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Abstract
Increasing waste generation has become a significant challenge in developing countries due to unprecedented population 
growth and urbanization. From the literature, many issues have been investigated that signify direct connection with the 
increase in waste material generation and related difficulties to handle it in a smart city. These issues are the resultants of an 
improper collection and disposal mechanism used for waste material, the increase in moving trends of peoples toward big 
cities and lack of intelligent technology used to support the municipal solid waste management system. Consequently, the 
management of waste material has become a challenge due to a large amount of waste littered everywhere. Furthermore, vari-
ous problems also occur due to the existing systems that are not only inadequate and inefficient but also their non-scientific 
procedures involved in the solid waste management. In this paper, an IoT-based smart waste bin monitoring and municipal 
solid waste management system is proposed. This system helps to solve the problems associated with management of waste 
material and the IoT-based waste collection for the smart city as discussed above. The proposed system is capable in the 
collection of waste effectively, detection of fire in waste material and forecasting of the future waste generation. The IoT-
based device performs the controlling and monitoring of the electric bins. These devices are wirelessly connected with the 
central hub to transmit the information about the bins filling level with the existing location. The significant advantage of 
the system is to collect waste material on time in order to avoid the overflow of bins that would help in saving the environ-
ment from pollution.

Keywords  IoT · Bins · Waste material · Smart city

1  Introduction

The waste generation in big cities is increasing rapidly from 
the last two decades. As per the studies conducted globally, 
it is expected that the annual solid waste generation will 

reach around 3.40 billion tones by 2050 that would lead to 
an approximately cost of $635.5 billion in the management 
of municipal waste management [1]. For the management 
of waste in smart cities, there are many factors that play a 
significant role to make the waste management more chal-
lenging, for an example, rapid growth of population, shift-
ing of population from small cities to big cities, economic 
development, growing rate of consumptions of goods, geo-
graphical location, system administration, improper way of 
collection and disposal of waste, inefficient way of waste 
generation predictions and lack of smart technologies used 
to support the municipal solid waste management (MSWM) 
[2]. Improper management of waste in cities results in a huge 
loss to any smart city, for an example, the economy and pre-
cious human life losses have been reported due to sudden 
fire catching in an open waste dumping yards situated in the 
congested areas of city. It is further noted that any type of 
waste like solid, liquid or containerized gas that may eas-
ily catch fire can cause injury, diseases, economic loss and 
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environmental damages [2, 3]. There are two most critical 
factors that contribute to the generation of waste material 
at large scale are as (1) growing population in cities and (2) 
the average mean living standards [4, 5]. While we need to 
control these two factors, it is also important to come up 
with an efficient system, techniques and methods to sup-
port MSWM and other incidences such as early fire detec-
tion in a smart city. It can only be possible with the usage 
of advancements in the technology, and Internet of Things 
(IoT) is one of such technologies available that can play a 
vital role in handling these kinds of issues. IoT is not a single 
device or system rather it is an umbrella that covers multiple 
physical and electrical appliances, modern vehicles, build-
ings and each equipment that we use in daily life [6, 7]. 
All these devices and appliances are inter-connected to each 
other through internet such that they can interchange the data 
between themselves and falls under IoT [8, 9]. IoT facilitates 
us to regulate working of these devices remotely through a 
previously deployed network infrastructure, hence assisting 
in a special direct implementation of wirelessly controlled 
systems into the physical world.

This paper describes how an integrated physical system 
designed with the combination of different engineering dis-
ciplines and taking the benefit of wireless access networks 
can lead to improving the management of smart cities. The 
proposed system lays over the foundation of global posi-
tioning system (GPS) based location identification of waste 
bins. It consists of an IoT-based prototype liaised with sen-
sors measuring the level of waste in bins, temperature and 
humidity, fire detection, with the capability of transmitting 
collected information to the control center through a wireless 
network. The collected data are further used for the predic-
tion of bins fill level and the future forecast of total volume 
of waste collection on a monthly and yearly basis.

