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Abstract— With the development of smart cities, due to the 

increase in population there is an increase in the complexity 

of solid waste management from the point of collection to the 

disposal. IoT-enabled waste collection and transportation can 

bring in various advantages over the conventional waste 

collection system. Specifically, municipal corporations can 

use IoT to track and monitor the level of trash in each bin. 

Conversion of normal garbage to smart bins, tracking of 

garbage pickup trucks, route optimization for trucks, cross-

checking of garbage weight, type of waste, etc. can efficiently 

address the challenges of enforcement and transparency with 

the help of IoT-enabled sensors. This will help the cities 

lower some of their fuel needs and also decrease the overall 

cost by at least 30 % of the total required for the conventional 

waste method. In the long run, IoT-enabled solid waste 

management system can bring significant value to the rest of 

the lifecycle stages and can also be very helpful for the 

authorities to accelerate their smart city plans. 
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I. INTRODUCTION 

Today, every government across the globe is planning to 

build smart cities or try to transform existing cities into smart 

cities.  In a Smart City collection of solid waste is a critical 

chore for the environment and its impact on society must be 

considered seriously.  IoT technologies play an important role 

in smart cities for the implementation of new services and 

redesigning of the existing services and make them 

financially suitable as well. The major advantage of this 

system is reduced carbon emissions and a step towards an 

environmental-friendly environment. Solid waste collection 

can include online dynamic  

 Thane is a metropolitan city in Maharashtra, entirely 

within Thane Taluka, one of the seven talukas of Thane 

district and also the headquarters of the namesake district. It 

is the 15th most populated city in India. To find a perfect solid 

waste collection method, we have selected the North zone of 

smart city Thane as our pilot region which includes Manpada, 

Rabodi, Rambag, Balkum, Majiwada, Waghbil, Bramhand, 

Hirandani, Vrundavan society. We have selected this area 

because it has a mixed population of high income, medium 

income, and low-income population which makes it capable 

of suggesting a convenient method for the entire Thane city. 

II. LITERATURE REVIEW 

The success of any IoT-enabled application lies in the 

collection of a vast amount of data, often in real-time, and the 

distillation of those data into insights on which users can take 

action. As sensor technology advances, a whole array of 

everyday objects is being connected to the internet to 

exchange information interactively. 

 The most common IoT application in waste 

management operations currently is the automated route 

optimization of garbage pickup trucks. These trucks generally 

follow a specific route every day to collect trash. For those 

sanitation departments that have yet to harness IoT 

connectivity, the drivers generally don’t know how full a 

trash bin is before they encounter it. That results in a lot of 

wasted time, fuel, and therefore money. 

 IoT applications in waste management are 

improving this scenario by giving sanitation workers insight 

into the actual fill level of various disposal units, whose loads 

can vary by the day, the week, and the season. 

 Sensor-enabled and internet-connected garbage bins 

can collect information on fill level, temperature, location, or 

whatever data types the sensors gather and the sanitation 

department finds useful. With a user interface revealing the 

locations and fill levels of all bins, waste collectors can get an 

automated route planned for them that has prioritized areas in 

urgent need of clean-up and avoided disposal units that still 

have room. 

 Not only are these bins optimizing fleet logistics 

operations and reducing fuel consumption, but they’re also 

recording the number of times they’re emptied and how fast 

they fill up. Such data, when combined with statistics from 

other smart city systems, can facilitate more insightful, multi-

pronged actions, such as planning the better distribution of 

garbage bins, zeroing on problems like incorrect disposal, and 

reducing waste going to the landfill. 

 Sanitation departments are beginning to unlock new 

value by leveraging IoT applications in waste management. 

Using sensors installed on each bin, cloud-based data 

collection and synthesis, and a user interface / smart app. 

These systems also capture data such as weight, volume, 

costs, truck numbers, and feed all the information back which 

can further automate billing and invoicing operations and 

help in effective segregation. 

III. IOT IN SOLID WASTE MANAGEMENT 

The success of any IoT-enabled application lies in the 

collection of a vast amount of data, often in real-time, and the 

distillation of those data into insights on which users can take 

action. With the advancement in technology, several new 

objects are being connected to the internet to exchange 

information interactively. IoT in the waste collection is 

improving the scenario by giving sanitation workers insight 

into the actual fill level of various garbage bins whose loads 

can vary all the time. Sensor-enabled and internet-connected 

trash bins collect different data on fill level like temperature 

etc. and gather information which will be useful for the 

sanitation department. With a user interface, the locations and 

fill levels of all bins, waste collectors can be obtained, and get 

an automated route planned can also be obtained with the 

prioritized areas in urgent need of clean-up and avoided 

disposal units that still have room. These bins use optimizing 

fleet logistics operations and reducing fuel consumption and 

also record the number of times they’re emptied. Such data, 
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when combined with statistics from other smart city systems, 

