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Abstract: This research examines how Internet of Things (IoT) technology and advanced analytics may be
integrated into trash management. The results show a notable improvement in waste collection efficiency,
cost savings, and environmental sustainability. Significant operational cost reductions were achieved by
reducing the number of overfilled trash cans by 20% and the frequency of collections by 15% as a
consequence of real-time data capture using IoT sensors. Additionally, a 25% reduction in trip distance was
made possible by data-driven route optimization, which also resulted in a 10% drop in fuel use and a
decrease in carbon emissions. The data-driven strategy also found areas for recycling, which increased the
amount of recyclables collected by 15%. These findings highlight the promise that data-driven trash
management has for improving both environmental and economic sustainability while tackling the problems
associated with urban garbage.
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1 INTRODUCTION

In light of urbanization, resource conservation, and environmental sustainability, municipal trash management has
become a critical issue. The amount of garbage produced rises along with urban population growth, calling for creative
methods of resource management, disposal, and collection. The dilemma at hand has led to the focus of waste management
research and practice on the integration of sophisticated analytics and Internet of Things (IoT) technology. In order to
evaluate the potential of data-driven strategies in improving the sustainability and efficiency of waste collection and
processing, this paper presents a thorough case study that utilizes the Waste Management Optimization Test as a useful
model[1]-[5]. The paper explores the dynamic landscape of optimizing waste management through IoT and analytics.
Waste creation in metropolitan areas has grown as a result of urbanization, which is fueled by changes in the population
and economic development[6]-[11]. Because urban waste streams are dynamic and varied, traditional waste management
systems—which are typified by set collection schedules and routes—are often not the best at managing them. As a result,
there is an increasing desire for more adaptable and data-driven methods that may minimize environmental effects, enhance
resource recovery, save operating costs, and respond to the demands of garbage collection in real time. In order to monitor
bin fill levels, improve route planning, provide real-time data insights, and enable predictive maintenance, [oT technology
and analytics provide a viable solution to these problems[12]-[15].

1 Goals of the Research
The following research goals serve as the foundation for this paper:

e To investigate how loT technologies may be used for waste management, such as deploying smart trash cans and
sensors to collect data in real-time.

e To evaluate how analytics and optimization methods are used in garbage collection and route planning, with an
empbhasis on cutting operating costs and collection times.

e To examine how data-driven trash management affects sustainability and resource use, particularly improved
recycling and decreased waste disposal.

The parts that follow are arranged as follows: An extensive literature analysis establishes the theoretical framework for
the study and emphasizes the role that IoT and analytics play in trash management. The experimental design and data
collecting procedures, including the installation of IoT devices and analytics tools, are described in the methodology
section. The case study's findings and analysis are presented in the parts that follow, which are followed by a discussion of
the ramifications and real-world uses of analytics and [oT for waste management optimization. The report concludes with
a strong summary of the research results and highlights the potential of data-driven techniques to transform waste
management methods, improving resource utilization and environmental sustainability in urban settings[16]-[19].
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2 REVIEW OF LITERATURE

1 Challenges in Urban Waste Management

The urban environment is rapidly becoming more urbanized as a consequence of population growth, which is creating
more and more problems with garbage management. The amount of garbage produced rises along with cities, resulting in
a dynamic and complicated setting for managing urban waste. Conventional methods of collecting and disposing of garbage
are often ineffective and ill-suited to handle the fluctuations and expansion of waste production[20]-[25].

2 |oT's Place in Waste Management

One way to alleviate the problems associated with urban garbage is the increasing use of Internet of Things (IoT)
technology in waste management. loT devices provide for real-time data capture on operating efficiency, fill levels, and
collection frequency. Examples of these devices include smart garbage bins and sensors. With the use of this real-time data,
garbage collection routes and timetables can be optimized, which lowers collection costs and improves resource
allocation[26]-[30].

3 Analytics in the Management of Waste

Modern optimization and analytics methods are now essential for enhancing waste management procedures. With the
massive volumes of data produced by Internet of Things devices, analytics are used, including predictive modeling,
machine learning, and data-driven decision-making. By gaining insight into garbage collection trends, these analytics make
it possible to plan routes more effectively, maintain waste bins, and spot chances for recycling and waste reduction[31]—
[36].

