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Abstract—Using modified IEA-CFBC(International Energy Association-Circulating fluidized bed combustion) model,
a 2 MWe oxy-fuel CFBC boiler is simulated and analyzed as a promising solution to reduce greenhouse gas emission
from coal power plants. This study evaluated and compared the oxy-combustion characteristics of various coals. Also,
the effects of CO, concentration (71-79 vol%), bed temperature (850 °C) and coal properties on combustion efficien-
cies, CO, concentration, acid gas emissions were analyzed. Because of their higher N, and S content, sub-bituminous
and bituminous coals were found to have SO, and NO, concentrations higher than those of anthracite. These simula-
tion results from Oxy-fuel CFBC simulation of various coals can be used as operating parameters for design and devel-

opment of commercial Oxy-fuel CFBC boilers.
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INTRODUCTION

Global energy demands have continued to increase owing to
industrial and societal development over the past 25 years. Inevita-
bly, increased energy demand has resulted in the consumption of
more fossil fuels, including coal, oil, and natural gas, because they
remain cheaper than renewable energy and the infrastructure for
their production, distribution, conversion, and consumption is solid
and stable in most countries [1-3]. Although lignite and anthracite
coals contain high levels of moisture or ash and have relatively low
calorific values compared with bituminous or sub-bituminous coals,
there have been many active developments in the use of lignite and
anthracite coals, which have abundant reserves throughout the world
and are less expensive than other fuel sources. Hence, many coun-
tries with insufficient energy resources have focused on making use
of more abundant and cheaper energy resources, with Korea being
a case in point [4,5].

In the power generation sector, coal has been widely used via
pulverized coal combustion (PCC), bubbling fluidized bed com-
bustion (BFBC), and circulating fluidized bed combustion (CFBC).
In particular, low grade coal has been used in CFBC boilers world-
wide, in spite of its disadvantages, including its lower calorific value,
complicated handing process, and increases in combustor size and
construction costs [6-8]. CFB boiler technology has become increas-
ingly efficient, has gained larger capacity, and is available in many
countries. Following the successful commercial operation of 300
MW grade boilers in China and Europe, their availability and deploy-
ment have increased sharply [6]. In recent years, anthracite coals
with high ash content or brown coal with high moisture content
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have been regarded as economical fuels for them.

Since power generation relies so heavily on PC or CFB power
stations, CO, emissions resulting from coal combustion have in-
creased CO, concentration in the atmosphere, causing changes in
global climate and increasing the earths temperature and sea level.
As a result, many countries have been attempting to reduce green-
house gas emissions from fossil fuels [1], including the develop-
ment of CO, capture and storage (CCS) technologies divided into
pre-combustion, post-combustion, and oxy-fuel combustion for fos-
sil power plants. Oxy-fuel combustion in particular can minimize
the energy conversion penalty and CO, carbon capture avoidance
and can also be applied to existing power plants as well as new
ones [9,10].

The term “Oxy-fuel CFBC” technology refers to the application
of pure oxygen-fired combustion to existing CFB and CCS tech-
nologies. Oxy-fuel CFBC has been evaluated as suitable for global
power generation because it has the advantages both of CFB tech-
nology and oxy-fuel combustion. For this reason, in addition to lab-
scale studies of pure oxygen, CFB boiler technology studies have
also attempted to gradually increase its scale to 30 MWth scale oxy-
fuel CFBC processes [4,10-18]. The studies performed so far, how-
ever, have involved only lab-scale or pilot-scale plants mostly using
bituminous coals [6,18]. Moreover, the operating performance and
characteristics of oxy-fuel CFBC change in response to external
factors such as fuel supply volume, gas injection volume, and oper-
ating temperature.

