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Abstract: Tar, as is well-known, can affect the gasification operating system, so tar generation
should be reduced. By adjusting the air flow rate, this study is expected to limit tar generation. This
research will use wood pellets to limit the amount of tar produced during gasification. In experiments,
wood pellets contained 2% moisture and air flow rates ranged 40, 60 and 80 Liters/min. Gravimetric
and Gas chromatography-mass spectrometry measurements were also conducted to evaluate the
amount and density of tar. The amount of tar products decreased as the air flow rate increased.
According to the research, phenol is the most prevalent component of tar, whereas indene is the least
common. When the air flow rate was the highest (80 Liters/min), the least amount of tar was produced.
Tar compounds will be used to determine tar quantification. The characteristics of Class 4 (LPH) and
Class 5 (HPH) tar were radically changed by increasing the air flow rate.

Keywords: Air flow rate; Gas Chromatography and Mass Spectrometry; Tar Quantification; Tar

Characteristics.

1. Introduction

Biomass is a prospective, sustainable, and new
renewable energy source that contributes for the overall
demand to power and also acts as a fuel source for
producing producer gas. Biomass is particularly important
in rural areas, where it meets the demand for local energy'~
3. Moreover, biomass-to-energy conversion is one of the
viable technologies for replacing fossil fuels*?”. Several
methods can be used to turn biomass into energy. One of
them is gasification, which makes products that are more
efficient and have less tar. Gasification is a type of
oxidation that usually happens at temperatures above 500
OC. During this process, a solid biomolecule is turned into
H; and CO®?).

In biomass innovation, woody biomass, an organic
material made from lignin, is used as a feedstock. Using
feedstock means that there is not much tar in biomass
gasification. This study used wood pellets, a type of
woody feedstock because they are easy to get, cheap, and
portable!?. To achieve the high efficiency and the lower

tar content, a downdraft gasifier was employed in a
gasification process that created producer gas and tar.
Some of the hydrocarbons in tar are arranged in five rings,
and some of them are aromatic molecules that can be
oxygenated, making tar a polycyclic aromatic
hydrocarbon (PAH)"'"'¥. The European Commission's
Energy Directorate General (DG XVII), the International
Energy Agency (IEA), and the United States Department
of Energy (DOE) all use the exact interpretation of tar. It
is all hydrocarbon compounds with a molecular mass
weight greater more than benzene are included in their
definition of tar'>!¥.

During the gasification process, tar was created when
condensable organic compounds interacted with the
product gas'>!9. It causes severe damage to machinery, as
coke forms in exchangers and valves become clogged. Tar
should be removed from the biomass system using various
methods'”. Since it causes damage and decreases
performance. Density measurements of tar components
were obtained using Gravimetric Analysis Machine (GA)
and also Gas Chromatography and Mass Spectrometry
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(GC-MS series QP2010 Plus by Shimadzu, Japan). Tar
compounds were categorized based on their molecular
weight!®. The chemicals were divided into five categories
based on their molecular weight and condensing behavior
in this investigation'®2%,

Little resecarch has looked at how air velocity
correlates to classifying and quantifying tar?*?>.
Therefore, this research has purpose to examine the
impact of air flow rate on tar quantification and
classification. Hiroaki Ohara and Katsuaki Matsumura
have a patent for a "Method and Apparatus for Collecting
Tar" with patent number JP 2009-40885 was published
Patent Office of Japan®®. Also, the tar quantification
identified the nine chemical compounds as being present
in all experiment.

2. Materials

2.1. Feedstock

Since wood pellets were easily accessible and
comparable in size to the gasification system equipment
utilized in the laboratory, they were utilized in this study.
A higher lignin content than competing feedstocks was
another factor in its selection. On average, a wood pellet
will have about 38 % cellulose, 17 % hemicellulose, 3 %
extractive, and 21% lignin.?’??. Lignin is a polymer made
of aromatic molecules blended with lignocellulosic
materials to hold cells together. It helps hydrocarbon
products stick together, leading to tar making®?. The wood
pellet measured 790 kg/m?, and had 6 mm diameter and
12 mm length. We used the Industrial Standard of Japan
to guide both the Ultimate Analysis (UA) and the
Proximate Analysis (PA). Both UA and PA may be seen in
Table 1, with natural feedstock components including C,
N, S, H, and O being employed for the qualitative
approach. The PA generated many characteristics,
including fixed carbon, volatile matter quantification data,
and feedstock ash'?.

