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ABSTRACT 

Nowadays, waste management faces the challenge of providing effective and efficient solutions for waste 

collection, disposal, and recycling while respecting health and environmental standards. This challenge 

also includes the lack of understanding of the diverse factors that influence the various stages of waste 

management, inefficient route planning, insufficient resources, etc. Faster collection, management, and 

processing of waste are possible with smart containers and IoT technologies allowing waste real-time data 

provision. Thus, this research proposes a waste management system based on generic and comprehensive 

generic context ontology and smart containers. The context ontology is conceived to solve the limits and the 

insufficiencies of waste management by covering all the waste facets for all the stakeholders, optimizing, 

analyzing, and reusing the waste data and conditions. For given smart container and waste management 

context, we need to have a global view of the relevant contextual data according to a unified model such as 

the waste environment data, the waste activity context, the waste computing context, the user context, the 

collaboration context, etc. One significant advantage of our system is that it provides a unified model for 

waste management contextual data that could be reused for other waste management systems covering all 

the properties of this domain. The proposed solution implements an intelligent and adaptive IoT system for 

waste management according to different waste contexts, waste objectives, and waste activities. The 

proposed system has been successfully tested under different scenarios in Jeddah City Municipality. 

Keywords-smart waste management; waste context ontology; IoT; smart container 

I. INTRODUCTION  

Waste management, from generation to disposal, is one of 
the biggest challenges that municipal organizations face today. 
Due to the growth in waste, containers positioned around cities 
in open spaces are overflowing, putting the citizens in an 
unhygienic environment. The implementation of smart waste 
management systems remains in an embryonic stage, 
something that is expected to change with urban development, 
similarly to other engineered systems [1]. To overcome this, a 
smart waste management system is proposed, based on smart 

containers that enable context-specific waste management via a 
general exhaustive context ontology. Real-time monitoring 
through smart devices or containers is furthering the digital era 
of waste management by enhancing transparency, 
dependability, agility, security, resilience, connectivity, and 
sustainability of waste chains. The proposed system, based on 
smart containers and general context ontology, is leading the 
way in developing smart context-based waste management 
systems, increasing the quality of life today and assuring a 
greener world for future generations. The adaptation of a 
system context can take many aspects, such as behavior, 
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content, or presentation adaptation. In this approach, focus is 
given on the adaptation of a smart waste management system 
to different waste contexts of different stakeholders. It is 
possible to manage the waste process situations in different 
contexts, i.e. the waste management domain, waste objectives, 
and waste activities, such as waste generation, collection, 
transformation, segregation, cleaning, etc. The proposed 
solution implements an intelligent and adaptive system for 
waste management according to the context and the different 
objectives according to various stakeholders. The main 
contributions of this paper are: 

 A unique way to combine two technologies, namely IoT 
and ontological engineering, ensuring an optimal and 
general based context in the waste management field. 

 An architectural development process of the smart garbage 
box and the process of complete waste management in 
addition to the objectives, activities, reuse, and intelligent 
learning of the waste management system, as well as a 
smart way to monitor waste in real time. 

II. LITERATURE REVIEW 

Waste management stakeholders looking for a real-time 
monitoring, smart, and adaptive solution, will eventually have 
to use smart containers that are permanently equipped with IoT 
devices. In this section, a brief overview of smart containers 
and smart devices is presented. 

A. The Impact of Smart Containers and IOT on Waste 
Management 

It is worth noting that technological IoT advancements [2] 
are a key part of the waste problem that we face in industrial 
processes. Fortunately, technological advancements also 
provide innovative solutions that can help us meet such 
challenges when they emerge. IoT is completely changing the 
game regarding industrial waste management best practices. 
Firstly, by using IoT services and solutions, we can 
significantly improve the efficacy of waste collection and 
recycling. We can automate, improve, and interpret the entire 
waste management process in new ways while reducing cost. 
Smart containers save time and effort [3], as operators know 
the number of containers that must be collected per day and the 
number of trucks that go to collect containers, in addition to 
saving time in classifying waste by type, making it easier for 
workers to send them to the competent authorities for 
recycling. The main benefit of IoT is the ability to collect huge 

amounts of data and update them in real time utilizing cost-
effective sensors. These inexpensive sensors, recording and 
monitoring equipment, send all their data to the cloud for 
storage and review. Then, AI models can analyze the data and 
draw actionable conclusions. In a series of case studies, we'll 
look at how companies in the food, agriculture, transportation, 
and energy sectors have implemented smart waste 
management. 

