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Recycling and sustainability are areas of paramount concern in the contemporary world and this paper
explores the strategies of applied microbiology as well as artificial intelligence (Al) to enhance these
methods. It brings into focus the notion of circular economy, which is of paramount importance in cyclical
waste management that meets the least ecological influence and optimizes the resource utilization. The
paper is grouped into the following segments: an outline of waste recycling and managerial aspects, the
principles of sustainability, the role of applied microbiology in waste degradation, and the integration
of artificial intelligence in waste sorting and recycling. Therefore, by adopting an interdisciplinary
approach, it offers valuable insights to researchers, policymakers, and industry stakeholders, who are
involved in the development of lasting and efficient waste management systems, which are based on the

principles of circular economy.
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I INTRODUCTION

1.1 Background on Environmental Hazards and
the Need for Sustainable Practices

The increase in the rate of industrialization and urbanization has greatly contributed to the genera-
tion of waste at an alarming rate thus posing serious challenges to specific environments(Diksha, D., &
Chakravarty, R. 2022). Current conventional management did landfills, incineration, and open dumping
which exposed the environment to pollution, Green House gases, and unearthing scarce resources. In
the case of landfills, a number of them are not well managed leading to emissions of toxic substances
into the soil and ground water for case of incineration, the toxic emissions go to the atmosphere. Some
of these practices impact directly on the ecosystems and pose adverse effects on the health of the public
besides causing climate change. That is why the problems of environmental degradation call for urgent
measures in the management of waste. In this case, sustainability is a measure that implies minimal
impact in the environment, use of fewer resources and practices that do not harm the earth in the long
run. This means that it is time to abandon the traditional non-circular waste management where waste
is considered as the final result, and start using circular systems.

1.2 Definitions and Key Concepts

Waste Recycling: Waste recycling is therefore the practice of managing wastes whereby wastes
are collected and then transformed to new products. This cuts on the procurement of raw materials,
saves energy, and minimizes the flow of substances that end up in landfills. Waste recycling is a
form of waste management that can be used for any type of waste such as paper, plastics, metals
and organic wastes(Stefanakis, A. 1., & Becker, J. A. 2016).

Sustainability: Sustainability focuses on usage and consumption in a manner that does not affect
the ability of future generations to meet their needs. In waste management, it involves measures
that are incorporated to minimize the generation of waste, encourage recycling and reusing of
wastes and proper ways of disposing wastes in a manner that will not affect the environment neg-
atively(Jayasutha et al 2024).

Circular Economy: The circular economy is a model of an economy that is designed to avoid
wasting anything and to reuse everything possible(Martins-Rodrigues et al 2020). It is different
from the linear economy that was evident previous to this period and strictly follows the ‘take-
make-dispose,” model. A circular economy entails a process of management where materials are
constantly in use to provide value with the intention of being reused in the system. This model
ensures sustainability because it does not compulsively take raw materials from the natural envi-
ronment and also cuts down unnecessary production of wastes(Banaité et al 2016).

1.3 Purpose and Scope of the Survey Paper
Thus, this survey paper will outline recent developments as regards waste recycling and sustainability

with the emphasis made on the use of applied microbiology and artificial intelligence in this sphere.
The scope of the paper includes:

84



16 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/ai-and-applied-microbiology-in-sustainable-

waste-recycling-and-the-circular-economy/368170

Related Content

Privacy Preserving Fuzzy Association Rule Mining in Data Clusters Using Particle Swarm
Optimization

Sathiyapriya Krishnamoorthy, G. Sudha Sadasivam, M. Rajalakshmi, K. Kowsalyaaand M. Dhivya (2017).
International Journal of Intelligent Information Technologies (pp. 1-20).
www.irma-international.org/article/privacy-preserving-fuzzy-association-rule-mining-in-data-clusters-using-particle-

swarm-optimization/179297

RFID-Enabled Location Determination Within Indoor Environments

Kevin Curranand Stephen Norrby (2009). International Journal of Ambient Computing and Intelligence (pp.
63-86).

www.irma-international.org/article/rfid-enabled-location-determination-within/37476

Pioneering Healthcare With AloT: Case Studies and Breakthroughs

Praneetha Surapaneni, Sailaja Chigurupatiand Sriramulu Bojjagani (2025). Future Innovations in the
Convergence of Al and Internet of Things in Medicine (pp. 1-22).
www.irma-international.org/chapter/pioneering-healthcare-with-aiot/368921

Business Transformation and Enterprise Architecture Projects: Machine Learning Integration for
Projects (MLI4P)

Antoine Trad (2022). Unmanned Aerial Vehicles and Multidisciplinary Applications Using Al Techniques
(pp. 188-240).
www.irma-international.org/chapter/business-transformation-and-enterprise-architecture-projects/310545

An Agent-Based Approach for Sourcing Business Rules in Supply Chain Management
Sudha Ramand Jun Liu (2005). International Journal of Intelligent Information Technologies (pp. 1-16).
www.irma-international.org/article/agent-based-approach-sourcing-business/2376



http://www.igi-global.com/chapter/ai-and-applied-microbiology-in-sustainable-waste-recycling-and-the-circular-economy/368170
http://www.igi-global.com/chapter/ai-and-applied-microbiology-in-sustainable-waste-recycling-and-the-circular-economy/368170
http://www.irma-international.org/article/privacy-preserving-fuzzy-association-rule-mining-in-data-clusters-using-particle-swarm-optimization/179297
http://www.irma-international.org/article/privacy-preserving-fuzzy-association-rule-mining-in-data-clusters-using-particle-swarm-optimization/179297
http://www.irma-international.org/article/rfid-enabled-location-determination-within/37476
http://www.irma-international.org/chapter/pioneering-healthcare-with-aiot/368921
http://www.irma-international.org/chapter/business-transformation-and-enterprise-architecture-projects/310545
http://www.irma-international.org/article/agent-based-approach-sourcing-business/2376