As a first phase, the research requires drying the
feedstock using drying machine techniques (Dryer code
TTM-440N by Akira Higashi, Japan). After being dried in
the moisture content, the sample's original moisture of
around 7 wt.% decreased to about 2 wt.%. The moisture
level of the wood pellet feedstock will be checked using
moisture analyzer equipment (AND MF-50). Figure 1 (a)
and (b) Device the moisture content measurement
apparatus.

Table 1: Wood pellet components with Ultimate analysis (UA)
and Proximate analysis (PA)
UA (dry ash free, wt. %)

Japan Industrial Standard M8813

O (balance) 43.37
H 6.43
S 0.09

N 0.09
C (dry ash-free) 50.02
PA (dry basis, wt. %)
Japan Industrial Standard
M8812
Volatile Matter (dry base) 81.82
Fixed carbon 17.65

Ash 0.53
Low heating value (LHV) 15.37 MJ/kg-dry

— ©
Do o00DD

(@) (b)
Fig. 1: (a) The use of a tool Drying Machine (Dryer code
TTM-440N by Akira Higashi, Japan) (b) Device for Analysing
Moisture (MF-50 production of AND company)

3. Methods

3.1. Gasifier System

A schematic representation of the downdraft gasifier
system is shown in Figure 2. A gasifier, a chiller, a suction
pump, a soot remover, and a buffer tank make up the GC-
MS series QP2010 Plus by Shimadzu Japan, apparatus
used for analysis. The stainless-steel downdraft gasifier
had a 500 mm height and an interior diameter of 120.8 mm.
Only activated carbon should be employed in the gasifier
because it is the only material that can remove the tar from
producing gas. Thus, the shot removal apparatus utilized
in the experimental gasifier system is 1200 mm in height
and 320 mm in internal diameter. Figure 2 show the
downdraft gasifier diagram of experimental apparatus
used in the research.

Air for
gasifier reactor

Producer gas

flow rate
components Air for Exhaust gﬁs
measurement engine components

Producer gas )
flow rate for Tar measurement
tar sampling sampling

(Gas flow meter) No/CO:

Gas Adjusting

Cooler O V
remover
)

Suction  Buffer Mixer
pump tank

Pellet
holder
Y/

Fig. 2: The downdraft gasifier system block diagram

Seventeen thermocouples with K-type were installed as
a set of temperature monitors for the interior. The
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thermocouple with K-type must be placed close to the
gasifier's wall to stop the wood pellets from shifting. The
figure of gasifier system with the seventeen
thermocouples was shown in Figure 3 and Figure 4 depicts
the temperature distribution indicated by the
thermocouple.

®120.8mm
- |«

500mm

> %
o o_gF

o ¥

Fig. 3: The Gasifier with Thermocouples

Temperature Distribution

=40 L/min 60 L/min 80 L/min

Fig. 4: Temperature Distribution

We used a GL 820 data logger (Ohio, USA., production
of Data Instruments Inc.) to track the gasifier's operating
temperature, which ranged from about 400 to 600 °C. The
cooler was used to reduce the temperature of the producer
gas before the suction pump pulled it into the buffer tank.
The suction pump collected all the newly created gas and
stored it in the buffer tank. Compounds in the producer
gas were recognized and quantified by utilizing gas
chromatography and mass spectrometry with a TCD,
Argon carrier gas and Micro GC Agilent 490. The original
use of a reaction chamber was as a holding area before the
fuel or energy contained within it was put to use in the
vehicle's engine or other machinery3:32),

This investigation used a gasification workplace with
approximately 2% humidity and air flow rate at 40, 60,
and 80 Liters/min. Environment air in the air flow rate was
monitored at 40 Liters/min, and 60 Liters/min, and also 80
Liters/min using a gas flow meter at the gasifier's top. The
process was capped off by adding wood pellets with the
moisture content around 2% weight, which the gasifier
dried. The dry wood pellet was fed at a feed rate 5 kg/h
periodically®. In previous studies, it was determined that
wood pellets with low moisture content are preferable for

operation because, with low moisture content, the
gasification process produces less tar, and tar can cause
serious damage to the gasification equipment.

