
 

SGS Engineering & Sciences, VOL. 1 NO .1 (2025): LGPR 

 

AI for Sustainability: Optimizing Resources and Monitoring the 
Environment 

1Dr. Chethana Sridhar, 2Dr. Batheesh Babu, 3Dr. Shakir Khan 

' SSMRV Coll ege, Bengaluru, India * Lincoln University, Malayasi a ” IMSIU ,Riyadh Saudi Arabia. University 
centre for research and development, Chandigarh university, Mohali . pdf.Chethana@lincoln.edu.my 

3sgkhancs@gmail.com 

 

Abstract 

Waste management in Karnataka faces numerous challenges due to rapid urbanization, population 

growth, and increasing waste production. This study examines trends from 2020 to 2025, highlighting key 

aspects such as waste generation, collection efficiency, processing methods, landfill dependence, and 

recycling efforts. The amount of waste produced is expected to rise from 5,000 tons per day (TPD) in 

2020 to approximately 6,000 TPD by 2025. Collection efficiency has seen an improvement, increasing 

from 85% in 2020 to 90% in 2022, with a goal of reaching 95% by 2025 through enhanced infrastructure 

and greater public participation. The processing rate of waste has also improved, growing from 60% in 

2020 to an estimated 85% in 2025, supported by advancements in composting, recycling, and waste-to-

energy initiatives. The reliance on landfills has significantly reduced, from 40% in 2020 to a projected 15% 

in 2025, indicating efforts to mitigate environmental damage. Additionally, recycling rates have increased 

from 15% in 2020 to an anticipated 30% in 2025, driven by policies such as extended producer 

responsibility (EPR) and the adoption of AI-powered waste sorting technologies. These developments 

highlight Karnataka’s strides toward sustainable waste management. However, challenges such as high 

operational costs, data accuracy concerns, and technological limitations remain. Moving forward, it is 

crucial to integrate circular economy principles, utilize AI and IoT solutions, and address the unique waste 

management needs of both urban and rural areas to achieve long-term sustainability and align with global 

environmental objectives. 
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Sustainable Economy; Energy Recovery from Waste; Recycling Efficiency. 

Introduction 

The use of Artificial Intelligence (AI) in waste 

management has become a groundbreaking 

solution to tackling global sustainability issues. 

As urbanization accelerates, populations grow, 

and environmental concerns rise, conventional 

waste management methods often prove 

inadequate and unsustainable. AI-driven 

technologies provide efficient ways to enhance 

waste collection, sorting, recycling, and energy 

recovery, supporting the principles of a circular 

economy and advancing sustainable 
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development goals (SDGs). This study 

examines the impact of AI in waste  

 

management, emphasizing its applications, 

advantages, and existing challenges. 

 

Smart Waste Management with AI 

AI is transforming waste management by 

automating essential processes like waste 

sorting and optimizing collection routes, leading 

to greater efficiency and lower labor costs. 

Through predictive analytics, AI enables 

municipalities and businesses to allocate 

resources more effectively, reducing waste 

generation and enhancing cost efficiency. 

Advanced AI-driven sorting technologies 

improve recycling by accurately classifying 

materials, minimizing contamination, and 

conserving resources. This helps decrease 

reliance on landfills while addressing 

environmental concerns such as ocean pollution 

and greenhouse gas emissions. Additionally, AI 

enhances waste-to-energy operations by 

increasing energy recovery and lowering harmful 

emissions. By offering valuable insights into 

waste production trends and recycling efficiency, 

AI supports policymakers and waste 

management companies in developing more 

effective, data-driven sustainability strategies. 

