
Journal of Engineering Research (ERJ) 
Vol. 7 – No. 5 2023 

©Tanta University, Faculty of Engineering 
ISSN: 2356-9441                                                                 https://erjeng.journals.ekb.eg/                                                                e ISSN: 2735-4873 

 

Doi: 10.21608/erjeng.2023.242796.1281 
195 

 

Sustainable Waste Management through the Lens of 
Artificial Intelligence: An In-Depth Review  

Noha Emad El-Sayad1, Shereen El-Shekheby2 

Egypt, University (HUE) Egypt-Horus ,Engineering Faculty of, Electronics and Communications Department 1 
nelsayad@horus.edu.eg: Email 

2Electrical Engineering Department, Faculty of Engineering, Port Said University, Port Said, Egypt  
Email: SherenZakaria@eng.psu.edu.eg 

 
 

Abstract- One of the major issues facing the world, 
particularly developing countries, is waste management. “Waste” 
is any material that is not needed or has no intended use. 
Neglecting this waste endangers the safety of the public and 
causes harm, as it emits dangerous gases that have negative 
effects on human health. Egypt has made distinguished efforts to 
achieve the goals of Egypt Vision 2030 and the Sustainable 
Development Goals. These efforts, which have been implemented 
through massive government projects throughout the past few 
years and are set to be followed by more in the future, still require 
a lot of effort to achieve the waste management mission. There 
are many different sources of waste, including municipal, 
industrial, medical, construction, electronic and agricultural 
waste. The major goal of this study is to provide an in-depth 
analysis and identify research methodologies for waste 
management and classification employing artificial intelligence. 

Keywords-Artificial intelligence, Waste management, 
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I. INTRODUCTION 

The Sustainable Development Goals (SDGs) – whose 
mission statement is “a blueprint for a better, more sustainable 
future for all by 2030” – were approved by all members of the 
United Nations in 2015.It has been recognized as a necessity 
for all countries - developed and developing - in global 
partnership [1].  

It is becoming more and more obvious that SDGs cannot be 
realized without prioritizing waste management as one of the 
pillars for achieving global sustainable development. Globally, 
the annual generation of solid waste from municipal sources 
exceeds 2.01 billion tons, of which 33% is not processed in an 
environmentally sustainable way [2]. 

Unmanaged waste poses a major risk to people's health and 
wellness, including industrial waste, biomedical waste, and 
wastewater sludge in addition to municipal waste. 
Urbanization, modernization, and the necessity to properly 
address these concerns all contribute to a substantial increase 
in the rate at which waste is produced. As a result, there is a 
rising global emphasis on decreasing waste output and 
improving the efficiency of all methods of waste management. 

Waste management could be revolutionized with the help of 
artificial intelligence (AI), which would increase the efficiency 
of waste collection, classification, and recycling.  By 
leveraging AI, nations are working to reduce costs, improve 
safety, and reduce environmental impacts associated with 
waste. Smart garbage bins, classification robots, predictive 
models and wireless detection are examples of AI-based 
technologies that allow monitoring waste bins, predicting 

waste collection and improving the performance of waste 
management facilities [3].  

This paper presents different AI applications that overcome 
traditional challenges in waste management. The remainder of 
this paper is organized as follows: In section 2, AI Waste 
management techniques from many different sources is 
presented. The difficulties and challenges facing AI in waste 
management are discussed in Section 3. Finally, the paper is 
concluded in section 4 
 

II. AI WASTE MANAGEMENT 

The primary goal of waste management is to ensure that all 
types of waste are collected, transported, and disposed of 
properly. It also includes recycling waste that is not considered 
garbage and converting it into reusable items.  

Using artificial neural networks (ANN) and feature fusion 
approaches, a digital framework that sorts produced waste and 
classifies waste type according to automatic recycling systems 
has been presented [4]. A state-of-the-art classifier is created 
by combining multiple features extracted through image 
processing. In addition, machine learning (ML) is used to 
determine the type of class. The model was validated by 
extracting the necessary data from the dataset, which includes 
2,400 images of recycled waste types divided into three 
categories. The accuracy of proposed paradigm was 91.7%, 
which indicates its ability to automatically sort and classify 
waste [4]. 

Waste is classified according to the sources it is generated 
from. There are multiple and diverse sources of waste, such as 
municipal, medical, agricultural, construction, electronic, and 
industrial waste as Shown in Figure 1. AI-powered technology 
will bring significant progress in waste management from 
different sources, as will be explained in the following sections. 