The equivalence ratio (ER) in gasification refers to the
ratio of the actual air/fuel ratio to the stoichiometric
air/fuel ratio required for complete combustion.The
equivalence ratio can be calculated in equation (1).

actual air/fuel ratio
ER = ( / )

- (stoichiometric air/fuel ratio)

(M

In the gasification of biomass, the stoichiometric
air/fuel ratio is typically around 0.25-0.3 (kg of air/kg of
biomass), depending on the composition of the biomass.
Assuming a biomass feed rate of 1 kg/min, the air flow
rates of 40, 60, and 80 Liters/min correspond to air/fuel
ratios of 40 Liter/min = 0.0533 kg air/kg biomass, ER =
0.178, and 60 Liter/min = 0.08 kg air/kg biomass, ER =
0.267, and also 80 Liter/min = 0.1067 kg air/kg biomass,
ER =0.356.

3.2. Tar Sample and Composition of Tar

We analysed the tar using Gravimetric and Cold Solvent
Trapping method (CST) in this probe. The CST method
was tested to sample of gasifier as long as gasification
process. Ethylene glycol used in CST method as a solvent
and also GC-MS was used to analyse the results®*3Y,
Ethylene glycol can work at temperatures between 250 °C
and -20 °C; however, we require temperatures below zero
to capture tar. Tar's density is employed in the gravimetric
measurement of tar's composition.

Different air flow rates of 40 Liters/min, 60 Liters/min,
and 80 Liters/min allowed for a simultaneous
differentiation in moisture content around 2% weight was
used in the experiment. Tar samples were collected
between the gasifier and the soot remover. The gasifier
uses more than 600 °C to create the "clinker". Since this
was an experiment, the temperature was kept between 400
and 600 °C by use control system, which is the gasification
process can be automated using a control system that
regulates the temperature by adjusting the flow rate of the
feedstock, the amount of air supplied, and the quantity of
ash removed. The second way is Gasification Chamber
Design, which proper design of the gasification chamber,
including its size and shape, can help to maintain a
uniform temperature and reduce temperature fluctuations.

Clinkering occurs during the gasifier's biomass
gasification process when ash melts and fuses into a
complicated, glassy slag. In addition, ash occurs when the
powdery residue of burned wood pellets is not combusted.
This clinker can sometimes obstruct the feed movement,
disrupting the gasifier's regular operation®**”. Using a
methodology that differs from that described in the draft
Tar Protocol CEN/TS 143:2005, tar samples were
collected®. With circulating gas, the CEN/TS 143:2005
standard applies the principle of liquid quench. The
impinger's bottles were split in half so one half could be
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heated while the other half could be chilled. This study
used the patented Apparatus, Method Collecting Tar. It
was found by Katsuaki Matsumura and Hiroaki Ohara
with Patent from Patent Office of Japan number 2009-
4088529,

The impingers bottles with a total of three bottles are
used to defrost the gas production from gasification
process from downdraft gasifier, catching tar sample in
gas phase using a contact surface method with glass beads.
Using this new technique can reduce the temperature of
the producer gas from maximum 250 °C to below -20 °C,
allowing for the collection of a representative sample of
tar. Impinger bottles are used to collect tar samples during
the gasification process; these bottles are easier to handle
and clean.

The tar collecting apparatus is shown in Figure 5. This
device removes ash, dust, and soot from the tar sample by
heating the producer gas to 250 °C. Three bottle vials were
used for collecting tar, each measuring bottle have
dimension in 300 mm total length and also 24 mm
diameter in wide. In order to contain the tar sample in
manufacturing gas, 30 ml of glass beads were added to
each container (AS ONE BZ-2, 1.5-2.5 mm). Glass beads
are used to increase the tar's contact area in the sampling
bottles before the tar is chilled to -20 °C in a dewar vessel
containing ethylene glycol as an antifreeze. In this
experiment, tar samples were collected using a
gasification system after a gasifier, and before soot
remover had been run, with the flow rate of producer gas
maintained at 8 Liters/min for the duration of the sampling
period of 20 minutes.

