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Abstract

The present research is the design and test of the hybrid updraft-downdraft gasifier for
drying application and electricity generation. The study was divided into five parts, namely; 1)
design and construction of a hybrid updraft-downdraft biomass gasifier which is capable of
generating electricity 20 kWh and using for drying with capacity of 5 tons/day, 2) test of the
developed gasifier, 3) installation of generator set and dryer 4) evaluation of the system efficacy
and 5) analysis of the test results to draw the technical conclusion of use of hybrid updraft-
downdraft biomass gasifier.

The gasifier was designed by taking advantage of both updrafi and downdraft
gasification. The gas derived from updraft which contains high content of tar was used in
producing heat for a bin drier having dimensions of 2.31 x 2.31 x 0.60 m (width x length x height)
or a total volume of 3.2 rr’. For downdraft gasification, the gas was supplied to a 200 kW generator
set to generate electricity in which a diesel dual engine was used.

The designed gasifier was tested with cassava rhizome. The results showed that at the
maximum gas flow rate of 135.8 m /hr had the specific biomass consumption 101.9 kg/hr and gave

the highest gasification efficiency approximately 66.47% compared with other conditions. Thank to

the high heating value of gas produced (5.31 MJI/Nm), it would be sufficient for use in drying
application. However, the tar and dust contained in the producer gas were quite high ranging from
44.5-78.1 g/Nm3, as a result, it is still inappropriate for being used directly in the engine generator
set. The development of gas cleaning system is indispensable for this gasification system.

The drying test was carried out by loading cassava rhizome into the bin dryer the height of
which was approximately 50 em. or a total volume of 2.67 m”. The producer gas was bumt ina
burner. The hot air was mixed with the fresh air to obtain the temperature around I?:ODCand then
” i)f.i.S.S.Bd. through fﬁe dryer with a flow rate of 3,007 m’/hr. The result showed that the time to reduce

the moisture content from 57.1% w.b. to 15% w.b. was approximately 4.5 hr.
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L WEiimes aranyal 1158948 30/Sensor
L am‘n_gﬁ (Temperature) T-T, Thermocouple Type K
- Reactor Temperature '
2. 991513 tnavesuimiomaa . Testo Model 435
Gas Flow Rate (Nmalhr) Anemometer Model
(range 5 to 40my/s: vane probes)
. - e - ‘Gas Chromatography
3. 83157 UYBIURA Gas Composition (%V) L :
' Lo " {Shimazu GC-14B)
o ) 4 o S ! ’ & e o '
4. 9ATING IIBBWAY Fuel Consumption (kg/hr) M ATHIATNDD 2 AN
5. 8m3IMIRALET Ash Production '(kg/hr) ' m CAHIRTARE 2 A

‘Ash

6.5 mmmszm“du (Tar and Dust)

- After Blomass Filter Box (mg/Nm )

1luga yansewazaIuY

7. Proximate Analysis (Raw material (&2 Ash)

wsaaadns ey ATes ey ey
WATTIU ASTM D5142 — 04 (iay
ASTM D5865-04

8. Ultimate Analysis (Raw material Ling Ash)

1138¢ CHNS Analyzer
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%¥. 4 Filter and Condenser 4. Inverter

(1439 Tar and Dust) drlsudanilouninisuss Blower)
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mItseiiudse@ninmms 991938mve9 Bhattacharya et al. (2001)
1) astlszihalsyanEammssRandamaeslsaWihT
= o oo a ol ASSJ 1 qf
MIFnEIlszAnEmwnsHaand UM onassae  Taald

maluladufaaiiady azlddeyanldvinnisnanssudiule wilsedninmingld

o’ Y4 ar ¥
ANUTUNUT AIUAUNTTAIL
= LY o o Agil £ - .
1.1) m'siismnuﬂﬁzﬁmmwmﬁwﬂmmmﬁnmwm (Gasification

Efficiency)
Gasification Efficiency (7]g) = [Rate of energy carried by producer gas}/

[Rate of energy supplied to reactor]

