CHAPTER 3 .

LITERATURE SURVEY OF FLUIDIZED BED COMBUSTION OF RICE HUSK
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For clear he oncoming sections, the

following termi

Bed reaction take place.

Elutriation small elements in a
by a stream of high

Fluidization - . spendi g particles in a rapidly

or vapor, the particles
;et»er and interact in such
sive the impression of a

3 —_—_—
LU R W GG B A e

A
: f¢ particles maintained

Fluidized Be'jj‘

in balanced suspension ““against gravity by the

s ueﬁﬁmﬁ:ﬁ%’wmﬁim

Conbnst1on

(A By S GG e s

in a particular zone of a fluidized bed.

BASIC PRINCIPLES OF FLUIDIZATION

In FBC the packed bed consists of solid materials



confined in a vessel, usually cylindrical in shape. The force
of gravity causes the solid materials to pack together inside
the vessel. The relative position of the packed material
remains constant without the application of additional forces.
The packing material rests on a distributor which, as the
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H1n11ul fluidization is genexally not a @lear-out point.
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- The top bed surface become level, which is indicative of

packing natel

fluid behavior.
- The interparticulates contact is no longer continuous.
Unlike the packed bed it cannot transmit a force along the

direction of application.

24




As  the gas fluidization velocity is further increased,
the gas can no longer pass through the interstices between
the bed particles without the formation of gas bubbles. The gas
bubbles inside a fluidized bed will cause the volume of the bed
to expand. The upward movement of the gas bubbles promotes

in-bed solid-bed mixing through a bubble will retard gas-

solid contact for the@‘ #)/nsme the bubble.
If the & oﬁ.]fl“@! air continue to in-

“entrained. Instead of

crease, the

remaining insd of ssel, the bed material
are blown ouil r almost identical to
pneunatic air ormed, no bed material
will remain in "_;L‘ ‘ '  S phenomena is known as an

entrained bed.

Fluidised 2%/ application of the
fluidization ‘ s’ of combustion. The

advantages o includes (Bottlerill,
1975):

ﬂ H&Je’&%ﬂgw § of | 3t ‘dohtact between solid and

fluid. s very largqfsurface area permits th’achlevenent of
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andqf luid.

- The comparative ease with which fluidized solids can be
handled.
- The reduction of temperature gradients to negligible

proportions through the bulk of the bed as a consequence of the
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high degree of solids mixing that can occur in gas-fluidized
systems, i.e. a very high effective internal conductivity.

- High rate of heat transfer the fluidized solids and
immersed surface.

.

Furthermore, fluidiz bed combustion technology offers

another advantage i | emision control where sulfur
can be retained in 2 &n oxide reduced.

provides the historical

of the fluidized bed

3.2.1 Basic

» the bed consists of

granular inert part{"‘f-‘rzp =% is blown up through a

The fuel ma DN S : jEEercent of the material
in the bed. The combustion of fuel eps the bed at a cer-

=y ﬁ“ﬁ‘“ﬂ iish ) iaFal i
molten ﬁ h’g Estrll ¢ bed keeps the

tenperature stable, so¢ that the, bed does get rapidly
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frod the bed to the surrounding walls or boiler tubes, by the

direct impact of the heat transfer there is in a conventional

boiler.

As fresh fuel is added, even through it may nuch
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cooler initially, its temperature rises rapidly compared to the
whole hot bed. Accordingly, even very low-quality fuel, e.g.
low-grade coal, urban refuse, even wet sludge, which cannot

be burned in any conventional firebox, can be combusted.

