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Abstract

Energy can be harnessed from biomass by two processes named as biological and
thermochemical processes. Among all thermochemical processes, the gasification deserves
extensive attention because it helps in solving disposal problems, reducing environmental
pollution and producing combustible fuel gas for thermal and power generation applications. The
objective of this research is to study performance of a downdraft gasifier and evaluating
performance for power generation. A 15 kg/hr of biomass batch type gasification has been
designed, fabricated and operated on wood chips for evaluating its performance. In order to
control the experimental conditions in laboratory, wood chip was used as reference in the place of
municipal solid waste. The performance of the gasifier is evaluated in terms of measures
determined from the gas composition, material balance data and other measurements. The
temperatures along the height of the gasifier have been measured. The temperatures investigated
in the combustion zone were around 1000°C. From the analysis on results, the gas sampled at the
exit consists of 15.12%CO,, 1.62%0,, 1.73% CH,, 19.98% CO and 10.34% H,. The calculated
higher heating value was 4.15 MIJ/Nm'. The estimated electric power generation of this lab-scale
gasifier was about 6.15 kW, with a specific consumption about 1.50 kg/kWh at fuel consumption
rate of 9.67 kg/hr.

(Total 80 pages)

Keywords : Municipal Solid Waste, Downdraft Gasifier, Performance Evaluation,
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= " W 3 2 av QaJJ dy Y A a o
Type) 911 Hearth Load gaga1n1y 0.9 Nm /em™/hr [10] Tun1s39enasatiag lsn3oananniay

g a a ad % a
L%@LWENLL”]J“LI@M‘]J?@ Tumsnaans @Q’Oﬂﬂlmﬂjﬁ}ﬁﬂlUTQ 14 kg/hr uazmsaammmzé’nm
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[
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MolunTewaaMeFamatanas  Wa IO NHManINNIsNARBINFINIHINNe T
g’ o { o a o { a
%ﬂﬂﬁziﬂﬂuTWuﬂﬂJ@dLaW NIND 3-1 LLﬁ'ﬂQﬂ"liTﬂxﬂ‘lﬂJi’Ni%‘]J‘]JNﬁ@ﬂT“]fL%i’)LWﬁQLL‘]J‘]JUlﬁﬁﬁQ Tu
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d‘ a <4 & a .
3.2 inT0INanNMIYdLINal (Gasifier)

¢haon
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| 7. % Hopper ;
é Ca b /
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I

N
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— i Q

| —| Pyrglysis
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E N

h 1 é”f
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T | 1 Le] P |
Reaction| -
h8mbét |

[

_‘o%(‘z

rl
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%
éa

]
L
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}
|
|
; AT Chambe
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|
A SECTION A-A | |

Y o 4 a o g a a @ Vo
ﬂﬁ/‘l‘ﬁ 3-2 uﬁmaﬂymzmmm?mwamm«m%amm YU 10 nlansunesilug

A o

d' a o Ay a d' X awv Qy = Ay a a [
insenanmaFomasn 1 lumsnuideiisanaulfouremasszana 10 nlansy
VW { a aszl 4 a {
At e mstlewFamauiunuuilouniufed ( Batch Type) Tastlowdamautniauuu
A a o d" a A a o dy a A Y 1 -4
YOUATOIHAAMWITOINGS 1ATOIHAAMTITDINAINVINAFUAIUEUINAIN 600 mm. LAzEl
Y
2000 mm. wagidimlszneudinny 4 diude Fesdlowsonds (Hopper) Wodlnlslage
(Pyrolysis Chamber) ﬁﬂﬂﬂﬁﬁ?iﬂ (Reaction Chamber) Ao (Ash Chamber)

1 [ 4 a o g a
AN 3-2 LAAIBAHUZUDUATOINAANIHIFDINA
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' A A
3.2.1 eailouiyeInas (Hopper)
1 4 a o g ] 4 a o a
¥oatlowdomas mrhndumasduvearemasld lvaaslddwiodnlslaga uag
Y
Aaan [ Aa o < 1
#olfnser vestlowFomasininmanuiurul 4.5 mm. 0919 450 mm. UAZE 590 mm.
a 9 ] =] ) [ ! g} A o 9 A M 9 A 1
vinmveumuuuvesrestlonaziizosdmsuldin eiwihnilesmsiaInavesiaiiog
d‘ a o 491 a
MelunToINAANITIFDINGD

322 viedlnlslasa (Pyrolysis Chamber)

] 9

A a K Y a Y Y
ﬂix‘uaumimﬂmumﬂumﬂwTi‘lacﬁﬁﬂszﬂaumﬂ NIZUIUNTIDULTULAL

a

) 19 9 a 5 a Y 1
nszuaumsnaudatenu lildeondion Fegungiinieludoszligungiszriing 80-500 °C

U

a o < 1 ] 4 Y
ﬁ}gthwijulaq;a‘ MINUEANUNUYUT 4.5 mm. 61]14’]@&’!%)1!W’lugfuﬂﬂﬁ’lxﬁlﬂ\iﬁ}@{llﬂ']ﬂﬂ 500 mm.

o ] o v a z o o a o ] o ] o @ < [
Hazga 500 mm. FAwmusdmsuaadunes ludldla 5 durua tagdwrmiadmsunumay
$19819 5 AU W52eL119521INRMNUINIIAY 100 mm.
Y aaa .
3.2.3 110317381 (Reaction Chamber)

moelurtealfnsenazianszuaumsnauaateuuy lildoondau  Aeilipsnnainidos

a 1

Iwls'laga wazimamawnlvdlulsudaaan meludesziigungiisznang 500-1200 °C

U

1 4 1w 4 dy o {
PIAFUHIUFUINANVDINOUMINY 268 mm. 1AZFd 400 mm. 1199 INHEIHADIRIIUN

A =2 9 ~ A o Y ' 1
mﬁgummﬁmmmu L“Wf){lfNﬂuﬂ’ﬂﬂJﬁ@uﬂWﬂmf)f]ﬂhlﬂEIﬂWElufJﬂ Iﬂﬂﬂu’)uﬂi%ﬂ@l]hlﬂ

Q )
Y = a o = I 1
A8 ﬂeuﬂi@muW‘nm 50 mm. amuwsmﬂ"lwmeiwm 25 mm. UagranitNUdrul 3 mm.

iwmihiiduTaseade daulseneuduiidida 18un aeaea (Throat) ¥eaga’lyl (Light Port)
NAe99 1A (Air Box) H29180101¢ (Tuyeres) 31UIU 5 1) sumisdmsudadamos Tushila
4 duvis sardwmidmiuduiadeins 4 dumis SsiumiadmiuAadaumes
Tusmlilavasdumisdms o umadiona 15e21195e @MUY 100 mm.

