JTournal of Engineering and Applied Sciences 7 (8-12): 494-500, 2012

ISSN: 1816-949%
© Medwell Journals, 2012

Performance Gasification Per Batch Rubber Wood in Conventional Updraft Gasifier

Adisurjosatyo, Fajri Vidian and Yulianto Sulistyo Nugroho
Department of Mechanical Engineering, Faculty of Engineering, University of Indonesia
16242 Kampus U Depok, Indonesia

Abstract: Gasification attract smore interest recently since it offers higher conversion efficiency and low

pollution generated. Equivalence ratio is parameters for control gasification performance. The purpose of this

study 1s to evaluate gasification rubber wood in conventional updraft gasifier. In this study, the equivalence
ratio is varied from 0.21-0.31 according to obtain temperature distribution, gas composition, LHV of the gas, cold
gas efficiency and tar content preduced. The highest of LHV the gas reachs of 4.2 MJ/m’ with cold gas
efficiency of 75% and tar content of 140 g/m’ at equivalence ratio of 0.31.
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INTRODUCTION

Biomass 1s one of renewable energy that has an
advantage available and lower emission of CO, (Gao et al.,
2008, Puig-Amavat, 2010). Biomass can convert to energy
use thermochemical conversion like combustion,
gasification and pyrolysis (Kumar et al, 2009).
Gasification is a chemical process that converts solid
carbonaceous material like biomass into combustible gas
(gaseous fuel) with dominant component carbon
monoxide, hydrogen and methane by limited of air
combustion (Basu, 2010). Biomass gasificationhas given
more interested compared to combustion and pyrolysis
since it gives lgher conversion efficiencies (Pratik and
Babu, 2009). The application of biomass gasification for
generating electricity using gas engines and gas turbines
provide higher efficiency compare to steam power
systems using biomass fuels m the boiler at capacity
<10 MWe (Roch and Kaltscmitt, 1998).

Biomass type and end use of producer gas product
are main consideration for selecting of gasifier type
(Roa et al., 2004). An updraft gasifier 13 simplest design
compare to all type of gasifier where gas and bed of fuel
move counter current mode that has achieved high cold
gas efficiency (Basu, 2010). The other advantages of
updraft gasifeir compare with another type of gasifier are
flexible of fuel size, ease of scale upand lgh moisture
content of fuel (up to 60%).

The efficiency of conversion of the gasifier depends
on fuel material, air combustion flow rate, particle size and
construction of gasifier (Sharma, 2009). The one of
parameters for control gasification performance is
Equivalence Ratio (ER). The equivalency ratio defined as

ratio actual air combustion in a run of combustion process
stostockiometric air combustion requirement for the run of
combustion process (Jam and Gross, 2000). The
theoretical range of equivalency ratio of gasification
process is between 0.19-0.43 (Zainal et al, 2002;
Saravanakumar ef al., 2007a).

Recently, several biomass gasification process on
updraft gasifier have been published (Roch and
Kaltsemitt, 1998; Ueki et ., 2011; Saravanakumar et al.,
2007b;, Ponzio et al, 2006, Khummongkol and
Arunlaksadamrong, 1990, Mandl et al., 2010; Lucas ef af.,
2003). The combustible gas composition are 20-30% of
CQ, 4-15% H, and 0-2.5% of CH,. The Lower Heating
Value (LHV) of producer gas over 3.5 MJ/Nm’® with Celd
Gas Efficiency (CGE) over 40%. Seggiam have reported
co-gasification wood pellet and sewage sludge at
variation of equivalence ratio of 0.15-0.25 at updraft
gasifier where the result showed the rise of equivalency
ratio resulted production more gas almost constant LHV
allowing to higher gas efficiency. Roch and Kaltsecmitt
(1998) have reported gasification wood chip, refused
derived fuel and charred soybean straw at constant flow
rate. The result showed equivalence ratio between the
range 0.35-0.36 with cold gas efficiency between 65-73%.
Ponzio et al. (2006) studied gasification plastic containing
waste 1n updraft gasifier with equivalency ratio are 0.19,
0.24 and 0.25. The result shows the composition of gas
and gas yield at ER of 0.19 have more difference compared
to ER of 0.24-0.25.

