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Abstract — The application of an oxy-combustion circulating fluidized bed combustor (Oxy-CFBC) for low grade
coals has recently developed in the world to meet the continuous increase of energy demand and to achieve the reduc-
tion of greenhouse gases. Since demo plants for Oxy-CFBC have been developed, the combustion properties of Oxy-
CFBC in various operation conditions, such as gas flow rates, combustion temperature, fuel, and so on, should be inves-
tigated to develop design criteria for a commercial Oxy-CFBC. In this study, a computational simulation tool for Oxy-
CFBC was developed on the basis of the IEA-CFBC (International Energy Agency Circulating Fluidized Bed Combustor)
model. Simulation was performed under various conditions such as reaction temperature (800 °C~900 °C), oxygen con-
tents (21%~41%), coal feeding rate, Ca/S mole ratio (1.5~4.0), and so on. Simulation results show that the combustion fur-
nace temperature is higher in oxy 1 than air fired. However, the temperature gradient tended to decrease with increasing
oxy mixing percent. In case of SO,, the higher the Ca/S mole ratio and oxy mixing percent, the higher the desulfurization
efficiency.
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1. Introduction
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Fig. 1. Schematic diagram of Oxy-CFB.
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Table 1. Circulating Fluidized Bed boiler installation status [4,5]

Name of the plant Country Maker Capacity Coal type Start-up
VAW Germany Lurgi 60MWth Low-grade coal 1982
Mitsubishi Heavy Industry Japan Mitsubishi Lurgi 150t/h steam Bitu. Coal Ind. Waste 1986
Scott Paper USA Lurgi 96MW Anthracite culm 1986
Idemitsu Kosan Japan Battelle/Mitsui 300t/h steam Bituminous coal 1986
Duisburg municipal Power Co. Germany Lurgi 96MW Bituminous-coal waste 1986
Colorado-Ute USA Pyropower/Ahlstrom 110MW Low-sulfur high-ash bituminous 1987
Kitakyushu Japan Battelle/Mitsui S0MW Various coal 1987
Texas/New Mexico USA Lurgi/Comb.Engineering 150MW Lignite 1990
ACE(Argus Cogeneration Expantion) USA Ahlstorm SOMW Bituminous 1991
Stein Industry France Lurgi 125MW Coal/water slurry 1991
Archbald Power USA Deutsche Babcock 20MW Anthracite-culm 1991
Tallahassee USA Foster Wheeler 250MW Bituminous 1995
EdF France Lurgi 250MW High ash sum bitu. 1995
Turow Poland Foster Wheeler 260MW Brown coal 2004
ENEL Produzione Sulcis Italia Alstom 340MW High sulfur coal 2005
Baima China Alstom 300MW Anthracite 2006
Kaiyuan China Alstom 300MW Bituminous &Lignite 2007
Qinhuang-dao China Foster Wheeler 300MW Bituminous &Lignite 2007
Sandow USA Foster Wheeler 315SMW Lignite 2008
CLECO USA Foster Wheeler 330MW Coal/coal slurry 2009
Lagisza Poland Foster Wheeler 460MW Coal/coal slurry 2009
Donghae Korea Andritz and Siemens 30MW Bio-SRF 2013
Shanxi Guojin China Dongfang Boiler Co., Ltd 350MW - 2015
Huadian Shuozhou China Shanghai Boiler co., Ltd 350MW - 2015
Shendong Hequ China Dongfang Boiler Co., Ltd 350MW - 2015
Shanxi Hepo China Dongfang Boiler Co., Ltd 350MW - 2015
Xuzhou Huamei China Dongfang Boiler Co., Ltd 350MW - 2015
Yeosu thermal power plant Korea - 350MW Coal 2016
Samcheok green power plant Korea - 1022MW coal 2017
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2. Numerical Simulation
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213)4) 9] ], 719 A1)(0, and CO, or air), 235 P(riser),
Ao|FE, A ngy], Aed Adn) So= dE o] Qlok. 1t
IEA-CFBC R 2o|X & 7d53, o] S, loop-seal, 7131 (A&,
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Fig. 2. Schematic diagram of 2 MWe CFBC.
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Table 2. Geometry of 2MW CFBC

Section Component Size (m)
Bed Area 08x24
Freeboard 12x24
Combustor K

Total Height 19.1

Circulating Height 1.5

Total Height 6.40

Diameter 1.75

Tube diameter 0.70

Cyclone Tube length 0.48

Inlet height 1.30

Inlet distance 0.88

Width 0.70

3. Method
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Table 3. Overall models for circulating fluidized bed combustion
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3-2. Oxy-CFBC code