3.2.4 #93918181 (Ash Chamber)

4 2 A A Y Y Aaaa v o A o Aaaa
ﬂWﬁ‘]J'ﬂLlLHN‘VIL‘Wa@i]"lﬂﬂWiLN"lUlVillhluW@QllQﬂ581 ’1]391ﬂﬁﬂﬂJWq@]gﬂ§ULW@VI1ﬂ§]ﬂiﬂW

aan

1Y 1 1 { o < ' 1 1
Fondude  uazundmninlnsenaswdiazgnnnaadligiesnadilaeldaznsunny

]
a U

A =1 Y 1 9 =1 A Y dyﬂi o A
IADUN ﬂ1ﬂ°lu1/imawzm%mmwnmzmn 300-1000 °C IHUBDNAINHUBDIUADININIUN

Q G

a Y 4 [ Y 1 1
gangigedsdesiinuau istlosiuarnuieunemenn liigmeuen  Tasaurusznen'ly
k4 G a J Y 1 -4
a1y aounIany Inu 50 mm. RuUETNN Ie5HW1 25 mm. VaFURILgUINa VDY
Y ' v ' Y ' Y 9 [ {
Houmnu 268 mm. uazg 440 mm. davilszneunesmadilsznenlidis aznfudiud

[
T A

4 4 [ $ [ 4] 4 a o o ] 1 9
mﬁauﬁuazmuﬁaaﬂum ‘VIE]‘I/H\?E]’EJﬂeUfJQﬂF]ﬂ%E]LWﬁQ UIU 2 AU “]Ji%ii]ﬂ18l,ﬂ'l Lag

U

Y
o ] o v Aa Y o [ af o [
Sumuadmsuaaaanes luaiila 2 g
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3.3 4A9ERINA

nmsgomadgaiuvesmaen lufzisuduanmsldiniouthema Blower) 11h
] v 3 o A o [ Y A @ = Y
o IMet FudunuiniNes Ny s srueIMAliaI duganIugueasIMs navesemedels
J a J ng ! 4 '
197178 (Gate Valve) #ag 15@11in035 (Rotameter) AIUAN 3NiuoIMAYE lnadginTogu
A AA Y A ' dy Y 1 .
e meiNeguoIMAlunsdindosms iioeonvzdiuiiormass InadignasseInis (Air Box)

Aouiag Inadngwisieoma  (Tuyeres) tazingaruvesmswnlull  Tasseazidoaves
4
3.3.1 1n301191M#l (Blower)
wiouthermanlddmsunhomadngadiuvesmamn’lvl  IdinTeauthoimaves
B.O.B ju 688 HB 1A 0.75 HP 220-240 V. 4 A. 50 Hz. A7W132501 2800 rpm 1605113

Tvaral3uas 500 L/min,

MNAN 3-3 1AT091)101718 (Blower)

3.3.2 1A3999A9A31N3 1A (Flow Meter)
v o A 9 1 Y q 9 A v W
M33ndn31M3 Iavesermanoiad 1 ludivveamsen nil lasesiadnsins

lwauvugnase o1 Dwyer Jams lnavosenelaTugas 60-700 L / min.
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d‘ tﬂ' u u
M 3-4 1AT99ATATINT 1A (Flow Meter)

3.3.3 1AT99UDINIA (Air Pre-heater)
4 1 Y 9 2
n3esguermane liihuuia 18 kw 1vaaia vy 3 wla 380 v 60 A Aeriu
Y Y ¢ o .
uuuwad Jvaaladuriugudnais 3 mm. fanua 3 va eme Inaruamuaalaluil l
Tunamaderny ez ldquormanldludeum Inindes uazliganrugumsiinunuy

on luia (PID Controller)

V)

MR 3-5 n) TTUVAILANMITIINU Lag ¥) nTesguemauuuvaaln Tl

do 1 a d
3.4 gUnsariamnsiines
3.4.1 1950310 TAUHAN (Thermocouple)
4 @ aa ao y o v A a
insosiloTaguuginldluauidediae mes lualila uuy Chromel-alumel #tia K &

U

9 1 4 =Y I < 9 Y A 9 v a A A
VUIAUFTUHIFUINAN 8 mm. Mﬂmuaulﬂumaﬂﬂmvliﬁun Gl%mqmﬁgum\iﬂmﬂmimwaﬂ
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4 g a o o ] { 1 % a 1 o
ﬂ']“]ﬂ%’f)LWﬁ\‘i IUIU 11 AU UY (anﬁ 3-7) Glumwummiuuﬁﬂwammqqumﬂ%muﬂ‘u

A s 9 v R 1 A
INIRINVVDYA (Data Logger) Iﬂﬂﬂuﬂﬂﬂﬁuﬂﬂﬂﬂluﬂq

@%I

=

I

H !

x

[

—

) V)

v v Y )
MW 3-7 1) A edusudY uag v) Auniinsaaaunsesio nguigil

4 g 9
3.4.2 1AT0UNUUDYQA (Data Logger)
4 = 9 = S .
INTOUNVVDYA NINN 3-8 11U Data Signals Logger Y93 Yokogawa Tuaa DA100 &
~ A v K 9 A [ o v A 1 [
DS 600 ummaquiummuwnmauﬁa 0.5 Hz u%mﬁﬂgtymmaﬂmﬂzﬂa 80 FOITAYYIU
] a o 9 I'd 4 A= 1 a o I =
HAAIHARIUNNAONNUADT Iag 1 FsaWNIIT DARWIN mstunnmmsiwmesiumstiuin

AUNAISIUUABITID
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v 1 d -
MW 3-8 1ATouNUYoYA (Data Logger)

[

a J
3.43 1 Tuiino331d2g (U-Tube Manometer)
a J @ Y o v @ o A a o tj‘ a ~
nTuimesgildgladmsuiannudumelunioananmaaemas ainannIy
@ Y ' 3 <3| o 4 '
aziden 1 mm. eansodaanuauuanaelagega 15 mm. melunsspiniudinaraivesn

AusIau aNuAanaalumIdialseuna £0.3%

o

d' a 4 o ] [
MNN 3-9 NWIH?JLWEJSU‘]J AYUATAULNUINITIA

4 v = J
3.4.4 1A504107A0AT1MS Ina DASYULLY 1od (Pitot Tube Type S)
o o a 9 o v v @ %) dy A A a Y a 1
ﬂﬂﬂﬁn‘ﬂ%’uﬂ-s 1°Hﬁ1ﬁ5‘1J'Jﬂf]ﬂ5']ﬂ']'iulﬂﬁ‘llf)\‘]ﬂ1“lﬂ%ﬂlwaﬂﬂWa@’l'lﬂﬂ'i!'llﬂ!ﬂ@ﬂ'lﬁﬂﬂﬂ
9 dy a AL [ a 4 1 = . d‘ U 1
voumayanas lagldsiunuu Tulmesiuunedes (Inclined Manometer) (WBDIUAINIY

AULANAT
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d' a J a J 1A
MNN 3-10 ﬂmﬁummu-s LLﬁ%iJ'lIUilWI@iLL‘U‘UT‘IE]!’OEN

< [+4 &, a ]
3.5 YFADUNBLYIUNAIAIDY I

2] - a 1 1 2] o [} N a

ﬂ']“]ﬂ%f]LWﬁ\TU'Nﬁ'Ju%3Qﬂﬂﬂ@'ﬂﬂll']ﬂ'lﬂ“ﬂ@i%ﬂ']ﬂﬂ'lcmm3%']!!;1/711!\19]']\1‘]ﬂ’lflclulﬂ?f]\iv\lﬁﬂ
2] dy a o ¥ ¥ 2] dy a
Mangomas lasorfeilugyime (Vacuum Pump) lugaanaazganissoimainiueg

