Jurnal Polimesin

Department of Mechanical Engineering

State Polytechnic of Lhokseumawe
http://e-jurnal.pnl.ac.id/polimesin
: 2549-1999  No. :6

Month : December
Year :2025

e-ISSN

p-ISSN : 1693-5462  Volume :23

Processing dates: received on 2025-10-1, reviewed on 2025-11-21,
accepted on 2025-12-15 and online availability on 2025-12-31

Performance analysis of a solar-powered maize sheller:
production capacity and shelling efficiency

Hendradinata, Firdaus, Toni Okviyanto®, Tri Satya
Ramadhoni, Muhammad Rizky Tolusha Putra, Muhammad
Hafidzni Muttaqin, Taufikurrahman

Department of Mechanical Engineering, Sriwijaya State
Polytechnic, Palembang 30139, Indonesia

*Corresponding author: toni.okviyanto@polsri.ac.id

Abstract

Post-harvest mechanization is essential for improving productivity
and reducing labor intensity in smallholder agriculture. This study
aims to design and test the performance of a portable solar-
powered maize sheller prototype developed as an environmentally
friendly and cost-effective alternative for rural farmers. The
research employed an engineering design approach consisting of
mechanical and electrical system design, prototype fabrication, and
performance testing by comparing solar-powered and grid-powered
machines. The key parameters analyzed included shelling capacity,
shelling efficiency, energy efficiency, grain damage rate, battery
charging time, and operating cost. The results showed that the
prototype achieved a shelling capacity of 65 kg/h with a shelling
efficiency of 90% and a grain damage rate of 5%, comparable to
grid-powered machines (91.4%) and higher than fossil fuel-based
machines (85%). The prototype’s energy efficiency was recorded
at 62.5%, lower than a grid-powered-based machine (80%) due to
conversion losses in the panel, battery, and inverter, but still
superior to fuel-based machines (35%). Economic analysis
indicated that the solar-powered machine had the lowest operating
cost, only IDR 5.3/kg, compared to grid electricity at IDR 7.3/kg
and fuel-based machines at IDR 115/kg. Equipped with a 12 V-20
Ah battery and a 200 Wp solar panel, the machine can operate
independently with a charging time of about six hours under
optimal solar radiation. This research demonstrates the feasibility
of solar energy utilization in maize shelling as an efficient,
economical, and environmentally friendly solution.
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1 Introduction

The utilization of solar energy in the agricultural sector is
increasing globally as part of the transition toward clean energy,
reduced carbon emissions, and enhanced food production efficiency
[1], [2]. Renewable energy—based technologies have become key
solutions for agricultural mechanization, particularly in developing
countries that still face various limitations in energy infrastructure
[3]. Numerous studies have shown that integrating solar panels into
agricultural tools and machinery can reduce dependence on fossil
fuels, lower operational costs, and improve access to mechanization
in remote areas. This global trend is highly relevant to Indonesia,
an agrarian country with abundant solar radiation throughout the
year and persistent challenges related to uneven electricity access in
many rural regions [4], [5], [6].

Maize is one of the most strategic food commodities, playing a
major role in supporting food security and the Indonesian economy
[7]. As the second most important staple crop after rice, maize

serves not only as a vital source of carbohydrates for the population
but also as a primary raw material for the animal feed industry and
modern food processing [8]. National demand for maize continues
to increase significantly, driven primarily by the growing need for
poultry feed in line with the expansion of the livestock industry. On
the other hand, domestic maize production is still dominated by
smallholder farmers with limited land and simple technology [9],
[10]. This condition results in suboptimal productivity and
relatively low post-harvest efficiency. One of the most critical post-
harvest stages determining the quality of the yield is shelling,
namely the process of separating maize kernels from the cob [11],
[12].

Maize shelling is still largely carried out manually or with
simple tools such as wooden beaters. This method is highly
inefficient as it requires a long processing time, demands
significant physical effort, and often results in fatigue or even
injuries for farmers. Moreover, manual shelling frequently
produces non-uniform results and a relatively high level of grain
damage. In large-scale production, such manual methods are clearly
incapable of meeting demand. Therefore, mechanization through
the use of maize shelling machines has become essential to improve
efficiency, accelerate the process, and reduce labor costs [13], [14],
[15], [16], [17].

The use of fossil-fuel-powered maize shelling machines can
significantly increase work capacity compared to manual methods;
however, they present notable drawbacks. High operational costs
arise from substantial fuel consumption and fluctuating fuel prices,
while exhaust gas emissions contribute to air pollution and elevated
CO: levels, and noise from the engines reduces workplace comfort
[18], [19], [20], [21], [22]. Grid-based electric machines (PLN) are
relatively more environmentally friendly and stable, yet their
adoption in many rural areas remains limited due to inadequate
electricity infrastructure and the rising cost of electricity [18], [23].
These conditions underscore the importance of developing
agricultural technologies based on alternative energy sources that
are more autonomous, efficient, and sustainable [21], [22], [23],
[24], [25], [26].

