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Abstract

The increase of world's population and economic development are the keys drivers behind growing demand for energy. Especially
the demand for electricity would eventually result in an increase of coal usage. Therefore ultra supercritical circulating fluidized bed
boiler has been developed as solutions of economic eco-friendly technologies for coal and of increasing supplies of low grade fuels.
Ultra supercritical circulating fluidized bed boiler has an once through type of steam cycle different from drum type in subcritical circu-
lating fluidized bed boiler. Also, the duplication of a proven commercial module with 100-300 MWe subcritical circulating fluidized
bed might be the key for design of 500 ~800 MWe ultra supercritical circulating fluidized bed boiler. After 2017, ultra supercritical cir-
culating fluidized bed boiler might become standard model over subcritical circulating fluidized bed boiler. Therefore, this paper will
help you to understand ultra super critical circulating fluidized bed (USC-CFB) through describing the background, status and prospect
of the CFB technology.
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Trend & Issue

2E&e 53] Y HYP convective back-pass2  Hil 3lo] ol webAe EEof HjAEdv|(Flue Gas
HEET daz s B Sl daksvh 4 Desulfurizer) & A2 a7t glo] vl& ddavs 7|
o] 3= fed 471, oJAF = U wol9 A& 4 Atk EI, thermal NOx&] HAfo] A& o] NOx2| 44
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29 Havbio] o HHo HAEHS T3 dF FH £ FH B S(EEA, 7|E 155, Vet 99 54
Ztdde vroz wEEE A gAF W ujrks 5o E¥ = Huste] & 13 & 20] YUY &5 2YY
S E3)| convective back-passollA] FE T E3E A AH Q] = =2 7A 75, W2 A4 99 52 AQstd 7E &
Z20 et o8 dWEy] & bottom ash AR & FTH AR SAS 7ML e FUE 4 o mE
9o 52575 st} QO] g 4t vlustyd Hop & A7)0 A, G ApashE
£39E2 oyl 7|20 34y A dalel wreepc  WE B2 ERE SAS A4 gt & 29 7|3 A
. pulverized coal) Hol#9} 2e] dA@o] AL AAAFR 878 HALE BV SRS AR §E55 YA 005
etk THFS MAYE 4R Yo| 3EAL Fsp 00 mwb T olgHL A Edlo] W SEekL 085
T EARS B3 B/1E Fsll 95 AjuA j5g 0P SFED AN LA Ao Mo vhas
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coke, wood waste, £A] W A W71 §& ARE T Fo|  s&w wgHo] glon, W AALT A4 ©
dom 53], ALy A= e Bx dAm glo] Ax duased NS 1Sty HAF & 1a8st Ha
o ole Aol ok ER VA A Y g8 S = Qe ARt £3gEE HYye 1aests wAEE
o Q4 £ T3 vk Aede] At AFALE F719) 2= 2 4EE ZAASuper Critical) Ei 22 YA
o] = Qe 2 A4 A&S €& 4 Uth (Ultra Super Critica) 2 &2 57| A]Z2RE d&= &S
ceREe BYee stdo] AR Poug gukro ol WMol M YR WHoR WAAY w2 714,
A4 2%7F 800~000C AL AHG vEet B AFASo] gl SRS ekl Sl & 3% 9 62 T
oz}l Hlws $e i exE olg A ZHoA= A 7] 249 Ao E ZLY FUE K&}

34 A7l 23t ol = E3o] slsd ®m oopzl, i F&F oA B A o] F719 4" 2 2Lt F
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Characteristics Stoker Bubbling Circulating Pulverized
Height of furnace or burning zone(m) 0.2 1-2 15-40 27-45
Superficial gas velocity(m/s) 1-2 1525 4-6 4-7
Excess air(%) 20-30 20-25 15-20 15-30
Grate heat-release rate(MW/m’) 0.5-1.0 0.5-15 35 4-6
Coal size(mm) 6-32 0-6 0-6 0.1
Turndown ratio 4:1 3:1 3.4:1 3:1
Combustion efficiency (%) 85-90 90-96 95-99.5 99-99.5
Nitrogen oxide(ppm) 400-600 300-400 50-200 400-600
Sulfur dioxide capture in furnace None 80-90 80-90 None

