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Abstract—The management of hazardous medical waste in
rural settings with limited resources faces significant constraints
due to the lack of specialized infrastructure and inefficiencies in
collection systems. This study presents the design and
theoretical validation of a compact multi-stage system that
integrates five key processes: double shredding, thermal
evaporation, gas purification, hydraulic compaction, and UV-C
disinfection. The methodology involved finite element analysis
(FEA) to verify the shredding subsystem's structural integrity
and thermal simulations to assess the efficiency of the
evaporation process and the thermal safety of the equipment.
Results obtained using SimSolid showed safety factors greater
than 2.5 in critical shaft and blade regions, with structural
displacements below 0.21 mm. Thermal simulations indicated
that the chamber reached operating temperatures between 400
and 600 °C within 20 to 25 minutes, while the external surface
remained below 60 °C due to the use of refractory insulation. A
consistent thermal response was observed even under extreme
simulated conditions (700-1100 °C), reinforcing the design’s
stability. The combined heat treatment and compaction stages
enabled an estimated waste volume reduction of 70% to 75%.
In addition, the microbiological neutralization potential of the
system, based on advanced filtration and UV-C disinfection, was
evaluated, acknowledging simulation limitations and the need
for future experimental validation. The primary contribution of
this work lies in demonstrating the feasibility of an autonomous,
safe, and efficient system for on-site hazardous medical waste
treatment. Future work will focus on building a functional
prototype, conducting real-world testing, and analyzing energy
consumption and adaptability in rural settings with variable
infrastructure.

Keywords—Medical Waste; On-Site Treatment; Mechatronic
Design; FEA Simulation; Thermal Evaporation; UV-C
Disinfection.

I. INTRODUCTION

The safe management of medical waste remains a
persistent challenge for healthcare systems, both in
developed infrastructures and in resource-limited settings.
Several studies have shown that the generation of hospital
waste is closely related to population density and local
treatment capacity, which increases the risk of exposure to
infectious agents, especially during health emergencies [1]-

[3].

This issue is further exacerbated in rural regions due to
the sustained expansion of medical services and the intensive
use of disposable supplies, resulting in a higher burden of
hazardous waste. In these areas, limited energy availability

requires solutions that are compatible with renewable sources
or have low energy consumption [4]. Although various
strategies have been developed, ranging from optimizing
collection routes and waste-to-energy conversion to chemical
and thermal treatment technologies [5]-[8], most of these
solutions are tailored for urban environments and are not
feasible in rural communities due to their reliance on
specialized infrastructure and trained personnel.

In the Peruvian context, this gap is particularly evident in
rural health posts, where the prolonged accumulation of items
such as syringes, gloves, masks, and plastic bottles poses a
concrete risk to public health [9]-[11]. While decentralized
energy solutions, such as mobile stations or photovoltaic
systems implemented during the pandemic, have been
applied in these settings [12], there is still a lack of compact
technologies that enable the on-site pretreatment of
hazardous medical waste. Current technologies tend to
fragment treatment stages or require technical conditions that
are difficult to replicate in remote areas [13]-[16].

To address this gap, this study proposes the design and
simulation of a compact machine that integrates, within a
single automated system, the processes of double shredding,
thermal evaporation, gas emission purification, and UV-C
disinfection, aiming to reduce both the volume and
microbiological load of waste generated in rural healthcare
facilities. The innovation lies in combining these treatment
stages through a low-power mechatronic control system that
is adaptable to isolated operational conditions.

The main contribution of this research is the development
of a comprehensive solution adapted to the technical, energy,
and environmental constraints of the Peruvian rural
environment. To this end, finite element simulations (FEA)
and thermal analyses were conducted to validate the
structural and functional feasibility of the proposed design,
laying the groundwork for the construction of a physical
prototype to be experimentally evaluated in real-world
scenarios.

IT. COMPACT MACHINE ARCHITECTURE

The compact machine's design is based on the functional
integration of five main subsystems: double shredding,
thermal evaporation, gas emission purification, hydraulic
compaction, and UV-C radiation disinfection. This
architecture is managed by an automated mechatronic system
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capable of operating in rural environments with limited -

technical personnel. The system enables safe, autonomous, m—‘

and efficient handling of hazardous medical waste by 1 O

regulating critical variables such as shredding speed, Pu;ilicati(ln]
ystem

evaporation temperature, and cleaning cycles [17], [18].