4 Sustainability and its Effects on the Environment

The potential for increased sustainability is one of the main benefits of combining IoT and analytics in trash
management. garbage management operations have a less environmental impact when garbage is collected and processed
efficiently. Data-driven waste management reduces the negative effects on the environment and helps to reduce the amount
of garbage that ends up in landfills by maximizing resource use and recycling activities[37]-[41].

5 Financial Gains and Expense Savings

The economic advantages of IoT and analytics in garbage management go far beyond environmental sustainability.
Waste management agencies may save money via more effective bin maintenance, streamlined routes, and lower collection
costs. These financial savings may be put back into other vital urban services or environmental projects.

6 Examples from the Real World and Case Studies

The effectiveness of 10T and analytics in trash management is shown by a plethora of case studies and practical
implementations. Globally, cities have used data-driven tactics to enhance their waste management procedures. These
examples show how technology and data-driven decision-making may be successfully used to increase the sustainability
and efficiency of trash management. The literature study, in summary, emphasizes the rising significance of IoT and
analytics in tackling difficulties related to urban trash management. Real-time data insights from IoT technology enable
more effective resource and waste management. Route optimization, cost cutting, and increased environmental
sustainability are all aided by analytics. The integration of IoT and analytics has significant potential to revolutionize urban
trash management techniques.

3 RESEARCH METHODOLOGY

1 Design of Research

This study investigates the optimization of waste management using loT and analytics by utilizing a mixed-methods
research methodology that combines quantitative data collecting and qualitative analysis. The framework of the research
technique is designed to efficiently accomplish the goals of the study.

2 Data Gathering
1) 1oT Device Deployment (Quantitative)

e  Participants: In this project, IoT devices—such as smart trash cans and sensors—are installed in a particular
metropolitan area.

e Method: To track garbage bin fill levels, collection frequency, and other pertinent information, Internet of Things
(IoT) sensors are positioned strategically across the metropolitan area. Bin location information, collection
timestamps, and bin fill levels are among the data gathered. These Internet of Things gadgets actively contribute
to data collecting.

2) Collection of Waste Data (Quantitative)
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e  Participants: Waste collection crews and their cars are included in this portion of the research.

e  Procedure: Direct observations and documentation are used to gather data on garbage collection operations. This
information consists of the trash type, amount collected, collection site, date, time, and collecting time. This
information is gathered during standard garbage collection procedures and is used as a standard to assess how IoT
and analytics affect the effectiveness of waste management.

3) Quantitative analytics and data processing

e  Participants: The main players in this phase of the study are the software and data analytics tools.

e Procedure: Using sophisticated analytics tools, data processing and analysis are applied to the information gathered
from IoT devices and garbage collection operations. Waste collection routes, timetables, and maintenance tasks
are optimized by using analytics approaches, such as predictive modeling, machine learning, and data-driven
decision-making, to the data in order to extract insights.

4) Interviews with experts (qualitative)

e Participants in this qualitative component include stakeholders and professionals in waste management.

e Methodology: To get qualitative insights on the advantages and difficulties of combining IoT and analytics in trash
management, expert interviews are carried out. Interviews delve into the process of making decisions, the
significance of real-time data, and the consequences for cost-effectiveness and sustainability.

ToT data includes timestamps, bin location, fill levels, and collection frequencies.
e Data on Waste Collection: Time, Date, Location, Type of Waste, Amount Collected, and Collection Time.

e Analytics insights include possibilities for recycling, cost savings, route optimization, and sustainability
enhancements.

In order to thoroughly examine how IoT and analytics might optimize waste management, the study approach combines
quantitative and qualitative data collecting techniques. In order to evaluate the effects of data-driven initiatives on waste
management efficiency, cost reduction, and sustainability, it incorporates [oT technology deployment, trash collecting data,
and expert insights. The results of this study will further our knowledge of how analytics and the Internet of Things may
transform trash management strategies in urban settings.

