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ABSTRACT

This paper presents a comprehensive method to manage domestic waste and provides a detailed
design of an alert sub-system, which is one of the blocks of the proposed waste management
system. The waste management system entails various blocks on activities, from preparatory to
implementation. The alert sub-system uses an ultrasonic sensor to monitor the level of waste in
a bin and notifies a waste collection company when the bin is full and requires emptying, via
short messaging service (SMS). It also allows the user to query the state of the bin at any time.
The alert sub-system is simple to implement, inexpensive, uses less power, and will enable effec-
tive and efficient waste collection. The implementation of the proposed waste management sys-

tem should improve the collection and disposal of domestic waste.
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INTRODUCTION

In recent times, there has been significant rise
in waste generation globally (Wahlen, 2018).
The world’s cities generated 2.01 billion tons
of solid waste, amounting to a footprint of 0.74
kilograms per person per day in 2016 (Chavez,
2018). With rapid population growth and ur-
banization, globally annual waste generation, is
projected to grow by 70% from 2016 levels to
3.40 billion tons in 2050 (Chavez, 2018) .

Ghana, as middle-income country, is confront-
ed with a lot of challenges in waste manage-
ment. According to Miezah et al. (2015), the

rate of waste generation in Ghana is high, with
waste generation estimated at 0.47 kg/person/
day. Meizah et al. (2015) also concluded that
in Ghana, biodegradable waste (organics and
papers) constitutes nearly 68% of the daily
waste generation, with the rest being non-
biodegradables or recyclables (metals, glass,
textiles, leather and rubbers). Generally, in
Ghana, solid wastes are not sorted into biode-
gradables and non-biodegradables before dis-
posal. A huge fraction of the solid waste is
organic and susceptible to putrefaction. Conse-
quently, delays in collection of waste lead to
putrefaction and generation of stench. Moreo-
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ver, there is the attraction of vermin (flies,
cockroaches, beetles, etc.) and scavengers that
pose a threat to public health. Ghana’s waste
management problem is further compounded
by the lack of effective and efficient waste
collection and disposal systems. There is the
need for timely waste collection and appropri-
ate disposal.

Generally, there are three modes of waste col-
lection and disposal in Ghana. The first mode
requires persons who generate waste to carry
it, by any preferred means, to a damping site
within the community. Waste at such sites are
occasionally burnt, releasing toxic gases into
the atmosphere, or left to form a huge pile,
breeding all manner of pathogens, before being
carted to a landfill site. In the second mode,
skips are placed within communities for inhab-
itants to damp waste into them. These skips are
later emptied by waste management companies
(WMCs) when they become full. However, it
is common to find such containers overflowing
with waste, undergoing putrefaction and result-
ing in unpleasant stench and the breeding of
pathogens. The third mode entails households
and institutions acquiring their own waste bins
and dumping waste into them. These waste
bins are emptied by WMCs who drive through
the various communities with waste trucks.
This mode is environmentally good and in
synch with international best practices. How-
ever, not many communities have such waste
collection services. Therefore, there is the need
to scale up such services across the nation.

The success or failure of scaling up individual
ownership of waste bins largely depends on
timeous emptying of them. This will involve
the extensive use of trucks, with its associated
costs. Studies show that the cost of waste col-
lection constitutes 60-80% of the overall cost
of waste management (Ansari and Pakrou,
2015; Belién et al., 2014; Sulemana et al.,
2019). This is due to the high cost of fuel and
maintenance (Li et al., 2014) and Tavares et
al., 2009). This cost is further compounded
when trucks drive to locations where bins need
not be emptied. Such cost can be reduced or
completely eradicated via the deployment of
technologies that alert WMCs when waste bins
need to be emptied. Such technologies will be

beneficial to both WMCs and households.

