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}"’r% Ratchaphon Suntivarakorn and Chaiwat Juangtong
a,9

Abstract— This research presents a study of energy converfston agricultural residues to producer gas by gsin
gasification technology. Four types of biomass, civhivere sugarcane trash, palm oil shell, longan | paed
eucalyptus, were selected to use as a fuel in andwft gasifier. The gasifier consists of a cyliiwdt reactor, two sets
of cleaning cycles, insulator and air supply blowEhe experiment was conducted by using 10 kgebpkr batch and
varying the air supply velocity from 2.0 — 3.5 nifscase of sugarcane trash, a test varying thélargth from 10 — 40
mm. was also done. Then, the producer gas compomeating value and energy conversion efficiencyevetudied.
The results show that the gasifier can producepftelucer gas, and the heating value of sugarcaashty palm oil
shell, longan peel and eucalyptus were 15.3, 913377 and 10.92 MJ/kg, respectively. The energywemon
efficiency was between 53.55 — 93.64%. The suitadéition for the maximum energy conversion &fficy was at 3
m/s of air velocity and 30 mm. of the fuel len@troducer gas from sugarcane trash and agricultuedidues can be
used as a substitute for fossil energy or chardoalirect heat application.

Keywords— Downdraft gasifier, Producer gas, Heating valueEnergy conversion efficiency.

1. INTRODUCTION
: . . Biomass can be transformed into a usable gaseeus fu
The use of energy is an important factor in thenglay by a technology known as biomass gasification

life of people including heat energy from Liquid gcnnology. Biomass gasification means the incotaple
Petroleum Gas (LPG) used as Cook_mg fuel, autom@obil ¢, stion of biomass resulting in the productidn o
fuel and for electric current pr(_)ductlor_1 etc. ABgeNt,  ombustible gases consisting of carbon monoxide)(CO
the energy demand is rapidly increasing, causingyma pqrogen (H) and traces of methane (QHThis mixture
countries to provide more energy resources tofgatis g’ cajled producer gas. Producer gas can be usashto
demand. Each year, Thailand imports a lot of energyyiermal combustion engines (both compression and
from aproad, Wh.'Ch results In a loss Of. money “5!“@ spark ignition), as a substitute for furnace oildinect
countries and this tendency is increasing. Thusyrder heat applications and to produce methanol-an exiem
to decrease the amount of imported energy, deveapm  ,ractive chemical which is useful both as fuel lieat

of alternative energy resources within the counsch engines as well as chemical feedstock for indusfi2é

as solar energy, wind energy and energy from biemas gjyce any hiomass material can undergo gasificatios
are studied. process is much more attractive than ethanol ogasio

B&omass IS raw (;“";‘]te“a_' thaILt can be tran?f&rmed toproduction where only selected biomass materiats ca
produce energy and there Is a large amount of Bermms produce the fuel. A comparison with other renewable

Thailand. Sugarcane trash is one of the agricdlturaenergy options, using the common basis of energy

residues that has a high potential for use in thegficiencies and economics, shows that this tedmpol

production of alternative energy. Nowadays, SUg&ca v have significant advantages and deserves seriou
trash is abandoned in the field and it is seldoatduss an attention

energy source. This is because the sugarcanelteash In Thailand, during 1980 and 1990 the first studias

low de_nsnyfahnd it is_difficult to coIIe_ctl. Ifzrom aN  the gasification technology of biomass were undteria
estimation of the one year energy potential of &LlJ® 4t prince of Songkla University. Emphasis in thedis
trash, it is found that there is about 10 milliams, or |, - placed on the development of small-scale