Solar energy represents one of the most promising renewable
energy sources. As a tropical country with an average daily solar
radiation intensity of 4.8—5.1 kWh/m?, Indonesia has a comparative
advantage in utilizing solar energy for agricultural applications
[27], [28]. Solar energy is clean, renewable, and available
throughout the year, and it has been widely applied to water pumps,
crop dryers, and egg incubators. However, its application in maize
shelling machines remains relatively limited, despite substantial
evidence from various studies highlighting its potential [21], [29],
[30], [31], [32]. Ghritalahre et al. developed a maize sheller with a
capacity of 174.33 kg/h powered by a 250 W Direct Current (DC)
motor, achieving a shelling cost of only 0.266 Rs/kg, thereby
demonstrating superior energy efficiency and cost-effectiveness
[33]. Ezurike et al. designed a maize shelling machine driven by an
electric motor with a shelling efficiency of 91.4%, but its reliance
on the national electricity grid (PLN) poses challenges for farmers
in areas with limited access to electricity [34]. Meanwhile,
Ravindran et al. developed a mini corn shelling machine with a
power rating of 399.2 W, achieving an efficiency of over 90% and
featuring a portable, low-cost design, which makes it particularly
suitable for smallholder farmers [35].

Recent studies have demonstrated that solar energy holds
significant potential as a reliable alternative resource for both
industrial and agricultural sectors. A 10 kWp on-grid PV system
installed at Tonasa V Factory recorded a Performance Ratio (PR) of
83% with an average efficiency of 15.3%, confirming the reliability
of solar energy for large-scale applications as well as agricultural
machinery [36]. Exergy analysis of a solar—biomass hybrid system
reported an exergetic efficiency of 21.28% with an energy payback
period of only 1.02 years [37], while simultaneously achieving a
substantial reduction in carbon emissions. Other innovations, such
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as the use of crab shell as a natural energy storage material in solar
stills, successfully increased efficiency from 17% to 30.74% [38].
Furthermore, research on small-scale heliostat field layouts
emphasized that optical design optimization plays a critical role in
enhancing solar energy capture [39].

Fossil-fuel-powered maize shellers offer advantages in terms of
energy availability compared to conventional sources, but they are
burdened with high operational costs and significant environmental
impacts. Grid-powered machines are relatively cleaner and provide
stable performance; however, their accessibility in rural areas is
still limited, and electricity prices continue to rise. In contrast,
solar-powered shellers require a relatively high initial investment
but provide nearly zero operational costs, energy independence, and
long-term sustainability [40]. A study by Silaban and Sitompula
reported that a 450 Wp solar photovoltaic system achieved an
efficiency of 14.4-153% with a battery charging time of
approximately 8 hours [41]. Although this efficiency is lower than
the average transmission efficiency of grid electricity, which ranges
from 30-35%, its economic advantage is substantially greater. Over
a 10-year period, the operational costs of solar PV systems are
estimated to be up to 80% lower than those of grid electricity or
diesel generators [36]. These findings highlight that despite the
relatively lower energy conversion efficiency, solar power remains
more advantageous in the long term, particularly for smallholder
farmers in rural areas who face limited access to electricity and
rising fossil fuel prices. Although solar energy technologies have
been widely applied in irrigation systems, drying units, and water
pumps, research on solar-powered maize shelling machines remains
scarce. Most existing studies focus either on mechanical design or
on the integration of solar panels, without providing a
comprehensive assessment that includes machine performance,
energy efficiency, grain quality, and economic feasibility. This
highlights a critical research gap: it is still uncertain whether solar-
powered maize shellers can match or surpass grid-powered and
fossil fuel-based alternatives across these key dimensions.

This research aims to develop a prototype of a portable maize
sheller that is efficient, environmentally friendly, and economically
viable. The prototype will be evaluated based on key performance
parameters, including shelling capacity per hour, energy efficiency,
battery charging time, and grain damage rate. In addition to
performance testing, this study explicitly conducts a comparative
analysis by evaluating the prototype against grid-powered maize
shellers and fossil-fuel-powered machines to determine its relative
efficiency, operational feasibility, and potential advantages.
Beyond the technical innovation, this study contributes to the
national renewable energy transition agenda, carbon emission
reduction, and the strengthening of food security at the smallholder
farmer level. The technology is expected to provide a practical
solution for farmers in remote areas by improving work efficiency,
reducing operational costs, and supporting sustainable agricultural
development. Ultimately, this research is anticipated to serve as a
model for the application of green technology in agriculture by
integrating technical, economic, and environmental aspects.

