IJSRD - International Journal for Scientific Research & Development| Vol. 14, Issue 3, 2026 | ISSN (online): 2321-0613

A Research Paper on Develop Machine to Convert Waste Plastic Into 3D Printer
Filament
Rushikesh A. Wankhade! Aryan D. Unhale? Bhavesh R. Jamode® Bajirao B. Navalkar*
Aniket M. Tikar?
1.2345Department of Mechanical Engineering
1.2345Mauli Group of Institution College of Engineering & Technology, Shegaon, India

Abstract — Plastic waste has become one of the most pressing
environmental challenges of modern society, contributing to
pollution and resource depletion. At the same time, additive
manufacturing technologies such as 3D printing are rapidly
expanding, creating demand for affordable and sustainable
filament materials. This research focuses on the design and
development of a machine capable of converting post-
consumer plastic waste into usable 3D printer filament. The
proposed system integrates mechanical shredding, extrusion,
and filament calibration processes to transform discarded
plastic into high-quality filament with consistent diameter
and strength. By utilizing locally available waste plastics, the
machine reduces environmental impact while lowering the
cost of 3D printing materials. Experimental trials demonstrate
that the recycled filament maintains adequate mechanical
properties for prototyping and functional applications. The
project highlights the dual benefits of waste management and
resource recovery, offering a practical solution for
sustainable manufacturing. Future scope includes optimizing
the machine for different types of plastics, improving
filament quality control, and scaling the system for
community-level adoption.
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I. INTRODUCTION

Plastic waste has emerged as one of the most critical
environmental challenges of the 21st century. The rapid
increase in consumption of single-use plastics and packaging
materials has led to significant pollution, threatening
ecosystems and human health. Traditional disposal methods
such as landfilling and incineration not only consume
valuable land resources but also release harmful emissions,
making them unsustainable in the long run.

At the same time, additive manufacturing—
commonly known as 3D printing—has gained global
attention for its ability to produce customized, complex, and
cost-effective components across industries. However, the
high cost of commercial 3D printer filament remains a barrier
to widespread adoption, especially in educational institutions,
small-scale industries, and rural communities.

distribution and Heat Flux, followed by Static
Structural Analysis to evaluate Von-Mises Stress and Total
Deformation. This research addresses both challenges by
developing a machine that converts waste plastic into usable
3D printer filament. The proposed system integrates
shredding, extrusion, and filament calibration processes to
recycle discarded plastics into high-quality filament suitable
for prototyping and functional applications. By combining

waste management with resource recovery, the project
contributes to sustainable manufacturing practices and
supports the principles of a circular economy.

The study not only demonstrates the technical
feasibility of producing filament from recycled plastics but
also emphasizes its socio-economic impact, offering a low-
cost solution for communities while reducing environmental
burden. The following sections detail the design
methodology, experimental results, advantages, limitations,
and future scope of the developed machine.
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Fig. 1: Filament machine

II. LITERATURE REVIEW:

Hasan et al. (2024) investigate the sustainability of 3D
printing by recycling post-consumer Polylactic Acid (PLA)
from household waste like cups and lids. They focused on
blending virgin PLA (vPLA) with post-consumer recycled
PLA (PC-PLA) in a 50:50 weight ratio to recover mechanical
properties often lost during the recycling process. Using the
Taguchi method to optimize printing parameters, the study
found that blending led to significant improvements in
tensile, flexural, and impact strengths compared to pure
recycled PLA. Their results indicate that while properties
might be slightly lower than 100% virgin PLA, the blended
filament provides a viable, eco-friendly alternative for high-

quality printed parts.
Akib et al. (2024) explore the transformation of
discarded  plastic  bottles, primarily  Polyethylene

Terephthalate (PET), into 3D printer filaments as a means of
reducing plastic pollution and lowering material costs. The
research highlights the critical role of detailed temperature
control and PID algorithms—managed by an Arduino
Nano—to ensure a homogenous polymer mass and uniform
filament diameter. They successfully produced filaments
from Polypropylene (PP) and High-Density Polyethylene
(HDPE), demonstrating that recycled PET can match or
exceed the mechanical strength of commercial PETG. This
study emphasizes the shift toward distributed recycling
models where waste is converted into functional printing
feedstock locally.
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Dobrzanska-Danikiewicz et al. (2023) conduct a
comparative analysis of the mechanical properties of recycled
PLA and PETG against their virgin counterparts
manufactured via Fused Deposition Modeling (FDM). By
performing tensile strength tests and Vickers microhardness
measurements, the researchers determined that recycled
materials do not differ significantly in quality from new raw
materials when processed at optimal temperatures. They
observed that samples printed at the producer-recommended
average temperatures showed the best results for both
materials. The paper concludes that recycled filaments can
effectively close the plastic use cycle in 3D printing without
compromising structural integrity.

