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Abstirwt: Chailicsfion atred smore oerest redendy sipoe it offers higher osmersion efficenoy and low
poliution genersted, Equivalonce mbie ie parmeten: For controd gosficstion performance, The purpose of s
ansly i booevalie gasificaton nibber woosd in coonvenioeral opadradt gasifier. In the shady, the squivalence
b e e froams 020 (031 aevonlivg fo olfan tlenperanme dustrbuson, gas compesiten, LHY of the gas, cold
gas efficienoy and tar coment produced. The highese of LHY ihe gas reachs of 4.2 MUm® with cold gas
ellkdeney of 73% wnd s ¢l.:ﬂl'l'l1rl.'lri'|||!.l'l'l.ll il equivalence o of O3]
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Esomass i coe of renewable eneryy thai lwas an
aifvaniags ormlshle arel bswer enmmaion al O (0ma wf ol
H08R, Pumg-Arnevar. 20000 Féomaa can convat to crengy
wme themiochemcal  comiesun ke combuestun,
gasification and  pyrolysis  (Bumar o af, 2005
Gagilicaiion 1 a8 clwmical process d comema. solid
aarbonace ous material like biomass imo combostible gas
(passna Daall with ckmanant smnpenwnl st
maoriecade, vdrogen sl methane by limiged of air
coenletion  Baaw, 2000). Baomass gaifieatimlss proei
more interested. compred to combystion and pyroless
sinee It gives Fegher conversim efficiencies (Pratik and
Baber, 20059, The apploation of biomess gasiloetion for
penieratig electnedy mmy pae egeie s g ke
proside hagher afimency  oompare o steam power
gpatems sgimg bioniass fiels in the boiks af cipacity
<10 kWe (Roch and Kaliscomiz, [99E).

Bicmass type and end wse of prochicer gas prodac
are man consdembon for selecting ol gosifier gpe
P H e e ol 200 Son apebalt gasifeer i simpdest design
compare toall type of gasilier where gas and bed of fuel
mioee ommrer cumenl mece that has echieved high cold
g efficwncy (Basg, 20000 The otier aclvmitapes of
pickalt gasifeic compare with enother ovpe of gasdier are
flemibilo of Gl sroe, eoae of scale upand hegh mowshre
coamient af Toel (e Pa )

The effiiosy of comersan ol the gasifier depeds
o Foel memterse], o cominsion How rate, particle size and
comstruction of pasbies (Sharma, 20090 The one of
pammetes (o costiol  pasilicaton perfomeee i
Erpuvalenss Ratio (B The aquivalency: ratio defined a

rato setval i combaston ma nie of combastion procss
etontockiometne air combaston wequirenvent foe te neof
comnsiion proceds  {day el Giroms, A The
thearsticnl mnge o equvnlmey o of gasificabon
piccean o between 00192043 (Zainad er ol HED,
Saray ansbounar of af , 2007a)

Recemily, severnl biomss gaificanon process on
updraft  gaeifier hove bedn  pubbaled (Reeh  and
Koamsomnt, |98, Uski eraf, 200 |; Servansloumar of af’,
200Th, Pomme of af, 266 Rhummengkol  and
Smemlakaadammong, 19905 Mandl s o, 2000 Liess eral,
2003} The comlustibly g ooitpoetson o 20-300 of
0, da] 5% W and 2.5 of CH,. The Lower Hesiing
Valas (LHY 1ol prosdocer gas over 3.5 BYNm with Cald
Gos Efickeooy (O0E] over 40%. Seggian huve reporied
cvpraficaiuen wood pellel and sewape  sludge  w
wanation of squavalence mtic of 085025 of updraft
ginifier where the rsulk showsd the nise of ecuivabaney
ratn resulied prochucton more ges almost constant LHY
allowing to higher gas efficiency. Roch and Kalisomm
L1558y hare reported gasification wood chip, refased
clerived el and elaimed soyboan strew of conatai Tow
rafe. The result showed equivadence mio hetween the
rarge (03305 with cold gas efficiency betaveen 65-T3%
Fommo s af. [ 20060 stuchied gassfication plasts cornnomg
waste mupdmft gasifier with equivalsnoy e ae 019,
0. 24 nnd 025 The result shows the compoateon of gne
ured gas wicld ol BR of 0] % have more difTerence compared
to Bl of (R24-0 25

Severzd ressarches vse wood s fuel for other gasifer
type al corchinon varamog of equsvalene g on
expmruzeniz] Pravik s Bl | 2002) studied gasification
wood on downdmfl goesifser with apivalence i
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2620034 the reuh shewed dwe Footion OO0 and H,
mereaior wilh ecuivalencs raba bl @ wahie 0,205
Ol er @l (2081 b reported pasiboation woad chip with
:rpi'l-*al-ﬂ'ptmrirrﬁ 2415 The mmpq:ﬂiliam of Tk Frimn.r:,-'
affected by oquivplenes rstic with the maximem HHY of
the producer gas al epavalence ratio 035, Zamal eof of.
(3002 have peporbed stodies one geification wing
fumitime weod ared wood chips where the aptimum velis
of equivabence rala was 038,

