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Abstract. The leaf sheath of sugarcane are agricultural residues. In the past,
the agriculturists used to burn leaf sheath of sugarcane which caused
pollution. This research aims to develop the management process of leaf
sheath of sugarcane and to reduce the burning of sugarcane. In addition, to
eliminate the leaf sheath of sugarcane to effectively utilize suitable for
agriculture and agro-industry as well as to add value to the leaf sheath of
sugarcane. This research has developed biomass energy rod from the leaf
sheath of sugarcane using natural rubber as binder during drying process by
microwave energy. The ingredients for forming biomass energy rod using
the designed machine are sugarcane leaves of 19 %w/w, water of 57 %w/w,
tapioca flour of 6 %w/w and natural latex of 19 %w/w. The biomass energy
rod has diameter of 5 cm, length of 10 cm, and weighs between 150-153 g
is required. The effects of heat source namely microwave drying, hot air
drying and microwave-hot air drying is studied. The drying time, net heating
value and residual moisture content of biomass energy rod are compared
with each drying heat source. The results showed that in case study 2 using
microwave energy (8 microwave sources are turned on, 250 W each) in the
drying process has the lowest drying time, highest net heating value and has
the lowest residual moisture content of biomass energy rod when compared
to each drying heat source. The results of this research help to develop
innovations in the forming and drying process of biomass energy rod using
agricultural products such as leaf sheath of sugarcane.

1 Introduction

Currently, agricultural waste such as sugarcane leaf sheath, bagasse, corncob, corn husk, oil
palm meal, oil palm bunches, rice straw, and rice husks significantly increase [1]. Moreover,
the widespread cultivation of such plants caused the problem of oversupply of agricultural
products and the income of farmers decreased, especially sugarcane which is the main
economic crop of the country. It is a raw material for sugar production and renewable energy
[2]. Thailand is the fifth-largest producer of sugar in the world and the second-largest
exporter of sugar. It is also found that sugarcane plantations and sugarcane production in
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Thailand have been continuously increasing since the production year 2008 to the present.
However, farmers tend to burn sugarcane before harvest. Due to the problem of labour
shortages to cut sugar cane, the higher cost of cane harvesting, and expensive cane harvester
equipment. Burning sugarcane before harvesting makes it easier and faster to harvest
sugarcane because there is no need to peel off the cane leaf sheath. This causes problems of
small dust particles or PM2.5 and pollution to the environment. In addition, there was also a
problem of decreasing rubber prices, which greatly affects the income of farmers. Therefore,
there is a necessity for innovation and technology to help manage waste reduction from
sugarcane products, especially sugarcane leaf sheaths, and find value-added ways of rubber
to increase the value of sugarcane and rubber products. Also helps upgrade the processing of
agricultural waste products, reduce pollution from the problem of severe particulate matter
or PM2.5 situation, and at the same time improve energy management, by which products
from such processing can be produced into biomass energy rods that can be used benefit.
Biomass energy rod is an organic substance that is a natural energy storage facility and
can be used to produce energy. These organic substances are obtained from plants and
animals such as wood chips, waste, and agricultural waste [3]. The use of biomass for energy
may be done by burning it to use as the heat source [4]. Therefore, the production of biomass
energy rod from agricultural waste such as sugar cane leaf sheath, not only helps to add value
to agricultural waste but also helps to conserve energy. A simple drying process of biomass
energy rod is to put it under sunlight or leave it to dry. Farmers can do it easily. However,
solar energy has limits [5]. These are caused by solar radiation and weather. Therefore, these
constraints result in delay and unpredictability in the drying process. Technologies has been
introduced into the drying process, including hot air drying, contact drying, infrared drying,
and microwave drying. Especially microwave energy, which is used in many fields such as
agriculture [6], medicine [7], and is widely used to dry the various materials. In the past,
microwave energy was mainly used for drying food, fruit, agricultural products and
engineering materials [8-10]. Ouertani et al. [8] studied microwave irradiation's effects on
jack pine wood's drying kinetics by using the microwave at 2.45 GHz and power ranging
from 300 to 1,000 W. It was found that a higher power of the microwave, a smaller sample
(such as lower thickness), and an initial sample temperature can increase the temperature
inside the experimental sample. The influences of the microwave process on the drying
kinetics, mechanical properties, and surface appearance of rubberwood (hevea brasiliensis)
has been explored by Vongpradubchai S. et al. [9]. The experiment focused on energy
consumption, drying rate, surface temperature, drying time, static bending properties, and
quality of dried rubberwood. The experiment used a combined microwave and convective air
drying at frequencies of 2.45 + 0.05 GHz, microwave power of 4.8 kW, and air-drying
temperatures of 30 °C, 50 °C, and 70 °C with a drying velocity of 5.0 m/s. The experimental
apparatus was a multi-feed microwave-convection hot air and continuous belt system. In
2022, Shen L. et al. [10] analyzed heating uniformity considering microwave transmission in
stacked bulk of granular materials on a turntable in microwave ovens. The research used
germinated brown rice (GBR) for the experiment. The study has shown that germinated
brown rice stacked on top of each other has uneven surfaces. The placement of materials
affected the uniformity of the thermal distribution. Very few studies have studied the
microwave drying of biomass energy rod, especially biomass energy rod from the leaf sheath
of sugarcane using natural rubber as binder. Due to the complexity of dielectric properties
and thermal properties, as well as the complexity of constructing experimental instruments.
Therefore, this research aims to study the drying process of biomass energy rod from the
leaf sheath of sugarcane using natural rubber as binder by microwave energy. A continuous
microwave belt and hot air drying is used in the study. The ingredients for forming biomass
energy using the designed machine are sugarcane leaves of 19 %w/w, water of 57 %w/w,
tapioca flour of 6 %w/w and natural latex of 19 %w/w. The biomass energy rod has diameter
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of 5 c¢m, length of 10 cm, and weighs between 150-153 g is required. The effects of heat
source i.e. microwave drying, hot air drying and microwave- hot air drying is studied. The
drying time, net heating value and residual moisture content of biomass energy rod are
compared with each drying heat source. The results obtained from the study will help to
improve the drying process of biomass energy rod as well as help to increase the value of
agricultural waste such as sugarcane leaf sheaths.