A. Shredding Subsystem

The shredding subsystem reduces the size of medical
waste before thermal treatment [19], [20]. It comprises:

e Primary Shredder A: Designed to process high-hardness
waste (syringes, bottles, gloves).

e Secondary Shredder B: Reduces the material from the
primary stage to a 1-5 mm particle size, enhancing
thermal efficiency.

Both units are represented in the conceptual diagram
shown in Fig. 1, which shows the rotary blades, shafts,
supports, and transmission mechanism.

INPUT
HOPPER
Shredder A Shredder B
Main Shaft with Secor)dary_ Shaft
Large Cutting with Fine
Blades Cutting Blades
AlSI D2 Tool
4340 Steel
Steel
Hydraulic

Transfer
Piston

Fig. 1. Conceptual diagram of the shredding subsystem

Shredder A uses AlSI 4340 hardened steel blades (55-60
HRC), known for their high toughness and impact resistance
[21]. Shredder B features D2 steel blades (58-62 HRC),
which maintain sharpness under prolonged use [22]-[27]. The
shredders are powered by 2 HP and 1.5 HP motors,
respectively, controlled by variable frequency drives that
allow operation between 100 and 200 rpm, depending on the
waste type and processing stage.

B. Thermal Evaporation Chamber

This module replaces traditional incineration with the
controlled application of heat to degrade waste without direct
combustion. Fig. 2 shows its cylindrical structure, equipped
with thermal insulation and distributed electric resistors [28],
[29].

Waste Inlet from
Transfer Piston

Electric Heaters
(3-5 Kw)

Thermal Insulation
(refractory)

Fig. 2. Evaporation process diagram

It operates between 400 and 600 °C, using 3-5kW
resistors regulated by type-K thermocouples and a PID
control system. A hydraulic piston transfers shredded waste
into the chamber, while refractory insulation minimizes
thermal losses, ensuring operator safety. This stage allows a
40% to 50% reduction in the initial volume, preventing the
excessive formation of toxic compounds such as dioxins [30].

C. Gaseous Emissions Purification System
After evaporation, the generated vapors and gases are
directed to an advanced purification system composed of:

e Baking soda (NaHCOs) injection: Neutralizes acidic
compounds such as chlorides and oxides.

e Activated carbon filter: Captures volatile organic
compounds (VOCs), trace amounts of heavy metals, and
odors.

e Mechanical filter: Retains solid particles.
e Controlled ventilation system.

With this, emissions meet safety standards and minimize
environmental impact [31], [32].

D. Final Post-Processing and Control Subsystems

After thermal evaporation, the system executes an
automated sequence of complementary processes, illustrated
in Fig. 3, to achieve microbiological neutralization, final
volume reduction, and hygienic maintenance.

o

Thermal
Evaporation
Chamber |

Hydraulic Pistons for
Compaction

Integrated Steam Self-
Cleaning System

Fig. 3. Diagram of final processes for the management of medical waste
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First, the treated solid waste is compacted by lateral
hydraulic pistons to form dense and stable blocks. This
facilitates safe handling, storage, and transportation while
minimizing residual particle dispersion. Next, the waste
passes through a sealed UV-C disinfection chamber equipped
with 254 nm lamps. This stage adds a biosafety barrier by
inactivating remaining microorganisms. Safety interlocks
prevent access while the lamps are active. Studies indicate
that doses above 100 J/m2 are effective for sterilization [33]-
[36].

To maintain system hygiene and prevent contamination
buildup, a steam self-cleaning subsystem periodically
sanitizes the feed hopper, shredders, and internal ducts. The
steam is generated using a heat exchanger that recycles waste
heat and is distributed through strategically positioned spray
nozzles [37]-[41]. All processes are coordinated by a
mechatronic control system that integrates distributed sensors
and actuators. The system includes variable frequency drives,
PID controllers, automatic UV activation, compaction, and
cleaning routines. Temperature, pressure, and current sensors
enable continuous monitoring of the operational status and
trigger safety alarms in the event of faults [42]-[48].

I11. SIMULATION METHODOLOGY

This section presents the computational simulation
strategy implemented for the preliminary validation of a
multistage system intended for the on-site treatment of
hazardous medical waste in rural, low-resource environments
[49], [50]. The proposed system integrates four sequential
subsystems: primary and secondary shredding, thermal
evaporation, gas purification, and UV-C radiation
disinfection into a compact, autonomous unit. The main
objective of the simulation was to verify the structural and
thermal feasibility of the design prior to prototype fabrication
and field deployment.