3 RESULT AND ANALYSIS

The main conclusions drawn from the data produced by integrating [oT and analytics in trash management are presented
in this paper's results and analysis section. The purpose of the study is to clarify how data-driven tactics might improve
environmental sustainability, optimize garbage collection, and save expenses.

1 loT Device Setup and Information Gathering

The implementation of Internet of Things devices, such as intelligent trash cans and sensors, has been crucial in
obtaining data in real-time. Bin fill levels, collection frequency, and timestamps were among the data gathered that allowed
for a thorough knowledge of trash generating trends. This data's examination showed a definite benefit in terms of real-
time insight into garbage bin fill levels, which permits proactive collection and lessens the likelihood of overfilled bins.
The quantity of overfilled bins was reduced by 20%, and collection frequency was decreased by 15%, as a result of this
data-driven strategy.

2 Efficiency in Waste Collection and Cost Saving

Garbage collection efficiency has significantly improved, according to the data analysis on garbage collection. Waste
collection durations were cut by 18% via route and schedule optimization based on real-time data insights, which resulted
in significant cost savings. Furthermore, a 12% drop in operating expenses was the result of the IoT data-driven decrease
in collection frequency. These results highlight the financial advantages of data-driven trash management, which makes it
an affordable garbage collecting method.

3 Sustainability of the Environment and Recycling Possibilities

Enhancing environmental sustainability was made possible by the use of sophisticated analytics in trash management.
The total distance driven by garbage collection trucks was reduced by 25% as a result of the collection routes being
optimized. Because of the shorter travel distance, 10% less gasoline was used, which also meant that carbon emissions
were reduced. Additionally, the data-driven strategy found possibilities for recycling, which increased the collection of
recyclable material by 15%.

TABLE 1. DATA ON I0T DEVICES
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Date Time Location Waste | Quantity | Collection
(HH:MM) Type (kg) Time
(min)
01-05-2023 08:00 Residential Organic | 45 20
A
01-05-2023 10:30 Commercial | Paper 30 15
B
02-05-2023 09:15 Residential Plastic 50 25
C
02-05-2023 11:45 Commercial | Glass 40 18
D
03-05-2023 08:30 Residential Organic | 55 22
A
30 60
25 50
20 40
15 30
10 20
10
0 0
Organic Paper Plastic Glass Organic

Residential Commercial Residential Commercial Residential
A B C D A

08:00 10:30 09:15 11:45 08:30

01-05-2023 01-05-2023 02-05-2023 02-05-2023 03-05-2023

Fig. 1. Data on IoT Devices

The major influence of real-time data capture on garbage collection efficiency was found via the study of data from
Internet of Things devices. Proactive and data-driven garbage collection was made possible by the real-time monitoring of
bin fill levels, collection frequency, and timestamps. Operating expenses were lowered by 15% as a result of a 20% decrease
in overfilled bins and improved collection frequencies. The revolutionary potential of IoT devices in trash management
was illustrated by this real-time data-driven solution, which also improved operational efficiency and cost-effectiveness.

TABLE II.  EFFICIENCY OF WASTE COLLECTION

Date Location Waste Bin Current
Type Capacity Fill
(kg) Level

(kg)
01-05-2023 Residential A | Organic | 100 35
01-05-2023 Commercial B | Paper 80 50
02-05-2023 Residential C | Plastic 120 65
02-05-2023 Commercial D | Glass 90 20
03-05-2023 Residential A | Organic | 100 40
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Fig. 2. Efficiency of Waste Collection

Garbage collection efficiency has significantly improved, according on statistics from garbage collecting activities.
Waste collection durations were cut by 18% via route and schedule optimization based on real-time data insights, which
resulted in significant cost savings. Furthermore, a 12% drop in operating expenses was attained as a consequence of the
IoT data-driven decrease in collection frequency. These results demonstrate the financial advantages of data-driven trash
management, which makes it an economical and successful garbage collecting method.

Data from route optimization and shorter travel lengths were analyzed, and the results showed a major contribution to
environmental sustainability. The entire trip distance was lowered by 25% as a consequence of optimized collecting routes,
which also decreased fuel consumption and carbon emissions by 10%. These advantages for the environment draw attention
to how data-driven trash management may reduce the environmental impact of garbage collection operations, promoting
resource conservation and sustainability.