Ab Rahman et al. (2024) present the design and
optimization of an extrudate filament machine specifically for
recycling PET plastics. The design process involved
conceptualizing a compact, lightweight system using
materials like Perspex and wood to ensure portability and user
safety. The machine integrates shredders, heating elements
for melting, and automated winding mechanisms to produce
uniform filament spools. Their findings suggest that such a
machine not only addresses environmental concerns by
keeping plastic out of oceans but also makes 3D printing
more accessible to hobbyists by reducing high filament costs.

Ponis et al. (2021) provide a systematic literature
review of 206 papers to structure the research field at the
intersection of Additive Manufacturing (AM) and the
Circular Economy (CE). They identified "Recycling" as the
most popular thematic axis, noting a strong trend toward
decentralized, distributed manufacturing models that reduce
transportation energy and greenhouse gas emissions. The
review highlights that 3D printing serves as a disruptive
technology that can transform traditional linear "take-make-
dispose" models into closed-loop systems. It also pinpoints
research gaps in "Digitization-Industry 4.0," calling for more
focus on how Al and IoT can further enhance the efficiency
of recycling through AM.

Aly et al. (2024) characterize the mechanical
properties of various blends of virgin and recycled PLA,
testing compositions from 0% to 100% recycled content in
10% increments. Using single-screw filament extrusion and
digital image correlation (DIC) for precise strain analysis,
they found that a 50:50 blend offered some of the most stable
mechanical performance. Interestingly, their lab-made blends
showed up to 50.33% higher tensile strength than certain
commercial PLA filaments, although the commercial
versions remained more ductile. This study serves as a
practical guide for university labs and enthusiasts to manage
the 6% to 19% of filament typically wasted in failed prints.

Sonjaya et al. (2022) focus on the construction of an
autonomous extruding machine capable of processing
shredded PP and PET/PP mixtures into 3D printing filament.
They addressed challenges such as PET's difficulty in
extruding directly by finding an optimal blend of 80% PP and
20% PET to achieve stable filament flow. Their research
determined that a barrel temperature of $190"{\circ}C$ was
ideal for producing filaments that closely match the
characteristics of commercial PLA in terms of size and
printing parameters. The project emphasizes using simple
components to create a reliable system that encourages local
manufacturing industries to adopt recycling practices.

Fathoni et al. (2025) utilize the ADDIE instructional
design model to develop a plastic bottle waste processing tool
controlled by an Arduino microcontroller. The system
features a MAX6675 temperature sensor for precise thermal
regulation and a stepper motor for automated filament pulling
and winding. Through linear regression calibration, they
achieved stable quality and diameters (1.75 mm) that meet
commercial standards for 3D printing. Their study
demonstrates that integrating sensor-based feedback
mechanisms into low-cost hardware can effectively support
small-scale plastic recycling initiatives in communities and
schools.

III. METHODOLOGY:

The machine was designed to process post-consumer plastic
waste into usable 3D printer filament through a sequence of
mechanical and thermal operations. The process begins with
the collection of discarded plastics such as PET bottles,
HDPE containers, and ABS scraps. These materials are first
cleaned thoroughly to remove dirt, labels, and contaminants,
and then dried to prevent moisture-related defects during
extrusion. Once prepared, the plastics are fed into a shredding
unit where rotating blades reduce them into flakes of
approximately 5-10 mm in size, suitable for extrusion.

The shredded plastic is then introduced into a hopper
that directs the material into a single-screw extrusion system.
The screw, designed and modeled in SolidWorks, conveys
the flakes through a heated barrel divided into three zones:
feed, compression, and metering. Each zone is equipped with
nichrome coil heaters controlled by a PID algorithm to
maintain precise temperatures between 160-220 °C,
depending on the type of plastic being processed. This
controlled heating ensures uniform melting of the polymer
and prevents degradation. At the end of the barrel, the molten
plastic is forced through a circular nozzle designed to produce
filament of 1.75 mm diameter.

Immediately after extrusion, the filament passes
through a cooling channel where air or water is used to
solidify the material. To maintain dimensional accuracy, the
filament is guided by rollers that calibrate its diameter within
a tolerance of +0.05 mm. A stepper motor-driven spooling
mechanism then collects the filament onto reels at a
controlled speed, ensuring smooth winding and preventing
tangling. The entire system is monitored using thermocouples
and sensors connected to an Arduino controller, which
regulates heating and spooling operations for consistent
output.

To evaluate the quality of the produced filament,
several tests were conducted. Diameter consistency was
measured at multiple points using digital calipers, while
tensile strength and hardness were compared against
commercial PLA filament. Printability was assessed by using
the recycled filament in standard FDM 3D printers to check
extrusion smoothness, adhesion, and layer bonding.
Additionally, a cost analysis was performed to compare the
production cost of recycled filament with that of
commercially available filament, highlighting the economic
benefits of the developed system. Safety features such as
insulated heating chambers and an emergency stop switch
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were incorporated to ensure reliable operation during
experiments.

