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Abstract—The growing population of cities has increased the 

pressure on the waste management systems and therefore, new 

and better approaches are needed. This paper aims to present the 

theoretical underpinning of the application of Internet of Things 

(IoT) technologies in the improvement of waste collection in smart 

cities. In this regard, this paper reviews the latest trends, 

methodologies, and technologies from a vast collection of peer-

reviewed papers published between 2018 and 2024. The areas of 

focus include real-time monitoring systems, predictive analytics, 

and optimization algorithms that have created new norms in 

traditional waste management. The review discusses the novel 

concept of IoT-based smart bins, dynamic waste collection 

routing, and data-based decision-making frameworks which yield 

significant environmental and economic benefits.  According to 

established studies, reported outcomes include reduced overflow 

and manual labor costs, improved routing efficiency, enhanced 

recycling processes, optimized bin placement, and increased 

energy savings. Across a variety of cities, reports comparing pre-

IoT operations with IoT-enhanced ones have found remarkable 

decreases in operating costs, resource allocation, and overall 

sustainability performance improvements. However, challenges in 

data security, interoperability and scalability still exist,  

highlighting the need for a standardized framework and policies. 

This review contributes to the existing body of knowledge by 

identifying research gaps and proposing directions for future 

work. It emphasizes the importance of hybrid approaches 

combining IoT with emerging technologies such as artificial 

intelligence and blockchain to address the limitations of current 

systems. The findings offer valuable insights for policymakers, 

urban planners, and researchers aiming to foster sustainable and 

smart urban ecosystems. 
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I. INTRODUCTION 

Big cities are facing overpopulation and increasing reliance 
on the challenges of industrial activities [1], [2]. This requires 
urgent action, such as in waste management [3], [4]. 
Overcoming this requires a new approach to waste management 
[5]. Traditional approaches to waste management is inefficient 
and results in environmental degradation and inappropriate use 
of resources [6], [7]. Recent advances in information and 
communication technology in particular, [8] the Internet of 
Things (IoT) and artificial intelligence (AI) have improved 
waste management, such as increasing the efficiency of garbage 
collection  and achieve higher recycling rates [9], [10], [11]. 
IoT-enabled smart bins use sensors to monitor waste levels in 
real-time [12], which allows periodic trash collection and avoid 
overflow incidents [13], [14]. AI algorithms can perform a data 
analysis that can have insights into optimization of collection 

routes based on waste generation patterns [15], [16], [17] thus, 
improving the operational efficiency. 

The use of blockchain technology enhances trustworthiness 
through traceability and transparency when it comes to waste 
management [18], [19]. There is a move towards a more 
sustainable approach through recycling and using waste for 
energy[5], [6]. When it comes to waste sustainability, data 
quality is key; it also plays a vital role in decision-making[3], 
[20]. Using comprehensive and real-time data enables predicting 
trends on waste generation [20] and also allows assessing the 
impact of waste management practices on the environment. 

 New technologies help to improve resource usage, as well 
as to preserve the environment [7]. The effective waste 
management practices could only be achieved once academia, 
industry, and policymakers join hands in the quest of developing 
new and sustainable solutions [2]. The integration of IoT-based 
solutions in waste management has shown significant 
improvements in collection efficiency [17] and resource 
optimization.  

Furthermore, the application of artificial intelligence-
enabled analytics facilitates the anticipation of waste generation 
and the optimization of collection pathways [10], [21], [22]. 
Recent research underscores the significance of sustainable 
economic frameworks within waste management [23], 
accentuating the contribution of circular economy strategies [2]. 
Circular economy frameworks have been extensively examined 
[24], [25], [26] to improve waste valorization and reduce 
ecological repercussions. 

This paper is organized as follows; the next section describes 
the research methodology, including the data sources, inclusion 
and exclusion criteria, and analysis procedures. Section III 
summarizes the literature and addresses the core research 
questions through an in-depth review of current practices, 
technological advancements, and thematic trends. In Section IV, 
we discuss the key findings, highlight persistent challenges, and 
suggest relevant directions for future research. The paper is 
concluded with a summary of key contributions and 
implications in Section V. 

We will demonstrate the used methodology in the study in 
the subsequent section, and then the relationship between 
selected papers will be delved into in the synthesis section. 

