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Abstract— The vast increase in quantity and types of solid
and poisonous waste due to economic growth, population growth
and industrial pollution specifically in Nigeria, is becoming a
problem. Providing a solution to this challenge is the motivation
behind this research work. This paper presents the design and
construction of solar powered automatic wastebin, in other to
ensure effective and sustainable management of waste. The
control system consists of a servomotor, ultrasonic sensor, Relay
and an ATMEGA328 microcontroller programmed in C-
Language. The system was designed to intelligently senses a
situation where the user gets closer via the ultrasonic sensor. A
servomotor is triggered to open in the sense that the waste can be
trapped as soon as it receives a signal from the microcontroller. It
remains open for 4 minutes and closes again. In a situation where
the user remains, it takes maximum of 3 seconds to reactivate to
its initial state. The results obtained from the test carried out on
the system shows that the system open and closes at the required
state thereby ensuring proper management and minimization of
risks to the health and safety of the populace.

Keywords— Automatic; Microcontroller; Waste bin; Renewable
Energy, Solar.

[. INTRODUCTION

Environmental protection has become an important
concern worldwide [3],[4]. This has urged individual the
present era to have greater concern and management of waste.
Waste are materials or substances either solid or liquid which
are discarded or which are not useful and are also worthless
examples are household trash, refuse, hazardous material or
body water (excrete, urine etc.) [5],[6]. Waste can also be
defined as materials placed in a particular place where they are
not wanted. All these waste are being disposed temporarily
into waste bin and set aside for permanent disposal [7],[8].
Disposing of waste has many environmental hazard to human
and can cause serious health challenges.

Solid waste dumps are drastically contaminating the
environmental conditions in developing countries. Negative
environmental impacts from poor solid waste dumping can be
easily observed in most part of developing world [9],[10]. In
Pakistan, due to a lack of improper planning and funding, the
solid waste management issue is becoming worse day by day.
To outline some of the main causes of improper solid waste
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management in under developing countries, Rawalpindi city
taken as a case study [20],[21]. This city is facing abruptly
poor solid waste management crises as a result of high
increase in industrialization, urbanization and inadequate
funding. Poor habit of solid waste dumps is spreading
different diseases in the study area [1]. It is investigated during
the research that due to increase growth population, high
increase in solid waste generation rate, lack of adequate
management, lack of logistic implementation and funding, the
solid waste management systems of Rawalpindi were not
working effectively and efficiently [8], [9],[10], [11],[22]. The
major causes for the inadequate municipal solid waste
management systems in Rawalpindi are the unexpected
invasion to the city, harsh weather conditions, lack of social
awareness/community involvement, improper resources
including inadequate equipment and insufficient funds[1][2].
An inefficient municipal solid waste management system may
cause serious negative environmental impacts like infectious
diseases, pollution of land and water[20],[21].

Improper municipal solid waste (MSW) disposal and
management leads to all types of pollution air, soil, and water.
Wrong dumping of wastes contaminates surface and
underground water supplies. In urban areas, MSW clogs
drains, causing stagnant water for insect breeding and floods
during rainy period[17],[18],[19],[15],[16]. Uncontrolled
burning of MSW and improper burning contributes
significantly to urban air pollution [19],[20]. Greenhouse
gases are formed from the decomposition of organic wastes on
lands and untreated liquid pollutes surrounding soil and water
bodies. Health and safety issues also arise from inadequate
waste management [13],[14]. In the sense that insect and
rodent vectors are attracted to the location of the waste bin and
can spread diseases such as cholera and laser fever[11],[12]

Taking Federal University of Technology Minna
(FUTMINNA) E-center as a case study, how is this our area of
focus? Students are being supplied rough sheets so as to ease
their solving or workings during examination or test as the
case may be, they are in turn expected to drop it in the waste
bin for proper waste disposal and management.
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II. REVIEW OF RELATED WORKS