  
A. Municipal Waste 

Municipal Solid Waste (MSW), commonly known as 
everyday trash, constitutes a significant portion of waste 
generated globally. It encompasses a diverse range of materials 
discarded after use, including but not limited to batteries, 
paints, appliances, newspapers, food scraps, bottles, clothing, 
furniture, grass clippings, and packaging. The management 
and disposal of MSW pose multifaceted challenges that are 
central to sustainable urban development and environmental 
conservation [5]. 
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MSW management plays a pivotal role in urban sustainability, 
directly impacting the environment, public health, and 
resource conservation. This section delves into the 
multifaceted aspects of managing household waste within the 
framework of MSW management, encompassing collection, 
recycling, disposal methods, innovations, technologies, and 
exemplar case studies. 

Household waste constitutes a significant portion of MSW, 
encompassing materials generated in residential settings. 
Effective household waste management is crucial to reducing 
the environmental footprint of urban areas [6]. Collection 
systems, recycling programs, and disposal methods are key 
components: 

In the realm of waste collection, AI-driven technologies 
have revolutionized traditional methods, significantly 
enhancing efficiency and cost-effectiveness. These smart 
waste collection systems leverage advanced sensor 
technologies and data analytics to optimize collection routes 
and resource allocation.  

According to Waste Report by B. Fang et al. [7] as of (2023), 
AI can be used to reduce transportation distance by up to 
36.8%, cost savings by up to 13.35%, and time savings by up 
to 28.22% in waste logistics, marking a substantial shift 
towards more efficient and sustainable waste management 
practices. 

Successful recycling programs rely on several crucial 
components, each contributing significantly to their overall 

effectiveness. Sorting and separation processes, which involve 
separating recyclable materials from non-recyclables, can 
achieve an impressive 25% reduction in waste sent to landfills 
and incinerators. Public awareness and education campaigns 
play an essential role, as they can lead to a notable 15% 
increase in recycling participation rates by educating residents 
about what can and cannot be recycled. Investing in recycling 
infrastructure, including facilities and the recycling industry, 
not only helps conserve resources but also contributes to a 
substantial 10% reduction in energy consumption and creates 
jobs within local communities. However, these programs do 
face challenges, with contamination of recyclables averaging 
around 20% due to improper disposal habits and market 
fluctuations affecting recycling profitability [8-10]. 

 
B. Medical Waste 

Proper waste management in the healthcare sector is critical 
for environmental protection and public health. In recent years, 
the proliferation of medical waste has become a pressing 
concern [11]. This section provides an overview of the state-
of-the-art deep learning methods for the identification and 
classification of medical waste, with a focus on their potential 
to address the urgent need for proper waste management in the 
current environmental protection context. We will examine 
various techniques, their performance, and their implications 
for sustainable healthcare waste management. 

Figure 1. Classification of Waste Sources 
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It is essential to have access to high-quality labelled datasets 
in order to develop efficient deep learning models for 
recognizing and classifying of medical waste. For this purpose, 
a number of datasets including photos of various sorts of 
medical waste objects, including syringes, gloves, and 
hazardous materials, have been developed. These datasets are 
gathered from healthcare facilities and are accurately labelled 
thanks to expert annotation. On average a, publicly accessible 
datasets include information on 80% of the common types of 
medical waste [12]. 

This section presents an in-depth analysis of deep learning 
methodologies for the identification and classification of 
medical waste in response to the urgent need for efficient 
medical waste management in the context of environmental 
protection. Convolutional neural networks (CNNs) [13], 
transfer learning strategies, semantic segmentation, and data 
collection and preprocessing are all included in the approaches. 
These methods are based on labelled datasets that roughly 
cover 80% of the common kinds of medical waste [14]. CNNs 
have attained astounding accuracy rates ranging from 90% to 
95% [15], especially when using designs that have been 
modified, such as VGG, ResNet [16], and Inception. Transfer 
learning, a method that optimizes previously trained models on 
sizable image datasets, reduces data scarcity difficulties and 
boosts accuracy by 10% to 15%. Additionally, models for 
semantic segmentation like U-Net and Mask R-CNN, have 
enhanced recognition accuracy by 8-12% by precisely 
identifying waste items within images. Despite these 
advancements, challenges persist, including limited labeled 
data and the need for model generalization across diverse 
healthcare settings.  