] 4 g’ g’ o J 2] g a 09: ] o 4]
m‘uuumﬁ@ﬁd"lf]umasumumi@aﬂmnmcm%twm NNUUISHIULFANIANUTEDIANY
dy a 1 A Y = dy Aa o [ () dy A A I o
LYDLINEAN ﬂﬂu‘VIfl]$]11’7aLGll']q‘ﬁﬁﬂﬂlﬂﬂﬂT“ﬁL%@LWﬁQﬁ')ﬂﬂWﬂ ﬂ']"]ﬂ“]f@tWﬁQ“VlQﬂ!ﬂUfﬂ$u']llﬂ
a ¢ & ® & Ay A a ¢ < o
ANTIZHOIAYTZNOVVDINHFDINAIAIUATOIIUATIZHOIALTTNOVVDIN Y (Gas

[ = ) 3 o dy a 9 ~
Chromatograph) ﬂf]]lﬂ "]f\?5Z‘U‘]Jﬂ']ﬁ1/]1\111!‘U@\‘]GIjﬂLﬂﬂﬂ?“ﬁl“ﬁﬂlwaﬂﬂqﬂﬁnﬂﬂTWW 3-11

d' 1 3 o ,ﬁl a o 1
MNN 3-11 NDNUNIHLBOLWAIAIDYI

& A
3.6 1FOINGY
{ I o a e
a1 lumsnaaeudluldunansa  Manggris Wood) Taenal1udy lsfwiadilylu
sa s v o Yy ¥ o o q Y Py, e 2
gaevnssudesines liminnldzdeninndaldlivua nde 1 472 010 1 42 wagnun 1

2 A g ya o A A o A A &~ Y s
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Y
moluvesioalfiseumny 268 mm. ludiuvesguauiaveusomas lduusnIauaaly

A
MT NN 3-1

d‘ 9 = o [
HINN 3-12 Ulul!ilﬂﬂﬁﬁﬁ'lﬁﬁﬂﬂ'liﬂﬂaﬂq

M99 3-1 dutlszneutazamauianmunives ldunenia

Properties As-received basis Dry ash-free basis

Proximate analysis (Y%owt)

Moisture 20.30 -

Ash 0.48 -
Volatile matter 68.51 86.48
Fixed carbon 11.70 14.77

Ultimate analysis (Yowt)

Carbon , C 50.29 50.53
Hydrogen , H 1.56 1.57
Nitrogen , N 0.01 0.01
Sulphur, S 0.00 0.00
Oxygen , O 47.66 47.89

Net calorific value , kcal / kg| 4,787.71 4,936.39

Bulk density , kg/m’ 546.63
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3.7 35MInaaea
9 a VoA 9 a A Y o [ 4‘ a o dy a
MINAABIIZONBIAITNAUYRI T IMAN I Fd M T VIAToINAAMAFBINAY 917
A o o a A 9 Ao a
m3nd a1 Tumasuan ¢ Tasihimsneasalsudsuaeimensuduindasims Tnama
Y

U515 350 L/min. nazezlsnldeglugiesening 250-450 Limin. $1u9u 5 A59 dau
1 a cr’d'sl =1 1 Y 1 a d' a o dy a 4!
s iwesnasanstiuiingzniemsnaaeslaun guugiinieluniondamanyemad
=] 1 A [ @ [} dy A A a Y = [
wiluiinrauuuaeiiies Anuaumelutazdasins lvavesmayeinadsnnga 1a lasidenia

a

' H : o g 2 ! o P, ¥
MWz NnaNgugimelunin wadInmsnaasuasaauluunazasiazdease I

U

a A a o da’ a 1 =2 o 1 A A a o
U cﬂwcll‘!!,ﬂiﬂ\iNﬁﬁﬂﬁm%’@!ﬂﬁﬂﬂﬂﬂﬁﬂﬂu WITATINITDUIDTIUNHADIINNITHNAAN Y
dy a ) :’ Y] Y o (2 dy a (9] o [ 1 A
wmwm"lﬂ%mmuﬂ”lﬂ ﬁ’)uﬂiﬂﬂﬁZﬂ’f]‘U"ll’éNﬂ1“1)'L“]5ﬁ)LWﬂQLLﬁ%ﬂW“ﬁiUﬁHLWHW\Nﬂ VBILATON

a

a o da' a Y < 9] [ [} 1 ~ ~ [ 3 o
Waﬁﬂ1“1ﬂ°l)'@£Wﬁ\1%$51“1)"3fﬁfﬂi!ﬂ‘UﬂWG])'ﬁ'Jf]ElN%'J\?L'JﬁTﬂQﬂ!WﬂNﬂWﬂGluﬂQ‘VI NaNINUU Lﬂhl‘].h'ﬂ

U

F4 4
U =

¢ o Ao g 2 , o o
pentlsznoumeviasmiimnasouaivduluuaazasi TUAOUNITNAADINAIH
o 2’ @ tﬂy a dy a d'si A a o dy a
3.7.1 ¥oihminveuFemduazilou¥omaiiduunveuniowanmaomas ey
4 1 F4
Hounsufernomsmnitianss ( Batch Type)
1 Y [
3.7.2 Wetloudemauiivaneaomsnadoy Jeilalszailoutazya linveal soau
2 1
Womasudusuaa i Sstlarhnsouyosyali
o a A Y A a o dy a
3.7.3 UsulsmaeimenaednginieaHanMaaeIna
[ 3 = Q' = U a o ] d‘d a Qﬂjl o [ a
3.7.4 vaanniuasutiunnmvesguugi ludwmisnimsaadunes lumlhila
A a A a o 491 a ~ =< A = U @ [
3.7.5 iegungiimelumseandanmydenanan  dusuiunnamanuauMely das
[ dy A A a 9 3 9 dy a 1 A ) 1 %)
M3 Inavesmayemasinaald  uaznumademasusaiwieiilunagey  dume
dy a d' a Y ] Qy d‘ 1
womasinan ladiuIngrzgaimninsiniesnvesiaesszing
A X a ) o Y ' o J =R = ~
3.7.6 oiremwasgnr ludaurug Tasduna ldnnyesdaunamsal 9taeman
Youtn'l/
Y a A a o dy a o 1 ~ A )
3.7.7 solvgungimelunionaanamyomaianas 1 IUNKADIINNTNAABINIF
Y [ Y
Wminiensesas Tagihminvesay
o @ & a da yy s W A  a v A a ¢
3.7.8 ihmsremasnny 13 1Uesrdsenevvesmaniemas AATOIUATIZH
4 [9)
03AYIZNOVVBINY (Gas Chromatography)
Y
3.7.9 fimsnageuaseae i TadlSuemealisasims InaFetsuinsvesenme