IV. RESULTS AND DISCUSSION:

The developed machine successfully produced 3D printer
filament from post-consumer plastic waste such as PET
bottles and HDPE containers. The extruded filament
maintained a diameter of approximately 1.75 mm with a
tolerance of £0.07 mm, which is within the acceptable range
for most FDM 3D printers. Consistency in diameter was
achieved through careful calibration of the cooling and roller
system, demonstrating that the machine can reliably produce
filament suitable for prototyping and functional applications.

Mechanical testing revealed that the recycled
filament exhibited tensile strength values slightly lower than
those of commercial PLA filament but remained adequate for
non-critical applications. The hardness and flexibility of the
recycled filament were comparable to virgin materials when
processed under optimal temperature conditions. These
results confirm that recycled plastics can be transformed into
functional feedstock without significant compromise in
performance, aligning with findings from Dobrzanska-
Danikiewicz et al. (2023), who reported similar mechanical
properties between recycled and virgin PLA and PETG.

Printability tests using standard FDM printers
showed smooth extrusion and good layer adhesion, although
minor variations in surface finish were observed compared to
commercial filament. These differences can be attributed to
the heterogenecous nature of recycled plastics and slight
fluctuations in extrusion temperature. Nevertheless, the
printed parts demonstrated sufficient dimensional accuracy
and strength for educational and prototyping purposes.

From an economic perspective, the machine reduced
filament production costs by nearly 60% compared to
purchasing commercial filament. The total development cost
of the machine was estimated at less than 325,000, making it
affordable for small-scale industries, rural communities, and
academic institutions. This cost advantage highlights the
potential of decentralized recycling systems, as emphasized
by Akib et al. (2024), who demonstrated that locally recycled
PET filaments can match commercial alternatives while
reducing material expenses.

The environmental benefits of the machine are
equally significant. By diverting plastic waste from landfills
and incineration, the system contributes to pollution
reduction and resource recovery. This supports the principles
of the circular economy, where waste materials are
reintegrated into the production cycle. The project thus not
only addresses the technical feasibility of recycling plastics
into filament but also underscores its socio-economic and
environmental impact.

Despite these promising results, certain limitations
were identified. The machine’s performance varied
depending on the type of plastic processed, with PET and
HDPE yielding better results than mixed or contaminated
plastics. Energy consumption during extrusion also remains a
concern, suggesting the need for optimization or integration
of renewable energy sources. Future improvements could
include automated diameter monitoring, advanced

temperature control, and compatibility with a wider range of
plastics.

V. CONCLUSION:

The research successfully demonstrates the feasibility of
developing a low-cost machine capable of converting waste
plastic into usable 3D printer filament. By integrating
shredding, extrusion, heating, cooling, and spooling
mechanisms, the system provides a practical solution to two
pressing challenges: plastic waste management and the high
cost of commercial filament. Experimental results confirmed
that the recycled filament maintained acceptable dimensional
accuracy and mechanical properties, making it suitable for
prototyping and educational applications. Beyond its
technical performance, the machine offers significant socio-
economic benefits by reducing material costs and enabling
decentralized recycling, particularly in rural and small-scale
industrial contexts. Environmentally, the project contributes
to the principles of the circular economy by diverting plastic
waste from landfills and reintegrating it into productive use.
While certain limitations remain, such as energy consumption
and variability across different plastic types, the overall
outcomes highlight the potential of this innovation to support
sustainable  manufacturing practices. With  further
optimization and scaling, the system can evolve into a
community-level solution that empowers local industries,
educational institutions, and households to participate in
resource recovery and eco-friendly production.

VI. FUTURE SCOPE:

The development of a machine to convert waste plastic into
3D printer filament opens several promising directions for
future research and improvement. One important area is the
integration of advanced sensor-based monitoring systems to
automatically regulate filament diameter and extrusion speed,
ensuring higher precision and consistency. Incorporating
renewable energy sources such as solar-powered heating
elements could further reduce the environmental footprint
and make the machine more sustainable for rural and off-grid
communities. Expanding the system’s compatibility with a
wider range of plastics, including polypropylene (PP) and
low-density polyethylene (LDPE), would increase its
versatility and broaden its impact. Additionally, scaling the
design into larger, community-level recycling units could
enable collective waste management initiatives, transforming
local plastic waste into valuable resources for schools,
industries, and households. Finally, collaboration with
Industry 4.0 technologies such as IoT-based monitoring and
Al-driven process optimization could enhance efficiency,
reduce energy consumption, and improve quality control.
These advancements would not only strengthen the technical
capabilities of the machine but also contribute to the broader
goals of circular economy and sustainable manufacturing.
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