This stachy presemi chamclenstic operation per batch
g ilpcsatai) by wiomad s gelrall gaseler witl variaton
ol sqinnbones rolio

WMATERIALS AN METHODS

Grasificr system: The experimental sesup e shown
mi 1"|E. 1, The El?a;rltl liove pmle ol @ stinaless aicel 90059
WK with m inberrml dismeter of 72 om aed 0 height
of 63 om. The tlnidmess of smimlessstell is 3 mm: This
meaterial has the aame with reported by Uil e @l (2001
Tl ol pripse {0 ser et amd goosoeer gas outler have a
dinmweter of 5 cmy, mespectively. The gasifier reaclor is
eoyered Ly ceromie (e Blasdoet seith thackness ol S cm o
prevenl beal loss. Baomoss o Ted Drom the top of gasil
{rom window with a disameter of 13 cm. A grate with smee
mfterval of 1 cm iz med b sappont charoos] ml combastion
sore - A wodon at conbisiaos 2one s el 1o peside
the unbamed foel. This wndow below combustion 2one
b ihe fmnetion o emoeve the ash

The paziticatem ar s sppahed w0 paifier =g a
blower witha masimum cagaesty of 5001 pme A control

(-0 200 U900 202

wiarlve a8 vssd w0 ser suppdying oy ar constnr volimes. A
adil pradioeer pan o me ane esnired with an o fies
differestinl manormeter

There are | 2 ports Eor cromine -ahmne] thenmommple.
The bowest ame are locsted at beight of 4 cm above of the
gwrote omaf the othem ore lomted ot mdervale of 5 om
upwardk to e top The lempentre w5 recorded uwmg
DAL Tha dl.g:l.u] ilata Crom DALy are presenied m saden
COMpUT g

The YT | :nlllp'dnll amnir: semm| ks hghl Ings frumn
thee wxit of |wated hath wsd alyeed For oale gas
compesition by pas cwomeptography with Thesmal
Conchictvity Detectar (TCD ) The sampling bags must be
i v aciamn conelition before it is sed For gas sampling,

Tar cemponest in produoer gas is bapped by o series
af muunger boitle that filled with sostone az sokent
according o gudmmce (Brage and Sjostrare. 2002
MeulUyer e, 2007 The munturs sodvent and gas are dried
il all mzlvent svapersted. The temannrg e ol prixches
o 1 waiphtod nml messimed 0 pfm®

Fuel: Table 1 shews the prosimase and allmmate anakes
ikl same plwvsionl properites of rubber wood T'he rublber
o i Foe bength of 3 om, widhi of 3 om ad height
af T.5cm

Eqouding for enlculsiien: The Eoqunalnoe Pt (ER aas
cubaulnted ne follom seeordmy bo Zomeal of of {20027

(Ebow ke F sl sug pdy 1= Duration of ming
ER: i)
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Where, (AT Ex g = | & 444 m" of askg of nibber
wod The mbmfic comtent i producer gas 18 cabeulated
dicagh the lower eaog value of producer whicl) i
aaloulated  wming  following  equaiton  eccondme - o
Seggimi

LHY (KIHm*) = ¥, 12621+ ¥u, 1OTTE+ Y, 35ETY
{2}
Whers w, vales are more fmctions of main
sombastible gas m the producer ges. The perlormance of
e pamiliers caimatad wih gold pe effciemy of
paaufication where te cold gas efficienoy & caleulated
ai folkmws aceording to Sepgian

Pr-:l:dnn.g;ul'lmntus LII'I'F

Y oot B LIV, o
Experimseminl procedures: The lest = commenced by
Brareingg | kg of rubbaer wos] e buorass fuel, sl
gasifioation reacton. The Feel is ignited using paper ond
kercaome over bawh of ds. After The sell rustamod
coenlmeion hing dooe sl 5w alfer gaien ol lsl,
the gasifier flled fisll and the ar flow rabe aere st 1o the
serleoied valoes with air Dow mie of 50, 65 and 20 pm,
respictvely. Bach teal imes 6 kp of wood esch baich
fdber the temperanrs m combastion zre reaches 3EEC,
the produacer gas is ignieed. The firs gas sampling is token
al 5 mm albar n;l:ll!irg. il prochicer g then the nexl
samplig is tmken afer 200 min opsration, The tar samping
& takem after temperabesre at combiztion moee reaches of
T The best 1 stopped shien producer gas Oame
extingusah it sedf, The wemg it of remaimmng char and ash
acembipizon oo i maoasuresd w owell.