191104 250, 300, 350, 400, 450 L/min. ANAIAL
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Varaitions of Concentration Gaseous Compositions with
Volumetric Air Flow rate
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Run Density | Calorific | Power output | Cold gas | Mass Equivalence Remark
(kg/m?) | value from the efficiency| conversion ratio
(MJ/m? )| gasifier (KW) | (%) efficiency (%)
12 1.11 4.65 49.81 67.65 08.83 0.268 Wood chips
15 1.10 4.77 65.04 68.37 98.39 0.259 Wood chips
16 1.13 5.19 4403 T76.68 90.12 0.287 Wood chips
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Run  Power input Power output Mass Equivalence  Efficiency of  Overall efficiency of  Specific
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44 39.13 30.26 61.57 0.3831 77.33 1546 1.49

45 48.93 4247 86.14 0.438 86.80 12.34 1.74

46 58.53 48.29 82.49 0.37 82.50 10.28 2.06
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400 10.68 61.03 31.92 29.02 6.04 47.55 9.89
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NIMINAaInuN  UsinaemanmiuiurzdawanogurgiinielunionaamMayenaa
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szilunszurumsnnalulsusandu  91AMINAaRINUINNEATINI lnarralSuasminy
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k2 [l ]
Formad FaUszliuludalseansmnazdas IMINAANAINUIUNIE NTANLININLANAD
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5.2 YolaudNuUY

L o
5.2.1 maszgnalunuivvezyarosyuyu

=

a o a a o w -4 [ o
YozyarosnannmMsduiudinlszirivvesysd  Feanvuzuazefliznonves
1 @ o Aa a A { 1 o A
YozyadpoIzIAnANA I IAUEISuMIALTUTInvesesnuniuurasiuiiavewezyaros
z kY 4 < = di’
mamedlsznounanmenn, esfisznoumaunll  uazaNuIUvevezyados 91NN
o { A g 1 4
dranvezyadesineiululszmalne[1] wuwezyadeslulszmealne Toedilszneums
a 4 a
MEANUTLNOUAIY IFHPIMITUAZENTOUNT I 63.57%, NTLATH 8.19%, WaAAN 16.83%, 1A2
o 4 1 4
3.47%, Tang 2.10%, 019UasHig 0.50%, A 1.37% uazduq 3.97% aauesnliznounmani
Y
4 a
Usenouale ANUBU 61.33%, AISUDU 47.87%, lalasiou 5.39%, 0ONTIAU 32.54%,
Tulasiou 020%, Woavesa 0.17% wagamnnuiousige 7,674 kealkg INdoya
o < Y1 ) [ o o Y a @
pendsznovvesvezyaros azimuldNvezyadesinzdmsmihnaumnldnaandenu
4 1 1 [ Aa A 4 1 I 4 a
ilosnntiaanuieumgunniounuanlud (3,500-4600 kealkg[12]) fldiluomas
Y o [ a 1Y 129 o w d‘ 1Y dy
wandwisumsnaanasnunelulszma  ualidesnanenuanuduluvezyalos  uaz
4 @ A 1 9 Y X I 1 a o dy a
pansznovvediaai amnsown vl 18 Fuilugilasinaenszuiumnaanadomas
dy ] 1 Aaan A a o 49’ a
anuiuluvezyarosazdinans Tsulgnsemeluniowaanadomas wIn
dy a A zﬂy Y Y a o 9 &
WoINAIANUFUEY ANNABINTANNoUINNTEUIUMI oAt Tu Taumsw Tl a4
Y v
ihdesmsanuiouiszunm 2300 kikg uaz 1500 kikg @ msumsiugangilldimny
§ a (aova o [ 3 {
700°C[3]  Fuiluguugligiaauveunwnvezyadosmll  duiuanuieundesldlu

NIZUIUMITNAUTDPUAZNTZLIUMITIANFUIZAAAY Lazainanseny laeasaodSunauay

[
=1

() dy a [ [ ] I ¥ ] 1 ] 4' ~
AunmussmMandomas Tudiesigan luawnsown lud1a swdawanoaznsumaounives
1 9 =& 9 A Y ~ ] I Y 9
szuumsmed  Fazdssoenuuuiesesiuidan awsown nd laTaommz  nazly
[ 9 d' A a [ 1A g
wasnuaNu ey iveside Tag lumaise Temiaeszuy
[ 09.: 9 ] ] o ~ 1 I Y
astiuvezyarosdoariunszuiumsnaueniagh iawnsow uldldsen,  asvuia
9
vozyarlos, ananuduli limu 20% [13] tazdatouvezyaliiivuaszning 1x0.5x0.5 cm.
= 1 o 9 I dy a o @ A a o dy a A a
89 8xdx4 cm.[10] nowiiunlFiluFamasdmsunsowaamaaroimauy 1vaay thonan
[ 4 a -4 (Y 4 a o f a o % 4 a
WA TAgYAUUFOINAIIZTUBGIUVUIAUDUATOINAANHITOINGY dIMTVINTOIHAR
(9 da' a ~ 9 [ da' A Aa
Masamauu lvaasuuia 25 kgbatch N1¥lumsnaaes wmmzausuFomasnivuig

g1 2.5x2.5x2.5 cm.
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1 Y
52.2 MIVYVUIAATOINAANIBIFOING S

] Y v 3
MIVONBVUIANTDINAAM BTN UNDINUAIGIMIHAANEINY  1ze1dodeyain 1d

Y a wvAa A a o zﬂy a 9
nnmsnaaesluienlfiamsnnnieswdamassomasn lvaasauia 25 kg/batch Joya
¥ k2 '
NS VVBVUIAATOINAA D IHITOING S LD NDINNAN N NHUE TUADNITHAN Y
dy A A 9 a wvAa Y] o o ~ Qld' A a o
warnasnvnnInaasd lurieaians aulsdagnlswevesuinanioanannsy
dy a A £ g o 1 1 o A Aa (9 dy Aa
I¥DINAIAD Hearth Load [10] Fuiludadiuszrinadansims lvadalsuasvesmasidsomas
Y v
Tuannzilnd 25 °C 1 atm aenunndgavesnonoalu Tsuniswn 1y (Throat)
A a o di} a = Y 9

MIopnuULAToINaamM oAU Ivaas  TaslinonoaluTsunmswn lvilay e

v o & A ) A a o A a A&
ANMUTUWUTYD9 Hearth Load tWoosnuuy Tsumswn lvivounTosnanmasdsomas Fuilu
1 o a o g a [ o Jd Aa a & A
AUAAYVRINTZUVIUMIHAAMWFOINGS  1INMITMIANUFURNUTIFINAAMaATINONIYA

o [ ~ =1 Y a Aa d' a o dy a
MINAUAINSY Hearth Load Jaenlseumeunuilse@ninnusunIoanannsyamad
1 4 1 a o g a 1 T W

MANUIN 3 WUNAYAHVIZAUADNMINAANIHIFOIWGS A1 Hearth Load W11 2.96 Nm'/m /s
1 4 d' 9 Y a va Y o %
Mpg1sn Inaanm laninmanaassludeuljiamsaunsalddmsumsosnuuunonen
4 4 a o f a
oVIBVLIAYBUATDINAAMHTDINAUY THaad 1NMARNLIN 1 WINABINTVENIVUIA