Gasifier

: Flow Suction
Filter H meter H pump

Sampling
bottles

—

«+— Dewar vessel

Ethylene glycol/water batl
(-20°C)

Fig. 5: Equipment for Tar Sampling

In this work, we used gas chromatography and mass
spectrometry tool (GC-MS) to analyze tar's chemical
compounds, and we used reference reagents with purities
ranging from 94% to 99% to the standard. The presence
of phenol compound, toluene compound, naphthalene
compound, indene compound, fluorene compound,
biphenyl compound, fluoranthene compound, and pyrene
compound in a 2 ml vial bottle of tar was identified using
GC-MS QP2010 Plus by Shimadzu, Japan. The purity of
a product can be measured by using nine standards
chemical compounds in a total ion chromatogram (TIC).
Tar chemicals were identified using a peak similarity
index greater than 70°%49. In addition, GC Postrun
software was used to examine the GC-MS data in order to
determine the presence of tar component in the sample of

gasification process.

3.3. Method of Gravimetric Analysis

Method of Gravimetric analysis is a method for
determining an exact density value for the material under
investigation. The process of distillation and evaporation
reveals the substance's pure bulk. This technique analyses
the purified mass compound to determine the overall mass
percentage. Tar samples with 2 % water content and
varying air flow rates were analyzed using the gravimetric
method. At a temperature of 65 °C, the solvents were
removed from the tar samples. Here, we heat 3 grams of
the tar-acetone mixture at 65 °C for 5 hours. This is
because, at around 56 °C, acetone begins to evaporate.
Only a pure mass of tar, often called tar density, is left in
the remnant.

4. Results and Discussion

4.1 Effect of Air flow Rate on Tar Quantification

This analysis compared three conditions of air flow rate
to constant moisture content. An air flow rate of fuel is
one of most important features since it affects the
composition of producer gas and in tar formation*. The
biomass consumption rate rose with an increase in air flow
rate from 40 Liters/min to 80 Liters/min. By increasing the
air flow rate, more oxygen was introduced into the gasifier,
allowing a greater quantity of biomass to be burned. The
released energy sped up the gasification process*?. Phenol
compound (CsHsOH), toluene compound (C7Hs), indene
compound (CgHs), naphthalene compound (CigHs),
biphenyl compound(Ci2Ha0), fluorene compound (Ci3Hao),
phenanthrene  compound  (Ci4Hio),  fluoranthene
compound (CisH10), and also pyrene compound (CisHao)
was among the tar components that were measured
quantitatively in this study?®. Because all of these
substances were consistently detected in every single test.

The concentration of the tar was determined by
weighing it in this experiment, as shown in equation (2)
below:

C.=— ()

C, is the amount of gas produced (g/Nm?), W, its mass
of gas (g), and V, its volume of gas (Nm?). The predicted
tar concentration from these investigations is depicted in
Figure 6.

The effects of air flow rate around on 2 % wt. moisture
content were tested at 40 Liters/min, 60 Liters/min, and 80
Liters/min. The moisture content was constant although
air flow rate change. As can be observed in Figure 6, tar
components were present in the majority of samples. Tar
was mainly concentrated in phenol compound (C¢HsOH)
because wood pellets included oxygen-rich compounds
such as lignin, cellulose, and hemicellulose. However, tar
concentrations for toluene compound (C7Hs) and indene
compound (CoHg) remained very low across various
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operating condition of gasification.
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Fig. 6: Tar production on the moisture content of 2 wt.% at

varying air flow rates of 40 Liters/min, 60 Liters/min and 80

Liters/min

Phenol compound (CsHsOH), naphthalene compound
(CioHs), biphenyl compound (Ci2Hig), and fluorene
compound (Ci3Hig) were all present in very high
concentrations throughout this study. At a flow rate of 40
Liters/min, the tar content in phenol compound (CsHsOH)
is 17.58 £ 0.97 g/Nm’. A steady rise in air flow rate from
40 Liters/min to 80 Liters/min and a rise in tar
concentration from 3.95 £+ 0.12 g/Nm?® to 6.82 + 0.11
g/Nm?® led to a rise in naphthalene compound (CioHs)
levels. Increasing the air flow rate from 40 Liters/min to
80 Liters/min and the tar concentration from 2.87 £ 0.12
g/Nm’® to 4.73 £ 0.17 g/Nm® led to a linear increase in
biphenyl compound (Ci2Hio) at a moisture content of 2
wt.%. This is because as gasifier temperature increased,
phenolic chemicals in the tar gave way to non-substituted
Polyaromatic Hydrocarbon (PAH). Also, since the
combustion in the reactor was erratic, the tar content
increase!®*. Since most tar components are light
polyaromatic compounds, an increase in temperature
causes an increase in the concentration of naphthalene
compound (Ci4Hjo), biphenyl compound (Ci2Hi¢), and
fluorene compound (Ci3Ho) in the tar generated.