The fluidized b e11vers heat from the burning fuel

to the boiler wall os\; J‘ which in turn delivers it to
the water or ste!;:hSEng he ause the heat is delivered

ood qua11ty high-temperature

high-pressure st hile operating a fluidized |

by the direct’egf parti

bed combustor lower than that in the

fire-makes ;@ralatically the forma-

tion of nitr ﬂ such a temperature ash

dose not melt. 3 caused by molten ash,

The 2d=" the heat out of the bed
comparatively rapldlyeééit is ffefore possible to produce more
output  per  unit 'tiié"inf‘lkf f: irebox. Accordingly, a
fluidized-be -;;“_“_nw;;__"f___l__; ------ ically much smaller than a

conventional Ej I . ut. This in turn means
that the fluidized bed boiler is likely to cost less, may be

. AN e

If the fuel t® be burwed in the I‘r'!"é]ldlzed. bed

conpubtpr | E)2e] 7] cant)d sklat chashih] hani %

aloﬁnts of sulfur. Such coal, when burned in a conventional boiler,

troublesome

releases sulfur dioxide and sulfur trioxide, nox-ious
gases which need to be remove by addition processing
step before discharging through smokestacks to the surrounding

environment. A fluidized bed combustor offers an elegant



approach to solve this problem. Crushed limestone or dolomite
is fed into the bed along the high sulfur coal. The sulfur
in the coal combines chemically with the calcium in the crushed
stone, to form solid calcium sulfate. Under suitable condi-
tions and with suitable quality limestone, it is in this way
possible to trap more than 30 percent of the sulfur, which re-

ischarged with it from the

Technology
Thed” cbnge t "t e fl d bed was first con-
ceived in the J1920 in ) SoT Coal was first burned in a

fluidzed bed cor

boiler was developeq

~'1928" where, a spouting fluidzed bed
gticrushed coal (Stratton, 1928).

J’Llh“f" sl
A unit with the capac

installed at_a u‘s.

=) bos—ii—

process had u i 27

1b of coal/hr. was

mill. This early

From 3944 onwards, several cgpanles in the Unitéd
State ﬁl dil ed bed systems to
burn fuﬁ ﬁrﬂ mﬁm ]ﬁeﬁj’] ﬂd‘iroduce steam, but
nothing cane of these schemes. In France, a flufdzed bed boiler

vl el Fombebbion b oo 38| it A otters s

deve&oped and was successful commercially, but attracted 11ttle

attention. (Patterson & Griffin, 1978)

In the 1950 a number of fluidized bed combustion

processes were proposed employing fluidized-bed with cooling
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surface which were immersed in, or surrounding the beds (Union
Carbide, 1963; Combustion Engineering 1955 & 19575 Standard 0il
Development  Corp., 1952). Unfortunately, during this time,
emphasis in energy research and development shifted away from
solid fossil fuel towards o0il, natural gas and nuclear

electricity. Technology for the combustion of coal, no matter

how elegant or 1ng-:“'-

interest and minim

In of rotating fluidized
bed was n Laboratory by the
investigation fluidized bed nuclear

rocket lnce 1963, research and
development work fon - iidizea «bed combustion of coal has been

J71). Experimental efforts

(D erd P! iutility-sized system

be boiler

The nofimal s veldcity was designed at 0.8 n/s
o rorm P ) BRI WIS s
for 1ndug£1a1b01ler. Exger1nenta1 ata at 800ydegree celcius
“FRIRIA ??Q%J%’HQ S FE TGy B s porcent
forq the former and 95 percent for the latter when elutriated
fines were recycled. Preliminary economic study indicates a
capital cost saving of 9 percent for fluidized bed boiler

plants as compared to pulverized coal boiler plant.
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In 1964, Maoming Petroleum Company started the
research on fluidized bed combustion with a pilot unit in
China, in order to utilize the o0il shale fine refuse from
refinering. (Cao & Feng, 1983)

In 1865, Pope, Evens and Robbins (PER) built three

atmospheric fluidized ing. The largest of these, a

0.5 MW <(thermal) ia, Virginia, started up in
ing Petroleum Co.,

1965. Meanwhilessan Qminq
Tsinghuaunivers‘ﬁ Petroleu Institute and others
- LN

designed the er in China to burn

shale fines

kg/cn’, 250

tons per hour of 13
steam by consuming
300 tons oil Br.v \ ant was installed at
Maoming Petroleunm whieh ) ~the operation in Novem-

‘-‘" - ! -
ber 1965. Maoming / oilissha ontain 62.21% ash, 1B.0%

dioxide conte- in the off gas. In this year Douglas Elliott

and Ray WW eéj )1 Utilzat.lon Research
Associatio u ﬂ&L ig ﬂ e possibility of
enclos1ng the fluidizedy bed syst in a she 14 jpressurized to