3,800 million liters of crude oil equivalent, whids  yecentralized energy system which could be operated
aband_oned In sugarcane farms_ [1]. For this reagon, using locally available fuels. The gasificationteys was
there is a supporting or appropriate technology tam developed for gasifying wood block, wood chip, caao
convert sugarcane trash into energy, it can be asel g0 corp cob, cassava stalk, rice husk and woiature
new alternative energy source which can substiiote ¢ c5conut husk and wood blocks. The gasifier was o
the disappearing fossil fuel. the down draft type with a throat and conical fuel
container [3]. Charcoal gasifier engine for power
generation has been also designed and studies. The
R. Suntivarakorn (corresponding author) and C. dtey are with ~ SYSt€M consists of a gasifier unit, purificatiorsteyn,
Department of Mechanical Engineering, Faculty ofiieering, Khon  electric generator, small internal combustion eadit.5
Kaen University, 123 Moo 16, Mittraphap Road, Kh¢aen, 40002, Hp) and water pump. The maximum power generation
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of 3 kg/hr [4]. Moreover, the municipal solid waste C+CO, - X0 3)
gasification for power generation was also studilke
gasifier was run on a batch mode and has a designed C+H,O - CO+H, (4)

capacity of about 30 kg feed per batch. From ttadyais
results, the producer gas has the heating value 6&
MJ/m3 and it can be used as a fuel for 50 Kw elatr
generation [5]. However, even though many types of
biomass have been studied, the study on sugarcaste t
gasification in Thailand has not been clear yetthis
study, the producer gas production from sugarceasht
will be investigated.

Gasification technology is an appropriate technglog
for converting sugarcane trash to gaseous fuelow |
density sugarcane leaves and bagasse gasificgstens (a) Updraft gasifier (b) Downdrghisifier
for thermal applications has been developed for
commercial scale use [6]. The system was tested for
more than 700 hours under laboratory conditions iand
was found that the heating value of the producsrvgas
3.56-4.82 MJ/Nm However, this system is large scale
and quite complex making it unsuitable for use in a
household. In this paper, the simple design of a i
downdraft gasifier will be presented and used tmpce : —ce
the producer gas from sugarcane trash and thresr oth
types of agricultural residues, including palm slilell,
longan peel and eucalyptus. The producer gas

Reduction
zone

Ash pit

components, heating value and energy conversion (c) Crossdraft gasifier
efficiency will be studied in order to know the ] o -~
characteristics of the gasifier. These results bgllused Fig.1. Classification of Gasifier [1].

to develop a suitable gasifier for utilization dfiet

sugarcane trash as a new alternative source ofgner As reductions (3) and (4) are endothermic, the

temperature will decrease during the reduction ggsc
2 PRINCIPLE OF GASIFICATION Apart from reactions 3) ar.1d (4), other reactionsym
also take place in the reduction zone as follows:
In the gasification process, combustible gasesaamed

by burning solid biomass with a restricted air dupp C+2H, - CH, (5)
The process of gasification is carried out in acre@
known as a gasifier. Gasifier can be classifiedpeding CO,+H, -~ CO+H,0 (6)

to the direction of gas flow, into three types drgft,
downdraft and crossdraft as shown in Fig. 1.

So far, the downdraft gasifier has received thetmos
attention as it can be designed to give tar-freevgaich
is suitable for use as fuel in an internal comlmumsti CO+3H, -~ CH, +H,0 (9)
engine. The updraft gasifier is suitable for lagmle
process heat application since its efficiency ighhi

Gasification is a thermo-chemical conversion preces _ ;1 5opoc. Pyrolysis, which takes place between 280 —
and is divided into four process zones. These aregq °C, produces large quantities of tar and gases

combustion zone, reduction zone, pyrolysis zone andcontaining carbon dioxide. Finally in the dryingneo the

drying zone [3]. . ) ) main process is the drying of biomass. The tempegat
In the _combust|0n zone the reactions, which arej, the drying zone is between 100 — 200 Producer gas

exothermic, are is therefore a mixture of the gases i.e. CQ, BH,,

CH,, N», CO,, H,O and the combustible components of

C+0, - CO, M) the gas are CO, HCH, and GH,. The percentage of

these combustible gases should be made as high as

2H, +0, -~ 2H,0 2) possible. The heating value of producer gas isutatied

) . _ from the components of the gas and varies from 3

In complete combustion, carbon dioxide is obtained ;3N to 6.5 MJI/NM depending on the types of

from carbon in the fuel and water is obtained fid@  foeqstock (biomass), heat loss from the gasifiet the

hydrogen, usually as steam. The combustion reaction,, isture content of the feedstock used. The gatifin

yields a theoretical oxidation temperature of 1,460 characteristics depend on particle size, void sphotk

