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ABSTRACT

Silver oak wood chips and coconut shell chipsin different ratio was used
inthe downdraft gasifier. The air flow rate was varied from 50 Ipm-125 [pm.
The effect of air flow rate on producer gas composition, producer gas
production rate and calorific value of producer gas were studied. The
temperature distribution along the reactor in the vertical direction was
studied. The producer gas composition was analyzed by a gas
chromatography. The producer gas consists of carbon monoxide, carbon
dioxide, methane, oxygen, nitrogen and hydrogen. The ultimate and
proximate analysis of feed material was carried out by an elemental analyzer.
The maximum value of hydrogen in the producer gasis 13.6 %. The calorific
value of coconut shell chipsand wood chipsis 3.95 MJ/m? for thefeedstock
ratio of 2:1. The producer gas can be used as fuel gas.
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INTRODUCTION

Gadification, athermo chemical process, isacen-
tury oldtechnol ogy, which flourished quitewel |l before
and during the Second World War. Thetechnology dis-
appeared soon after the Second World War, when lig-
uidfuel becameeasily available. Theinterestinthegas-
ification technol ogy hasundergone many upsand downs
inlast century. Today, because of depletion of fossil
fuels, increased energy demand, fuel pricesand envi-
ronmenta concern, thereisrenewed interestinthiscen-
tury old technology. The advantage of thistechnology
isadecentralized energy conversion syssemwhich op-
erateseconomically evenfor small scae. Thefunda-
menta advantage of agasifier coupledtoaburning sys-
temisitsability to produce higher temperaturesthat
can beachieved with conventiona grate. Coconut shell
isone of the sources of biomassthat can be gasified

and it hasthe greatest potential of any renewableen-
ergy option for power production and heating. Biom-
assgadificationistheincomplete combustion of biom-
assresultingin production of combustible gases con-
sisting of carbon monoxide, hydrogen, methane, car-
bon dioxideand nitrogen. Thismixtureiscalled pro-
ducer gas. Theremay be nitrogen and sul phur in addi-
tion, whicharepresent only insmall quantities; thewoody
biomassis heated by combustion of apart of thefue.
Thecombustion gasesarethen reduced by being passed
through abed of charcoal at high temperatureto get
converted into amixture of the gases CO, H,, CH,,
N,, CH , CO, called producers gas and the combus-
tiblecomponentsare CO, H,, CH, and C H,. Thecom-
position of the gasesisanayzed using agaschroma
tography and, the calorific value of the gasis deter-
mined by atheoretical cal culation under different oper-
ating conditionsto optimizethe process parametersfor
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heat gpplication. Biomassisuseful tomeet different kinds
of energy needs, including fueling vehicles, providing
processheet for industrid facilities, generating e ectric-
ity and heating homes. It isarenewabl e source of en-
ergy and has many advantagesfrom an ecologicd point
of view. Figure 1 showsadowndraft gasifier.

DOWNDRAFT

feedstock l
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Figurel: Downdraft gasifier

Thedowndraft gasifier hasthesamemechanica con-
figuration asthe updraft gasifier except that the oxidant
and product gasesflow down thereactor, inthe same
direction asthebiomass. A mgor differenceisthat these
processes can combust up to 99.9% of thetarsformed.
Low moisture biomass (<20%) and air or oxygen are
ignited inthereaction zoneat thetop of thereactor. The
flamegeneratespyrolys sgasivapor, which burnsintensdy
leaving char and hot combustion gas. Thesegasesflow
downward and react with the char, generating more CO
and H,,. Findly, unconverted char and ash passthrough
the bottom of the grate and aresent for disposa. Inthe
down-draught gasifier, thefud isintroduced a thetop,
thearisnormally introduced at someintermediatelevel
and the gasistaken out at the bottom. Itispossibleto
diginguishfour separatezonesinthegadfier, eechof which
ischaracterized by oneimportant step in the process of
convertingthefud toacombustiblegas.

