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Abstract: This study deals with the development of a 

polyethylene terephthalate or PET plastic shredder for Xavier 
University in order to reduce the transportation cost of used 
plastic bottles to the designated dump site some 9 kilometers 
uphill. The development of this 2 horsepower plastic shredder is 
also useful for the reduction of the volume of plastic materials in 
the Material Recovery Facility of the municipality of Alubijid, 
Misamis Oriental. Xavier University has a collection of used 
plastic bottles of around 365 kg per month with an aggregate 
volume of 17.42 m3 and until the next garbage collection services 
arrive, the amount of plastic waste will occupy a considerable 
volume or space. This study focuses on the development and 
testing of the capacity of the developed plastic shredder. This study 
is inspired by the project of Mr. Dave Hakkens, called Precious 
Plastic, that aims to fight plastic pollution by developing machines 
that aid in recycling all sorts of plastic materials. The objective of 
this study is to analyze the cost of developing these machines in the 
Xavier University setting, their cost of operation, and effectiveness 
through minimizing the volume of plastic bottle. In this study, 
only polyethylene terephthalate (PET) plastic are being used. By 
consultation of local manufacturing firms in developing the 
machines through their specialized equipment, the authors have 
found that cost of development is high. However, a compromise 
between quality and precision has been decided to reduce the 
overall cost of the development of the machine. The authors were 
able to develop the proposed machines through the application of 
skills in machine workshop practices in the mechanical 
engineering laboratory. The XU plastic shredder has an average 
plastic volume reduction of 82.41%. With this volume reduction, 
the number of trips for the garbage truck collector is also reduced 
by 82.41% thereby saving delivery cost and manpower 
requirements. The cost of power consumption of the XU Plastic 
Shredder is only PhP36.52 per hour. 
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I. INTRODUCTION 

This project is inspired by the efforts of people like Dave 
Hakkens[1], founder of Precious Plastic, a project that helps 
to boost plastic recycling worldwide through providing tools 
and knowledge to people around the world for free, 
trying to give people solutions to fight plastic pollution. 
Solutions found by the Project were shredding, melting and 
forming it into different shapes through molds and extruders.  
These are all useful solutions but the objective of this study is 
to minimize the volume of plastic to be sent to the landfill or 
to wherever recycling facility handles the plastic.  

Plastic comes in different types, shapes, and sizes. Keeping 
them in a landfill or storage bay/garbage bin takes a volume of 
space that could be utilized more effectively if the plastic 
were denser. By minimizing the volume of the plastic, more 
plastic can be stored and transported thus increasing the 
efficiency of the process. Shredders have been used in many 
parts of different industries for different purposes. But mainly 
its function is to reduce the size of the initial material to a 
smaller size.  

There are 3 different ways to shred which mainly depends 
on what materials are to be shredded. Different types of 
plastic are like oil and water, they do not mix, and when they 
cool down, they will set in different layers called “Phase 

Boundaries”. The phase boundary is the source of structural 

failure of the material. Therefore, it is best to segregate plastic 
by type when melting. Most plastics can be re-melted and 
reused, however the purity of the material decreases every 
time it gets reused. 

Plastic processing is the transformation of plastic mass into 
a desired shape. This is the main objective of three other 
processes that are designed for different product outputs. The 
extrusion process is for continuous production of the product. 
While the injection molding process is non-continuous as 
after each injection of the melted plastic, the mold is to be 
changed. Blow molding is the combination of the two 
mentioned above and is considered as continuous, this is done 
by extruding a tube and inserting it into a mold, and air is 
blown to force the material to expand to the mold.  
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II. METHODOLOGY 

A.  Fabrication of the blades 

To achieve the objective which is to make the plastic waste 
as dense as possible through a shredder while keeping the 
development cost low, this study focuses on the design 
parameters of these devices to be able to tear and extrude the 
plastic waste using crude versions of the machines that are 
still able to do the job effectively and efficiently. The 
dependent variables that was gathered in order to optimize the 
machine capability were then modified throughout the study 
to improve the result for further iteration and better 
mechanical design. 

