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Abstract | Energy is a crucial factor and a capital of a country’s resources leading indicator. World’s energy
focus is shifting towards alternate renewable, cheap and environment-friendly resources that can provide
long-term sustainability for survival. Due to the fossil fuels depletion and their ever-growing cost, the need
to shift focus towards renewable energy resources has increased a lot. To overcome the above-said problems,
there is a need to look for a feasible and robust solution for thermal applications in remote areas. Biomass
gasification proved to be one of the most efficient and clean waste-to-energy conversion processes in contrast
to direct combustion of agricultural waste. Other than controlled burning of biomass, it can be subjected for
different purposes like a thermal, synthesis of ethanol, engine running, and for fuel cell applications. An ex-
cessive amount of impurities like char, ash, tar, and particulate matter are making these syngas non-feasible
for thermal or engine applications. To overcome the above-stated problem, a downdraft gasifier with cyclone
separator and hybrid biomass filter was fabricated using locally available materials in the workshop of the
Dept. of Farm Machinery and Power at the University of Agriculture, Faisalabad. Uniform distribution of
2.54-5.08 cm? sizes of feedstock was used for gasification. Air was used as a gasifying agent. The reactor ca-
pacity was 0.19 m?*. The values of performance parameters for wood waste and corncobs were recorded as fuel
consumption rate (0.002195, 0.002323) kg-s™, the volume of gas produced (24.56, 26.33) m?, operating time
(5480, 5164) s, cleaning unit efficiency (81.79, 79.9) % and gas yield (2.04, 2.19) m*-kg™.
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Introduction

I i:verything, in essence, is about energy. Energy has
a key role in the stability of a country and is at the
forefront of social, environmental and financial secu-

rity problems (Seyfang and Haxeltine, 2012). Energy

streams have a crucial part in the evolving and finan-
cial advancement for a country. Being a developing
nation, Pakistan is meeting with severe energy crisis,
decelerating its economic development. Energy re-
quirements in Pakistan are generally fulfilled by oil,
liquefied gasoline, and natural gas resources. In elec-
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tricity generation, these reserves contribute about 85
% of the total electricity generation (Kopyscinski ez
al., 2010). While the contribution of renewable re-
serves, nuclear and hydroelectric resources add up to

1.1 % and 9.2 % (Baloch ez a/., 2016).

Energy requirements are increasing day by day due
to the high population of the country. Fossil reserves
continued as the leading mover in universal economic
growth during 21st century. But these oil deposits are
diminishing very rapidly. The change in oil supplies
is thus the only definitive choice for the dominant
industrial field. Fossil fuels contributes almost 63 %
of total world energy demand (Atilgan and Azapag-
ic, 2015). Keeping in view the above stated problems,
we cannot depend upon diminishing resources. Paki-
stan is blessed with the vast and widespread quantity
of biomass which refers to the raw product obtained
from any plant derived organic material (Ibrahim ez
al.,2011). Biomass is an inexpensive, renewable, and
easyly-available energy source that can be used for in-
ternal combustion engines, compressor operation, and
thermal power application. There are various types of
biomass sources, such as energy crops, agro-industri-
al waste, agricultural crop residues, residential solid
waste, and forest residues. The fuel value of total an-
nual agricultural residue produces is projected to be
2.52 x 1012 GJ. Biomass is the fourth largest energy
stream after three main fossil fuels (Kopyscinski ez a.,
2010). Global biomass production is assessed to be
146 BMT/year (Heinimé and Junginger, 2009).

In many developing countries, biomass accounts for
meeting 50-90 % of total energy requirements (Mas-
soud et al., 2009). Estimated amount of crop residues
production in Pakistan is 3.17 BMT/year (Anwar ez
al., 2014). The total estimated energy potential from
biomass in Pakistan is 50,000 GWh/year (Farooqui,
2014). Other applications may include home cooking,
water heating and other important applications. With
its positive features such as large abundance, ease in
availability and low carbon emission, it meets all re-
quirements of a good energy source. There are various
ways of transforming biomass to energy, but primarily
two key routes are used: thermochemical conversion
and biochemical decomposition.