Several researches use wood as fuel for other gasifier
type at condition varation of equivalence ratio on
experimental. Pratik and Babu (2009) studied gasification
wood on downdraft gasifier with ecuivalence ratio
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0.262-0.314. the result showed the fraction CO and H,
mcreases with equivalence ratio tll a value 0.205.
Olgun et al. (2011) reported gasification wood chip with
equivalence ratio 0.2-0.5. The composition of CO primary
affected by equivalence ratio with the maximum HHV of
the producer gas at equivalence ratio 0.35. Zamal ef al.
(2002) have reported studies on gasification using
furniture wood and wood chips where the optimum value
of equivalence ratio was 0.38.

This study present characteristic operation per batch
gasification rubber wood in updraft gasifier with variation
of equivalence ratio.

MATERIALS AND METHODS

Gasifier system: The experimental setup are shown
in Fig. 1. The gasifier have made of a stainless steel SUS
304 with an internal diameter of 22 cm and a height
of 63 cm. The thickness of stainlessstell is 3 mm. This
material has the same with reported by Ueka e af. (2011).
The both pipe for air inlet and producer gas outlet have a
diameter of 5 cm, respectively. The gasifier reactor is
covered by ceramic fiber blanket with thickness of 5 cm to
prevent heat loss. Biomass 1s fed from the top of gasifier
from window with a diameter of 13 cm. A grate with space
mterval of 1 cm 1s used to support charcoal at combustion
zone. A window at combustion zone is provided to reside
the unburmed fuel. This window below combustion zone
has the function to remove the ash.

valve is used to set supplying air at constant volume. Air
and producer gas flow rate are measured with an orifice
differential manometer.

There are 12 ports for cromnel-alumnel thermocouple.
The lowest one are located at height of 4 cm above of the
grate and the others are located at intervals of 5 cm
upwards to the top. The temperature is recorded using
DAQ. The digital data from DAQ are presented in screen
computer using.

The syngas 18 sampled using sample tight bags from
the exit of heated bath and analyzed for its gas
composition by gas chromatography with Thermal
Conductivity Detector (TCD). The sampling bags must be
1in vacuum condition before 1t 1s used for gas sampling.

Tar component in producer gas is trapped by a series
of impinger bottle that filled with acetone as solvent
according to guidance (Brage and Sjostrom, 2002,
Neefth et al., 2002). The mixture solvent and gas are dried
till all solvent evaporated. The remaining tar of producer
gas is weighted and measured in g/Nm’.

Fuel: Table 1 shows the proximate and ultimate analyses
and some physical properties of rubber wood. The rubber
wood chips have length of 3 cm, width of 3 cm and height
of 1.5 cm.

Equation for calculation: The Equivalence Rratio (ER) was
calculated as follow according to Zanal et al. (2002):
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Fig. 1: Experimental set up
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Table 1: Proximate and ultimate analysis of mubber wood

Analyses Units Values
Proximate

Moisture (adb) %% 10.24

Ash % 271

Volatile % 71.80

Fixed carbon % 15.25
Ultimate

Carbon % 43.33
Hydrogen % 511
Nitrogen %% Mot detection
Sulfur % Not detection
Oksigen 3861
Calorific value Cal g 4069

Density gom! 0.64

Where, (A/F) for ¢ =1 is 4.44 m’ of air/kg of rubber
wood. The calorific content in producer gas 1s calculated
through the lower heating value of producer which 1s
calculated using following equation according to
Segglani:

LHY (kI/Nm®) = y,, 12621 +y, 10779 +y,, 35874
2
Where vy, values are more fractions of main
combustible gas in the producer gas. The performance of
the gasifieris estimated with cold gas efficiency of
gasification where the cold gas efficiency is calculated
as follows according to Seggiant:

Product gas flowrate x LHV 5,
Wood flowratex LHV 504

Cold gas efficiency =

Experimental procedures: The test i1s commenced by
burning 1 kg of rubber wood as biomass fuel, mside the
gasification reactor. The fuel is ignited using paper and
kerosene over batch of its. After The self sustained
combustion has done about 5 min after ignition of fuel,
the gasifier filled full and the air flow rate were set to the
selected values with air flow rate of 50, 65 and 90 lpm,
respectively. Hach test uses 6 kg of wood each batch.
After the temperature at combustion zone reaches 500°C,
the producer gas is ignited. The first gas sampling is taken
at 5 min after igniting the producer gas then the next
sampling is taken after 20 min operation. The tar sampling
1s taken after temperature at combustion zone reaches of
700°C. The test 1s stopped when producer gas flame
extinguish it self. The weight of remaining char and ash at
combustion zone is measured as well.

