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ABSTRACT

8

Thix poper presemy o veview of gaslffer modifcadion for e reduciion im0 blomess
gasificanan, Momayr gagfoenes has Beem arrrcting Aol intarest due o figh
ceppiershon efficiemey ol fow podieiow . DTdizarion of domeey g foard procesd for
cacrgy and henr oppdtcanion greany regaidees fow mr coneern. The day' coeresn (a0 ehe
Prmicer pas wril covideiize @ Mo MUTMRARIRe i Wack CRILEAG PMIFE, Tir st ar
erredimy specified fovel will redvee the seanamic valoe af atilizing prodeer s far
pukEr  penerabon Vo Oiersn  comibration of  ergine oppicalions, The  remorion
s of far devomposinion geserally arise from oliate crooking. stem vefenming,
|:.|'|‘.1' rr::.':i.i'r.lm:.lrl:.'- citifiea II'i'.l.h'.u.:.l|'|r.-.l.| arid l|J'\:ﬂr|:.|.lI i, f:ar.u:.ﬂr.l' r.t'r.u:.ﬁ'.l'rr.'l:.n'n::m Sk Jeer
rodaciion con he divided imro several oofegeries . e addition of air injection,
FOCTFCRIAN T (f JPEFTHUATS RRE, COMRNGRITOR of pTrofvsls Bes Fecfireriihe and ikl o
alr mfection, soffomion of gar eaded, modiSomtior of comdustion one postitos,
ddpararion proceid o pyrelvels and seducnion ar diffeiser ckaselors. Combination of
'l.l-'ne'u.l.r f.e'q.v'].l'.'m iy J..:u.uym. _|';'|r [T Jr.|.|'|ll i AU Y H.J'll'.l Fegd e |r|'\.'||:|'.i||'1: R l|'|'1|'I'
grealy redece e awennid of far ey Jf evie Feaction mechriling cocMrrig e Peacior
madificmtion becawee of grodad e edecion occar throrgh peertiod combuerion and
r'L]'iJrn'-l.l'rr_E' aoF i |-'4..'-.l.'-’lr.E i Nie Femonor. Tar oan b iedicad o .J-in'..l'i'll-' ifie .'-Iﬂl.‘l.ufl'?w.'-:f
FeQuiremen feve for Ie Imleriel  confasiion edgimey apoiicenion e poasiier
ot o et g

Kevwords @ Blomas, pasification. o seducthon, gasifiees, modificatisn
1k INTRODUCTION

The depletion of world's foxil ek and eovironmental problem (pfofbrl swoming)
podaced by combostbon of fosgdl feels have lad to i search for alternative fooks,
B gusilecibon lae attmocred Digh e due e high comvaision elliaciny aid fow
pollution but the producer gos preduced unspeafied hegh bevel of tar. Un the besis of
EITEANT nweeting for pentecsl af tar sesdieenent in Baceel 100, rae ia defined o
whole organic contaminmmt by molecule weaght greater than bensmene PR 1] Tar wdl
condensed when tempemture decreases below ils dew point temperabure, Tar can cause
operationil prooes line problens ke Mocking of gas cooling system, filier elemseat ard
cagine infet svslems |1
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Application m imernal combusisn engines nequires g5 producer wilh the amount of
tzr uroand 10 - S rn.g.-'Nm' [A. &]. Whereas, tar wis produced al avemge conventional
downdraft gasifiers of about 2 2/8m” and conventienal updralt gasifier of abow 58 g/8m'
[5] IF the sysrem applied gos eloenimg equipments with high efficionzsies, then the 1y
comdent will bes reduced o abone 21 - 26 'u1|._|'.":""|'1'|1I 141 amel thie tar comtent will e less tham
the specified level but it equired high cost and large space installation |6, Gas cleaning
gytem abse produced  lbquid wasie Ineluding caclnogense demert and i needed
extenzive treatmest befome disposal [8].