‘Thermochemical methods include processes like di-
rect burning, pyrolysis, and gasification. Direct com-
bustion is a typical process of disproportionate and
least productive CO, emissions. Out of these three
processes, gasification is most effective, environmen-

tally sustainable and has a high conversion rate com-
pared to direct burning and pyrolysis. Biomass gasifi-
cation is the most feasible owing to its higher thermal
performance, the fast removal of contaminants and
the output of gas from the fuel source (Cali ¢# a/.,
2020). The gasification process produces lower levels
of toxins compared to pyrolysis and carbonization.
This mechanism is takes place at high temperatures
(500-1400) °C with incomplete combustion resulting
in the output of methane.

Biomass gasification is an energy conversion tech-
nique that generates heat as well as synthetic gas.
'This gas is then subjected for many applications ther-
mal, running ICE, compressors, gas turbines and fuel
cells for power generation (Buonomano ez a/., 2015).
However, conventional methods for the biomass uti-
lization include burning in the fields, domestic fuel,
and industrial thermal applications. Direct burning of
biomass at household is simply wastage of resources
and deteriorating ozone layer by CO, gas emission in

the atmosphere (Choudhary ez a/., 2011).

Rather than direct combustion of biomass, it is a fac-
tual, viable, ecologically feasible choice to convert bi-
omass to producer gas to diminish the hazardous sub-
stances addition into the atmosphere such as direct
submission of heat, CO,, smoke, and various other
pollutants. Also, direct burning of biomass is thermo-
dynamically least efficient which means no other than
but resource wastage (Zhu ez al., 2019). The gas from
central gasification plant could be distributed to vari-
ous utilization stations. The prime benefit of gasifica-
tion is the vision of changing dense carbonaceous fuel
into clean producer gas in a way that it could retain
(70-80) % chemical energy. It is also estimated that
1 kg of biomass can produce 2.5 m® of synthetic gas
upon gasification (Mustafa ez a/., 2017). Also, almost
4.5 m? of air is required for the biomass gasification.
For the process to run smoothly and to ensure the
uniform gas flow through pipes and blower, it is op-
timistic to clean the primary impurities from the gas.
'This method is more flexible and efficient in areas of

ample biomass feedstock (Kumar and Shukla, 2016).

The elemental analysis of syngas consists on mainly
CO, H,, CO,, CH, contents and the pollutants in-
clude char, ash particles, tar and traces of oil and wa-
ter. In order to get clean gas, the product gas must
be treated for its impurities and other toxic materi-
als. Fan ez a/. (2020) examined the outcome of Torre
faction pretreatment on gas generation and Tar pro-
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duction from CLG of crop residue which proved a
resourceful approach for good quality gas produce.
Thengane ez al. (2019) showed in his research the
benefits of using mixed gasification if high ash (bi-
omass + Charcoal) for reduction in emissions. Thapa
et al. (2017) also worked and developed the biomass
filter for purification of synthetic gas produced by
gasification process. A multiple cyclone separator de-
sign was also used for removal of fine particles from
syngas (Hattingh ez al., 2016). According to a study
by Zhang e al. (2012), combination of mop fan and
an electro filter best proves best for elimination of fine
particles, tar and other impurities.

'The main objectives of this research were fabrication
and performance evaluation of syngas cleaning unit
tor downdraft gasifier. Biomass waste is one of the
plentiful and readily available energy options. It is the
need of the day to use certain sources of energy that
have stayed unattended and make a major contribu-
tion and national energy production. In rural areas,
biomass waste is abundant and is primarily used for
direct burning purposes, contributing to loss of en-
ergy, environmental degradation, and other health
problems. Agricultural waste and other solid biomass
teedstock can be converted into a syngas that can be
applied directly for thermal and heat applications.
This syngas generates a portion of impurities like
tar, moisture formation, dust and particulate matter
and other impurities that need to be removed from
the gas for smooth operation of reactor. Keeping in
view the above-mentioned shortcomings faced in this
technology, a gasifier reactor along with its cleaning
unit comprises from cyclone separator and hybrid bi-
omass filter was fabricated.