The designed system is simulated based on the realis-
tic scenario in Najran city of the Kingdom of Saudi Arabia 
(KSA). It is the capital of Najran Province. Najran is one of 
the fastest-growing cities in the kingdom; its population had 
risen from 47,500 in 1974 and 90,983 in 1992 to 246,880 in 
2004 and 500,000 in 2017 [10]. In this work, freely avail-
able geolocation open data of the municipality of Najran 
city is used [11]. The simulations were performed for the 
one-month period of waste collection from the bins. The 
experiment is performed on both IoT-based bins and non-
IoT-based bins to check the efficiency of designed system 
under feasible economic conditions.

The expected outcomes of this work are an integrated 
system model for the useful collection of waste with the 
help of IoT-based bins and to reduce the operational cost 
of the existing municipal system. The designed system is 
equipped with flame sensors to detect the fire inside and 
outside the bins. The fire detection capability is introduced 
to save significant losses of economy and life. Furthermore, 

future waste collection is predicted to support the waste 
management industry with the application of a smart city. 
The system will reduce the effort of man power involved 
in municipal management by providing effective usage of 
waste bins; respective personal can only go to collect waste 
when bins send alerts. Following are the significant contri-
bution of this paper:

	 i.	 The proposed model will provide efficient, real-time 
and IoT-based garbage collection solutions to munici-
pal solid waste management.

	 ii.	 It will improve environmental quality leading to 
reduce health issues by delivering scheduled emer-
gency alerts.

	 iii.	 It will reduce the cost and provide an efficient way to 
use resources.

	 iv.	 It will help in reducing the traffic congestion as well 
as noise due to the municipal transportation.

	 v.	 It will reduce the man power effort of municipal man-
agement by providing effective usage of garbage bins.

The rest of the paper is organized as follows: Sect. 2 
describes comprehensive related work. The designed sys-
tem and the details of its function are discussed in Sect. 3. 
Section 4 elaborates on the result and analysis of the system 
and bins distribution model. The future waste prediction 
is in Sect. 5. Finally, Sect. 6 summarizes this study as a 
conclusion.

2 � Related Work

Many IoT-based smart systems have been proposed to deal 
with different kinds of challenges existing with current waste 
management systems in smart cities. From the literature, it 
is observed that the most critical issue is solid waste man-
agement for the smart city. The researchers have adopted 
various methods and techniques to resolve these issues, 
specifically, the solid waste management [12]. In [13–15], 
the capacity, weight, temperature, humidity and chemical 
sensors are used for solid waste monitoring and collection.

In [15], author (s) have presented a municipal solid waste 
management platform for recycling collection information 
with the help of IT technology. In this study, a model was 
developed for waste collection, transportation, recycling and 
processing. The results presented in this work demonstrate 
that the developed system help municipal authorities to use 
the information produced at every stage of waste monitor-
ing and collection. Finally, the system achieved the goal of 
providing an intelligent way of waste recycling of collection 
material.
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An efficient control method to measure the waste material 
filling level of bins is introduced in [16]. This system uses a 
microcontroller, transmitter, receiver, RF (radio frequency) 
module and IR (Infrared) sensor to collect the information 
of waste from the bins on time. In this system, sensors sense 
the level of waste in the bins and send alerts to the control-
ler. Microcontroller encodes these alerts and forwards to the 
main central processing unit.

Another innovative way to collect waste information from 
the bins is presented in [17]. In this work, proposed system 
was integrated with ultrasonic sensors and GSM (global 
system for mobile) module. The ultrasonic sensor detects 
the level of waste and compares its current level of waste 
with the defined threshold level. If the current level of waste 
reaches the threshold limit, the sensor notifies the update to 
the Arduino that is responsible for the overall communica-
tion of the system. The Arduino further sends this signal to 
the GSM module that is wirelessly linked with the smart-
phones to share this information with concern authorities.

In [18], the Raspberry Pi is used along with the ultra-
sonic sensor to measure the exact ratio of waste material. 
This system enables communication between sensors and 
humans through internet in order to receive the status waste 
material filling in the bins. Further a scheme for obtaining 
information from bins with regards to solid as well as liquid 
waste material is proposed in [19]. This scheme consists 
of wireless sensor networks (WSN) and IoT. In particular, 
different sensors are attached to smart bins and communica-
tion between bins and sever was carried out through WSN. 
Here, waste collector agent (WCA) is playing a vital role as 
it receives all the alerts that are generated by the sensors. 
In the Asansol (a city of India), geographical information 
system (GIS) is proposed that particularizes the plans for the 
collection, storage and transportation of waste material in a 
smart way [20]. A real-time smart dumpster is proposed in 
[21] that is based on the GSM module which efficiently col-
lects the waste material from the targeted areas of the city. 
The existing systems for waste management are compared 
based on several principle characteristics and are detailed 
in Table 1.

