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Abstract 

Rapid urban growth and population increase have led to an exponential rise in municipal solid waste, 

overwhelming traditional and inefficient waste management systems (collection, segregation, and 

disposal). This paper reviews the convergence of the internet of things (IoT) and artificial intelligence 

(AI), which are viewed as two promising smart technologies for enabling smarter waste management. 

The study reports key applications of AI and IoT in waste classification, waste collection optimization, 

waste-to-energy processes, and smart bin monitoring by reviewing recent literature. It also discusses 

the advantages of these technologies, such as improved environmental sustainability, real-time 

tracking, and reductions in cost and time. Nevertheless, several challenges remain, including high 

infrastructure costs, data integrity issues, and adoption barriers in low- and middle-income countries. 

The review highlights neglected areas such as industrial waste and e-waste and recommends more 

comprehensive research across diverse socioeconomic contexts, including the development of hybrid 

AI models. The objective of the study is to inform future efforts in designing smart, sustainable, and 

scalable waste management systems. 

 

Keywords: Artificial intelligence (AI), Internet of things (IoT), Smart waste management, 

Sustainability, Waste-to-energy 

 

 

INTRODUCTION 

Global urbanization, or population growth, is one way to produce a record amount of solid waste, as 

observed from the present trend. In cities around the world, municipal solid waste generated was 

roughly 2.01 billion tons in 2016, as estimated by the World Bank, and there would be an increase to 

3.40 billion tons if major steps are not taken [1]. The explosive scale of the response raises significant 

logistical, health, and environmental concerns in large cities with overburdened, antiquated waste 

management infrastructure. 

 

The scale and complexity of waste challenges, as 

we know them today, cannot be addressed by waste 

management infrastructure that has failed to 

modernize and continues to be managed through 

manual collection, open dumping, and poor routing. 

The problems they create day in, day out include 

overflowing containers, irregular collection  

times, illegal dumping, and sub-optimal recycling 

practices [2]. 

 

Artificial intelligence (AI) and internet of things 

(IoT) integration have brought many game-

changing solutions for waste management in recent 

years. Smart technologies offer real-time waste-
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level monitoring, automated separation functionality, intelligent route optimization, and waste-to-

energy optimization. IoT, for example, in intelligent bins, sensors can alert users that they are full, and 

AI algorithms fetch the collection route in real time to deliver the optimum collection [3]. Variants of 

process optimization [4] have been performed on decision trees, support vector machines (SVMs), and 

artificial neural networks (ANNs). 

 

The growing body of literature improves the understanding of the potential and nuanced applications 

of AI and IoT in waste management. While case studies and pilot projects demonstrate a range of 

operational gains and environmental benefits, there remains significant scope for improvement, 

particularly in developing countries, where implementation is constrained by infrastructure, funding, 

and policy hurdles [5]. However, limited research has been conducted on other important areas, 

including wastewater, industrial waste, and e-waste. 

 

The purpose of this review is to survey the entire landscape of the use of AI and IoT in intelligent 

waste management. Based on the results of prior investigations, it summarizes major areas of progress 

and explains the advantages and limitations of deploying these technologies in practice. Finally, it 

identifies research gaps and suggests future work to develop next-generation, sustainable, scalable, and 

smart waste management systems. 

 

LITERATURE SURVEY 

Technologies Used 

Central to modern smart waste management systems are the IoT and AI. These technologies form the 

bedrock for automated waste collection—segregation and monitoring systems, as well as for near future 

decision-making servants. 

 

AI Models 

The literature reviewed implements a number of AI models for augmenting automation, accuracy, and 

productivity in various waste management tasks. 

• Artificial neural networks can deal with large, noisy datasets and nonlinear relationships, which 

is why they are commonly employed. Waste classification, prediction of the waste generation 

rate, and optimization of collection routes [4, 6] are among the best applications. 

• Support vector machine was used for classification tasks, notably sorting recyclables from non-

recyclable waste. Sometimes, SVMs are selected [4] because of their high accuracy in small-to 

medium-sized datasets. 

• Interpretable models for decision making are used in state-of-the-art waste classification systems 

[4, 5], particularly decision trees. 

• Genetic algorithms (GA) are used to solve resource allocation and route planning, which have 

two optimization problems [3]. 

 

These make them well-suited for creating efficient collection systems because of their capability to 

search for near-optimum solutions in highly complex, multivariable systems [6]. 

 

IoT Devices and Infrastructure 

IoT technologies enable AI by providing real-time data, which is necessary to make decisions with 

them: 

• In smart bins with weights, infrared and ultrasonic sensors are commonly used to determine fill 

levels. Bins then transmit data to cloud platforms or centralized systems for timed bin scheduling 

and monitoring. [2, 3, 5]. 