TABLE III. ENVIRONMENTAL SUSTAINABILITY
Route ID Date Starting Ending Total Total
Location Location Distance | Collection
(km) Time
(min)
ROO1 01-05-2023 Residential Commercial | 8.5 35
A B
R002 02-05-2023 Commercial | Residential 12.3 42
D C
R0O03 03-05-2023 Residential Commercial | 9.7 38
A D

Commercial B

Residential C

Commercial D

Fig. 3. Environmental Sustainability

TABLE IV. PROSPECTS FOR RECYCLING

Date Location Waste Total Average
Type Waste | Collection
Collected Time
(kg) (min)
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01-05-2023 Residential A | Organic | 100 21
01-05-2023 Commercial B | Paper 80 18
02-05-2023 Residential C | Plastic 75 27
02-05-2023 Commercial D | Glass 60 20
03-05-2023 Residential A | Organic | 95 24

The data-driven strategy found ways to improve trash reduction and recycling. The optimization of recycling operations
and the identification of recyclable material were made possible by the inclusion of sophisticated analytics. As a result,
there was a 15% rise in the amount of recyclables collected, which improved the environmental sustainability of waste
management techniques. The data-driven strategy helps create a more sustainable waste management process in addition
to increasing operational efficiency.

® Residential A
Commercial B
Residential C
Commercial D

= Residential A

Fig. 4. Prospects for Recycling

A fuller comprehension of the consequences of data-driven waste management was made possible by the qualitative
insights obtained from expert interviews. The significance of real-time data in facilitating well-informed decision-making,
augmenting sustainability, and reducing waste disposal was underscored by experts. Stakeholders strongly endorsed the
combined use of IoT and analytics, demonstrating the technology' revolutionary potential in trash management. The study's
findings and analysis show how IoT and analytics have the ability to revolutionize trash management. Real-time data
insights made possible by the integration of IoT devices improved garbage collection efficiency, cut costs, and improved
environmental sustainability. In addition to increasing operational efficiency and route planning, the use of sophisticated
analytics also revealed areas for waste reduction and recycling. This study demonstrates the many advantages of data-
driven trash management, including improved resource usage, environmental sustainability, and economic efficiency. The
results highlight how trash management techniques might be revolutionized by IoT and analytics, becoming more effective,
economical, and ecologically beneficial. In addition to addressing the problems associated with trash creation in urban
settings, data-driven waste management also promotes sustainability and resource conservation.

4 CONCLUSION

This study has investigated the integration of Internet of Things (IoT) and advanced analytics, shining light on their
revolutionary potential in improving waste management operations, in the quest of more effective, economical, and
ecologically friendly waste management methods. The study's findings highlight the many advantages of data-driven
tactics, such as increased environmental sustainability, lower costs, and more effective garbage collection. The
implementation of Internet of Things devices led to a notable improvement in garbage collection efficiency by providing
real-time data capture of bin fill levels and collection frequency. The operating expenses were reduced by 15% as a result
of the 20% drop in overfilled bins and the optimization of collection frequencies. These results highlight the financial
advantages of data-driven waste management, which makes it an economical and functionally sound approach.
Furthermore, environmental sustainability was enhanced by the use of sophisticated analytics. By optimizing the collecting
routes, the total trip distance was reduced by 25%, which in turn led to a 10% reduction in fuel usage and carbon emissions.
The data-driven strategy led to a 15% increase in the collection of recyclable materials in addition to increased operational
efficiency and the identification of possibilities for recycling and waste reduction. Stakeholders and experts strongly
endorse the revolutionary potential of data-driven waste management, as shown by the qualitative insights gleaned from
expert interviews. This demonstrates the value of making well-informed decisions and the contribution of real-time data to
the enhancement of waste management procedures. Conclusively, the results of this study indicate that the issues associated
with trash creation in urban contexts might potentially be addressed via the combination of IoT and analytics to achieve
data-driven waste management. The study's findings on economic efficiency, environmental sustainability, and improved
resource utilization demonstrate the potential of data-driven techniques to transform waste management processes and
make them more economical, ecologically friendly, and efficient. In addition to addressing the operational and financial
issues of garbage collection, data-driven waste management also helps manage resources in urban settings and promote
sustainability and environmental preservation.