Under such circumstances, in order to reduce operating loss and
achieve optimal performance, it is necessary to identify the dynamic
behavior and predict the performance of oxy-fuel CFBC operation.
Moreover, as operating conditions change, an optimal operating
environment must be maintained; identifying unexpected opera-
tional changes or in-operation problems is essential. There is thus
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a need for studies of simulation tools that can predict oxy-fuel CFBC
operation and respond immediately to any problems that may occur
during operation. In addition, numerical simulation of oxy-fuel
CFBC plays an important role in experimental result analysis as
well as reactor-design verification [18].

Numerous studies have been conducted on simulation tool devel-
opment for fluidized bed boiler analysis, including TEA-CFBC model,
Barracuda, Fluent and so on. The IEA-CFBC model in particular
describes the phenomena taking place in a CFBC boiler, includ-
ing gas and solid-gas flows, the development of particle size distri-
bution, coal conversion, homogenous and catalytic gas reactions,
and heat transfer to membrane walls and tube bundles. The IEA-
CFBC model has advanced from 1-dimensional (1D) modeling,
which considered only the axial direction, to 1.5D modeling, which
considers elements of both radial and axial directions (core and
annulus) [6,19,20-23]. In particular, considerable efforts have been
devoted to analyzing CFBC processes by applying 3-dimensional
(3D) computational fluid dynamic (CFD) models such as Barra-
cuda and Fluent [18,24-26]. However, 3D modeling presents many
difficulties regarding flow analysis and reaction testing because it
takes a long time to calculate, requires high specification equip-
ment, and its grid is limited. Due to the extended time period it
requires for calculating reaction and analyses, 3D modeling is of
limited utility for immediate response to on-site problems. By con-
trast, because calculations for the IEA-CFBC model can be com-
pleted within shorter time periods, they are preferable for on-site
applications [6,19,20]. Though there are some prior studies for oxy-
fuel CFBC, it is not enough to design commercial or pilot scale
oxy-fuel CFBC boiler for anthracite or sub-bituminous coals.

In this study, a simulation tool based on the IEA-CFBC model
was developed to analyze the operating characteristics of pure oxy-
gen CFB boilers in oxy-fuel CFBC. To investigate the effects of
changes in CO, content and bed temperature, additional analysis
was performed using fixed amounts of anthracite with high ash
content, as well as both sub-bituminous and bituminous coal, while
only CO, was assumed to be recirculated. The study’s objective was
for its findings to be used as guideline data for CFB boiler opera-
tion under both air-fired and oxy-fired conditions. Especially, the
results from this study could be used as design values for the develop-
ment of commercial oxy-fuel CFBC boiler for anthracite or sub-
bituminous coals.

MODIFIED IEA-CFBC MODEL FOR OXY-FUEL CFBC

1. IEA-CFBC Model

The simulation model used in this study was a modified and
developed version of the IEA-CFBC model. The 1.5D CFBC mod-
eling program was developed by the modeling group within the
fluidized bed committee under the International Energy Agency
(IEA) to describe the phenomena occurring in a CFBC boiler, in-
cluding gas and solid-gas flows, the development of particle size
distribution, coal conversion, homogeneous and catalytic gas reac-
tions, as well as heat transfer to membrane walls and tube bundles
[19,20]. Until now, the IEA-CFBC model has been successfully
used in the design and evaluation of a variety of CFBC boilers, from
a 100kW pilot-scale CFBC to a 600 MWe commercial CFBC boiler

[6,7,19,20]. As a means of predicting combustion phenomena in a
CFBC boiler, the IEA-CFBC model uses a number of fields for the
interdependent mechanical, chemical, and thermal processes tak-
ing place during the CFBC process. Processes that can be calculated
and analyzed have included, for example, the fluidization pattern
of solid flow; changes in the particle size distribution of solid mate-
rials, gas flow and composition with boiler height, combustion char-
acteristics of coal, homogeneous and heterogeneous gas reactions,
and heat transfer.
2. A Modified IEA-CFBC Model for Oxy-fuel CFBC

To simulate and analyze the oxy-fuel combustion characteristics
of various coals in this study, we modified the IEA-CFBC model.
In oxy-fuel combustion, pure oxygen and recycled flue gas consist-
ing mostly of CO, are used in place of air. For this reason, the den-
sity, viscosity, constituents, and thermal conductivity of reactant gas
mixtures are likely to change. These changes in turn can affect over-
all phenomena such as fluidization states, solid fraction, temperature
gradients, heat transfer, combustion, gas composition, and so on.