Thereactor
Gadifier isaunit which generatesproducer gasby
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thermo chemica conversion processes. Thedeve oped

gasifier ismadeup of mild steel and it consistsof an

inner shell and outer shell. Theair isadmittedintothe

gasifierintwoways,

1. Throughtheairinjection nozzlesaroundthepe
riphery. (primary air)

2. Fromthetop of thereactor. (secondary air)

Thereactor isthe heart of thegasification system; it
hasatotal height of 1000 mm. It consists of acentre
mild stedl cylindrical vessdl of height 700 mm, internal
diameter 190 mm. A stainlesssted throat of height 300
mm and of equal thicknessis provided below theves-
sd. Boththevessdsarelined with arefractory materid
of 3mmthickness. Fireclay isused asrefractory mate-
ria whichisaresistant to hightemperature, andit hasa
fusion point higher than 930°C. Thus the heat loss from
the furnace was prevented in order to create a high
internal temperatureand to reducethetar formation. It
has an ash pit at the bottom of the throat and awood
and coconut shell feeding section at thetop. Thethroat
experiences high temperatures and reducing atmo-
sphere, itslifeislessthan that of the other parts. The
volatilesarerel eased at some stagein the down ward
path of wood and coconut shell chips. Thetransfer of
hest to theupper zone causesan earlier initiation of the
release of volatiles. Thereactor vessdl isto hold wood
and coconut shell chipsof dimensions12.5x 12.5x
12.5(approx). Theactual volumeis39liters.

Figure 2 shows the components of areactor. The
reactor isathroated down draft gasifier and theair is
admitted through circumferentia nozzles(primary air).
Mg or part of theair supplied for sustaining the combus-
tion was madethrough the primary air nozzlesprovided
around thecircumferenceof thegasifier. Theprimary air
iscontrolled using needlevaves. Throughthetop part of
areactor, feedstock isfed. Thetop part ismadeof mild
sted andjoinedtothecylindricad part withflangejoint.
Thecylindrical partismadeof mild sted. Thevarious
zonessuch asdrying, pyrolyssand oxidation areidenti-
fied by knowing thetemperature history insgdethereac-
tor. Theinner surfaceislined with refractory material.
Primary arisfedinto theoxidetion zonea four different
points around the circumference. It is also made of
mildsted . Reduction takesplaceat conicd part. Itiscov-
ered withrefractory lining interndly. It isjoined to the
cylindrical part and ash pit with flangejoint and high
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temperaturegasket. Grateisprovided a theend of conical
part, which ismade of mild steel. Syngasproducedin
thereactor leavesthrough theash pit to cyclone separa-
tors. Ashiscollected intheash pit.

HOT SECONDARY AIR

FEED HOLE i

PRIMARY AIR SUPPLY

PRODUCER GAS OUTLET

Figure2: Reactor

Gasesgenerated from the gasifier normally carry
moisture upwards, carbon dust and sometar. Thismois-
tureinthe gas hasatendency to condensein the pipe-
line, and collect sub micron particlesfromthegas. Thus
it leadsto clogging of the pipes. Thereforeacyclone
separator isintroduced into thecircuit to remove any
moistureand dustinthegas.

A gavanizediron shell of 125 mm diameter and
1400 mm effectivelength with ashower isused ascool -
ing tower for cooling producer gas. Apart from cool -
ing, it washes the gas by removing the dust particle
present inthegas. With the use of water inthe cooling
train, thedust level inthegasisreduced. Scrubber sys-
temsareadiversegroup of air pollution control de-
vicesthat can be used to removetarsin syngas. A wet
scrubber isused to clean air, flue gas or other gases of
various pollutantsand dust particles. A compressor is
used to supply air for gasification process.

Eductorsareventuri jet devicesthat use pressur-
ized liquid to entrain, mix and pump other liquids, dur-
ries, gases or dry solids. The eductor has four basic

—= Full Paper

partsthey are, driving nozzle, suction chamber, throat
and diffuser. Inthe biomassgasifier systemthegasis
produced by the gasification processinsidethereactor.
Thegasproduced will behaving carbon content whichis
not desirable and which isto be removed. For there-
mova of thecarbon particlespresent, gasfiltersareused.