RESULTS AND DISCUSSION

Operation characteristics: The time need about £20 min
after start up for produced combustible gas that is
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Fig. 2: Effect of gasification air flow rate against
Equivalence ratio (ER)

indicated in ignition of flare for each air flow rate of 65 and
90 lpm but for the air flow rate of 50 lpm need more long
time about 35 min. The combustible gas is produced after
temperature at combustion zone 1s reached 500°C that
suitable to reported by Mandl et al. (2010). The
combustible gas continues produced about 70 min until
the process have finished. The number of total waste of
charcoal and ash about 7 till 12%; 5% of total wood used
where it suitable with reported by Roa et al. (2004)
using wood chip as fuel. The mcreasing of air supply will
reduce number waste charcoal and ash. The increasing air
flow rate will increase fuel consumed and reduce time
operation.

Equivalence ratio process: The equivalency ratio is one
parameter for control performance of gasification process
where was the ratio of the total actual air flow rate for
combustion to the total air flow rate for combustion 1 kg
of fuel for stoichiometric condition. Figure 2 shows the
test result by increasing of gasification air flow rate leads
the increasing of equivalence ratio value. The range of
equivalence ratio 1s between of 0.21-0.31.

Temperature inside reactor: Figure 3 shows time
variation of temperature at equivalence ratio variation
where increases equivalence ratio tend to increase
temperature at combustion zone. Tts because increase
equivalence ratio will increase air gasification flow rate
that will promotion to perfect combustion. At equivalence
ratio 0.25 till 0.31 not very difference at this condition
temperature increase faster to temperature 500°C where
combustible gas appear. At equivalence ratio 0.21
temperature increase slower to temperature of 500°C it
because air flow rate not sufficient to promotion faster
combustion for released chemical energy and sensible
heat. At each equivalence ratio combustible gas produce
after temperature of 500°C where is suitable with
reported by Seggiani, where the stable temperature
condition about 30 till 40 min where was the same with
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Fig. 4 Temperature distribution with time at each
thermocouple position

result of Roa et al (2004). The time for flare of
combustible gas about 60 till 75 min. The combustion
temperature reachs at combustion zone about of
1100°C.

Figure 4 shows tume variation of temperature at each
position of thermocouple where show significant increase
and differences temperature at T1 till T4. The position of
T1 till T4 are 20 ¢m from above reactor about 1/3 of height
of reactor. The thermocouple T1 till T4 could reach a
stable temperature about 40 min because at this time all
moisture and volatile of batch fuel have released then char
could promote more perfect combustion. At the
thermocouple number 5-12, the temperature increases, this
is because at this position the fuel move downward so
absorption of heat by the fuel 15 also reduced in other
hand temperature at combustion are still stable
condition.
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Fig. 6: The composition of CO againts time at variation of
ER

Figure 5 shows temperature variation with height of
gasifier at different equivalence ratio. The increasing of
equivalence ratio will increase temperature in combustion
zone. At the height of reactor 0-15 em from the bottom
temperature are 700-1100°C occure as partial combustion
and gasification zone. The drying and pyrolisis zone
appear at 15 cm to the top reactor with the temperature
range of 150-700°C. According to Seggiani, pyrolisis start
at temperature of 200°C until 700°C, above temperature of
700°C gasification start. Several researches result pyrolisis
process stop until temperature of 500°C (Ueki et af., 2011,
Jaojaruek et al, 2011). Base on several researchers’
argument could make conclusion pyrolisis process finish
at T3 or the height of gasifier 15 cm mn this gasifier design.