II. METHODOLOGY 

Throughout this research, we are carrying out a defined and 
carefully engineered process to guarantee the exactitude and 
significance of our results. Fig. 1 encompasses the five main 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 16, No. 4, 2025 

132 | P a g e  

www.ijacsa.thesai.org 

parts of this study that we are working on. The first step is 
formulating IoT and household waste collection ideas and 
holding to the selection of correct criteria and research 
questions. This stage is the cornerstone of the research, as it is 
necessary for building a strong study. Phase 2 is about locating 
studies from the best sources, like ScienceDirect and Scopus, to 
get exact data. Whereas the Phase 3 is characterized by the use 
of strict inclusion and exclusion criteria, which allow the 

selection of only high-quality, English-written literature 
between 2018 and 2024, then it concentrates on the examination 
of the different research works, through strategies like 
categorical analysis and statistical reference to be able to find 
the coherence in the data. In the fourth phase we will answer to 
the most important questions in the study, Finally, Phase 5 
discusses the findings, challenges and suggestions, and signals 
the current gaps in research for the future exploration. 

 

Fig. 1. Research process. 

A. Pilot Search and Data Research Question 

We have conducted a preliminary search to get an in-depth 
overview of IoT applications in urban waste management and 
mapping of the existing literature in our introductory stage. 
Sources of relevance were identified by applying a defined 
search string across the most important and trustworthy 
electronic databases from different publishers outlined in 
Table I as described by [27]. The preliminary search also 
supported the development of inclusion and exclusion criteria 
for literature selection. 

TABLE I RESEARCH QUESTION DETAILS 

Database 
Search 

within 
Fields 

Search 

string 
Time Span 

Web of 
Science 

Title, abstract, 
keywords 

All 
Fields 

household 

waste 

collection  

2018..2024 

Scopus 
Title, abstract, 
keywords 

All 
Fields 

household 

waste 

collection  

2018..2024 

B. Locating the Studies 

The utilization of prominent databases and the development 
of a research question driven by specific objectives are essential 
for a comprehensive exploration of the literature. To encompass 
a broad spectrum of documents related to the domain of 
household waste, a general inquiry is articulated. The Web of 
Science and Scopus databases are utilized to perform a 
comprehensive literature review, employing search criteria that 
encompass open access publications from the period spanning 
2018 to January 2025, authored in English, and focusing on 
innovations and current trends within the research-oriented field 
regarding household waste collection. 

C. Papers Selection 

The preliminary analysis carried out on December 26 
discovered 5,100 entries in the Scopus and Web of Science 
repositories. The two principal parameters employed for the 
delineation of the search were open-access publications released 
between the years 2018 and 2024, alongside the specific topic of 
“household waste collection”. 
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In addition, we included only English-language 
peer- reviewed journals. Titles, keywords, and abstracts were 
searched to weed out publications beyond the scope of this 
study, such as those related to pharmacology, toxicology, 
chemistry, etc. The reference databases were combined in 
Rstudio, where 94 duplicate references were removed, resulting 
in 350 articles for further analysis. 

D. Research Questions (RQ) 

Research questions that are both well-structured and 
answerable are necessary for an exhaustive literature review 
[28]. These questions serve as the foundation for the entire 
inquiry and help to create the research design by influencing the 
kinds of techniques and tactics used [9]. After a thorough 
literature analysis and multiple rounds of pilot searching, the 
study's main research question—"How can IoT technologies 
improve household waste collection systems?"—was refined. 
To ensure a sharp focus on the inquiry and presentation of all 
pertinent features, four sub-research questions are developed 
inside the framework of the above all-inclusive question in order 
to delve deeper into this inquiry. These include: 

 RQ1: What are the different types of IoT device types 
used in household waste collection? 

 RQ2: What are the outcomes and challenges IoT 
technologies for household waste collection are facing? 

 RQ3: What are the research gaps in IoT-based household 
waste collection domain? 

 RQ4: What are the most recent developments in IoT-
based household waste management? 

E. Analysis and Synthesis 

After getting a good blend of relevant papers, data analysis 
and synthesis can start. The purpose of the analysis is to take 
each study apart and map its concepts, while the synthesis 
focusses on finding cross-study commonalities and patterns. 
Such efforts forms the basis for an investigation of the 
applications of IoT on waste management practices in smart 
cities. Analysis and synthesis of this review are presented briefly 
in following sub-section. 

