IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 13 Issue: IV Month of publication: April 2025

DOIl: https://doi.org/10.22214/ijraset.2025.69861

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue IV Apr 2025- Available at www.ijraset.com

Automated Waste Paper Recycling System for
Sustainable Product Creation

Mr. G. NirmalKumar®, S. Santhosh Kumar?, K. Ravi Varma®,N. Mukilan’, M. Raja Pandi®
L ecturer, 3 *5Students Department of Mechanical Engineering, PSG Polytechnic college, Coimbatore, TamilNadu, India

Abstract: Any large institution will readily admit to producing a significant amount of waste paper, but this is especially true of
educational institutions like schools and universities. Additionally, recycled paper can be used effectively for craft sheets,
registers, paper cups, paper plate and other purposes. Recycling the discarded papers makes more sense than throwing them in
the trash. This will guarantee the institute's contribution to environmental conservation in addition to helping it save money. The
creation of an automated, small-scale paper recycling factory that can be utilized in universities and schools guarantees an
inexpensive, simple process for producing paper goods. As a result, the machine unit's design has been created with all required
component requirements. In contrast to its present annual consumption of 16 million tons, paper consumption in India is
predicted to increase by 6-7% over the next five years, reaching 30 million metric tons. in 2026-2027. Approximately 1.45 lakh
metric tons of solid trash are produced in India each. year, of which 35% is dry garbage made up of 21% waste paper and
cardboard. One of the most significant goods that humans have ever created is paper. Pulp fiber are the main source of raw
materials used in the manufacture of paper. Paper recycling is the process of breaking down and reusing used paper to make
new paper products without endangering forests or trees. Recycling paper reduces operation and capital costs while preserving
the supply of raw natural wood.
L. INTRODUCTION

Paper is one of the most important products ever invented by man. The primary raw material for the paper production is the pulp
fibers obtained by complicated chemical process from natural materials, mainly from wood. This fiber production is very energy
demanding and at the manufacturing process there are many of the chemical matters which are very problematic from the view point
of the environment protection. The paper recycling, simplified, means the repeated defibring, grinding and drying, when the
mechanical properties of the secondary stock are altered, the chemical properties of fibers, the polymerization degree of pulp
polysaccharide components, mainly of cellulose, their supra-molecular structure, the morphological structure of fibers, range and
level of interferes bonds. Paper recycling saves the natural wood raw stock, decreases the operation and the capital costs to paper
unit, decrease water consumption and last but not least this paper processing gives rise to the environment preservation. A key issue
in the paper recycling is the impact of the energy use in manufacturing. The Importance of Waste Paper Recycling Every year,
millions of tons of paper products are discarded, leading to significant waste management issues. According to the EPA, paper
products comprise approximately 26% of municipal solid waste. Recycling this paper can substantially reduce landfill usage and the
environmental degradation that accompanies it. Furthermore, the recycling process uses less energy and water compared to
producing new paper from virgin fibers, making it a more sustainable option. By converting waste paper into reusable materials, we
can mitigate deforestation, reduce greenhouse gas emissions, and conserve water resources. This shift not only benefits the
environment but also promotes economic savings through reduced raw material costs and lower waste management expenses.

1. OBJECTIVES

The primary goal of the waste paper recycling system is to efficiently gather, sort, and recycle paper waste to produce sustainable

goods. This initiative aims to minimize environmental impact by:

1) Reducing Resource Consumption: Utilizing less energy, water, and carbon emissions in the recycling process while generating
high-quality recycled paper.

2) Promoting Economic Viability: Encouraging the use of recycled materials, enhancing public awareness, and fostering industrial
engagement to support a thriving recycling economy.

3) Enhancing Public Participation: Actively involving the community and collaborating with industries to improve waste paper
collection and promote sustainable practices.

4) Advocating for Supportive Policies: Pushing for policies and incentives that strengthen the recycling industry and facilitate a
circular economy where resources are continuously reused and waste is minimized.
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1. LITERATUREREVIEW
1) Ervasti.l, Miranda.R, and Kauranen.l A global comprehensive review of literature related to paper recycling, 2016
The 2016 paper by Ervasti, Miranda, and Kauranen provides a global review of literature on paper recycling, covering technological
advancements, environmental benefits, and economic impacts. It highlights the reduction of raw material use, energy savings, and
minimized landfill waste through recycling. The review also identifies challenges like fiber quality degradation and contamination.
The study emphasizes the need for innovation in recycling technologies and policy frameworks to enhance efficiency and
sustainability in global paper recycling systems.

