International Journal of Research Publication and Reviews, Vol (5), Issue (10), October (2024), Page — 3144-3146

Qi ))3 International Journal of Research Publication and Reviews

WWHR_LRPR.COM

Journal homepage: www.ijror.com ISSN 2582-7421

A Comprehensive Review of Recycling, Biofuels, and Cleaner
Production Technologies in Environmental Management

Soundarya

PG Student, Department of Civil Engineering, Kumaraguru College of Technology, Coimbatore- 641049, Tamil Nadu, India

Abstract:

This review compiles insights from various studies analyzing sustainability, recycling, and environmental impacts across multiple sectors, from
bioplastics and biofuels to waste management and renewable energy. It examines life cycle assessments (LCA) of materials like bioplastics, biofuels,
and rare earth elements (REES), alongside innovative technologies for cleaner production, energy recovery, and resource utilization. Recommendations
focus on improving methodologies and optimizing sustainability frameworks, emphasizing circular economy and green technology integration. The
findings highlight the need for interdisciplinary approaches to address global challenges in resource management, waste reduction, and environmental
protection.
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Introduction:

The global shift towards sustainability has led to growing research into eco-friendly alternatives across various sectors, from bioplastics to renewable
energy. Bioplastics, biofuels, and the recycling of critical materials such as rare earth elements (REEs) have garnered attention due to the scarcity of
natural resources and environmental degradation. Simultaneously, waste management practices, particularly in dealing with materials like rice husk ash,
carbon and glass fibres, and municipal solid waste, have prompted the development of energy-efficient and circular economy approaches. This paper
reviews the sustainability, environmental impact, and technological advances related to cleaner production, resource recovery, and waste-to-energy
technologies, offering insights into methodologies and challenges in assessing and improving sustainability across industries.

George et.al(2021)Discuss about the literature review assesses the sustainability of bioplastics compared to petrochemical plastics through life cycle
assessment (LCA), analysing 44 studies from 2011 to 2020. It highlights critical methodological choices, identifies common gaps that may lead to
misleading conclusions, and recommends enhanced transparency, comprehensive methodologies, and realistic deployment scenarios for LCA
practitioners. The review emphasizes the need for rigorous LCA methodologies to accurately evaluate the environmental impacts of bioplastics,
ultimately guiding better decision-making in sustainable material development

Rajesh et.al(2020)tells the Rare earth elements (REEs) are crucial for high-tech electrical and electronic materials, yet their natural deposits are scarce,
predominantly found in countries like China. This scarcity has heightened reliance on secondary sources such as battery waste, scrap alloys, spent
magnets, catalysts, waste LEDs, and fly ash for REE recovery. Most studies employ chemical or bioleaching followed by solvent extraction to achieve
clean separation of REEs, with solvent extraction being a critical step due to the low separation tendency of REEs. This review examines various
recycling strategies for REEs from secondary wastes, discussing extraction behaviors, methodologies' challenges, advantages, and proposed flowsheets
for efficient recovery.

Jeswani et.al(2020)Discuss about the Biofuels are promoted as low-carbon alternatives to fossil fuels, potentially reducing greenhouse gas (GHG)
emissions and mitigating climate change impacts from transportation. However, concerns arise over unintended environmental consequences. This
review analyzes recent life cycle assessment (LCA) studies on biofuels, noting significant variability in findings due to factors such as feedstock type,
production methods, data discrepancies, and methodological choices. Generally, first-generation biofuels can lower GHG emissions compared to fossil
fuels, but often do not meet the GHG savings mandated by the EU Renewable Energy Directive (RED). Second-generation biofuels show greater
emission reduction potential, provided there is no land-use change (LUC), while third-generation biofuels currently yield higher GHG emissions than
fossil fuels. The review also highlights that GHG reductions from biofuels may lead to adverse effects on other environmental metrics, including
acidification, eutrophication, water use, and biodiversity. Additionally, it discusses key methodological uncertainties in biofuel LCAs and offers
recommendations to improve assessment accuracy.

