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The burgeoning interest in maggot-based feed necessitates cost-effective production
methods. Traditional roasting techniques for converting fresh maggots into fish feed
pellets, predominantly reliant on liquefied petroleum gas (LPG) burners, impose
substantial operational costs. Addressing this challenge, the current study introduces a
biomass-fueled roasting machine, engineered to reduce energy expenditure and enhance
environmental sustainability. Fabricated in a Yogyakarta-based workshop, the eco-
friendly roaster features a stainless steel rotary drum (500 mm diameter, 12000 mm length,
3 mm thickness) actuated by a 2 HP electric motor at 28 rotations per minute. The
machine's performance was evaluated through temperature profiling, roasting rate, useful
heat generation, specific energy consumption (SEC), and overall effectiveness. These
parameters were assessed during the roasting of 10 kg and 30 kg batches of fresh maggots
over a two-hour period, utilizing teak firewood as the biomass energy source. The
empirical findings indicated an optimized performance at the 30 kg capacity, with a
roasting rate of 2.86 g/s, useful heat delivery of 62168.30 kJ, an effectiveness of 0.69,
and an SEC of 12798.78 kJ/kg water evaporated. The introduction of this roasting
machine not only simplifies the maggot pellet production process but also diminishes
investment costs. More critically, it encourages the utilization of biomass waste, slashes
operational expenses for maggot farmers, and aligns with the principles of sustainable
agriculture. This study underscores the potential of integrating biomass-based
technologies within the aquaculture feed industry, promoting both economic and
environmental benefits.

1. INTRODUCTION

management strategies is identified as a promising technology
within the nation's Waste to Energy regulations [5]. Beyond

The larval stage of the Black Soldier Fly (BSF), Hermetia
illucens, is increasingly acknowledged for its utility in organic
waste management and as a sustainable protein source for
aquaculture. The BSF larva, commonly termed 'maggot,
represents the initial phase in the species' metamorphosis,
Figure 1 shows BSF life cycle, the entire life cycle of the BSF
is approximately 38 days [1]. Renowned for their rapid
processing of diverse organic substrates, absence of disease
transmission, and benign nature toward humans, BSF larvae
are considered a safe and valuable resource for cultivation.

Recent advancements have leveraged BSF larvae in the
waste management sector, where they enhance the conversion
of the solid residual fraction of restaurant waste into biodiesel,
demonstrating substantial potential as a feedstock for biodiesel
production [2]. Additionally, BSF larvae have been
successfully incorporated into fish meal, offering a sustainable
alternative to traditional feeds. Studies assert that BSF larvae
can replace fish meal in Atlantic salmon diets without
compromising the fish's growth performance, with complete
substitution yielding improved body weights [3, 4]. In the
Indonesian context, the integration of BSF larvae into waste
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aiding in waste decomposition, the larvae present an economic
opportunity, commanding higher market values in dried form
compared to fresh, thus enhancing profitability for farmers.
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Figure 1. Black soldier fly life cycle [1]

To extend market reach, farmers have adopted drying
methods for BSF larvae, typically employing a rotary type
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dryer. This apparatus, consisting of a continuously rotating
cylinder or drum, receives heat from an energy source such as
biomass and is particularly appropriate for granular food
products like grains [6]. The widespread adoption of rotary
dryers across various applications, including heating, cooling,
mixing, and drying processes, can be attributed to their ability
to provide uniform drying, ease of operation, and cost-
effectiveness [7-9]. The design of these dryers is tailored to
utilize waste energy sources that are readily available and
economically viable, making them well-suited for rural
farming communities. The superior performance of indirect
biomass drying with rotary dryers has been documented,
especially when designed with smaller diameters and more
slender proportions [10, 11].