MATERIALSAND METHODS

Figure 3 showsthe layout of abiomass gasifier.
Biomass material s such ascoconut shell chipsand sil-
ver oak wood chipswere used asfeed materials. The
gasfier consstsof anair compressor to supply the sub-
stoichiometric quantity of air. Theair flow ratewasmee-
sured using arotameter at the entranceto thegasifier.
Theprimary ar entersto thegasifier through theinjec-
tion nozzles around the periphery of thethroat and the
secondary air is preheated and entersthrough thetop
of thereactor. It ismadeup of amild steel body with
two concentric shdllsof outer diameter 200mmand 320
mm respectively. Theannular spacebetween shellspro-
videspassagefor secondary air to flow, whereitispre-
heated. Theinner shell hastwo parts. Theupper partis
cylindrical and hasaheight of 700 mm. Thelower part
whichisconicd in shapehasaheight of 300 mm. The
total volume of the shell is0.0243 n. The primary air
entersinner shell. Afireclay lining of 3mmthicknessis
provided to the conical part and agrateisfixedtothe
bottom of the conical part. A cooling tower isused to
cool thehot gasfrom thereactor and two cyclonesepa
ratorsareused to reducethedust level inthegas. A bed
of charcoa and ricehusk isused to removethemoisture
and dust present in the gas. Three bag filtersareaso
used toremovetar and other finedust particles. Aneduc-
torisprovidedfor torching thefeed material andto sta-
bilize combustioninsidethereactor inthebeginning.

Thebiomassusaed wassiIver oak and coconut shell.
Before each test the moisture of the feed stock was
measured and its value was found to be always be-
tween 10to 15%. Thefeed stock level insidethegas-
ifier wasmaintained approximately congtant before sart-
ing the experiment and after thegasification processthe
little quantity of carbon whichisnot convertedinto fuel
gasisturned off from thereactor. The samplegaswas
collected next to the bag filtersand the sampleswere
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Figure 3: Biomass gasifier

analyzed. K type thermocouples were used to mea-
surethetemperature distribution inside the reactor.
Thetemperaturesare measured at intervals of 5mins
to record the thermo chemica conversion phasesdry-
ing pyrolysis, combustion and reduction. Two more
thermo coupleswere used to measure the exit tem-
perature of the producer gas before and after the cool -
ing tower. The batch experimentswere carried out as
described.

Thereactor wasfilled with 6 kg of wood and co-
conut shell piecesof size approximately 2.5cmx 2.5
cmx 2.5cmand density 589.33 kg/m? through the top
and was sealed. Thefuel bed wastorched, at the pre-
Set port. After stabilizing combustion, the compressor
wasstarted and theair flow was set at aparticular flow
rate and the eductor was detached from the reactor.
Thetemperaturewas recorded at different locationsat
aninterva of 5 minsduringtheexperiment. Gassamples
are collected at regular intervals, when nearly steady
state was reached in the combustion zone. The gas-
eousproductswereandysed usng TCD gaschromato-
graph. Knowingtheair flow rateand thetimetaken for
experiment and theamount of air used in each experi-
ment was cal culated. Theamount of producer gasob-
tained isevauated by using an orifice meter. The ex-
perimentswererepeated for different flow ratesand
different ratiosof feed stock suchas1:1, 2:1. Keeping
the secondary air flow rate constant (25 |pm), experi-
mentswas conducted by varying the primary air flow
ratefrom 25 |pm with anincrease of 10-15 Ipm used.

Ultimateanalysisand proximateanalysisof feed-
stock

Thecharacterigticsof biomassfeed stock haveasg-
nificant effect ontheperformanceof thegasfier. Siver oak
wood and coconut shell wastaken asfeedstock materid.