Fhere were two comman methods camicd out i reducing tar mamsely, prmary ard
stcandiny miethuods, Frimary meilod oy e e wis carried sul jn e J_.'I.l."\-'lllh‘l izl
meluding o seleet proper operations] parameler. o select proper fuel charscirstics, the
uee of catalyars oF additivies in the bedl ard  the owdification of gmaifer. Secondary
method 5 conveniismally wsed ax the treament o prodocer gas after #s going ol gasifier
imchuding thermmal eracking., entulvte aacking. and mechanical treatments ich & the use
of cyclanes, baffled fikers, fabric fiMers, cersome liers, omting particke separsiors,
gkoisttic fillers and scrubibses | 7). The restion oechanism of e decorypsosition
geerally arse Trom chain oacking, sieam relomming. dry refoming., carbon formaron
b partinl combastion [&, 9] as helow;

& Chisn cracking
plH. = g H, & 7 H:
® Rl relorrnng
C.H. + nHO — dn + 302 + 000
= Dy reforming by gas OO,
U H, + 000, = (8 21H; + 2n 00
®  Carbon formation
CoHy =% 0l + {5 2H:
= Pariaal Combustion
CoHa + TR+ 5 Oh—e n ©0 4 1 HLD

where CH, s tor, and T H, representz levdrocorbon with smaller carbspa pumber thean
CH,

]

This abjective of this poper & to review gasifier mendificatsens for G reduchion m
hinmass pasification whath ic applied fo istemnl combustion engines and bomers.

b GASIFIER MOIMFICATION METHOD

In the effort to reduce tor produced by hinmass gneaficsion pmcess through gaxifier
enosdification., many researches have boen carmied oul. among other is by Kaupp aed Groes
[H0]. Koupp asd Cross reported that the DelaCotle tarrecycling gusifier expanced by
gmsiffcution media OOy and H20 with temperatone of 1000°C - 11005°C 4 shown in
Fezure 1. Pymolves pas came ol o reactor entmained imte bumer by gesification ale
using an =jectaor. Then mxtore of ar and pyrolysis gas was combusiad al the bumer o
prodace CO, HaOr ard beat. Sonee combastion predact moved o pembysis cone and the
roEt moved 0 roducsen 2one producing combestible gas theough reactlon of COb ard
ML) wigh char (07 1 prodleced cnmbwstibie gae that was relesad @t dthe lower pat of
reacior, This type of gasfier is cluimed o produce kow 1o,
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Fiouee 1. Delacone tarrecyeling gasifer [10]
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Two stape pasifier was reported by Nowacki [11] 25 shown in Fipure 2, This
gaEifer 5 oan updmdl gailier tar has ong gas ouils shoove the drving mome and anciher
une just al the jop of dhe gasificatbn cone where abeal ball the gas probeoesd by
gmsification ks removed. The remuinder flows upward throwzl the devolatilizaion arsd
drping monet. The wempersteres. sttained in theee tan pones ane comns iderahly boswer then
the coovertnal opdraft gasificr. Thorefore, the incoming tocl &5 heased and the ter s
evolved in o much slower maoner Thus the problem m heavy @es. pikch and soo g
avnided. This gasifier is mennt for coal application but i could be wsed for biomass 24
it Fuel.

Bipind Vs Bl | —m Toguiiai
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Figare 2. Twu stape pasifier |11
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Updiah gasificr with direa combustion of the producer gas oo the upper part of
@icior wak repeited by Hobb o o0, | 12] le shawn 0 Figure 3. The heat of combustion
contld he utilizel for boiler and doper . Derect corbuastem of prubucer gas does ot r2igrine
tir cheaning sysiem for ivelireet heating sy,
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Figure 5. Up-draft gosifeer [12]