3 � System Description

The design of an IoT-based smart waste collection and mon-
itoring system is accomplished with the help of required 
hardware, software/programming tools and other IoT 
devices. This system aims to provide support in solid waste 
management for the municipality of Najran city of Saudi 
Arabia in order to handle the collection of waste generating 
at rapid growth. In addition, this system is enabled to detect 
the fire (flaming) inside the bins that would help in saving 
human life and economic losses. Ta
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The proposed system is developed based on the waste 
level data from the smart bins in a city. Three fill-up levels 
have been defined in the system to check the status of waste 
in the bins. These three levels are identified as follows:

Empty Level: the empty level of bins is an initial stage and 
the system triggers this level when the bins are empty or 
being empty by the waste-truck driver in the given time 
frame.
Half Level: This filling level is defined to check the new 
status of bins and helps the system to predict the fill-up 
time of these bins. These bins were also collected by the 
truck driver in the same visit when collecting the waste 
from the full bins. The half level of bins is helpful to 
reduce the traveling cost of waste-truck in terms of fuel 
and time.
Full Level: This level of bins received by the system when 
the system alerts “full” trigger by the sensors and system 
notify the municipal authority and waste-truck drivers.

The bins were installed at the different locations of the 
city by using a distance placement model as described 
in Sect. 3.3 and Fig. 4. The data collected with the help 
of sensors are forwarded over the internet to store infor-
mation on server and cloud for further processing and 

analysis. The existing/stored data are then utilized for the 
future monitoring and prediction of the waste generation 
types and areas. The key feature of the system is to learn 
from previous experiences and share updates not only for 
the daily status of the bin’s fill level but also for the future 
state forecast of waste generation. The proposed system is 
also helpful to control traffic congestions and providing 
cost-effective approach while it helps in other factors that 
cannot be predicted by the human being. Figure 1  presents 
an overview of the proposed system.

The proposed system comprises various technological 
modules and sensors which are integrated. All these com-
ponents and modules in combination make this proposed 
system to achieve desired objectives. Additional compo-
nents are used in the IoT-based smart waste collection sys-
tem that is integrated to form the complete system. Three 
types of components are used in the system such as (1) 
software-based components, (2) hardware-based compo-
nents and (3) additional components like connection wires 
and bread board for communication between hardware and 
software.

Fig. 1   System overview
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3.1 � System Functions

The designed system functions based on three modules are 
shown in Fig. 1 as well as elaborated below:

3.1.1 � Sensing Module

The sensing module of the proposed system consists of 
four components that altogether act as a system. These four 
components are microcontroller, sensors, network interface 
and power which are further explained in next following 
sections.

•	 Microcontroller: In this study, an Arduino Uno micro-
controller is used to provide the connectivity control over 
other devices which are equipped with ATmega328p. It 
operates on 16 MHz clock speed and moves up to 1.5 
Mips per MHz. It has a built-in 2 Kbytes RAM and 32 
Kbytes flash memory. It can run on voltage 2.5 V to 
5.5 V with its capacity to consume (40–50 mA) very 
less power. The choice of microcontroller depends on 
the requirement of memory, processing, minimum power 
consumption and low cost. The Arduino Uno controller 
used in this research is good enough to receive data from 
the sensors and forward it to the server via a network 
interface card and internet services while being more 
cost-effective.