Researchers have developed various approach-
es to aid the detection and location of waste
bins that get full (Gutierrez et. al., 2015 Zavare
et. al., 2017 and Nirde et. al.,2017). However,
these approaches are beset with challenges that
make them either too expensive to implement
or not practically feasible. For example, the
work in Zavare et. al. (2017) requires internet
availability at all waste locations, which is not
practically feasible, especially in developing
economies where there is limited internet ac-
cess. The approach in Samann (2017) incorpo-
rates extraneous devices including passive in-
frared sensors, memory cards, speakers and
solar panels which increase cost and complexi-
ty. Therefore, there is the need to develop sys-
tems that are economically and practically fea-
sible.

This paper presents a comprehensive approach
to manage domestic waste. The proposed sys-
tem builds a database of all bins including
their locations. Alert systems are installed in
the bins to alert waste management companies
when they are full. Waste management trucks
move in to collect waste when alerts are re-
ceived. The routes of waste trucks to bins to be
emptied are optimized to promote effective
and efficient collection. A detailed design of
the alert devices is presented in Section 3.0.
The devices employ ultrasonic sensors to
monitor the levels of waste in bins and notify
the waste collection company, via short mes-
saging service (SMS), for collection to be
done. The proposed comprehensive waste
management system together with its sub-
systems are simple to implement and will ena-
ble affordable, effective and efficient domestic
waste management.

MATERIALS AND METHODS

The proposed waste management system com-
prises two phases. The phases are (1) prepara-
tory phase and (2) implementation phase. Fig.
1 shows a flowchart that describes the activi-
ties of the preparatory phase. The preparatory
phase entails three major activities. The activi-
ties are as follows: (A) Creation of database of
waste bins including their locations, (B) set-
ting up of a management software to regulate
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Fig. 1: Flowchart of activities for preparatory phase

the entire waste management operations, and
(C) deployment of bin alert devices.

The first preparatory activity (activity A) en-
tails the enrolment of all waste bins within the
operational area of a WMC. Here, it is recom-
mended that each customer acquires multiple
bins in which sorted waste is deposited. Each
bin is given a unique identification number
and classified based on the waste categoriza-
tion approach adopted by the WMC. Also, the
GPS location of each bin is determined to al-
low for easy location in the implementation
phase. For the second activity (activity B), a
software developed to manage waste collec-
tion is set up. The software will host the data-
base created in activity A. It will also allow for
the receipt of notifications from devices to be
installed in the enrolled bins that will alert the
WMC when the bins require emptying. Fur-
thermore, the software will collate all received
notifications, plot optimal route maps for

waste collection, schedule and dispatch waste
trucks. The final preparatory activity (activity
C) involves the deployment of bin alert devic-
es on the registered bins.

A flowchart outlining the implementation
phase is presented as Fig. 2. It begins by
checking for notifications from bin alert devic-
es. When no notifications are received, the
system waits for a period 10 minutes and
checks again. This can be adjusted depending
on experiences gathered during implementa-
tion. Consequently, the waste management
software allows for this period to be adjusted.
When notifications are received, the software
extracts the bins that correspond with the re-
ceived notifications and proceeds to determine
the optimal routes for collection. A further
assessment is done to determine the cost effi-
ciency. This assessment is proposed to be
based on the number of bins in the route and
the cost of collection. Where the assessment
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Fig. 2: Flowchart for implementation phase

points to a positive cost effectiveness, waste fact that domestic waste is generated mainly in
trucks are scheduled and dispatched. When the the mornings and evenings would not make
assessment turns out to be uneconomical, the such deferment of collection on grounds of
algorithm waits and checks for more notifica- economy inimical to waste collection efforts.
tions to ensure cost-effective operations. The
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Fig. 3: Block diagram of proposed design

Bin alert device

Fig. 3 shows a block diagram of the proposed
alert device. The device will be integrated into
the lid of bins. It consists of four units namely,
power unit, sensing unit, processing unit and
communication unit. The power unit compris-
es a 9V DC battery and supplies the needed
power to all the units of the device. The sens-
ing unit comprises an ultrasonic sensor mod-
ule which detects the level of waste in the bin
using time of flight. An Arduino microcon-
troller was used for data processing. The mi-
crocontroller was programmed using Arduino
Integrated Development Environment (IDE).
A Global System for Mobile Communications
(GSM) module was used as the communica-
tion unit. This unit sends Short Message Ser-
vice (SMS) alerts to the waste management
company and user’s phone.