B. Related Work  

The literature includes a variety of waste management-
related research initiatives. Through a design that uses solar 
energy to feed the system and sensors to keep track of how 
much waste has been gathered inside the enclosure, authors in 
[3] introduce the idea of intelligent disposal. If necessary, the 
container can compress the waste, reducing its volume up to 10 
times, even before it is collected. The waste monitoring 
solution SENSONEO [4] combines smart sensors, a smart 
waste management system, and a citizen app. Smart sensors 
use ultrasound technology to measure the filling levels in boxes 
and containers several times a day and send data to the waste 
management system. It divides the container into several 
sections. Authors in [5] offer a novel method of implementing 
an integrated sensing system, which automates the solid waste 
management process, using cloud technology and mobile app-
based monitoring. The suggested smart trash can is built on 
ultrasonic sensors and a variety of gas sensors. Authors in [6] 
suggest an IoT-based smart waste management system that aids 
surveying the estimation of garbage in trash cans and then 
transmits data through the Internet to a server. A specific 
suggestion focusing on the intelligent container was originally 
made in [7]. In order to prevent trash disposal outside the 
container, the authors suggest a method in which monitoring 
takes place both inside and outside the compartment with the 
help of infrared sensors. The system in [8] includes a method 
for monitoring dumpsters around-the-clock. A smart and well-
organized mechanism is in place here for selective clearing. 
The level of waste in the dumpster is determined using the 
ultrasonic sensor.  

C. Comparison of Smart Containers/Waste Management 
Systems  

To make the system innovative and optimized, a 
comparison research based on a variety of criteria has been 
conducted (Table I). The primary factors considered in this 
study are the detection of container fullness, and the used 
technologies. 

TABLE I.  COMPARISON BETWEEN THE PROPOSED SYSTEM AND OTHER, KNOWN, SYSTEMS 

Criteria 
Reference 

[3] [4] [5] [6] [7] [8] Proposed 

Intelligent route planning   x x x   
Container fullness        

Used technologies Solar energy and sensors IoT 
Cloud technology 
and mobile app IoT 

Infrared 
sensors 

IoT and 
cloud 

IoT and ontological 
engineering 

Includes smart bin   x     
Recycling and disposal x x x x    

Full waste management process x  x x x   
Context awareness x x x x  x  

Context model x x x x x x  
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There are many waste classification techniques currently 
available, but many of them require human intervention. If a 
fully automatic system is deployed in a company, it will be a 
win-win situation for government, companies, and industry. 
The majority of the research discussed here focuses on the 
collection system when discussing waste management and 
doesn’t give interest to the whole process of waste 
management. Previous studies did not take into account the 
waste management context, objectives, and activities according 
to the whole waste management process and all the waste 
management factors. They are not based on context models 
specific and exhaustive for the waste management field. It is 
assumed that the best waste management approach has to be 
based on context and reuse. Thus, the services offered for waste 
management will be more adapted, optimized and context 
aware. The proposed system in this research takes into account 
the contributions in the literature and covers their limits. 

D. Context and Context-Awareness of Ubiquitous and Smart 
Systems 

Context is all that surrounds and gives a meaning to 
something [9, 10]. A definition of context cannot be given 
without taking into account the element concerned by the 
context. This definition shows that the context must be external 
to the element related to this context. In the field of ubiquitous 
computing (computing pervasive), context is any information 
that can be used to characterize the situation of an entity. An 
entity is a person, place, or object that is considered relevant to 
the interaction between a user and an application, including the 
user and applications themselves [11-14]. There are mainly two 
types of context [16]. The first one is active context use 
(automatically adapting the application's behavior in 
accordance with the state of the context) and the second one is 
passive context use (visualizing the state of the context for the 
user or saving this state for its future use). 