Literature review 

1. Current sustainability challenges   

The increasing importance of 

environmental sustainability has been 

extensively discussed in recent 

research. Factors such as rapid  

urbanization, industrial expansion, and 

population growth have contributed to 

higher resource consumption, greater 

waste production, and environmental 

deterioration. Studies indicate that 

inefficient waste management systems 

worsen problems like pollution, 

greenhouse gas emissions, and 

resource depletion. For instance, Muller 

et al. (2015) emphasize how inadequate 

waste handling intensifies these 

environmental issues. Likewise, Batty et 

al. (2012) point out the difficulties of 

maintaining urban sustainability, 

particularly in developing regions where 

infrastructure and policies often fall 

short. These findings highlight the 

necessity of innovative strategies that 

promote sustainability while maintaining 

a balance between economic progress 

and environmental conservation. 

2. Role of AI in sustainability  

Artificial Intelligence (AI) has become a 

valuable tool in addressing sustainability 

challenges. Rolnick et al. (2019) provide 

an in-depth analysis of how machine 

learning contributes to tackling climate 

change, particularly in areas such as 

energy efficiency, waste management, 

and environmental monitoring. Wang et 

al. (2020) highlight the role of AI-driven 

energy optimization in smart grids, 

demonstrating significant gains in 

energy efficiency and reductions in 

carbon emissions. Similarly, Zhang et al. 
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(2018) examine the application of deep 

learning for energy management in 

smart cities, showcasing its ability to 

enhance resource efficiency and 

minimize environmental impact. 

Together, these studies emphasize AI's 

transformative role in promoting 

sustainable development. 

 

3. AI cutting-edge Waste Management 

The use of AI in waste management has 

received considerable attention in recent 

years. Li and Hsu (2022) explore how 

predictive analytics contribute to 

environmental sustainability by 

forecasting waste generation trends and 

optimizing collection routes. AI-driven 

technologies, as outlined by Zhang et al. 

(2018), facilitate real-time waste level 

monitoring and automate collection 

processes, leading to reduced 

operational expenses and 

environmental impact. Furthermore, 

Geyer et al. (2021) emphasize AI’s role 

in managing plastic waste, where 

machine learning algorithms enhance 

sorting and classification, improving 

recycling efficiency and minimizing 

contamination. These advancements 

highlight AI’s potential to transform 

waste management practices. 

 

4. Integration of AI with IoT and Big data  

The combination of AI with the Internet 

of Things (IoT) and big data has 

significantly expanded its potential for 

promoting sustainability. Alam and Iqbal 

(2020) highlight IoT’s role in smart cities, 

particularly its capability to gather real-

time data on energy usage, waste 

production, and environmental 

conditions. When integrated with AI, this 

data supports the creation of predictive 

models and decision-making systems, 

as demonstrated by Wang et al. (2020). 

Additionally, Floridi et al. (2018) discuss 

the ethical implications of AI 

deployment, advocating for its 

responsible and fair application in 

sustainability efforts. These integrated 

technologies provide a comprehensive 

framework for addressing environmental 

challenges. 

5. Gaps in existing research 

Although significant advancements have 

been made, several challenges persist 

in applying AI to sustainability. Firstly, 

most research focuses on specific areas 

like energy efficiency or waste 

management, often overlooking 

integrated solutions. Secondly, there is 

a lack of extensive studies on the ethical 

and social impacts of AI, particularly 

concerning data privacy and potential 

job losses. Additionally, AI applications 

in rural and underserved communities 

remain largely unexplored, with most 

research centered on urban 

environments. Lastly, further 

investigation is needed into AI’s role in 

advancing circular economy models, 

especially in industries with substantial 

waste production, such as construction 

and manufacturing. 
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6. Future Directions 

Future research should aim to bridge 

these gaps by developing integrated 

solutions that merge AI, IoT, and big 

data to enhance sustainability efforts. 

Additionally, there is a need to examine 

the ethical and social impacts of AI 

implementation, ensuring fair distribution 

of its advantages. Greater focus should 

also be placed on applying AI in rural 

and developing regions, as these areas 

encounter distinct sustainability 

challenges. Lastly, further exploration is 

required to  

 

 

understand AI’s contribution to 

advancing circular economy models, 

facilitating the shift toward a more 

sustainable and resource-efficient 

future. 

