ZAE A A67A A235.(2010) / pp. 70-77

Co—combustion Characteristics of Mixed Coal
with Anthracite and Bituminous in a Circulating Fluidized Bed Boiler
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ABSTRACT : This study investigated the characteristics of co—combustion of mixed anthracite
(domestic and Vietnam) and bituminous coal (Sonoma, Australia) at circulating fluidized bed boiler in
Donghae thermal power plant when mixing ratio of bituminous coal is variable. Co—combustion of
bituminous coal contributes to improvement in general combustion characteristics such as
moderately retaining temperature of furnace and recycle loop, reducing unburned carbon powder,
and reducing discharge concentration of NOx and limestone supply owing to improvement in
anthracite combustibility as the mixing ratio was increased. However, bed materials were needed to
be added externally when the mixing ratio exceeded 40% because of reduction in generating bed
materials based on reduction in ash production. When co—combustion was conducted in the section
of 40 to 60% in the mixing ratio while the supplied particles of bituminous coal was increased from 6
mm to 10 mm, continuous operation was shown to be possible with upper differential pressure of
100 mmH20 (0.98 kPa) and more without addition of bed materials for the co—combustion of mixed
anthracite and bituminous coal (to 50% or less of the ratio) and that of domestic coal and bituminous

coal (to 60% of the ratio).

Key words : circulating fluidized bed, co—combustion, bed materials, upper differential pressure.
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Fig. 1 Trend of coal consumption and facility utilization
factor.
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Table 1. Coal consumption and utilization factor for domestic
anthracite coal fired power plants.

(Unit : 104ton, %)

Donghae T/P | Yeongdong T/P | Seocheon T/P

Year| Coal |Utilizati| Coal |[Utilizati| Coal

consump| on |consump| on |consump U}'gé?[g?n
tion | factor | -tion | factor | -tion
2002 121 68.8 56 59.8 88 65.5

2003 | 123 70.3 65 63.8 88 64.2

2004 | 113 64.0 50 55.3 73 55.7

2005 110 62.5 53 58.6 73 55.7

# T/P : Thermal power plant
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Table 2. Comparison of imported unit price for Vietnam and
bituminous coal.

(Unit : US $/ton)

Heating | Cost Conversion of
Coal value and | Fare | heating value | Total
(kcal/kg) | Freight (6,158kcal/kg)
Vietnam
Coal(A) 5,100 70 |10.95 14.52 95.47
Bituminous _
Coal(8) 6,158 80.94 | 3.85 84.79
Difference 4
(A—B) 41,058 10.94 +7.1 +14.52 +10.68

gkl vl8l oF 1000 keal/kg H %= %o]- oJeko =
e e AR D e e e
10.68 US$/ES Wko 1Ao7 Fust 4= 9l &S
0]—/‘\0]14_ Lq_a,}\i OﬂE]-O 3:5]'0:]/\6 75]—?—}2]:]]

AT E TR

o] FE A= =& OS_EH] A7P7} kA g ]

OFO

3.1 735 &
Fig 20 71A1E e whE &
= HERIt 3712k

i)
ol
_0|L
i ik
ro, Jo
offt
e
ol Lo

offt my, =2 ofj
24 ol O 1M 2 Mo

*713 F8stod % 1%
Aete SAsk Gy
A o 74A] F7fsity, o] 31
1A% (fixed bed) o]} st} %LQ%}’SV} a
o] FAI9} ZopA o] 01]/‘1% 7
Aol 7Felj A= AQlHo] &
s AT FAYE §%7] Al &gt 0]73: =
2fEs A FE3, o 7]5<ﬂﬂ THEE
(supercritical veloity) & HAFEd&srsty st
o, 71A1 9] e &S Hv |k o) ASH e
2 0] S7letd et dAskA fAE=
W aAFo] WA IAES AR FEEHA As
8t =& HAA AR ouxﬂglr 7re EMS Ho|y
W Eiin=a i’iﬂ%‘% & S o A P AR = S SR
o] Y2 FIstH o] & 7]-
7)xetal -2t} o] 7|29
A AGstA Fe A9 2 F
= Weth V12 AestaA el 1AlE
& 712+ 9 = 1A 9 Fe
A}, o] o} 22 A2 7| ot ‘?Jx}ch &
o] FHE A= JAEY stF AFS S5 dlel

do 212

> O &11 01)1' tlo
m}L
;z
%
a=
=
2
|

_4_4

N
2
rr
o\
mlo
ol oﬂ
-’Ll

A

Fixed {Bubbling | 1Turbulent: 1Circulating

L regime | Tregime | fegime | regime
5 s O
Ap i
: Air ;
Minimum flow I )
velocity i \Entroinment}  Particle

i ve\ociK; mass flow
1 |

Differential pressurc
(log scale)

v

Velocity(log scale)