2 Materials and methods

In this research, a continuous microwave belt and hot air drying is used as an experimental
apparatus. The drying area with a length of 250 cm. The apparatus is installed with a
microwave source (magnetron) with a power of 1,000 W, eight units (the total power is 8,000
W), four on each side, which are installed not in the same line and match (asymmetry) to
reduce the destructive interference of waves and hot air systems, as shown in Figure 1. The
microwave power can be adjusted from 0-1,000 W, adjustable every 1 W. Furthermore, there
are four heaters with a power of 2000 W installed on the top (the total power is 8,000 W).
The heater can be adjusted from 0-2,000 W, adjustable every 1 W. The experimental
apparatus can adjust the belt travel speed in the range of 0-10 mm/s and support the weight
of the load on the belt up to 6 kg per round. Working time can be set up to 9,999 seconds,
adjustable in 1 second. The biomass rod according to the standard size must be produced in
diameter of 5 cm and length of 10 cm by biomass rod from sugarcane leaf sheath with natural
latex as binder from the forming.

The sugarcane leaf grinding process is the first process in preparing raw materials for
forming biomass energy rod. The harvested sugarcane leaves will be dried in the solar and
hot air and finely ground before being used are shown in Figure 2. The initial moisture
content of the sugarcane leaf used in the biomass energy rod forming is thus assumed to be
equal to zero and equal. In the experiment, biomass energy rod from sugar cane sheaths are
formed using only one forming formula. The formula is experimentally determined to
determine the optimal formulation for both the strength and flexibility of the, biomass energy
rod produced. This process takes the harvested sugarcane leaf into a blender to grind or digest
the sugarcane leaf into smaller sizes to be suitable for forming biomass ingots and mixed
with natural rubber latex and tapioca flour in a ratio leaf of 19 %w/w, the water of 57 %w/w,
tapioca flour of 6 %w/w and natural latex of 19 %w/w. Therefore, the initial moisture content
of the biomass energy rod is calculated from the water content in the mixture and some water
from the natural latex. It is found that the initial moisture content of the biomass energy rod
is 66.5 %w/w. In this research, the initial moisture content of the produced biomass energy
rod would be the same for all. The effect of initial moisture content on the forming or drying
process is not considered. In this experiment, the total ratio of 1,000 g mixed with the
objective of forming 7 biomass rods per cycle. The biomass energy rod has diameter of 5 cm,
length of 10 cm, and weighs between 150-153 g is required. An example of the biomass
energy rod produced is shown in Figure 3. The drying process is dried until residual moisture
equals (less than) 15 % (the industrial product standards of Solid Biofuels-Biomass Pellets
(Tis no. 2772-2560)) and recorded the time that takes to dry. In addition, collect 150 g of
biomass rod samples to the Office of Scientific Instrument and Testing Laboratory, Prince of
Songkla University to measure the net heating value and residual moisture content in each
drying heat source.
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Fig. 1. Experimental apparatus in this research and location of eight magnetrons (grey) and
four heaters (red).

Fig. 2. Sugarcane leaves that have undergone the fine grinding process.
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Fig. 3. An example of the biomass energy rod produced.

The effects of heat source namely microwave drying, hot air drying and microwave-hot
air drying is studied. Table 1 shows the case studies in this research.
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Table 1. The case studies in this research.