In the literature, many definitions of context-awareness 
have been proposed. Authors in [16] consider context-
awareness as the set of context-aware applications. Another 
definition given in [10] specifies that a system is considered as 
context-aware, if it uses the context to give pertinent 
information or a service to a user, knowing that the relevance 
depends on the user's activity. Furthermore, context-awareness 
emerged in the fields of mobile and pervasive computing as a 
technique to design applications with a conscience of the 
environment, to ensure high level of autonomy and flexibility. 
The context-awareness or the conscience of the context is 
known under other synonyms like adaptive or reactivate [17]. 
In order to model the smart container context, we use the 
concept of ontology, which provides an explicit specification of 
a conceptualization and an important step for reuse [18-20]. 
Moreover, "an ontology is expressed in language 
(representation) based on a theory (semantics) that guarantees 
the properties of the ontology in terms of consensus, 
consistency, reuse, and sharing." [21]. The proposed generic 
context ontology will be able to guarantee unified, coherent, 
shared, and reused smart containers management in different 
contexts. 

III. PROPOSED GENERIC CONTEXT ONTOLOGY 
FOR SMART WASTE MANAGEMENT 

There are several methods for developing ontologies (top-
down, bottom-up, and combined). To design the context 
ontology for waste management, we adopt the iterative method 
recommended in [22]. 

A. Field and Scope of the Ontology 

We proceed to the ontology development process by 
defining its domain and scope. Indeed, ontology is the 
structured study of a specific field [23], which is accomplished 
by answering the following questions: What domain will the 
ontology cover? What are the objectives of ontology creation? 
Who will utilize the ontology? Our ontology field is the waste 
management context-based IoT of all actors. Our context 
ontology therefore includes concepts related to the waste 
management activity through smart containers. This ontology 
is designed to integrate both the active and passive context 
(smart container context). Moreover, our ontology is not 
intended to be used by a human, but by the different 
components of context management to provide a better IoT 
waste management in the city in a given context. 

B. Generic Context Ontology 

A current representation of the context object is available 
for waste management via smart containers according to the 
generic context ontology. By using this context model, the 
system can become aware of the current situation and adapt its 
services for various stakeholders in response to environmental 
changes. To give the waste management system exact values 
for these attributes, this generic ontology identifies the 
characteristics of the current context. These attributes are used 
to specify the smart container's contextual aspect in an active 
waste management situation and to adapt the content to that 
context and the current waste management activity and 
objective. We offer a general context model based on the 
different state-of-the-art models, and its attributes are organized 
into six facets: 

1) The Actor Context 

All participants in a waste management environment are 
referred to as actors. We define the identifier and the actor as 
the two elements that constitute the actor context aspect. The 
first element uniquely identifies the actor's smart containers for 
waste management environments. The second element is 
utilized to link the waste management purpose and action to the 
actor who used, will use, or reuse the smart container in 
another waste management context. 

2) The Waste Activity Context 

Waste management domain, waste management activity, 
waste activity objective, generation, collection, transformation, 
segregation, cleaning, and the collaborative waste activities are 
the elements the waste activity context. 

3) The Waste Environment Context 

The environment context of a smart container waste 
management situation is described by a variety of factors that 
affect waste, including time, place, temperature, humidity, 
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weather conditions, level, type, status, priority, classification 
and duration of waste, etc.  

4) The Waste Computing Context 

This aspect of context describes the equipment and tools the 
actor used to carry out his waste management task, including 
hardware, waste management platform, organizer, and 
operating system. 

5) The Waste Reuse Context 

Two elements constitute the reuse context: the reuse 
identifier, which determines how much waste may be reused in 
each smart container, and the reuse percentage, which increases 
the value and effectiveness of waste management. 

6) The Context of Waste Management Objectives 

The waste management objectives facet can be specified 
through the waste management platform or environment using 
the context-specific waste management objective aspect. 
Knowledge of waste management objective, objective type, 
and waste management evaluation are the parts of the process. 

IV. PROPOSED APPROACH FOR SMART WASTE 
MANAGEMENT BASED ON SMART CONTAINERS 

Traditional containers that have been fitted with electronics 
to allow them to detect, interact, and communicate are known 
as smart containers. The additional electronics allow for 
tracking and monitoring of a container as well as the 
circumstances surrounding the management and transportation 
of the container's waste. The smart container can be made to 
exchange physical information close to real-time, including 
location, door opening and closing events, shocks and 
vibrations, temperature, humidity, and any other pertinent 
physical factors (Figure 1).  

 

 
Fig. 1.  The proposed approach for smart waste management. 