Accordingly, certain gas properties and operation sub-routines
such as density; viscosity, and thermal conductivity were modified
based on previous equations [27-31]. Gas input was also modified
since flue gas has to be reinjected in case of oxy-fuel CFBC opera-
tions. In the case of density, the formula shown below was based
on existing research data for the calculation of Pyo (1 bar, 273 K),
and was used to calculate and apply values with various O, mixing
percentages:

_ [P X (02, mole Weighl‘>< 02, %)] + [P X (COZ mole Weight>< COZ, %)] (1)
Pg.0 R xT(K)

The equations for viscosity were based on those proposed by Crane
company [27] and Weast et al. [28]:

U=tix(@+b)x(T+T,)" )]
a=0.555T+C (3
b=0.555T+C (4)

In the case of thermal conductivity, the results from studies includ-
ing those of Lemmon et al. [29], Faghri et al. [30], and Incropera et
al. [31] were mathematized and applied to the simulation as follows:

2=0.00008x [(T—86.25)xCO,, o +(T+32.5)x0,, ¢ ] (5)

Table 1 summarizes the gas properties calculated using these equa-
tions. The operating characteristics of a variety of coals in an oxy-
fuel CFBC boiler were analyzed using the modified code. In this
simulation, the boiler temperature was controlled by an external
heat exchanger (EHE), so there was little temperature change in
the lower section of the furnace.

Table 1. Mixture gas properties calculated from Egs. (1)-(5) at 850 °C

Viscosity Density ~ Thermal conductivity
(10 ° kg/ms) (kg/m’) (W/mK)
Air 4.579 0.019 0.073
Oxy 1 4.501 0.028 0.063
Oxy 2 4.577 0.027 0.064
Oxy 3 4.653 0.026 0.065

Korean J. Chem. Eng.(Vol. 37, No. 11)
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2 MWe OXY-FUEL CFBC BOILER

1. 2 MWe Oxy-fuel CFBC Boiler

The Korea Institute of Energy Research (KIER)uses a 2 MWe cir-
culating fluidized bed boiler to generate power and flue gas for vari-
ous pilot-scale carbon capture and storage (CCS) facilities by using
novel CO, absorbents [4,10,32]. To obtain design criteria for develop-
ing an oxy-fuel CFBC boiler, a 2 MWe CFBC boiler was modified

Y. R. Gwak et al.

for oxy-combustion [18]. Fig. 1 shows a schematic diagram for the
2 MWe oxy-fuel CFBC boiler, which includes a coal and limestone
feeding unit, a gas (O, and CO, or air) injection unit, a circulating
fluidized bed boiler, a cyclone, a back pass, a selective catalytic reac-
tor; an axial cyclone and bag filter; a recovery water system, a flue
gas recirculation system, a sub-critical steam turbine, and other
auxiliary units. Because of the operation results of various coals from
oxy-fuel CFBC, we only considered the combustor, cyclone, loop
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Fig. 2. Diagram of the 2 MW CFBC boiler [6].
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Table 2. Geometry of the combustor and cyclone of the 2 MW oxy-

fuel CFBC boiler

Section Component Size (m)
®Bed area 0.8x2.4

Combustor ®Freeboard 1.2x2.4
Total height 19.1
“Total height 6.40
®Diameter 1.75
®Vortex finder diameter 0.70

Cyclone ®Vortex finder length 0.48
®Inlet height 1.30
®Inlet distance 0.88
®Width 0.70

seal, and feeding units (coal, limestone, oxygen, air, etc.). As the
schematic diagram in Fig. 2 shows, the system was designed so
that the heavier materials flowing through the riser were collected
by the cyclone for reinsertion via the loop seal. Table 2 provides a
full summary of specific dimensions used.