Indene compound (CoHsg), a light polyaromatic
hydrocarbon, was among those found in low
concentration. Small molecular gases were created by
oxidizing the toluene compound (C;Hg) and indene
compound (CoH8). As demonstrated in the chemical
reaction below, the tar compound created a tar deposit,
which prevented the formation of toluene (C;Hs).

C/Hs > ChHm + H2 AH >0

Most of the toluene compound (C;Hs) was fractured, so
there was not much of it, but the free radical created by
the partial breakdown of the light hydrocarbon aromatic
molecule was polymerized to form a wide variety of
macromolecular compounds (CnHm). Tar compound
deposition describes this phenomenon.

4.2 Effect of Air flow Rate on Classification of Tar

The presence of tar is indicated by gasification by
products and molecular weights greater than benzene in
heavy hydrocarbons*¥. The Dutch Agency for Research
in Sustainable Energy (SDE) funded a study titled
"Primary measures for the lowering of tar formation in the
fluidized-bed gasifier", categorizing tar by molecular
weight. Natural Science Research Organization (TNO)
and the University of Twente (UT) worked together on
this?®. The molecular weight-based tar classification is
listed in Table 2. Earlier studies have already established
the distinction between condensable tar and non-
condensable tar. Condensable tars were found to cause
filter pore damage, coke formation and clogging, and
condensation in cold environments. This caused
widespread disruptions in activities, including sanitation
and power generating. Due to its polluting effects, this
kind of tar must be eliminated from gasification process*).

Table 2: Molecular weight-based

categorization of different types of tar??

Tar Class Property
Class 1 This class of substances
Gas Chromatography ~ condenses  at high
undetectable heaviest ~temperatures and  low

tars concentrations.
Class 2 This class contains
Heterocyclic aromatic  €0mpounds having a high-
compounds water solubility, such as
phenol, pyridine,
isoquinoline, cresols,
dibenzophenol, and
quinolone.

Class 3 This class includes
Light hydrocarbon ethylbenzene, toluene,

aromatic compounds stylene, and xylenes, which

. have excellent
(1 ring) condensability and
solubility.
Class 4 Indene, naphthalene,
Light polyaromatic ~ Piphenyl,
hydrocarbon methylnaphthalene,
compounds acenaphtalene, anthracene,
i fluorene,  phenanthrene,
(2-3 rings) and other members of this
class condensate at low
temperatures even  at
extremely low
concentrations.
Class 5 Fluoranthene,  chrysene,
Heavy polyaromatic ~ PYrene,  coronene, and
hydrocarbon perylene are examples of
compounds compounds that condense
. at high temperatures and
(4-7 rings) low concentrations.
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The gasification method was sensitive to the tar's
characteristics and chemical make-up. Tar's Class 2, 4,
and 5 condensation-causing components provide engine
and turbine fouling risks. Therefore, the problem in
utilizing producer gas is eliminating or transforming
classes 2, 4, and 5 via chemical processes. This study
classified the gasification operating parameters that
reduced tar compound generation by changing the air flow
rate. Table 3 shows that Class 1 tar has no measurable
levels of any compounds measured by Gas
Chromatography and Mass Spectrometry (GC-MS). GC-
MS cannot detect the thickest tar due to the low
concentration of chemicals that condense at high
temperatures.

Tar Compounds like phenol compound, part of class 2,
are heterocyclic aromatic compounds (CsHsOH). Toluene
compound (C7Hg) is in class 3, and indene compound
(CgHg), naphthalene compound (CioHs), biphenyl
compound (Ci2Hi0), fluorene compound (CisHig), and
phenanthrene compound (Ci4Hig) are also involved in
class 4. Finally, fluoranthene compound (CisHi0) and
pyrene compound (CisH1o) are examples of chemicals in
class 5.