The work done by [19] on sensor nodes attached to an
Arduino board based control station, that uses a Global
System for Mobile Communication (GSM) module to send the
sensor nodes data by Short Message Service) SMS to the
garbage collecting vehicle and to a server hosting web
application by a Wi-Fi connection. The sensor nodes of the
smart bins relied on the ultrasonic sensor to sense the fullness
percentage according to pre-calculated bin depth. Moreover, a
Global Positioning System) GPS module is used to get the bin
location. The GPS module and the ultrasonic sensor were
controlled by Amica R2 NodeMCU microcontroller board
which has a built-in Wi-Fi module, that is used to connect to
the control station. However, the author did not consider
powering the device with a solar panel in case of power
outage.

Research on wireless sensor network is done by [22]. The
bins in his work were equipped with an accelerometer sensor
to detect the opening and closing of the bin lid, a temperature
and humidity sensor to sense the present organic waste, and an
ultrasonic sensor to monitor the fullness status of the bin. All
these sensors were controlled by Zigbee Pro microcontroller
board, which has a built-in (wireless Fidelity) Wi-Fi module
that is used to send the sensors data to a gateway. This paper
also used the same type of microcontroller board in the
gateway to receive the bins data and send it to a control
station, that contains a server, over GPRS. The server in the
control station relies on Caspio database management system
with a web based user interface. However, the paper did not
consider an additional source of power supply

A paper by [17] examined the use of weight sensor and
three IR sensors to check the full ness status of the smart bin
and send the sensors data to a web page over Wi-Fi network to
a mobile phone. However, the microcontroller board used in
this paper was ARM LPC2148 which has lesser functions
when compared to the Atmega328.

A report was done by students of California Polytechnic
State University [20], they thoroughly exploited the economic
and power consumption aspects of converting a conventional
outdoor trash bin into a smart one. According to the literature,
the project is based on u-blox C027-U20 microcontroller
board, which has built-in GPS module and cellular module.
The board is used to control HC-SR04 ultrasonic sensor, that
measures the bin’s fullness-level, and a temperature sensor for
monitoring weather conditions and fire alerts. The setup is
contained by 2x4x6 plastic box and powered by a 12V
rechargeable lead-acid battery. The report mentioned that the
system generates an HTTP POST request using the data from
the sensors and send it to a web application, which is built
using Python and Flask framework on top of an SQLite
database. The web application receives the HTTP request and
check if the bin is full then send SMS message using Twilio
service. Moreover, Leaflet JavaScript library is used to

virtualize the collected data on a map. However, the author did
consider analysis in his report.

This paper focuses on designing and implementing a solar
powered automatic wastebin in other to provide a high level of
safety precaution through an advance algorithm embedded in a
microcontroller to intelligently detect a situation whereby the
device automatically opens as soon as an individual approach
it.

III. METHODOLOGY

This section of the paper contains the processes involved to
get the system working. This section mainly deals with
designed aspect of the hardware and the analysis of individual
unit that made up the device. Fig. 1. shows a block diagram
representation of the device.
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Fig. 1. Block Diagram of the Device.

A. Power supply Unit

A 20W solar panel was used as the energy source, this solar
panel supplies a 12V through the diode to the relay. The relay
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serves as a control circuit to the battery in which it monitors
the charging of the battery and also as a cut out circuit as soon
as the battery is fully charged. This can be detected by the user
through the help of a LED indicator.

B. Relay Unit

The main function of the relay is to open or close a circuit.
they are either normally open(NO) or normally closed(NC). It
has five operational pins which are (the input pins, the
normally open pin, normally closed pin and the common). As
a result of this operation it is used in this paper as normally
open in other to protect the battery from over charging.

C. Battery Unit

The battery supplies 12V through the regulator to the
microcontroller switch which is controlled by the
microcontroller. The battery is connected to a steady 5V
regulator so as to supply a constant 5V.two capacitors are
connected before and after the regulator so as a to filter small
ripples in the circuit and also to isolate noise in the circuit
especially from the relay.