Table 3. Experimental conditions

2. Operation Conditions

The operation conditions for a 2 MWe oxy-fuel CFBC boiler
were based on those of commercial CFBC and oxy-fuel CFBC oper-
ations [6,10,11,13-15,18-20]. Variables included O, mixing percent-
age, temperature, and coal feeding rate, as listed in Tables 3 and 4.
To evaluate the effects of SO, and NO, discharge amounts various
O, concentrations (21-29 vol%) were used and bed temperature
was set to 850 °C, as shown in Table 3. To observe the changes in
0,/CO, ratios, the coal feeding rate was set to 0.24 kg/s. Because
operation conditions and fuels were different and excess O, ratio
was set to 1.2, total gas flow rates varied between 1.157 Nm’/s and
2.071 Nm’/s, as summarized in Table 4. Total gas flow was divided
into primary gas flow; injected via the distributor plate at the bot-
tom (Bed height: 0m), and two secondary flows injected above
the dense bed (1.2 m and 2.6 m above the distributor plate). The
ratios of these primary and secondary gas flows were 0.66 and 0.34
respectively.

The coals used for the study were anthracite, sub-bituminous
coal (KPU), and bituminous coal (BG). Table 5 shows results from
both proximate and ultimate analysis. The anthracite used was
sourced domestically from eastern Korea and is composed of
35.34 wt% ash, 4.04 wt% volatile matter, 3.60 wt% moisture, and

Operating condition Coal Reaction temperature O, concentration Coal feeding rate
Air fired (O,/N 21 vol% 0.24
ir fired (O,/N,) Anthracite Vo kefs
Oxy 1 (0,/CO,) KPU 850°C (T3) 21 vol% 0.24 kg/s
Oxy 2 (0,/CO,) BG 25 vol% 0.24 kg/s
Oxy 3 (0,/CO,) 29 vol% 0.24 kg/s
Table 4. Gas flow rates with different coals and operation conditions
Anthracite (Nm?/s) KPU (Nm?/s) BG (Nm’/s)
Air fired (O,/N,) 1.598 2071 201
Oxy 1 (0,/CO,) 1.598 2.071 2.01
Oxy 2 (0,/CO,) 1.341 1.74 1.689
Oxy 3 (0,/CO,) 1.157 1.499 1.455
Table 5. Analysis of coals and limestone
Anthracite KPU BG
C 60.76 71.73 67.63
H 0.82 4.98 4.39
Ultimate analysis O 241 15.83 7.03
(wt%, as dry basis) N 0.43 1.2 1.55
S 0.24 0.46 0.89
Ash 35.34 5.80 18.51
Moisture 3.60 19.33 11.04
Proximate analysis Volatile matter 3.89 44.87 32.67
(Wt%, as received basis) Fixed carbon 58.44 31.12 39.82
Ash 34.07 4.68 16.47
Specific surface area (m?/ g) CaCO, (%) Conversion (-) Ca/S mole ratio (-)
Limestone
0.5095 95.6 0.19 3.0

Korean J. Chem. Eng.(Vol. 37, No. 11)
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60.62 wt% fixed carbon. It contains low S (0.24 wt%) and N (0.43
wt%) and has a relatively low heating value (under 19,200 kJ/kg).
One of its noteworthy aspects is that it contains a small amount of
water and volatile matter and a high proportion of ash compared
to conventional bituminous and sub-bituminous coals. Limestone
was used to remove SO, from the flue gas; its CaCO; content and
specific surface are summarized in Table 5. For the purposes of
the study, the Ca/S mole ratio was set to 2.3, in accordance with
previous studies [6,10,11,13-15,18-20]. Fig. 3 shows the particle size
distribution (PSD) of coal, limestone, and sand, with mean parti-
cle sizes of 1,070 um, 280 pm, and 250 um, respectively. The parti-
cle size distributions for the anthracite, KPU, and BG are the same.

