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Abstract— Solid waste management is one of the demanding environmental challenges confronted by 
urban and rural areas of Nigeria. Trash is being thrown in open areas by people without a second 
thought on the consequences. Such trash gets carried away by wind or rain into the drains and becomes a 
source of obstruction with time thereby stopping free flow of water. The main problem in waste 
management is that overflow of garbage occurs in public bins before the next cleaning process is carried 
out and this has led to huge environmental pollution and epidemics in the society. To avoid all such 
hazardous scenario and maintain public cleanliness and health, a real time solid waste management 
system using an autonomous power supply is needed. The main aim of this research is to develop a real 
time solid waste management system that will be able to monitor the garbage fill level of the waste bin, 
update an online database and send notification for proper collection at the same time. This process is 
aided by the ultrasonic sensor which is interfaced with Arduino ATmega328 microcontroller to check the 
level of garbage filled in the dust bin and send SMS to notify an authorized waste management personnel 
and also updating an online database. The real time status of the garbage fill level is displayed on a web 
application which helps the waste management authority to determine the right to carry at any time. In 
addition, a Solar panel was attached to the waste bin in order to power the waste bin to prevent down 
time. In this way environmental condition of the country will be improved. 
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I. INTRODUCTION 

Waste can come in different forms which are gas, liquid or solid and each have different ways of 
management. Waste management typically deals with any kinds of wastes whether created from industrial, 
biological, household, and special in which it is dangerous to human health [1]. Solid waste management is a 
pressing environmental challenge faced by urban and rural areas of Nigeria. Nigeria, with a population of 
195,448,220 [2] as of May 31, 2018, is one of the largest producers of solid waste in Africa. She generates more 
than 32 million tons of solid waste annually, out of which only 20-30% is collected by local authorized solid 
waste management companies within the country [3]. Reckless disposal of solid waste has led to blockage of 
drainage networks and choking of water bodies because trash is being thrown in open areas by people without a 
second thought of the consequences. Such trash gets carried away by wind or rain into the drains and becomes a 
source of obstruction with time thereby stopping free flow of water. As Nigerian cities continue to experience 
rapid urbanization, the resulting solid wastes generated by households have grown beyond what the capacity of 
local authorities could effectively manage [4]. The wastes generated by households, local industries, artisans and 
traders which litter the immediate surroundings lead to environmental catastrophe. The aim of this study is to 
develop a real-time system that is autonomous in terms of power supply and can effectively manage collection 
and disposal of waste within the country. 

II. RELATED WORK 

There are some pervious researches on the use of real time systems to solve the problems of solid waste 
management. [5], carried out a study on Smart Waste Management using Internet of things (IOT). The main aim 
of the study was to use Waste Collection Bins Based on Sensor to classify the status of waste bins when full or 
empty in order to prioritize the schedule for the collection waste accordingly to save cost. It is a real-time waste 
management system which uses an intelligent dustbin to check the garbage fill level of dustbins whether the 
dustbins are full or not. Using the device, the data of all the smart dustbins is easily accessed from any point and 
anytime by the waste personal. The status of each dustbin is updated in real time so that waste management 
authority can send the garbage collection vehicle to the right dustbin when the dustbin is full. However, there 
are some drawbacks that needed to be overcome such as power supply because in a country like Nigeria where 
there is no stable power supply this system will not meet its goal. 
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Harika, [6] carried out a study on IoT Based Smart Garbage Monitoring and Alert System Using Arduino 
UNO. Arduino UNO is the main Module in the project. The Ultrasonic sensor is used to interface with Arduino 
UNO to check the filling of the garbage level in the dustbin. GSM/GPRS Module is used to establish 
communication between a user computer and a GSM-GPRS system and using this module one gets the SMS 
notification from the trashcan. GPS Module is a navigation device that indicates the location where garbage is 
filled and by using Wi-Fi Module, one gets unique IP-address for SMS and also Municipal Officer can see the 
garbage bin status in “All things talk” web site. Three LED bulbs indicate the garbage level in the trashcan. 
Yellow LED indicates the empty in the dustbin, Green LED represents the half of the dustbin is filled, Red LED 
indicate the trashcan is filled. Then immediately message is transferred to Municipal Wed Server Office. The 
limitation of the system is that the system does not have a customized database. It depends on a third-party 
database management system and also it relies on power supply. 

