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Abstract:

It has been a challenge for Malaysia to handle solid waste management for
more than a decade. The increase in population size has led to an increase in
the waste amount contributed by Malaysians. Due to that, proper solid waste
management is essential in protecting the environment. There are many ways
to execute solid waste management but developing countries may find it
challenging to find the best way to dispose of waste efficiently. The same
phenomenon seems to happen on university campuses as well. This article aims
to propose a smart waste management system for university campuses. Most
of the related work concentrates on detecting bin levels, despite making it a
full-fledged system that comprises several modules regardless of web or
mobile platform. A prototype of a smart bin is proposed, and this paper
discusses its architecture and functionality. A web-based user application is
also proposed in this article. With these components, the system enables the
user to obtain information on the bins around them and can help the
management to manage solid waste more efficiently. With the help of the
Internet of Things and Cloud services, the system can achieve a greener and
more sustainable campus environment. The proposed system will also be
enhanced further to increase the awareness among the university students to
move forward to a greener campus.
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Introduction

Solid waste management in Malaysia has been a challenge for more than a decade (Omran et
al., 2007). It has been a complex and crucial task around the world (Zulkipli et al., 2018). Some
developing countries are still struggling to decide the best options to treat and dispose of waste
(Nadi et al., 2011). Its complexity increases due to rapid population, urbanisation process, and
economic development (Zulkipli et al., 2018). The current method for waste disposal that is
being practised in Malaysia is mainly by land disposal, potentially causing the sitting of
landfills (Omran et al, 2007). The Department of Statistics Malaysia shows that the annual
population growth rate was in the range of 0.4 to 2.4 per cent between the year 2010 to 2019,
as shown in Table 1.

Table 1: Total Population and Annual Population Growth Rate in Malaysia (2010-2019)
Year Total Population (‘000) Annual Population Growth Rate (%)

2010 28,588.6 1.8
2011 29,062.0 1.6
2012 29,510.0 1.5
2013 30,213.7 2.4
2014 30,708.5 1.6
2015 31,186.1 1.5
2016 31,633.5 1.4
2017 32,022.6 1.2
2018 32,382.3 1.1
2019 32,523.0 0.4

Source: Department of Statistics Malaysia (2020)

Based on an obtained statistic from MHLG and World Bank, 1999 and 2003, we can infer that
as the population size increases, the amount of waste generated daily also increases (Nadi et
al., 2011). It is further validated years later. The Solid Waste Management and Public
Cleansing Corporation (SWCorp) mentioned that Malaysians generated a whopping amount of
38,142 tons of waste every day in 2018. It is doubled based on the figure of 19,000 tonnes of
waste daily back in 2005 (Fong, 2019). Improper waste management may cause a threat to our
lives by creating an unhealthy environment.

Hence, a proper Smart Waste Management System (SWMS) is significant to create a smart,
comfortable, and sustainable environment and cities (Harith et al., 2020). The introduction of
the Industrial Revolution 4.0 (IR 4.0) concepts in 2011 lead to the evolvement of technologies
such as the Internet of Things (IoT) and cloud computing (Alaloul et al., 2018; Kanase &
Kanse, 2018). The 10T has been useful in our daily lives as our daily devices are interconnected
(Kanase & Kanse, 2018). The SWMS can be made possible with the help of 10T and cloud
services by transferring data via machine-to-machine (M2M) communications of sensory data
to the cloud due to advancements in super-media (Zeb et al., 2019).

In this article, we will discuss the background related to solid waste management. And then,
we will discuss some of the related works which other researchers have done. Next, we will
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present the proposed prototype of the SWMS in the following section. Lastly, some discussion
on the acceptance and future work will be presented before we conclude the paper.

Background
This section will discuss the concept of solid waste management and the method of waste bin
collection in Malaysia.

The Concept of Solid Waste Management

Before we discuss the concept of solid waste management, we need to understand the
fundamental concepts first. What do we understand by waste, solid waste, as well as waste
management in modern-day standards? Waste is defined as the useless by-product of human
activities that contain the same substances available in the useful products (White et al., 1995;
Basu, 2009). People would want to dispose of them even if payments are required for them
(Dijkema et al., 2000).

