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I ntroduction

In the last decades, the development of Jatrophzasiplants
has been increasing in trend significantly. Sevexintries like
Asia and Africa as well as South America and Ind¢Hambali,
2007), Thailand (Kritana et al., 2010), India (Stefal., 2005), and
Nicaragua (Foidl et al., 1996) develop biodiesandrits seed.
Studies on a conversion of the plants into biodidse been
conducted by researchers (Openshaw, 2000; Shal.,e2085;
Giibitz et al., 1999; Banerji et al.,, 1985; K. Pramk, 2003).
Jatropha curcas waste, such as cake seed, sludgshahl have
greatly potential to be converted into a solid fg€éumar et al.,
2003; Kumar and Namasivayam, 2009; Vyas and Siag@7; and
Sricharoenchaikul et al.) Lopex et al. (1997) ated its material
into biogas through anaerobic digester processdkap al., 1997).

As reported by authors (Openshaw et al., 2000; Baeteal.,
1985), the content of cake seeds of Jatropha caatdeved 61% to
67% per unit weight. Meanwhile the content of Jalti@ curcas oil
(JCO) was around 33 to 39%. This means that thera high
possibility to extract Jatropha curcas waste tagnkoth from shell
and cake seed.

Combustion is a chemical process to convert sobdte into
heat energy. The process includes drying, devidatibn, and char
combustion (Borman and Ragland, 1998). In the deiialation
process, CO emission rises to the peak level aadugtly decreases
until char combustion reactions stop. The produzftshiomass
combustion consists of carbon dioxide (Owater, ash, sulfur

Paper received 11 September 2009. Paper accepted 3 September 2010
Technical Editor: Demetrio Neto

J. of the Braz. Soc. of Mech. Sci. & Eng.

Copyright O 2012 by ABCM

Emission Factor of Single Pellet Cake
Seed Jatropha Curcas in a Fix Bed

The objective of this study is to evaluate the emission factor of oil cake seed Jatropha
curcas that was formed into pellets with three parameters: pyrolisis, densification and
air flow rate. The effect of pyrolisis was investigated using four samples of pellet: non-
pyrolysis pellet, 90 minutes pyrolysis pellet, 120 minutes pyrolysis pellet, 150 minutes
pyrolysis pellet. The effect of densification was provided by three samples: 11 mm,
13 mm, and 16 mm diameter. Furthermore, the parameter of air flow rate was varied
from 0.1 m/s to 0.4 nVs. The results show that the lowest emission factor occurs in the
non-pyrolysis pellet containing 14.3 gram carbon monoxide per kilogram pellet.
Meanwhile the best densification was obtained by 13-mm diameter pellet containing
14.8 gram carbon monoxide. Air flow rate of 2.0 m/s was the suitable air flow rate to
achieve lowest emission factor.

Keywords. emission factor, pellet, pyrolysis, Jatropha curcas waste, solid fuels, combustion

oxide (SQ), carbon monoxide (CO), unburned hydrocarbon
particles, nitrogen oxide (N} smoke and soot (Ndiema CKW et
al., 1998). This paper reports the CO emitted frsingle pellet
combustion in a locally fix bed reactor. The partereanalyzed in
these experiments are dimension, pyrolysis andlair rate. The
carbon monoxide released in combustion procedmisbjective of
this research. The best pellet material relatinth V@O released is
the lowest emission factor.

Material and M ethod

In this experiment, cake seed Jatropha curcas weasteised. It
was collected from a local bio-diesel factory. Tda&e seed sample
used was in heterogeneous shapes and sizes. Tlsie wéll
contained residual oil because not all oils canrbeased by
mechanic pressure machine system in factory. Tis@ual olil
trapped inside of cake seeds caused agglutinatioh itacaused
randomized particles. The residual oil inside a$ ttake seed also
influenced the heating value.

This study has three variables: pyrolysis, denaifan and air
flow rate. The effect of pyrolysis was categorizetb different
holding times. This means that the samples entén¢al the
pyrolysis reactor and were held within for a fewnoties. The
samples were divided into four: non-pyrolysis, 9Ginumes
pyrolysis (90 minutes holding time), 120 minutegqlysis, 150
minutes pyrolysis pellet. The effect of densificatiwas divided
into three pellets: 11 mm, 13 mm, and 16 mm diamdtee effect
of airflow rate has provided four air flow rates1@n/s, 0.2 m/s,
0.3 m/s, and 0.4 m/s.
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Pyrolysis Tabel 1 provides a proximate analysis and heati@gev of
cake seed Jatropha curcas with parameter of pysolitscan be

Pyrolysis is a chemical decomposition process Wit opserved that increasing a holding time in pyralygirocess
energy in absence of oxygen,JOThe temperature of pyrolysis is increases the content of fixed carbon. It also widcrease the
around 300- 800°C and releases substances suchar@®nc percentage of volatile matter. The logic explamatbthis reason is
monoxide (CO), carbon dioxide (G2 methane (Ck), hydrogen pecause the long of holding time releases mordiletmatter while
(Hy) steam (HO), and carbon (C). The objective of the pyrolysisshort of holding time releases uncomplete volatilparticles. The
process is to increase the ignition property, redamoke, and most important aspect of this phenomena is howhtsiding time

increase the heating value (Vest, 2003).