The module is controlled by sending AT com-
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mands over its 5V serial port. The Rx pin of
GSM module is connected to analog pin 9 on
the Arduino Uno and the Tx pin of the module
is connected to pin 10 of the Arduino Uno
board. Pin 9 and 10 are turned into Transmitter
(Tx) and Receiver (Rx) pins using a software
library since the GSM module relies on serial
communication (Samann, 2017).

Simulation of the system design in Proteus
The proposed design was simulated using the
proteus simulation software to assess its valid-
ity before prototyping. A snapshot of the simu-
lation is presented in Fig. 4. In Fig. 4, Block A
shows ultrasonic sensors, Block B depicts
GSM module, Block C indicates LCD display
and Block D, variable resistors. The variable
resistors were used to simulate the levels of
waste in the bin.

Journal of Science and Technology © KNUST 2021



6 Adjeietal.

BLOCK C

Fig. 4: Snapshot of simulation in Proteus software

Software for monitoring system

The program for the microcontroller was de-
veloped using Arduino IDE. Fig. 5 shows a
flow chart of the Arduino program. Two librar-
ies were used to mimic communication be-
tween the modules. Software serial library is
used to communicate with the GSM module
and send AT commands to it.

This library transforms pins 9 and 10 into extra
Tx and Rx pins to connect the Tx/Rx pins of the
GSM module. The Setup function of the Ar-
duino program first defines the used pins as
outputs or inputs and then sends AT commands
to the GSM module to enable text mode, enable
local time/date stamp and store current settings
on the GSM module memory. This function is
also used to get the phone number and SMS
alert text, which will be sent to that number in
case of fullness of bin. The final step of setup
function is initializing digital pins of the Ar-
duino connected to the Ultrasonic sensor. The
Loop function is used to measure the distance
between the ultrasonic module and the trash
continuously. The measurement period can be

changed to suit operating conditions. An IF
loop is used to compare the measured distance
by the ultrasonic sensor to the set threshold. If
there is fullness, an SMS alert is sent to the
WMC. The system can also be queried via
SMS with “STATE”. It returns the state of the
bin as full, half full or empty by sending an
SMS to the user’s phone.

Prototyping of alert device

The proposed device was prototyped using the
following components: Ultrasonic sensor, Ar-
duino, GSM and LCD. In field implementa-
tions, the LCD module will be removed since
its role will not be needful and will only drain
the battery power. Figs 6a & b shows the con-
nection of the major components used for the
prototype.

RESULTS AND DISCUSSION

The monitoring device was tested on a galva-
nized metallic bin, with the bin in empty and
full states. With the bin empty, the device was
initialized following which a text message
with the content (STATE) sent to the SIM card
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Fig. 5: Flow chart of the code for the prototype
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Fig. 6b: LCD and SMS displays during testing
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in the GSM module. The state of the bin was
returned to the user’s phone as being empty.
The bin was later filled with paper and the
system energized. The system reported the
status of the bin to the user’s phone with the
message ‘“Dustbin full”. In both cases, the state
of the bin was accurately displayed on the
LCD. Fig. 6b shows various displays during
the testing.

CONCLUSION

A comprehensive waste management system
and a device for monitoring waste have been
presented. The waste management system will
afford a more organized waste management
and improved waste collection. The device for
monitoring waste can be easily integrated in
the lids of existing bins and does not require
any redesign of bins. Since there is broad cov-
erage of cellular networks, the device can be
used at all locations. It is user friendly and
does not require any expertise to operate. Fu-
ture works will expand the other sub-systems
of the proposed waste management system and
deal with putrefaction associated with organic
waste, which will necessitate early collection
of waste even when bins are not full.
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