2 Research methodology

The research methodology was designed using an engineering
design approach combined with experimental testing, with the aim
of developing a portable solar-powered maize sheller prototype that
is efficient, environmentally friendly, and tailored to the needs of
smallholder farmers. The study was structured into four main
stages: initial data collection, system design, prototype fabrication,
and performance testing and analysis. Each stage was
systematically arranged to ensure that the resulting prototype is not
only technically feasible but also practically applicable in the field
[42].

2.1 Data collection
The initial stage of the research was carried out through direct
field observations and interviews with farmers and farmer groups

as potential end-users. The primary objective of this activity was to
identify the actual needs of users, understand the challenges
encountered in maize shelling when performed manually or with
conventional machines, and explore farmers’ preferences regarding
machine size, production capacity, energy source, and ease of
operation. The outcomes of this stage served as the foundation for
developing the User Requirement Specification (URS), which
guided the subsequent design process.

2.2 System design and development

The solar maize sheller consists of two frames, namely the main
frame and the middle frame. The main frame functions to support
all components used, while the middle frame functions to hold the
main components, namely the 250 W AC motor, pulley, and corn
sheller set. The dimensions of the main frame used to support all
components are 600x500x1800 mm, and the middle frame is
430x160%12 mm. Both frames use L-shaped bars with dimensions
of 40x40x3 mm. ST 37 material is used for these profile bars with
material properties of elastic modulus, tensile strength, Poisson's
ratio and material density of 210 GPa, 370—400 MPa, 0.3 and 7850
kg/m?3, respectively. All support bars connected to the main frame
are welded to withstand axial forces, normal forces, and moments.
Three support bars that hold several components on the main
frame. The first support bar, located at the top, will hold the load
from a 200-WP solar panel weighing 3.5 kg. The second support
bar, located below it, functions to hold the SCC, inverter, cables,
small accessories weighing 1.0 kg, and a 12 V 40 Ah SLA battery
weighing 12.0 kg. The third support beam functions to hold the
main component with a total weight of 5.5 kg. The design was
created using SolidWorks software. L-profile beams were used
because, in addition to being strong enough to support the
components, they are also more economical than other profiles. The
material strength calculation for the beams was performed by
determining the free-body diagram on the support beams. The
analysis was then continued using the Eq. (1) [43].

M.c
Omaks = T M

The design stage encompassed both mechanical and electrical
aspects. On the mechanical side, the design included the shelling
drum, maize feeding unit, supporting frame, and power
transmission system [1], [44]. On the electrical side, the system
design involved selecting a solar panel with sufficient capacity to
meet the power requirements of the prototype, calculating the
appropriate battery capacity, and determining the suitable solar
charge controller and inverter. The overall design was developed
using SolidWorks CAD software to produce accurate 3D models
and technical details. The key parameters considered included
motor power demand, battery capacity, solar panel area, and the
efficiency of the photovoltaic system. In this prototype, an
Alternating Current (AC) motor is used; requiring an inverter to
convert the DC generated by the solar panel and battery into AC
compatible with the motor. The AC motor was selected due to its
advantages in delivering stable output power, high durability, and
reliable performance under varying shelling loads. The complete
configuration of the maize sheller prototype developed in this study
is illustrated in Fig. 1, which highlights the structural framework,
mechanical components, and overall system integration. The key
components and their corresponding technical specifications used
throughout the design and assembly process are detailed in Table 1,
providing a comprehensive overview of the elements that support
the machine. Furthermore, the 3D design model of the solar-
powered maize sheller is presented in Fig. 2, offering a clearer
visualization of the system layout, including the placement of the
solar panel, motor unit, and supporting frame.

The determination of the technical specifications was based on
an analysis of the functional requirements of a portable maize
shelling machine intended for small-scale farmers, namely that the
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machine must be energy-efficient, easy to operate, resistant to field
conditions, and capable of operating independently without reliance
on grid electricity [45]. Based on these general requirements,
mechanical workload calculations were carried out using the target
machine capacity (kg/h) and the characteristics of dried maize with
standard moisture content, thereby obtaining the required shaft
rotational power and torque that must be provided by the drive
system.

DETAIL B
SCALET:10

Fig. 1. Full assembly of the solar maize sheller.

