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ABSTRACT 

Stnrt-up and p e r f o r ~ ~ ~ a ~ ~ c c  of 2 MWth fluidizcd bcd boilcr burning lig~litc was studicd :lt 

two fuel lced ratcs and at various aidlucl ratio. 13cd wunl-up operation using prcn~iscd 2::s ( 

LPG+air ) method indicated an opti111u111 air vclocity at UN,,, = l.G, which gavc I ~ ~ J I ~ I I I U I I I  

consun~ption of LPG. Boiler pcr for~~~ance  in tcr111 of steam production ratc and boiler. t1:cr1~i~l 

efficicncy was found to depend on A/F ratio. The optimum tl~cr~nal efficiency was.found to bc 

S5% a i~d  70% for low (229 kgllrr.) a~id Iligll(435 X;SIIII-) fuel feedrates, rcspcctively. I-Iypothcsis 

was also given to explain the lower thermal efficicncy cf boiler run with high fuel fecd rate. 

Fluidized bcd combustion ( FBC ) has gaincd increasing aitention during thc past two 

dccadcs due to its reliablc co~nbustion pcrforniancc and in-situ conirol of rclcased pollutants. 

Nuri~crous r c s~~ l t s  on various aspccts of FBC ranging fro111 laboratory-scnlc st~rdics to plai~t trials 

I~avcp~~b l i s l~cd  in litcraturcs 11-51. Aimospl~e~icfluidizccl bcdcombustion ( AFUC) i n  parljcu1a.r 

is already an establjshed technology and has cvolved to a state of co~nincrcial operation. b:o:c 

than 50 companies offcr fluidizcd bed boilers for sale in 25 countries [GI. Ovcr 300 131-gc-sc~li: 

AFCC's in a varicty of designs arc in operation with capacities fro111 100 MMrtil to 430 hl7,Yth 

171. 

Owing to the important potential of FBC in the future, a rcscarch program Iias bccn set 

up to dcsign and build a 1nul~ifuc.1 fluidized bed boilcr for sn~all-scaleindustrial use.?'lie ~ e ~ i c r n l  

objective of this work is to promote the use of lignite and biomass forenergy gencl-ation in s11xtl1 

indus~ics  in Thailand illrough thc application of FBC technology. Thc boiler p!ant has noq;lr 

insta!led at Royal Food Processing Plant in Chiangrai. Plant trials xebeing undcrtrtken to c c ~ l f i m ~  

tllc d c s i ~ n  and cvalua~c tile systcn~ pcrior~~~ancc.?'his papcr prcscnts our rcsults on bgi!cr st;:;-t-lip 

and :,$rfbrtnancc using l i g ~ ~ i i c  coal. 



2. BOILER SYSTEM 

Thc schematic diagram of the overall boiler plant is shown in Fig. 1. Tlic boiler itself was 

a standard D-type water tube boiler with tlie bottom stoker being replaced by a fluidized bed 

combustion unit. l 'hc fumncc had a dimension of 1.25x2.65 171' in cross section and contained 

a sand bed of 0.3 111 in static height. Thjs boilcr was dcsigned to produce steam at the maximum 

capacity and pressure of 3 tl1r1- and 10 bul.~, respectively. Detailed dcsign of this FBC u n i t  is 

given in Rcf. [S]. 111 brief, the boilcr system consisted of four major units as follows: 
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Figurc 1 Schcnlntic diagram of thc fluidized bcd boiler plznt. 

2.1 The frrel Itandliirg systcr~t I 

It was dc.sig~lccl to deliver sice~hull and lignite scpnratcly. A simplc ~lingnctic shrtkcr was 

uscd to fecd lignitc onto thc bcd surfacc. For ricc liu!l, rotating table was cmploycd to transport 

tllc Lucl liom n hoppcr to two consecutive screw fecdcrs, by ii~hich tl:c fucl was pi~slicd into :I:c 

bcd just bclow tllc fluidizing surhcc. 



2.2 Air rrlollcrs 

This system consists of a force-draft fan ( 3000 s c f i ~ ~ ,  40 ill. H 2 0  ) which was i~scd to 

supply air for fluidization and cornbustion processes and an induced-draft FLII ( 3500 scfi71, -16 
ill. H20 ) which drew the colnbustion gas from the freeboard a~ld 1nai11 tained a nellntive freeboard 

pressure of about 1 i i t .  H,O. Air was distributed evenly into thc bcd via an air distributor of 

sparger type. This type of distributor cre;i:cs a nlultispout cyclic motion pattern for good solid 

mixing within the bcd. 