H. Zhou et al. [17] present deep learning method called Deep 
MW. It achieves high accuracy and average precision in 
identifying the 8 main categories of medical waste and had an 
average F1-score of 97.2% in five-fold cross-validation [18]. 
demonstrating the potential of deep learning in improving 
waste classification and reducing associated costs. 

Future research and collaboration are essential to further 
enhance the practicality and reliability of these deep learning 
models in real-world healthcare waste management contexts. 

 
C. Agricultural Waste 

Agricultural waste is the remaining material that created 
during the development and production of agricultural crops, 
vegetables, fruits, dairy products, meat, and poultry. Waste 
from food processing, animal waste (animal carcasses, 
manure), crop waste (pruning, fruit and vegetable waste, 
sugarcane bagasse, corn stalks), and hazardous waste 
(herbicides, insecticides, and pesticides) are all considered 
agricultural waste. Agriculture is believed to produce 998 
million tons of garbage in total. Nearly 80% of the total solid 
waste consists of organic waste [19]. 

With the help of AI, farmers will have access to analytics 
tools that will improve agriculture, increase productivity, 
reduce waste in food and biofuel production, and reduce the 
negative impact on the environment. Many industries have 

changed due to AI and ML, and the AI tsunami has now 
reached the agricultural industry. Many technologies such as 
self-driving tractors, smart drones, soil sensors are being 
developed to facilitate farmers' monitoring of their crops and 
land, reducing crop waste [20]. Using ML data, AI can help 
farmers with pest control, crop rotation, crop selection, 
harvesting and planting [21,22]. 

Precision agriculture and predictive analytics are common 
uses of AI in the agriculture sector. In precision agriculture, 
soil hydration, composition, temperature, and humidity are 
monitored to determine the optimal water and fertilizers to use 
on a specific crop in different agricultural areas. In addition, 
computer vision and machine learning techniques are applied 
to identify crop deficiencies and distinguish weeds. The rate of 
adoption of AI in the agricultural industry has improved the 
overall outcomes of agricultural operations, leading to reduced 
agricultural waste [23]. 
 

D. Construction Waste 

Due to the rapid continuous expansion, an increasing 
amount of construction and demolition waste (C&DW) is 
generated each year. More than 25% of the world's waste is 
generated from construction waste [24]. Construction waste 
differs from other waste in that it contains hazardous materials. 
Since they pose a threat to the environment, hazardous organic 
materials such as heavy metals, asbestos and organic 
compounds cannot be disposed of directly [25].  

C&DW management is one of the significant hurdles in the 
construction sector. It threatens the environment and requires 
significant cost to deal with. AI can help manage waste 
generated from construction and demolition. A reliable EMS 
(highly effective waste management system) for managing 
construction waste based on AI has been suggested. Based on 
site capacity and the type of waste, this system can determine 
the best technology to manage (C&D W) [26]. 

Globally, these construction processes have a negative 
impact on the environment, natural resources, and human 
resources. Waste Analytics (WA), which reduces waste 
through design, has been observed as a paradigm 
transformation in waste management methods, which only 
offers steps to reduce waste. The use of modern data analytics 
can significantly reduce waste. 

The ability of sophisticated data analysis techniques to 
provide more comprehensive profiles of waste generation has 
been highlighted in [27]. The study explores how waste 
generation models can be created using data analysis 
techniques as a basis for waste management and collection. To 
generate waste characteristics, the authors created a data-
driven methodology using a self-organizing map (SOM) and a 
k-means algorithm. The waste monitoring collected data used 
in this study consists of a series of measured waste quantities 
(kg) at specific times and locations collected in Helsinki, 
Finland. Moreover, the data may include some relevant 
information about the measurement point (e.g., type of waste 
and container). The results demonstrate the potential of 



Journal of Engineering Research (ERJ) 
Vol. 7 – No. 5 2023 

©Tanta University, Faculty of Engineering 
ISSN: 2356-9441                                                                 https://erjeng.journals.ekb.eg/                                                                e ISSN: 2735-4873 

 

Doi: 10.21608/erjeng.2023.242796.1281 
198 

 

cutting-edge data analysis techniques to generate more 
accurate data on waste generation that can be used as a basis 
for tailored feedback services to waste producers as well as to 
plan and improve waste collection and recycling. 

A vision-based robotic system was developed for on-site 
C&DW sorting and recycling [28]. A construction waste 
database was created, and a computer vision paradigm for 
cable and pipe recycling was developed. The system 
implemented a deeply trained computer vision module to 
identify and classify recyclable materials, which are then 
separated by an automated system. The system was 
successfully tested in a waste treatment plant under difficult 
industrial conditions. This technology could improve the 
recycling efficiency of C&WD waste, which is a major source 
of pollution globally. 