Out of the 350 articles identified for review, 60 articles 
contribute to the field of Computer Science, Information 
Systems, 52 to Environmental Sciences, 48 to Green and 
Sustainable Science and Technology, 48 to Electrical and 
Electronic Engineering, and 32 to Environmental Studies, as per 
Fig. 2, among other fields. 

 

Fig. 2. Field type. 

The time span of this review covers a broad range, with the 
earliest articles dating back to 2018 and the most recent 
published in 2025 (Fig. 3). 

 

Fig. 3. Time distribution. 

III. RESULTS 

This chapter addresses the research questions utilizing data 
gathered from selected articles. 

A. Answer to the RQ1: What are the different Types of IoT 

Device Types used in Household Waste Collection? 

Household waste management has witnessed the integration 
of various IoT devices and technologies [29], [30], offering 
innovative solutions to longstanding inefficiencies. Smart bins 
equipped with sensors are among the most commonly used 
technologies [31], [32], enabling real-time monitoring [8] of 
waste levels and reducing overflow issues [33]. Ultrasonic 
sensors are used to measure fill levels and Weight sensors to 
indicate  garbage load  as demonstrated in urban Malaysia using 
LoRaWAN networks [3], [34], [35]. Wireless Sensor Networks 
(WSNs) have also been implemented to enhance waste 
collection efficiency, where these technologies reduced fuel 
consumption and optimized routing [7], [36]. Advanced 
technologies such as AI and cloud computing have been utilized 
in Egyptian cities to improve waste generation predictions [37], 
leveraging cellular and Wi-Fi networks for real-time analytics 
[1], [38]. GPS tracking systems further contributed to waste 
management by optimizing collection routes and minimizing 
operational inefficiencies [4], [39], [40], [41] while 
solar- powered e-waste management solutions have been piloted 
in Bangladesh to promote recycling efforts using LoRaWAN 
networks [4], [5]. IoT-enabled optimization routes in Dublin and 
smart home solutions in Iran have also shown promise in 
reducing collection times and improving segregation at the 
household waste level, respectively [3], [7], [42]. These 
advancements demonstrate the potential of IoT in transforming 
waste management; Table II summarizes used IoT devices in the 
selected studies, the use case study geo-location, used 
technologies, communication methods, power source, the key 
outcomes, and the identified challenges for each study. 

B. Answer to the RQ2: What are the Outcomes and 

Challenges of IoT Technologies for Household Waste 

Collection are Facing? 

The integration of IoT in household waste collection has led 
to significant improvements in efficiency,[1], [43],  cost 
reduction, [5], [44] and environmental sustainability [1]. One of 
the key outcomes is the optimization of waste collection 
routes,[36], [45], where smart sensors and AI-driven scheduling 
enable real-time monitoring of waste levels [46], reducing 
unnecessary trips and fuel consumption [10]. Several studies 
highlight the improvement in waste separation and 
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classification, [47] with smart bins capable of distinguishing 
between organic, inorganic, and electronic waste, [43], [48] 
thereby enhancing recycling processes. [5], [49] Additionally, 
the use of real-time data transmission and cloud computing has 
enabled the automation of waste monitoring, [5] ensuring timely 
collection and preventing overflow issues. Cost efficiency is 
another major outcome, as IoT-driven waste collection systems 

reduce manual labor costs [4] and improve operational 
productivity. Furthermore, studies emphasize the role of 
energy- efficient smart bins, [1] which reduce power 
consumption while maintaining effective monitoring of waste 
accumulation. [34] Despite their advantages, these technologies 
face many challenges, next chapter dives to different challenges 
IoT devices are facing in household waste management domain. 

TABLE II IOT DEVICES AND TECHNOLOGIES USED FOR HOUSEHOLD WASTE COLLECTION 

Study IoT Technology Used Network Type Key Outcomes City/Country 

Wong  2023 [3]  

Smart bins, Sensors 

Raspberry Pi 4b as 

microcontroller.  ultrasonic 
and tracker sensors 

Wi-Fi 
Reduced overflow, collection and classification of 

waste, Waste Separation 
Urban Malaysia. 

