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Abstract: Waste management and recycling in India have received significant attention due
to growing concerns about environmental sustainability and resource conservation. India
generates over 150,000 tonnes of solid waste daily, with urban areas contributing the
majority. This waste includes domestic, industrial, and commercial waste. Recycling rates
have historically been low due to a lack of infrastructure and awareness. However, the need
for proper sorting and recycling of waste is increasingly recognized. A significant portion of
recycling in India is done by the informal sector, which includes waste pickers and small
recycling units. In this study, the researcher examines the awareness level of waste
Management and recycling methods among the industries, analyzes the challenges faced by
the industries in Waste Management and Recycling methods, and suggests ways for the
future growth of Waste Management and Recycling methods among Industries.
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1. INTRODUCTION

Waste management is the process of collecting, managing, and disposing of waste in an
environmentally and socially responsible manner under all applicable laws and regulations.
The target market for waste management includes organizations that produce waste in such
quantities that they need special waste management processes to comply with waste
management regulations. Such organizations include factories, hospitals, farms, chemical and
pharmaceutical companies, construction sites, and cities. Starting a waste management and
recycling business is both challenging and rewarding. It requires commitment, investment, and
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commitment to environmental sustainability. Stay up-to-date on the latest developments in
waste management technologies and regulations to stay competitive in the market.

Different Methods of Waste Management

» Automation and Robotic Technology: Waste management companies are increasingly
adopting automated systems and robotic technology to improve collection, sorting and
disposal processes.

» Internet of Things (1oT): 10T devices are used to monitor the amount of waste in bins and
optimize collection routes.

» Waste-To-Energy: Waste-to-energy technologies are being developed to convert waste to
energy.

» Circular Economy: The circular economy model is adopted to reduce waste production
and encourage reuse of materials.

» E-Waste Management: E-waste management is becoming increasingly important as
electronic devices become more ubiquitous.

» Sustainable Packaging: Sustainable packaging solutions are developed to reduce waste
production.

» Landfill Mining: Landfill mining is the process of extracting waste from landfills and
extracting valuable materials from them.

» Smart Waste Management Systems: Smart waste management systems are being
developed to optimize waste collection and disposal processes.

Recent Trends in Recycling Technology

The Internet of Garbage

Waste management and recycling with the help of the Internet of Things significantly reduce
the inefficiency of waste logistics. From fill-level sensors to smart bins and sensors to assess
material quality, the recycling industry is using the Internet of Waste to streamline operations.
For example, monitoring the level of filling in garbage containers allows collection facilities
to ensure timely collection.

This allows recyclers to move from regular workflows to task schedules based on waste
generation. In addition, the integration of the Internet of Things into recycling processes
generates digital points. Startups combine this data and advanced analytics to further optimize
waste collection and operational efficiency.

Chemical Recycling

Sustainable Development Goals (SDGs) and customer preferences are driving demand for
secondary raw materials. This is why the industry is adopting chemical waste recycling
methods. Chemical recycling plants use pyrolysis, gasification, and solvolysis, among other
techniques, to recover materials without reducing their quality.

Unlike conventional methods, chemical recycling results in intermediates and petrochemical
alternatives suitable for high-value applications. As a result, secondary materials based on
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chemical recycling replace original raw materials from the manufacturing supply chain and
reduce carbon emissions. This in turn expands the market for secondary raw materials.

Recycling Robots

While chemical recycling solutions offer better conversion efficiency, mechanical recycling is
the most profitable means of recovering materials. However, waste contamination and labor
shortages affect mechanical recycling operations. To deal with this, startups are developing
recycling robots that automate sorting lines and augment sorting and sorting systems with
artificial intelligence.

In addition, these robots increase picking speed, minimize errors, and improve picking
efficiency. As a result, materials recovery facilities (MRFs) reduce their operating costs,
optimize waste stream quality control, and increase waste stream visibility.

Waste Recovery

Waste companies use biological and chemical means to recycle their waste streams. Unlike
conventional recycling, waste recovery solutions recover materials without loss of quality or
transform waste into new products. This creates more value than the original raw materials or
products.