Material and Methods

Biomass gasification is a clean, imperishable with
lowest CO, emission. Keeping in view the shortcom-
ings faced in this process, a downdraft gasifier reac-
tor along with its cleaning units comprises of cyclone
separator and hybrid biomass filter was fabricated in a
way that it would remove most solid particulate mat-
ter, ash deposits, impurities like tar and moisture con-
tent from the producer gas (Szul e a/., 2020). Hybrid
biomass filter was fabricated with the aim to remove
the tar and remaining impurities farther into exit pipe.
Gasifier reactor along with cyclone separator and hy-
brid biomass filter was fabricated in the University of
Agriculture, Faisalabad. Two different biomass feed-

stocks (wood waste & corncobs) along with three ig-

nition times (60, 180, 300 s) were taken for measuring
their effect on the following parameters. Performance
of this gasifier system was examined with the parame-
ters i.e.volume of gas produced, fuel consumption rate,
operating time, tar removal efficiency and gas yield.

Detailed overview of downdraft gasifier

The downdraft gasifier mainly contains four main
components reactor, cyclone separator, hybrid bio-
mass filter and blower (Figure 1). The gasifier system
was fabricated with mild steel (IMS) sheet 1.52 mm
thickness having weight 11.9 kg/m?. The reactor was
made air tight and light weight. Size of reactor is pro-
vided for longer running and ease of drying from the
internal heat of comigbustion. Primarily, four pro-
cesses take part towards complete gasification reac-
tion. With drying process in the top most section of
gasifier reactor to evaporate the unwanted water va-
pors from the biomass to precede the process towards
pyrolysis. This occurs as the feedstock is exposed to
rising temperature in the gasifier. Both drying and
pyrolysis reactions are endothermic taking up large
portion of thermal energy produced from combus-
tion. Subsequent temperature in drying is observed
at 150 °C and in the pyrolysis zone up to 700 °C. In
Pyrolysis, devolatization and breaking of the weaker
chemical bonds occurs, releasing volatile gases such
as tar vapors, methane, and hydrogen, along with
producing a high molecular weight char which will
undergo gasification reactions. In combustion zone,
the volatile products and some of the char react with
limited oxygen to form carbon dioxide (CO,), carbon
monoxide (CO), and in doing so, provide the heat
needed for subsequent gasification reactions and rais-
ing the temperature up to 1400 °C. In reduction, the
remaining char reacts with CO, and steam to produce

CO and hydrogen (H,).

Figure 1: Isometric view gasifier system; A) Gasifier reactor, B) Hy-
brid biomass filter, C) Cyclone sepatator, D) Suction system, E) Noz-
zles, F) Pressure safety valve, G) Circular grate, H) Air entry valve,

I) Firing valve, J) Ash removal prot, K) Gas exit prot.
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Temperature in the reduction zone lowers to 1100
°C with water-gas-shift and methanation. These are
separate reversible gas phase reactions taking place si-
multaneously based on gasifier conditions. These are
minor reactions which play a small role within in the
gasifier. The produced syngas from reactor is drifted
through cyclone separator of 100 mm internal diam-
eter and barrel length of 304 mm with cone length of
154 mm. It has gas entering, gas exit and ash drop-
ping pipes sections of 75 mm diameter. The coarser
impurities dust, char, ash deposits and tar are elimi-
nated from the gas with centrifugal action of cyclone
vortex generated inside cyclone separator. This partial
treated syngas is further treated via hybrid biomass
filter made from consecutive layering of fine shavings
of wood and corncobs. It has total length of 304 mm
with three sieves of 279 mm diameter each distancing
at 75 mm from each other. Gas entry is made through
the bottom side of filter with a pipe of diameter of 75
mm and gas exit is provided with subsequent treat-
ment through sieves towards the upward direction
with a pipe of 50 mm diameter. Remaining tar, fine
matter and water vapors from the syngas are removed
in this filter. For the smooth and efficient running of
gasifier system, moisture and particulate matter re-
moval from syngas is the foremost requirement to
prevent any fouling of blower due to tar deposit on
its impeller.