DETAIL A
SCALE1:10

Table 1. Components of the maize sheller

Component Specification
Frame Steel L profile, 600x500%1800 mm
Central frame Steel L profile, 430x160x125 mm
Inner cover Protective casing for internal mechanisms
Outer cover Protective casing for the entire machine
Pillow block 2 units, inner diameter 16—17 mm
Discharge channel Inclined aluminum plate
Shelling cylinder (teeth) Circularly embedded steel teeth

Shaft (17 mm) Carbon steel, length £300 mm
Solar panel 200 Wp, monocrystalline
Shaft (16 mm) Carbon steel

Solar charge controller 10 A, 12/24 V automatic
Battery 12V, 20 Ah sealed lead-acid
AC motor 12V, 200 W, high torque
Pulley (2 inch) Steel, diameter 50.8 mm
V-belt Standard size 1-1

Pulley (2.5 inch)
DC to AC inverter

Steel, diameter 63.5 mm
300 W output

Fig. 2. Design of the solar maize sheller.

Based on the calculated power requirements, a 12 V AC electric
motor with a rated power of 200 W was selected because of its
ability to deliver stable output power, high durability, and reliable
performance under varying load conditions, which made it suitable
for solar-based operation. Furthermore, the capacity of the 200 Wp
solar panel and the 12 V-20 Ah battery was determined through
calculations of total energy demand during operating cycles,
effective working time, and estimated recharge time using solar
irradiance data from the test location. The selection of structural
components, such as angle steel frames (steel L 40x40 mm), carbon
steel shafts, protective plates, pillow block bearings, and the
pulley—V belt transmission system, was based on material strength
analysis, safety factors, local material availability, and ease of
manufacturing. All technical specification decisions were not only
based on theoretical considerations, but were also validated through
literature studies, machine design standards, and empirical
experience from similar machines, so that Table 1 represents the
final outcome of a rational, measurable, and application-oriented
specification selection process for a solar-powered maize shelling
machine that is efficient, economical, and suitable for rural
environments.

2.3 Prototype fabrication

The prototype was fabricated at the Production Workshop of the
Mechanical Engineering Department, Politeknik Negeri Sriwijaya,
using locally available materials to reduce production costs. The
fabrication process was carried out in several sequential stages.
First, the frame was constructed from steel L (4040 mm) through
cutting, welding, and surface finishing to ensure rigidity and
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durability. Second, the shelling drum, equipped with circularly
arranged steel teeth, was installed on a carbon steel shaft supported
by pillow block bearings, providing stability and smooth rotation.
The transmission system, consisting of pulleys and a V-belt, was
then mounted to transfer torque efficiently from the AC motor to
the shelling drum (Fig. 3).

The electrical side, a 200 Wp mono-crystalline solar panel was
connected to a 10A solar charge controller, which regulates the
charging of a 12 V-20 Ah sealed lead-acid battery. High-torque AC
motor 200 W was integrated as the main driving unit, supported by
an inverter 300 W output for DC-AC conversion when required.
After all mechanical and electrical subsystems were installed; an
initial functional test was conducted to check alignment, power
transmission, and electrical connectivity. Any technical issues
identified during this stage were resolved through troubleshooting
and fine-tuning adjustments. Only after ensuring proper integration
of all components did the prototype proceed to the full-scale
performance testing phase.

Fig. 3. Prototype of the soar—powred maize sheller.

2.4 Performance testing

The performance testing was conducted under two different
scenarios, namely utilizing energy supplied by the solar panel
system and using electricity from the national grid (PLN) as a
comparison. The primary parameters measured included: (1)
shelling capacity; (2) shelling efficiency; (3) energy efficiency; (4)
Kernel damage rate; (5) battery charging time.

Shelling capacity is the amount of maize kernels successfully
shelled within a given unit of time [46], [47], [48]. Eq. (2) defines
the shelling capacity, Q (kg/h), as the rate of maize shelling,
calculated as the ratio between the mass of successfully shelled
kernels msheited (kg) and the machine operating time topergrion (h).

Mshelled
Q= snelle (2)

toperation

Shelling efficiency was defined as the percentage of maize
kernels that were successfully separated cleanly from the cob [4],
[46], [48]. Eq. (3) defines the shelling efficiency, (%), which is
defined as the ratio of the mass of successfully shelled kernels
mgpetiea (kg) to the total mass of maize before shelling muqize (kg),
expressed as a percentage.

— Mshelled X 100% (3)

Mmaize

Energy efficiency was determined as the ratio between the
motor’s consumed energy and the total available energy supplied
by the solar panel or battery, expressed as [46], [49]. Eq. (4)
represents the energy efficiency, fenerey (%), defined as the ratio of
the electrical energy consumed by the motor Eq.-(Wh) to the total
electrical energy supplied by the solar panel or battery Ejpp,y,,r (Wh).