The products of partial combustion pass througed I gensity, moisture content and ash content of teédnd

hot charcoal bed where the reduction reactions takegy, temperature in the combustion and reductioesgon

place. The main reduction zone reactions are : Gasification is an energy conversion method and the

C+2H,0 - CO, +2H, (7)
CO+H,0 - CO, +H, (8)

The temperature in the reduction zone is hormaly 8
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ability of the energy conversion is indicated bye th 3.2 Experimental equipments

energy conversion efficiency which is defined ds [7 The schematic of the experimental apparatus is show

Fig.3. The simple down draft gasifier was desigaed
used in this experiment [8]. The gasifier consistédh
Noeas= (10) reactor, gas cleaning cyclone, insulator and apphu
Average calorific value of 1 kg of fuel system. The reactor was designed and constructed as
cylindrical reactor without a bottle neck. The dear
and length of the reactor were 20 cm. and 120 cm.,
3. EXPERIMENT respectively. Two sets of cyclones were installedha
31 Raw Materials exit of the reactor in ord'er to trap dust _partiétdnlower
was used to supply air for combustion. The air was
Four different types of biomass were selected && as  blown into the reactor through four inlets with @ thm
fuels in the combustion experiment. These werediameter. The amount of air used in the gasificatio
sugarcane trash, palm oil shell, longan peel andprocess was about 30% of the stoichiometric air.
eucalyptus. The initial humidity of the fuels wastlween  Stoichiometric or Theoretical Combustion is theaide
1-15% and their characteristics are shown in Figln2  combustion process during which a fuel is burned
the cases of sugarcane trash and longan pell, \beta completely. Thus, the experiment was conducted by
shredded and compressed into a cylindrical shagieavi  controlling the air velocity in the range from 2:03.5
diameter of 49 and 10 mm, respectively. The congeegs m/s.
sugarcane trash was tested by varying four sizes of
length, which were 10, 20, 30 and 40 mm. All fuskre
tested in the reactor in order to produce prodgesrand
to determine the energy conversion efficiency. The
heating values and properties of the fuels are shiow
Table 1.

Calorific value of gas per kg of fuel

Table 1. Heating Value and Properties of Biomass.

Type of Fuel Properties of Biomass | Heating

- - Value
Moisture Size
(%) (MJ/kg)

Sugarcane 4.55 Diameter 49 mm 18.88
trash
Palm oil shell|  1.62 12x6x3 mim | 17.84
Longan peel 14.55| Diameter 10 mm18.98
Eucalyptus 1.14 15x15x8 nim| 18.56

(b) Picture of developed dovaftigasifier

Fig. 3. Experiment apparatus.

Fig. 2. Characteristic of five different biomass teted in the 3.3 Procedure

experiment: a) sugarcane trash, b) palm oil shel) longan

peel and d) eucalyptus. The biomass gasification tests were done with fuel
supplied as 10 kg per batch. All fuels were testethe
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reactor in order to produce the producer gas. khea
experiment, the velocity of the supply air was &dras
2.0, 2.5, 3.0 and 3.5 m/s which were related t@%2.

U

27.65%, 33.19% and 33.88% of stoichiometric air, ¥ A

respectively. Then, the heating values and
components of the obtained producer
investigated. The experimental procedure was é&swel

(1) The sugarcane trash was prepared with about 1
kg for each batch of the experiment.

)

3)
adjusted to 2.0 m/s

the,
gas were

The fuel was entered and arranged in the reactor. S&&
The blower was started and the air velocity was §

(4) A fire was lit and the outlet valve at the exitthé Fig. 4. Firing of teh obtained producer gas.
reactor was opened.