Performance evaluation of downdraft gasifier system

OperatingTime: 'The running time for the gasifier by
filling the hopper in full capacity is called operating
time. It was measured using smarphone stopwatch in

seconds (Ojolo e al.,2012). It is denoted by Ot.

Volume of Gas: The volume of gas can be calculated
in a simple way. The cross-sectional area and velocity
of gas was recorded (West and Photiou, 2018). The
gas velocity was measured at the exhaust side of the
blower in (m/s). It is described with V. Flow rate of
gas was calculated using this formula:

Vg =V X AXO0t..(1)

Where;
Vg: Gas volume (m?®); V: Velocity of gas (m/s); 4:
Cross-sectional area of pipe (m?) and O#: Operating
time (s).

Gas Yield: Gas yield is the amount of gas produced
from the gasification of per kilogram of biomass

teedstock (Upadhyay ez al., 2018). It was measured

by dividing the total volume of gas by total weight of
biomass feedstock.

=Yg
Gy = (2)

Where;
Gy: Gas yield (m/kg); Vg: Gas volume (m?) and Wé:
Weight of feedstock (kg).

Fuel Consumption Rate: The fuel consumption rate
is the amount of biomass feedstock used during gas-
ification per unit of operational time (Grandhi ez a/.,

2018).

_wp
FCR=—..(3)

Where;
FCR: Fuel consumption rate (kg/s ); Wb: Weight of
biomass (kg); Oz: operating time (s).

Specific Gasification Rate: The specific gasification
rate is the quantity of biomass consumed per unit of
operating time per unit of grate area. It was measured
using the following equation (Ojolo ez al.,2012).

Wb

S5GR=———..
Ra x Ot

-(4)

Where;
SGR: Specific gasification rate (kg/s-m?); Wb: Weight
of biomass feedstock (kg); Oz Operating time (s).

Cleaning Unit Efficiency: Tar removal efficiency
of the cleaning unit is estimated by measuring the
tar contents by gravimetric method prior and after
cleaning of syngas (Awais ez a/., 2018). It is denoted
as TRE in (%).

Ti—T
E= !

Ti

X 100 ....(5)

Where;
CE: Cleaning unit efficiency (%); 7' Initial tar weight
(mg) and 7} Final tar weight (mg).

Experimental procedure

'The study trials have been conducted to estimate the
effeciency of gas cleaning unit and working of down-
draft gasifier. Wood waste and corncobs were used
as a gasifying source for the experiment. During the
perfromance evaluation of downdraft gasifier system
several other parameters like operation time, volume
of gas produced, cleaning unit efficiency, gas yield
and fuel consumption rate were assessed. The gasifier
reactor should be completely filler up to its neck to
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remove any void space present in the reactor. Top lid
and reactor perphery should be submerged with water
to prevent entry of air frop top section. Air was used as
a gasifying medium. Double walled reactor was used
to provide air as a insulation medium. Cyclone seper-
ator and biomass filter were used as cleaning unit for
removal of unwanted materials. Diameter of cyclone
was 100 mm with three openings. Gas is enetred hori-
zontally and exited from a little higher point being
at negative pressure. Ash and particulate deposits are
collected in collection port and removed using dead
cap. Whereas, hybrid biomass filter is designed on the
basis of residence time of fuel in the reactor. It helps
in removing water content and suspended impurities
by using it’s three layers biomass sheets. Two gas inlets
are provided at bottom while exit is at the top layer.
'This gasifier is a viable technology in providing hand
to hand assistance in handling plentiful amount of bi-
omass on rural scale for domestic applicatoion. Fixed
amount of biomass was used for gasification with the
help of digital weight balance. Anemometer was to
measure the velocity of gas at the exit pipe of system.
Gravimetric tar analysis was performed to measure
tar before and after cleaning of syngas (Palma, 2013).
A helical shaped cooper condenser was used to collect
tar from the producer gas. The diameter of the helical
spring was 9 mm and length of 3000 mm. The helical
condenser was weighed initially and then immersed
in chilled water to maintain temperature between 4
and 6 °C. The gas was then passed through the helical
condenser where tar was condensed. Final weight of
the helical condenser was noted. Tar collected in the
helical condenser was collected and solubilized in ac-
etone. Later, it was dried in the oven at temperature
over 50 °C to evaporate the acetone.

