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ABSTRACT

ARTICLE INFO

The Black Soldier Flies (BSF) maggot business is getting increasing attention
nowadays, especially the dried BSF maggot. The dried BSF maggot is very suitable

Article history

for fish feed, thus the dried maggot business has a good prospectus not only in terms 08 ?&;elz\gegd‘i
of the financial sector but also in terms of the waste management sector. Revised:
Unfortunately, making dried maggot requires a high cost during the drying process, 15 August 2024
since additional cost for LPG is needed. It is important to replace LPG fuel with less 16 Augﬁifgffii
expensive one, such as biomass fuel which Indonesia has huge potential. The present

work aims to investigate the techno-feasibility of rice husk and waste scrap waste as Keywords
the feedstock of rotary drum driers. The experimental work was conducted by drying energy
10 kg fresh BSF maggot for 2 hours in the drier using blend feedstock of 6 kg rice rigﬁ?ﬁ;ﬁ
husk- 6 kg wood scrap (RH-WS) and feedstock of 12 kg wood scrap (WS). The data rotary drier
taken during the experiment are furnace and drum temperature, and mass of the dried thermo-feasibility
maggot. The data was used to analyze the performance of the drier in terms of drying wood scrap

rate, drying heat, specific fuel consumption (SEC), and the dryer’s effectiveness. The
results depict that the waste of rice husk and wood scrap are technologically feasible
as energy sources for rotary drum dryers while drying BSF maggot. The performance
of the drier in terms of drying rate, drying heat, specific fuel consumption, and drier’s
effectiveness is better when a blend of rice husk and wood scrap is used as a feedstock.
Those values when using blend feedstock are 0.92 g/s, 20996.37 kJ, 27940.15 kJ/kg,
and 0.67, respectively. It is recommended to use the waste of rice husk and wood scarp
in blending form to obtain optimum performance of the rotary drier while drying BSF
maggot.

This is an open-access article under the CC-BY-SA license.

1. Introduction

Recently, Black Soldier Flies (BSF) cultivation has been getting attention in the waste management
sector. Garbage from domestic households, restaurant food waste, and hotel food waste have been
utilized as the cultivation medium of the BSF. A BSF maggot has economic value, thus the BSF
cultivation not only gives benefit to the waste management system but also gives benefit to a circular
economy. The utilization of black soldier flies in the waste management sector is considered one of the
promising new technologies by Indonesia’s Waste to Energy regulations [1]. The BSF maggot is very
suitable for fish meal which was proved by Atlantic salmons did not harm their growth after being fed
by BSF maggot [2]. The body weight of the fish improves when fish meal is replaced by BSF larvae [3].
The BSF maggot has a high protein and fat content, so it can be used as a substitute for dairy fish
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concentrate in the form of fresh maggot as well as dry maggot. Dry maggot has higher selling prices
than fresh ones, thus dry maggot gives more profit to the farmers.

In order to speed up drying time, the maggot drying process uses a drying machine. Typically, a
rotary type of dryer is used for roasting a BSF larvae. This type of dryer is very suitable for granular
foods such as grains [4]. The heat from the furnace is transferred to a rotating drum. This model of dryer
is also appropriate for heating, and cooling of granular materials [5-7]. The rotary dryer has the benefit
of less specific energy consumption and low maintenance cost [8]. To reduce fuel costs in the drying
process, alternative and renewable energy sources should be used as heat sources for the drier. Biomass
energy has a good potential as a heat source of the drier since Indonesia has approximately 33 GW of
biomass energy resources [9]. This biomass energy mainly comes from the waste from agriculture,
forestry, the wood industry, and households. A previous study revealed that the utilization of biomass
as an alternative energy source could reduce energy outlay and improve economic constraints [10].
Besides promoting a reduction in the emission of carbon dioxide, the use of biomass energy is also able
to prevent a high carbon footprint process [11, 12].

Several works on the utilization of biomass energy-based driers have been reported so far. Rise
husk has been used as a heat source in the conventional corn dryer based on the heat exchanger pipe
diameter [13, 14]. The rice husk-fired drier provides an opportunity that the drying process to be
independent of the weather conditions and gain more hygienic products. A biomass-fired passive-cum-
active dryer and a plate heat exchanger were developed and tested [15]. The thermal efficiency of the
dryer was estimated from the experimental data which was found to be in the range of 4.35-4.62%. They
stated that wide varieties of biomass can be used as fuel in the developed dryer. Other works, hybrid
biomass-solar powered driers were also been developed so far [16, 17].

In the present work, the techno-feasibility of rice husk waste and wood scrap is evaluated as an
energy source of a rotary drum drier while drying fresh BSF maggot. The performance of the drier in
terms of drying rate, drying heat, specific fuel consumption (SEC), and drier’s effectiveness was
analysed while drying 10 kg BSF maggot for 2 hours with an energy source of rice husk-wood scrap
blend (RH-WS) and wood scrap (WS).

2. Method

A flow diagram of the present work and a photograph of the experimental setup are shown in Fig.
1 and Fig. 2. The work is divided into three parts, i.e. feedstock preparation, experimental work, and
data analysis. The rotary drier used in the present work has the main components of a rotary drum,
furnace, electric motor, and gear reduction system. The electric motor is used as a prime mover of the
drum with a rotational speed of 24 rpm. Heat for drying of a maggot is obtained by burning waste of
biomass in the furnace. Fresh maggot is fed through the inlet of a rotating drum. After drying, the dried
maggot exits the rotary drum by reversing its rotational direction.