2.3 Errrissiuir co~itrol syslc~rr 

The entrained particulates fro111 the bed by fuel gas was controlled by a cyclone followcd 

b;r a mechanically-i~~duced spray scn1bbc.r. Also, heavy fraction of cn~r-;~incd p::r~icle:; w;ls 

captured in  the convective tube bank which acts as a grnvily scttling cllnn?l~er. Sulfur dioxide 

er lcvel was co~ltrollcd by direct addition of li~nestolle wit11 tllc fuel feed. 

J3cd preheating w:ls achieved by n prernixcd gas start-up 1nct11od. 111 tllis I ~ C I I I O C ~ ,  LI'G 

byas lnixcd wit11 the fluidized air prior to distributor outlcts and ~llcrnisture i~nitccl by lun ovcr-bccl 

pilot gas burncr. 

3. EXPERIb4ENTAL PROCEDURE 

During expcri~ncnts, the fluidized bed boiler ivvas operatcd uncler no load co~li!i~ion i. e., 

stcam produccd was discharge to the atmosphere. Tests were carricd out to collect dzta for 

start-up period nncl for constant air/fucl ratio operation. 

For tllc boiler start-up expcri~nent, thc bed was first fluidized by n prcsclcctcd flow rale 

of air. LPG ( 70% propn~lc + 30% butane ) was tl~cn fcd and ~xiscd with flowins nil- i : ~  tlic 

(9 distributor tubes and the pilot borner igoitcd. Tkc inlct LPG pressurc was kcpt constant by a 

rcgulotor to give a fixed supply rate of 65 $lhr in all runs. Tcnlperalurcs nt various loc:aiions, 

as sl~own in Fig. 2, wcrc tnonitoscd continuously or. thc cllvgc recordcr ul:til thc tc~llpcr:i;tlrc 

at thc bcd centrc (T,) reachcd 350 C ( at which lignite is startcd to batchwise fced intc thc bcd .. 
, to  promotc thc bcd warm-up ). Thc cot~sulnptio~l of LPG during :hc test was tletcmlincd from 

the wciglit change of tllc gas cylinders. 

For boilcr performance tests, thc bed was prchcatcd to 350 C as outli~lc ab0.i~. Lignitc 

was slowly addcd into tllc bcc! a:id 111ain:aincd at a dcsircd fccd rate (435 anti 223 kgilrr- for [his 

study ). Wllcn tllc bcd tcmpcraturc rose up to around GOO C, thc maill gns si~pply ..VJS slii~t-off. 

Again, tllc in-bcd rind ovcr-bcd tctnpcraturcs nlcrc lncasurcd i:ntil tllc bctl :em;)cratrrrc :c~:lai;~cd 

constant, usuail y i n  t l~c  rnngc of 750-300 C dcpcncling on ai~./rucl ra:io. \V:ltcr co~;sul~:;:~io:l i n  

th: boilcr fccd w;:;cr dl-u~n was notcrl to rlctcrtninc s t c ; ~ ~ : ~  produciion rate. Fluc gas was ;~n;ilyzcd 



for SO, conccntrati~n by drawing the gas saiiiplc tllrough a gasdctector tubc. Elltrained par- 

ticulntcs werc captured frorx thc gas s ~ : ~ i p l c  on thc filter paper 3.116 tl;eir sizcs d c t e r ~ ~ ~ i ~ l z d  undcr - 
a!) optical microscope. 13ed te11lperntl:re was also monitored during thc bo.i!er- shut-off periocl. 

The purpose was to cxai:~inc the. rnic of temper at ti^:^ d:-op duc to heat loss fi-0111 rllc spslcm. Tl~is  

will effcct tllc amo~!!it of LPG consun;:~ti!:o .. duriiip restarting thc boiler, p~k~'ticuln~-ly suhcn llie 

boiler is operated 011 day-by-day bxis. s.1  . 
I '  . 

Tllcpr-operties of bed and lignite llsecl in this study are shown in Tab!e 1 and 2,  respccti~cly. 

Note:- T,, T,, arrd T, arc 17reasured at 1.5 cnr above air distribriror., ~)lrile 'I; is 
I20 crrr. 

- Irlszr-tiori lerr,rthfor :.:ensur/:lg 7;-T4 i;~~fi.o~.vfi.urlt ,vu/iN. 

', 
Figu1.e 2 Lccations of tempcraturc nlcnsurcment. 