Jittin et.al (2020) provide and discuss about the Rice husk ash (RHA) is often disposed of as waste, leading to significant environmental pollution;
however, its pozzolanic properties present valuable applications in the construction sector as a sustainable alternative. This review examines the use of
RHA in cleaner production of construction materials, including blended cement, alkali-activated binders, and bricks, as well as its applications in soil
stabilization and subgrade treatment. It discusses the physical, chemical, and mineralogical properties of RHA, which are crucial for enhancing the
engineering properties of RHA-blended construction products. The review highlights that incorporating 10-20% RHA can significantly improve both
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short-term and long-term engineering performance of construction materials. Overall, RHA emerges as an energy-efficient and cost-effective solution
for the construction industry, with the paper providing recommendations for its utilization in cleaner production practices.

Sankar et.al (2019) Discuss about the increasing use of carbon and glass fibers has raised concerns regarding their waste disposal methods, leading to
significant accumulations of composite waste that contain valuable fibers. This review article provides an overview of existing recycling methods for
composite wastes, focusing on fiber recovery and the retention of their properties. It examines various treatment techniques, including mechanical
recycling, thermal recycling (with methods such as fluidized bed and pyrolysis), and chemical recycling, including solvolysis under critical conditions.
The review also discusses the environmental and economic aspects of these methods, prioritizing approaches based on their sustainability. Furthermore,
it identifies research gaps and emphasizes the importance of a circular economy in closing the life-cycle loop for these valuable fibers, enabling their
reintegration into re-manufactured composites.

Swayansu et.al (2021) highlights the significance of biosurfactants as eco-friendly alternatives to synthetic surfactants, emphasizing their
biodegradability and lower toxicity. It explores the potential of utilizing municipal solid waste and agricultural by-products as cost-effective substrates
for biosurfactant production, which not only addresses waste management challenges but also promotes resource recovery and sustainability. The
review discusses various biotechnological methods for production, the economic and environmental benefits of using waste streams, and identifies
research gaps, particularly in scaling up production and optimizing pretreatment techniques. Overall, it advocates for a circular bioeconomy that
minimizes waste and maximizes resource utilization through innovative biotechnological solutions.

Muhammad et,al (2021) Discuss about the green technology indicators for cleaner production and sustainable investments in Pakistan, emphasizing
the urgent need for effective frameworks aligned with the United Nations' Sustainable Development Goals (SDGs). Utilizing a systematic literature
review from the SCOPUS database, the study identifies a gap in research linking green technologies with cleaner production, particularly in developing
countries. It develops an integrated framework prioritizing eight key indicators: Environmental Quality, Resource Utilization, Agriculture & Forestry,
Green Building, Energy Utilization, Green Transport, Life Health, and Ecology Safety, employing the Fuzzy Delphi Method and Fuzzy Analytical
Hierarchy Process (FAHP) for evaluation. The findings reveal that Energy Utilization and Agriculture & Forestry are the most significant indicators,
with specific sub-criteria like Supply Chain and Sustainable Food Security receiving the highest weight scores. This research contributes to
understanding the role of green technologies in achieving sustainability in Pakistan and offers insights for policymakers and stakeholders in promoting
cleaner production practices.

Adewale et.al (2021)review paper provides a comprehensive overview of brine management in desalination processes, focusing on emerging
technologies, life cycle assessment (LCA), and methodologies for metal recovery. It highlights the environmental challenges posed by brine, a by-
product of desalination, which contains high salinity and potentially toxic metals. The authors discuss advanced brine management techniques,
including brine minimization methods such as pressure retarded osmosis and microbial desalination cells, as well as direct disposal and reuse strategies.
The paper also critiques existing LCA methodologies for assessing the ecotoxic effects of brine disposal and proposes an improved "group-by-group”
approach for evaluating aquatic toxicity. Overall, the authors advocate for viewing brine as a resource rather than waste and recommend hybrid
processes for effective brine management.