Gasification Efficiency (#g) = [V, x HHV }/ [m,, x HHV, ] (1
e
[=)

c.?( =
m An Sanams IsFemas (ke/he)

Fuel
= o

o 3
V, @9 903105 IMavena (Nm' /)

HHV,,, 8 7107103 1Y 501Wa RDE-5 (MJ/ke)

94
HHV, fio manuiouroudmyemss (MI/Nm®)
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1.2) mﬁlszmuﬁszﬁ‘nﬁmwmmmmamzﬁﬁwamm (Reactor

Efficiency)
' . Reactor Efficiency (77,) = [V, x HIV ]+[m, x HAV_ I/ [mg, x HHV .1 (2)
iio |
: . A1 o o
HHV,, fiB A1RI15oUYUNT (MIke)
M, ap dSuumsified (keg/he)
13 msdssfivdse@nTamueuaiosud (Engine-generator
Efficiency)

Engine-generator Efficiency (T}e) = [Energy equivalent of electrical power])/

[Rate of energy supplied to engine]
Engine-generator Efficiency (7}e) = [3.6 x P l/| v, x HHVg] (3)
dlo

P, Ao Electrical Power (kwh)

1.4)  asdsziivalsgEniamansnae 1WHh (Electrical Efficiency)
Electrical Efficiency (7el) = [Energy equivalent of electrical power)/ [Rate of energy supplied to

reactor]

Electrical Efficiency (7Jef) =[3.6 x P }/lm,, x HHV ] {4)

1.5)  8a51m3 e A e (Specific Fuel Consumption: kg/kW)

Specific Fuel Consumption = [m,J/ [P ]

(5)
gazins [Rad e (Specific Ash Production: kg/kW)

Specific Ash Production = [m_, 1/ [P,] {6)
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1.6) m‘sﬁm’mm"lmm%’ammuﬁﬁﬁ%mﬁq (High heating value of
producer gas}
High heating value of producer gas: €V, = EXiHi (6)
e

1 3

j =
cv flD mmmsaumawﬁmwamm (MJ/NmB)

I3

e

Qr |

£ a
X, Ao ﬁﬂﬁ’é'l-éIﬂfﬁ‘lﬁlﬂﬂSﬂ}ﬂﬂﬁl@?{ﬂﬁﬁﬂﬂﬂlifﬁvﬁlﬁﬂiw&%
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Y
H  flo A1a0u3envsunmyemas (Co, 0, CH,)

Tao#l (CO = 13.IMI/No’, H, = 13.2 MI/Nm’ Uag CH, = 41.2 MJ/Nm’)
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3) MIRT EvRuaNDnveIngAuNazIH
= e e . w o
3.0 AnTevavtauulszun (Proximate Analysis) VOIANAY
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Content, % Volatile Mater, %Ash, % Fixed Carbon 4% AN NHUIOU (HHV) auanai
o o ars o =
32)  ARITIHTWVAUUDUIND TG (Ultimate Analysis) ¥09IA9AY
y = 4
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Tm%nmﬁrmﬁ’uf?m?umﬁufmaanu‘uu”151’341%1nra1$1]53mmmmﬁmm's
wassTu lugsuruvinadn lwum‘lwaum‘uamumﬂwamwnwmammmmmmms‘l%
lﬂwuwmmm’maﬂw 20 kW (lﬂmﬂmﬁmu’;mmaq“Mvhsumaﬂﬂmﬁmﬁ’mmww%
maluhiuuninoder) uazadeimanisseuudeiilisasimsouurts 5 4wy nisn
WINTOBNUULYUIA (n%’u;&ag{uﬁnaw&)mae Reactor 1@4N15¥11 Energy Balance 98115011
ANJ3zInYDIvLIAYEY Reactor 14 Taufis iR 118 9vas Reactor 8¢ 3 s sy
gnwannTag inIsvan AT