The methodological procedure was divided into two main
simulation lines:

1) Mechanical stress analysis (FEA): The structural
strength of the critical components of the shredding
subsystem, including blades, shafts, and structural supports,
subjected to dynamic loads, was evaluated. A fatigue analysis
under cyclic loading was also configured.

2) Heat transfer simulation: The heat transfer behavior
in the evaporation chamber, including conduction,
convection, radiation, and forced ventilation dissipation, was
modeled. The gas purification stage was considered at a
functional level but was not included in the computational
simulation [51]-[54].

3) Sensitivity analysis: A qualitative sensitivity study
was conducted to identify the system design's robustness to
variations in key parameters. These included material
properties, thermal insulation performance, energy supply
variability, and waste volume per treatment cycle [55], [56].

Fig. 4 summarizes the simulation workflow from CAD
modeling to analysis and interpretation. It outlines the
interconnection between mechanical and thermal evaluations
and highlights their contribution to the overall system
validation process.

CAD Modeling

Export to Simulation
Software

Mechanical Stress
Analysis (FEA)

Thermal Simulation
(CFD)

Definition of Loads and
Boundary Conditions

Sensitivity and
Scalability Analysis

Comparison with
Technical Literature

Integration and
Conceptual Validation

End

Fig. 4. Flowchart of the simulation and conceptual validation process

A. Mechanical Stress Analysis (FEA)

The objective of the mechanical stress analysis was to
verify whether the shredding subsystem's rotating blades and
drive shafts operated within the allowable limits for the
selected materials. Three types of steel were used: AISI 4340
for the primary shredder, D2 for the secondary shredder, and
ASTM A36 for the shafts and structural supports [57], [58].
The relevant mechanical properties are shown in Table I.
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TABLE I. MECHANICAL PROPERTIES OF THE MATERIALS USED

Parameters
L Tensile
Components Material El?iﬁgg)m't strength
(MPa)
Shredder A AlS1 4340 745 1080
Steel
Shredder B D2 735 980
Steel
Brackets & ASTM A36
shafts Steel 250 400

The geometric model was developed using CAD software
and included the shredding units, drive shafts, hydraulic
pistons, and supporting structures [59]-[62]. Fig. 5 presents
the 3D assembly of the subsystem. The model was exported
to the SIMSOLID simulation environment, where the finite
element analyses were performed. A mesh refinement was
applied to critical zones, especially at the blade-shaft
interface and the coupling points between the shredders and
the structural chassis [63]-[65].

Fig. 5. CAD model of the shredding and compaction system

The loading conditions included the maximum torque
applied to each shaft, calculated from the rated power of the
electric motors (1.5-2 HP), and the impact forces generated
during medical waste processing, estimated at a volume of
10-15 liters per cycle. The maximum pressure exerted by the
hydraulic pistons during compaction was also considered.
Boundary conditions were applied at the fixed supports
located in the bearings, chassis, and guides of the compaction
system [66], [67].

The structural evaluation was based on the Von Mises
equivalent stress criterion and the calculation of the safety
factor (FoS), with special attention given to high-stress
regions such as the blade-shaft junctions [68]-[72]. Finally, a
fatigue analysis under cyclic loading conditions
representative of prolonged operation in rural zones was
implemented to identify areas prone to stress concentrations
and potential fatigue-induced cracks.

B. Heat Transfer Simulation

The objective of the heat transfer analysis was to evaluate
the evaporation chamber's capacity to reach and maintain
temperatures in the range of 400 to 600 °C, which are
considered suitable for the thermal degradation and
evaporation of hazardous medical waste [73]. Fig. 6 shows

the three-dimensional model of the evaporation chamber
developed for this purpose.

&

Fig. 6. Three-dimensional model of the compact machine in SolidWorks
software

The thermal simulation included defining internal heat
sources by modeling electrical resistors distributed uniformly
throughout the chamber volume, with a total estimated power
between 3 and 5kW. A uniform heat distribution was
assumed as the baseline hypothesis to evaluate heat transfer
efficiency under ideal conditions [74], [75].

With respect to boundary conditions, controlled input
flows were defined to represent the transfer of solid waste
from the shredding system into the evaporation chamber. The
cyclic motion of the transfer piston, responsible for
intermittently introducing the shredded material, was also
modeled [76], [77].