Abidin 2022 [43] Sensors LoRaWAN 

Optimal waste bin placement using LoRa 

Network. 

Clustering method for waste bin placement. Sort 
organic and inorganic waste and monitor the 

volume, gas content, and weight of waste in waste 

bins 

Rural Area in 
Indonesia 

Anagnostopoulos  2021 [7] Not specified Not specified 
Lowered fuel use, new system based  swapping 
full bins for empty ones, real-time scheduling  of 

waste collection, dynamic routing 

St. Petersburg, 

Russia. 

Ahmed  2023 [1] AI, Cloud Computing Not specified 

Energy saving, optimal waste collection routes  

regenerate  missing data, High-priority bins require 
immediate collection  

Egyptian cities. 

Sharma  2020 [9] In general In general 

Finding barriers: data Security and Privacy 
High costs of implementation and maintenance, 

Heterogeneity and Lack of standardization. High 

energy consumption 

India. 

Okubanjo  2024 [4] 
Arduino Uno as controller 

ultrasonic sensors 

Wi-Fi module for 

data transmission. 

Improved efficiency in waste collection processes. 

 Reduced costs associated with manual labor. 
Applied in Nigeria. 

Farjana  2023 [5] ultrasonic sensor Cloud,  
Separating E-waste, Converting E-waste plastic to 
bio-fuel and bio-char, improve  recycling 

processes ,monitor waste levels and alert collectors  

Tested in 
Bangladesh. 

Ghahramani  2022 [2] In general 
microcontroller-

based platform 

Improved efficiency of waste management in 
urban areas. Optimizes waste collection routes, 

real time monitoring 

Dublin. 

Ehsanifar  2023 [6] 
IoT in Smart Homes 

 various IoT devices 
 Not specified 

IoT  enhances energy efficiency and waste 

management practices in smart homes  
Conducted in Iran. 

Hussain  2024 [10] 

Ultrasonic sensors: fill 

levels 
Weight sensors: garbage 

load 

various of 
networks 

Real-time monitoring Ultrasonic Sensors, Weight 

Sensors: 

Predictive Routing System 

Qatar. 

Fataniya  2019 [11] 

IoT sensors, Node MCU, 

Ultrasonic Sensor, Moisture 
Sensor, Gas Sensor 

GSM technology  waste segregation and real-time  monitoring Ahmedabad: India. 

C. Answer to the RQ3: What are the Research Gaps in IoT-

Based Household Waste Collection Domain 

Although the use of IoT technologies in household waste 
management has brought several benefits, these technologies 
continue to face challenges that limit their widespread adoption 

and scalability [50]. Common faced challenges are data privacy 
issues, limited scalability, incidental network and high 
implementation cost [9]. These barriers need to be addressed to 
achieve the full potential of IoT for smart cities environments 
Table III below summarizes challenges different IoT devices 
and technologies face: 
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TABLE III CHALLENGES THAT IOT SOLUTIONS FACE 

Solution/ Technics Challenges Identified 

Waste classification [3] Diversity of Waste Types, Technological Limitations 

Mobile Depot Implementation [7] 
Complex and resource-intensive, Real-Time Data Management, Traffic dependent, Costly solution, High 

coordination demanded.  

IoT Waste management barriers [9] Data quality, Implementation cost, Regulation, energy consumption.  

Waste management using Smart bins [4]  data integrity and security, public attitude, sorting waste  

Smart e-Waste classification [5] Variability in e-waste feedstock.  

Optimal waste collection routes [1],[2], [5], 
[39], [36] 

Dependent of data accuracy, timeliness, and network connectivity.  

Optimization Complexity: multiple conflicting variables, Computational cost, Missing data, Big number of 
trucks: Coordination and Decision-making. 

 

The use of smart waste management IoT devices such as 
smart sensors, bins, GPS tracking systems, and RFID tags can 
significantly reduce the inefficiency of waste collection 
processes [51]. LPWAN technologies, especially in the case of 
LoRaWAN technologies, have a wide application in the case of 
their efficacy and cost-effective coverage. Many studies 
recommend the use of new technologies (like blockchain and 
AI) to revolutionize the industry through improved security and 
preventive measures. Nevertheless, significant hurdles-data 
privacy, scalability, and network interference remain. Next 
sub- chapter treats recent developments and research gaps in 
household waste field. 