TABLE 1: Proximateanalysisof silver oak wood chips

Ash
2.04%

Volatile M atter Fixed carbon
82.56% 8.25%

TABLE 2: Proximateanalysisof coconut shell

Ash
0.80%

Moisture
7.15%

Fixed carbon
20.30%

Volatile M atter
78.90%

TABLE 3: Ultimateanalysisof silver oak wood chips

Gross
Carbon Hydrogen Oxygen Nitrogen Sulphur  Calorific

value
4255% 4.22% 43.65% 0.33% 0.06% 16.05MJI/kg

TABLE 4: Ultimateanalysisof coconut shell

Carbon Hydrogen Oxygen  GrossCalorificvalue
52.20 % 6.40% 42.60% 20.10 MJ/kg

Theultimateand proximateanaydsof thesIver ok wood
and coconut shell chipsused for the experimentswere
carried out andtheresultsareshownin TABLE 1-4

RESULT AND DISCUSSIONS

Effect of air flow rateon producer gascomposition
TABLE 5 showsthe variation of H,, O, and N,

CHEMICAL TECHNOLOGY
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content in producer gaswith different airflow ratefor
different feedstock ratio. TABLE 6 showsthevariaion
of CH, COand CO, content in producer gaswith dif-
ferent air flow ratefor different feedstock ratio. The
composition of the producer gaswas determined by
AUTO-CHRO WIN gas chromatography. After the
gasification processwas established gas sampleswere

—= Full Paper

collected every 15 minutes. During thesampling period
the gaswasburnt with the help of pilot burner. Mini-
mum five sampleswere collected in eachrun for analy-
sis. Therma conductivity detector and carrier gasesN,
and H, were used to detect the volumetric composi-
tionsof gaseslikeO,, H,,N,, CO, CH, inamolecular
sieve column, and CO, was determined using

TABLES: Variation of H,, O, and N, content in producer gaswith airflow ratefor different feedstock ratio

Per centage of H, in producer gas

Per centage of O, in Per centage of N, in producer

Air flow rate producer gas gas

(Ipm) Feedstock ratio Feedstock ratio Feedstock ratio Feedstock Feedstock ratio  Feedstock
2:1 1.1 2:1 ratiol:1 2:1 ratiol:1

50 12.8968 12.8968 2.7468 2.6874 53.490 51.2868

75 13.6738 14.2212 2.8722 3.4404 49.590 55.2060

100 13.1920 13.2100 5.7465 1.8240 55.664 52.3350

115 12.8394 12.6898 4.3020 4.0182 53.940 56.0400

125 13.4816 13.1400 3.7806 3.4700 53.440 52.1620

(Feedstock Used: coconut shell and silver oak wood)

TABLE6: Variation of CH, CO and CO, content in producer gaswith airflow ratefor different feedstock ratio

Per centage of CH,4 in

Per centageof CO in Per centage of CO, in producer

Air flow rate producer gas producer gas gas
(Ipm) Feedsté):clkratlo Feedstf:clkratlo Feedsté):clkratlo Fr?a??c?ﬁclk Feedstock ratio 2:1 Fr?:(ijgf:clk
50 1.716 1.176 11.470 12.470 17.170 17.07
75 2.201 1.317 13.670 10.760 17.778 14.54
100 2.126 1.165 13.414 14.730 14.230 13.06
115 1.816 1.208 12.430 10.959 14.540 15.20
125 2.002 1.964 11.800 11.150 13.668 12.49

(Feedstock Used: coconut shell and Silver oak wood)

TABLE 7: Variation of calorificvalueof producer gas, producer gasproduction and conver son efficiency with air flow rate

for different feedstock ratio

Calorific value of the

roducer qas Producer gas Conversion
Air flow rate P (KJ/m3)g production, (m*h) efficiency, %
(Ipm) Feedstock Feedstock Feedstock ratio Feedstock ratio  Feedstock ratio  Feedstock ratio
ratio2:1 ratiol:1 1:1 2:1 1:1 2.1
50 3630.03 3471.09 11.11 12.11 83.44 87.55
75 3954.36 3316.42 13.88 15.28 85.93 91.30
100 373490 3672.13 16.44 19.44 87.45 89.66
115 372476  3538.47 10.04 16.72 82.04 85.34
125 3587.59 3429.41 09.43 14.72 80.47 82.64

(Feedstock Used: coconut shell and silver oak wood)

chromosorb102 column.