• Waste data is often collected and analyzed on a scale using cloud infrastructure. These platforms 

help make frictionless connections between software (AI algorithms) and hardware (sensors) for 

actionable views. [2, 3]. 
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• The combination of real-time monitoring and dynamic route optimization using wireless 

communication technologies such as GSM, Wi-Fi, LoRa, and Zigbee makes data access from 

remote bins to central systems easier to grasp [2, 5, 7]. 

 

In this AI- and IoT-enabled feedback loop created by AI models running on IoT devices, data is 

collected by the IoT device, the AI models evaluate it, and system outputs affect waste management 

decisions. 

 

Applications for Waste Management 

The convergence of AI and IoT has enabled a wide range of intelligent applications that address the 

inefficiencies in traditional waste management systems. These applications aim to automate processes, 

optimize resource use, and minimize environmental impact. 

 

Classification of Waste 

ANNs, SVM, and decision tree based AI algorithms have been applied to categorize waste into e-

waste, plastic, metal, and organic waste, etc. This classification supports the automation of segregation 

in centralized facilities or origins. For example, the classification of recyclable waste from mixed 

streams has been reported [4, 6, 8]. Moreover, with less manual effort, the purity of recyclables can be 

improved as much as needed for continued processing. 

 

Detection at Bin Level 

In smart bins, such as infrared or ultrasonic sensors, the waste container fill level can be detected in 

real time using smart bins. AI-driven systems collect this data and schedule waste collection locally on 

a server or cloud platform. Whether incidents of overflow and unnecessary trips by municipal vehicles 

have significantly decreased depends on bin level detection [2, 3, 5]. For example, smart city pilot 

projects result in better collection frequencies (especially for commercial areas harboring high output 

waste) [3, 9]. 

 

Optimization of Routes 

A significant application of AI in waste management is dynamic route optimization. Currently, 

traditional waste collection relies on static routing, which leads to higher fuel consumption and less 

efficient routes. Using genetic algorithms and reinforcement learning, AI techniques have been applied 

to generate optimized routes by considering traffic conditions, bin status, and collection schedules [6]. 

Intelligent routing systems can dynamically adjust paths in real time. These smart systems can save 

costs, reduce emissions, and expedite services [4, 6]. 

 

Waste-to-Energy Systems 

AI is also becoming more critical to transform waste into useful energy, mainly for calorific value 

prediction and combustion process optimization [10]. Computational machine learning models can help 

predict the energy output from waste at the waste-to-energy (WTE) plants by analyzing the efficiency 

of waste composition [7, 8]. However, AI-enabled WTE systems are still in their nascent stages and 

provide optimistic routes for the sustainable production of energy from municipal solid waste. 

 

Challenges in Implementation 

The integration of AI and IoT in waste management is a great opportunity, but there are many 

challenges to their actual deployment, especially in developing countries. These obstacles limit the scale 

of smart waste solutions and hamper their realization. 

 

Cost and Infrastructure 

One of the major impediments to ubiquitous sensor networks, cloud platforms, and AI processing 

systems is that the required infrastructure is not yet available. In developing countries [3], many urban 

local bodies are not digitally feather-drenched continents and lack technical maintenance teams to 
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ensure that the back end is maintained over time and have unreliable internet/no power availability. The 

upfront expense of cloud integration, IoT modules, and smart bins is too high for anyone during the 

initial phase. This financial impediment [3, 5] strongly hinders municipalities with limited resources 

from migrating from dumb to intelligent systems. 

 

Data Quality and Availability 

High-quality data are required at this scale for both training and running AI systems. Inconsistent 

data collection, non-standardization, and calibration lead to inconsistent datasets owing to 

missing/inaccurate information [2, 6], which is the probable cause; hence, AI models perform poorly 

and have little predictive ability. In most dynamic routing and waste forecasting applications, very few 

pilot projects have been successful because of faulty smart bins or legacy data [5]. Privacy concerns 

and poor data governance policies exacerbate the problems of data collection and sharing. 

 

Public Engagement and Policy Gaps 

Similarly, the effective use of smart waste management requires public participation and strong 

governance support. As with most things, legal frameworks that establish norms around AI and IoT for 

municipal operations are murky in many places [3]. Resistance or marginal use of smart systems is due 

to a lack of awareness among citizens and waste workers about benefits as well as work mechanics [3, 

5]. What is missing from many current implementations is outreach programs, performance incentives, 

and training (culture lag), where there is a further misalignment of how technology is deployed relative 

to user behavior. These challenges demonstrate the importance of end-to-end comprehensive planning 

that links financial models with policy reform, technology development, and capacity building. 

 

Advantages of Combining AI and IoT 

AI and IoT clearly win from the operational, environmental, and financial points of view for waste 

management systems. These technologies not only modernize service delivery but also sustainability 

and general societal welfare. 