Nenergy = Zinput X 100% (4)

Emotor

The calculation of the total energy supplied by the solar panel
or the battery during the operation of the maize sheller is given by
[46], [49]. Eq. (5) describes the total input energy Einpu: (Wh) as the
product of the electrical power supplied by the solar panel or
battery Pj;p,: (W) and the machine operating time toperqrion (h)-

Einput: Pinput X toperation (5)

The electrical energy consumed by the motor is calculated as
[46], [49]. Eq. (6) defines the electrical energy consumed by the
motor Eyoor (Wh) as the product of the motor power Piuowor (W) and
the operating time toperation (h).

Enotor= Pmotor % toperation (6)

Kernel damage rate is the proportion of broken or damaged
kernels during shelling, expressed as [4], [48], [50]. Eq. (7) defines
the kernel damage rate DR (%) as the ratio of the mass of broken or
damaged kernels, Maumagea (kg) to the total mass of shelled kernels
Meorar (Kg), expressed as a percentage.

DR = Tdamaged o 1009, 7)

Mshelled

The measurement of grain damage was carried out through a
manual separation procedure after the shelling process was
completed. The kernels discharged from the machine were
collected and then visually sorted into two categories: intact kernels
and broken kernels. The separation was performed by spreading the
shelled output onto a flat tray and manually removing the broken
kernels, leaving only fragments and visibly damaged kernels. Both
groups (intact and broken kernels) were subsequently weighed
using a digital scale. The damage percentage was calculated as the
ratio of the mass of broken kernels to the total mass of kernels
produced in each trial. This procedure was consistently applied
across all test replications [47].

Battery charging time is the duration required to fully charge
the battery under clear-sky and cloudy conditions. The performance
evaluation began with measuring solar radiation intensity as the
basis for designing the solar power system used in the maize sheller
prototype. Measurements were carried out throughout the day
under three weather conditions: clear, cloudy, and overcast to
obtain radiation profiles that accurately represent field variability.

These intensity data were then utilized to calculate the required
power, determine the appropriate sizing of the 200 Wp solar panel,
and select the 12 V=20 Ah battery as the primary energy storage
unit. Afterward, the system was assembled using a solar charge
controller to regulate the charging process and prevent
overcharging. The performance tests were conducted repeatedly to
ensure consistency and reliability of the data, and the resulting
measurements were compared with findings from previous studies
to identify performance differences and highlight the advantages
offered by the developed prototype [51], [52].

2.5 Data analysis

The experimental data were analyzed using a descriptive-
comparative approach, in which the performance of the solar-
powered maize sheller was evaluated against that of the national
electricity grid (PLN) and fossil fuels. Each performance test was
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conducted three times (n = 3) to ensure data consistency and
scientific reproducibility. The values reported in the results
represent the average of these three replicates. Each experiment
utilized 100 kg of maize, although performance analysis was
conducted based on the shelling output per hour using a stopwatch
and digital scales. The initial moisture content of the kernels was
measured using a digital grain moisture meter and conditioned to
12-14% (wet basis), in accordance with the Indonesian standard
SNI 01-3920-2006 for dried shelled maize, to prevent kernel
damage resulting from excessively high or excessively low
moisture levels [50]. The analysis covered three major dimensions:
(1) technical aspects, including shelling capacity, energy efficiency,
and grain quality; (2) economic aspects, particularly operating costs
per kilogram of shelled maize; and (3) environmental aspects,
focusing on the potential reduction of CO. emissions compared to
fossil-fuel-based machines. The outcomes of this analysis provide a
comprehensive assessment of the technical feasibility, economic
viability, and sustainability of adopting solar-powered maize
shellers for smallholder farmers in rural areas.

3 Results and discussion

This study aims to evaluate the technical, economic, and
environmental feasibility of a portable solar-powered corn sheller
prototype. The analysis was conducted by comparing two energy
sources, namely photovoltaic solar panels and grid electricity
(PLN), while conventional fossil fuel-powered machines were used
as an external benchmark. The discussion focuses on key
performance indicators, including shelling capacity, energy
efficiency, kernel damage rate, as well as the economic
implications and environmental sustainability associated with the
adoption of this technology.

3.1 Shelling capacity

Shelling capacity represents one of the key parameters in
evaluating the performance of a corn shelling machine, as it
directly reflects the productivity level of the equipment in
processing harvested crops. A higher shelling capacity indicates
that a larger quantity of corn can be processed within a given
period, thereby improving labor efficiency for both individual
farmers and farmer groups. Consequently, this parameter is
essential in determining not only the operational effectiveness of
the prototype but also its potential contribution to enhancing post-
harvest handling and overall agricultural productivity.