[7], carried out a study on waste monitoring and management for Smart cities. MQTT (Message Queue 
Telemetry Transport) protocol on a cloud-based app was used to receive data from a node by the system. MQTT 
is lightweight and needs limited network bandwidth, making it optimal for such short messages. A NoSQL 
database waste used to allow flexibility in order to test which data might be useful to send and store without 
major changes to the database. The system was able to monitor dustbins and waste bins using a cloud database. 
The system uses Message Queue Telemetry Transport protocol (MQTT) which is not commonly supported by 
Nigeria network. 

III. P PROPOSED MODEL 

The proposed model is a Hybrid architecture which comprises of hardware, backend, mobile phone and 
frontend as shown in Figure 1. 

 
Fig. 1.  The Real Time Solid Waste Management Model 

1) The hardware 

The hardware is made up of ATmega328 microcontroller, HC-SP04 ultrasonic sensor, SIM800C GSM 
module, and a Solar panel. ATmega328 is made up of 14 digital input/output pins (out of which 6 used for 
Pulse Width Modulation (PWM) outputs), 6 analog inputs, on-board resonator, reset button, and holes for 
mounting pin headers. It consists of 16 bit and one 32bit timer/counter. Timer 1 is used for connecting the 
ultrasonic sensor HC-SR04 with the microcontroller. The microcontroller is equipped with Tx and Rx pin 
for serial communication. These pins are connected to the GSM module through the inbuilt MAX 232IC 
present at the module. The GSM module is connected to the Tx and Rx pin using the inbuilt MAX 232IC 
pin. MAX 232IC serves as a converter which convert the logic from TTL to RS232, while the GSM module 
and the ATmega328 microcontroller operates at RS232 and TTL logic respectively as shown in Figure 1. 
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࢈ࡴ% ൌ  
 ࢄ ࢈ࡴ

 ࡴ
       െ െ െ െ െ ሺሻ 

The percentage bin level ‘%࢈ࡴ’ is then calculated using equation 3. Equation 2 and 3 is implemented on the 
server side of the web platform using PHP. 

B. Process Flowchart 

The process flowchart for the waste bin operation is shown in Figure 3 below. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
 
 

 

Fig. 3.  Garbage level determinant by the real time solid waste management system 

As shown in the flow diagram, the system loops the garbage check continuously, unless there is an 
interruption as depicted in the decision symbol (power Button). The system also keeps updating the database 
and sends SMS accordingly. 

 

 

 

 

 

 

 

 

 

 

 

 

C. Use Case Diagram 

The use case diagram of the system is shown in Figure 4. 
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Fig. 6.  Hardware Device for Garbage Monitoring 

 

Fig. 7.  Waste Management System Dashboard 
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Fig. 8.  Waste Bin Level Page Waste Management System 

D. System Testing and Experimental Results 

Five (5) tests were carried out on the system which completed 1 cycle of loading the garbage bin, in two 
different locations which are Babcock University Ilisan Remo Ogun State and Seventh-Day Adventist Church 
Compound Oke Bola Ibadan Oyo State. The empirical outcome of the test is shown in Tables 1 and 2 
representing the filling level of the ultrasonic sensor placed at the top of the bin. The garbage level with respect 
to height was tested under different conditions as shown in Tables 1 and 2. When the bin was empty the height 
was Zero percent “0%”. Gradually the bin was loaded with garbage; at a certain point when the bin was half full 
an SMS was sent to the phone notifying filling level, then as loading the bin with garbage continues, it got to 
another point when the bin was almost filled up another SMS was sent notifying the garbage level is full. The 
height of the bin is 34cm and equation 3 was used to calculate the percentage level as shown in Tables 1and 2. 

TABLE I.  Experimental data from several tests run of the prototype 

Test Bin Height (cm) Bin Space (cm) Bin Level (cm) % Level Status 

1 34 34 0 0 EMPTY 

2 34 17 17 50 HALF FULL 

3 34 16 18 53 HALF FULL 

4 34 5 29 85 FULL 

5 34 0.5 33.5 99 FULL 

TABLE III.  Experimental data from several tests run of the prototype 

Test Bin Level (cm) % Level Status 

1 0 0 EMPTY 

2 17 50 HALF FULL 

3 18 53 HALF FULL 

4 29 85 FULL 

5 33.5 99 FULL 

 

 
Fig. 9.  Smart Waste Bin Process Testing 

The SMS samples are shown in Figure 10. 
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