Critical to the design of rotary roasters are the parameters of
optimum roasting time and temperature, which hinge upon the
moisture content and nature of the material being processed
[12]. An excessive moisture content necessitates extended
roasting durations, while maintaining optimal temperatures is
essential for achieving efficient convective heat transfer to the
drum. The complexity of determining these parameters can
lead to over-roasting and thermal energy wastage, thereby
incurring additional costs [13]. Nonetheless, optimization of
the roaster's design and operational parameters can lead to
significant energy savings and improved thermal efficiency
[14-16], particularly when operated under forced convection
modes, which have been shown to outperform natural
convection modes [17, 18]. A comprehensive evaluation of the
thermodynamics of rotary roasters can be furthered through
energy and exergy analysis [19-21].

Conventionally, maggot roasters have relied on liquefied
petroleum gas (LPG) burners as their primary heat source,
contributing to elevated operational costs. The current
investigation aims to address this economic and environmental
challenge by developing a biomass-fueled, eco-friendly
roasting machine. The envisioned machine is designed to
lower operational expenses and, consequently, enhance the
profitability of maggot farming enterprises. Notably, existing
market options for roasting equipment predominantly use LPG
or electric energy sources, with none harnessing biomass. The
thermal performance of the proposed roaster will be evaluated
through the examination of temperature profiles, roasting rates,
useful heat generation, specific energy consumption, and
effectiveness during the processing of 10 kg and 30 kg fresh
maggot batches, utilizing teak firewood as the biomass energy
source.

2. METHODOLOGY

The present work is divided into design and fabrication,
experimental work, and performance evaluation of a biomass
energy-based rotary drum roasting machine. In the present
work, rotary drum roaster is selected due to its simple
construction and high thermal performance. The capacity of
the roaster is determined to be 50 kg of fresh maggot per
process with drum rotation speed of 28 rpm.

2.1 Design and fabrication

The main components of the roaster are rotary drum,
biomass furnace, prime mover, and transmission system.
Based on design capacity, the vtabolume of a drum required is
calculated using Eq. (1).
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where, Vq is the volume of drum required, my and p,,, are the
mass and density of the fresh maggot, respectively. After the
volume of the drum is obtained, its diameter and length are
calculated by considering the standard diameter of commercial
drum available in the market.

For sizing a furnace, heat transfer rate is needed to be
obtained first prior to determination of furnace’s dimension.
Total heat input required for particular roasting time (t) is
obtained using Eq. (2).

Q = h(2rDL)(T; — T,)t )
where, Q is the total heat required for roasting (J), h is the
coefficient of convective heat transfers (W/m2.°C), D and L
are the diameter and length of the drum (m), Tf is the flame
temperature (°C), Tq is the temperature of the drum (°C), t is
the roasting time (s). Once total heat input is obtained, the
amount of feedstock required is determined using Eqg. (3) and
the volumetric dimension of the furnace can be calculated
using Eq. (4).

Q

(LxWxH)f = PN

)

where, L, W, and H are the length, width, and height of a
furnace (m), Q is the total heat input required (J), p, is the
density of biomass (kg/m?®), HHV, is the higher heating value
of a biomass (J/kg).

Meanwhile, the electric motor is used as prime mover of the
roaster where power required is calculated using Eq. (4).

_ 2mNT
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where, P is the output power of the electric motor (W), N is
the rotation speed of the drum (rpm), and T is the torque
required to rotate the drum (Nm) which is calculated using Eq.

).

T = mgr (5)
where, m is the total mass of drum and fresh maggot (kg), g is
the gravitational acceleration (9.81 m/s?) and r is the diameter
of driven pulley (m). Gearbox with speed reduction ratio of
50:1 is selected to reduce rotational speed of electric motor
(1400 rpm) to a drum rotational speed of 28 rpm.
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Figure 2. Technical drawing of a biomass energy-based
roasting machine (unit: mm)



Figure 2 presents a technical drawing of the roaster. The
fabrication work is done in a local mechanical workshop in
Yogyakarta. The furnace and the drum are both made from 3
mm thick Stainless-Steel plate. The furnace has a length of
1170 mm, wide of 806 mm, and height of 590,37 mm. The
drum has a diameter of 500 mm and length of 1000 mm.
Meanwhile, the structure of roaster is fabricated using 400 x
400 x40 mm L-profile Steel. Meanwhile, Figure 3 shows a
photograph of the biomass energy based rotary dryer which
has been developed in the present work.