•	 Sensors: Four types of sensors are used in the proposed 
prototype, e.g., ultrasonic sensor, flame sensor, temper-
ature and humidity sensor and weight sensor for their 
respective usages. Ultrasonic sensors (HC-SR04) are 
used to measure the waste level based on the distance 
inside the bins. Based on the distance from top to bot-
tom of the bin, status of waste inside the bins is defined 
into three fill-up levels as mentioned earlier. Flame sen-
sors (SK-026) are used to detect the fire inside the bins. 
We configured it on 760 nm to 1100 nm wavelength and 
detection distance 100 cm to 200 cm. Temperature and 
humidity sensors (HW-505) are used to detect the level 
of temperature and humidity of the bins that helps in 
predicting an upcoming fire or non-favorable events. 
Weight sensors (SEN-10245SEN-10245) are used to get 
the actual weight of collected waste from each bin to 
predict the future generation of waste from the specific 
area.

•	 Network Interface: Sensing module initially collects the 
data through various sensors, and these data need to be 
sent on the server remotely through a wireless link. In 
this study, Wi-Fi was used as a network interface in the 
designed prototype. For this, SIM900A V4.0 Kit Wire-
less Extension Module GSM GPRS with the onboard 
antenna was used. This Kit provides the best coupling 
with “ATmega328p” microcontroller while it is economi-

cally cost-effective. The designed prototype was com-
pleted at the cost of around 50$ only.

•	 Battery and Solar: The battery is an essential part of the 
prototype to increase the life span of the system. Two 
batteries of 12 V were used in the prototype and enabled 
with solar-based charging as shown in Fig. 2. The wire-
less technology, sensing data and forwarding rates are 
directly influenced by energy consumption.

3.1.2 � Storage Module

The storage module of the proposed system consists of three 
components that altogether act as a one module. These three 
components are database, distance calculation model and 
prediction algorithm which are further explained in the next 
following sections.

•	 Database: In the storage module, all the data collected 
from various sensors need to be stored and for this pur-
pose MySQL database was used in this study. This data-
base stores all information in structured way so that it 
can be retrieved for various purposes. The stored data 
(sensor, location, etc.) are used for the prediction of bins 
level and forecasting of total waste collection monthly 
and yearly.

•	 Distance Calculation Model: In this study, distance calcu-
lation model is applied to calculate the distance between 
bins to be placed at different locations in a selected area. 
This model helps to choose the best place for the install-
ment of bins in the street with respect to living crowed 
in that area and waste generation ratios.

•	 Prediction Algorithm: The predictive analytic algo-
rithm is used to forecast the future waste generation on a 
monthly and yearly basis to make the best decision and 

Fig. 2   The prototype used in the experiment
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planning to handle future waste generation for the smart 
city. The predictive model is applied to collected data 
from 100 bins to forecast the next waste generation in a 
defined period. The predictive model works on historical 
data and predicts what will happen in the future.

3.1.3 � User Module

The user module of the proposed system consists of two 
components that altogether act as a one module. These two 
components are waste data collection and display which are 
further explained in the next following sections.

•	 Waste Data Collection: The waste data are collected by 
the waste-truck as per the defined schedule. The waste-
truck visited sites when it receives an alert from the bins 
or as per the prescribed schedule. Additional data that 
waste-truck needs to keep in the record are GPS coordi-
nates of bins and a history of visited routes to collect the 
data.

•	 Display: The updated status of bins is displayed on LCD 
and shared on multiple devices like mobile, tablet, navi-
gation system with data access and other connected dis-

play devices. The waste-truck driver can visualize the 
updated status of the bins and act accordingly.

3.2 � System Flowchart

Figure 3 presents the overall system flow to detect the level 
of waste and fire (flaming) inside the bins. The connected 
components get initialized by the power supply. All con-
nected sensors periodically check the status of bins. If there 
is any input from the connected sensors, the GPRS module 
gets the coordinates of the current location of bins. Further, 
location coordinates are sent to the municipal solid waste 
management control room and other relevant connected 
waste-truck to take possible and prompt actions. The sys-
tem will wait for the defined amount of time and re-check 
the waste filling status of bins if they are empty/clear from 
waste or not followed by sending an update to the municipal 
management. In case the status of bins is not set to clear/
empty in the given time, the system will send messages 
directly to the higher authorities for further actions. Table 2 
illustrates the average reading value of two IoT bins for the 
waste collection and other assign parameters for 10 number 
of rounds (Table 3).

