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AI in Waste Management: A Critical Analysis of Current Experiences and 

Identifying Future Research Directions  

Problem Statement 

Recycling plays a vital role in ensuring environmental sustainability, yet it encounters 

significant obstacles both globally and in Saudi Arabia. The Kingdom, with its rapid 

population growth, urbanization, and economic development, generates approximately 

15 million tons of solid waste annually. According to the Ministry of Environment, Water, and 

Agriculture, this staggering amount includes waste from households, industries, 

agriculture, commerce, and medical sources. Sadly, most of this waste ends up in poorly 

equipped landfills, causing severe environmental and health challenges such as soil 

contamination, groundwater pollution, and greenhouse gas emissions. Addressing these 

issues requires moving beyond traditional waste management practices toward more 

integrated and technology-driven recycling systems. 

Currently, several challenges hinder Saudi Arabia’s recycling efforts. These include a 

lack of public awareness about recycling's importance, insufficient infrastructure, 

inefficiencies in waste collection and sorting, and a lack of incentives to encourage 

community participation. Despite its advanced technological capabilities and robust 

economy, Saudi Arabia struggles to effectively utilize its resources for sustainable 

recycling practices. Traditional methods like manual sorting or near-infrared 

spectroscopy (NIRS) are unable to handle the complexity of modern waste, particularly 

multi-layered or dark-colored plastics. These limitations reduce the efficiency of recycling 

programs and contribute to the growing problem of unmanaged waste. 

The inefficiencies in recycling extend beyond environmental concerns, impacting 

economic and social spheres as well. Ineffective waste management leads to higher 

operational costs and limits the potential economic benefits of recycling, such as 

recovering valuable materials and reducing reliance on raw resources. Furthermore, 

public participation is hampered by a lack of knowledge about proper waste sorting and 

the locations of recycling facilities. The absence of incentives, both financial and non-

financial, further discourages active engagement in recycling initiatives. 

 

Despite these challenges, Saudi Arabia has the potential to revolutionize its recycling 

systems by harnessing technology. With its strong technological infrastructure and 

economic resources, the Kingdom is well-positioned to adopt innovative waste 

management solutions. Emerging technologies such as artificial intelligence (AI), deep 

learning, and the Internet of Things (IoT) offer transformative opportunities to improve 

recycling efficiency. Research, such as a study by Choi et al. (2023), has shown that 

integrating AI and deep learning algorithms into recycling processes significantly 

enhances the accuracy of waste classification and sorting.  



 

AI in Waste Management: A Critical Analysis of Current Experiences and Identifying Future Research Directions 

Midocean University 

College of Informatics 
Master of Science in Artificial Intelligence 

 

 

 

However, barriers such as high implementation costs, limited scalability, and a lack of 

real-world testing in industrial settings remain challenges. 

Saudi Arabia’s Vision 2030 prioritizes sustainability and environmental protection, 

emphasizing the need for innovative solutions to achieve these goals. Developing a 

smart recycling application could address many of the current challenges by 

encouraging community engagement and providing practical tools for waste 

management. Such an app could guide users on waste sorting, offer interactive maps of 

recycling centers, and introduce incentive programs to drive participation. Moreover, it 

could analyze user data to refine strategies and improve recycling outcomes. This aligns 

with the Kingdom’s broader objectives of fostering environmental awareness, reducing 

waste, and creating economic opportunities through resource recovery. 

While there have been initial efforts to adopt advanced recycling technologies in Saudi 

Arabia, these initiatives are often fragmented and lack the integration needed for a 

unified system. Current solutions primarily focus on technical advancements without 

addressing behavioral and logistical barriers that hinder public participation. Additionally, 

many systems fail to fully exploit the potential of technologies like AI and IoT to 

streamline operations, enhance sorting accuracy, and lower costs. 

There is a pressing need for comprehensive research to bridge these gaps. Targeted 

studies should explore how technology, particularly smart applications, can enhance 

recycling practices in Saudi Arabia. The focus should be on scalable and cost-effective 

solutions that address both the technical and social aspects of recycling. By combining 

technological innovation with community involvement, these solutions can create a 

sustainable recycling model that benefits the environment, economy, and society. 

In summary, Saudi Arabia faces a critical challenge in effectively managing its growing 

waste streams. Traditional recycling methods are insufficient to meet modern demands, 

and low public awareness and participation further complicate the issue. However, the 

Kingdom’s advanced infrastructure and economic capacity offer a unique opportunity to 

implement technology-driven solutions. Developing a smart recycling application 

presents a promising pathway to overcome existing barriers by integrating advanced 

technologies, engaging communities, and optimizing operations. Addressing these 

challenges through research and practical solutions can position Saudi Arabia as a 

global leader in sustainable waste management, significantly contributing to efforts to 

combat environmental degradation. 
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Research Objectives: 

The present study will be a full-fledged investigation into the role AI can play in 

revolutionizing the habits pertaining to waste management and themes of environmental 

sustainability in modern-day Saudi Arabia. The research questions that address the 

overall objective of this research are: 

• Review the state of the art in AI applications in waste management: It means deeply 

reviewing the current artificial intelligence-powered solutions for sorting, collecting, and 

recycling waste. This will involve an analysis of various kinds of AI algorithms that have 

been utilized in such realization, performance evaluation, and identification of best 

practices to be embraced. 