[EA-CFBC 229] A4 37] A4 27119 <8755 By
st AlEEo)A F=o]7] wiEoll 37 276 WA Qi) whebA
TAkE 9 2RI wEET B 24
HaliAde Aar) obd oiks e A s
ZoolA Ak A4 3 T3] A sollA o]Alslek =z o
72 Agkel] XA $ £3 e gl
A4 B Hntel] 2 J&FS =
ARAVE] S5k, & AFtellM = 712 IEA-CFBCS] 71~ 24
< kA 2o S £ ko dE AR dHEEE Vi
SHlth W= o] A9-, 7] A ARE EUR p,, (1 atm, 273 K)
e ok S ofEllgl 2 om, ofel) 218 ©]8-319 0, mixing
percentel] W2 FLS Alxtsto] 2881 0H27].

_[Px (02,mole weight 02,%)] +[Px (COZ,mole weight % COz,%)]
Peo™ R x T(K)
M

H == Crane company [6]2} Weast et al. [7]014] A3 2]

AHsIGL 00, okl g} k.

M = Hox (a+b)x (T +Ty)*” ®)

i
N
N
X

Model Fluid dynamics ~ Size distrib. Coal comb. SO, NOx  Heattrans. Steam proc.  Recirc. Condition State
Siegen [16] 1-dim + + + + + + + Air Std
Zhang [17] 1-dim - + + + + - + Air Dyn

Mori [18] Block - + - - - - + Air Std
Basu [19] 1.5-dim - + + + + - - Air Std
Xu [20] 1-dim + + + + + + + Air Std
Lin [21] 1-dim - + + - - - - Air Std
Halder [22] 1-dim + - - - - - - Air Std
IST [23] 1-dim - + + + + - - Air Std
Alstrom [24] 1-dim - + - + + - - Air Dyn
Hiller [25] 1.5-dim - + + - - - - Air Std
Werner [26] 1.5-dim + + + + + - - Air Std
IEA [27] 1.5-dim + + + + + - + Air Std
Barracuda [28] 3-dim + + + + + + + Air Dyn
Fluent [29] 3-dim + + + + + + + Air Std
Sedegh [30] 1-dim - + - - + - + Oxy /

std = steady state, dyn = dynamical, + = consideration, - = no consideration, / = none
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Table 4. Experimental conditions

A FER Ak 9l BA B4 635

Operating conditions Coal type Reaction Temperature O, mixing ratio (%) Coal feeding rate (kg/s) Flow rate (Nm®/s)
Air fired (O,/N,) T1 (800 °C) 21 0.24 2.071
Oxy 1(0,/CO,) T2 (825 °C) 21 0.24 2.071
Oxy 2 (0,/CO 31 0.24 1.380

Xy 2(0,/C0,) KPU T3 (850 °C)
Oxy 3 (0,/CO,) . 41 0.24 1.045
Oxy 4 (0,/CO,) T4(875°C) 31 0.35 2,071
Oxy 5 (0,/CO,) T5(900°C) 41 047 2,071
a=0.555T,+C 3) Table 6. Limestones analysis
Limestones YS
b=0.555T+C “ Specific surface area (m?/g) 0.5095
CaCoO; (%) 95.6
A, =[(T-86.25)xCO, o, +(T+32.5)x0,, 5 3
8 I¢ ) 2% ( ) = il ®) Conversion (-) 0.19
Ca/S mole ratio (-) 1.5~4.0

Thermal output®] 7J-$- Lemmon et al. [8], Faghri et al. [9], Incropera
et al. [10}5-2] A7 AHE T2 glsto] Alg# o] el 4&-3k3ith.
2 A EF01A £ sub-model T Y5 UA AFH A= WA
silom, MAdE FEE o] gate] Atk Ai 212 3 e

% J

wdy 24 5AS 2480l
4. Materials and Experimental Parameters
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R} 7o) Tkt 0, FE(21%-41%)5 AHEall o, Eak v
sl 10%2 A3t oful, Ca/S Bl &2 122341019 31
7HACE 21 259 %, &% i SO, NO, WiEHe] 9T
ZAFsl7] 9131, 800 °C~900 °CE A7 3FA T, A gk F-9i w2 53
Z7A04 Ak B3 nj g i £ 21 H3kE s 99
Aek BURES 024 ke/s® AA3ISITE B ol gk, O, HIE 571l
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15.83 wit%, 22 1.2 wt%, 3 0.46 wt%C|Th 4134 9] 79- CFB
HAd A Ca/S mole ratiod]] 2 23 a5 H7]9]3), 1.5~4.0
W92 A 01| Table 60 BAIBFATE QA AFH AJEk, 4
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Table 5. Proximate and Ultimate analysis of the coals