Table 2 illustrates the comparative shelling capacities of
different corn shelling methods. Manual operation produces only
about 15 kg/h, which is highly inefficient for larger-scale
applications. Fossil-fuel-powered machines achieve the highest
capacity, ranging from 150 to 180 kg/h [33], [53], [54], but this
comes at the expense of high operating costs and significant
environmental impacts. Grid-powered maize shelling machine
(PLN) offers a capacity of 90-110 kg/h [34], [54], [55], with the
advantage of stable operation, though their use remains limited in
rural areas due to restricted grid access. Meanwhile, the solar-
powered prototype achieves a shelling capacity of 65 kg/h, which is
lower than both PLN and fossil-fuel machines but represents a
considerable improvement over manual methods, while offering the
added benefits of energy independence and sustainability.

Table 2. Comparison of corn shelling capacity

Type of machine Capacity (kg/h) Reference
Manual (human-powered) 15 Manual testing results
Solar machine (prototype) 65 Prototype testing results
Fossil-fuel engine
(gasoline/diesel) 150180 [33], [33], [54]
Grid-powered machine (PLN) 90-110 [34], [54], [55]

3.2 Shelling efficiency
Shelling efficiency reflects the quality of machine performance,
as it indicates the proportion of corn kernels that can be cleanly

separated from the cob relative to the total mass of corn processed.
A higher efficiency value demonstrates superior machine
performance in terms of minimizing kernel loss [35], [56], [57],
[58]. Efficiency is typically calculated by comparing the mass of
successfully shelled kernels to the initial mass of corn, thereby
providing a direct measure of the machine’s effectiveness. High
efficiency values not only signify optimal operational capacity but
are also closely associated with harvest quality, as kernel damage
and unshelled residues are minimized [59]. Thus, shelling
efficiency serves as a critical indicator in evaluating the technical
feasibility of a corn shelling machine.

Table 3 shows that the manual method has the lowest efficiency
(70%). The gasoline engine improves efficiency to 85% [33], [53],
[54], but it comes with high operational costs and causes pollution.
The PLN-based machine achieves the highest efficiency at 91.4%
[34], [38], [55], [59], [60] because of a stable energy supply,
though it is limited to areas with electricity access. The portable
mini machine records similar efficiency, between 90% and 92%
[35], but with a smaller production capacity. The solar-powered
prototype in this study demonstrates an efficiency of 90%, almost
on par with the PLN machine.

Table 3. Shelling efficiency
Type of machine Efficiency (%)
Manual (human-powered) 70

Reference
Manual testing results

Solar machine (prototype) 90 Prototype testing results
Fossil-fuel engine

(gasoline/diesel) 85 331 [33] [54]
Grid-powered machine (PLN) 91.4 [341, [38], [55], [59], [60]
Portable mini machine 90 [35]

3.3 Energy efficiency

Shelling efficiency is an important parameter that can be used
as a basis for comparing different types of machines to assess the
performance of maize shellers. Each drive system, whether manual,
fossil fuel-powered, PLN electricity-based, or solar-powered, has
distinct characteristics that affect the quality of the results.

Table 4 shows the energy efficiency, which is one of the
important parameters for evaluating the performance of maize
shelling machines based on the energy source used. Fossil fuel-
powered machines, such as gasoline or diesel engines, have low
efficiency, around 35% [33], [61], due to significant heat losses
during the conversion of chemical energy to mechanical energy.
This makes fuel-powered machines energy-inefficient and less
environmentally friendly, despite their high shelling capacity. PLN-
based electric machines show much higher efficiency, around 80%
[34], [35], [62], [63], [64], with a stable energy supply, enabling
consistent performance. Solar-powered machines, while having
lower efficiency at 62.5%, experience losses in the panel, Solar
Charge Controller (SCC), battery, and inverter.

Table 4. Comparison of energy efficiency in maize shelling
machines
Type of machine

Energy efficiency (%) Reference

Solar machine (prototype) 62.5 Prototype testing results
Fossil-fuel engine

(gasoline/diesel) 3 (331, [61]

Grid-powered machine 20 [34], [35], [62], [63],
(PLN) [64]

The system energy efficiency of 62.5% indicates that a portion
of the available energy is not fully utilized by the drive motor due
to energy losses occurring in each system component. Energy
losses in the solar panel are mainly attributed to the limited
conversion of solar radiation into electrical energy and the effect of
elevated surface temperatures, which increase internal resistance. In
the battery, energy losses occur during the charging and
discharging processes, causing part of the energy to be dissipated as
heat. The inverter introduces conversion losses due to the
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transformation of DC into AC, which is inherently imperfect.
Meanwhile, in the electric motor, energy losses arise from
mechanical losses (bearing and transmission friction) as well as
thermal losses in the windings. The cumulative effect of these
losses across all components results in only about 62.5% of the
input energy being effectively utilized for the shelling process.