Figure 3. Photograph of a biomass energy-based roasting
machine

2.2 Experimental work

Experimental work is conducted to evaluate performance of
the roaster in terms of temperature distribution, roasting rate,
useful heat, specific energy consumption, and effectiveness of
the roaster while roasting 10 kg maggot BSF and 30 kg for 2
hours roasting time. Experimental setup for evaluating
performance of the roaster is presented in Figure 4. A fresh
maggot is loaded into the drum through hopper, firewood is
burnt in the furnace for each test. Every test is conducted for 2
hours. Data taken during the test are temperature of furnace
(TF1, TF2, TF3) temperature of outer wall of the drum (TD1,
TD2, TD3), temperature inside the drum (TM), and mass of a
fresh maggot before and after roasting. Temperatures at those

locations are taken every 5-minute using infrared thermometer.

In the present work, the feedstock for the furnace is teak fire
wood which is obtained from local traditional market di
Yogyakarta.
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Figure 4. Experimental setup
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2.3 Performance evaluation

Once data is collected, temperature distribution, drying rate,
and thermal efficiency are analyzed. Roasting rate, useful heat,
specific energy consumption (SEC), and thermal efficiency,
and roasting effectiveness are calculated using Eq. (6) to Eq.
(8), accordingly.

mz—my

- ©)

Q= my¢y (T, =T + mvhfg @)
SEC = —m”i’:"” (8)
e = ©

where, 1 is the roasting rate (g/s), m, and m, are the mass of
maggot before and after roasting, Q, is the useful heat for
roasting (kJ), cp is the specific heat of a maggot (3,47 kJ/kg °C)
[22], T, is the maximum temperature inside the drum (°C), T,
is the initial temperature of the drum (°C), m,, is the mass loss
of the maggot, k¢, is the heat of vaporization of water at STP
(2260 kJ/kg), SEC is the specific energy consumption (kJ/kg),
my is the mass of firewood (kg), HHV;, is the higher heating
value of the firewood (17.577 kJ/kg) [23], and ¢ is the
effectiveness of the roaster.

3. RESULTS AND DISCUSSION

Figure 5 presents temperature profile of a furnace and a
drum while 2 hours roasting of 10 kg fresh maggot.
Temperature of the furnace fluctuates, especially at the middle,
due to uncontrol combustion air into the furnace. This
fluctuation indicates unsteady combustion occurs during the
roasting process. The highest temperature of the furnace is
measured at the middle of the furnace (TF2). This is because
the flame is bigger at that point. The heat rate from the flame
to the rotary drum is highest at the location of TF2. The flames
size at the left side of the furnace (TF1) and the right side of
the furnace are lower than at the middle, hence lower
temperatures of TF1 and TF2 are observed. Heat from the
flame is transferred to the rotary drum wall by means of
convection and radiation. The trends of the temperature
profiles of rotary drum are nearly like that of the furnace. The
temperature at the middle of the drum (TD2) is higher than the
temperature of left side (TD1) and right side (TD3). This is
because TD2 receives the highest heat from the furnace, as an
impact of the highest combustion rate at the middle point of
the furnace (TF2). However, the fluctuation of temperature on
the drum wall is lower than that of the furnace.

Temperature profile of the furnace dan the drum while
roasting 30 kg fresh maggot are presented in Figure 6. The
temperature profiles are similar to that while roasting 10 kg
fresh maggot, which fluctuate due unsteady combustion of the
biomass in the furnace. This unsteady combustion impacts on
unsteady heat released by the biomass, and in turns heat
transfer from the furnace to the drum also unsteady. Thus, the
temperature profiles of the drum follow the trend of furnace’s
temperature profile.