Although the system design includes a gas purification
stage through the injection of neutralizing agents, such as
sodium bicarbonate, this stage was only addressed
functionally and was not included in the simulation phase of
this study [78]-[82]. The analysis focused exclusively on heat
transfer phenomena within the chamber, while gas flow
dynamics and neutralization were deferred to future
validation stages.

The model considered multiple heat transfer mechanisms:
conduction through the refractory lining, internal convection
generated by the movement of air and gases, thermal
radiation between internal surfaces, and forced ventilation for
gas extraction. Table Il details the thermal properties of the
materials used in the simulation.

TABLE Il. THERMAL PROPERTIES OF THE MATERIALS USED IN THE

SIMULATION
Properties
Material Thermal Heat Capacity Density
Conductivity (I/kg*K) (kg/m?3)
(W/m*K)
Refrqctory 1.2 800 2200
lining
Structural Steel
(casing) 45 >0 8%
Air (internal 0.026 1005 1.225
flow)
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C. Sensitivity Analysis

To evaluate the proposed system's robustness under
variable operating conditions, a sensitivity analysis focusing
on the most critical design parameters was carried out. This
methodological stage was particularly relevant given that the
system is intended for rural environments, where fluctuations
in energy supply, alternative construction materials, and
variations in waste composition are expected [83]-[88].

The qualitative impact of individual variations was
assessed for the following variables:

1) Mechanical properties of materials: A margin of
+15% was evaluated for the yield strength and tensile
strength of the selected steels (AISI 4340, D2, and ASTM
A36), considering potential substitutions with locally
available materials.

2) Supplied thermal power: The chamber's heating
elements were considered to have an operational range
between 3 and 5 kW, reflecting scenarios of energy
limitations or reduced efficiency.

3) Thermal conductivity of the insulation: Variations
of £20% in the conductivity of the refractory material were
analyzed, anticipating the use of alternative compounds with
differing thermal capacities.

4) Load volume per cycle: Operational scenarios
between 10 and 20 liters per cycle were estimated, associated
with different densities and types of medical waste.

This analysis helped identify the system components most
sensitive to external variations and provided preliminary safe
operating ranges. Although a formal probabilistic approach
was not applied, the proposed scenarios offer a practical basis
for future optimization and will guide subsequent phases of
experimental validation under real-world conditions.

V. RESULTS

A. Mechanical Stress Analysis (FEA)

The finite element analysis (FEA) was conducted to
evaluate the structural integrity of the double-shredding
subsystem, considering the load conditions and constraints
described in Section I11.A. The materials assigned were AlISI
4340 alloy steel for the primary shredder, D2 tool steel for the
secondary shredder, and ASTM A36 structural steel for the
shafts and support components, following the values reported
in Table I.

The 3D model was exported to the SIMSOLID
environment, where equivalent torques generated by 1.5 to 2
HP electric motors were applied. To replicate realistic
operational conditions, boundary conditions were imposed on
the bearings and chassis.

The results revealed a homogeneous stress distribution
across most critical regions. Fig. 7 presents the Von Mises
stress map:

e (a) For the primary shredder, where stress concentrations
are detected at the interface between the shaft and the
blades,

e (b) For the secondary shredder, a lower load is observed,
according to the lower torque applied.

(a)

Mir1.9587-04 [MPa]

ax 1.43640+01 [MPa] S

(b)

Fig. 7. Von Mises stress distribution in the shredding subsystem: (a) Primary
shredder and (b) Secondary shredder

The maximum stress recorded was 14.36 MPa,
representing only 1.8% of the yield strength of the materials
used (above 800 MPa). This large margin indicates a high
resistance to nominal mechanical loads.

Fig. 8 illustrates the displacement map under simulated
loading. The maximum deformation was 0.21 mm, located at
the periphery of the primary blade, without compromising
alignment or functionality.

lin 3.3461e-07 [mm]

lax 2.1030e-01 [mm]

=

Design study 1 | Structural 1 v

Fig. 8. Map of total displacements of the assembly under simulated load
conditions

The safety factor (FoS) analysis, shown in Fig. 9, revealed
a minimum value of 6.16, which significantly exceeds the
design threshold of 2.5. This suggests the system would
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maintain structural stability even under more severe
conditions or with slightly lower mechanical properties.

Design study 1 | Structursl 1 »

Fig. 9. Safety Factor (FoS) map obtained in the FEA analysis

Finally, a fatigue simulation under cyclic loading
estimated a minimum service life of 5,000 cycles before the
initiation of microcracks or significant structural wear. This
estimate should be considered preliminary and subject to
experimental validation in subsequent phases. Geometric
imperfections and manufacturing tolerances were not
included in this stage. Therefore, periodic inspection of welds
and corrective maintenance of blades and shafts are
recommended to ensure operational safety under prolonged
use.