Fig. 2 Fluidization regime

Gehe] 7| L5 go] 25% P 4G4 1 1A
E£qes} Tolie, w449 32E 1AL
ohE g Ak 5 S AN fo] Z7het
wheh F43] AA5AL o el g AL NEFES
ole} #it}

A AAROE AL &
© 4 wEk 2 “Jra}
2 t}. Ahlstrom %2 )
Ahlstrom "] €] T':;‘ﬂ‘%%‘ ALEE g ust
717} A = o] QA kot Lurg B4 0 =84
T By e oFdugr)el A3y zt7] (FBAC
ﬂuldlzed bed ash cooler) 7} A4 %o = HAY
o]t}? Fig. 32 Lurgi W19 <3753 Eoéﬁ«]
NEFLolth, Hadef o] 42 A Mgt 2 A5 F
A=, 37 FUF, d4Z I Al Alo]Z
2, FZ A Fdugy] :Lﬂ FHEERE Ho

e,

33 Q2T U TH 28

FHHEF LA o] F2A 2B Ax, 2
Ad, g3 HA FFL VAL FaF A
ofet. YA AT ALWE A FE, SHE o]

Habe S5 JAEL EH‘:’ A}O
Ha A AARE A
T3 MG ¥Isl= HP°71 XMH 4 —’FX]

chea} o vhehal 4= glehe,

Jpsp APis+ P+ JPc (1)




Coal and
Lirestore | | | 1 O Ne 0 Jeeeeees >

—P Sold flow
Gas flow

Fig. 3 Configuration of Lurgi's circulating fluidized bed
combustor.

ANA, IPsp, JPis, IPr, IPc = 2t7+ AHI = 5}
|, FL A, g Ate]FE FEAEE U
L=

Fig. 4+ <3755 U d8 4 4852 ¥ &
HojEn g ~EE vlo] o A= b7t
S Alo]E 2 a9 £ Ao 9k 7slo)
golu] o= A (1) oA & Yehd a1 it 1Al
A7ke] =3k %ﬁ_ A} Ao ke atel oS
Zo|7b G AAR O SR AEE HH, 1A &
gk oS Ao 9ske] el 4= Qlnh,

GQ :-09 Us 63 (2)

AA71A, po= AL AR U, = AT U 1A
JAe] &x 6 = AT U 1A AFFEDS
YebdTh weba A3 ol b AbE 4 1A A
TS T Aol ol 78 4= .

AP
— ] (3)
7 e —mla

4.1 HeizxA
dTe Felste sdrEsda 2 157]

B Riser )

height

F Stand pipe

Locp seal
T T W I |

PN T N T T M Y S

pressure

Fig. 4 Typical pressure distribution in a circulating
fluidized bed boiler'®.

Ao ato] ‘09. 04.20 ~ 05.317k4 42
g 200 MW= A & Aol A F—fra s
=dA Age 4 Alo}@‘w Aol AHeEH AY
2 AR ) A 9 oA S flske] f
oS SHHTE sto] S Faky AT
2beke] S Add Hawks AR, YT
2002 MWHISIE Hlojub= gh2 A4 719

[
e

&
&

sk Tk
Table 3 = &ha} W EHERS Z3hdA o f+
A (ZFAE Sonoma)—% 0 ~ 60% 7HA] £3&S

H 3}A] ]”“1 5\—7‘] < e ’%—1-333‘—740 LER
3, Table 4= FA®Y 33 YEE 6 mmolA
10 mm= =A A= W] o 40 ~ 60% T2
A AR HEkE FEl SEA A vkl 4
st AE RS YRS

SRY BE LEWRE Ul AL 3y
A0 B MEE fAR S8 F7h] me)

THE PLANT JOURNAL Vol.6 No.2 June 2010 73




Aol - #%

Table 3. Test condition for co—combustion of anthracite—

A

Table 4. Test condition for increasing bituminous

bituminous. particle size.
c Mixed anthracite(®6) | \jixing ratio | Injection of Case Mixed Anthracite(%) | \fixing ratio | Injection of
Nag.e Domestic | Vietnam | ©f bit%minous bed materials "\~ | Domestic | Vietnam | ©f bittéminous bed materials
coal coal (%) (ton) coal coal (%) (to)
- - 1 37 18 45
1 100 0 80
2 23 70 7 - 2 16 29 55
3 41 44 15 - 3 50 - 50 -
4 37 38 25 - 4 45 - 55 -
5 27 43 30 - 5 40 - 60 -
6 23 42 35 80
2 BT 0 W% B et ol ehd 4 9l
8 12 43 45 (00
9 17 33 50 o M 4)
UCF = — X100
10 16 29 55 M,
50
11 35 5 60 _
o17]4, UCF& v]d&ta W& & (unburned
o i carbon fraction), Ma = &3] 55, Mu = &3]
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