Waste exists in many forms, and its characterisation can be expressed in different forms
(Amasuomo & Baird, 2016). Solid waste is one type of waste classification based on its
physical states, other than liquid and gas (Tchobanoglous et al., 1993). Solid waste refers to a
range of wastes produced from human activities in a solid or semi-solid form (Beranek, 1992;
Vergara & Tchobanoglous, 1992; Leblanc, 2020).

Unlike other wastes, solid wastes do not disappear easily (Tchobanoglous et al., 1993). It is
still possible to find what humans throw today in the future (Amasuomo & Baird, 2016).
Therefore, proper planning and control are required to prevent the negative impact caused by
the waste on the environment (Beranek, 1992). Waste management is a process in which wastes
are gathered, transported, and processed before the disposal of any remaining residues
(Demirbas, 2011).

A proper organisation of solid waste management has become an essential task to protect the
environment (Ghiani et al., 2014). Its management techniques can vary from country to
country, depending on several factors such as physical geography, demographics, and the level
of economic development (Omran et al., 2007). Typical solid waste management involves large
outdoor waste bins, waste pickup trucks, and scheduled pickup routines by the relevant
authorities (Ab Majid et al., 2019). Such implementation is a common method practised by
many developing countries today.

Method on Waste Bin Collection in Malaysia

The traditional method adopted in Malaysia is by emptying the waste bin at certain intervals,
either daily or weekly. The responsible stakeholder oversees the process, which the related
authorities have selected. Sometimes, the waste collection processes are not well scheduled for
certain areas (Harith et al., 2020), and results in some drawbacks as described by the following:

e Some waste bins fill up much faster than the rate of emptying and causes them to
become full easily before the next collection, especially in shared areas such as in flats.
This situation poses hygiene risks to the public (Mohd Yusof et al, 2017; Zeb et al.,
2019; Harith et al., 2020).
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e Some special days such as public holidays, weekends, and festivals tend to have a faster
filling rate of the waste bins, resulting in shorter collection intervals (Zeb et al., 2019).

Based on the drawbacks discussed above, it is very important to ensure proper and efficient
waste management, especially in common areas. The waste bins located in those areas tend to
fill up quickly. The existing capacities in those waste bins may not be sufficient for areas shared
with many people. Unsystematic and inefficient disposal waste management may cause the
bins to be always full of garbage. Additionally, further littering from the residents will cause
the garbage piles to scatter outside the bins (Mohd Yusof et al., 2017).

Related Work

This section will discuss some of the related works that other researchers have done. Some of
the works included here may not be targeting university campuses. Nevertheless, each work
has a different approach to address the waste management issues in different methodologies
through their research and findings.

The research work in Harith et al. (2020) proposed a prototype on the loT-based SWMS, which
targets the University Malaya campus in the research. The prototype consists of sensor nodes,
gateways, cloud platforms, and mobile and web applications. The smart bins in the system
contain pieces of equipment such as sensors, microcontrollers, Global Positioning System
(GPS), and Wi-Fi modules. The Application Programming Interface (API) implementation
from Google Maps is for the route optimisation process and web servers for data handling and
processing. The sensors communicate with the cloud service and reflect the corresponding data
in the web application. The existence of the web application can help the management to
monitor the current level and load of the bins located on the campus. There is also another web
application which can help the contractor to locate the garbage trucks together with their
respective capacity. The downside of this system is that it only covers basic information such
as the current level and weight of the bin. In addition, the system cannot predict when a bin is
due for collection as a way of prediction.

Based on (Ahmad et al., 2018), SmartBin is another solution to solid waste management. The
Kemaman Municipal Council is currently using the SmartBin system in Terengganu, Malaysia
(“Smartbin Waste Management,” 2019). The system consists of the SmartBin App and
SmartBin Web modules. The former is responsible for scanning all collected bins, while the
latter manages, and monitors collected and uncollected bins (Ahmad et al., 2018). Each of the
bins contains a QR code that links to the system. The deployment has reached 2700 bins in the
system. The contractor in charge of the bins collection will scan the QR code in the bin before
collection. The system will capture and keep the data for recording purposes (‘“Smartbin Waste
Management,” 2019). SmartBin mainly focuses on bin collection and not based on collection
routes. It does not even detect the level of the bin.

Another solution includes the one from the research work as in (Pardini et al., 2020). The
research work in (Pardini et al., 2020) uses a mobile application called the My Waste App on
top of the web application. It comprises My Waste App as the application and My Waste Bin
as the bin component. The research also proposes a middleware module that connects base
systems such as IoT devices to each other and third-party applications (da Cruz et al., 2018a;
da Cruz et al., 2018b). Although it is convenient to have mobile application access for instant
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checking, the functions proposed in this research are too simple. It does not cover as many
functions as in Harith et al. (2020) since it only covers bin level checking.