Heat Source Total power
Case studies | Types of heat source Microwave energy Hot air energy 2,000 W
1 Microwave drying 4 Microwaves, 500 W each - 2,000 W
2 Microwave drying 8 Microwaves, 250 W each - 2,000 W
3 Hot air drying - 4 Hot air, 500 W each 2,000 W
4 Microzvrz;\ifre];ghot air 4 Microwaves, 250 W each | 4 Hot air, 250 W each 2,000 W

3 Results and discussions

The drying efficiency of each heat sources are studied by comparing the drying time in each
experiment. Figure 4 shows the comparison of drying time for each heat sources. The results
showed that the drying time of case study 2 (8 microwave sources are turned on, 250 W each)
has time duration of 15 min with the shortest time. In addition, it is found that in case study
4 (4 microwave sources of 250 W each and 4 hot air sources of 250 W each) has time duration
of 20 min, which is only 5 min more than the case study 2 (time duration of 20 min) followed
case study | (4 microwave sources are turned on, 500 W each) has time duration of 30 min.
Case study 3 (open 4 hot air sources, 500 W each) used the maximum drying time with time
duration of 300 min. Based on the results of the experiment, it can be concluded that drying
time of case study 2 takes the least amount of time to drying the sample biomass energy rod
and time to drying of case study 3 takes the most time to dry the sample biomass energy rod.
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Fig. 4. The comparison of drying time for each heat sources.

Consider the relationship between net heating value and residual moisture content value
of biomass energy rod for each heat sources. The relationship between net heating value and
residual moisture content value of biomass energy rod for each heat sources as shown in
Figure 5. In addition, the comparison between net heating value and residual moisture content
value of biomass energy rod for each heat sources are shown in Table 2. It is found that the
residual moisture content value is inversely proportional to the net heating value of the
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biomass energy rod. That is, if there is a high residual moisture content value, the net heating
value will be low, but if the residual moisture content value is low, the net heating value will
be high. When focusing on the influences of each heat sources, it is found that case study 2
(8 microwave sources are turned on, 250 W each) has the highest net heating value and the
lowest residual moisture content value, which corresponds to the least drying time.

However, the net heating value and residual moisture content value do not follow trends
as well as the drying time. It is found that case study | (4 microwave sources are turned on,
500 W each) has the second highest net heat value, followed by case study 3 (open 4 hot air
sources, 500 W each) and case study 4 (4 microwave sources of 250 W each and 4 hot air
sources of 250 W each), respectively. Similarly, it is obtained that case study 1 (4 microwave
sources are turned on, 500 W each) has the second lowest moisture content, followed by case
study 3 (open 4 hot air sources, 500 W each) and case study 4 (4 microwave sources of 250
W each and 4 hot air sources of 250 W each), respectively.
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Fig. 5. The relationship between net heating value and residual moisture content value of biomass
energy rod for each heat sources.

Table 2. Comparison between net heating value and residual moisture content value of
biomass energy rod for each heat sources.

Properties
Case studies | Types of heat source Net heating value Residual moisture content value
(MJ/kg) (Yow/w)
1 Microwave drying 19.079 8.63
2 Microwave drying 19.366 7.68
3 Hot air drying 18.602 9.27
4 MlcrowaYe-hot air 18.106 10.88
drying

This study examined the effectiveness of microwave energy to maintain high product
quality and advances in a shortened drying time with volumetric (bulk) heating.
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In addition, when comparing net heating value and residual moisture content value with
the industrial product standards of Solid Biofuels-Biomass Pellets (Tis no. 2772-2560), both
property values are found to have passed values as determined by the benchmark in all
experimental with reference to the standard value residual moisture content is not more than
15% and net heating value is more than 14.5 MJ/kg.

4 Conclusion

This research aims to study the drying process the biomass energy rod from the leaf sheath
of sugarcane using natural rubber as binder by microwave energy. The ingredients for
forming biomass energy rod using the designed machine are sugarcane leaves of 19 %w/w,
water of 57 %w/w, tapioca flour of 6 %w/w and natural latex of 19 %w/w. The biomass
energy rod has diameter of 5 cm, length of 10 cm, and weighs between 150-153 g are
produced by a developed machine. The effects of heat source namely microwave drying, hot
air drying and microwave-hot air drying on the drying time, net heating value and residual
moisture content of biomass energy rod is considered. The results obtained from the
experiment revealed that in the case of using microwave energy in the drying process has the
lowest drying time, highest net heating value and has the lowest residual moisture content of
biomass energy rod when compare to using hot air drying clearly. The results have led to
support for the application of microwave energy in drying biomass energy rod and materials.
In addition, when comparing net heating value and residual moisture content value with the
industrial product standards of Solid Biofuels-Biomass Pellets (Tis no. 2772-2560), both
property values are found to have passed values as determined by the benchmark in all
experimental. The results obtained in this research can be fundamental to develop ideas for
technologies of the forming and drying process of biomass energy rod using agricultural
products.
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