The average temperature of the furnace and the drum are
obtained by averaging TF1, TF2, TF3 for the furnace, and by



averaging TD1, TD2, TD3 for the drum. The average
temperature of the furnace and the drum while roasting 10 kg
and 30 kg fresh maggot are given in Figure 7. The average
temperature of the furnace while roasting 10 kg maggot is
lower than that while roasting 30 kg maggot. This is due to
firewood used during 10 kg roasting is lesser that that during
30 kg roasting. Hence less heat generates during 10 kg
roasting. The average furnace’s temperatures are 150°C at
roasting capacity of 10 kg and 300°C at roasting capacity of
30 kg. From Figure 7(a), it can be observed average
temperature of the drum is one fourth of the furnace. The
average drum’s temperatures are 120°C for roasting capacity
of 10 kg and 200°C for roasting capacity of 30 kg. Figure 7(b)
indicates that roasting starts at 15" minutes. The temperature
increases significantly up to 15" minute and keeps stable till
the end of the test.
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Figure 5. Temperature profile (10 kg fresh maggot)
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Figure 6. Temperature profile (30 kg fresh maggot)
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Meanwhile, Figure 8 presents performance of the roaster,
i.e, roasting rate, load useful heat, specific energy
consumption (SEC), and effectiveness. From the graphs in
Figure 8, it can be stated that performance of the roaster is
better while roasting 30 kg fresh maggot than while roasting
10 kg fresh maggot. The values of roasting rate, useful heat,
and effectiveness of 30 kg roasting capacity are higher than
that of 10 kg roasting capacity. On the other hand, the value of
SEC for 30 kg roasting capacity is lower than SEC for 30 kg
roasting capacity. These results are as expected since the
roasting capacity design is 50 kg. The roasting rate for roasting
capacity of 10 kg and 30 kg are 1.79 g/s and 2.86 g/s. Useful
heat for roasting capacity of 10 kg and 30 kg are 17392.22 kJ



and 62168.30 kJ. Useful heat is defined as total heat from the
furnace which is absorbed by the drum to dry the maggot
inside the drum. The effectiveness of the roaster is found to be
0.57 and 0.69 for capacity of 10 kg and 30 kg. Whereas the
SEC are 30838.84 kJ/kg water vapor and 12798.78 kJ/kg water
vapor for roasting capacity of 10 kg and 30 kg, respectively.
SEC is defined as the amount of energy required for
evaporating 1 kg of water vapor. The lower the SEC, the better
the performance of the roaster. Lower SEC means that to
evaporate same amount of water requires lesser energy, hence
more energy efficient.
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Figure 8. Performence parameter

The photograph of the fresh maggot and roasted maggot are
displayed in Figure 9. The color of roasted maggot has fulfilled
the standard, hence the roaster fabricated in the present work
is suitable for maggot. For future work, a comprehensive
evaluation of water vapor required for industrial purposes has
to be performed. For example, the water content of the dry
maggot has to be fulfilled the requirement of the standard for
making maggot pellet.

(b) Rosted mat

Figure 9. Photograph of fresh and roasted maggot

4. CONCLUSION

The eco-friendly rotary drum roasting machine has been
designed, fabricated, and tested its performance in terms of
roasting rate, useful heat, SEC, and effectiveness while
roasting 10 kg and 30 kg fresh maggot. It can be concluded
that the roaster is suitable for roasting maggot BSF. The
performance of the roaster is better while roasting capacity of
30 kg where roasting rate 2.86 g/s, useful heat of 62168.30 kJ,
effectiveness of 0.69, and SEC 12798.78 kJ/kg water are
gained. It can be stated that the roasting machine have a good
potential to be applied in small enterprise of maggot pellet
production. Besides its simple construction and low-cost
investment, the roasting machine also promotes utilization of
biomass waste, reduce operational costs, and promote
sustainable farming practices. However, more comprehensive
evaluation of thermal characteristic of the roasting machine
has to be performed in the future work. The heat loss from the
furnace and heat loss from the drum have to be figure out in
order to enhancing performance of the roasting machine.
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