The design of the cutting blade is very important in any 
design of shredder. In this study, the dimensions of Mr. Dave 
Hakkens is used for the fabrication process[1]. The layout of 
the blade design is so complex to be handled by the Xavier 
University Mechanical Engineering Laboratory, so that 
professional machinists were hired to do the layout and 
ultimately, cut the blades as per the designed dimensions. 

Cutting with ordinary cutting tools will result to uneven and 
rugged edges. The machinist opted to use plasma cutting to 
produce the needed quality of the plastic shredder blades. In 
this manner, the result of the fabricated and cut blades is 
precise as to follow the exact cutting contour as drawn in the 
drawing board. The XU plastic shredder contains twelve(12) 
blades with a uniform dimension.  

 

Fig. 1. Preparation of the XU Plastic Shredder 
blades 

Fig. 1 shows the preparation of the different parts used in 
the assembly of the plastic shredder. The housing of the 
blades and the guide slots were meticulously prepared and fix 
on its individual designed positions. The design of the bearing 
needed and the fabrication of the rotating shaft that will hold 
the blades were checked for the required tolerance of the 
assembly. 

B. Assembly of the plastic shredder  

Through previous research and data gathering online for 
the cheapest yet effective way to shred and extrude plastic. 
The specific design and specification of the machines were 
obtained. From there, the researchers improved upon these 
given designs to make it cheaper while producing the same 
output of the proposed plastic shredder. For the shredder, the 

plastic to be fed are PET bottles that are commonly used for 
drinking water, packaging or soft drink containers. The output 
size of the shredder can be varied through a screen found on 
the exit part of the shredder. Finer pieces can fall through, 
while the large ones will stay in the machine for further size 
reduction.   

 Using thermocouples and tachometers, temperature and 
rpm can be measured and logged for optimization of the 
variables, and estimation of operating cost of the machines[4]. 

 

 
Fig. 2. Blade assembly of the XU Plastic Shredder 

Fig.2 shows the assembly of the bearing, rotating 
cylindrical shaft and the twelve(12) cutting blades. Some 
required tolerance of the assembly were not satisfied initially 
thus further filing works were needed.  

C. Materials and parts selection  

Based on the conventional design in fabricating the 
machines for the plastic shredder, the main steel to be used for 
the shredding blades and frame should be AISI 304 Stainless 
Steel. However due to high cost and local availability of the 
material, the authors used mild steel that are available locally 
and at a reasonable cost. For driving the plastic shredder, a 
single phase, 2 horsepower and single phase, 1 horsepower 
electric motor was suggested by other researchers, though 
design optimization used a single phase, 1 horsepower and a 
12-volt dc motor to run the machines respectively.  

 
Fig. 3. XU Plastic Shredder bracket bottom 

 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-8 Issue-12, October 2019 

2823 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: L30281081219/2019©BEIESP 
DOI: 10.35940/ijitee.L3028.1081219 
Journal Website: www.ijitee.org 

Fig. 3 shows the plastic shredder bracket bottom. This part 
is used to hold the assembly and secure all the moving parts 
not to move during the operation. With this type of plastic 
shredder, vibration of the machine cannot be avoided when 
bulk of plastic materials are dumped into the hopper. 

In this study, due to some limitations of the availability of 1 
horsepower motor, a 2 horsepower AC motor is used as a 
source of mechanical power for the rotating cylindrical shaft. 
This 2 horsepower motor runs at a name plate speed of 3600 
rpm and with this rpm, it is more than enough to drive the 
plastic shredder with a design rpm of 70. The motor rpm 
should be reduced to a speed of 70 rpm using an assemble 
speed reducer. 