 

Savings of Time and Money 

Through route minimization and reducing time tasks, smart waste systems greatly reduce operating 

costs by cutting out unnecessary collection trips, and smart waste 2.0 technology enabled AI route 

optimization (powered by live data from smart bins) reduced labor and fuel costs by 20–40% [4, 6] in 

multiple pilot cities. AI-powered dynamic routing for cities using IoT sensors found up to 20–40% 

reduction in labor and fuel costs [2, 5]. Resource planning is improved by predictive analytics, which, 

in turn, prevents equipment downtime and emergency maintenance. 

 

Devoted to the Area of Collection and Sorting 

AI algorithms enhance accurate washing at the source as well as processing plants and further arrange 

the waste to the required level. With the help of machine learning and image recognition, we can identify 

materials such as metals, organics, and plastics very accurately, which improves the quality of 

recyclables and reduces contamination in systems [4, 6]. This saves the strain on landfills and saves 

recycling. IoT-based real-time monitoring during collection helps in identifying which bins require 

immediate attention to improve operational effectiveness and prevent overflows [2, 3]. 

 

Benefits to Environment and Public Health 

Smart systems decrease illegal dumping, odors, and vector-borne diseases (e.g., Aedes) associated 

with uncontrolled waste by preventing overflow and optimizing collection cycles [3, 5]. Fewer vehicle 

trips also translate into less pollution and improved urban air quality, which reduces landfill utilization 

and methane emissions. Better sorting is beneficial for waste-to-energy and composting programs [6]. 

Hence, these systems are necessary for fulfilling sustainable development goals (SDGs) and creating 

healthier urban areas. 
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Research Gaps and Future Directions 

Although AI and IoT for smart waste management are gaining increasing attention, some areas 

remain unexplored. For smart systems to be deployed globally in an inclusive, efficient, and scalable 

manner, these gaps must be closed. 

 

Deliberation of Industrial and E-Wastes Left Understated 

The focus of the most recent research [2, 4] is on municipal solid waste (MSW), mainly from 

residential streams. However, industrial waste and e-waste, which have a significant impact on the 

environment owing to the presence of hazardous elements, are downplayed. Classification models are 

called for changes into different waste streams and use different sensor instruments with suitable 

regulatory techniques. Future studies should widen the scope of applications for integrating AI and IoT 

in material recovery, automated disassembly, and hazardous waste monitoring in the same places [3]. 

 

We Need Hybrid AI Models 

Moreover, the requirement for a mixed approach of various algorithms (ANN-GA or decision tree 

and fuzzy logic hybrids) is growing, even though the majority of the models rely only on one of them 

per application, for example, ANN or SVM [6]. They may also increase accuracy, adaptability, and 

interpretability in complex environments with changing and noisy waste data. The ensembles in a robust 

manner and real-time learning systems that are self-refreshing once more data is available will be 

explored in the future scope [4, 6]. 

 

Lack of Pilot in This Real-World Place 

There is only a small amount of field validation, and most of the literature is conceptual or simulation 

based. Emergency and resource-constrained AI/pilot/IoT testing is urgently required to deploy AI/IoT 

systems in actual live urban environments, especially in feasible/sparse infrastructure contexts or areas 

with high population concentrations [5]. Such studies will help improve the architecture and scalability 

of the system by mapping out the latent costs, operational challenges, and user-fit problems. 

 

Developing Regions Overserved 

The majority of reported implementations and studies come from highly digitized or developed 

countries. However, solution design and case studies tend to be even lower in developing regions in 

which the need is highest for effective waste management processes [3, 5], and future studies should 

focus on cheap, low-infrastructure solutions and possibly leverage an offline AI processor suitable for 

those kinds of environments, mobile platforms, and solar devices. 

 

CONCLUSION 

The future of better, intelligent, and sustainable urban sanitation has been enabled by running waste 

management systems using AI and IoT technologies. This enables cities with intelligent algorithms and 

connected devices to implement more accurate waste classification, follow the levels of garbage cans, 

optimize waste collection routes, and assist with waste-to-energy initiatives. Positive changes in all 

aspects of the system, cost-effectiveness, dependability for services, environmental sustainability, and 

public health, were demonstrated by these developments. 

 

However, the adoption of these technologies has had substantial roadblocks. While potential is high, 

funding infrastructure costs prevent wide field deployment, and the absence of data quality, digital 

maturity levels, and a weak policy environment hinders it, especially in developing climates. Likewise, 

a substantial fraction of recent works considers only municipal waste, ignoring essential streams such 

as electronics. 

 

More real-world pilot studies are required to validate these technologies in different urban contexts 

and AI hybrid models that achieve higher accuracy and real-world adaptability to move the field 

forward. Policymakers also need to initiate efforts toward the creation of funding models, capacity 
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building initiatives, and regulatory frameworks for equitable access to smart waste solutions. By closing 

these gaps, AI and IoT can begin to unleash their power on smart waste solutions of the future, which 

is the next-generation worldwide. 
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