RESULTS AND DISCUSSIOMN

Operation chnracteristics: The time reed about 420 mmn
ater scant up lor prosboeed combrietible gas el o
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Fap Z Gifect of pmifksbon arc flow s ogaomst
Erpavalence reio (ER|

anwhieated im sgmitsen of fare for eagh air T ot of 55 and
SH T Teg Lo v i Clorn cane o 50 pan o anoee longg
time abori 35 min The can'instible gas & produced after
toilpeialien . & comlieten 2one o remched 0000 than
simtable b repoted by Bamdl & & (20000 The
cominstible g comowes produced shout O min unhl
the process bave fimshed The momber of total waste of
cluivos] and adiatiil 7 0l 12%; 5% of olal ol ueal
where it suable with reported by Hoa af al (3000)
using wonl chage an fie|. The incresssog of alr supply will
vechieg mumber waste charooal and ash The sicreang ax
flow mate will increase fisel corsumed and reduce Hme
operaticT.

Equivalemce rotio process: The squavalenoy raho = one
peraiiioten fod comiired porforenamee of gasslicarion proces
wloere wias fhe s of the otal sctual ar Bow rale (o
cornbnztsen 1o the total air flow ke for combiation | kg
wf ful for soiclianens eondibon Fygus 2 ahows ke
Eiid taml by dnerisiog of pasalesitiee ar floa e leada
tlee imcreasing ol spavalence mbe wwloe. The renge o
equivakng rafi< i between of 0 21-0.5]

‘Temperaisre inskie reactor: Figure 3 shows me
ronation of temnperahue ot siEuvaiencs mba ol
swhere Incresses sqovalencs mbie sl o meiesss
tempembrd ol combrasbon zone. s bemaess morese
ecptivaknes ratio will increass air gasificston Aow mate
that will promation to perfoct combustion. AL squiviknos
radm (025 il 3] not very dilferorce ol dus condivon
tempemtire ircrease faster io temperanure 30FC where
combustible  gas appear A1 eguivalence rabe 0021
tempemiure ireresss kmwer o tempsranore of S00FC it
bsiee Al D male med aullssen e promeoiion et
conbumtion or mbosed chamenl energy ol sormibl
ham. Atanch aqncalence mibk oomBustible zas prodoss
after temperahge of SNFC where i swiable with
reporied by Seggiomi, where the stable fempemaiure
coepdition s 3000 40 min where was e same wih
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Fig A Temperstome  darbaticn wath t=ae al each
Ut esia0ppler puosiLiog

peeaile of Roa o ol (2004) The wme for flame of
comnbisisile gaa about o0 1l 75 min The combumiion
wempermere reachs @ comluastion  zone about of
(B L

Figure 3 ghows time vanaton of emperahneal sach
pemiton of Erermocple where show sigu{icam Dorense
arkl dillerences tenperatime at T1 bll T4 The posibos of
TH mll T4 are 20 cm from sbove reacior about 173 of heghi
al’ reackr The Illrnl;luuu,ll_"-n T vl TA cmld rasds a0
skl tariperatine aboon A0 i bacause at this tie all
avonature ansd vealanike of batch fust feve peleasod than el
could  promote more  perdest combustion. A8 the
thempooouple munber 512, the teenperanee smoreascs. the
i hecanie ar thie positeon the foel pove dowmward so
absorption of heat by de foel is abo rechiced m other
bnd  emperatire af combustion are  sill  steble
conilition
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Fg. 6 The cxrmpsiwn of OO apemis Lirres o vanmbsm of
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Figure 5 shows temperature varmbon with heighs of
garealier at dufferend egquavalence mi. The nermaing of
ecpey abenge ratio will meresse Wi perating in combastion
woite, AL the eipht of neacier O-15 an lrom e bottom
Een peanre are 7O0-1 10000 cecanne s pramial combastion
mnid prasfication zore. The drymg and pyrotsie zone
appear ai 15 cm to the top reactor wh the temperalune
raree of 1507000 Apconding o Seppsam, prrolisis star
al femnpersime o 20000 il TOOF 1, alave bempearniore of
T ganfication st Several ressrche sl proclisi
piocks tog until tevperatre of 50000 (Ueke e o, 2001,
Facgemwks o al, 200010, Boes on eeveral researclserns
arprmant coukl make concheron pyrolism process fmish
at T3 or the height of geafer 15 em mthos gasifier desgn