Results and Discussion

Performance evaluation of gas cleaning unit
The syngas cleaning unit of downdraft gasifier was

Table 1: Measured data and efficiency of gas cleaning unit.

tested using two different biomass feedstock and at
different operating conditions. Wood shavings and
corncobs (pith) was used as two different feedstocks
of varying characteristics. Air was used as a gasify-
ing agent to oxidize the biomass inside the reactor.
Feedstock was trialed at three consecutive intervals of
ignition time to check the performance of gasification
system. Three ignition time were set as (60, 180 &
300) s respectively. The measured data was statistically
analyzed to observe the effect of ignition time and
biomass feedstock on the performance parameters

(Table 1).

Operating time of gasifier

The operating time of gasifier system significantly in-
fluences the working of a gasifier. 12 kg of biomass
feedstock was used for filling the reactor. Time was
recorded with the help of smartphone stopwatch in
seconds. The feedstock should be uniform in size and
it was crushed with the help of crusher into 1-2 in?
pieces. The moisture content of biomass feedstock
was also kept minimum 12-14 % to obtain good qual-
ity of syngas and smooth running of system. Moisture
content of the biomass feedstock was reduced with
the help of oven dry method. Recommended mois-
ture content range is below 20 %.

Moisture content was measured with the help of
oven dry method. The velocity of gas was recorded
with anemometer in regular intervals to calculate the
mean average velocity of gas. For the less time the
teedstock was ignited, operating time increased sig-
nificantly. This was because the heat formation and
the rate of pyrolysis process reduced to an extent to
produce limited amount of char content and vola-
tile matter production. Due to reduced char content
combustion process produced a very less heat and
resulting products from char, causing a certain delay
in the uniformity of reactor smooth gas production.

Se#  IT(s) FT Ot (s) Vg(@m?®  FCR (kg/s) SGR (kg/m?/s) Gy (m*kg) CE (%)
1 60 wood waste 5784 22.33 0.002075 0.0692 1.86 79.79
2 180 wood waste 5520 24.33 0.002175 0.0725 2.03 81.51
3 300 wood waste 5136 27 0.002338 0.078 2.25 83.77
4 60 Pith 5460 24 0.002197 0.0732 2.00 78.17
5 180 Pith 5100 26 0.002352 0.0784 2.17 79.62
6 300 Pith 4944 29.33 0.002427 0.0809 2.44 82.21

I'T: Ignition Time; FT: Feed Type; Ot: Operating Time; Vg: Volume of Gas; FCR: Fuel Consumption Rate; SGR: Specific Gasification

Rate; Gy: Gas Yield; CE; Cleaning Unit Efficiency.
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And ultimately total operating time for less ignition
time is increased. Operating time in case of wood
waste was higher due to its higher bulk density in
comparison of corncobs. As shown in Figure 2, the
denser and uniform shape of corncobs, throat bridg-
ing was minimum, and a uniform downward move-
ment of feed was established towards combustion and
reduction zone. Ultimately, rate of chemical reactions
was fast in case of corncobs rather than wood waste.

Figure 2: Opemting time in response to treatments.

Volume of Gas produced from Gasifier

'The volume of gas was estimated based on the ve-
locity of gas at the exit side and by considering the
operating time. Quantity and quality of gas produced
during gasification had quite a vital role in estimat-
ing the overall efficiency of the gasifier system. Due
to the minimization in the pyrolysis reactions, char
content and volatile matter formation was lowered to
certain level.