In the present work, the techno-feasibility of the rice husk (RH) and wood scrap (WS) as energy
sources of the rotary drier was experimentally studied. The rotary drier was tested with RH-WS blend
feedstock and SW feedstock. Each test uses 12 kg feedstock for drying 10 kg fresh maggot for 2 hours.
The data taken during the experiment are furnace temperature (Tr), drum temperature (Tq), and
mass of the dried maggot. An infrared thermo-gun was used to measure furnace and drum
temperatures, thus it enables measuring drum temperature while rotating. Temperatures of a
drum and a furnace were taken every 5 minutes. The data was used to analyze the performance
of the drier in terms of drying rate, drying heat, specific fuel consumption (SEC), and the dryer’s
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effectiveness. Eq. (1) to Eq. (4) (6) were used to calculate drying rate, drying heat, SEC, and
drier’s effectiveness, respectively.
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Fig. 1. Flow diagram of the present work
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Fig. 2. The experimental setup
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where 7 is the roasting rate (g/s), m1 and my are the mass of maggot before and after roasting,
Q is the useful heat for roasting (kJ), c; is the specific heat of a maggot (3.47 ki/kg °C) [18], T2
IS the maximum temperature inside the drum (°C), Tz is the initial temperature of the drum (°C),
my is the mass loss of the maggot, h, is the heat of vaporization of water at STP (2260 kJ/kg),
SEC is the specific energy consumption (kJ/kg), mp is the mass of firewood (kg), HHV is the
higher heating value of the firewood (17.577 MJ/kg) [19] and rice husk (13.39 MJ/kg) [9], and
¢ is the effectiveness of the roaster.
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3. Results and Discussion

The temperature profile of the furnace and the drum for a feedstock of the rice husk-wood scrap
blend (RH-WS) and a feedstock of wood scrap (WS) within 2 hours of investigation are displayed in
Fig. 3 and Fig. 4. Furnace temperature fluctuated during the test. This was due to uncontrolled
combustion of air entering the furnace. The furnace temperature is higher when a blend of rice husk-
wood scrap (RH-WS) feedstock is used compared with that using a wood scrap (WS) feedstock. The
average furnace temperatures are 342.87 °C when using the blend and 172.20 °C when using the wood
scrap. The addition of the rice husk to the furnace was able to improve combustion in it, thus more heat
was released during combustion. Significant temperature increases start from the beginning of the
process up to 50 minutes for the RH-WS feedstock and up to 25 minutes for the WS feedstock. After
reaching maximum values, the temperatures tend to decline slightly till the end of the drying.
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Fig. 3. Temperature profile of the furnace

Meanwhile, the drum temperature reaches drying temperature after 15 minutes for RH-WS
feedstock and 25 minutes for WS feedstock. The drum temperature when using blend feedstock is higher
than that of wood scrap feedstock. More heat generated by the blend combustion in the furnace leads to
a higher heat transfer rate to the drum, thus higher drum temperature when using the blend feedstock.

The average drum temperature when using the blend and wood scrap feedstock are 153.64 °C and 134.56
°C, respectively.
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Fig. 4. Temperature profile of the drum

An effect of the feedstock on drying rate, useful heat, SEC, and drier’s effectiveness is
shown in Fig. 5(a) to Fig. 5(d), accordingly. Higher drum temperature while using the blend
feedstock is noted and presented in Fig. 5(a). A higher drying rate happened due to more heat
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being absorbed by the BSF maggot in the drum. At any given time more water in the BSF
maggot evaporates when using the blend feedstock. The drying rates are 0.92 g/s and 0.65 g/s
for the blend feedstock and wood scrap feedstock, respectively. The amount of heat from
combustion used for the drying is shown in Fig. 5(b). A higher drying rate means that more
heat is used for the drying process at any given time. It is found that 20996.37 kJ of heat is
utilized for drying when using the blend feedstock and only 15132.22 kJ is useful for drying
when using wood scrap feedstock.

Meanwhile, Fig. 5(c) depicts the effect of the feedstock on specific fuel consumption. SEC
is defined as the amount of energy required for evaporating 1 kg of water vapour. The lesser
the SEC, the better the performance of the dryer. The SEC is found to be 27940.15 kJ/kg when
using the blend feedstock and 44877.45 kJ/kg when using the wood scrap feedstock. These
values indicate that more energy is consumed to evaporate 1 kg of water when using the wood
scrap feedstock compared to using the blend feedstock. In other words, the drier is more
effective when using the blend feedstock. As can be seen in Fig. 5(d), the drier’s effectiveness
when using the blend and the wood scrap feedstocks are found to be 0.67 and 0.47, respectively.
Compared with the work by Catrawedarma et al, [20] it is found that the exergy inflow for all
initial masses was not significantly different.
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Fig. 5. Performance of the rotary dryer
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4.

Conclusion
Techno-feasibility of the waste of rice husk and wood scrap as energy sources for rotary drier while

drying BSF Maggot was studied experimentally. It can be concluded that:

1. The waste of rice husk and wood scrap is technologically feasible as energy sources for a rotary
drum dryer while drying BSF maggot.

2. The performance of the drier in terms of drying rate, drying heat, specific fuel consumption, and
drier’s effectiveness is 42.6% higher when a blend of rice husk and wood scrap is used as a
feedstock.

3. Heat transfer from the furnace to the drum occurs better while using the blend feedstock, thus

more heat is absorbed by the drum for maggot drying. Rice husk can enhance the combustion of
the blend in the furnace.

4. Thus, it is recommended to use the rice husk-wood scrap feedstock. Besides giving better

performance to the drier, rice husk is also less expensive and abundantly available.
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