D. Answer to the RQ4: What are the Most Recent 

Developments in IoT-Based Household Waste 

Management? 

Recent advancements in IoT-based household waste 
management have introduced technologies such as smart bins 
equipped with sensors to prevent overflow and enhance 
efficiency, as demonstrated by Wong  [3]. Blockchain has also 
been recommended to improve transparency and scalability in 
urban waste systems, as shown by Okubanjo [4]. AI-driven 
predictive analytics [52], [53], as highlighted by Ahmed  [1], 
have enabled better forecasting of waste generation, while 
solar powered IoT systems have emerged to address e-waste 
recycling challenges, as evidenced by Farjana  [5]. Despite these 
advancements, research gaps persist, particularly in terms of 
infrastructure, scalability, and data privacy, as reported by 
Ghahramani [2] and Ehsanifar  [6]. Table IV summarizes the 
recent development and identified gaps, these gaps need further 
exploration and development. 

TABLE IV RECENT DEVELOPMENT AND IDENTIFIED GAPS 

References Recent Development Identified Gaps Study Location 

 Wong, 2023 [3] 
Smart bins with IoT sensors for overflow 

prevention 

High initial cost, scalability challenges, limited adoption in rural 

areas 
Urban Malaysia   

  Okubanjo, 2024 

[4]  

Blockchain integration for enhanced 

transparency 

Scalability issues, lack of robust infrastructure, user adoption 

challenges 
 Nigeria  

Ahmed, 2023 [1] 
AI and cloud computing for predictive 
waste analytics 

Data privacy concerns, high computational requirements Egyptian cities 

 Farjana, 2023 [5] 
Solar-powered IoT systems for e-waste 
recycling 

Lack of infrastructure, insufficient funding for large-scale 
implementation 

Bangladesh 

  Ehsanifar, 2023 

[6]  

Smart home solutions for waste 

segregation 

User adaptation challenges, limited IoT integration at the 

household level 
Iran 

Ghahramani, 2022 

[2] 

IoT-enabled optimization for collection 

time reduction 
Data reliability issues, dependence on battery-powered devices Dublin 

IV. DISCUSSION 

IoT technology has significantly improved household waste 
management efficiency, cost reduction, and sustainability. 
Many studies have demonstrated that IoT-based waste collection 
systems can monitor waste in real-time, optimize routing 

dynamically, and automate waste separation, thereby reducing 
the overall environmental impact. Several cities in India, 
Malaysia, and Russia deploys ultrasonic sensors and 
microcontroller-based platforms to optimize waste collection 
routes, reduce fuel consumption, and improve waste 
management. 
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By implementing predictive models and AI-driven 
scheduling, waste collection logistics have also improved, 
ensuring high-priority bins receive timely service while 
preventing overflow. Furthermore, research illustrates how real 
time data and cloud computing offer municipalities valuable 
insights that can be used to reduce costs and improve public 
satisfaction. 

Smart waste management systems continue to face several 
implementation challenges despite recent technological 
progress. The main implementation obstacle consists of 
heterogeneous IoT devices and non-uniform communication 
protocols, which produce challenges for interoperability. 
Municipal data security and privacy issues create significant 
risks during systems operation mainly because of sensitive 
information involved. The high price tag associated with 
implementing and maintaining these systems limits their spread 
specifically in developing nations that face strong financial 
restrictions. The proposed advantages of IoT for waste 
collection methods face limitations due to the poor public 
participation in waste segregation and recycling. Research into 
economical IoT deployment plans, improved cyber security 
systems and community involvement programs must be 
conducted to overcome present barriers in sustainable waste 
management practices. 

Although the present study contributes to understanding 
IoT-based household waste management, it has certain 
limitations. One key limitation is the dependency on data quality 
and real-time transmission. IoT devices deployed in waste 
collection rely heavily on accurate and continuous data flow; 
however, sensor failures or data transmission errors can lead to 
inconsistencies in waste monitoring. 