RESULTS AND DISCUSSION

1. Temperature, Pressure and Solid Fraction Profiles

The respective effects of the different coals on temperature, pres-
sure, and solid fraction were investigated. Simulation conditions
under air-fired mode and oxy-fired mode are given in Table 3. Fig.
4 shows temperature profiles for the circulating fluidized bed riser
under air-fired and oxy-fuel combustion conditions at a bed tem-
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Fig. 4. Temperature profiles of three different coals. (a) Anthracite, (b) KPU, (c) BG, (d) Oxy 2 condition.
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perature of 850 °C for the three types of coal. The relatively low tem-
perature profiles on the left correspond to the annulus region of the
riser, while the profiles on the right correspond to the core region.
As can be seen, the bed temperature decreased in relation to in-
creases in bed height. In the case of air-fired mode with anthracite
[20], the temperature profiles in the dense region of CFB riser showed
almost the same with different cyclone efficiencies, whereas it de-
creased gradually in the lean region of CFB riser. Lee et al. [20]
reported that the temperature of the annular wall layer was lower
than that of the core region and decreased in relation to increas-
ing cyclone efficiency, because the particles were in contact with
the membrane walls and flow down into the dense phase. Stanger
et al. [33] maintained that an optimal temperature for air-fired
CFBs is typically between 800 °C and 900 °C due to lowering SO,
and NO, emissions, and it is expected that these operating param-
eters will be mostly maintained for oxy-fuel CFBs.

The temperature in the lower section of the furnace where coal
is injected remained within the range of 840-850 °C with no sig-
nificant differences between experiments, as shown in Fig. 4. How-
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ever, the respective temperatures of the core and the annulus diverged
significantly as the riser height increased. In the upper section, the
temperature gradient in the annulus region was between 400 °C
and 650 °C. In the core section, however, the temperature gradi-
ent was between 820 °C and 840 °C, with temperature loss occur-
ring as the riser height increases. The temperature difference (core,
annulus) between the lower and upper sections of the furnace was
in the range of 70 °C-450 °C, and the temperature gradient showed
a similar tendency in each case. The temperature profile of anthra-
cite was also relatively low; while the temperature gradient of KPU
coal was the highest among the three samples. This is because the
combustion reaction of anthracite is relatively lower than that of
sub-bituminous and bituminous coal [6,20]. BG coal showed a
temperature gradient similar to that of KPU up to about 4 m, but
the temperature difference between KPU and BG coal in the annu-
lus section increased with increasing temperature. As a conclusion,
the 2 MWe oxy-fuel CFBC boiler had the cyclone of lower efficiency:.
To improve oxy-fuel combustion, the efficiency of the cycdlone should
be modified.
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Fig. 5. Solid fraction profiles of three different coals. (a) Anthracite, (b) KPU, (c) BG, (d) Oxy 2 condition.
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The predicted results for the axial solid fraction and pressure
profiles in the combustor with the three different coals are shown
in Figs. 5 and 6, respectively. In the dense phase the solid fractions
(under 2 m above the distributor plate) varied from 0.27 to 0.32
due to the different coal properties and gas flow rates. Because the
fixed carbon (or carbon content) of anthracite is lower than that of
the other coals, total gas flow rates decreased, as shown in Table 4.
The dense bed height thus also increased as total gas flow rates
decreased. Although the high solid concentration in the dense bed
helped to improve combustion efficiency, the high resistance of air
permeation resulted in high power consumption by the draft fan
and severe erosion of the membrane walls in the lower furnace
[10,34,35]. Lee et al. [20] also reported that the dense bed height
increased as cyclone efficiency increased and as the fraction of fine
particles captured and circulated by the cyclone, increased in the
total bed material. Moon et al. [10] reported that the solid suspen-
sion density along the riser height did not show any significant dif-
ference in either air-fired or oxy-fired mode. Comparing air-fired
with oxy-fired mode, the pressure profiles for eachs operation con-
dition were almost the same. This means that the transition from
air-fired to oxy-fired mode might have a lesser impact on the flu-
idization state in CFBCs.