Twa singe thmaibess oremdmdt gusiiber wis developed by Bul qrnd [3] | Asim
Institute of Techrahogy. Thailind es shown in Figure 4. This gasifer was dilferent Eom
the vomventonal twpe namely by adding secondary air mbet oi the middle part of reacor,
lis pumpueee = o ncrease the wemperamee 2t the reduction zene ol then ciose tar
peduction by crackimg at high emperatre. By applving twe air inakes. the emaemiue m
the first stage would be decreased. Adding secondary ar ingection would help o combust
ihe producer g, released from the lirst siape, B cused ai incease (o lemperae sl
veacir 35 compared with the exertion of a singbe alr npction. The misimum temperalue
mgide the macior coubd reach abhove HHIC. Amonnt of wr prodoct aas 20 time s smaller
than single mir. Amount of tr product was B me/Min® with 4050 kK of LHY snd 69%
of effichency.,
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Figuse 4. Two- stage gasificalbon concept of Asian etz of Tochnalogy [3]

Moving bed gosifeer with internal pee recsccbation v develaped by Suganso
il Becmacker [13] as shosvie i Freiiie 5. Basically, this gasilier was alnwost sanilar wiih
DeLacotte tar mexcling gositer, Bat the bumner for combustion process of pyrolysis gas
was locaed in gasifier a2 0 reduce the amourt of heat bose b0 the envireneent. Pyolyss
g wios erwrakeed inty combustion chamber by using ejector then it was combusted by
gmbEeition mr. Then fue gas mom combastion chamber fancioned a5 gasdicakon agem.
It wies divided into twn parts, mmeky; the firs finrt wils dischurgedd m the reduction aone
w renct with chor produsing combustibiic s and the scoond part was dizchorpsd w0 the
pyrolveis zope o give heat for pynolyeis process. The exertion of imternal recircolotion
wauld give grear far redoction comgared o conventional dowadealt gsifier with dismeter
of thresut af (.2 m. This gasifier produced aboa 0350 g'm'l of tur,

L]

Fignre 5. Mawing bod gasifier iy intermal recinulation |13]
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[ stage gasifier developed bw Brandier, ad. [ 14) 15 shown oo Figure & In the
first stage, the screw doven pyerolysis eoctor uses hem from the exhaust ges of internal
combustion engiee, o prsdece pymolysis gas and char as they cotened the scoomd sage.
[ second stoge was o downdeft gaetor whers pyrobysls gas was combusied parinliy o
upper pirt of rencior gxing oir or steam for for redection. The pamolysis gax is then passesd
through o béd of chue Tor ferther or educion procsss through ercking with clar bed,
Amwount of tar produced after panial combusion process was 25940 o 3400 mg'ke of a
dry wool, hut afier cracking process. the amoand reduced o 340 te 64 me'ke of a dry
okl The eomiining cacrkn of portiad combustion and cmnckiong oa char bod enabiled 1o
Ot G Tess dhan 13 mg™m',

W chyps Yran
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Printeces|
Figure b. Twa - slage gasifier, Technical University of Deonaock | 14|

Throatless doamdraft gasiher wih smaoller siee was developed by Barmo 21, @l
LU5] ia shewn in Figune T, This gasifier conecpt was oo much different from the conceqpt
of twor sfaged pasifier wisch wis developed by Bui ee. ool [51. Dud it sioe sas sl ler
with greaber variety of air mlet Lo the reactor. The edal smount of s sapply coukd be
wiied b ebsmin the bea comwbination offect of peodocing higher LHY and koo tar
conitent of producer gas. The nisimun G coatenl produced was sboul 3 g/Nm', Die

the smalker reactor, it produces much hemt boss




Jurinal Makaintal, Dheodiies 2058

i
il
T
05 OO G
IXTEZEXIX

Figure 7. Stratified duwasdimiil gasifics [15)

Throo stoge gasder wis devclopod by Boch [ 16] w2 shown in Figume B Basically.
thi= gnsifier was almoest simalar with the gosifier developed by Brandt er, af, [14] In ths
prenlvabs peocess the meaction oecured mside the opdreafi rescior using air as the
gmiboution ogent. Pymolysis s was combustad parfially then it was passed throogh bed
of char mskle ihe downdmil reacior. Tar content i e prosducer pos is ket than the
pequirement for imermal combustion engines which is of abeut 1-2F nap/Nm’