 IoT-based waste systems requires robust data validation 
mechanisms and redundancy measures to enhance their 
reliability. Additionally, findings may not be generalizable. The 
majority of IoT studies are conducted in urban area, where 
infrastructure supports IoT deployment. Rural areas with limited 
connectivity and technology infrastructure face additional 
challenges. To extend IoT waste management solutions to non-
urban environment, alternative network technologies such as 
LoRaWAN and GSM should be explored. It remains a challenge 
to optimize bin placement; current methods rely on static 
actions, though future research could explore AI-driven 
dynamic models that adapt to fluctuating waste generation 
patterns. Last but not least, future studies should address long-
term sustainability of IoT-based waste management, 
considering maintenance costs, device longevity, and lifecycle 
environmental impacts. 

A. Identified Gaps and Challenges 

The widespread adoption and effectiveness of smart waste 
management are hindered by several key challenges. 
Infrastructure adaptation is among the most pressing issues, for 
example, mobile depots and IoT-based collection systems 
require significant changes to existing frameworks, making 
implementation complex and expensive. On top of that, the 
majority of research rely on theoretical models and simulations 
rather than real-world deployment and testing, raising concerns 
about the lack of real-world validation. The availability of IoT 
connectivity further complicates the situation, especially in 

regions with unstable network infrastructure, which affects data 
collection and communication. Moreover, consumer acceptance 
and behavioral adaptation are underexplored areas, as public 
perception and willingness to engage with automated waste 
systems are critical to their success. AI-driven waste 
classification and data management process also require 
optimization, as current systems are not adaptable to diverse and 
unpredictable real-life conditions. With IoT infrastructure 
requiring a high initial investment, scalability and cost 
efficiency remain challenges. Furthermore A lack of 
standardized metrics makes comparisons, evaluating efficiency, 
and identifying best practices difficult, Fig. 4 summarizes those 
challenges. 

 

Fig. 4. Challenges in smart waste management. 

B. Future Research Directions 

In order to overcome these challenges, future research must 
enhance AI-based decision-making, particularly by optimizing 
waste detection, classification, and waste collection routes. To 
validate theoretical models and refine system performance, 
extending field implementation and pilot programs across 
diverse urban environments will be essential. In addition, 
improving IoT sensor efficiency by developing more reliable, 
energy-efficient, long-lasting sensors is essential for achieving 
sustainable long-term deployment. 

Understanding public attitudes and participation through 
behavioral analysis of customers is another essential field of 
research to improve compliance with smart waste disposal 
systems. It would also be beneficial to conduct comparative 
studies between different cities to identify the most appropriate 
waste management strategies and key success factors. It is 
imperative that policymakers develop robust regulatory 
frameworks to foster the adoption of IoT-enabled solutions and 
push for infrastructure advancements. Lastly, improving the 
sustainability of smart waste management systems will require 
exploring alternative energy sources, such as solar-powered 
waste bins and mobile depots. 
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Data privacy concerns and reliability issues remain in IoT-
based waste management [9]. For instance, enabled optimization 
systems in Dublin revealed challenges in ensuring consistent 
and reliable data [2]. Furthermore, privacy concerns associated 
with AI-driven systems need to be addressed through robust 
security measures, as noted in Egypt [54]. To bridge these gaps 
and maximize their impact on global waste management 
systems, future research should focus on cost-effective, scalable, 
and secure IoT solutions. 

V. CONCLUSION 

This systematic literature review highlights the significant 
advancements IoT technologies have brought to household 
waste management. These technologies poses the potential to 
optimize operations, improve resource allocation, and enhance 
sustainability metrics. In the future, more research should focus 
on developing affordable and scalable IoT solutions to ensure 
widespread adoption. To mitigate privacy concerns associated 
with cloud-based processing, enhanced data security measures 
are necessary. Hybrid approaches combining IoT with AI and 
blockchain will enhance waste management systems’ robustness 
and efficiency. IoT devices can also become more sustainable 
by integrating renewable energy sources, such as solar power. It 
would be possible to establish more robust and efficient waste 
management systems through the exploration of hybrid 
approaches that combine IoT with advanced technologies, such 
as artificial intelligence and blockchain. 

Collaboration among stakeholders, including policymakers, 
urban planners, and technologists, is essential to foster 
innovation and create standardized frameworks that address the 
limitations of current systems. These efforts are imperative for 
building sustainable smart cities that can effectively manage 
household waste while minimizing environmental impacts. 
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