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Abstract. Fossil fuels, which account for 83% of Indonesia's total energy supply, are depleting
and environmentally unsustainable. Corn cob biomass, with an annual yield of 4.34 million metric
tons, presents a viable alternative. Through gasification at temperatures of 700—1200°C, corn
cobs can be converted into combustible gas or syngas. To enhance syngas yield, the corn cob
gasification process can be optimized by increasing moisture content through soaking. However,
experiments with soaked corn cobs have shown a significant decline in temperature and
gasification zone performance. The gasification temperature decreased from 1024°C to 614°C,
falling below the 700°C threshold. Additionally, the gasification zone shifted significantly
downward in the reactor. This reduction is attributed to the high moisture content of the corn cobs,
which exceeded 30%, reaching 56.78%, allowing the gasification process to last for 48 minutes.
Before the gasifier ceased operation, syngas production achieved a promising average thermal
power of 1.76 kW with an efficiency of 7.14%. These findings indicate that soaked corn cobs can
serve as biomass gasification feedstock, provided the moisture content does not exceed 30%.
Keywords: gasification, corn cob, soaked; syngas, temperature.
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1. Introduction

Indonesia's energy demand has been increasing at an annual rate of 6.29%, driven by
economic growth, population expansion, industrial advancements, and technological progress.
Projections estimate that energy demand, which was 1,853 million barrels of oil equivalent in
2023, will rise to 3,589 million by 2050 a substantial increase of 193.73% [1]. In 2023, fossil fuels
supplied 1,537 million barrels of oil equivalent, comprising 83% of Indonesia's energy supply [2].
With fossil fuel reserves expected to be depleted within 70 years, biomass has been identified as a
potential alternative energy source [3,4]. Biomass, as a renewable and environmentally friendly
energy source, has the potential to supplement fossil fuels, reduce greenhouse gas emissions, and
mitigate global warming [5—7].

Climate change is one of the most pressing global challenges, driven primarily by rising
atmospheric carbon dioxide (CO2) levels. As a potent greenhouse gas, CO; is largely emitted from
fossil fuels combustion, which dominates global energy consumption [8]. The Paris Agreement

marks a significant step in addressing this challenge [9]. Climate change affects not only the
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natural environment but also human health [10,11].

Advancements in renewable energy technologies have diminished the reliance on fossil
fuels, offering a more sustainable energy future and a solution to climate change [12]. Biomass
stands out as a promising alternative due to its abundance and diverse typology. Biomass
comprises a diverse range of organic materials, including agricultural waste, that can be converted
into electricity, heat, and biofuels [13,14]. Compared to fossil fuels, biomass offers several
advantages. Firstly, biomass can be produced in a relatively short period, unlike fossil fuels, which
require millions of years to form [15,16]. Secondly, it generates minimal greenhouse gas emissions
and air pollution [17]. With abundant natural resources and substantial organic waste production,
Indonesia has significant potential for biomass energy development, estimated at 735 MW [18].

Corn cobs represent a promising biomass resource with significant potential. As an
agricultural residue from corn production, they remain largely underutilized. Currently, their use
is limited to small-scale applications, such as animal feed, craft materials, and fuel briquettes.
Harnessing corn cobs for energy production offers a promising approach to converting
underutilized agricultural residues into a valuable resource. Purohit et al. [5] reported that cob
waste constitutes 30% of the weight of harvested maize kernels [19]. According to the Central
Bureau of Statistics [6], maize grain production totals 14.46 million metric tons, generating an
estimated 4.338 million metric tons of cob waste [20]. This indicates that corn cob waste represents
a valuable resource, particularly as a renewable energy source that can be converted into electricity
through gasification [21,22].

Biomass gasification is a thermochemical process that converts solid materials derived from
living matter, particularly agricultural waste, into combustible gas [7,8]. At high temperatures,
biomass (CHxOy) undergoes chemical decomposition, producing carbon monoxide (CO) and
hydrogen gas (Hz), collectively known as syngas [9,10]. Biomass gasification is most effective at
temperatures above 700 °C [11]. In downdraft gasifiers, the process typically occurs in four stages:
drying, pyrolysis, oxidation, and reduction, as illustrated in Fig. 1 [11-14].