N109NUYY 5¥UY Hybrid updraft-downdraft biomass gasifier MIN1IUVDS
FTUUAD Lﬁ‘ffg"mwﬁaﬁszgﬂﬁuﬁﬂatjfhﬁ’mﬁasaﬁwmﬁﬁémmﬁgﬁ%wma; ﬁﬁ’wmg’uﬁ’ﬂgangﬂ
Uderasdimuiad Ivhoofuazasinldifau i ety 4 Toude Teuouusds (Drying zone) T
TwTs'la%a (Pyrolysis zone) T vl (Combustion zone) UBZ Iﬁb’u‘:‘éﬁ’ﬂ‘ﬁ’u (Reduction
zone)

ddiilu Updran Lﬁaawaqﬁaéﬁ%uu sensoudounsnlulsum Ing Feve
mwdadummaiimedud ez assiudmuveanm SalsAurefusa (Producer
gas) Tignudnsananszuuiifezassiuuay luassnvinmsdaudanedn wazey ashy
gaun 1naf (Bumer) gunsalianitAsuaaiudou (Heat exchanger) 111 A s HALBINFIE
"lﬂmﬂﬂsu“hfiﬁﬂnxfmsauiwmmwuﬂmsm"hﬂ‘mumsammma'lﬂ a1l Downdraft
Falilsanweuda (Producer gas) eyl 3ndune lnarunesndiugs TiglsTnau
anSnamiuazangunglvewds TasrhugUnsainauutiy (Condenser) Aasnzoni1 1yl
FuiemasdmSumtowndian Iihae 1

HUIRNUAA TUNISBOAULIY (Conceptual design) ¥ana 2 Uszmsap eu1s0
hldudemdufiondanszualdiuaznsounia (Double application design) Aaseraglu
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TEM NO.| PART NUMBER DESCRIPTION OTY.
1 KASS-10KW-01 asuvdndendernie 1
2 [RAS-30kW-D2 ypwdaufs e wi € Wi 1
¥ [Xase-30kW4S | Cleaning Goas {Cyclone Gas) 2
4 jxasssondd  [Cleaning Gas (Bigmasy filer hoxi| 1
5 [RESEA0RW-08  Dwaunreh Bumer 1
B jxdse-stewds  Jvauen Dual Gas Eagine 1
7 (xasssen-e | Dual Gas Engine 1
8  |xassaoaweas | Mixer Gas 1
L T L [ —" !

519 4.1 wnauAalun13eenNUUY (Conceptual design)

SF

L oy 31’ =
4.1.2 #ymMEaaraingd

3 181@3&%6@1%1?)&?21}‘?\3'&11 72U Hybrid updraft-downdraft biomass gasifier A4

naraalusisieh 4.1

M15190 4.1 51eazBoavegilnsel Y9952V Hybrid updraft-downdraft biomass gasifier

Make SURANAREE UNIVERSITY OF TECHNOLOGY
Capacity 20 kW

Feedstock Weood, Cassava Stock

Main Component 1. Hybrid updraft-downdraft Gasifier

2. Twin Cyclone

3. Gas line (Blower, Valve, Filier)

6. Control panel including air pipe

7. Fue] Feed System

8. Structure with floor & Shed

9. Engine-Generator set with electric control panel

[0. Burner, Heat exchanger, Batch Dryer

1 unit
2 unit
[ unit
1 unit
1 unit
1 unit
I unit

1 unite
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(1) AAR9 Electric control panel (3) 72yUAIURY (Electric control panel)
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msnadey fifeweldil L |
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amammmﬂcﬂﬂau gaaaalu 5‘1}1(1 43
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1) ANVAUSTMENH (Physical Properties)
Y o o s = ay v ' ar 1 k) 3 1 'o
EWQTNUﬁTﬂﬁWﬁQN%H']ﬂ% lmmu’aumﬂm’a wﬂwmmwmimum
. w a o 1 ot ¥ o o of 1
(Bulk Density) wdsnimihmsinmnemaiszianuugs 40-70%) Jsduiudosriu
=) ,ﬂl =, o o of 1 9} a7 @t 2{ = 8 o
ATEUIUNTTIATYUIHDINDY ﬂﬂﬂqﬂﬂﬂ'l']‘lﬂﬁﬂu ANHUSN NN TAYD UL TEWDUWITUU uﬁmiu