Figure 8, Three singe pasifier [16]

Twn stepend] wpleall gasiler was devekoped by Pioe el [17] as shown in Figume
9. The firm stge reactor was an updrofl gesifier renclor ssing air and #tcam 45 the
gaificution agent. Second stipe reacior wae a fised hed peforming reactor consisting char
with nickel conbines with aliomina cotlysl ms o nesdia of for oocking and e efoaming,
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Figere 9, Twn stupe upiradl gasifier [ 7]

Movel twa staged biomass fokiized pasdier was developed by Cao ef. af. | 18] &
shown in Figure 0k This pasifier was different from the conventionad fuidized bed
geifier namely fueling ol the top of meacior. mjecting of secondury wr and  pariky
reciculming of coenbustible gas 1 the fresbound xone . The fusl inle s siumed o the top
of racier as o inchzase the pyolvels process s the frecboand 2one. Injection of
seconcdury air ind recercufating gas would induer combustion of mixed gas and aie. Heat
froin woembmstion product wisuld ipcrese the temperoiare ol Mrecboand sooe then e far
decompoginom by cracking at high char tenperaiine becomes pronoanced. The fesuls
shinwnd Char the increase of the ower reacior lempesabare fond 65170 o B39°C wirh
consant temperatune at wpper part 75050 could produce te reduction from 12327 me/Mem’
338 m@tn. The increase of M Upper pan emperamne from T30°C w 93970 with
consant bempernfure at lower part 630°C could reduce tar 1o 12,34 K’ Amount of far
coulil be reduced efficiently to 10 meM ', LHY gas was produccd about 3000 k1N m'
aml 1he efficzency abour 36.9%.

i
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Figume 10, Novel two - stnpe fluidized bed biomiss gosifier 18]

Updraf fined bed gasifier with o embedded conhisor was deveboped by Chyan
[ 1] as shown in Figure 11, Basicolly. fis mactnr i3 the some us the one reporied by
Habb ef ol [12). s bumer was embedded at the bvwer part aff the pyrodysis pome lor the
purpasz ol redocimg the amoumt of waler coptent in the gas and increasing the gas
temperatare. Combasor was applied to directly combust puralwis pas ond dhe Aoe goe
wias utilized i the boiler prosducieg sicmn und sieering engine i prochice energy. The
purpass of divect combustion of zas insdz he feactor was foredoce the wiEl waticn of tar
ckanimg equipment. The tar was not rebease cul of eector dee 1o the dinect combustion.
LHY ol the producer gas wos of 5012 KSNm
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Figure 11. Urpdeudt Fimed bed pasficr with an embedded combustor [19]

T stage gasification system developed by Wong ot al. [9] at Tokyo Instiue of
Tiachimdangy, Japun 15 shown in Figare 12T researnch was curied ool by coaebinkng e
updrtt pasifier to produce combustible zas in the finst stage, The second stage resctor
was g efommer ak (o combust the g produoced by updeall gasificr partially using heanid
air aod stain. The pursee of this panial comustison is woedoce e iboagh s
becoming coembustible gas. Besearch vesult showed thor the merease of sie reforming mio
s O 05 10 00 2 1 aeich the efemner remperaniee from BI0EC 1o BSIOC 51 pagificstion air
rutio (k21 that would reduce tar significantly from 5.7 __r,-'Hru‘ EO | g.'h'm". The increase
of gir refomming ratico o 0209 af lemperaune 5650 sould reduce the tar conient o 0
g, optimim condition was abimined at sefoimer air watio (.21 The increase of steam
retomming matio from 05 ta 10 ot gpsifieation air ratie 02201 and constam rehemer
emperimre of SMrC conld m euce fur significontly. The G content of opdimm
operation of ref&enueng sbsan bt was 05 nlg_."l"‘-lm".'l'll.' alteration of air refomming nutk
wauld give signiticart tar rednction compared with the alteration of steam reforming
i, Optimwm dar contem wos poxhesd | gim’ with 39 8MEm' THY of gas and 66%
efficiency al’ geificarn.