The water content in biomass feedstock can enhance hydrogen gas production in
gasification. At temperatures above 700°C, water reacts with charcoal to generate hydrogen and
carbon monoxide [15]. This reaction increases the syngas heating value by up to 48% [16,17].
Water is typically introduced by injecting water vapor into the reduction zone, a process requiring
specialized equipment [18]. Consequently, using soaked biomass as gasification feedstock
presents a simpler alternative. Experimental studies have shown that soaking palm kernel shells
enhances the effectiveness of the gasification process compared to their dry state [19-21].

However, high-moisture biomass poses a challenge, as excess water absorbs significant heat
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energy during gasification [22]. Corn cobs are a light and porous biomass capable of absorbing
significant amounts of water. As a result, soaked corn cobs require substantial heat to reach
gasification temperatures, particularly during the phase transition from liquid to vapor.

Corn cobs can serve as a value-added raw material in various industries. For instance, in the
animal feed industry, they are commonly used as a high-fiber feed additive [23]. Utilizing this
agricultural waste can create new business opportunities for farmers, thereby contributing to
community economic growth. From an environmental perspective, utilizing corn cobs helps
mitigate agricultural waste, which, if unmanaged, may contribute to pollution. Rather than being
discarded or burned—practices that can cause air pollution—corn cobs can be processed into
environmentally friendly products, such as biomass briquettes, serving as a renewable energy
source [24].

This study aims to assess the feasibility of using soaked corn cob biomass as a gasification
feedstock without requiring a drying pretreatment. A higher hydrogen content in syngas is
anticipated due to the increased moisture in the feedstock. Additionally, eliminating the drying
process could simplify syngas production. These benefits can be realized if the gasifier’s thermal
balance is maintained within the operational range, as high-moisture feedstock tends to lower the
gasification temperature. Given the limitations of the available measurement tools, observations
in this study were restricted to gasification temperature, biomass combustion heat rate, syngas

combustion heat rate in the steam boiler, and system efficiency.

2. Materials and Methods
2.1. Biomass Gasification Performance

This study experimentally examined the gasification performance of soaked corn cob
feedstock in an open downdraft gasifier. The observed performance include:
2.1.1. Gasifier temperature profile

The preferred gasification temperature range is 700—1,200 °C [13,23], with an ideal range of
1,000-1,200 °C to maximize syngas production and break down undesirable tar [24,25]. However,
temperatures exceeding 1,200 °C may lead to the formation of harmful NOx gases [26,27].

The gasifier must maintain sufficient temperature to sustain endothermic gasification
reactions. The oxidation zone generates heat, raising the temperature while producing CO> and
gaseous H>O for subsequent gasification reactions. The temperature profile of the gasifier
identifies the locations of the oxidation and reduction zones, serving as an indicator of gasification
performance [20,28]. The sustainability of the gasification process is ensured when the reactor

temperature remains above 700 °C, as indicated by the presence of flames in the flare [28]. The
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observed gasification temperature profile is illustrated in Fig. 1.

Soaked Biomass
Air

Fig. 1. Stages of thermochemical process in open downdraft gasifier biomass gasification [29]
2.1.2. System thermal efficiency
System performance can be evaluated using a thermal efficiency approach. Biomass
gasification systems utilizing steam typically achieve efficiencies below 20%, while motor engines
or gas turbines operate within an efficiency range of 20—45% [30]. The thermal efficiency of the
system was determined using Equation (1) [31-33]:
Nsys = & (1)
Pbio
The syngas heat rate (stn) was determined using Equation (2) [31,33], where m,,
represents the mass flow rate of water evaporated by steam boiler, h, is enthalpy of steam (2676.1
kJ/kg at 100 °C and 1 atm), and hs is the enthalpy of liquid water (519.04 kJ/kg at 100 °C and 1
atm) [31-33].
Qsyn = Mgteam (hg = hy) )
The heat rate from the biomass feed (Qp;,) was determined using Equation (3) [32], where
my,;, represents the biomass feed rate, and LHV denotes the lower heating value (calorific value)
of corn cob, which is (14.6 MJ/kg) [34].
Qbio = Mitpio LHV 3)