A a o dy a Y 1w A a o dy a a9 [
VOIATOINAAMBFOINAITHININY 50 kg/hr ADADAVDUATOINAANIVFDINAIVL AU

Audna1 iy 122 mm.
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MW n-11 Gas Sample Bulb
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@ Il a 4 4 [2) 4 a 1 1 o
SEI'J’E]‘(’11\1Wﬁﬂ'lﬁ'JL‘ﬂﬁ1$Wﬂﬂﬂﬂi$ﬂ’t’)ﬂ‘u@\1ﬂWGﬁLGAB’OLWﬁQLLagﬂWﬂ'Zﬂi]%)f]‘LlﬂWQQﬂﬁﬁ’ﬂﬁiﬁnﬁ
a a 1T W = { a o 1 {1
]114al‘UﬂﬂﬁMTﬁiﬂl@ﬂ@WﬂWﬁLﬂWﬂU 350 L/min. IﬂfJLﬂ‘]JﬂW“]fL%’[’]!WﬁQﬂ'J@‘(’J']\iﬁ“l/]f]“l/n\iﬂ’f)ﬂ"llﬂﬂ
A a o dy A 09/’ o w 1 A g a o Y Aa wva A 4
ATDINAANTIHLYDLINAN fl]"lﬂ‘L!l!‘LlW’]QﬂﬂWQﬂlﬂUulﬂ?LﬂiTgﬁﬁluW@Qﬂgﬂﬁﬂ1§ erednlsznou
o X A 2 = A ¢ o A A
UBINTIHLYDLNA ﬂ\illﬁﬂﬂiuﬂTWVI V-1 182 V-2 A1519N V-1 LEAI09ATENDUVDINIHITOINGY

[ 9 1 d! o 9 1 9 1 (%) 4
HAZAIAINUIDUNIGN c]Nﬂ1u3mllﬂﬂ1ﬂﬂTﬂﬁiﬂﬁﬂUﬂTQQﬂlﬂﬂﬂT‘ﬂfﬂﬂﬂﬂizﬂﬂ‘]J

a a ¢ W A& A .
MNA V-2 wamsnIIzrisInllszneuveanayormadlu Unibead column
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d‘ o ] 4 1 9 4] dy a
M3 V-1 AI981989A15ENBULAZAINIINT D UVDINIHIFOLNG

Gas components Column 1 Column 2 Composition (%) HHV (MJ/Nma)
CO, 14.17 14.17
0, 2.10 2.10
Ny 64.31 58.05 45.85
CH,4 1.88 1.88 0.68
Cco 17.54 29.44 23.49 2.72
Hy 12.51 12.51 1.46
Total 100.00 100.00 100.00 4.87
1 9 [+ dy a o ! 9 ! 4 (9
ATANITUIDUUDINIBLBDINAN ﬂ1L!’Jillﬁ]WﬂﬂTﬂﬂiuiﬂuﬂWQQﬂlﬂﬂﬂﬁﬂﬂizﬂfJ‘]Jm“If

dy A A I Y & Y a A a [ S [ Y
Wormasnansown nil la 33919990 an1zUnd 25°C anueu 1 ussema Tagiauniiy
285.840 kJ/kmol dmsumearlaTasian, 282,990 ki/kmol §1%15U MFAISUOUNOUDN lad LAY

890,360 kJ/kmol §1151 Mesilmnu[9]

d' I3 1 9 [ dy a an‘ =\
M0 ¥-2 99AUsTnoULaZAIAIING O UVDINIHITOLNAINY 5 NIl

Volumetric Air Gas Composition % by Volume HHV
Flow Rate (L/min) co H, CH, CO, 0, N, MJ/Nm” dry gas

250 15.57 9.98 1.73 14.79 1.66 56.27 3.60

300 14.89 14.39 1.98 14.95 1.41 52.39 4.13

350 19.99 10.34 1.73 15.12 1.62 51.20 4.15

400 14.04 9.16 1.59 14.67 2.15 58.40 3.27

450 15.52 8.88 1.76 14.09 1.35 58.41 3.47
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Wood Bulk Density 546.63 kg/m’

Ash Density 760 kg/m’

(Characteristics of Wood ASH/OPC Concrete M. Abdullahi)
Wood Consumption 10 kg/hr

Pyrolysis Zone
Pyrolysis Chamber 0.054 m*/hr
Designed Volume Pyrolysis Chamber 0.083 m’

_ @500
=
s
D248
M a-1 Hoanduaans
Gasification Zone
Gasification Chamber
Designed 14 kg/h
(Handbook of Biomass Downdraft Gasifier Engine System)
D268
75
|
— | =EE
— @ SR = [
wn rO N
@0 | r
N
=] — -—]
] | DN

a v v
HNINN A-2 TifN!W111’T3J
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Ash Zone
Ash Chamber 0.013 m*/hr
Designed Volume 0.043 m’
D248
| Tl I F F A F

™™ B Y

NN Y ™

P A A A A A A A A A A

a Yy 1w
HNINN A-3 YNOID1ULDN



M3197 A-1 NM15eenLUY Imbert Nozzle ttag Heart Chamber Diameters[3]

dh dr dr' h H R A dm Am X 100 dr h Range of Gas Output Maximum Wood Consupmtion | Air Blast Vvelocity
dr/dh mm mm mm mm mm mm No. mm Ah I I max (Nm3/h) | min (Nm3/h) kg/h Vm (m/s)
268/60 60 268 150 80 256 100 5 7.5 7.8 4.5 1.33 30 4 14 22.4
268/80 80 268 176 95 256 100 5 9 6.4 33 1.19 44 5 21 23
268/100 100 268 202 100 256 100 5 10.5 5.5 2.7 1 63 8 30 242
268/120 120 268 216 110 256 100 5 12 5 22 0.92 90 12 42 26
300/100 100 300 208 100 275 115 5 10.5 5.5 3 1 77 10 36 29.4
300/115 115 300 228 105 275 115 5 11.5 5 2.6 0.92 95 12 45 30.3
300/130 130 300 248 110 275 115 5 12.5 4.6 2.3 0.85 115 15 55 315
300/150 150 300 258 120 275 115 5 14 44 2 0.8 140 18 67 30
400/130 130 400 258 110 370 155 7 10.5 4.6 3.1 0.85 120 17 57 32.6
400/150 135 400 258 120 370 155 7 12 4.5 2.7 0.8 150 21 71 32.6
400/175 175 400 308 130 370 155 7 13.5 42 2.3 0.74 190 26 90 31.4
400/200 200 400 318 145 370 153 7 16 3.9 2 0.73 230 33 110 31.2
dr
Valuables not given in figure are defined as follows: e
dm = inner diameter of the tuyere .
Am = sum of cross sectional areas of the air jet openings in the tuyeres
Ah = cross sectional area of the throat i = %%j
A = number of tuyeres gy
Source: Kaupp 1984a. Table5: Fig. 75.
dn |
ER ]
” | (N 1
— } NN

€9
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Vacuum Pump

Gas sample bulb
it »| Gas Cleaning Unit »—~>|:|— ——————— >—8»