D. Charging Unit

The charging unit comprises of a transformer, rectifier and
regulator. The relay was used to cutoff the battery when fully
charged. When a positive voltage is applied to the input
terminal the relay it energizes.

E. Ultrasonic Senor Unit

The Sensor has four (4) pins namely, the trigger pin, Echo
pin,5V input and a ground pin. The input 5V from the
regulator. The microcontroller gives a command through pin
13 to the Echo pin to sends wave signals at a particular
distance as soon as an object comes closer to it sends signal
back to the trigger pin then a command signal is sends through
pin 14 to the microcontroller.

F. Crystal Oscillator Unit

Crystals are used to generate signals for the microcontroller.
They are basically classified into two (2) namely;

1. Sinusoidal oscillator

2. Non-sinusoidal oscillator

For the purpose of this paper a non-sinusoidal oscillator
was used which helps the microcontroller execute commands.
By default, the microcontroller has an oscillator frequency on
its own which is 8MHz but using this might not be efficient,
the manufacturer gives room for an external crystal oscillator
of about 20MHz, but for safety a 16MHz frequency was
selected which means it can execute a total of sixteen million
instructions just in one second as specified by the
manufacture, two capacitors are to be connected to the two
input of the crystal oscillator and the two terminal has to be
grounded. In summary the crystal oscillator acts as an
executing factor for instructions performed by the
microcontroller.
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G. Sofiware Imlementation

The flowchart shown in Fig. 2. shows the algorithm of the
solar powered wastebin. Considering a set value(x) of 4cm.

— |

Stop

Check
distance (I0)

|

If distance >set value(x)

Fig. 2. Flowchart of the Automatic Solar powered Wastebin

H. Circuit Diagram of the device

The circuit diagram of the design which integrate all the whole
block diagram required to form the circuitry is shown in Fig.
3.

III. RESULTS AND DISCUSSION

The following results have been obtained after simulating the
design on Proteus ISIS software which was later transferred to
Vero-board for final implementation. Table I, II, and IIT shows
the results from different testing points whereas Plate I and II
shows the prototype system. It was observed that from TP1-
TP19 the expected and measured DC Volts was not having
much difference. This depict the accuracy of the device.
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Fig. 3. Circuit Diagram of Solar Powered Automatic Wastebin RESET pin of the
. . . . microcontroller
Table 4.1 Result obtained from different testing point.
TP14 | Input voltage to the 5V 5V
TEST DESCRIPTION EXPE MEA 5V pin of the
POINT CTED | SURE ultrasonic sensor
DCV | DDC TP15 Yol'gage Valpe for 2.5V 2.5V
indicator pin 26
v TP16 Voltage value for 2.5V 2.4V
indicator pin 27
TP1 Output voltage 12V 12.5V
from the solar panel TP17 Voltage value for 2.5V 2.5V
indicator pin 28
TP2 Output voltage 12v 12.8V
after the diode TP18 Voltage value for | 2.5V 2.5V
indicator pin 9
TP3 Output voltage 12v 13.0V
after the relay TP19 | Input voltage value | 12V 11.9vV
from battery to
TP4 Input voltage to the 5V 491V servo motor
base of the
transistor before
activation
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Plate I: Coupled Circuit Diagram on a Vero Board

8

.. Plate II: Prototyp System

IV. CONCLUSION

In this paper, an automatic solar powered wastebin was
designed and implemented, considering the additional feature
of the servomotor, opening and closing of the system was
executed. It senses a situation where the user gets closer via the
ultrasonic sensor. A servomotor is triggered to open in the
sense that the waste can be trapped as soon as it receives a
signal from the microcontroller. It remains open for 4 minutes
and closes again. In a situation where the user remains, it takes
maximum of 3 seconds to reactivate to its initial state
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