(5) The VeIOCIty. of the producer gas was meas_ured Table 2. Component and Heating Value of Producer Gas
for calculation of the energy conversion
efficiency. Type of  Component of Producer gas Heating

(6) The producer gas was collected in order to Fuel (%) Value3(MJ/
analyze the heating value and gas components. CO H, CH, CO, N, Nm”)

7 When the fire was extinguished, the combustion Sugarcane 17.3 149 45 84 549 6.22
time was recorded in order to know the amount of trash
producer gas per kilogram of fuel.

(8) The air velocity was varied from 2.0 to 2.5, 3.0 Paim shell 14.711.8 0.8 21.451.3 381
and 3.5 m/s, respectively, and then experimental Longan 213 208 53 214312 7.73
steps (3) — (6) were performed again. peel

The fuel was changed from sugarcane trash to palm Eucalyptus 19.6 7.6 2.3 16.254.3 4.53

oil shell, longan peel and eucalyptus, respectiaig
experimental steps (1) — (8) were performed adaithe
case of sugarcane trash, an additional experimest w
conducted by varying the length of the fuel from-180
mm.

4. RESULTS AND DISSCUSSIONS

4.1 Producer gas component and heating value

From the experiment, it was found that the designed

downdraft gasifier could produce the producer gat @
firing test of the obtained producer gas was tested
shown in Fig. 4. The maximum quantity of produces g
was obtained at an air velocity of 3 m/s. This e#io
was converted to an air flow rate equal to 0.013%¥m
This value was about 33.19 % of stoichiometric Bor
one kilogram of the fuel, the volumes of the prastugas
obtained from sugarcane trash, palm shell, longzal p
and eucalyptus were 2.46, 2.45, 2.3 and 2.4%kgmn
respectively. The heating value of each fuel was

calculated from the component of the producer gas

which are shown in Table 2. The results revealed th
longan peel had the maximum heating value which wa
7.73 MJINNf or 17.77 MJ/kg. The next highest values
were from sugarcane trash, eucalyptus and palm she
which had heating values of 15.3, 10.92 and 9.3&&J
respectively. (see Fig. 5)
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Fig. 5. Heating value of producer gas from each binass.

Considering the producer gas production from
ugarcane trash, it was found that the best comdftr
roducer gas production was at 3 m/s of air vejoaitd
0 mm. length of the compressed sugarcane trash. Th
producer gas was composed of CO,,(Hp, CO, and N
with volume ratios of 17.31%, 4.47%, 14.85%, 8.40%
and 54.37%, respectively. Moreover, the resultead
that the heating value of producer gas was 6.2NmM3/
or 15.3 MJ/kg. The heating values of the obtained
producer gas, which varied according to the aipeigy
and the length of the fuel, are shown in Fig. 6 @able
3. The results also revealed that the maximum tgati
value of the producer gas was obtained at theeddrcity
of 3.0 m/s for all lengths of the compressed fldie
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component of producer gas at 3 m/s for all lengththe this condition was higher than that of the other

fuel are shown in Fig. 7. conditions.
From the experimental results, it was found that
suitable conditions for producing the producer fyjam Table 4. The Reactor Temperature.
sugarcane trash were at the air velocity of 3.0 ang
the sugarcane trash length of 30 mm. These conditio ~Sudarcane Temperature fC)
can be applied to implement in the practical indust Itrasm Drying Pyrolysis Combus Reduction
engt zone  zone  -tion zone
; zone
. 10 mm. 100 250 900 850
E 5 ] 20 mm. 120 340 920 870
z , ~—2m/s 30 mm. 120 250 930 890
R *i'fn?“f 40 mm. 130 460 920 870
% 2 //\/ —<3.5m/s
i 4.2 Energy Conversion Efficiency
0 To find the energy conversion efficiency, equatitm
10mm 20mm 30mm 40mm (9) was used. The conversion efficiencies of sumzec
The length of the compressed sugarcanc trash palm oil shell, longan peel and eucalyptus wer®&%h,

66.53%, 93.64% and 53.55%, respectively. (See Table

5.) These results were considered when the aircitglo

was 3 m/s. In the case of the compressed sugaticesie

) it was found that the energy conversion efficieaciere

Table 3. Heating Value_of Prod_ucer Gas from Sugarcamn 65.0%, 80.05%, 81.38% and 56.22% for fuel lengths o
Trash at air velocity of 3 m/s. 10, 20, 30 and 40 mm, respectively.