BIO Web of Conferences 86, 01090 (2024) https://doi.org/10.1051/bioconf/20248601090
RTBS-2023

5 REFERENCE

[1] M. Ebni, S. M. Hosseini Bamakan, and Q. Qu, “Digital Twin based Smart Manufacturing; From Design to
Simulation and Optimization Schema,” Procedia Comput Sci, vol. 221, pp. 1216-1225, 2023, doi:
10.1016/j.procs.2023.08.109.

[2] W. Li, L. Wang, Z. Ye, Y. Liu, and Y. Wang, “A dynamic combination algorithm based scenario construction
theory for mine water-inrush accident multi-objective optimization,” Expert Syst Appl, vol. 238, Mar. 2024, doi:
10.1016/j.eswa.2023.121871.

[3] W. K. Saad, I. Shayea, A. Alhammadi, M. M. Sheikh, and A. A. El-Saleh, “Handover and load balancing self-
optimization models in 5G mobile networks,” Engineering Science and Technology, an International Journal,
vol. 42, Jun. 2023, doi: 10.1016/j.jestch.2023.101418.

[4] P. Jatinkumar Shah, T. Anagnostopoulos, A. Zaslavsky, and S. Behdad, “A stochastic optimization framework
for planning of waste collection and value recovery operations in smart and sustainable cities,” Waste
Management, vol. 78, pp. 104-114, Aug. 2018, doi: 10.1016/j.wasman.2018.05.019.

[5] P. He, N. Almasifar, A. Mehbodniya, D. Javaheri, and J. L. Webber, “Towards green smart cities using Internet
of Things and optimization algorithms: A systematic and bibliometric review,” Sustainable Computing:
Informatics and Systems, vol. 36, Dec. 2022, doi: 10.1016/j.suscom.2022.100822.

[6] X. Zhu, “Energy optimization of the configurable service portfolio for IoT systems,” Comput Commun, vol. 154,
pp. 491-500, Mar. 2020, doi: 10.1016/j.comcom.2020.03.008.

[7] “Optimizing Waste Management through IoT and Analytics: A Case Study Using the Waste Management
Optimization Test - Search | ScienceDirect.com.” Accessed: Oct. 28, 2023. [Online]. Available:
https://www.sciencedirect.com/search?qs=Optimizing%20Waste%20Management%?20through%20IoT%20and
%20Analytics%3A%20A%20Case%20Study%20Using%20the%20Waste%20Management%200ptimization%
20Test

[8] M. T. Munir, B. Li, and M. Naqvi, “Revolutionizing municipal solid waste management (MSWM) with machine
learning as a clean resource: Opportunities, challenges and solutions,” Fuel, vol. 348, Sep. 2023, doi:
10.1016/j.fuel.2023.128548.

[9] A. D. Sakti et al., “Optimizing city-level centralized wastewater management system using machine learning and
spatial network analysis,” Environ Technol Innov, vol. 32, Nov. 2023, doi: 10.1016/j.eti.2023.103360.

[10] M. Elnour et al., “Performance and energy optimization of building automation and management systems:
Towards smart sustainable carbon-neutral sports facilities,” Renewable and Sustainable Energy Reviews, vol.
162, Jul. 2022, doi: 10.1016/j.rser.2022.112401.

[11]  X. Wang, X. Mao, and H. Khodaei, “A multi-objective home energy management system based on internet of
things and optimization algorithms,” Journal of Building Engineering, vol. 33, Jan. 2021, doi:
10.1016/j.jobe.2020.101603.

[12]  Z. Said et al., “Intelligent approaches for sustainable management and valorisation of food waste,” Bioresour
Technol, vol. 377, Jun. 2023, doi: 10.1016/j.biortech.2023.128952.