can facilitate more insightful, multi-pronged actions, such as 

planning the better distribution of garbage bins, zeroing on 

problems like incorrect disposal practices, and reducing 

waste going to the landfill. Sanitation departments are 

beginning to unlock new value by leveraging IoT applications 

in waste management. Using sensors installed on each bin, 

cloud-based data collection and synthesis, and a user interface 

/ smart app. These systems also capture data such as weight, 

volume, costs, truck numbers, and feed all the information 

back which can further automate billing and invoicing 

operations and help in effective segregation. 

 The waste bin includes a container with a lid, and its 

enclosure is equipped with an ultrasonic sensor responsible 

for measuring the level of waste filling present inside the 

compartment of garbage bins. The solution also includes a 

load cell module that measures the weight of the residues 

present in the compartment. It is characterized by great 

importance within the system since many residues have a 

small volume and significant mass. The load sensor is 

coupled to a specific driver which amplifies the signal emitted 

by the load cell in addition to providing interconnection with 

the microcontroller. Temperature and humidity sensors 

present in the solution to add relevant data about the 

environment where the enclosure is inserted. The air 

temperature and relative humidity are additional information 

added to assist the system user during the path for disposal of 

their waste. To enable smart bin tracking, a GPS module can 

be used to print geographic coordinates that represent the 

exact location of each bin. Through this location, the system 

will be able to inform users of the distances between them and 

the compartment closest to its location. The communication 

between the smart bin and the middleware is performed via a 

Radio Service module. Through this module, communication 

using second-generation (2G) cellular technology is possible. 

This technology is used due to the extensive network 

infrastructure availability and low operating costs. Another 

important aspect is the access network coverage, as smart 

bins will be scattered throughout a city and often in the 

shadow area of mobile services. A technology that uses low-

frequency radiation results in better penetration and 

preserving the proper functioning of the system.  This system 

does not require any large bandwidth for correct data 

transmission, so these aspects make the 2G technology 

entirely feasible for the proposed scope. 

 A central processing system required to control the 

smart bin is required. This is based on a programmable 

physical circuit and an integrated development environment 

such as PLC used to write and upload code for a physical 

board. Software such as SCADA can be used to make the 

system centralized on a computer screen or a mobile. The 

total power of the system is made by an external rechargeable 

battery coupled to a photovoltaic solar panel capable of 

recharging the cells during the daylight period. 

 Route Optimization is possible by the use of sensors 

for smart waste management which enables cities to reduce 

cost and helps in monitoring the level of trash in each bin. 

Bins can be emptied only when they are full. So, there is no 

need to follow any standardized process to collect the waste 

from bins frequently. 

A. Route Optimization 

Solid waste management involves the processes of 

generation, collection, transport, treatment, value recovery, 

and subsequent disposal. Poor design of any of these 

processes increases operational costs and can result in 

environmental pollution. The collection and transportation 

process alone, for instance, accounts for approximately 60% 

- 80% of the total cost for solid waste management. 

Inefficient solid waste collection and transport as such will 

significantly affect management companies by increasing 

operational cost and subsequently reducing profit. Cost 

reduction concerning waste collection and transportation is 

essential if sustainable solid waste management is to be 

achieved in developing economies. Collection and 

transportation of solid waste should therefore be executed in 

ways that will ensure cost reduction as well as environmental 

conservation. 

 One of the means to ensure enhanced performance 

in the solid waste collection is the effective routing of 

collection trucks. Routing represents a path between locations 

such as an origin and destination for the routed object. In solid 

waste collection, routing involves the scheduling and 

defining of routes for truck traversal during the collection 

process. Not applying scientific or technological 

interventions in the selection of routes traversed by collection 

trucks results in poor and expensive collection systems. In the 

developing world, there is no systematic or well-organized 

way of scheduling vehicles or trucks for solid waste 

collection. Various studies have therefore investigated the 

solid waste collection problem from an optimization point of 

view using mathematical programming and GIS-based 

approaches to ensure resource conservation and 

environmental protection. Route optimization can be done 

using Mathematical programming or a GIS-based 

approach.         