Year Total Waste 
Generated 
(TPD) 

Waste 
Collected 
(%) 

Waste 
Processed 
(%) 

Landfill 
Usage 
(%) 

Recycling 
Rate (%) 

Key Initiatives 

2020 5,000 85% 60% 40% 15% Implementation of Solid 
Waste Management 
Rules, 2016; focus on 
source segregation. 

2021 5,200 88% 65% 35% 18% Increased adoption of 
IoT-based waste 
collection systems in 
Bengaluru. 

2022 5,400 90% 70% 30% 20% Expansion of waste-to-
energy plants and 
composting facilities. 

2023 5,600 (est.) 92% (est.) 75% (est.) 25% 
(est.) 

22% (est.) Introduction of AI-
powered waste sorting 
and tracking systems. 

2024 5,800 (est.) 94% (est.) 80% (est.) 20% 
(est.) 

25% (est.) Enhanced focus on 
plastic waste 
management and circular 
economy models. 

2025 6,000 (est.) 95% (est.) 85% (est.) 15% 
(est.) 

30% (est.) Target to achieve 100% 
waste processing and 
reduce landfill usage to 
10%. 

Table: Waste Management Statistics 
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Fig:  Graph of waste Management 

Challenges and limitations 

1. Significant Upfront Investment 

Deploying AI-driven waste management 

systems demands substantial initial funding for 

equipment, software, and workforce training. 

This financial requirement can pose challenges 

for small-scale waste management providers 

and developing nations, limiting their ability to 

adopt such technologies 

2. Data Accuracy and Accessibility 

The performance of AI models relies heavily on 

the availability and reliability of data. However, in 

many areas, waste management data is often 

incomplete, inconsistent, or lacking altogether, 

which affects the precision of AI-driven 

predictions and decision-making. 

 

3. Complexity of Technology 

AI-based systems are intricate and require 

specialized skills for development, 

implementation, and maintenance. This can 

create difficulties for organizations that lack 

technical expertise or trained personnel. 

  

4. Ethical and Social Implications 

Integrating AI into waste management brings 

ethical and social challenges, including concerns 

about job displacement and data privacy. For 

example, automating waste collection and 

sorting processes may result in workforce 
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reductions within the waste management 

industry. 

 

Future Directions 

1. Incorporating AI into Circular 

Economy Models 

Future studies should explore the integration of 

AI with circular economy frameworks to 

establish closed-loop waste management 

systems. This involves developing AI-driven 

solutions for monitoring material flows, 

enhancing resource recovery, and encouraging 

recycling and reuse. 

2. AI-Driven Behavioral Change 

AI can play a crucial role in promoting 

sustainable waste management habits among 

individuals and businesses by enabling 

personalized interventions. For instance, AI-

powered applications can offer real-time insights 

into waste generation and recycling efficiency, 

encouraging users to adopt environmentally 

friendly practices. 

3. AI-Enable Collaborative Systems 

AI-driven collaborative systems involving 

governments, businesses, and communities can 

improve the scalability and effectiveness of 

waste management solutions. These systems 

can support data sharing, enhance coordination, 

and enable collective decision-making for more 

efficient waste management practices. 

4. AI Implementation in Developing 

Nations 

Further research is required to explore the use 

of AI in waste management within developing 

nations, where infrastructure for waste disposal 

is often insufficient. Developing cost-effective 

and scalable AI solutions could help tackle the 

distinct challenges these regions encounter. 

 

Conclusion  

AI-driven solutions in waste management mark 

a significant transformation in addressing 

environmental challenges. By utilizing AI 

technologies, waste collection can be optimized, 

recycling efficiency can be enhanced, and the 

ecological impact of waste disposal can be 

minimized. However, for AI to be effectively 

implemented in waste management, challenges 

such as high costs, data reliability, and ethical 

considerations must be addressed. Future 

research should prioritize the development of 

cost-effective, scalable, and inclusive AI 

solutions that support circular economy 

principles and sustainable development goals. 
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