Fig. 6. Heating value of producer gas from each Igith of
compressed sugarcane trash.

Sugarcane Producer Gas Heating Heating

trash Flow rate Value Value Table 5. Energy Conversion Efficiency for Sugarcane
length  (Nm%Kkg fuel)  (MJ/ (MJ/kg Trash.
Nm®) fuel) : : 0
Type of Heating Gas Flow Heating 1gas(%)
10 mm. 2.42 5.05 12.22 biomass Value rate Value
20 mm. 2.81 5.36 15.06 (MIkg) (Nm7kg) (MI/Nm)
30 mm. 2.46 6.22 15.30 A B c (BxC)/
(A)x100
40 mm. 2.3 4.40 10.12
Sugarcane 18.88 2.46 6.22 81.05
trash
60 Palm oil 17.84 2.45 3.81 66.53

w0 shell
0 Length Longan 18.98 2.3 7.73 93.64
B 10 mm peel
30 B 20 mm
0 mm Eucalyptus 18.56 2.4 4.53 53.55
I I =40 mm
.
co H2 CH4 co2

Componcent of producer gas

Percentage of volume (%)

=
o

5. CONCLUSSION

Four types of biomass: sugarcane trash, palm eil,sh
longan peel and eucalyptus, were tested as fuetkein
designed downdraft gasifier. The gasifier was dble
Fig. 7. Component of producer gas. produce the producer gas for using all fuels. Tineumnt

of obtained producer gas and its heating values and

Considering the reactor temperature for sugarcanéOmponents were investigated. From the experimient,
trash, it was found that the range of the reactorWas found that sugarcane trash, palm shell, lomgset,
temperature was between 100 — 93D as shown in eucal_yptus and coconut shell could produce theslmexd
Table 4. The temperature of the combustion zone wadas in amount of 2.46, 2.45, 2.3 and 2.4 "Mg
between 900 — 938C. The maximum temperature of the €SPectively. The heating values of each fuel vigrs,
combustion zone occured at a length of 30 mm. This9-33, 17.77 and 10.92 MJ/kg, respectively. Thedaega
indicated that a lot of carbon dioxide, which ocedrin ~ Were the maximum heating values for each fuel which
this zone, was decomposed into carbon monoxidaen t occurred when the air velocity was 3 m/s. The arhoéin

reduction zone, with the result that the heatingewdor ~ Producer gas produced from the gasifier dependetieon
air flow rate and the size of the fuel. The flovteraf

Other
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supply air, which was optimal for this gasifier,sWaund [6]

to be 0.01 Nrifs or 33.19 % of stoichiometric air. In the
case using sugarcane trash, the optimal size of the
compressed sugarcane trash was found to be 30 mm.

Furthermore, the energy conversion efficiency wias a [7]

determined and it was found that the energy comwers
efficiency was between 53.55 — 93.64%. The producer
gas obtained from sugarcane trash and agricultural

residues can be used as a substitute for fosdildue [8]

charcoal in direct heat applications. If this gasifvas
used in a household instead of a charcoal brazieP&
stove, it could reduce the energy expenses for the
household and reduce the overall imported energysco
for the country.

The advantages of the gasifier used in this stuerew
easy to construct, low cost of production and
maintenance. It can also be used to produce trdupeo
gas from various types of biomass, and due the adeth
of use is not complicated, it can be simplifieditidize in
the household. On the other hand, using of some
biomass, it needs to grind and compress the biomass
which causes the high energy consumption. Sinae, th
gasifier was run on the batch mode, the usabilibhet
should be long enough for maximum benefit.
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