B.F. Giannetti et.al (2020)highlights the essential role of cleaner production (CP) in achieving the Sustainable Development Goals (SDGs),
emphasizing the need for tailored CP practices, timely interventions, and interdisciplinary collaboration. It showcases contributions to energy efficiency
and renewable energy, particularly for SDGs 7 and 12, while identifying research gaps related to SDGs 5 and 16, underscoring the necessity for a
broader understanding and application of CP strategies across all SDGs.

R. Sacchi et.al (2022) highlights about the document focuses on the development of Prospective Life Cycle Assessment (pLCA) methods to evaluate
future environmental impacts of technologies, driven by changes in energy systems and industries. The integration of pLCA with Integrated
Assessment Models (IAMs) has gained attention recently, though its use has been limited to specific sectors like power generation and vehicles. Efforts
such as the THEMIS model and studies linking IAM scenarios to pLCA have improved the evaluation of technologies. However, challenges remain in
applying IAMs to large-scale industrial activities, which the tool premise seeks to address by providing a streamlined approach for generating
prospective databases for pLCA.

Ankit et.al (2020)highlights how nanotechnology has made significant strides in addressing global water scarcity and contamination challenges. It
discusses the applications of nanomaterials for water purification, including filtration, desalination, and contaminant sensing. Recent advancements in
nanotechnology have provided solutions for removing heavy metals, pathogens, and other pollutants, while challenges such as scaling up for
commercial use and ensuring the affordability of these technologies remain key concerns.

Tawfik A. Saleh (2020) discuss about the provided document outlines the environmental challenges posed by sulfur compounds in petroleum products.
Various analytical techniques, such as gas chromatography and X-ray fluorescence, have been developed to determine sulfur levels. Additionally,
sulfur removal technologies, including hydrodesulfurization, oxidative desulfurization, and bio-desulfurization, are discussed. Despite advancements,
there remain challenges in reducing sulfur content to meet environmental standards while maintaining cost-effectiveness and efficiency.

Himanshu et.al (2021)explores how integrating Industry 4.0, cleaner production (SCP), and circular economy (CE) practices can enhance
sustainability in manufacturing. It highlights the growing need for businesses to adopt sustainable models due to environmental and regulatory
pressures. Industry 4.0 technologies, such as lIoT and big data, along with SCP and CE practices, enable better resource use, waste reduction, and
supply chain efficiency. The review identifies a gap in frameworks to assess sustainability performance and proposes a multi-criteria decision-making
approach to address it.

Anil et.al (2021)examines the challenges posed by increasing municipal solid waste (MSW) due to urbanization and population growth. It highlights
how improper waste management contributes to environmental degradation, including greenhouse gas emissions and public health risks. The review
explores various waste-to-energy (WTE) technologies, such as incineration, pyrolysis, and anaerobic digestion, that offer sustainable solutions for
energy recovery from MSW. Additionally, the review addresses the potential of these technologies to mitigate environmental impacts and contribute to
a circular economy by converting waste into valuable resources while reducing reliance on landfills and non-renewable energy sources. The paper
concludes with insights into technological advances, challenges, and perspectives in the field of waste management and energy recovery.
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Song Cheng et.al (2021) tells and focuses on biochar made from poplar sawdust as a sustainable method for removing lead and cadmium from
wastewater. It emphasizes the toxicity and environmental risks posed by these heavy metals, common in industrial waste. Biochar's cost-effectiveness
and efficiency in adsorption are highlighted, comparing it favorably to traditional methods like chemical precipitation. The biochar's porous structure
and functional groups enhance its ability to capture these metals. It also supports clean production and sustainable development, promoting biochar as a
valuable tool for waste management and environmental protection.

Conclusion:

The reviewed studies underscore the critical need for transparent, comprehensive methodologies, particularly in life cycle assessments (LCA), to ensure
accurate evaluations of environmental impacts. The findings suggest that while advancements have been made in recycling, biofuel production, and
waste management, significant challenges remain, particularly in scaling up technologies and optimizing production methods. The reviews advocate for
the integration of circular economy principles, improved sustainability frameworks, and a stronger focus on green technology indicators to address
global environmental issues. This comprehensive approach is crucial for guiding future research and policymaking in sustainable development and
cleaner production.
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