In order to achieve shared visibility amongst diverse 
stakeholders during the whole smart container journey, the 
smart container serves as the common data source. In order to 
clarify the roles and responsibilities of each actor in the waste 
management chain and to improve collaboration and 

coordination among stakeholders some essential tasks must be 
accomplished: (i) shared visibility, (ii) assessing the activities 
involved for the purpose and determining the type, nature, and 
estimated volumes of waste to be generated, (iii) identifying 
any potential environmental impact from the generation of 
waste at the site, and (iv) recommending appropriate waste 
handling and disposal measures/routings in accordance with the 
current legislative and administrative requirements. It is 
suggested that smart containers could be integrated with other 
technological advancements to benefit the waste management, 
trade, and transportation communities even more. 

V. A CASE STUDY OF THE PROPOSED SMART 
WASTE MANAGEMENT SYSTEM 

A. Study Area 

The study case chosen for developing this waste 
management system based on smart containers and context 
model is the Municipality of Jeddah. For the development of 
the smart waste management system, the work was divided into 
the following stages. 

B. Functional and Non-functional Requirements 

The functional requirements outline the tasks that the 
suggested solution must complete in order to function and the 
non-functional requirements are those aspects of the system 
that are visible as it is being used. The required specifications 
are: 

 The administrator can:  

1. Edit the existing containers in the system 

2. Establish the waste collection plan according to the waste 
management activities.  

3. Select the best route to collect containers and send 
information to the collector.  

4. Track smart containers and trucks locations.  

5. View the full container status and context features affecting 
the waste management activities. 

6. View most frequently utilized portion in each container, the 
full section, the most used section, the total number of 
containers that have been collected and the section 
percentage.  

 The collector can: 

1. Collect containers that change color on the map. 

2. View the location of smart containers. 

3. Collect containers according to smart containers priority 
and waste management activities and objectives  

 The Jeddah municipality can:   

1. Create waste collection report in a daily and or monthly 
basis according to different waste activity objectives such 
as waste generation, collection, transformation, segregation, 
etc.  
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2. Generate peak day and time of waste collection and prevent 
waste risks. 

C. Hardware Components  

This section represents the hardware used throughout the 
implementation of the smart container for waste management. 
We used NEO-6M GPS to detect the location, an inductive 
sensor to detect metal, an ultrasonic sensor to detect the level of 
trash, an ESP8266 NodeMCU to connect with the firebase, an 
Arduino Uno to do programming over the other products, etc. 

D. Prototype  

Figure 2 depicts the view of the finalized hardware 
prototype of the smart container of the waste management 
system. 

 

 
Fig. 2.  Smart container prototype. 

E. Interface 

The smart waste management system based on smart 
containers has been implemented by the students of the College 
of Computer Science and Engineering of Jeddah University. 
Screenshots of the User Interface are exhibited below. Figure 3, 
the system displays several optimal paths and the best path is 
indicated as the "best choice", and the administrator will 
determine the path that suits him.  

 

 
Fig. 3.  Choose optimal path page. 

As can be seen in Figure 4, the waste management system 
users have access to improved visibility identifying the waste 
inbound flow to optimize waste management and react to 
unexpected risks. In Figure 5, the administrator must be able to 

see if the waste in the section has the same type for example. A 
warning sign will appear if there are different types of waste in 
a section. The percentage and quantity of each type also appear. 
The smart sensors and IOT technologies utilized in this waste 
management system that gathers and tracks real-time data 
allow the administrator to, dispose of, reduce, reuse, and 
prevent waste collecting peaks (Figure 6). 

 

 
(a) 

 
(b) 

Fig. 4.  (a) Container data in real time, (b) truck tracking. 

 
(a) 

 
(b) 

Fig. 5.  Containted types of waste, (b) peak time and waste risk. 

 
Fig. 6.  Waste management report and statistics. 

VI. CONCLUSION AND FUTURE WORK 

The context ontology is opening up a variety of data 
sources that could give the waste management system a 
context-aware picture. Any documentation of the contextual 
information contained in a container is helpful to the 
coordination and predictability assuring quality and optimizing 
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waste management. It is possible to predict when a container 
will be ready for the next operation and effectively manage risk 
in accordance with the waste management process by simply 
being aware of the status of a specific container, its contents, all 
relevant contextual information, and the waste management 
objective at a given time. As a perspective of this work, we 
suggest the use of deep learning methods as an intelligent way 
to classify waste through image classification. Machine 
learning algorithms can be very beneficial in the waste 
management data analytics in order to take the best decisions 
and optimize smart waste management. 
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