|
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Figure 12, Two stpe gisification Tokyo Institute of Technology [#]

Top Ht updrait pusiler wis developed by Saravonskanmsr o, al. (20 s shown m
Fegure 13, This g fier had operational panciple dilferent frem the conventionidl Lype of
updrati gasvitier where fuel was lit at the 1op of reactor then the position of combuostion
e ut the top part of resctor was dilTerent foon tbe commmn combsuetan aone lower pant
of reactor. The purpose of medification is pyralyss fas containgd o lob of @r pasing
through high lemperatore of coehustion zone. Then tar wis decomposed through
cancking ol high empemion. The reslt dwowed tar condent of approxineiely 1% o 5%
froaw producer gi= Tor wp b updraft gasifier and 0% o 3% from producer gas foe
comventinnal updradt gasifier. LHY and efficizncy of the wp lit updrafit gasifier were 3500
kel ®m’ ond 6575 w0 840 pespectively.

=
[
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Figur |3 Top it apdraft gasafeer | 4]

Uavin fired gasetier {downdmit gasifeer with two comibustion zore ) was developed
by Brameedier of . al. [21] B8 shawn in Figone 14 The concepr of pwim fired Eaaklier win
the two combustion sme io the gasifier. The air infer was bocarsd an the middle pan of
teaetor lor the combustn prooesk. The seconday i ket wis pesionsd above the ak
to imcrease the temperabire of reducton mine, whewe combestion oocors. The reonh
showed that the cxertion of one combastion sone ol the middie part of’ roactor (single air
mjection) where maximum empersiurs ootained w0 redaction sone aboy BN*C, addition
of secondary air injection at Power pant of feactor made the maxisin temperalise
moreise at reduchon aoee to abo 950°0C. This is the best process for tar reduction by
emeking ol high enperure. Tar coment of 0.2 0 2 N whils an iverage gis healng
value of 5.6 10 63 MINm'.
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Figure 14, Twin fire gasilier (211

Thrmtkess dowmleall gasifier wih semal recicalation sas modifial by Gl
[22] as shown in Figure 15, This gosifier was differeni ffom common throatless
doemndraft gasifier whemn there were masy mecicculmion of pymlyvas gag o conehistion
o ising gjeckor and combuil. Main problan in downdiall gasifier wibool oo xone
waz @ bk of fr passng out foms hegh  lempembure of combustion pone duoe
nncomcentransd combiaion foee T overcomse this prohlem. pmnlysls g was inhiahsd
from the pyrolysis eene wemg sklewnys v the eactor by gjoctor inte the emelasion
e, The presence of infial mixing between pyrslysis gas and nir before the comebustion
make the partial combustion process of tar and cracking o high tesoperniune clos o
perfoet.

|
- -
Figure 15 Thuostless dowmlbralt gasiler with mbemal recinodason egecior [22)

-+
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Lo -tar beg Gasifeer was developed by Anderson &, al. [23] as showa in Figure 1,
Basicully, the gasification process in lowemnr big gasifier was done sepomtely in the
pyrolysis and gasificakon chambers, The pyralysis process sccurs in e bubbling Tk
Bt uribiod steam, Prodisct gas of pyiolves wos eefraimed into combostion chamber by am
epectin which b he comhistemd pariindly to0 redoce tor cnntained in the pyrodycis gas. Char
froom pyrobysss process o down inie gosification reactor (bubbling fluid bed gasificr for
gimificiion process uskng sieam as the gaskflcarion agent. Resalt gas of pyolysis process
und gusifcation process mixed mio frecbommd mne ae the final produat of pasification,
Thiss gastier could gaity biomess of wobiar eontent moend 6510 M wi %

ke e

Dot bl i

Figure 16, Low -t big zasificr [23]