Rugged and sturdy stand is also assembled to elevate the 
height of the hopper and for the convenience of the plastic 
shredder operator. The height of the stand is so designed as to 
make the elevation of the hopper made easier and accessible 
to the plastic shredder operator who feds the garbage plastic 
materials. 

Due to the lack of plasma cutting equipment in the 
mechanical engineering laboratory, the authors looked for 
plasma cutting services that provided the plasma cutting 
needs for the plastic shredding machine. However, the desired 
cutting dimensions were not followed as the described 
tolerances that were given to the machinists were not 
followed. This confusion delayed the implementation of the 
project due to the requirements for manual labor of filing, 
grinding and machining of the laser cut parts. The authors 
employed some assistance from the mechanical engineering 
laboratory for filing works and alignment of the blades until it 
was ready for the assembly. 

 
Fig. 4. Top view of the XU Plastic Shredder with 

the hopper 
The researchers could also not find a shaft that would drive 

these cutting blades locally thus fabrication of this part was 
done using the lathe machine in the mechanical engineering 
laboratory.   

Fig. 4 shows the top view of the plastic shredder, the 
housing and guide slots. Clearances between the blades and 
the guide slots were improved by means of additional 
alignment and filing works. 

III. EXPERIMENTAL 

Based upon the project that inspired this research, the exact 
size of the screen that initially reduces the plastic bottle to 
flakes through the shredder are not given, however a starting 

point approximate is a 3 mm hole size screen is used to start 
an initial benchmark of shredding the plastic. The time it takes 
to shred one bottle to pass through the screen is then 
determined. Calculating the power used of shredding a 
volume of plastic bottles into flakes is then recorded in order 
to calculate the cost of running the machine. The size of the 
screen is optimal for melting the plastic flakes using the 
extruder as the next preferred process. Feeding a volume of 
the shredded plastic in the extruder and measuring the volume 
it occupies after it passes through the extruder will help 
determine its effectiveness.  

 Fig. 4 shows the top view of the plastic shredder with the 
mounting of the steel made hopper. At this stage of the study, 
the determination of the parameters and objectives of the 
study can smoothly be carried out. Plastic materials from the 
material recovery facility of the campus were collected and 
the specimen were fed to the plastic shredder. Recording of 
the input and output volume were done and so with other 
parameters such as the rotating shaft angular speed and the 
power consumption. Data were taken every thirty seconds for 
a duration of sixty minutes[4].  

The research project will not only be limited to reducing 
the volume of PET Plastic, but it can be used as a means of 
recycling plastic through injection molding of products. This 
creates a demand of recycled plastic bottles thereby reducing 
the amount of trash in the environment.  

Through proper modifications, scientific studies and 
experiments, the machines can also be used for different kinds 
of plastic materials to meet different demands. 

IV. RESULT AND DISCUSSION 

The main objective of this study is to determine the volume 
reduction of the fabricated plastic shredder. But before all 
other experiments can proceed, a sound design and 
fabrication of the plastic shredder must be done. 

With the fabricated plastic shredder assembled and 
commissioned for shredding, the data logger is now ready for 
mounting and interfacing with the computer unit[6]. Energy 
consumption and angular speed are the main parameters to be 
attached into the data logger. All other data, such as the 
volume of the plastic materials, were measured physically by 
the operator.  

Table 1 shows the percentage of volume reduction of the 
XU Plastic Shredder. There were three passes in this study, 
for a duration of 30 minutes and 15 minutes. For an input 
volume of 0.0731 cubic meter, the plastic materials has been 
reduced to 0.0159 cubic meter or a percentage volume 
reduction of 78.25%. For an input of 0.0159 cubic meter of 
plastic materials, it has been reduced to 0.0136 or a 
percentage volume reduction of 14.47% and for the third 
pass, the input volume of the plastic materials is 0.0136 cubic 
meter and the output volume is reduced to 0.013 cubic meter 
or a percentage reduction of 4.41%. 
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Table 1. Percentage reduction in volume for each pass 

 

The shredding time is recorded for the different passes in 
the plastic shredder. More time is spent for the first pass 
because some of the plastic materials with smaller sizes will 
take the first entry to the cutting blades compared to the much 
bigger plastic materials. 