Startups are developing new recycling technologies to turn solid and organic waste into energy
and other chemicals. For example, some startups offer anaerobic digesters that use bacteria to
treat organic waste and produce biogas. Such solutions allow recycling facilities to divert waste
from landfills and generate more revenue. In addition, the growing demand for clean energy is
generating a lot of interest in waste-to-energy (WTE) solutions. For example, plastic-to-fuel
technologies address plastic waste and expand energy supplies.

Artificial Intelligence

Artificial intelligence enables plastic recycling facilities to automate material analysis, sorting
and picking. It also improves worker safety by reducing people's exposure to the hazardous
waste stream. Startups are using machine learning and computer vision to integrate artificial
intelligence into workflows, including capturing unique characteristics in mixed waste streams
and improving quality control.

The technology also enables recyclers to optimize waste collection routes and pick-up
schedules in waste logistics. This in turn allows them to improve recycling performance and
get more value from waste.

Management of Green Waste

Food waste contributes to about 8% of anthropogenic greenhouse gas (GHG) emissions.
Diverting from landfills allows recyclers to reduce emissions while recovering high-value
materials. Eco-waste startups are therefore developing solutions to recycle organic waste into
stabilized organic compounds, carbon dioxide and methane.

These include composting facilities that convert green waste into biofuel or fertilizers. In
addition, the increasing market penetration of biopolymers enables a newer market for
materials derived from biomass waste.
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Extending the Life Cycle of the Material

Recycling technologies play a significant role in extending the life cycle of a material. Closed-
loop recycling and chemical recycling techniques have a major impact on extending the life
cycle of a material. However, several challenges in achieving infinite recyclability include the
quality of the waste and the recycling methods used. For example, recycling metals and glass
without degrading their quality is relatively easier compared to recycling plastics.

To overcome these challenges, startups are developing advanced recycling solutions based on
depolymerization, chemical processing and technology-driven mechanical recycling, among
others. They enable recycling facilities to produce high-quality secondary materials and extend
the lifetime of materials indefinitely, reducing dependence on virgin raw materials.

Big Data & Analytics

The recycling industry leverages the data points generated by the connected waste management
ecosystem through big data and advanced analytics. They enable recyclers to identify process
inefficiencies and facilitate flow control. Big data and analytics further enable advanced data
processing techniques such as machine learning and deep learning to automate processes.
Analytics-based digitalization of workflows also increases transparency of operations and
decision-making. For example, some startups are developing solutions that predict trends in
waste production and identify communities or businesses that produce more waste, enabling
targeted services.

Challenges in Waste Management

Infrastructure and resource constraints

Environmental and Social Impacts and untrained people
Lack of funds and capacity

Embedded cultural practices

Lack of familiarity with the economic opportunities
Capacity limitations of waste management agencies
Unsupportive legal and regulatory frameworks

Lack of time or interest from key stakeholders

Waste Classification

Rapid Urbanisation leads to a vast amount of waste generation

VVVVVVYVYYYVYY

2. REVIEW OF LITERATURE

Fhrizz De Jesus et all (November 2022): Palayan City's Waste Management Program
Promotes Waste Diversion and Reduction Through Citizen Awareness of the Five R's of Solid
Waste Management and Segregation at Source. A study conducted in the city found that most
residents support the purchase of basic items, sorting recyclables, and are aware of relevant
legislation, emphasizing the importance of putting knowledge into practice for efficient waste
management.

Copyright The Author(s) 2024.This is an Open Access Article distributed under the CC BY
license. (http://creativecommons.org/licenses/by/4.0/) 4



http://journal.hmjournals.com/index.php/JPOME
https://doi.org/10.55529/jpome.44.1.12
http://creativecommons.org/licenses/by/4.0/

Journal of Production, Operations Management and Economics

ISSN: 2799-1008

Vol: 04, No. 04, June-July 2024 JPOME
http://journal.nmjournals.com/index.php/JPOME

DOI: https://doi.org/10.55529/jpome.44.1.12

Annaliza Panganiban-Santos and Ray Rudolf M. Pastrana (May 2021): This study
investigated students' awareness of waste management and its influence on waste management
practices. The findings indicate that effective waste management education in schools indicates
the institution's effectiveness in informing employees about standards, regulations, and health
and environmental impacts.