B. Mathematical Programing 

Different types of vehicle routing problems are solved using 

mathematical algorithms to address the routing optimization 

problem in solid waste management. The algorithms use a 

measuring system (path length) to determine the desired route 

to a defined destination and paths generated are compared to 

determine the optimal routes. The most common routing and 

scheduling problems utilized by researchers for collection 

purposes include the shortest path problem, traveling 

salesman problem, vehicle routing problem, and arc routing 

problem. Mathematical programming seeks to maximize or 

minimize an objective function by choosing the values of real 

or integer variables in minimizing the length of collection and 

transportation routes using a mixed-integer program. Some 

researches shorten the routing distance; others focus on 

reduction of collection cost whereas other studies focus on 

minimizing the number of collection vehicles They have been 

further extensively utilized in cost, distance, and time 

reductions. Models developed from mathematical 

programming approaches are therefore used for improvement 

in procedure and ensuring operational efficiency and also as 

decision support tools. 

Advantages: 

1) Different types of VRPs are solved using mathematical 

algorithms 
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2) Seeks to maximize/minimize an objective function 

3) Used for improvement in procedure 

4) Ensures operational efficiency 

5) Used as decision support tools 

Disadvantages 

6) Provides partial solution when applied in reality 

7) Cannot fully handle road/street network constraints 

which the collection routing problem involves 

 GIS-based approach 

Geo-informatics has the potential and hence is proposed to 

determine the minimum cost/distance for efficient collecting 

and transporting of solid waste to treatment or disposal sites. 

GIS applies spatial and non-spatial information for the 

optimization process such as population density, waste 

generation capacity, road network, storage bins, and 

collection vehicles. The application of GIS in optimizing 

vehicle routing problems allows the incorporation of 

additional considerations such as street network impedances 

and restrictions, to model the street network, which is often 

ignored in mathematical programming. GIS approaches to 

optimization, therefore, apply algorithms developed through 

mathematical programming and display results by 

incorporating spatial components into the analysis. 

Visualization of optimal outputs is enhanced in this approach. 

Application of GIS in solving vehicle routing problems helps 

to improve waste collection, ensures an efficient solid waste 

management system, and finally generates routes that are 

short and cheap, with a high rate of return within a short 

period. GIS has further been proven to be a tool that provides 

an alternative method of minimizing operational costs for 

waste management contractors. The application of GIS can 

significantly contribute to route optimization and be used as 

a decision support tool by local authorities for efficient solid 

waste management in terms of load balancing within 

vehicles, managing fuel consumption, and generating work 

schedules for workers and vehicles for overall cost 

minimization. 

Advantages: 

1) Permits incorporation of impedances and restrictions in 

road network modeling 

2) Spatially displays outputs of optimization which can 

easily be understood and appreciated 

3) Allows incorporation of relief features into street 

network modeling 

4) Improves waste collection efficiency 

5) Used as decision support tools 

Disadvantages: 

6) Difficulty in incorporating environmental pollution 

consideration into street network modeling 

7) Not ideal for calculating route optimization for a large 

cluster of points 

C. Sensors 

The two basic types of sensors are Optical and Ultrasonic 

ones. The basic differences are given in Table 1. Depending 

on the environment and location, suitable sensors can be 

chosen. 

D. Significance  

1) 3D Graphs of waste placement within containers - allows 

accurate evaluation of the waste volume and the review 

of 3D graphs of waste placement within containers and 

helps in showing the type of waste 

2) Accurate fill-level measurement - accurate level for each 

bin and using which the truck drivers can choose the 

desired best routes. 

3) Operating temperature range: - 35°C to +85°C  

4) 10 years or more battery lifetime  

5) Works on Solar power – save money  

6) Temperature measurement  

7) Monitoring of bin movement 

8) GPS 

9) Fire alarm and Theft Buzzer 

Item Optical Ultrasonic 

Detection 

Detection is 

affected by target 

materials/colors 

Detection is 

unaffected by target 

materials/colors 

Detection 

distance 
1000 mm max. 10 m max. 

Accuracy High Low 

Response 

speed 
Fast Slow 

Dust/water Affected Not - affected 

Table 1: Types of sensors 

E. Solar powered Compactor bin 

All the features obtained by attaching sensors on dustbins are 

present in this one trash bin. Its sizes are similar to that of the 

normal garbage bins but it can store up to 8 times more waste 

than its volume. And as the name suggests it works totally on 

solar energy, stores it so that it can be used at the night as 

well.  

 The functions which it performs include compaction 

of waste, help in recycling, optimization of route, and 

collection of trash. The side with two holes is for recyclable 

waste. It incorporates sensors within it so measuring the level, 

temperature and other similar features are present in it. The 

battery is charged during the day allowing the unit to operate 

during nighttime. The bins automatically compact the waste 

when the garbage inside reaches a certain level. As users 

deposit garbage, it falls into a bin inside the unit. When the 

level of garbage eventually rises above the top of the inner 

bin, the garbage interrupts an electric eye beam, triggering the 

motor to compact the garbage down into the bin, making 

room for additional garbage. The process repeats 

automatically as needed until the machine is ready for 

collection. 