 

Fig. 5. Volumetric reduction of shredded plastic 
materials 

Fig. 5 shows the volumetric reduction of shredded plastic 
materials. The initial plastic materials from the campus 
recovery material facility was measured at 73.1 milliliter. On 
the first pass, the volume reduces to 15.9 milliliter. On the 
second pass, the volume reduces to 13.6 milliliter and on the 
third pass, the volume reduces to 13.0 milliliter. 

It is observed that on the third pass, the reduction in volume 
is not so significant as compared to the reduction on the 
second pass. The reduction on the first pass is very 
pronounced as this reduction has an efficiency of 78.25% and 
much greater to the reduction efficiency on the third pass 
which has a value of 4.41%.  

 
 
 
 
 
 
 
 
 

 

 
Table 2. Cost of operation of plastic shredder 

 

Table 2 shows the cost in the operation for the plastic 
shredded in 30 minutes, 15 minutes and another 15 minutes on 
the final pass. It is observed that for an operational cost of 
PhP36.52 per hour, the first pass has the highest energy 
consumption while the succeeding passes has a lower energy 
consumption. The consumption in energy can also be related 
to the time being consumed by the plastic shredder. 

There has been a high amount of energy necessary to start 
the shredding process because of the different sizes of the 
intake volume. On the first pass, the objective is to convert the 
plastic material to sizes ranging from 3 to 14 mm in diagonal 
sizes. Once the intake volume has been converted in flake 
sizes of 3 to14 mm diagonal sizes, then it would be easier for 
the plastic shredder to slice and cut the plastic materials. 

The cost of the operation using the plastic shredder is 
cheaper compared to hiring laborers to slice and chop down 
the plastic materials. With an average worker salary of 
P365.00 per day, this machine can handle large volume of 
plastic materials for shredding process at a minimum cost and 
at a faster pace.  

 

Fig. 6.  Equation of percentage volume reduction 

Fig. 6 shows the equation of percentage volume reduction 
of the plastic materials. A second degree equation fits with the 
behavior of the efficiency as the number of pass is increased. 
It is observed in the graph that increasing the number of pass 
for the plastic shredder will result to a lower efficiency and 
which is insignificant for the process. 

The behavior of the plastic material reduction efficiency is 
fitted to a curve with a quadratic equation expressed in the 
form of 26.87x2 - 144.38x + 195.76, and with a value of R2=1. 
This type of curve will lead us further to a lower efficiency 
with an increase in fuel consumption and depreciation of the 
plastic shredder. 
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Fig. 7. Optimum number of passes 

Fig.7 shows that 2 passes of plastic materials is just enough 
for the process. Increasing the number of passes would not 
result into a better productivity. The energy consumption for 
the second pass and the third pass are just the same and yet the 
difference in shredding efficiency is quite high. 

IV. CONCLUSION 

This study focused in the development and testing of the 
plastic shredder. This plastic shredder has been operated and 
tested for the shredding of PET plastic materials. The 
developed plastic shredder is able to reduce the plastic 
materials effectively and with an efficiency of 78.25% for the 
first pass or with an overall efficiency of 82.22%. This 
reduction efficiency is high enough for a rugged homemade 
plastic shredder assembled from used and other scrap 
materials. It is evident in the above data that with the same 
energy consumption of the second pass, the third pass has a 
very low reduction efficiency. This data will show that adding 
a third pass in no longer economical for the plastic shredding 
process. In conclusion, this plastic shredder with an average 
hourly energy consumption of PhP36.52 is cheaper compared 
in hiring additional laborers just to chop and shred the plastic 
materials manually. 
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