Fig. 6 shows the pressure gradient under Oxy 2 conditions with
different coal properties. This solid fraction variation affected the
pressure profile. The pressure tends to decrease as it moves into the
upper section, and the rapid decrease in pressure confirms that the
region of 2m is the dense bed. The difference in density between
CO, and N, may have affected the solid density, which was ana-
lyzed as higher in the air atmosphere than the CO, atmosphere at
the same gas flow rates [10,36]. However, the pressure of the anthra-
cite in the dense bed was higher than that of the other coals, as
Fig. 6 shows. The reason for this was the low scattering due to the
small flow rate of the anthracite. In conclusion, the 2 MWe oxy-
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fuel CFBC boiler was determined as having the cyclone of lower
efficiency. To improve oxy-fuel combustion, the cyclones efficiency
needs to be modified.

2. Combustion Characteristics

To compare the combustion characteristics of anthracite with
those of other coals, we analyzed their respective combustion effi-
ciencies, CO, concentrations, and acid gas concentrations under
various operation conditions. The concentration of CO, in the flue
gas of the oxy-combustion process is a particularly important fac-
tor in reducing load on the CO, processing unit (CPU) [4,10]. Al-
though air ingress may be an important factor in reducing CO,
concentration and increasing NO, in flue gas, air ingress was not
included in this simulation. Fig. 7 shows a graph of combustion effi-
ciency in the different coal properties under various conditions. As
can be seen, the combustion efficiency of the three different coals
increased with increasing oxygen concentration. Stanger et al. [33]
said that in oxy-fuel combustion, the gasification of char increases;
thus it slightly decreases the particle temperature and combustion
rate of char and the ratio of produced CO vs CO, is higher in oxy-
tuel combustion, which is mostly due to gasification reactions. Ac-
cording to Bu et al. [37] the lower O, diffusion rate in CO, com-
pared to N, is the main reason for the longer burnout time and
lower peak temperature under oxy-fuel combustion conditions.

In the experiments using anthracite in a 90 kWth fluidized bed
reactor [17], its combustion efficiency was higher in oxy-fired mode
than in air-fired mode due to the higher oxygen content (30-50
vol%) and operating temperature (up to 930 °C). Moon et al. [4]
reported that the overall combustion efficiency of anthracite in a
100 kWth CFBC system was 97.6%. In their experiment, the calo-
rific value of anthracite was 22,590 k]/kg higher than the anthra-
cite used in the present study. In terms of combustion efficiency,
KPU ranked highest and anthracite lowest under all conditions.
This was because of anthracite coal’s lower combustion reactivity
compared to both bituminous and sub-bituminous coal. However,
under air-fired conditions the difference in combustion efficiency
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between KPU and anthracite is around 8%, while under Oxy 3 con-
dition it is around 7%.

CO, concentration with dry-basis of three different coals at the
Oxy 2 condition is shown in Fig. 8. Moon et al. [10] reported that
the CO, purity of the flue gas used as the combustion oxidant was
changed from an air atmosphere to an O,/RFG atmosphere at the
injection point and that the flue gas could achieve 96vol% (dry
basis) CO, levels using O, purity 99.999 vol%. The CO, concen-
tration of anthracite under the Oxy 2 condition is 93% higher
than that for both KPU and BG coal, even though the combus-
tion efficiency of anthracite is lower than that of the other coals. As
shown in Table 5, the fixed carbon component of anthracite was
higher than that of KPU and BG coal. Although the combustion
efficiency of anthracite was lower than that of KPU and BG coal,
anthracite generated more CO, by reacting with residual oxygen
and unreacted carbon. Thus, it was confirmed that anthracite could
be used for recovering high-purity CO, under the oxy-fuel CFBC
boiler condition. However, these results were obtained at the con-
dition of pure oxygen and pure CO, recycling. In conclusion, to
maintain high CO, concentration in flue gas it is very important
that oxygen purity from the ASU and CO, purity in the recycling
unit reach almost 100%. The increase in combustion efficiency
achieved by using higher oxygen content may help in maintain-
ing a higher CO, concentration in the flue gas.