The research work in A. A. et al., (2020) proposed another approach in monitoring bin levels
by reflecting the data in terms of the bin levels in the form of a mobile application. Figure 1
shows some screenshots of the display for the bin levels in the mobile application. It only acts
as an application to monitor the bin levels without any other functions. However, the research
work manages to make the display differently instead of using only colour codes.

EMPTY FULL

Figure 1: Displaying of The Bin Levels via The Mobile Application
Source: A. A. et al. (2020)

Lastly, the research work in Mohd Yusof et al. (2017) proposed a different approach in
monitoring bin levels. The usage of colour codes here is to display the levels of the bin in the
respective levels. However, it does not involve any usage of gadgets to monitor the bin levels.
The research work uses Low-Emission Diode (LED) lights to display the situation of the bin
in each respective level, as shown in Figure 2. A warning SMS message will be sent as an alert
to the related authorities for further actions.

Figure 2: Displaying of the Bin Levels via LED Lights
Source: Mohd Yusof et al. (2017)
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Based on the discussion above, many research works have different ways to address and tackle
waste management issues more smartly. Nevertheless, we need to ensure that we select an
optimised method for this research.

Methodology

In this paper, we propose a SWMS to improve efficiency and effectiveness in solid waste
management. The proposed system involves several modules and components. Figure 3
illustrates the modules and components involved in the proposed system through a hierarchy
diagram.

Smart Waste Management System

Management

User Module Contractor Module Smart Bin
Module

Figure 3: Module and Component of the Proposed System

Based on Figure 3, we can observe three types of end-users: the management, contractor, and
normal user. Figure 4 shows the use-case diagram of the proposed system related to the end-
users mentioned. The smart bin will be the only component involved in the proposed system.
It will be responsible for sending all the information related to the bin through the sensors
contained inside the smart bin. The system will send the information to the cloud, and the other
modules can obtain the information via cloud services. The information will help perform
functions proposed in the system effectively. The following is a brief overview about the
proposed function in the system:

Garbage bin maintenance (Location and status)

Waste collection maintenance (Scheduling)

Contractor maintenance (For management and contractor only)
Collection route

Complaint lodging

Reporting and analysis (For management and contractor only)
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Figure 4: Use Case Diagram of the Proposed System
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Camera .
Ultrasonic Operation layer

Sensor B
Ultrasonic Sensor

Recognised Trash Compartment

Unrecognised Trash Compartment

Figure 5: Basic Architecture Diagram of the Smart Bin

OPERATION LAYER

Camera,
Ultrasonic Sensor Trash Placement Zone
and Motor Unit

GPS Module Unit

Figure 6: Design and Layout of the Operation Layer
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Figure 5 shows the basic architecture diagram of the smart bin. The smart bin comprises of
three layers. The top layer is known as the operation layer, which will house the sensors,
motors, GPS module, and transmitters responsible for the operation of the smart bin. The
camera and ultrasonic sensor are installed in the same layer for trash detection purposes. Figure
6 illustrates further the operation layer in terms of design and layout. Underneath that layer
there are two compartments where the trash is divided based on whether the trash is
recognisable by the sensor or not. Ultrasonic sensors are installed in each of these layers to
detect the level of the trash. The data is generated from the obtained result by the sensors. And
then, it is sent to the cloud through the transmitter, which communicates with the cloud service.
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The transmitter unit will communicate with the cloud service to pass the data from the smart
bin, such as the trash level inside the bin. The GPS module will determine the location of the
bin and send the data to the cloud service for it to appear in the user application. The
information is required so that the functions in the user application can run without hassle. The
functions are illustrated through the module hierarchy diagram, as shown in Figure 7.