○ Identifying and analyzing the various kinds of AI algorithms utilized in waste sorting 

systems: This sub-objective focuses on describing different methods of AI applied in the 

automatization of waste sorting, including computer vision, machine learning, and deep 

learning. One would have to assess the relative strengths, weaknesses of each 

approach, and their suitability for different waste streams. 

○ To assess the efficiency and performance of the AI-based waste sorting systems: This 

sub-objective targets the quantification of performance for any AI-based sorting solution 

in terms of accuracy, speed, and cost-effectiveness. This will be sincere in testing the 

performances of AI systems against traditional methods of manual sorting and 

highlighting areas where improvements are necessary. 

• To establish the potential of AI in the reduction of waste generation: This objective will, 

therefore, dwell on the use of AI in the reduction of waste generation at its source. It 

shall be accomplished by searching for the use of AI in predicting the pattern of waste 

that will be generated, to optimize resource use with a view to sustainable consumption 

and operation of other practices. 

○ To research the use of AI in predicting waste generation patterns: This sub-objective 

aims to implement AI algorithms in the development of forecasts on waste generation 

trends, using population density, consumption patterns, and seasonal changes. These 

may be useful in planning for waste management and resource allocation. 

○ Investigating the role of AI in waste collection and transportation optimization: This 

subobjective deals with how AI should be used to optimize routes, schedules, and the 

deployment of vehicles based on real-time data and predictive analytics. In this regard, 

fuel use will be minimized, hence reducing emissions; thereby, efficiency in operations 

dealing with waste collection will increase. 
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• Evaluating the Impact of AI on Environmental Sustainability: This goal attempts to 

identify what environmental gain there will be from applying AI in managing solid wastes. 

It will be attained by identifying the degree to which AI will contribute towards 

greenhouse gas emissions reduction, resource recovery, and pollution minimization. 

○ To quantify the contribution of AI to the reduction of GHGs from waste management: 

This objective is aimed at quantifying the extent of GHG reduction achieved by AI-

powered waste management solutions. The analysis to be executed will be based on 

how the waste collection routes have been optimized, along with improved recycling 

rates, to reduce further reliance on landfills. 

○ To explore in detail the extent to which circular economy practices can be developed 

with the support of AI: this sub-objective examines how AI enables the transition to a 

circular economy through optimization of resource use, reduction of waste, and the 

enabling capability to generate innovative material creation from recycled wastes. 

• Identify the challenges and opportunities associated with AI implementation in waste 

management: This would focus on a critical analysis of factors influencing successful 

adoption and implementation of AI in waste management. In addition, it would include 

the identification of technical, economical, and social obstacles, exploring possible 

solutions and opportunities. 

○ Objectively assessing the technical, economic, and social impediments that stand in 

the way of AI's application in waste management, this sub-objective shall involve 

identification and comprehension of various factors that will hamper the wide diffusion of 

AI in managing wastes due to costs of AI technologies, data availability, infrastructure 

requirements, and public perception. 

○ To identify the possible benefits of AI in determination and enhancement of good 

waste management practices. This subobjective sets the benefits of applying AI to 

enhance good practices in waste management based on operational efficiencies, cost 

reduction, enhanced environmental performance, and improvement in public health. 

These objectives are aimed at gaining a comprehensive understanding of the role of AI 

in the management of wastes, while also guiding the development and implementation 

of AI-powered solutions to address particular challenges facing the Kingdom of Saudi 

Arabia. In attaining these objectives, this research aspires to contribute towards a more 

sustainable and environmentally responsible system for managing organic waste. 
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Critical Analysis 

The analysis of these studies reveals the emerging role of AI in waste management, 

showing its ability to enhance efficiency, accuracy, and cost-saving potential in both 

urban and underserved communities. Each study offers a unique viewpoint, but shared 

limitations suggest areas that could benefit from further refinement. 

 

For example, Oise and Kony Eha’s work on e-waste management introduces a 

comprehensive framework, but its scalability is limited due to a smaller dataset. Ahmed 

et al. highlight CNNs' effectiveness in waste sorting through high accuracy rates, but 

their findings also expose a key issue: in situations with limited data, models may overfit, 

compromising reliability. 

 

Theoretical research, like that of Egwu and Ugwuanyi, addresses social and economic 

factors, showing the potential positive impact of AI on communities. However, these 

ideas lack empirical validation, making them less applicable in practical terms. Similarly, 

Božić’s literature review provides strategic insights but remains largely theoretical, 

lacking clear, actionable guidance. 

 

Innovative approaches, such as Bacchin et al.'s use of GANs for synthetic data 

generation, show promise in improving sorting accuracy. However, since these methods 

are only tested in controlled lab conditions, it’s uncertain how they would perform in real-

world settings. Yadav’s broader exploration of AI in environmental resilience is insightful 

but doesn’t focus deeply on waste management, which may limit its immediate 

relevance. 

 

In summary, these studies underscore AI’s potential in waste management while pointing 

to critical gaps. More field-based research, real-world testing, and diverse data sources 

are needed to fully realize AI’s promise in this area. 
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