2) Unnati Chaudhary, Rohitgusain, Akash dev, Gyaneshjoshi, Vikas rana Paper waste recycling in India:

Current scenario and future prospects, 2023 The 2023 paper by Unnati Chaudhary, RohitGusain, Akash Dev, Gyanesh Joshi, and
Vikas Rana examines the current scenario of paper waste recycling in India and explores its future prospects. Authors highlight
challenges such as limited recycling infrastructure, informal sector dominance, and low public awareness. Despite these hurdles, the
paper underscores the environmental and economic benefits of recycling, including resource conservation and reduced pollution.
The authors advocate for enhanced government policies, increased investment in technology, improved collection systems to boost
recycling. Study concludes that advancing paper recycling is crucial for India’s sustainabledevelopment.

3) Ufukyilmaz, Sinan sonmez, Ahmet tutus. An overview of the waste paper recycling system,2021

The 2021 paper by Ufuk Yilmaz, Sinan Sonmez, and Ahmet Tutus provides a detailed overview of the waste paper recycling
system, focusing on its environmental, economic, and operational aspects. The authors discuss the recycling process, highlighting its
ability to reduce waste, conserve natural resources, and lower carbon emissions. They examine the economic benefits of cost
savings in raw material usage and energy. The study also addresses challenges such as contamination, inefficiencies in collection,
and technological gaps. The paper advocates for improvements in recycling infrastructure and policy support to enhance the
system's effectiveness and sustainability.

4) Edyta Matachowska Paper recycling as an element of sustainable development Annals of WULS Forestry and Wood
Technology, 2023

Edyta Matachowska’s 2023 paper explores the role of paper recycling in fostering sustainable development. It emphasizes how
recycling contributes to environmental conservation by reducing the need for deforestation, lowering greenhouse gas emissions, and
saving energy. The paper discusses the economic advantages, such as cost reductions in paper production and waste management. It
also highlights social benefits, including raising environmental awareness and promoting responsible consumption. The study
argues that integrating paper recycling into broader sustainability initiatives is essential for achieving long-term environmental goals
and mitigating the ecological footprint of paper usage.

5) Chathuni Senarathna, Tharusha Sulaksha, Deelaka Maneth, Jayathma, Weerasinghe Paper Recycling for a Sustainable Future:

Global Trends, 2023
The 2023 paper by ChathuniSenarathna, TharushaSulaksha, DeelakaManeth, and JayathmaWeerasinghe analyzes global trends in
paper recycling as a key element of sustainability. It highlights the growing importance of recycling in reducing deforestation,
conserving resources, and minimizing environmental pollution. The paper examines regional disparities in recycling practices, with
developed nations showing higher efficiency compared to developing ones. It also addresses challenges such as contamination,
technological limitations, and insufficient infrastructure. The authors advocate for stronger policy interventions, public awareness
campaigns, and innovations in recycling technology to drive global 5 progress towards a more sustainable, circular economy.

V. PROBLEMIDENTIFICATION

v/ Mechanical Failures
» Jamming: Paper or foreign materials can clog the machine, causing it to stop.
» Wear and Tear: Moving parts may degrade over time, affecting performance.

v Operational Inefficiencies
* Low Capacity: The machine may not process enough paper, leading to backlog.
 Energy Consumption: High energy use can increase operational costs and reduce sustainability.
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v Quality of Output
 Contamination: Non-paper materials can lower the quality of recycled paper.
* Inconsistent Fiber Quality: Variations in input materials can affect the uniformity of the output

v Safety Concerns

* Noise Pollution: High noise levels can pose health risks to operators.

* Operator Safety: Risks associated with machine operation, including moving parts and sharp blades.

v Lubrication Issues

* Incorrect Lubricants: Using the wrong type of lubricant can cause damage to machine parts.

« Insufficient Lubrication: Lack of proper lubrication can lead to increased friction, overheating, and component failure.

V. METHODOLOGY
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VL. SYNOPSIS

This project focuses on the development of an Automated Wastepaper Recycling System designed to efficiently convert discarded
paper into reusable products. With increasing paper consumption and waste generation, the need for sustainable recycling solutions
has become essential. This system aims to reduce environmental impact, conserve resources, and promote eco-friendly waste
management practices. The machine consists of essential components such as a DC motor, pneumatic cylinder, pulper, stirrer, and
heating elements, all mounted on a mild steel frame. The recycling process involves shredding wastepaper, mixing it with water and
additives, pressing it to remove excess moisture, and drying it to produce recycled sheets.Testing results indicate that the system
effectively processes 1-2 sheets per batch within 15-20 minutes, with a paper thickness of 60-130 GSM. It is energy-efficient, cost-
effective, and portable, making it suitable for institutions like schools and colleges.This project demonstrates a practical and
sustainable solution for paper waste recycling, with future scope for automation enhancements, increased processing capacity, and
smart monitoring integration to further optimize efficiency and sustainability.