The molecular weight distribution of tar in three
different conditions with various air flow rate and constant
moisture content is shown in Figure 5. Class 2 has a
concentration of 17.58 + 0.72 g/Nm?, and Class 4 has a
concentration of 18.93 + 2.37 g/Nm? at an air flow rate of
80 Liters/min when using a moisture content of 2 wt.% as
shown in Figure 7. Unlike classes 2 and 1, the value of tar
typically increases with higher categorization in classes 3,
4, and 5. Class 4 tar had the highest value because of the
chemical reaction in the gasification system, which was
disrupted by an increasing air in the gasifier. According to
data on the correlation between air flow rate and total
PAH concentrations, PAH concentrations in classes 4 and
5 rose dramatically with increasing air flow rates. The
results of this study demonstrated that a high air flow rate
contributes to an increase in tar concentration across
practically all classes.

fEsseges

m’)
—

Fig. 7: Classification of tar according to molecular weight,
with a moisture content of 2 wt.% at air flow rates of 40, 60,
and 80 Liters/min respectively

4.3. Effect of Air flow Rate on Tar Density

Studying the tar protocol led to the introduction of a
new solution to the tar problem. Protocol components
include a uniform sampling and analysis plan for
gasification plant tar. This protocol aids in the
development of other gravimetric techniques for
determining the compound'’s identity. This research makes
extensive use of gas chromatography and gravimetric
analysis based on the tar procedure standard. Gravimetric
measurements of tars are accomplished by evaporating tar
components and distilling solvents like acetone®3%46:47),

A gravimetric analysis was utilized to determine the tar
density in this study. Distillation, which relies on the
solvent and water's different boiling points, is central to
the gravimetric principle. To determine the tar density, the
amount of tar in the producer gas must be calculated using
the following equation (3).

v0ltar = FR producer gas* tproducer gas (3)

The Variable vol,,, is volume of tar in the total of
producer gas in sample (Liter), FR ,oqucer gas 18 flow
rate producer gas (Liter/min), and also tproqucer gas 1S
producer gas sampling time (min).

Equation (4) can be used to calculate the density of tar
in producer gas.

Prar = 22 1000 (4)

volear

Where p,,, is tar density in producer gas (mg/md),
Mg 1S the mass of tar in the sample amount of producer
gas (mg), voly,, isthe volume of tar in total amount of
producer gas in sample (L).

Figure 7 shows the results of gravimetric analysis of
biomass wood pellets. Gravimetric analysis of the
relationship between air flow rate and tar density was
performed for three different air flow rates (40 Liters/min,
60 Liters/min, and 80 Liters/min). At a rate of 40
Liters/min and a moisture content around of 2 wt.%, the
highest density of the tar was 13646 mg/m®. This value
decreased to 10123 mg/m® in air flow rates of 60
Liters/min and 7772.5 mg/m?® in air flow rates of 80
Liters/min*®), These conditions occurred as a result of the
uniformity of the temperature inside the gasifier as a result
of increasing the amount of air in the gasifier by
increasing the air flow rate*. It resulted in complete
gasification of all wood pellet feedstock. All of the wood
pellet feedstock was gasified. A higher air flow rate (80
Liters/min) during gasification allows for less tar to be
formed. Therefore, it is important to optimize the air flow
rate during gasification to balance between the heating
value of the gas and the gas yield. In general, a higher air
flow rate may result in a gas with a higher heating value,
but the overall gas yield may be reduced. On the other
hand, a lower air flow rate may result in a lower heating
value gas but with a higher gas yield.
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In addition to reducing the formation of tar, increasing
the air flow rate during gasification can also have an effect
on the heating value of the produced gas

16000

13646

12000
10123
10000
\\\\\\\\\\\\11725
8000

6000
20 30 40 50 60 70 80 90

Airflow Rate (L/min)

)
8

Tar Density (mg/m3

Fig. 7: Tar density on 2 wt.% moisture content at air flow
rates of 40 Liters/min, 60 Liters/min, and 80 Liters/min

5. Conclusions

There were many variations of gasification operation
parameters used to complete the process. Some
researchers used constant relative humidity, whereas
others varied the air flow rate. The results of this study
justify concluding about:

v" Since oxygen-rich materials like cellulose and lignin
make up the bulk of wood pellets, the majority of their
tar components have high concentrations of phenols.

v The value of air flow rate influenced the tar
concentration, so an increase in air flow rate resulted
in a higher tar concentration of PAH in classes 4 and
5.

v' Air flow rate of 80 Liters/min produced the minor of
tar. A cost of gasification process and longevity of
gasification are both impacted by the minimum tar
density required to sustain the gasification system.
Therefore, the gasification product might be used to
ignite internal combustion engines (ICE).
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