The combusible gas compasition: Faors o shows the gas
compesiinn vy durng  gadicaton  poocess,  This
worsalion ot [ e el Begie il reacng the
orpsara o ’abde, Ther compoeiin oF OO0 feml io dnmaes
vint] rrackung thesiable opombon that shown m Py 6
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The resrmemn of & =00 -3 00 and CH, = BO-00 + 3 H)
al rechietuom avew bacomms were damaratrig ol mpscaboe
af B30 bl S produsims OO The conpsstion of 0 @
proaiicad at the conbastion zem, the redictsm oo and
the pyrolsis zome teen whileal hesher equivalence mbo
woudd imeroass the sompoaitson of 0

Fagure 7 shows the compesibim of H, increases vl
temperame of aboat SHAC and then this e o
decrexse al each equivaleney miia Hypdrogen wes
produced o mrlisis and oombushion zone. At prolise
teme where mesaemp ime operateen ihd fual st some
peraliss would decnesss that make the compostion of
H, deszoase too Al reducdtion zme, the reecion with
siean of C + H;0~C0 + H, and (31, + H2-CO+ 3H,
(oo e el L 20090 el 1o morease wilh increasing of the
remparahire. According ta the reault of previos or ather
experiment He will b prodicsd at dwe temperaiune of
TS (o, 1990 Evarn efal, 1588, Pite of of,
H0Y, Gomer-Parea of o, X051 AL this experimeni
gt e TOCPLELL SO0 e rime sbong S0l G0 min o ER
025 gl D31 for BR 021 @ tine 50060080 min The
mereasmp ol equoakmos o el rcresses
tempermre mside reactor thal make the reactiom ai
reduchion zone woudd menease.

Figure 8 shioows. the comnpositiam of CIE will decrease
with eerease e bt opersison o o esueed e
compoedion of CH. i produced st pyrolisis and redietion
rome, A pyrolisia sone where tempersfize pyrelisia stan
ab 200 ae thet bave wersised wime operation, the foel
al zore pyrolaie will desrease then met fhe wmmpsesation
of CH, demesse oo 50 mechiction zome (b reasisn
of € + 2 H~CH, will be deoease wilh inmeasing
femperature. The incremsmg aquivalent mio lends o
moreese lempernhre inside reacior that make decrease
peaction T+ 2 H,~CFL By and Ches, 1980 3

LAY of produesr pas: Figure 9 shows the lower heming
valw of prodesr pas will s with moreaamg
apifeabice ranlon we cused e lower Destng valoe main
atfectad by the composition of OO that memensad with
moreaing aquivialerd mabo. The lower beabing valoe ol
sinble opembon for each eguivalent mbic between mnge
3 il 42 Mim" The maxioum of vake of LHY al
ey nbenoe rato (3]

Cinld gas dfficdeney:  Figure 10 ahows the cold o
offeesmney will merease wilh incressing eqavalasey o
it canpecd the CGE mon elfsctad by LHY of e pas where
mereasing cquevaleney ratho wall usmens LHY OF Ow
producer gis. The cold gas efficienoy achieves st 75%
with equivalency ratio 031

Tar content: Fipare 11 shows the tar conent will decrease
with - ingreasing  equivalenoy matio cavssd  imoreasiag
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aquivalency mbo would mereass ooypen fow e
pyrolysis zone meke meressing partial combusion tar
{mrohsis prochect ) to OCF (Devi et |, 20050 At ngher of
eojuivalence ratic would lead the tempenbhore insice
reacher aml then 1 would e e ot will
HAS {=eam melormng) ond reschion tar weh 00, (dry
refommme’ to produce CO (ddocft of @, 20075, The
resalt. of this experimensal  bas  shown  suitable
with sevenl snulisd gasification (Mamya  &f al | 2008,
Gronmee-Baea s and . 2005, Hirley #f af, 201 23
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CONCLUSTON

Bxperimental sty on a wpdraft gesifber sysbhem using
mibber wood as fuel hes been comed oot 8 vanetson of
eguvalency mbio G21-031 for obunmg  profile
emnperiure dsinbusn e gedicilon, e
ecqnpoaiien, LVH, ekl gas eiligiemey and 1ar eomem

Tmcrenmas  aqunalency  nation e ERreGie
temnperatire dednbution mosde  reastor. Gasileanon
wone it heght O-15 o of the reactor and pryredyses 2one
at height 15 am to the top reactor for each equivalency
patic Tl composition of OO wed B serd 10 incremse with
merease squivaleno: miio ad me operation b for
compasition of T tend 1o decrease with increming, of
equnalenoy ration and me af opemtbion The LHY af the
RAA TEn 10 Heiedse W inararing of aqilvaleney mio
aned ki to stable cperstion whare tle LHY of the gas
al stablo operaiion sl the remge 3.6-4.2 MEMNm" with cold
gas efficiensy 35-75%, The far comtent desrems with
shressing  equvakeney mbo wilh mingmam - valee
14ogim’

tamul
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