KPR I 31472 ma d

By 1969, BCURA built at its location an 8 MW
(thermal)facility and since that time fluidized bed systenm
have always been divided into two sub-classes, 1i.e.

atmospheric and pressurized. In China, on the basis of the
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design and operating experience from the Maoming fluidized
bed boiler, Tsinghua University converted its experimental
power plant for burning local anthracite and coal washer
refuse sucessfully for generating 14 tons per hour of 24

kg/cm2 and 260 degree celcius superheated steam. The

T) boiler has spread quickly all over

2%

, A study zed’be‘mon of various American
coal was do \ *al_of Mines (Coats and Rice,

1970). For ¢
cate that the

application of fluidized

China since that tine_

the results indi-

The \ vironmental Protection
Agency (EPA) i 10 tead ‘aluost. immediately to a joint re-
search program . ‘he EPA and the British National Coal

Board, to study combustion as a way of

reducing the prod.m:!:‘i-o’ftl and‘ nitrogen oxide from
boiler. The Brogra: mpleted an 40T indicated that up to

95 percent o 3 and could be captured

I

ed and that the sulfated ‘dolomite can be regener-

ﬂ‘lJEJ'mEJ'ﬂ‘ﬁWEJ’]ﬂ‘i

Bo h American gand British researchgteans quickly
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lim8stone and dolomite, reacted chemically in a hot fluidized

in a fluidized
ated.

bed with sulfur from coal, trapping the sulfur as solid calcium
sulfate. The effectioness of the so-called "sorbent"
stonevaried with the temperature of the bed, the size of the

sorbent particles, and the system pressure. Some re-

31




search suggested that limestone was more effective in an
atmospheric fluidized bed, while dolomite was  more
effective in a pressurized fluidized bed, while dolomite was
more effective in a pressurized fluidized bed. The optinum
calcium to sulfur ratio appeared to be between 2.5 and 4

to 1, but varied consider

dolomite.

“(ocm and Evans, and
1872) developed a fluidized bed

ular cell concept with

The of fa

(Robi(

industrial packa

Robbins

water wall 25 m/s (8-14 ft/s)). A

carbon  burnt ( :53” B, \ eveloped to complete
the combustion of e ted: |

In LBV built a 30 MwWe
prototype atmospheric 1y bed power plant at Rivesville,
West V1rgln1a, U. S.iu”ﬂfii ed up in August 1977. In

1973, the ombustion  Power ORDAT - converted a 1 Mywe

pressurized fluidized bed o coal firing.

rogress” “on_ atm e 8 L been more rapid.
In Brlﬁug mﬁﬁimglﬁﬁ% partner in the
newly- est lished Combugtion System Limited (OSL) agreed in
o SR F) B A0 R b, vanne
(BLWLTD) factory in Renfrew , Scotland to fluidized bed
firing. The 40,000 pound per hour Renfrew boiler started up in

August 1975, and for two years was the largest  operating
fluidized bed boiler in the world.

aE)y, not least between limestone andv
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Meanwhile, elsewhere in Britain, a radically new
approach to fluidized bed system was taking shape. Douglas
Elliott has taken out patents on system using fluidized beds,

much shallower than usual (a few inches as compared to a foot

or more).
In 1978, Demirc al (1978) disclosed the
resultant research u ‘ G? indrical rotating fluidized bed

of 20 cm. The rotational

‘speed used waswwbetwee (1 100 grav1ty loading).
Propane gas 1ameter) were burned in the
bed at temp

demonstrated

“'«=;ree celcius. The results

ized combustion can pro-
duce consider igh :'f‘ tion, 1 ensities, has a much
better turn-do
the bed without ing « its bemperature to drop too low to

heat production in
sustain fuel a more rapid start-up
; room temperature until it
would sustain fuel -chiﬁﬁétj ‘than_a conventional fluidized
combustor. These re; =3 -u--fﬁ—'.):~ the experiment of
Metcalfe and : ®~ : 7 - the rotating bed