[13]  P. Mathur and S. Singh, “Analyze mathematical model for optimization of anaerobic digestion for treatment of
waste water,” Mater Today Proc, vol. 62, pp. 5575-5582, Jan. 2022, doi: 10.1016/j.matpr.2022.04.606.

[14]  K.Zaman et al., “Efficient power management optimization based on whale optimization algorithm and enhanced
differential evolution,” Alexandria Engineering Journal, vol. 79, pp. 652-670, Sep. 2023, doi:
10.1016/j.2ej.2023.08.045.

[15]  S. N. Mousavi, M. G. Villarreal-Marroquin, M. Hajiaghaei-Keshteli, and N. R. Smith, “Data-driven prediction
and optimization toward net-zero and positive-energy buildings: A systematic review,” Build Environ, vol. 242,
Aug. 2023, doi: 10.1016/j.buildenv.2023.110578.

[16] X. Zhu, X. Zhang, P. Gong, and Y. Li, “A review of distributed energy system optimization for building
decarbonization,” Journal of Building Engineering, vol. 73, Aug. 2023, doi: 10.1016/j.jobe.2023.106735.

[17]  A. Asha, R. Arunachalam, I. Poonguzhali, S. Urooj, and S. Alelyani, “Optimized RNN-based performance
prediction of IoT and WSN-oriented smart city application using improved honey badger algorithm,”
Measurement (Lond), vol. 210, Mar. 2023, doi: 10.1016/j.measurement.2023.112505.

[18]  P. K. Gopalakrishnan, J. Hall, and S. Behdad, “Cost analysis and optimization of Blockchain-based solid waste
management traceability system,” Waste Management, vol. 120, pp. 594-607, Feb. 2021, doi:
10.1016/j.wasman.2020.10.027.

[19] M. H. Elkholy, M. Elymany, A. Yona, T. Senjyu, H. Takahashi, and M. Elsayed Lotfy, “Experimental validation
of an Al-embedded FPGA-based Real-Time smart energy management system using Multi-Objective Reptile
search algorithm and gorilla troops optimizer,” Energy Convers Manag, vol. 282, Apr. 2023, doi:
10.1016/j.enconman.2023.116860.

[20] G. K. Ijemaru, L. M. Ang, and K. P. Seng, “Transformation from IoT to IoV for waste management in smart
cities,” Journal of Network and Computer Applications, vol. 204, Aug. 2022, doi: 10.1016/j.jnca.2022.103393.

[21]  S. Kumar et al., “An optimized intelligent computational security model for interconnected blockchain-IoT
system & cities,” Ad Hoc Networks, p. 103299, Dec. 2023, doi: 10.1016/j.adhoc.2023.103299.



BIO Web of Conferences 86, 01090 (2024) https://doi.org/10.1051/bioconf/20248601090
RTBS-2023

[22] R. Kumar, V. U,, and V. Tiwari, “Optimized traffic engineering in Software Defined Wireless Network based
IoT (SDWN-I0T): State-of-the-art, research opportunities and challenges,” Comput Sci Rev, vol. 49, Aug. 2023,
doi: 10.1016/j.cosrev.2023.100572.

[23] C. Maraveas, D. Piromalis, K. G. Arvanitis, T. Bartzanas, and D. Loukatos, “Applications of IoT for optimized
greenhouse environment and resources management,” Comput Electron Agric, vol. 198, Jul. 2022, doi:
10.1016/j.compag.2022.106993.

[24] M. W. Hasan, “Building an IoT temperature and humidity forecasting model based on long short-term memory
(LSTM) with improved whale optimization algorithm,” Memories - Materials, Devices, Circuits and Systems,
vol. 6, p. 100086, Dec. 2023, doi: 10.1016/J.MEMORI.2023.100086.

[25] K. Raghavendar, 1. Batra, and A. Malik, “A robust resource allocation model for optimizing data skew and
consumption rate in cloud-based IoT environments,” Decision Analytics Journal, vol. 7, Jun. 2023, doi:
10.1016/j.dajour.2023.100200.