2.2. Properties of Corn Cob Biomass
The biomass used in this study consisted of corn cobs obtained from an agricultural area near
the research facility in Subang, West Java. Corn cobs account for approximately 30% of the total

weight of harvested corn [5]. The net heating value (LHV) of corn cobs ranges from 14 to 16
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MJ/kg of dry matter [34,35]. Proximate analysis of corn cobs showed 71.38% volatile matter,
6.51% ash, and 12.11% fixed carbon based on 10% dry mass. Meanwhile, ultimate analysis
indicated that corn cobs contain 44.78% carbon, 6.02% hydrogen, and 0.22% nitrogen, also based
on 10% dry mass [36]. Corn cobs exhibit hygroscopic properties, allowing them to absorb large
amounts of water, and have a density of 282.38 kg/m? [37].

As shown in Fig. 2, the corn cobs used in this study were pretreated by soaking in water
before being fed into the gasifier. The selected corn cobs measured 2—5 cm in length and 2—4 cm

in diameter.

® T G
Fig. 2. (a) Shape and size of the corn cob, (b) Soaked corn cobs

2.3. Experimental Methods

The research was conducted at the Gasification Laboratory of the Department of Mechanical
Engineering, Faculty of Engineering, University of Subang. Fig. 3 presents a schematic diagram
of the gasification system. The experimental setup included a reactor, cyclone separators, a heat
exchanger, and a steam boiler.

The reactor temperature was measured during the process using five temperature sensors:
one K-type thermocouple and four S-type thermocouples. The K-type thermocouple, housed in a
steel casing (TO0), was positioned at the top of the reactor. The S-type thermocouples, housed in
ceramic casings, were positioned below TO at 20 cm intervals. Designated as T1, T2, T3, and T4,
these thermocouples provided essential data for monitoring the gasification process within the
reactor. The placement of sensors at different heights enables accurate tracking of temperature
variations throughout the reactor. Real-time data logging, facilitated by the Lutron TM-9747SD
and Lutron BTM-420SD data loggers, allows for rapid analysis and adjustment of gasifier
parameters (Fig. 4.a). The thermal power of the syngas was determined through combustion in the
flare. The resulting flame heated a water container (boiler), where the amount of water evaporated
was directly correlated with the thermal power of the syngas produced by the gasifier (Fig. 4.b).
The boiler was connected to an FTU DLMO1 data logger, which measured and recorded its weight.
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Fig. 3. Schematic diagram of biomass gasification system using open downdraft gasifier.

()
Fig. 4. (a) Reactor and temperature measurement device, (b) Boiler.

The experimental protocol was as follows: First, charcoal was added to the gasifier. The
cooling system and suction pump were then activated, and the uppermost charcoal was ignited to
preheat the system. A small torch was placed on the flare to initiate combustion and prevent the
escape of carbon monoxide gas. The steam boiler, along with its monitoring and recording
equipment, was positioned in the flare. All data loggers recorded data continuously. When the

gasifier temperature approached 1,000 °C, soaked corn cobs were introduced into the gasifier.