Bilal Ahmad Bhat et al (June 2017): This study investigates the awareness, attitude and
practice of students towards household waste management in Kashmir Valley. The findings
show that students are aware of the importance of waste management, but face problems such
as a lack of storage containers, inefficient collection, and a large population of stray dogs.

Paghasian (2017) revealed that college students in Maigo have a high level of awareness about
solid waste management. Meanwhile, their solid waste management practices in terms of
sorting, reducing, and recycling were good; while their recycling and disposal practices were
fair. Students' awareness of solid waste management did not affect their disposal practices but
did affect their practices specifically in segregation, reduction, reuse, and recycling.

Suzy Noviyanti, Yefta et all (March 2015): The study proposed a model of industrial waste
management practices and evaluated its impact on organizational performance. He highlighted
the problem of managing the considerable amount of waste produced by industries, especially
in countries like Indonesia.

M Kumar and N Nandini (2013): Research investigated community attitudes, perceptions
and willingness towards solid waste management in Bangalore city, Karnataka, India. It was
found that most households were willing to reuse products to transport vegetables and food,
indicating the importance of community engagement campaigns to reduce waste at source.
Al-Katib et al. (2010) emphasized that solid waste management requires technical, political,
legal, socio-cultural, environmental, economic factors and available resources. The absence of
any of the sources will cause the solid waste management program to fail.

Objectives of the Study

» To examine the awareness level of Waste Management and recycling methods among the
industries.

» To analyse the challenges faced by the industries in Waste Management and Recycling
methods.

» To Suggest the ways for the future growth of Waste Management and Recycling methods
among Industries.

3. RESEARCH METHODOLOGY
Methodology

Primary data is used for this study which is collected using a simple random sampling method
with the help of a simple questionnaire designed and distributed online and some samples were
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collected through the direct access method. Simple percentage analysis and correlation analysis
are used to check the impact of each independent variable on the dependent variable.

Study Sampling
A sample of 60 respondents from the city of Chennai and surrounding areas was selected from
the industries.

Study Restrictions
» Itis very difficult to cover all kinds of industries.
» The study is limited to a sample size of only 60 respondents.

TABLE 1 - SHOWING THE AWARENESS OF DIFFERENT METHODS OF WASTE

MANAGEMENT
Methods of Waste Management | Frequency | Percent Valid Cumulative
Percent Percent

Automation and Robotic technology 12 20 20 20
Internet of Things (10T) 7 11.67 11.67 31.67
Waste to energy conversion 10 16.67 16.67 48.34
Circular Economy 4 6.67 6.67 55.01
E waste Management 11 18.33 18.33 73.34
Sustainable packaging 6 10 10 83.33
Landfill Mining 2 3.33 3.33 86.67

Smart Waste Management Systems. 8 13.33 13.33 100

TOTAL 60 100 100
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Automation @RIt 1 -Showing Awareness of Different Methods of Waste

Robotic Management
Technology (20) E waste Management
20 Waste to energy (18.33)
18 Conversion (16.67)
Smart Waste
16 Management
14 I0T System (13.33)
(11.67) ustainable Packaging
12 (10)
10 Circular
8 Economy (6.67)
Landfill Mining
6 (3.33)
4
2
0 0 0 0 0 0
0

10 11 12

®m Methods of Waste Management ~ ® Percent

Interpretation

Table 1 and graphl above show the awareness of the different methods of waste management
that respondents are familiar with, which shows that most respondents are familiar with
Automation and Robotic Technology (20%), followed by E-Waste Management (18.33%),
Waste to energy Conversion (16.67%), Smart waste management system (13.33%), loT
(11.67%) and Sustainable Packaging (10%). Many respondents were less aware of Circular
Economy (6.67%) and Land Fill Mining (3.33%).