TN 4.2

[} Ed
ﬂ?fﬂx‘iﬁ 4.2 ﬁﬂEflE$‘V]NﬂWEJﬂ']'W"Uﬂﬁ&%@&ﬂﬁ\uﬁg'muﬁ?ﬂgﬁﬁﬁ NOW/HRINTEUIUM AT

winimes fovIASEN HAUNIGH
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2) asntsznouuui)syanas (Proximate Value)
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M3 4.3 pantlszaevuuudszuna veudamaaniud iz nads

Aauaia miTudnlznds
%MC 11.23
% VM 82.51
%Ash 3.80
Y%FC 13.69

MANUTBY, HHV (MJ/kg) 17.05
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3) mﬁﬂszn@mmmmnm@ (Ultimate Value)
o ] = ¢ A aa w ¥
Hurviahuaasbesineni)ssnovvearemdsdiua suiliznou 1y
& = ar o r =y ol 3/
a18 avsveu lelasu eondau lulasiou uazdames awiseramsiasied e lasld
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MINH 44 aarilsznounuLLensIR (Ulimate Value) vouiomaaniniudlends

Qmﬂuﬁﬁ oA o o
waiud e uda
Ultimate value (%)

%C 46.12

%H 7.55

%N £13

%S 0.03

%O 45.17
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4) 8an)52nBUEIRNBY (Trace Element)
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. a . = o g - ; ar ' 2 [ . o o
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o . b 4 | . .
Wulane (Corrosion) M3 NATEHIT AT 09 Energy Dispersive X-Ray Fluorescence
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Spectrometer FINAUATEH Trace Element Adquanalu m13199 4.5
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a.; o 1 ,i’ =y Y v oo ar
TN 4.5 03A152N0UBI9YY (Trace Element) voufomaaminiudnlends

m@méﬂszﬂwﬁ'uq wmsiudznas
Na,0 N.D.
MgO 0.292 %Wt
ALO, 0.989 %Wt
Si0, 3.36 %Wt
PO, : S L8 %W
s Cao : - - | _ 14_.3.6_8.9_{;Wt
: SOS - _ : . 5698 %Wt
- Moo _9.3_56 %W
Fe,0, 2822 %Wt
TiO 0.357 %Wt

N.I. (Not Detected)
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51N 4.6 naruguilSnaazdadaumsilousima dosasins lnavowda

B . . . dasmsinaves
aaATIEN 154 Blower da0018 U3y Blower@d1mifann Y RIS IHaYea
Y NIV UM o
Aaau U Frequency (Hz) A1UAT Frequency (Hz) UNE (m3/hr)
(m3/hr)

1 40 30 118.7 91.3

2 30 40 120.5 100.4

3 40 40 146.4 108.4

4 50 50 171.1 1358
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o oy dy oy o ] 9/ (24
DIALSENBVIDIATFDINAUNAY HAZAINITYS DUVDILUAE
¥ =1 \ § G j’ =3 g’) v ar C; 1
Fomndunde 1onsin1 Imavesudmyondans 4 sezau auansluaistef 4.7 wu
& @ A RS - Y o & W ¢ 3 =t
pftlsznouvswna@amaiansny lnaliaawlndifesny fersanldnndeyauffoudieou
o H g.'.; J j A B qr o '
daaasly 57 4.7 Maflosmlszpouvouimyemasinga Idannsosadlu 2 ngu fis
- ngunga lnfia (Combustible Gas) Jiznaudig CO, H, uaz
cH, ludadulaviSumasmbooglurie 13.22- 14.96%, 16.38-17.91%  uaz 1.96-2.39%
o ar A o o g o 3 A& o g o A g 3/
AUAIAY 1asNn1n11s UV WA MFVINRIATUIN 4.90 -5.31 MI/Nm’ Fedmiluunaniir s
a 1
Fundsau viorh ) hdemasldsunssseudduainelu g
- ngungalWlaifia (Non-Combustible Gas) 1sznoud i N,
0, uaz Co, ludaduTasSinasmdoeyluse 49.99-53.58%, 1.07-1.79% uag 11.91-13.37%
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g H a
pantsznevvenimTamEs (%)