is  mechanically more conpllcat1on t he the stationary bed,

GR LNl L

Sweden, they ability »of fluidizedybed combustion
% W’}’M'ﬂ ArGRIT W die) Yeddhe | Bnlor Enkoeping,
nea® Stockholm, the town’s direct heating system. The Enkoeping
boiler on stream in February 1978 burning heavy o0il and

subsequently coal.
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In 1979, Georgetown University and Department of
Energy (DOE), in a joint research progranm, designed and
operated a 100,000 1b/h capacity coal-fired fluidized bed stean
generator with the purpose to demonstrate industrial and
instructional application of fluidized bed combustion using

high sulphur coal in an ironmentally acceptable manner in

a populated area (Gamble
(NCB) conducted test

on there proto g er jat co ial size (Highly, 1980).

The three prototypes s téste sy ’t@i shell boiler, hori-

zontal boiler, (U.K.) open hearth
design and a composition water
tube/shell i water tube fluid-
ized bed boiler viable up/ to* 48,000 /A has been developed by

presents the first coal-
fired fluidizeds_bed cog jenerallion. sSystea-—t0 be installed in
a refinery i e‘gu;k‘,fé —began in the third
This 1nsta11ed the Europort oil
storage fac g ot.t kg/s (110,000
1b/h) dﬁ 95 ﬂzrmngﬁﬁim 1b/in) and
475 C.(925 gu) The steam produced is used to generate s. 6 MW

st LA ) 3 )4 SRR E okt

Foster! Wheeler generation facility which operates  under

quarter of 1982. unit

complete automatic control, fires bituminous coal using an

over bed spreader feed system (Phillip & Taylor, 1983).

A facility designed by Foster Wheeler for Ashland
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Petroleum Company demonstrates the versatility of fluidized bed
technology through its operation with a fuel consisting of high
temperature, low heating-value process off-gas. Each of the two
units generates up to 40.6 kg/s (325,000 1b/h) of superheated
steam. The first unit was started up in March 1983 (Phillip &
Taylor, 1983).

Nowadays, many @‘i’ff tively market the atmospheric
fluidized beds. Th ' &,‘rrently industrial steam
P ~ - . ‘ )
generators is nowes 7548 k@ooo 1b/h) with full
commercial warran/ iy \

Pressuri

logy has also come a
long way but ial reality. However,

a near term pressuri f'i~:" ed commercial demonstration

tion of the pressurize —£i
J‘-"‘J‘T L e r
utility market (Phillips & Tay.

‘rbed technology into the

3.3 stion Technology in
Thailand

AU NN HYADT e s

technoloquﬂas been established only recently in Thailand at the
besfah 5§ of pof} 2] ageBoh b EinEi) fube o ebnancted on
various aspects of FBC at Chulalongkorn university (both at the
Department of Chemical engineering and department of Chenical
Technology), Asian Institute of technology (Division of
Energy Technology), and King Mongkut Institute of Technology,
Thonburi (Department of Chemical Engineering). The R 8 D
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efforts have concentrated on three main types of fuels i.e.
lignite, o0il shale and biomass. The experiments were all car-
ried out in laboratory scale combustor operating at
atmospheric  pressure . The objectives of the researches
were primarily to get better understanding of the FBC tech-
nology and to determine effect of operation variables and
parameter on the system ' with an aim of providing

basis for design an iew is devied into three

parts according t of! fu?;:-—‘

The / elopment of fluidized  bed
-=

combustion in T 3.1.

Lignite

Due to ilebilityaand the already established
utilization of igni 7“ﬁ deal of efforts have been put
into the work on fluldaZEGtiﬁkﬁ ion of lignite. Sribuangarn
et al (1984) . conducted <in a 15-cm diame-

aracteristics of lignite

I

ter combustor

. M —
at atmospheric -/ pressure.