Reduced volatile matter and char content cause a
deficiency in heat formation and the number of re-
actants (char) for combustion process. Heat released
from exothermic reactions in the combustion zone
was dropped to a level causing the minimum trans-
tformation of CO, and H,O into CH,, CO and H..
Maximum gas production noted for treatment six
29.33 m® was due to peak ignition time 300 s and the
feedstock was corncobs that had lower bulk density
that wood waste taking up less time to achieve uni-
formity in combustion (Figure 3). Also, soft materials
increase gas production due to low thermal decom-
position temperature. Shallow feed with maximum
porosity of corncobs supports the chemical reactions
inside combustion zone. It was established from the
literature that thermal decomposition of corncobs be-
gan at lower temperature leading to faster reactivity in

the chamber creating more amount of gas (Anukam

etal.,2017).

Figure 3: Volume osf gas produces in response to treatments.

Fuel Consumption Rate of Gasifier

Normally, gasifiers have (0.00055-0.0030) kg-s™ of
fuel consumption rate (Chawdhury and Mahkamov,
2011). Other important properties in explaining the
rate of consumption are bulk density, size and uni-
formity distribution, moisture content and volatile
matter in the biomass feedstock. The fuel consump-
tion rate observed for three different ignition times
(60,180 & 300) s respectively showing the increasing
trend in fuel consumption rate (0.002134, 0.002261
& 0.002383) kg-s* (Figure 4). Fuel consumption
rate reported from the literature for wood waste was
(0.0008611, 0.002778) kg-s? (Laohalidanond ez a4/,
2017).

Figure 4: Fuel consumption rate with respect to treatments.

As less time, the feedstock was ignited, operating time
increased significantly. With more ignition time, ex-
tra heat addition will lighten up thermal losses result-
ing in balancing the thermal deficient caused during
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process start up. The fuel consumption rate observed
for two different biomass feedstocks (waste wood &
corncobs) respectively showing the varying trend in
tuel consumption rate (0.002195 & 0.002323) kg-s.
'This was due to varying properties of both biomass
teedstocks. The very first reason of lower rate in case
of wood waste is its higher bulk density. The shape of
waste wood pieces resulting in excessive throat bridg-
ing. Also, proximate analysis of wood and corncobs
had significant different portion of volatile matter,
ash content and fixed carbon.

Gas Yield of Gasifier System

'The quantity of gas yield observed for three different
ignition times (60, 180 & 300) s accordingly present-
ing the growing pattern for gas yield (1.93, 2.09 &
2.33) m3-kg!. Overdue ignition reduced the amount
of heat produced during the initial stage to withstand
drying and pyrolysis reactions. As the rate of pyrolysis
reactions slowed down, char content and volatile mat-
ter formation was dropped to certain level. Reduced
volatile matter and char content rooted for a deficit
in temperature increase and the amount of char con-
tents reduced to limit the combustion reactions. Tem-
perature drop reduced the transformation of CO, and
H,O into CH,, CO and H.,."Thus, gas production was

reduced and vice versa.

Figure 5: Effect of feed type and ignition time on gas yield.

'The average gas yield obtained was 2.12 m*-kg™. The
gasyield accessed for two different biomass feedstocks
(waste wood & corncobs) consequently displaying
the dissimilar tendency in gas yield (2.04 & 2.19) m?*-
kg. Notable physical features of biomass feedstock
(Figure 5) that had a strong impact on gas produc-
tion rate are bulk density, softness, size of particles
& shape. Thermal decomposition of wood waste oc-
curred at lower temperature as compared to corncobs

because corncobs has lower density. Thus, reducing
gas yield. Also amount of oxygen in the wood waste
largely deprived the reduction and combustion reac-
tions from generating enough heat to remove oxygen
from the final syngas composition. It was evident that
gas yield reported from literature for wood waste and

corncobs was (1.5, 2.0) m3-kg! (Omar ez al., 2017).