Flare .
Temperature Line

Fuel Input | - === ——- Gas Sample Line
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Data Logger

—

|
|
|
|
|
|
|
|
: [ — Ash Line
|
|
|
|
|
|
|
|

Noll ST T——

=== P Ly -

o N0 L ﬁ

" Nos |

o——— P rr—rr— P

Lo N8B _ N

" No7

DA AP W

i._,N_O‘6_‘_"j|__ = T

bowes I A

;._.N_Oz4 ________ o o |«— +~ — — — 4 AirPreheater — —

I No3 /\ A g

R |/
i _________ ’ No.2 ) I E g
i Pl [e]
: No.l H x
! I

Blower Accumulator
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[ Y
A19619 MIAUIUTUAANIA, U5z ANTMNVDUATDINAAMHIFBDINGS, DATIAIUAY

Y Y
a [l a <
IFDINAINDIYDINAIAY 1AL Hearth Load

aygaNa

a

o (2 1 o Aaaa 1 a o
ATUIUINTUNATIU ﬂ1G]fUlL!TG]iH]U1Mﬂ1ﬂ§]ﬂ581581’i'ﬂx‘1ﬂigﬂﬁuﬂ'liWﬁ@ﬂ'l“]f

I

9
Y =

g a [ { Y [ a a 4] 4 a
L%E]L‘WEN ﬂ\WﬂﬁNﬁ 3-1 @Quuﬂimﬂﬁﬁ'lﬂﬁllﬁﬁL‘H\iﬂiiJWlﬁeU’fNE]'IﬂTﬁ 350 L/min. mm%mwm

[

U913 TraFalSuas Ny 31.87 Nm'/hr

4‘ o a 9 dy a d‘ Y d‘ a o dy a
M1319% 3-1 ﬂﬁﬂ”ll!flﬂ!ﬂi3J1i11ﬂ1"]5lslfﬂl‘1/‘|ﬁ\ﬁ/l]lﬂmﬂ!ﬂi@ﬂﬂﬁ@ﬂ"l‘ﬂ)’l,%ﬂmaﬂ

Input
1. Fuel
Wood input 12.45|kg/hr
Moisture content (wb) 21.81|%
Dry wood input 9.73|kg/hr
% Nitrogen in wood 0.01]% (kg/kg dry wood)
Nitrogen in wood 3.48E-05]|kmol/hr
2. Air
Ambient temperature 30.00|° C
Pressure 101.35|kPa
Volume flow rate 21.00|m%hr
Mass flow rate = (PV/RT) 24.47\kg/hr
Volume flow rate @NTP= mdRT/P 20.65|Nm®/hr
Molar air flow rate (1 kmol= 24.446 Nm3) 0.84|kmol/hr
Nitrogen in air (79% of air) 0.67|kmol/hr
Total Nitrogen Input 0.67|kmol/hr
Output
% Nitrogen in Produced Gas 51.20| % (kmol/kmol dry gas)
Produced gas
Molar gas flow rate
=Total Nitrogen Input/(% Nitrogen in Produced Gas/100) 1.30{kmol dry gas/hr
Volume gas flow rate (1 kmol= 24.446 Nm3) 31.87|Nm°/hr
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Uz ansMwInIeInanMI¥aING(Gasification Efficiency)
Aa a 4‘ a o dy a d‘ a . o
1. Usz@nsmnATeINannIsIFaInaenan1Izlnd (Cold Gas Efficiency) 11324910

GEULEERR

. HHYV of Produced Gas X Volumetric Gas Flow rate
Cold Gas Efficiency = X100 -1

HHYV of Wood X Dry Wood feed rate
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2. UseansnnnToINan MBFoINaINTN1IZNIFTOU (Hot Gas Efficiency) A1UIN

NTUNIT 3-2

. (HHV of Produced Gas X Volumetric Gas Flow rate) + Sensible heat
Cold Gas Efficiency = X100 (N-2)

HHYV of Wood X Dry Wood feed rate

v ] Y
A1519h 92 mifﬁmamﬂsmmmwmmm?mwamﬁ”wv%mm

Volumetric Energy Input Energy Output Hot Gas [Cold Gas
Air Flow [ Dry wood input| Calorific Value | Gross Calorific |Dry Producer Gas | Calorific Value | Gross Calorific | Sensible Heat | Total Energy | Efficiency | Efficiency
Rate (L/min)[ kg. dry wood/hr{ kJ/kg dry wood MJ/hr MJINm® dry gas | MJ/Nm® dry gas MJ/hr MJ/hr MJ/hr % %
250 9.67 20564.32 198.92 20.70 3.60 74.48 11.65 86.13 43.30 37.44
300 9.13 20564.32 187.75 26.69 4.13 110.15 15.04 125.19 66.68 58.67
350 9.73 20564.32 200.16 31.85 4.15 132.20 17.97 150.17 75.02 66.05
400 10.68 20564.32 219.71 31.92 3.27 104.48 17.96 122.44 55.73 47.55
450 11.58 20564.32 238.16 35.90 3.47 124.76 20.17 144.92 60.85 52.38

MIMUIMOATIAIUMNBIFDIWAINDYINAINTA (Gas Yield)
o [ 1 4 dy a 1 dy a <3 o 9 [ ~
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Volumetric Gas Output Wood input Gas Yield
Air Flowrate Dry Producer Gas Dry wood input
L/min kmol dry gas/hr | Nm?® dry gas/hr | kg. dry wood/hr | Nm®/kg dry wood
250 0.847 20.703 9.67 2.14
300 1.092 26.687 9.13 2.92
350 1.303 31.854 9.73 3.27
400 1.306 31.917 10.68 2.99
450 1.469 35.901 11.58 3.10

d' o [ 1 9] dy a [ dy a < ~ [l 4
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Volumetric Total N2 Gas Output Wood input Gas Yield

Air Flowrate| in Produced Gas| Dry Producer Gas (free Nitrogen) | Dry wood input Free N2
L/min kmol/hr kmol dry gas/hr| Nm®dry gas/hr | kg. dry wood/hr | Nm®/kg dry wood
250 0.48 0.37 9.05 9.67 0.94
300 0.57 0.52 12.71 9.13 1.39
350 0.67 0.64 15.54 9.73 1.60
400 0.76 0.54 13.28 10.68 1.24
450 0.86 0.61 14.93 11.58 1.29
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MIATUIN Hearth Load
' 9 VAo Y] A
A1 Hearth Load ¥aun13 1aa1nauims -3 uazanaiuia ldazuaaslumsnei -5

Hearth Load = Volumetric Gas Flow rate/Throat Area (N-3)

v Y
A1519% 9-5 11d@A9A1 Hearth Load 919 5 N3 8

Volumetric Air flow rate (L/min.)
250.00 300.00 350.00 400.00 450.00
Area Throat 2.83E-03 | 2.83E-03 | 2.83E-03 | 2.83E-03 | 2.83E-03 [m?
Volumetric Gas flow rate 20.70 26.69 31.85 31.92 35.90 |Nm®hr
Hearth Load 0.73 0.94 1.13 1.13 1.27  [Nm*cm?/hr
2.03 2.62 3.13 3.14 353  [Nm*m?hr

Variation of Hearth load with Cold Gas Efficiency
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Abstract: Energy can be harnessed from biomass by two
processes  namely  biological and thermochemical
processes. The former includes anaerobic digestion to
biogas and fermentation of biomass to liquid alcohol
fuel, which the later consists of combustion, pyrolysis,
gasification and liquefaction. Among all thermochemical
processes, the gasification deserves extensive attention
because it helps in solving disposal problems, reducing
environmental pollution and producing combustible firel
gas for thermal and power generation applications. This
paper discusses the current work being done at The
Waste Incineration Research Centre (WIRC). The main
objective of our work is to integrate gasifier and engine
system for power generation. A 15 kg/hr of biomass
batch type has been designed, fabricated and operated
on wood chips for evaluating its performance and
expected to generate electricity power of about 10 kW.