A. Working Principle

The paper recycling process basically involves the generic recycling process of collecting the recyclables, sorting them by their
types, processing them into raw materials and manufacturing new products using these recycled raw materials. Nevertheless, there
are some variations from the process of recycling other materials. Three categories of paper can be used as feed stocks for making
recycled paper — mill broke pre-consumer waste, and post-consumer waste. Mill broke is paper trimmings and other paper scrap
from the manufacture of paper, and is recycled internally in a paper mill. Pre-consumer waste is material which left the paper mill
but was discarded before it was ready for consumer use. Post-consumer waste is material discarded after consumer use, such as old
corrugated containers (OCC), old magazines, and newspapers. Paper suitable for recycling is called "scrap paper", often used to
produce molded pulp packaging. The industrial process of removing printing ink from paper fibers of recycled paper to make
deinked pulp is called deinking. The conventional method of the paper recycling involves the following process,
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B. Sorting

To start the paper recycling process, the waste paper needs to be sorted, such as by newsprint, computer paper, magazine paper etc,
as different types of paper are treated differently during the paper recycling process to make different types of recycled paper
products. For example, finer paper with multi-colored ink would require additional processing. Effort is taken to ensure that the
waste paper is free of any pins, clips, staples etc.

C. Pulping

During this stage of the paper recycling process, the sorted paper is usually soaked in huge pulpers, which contain water and
chemicals. The pulper shreds the paper up into smaller pieces. The heating of the paper mixture also breaks the paper down more
quickly into the paper fibers. The paper mixtures turns into a mushy mix, known as a pulp.

D. Pulp Screening And Cleaning

The third stage of the paper recycling process is known as screening and cleaning. The pulp is forced through screens with holes of
various shapes and sizes to remove small contaminants such as bits of plastic and globs of glue. In addition, the pulp may also be
spun around in large cone-shaped cylinders. Heavy contaminants (e.g. staples) are thrown out of the cone via centripetal forces,
while lighter 23 contaminants collect in the center of the cone and are removed.

E. Deinking

The next stage in the paper recycling process involves deinking — removing the ink from the paper fibers of the waste paper. Sticky
materials like glue residue and adhesives are also removed at this stage. Deinking is achieved by a combination of mechanical action
(eg. shredding) as well as chemical means (eg. additional of chemicals). Small particles of ink are rinsed from the pulp with water,
while larger particles and “stickies” are removed with air bubbles in a process known as flotation With flotation, the paper pulp is
fed into a flotation cell, where air and soap-like chemicals called surfactants are injected into the pulp. The surfactants cause the ink
and “stickies” to dislodge from the pulp and stick to the air bubbles as they float to the surface of the mixture. The inky air bubbles
create froth which is then removed, leaving the clean pulp behind.

F. Refining, Color Stripping And Bleaching

During refining, the pulp is beaten to make the recycled fibers swell, as well as to separate the individual fibers to facilitate paper
making. If the recovered paper is colored (eg. color printed paper), color stripping chemicals are added to remove the dyes from the
paper. From this processing, brown paper is obtained. If white recycled paper is to be produced, the pulp would need to be bleached
with hydrogen peroxide, chlorine dioxide, or oxygen to make it whiter and brighter.

G. Papermaking

In the last stage of the recycling process, the cleaned up pulp is ready to be made into recycled paper. The recycled fiber can be
used alone, or blended with new wood fibers (ie. virgin fibers) to give it extra strength or smoothness. The pulp is mixed with water
and chemicals, such that the pulp is 99.5% water.

This watery pulp mixture then enters the head box of a paper making machine, and is sprayed in a continuous jet onto a huge wire
mesh-like screen moving very quickly through the paper machine. On the screen, water starts to drain from the pulp, and the
recycled fibers begin to bond together to form a watery sheet. The sheet then moves rapidly through a series of felt-covered press
rollers which squeeze out more water from the pulp.

H. Advantages

* The capital cost of the project is low.

* Increases production.

» Small in size and hence portable.

* The wastes that are produced from this machine are environmental friendly and don’t produce any harm to the environment.
* No need of skilled persons to operate the machine.
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I.  Applications

These types of manually operated automatic paper recycling machines have wide range of applications in the fields like,
* All sorts of small scale industries

* In all schools and colleges.

* Resource Conservation: Saves trees and water.

* Energy Efficiency: Consumes less energy than producing virgin paper.

* Pollution Reduction: Lowers greenhouse gas emissions.

* Recycled Paper Products: Notebooks, stationery, packaging.

» Compostable Materials: Blended with natural fibres for eco-friendly packaging.

« Construction Materials: Insulation and biodegradable wall panels.
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VIII.  CONCLUSION
Recycling of waste paper is beneficial not only from the economic point of view but also for the protection of the environment. It
promotes conversation of one of our very important natural resources-trees. Considering this, a small scale manually operated
automatic paper recycling machine has been designed which can recycle waste paper for various productive purposes. The
fabricated machine can serve dual purposes; it can be manned permanently at a stationary position or it could be shifted from one
place to another as the case may be. The very low cost of running the machine, make it quite economically available.
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