3.4 Kernel damage rate

Kernel damage is an important indicator for evaluating the
quality of shelling performance, as it represents the percentage of
kernels that become broken or damaged during the process. The
level of kernel damage strongly determines the final quality of
shelled maize, since broken kernels can reduce market value,
increase the risk of contamination, and decrease the efficiency of
subsequent post-harvest processes. To ensure an accurate
evaluation of kernel damage, the assessment was preceded by
measuring the moisture content of the maize, which was maintained
at 14%, in accordance with the quality standards for dried shelled
maize. Moisture content was measured using a digital grain
moisture meter through random sampling of the tip and base
sections of six maize cobs. This approach ensured that the
measured moisture values accurately represented the overall
condition of the material and were not affected by moisture
variation within a single cob. Maintaining consistent moisture
content is crucial because it directly influences shelling quality and
the resulting level of kernel damage. The measured results are
summarized in Table 5 to illustrate the differences in kernel
damage levels across various types of maize shelling machines.

Table 5. Kernel damage rate in maize shelling machines

Type of machine Kernel damage rate (%) Reference
Manual (human- 3 Manual testing results
powered)

Solar machine )
(prototype) 5 Prototype testing results
Grid-powered machine

(PLN) 6 [34], [65], [66]
Fossil-fuel engine

(gasoline/diesel) 12 [27], [37], [38], [39]

Table 5 shows the percentage of kernel damage in maize
shelling. The test results for the solar-powered maize sheller
prototype indicate a kernel damage rate of around 5%, which is still
acceptable within post-harvest quality standards. This value is
relatively low compared to fossil-fuel machines, which have a
damage rate of 12% [27], [37], [38], [39] due to the instability of
their rotational speed, and is similar to the performance of the PLN-
based machine with an average damage rate of 6% [34], [65], [66].

The main factors affecting kernel damage are cylinder speed,
cylinder design, and corn moisture content. Excessively high
speeds increase capacity but risk higher kernel breakage, while low
speeds reduce capacity but maintain better kernel quality.
Moreover, moisture content has a significant impact. Corn with
excessively high moisture content is difficult to separate, reducing
efficiency, while corn with very low moisture content becomes
fragile and easily breaks. Therefore, motor speed control and the
selection of optimal harvest timing with appropriate moisture
content are key factors in minimizing kernel damage to maintain
acceptable quality.

Manual shelling has low efficiency due to heavy reliance on
human power, while fossil-fuel machines excel in capacity but
often result in higher kernel damage. PLN-based machines achieve
high efficiency with clean results, while the solar-powered
prototype offers efficiency close to that of the PLN machine.

3.5 Battery charging time and solar radiation intensity

Fig. 4 illustrates the variation in solar radiation intensity
throughout the day under three different weather conditions: clear
sky, cloudy, and overcast. In general, the radiation intensity
increases from morning, reaches its peak around 12:00—13:00, and

then gradually decreases toward the late afternoon. Under clear-sky
conditions, the radiation intensity is the highest, starting at 150
W/m? at 07:00 and reaching a maximum of 850 W/m? at 12:00
before declining to 0 W/m? at 17:00. Cloudy conditions exhibit a
similar pattern but with lower values, rising from 80 W/m? to a
peak of 450 W/m? between 11:00 and 12:00, while overcast
conditions produce the lowest radiation levels, ranging only
between 40 and 200 W/m? throughout the observation period.
These variations in solar irradiance are directly related to the
performance of the photovoltaic charging system used in the maize
sheller prototype. The prototype employs a 12 V=20 Ah battery
with an energy capacity of approximately 240 Wh, selected to meet
the sheller motor's power requirement of 125 W for about two
hours of operation. A 200 Wp solar panel serves as the primary
energy source, supplying power through a solar charge controller.
Under optimal radiation conditions, such as those represented by
the clear-sky curve, the solar panel can operate near its nominal
capacity, enabling a full battery recharge in approximately six
hours. Therefore, the fluctuating solar radiation profiles presented
in Fig. 4 emphasize the importance of considering weather
variability when evaluating the performance and energy sufficiency
of the solar-powered maize shelling system, which is designed to
operate independently of grid electricity and fossil fuels while
maintaining sustainable functionality.
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Fig. 4. Solar radiation intensity under clear, cloudy, and overcast

conditions.

3.6 Economic analysis

Economic analysis is a crucial aspect in assessing the feasibility
of using a solar-powered maize sheller compared to the PLN-based
machine or fossil fuel-powered machines (gasoline/diesel).