Fig. 3   Workflow of the pro-
posed system for waste collec-
tion and monitoring
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3.3 � Bins Distribution and Prediction Model

The distance between bins that need to be installed in spe-
cific areas and capacity of accessibility issues can occur 
during the installation of bins. In this work, a statistical 
bin distribution model is applied that helps to decide the 
distance between bins in the defined area. Equation 1 
explains how the range and size of bins are selected with 
the connection of waste generation ratios in specific areas.

Here, x0 > 0 is the scale of defined area where bins are 
installed and 𝛽 > 0 is a parameter for the design of bins. 
This model of distribution is a better fit for the random 
deployment of bins for several places.

Equation 2 is designed to predict the waste filling level 
of bins at a specific time of intervals daily or weekly from 
bins. This can be extended for a more significant number 
of bins as required.

(1)
F(x) = 1 − exp

{

−𝛽
(

log x − log x0
)2
}

, x > x0,

where x0, 𝛽 > 0.

(2)
F(y) = fo + tΔf0 +

r(r − 1)

2!
Δ2f0 + Δf0 +

r(r − 1)(r − 2)

3!
Δ3f0

h = ci+1 − ci r =
C − C0

h

where

ɩ = {1,2,3,4…100}
C0=is the initial time of bins
C =Prediction completion time
h = Time difference of bins for a specific period
fo = weight capacity of bins.

Equation 3 shows the future prediction of waste collected 
from the bins in a specific area to define the number of days. 
The basic equation is taken from [30].

where
y = indicates the future amount ofwaste

x = The days ormonth for which prediction ismade

A = x̄ dataset means

B = ȳ dataset means.

4 � Results and Discussion

The simulation was done in MATLAB (Mathworks Inc., 
USA). Four weeks’ time was considered for the simulation 
to collect the results, and it is assumed that the system is 
already stabilized. The area of 100 km2 is considered for 
simulation, and 100 bins were placed on different locations 
with different weight capacities of waste. The size and dis-
tance between bins are measured using the installation model 

(3)y = yxb
(

x − x
)

+ y

yxb =
n.
∑

f (dxdy −
∑

fdx.
∑

fdy

n.
∑

fdx2 − (
∑

fdx)2
.
hx

hy

x̄ = A +

∑

fdx

n
⋅ hx ȳ = B +

∑

fdy

n
⋅ hy

Table 2   Demonstration readings of the IoT-based smart waste collection system for the smart city

Indexes of 
reading round

Average of waste collec-
tion from IoT Bins (kg)

Average of waste collection 
from non-IoT Bins (kg)

Average temperature 
(C0) of IoT Bins

Average humidity 
ratio of IoT bins

Average flame detection 
accuracy of IoT Bins (%)

1 94.45 70.04 25 40 100
2 96.89 70.23 25 40 99
3 89.67 70.12 25 40 100
4 97.01 71.45 25 40 99
5 93.99 70.43 25 40 100
6 97.34 70.20 26 40 99
7 94.96 70.21 26 41 99
8 97.7 70.06 26 41 100
9 98.42 70.36 26 41 100
10 99.00 71.33 25 40 99

Table 3   The average of define parameters on a daily basis

Bin type Distance (Km) Waste col-
lection (kg)

Time con-
sumed (h)

Per day cost 
(SAR)

Non-IoT 103.45 440.25 48.3 757.45
IoT 133.31 415.30 43.5 695.65
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discussed in Sect. 3.3. The waste from bins were collected 
twice a day. The filling rates will remain the same for all 
bins; however, the capacity of bins can vary as per genera-
tion of waste ratio and pre-calculated for the simulation time 
before running the experiments. The 100 bins were distrib-
uted in 5 regions (street) and each region contains 20 bins. 
Four (4) routes are defined to collect the waste by the truck 
and one waste-truck is assigned for each region consisting 20 
bins. The waste-truck capacity is defined equal to the sum of 
20 bin’s capacity. The case study is presented in Fig. 4. The 
waste-truck visited the site to collect the waste only when it 
receives multiple alerts from different IoT bins in the same 
area in a defined amount of time and as per defined schedule 
timeframe for non-IoT bins. Four (4) waste disposal points 
are taken into the simulation. Each waste-truck can dispose 
its waste to the nearest disposal point to save the truck fuel 
and time. Rest of the configurations are based on WSN and 
other relevant agents/protocols that are needed to check the 
performance of the designed system. Waste material collec-
tion ratio between IoT vs. non-IoT bins, cost comparison for 
the visit of waste-truck to collect the waste from the bins and 
delay in collection of waste are the basic parameters that are 
considered to evaluate the performance of the system. Two 
types of experiments were conducted as follows:

Waste Collection Methods: two collection methods are 
compared during the experiments.