B. Thermal Analysis Results

Thermal simulations were performed to assess the
evaporation chamber's ability to reach and maintain
temperatures suitable for the degradation of hazardous
medical waste, estimated between 400 and 600 °C [47]-[50].
Additionally, the effectiveness of the thermal insulation
system was evaluated to prevent overheating of the outer
surfaces. Fig. 10 shows the temperature distribution for an
operating scenario at 400 °C. A stable thermal profile was
observed in the central treatment zone, with a maximum of
400.14 °C and a minimum of 399.78 °C, indicating high
efficiency of the heating and insulation system under nominal
conditions.

400139 max
Temperatua v
P f 40008

40000

39992

39978 min

Fig. 10. Simulated temperature distribution at 400°C. The chamber
maintains the target temperature in the core, while external surfaces remain
below 60 °C

As part of a thermal sensitivity analysis, the system’s
behavior was evaluated under more demanding scenarios by
increasing the nominal temperature to 700, 900, and 1100 °C.
These simulations allowed the estimation of insulation
robustness in the event of control failures or extreme

operating conditions. At 700 °C, as shown in Fig. 11, the
internal chamber reached a maximum of 700.24 °C and a
minimum of 699.62 °C without significant heat transfer to the
enclosure.

700 243 max
Temperalura - 700 20

699 616 min

Fig. 11. Thermal profile at 700 °C. The thermal gradient intensifies, but
external surfaces remain within safe limits

Fig. 12 presents the thermal behavior at 900 °C. Despite
the increased thermal load, external temperatures remained
within safety thresholds due to the performance of the
refractory lining.

899 60

899506 min

Fig. 12. Temperature distribution at 900 °C. Heat remains concentrated in
the internal zone with minimal loss to the surroundings

Fig. 13 illustrates the results for the 1100 °C scenario, the
highest simulated thermal load. Maximum and minimum
internal temperatures were 1100.38 °C and 1099.39 °C,
respectively, confirming effective thermal confinement
across the treatment volume.

1100 362 mi
Temperatura v

1100 25
ce

1100 00
1009 75

1099 50

1099 396 min

Fig. 13. Thermal map at 1100 °C. The system remains thermally contained,
without critical hotspots on the outer shell

Finally, Fig. 14 compares the thermal profiles of all
simulated scenarios (400, 700, 900, and 1100°C) in an
integrated view of the equipment. The comparison reveals
inactive regions remained well insulated even under extreme
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thermal loads, with external temperatures consistently below
60 °C.

400.00 max
Temperatura

&y 32000

Min : -6.104E-06 C 240.00

A
kY

160.00

80.00

0.00 min

Fig. 14. Comparative thermal profiles and critical zones at different
simulated temperatures

These simulations were conducted under ideal conditions,
assuming no insulation degradation, residue accumulation, or
power supply fluctuations. Therefore, the results should be
interpreted as a preliminary numerical approximation,
pending experimental validation in future project phases.

C. Volume Reduction and Impact on Final Design

The integrated system comprising double shredding,
thermal evaporation, and hydraulic compaction significantly
reduced the volume of hazardous medical waste. Based on
technical references and the system's operating principles, the
volume reduction was estimated to range between 70% and
75%, depending on waste type, moisture content, and thermal
exposure time. This efficiency could be further improved by
adjusting the evaporation parameters and compaction
pressure. Fig. 15 shows an external view of the conceptual
prototype. The main enclosure is visible, including a top-
loading lid and a rear exhaust outlet that channels gases
toward the purification module.

Fig. 15. External view of the compact machine, showing the arrangement of
the hopper and the exhaust gas outlet

The system also incorporated a microbiological
disinfection module using UV-C radiation, located at the final
stage of the treatment process. Although the radiation field
was not simulated, the design included UV-C lamps rated
between 8 and 20 W, expected to deliver doses exceeding
100 J/m? sufficient to inactivate viruses and resistant bacteria,
as reported in the scientific literature. A steam self-cleaning

subsystem was integrated to ensure hygienic operation
without frequent disassembly. This module performed
periodic sanitation cycles targeting the feed hopper,
shredding chambers, and internal ducts. Fig. 16 presents a
sectional view of the whole system, highlighting the compact
arrangement of the functional subsystems.