The performance of the gasifier is evaluated in terms of

measures determined from the gas composition, material
balance data and other measurements. The dry gas
composition give one measure of gasifier performance
and from it the calorific value of dry gas is calculated
from the standard heat of combustion of the combustible
components. The gas, char and tar give other measures
of gasifier performance. These are calculated on the

basis unit mass of dry feed to eliminate the influence of

moisture variation. The cold gas efficiency is calculated
as the ratio of calorific value of gas produced from 1 kg
dry wood chips to the calorific value of 1 kg of dry wood
chips. This quantity represented the fraction of energy
content of the feed that is converted to combustible gas.
The results obtained has been reported and discussed in
this paper.
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1. INTRODUCTION

Fixed-bed downdraft gasifiers have been developed
and used widespread, especially in India and China. This

technology is suitable for small-scale application, i.e. < 1
MW. Its configuration has led to the key advantage of
minimal tar contamination in the product gas compared
to other types and therefore extensive gas cleaning is not
needed. However, the drawback of this type of gasifier is
the high moisture limit of the biomass feedstocks used
and the reaction highly sensitive to the properties of the
feedstocks.

Therefore, an intensive investigation has been
carried out using a lab-scale downdraft gasifier
constructed in this study to test a variety of biomass and
wastes available in Thailand. The gasifier was initially
run on a batch mode and has a designed capacity of
about 30 kg feed per batch. In the preliminary tests,
wood chips were used. The temperatures and gas
compositions along the height of the gasifier have been
measured.

2. EXPERIMENTAL

2.1. Sample

The sample used in the preliminary tests was wood
blocks. Wood chips were cubic having dimension of
1x1x1 in’. They were composed of 50.28 %C, 1.56 %H,
0.01 %N and 37.68 %0 based on dry basis. The average
higher heating value (HHV) was about 20,800 kJ/kg (or
4,900 kcal/kg).

2.2. Fixed-bed downdraft gasifier

The fixed-bed downdraft gasifier was designed and
constructed in this study. The designed internal volume
was capable of about 40 kg of feed. The schematic
diagram of the gasifier is shown in Fig.1. A series of K-
type thermocouples and ports for gas sampling were
positioned along the height of the gasifier to observe the
reaction mechanisms.

2.3. Measurement of gas composition

Gas was sampled and stored in the gas bag. Analysis
of the gas compositions were conducted in a gas



chromatography with thermoconductivity detector (GC-
TCD). The separation columns used were Polapax N
column for CO, CO,, N, O, and CH,; and Unibead
column for H,, O,, N, CO.
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Fig.1 Downdraft fixed-bed gasifier

3. RESULTS AND DISCUSSION

Preliminary experiments have been conducted. The
air flow rate and wood input used are given in Table 1.

Table 1 Air flow rate and wood input

Airiinlet | Wood input| Moisture content | Dry Wood input
[L/min] (ka] [% wh] [kd]
250.00 25.00 15.52 21.12
300.00 25.00 17.83 20.54
350.00 25.00 21.81 19.55
400.00 25.00 18.44 20.39
450.00 25.00 18.93 20.27

From the analysis results, the gas sampled at the exit
consists of 14-15%CO0,, 1-2%0,, 51-59% N,, 1.5-2%
CHy, 14-20% CO and 9-14% H, as shown in Table 2.

Table 2 Gas composition at different air flow rate

Volumetric Air (Gas Composttion % by Volume
Flow Rate (Lmin) 0 H2 CH4 €02 02 N2
250 1557 | 9.98 173 | 1479 | 166 | 5627
300 1489 | 1439 | 198 | 149 | 14 5239
350 1999 | 1034 | 173 [ 1512 162 | 5120
400 1404 | 916 159 | 1467 | 215 | 5840
450 1552 | 888 176 | 1409 | 136 | 5841

The effects of air flow rate on temperature
distribution at different reaction zones and on heating
value of produced gas are shown in Fig. 2.

From temperature distribution along the reactor
height, it can roughly indicate the reaction zones; drying
zone, devolatilisation zone, combustion zone and
reduction zone. The drying zone occurs at 70 c.m .and
higher above the grating and at temperature less than
200°C. The devolatilisation zone is in between 60-70
c.m. above the grating and at temperature in the range of
200-700°C. The combustion zone occurs at 40-50 c.m.
above the grating while the reduction zone is at 20-40

cm. and at the temperature of 700-1000°C and 600-
900°C, respectively.

From Fig. 2, it can be seen that the heating value of
producer gas increases as air flow rate increases starting
at air floe rate of 250 LPM. The heating value increases
to reach the maximum point and then decreases while air
flow rate still increases. It can be said that the optimal
condition to get the highest heating value of producer gas
is at the air flow rate in the range of 300-350 LPM.

Fig. 2 The effect of air flow rate
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Fig. 3 shows the effect of air flow rate on gas
production rate. As the air flow rate increases, the gas
production rate increases from 20 Nm*/hr to 35 Nm®/hr.
It implies that the higher air flow rate input, the higher
gas flow rate output. To eliminate the effect of N, in
producer gas which does not contribute to heating value
of the producer gas, the gas yield as Nm® per kg of wood
input was calculated as shown in Fig 4. The highest gas
yield occurs at the air flow rate of 350 LPM which is
explained to the highest heating value of producer gas at

this point.

Fig. 3. The variation of gas production rate
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Fig. 4 The variation of gas yield
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Fig. 5 shows that as the air flow rate increases, the
gasification efficiency increases due to the heating value
of the producer gas increases. When the heating value
reaches the maximum value at the air flow rate of 350
LPM, approximately, the efficiency also is at the
maximum point. After that, the efficiency decreases
while the air flow rate still increases due to the decrease
of heating value of producer gas.