The combustible gas composition: Figure 6 shows the gas
This
variation occurs from the test begins until reaching the

composition vary during gasification process.

operation stable. The composition of CO tends to increase
until reaching thestable operation that shown in Fig. 6.
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The reaction of C + C0,~2 CO and CH,+ H,O-CO + 3 H,
at reduction zone become more dominating at temperature
of 850 t1ll 900°C producing CO. The composition of CO 1s
produced at the combustion zone, the reduction zone and
the pyrolisis zone then whileat higher equivalence ratio
would increase the composition of CO.

Figure 7 shows the composition of H, increases until
temperatire of about 900°C and then this tends to
decrease at each equivalency ratio. Hydrogen was
produced at pyrlisis and combustion zone. At pyrolisis
zone where increasing time operation the fuel at zone
pyrolisis would decrease that make the composition of
H, decrease too. At reduction zone, the reaction with
steam of C + H,0-CO + H, and CH, + H,O-CO+ 3H,
(Kumar et al., 2009) tend to increase with increasing of the
temperature. According to the result of previous or other
experiment H, will be produced at the temperature of
700-900°C (Turn, 1996; Evans et al., 1988; Pinto et al.,
2003; Gomez-Barea et al., 2005). At this experiment
temperature 700 till 900 at time about 40 till 60 min for ER
0.25 and 0.31 for ER 021 at time 50 till 80 min. The
mcreasing of equivalence ratio tends increases
temperature inside reactor that make the reaction at
reduction zone would increase.

Figure 8 shows the composition of CH, will decrease
with increase the time operation it 1s caused the
composition of CH, 1s produced at pyrolisis and reduction
zone. At pyrolisis zone where temperature pyrolisis start
at 200°C so that have increased time operation, the fuel
at zone pyrolisis will decrease then make the composition
of CH, decrease too. At reduction zone the reaction
of C + 2 H,~CH, will be decrease with mcreasing
temperature. The increasing equivalent ratio tends to
mcrease temperature inside reactor that make decrease
reaction C + 2 H,~CH, (Kaupp and Gross, 1981).

LHYV of producer gas: Figure 9 shows the lower heating
value of producer gas will increase with increasing
equivalence ration its caused the lower heating value main
effected by the composition of CO that increased with
increasing equivalent ratio. The lower heating value at
stable operation for each equivalent ratio between range
3 till 4.2 MI/m’. The maximum of value of LHV at
equivalence ratio 0.31.

Cold gas efficiency: Figure 10 shows the cold gas
efficiency will increase with increasing equivalency ratio
its caused the CGE more effected by LHV of the gas where
increasing equivalency ratio will increase LHV of the
producer gas. The cold gas efficiency achieves at 75%
with equivalency ratio 0.31.

Tar content: Figure 11 shows the tar content will decrease
with increasing equivalency ratio caused increasing
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equivalency ratio would mcrease oxygen flow into
pyrolysis zone make increasing partial combustion tar
(pyrolysis product) to CO (Devi et al., 2003). At higher of
equivalence ratio would lead the temperature inside
reactor and then it would increase tar reaction with
H,O (steam reforming) and reaction tar with CO, (dry
reforming) to produce CO (Morft et al, 2002). The
result of this experimental has shown suitable
with several studied gasification (Manya et al., 2006;
Gomez-Barea et al., 2005, Hurley et al., 2012).
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CONCLUSION

Experimental study on a updraft gasifier system using
rubber wood as fuel has been carried out at varnation of
equivalency ratio 0.21-031 for obtaimng profile
temperature  distribution, zone gasification, gas
composition, LVH, cold gas efficiency and tar content.

Increases equivalency ration tend to increase
temperature distribution mside reactor. Gasification
zone at height 0-15 cm of the reactor and pyrolysis zone
at height 15 cm to the top reactor for each equivalency
ratio. The composition of CO and H, tend to increase with
increase equivalence ratio and time operation but for
composition of CH, tend to decrease with increasing of
equivalency ration and time of operation. The LHV of the
gas tend to increase with increasing of equivalency ratio
and time to stable operation where the LHV of the gas
at stable operation at the range 3.6-4.2 MJ/Nm’ with cold
gas efficiency 55-75%. The tar content decrease with
increasing equivalency ratio with mimimum value
140 g/m’.
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