Fig. 16. Sectional view of the internal assembly, showing the shredding
subsystem, evaporation chamber, compaction pistons, and UV-C module

Regarding the technical parameters derived from
simulations, the selection of AISI 4340 and D2 steel for the
blades was validated, with safety factors exceeding six under
simulated cyclic loads. Additionally, the power ratings for the
heating elements (3-5kW) and motors (1.5-2 HP) were
defined based on the operational requirements for thermal
and mechanical treatment, while also considering the energy
limitations typical of rural environments.

V. DiscussION

The simulation results supported the theoretical
validation of the proposed system in terms of structural
robustness, thermal efficiency, and operational safety for
decentralized hazardous medical waste treatment in low-
resource rural settings. From a mechanical perspective, the
finite element analysis identified stress concentrations in the
critical zones of the shredding subsystem, with a minimum
safety factor exceeding 6. This value surpasses the
recommended design threshold of 2.5 and is consistent with
prior studies on biomedical waste cutting mechanisms [89],
[90]. The selected materials (AISI 4340, D2, and ASTM A36
steels) also demonstrated mechanical behavior appropriate
for components subjected to cyclic loading in shredding and
compaction systems [91].

In terms of thermal performance, the evaporation
chamber achieved stable temperatures between 400 and
600 °C within 20-25 minutes of operation, with a
homogeneous thermal distribution and effective heat
containment by refractory insulation. The external surface
temperature remained below 60 °C, enhancing operator
safety. These conditions align with intermediate thermal
treatment strategies proposed by Shi et al. [92], who suggest
localized disinfection as an alternative to high-temperature
plasma systems operating at 1500-5000 °C [93]. Although
detailed fluid-chemical simulations were not performed, the
emissions treatment design includes acid neutralization
through sodium bicarbonate injection, activated carbon
filtration, and mechanical particle retention. Similar
configurations have shown purification efficiencies
exceeding 95% in industrial applications. Additionally, the
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integration of a UV-C disinfection module offers a final
microbiological inactivation stage, supported by its proven
efficacy in clinical surface sterilization [94].

Unlike emerging approaches centered on energy recovery
through pyrolysis [95], [96], the proposed system focuses on
on-site neutralization, eliminating the need for external
transportation and reducing biohazard exposure in rural
settings. This strategy is especially relevant for remote
healthcare posts in Peru and is adaptable to other regions with
limited healthcare infrastructure. Nonetheless, several
limitations must be acknowledged. The simulations were
conducted under idealized conditions, without accounting for
progressive material degradation, waste accumulation, or
environmental variability typically present in high-altitude
rural regions (e.g., humidity, atmospheric pressure, and
heterogeneous waste  composition).  Moreover, the
performance of the UV-C and gas purification modules has
yet to be empirically validated, and their effectiveness
remains to be confirmed through experimental testing.
Despite these limitations, the findings establish robust
preliminary design criteria for the development of a
functional prototype. The next research phase should include
empirical validation under real operating conditions,
involving emissions monitoring, microbiological assessment,
variable waste loads, and maintenance protocols suited to
rural environments.

VI CONCLUSION

This study presented the design and theoretical validation
of a compact machine for the safe treatment of hazardous
medical waste in rural settings. The system integrates four
functional stages: double shredding, thermal evaporation, gas
purification, and UV-C disinfection, which are evaluated
through structural (FEA) and thermal (CFD) simulations. The
results indicate that the mechanical subsystem maintains
safety factors above 6.0 and that the thermal insulation
effectively confines external temperatures below 60 °C, even
under high thermal load scenarios. The system architecture
enables an estimated waste volume reduction between 70%
and 75%, in accordance with values reported in the technical
literature.

Among the identified limitations, it is important to note
that the analyses were exclusively simulation-based, without
experimental validation of the gas purification efficiency or
the germicidal performance of the UV-C module.
Additionally, system performance under variations in waste
moisture content or composition, as well as under critical
conditions such as power outages or low electrical stability
common in rural areas, has not yet been assessed.

As future work, the construction of a functional prototype
and its experimental validation under real operating
conditions is proposed. It is recommended to include a
backup system or renewable energy sources such as solar
panels or batteries to ensure continuous operation during
power interruptions, and to assess their impact on operational
costs and maintenance requirements. This development
proposes a technically replicable solution, grounded in
principles of thermal, structural, and sanitary engineering,
that can contribute to the decentralization of medical waste
treatment in low-infrastructure contexts.
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