aanzf Sammsiva HHY
naaey WA (m3/he)  CO H, CH, N, 0, Cco,  (MJ/Nm)
1 91.3 1474 1638 1.96 53.58 143 1191 4.90
2 160.4 1322 17.30 239 52.65 107 1337 5.00
3 108.4 1434 17.57 2.35 51.39 156 1279 5.17
4 135.8 1496 1791 2.39 49.99 179 _12._96 531

B 91.3m3/Mhr

B H00.4m3he

&% 108.4 m3/hr

B 135.8m3/Mhrc
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o oy e ] Qs ! & a & t 1 g
IR liReranifoumiasdeus dumazanud FamahednsalnieWifhunaeldau ezl
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TigunsaliFomsuaodiala marhwemeimilenhwideneiunT otuaunmFoIng 12693
o, = 8 4 4 ¢ A g a = 2 o g 9
Mz ruvetvnanamesuazasesous s lassuunda Iihamnsahanuld

a = o ] = o ar )
sziniamgege Tnsuameiszrolinnuiseunazusealndifsenvussiingegaves
4 ¢
1A30LUA

= el o o

¥ ] 1 : &
Tyt dymasosiuilalWii(Generator Set) FafhnFosuduunlfide

[

s ? o at =) I o &
WMATWANT RN TN T) IAUATOIBUANGRIINUITYN Komatsu  S6DI25E-2-A A 11l
I (Generator) #An91USHYM DENYO : DCA-220SPK3 fiaaniswaa IWfluniny 160 kw

uaaeluziii 4.8 unrseaziduavounsessuduansly m319% 4.8

: o
A, 1A13090UA Dual Engine

1. Tviaat1809 (Resistant Load)

=}

P et 31 & oy 45{ (=)
31l% 4.8 w3vseuadmamlFwtuunmiomas




= - A et e o W A o
AN 4.8 ‘i1&!@3&6&1@Si}miﬂiE]QEJ‘L!GIﬂﬁfﬂﬂ’li‘lﬂi’mﬂ‘iﬁlﬂm“}m!wm

Model DENYO : DCA-2205PK3
Alternator
Frequency A0 Hz
continuous 200 KVA
Output
standby 220 KVA
No of Phases 3-Phase,4-Wire
Mated Voltage \% 2 Dual Voltage
Power Factor 0.8 (Lagging)
Voltage Regulation % Within 0.5
Excitation Brushless, Rotating Excite (with A.V.R)
Insulation Class F
Engine
Make Model Komatsu S60125E-2-A
Type Inlined Direct Injected Turbo Changed
o O PSipm | 24271500
Cutput Rating "
: kW/min 178/1500
No. of Cylinders-Dore X Stoke THI 6x125x150
L 11.040

Pistion Displacement

Fue} ASTM No.2 Diesel fuel or Equivalent
Fuel Consumption L/h 315 N
Lube oil Sump Capacity L 42
Coo lent Capacity L 36
Battery X Quantity 145G51X2
Fuel Tank Capacity L 380
Unit
Length mm | 3650
Difnén.s”iéns. | Wide mm | 1300
Height mm 1750
Dry weight ke 3670
Sound Level

Tm dBA 1500/1800 rpm/min = 83 dBA
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44  msnamevdszaniawnisliau
441  Mmynaerlszans N IHARNEINUYEITEIY
_1) | ﬂsz?m%nmmswﬁmsﬁmﬁamﬁ& (Gasification Efficiency)
L CRINAIINAADUAUTE vummammm%mwamammﬁ"lwamqﬂu
‘W'}J’JT}J‘S”ﬁﬂﬁﬂ1ﬂﬂ1iﬂﬁ@l£1ﬂm§ﬂma3 (Gasification Efficiency) mammﬂ'u 60% A TWUR T

HAR lﬁnﬂmﬁwwﬂmmmmqﬂuma mw"l@ﬂanlhhmm mmmsauwaﬂ"l%siz 114

Il..