3. Results and Discussion
3.1. Gasification Temperature Profile
Fig. 5. Gasifier temperature profile illustrates the reactor temperature during the corn cob
experiment, ranging from 1,064 to 614°C, with a dominant temperature of 892°C. At the start of
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the experiment, the oxidation zone temperature was 1,027°C at a position of 20 cm. Over time, the
oxidation zone shifted downward reaching 60 cm with a reduced temperature at the 48th minute.
The temperature of the corn cob gasification process declined to 614°C by the end of the
experiment. This drop below 700°C hindered the gasification process from reaching its maximum
potential, as the reduction process ceased when temperatures fell below this threshold [25-27].
The minimal or absent gasification zone at the end of the experiment contributed to a weak and
incomplete reduction process, indicating suboptimal gasification effectiveness [25,28].
Maintaining temperatures above 800°C is crucial for a successful gasification process, as
deviations from this threshold can result in failure.
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Fig. 5. Gasifier temperature profile

Traditional gasification processes require a pre-treatment stage to dry the biomass feedstock.
Downdraft fixed-bed gasifiers operate inefficiently when the biomass moisture content exceeds
20% [29]. The development of gasifiers capable of handling higher moisture content remains
limited to a maximum of 30% [30,31]. A higher moisture content does not necessarily improve
the process. Excess water absorbs significant heat during evaporation, causing temperature
fluctuations within the reactor. Additionally, excessive water vapor hinders gasification reactions,
leading to lower gas yields and diminished syngas quality [32]. As shown in Table 1, the moisture
test of quenched corn cobs revealed a moisture content of 56.78%. Since soaked corn cobs exceed
30% moisture, they lead to gasification failure [30,31].
3.2. Water Content of Soaked Corn Cob

The moisture content of soaked corn cobs was determined by weighing them in a cup of

known mass. The initial mass was recorded before immersion in water. The samples were soaked
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for 15 minutes and drained for 5 minutes before reweighing. The corn cobs were weighed and then
placed in an oven at a temperature of 104°C to 110°C for 16 hours. The mass remained constant,
with a minimal change of 0.2% [33].The moisture content was calculated using the following

equation:

Moisture in analysis sample, % = % x100%

where: m;= initial weight (gram), m,= final weight (gram) and container weight (gram).
The moisture measurement results for dried and soaked corn cobs are presented in Table 1.

Table 1. Moisture value of dried and soaked maize cobs
Sample number Dry condition Soaked condition

Sample 1 10.39 62.36
Sample 2 10.15 59.37
Sample 3 10.22 54.94
Sample 4 11.33 56.81
Sample 5 11.18 51.25
Sample 6 11.36 55.95
Sample 7 10.48 56.25
Sample 8 10.63 57.83
Sample 9 11.04 56.31
Average 10.75 56.78
Standard deviation =045 +2.87

3.3. Evaporation Rate of Water in The Steam Boiler

Fig. 6 shows the quantity of water evaporated due to heat supplied by syngas combustion on
the flare. For approximately 48 minutes, the data closely follow the quadratic trendline, Y =
0.456X? + 26.816X with R* = 0.999. As illustrated in Fig. 6, water evaporation is directly
proportional to the heat supplied by syngas combustion. The heating process begins with the flame
from the syngas combustion, initially raising the water temperature within the boiler until it reaches
its boiling point. During this phase, the temperature increases without a corresponding phase
change. Once the boiling point is reached, the water begins to convert into steam. Notably, at this
stage, the supplied heat energy does not raise the temperature, but instead is used for the phase
transition from water to steam (i.e., latent heat of evaporation) [34,35]. As syngas production
increases, heat generation also rises, leading to greater amounts of water vapor produced in the
boiler.

As demonstrated in Fig. 6, the slope of the line increases sharply, indicating an increase in
the production of water vapor. However, the process is limited to 48 minutes, after which no further
evaporation occurs. Optimal results are attained at humidity levels below 30%. Li et al. [32].
suggest that biomass moisture facilitates the gasification process but only up to a limited extent
(30% moisture). However, higher moisture levels are not necessarily advantageous. Excess water

can absorb significant heat during evaporation, reducing the efficiency of the gasification reaction.
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Consequently, this can lower gas yield and diminish syngas quality, particularly when moisture

levels exceed 30% (56.78%) [32].
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Fig. 6. Evaporation rate in the steam boiler
3.4. Thermal Performance of The System