4. RESULTS AND DISCUSSION 

Figure 3 shows tllc vxiaiion of :ni:limum fiuic1iz;ng velocity ( U,,,, ) wit!) tile bcd rein- 
~cr-~tcrc.Tlic rcs!-It shows a ncu-ly li:lc:.rdccre;.,sc in U,,,,v:i:h Lcmpcr:.tur,: o w  11ie r;\ng; 30-8 10 

C. A red~ction o i  about 25% in thc valtlc of Ud is noted over this r;:ngc. 



Tablc 1 Bcd propeltics 

Ccd matcrial 
Puticlc S~ZC, 1 ~ 7 1  

h!Iean diill~~etcr, p71 .. . . . 
Particle sphericity a '  ; 

Particle density, S/c~7~3 
PJcd pososi ty 
S~a t i c  bcd height, 171 

h/I . ini~nui~~ fluidized velocity, cir/s 
T c n ~ ~ i n a l  velocity, r~lls 

Sand pa~ticlcs 
104-833 
402 
0.8 1 
2.65 
0.43 1 
0.3 
0.11 (33  C, 1 nt1-n) 
3.27 

C . . 

Table 2 Fucl properties 

Fucl typc 
Fiicl size 
P~-oxil~lafc a~lalysis ' 

h,Ioisturc, % 
Ash, % 
VoIatilc. matter, % 
Fixed carbon, % 

Sulfur, 5% 
Hcati~lg valuc, kcalkg 
Ulfi~~zulc analysis 

Carbon, % 
I?ydrogen, (% 
Ni trogcn, % 
Sulfur, % 
Oxy~en,  $5 
hlIoisiure, % 
.A.s!?, % 

Lignite from Lcc in Lampoon Provincc 
minus 50 1 7 1 : 7 i  



Figurc 3 Effect of bed temperature on minirnum . . fluidizing velocity. 

The rcsponse of temperature duri!~g bed warm-up period is illustmtecl i n  Fig. 4 . 'rllcre is 

a nicasurable diffcrcncc in the bcd tempernturcT,, T, and T, because prernixetl Sas was adr~~it~c:l 

into the bcd at one sidc (1/3) of t l ~ c  furnace arca. 'Tl~e start-up test was performed to asscss thc 

influencc of fluidizing velocity on the LPG consumption, as depicted in Fig. 511. For. air. velcciry 

varying up to twice the minimum fluidizing velocity ( U = 2U,,), there appears to be a minimum 

in LPG consumption (about 45 k,g ) at U = l.GU,,,. This optimum in air vclocity rcsultj 

Figurc 4 Tcm;~cr;~tures illside tllc fluidized bed furnacc during wann-up as a fu:iction of 

tinle. 



from'il~e counter effects of lcss particle mixing and high heat loss with colnbustion gas as air 

vclocity is increasing. Fig. 5b shows the warm-up time plotted agains~U/U,,,,. Again, h e  opti1liu111 

air velocity gavc least time ( 0.77'11r ) in heating up the bed to the required temperature of 350 

C. 

(b) 
FIgtirc 5 ECfcct G£ fiuidi~ing air ve!ocity oil (a) LPG ~ o n s u ~ ~ p t i o i ~  2i:iI (5) start-up tir:;c. 

Figurc G i~itiicates typical tcmpcrature responses for l ~ x i o u s  j?crioils of boilcr o;era~ion. 

T' cy includc bc!! prchca~i~ig wir!l LPG ( ~ x r i o d  I ), period of increasing coa! fccd ( i1 ), F C ~ ~ O J  



of consta~it coal fced ( TI1 ), and boiler stopping period ( 1V ). It took about one and :I halt hour 
**  . 

to bring tlic bed tcliiperaturc up to 850 C. Over thesc pcriods ( I 8; 11 ) it is no~iced that tlic 

freeboard telnpemture ( T, ) was l i i ~hc r  tlian tlic bcd tcmperature (T,, T, and T, ), iildicatiiig a 

significant ovcr bcd colnbustion of LPG and evolved volatilc matters. Period 111, in which LPG 
was shut-off, shows n uniform tcnipcrntures . . in  thc dense bed and freeboard regions, indica~i;:g 

elficicnt burning of volatile mattcr and clihr in tlic bcd at this high ljcd teniperature. Period IV 

shows that wlien tlie boiler was shut-off the bcd tcnipcraturc dropped to about 400 C within I0 

hours. After resupplying the coal into tlie bcd, tlie bcilcr was brought into operation wit1:cct 

using LPG for bcd warm-up. This shows a high thennnl storing capacity of tlic bcd, and thus 

tlic prchenting time is significal-itly reduced wlien the boiler is operated on a clay-by doy basis. 

Thc boilcr pcrforinance was assesscd in tcnn of steani pi'ocluction capacity 2nd boilcr 

, tlicr~nal cfficici~cy at fucl fccd ratcs of 435 and 229 k ~ l h r  and at varying air/ l~~el ratio ( A/F ). 