Smart Waste Management System

Authentication Garbage Bin Cc‘)ll‘lleaztt:; n Location Ma::guet:\ent Complaints
— Sign In — Details (;?:uzztlz?: — Rgiiﬁsggsal — Detail of Route | COS; Ft):ljll nt
— Sign Out — Location — Collection Zone | | Faculties — Detail of Zone |~ Reporting

— Institutes

— Chancellory

— Library

| | Administration

Centres

Figure 7: Module Hierarchy Diagram of the Proposed System

A simple web application has been developed at this stage. It acts as a prototype for the system
in terms of the user module. Figures 8 until 12 illustrate some of the screenshots and their
related explanations. The functions include:

Authentication
Announcement
Reporting
Location Maintenance
Garbage Bin Maintenance
Garbage Bin Location (display in maps form)
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Zoro Waste Effective
Management System
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update.

Figure 8: Authentication and Announcement
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Figure 9: Reporting
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Figure 12: Garbage Bin Location (Display in Maps Form)

Discussion

Malaysia has the aspiration to establish sustainable management of solid waste (Ghulam Khan
etal., 2019). However, some factors make it a challenge since it is a costly operation as it takes
up many resources and labour (Teoh et al., 2020). Act 672 allocates the rules regarding solid
waste management (Ghulam Khan et al., 2019; Razali et al., 2019). As far as sustainable
landfilling practices are concerned, other issues related to economic limitations such as lack of
financial support and increased land price are among Malaysia’s issues in this context (Ghulam
Khan et al., 2019). The insufficient financial support from the government has resulted in a
monopoly by certain providers on waste management, treatment and disposal services (Ghulam
Khan et al., 2019).

On the university campus, the elected contractor is the one who oversees the handling of waste
services. For example, Universiti Kebangsaan Malaysia (UKM) has signed a Memorandum of
Agreement (MoA) with Alam Flora Sdn. Bhd. on 18 December 2008 as an establishment to
apply an Integrated Solid Waste Management program at UKM (Tiew et al., 2010; Tiew et al.,
2011). The MoA opens ways for the university to achieve its mission of a Zero-Waste campus
and be a role model for other universities in Malaysia (Tiew et al., 2010; Tiew et al., 2011).
However, some providers may provide poor waste management, which results in harmful
effects brought to everyone in the universities. The university management may not be aware
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of the issue since no time or person in charge handles everything related to waste management.
Therefore, the existence of the proposed solution is to ensure proper waste management in the
university campus. The university management can monitor the solid waste management
process in the university campus to ensure that the solid waste management complies with their
Standard Operating Procedures (SOP) in this context. Besides that, everyone on the university
campus can also be aware of the SOP of proper waste management.

Not everyone is aware of how to handle solid waste properly in terms of management. Razali
et al. (2019) lists down the government agencies related to solid waste management: the
Ministry of Urban Wellbeing, Housing and Local Government (KPKT), National Solid Waste
Management Department, or Jabatan Pengurusan Sisa Pepejal Negara (JPSPN), and SWCorp.
These departments are not working in isolation but are working together in making the overall
legislation on waste management regardless of the state or region, and local authorities are
tasked to implement the same at grass root levels (Jereme et al., 2015). The Federal, State, and
Local Authorities play significant roles in the waste management stream in Malaysia (Jereme
et al., 2015). Therefore, they need to work together to educate the public as well.

Future Work

Creating an actual prototype of the smart bin and the web user module has made it possible to
produce a SWMS by integrating them well with cloud services. With the advancement of
existing and future technologies such as cloud service, Artificial Intelligence (Al), 10T, and
5G, the advancement of the SWMS to a better system is foreseeable. The following shows
some focus on the foreseeable future:

e Integrate the existing modules with cloud services and develop a mobile application for
the users.

e Develop features such as route navigation in terms of its algorithm and feature
recognition by using Al technologies.

e Implement the navigation functionality inside the mobile and the web user applications
for a more effortless viewing experience.

e Deploy the system to more facilities to further enhance the user application’s usability
and obtain feedback to improve the system.

The enhancement and routing function will also be helpful in calculating the best path in the
collection routes, seeking efficiency with a lower cost of operating a fleet of trucks (Ahmad et
al., 2018).

Conclusion

The population will continue to increase in the future, resulting in more work required to
manage solid waste more effectively and efficiently. The increase in public awareness is
required to understand the importance of preserving the environment by having a good manner
in managing waste. In this regard, we see an increase in the study and discussion of smart city
design worldwide to solve this problem. This article has presented an efficient 10T and cloud-
based SWMS to improve towards a comfortable and sustainable environment with this
approach. The usage of sensor and communication technologies also helps to ensure that the
system can run effectively. Additionally, the enhancements as in the future work, will also
improve the system to the next level.
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