More carbon content in the corncobs preceded the
reaction towards higher carbon conversion efficien-
cy, leading to more amount of gas produced per unit
mass of feedstock. Due to the dense and uniform na-
ture of corncobs minimizes the slagging, resulting in
higher gas yield. Corncobs having higher volume of
gas is due to their high volatile matter content, mak-
ing their gasification process progress rapidly. The av-
erage gas yield was 2.12 m*- kg™'. Shallow feed with
maximum porosity of corncobs supports the chemical
reactions inside combustion zone.

Efficiency of Gas Cleaning Unit

'The syngas cleaning unit comprises of cyclone separa-
tor and hybrid biomass filter was coupled with gasifier
reactor. The syngas produced from the gasifier contain
large amount of impurities that need to be cleaned by
passing it through cleaning unit. Amount of tar pres-
ent in the gas had a noteworthy part in determining
the smooth running of the system. The cleaning unit
efficiency detected for three diverse ignition times
(60,180 & 300) s consequently revealing the increas-
ing trend for tar removal efficiency (78.97, 80.56 &
82.98) %. For a fixed amount of biomass feedstock,
while the ignition time was reduced to 60 s, the tem-
perature distribution inside the reactor was insufh-
cient causing irregular drying and pyrolysis process to

precede (Figure 6).

Figure 6: Cleanin g unit efficiency with respect to treatments.

Elevation in the temperature inside the reactor conse-

quently dropped and indirectly affecting the thermal
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cracking of tar in the oxidation zone (Basu, 2013).
And the total amount of tar yield was increased and
reducing the overall cleaning unit efficiency of the gas
cleaning unit and vice versa.

'The cleaning unit efficiency accessed for two unlike
biomass feedstocks (waste wood & corncobs) exhibit-
ing the alike leaning for tar removal efficiency (81.68
& 79.99) %. Thermal decomposition of wood waste
occurred at higher temperature as equated to corncobs
because corncobs has lower density. Thus, reducing tar
content and increasing the tar separation efficiency. It
was observed that cleaning unit efficiency was high-
er than already reported literature values of (72.74)
% (Awais et al., 2018). Greater density of feedstock
required more decomposition temperature of (900-
1300) °C that aids up in tar products conversion into
burnable gas constituents like CO, H, and CH, in the
the reactor. Waste wood formed less tarry content in
relation to corncobs. The tar generated for corncobs
was more because it disintegrated at lesser temper-
ature. But at this temperature the cracking of tarry
products was not high enough as related to higher
breakdown temperature of wood waste that also aids
in higher cracking of tarry products.

Conclusions and Recommendations

'The results of this study showed that operating time
was found higher (5480 s) for wood waste (fuel) in
contrast to corncobs (5164 s) resulting in longer run-
ning time of the system. Based on this result wood
waste is more efficient as the recharging frequency
decreases significantly. Moreover, cleaning efficiency
(82.98 %) and fuel consumption (0.002383 kg-s™)
were found higher at maximum ignition time (300 s)
as the tar cracking was enhanced by higher temper-
ature inside the reactor. On the other hand, gas pro-
duction from corncobs (26.33 m?®) and wood waste
(24.55 m’), higher for corncobs. Mean efficiency of
the cleaning unit was observed at 80.84 % while gas
yield for wood waste and corncobs were 2.04 m*-kg™
and 2.19 m’- kg™ respectively.

'The study also suggested that gasification rate could
be enhanced while tar yield could be decreased by
adding the suitable catalyst in the hearth bed. Use of
blended mixture of feed stocks may significantly en-
hance the gas production. The thermal efliciency of
gasifier system could be tested with proper insolation
to minimize conduction and radiation losses.

Novelty Statement

In present study, a novel downdraft gasifier with cy-
clone separator and hybrid biomass filter was fabri-
cated. This technology will help in judicious use of
biomass waste leading to energy and environment
conservation.
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