The producer gas contains both the combustible
gases and non-combustible gases. The combustible
gasescontainthegasessuch asH,, CO, CH, and traces

of C,H, and C,H, and the non combustible gases con-
tain N, and CO,,

The producer gasconsistsof tarsand condensable
liquids. Someof thetarsand condensableliquidswere
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removed inacooling tower. Thetemperatureof thegas
was reduced to room temperature and passed through
afilter containing charcoal and rice husk, and then
passed through aseries of bag tiltersto obtain atar-
free gassuitablefor engine operation. The producer
gasflowismeasured at regular interva sof fiveminutes
using acaibrated orificemeter.

Conversonefficiency istheratio of therma power
of the producer gas produced to thethermal power of
input feedstock. It givesagenera ideaof how much of
theenergy fromthewoodiseffectively utilized. TABLE
7 showsthevariation of caorific valueof producer gas,
producer gasproduction and converson efficiency with

16

arr flow ratefor different feedstock ratio

Conversion efficiency, ¢, = (mgasx HHYV of fuel gas)/

(m, ., xHHV of wood)

The hydrogen content in the producer gasdightly in-
creases with the air flow rate. It reaches apeak at 75
Ipmto 1001 pm and then steedily decreaseswithincreas-
ingair flow. ThegaininH, reduces CO content of the
gas. Hydrogencontent of the producer gashasbeenfound
better at theflow rate between 75-100 I|pmfor dl feed-
stock retios. Figure4 and Figure 5 showsthevariation of
H,, COand CH,, content in the producer gas with dif-
ferent air flow rateand different feedstock ratios.

R
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(Feedstock ratio 2:1; Feedstock Used: coconut shell and Silver oak wood)
Figure4: Variation of H,, CO and CH, content with airflow rates
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Figure5: Variation of H,, CO and CH, content with airflow rates

Effect of air flow rate on calorific value of pro-
ducer gas

TheFgureshowsthevariationof caorificvauewith
different ratio of mixturefeedstock. Thecaorificvaue
asseenfromtheFgureisfoundtodightly incressewith
increaseinreector ar flow rate. Thehighest cdlorificval-
uesof gaseswere produced at flow rates between 75-
100 Ipm. Theresults show that thereisno significant

vaidioninthehigh heeting vaueof theproduct gaswith
arflow raebetween 50-125Ipmfor 1:1ratio. Therea
sonisthat thecaorific valueincreaseswithincreasein
equivaenceratiowithintheoptimum vauewhichisre-
ported as 0.56 for 2:1. From the above discussion it
may be concluded that as the heating value for 2: 1
ratioisawayslower thanthel:1ratiosat dl flow rates.

Effect of air flow rateon producer gasproduction

CHEMICAL TECHNOLOGY
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The producer gas flow was measured at regular
intervalsand integrated over the entire period of the
wood and coconut shell consumption. Theair flow rate
acrossthegasflow was determined using amanometer
and thetime of duration during which the gas sustains
flameisnoted.

Fgure 6 showsvariation of gasproductionratewith
air flow rate. The volume of gas produced generally
decreased with increasein equivalenceratio but the
variation between them depended upon theequivaence
35
30
25
20
15
10

gas production rate

5

o]
30 45 &0 75
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ratioand air fuel ratiovariedlittle. It wasreveal ed that
theresidencetime, reactivity of char produced during
pyrolysis step, temperatureinfluenced of gasproduc-
tionand gasquality.