Details of combustor and
the experiments art Sumnarized i e was no boiler
v s PP BTN Vo T IETS 1 o
Suitable ;yeratlng conditions were recommended, but

R T

tionsq were not clearly stipulated. This work represents an
initial effort to get familiarized with the technology. It did
achieve conditions when fluidized bed combustion could be sustained.
The advantages of FBC in desulfurization and emission

control were not investigated. Another work on that matter
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was by Preusprivong et al (1984). The system configuration is
similar to that of Sribuangarn et al (1984) but with 20-cnm
diameter combustor and with water Jjacket around the bed.
start-up procedure and sustained fluidized bed combustion were

established. At about the same time Preasertham and Sangjun(1984)

i)—cl combustor to find the overall
was added to cont

obtained fc;r a limited s and no correlation of

heat transfer( vas. ished. effect of air

velocity on

conducted experiments in a

heat transfer coeffici 1gn1te as fuel. limestone

eniss ion. Results were

lucidated to confirm the
natural pheno bustion. Sulfur emis-

sions were reco ound to be within EPA

linit. Poees
2ECLC
Different | e % s used by Babel(1984) who
conducted experiments ?{EE_—lE m bed in order to investigate
the effects of alr-to'*‘f-'n’@if @:’ 10, bed temperature, and feed rate
of lignite ustic ‘2and to establish a

" correlation to iciency. No boiler tubes

dj and run without using

calcium-c ﬁﬁ :ﬁyj fﬁ ﬁ emission. Higher
conbust.nﬁi ﬂ\ ﬁ ﬂﬁ ieed rates and at
higher &lr -to-fuel rations and at higher mean bed , temperatures.

W AR AR PSR 1] et

paraieters as a function of the above operating parameters.

were employe the system wa

A mathematical model was made for the prediction of carbon
combustion efficiency in the fluidized bed combustion as

a function of the above operating parameters. A mathematical
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model of the low film theory of Adesian and Davison

model for the prediction of carbon combustion efficiency
in the fluidized bed combustion of lignite was developed by
Vanichseni et al (1985). The model was based on the population
balance of carbon particles in the bed and other subsystem

s the
Merrick and highly correla{)on for elutriation constant and

/

1011J e

experimental data mpde] -v.;'t1v1ty to the change in

others. The experine, ducted in 15-cm diameter bed

with details shown nathenatlcal model predic-

tion of carbon

agreed well with the

subsystem model” : jed outi.The model was used to
simulate the ' parameters on the
carbon combusti . ified model was also
proposed. The Ca/S :‘ﬂt; " ' work was  higher than
normally necessary 4 s/ ed to have no effect on the

model validity.

0il Shale

' preliminary experi-

ment of flul'»zed bed conbustlon of oil

shales in a 15-cnm

ﬁ&fﬁ“ﬁ i8] K3 lafa o
and arran ﬁ ﬁ iments are listed

in Table %{1. Results showed that oil, shale can besused as fuel

i QAR T T R e conne
tion%f o0il shale presents a problem of high ash content and

low calorific value which translate into difficulties in start

-up and operation.

In using oil shale as fuel in fluidized bed combustion .
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Calcium content in o0il shale acts as sulfur capture and
subsequently the emission of sulfur is controlled without having
to add limestone or dolomite as in the case of lignite. For the
case of Thailand with reserves both in lignite and oil shale, the
combined combustion of 1lignite and o0il shale represents a

synergistic effect of both fuels in term of fuel utilization. The

low calorific value

while at the same ti

for sulfur captur? s!!)w mbon combustion effi-

ciency and desu increases with calcium to

sulfur or oil fluidizing veloci-

ty. The optim is about 3. At

constant ur ratio has no
effect  on nit ide- ile higher fluidizing
velocity

3.3 Developn ’l;?..é-:_‘-"--u ion of Biomass and

Uy an be enhanced by 1lignite
a &s asource of calcium requ1red
J

.'.
Rice husk in .; ;

Limit ﬁ een S’ bed combustion
of blont\@j ﬁ ﬁ%n&jm\ ﬁﬁﬁ fjfﬁrts have  been
in fluldlzed bed gasifigation. Sagetong (1983) conducted
sondop A inefy b Ly T hed o) Cobldhan bEHEd husk 1n «
15 ci.on bed. No other bed material was used and the
feed was intermittent being used to control bed tempera-
ture. Ash was removed by entrainment and cyclone separation.