4.90-5.31 MI/Nm® mmmiauummmmlﬂlcﬁ"!uﬂ"t'sammawmwawwaa"lﬂ HNITNOAT
m3lnavoufagagafimensaifussonldio 135.8 mame  Soa31013 198 0ma ity
d1ende 1009 ke waz 1 sz AnT MM HBaUS Mo a (Gasification Efficiency) 3@
winfigaieofsusuanziug o 66.47% sﬁmﬁnﬂﬁ’m'Jnj%’auﬁwﬁﬂ"iﬁ’gqﬁq 531 MY/Nm’®
wisonnudeuiifoanofiasi ) 1devueld wazdmTumsi T Faudmsunda
aszud lfhdududesns niatinaveshivdunienaniies 7114 4.10 uansnmnIsIh

AUARUIDUATWAINIUYBITZTULY

o o = ar ¥ ¥ w o & o
AN 4.9 ﬂTi‘Wﬂﬁﬂ‘uﬂﬁgﬁ%ﬁﬂTT‘iﬂTSNﬁ@iWﬁﬁﬁ’luﬁiEJQS%Eﬁjﬂﬂi‘ﬁﬁﬂﬁiﬂuﬁ1ﬂ$ﬁﬁ%ﬂu

P
FBINGY
Ash
N 5 Biomass Gasification
Gas Flow (m'/hr) HHV (MJ/Nm') Production
Consumption (kg/h) Efficiency %
keg/h Yo
913 4.90 55 7.9 14.36 62.56
100.4 5.00 70.78 13.6 19.21 58.64
108.4 517 96.85 I5.1 15.59 57.45

135.8 5.31 101.9 16.9 16.58 66.47
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Gas Flow 135.8 mhr

Biomass Feed Rate 1358 ketr .
Gas Heating Value 5.31 MINm

Biomass Heating Valve 17.05 Mlkg
Heat LOSS{Dwing Gasifteation) 13 KW

Gasification Efficiency 6647 %

¥

Ash Production 169 kghr

AshHeating Value 15.14 Mikg

3171 4.10 FugaUIBLANAINUBDITLY

2 4 2 '
2) pantlsznevthufoumianazs
a ¢ o & - o = ¢ o
nyanTzvesndsznaududen luufmremaseziinisinsieims
uazAY (Tar and Dust) Tud1MisMd99IN52UY Biomass Filter Box HamsaAnyiAsuaasly
ol ' o 0o & 1 t 1 ar ' =]
A13190 4.10 wunmsuasduiSnage Feegluyie 44.5-78.1 g/Nm’ Asnanananiwunaiia

3 T 3 = o ] i a ar 4 g o Y
arludresnrstudou Feonds manzauRsziunldfuedosoudnda T

i a ¢ & & o & a
A15190 4.10 MsamzveamlsynsududloulumaiFemas

. 33na
anazfi U5 Blower damma  USU Blowergaeimiioen 9@ IMs Inaves . .
. . miuazeii
naaay AT Frequency (Hz) N7 Fregquency (Hz) uAgE (m3/hr)

(g/Nm’)

! 40 30 91.3 75.1

2 30 40 100.4 50.5

3 40 40 108.4 44.5

4 50 50 135.8 41.8
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M 4.11 gamgilummdauindemdaniornaia 4 anmaz
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gomiilumedaufmyewia

RTINS IMavouna
(m'/hr) Tt T2 T3 T4 Ts T6
91.3 47,7 99,7 3310 556.0 697.1 406.7
1004 42.1 46.3 3300 672.0 739.0 554.0
108.4 56.8 784 290.0 669.0 7659 5545
1358 57.3 53.7 287.0 664.0 T85.7 492.5
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(- 1 i i
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