Effect of air flow rateon conver sion efficiency

Thermal efficiency istheratio of thermal power of
thefud gasproduced to thethermal power of theinput
feedstock. It givesagenera ideaof how much energy
fromthemixtureiseffectively utilized.

ao 105 120

AIR FLOW RATE LPM
(Feedstock Used: coconut shell and silver oak wood)

Figure6: Variation of gasproduction ratewith air flow rate

Thermal efficiency, ¢_= (mgasx HHYV of fuel gas) /
(M, X HHV of wood)

Figure 7 showsthevariation in conversion efficiency
withincreaseinair flow rate. Thereisadecreaseinthe
converson efficiency withincreaseinar flowrate. This
ismainly dueto decreasein theresidencetimeof the
gas. It dependsmainly on volume of combustibleand
cadorificvaueof gases.

Temperaturedistribution in thereactor

Fgure showsthetemperaturedistribution dongthe
length of thereactor for feedstock ratio 2:1. Thefeed-
stock used was coconut shell and Silver oak wood.
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The average temperature wasfound to vary between
311K at thetop (drying zone) of thegasifierand 773K
at the bottom (reduction zone). The temperature at-
tains 712K at 15 cm height in the combustion zone. It
isobserved that the heat istransferred by conduction
and radi aion of theflamedueto which thetemperature
gradient isfound to decreasefrom 773K to 311K. The
temperature produced in the oxidation zone depends
onthefud used.

Figure 8 showstemperature distribution dongthe
vertical length of reactor. Thetemperatureproducedin
the oxidation zonedependsonthefue used. Inthere-
duction zone endothermic reaction occurs and the

Feedstockratio 2:1

Feedstock ratio 1:1

80 100 120 140

AIR FLOW RATE LPM
(Feedstock Used: coconut shell and Silver oak wood)

Figure7: Variation of conversion efficiency with air flow rate
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TABLE 8: Temperaturedistribution alongthevertical length of reactor

Length (cm) 50 LPM 75LPM 100 LPM 115LPM 125 LPM
Temperature, °C  Temperature, °C  Temperature, °C  Temperature, °C  Temperature, °C
06.5 503 460 400 445 432
16.5 440 445 360 375 360
255 350 360 335 358 322
35.5 310 310 305 314 314
45,5 307 203 295 242 206
55.5 175 180 205 200 195
75.0 140 128 140 165 160
85.0 115 106 110 115 110

(Feedstock ratio 2:1; Feedstock Used: coconut shell and silver oak wood)

600
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a00 *
350
300 |
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50

temperature

0 10 20 30 40

50 60 70 80 90 100

vertical length of reactor

(Feedstock ratio 2:1; Feedstock Used: coconut shell and Silver oak wood)
Figure8: Temperaturedistribution along the vertical length of reactor

temperature drops. The degree of temperature drop
dependsupon theextent of thereactions. Theextent of
the reaction depends upon the reactivity of the char
and thethermal history. For higher char reactivity the
reduction zonetemperature dropsfaster and the reac-
tion completion occursrapidly. Higher thetemperature
insidethereactor helpsin better tar cracking. It isnot
possibleto reduce or removetar effectively from the
gasonceit comesout of thereactor. Theonly way to
achieveitisto maintain high temperatureinsdethere-
actor. TABLE 8 showstemperaturedistribution along
thevertical length of reactor.

CONCLUSION

For the feedstock ratio of 2:1, the producer gas
production rate increased from 11.11 m*¥/h to 19.44
mé/hforanair flow rate of 50- 125 I[pm. The conver-
sion efficiency wasin therangeof 82.64 %t091.3 %
for anair flow rate of 50— 125 Ipm for the feedstock
ratio of 2:1. The highest calorific value of wood chips

and coconut shell chipsis3.95 MJm? for the feed-
stock ratio of 2:1. The producer gas can be used as
fuel gas. The producer gas consistsof carbon monox-
ide, carbon dioxide, methane, oxygen, nitrogen and
hydrogen. The maximum vaueof hydrogeninthepro-
ducer gasis 13.6 %. The producer gas can beused as
asourceof heat for pyrolysisreactor. It can beused as
fud ininterna combustion engineindua fuel mode.
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