en Co-firing 69.60% (alone) efficiency
5 A stable and efficient combustion behavior was obtained in terms of low
. . 850 C .
Bubbling Fluidized Bed . emissions of unburnt sludge
Sand Sewage sludge  Air flow rate . . . [72]
Combustor 3.+ A train of cleaning processes is necessary to reduce gaseous and
(62.4-95.5Nm’/h)" " " .
particulate emissions.
Oxy-Circulatin 845-905 C
o & Bituminous Air Combustion of biomass in Co-firing or Oxy-fuel conditions with high
Fluidized Bed Sand . . . . . L [73]
Biomass Lignite Oxy-Fuel ~ biomass content is a good way to reduce CO, and air pollutant emissions
Combustor
(0, vol 21-29%)
800 C
Bubbling Fluidized Bed Sand Biomass Air Rapid reduction in CO emissions from three biomass fuels with more [74]
Combustor Oxy-Fuel  than 25 vol.% Oxy-fuel condition
(0, vol 21-30%)
. . Co-firing with a high proportion of biomass significantly increase
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