Object recognition technology is introduced based on the 
improved YOLOv5 model [25]. A stochastic brightness 
approach was used to pre-process the construction waste on the 
site imagery dataset. The upgraded YOLOv5 model is trained 
on the generated dataset and tested. The results show that the 
accuracy on the used dataset is about 94.80% based on the 
improved YOLOv5 model, which is better than other 
traditional models in object detection, such as Faster-RCNN, 
YOLOv3, YOLOv4, and YOLOv7. 

 
E. Electronic Waste 

Electronic waste [29-31], commonly referred to as e-waste, 
encompasses discarded electronic devices and electrical 
equipment. These abandoned objects, which include outdated 
electronics like televisions, computers, smartphones, and other 
electrical devices, frequently contain dangerous substances 
and priceless resources. To reduce threats to the environment 
and human health while also increasing the possibility of 
resource recovery, e-waste management is essential. In this 
context, (AI) is emerging as a powerful tool to revolutionize e-
waste management, offering innovative solutions to e-waste 
management, such as automated sorting systems and 
predictive maintenance, improving efficiency. AI algorithms 
are excellent for recognizing electronic items in e-waste 
because they can learn rapidly and effectively. According to 
research, deep learning can detect electronic components with 
an accuracy rate of up to 90% [29]. 

AI-based systems are also employed to solve challenging 
issues, manage uncertainty, and demonstrate the effectiveness 
of intelligent systems. AI, for instance, can be utilized to create 
intelligent e-waste management systems that provide efficient, 
cost-effective, and effective ways of managing garbage.  

By strengthening human insight and enhancing waste 
diversion, AI can also increase waste diversion. For instance, 
a business has created an app that makes use of computer 
vision to produce a fast evaluation of the waste stream. 
Roadside dustbins are visually analyzed using a gadget 
mounted on garbage vehicles [29, 31]. 

These advancements could significantly lessen the 
difficulties associated with e-waste and aid in resource 
recovery and environmental sustainability. 

 
F.  Industrial Waste 

Machine learning techniques outperformed traditional 
statistical approaches and provided pertinent data when it was 
used for estimating the amount of industry waste. In addition 
to being predictive, ML models can provide insight into a 
production system, making it possible to develop future 
improvement plans (such as detecting defects). Therefore, the 
use of ML in the industry can reduce uncertainty in production, 
which may lead to better customer service, increased 
profitability, and reduced waste and carbon dioxide emissions 
[32].  

In a food company for liquid products, data was collected on 
1,795 batches, with product characteristics (recipe, ingredients 
used...) and the difference between input weight and output 
weight. A variety of ML algorithms were trained using 70% of 
the dataset, while the model was validated using 30% of the 
dataset. A linear model with stepwise selection was used as 
criterion. The tested models are then compared with other 
models using statistical methods to determine which one is the 
most accurate. Therefore, a stochastic model is defined to 
describe the uncertainty in the predictions made by the model 
with the highest level of predictive ability [32]. 

Table 1 summarizes the key points of the research, 
highlighting the various aspects of AI in waste management 
and the associated techniques and benefits. 

III. CHALLENGES OF AI WASTE MANAGEMENT 

The integration of AI into the waste management field has 
several significant challenges, such as problems with model 
transparency, a lack of dependable data sources, and a lack of 
models that are built specifically for this field of work. The 
complexity of AI models, which makes it difficult for 
researchers and practitioners to fully comprehend how they 
operate, is known as the "black box problem." The lack of data 
and its instability in the waste management industry—
commonly referred to as data shortages—present a significant 
challenge since they make it difficult for AI models to be 
trained effectively. Furthermore, the lack of specialized 
models in this field is shown by a predominate dependence on 
pre-existing AI models rather than those specifically created 
for waste management applications. 
Despite the possibility of artificial intelligence to provide a 
number of advantages in waste management, including 
optimizing collection routes, raising recycling rates, and 
cutting expenses in waste management, it also faces the 
following difficulties [33-35]: 
 

1. Data Quality and Availability: AI systems require 
access to large and high-quality datasets to make 
accurate predictions and decisions. In the waste 
management sector, obtaining reliable and up-to-date 
data can be a significant challenge. 

2. Data Privacy and Security: Handling data related to 
waste management, which may include information 
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about households or businesses, raises privacy and 
security concerns. Ensuring the protection of this data 
is crucial. 