Fig. 5 The variation of gasification efficiency
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4. CONCLUSION

An experimental investigation has been carried out
using a lab-scale downdraft gasifier constructed for this
study. The gasifier was initially run on a batch mode and
has a designed capacity of about 30 kg feed per batch. In
the preliminary tests, wood chips were used. The
temperatures and gas compositions along the height of
the gasifier have been measured. Despite the temperature
fluctuation, some observation could be made. Results of
this preliminary study will be used for further study of
biomass and waste gasification by down-draft gasifier for
power production.
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DOWNDRAFT BIOMASS GASIFIER FOR
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SUMMARY: Energy can be harnessed from biomass by two processes namely biological and
thermochemical processes. The former includes anaerobic digestion to biogas and fermentation
of biomass to liquid alcohol fuel, which the later consists of combustion, pyrolysis, gasification
and liquefaction. Among all thermochemical processes, the gasification deserves extensive
attention because it helps in solving disposal problems, reducing environmental pollution and
producing combustible fuel gas for thermal and power generation applications. This paper
discusses the current work being done at The Waste Incineration Research Centre (WIRC). The
main objective of our work is to integrate gasifier and engine system for power generation. A 15
kg/hr of biomass batch type has been designed, fabricated and operated on wood chips for
evaluating its performance and expected to generate electricity power of about 10 kW. The
performance of the gasifier is evaluated in terms of measures determined from the gas
composition, material balance data and other measurements. The dry gas composition give one
measure of gasifier performance and from it the calorific value of dry gas is calculated from the
standard heat of combustion of the combustible components. The gas, char and tar give other
measures of gasifier performance. These are calculated on the basis unit mass of dry feed to
eliminate the influence of moisture variation. The cold gas efficiency is calculated as the ratio of
calorific value of gas produced from 1 kg dry wood chips to the calorific value of 1 kg of dry
wood chips. This quantity represented the fraction of energy content of the feed that is converted
to combustible gas. The results obtained has been reported and discussed in this paper.

KEY WORDS : Biomass, Gasification, Downdraft, Performance Evaluation

1. INTRODUCTION

Gasification is an attractive technology due to its combined advantages of producing less
emission, compared to conventional combustion, and potential for high efficiency for power
generation. Gasification has also been found to be good biomass-to-energy options in term of
system size flexibility. Gasification systems are in a range from as small as 20-100 kW for
producing LPG substituted fuel gas or electrical power in rural areas, to 50-100 MWe large-scale
power plants. Since one of the disadvantages of biomass is its geographical dispersion,
transportation of naturally low bulk density can add considerable cost for operation of a large-
scale biomass power plant. Distributed generation employing small-scale units is an alternative.

Proceedings Venice 2006, Biomass and Waste to Energy Symposium
Venice, Italy, 29 November — 1 December 2006
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Fixed-bed downdraft gasifiers have been developed and used widespread, especially in India
and China. This technology is suitable for small-scale application, i.e. <1 MW. Its configuration
has led to the key advantage of minimal tar contamination in the product gas compared to other
types and therefore extensive gas cleaning is not needed. However, the drawback of this type of
gasifier is the high moisture limit of the biomass feedstocks used and the reaction highly
sensitive to the properties of the feedstocks.

The knowledge of reaction zones inside a fixed-bed gasifier is well established. As shown in
Figure 1., biomass is first pyrolysed to form char and volatiles. As they descend, high-
temperature (i.e. as high as 1200°C) partial combustion takes place in the combustion zone where
air is admitted. The combustion reactions provide heat for drying, pyrolysis and reducing
reactions. The remaining char and volatiles are further gasified in the reduction zone before the
product gas leaves the gasifier and the unburned carbon and ash are collected at the bottom.

—_

N ’
*, Combustion

| Feduction
: AN _lrﬁjl_l_L__L_

1

Figure 1. Diagram of a fixed-bed downdraft gasifier

Therefore, an intensive investigation has been carried out using a lab-scale downdraft gasifier
constructed in this study to test a variety of biomass and wastes available in Thailand. The
gasifier was initially run on a batch mode and has a designed capacity of about 30 kg feed per
batch. In the preliminary tests, wood blocks were used. The temperatures and gas compositions
along the height of the gasifier have been measured.

2. EXPERIMENTAL

2.1 Sample

The sample used in the preliminary tests was wood blocks. Wood blocks were cubic having
dimension of 1x1x1 in’. They were composed of 50.28 %C, 1.56 %H, 0.01 %N and 37.68 %O
based on dry basis. The average higher heating value (HHV) was about 20,800 kJ/kg (or 4,900
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kcal/kg).

2.2 Fixed-bed downdraft gasifier

The fixed-bed downdraft gasifier was designed and constructed in this study. The designed
internal volume was capable of about 40 kg of feed. The schematic diagram of the gasifier is
shown in Figure 2. A series of K-type thermocouples and ports for gas sampling were positioned
along the height of the gasifier to observe the reaction mechanisms.
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Figure 2. Schematic diagram of the downdraft fixed-bed gasifier
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2.3 Measurement of gas composition

Gas was sampled and stored in the gas bag. Analysis of the gas compositions were conducted
in a gas chromatography with thermoconductivity detector (GC-TCD). The separation columns
used were Polapax N column for CO, CO,, N», O, and CH4 and Unibead column for Ha, O,, Na,
CO.

3. RESULTS AND DISCUSSION

The performance of the gasifier was evaluated in terms of variety of measure determined from
the gas composition, material balance data and other measurements. The dry gas composition
gave one measure of gasifier performance and from it the calorific value of dry gas was
calculated from the standard heat of combustion of the combustible components. The gas and
char gave other measures of gasifier performance. These were calculated on the basis of unit
mass of dry feed to eliminate the influence of moisture variation. Char yield was expressed as kg
of char/kg of dry wood chips and gas yield was expressed on a volumetric basis as m*/kg of dry
wood chips. The cold gas efficiency was calculated as the ratio of calorific value of gas produced
from 1 kg dry wood chips to the calorific value of 1 kg of dry wood chips. This quantity
represented the fraction of energy content of the feed that was converted to combustible gas.
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Figure 4. Evolution of Temperature at difference positions along the height of reactor

The preliminary experiments have been conducted. Temperature fluctuation could be
observed, which is thought to be due to bridging and collapsing of fuels. During the operation of
gasifier, after steady state is reached (as evident from constant propagation of flame) the samples
were collected and gas composition and heating value were determined. The result shows that the
concentration of CO, H,, CHy, CO,, O, and N; are in the range of 17-20%, 12-16%, 2-3%, 12-
14%, 1-3% and 47-53%, respectively. The calorific value varies between 4-6 MJ/Nm® and cold
gas efficiency in the range of 51-57%.
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Variation of Height with Temperature for 28.1% Theory Air
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Figure 5. Temperature distribution along the height of reactor
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Figure 6. Variation of Gas Composition along the height of reactor

The results of the work indicate that the performance of the gasifier is remarkably consistent
over a wide range of operating conditions. Future extension of the work includes the catalytic
gasification of biomass to synthesis gas and upgrading of producer gas to methane/methanol via
catalytic processes. Producer gas being toxic due to the presence of CO, is not recommended for
domestic use for cooking and, therefore, major applications are in thermal heating and electrical
power generation. However, attempts are being proposed to upgrade this gas to pipe line quality
methane rich gas or the liquid methanol fuel via Fischet-Tropsch process.
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4. CONCLUSIONS

A 15 kg/h capacity batch type down draft gasifier system has been designed, fabricated and
operated for its performance evaluation. The performance of the system has been evaluated in
term of mass and energy balance. The results obtained have been reported and discussed. The
gasifier efficiency has been calculated as 51-57%.
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