215



=

g
ret
ot

# 2 Comparisons of principal gas—solid contacting combustion processes [11]

Property

Packed bed

Fluidized bed

Fast bed

Pneumatic transport

Application in boilers

Stoker fired

Bubbling fluidized

Circulating fluidized

Pulverized coal fired

Mean particle diameter(mm) {300 0.03-3 0.05-0.5 0.02-0.08
Gas velocity through combustor zone 1-3 0.5-2.5 3.5-6 15-30
Typical U/Ut 0.01 03 2 40
Gas motion Up Up Up Up
Gas mixing Near plug flow Complex two phases Dispersed plug flow Near plug flow

Solids motion Static Up and down Mostly up, some down Up
solid-solid mixing Negligible Usually near perfect Near perfect Near plug flow
overall voidage 04-05 0.5-0.85 0.85-0.99 0.98-0.998
Temperature gradient Large Very small Small May be significant
Heat transfer coefficient(W/m’K) 50-150 200-550 100-200 50-100
Attrition Little Some Some Considerable
Agglomeration Considerable Some Less No problem
H 3 OlUAl HU2iet ZUA|, ZXEUA BYe{o| EE parameter H|l [8]
Plant Type Price Steam Steam Auxiliary Efficiency CO, SO,
($/KW) Pressure Temperature Consumption (%) (G/kWh) (G/kWh)
Conven-tional 850 165 538/538 46 40.0 ~855 ~2.4
5807C-SC 1050 290 580/580/580 57 »42.0 ~780 ~2.2
700C-UsC 1100 365 700/700/700 6-8 »48.0 ~710 ~2.0
2294 <8HES Hd2 LS 9fsted AG7HA
e Y AR 3A 7R RS 4 ok A =
55 HUHe] YIS 93t maly T2 Aol
S ! o &£2rEs ZddY fE&FeE st &dnes 2
E 8 Ay 7]sg AEst Y= AlstomAeb Foster WheelerAl2]
=5 &gt dehe 2" 73 8o YERf U
g 4 TolH W Ak 71 A ARISE E(100 ~ 300 MWe)
g 3 of duplication §3 H§F2E AW ek 3] Aol
u o, 229 279 9T HEY fAl U A LBRE £
z 55 BAY WgFae oIt wizkrlH 2BUA
5 EREE AAR UHo FBY URE AR 945
T " 538/538 565/565 593/593 & I AR =g FZ UM A He nAdRE Eet
STEAM TEMPERATURE (C) L 293 ozjolr}, o 2wy W TIHFLE =0 A
a8 6 57| =o| eyl e EHE e (8] g} dag i ddet 25 B, AdRdAE 7HeTt
LSt AR ol AFA Fo=H 2| TR Vet
HEEE FHEY dE AdEE 4 ¢ 4 Ut @ e dh 5 KA S FUW LE AL Themal
ofdA o] A TR JEo] 40% u|RolAR, F NOx9| Aol Edg &th Heol 2&e 7 o
Lol dEs xxAAVR &F 751% HAL BEE 45%  slo] dMAjQog LEFo] Zyeto] whebd R of %

1x
X, ofo olo
2 i oft

L ROlZE 2t F7HE 54 AT BR 29
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200 - 300 MWe

<100 MWe 100 - 200 MWe

Open Combustor

> 300 MWe 300-800 MWe
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e > () P
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5= &4 (slagging) R &9 (fouling) @40l &Eol&
01 AJZto]l BFof weh EHggo] & Hahrh gk

- CFB X228 4% PCof| H|sto] F7] Fiof At
oz ko zgkoskol Ho] HQ3H Rifled tube’}
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- CFB 229 3¢S
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Bl
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Trend & Issue

PRINCIPLE NATURAL CIRCULATION (DRUM) ONCE-THRU

SUPERHEATER

EVAPORATOR

[ B Jumilu)

ECONOMIZER /N )

OPERATING PRESSURE
WATER WALL TUBING
Fb317

T8 9 229 &7| =& LA0IA vs =YA) [8]

d

10...180 BAR
VERTICAL

20...400 BAR
SPIRAL OR VERTICAL

AHEEE BEL SR AFe Hadlslr] s ZAo]
Xﬁﬂﬂx] oF
275}

A2l A mf A AR, AA USC/SC PC EY o
2 2 5 Aol 0 4 L
W SR} AR A% R W AT eE
tzpelo] Aasty o5 g8 Hdd LH ojg] &
TS WiA|shs T E(multi-pass) 7] o]
#o] UAlg vl X|(spiral arrangement)E £33+ T &
7IWo] Zdte o] o]-§=ar qlrt [8I11][16].