	10.	 Non-IoT Based: 20 waste bins are allocated to each 
waste-truck. The area for these non-IoT-based bin 
placement is also given in 5 regions based on their geo-
graphical location and each region size corresponds to 
almost equal to others. Collection of waste is arranged 
on a specific time in a day.

	11.	 IoT Based: In the IoT-based waste collection method, 
bins were selected to make them empty based on the 
filling alerts generates by the system (half and full). 
The truck driver visiting the same number of waste 
bins in a day is a constraint to compare the result of 
both collection strategies based on the distance covered 
by the truck driver. The waste collection cost is calcu-
lated as per Eq. 4, where Xi is expenses for the visited 
route by the waste-truck, Ckm is the cost of driving 
per kilometer, Di is traveling distance, Si is the aver-
age speed of waste-truck per route. The average speed 
(50 km/h with weight and 90 km/h without weight) of 
truck is considered due to the constraint of traffic rules 
and appliance capacity, and i is the number of created 
routes to collect the waste.

Fig. 4   Bin distribution case model
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Table 4 presents the efficiency results for two methods 
used to collect the waste from the bins. It is expressed as 
the average per collected bin. The results indicate that the 
non-IoT waste collection method required a long driving 
distance as compared to IoT bins. When using IoT-based 
bins, the efficiency was improved in terms of average 
waste collection delay to 18 min only as compared to 
55 min delay for non-IoT-based bin while total percentage 
in successfully hitting the bins which are fully filled is 
increased to 89% when using IoT-based bin as compared 
to 72% when using non-IoT-based bin. The efficiency has 
also been reflected as the percentage of total waste pollu-
tion generated by IoT-based bin was 0.02% as compared 
to 0.30 generated by non-IoT-based bins. The proposed 

(4)Xi = CkmDi + Si.

system also suggests that the efficiency can further be 
improved by increasing the number of bins to be collected 
per day.

4.1 � Pollutions Impact Calculation

Every type of waste has a different pollution impact on the 
environment as shown in Table 5. The summary of emis-
sion characteristics of different waste materials is taken from 
[31]. We have used the average of all types of waste material 
impacts and created the link with the weight of waste col-
lection in a kilogram. We assumed that the collected waste 
from the bins is mixed and 1 kg of waste can produce around 
35.75% emission impact on the environment. The pollution 
environment ratio is calculated as per Eq. 5, where Ki is the 
total pollution impact from the single bin. Ef is the average 
relative emission impact and Wbj is the total collected weight 
from bins by the sensors. The collected weight of 100 bins 
is considered for the waste pollution ratio as a case study. 
The environmental pollution ratio between IoT and non-IoT 
bins is shown in Fig. 6. The summary of emissions to the 
air by the different treatments of different kinds of waste is 
shown in Table 6.

Table 4   Efficiency parameters given as averages per collected trash-
can

Bin Types Average waste col-
lection delay (mints)

% to hit the 
filled bins

Waste pollution 
(as bins capac-
ity %)

Non-IoT 55 72% 0.30
IoT 18 89% 0.21

Table 5   Summary of emission characteristics of different waste

*EF: Emission factor
*THM: total heavy metals of Pb, Ni, Cu, Cd, Cr and Zn
*PAH: Polyaromatic hydrocarbon

Materials Relative EF ratio (%) 
PM2.5/PM10

THM (mg/kg) PAH 
(mg/g) 
(TPM)

WSM 65.0 13.39 1.12
paper 64.5 9.77 0.41
Wood 60.2 8.14 0.79
Plastic 33.3 27.09 1.94

Table 6   Summary of emissions to the air by the different kinds of waste [32]

Emissions Substances Total Food waste collecting Waste crushing Anaerobic digesting Landfill Heat 
moisture 
reaction