Figure 1. Pyrolisis reactor.

In this experiment, Temperature of pyrolysis wasntaned at
400°C. The holding time then has varied between 90 &5@
minutes to observe the emission effect.

Heating Value and Proximate Analyses

For determining the moisture, volatile matters, &reld carbon
content, the ASTM method was applied in proximatelgsis as
shown in Table 1. Furthermore, heating value amalgsconducted
using a bomb calorimeter with ASTM 2015 method.

generates a better heating value. It can be sumechrihat
increasing the holding time increases the heatalger

Densification

Figure 2 provides the difference of three physitelracteristic of
densified pellet. A local press machine is usedetasify this process.
The pressure applied to this process is 750 Kg/€llet is made
from a mixture of cake seed Jatropha cusrad a small quantity of
binder. The weight of raw materials used was 1\With variation
diameters of pellet: 11, 13 and 16 mm. The reduyetet is shown in
Fig. 2, as well as the variation of pellet lengttfs; 8, 6.5 mm.

Figure 2. Pellets diameter.

Table 1. The result of proximate and heating value analyses.

Proximate analysis of cake seed

Analysis Non-Pyrolysis Pyrolisis-90 Pyrolisis-120 yr8lisis-150
Moisture (%) 17.79 10.68 7.99 9.28
Volatile (%) 50.21 44.95 44.09 40.52

Ash (%) 4.55 7.25 6.70 7.70

Fixed carbon (%) | 27.45 37.13 41.23 42.50

Heating value
HHV (cal/gram | 4,05t [ 4,901 | 5,04( | 5,34:

Emission Factor

An emission factor is used to measure the emissguirstance
which is released by material activity. Table 2vides the emission
factors of carbon monoxide (CO), which is releaskding the
combustion process from biomass feedstock.

The emission factors presented above use varysdsfeck and
stove. The lowest emission factor is achieved by dung cake
using two-put mud stove while the highest emissfaators is
achieved by charcoal fuels using angethi stoveoup80 g/kg.

Combustion Apparatus

The schematic of the combustion apparatus is shovaig. 3,
which consists of an air fan (1); a valve (2) totrol the air flow
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rate; a gas heater (3); a preheat chamber (4) ¢vige the
desirable temperature in the fixed bed combustiemder (5); a
computer (9) and mass balance (10) to analyze #es meduction
from a single pellet. Pellet cup is connected te thass balance
and controls the mass of pellet for each seconénTthe data is
stored to the computer automatically. Digital theomuples (7, 8)
measure gas temperature while the gas analyzené@ysures CO
emission. The Weighing unit used for this reseascAND from
A&D while gas analyzer used Dwyer series 1207. Tiet
quickly measures and calculates CO emission wigh laiccuracy
(20 ppm < 400 ppm, +5% > 400 ppm).

Initially, the combustion chamber (5) is heateddag fuel in
gas heater chamber (3). Air flow is regulated ugimg controller
valves (2). The digital thermocouple reader prosidéhe
temperature information from combustion chambeside of its
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combustion chamber, pellet cup is prepared whiatpimected to cup. The combustion process is started and the hgellet
electronic mass balance (10). After the steady ®zatpre reduces. This information appears in computer (7).
achieved, pellet enters into combustion chambes llocated in a

Table 2. Emission factor from biomass combustion (Zhang et al., 1999).