Experiments were conducted for around 15 min or less for each run

of 500 grams of rice husk. Results indicate that ash accunulate
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in the Dbed. The research finding are limited due to the

nature of the system design and experiments. Bhattacharya,Shah and

Alikhani (1989) used a fluidized bed combustion for rice husk.
The air distributor was a plate with holes of 0.1 ca diameter,
drilled in a square pitch of 1 cm. Copper tubes were welded

around the furnace walls hat by changing the water flow

rate, the bed tenperatq : | folled. The bed material was
350-421 um sand part s, sk was done by means of

a screwfeeder and

er cooling jacket around

it,to keep its tempgrdatute low. ; esented the combustion of

through the feed afingl fensur ( ing. Air for combustion

was supplied in &
1 primary Jfair, which ‘sefved fuidization air and

2 Secondary att Was supplied through a feed

channel .

The nsity of about 530

{|

kg/h in” of distributor area could be achieved. There was no

o | ﬂa.ﬁ:ﬂfthﬁ%’mﬂnﬁ"s ;::*' Rt

to 1ncrease with the air flow rate.

The problem of sand carry-over by the flue gases was
also repressed. The anthers pointed that there was considerable
sand entrainment with sand particle smaller than 350 um and too
large particles would not be good with the husk, resulting in

poor combustion. The carry over increased sharply with an increase
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in air flow. Meanvhile it was noted that the amount of inert sand
particles in the bed was an important variable which influenced
the maximum combustion intensity , if no make-up sand was added

to the combustor

For a given fuel rate,the bed stopped functioning as a

AULINENINeINg
RINNIUANINYINY
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SUHMARY OF RESEARCH ANHD OVELOOPHENT ON IN THRILAND
FUEL
REF YEAR TYPE CALORIFIC VALUE BED HIGHT  FREEBOARD DISTRIBUTOR BOILER TUBES  FEED
KCAL/KG SYSTEN
68 1984 LIGNITE NA £0 PERFORATED PLATE ~ MONE SCREN
58 1984 LIGNITE NA HA PERFORATED PLATE  MATER JACKET  SCREMW
56 1984 LIGHITE 3288-4600 114 PERFORATED PLATE  BED,FREEBOARD  SCREM
5 1984 LIGNITE 3752 HR PERFORATED PLATE ~ NOKE SCREH
80 1985 LIGNITE 4166 114 PERFORATED PLATE  IN FREEBORAD  SCREN
78 1984 OIL SHALE 2088 114 PERFORATED PLATE  BED,FREEBORAD  SCREW
3] 1985 OIL SHALE 1598 . 114 PERFORATED PLATE  BED, FREEBORRD SCREH
& LIGNITE 2978 ! =
i1 1984 RICE HUSK 3488-3958 (DRIED? y = NA PERFORATED PLATE ~ NONE SCREN
61 1983 RICE HULL 9 KA PERFORATED PLATE  IM FREEBORAD  SCREW
[p! 1986 SAW DUST 105 PEBBLE BED BED,FREEBORAD  STAR/PNE
FUEL
REF BED HATERIAL PRESSURE
68 LIGHITE ASH ATHOSPHERIC
58 LIGHITE ASH ATHOSPHERIC
56 LIMESTONE ATHOSPHERIC
5 LIGNITE ASH ATHOSPHERIC 615 - 925 D 4.5-6.7 KE 374 a
80 LIHESTONE ASH ATHOSPHERIC 758 - 1865 3.3-6 KG!H 64 - 97 <ANB> = 138
8 OIL SHALE ASH ATHOSPHERIC 758 - 900 7.739.5 K6/H 30 - 85 N3/HCANBY
79 OIL SHALE ATHOSPHERIC 617 - 857 ¢ 528 - 30 K6/H 25 -£83 H3/HCANB) 10 343
& LIGNITE ASH ATHOSPHERIC
11 358-428 HI SAND ATHOSPHERIC y EJ ’a%ﬁ ﬂ? M ’] ﬂj
61 RICE HUSK ATHOSPHERIC ﬁ 46" 6
71 3-508 HICRON SAND ATHOSPHERIC 958 3,d KGfH 80 - 90 50 - 180

’ﬂﬁqﬂ\ﬂﬂ‘ﬁm URNINYA Y
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