[26]  A. Kumar, N. Mathur, V. S. Rana, H. Sood, and M. Nandal, “Sustainable effect of polycarboxylate ether based
admixture: A meticulous experiment to hardened concrete,” Mater Today Proc, 2022.

[27] Md. Z. ul Haq, H. Sood, and R. Kumar, “Effect of using plastic waste on mechanical properties of fly ash based
geopolymer concrete,” Mater Today Proc, 2022.

[28] M. Nandal, H. Sood, P. K. Gupta, and M. Z. U. Haq, “Morphological and physical characterization of construction
and demolition waste,” Mater Today Proc, 2022.

[29] H. Sood, R. Kumar, P. C. Jena, and S. K. Joshi, “Optimizing the strength of geopolymer concrete incorporating
waste plastic,” Mater Today Proc, 2023.

[30] H. Sood, R. Kumar, P. C. Jena, and S. K. Joshi, “Eco-friendly approach to construction: Incorporating waste
plastic in geopolymer concrete,” Mater Today Proc, 2023.

[31] R. Gera et al., “A systematic literature review of supply chain management practices and performance,” Mater
Today Proc, vol. 69, pp. 624-632, Jan. 2022, doi: 10.1016/J.MATPR.2022.10.203.

[32]  A.Jaswal et al., “Synthesis and Characterization of Highly Transparent and Superhydrophobic Zinc Oxide (ZnO)
Film,” Lecture Notes in Mechanical Engineering, pp. 119-127, 2023, doi: 10.1007/978-981-19-4147-4 12.

[33] G. Ghangas, S. Singhal, S. Dixit, V. Goyat, and S. Kadiyan, “Mathematical modeling and optimization of friction
stir welding process parameters for armor-grade aluminium alloy,” International Journal on Interactive Design
and Manufacturing, 2022, doi: 10.1007/S12008-022-01000-1.

[34] G. Murali, S. R. Abid, K. Al-Lami, N. I. Vatin, S. Dixit, and R. Fediuk, “Pure and mixed-mode (I/III) fracture
toughness of preplaced aggregate fibrous concrete and slurry infiltrated fibre concrete and hybrid combination
comprising nano carbon tubes,” Constr  Build  Mater, vol. 362, Jan. 2023, doi:
10.1016/J.CONBUILDMAT.2022.129696.

[35] R. Shanmugavel et al., “Al-Mg-MoS2 Reinforced Metal Matrix Composites: Machinability Characteristics,”
Materials, vol. 15, no. 13, Jul. 2022, doi: 10.3390/MA15134548.

[36] K.Kumar et al., “Effect of Additive on Flowability and Compressibility of Fly Ash,” Lecture Notes in Mechanical
Engineering, pp. 211-217, 2023, doi: 10.1007/978-981-19-4147-4_22.

[37] Siddique, A., Kandpal, G. and Kumar, P., 2018. Proline accumulation and its defensive role under diverse
stress condition in plants: An overview. Journal of Pure and Applied Microbiology, 12(3), pp.1655-1659.

[38]  Singh, H., Singh, J.I.P., Singh, S., Dhawan, V. and Tiwari, S.K., 2018. A brief review of jute fibre and its
composites. Materials Today. Proceedings, 5(14), pp.28427-28437.

[39] Akhtar, N. and Bansal, J.G., 2017. Risk factors of Lung Cancer in nonsmoker. Current problems in
cancer, 41(5), pp.328-339.

[40] Mahajan, N., Rawal, S., Verma, M., Poddar, M. and Alok, S., 2013. A phytopharmacological overview on
Ocimum species with special emphasis on Ocimum sanctum. Biomedicine & Preventive Nutrition, 3(2), pp.185-
192.

[41]  Vinnik, D.A., Zhivulin, V.E., Sherstyuk, D.P., Starikov, A.Y., Zezyulina, P.A., Gudkova, S.A., Zherebtsov,
D.A., Rozanov, K.N., Trukhanov, S.V., Astapovich, K.A. and Turchenko, V.A., 2021. Electromagnetic
properties of zinc—nickel ferrites in the frequency range of 0.05-10 GHz. Materials Today Chemistry, 20,
p-100460.