The performance of this gasification system was assessed by observing the energy input of
corn cob biomass and the energy output of syngas combustion, which was utilized to evaporate
water in the steam boiler. A total of 2,337 g of water evaporated for 48 minutes, resulting in an
average evaporation rate of 48.69 g/minute. This is expressed as mseam = 0.00081146 kg/s. The

syngas heating power is calculated using Equation (2) as follows:

stn = Mgteam (hg_ hy)
=0.00081146 kg/s. (2,676.1 kl/kg — 519.04 kJ/kg)
=1.76 kW
The dry weight of corn cobs fed into the gasifier over 48 minutes was 4,480 g, resulting in

an average feed rate of 93.33 g/minute. This is expressed as mpi, = 0,00168 kg/s. The heating

power derived from biomass is calculated using Equation (3) as follows:

Quvio = My, - LHV

=0.00168 kg/s . 14,644 k] /kg
=24.61 kW
System performance is evaluated based on thermal efficiency, calculated using Equation (1)
as follows:

I] _ stn
Sys R
Y Qbio

_ 176 kW
24.61 kW

=7.14%
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Soaked corn cobs were successfully utilized as a gasification feedstock in an open downdraft
gasifier for a 48-minutes runtime. Heat-producing and heat-absorbing chemical reactions remained
balanced, maintaining a high temperature zone in the gasifier and sustained syngas production, as
shown in Fig. 5. The syngas burned with a stable flame at the flare. During this period, steam
boiler evaporation data indicated an average thermal power of 1.76 kW with an efficiency of
7.14%. This efficiency remains below the standard of a steam boiler, which typically ranges from
10 to 20% [34,35].

An abrupt change occurred at the 48th minute of operation. The high-temperature zone in
the gasifier suddenly disappeared, preventing effective gasification. Consequently, the flame at the
flare became unstable. At this point, steam boiler evaporation data showed a trend change. As
demonstrated in Fig. 6, the evaporated water data became discontinuous, indicating an absence of
heat supply to the boiler and the cessation of gasification. The sudden change in the gasifier
temperature profile at the 48th minute suggests a physical alteration in the gasifier bed. The rapid
reduction of corn cob charcoal to gas creates a void in the solid material, causing a sudden decline
in the biomass level within the reactor. This, in turn, lowers the gasification zone. The subsequent
collapse of this void disrupts the biomass layer within the gasifier. Soaked corn cobs then enter
the heat-generating zone, extinguishing it, thereby leading to insufficient heat to sustain the
endothermic gasification process. Corn cob may enter the center of the heat-generating zone and
extinguish it, preventing adequate heat generation to sustain endothermic gasification processes.

At the 21st minute of operation, another cave-in occurred, but with a different outcome than
the one at 48th minute. This expanded the high-temperature zone in the gasifier, as shown in Fig.
5, enhancing the gasification process by providing a hotter, more reactive biomass bed. However,
no significant change was observed in the evaporation data. The investigation into the utilization
of soaked palm kernel shells, combined with modification to the suction pump motor, yielded
favorable outcomes, particularly in improving gasification temperature performance and water

evaporation process within the boiler [36].

4. Conclusions
Corn cob gasification experiments using the soaked treatment resulted in an ineffective
gasification process due to the high moisture content (56.78%), which exceeded the maximum
threshold of 30%. Excess moisture significantly reduced the temperature and the high-temperature
zone. This phenomenon is evident in the gasification temperature profile, which dropped from
1024°C to 614°C. Since effective gasification typically requires temperatures above 700°C, this

decline led to a corresponding reduction in the gasification zone. The syngas produced was burnt
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to generate steam, achieving a thermal efficiency of 7.14%. However, after 48 minutes of
operation, steam generation ceased due to a drop in gasifier temperature, halting the gasification
process. Further research is needed to determine the optimal conditions for gasification of corn
cobs, as the wet corn cob experiment did not sustain the process. Exploring different treatment
methods, such as using dry corn cobs or a combination of dry and wet, may improve the

effectiveness and efficiency of the gasification process.
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