3. Variability of Waste Streams: Different types of 
waste materials and varying waste compositions can 
make it difficult for AI systems to accurately classify 
and manage waste, especially in real-time scenarios. 

4. Sensor and Technology Reliability: AI in waste 
management often relies on sensors and other 
technologies to collect data. These sensors may face 
challenges related to accuracy, maintenance, and 
environmental conditions. 

5. Integration with Existing Systems: Integrating AI 
solutions into existing waste management 
infrastructure can be complex and costly. 
Compatibility issues with legacy systems can arise. 

6. Scalability: Adapting AI solutions to different urban 
areas with varying waste management needs and 
infrastructure can be challenging. One size does not 
fit all, and customization is often required. 

7. Cost and Budget Constraints: Developing and 
implementing AI systems can be expensive. Many 
municipalities and waste management companies 
have limited budgets, which may hinder AI adoption. 

8. Public Acceptance and Engagement: Implementing 
AI solutions may require the buy-in and cooperation 
of the public. Convincing citizens to adopt new waste 
management practices can be a challenge. 

9. Environmental Impact: AI systems themselves can 
have a significant carbon footprint, particularly if data 
centers are not powered by renewable energy 
sources.  

 
IV. CONCLUSION  

In conclusion, the paper highlights the transformative potential 
of artificial intelligence in addressing the pressing global 
challenge of sustainable waste management. By examining 
diverse waste sources, from municipal and medical to 
agricultural, construction, electronic, and industrial waste, it 
becomes evident that AI technologies can enhance efficiency, 
reduce costs, and promote environmental conservation. 
However, the integration of AI in waste management is not 
without its challenges, such as data quality, privacy concerns, 
and scalability issues. Despite these obstacles, the research 
underscores the urgent need for collaborative efforts and 
further studies to harness AI's full potential in revolutionizing 
waste management practices. As we strive for a more 
sustainable and environmentally responsible future, AI offers 
a promising path towards safer, more efficient, and greener 
waste management systems. 
 

Funding: The authors should mention if this research has 
received any type of funding. 

 

Conflicts of Interest: The authors should explicitly declare if 
there is a conflict of interest.



Journal of Engineering Research (ERJ) 
Vol. 7 – No. 5 2023 

©Tanta University, Faculty of Engineering 
ISSN: 2356-9441                                                                 https://erjeng.journals.ekb.eg/                                                                e ISSN: 2735-4873 

 

Doi: 10.21608/erjeng.2023.242796.1281 
200 

 

  

Table1. Comparison of AI Applications in Waste Management Across Different Fields 
 

Field of Waste 
Management Application of AI Key Techniques & Methods Benefits and Impact 

M
un

ic
ip

al
 

W
as

te
 

• Smart waste 
collection systems 

• Advanced sensors, data 
analytics, route 
optimization 

• Reduction in transportation 
distance, cost savings, 
efficiency 

M
ed

ic
al

 
W

as
te

 • Identification and 
classification 

• High-quality 
labeled datasets 

• Deep learning, CNNs, 
transfer learning, semantic 
segmentation 

• Improved model accuracy 

• Improved waste 
classification, cost 
reduction 

Ag
ri

cu
ltu

ra
l W

as
te

 

• Precision 
agriculture 

• Predictive 
analytics 

• Soil monitoring, computer 
vision, ML data analysis 

• Data analysis techniques, 
waste generation models 

• Increased productivity, 
reduced crop waste 

• Reduced waste, resource 
conservation, 
environmental impact 

C
on

st
ru

ct
io

n 
W

as
te

 • Effective 
construction waste 
management 
system 

• Vision-based 
robotic system, 
object recognition 
technology 

• AI-based EMS, data-
driven methodology, 
vision-based systems 

• Improved recycling, 
hazardous material 
handling 

• Waste management 
optimization, recycling 
efficiency 

El
ec

tr
on

ic
 W

as
te

 

• Automated sorting 
systems 

• Intelligent waste 
diversion 

• Deep learning, computer 
vision, predictive 
maintenance 

• AI-based systems, 
computer vision 

• Efficient e-waste 
management, resource 
recovery 

• Increased waste diversion, 
environmental 
sustainability 

In
du

st
ri

al
 

W
as

te
 

• Waste estimation 
and improvement 

• Machine learning, 
predictive models, data 
collection 

• Reduced uncertainty, better 
customer service, less 
waste 
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