Fig. 9 shows pollutant emissions such as SO,, NO, and N,O from
three different coals experiments under oxy-fired operation condi-
tions. The SO, value shown in Fig. 9 was obtained by using lime-
stone, as shown in Table 5. Fig. 9 shows that the total emissions
from anthracite are the smallest. In particular, it was confirmed
that anthracités NO, emissions are lower than those of KPU and
BG coal, while for SO, its emissions are similar to those of KPU
coal. These results confirm the findings of previous studies. SO,
emissions from anthracite combustion are usually low; due to its
sulfur content and low volatiles/char ratio [17]. However, Diez et

300

I NO

250

200

Emission [ppm]

0
Anthracite KPU BG

Fig. 9. SO, and NO, concentrations of three different coals at Oxy 2
condition.

al. [17] observed that the optimum temperature for SO, capture in
an oxy-fuel CFBC seems to decrease as the atmosphere is enriched
with O,, because CO, concentration may affect the sulfation reac-
tion path of limestone. Sporl et al. [38] said that increased SO, par-
tial pressure under oxy-fuel combustion conditions stabilizes sulfates
in ashes and deposits and the retention of SO, in the ash is im-
proved in oxy-fuel combustion, which leads to lower energy based
SO, emissions. Even with the increase of SO, levels and therefore
sulfate stability in oxy-fuel combustion, SO, levels in oxy-fuel com-
bustion for low sulfur coals are comparable to the concentrations
experienced with high sulfur fuels in air-firing [38].

Sheikh et al. [39] suggested that oxy-fuel combustion in a fluid-
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ized bed for carbon capture and minimizing NO, emissions is highly
sustainable compared to other approaches. They also suggested that
both NO, formation and fuel-N conversion have significant lim-
itations under fluidized bed oxy-fuel combustion compared to air
combustion, and that the mechanism of NO, formation remains
deficient and in need of further development. Li et al. [15] reported
that NO concentration remains essentially constant, while N,O and
fuel N conversion decrease significantly as oxygen concentration
increases in the primary flow; indicating that oxygen concentra-
tion in the primary flow has no significant effect on NO emission.

CONCLUSION

To compare the combustion characteristics of anthracite, a high
ash content coal, with those of sub-bituminous and bituminous
coals, we used a modified IEA-CFBC model for a 2 MWe oxy-fuel
CFBC boiler under a wide range of O,/CO, atmospheres, bed tem-
peratures, and other operation conditions. The results showed that
high ash content anthracite can be used as fuel in oxy-fuel CFBC
boilers, and that its CO, concentration in flue gas can reach a level
of over 93 vol% higher than that of other coals. The combustion
efficiency of the 2 MWe oxy-fuel CFBC using anthracite was around
90-94%, about a difference of 6-7% from those using KPU and
BG coals. The CO, concentration of anthracite in the oxy condi-
tion is thus anticipated to be applicable to greenhouse gas capture
and utilization technologies. Air pollutant emissions from anthra-
cite coal were reduced compared to KPU and BG coals. These results
show that if anthracite is used in oxy-fuel CFBC combustion, it
will be considerably more effective in the reduction of fine dust
emissions. Although anthracite’s combustion efficiency is low, if its
residence time in the furnace is increased, it is judged that it will
prove useful as much as bituminous coals than.
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