TABLE 2 - SHOWING THE AWARENESS OF RECENT METHODS OF RECYCLING

OF WASTE
Method.s of Frequency Percent Valid Percent Cumulative
Recycling Percent
L 13 21.67 21.67 21.67
Waste
Chemical 11 18.33 18.33 40
Recycling
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Recycling 8 13.33 13.33 53.33
Robots
Waste 9 15 15 68.33
Valorization
Artificial 2 333 3.33 71.66
Intelligence
Green Waste 7 11.67 11.67 83.33
Management
Material Lnfe 4 6.67 6.67 90
Cycle Extension
Big Dat_a & 6 10 10 100
Analytics
TOTAL 60 100 100

Interpretation

The table 2 and Graph 2 above show the awareness of Recent methods of Recycling of waste
that respondents are familiar with, which shows that most respondents are familiar with 10T
(21.67%), followed by Chemical Recycling (18.33%), followed by Waste Valorization (15%),
Recycling Robots (13.33%), Green Waste Management (11.67%) and big data and Analytics
(10%). Many respondents were less aware of Material Life Extension (6.67%) and Acrtificial
Intelligence (3.33%).

Both Table 1 and Table 2 show that the industries are more aware of the updated technology
both in Waste Management and Recycling Methods.

Correlation

TABLE 3 AWARENESS OF DIFFERENT METHODS OF WASTE MANAGEMENT
AND RECYCLING WITH THE CHALLENGES FACED BY THE INDUSTRIES.

Correlation
Challenges Coefficient (r) P value Remarks
Infrastructure apd resource 394" 000 HS
constraints
Environmental and Social -

Impacts and Untrained People 262 001 HS
Lack of Funds and Capacity 2417 .000 HS
Embedded cultural practices 036 354 NS
Lack of Fgmmarlty W.l'['h the 936" 001 HS

economic opportunities

Capacity limitations of waste 950" 000 HS

management agencies
Unsupportive legal and 934 001 HS
regulatory frameworks
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Lack of time or interest from
key stakeholders 025 A15 NS
Waste Classification .042 343 NS
Rapid Urbanisation 311 .000 HS

HS- Highly Significant, NS- Not Significant

From the table, it can be concluded that many Challenges show a highly significant value
between the awareness of different methods of waste management and recycling with the
challenges faced by the industries, Challenges like Infrastructure and resource constraints
(r=0.324, p=.000), Environmental and Social Impacts (r=.262, p=0.001), Lack of Funds and
Capacity (r=0.241, p=0.000), Unsupportive legal and regulatory frameworks (r=.234,p=.001),
Lack of Familiarity with the economic opportunities (r=0.236, p=0.001), Capacity limitations
of waste management agencies (r=0.252, p=0.000), Rapid Urbanisation (r=.311, p=.000) are
showing highly significant value . It also revealed that some Challenges are not significant and
not correlated like Embedded cultural practices (r=0.036, p=0.354), Lack of time or interest
from key stakeholders (r=0.025, p=0.415) and Waste Classification (r=0.042, p=. 343) show
less significant value.

TABLE 4
Model Summary
Model R R Adjusted R [Std. Er.ror ofthe
Square Square Estimate
1 266° .086 .083 3.56742

a. Predictors: (Constant) Infrastructure and resource constraints, Environmental and Social
Impacts and Untrained people, Lack of Funds and Capacity, Embedded cultural practices,
Lack of Familiarity with economic opportunities, Capacity limitations of waste
management agencies, Unsupportive legal and regulatory frameworks, Lack of time or
interest from key stakeholders, Waste Classification, Rapid Urbanization.

The above table shows the correlation coefficient (R=0.266) which explains that there is a
positive correlation between the dependent variable (Awareness of different methods of Waste
Management and Recycling) and the independent variables ) Infrastructure and resource
constraints, Environmental and Social Impacts, Lack of Funds and Capacity, Embedded
cultural practices, Lack of Familiarity with economic opportunities, Capacity limitations of
waste management agencies, Unsupportive legal and regulatory frameworks, Lack of time or
interest from key stakeholders, Waste Classification, Rapid Urbanisation. R square is 0.086,
which means that personality traits explain 15% of awareness of different methods of Waste
Management and Recycling, and the remaining 85% is explained by other factors.
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Starting a Waste Management and Recycling Business in India Requires Careful Planning
and Execution

>

>

YV V V¥

A\

>

Through market research to understand local waste generation patterns, existing waste
management infrastructure, and competition.

Develop a comprehensive business plan outlining your services, target markets, revenue
models, and growth strategies.

Obtain the necessary permits and licenses for the collection, transportation, and processing
of waste.

Invest in appropriate infrastructure for waste collection and processing, taking into account
the specific types of waste you plan to dispose of.