The initial investment cost of the solar-powered maize sheller
was calculated as the sum of the costs of all major system
components, including the solar panel, battery, inverter, electric
motor, charge controller, mechanical structure, and installation.
Based on the component costs used in this study, the total initial
investment cost of the system is estimated to be approximately IDR
12.15 million, indicating that the system is economically feasible
for small-scale farmers and rural agro-processing applications.
However, there is a key trade-off between the relatively higher
initial investment cost of the solar power system compared with
conventional systems and its significantly lower operating costs, as
no fuel or grid electricity is required. Considering the annual
operating cost savings, the system is expected to have a relatively
short payback period, suggesting that its implementation can
provide economic benefits in the medium to long term.

Table 6 shows a comparison of operational costs for various
maize shelling machines. The operational cost per hour is
calculated using the Levelized Cost of Energy (LCOE) approach,
which is the ratio of the total system cost to the electrical energy
produced over its lifetime [74], [75]. Based on the calculations, the
motor's energy requirement is 0.125 kWh/hour. Assuming a solar
LCOE of IDR 2,781/kWh, the operational cost is approximately
IDR 348/hour, or equivalent to IDR 5.3 per kilogram of shelled
maize at the prototype's capacity of 65 kg/hour.
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Table 6. Comparison of operational costs
Operational cost Cost per kg

Type of machine (IDR/hour) (IDR/kg) Reference
Fossil-fuel engine
(gasoline/diesel) 7,500 115 [67], [68], [69]
Grid-powered machine 475 73 [671], [68], [70], [71],
(PLN) [72]
Solar machine
(prototype) 348 5.3 [36], [67], [69], [73]

Gasoline-powered machines require about 0.5 liters per hour,
with an average price of IDR 15,000 per liter, resulting in an
operational cost of IDR 7,500 per hour, or approximately IDR 115
per kilogram of maize. Meanwhile, PLN-based machines require
the same amount of electricity as the prototype (0.125 kWh/hour),
with the unsubsidized electricity rate at IDR 3,800 per kWh,
making the operational cost approximately IDR 475 per hour, or
IDR 7.3 per kilogram. These results show that solar energy has the
lowest operational cost, despite requiring a higher initial investment
compared to a grid-powered machine.

The analysis shows that the solar-powered maize sheller
performs competitively compared to grid-powered-based machine
(PLN) and fossil fuel-powered machines, particularly regarding
shelling efficiency, kernel damage rate, and operational costs.
Although the prototype’s shelling capacity of 65 kg/hour is still
lower than the grid-powered-based machine (PLN) 90 kg/hour and
fossil fuel machines’ 150 kg/hour, the shelling efficiency of 90% is
close to the PLN-based machine performance of 91.4% and modern
portable machines at 90%. The relatively low kernel damage rate of
5% further confirms that the mechanical design and AC motor
settings are effective, considering the impact of rotational speed
and moisture content on output quality. In terms of energy
efficiency, the 62.5% efficiency is still below the PLN-based
machine 80%. Still, the operational cost advantage of IDR 348/hour
or IDR 5.3/kg is far more economical compared to the PLN-based
machine at IDR 7.3/kg or fossil fuels at IDR 115/kg. The results of
this study show that while the solar-powered maize sheller has
technical limitations in capacity and energy efficiency, it excels in
sustainability, energy independence, and the potential for carbon
emission reduction. The solar-powered maize sheller is an
innovative solution highly relevant for smallholder farmers in rural
areas and contributes to the renewable energy transition agenda and
sustainable agricultural development.

Future studies may focus on optimizing battery management
strategies, and refining the design of the shelling mechanism to
increase machine capacity and durability. These developments are
expected to enhance technical performance and broaden the
practical application of the solar-powered maize sheller.

4 Conclusions

The results of this study demonstrate that the solar-powered
maize sheller is technically, economically, and environmentally
feasible as an alternative post-harvest technology for smallholder
farmers. The machine achieved shelling capacity of 65 kg/hour,
while lower than that of fossil-fuel and the grid-powered maize
shelling machine (PLN), was still much higher than manual
methods. The shelling efficiency reached 90%, close to the PLN-
based machine, with a low kernel damage rate of 5%, ensuring that
the product quality was maintained. The energy efficiency of
62.5% indicates that there were still losses in the panel, battery, and
inverter; however, its advantage lies in the lowest operational cost,
only IDR 348/hour or IDR 5.3 per kilogram, which is far more
economical than both grid-powered-based machines (PLN) and
fossil fuel machines. Solar energy helps reduce production costs
while decreasing dependence on grid-powered machines (PLN) and
fossil fuels. This machine is relevant for increasing smallholder
farmers' productivity and supports the renewable energy transition
agenda. However, the implementation of solar-powered machines

in rural areas still faces several challenges, such as dependence on
the availability of solar radiation, limited supporting infrastructure,
and the need to increase user capacity in terms of equipment
operation and maintenance.
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