Emissions to air (Kg/t) CO2 391 357.5 12.3525 13.585 221.35 48.35
CO 0.6965 0.683235 5.22E−03 5.82E−03 0.68 0.013
CH4 0.098 0.67005 0.013457 0.015155 14.70 3.05
H2S 3.67E−04 3.16E−04 2.37E−05 2.64E−05 9.84E−04 0
NOx 1.615 1.54 0.0264 0.0295 0 0.12
SO2 0.695 0.4635 0.0805 0.09 0.14 0.37
VOC 1.19E−02 1.15E−02 1.38E−04 1.54E−04 0.0166 0.0008

Fig. 5   Waste collection ratios between IoT vs. Non-IoT bins
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The data of Tables 5 and 6 were used to measure the pol-
lution ratios toward environment from the collected waste 
per KG. Figure 5 shows the waste material collection ratio 
against the IoT and non-IoT-based bins. The IoT bins were 
collected through the message alerts and non-IoT as per the 
manual routine of MSWM of Najran. Although the total col-
lected waste-weight by the non-IoT bins is a little higher than 
the IoT bins, it is not accurate because it is measured based 
on the specific capacity of bins. On the other hand, the IoT 
bins show the actual collected weight of waste material as 
shown in Table 3. The results show that the rate of the waste 
material collection under the IoT-based bins is higher than 
the non-IoT-based bins due to efficient collection material. 
The higher ratio of the waste material collected in IoT bins 
shows that the waste will be collected on time that reduces 
the pollution ratio in the environment in order to save people 
from many diseases.

Figure  6 illustrates the possible pollution impact on 
the environment due to the late collection of waste. The 
results show that the collection of waste by the IoT bins is 
more effective as compared to non-IoT bins. Therefore, the 
timely collection of waste guarantees clean and less pollu-
tion impact on the environment as shown in Table 3. It is 
observed in the simulation that as the bins are increasing, 
the effect of pollution by non-IoT bins is slightly higher than 
the IoT bins.

In Fig. 7, collection delay decreases in IoT-based bins in 
comparisons with the non-IoT-based bins where the delay is 
higher. The higher delay in non-IoT-based waste collection 
results in waste being scattered around the bins that create 
the smell and pollute the surrounding environment.

Figures 5, 6 and 7 show that the IoT–based bins perform 
better as compared to non-IoT-based bins when the number 
of collection bins increases for the truck driver’s to collect 
the waste from these bins. The slight variations in the results 
are only due to the time-shifting difference of day and night.

(5)Ki = Ef * Wbj
where i = 1 − 2. 4.2 � Future Waste Collection Prediction

Based on the previously collected data from the selected 
bins, the predictive analytic algorithm namely decision tree 
and neutral network is applied to predict the future waste 
collection and this algorithm is taken from [33]. The predic-
tive algorithm is used for the static and dynamic scenarios. 
The accuracy of the future forecast is calculated as per Eq. 6.

4.2.1 � Static Mode

The non-IoT bins can contain maximum of 40 KG waste. 
The statics model is applied on the capacity of non-IoT bins 
to predict the future generation of waste monthly. Here, it 
is essential to mention that we have taken 100 bins for the 
future waste prediction as a case study. The bins were col-
lected twice a day. The weight is calculated as per Eq. 7, 
where m = 30, n = 100 and t = 2

Wd1 = weight of bin 1

Wd2 = weight of bin 2

Wdn = weight of bin n

m = total number of days in a month
t = attempts to collect waste per day.
In Fig. 8, the blue line of the graph shows the real col-

lected waste from January 2019 to September 2019. The 
orange line of the graph shows predicted weight of waste 
from November 2019 to December 2021. The graph pre-
sents the trend of waste generation and collection, and it is 
observed that waste collection will increase or decrease as 
the number of bins and attempts to make them empty will 
increase. It is found that the forecasted accuracy in the static 

(6)

Forecast error =

{

actual weight − forecast weight

actual weight

}

∗ 100%

Forecast accuracy = (0, 100% − Forecast error)

.