Fuel type | Fue Stove E (g/Kg) Fuel type | Fue Stove E (g/Kg)
Dung Cow dung cake | Hara 61 Wood Brush wood | Brick 110
cake Cow dung cake | Traditional mud | 49 Brush wood Improved brick 170
Cow dung cake | Two-put mud 30 Brush wood Metal 160
Cow dung cake | Two-put ceramic | 31 Fuel wood Brick 42
Crop Wheat straw Brick 62 Fuel wood Improved brick 929
residue Wheat straw Improved brick 170 Fuel wood Metal 74
Maize stalk Brick 36 Eucalyptus Three-rock 49
Maize stalk Improved brick 79 Eucalyptus Metal 54
Mustard stalk Traditional mud 66 Eucalyptus Two-pot mud 89
Mustard stalk Metal 56 Eucalyptus Two-pot ceramic | 63
Mustard stalk Two-pot mud 94 Acacia Three-rock 50
Mustard stalk Two-pot ceramic | 55 Acacia Traditional mud | 48
Paddy straw Traditional mud | 48 Acacia Metal 50
Paddy straw Two-pot mud 100 Acacia Two-pot mud 75
Root fuel Traditional mud | 45 Acacia Two-pot ceramic | 45
Root fuel Metal 67
Root Root fuel Two-pot mud 55 Char briquette| Angethi 120
fuel Charcoal Angethi 280

&) &
1. Air blower
2.  Controller valve
3. Gas heater
4. Preheater chamber
5. Combustion chamber
6. Gas analyser
7. Thermocouple
8. Digital termocouple reader
9. Computer
10. Mass balance

Figure 3. Combustion equipment scheme.
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Result and Discussion

Effect of Pyrolisis

The emission factor is found by integrating the €m@ission
along a combustion period. From Fig. 4 it can bens¢hat
increasing the holding time increases the emisfiotor. Therefore,
non-pyrolysis pellet releases lowest emission fadto this stage,
non-pyrolysis pellet shows the best solid fuel. clarify this result
emission facto vs. diameter pellet is shown in Big.
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Figure 4. Emission factor vs. pyrolysis.
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Figure 5. Effect pyrolysis on burning time of pellets.

It is quite complicated that pyrolysis makes highission for
solid fuel. However, it can be understand thathhyh emission is
caused by burning time. Furthermore, this paramstarfluenced
by the fixed carbon content. The experiments showed the
fixed carbon contents were 27.45, 37.13, 41.235Q%. for non-
pyrolysis, pyrolysis 90, pyrolysis 120 and pyrok;siespectively.
It can be concluded that increasing the burningtintreases the
emission, because during the combustion processnthterial
releases its emission.

Effect of Densification

Figure 6 shows the influence of pellet diameter released
emission. In this experiment, air flow used is (h8s. The
combustion chamber was determined at°@00It can be observed
that pellet with diameter of 11 mm showed the ldwamission.
Meanwhile highest emission is obtained by pelleghvdiameter of
13 mm. This phenomena is caused by surface arempter which
is explained by Fig. 7.
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Figure 6. Emission factor vs. diameter pellets.
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Figure 7. Surface area of pellets.

The surface area per mass (A/m) of pellets detexchithe
emission factor. As we have seen above, a pellgt diameter of
13 mm results the lowest surface area per mass. iShelated to
the length of combustion process which caused éigtssion.

Effect of Air Flow Rate

Figure 8 shows the influence of air flow rate onssion factor.
In this experiment, the air flow rates varied frOm m/s to 0.4 m/s.
Meanwhile the pellet diameter is determined as 18. b is used
non-pyrolysis sample. Temperature of combustionmiye is set at
400°C.

The Air flow rate 0.2 m/s has lowest emission at dg/kg.
Meanwhile the highest emission released occursdamis air flow
rate. Air flow rate is related with supply of oxygeAt air flow rate
0.2 m/s, oxygen supply forms a complete combusiitre air flow
rates higher than that influence the increasingemission. It is
because the oxygen is unable to react well witedfizarbon (C) and
it causes incomplete combustion process which sekamore
carbon monoxide (CO). This occurrence can be mrlate the
residence time and thrust of air flow rate. Thddmsce time of
carbon monoxide (CO) is too short. It causes indetap
combustion. The other causes are the thrust dfoarrate pushing
of carbon monoxide (CO) to exit the chamber befomeact with
oxygen (Q) to form carbon dioxide (C{. Therefore, it only
conducts the partial combustion.
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Figure 8. Emission factor vs air flow rates.
Conclusion

Based on experimental results, it can be genefalind that
cake seed Jatropha curcas is a material waste puténtial to
develop as solid fuel. This potential must be edato the
environment effect. Emission factor is used to raeascarbon
monoxide (CO) which is released by solid fuel costtmn. The
results show that the best emission factor fronyiagrthe pyrolysis
is cake seed non-pyrolysis. It releases 14.3 grampon monoxide
in a kilogram fuel. In densification effect, theMest emission factor
is achieved by pellet with diameter of 13 mm.

The Air flow rate 0.2 m/s has the lowest emissibA.Z g/kg. At
this rate, oxygen supply forms more complete comibiisthan
other rates. It has been indicated that the resal¢ime and the
thrust of air flow rates cause this emission.
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