Research recycling technologies that are consistent with the waste streams you intend to
manage. This can include plastics, paper, e-waste etc.

Collaborate with local governments, industries and the informal sector for waste collection
and recovery.

Educate the local community about proper waste sorting and recycling through workshops
and campaigns.

Incorporate sustainable practices into your operations concerning energy efficiency and
waste reduction.

Financial planning to secure funding for your business through investments, loans, or grants.

Future Growth of the Waste Management and Recycling Sector

>

vV V ¥V V VYV V¥V

A\

4,

Domestic and foreign investment is likely to increase in waste management infrastructure,
technology, and research.

Innovations in recycling technologies, waste-to-energy, and sustainable packaging solutions
will drive growth.

The informal sector is gradually being formalized and offers opportunities for cooperation
and integration of these workers into the formal waste management system.

Increased awareness campaigns and educational initiatives will promote proper waste
sorting and recycling practices.

The government of India has taken various initiatives to promote waste management and
recycling

Swachh Bharat Abhiyan was launched in 2014, this campaign focuses on cleanliness and
proper waste management.

The Plastic Waste Management Rules provide guidelines for the collection, recycling, and
disposal of plastic waste.

Extended Producer Responsibility (EPR) mandates manufacturers to manage and recycle
the waste of their products, promote sustainable packaging, and reduce the burden on
landfills.

RESULTS AND DISCUSSION

It is clear from the study that most of the respondents know the latest technologies in waste
management, showing automation and robotics (20%), followed by E-Waste Management
(18.33%), followed by Waste to Energy (16.67%), Smart waste management system (13.33%),
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loT (11.67%) and Sustainable Packaging (10%). Many respondents were less aware of the
circular economy (6.67%) and land extraction (3.33%). It is also evident that most of the
respondents are aware of recycling methods showing 10T (21.67%), followed by Chemical
recycling (18.33%), followed by Waste recovery (15%), Recycling robots (13.33%), Green
waste management (11.67%) and Big Data and Analytics (10%). Many respondents were less
aware of Material Life Extension (6.67%) and Artificial Intelligence (3.33%). The analysis
shows that the industry is more aware of updated technologies in both waste management and
recycling methods.

Analysing the relationship between awareness and challenges faced by industries, many
challenges are known to show a highly significant value between awareness of different waste
management and recycling methods and challenges faced by industries, challenges such as
infrastructure and resources. constraints (r=0.324, p=0.000), environmental and social impacts
(r=.262, p=0.001), lack of funding and capacity (r=0.241, p=0.000), unsupportive legal and
regulatory frameworks (r= 0.234 , p = 0.001), lack of familiarity with economic opportunities
(r=0.236, p=0.001), capacity constraints of waste management agencies (r=0.252, p=0.000),
rapid urbanization (r=0.311, p=0.000). Some challenges also showed no significant correlation
between embedded cultural practices (r=0.036, p=0.354), lack of time or interest from key
stakeholders (r=0.025, p=0.415) and waste classification (r=0.042, p = 343).

5. CONCLUSION

Starting a waste management and recycling business is both challenging and rewarding. It
requires commitment, investment, and commitment to environmental sustainability. To remain
competitive in the market, it is necessary to stay up to date with the latest developments in waste
management technology and regulations. There are major problems with infrastructure and
public participation in waste management, and there is a general lack of responsibility towards
waste in the community. Hence there is a need to raise community awareness and change
people's attitudes towards waste, as this is essential for the development of proper and
sustainable waste management systems. Sustainable and economically viable waste
management must ensure maximum resource extraction from waste combined with safe
disposal of residual waste through the development of artificial landfills and waste-to-energy
facilities.

The waste management sector must include attractive and profitable businesses with clear
performance requirements set by ULBs, with financial penalties applied if waste management
services do not operate effectively. Finance for waste management companies and finance for
infrastructure must come from waste producers through a waste tax. Government of India has
launched initiatives like Swachh Bharat Abhiyan and Plastic Waste Management Rules. These
campaigns focus on cleanliness, waste sorting and sustainable waste management practices. In
addition, Extended Producer Responsibility (EPR) mandates manufacturers to manage and
recycle the waste of their products.
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