Fig~ires 73. and 7b  sliowcd tlic rcsults. Figurc 7c shows corresponding bed teliipcrature unclcr 
I 

tlie salnc condition. I t  s l i o ~ l d  be noted that ill running thc tests 110 atteinpt was nladc to col:trbI 

thc bcd tcmpcrature oncc the steady state conditio~i had been attained. 111 ~liis work, bcd tcni- 

pcraturc varicd from 750-900 C, dcpending on t1:c running conditions. 

Tlicrcsults obtained shows that A/Fratio Iiad an impoitant'cffccton tlie boilerpcrforn?a~;ci. 

For cac1-1 fuclratc, tlicre exists an op tiinuniA/Fratio which givcs n~nxi~iium o i ~ t p ~ ~ t  ;~:icl cl ' ! i~ic~i~'y.  

As cxpectcd, tlic steal11 production ratc i~icrcascs with fuel supply rate ( Fig. 7 2 ) .  I lowcvcr, Fig. 

7b  indicates a I~iglicr boilcr cfficicncy for condition run at Iowcr fuel ratc. Tlie drop in boi!cr 

pcrfonnance is also obsc~ved at A/I; ratio snlallcr than the stoic1iionict1-ic ratio of 5.8 fcr t!:c 

casc of high fucl fccd ratc. Tlie possible explanation to this bcliavior coulcl bc as ~ ~ 1 1 0 ~ s .  

Increasing air flow ratc through thc bcd would incrcase rztc of oxygen transfcr to coal par tic!^ 

su~face,  licnce incrcasinz licat generation ratc. However, high air velocity woulcl also p!-o!;lr;;c 

f- ' hcat loss from tllc combustion zone. As a rcsult, at sufficiently high air flow m e ,  tlic rnm cf 

heat loss exceeds thc heat generation rntc from tl;c con~bastion process resalti~?: i!i a dr\2i1 ir, 

bed temperature ( Fig. 7c ) and hence tl~erlnal efficiency. This effect is n1ol.e pronounced fqr 

11igh Ficl iced ratc. since I:IOTC air 113s to 13c ~ ~ s e d  f ~ r  a ~ I V C I :  ti!!? ra:io. !f sniallcr fucl sizc is uscd 

at C~is fuc! fccd rate, say pnrlicle top size of 10 IIIIX, wc would expcct an imi-;roved ther1ii::l 

efficic:icy and lii?;licr bcd tc:i~perature duc to increasc surfacc area of fiicl pariidcs and hcncc 

burni~lg ratc. 

' K c  cmission lcvcl of sxlfur dioxide was found to be lcss than 100 !ipnt for ~ h c  c o d  and 

ulidcr the conditions tcstcd. The emission standarcl set by thc Nstional Environlnent:;I 3oaril ( 

NEB ) is 1i1i:itcd :L 400 11j~1t. Particlc size of cntrairicd dust detccad a[ :hc stack otitlct was foilnd 

to bc ill tlic raiigc 1-5 p11. Puticulatc conccntrntion was not detcrniincd in  this work. 

$ 
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Figurc G Tc~r:persturc rcsponscs for various pcriods of fluidized bcd bciler operzlion. 
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Tllc pcrfor~nancc of a 2 MWlIl fluidized 5cd water-tube boilcr was studie(l usins 'l'11;li 

li-nilc as a fuel. 111 7var~iling up tl;e bcd to 350 C using pre~nixcd LPC aod o~~cs-bct l  pilot gas 

burncr, it was discovered that tlicrc wa:i an opti~ilurn fluidized air velocily \vIiicii gave ~ ~ i i ~ i i ~ i i u ~ i l  

ccnsu~nption of LPG. This ii~fo;lnr:~io!; is Ileccssary for economical start-up of boilcr 0pcl.alio11. 

Coilc:~pcrformnnce l,vas invcstigatcd to examine the effect of A/F ratio on steal11 production and 

boilcr cfficicncy. The drop in boilcr pcrfom~ancc was obscrvcci at A/F r~klio sm;~i lcr  tl~nn tl;c 

s~oic1~ion;etric ratio of 5.8 for the case of high fucl Teed rate. This was hypo~l~csized to rcsi~lt 

fi,,)~n conlpelitiou bclwce~l heat loss w l ~ h  flue gas acd 11c:lt generation Isom ~ l l c  co~l~bast iun.  I: 

u1as suggcstcd that f:irthcr work should b:: pesforrncd on a coal of smaller size rnnze to ensure 

Ilish burning ratc of fuel pnrticlcs. 
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