a9 10 & R ¢AHSEY] heat fluxe] HIE 24 B
Ao Fefoll wet wlawsto] vebhd Zlolth (8]0 LR ol A
B wallfired = arch-fired 59 v)&Eg 349 AL =
ool ket heat fluxe] W37 oS AIBHA LEREAIT, 23
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HEIGHT (% Total)

100 WALL-FIRED
(High Input/Area
WALL-FIRED
80 (Low Input/Area)
60
40
REFRACTORY
ARCH COVERED
AREA
20
ARCH-FIRED
(Typical)

0 R /1 . | [
0 20 40 60 80 100 120
HEAT FLUX (% WF Max.)

a2l 10 Heat FluxQ| H|m [12]

| e B Aot 22 REE
Holal gtk tiFEo] A oA Wtk SAE HYS &
4= Stk 9FA] once through oA A 4= Ql= 9F WY
wAE 1Ed [ &85S Bt T s &
ol & & SQlth o o] 2xUAY F7] 2Ue g
ESRES 2Yd Y SpAe e 2k

- PC firingo| 4] 4 heat flux®2th 2| heat
249 CRBOIA] Heat fluxe] o B#AS v
200 o]3k2 ol ul3tol TjS FAUT EA4S

- CFB HYeloA 7 & heat flux g9 FE7]9
water heating section® 2 7} G & Lo )
heat flux7} LR FEE QATES Wold 74 Selshh

- SC/USC CFBO] W4 heat fluxs PC RAg|e} 2 jo]
7F ik

- CFBY] #¥3} circumferential heat fluxs= spiral furnace
Buol e Bgw 4w oA fAle] Axgt Bt
7Fst vertical furnace SEE o] 83 4 Q1A 3ttt

- CFB boiler= &30 U3 heat flux(~600 kg/m™)o] 3]
ZFe mass flowsS 0]-88F 4= Qa1 wepA] HziAo] Ao

HESEe SC Y USC SAOR Aol Ao]2 4}
Ang FHE gE% 2YAACR Y& AL glow
MW EEQAY W lGol spel 2ol 7150l

g Foleh, B3 B9l WAGHFLS AL F75ko] 1000 MW
ool Musle WAt A4S SAHL gt £BIEZ

= oulEg darlsd sk &9, UsC 7 dE
Az Folu, aﬂ;xﬁ Feko] Lagisza CFB 2460 MWe)7}
SCaEor A8 4 Fol dor, =9 Baima CFB U3
2600 MWe) I AF¢l 9-Aof Soj7F Aoz wuErt (I
g 11 =2 (13l

d-olA Ezol yRES F8 AFAES e
279 ty3t 7)< LR 280714, 600C oA %
A 27 BAE AR A% A 2 ool 483l AF5hn
3lol, UGSC) CFB 43t £%=7F B &% ofdA CFB 2
4 2L o 5 Ut £HHES BUe g 7147
kS 37 Foster Wheeler AR} Alstom A7} OFEslo] AdAsk=
7], Al SHARY S oE %5117]‘/’5(D0ngfang,
Harbin, Shanghai)®] Al<o| Bz Qlth oj&=F <3t
& 7leNEe 22UAATLE 800 MWGT}WPZ] **74]7P 5101
Ju Hoe wuHT glov 2 ALAP 1Y BF
714 ERLS AU Aoz FrhET} Foster Wheeler /\l-—J
£ compact cyclone, INTREX 59] 53t 7]&0] 3L, Alstom
A= FBHE(Fluidizing Bed Heat Exchanger) W 4= o]
Shipecleg) 7 591 T3 4ol 5 chggel 2
AY =253 7Iss sk Qo [8oMn4lns].

20124 7]%3; Tiloﬂ: AA CFB Hal#7} oF 3000
57] HaEgon HASTHE 80 GWeo] o2& ASE o
#A ok 2 7k 300 MWH o]4re] CFB Ed#& 112
T717F &9 ¢ Aoz Hiwi Qi F= CFB 7|a2
A7|8 st 2 A FEor A TletE ¢
3i5l= A1} FA|o] Foster Wheeler, Alstom o4 300 MWe
3 olstel okA CrB 714 Esidt. $RE EUT
ol A CFB 7|&Z 20068 300 MWeg lignite CFB WAAE
AL ol 7|&gE E3F CFB 7]& 7IAS2 Dongfang
HA7E 2013d0] AlA FHe FESQ 600 MWed 2UA
oFB Rzlel Baima B4 0] AFete] 7o) W
o ik (18] ®3F 3 4o YEhd Hiel Zo], FaoA=
350 MWH SC CFB 107]& 7}E o 18] 70917] o]Ato]
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