Xap MECUSEIONS

From the review stdy, gosifier modificabon for tar reduction cim be divided - moo 7
catepories s, the addition of air injection carrsed ou by Bui er. al, [3], Barka e1.al. [15],
Eonenweiter et al. | 20), Hobb er ol [ 12 recinculato: of pyoolyvels g reponiesd by Bavipp
and Geass | 1], Sussto and Beerackers | B3], Geak | 22] combination of pymolyas g
recimuliion and addition of wir injection carmied ot by Canoet. al. | 18] mod€ication of
gm vullets meponsd by Chyan [19] amd Mowoeski [11]: medilation of position of
cambustion mone by Saravanakumar et. al. [ 20]; applicition of calalyie bed by Fino et. al.
[I7] and wepararion process of pemlyae and edostion vong dfferenr chambere
coported by Brooud | 149, Koch et ol [16], Wanz ce.ab, [%) and Anderseen o, of, [21

The acdiion of ale injectien  are carvied oul W Bcrease Eoporaure nslde Lhe
reacior, particuiary ol reduction ard comdbustion zane so that tar encking oceur of high
pemiperanare, the amsount of tor proeduced is absur W mp™n’ for thioatless dawndeadt
gimifer. Recirculation of pyrolysis s is camicd ol o combusl the pyaolvsis gias in Che
gie Burmer before it reticulated 1w the redoction zone o 1o divve the pyrolysis gos o the
combustion zone, amousd of fur prodiced is abow B35 gMm', Combination of
pyrolvsis gas ecirculation and addition of aor mecion s splesded o coor peetial

i
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combustion of pyrdyeis s recirculation wed increase temperaime irside reacoor for tar
cracking, amount of tar produced is absur 10 mzNm’ a1 Muidized bed gasifeer, The
applicution of catdytic s comried oot by passing through pyrolvsis gas at cotalyst bed for
tar cracking and tar reforming. Modifcation of owler gas b camisd oat paricularly w
relgose redictien gas frum Rductien proccse thil aontains fewves s thamn Pyrelysis gas
from pyrobsis prcess. Modificatiom of combustion e positiom is comrisd oot by
poassing the pyeolyvsis gases al high termperatune sone (cembustion zong) then the tar
cracking process occurs. In the separation process of pyrolyss and reduction a0 differen
chember. 0 is intended v nitiofly barm the prmlysis gas partiadly by osing aie or steam fo
teduce far content then £ i passed throuzh on hot char bed For crocking and reforming
PSS B oF 1 prosliced s alaag 1-13 Ill;;l'ﬁllli

Connbination of several reaction meechamism for tar reduction occuring in reeclor
mndification will produce sesount of 1ar reduction betier than i one resction’ mechanizm
oocurrang sl reactor meedilcatiom becaose of eccumring grsdual e redeciien thoough
partial combustion and reforming o cacking at neacior

40 CONCLUSION

i, Qosifier meddfication for tor redection can be divids) oo the sdditiom of air
injection, cecirculution of pymbsis pos, combination of pyrolwie g
recirculation ard addition of air injectiop. moddication of catbet gas . moddication
of combusaon mone posibion, separntoe process of pyredysis ond reduction at
dilTenzal ciamber

. Tar redoction through gosifier modibication could ocoar due to the reaction
mechianEsm n:m:l;-': I:'I"'..H:‘l{h'lg.. ReEm IL"[U.I'II'I"'IE. ﬂr_'«' |'£=l|:-rr|'|lng. camsp Formatkon
il prurtial vombustime

i, Combinaton of sevenl reacion mechansm for g reductbon eocuring inoan
renetny i e ation. willl prodisce leser amaont of tar redoction boter

tv. Tar cam be reduwccd o bl the specifecd mguircmem kevel for the iftcmal
combustion engines applicetion through geeifier modiflicaion method,
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