KPU

C 71.73

T H 498
N 1.2

S 0.46

. . Volatile Matter 55.62
Pr‘(’(ﬁz‘j‘datrye t‘;‘:sly)s‘s Fixed Carbon 38.58
Ash 5.8

ot

3, 2o it Y E+= 212} 1,070 um, 280 um, 250 um®|T}.
5. Results and Discussion

5-1. Temperature, Pressure and Solid fraction profiles

7] A gl Ak A 23oA A4 E5EE 850 °CE 4]
3t 27 oM Q) 355 riser] 2% W3S 1128}] Fig, 39|
e At 29 elA 25 Ful7F 2A YERbE 952 annulus
TRroln LETHZE A R BZF-E core THH] =5 UFERILE
Table 404 H.%0] Oxy 1, 2, 3= Ak £ B]&-2] sl w2}
A Fleg W7l lo]n Oxy 49F Oxy 5] X7 Aka &
5 S7tel whet )7 uI7F FA E 25 A FolEs s
Aok, 1S B, RE 97 oA Aek Flo] o] Fojx)=
Axr g 3o L= & 21o]7} glo] 840 °C~850 °C WY S £
3k Q) O riser®] o7} S7Vsk) whEbA core®} annulus®] =5
7} & Aol & VRl A Qlek. 2H-2] 73-%- annulus el A 400 °C~
650 °C Ato] 9] 2% & YER L Ut Core 73S 79
820 °C~840 °CX= Afe] o] 1= Hill S el Il glom, £ol7} 5
7hs 2 S0 skl AR sHEe) e At
(core, annulus)i= thEF 70 °C~450 °C 9110, 2} 2 of up&
L5 Tl HISEE S Bola gl

Fig. 3(a)y= 37] 949 4k A (oxy 1 24)S vlwst 1)
xolrt, J¥ oA B A A4 ZU A& core®t annulus®)
<5 TP A o' ks Al B e vk 20w WA
Al ZETE7E DA 0 Tk 2l & 7 Sl o= Rk
oM 2SR BlEo] 71 2 71A7E daelA olitsiiaw WA
Holl whbA] o] = 71A|e] 5A40] IS 71A17] it o= Az
53] Nyoll v3l CO,2] &) 7] wiol s4ka 449 cores}
annulus == A4S Fok B8] riser?] 0] 7Tl whE
annulus®] 2% B¥5 B 744Fo] FdshA WS gqlst 4=

= =1
Sieh. tlo] olg) 2 A3tE Ba FADEL 3]
]

P

Y e

Mgk B 2dsto] Ak £ UjE&S HEFAIZ] 9] riser
o] % ®3EE Fig. 3(b)ol YERNSITE 13 ollA B, riser 5F
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Fig. 3. Temperature profiles in air and oxy fired condition, (a) Compare with temperature profile of Air fired and Oxy 1, (b) Compare with tempera-
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veR Qe 28-S mE, Ale B9l =71E Qa4 core, go] A Ve A s YER 2 Qi RE ol 2, Fig. 4(b)el
annulus 77 2571 50 B 5 QU o= et el eERd o= FralzE AAlA o= vlszah frAlEe gklskelon,
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w2 7|37 WEAIZ Oxy 138 RS Aol7h ¥l ek 7] &
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9}, Fig. 4@-F B0 A2 o5 wheh el gashe 715 714l gl BUsh) Mo Az, e Aek
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Nomenclature
Pq0 : gas density [kg/m®]
P : Pressure [Pa]
T : Temperature [K]
T, : 527.67(C0O,), 526.05(0,), 540.99(N,) [°R]
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O3 ot weight : Oxy mole weight [g/mol]

CO% ole weigne  + Carbon mole weight [g/mol]

0,4, : Oxy concentration [%]

CO,y, : CO, concentration [%]

R : Ideal gas constant [L-atm/K-mol]

Mg : gas viscosity [cP]

Ho : 0.0148(CO,), 0.02018(0,), 0.01781(N,) [cP]
C : Sutherland’s constant [-]
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