(7)
Total weight =

(

Wd1 ∗ m
)

t +
(

Wd2 ∗ m
)

t…
(

Wdn ∗ m
)

t

Fig. 6   Environment pollution ration between IoT vs. non-IoT bins Fig. 7   Waste collection delay between IoT vs. Non-IoT bins
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model is about 99% due to fix collected weight from each 
bin. It is the problem of static model that shows accuracy 
very high because the bins have specific capacity of weight 
to hold the waste material. The calculation of actual weight 
of collected waste from each non-IoT bins is not possible 
without weight sensors.

4.2.2 � Dynamic Model

The dynamic model is applied to IoT-based bins in which 
the weight sensors receive the real sensed weight from the 
bins and sent it to the controller for further processing. The 
prediction for the future waste collection is made on the 
collected data from the sensors. We have taken 100 bins for 
the prediction of data as a case study. Figure 9 depicts the 
future waste generation prediction based on real sense data 
from IoT bins. In Fig. 9, blue bar of the graph shows the real 
weight of collected waste provided by the sensor from Janu-
ary 2019 to October 2019. The orange bar of the chart shows 
the monthly predicted weight of waste from November 2019 

to December 2021. It has been observed that variation in 
waste collection weight is based on the real pressure sensed 
by the weight sensor as shown in Fig. 9. The forecasted 
accuracy of the dynamic model is about 98% based on real 
collected data from the IoT bins. Equation 3 presents the cal-
culation of the collected waste from IoT-based bins monthly. 
The dataset for the future waste prediction processed through 
Eq. 8, where n = 100 and m = 30.

xi = received weight from the bins

m = total number of days in a month
n = total number of bins.

(8)Total weight =

n
∑

i=1

{
(

xi
)

m +
(

xi+1
)

m…
(

xin

)

m}

Fig. 8   Future waste generation 
prediction by the non-IoT bins

Fig. 9   Future waste generation 
prediction based on real sense 
data from IoT bins
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5 � Literature‑Based Comparison

The designed system has been compared with other latest 
well known IoT-based waste management and monitoring 
systems. The comparison is made based on major hardware 
used and performance parameters like data storage, data pre-
diction accuracy, fire detection and cost of the prototype. 
The data storage is compared based on the storage either on 
the local server or cloud server. Our proposed system store’s 
data on both places, but only meaningful data are stored on 
the cloud. Rest of the data are stored on the local server. In 
another design system, some system stores complete data 
on a local server and others are storing data on the cloud 
server. The future data prediction is compared based on the 
accuracy that the design systems claimed in the published 
work. Some design systems used fire detection, and it has 
been observed (Table 2) that the average fire detection accu-
racy in the proposed system is much higher as compared to 
other fire detection methods. Table 7 shows a comparison of 
proposed and existing designed systems.

6 � Conclusion

This study presents a smart way to collect wastage in a 
smart city. The system is designed based on an IoT sensing 
prototype that measures the waste level of bins and sends 
the information to the server via internet services. The data 
stored on the server as well as over the cloud is used for 
further processing and analysis. Based on this data, the col-
lection area is divided into five regions and four routes are 
further created which were then assigned to waste-truck to 
hit the filled bins successfully in the simulation. The paper 
is mainly focused on the efficiency and operational cost of 
the system. The designed prototype of system is also ena-
bled for fire detection (for fire detection accuracy, please see 
Table 2) to save economic and human life losses. The system 
is designed to support MSWM of Najran city of KSA.

It has been observed in the results that waste collected 
through IoT-based system is more effective as compared to 
traditional methods. The real-time filling status monitor-
ing improves the efficiency of average waste collection due 
to same-day collection of bins as it becomes full and by 
reducing the effect of pollution ratio into the environment. 
In terms of cost efficiency, the cost of the IoT-based systems 
is slightly higher at an early stage due to the deployment and 
maintenance, but the operation cost is considerably lower 
than the non-IoT methods. The results obtained in this study 
show that the system predicts the future waste generation 
with acceptable accuracy and efficiency.

The future directions of this work are to analyze the 
numerical results in terms of waste-truck route optimization 

and cost reduction of the system including development and 
maintenance cost. Furthermore, the possible future steps 
involve using available GIS data that can help in improv-
ing the efficiency of the IoT base system without using any 
assumptions.
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