It is capable of 

1) Reducing frequency of waste collections 

2) Creating cleaner and more hygienic public spaces  

3) Historical waste collection data analytics 

4) Reduce greenhouse gas emissions 

5) Save operational waste collection costs 

Components of Solar powered compactor bins 

1) The hardware components are 

2) Power supply - obtained from the photovoltaic cells 

3) PLC Microcontroller for automation 

4) IR sensors to sense the characteristics like temperature, 

heat, etc. 

5) Buzzer to act as a fire alarm 

6) LCD to get a 3D view  

7) Solar photovoltaic cells 
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8) Software component includes PLC simulators used for 

simulating PLC operation on a personal computer or a 

mobile phone. 

IV. RESULTS 

Using the data mentioned in Table 2 and Table 3, obtained 

from referring Thane Municipal Corporation (TMC) website 

and from a worker working in TMC the final cost estimation 

for the Thane North zone is obtained. 

Region Population Area (sq km) 

Manpada 949 0.042 

Rabodi 3205 0.046 

Rambag 16449 0.34 

Balkum 134813 7.12 

Hirandani 13290 0.26 

Bramhand 53350 1.76 

Waghbil 22569 1.65 

Vrundavan society 51108 2.26 

Total 295783 13.478 

Table 2: Population and Area as per 2011 census 

 Thane North zone waste management information 

obtained from a Thane Municipal Corporation (TMC) worker 

is given in Table3. 

Topic Data 

Waste collection 

zones in Thane 
North, South, East, West, Central 

Areas in the North 

zone 

Manpada, Rabodi vrundavan 

society, Rambag, Balkum 

Majiwada, waghbil, bramhand 

hiranandani 

Type of waste 

Inorganic, organic, wet, dry, mix 

are major types of wastes 

amongst which wet, dry, mixed 

wastes are usually received in 

thane 

Type of waste 

normally received 
Dry, wet, mix 

Location of waste 

disposal 
Sabegaon 

Type of vehicle 

used 

Depending on the area Large 

Pick-up Van, Small Pick-up Van, 

Large Refuse Compactors, Small 

Refuse Compactors are used. 

The volume of each 

truck. 

Large pick-up van - 2.5 

cubic meters 

Small pick-up van - 0.5 

cubic meters 

Large refuse compactor -7.5 

cubic meters 

Small refuse compactor - 5 cubic 

meters 

Frequency of trips 

for collection. 
Daily 

No.of  trucks 

allotted for North 

zone. 

45 

The total amount of 

waste collected in 

the north zone. 

498 TPD 

Type of bins used. Compactor bins 

The volume of each 

bin. 
1100 liters 

Total no. of bins in 

north zone. 
67 

Total street 

sweeping waste 

collected. 

38.5 TPD 

Table 3: Thane solid waste collection information 

The total amount of waste generated in the North zone = 77 

to 80 TPD (Tons per day). 

Total no. of bins currently available = 67 (1100 liters each)  

Cost of one dust bin= ₹30,000                                                            

Total no of bins currently available x cost per Dust bins 

= 67 x 30000 

= ₹20 L  

Price charge by contractor including manpower and fuel cost 

= ₹700 per Ton.  

Total cost = total amount of waste generated x charge per Ton 

                   = 80 x 700 = 56000 cost per day.  

                   = ₹2.04 Cr per year 

A. Conventional waste-collecting method: 

Total cost of 67 dust bins + Cost for collection and 

Transportation  

= 20,000,00 + 2,00,000,00 

= ₹2.2 Cr 

B. IoT based waste collection method (Attaching sensors to 

existing waste bins): 

Total cost of 67 bins (currently used) + Route optimization 

through attaching sensors on all 67 bins + Cost for collection 

and Transportation  

= 20,000,00+ 30,000,00 + 1,00,000,00 

= ₹1.5 Cr 

C. IoT based waste collection method (Using solar powered 

waste compaction bins): 

Total bins will be required for Thane North zone x cost of 

each bin + collection cost +worker expense  

= 16 x 7,000,00 + 70,00,000 + 10,00,000 

= ₹1.92 Cr 

V. CONCLUSION 

Solid waste management is a difficult process from collection 

to disposal, not just in developing countries but even in 

developed countries. For this, the government of India 

brought in the ideas like Swachha Bharat Abhiyan and The 

Smart Cities to enable the various departments such as 

Sanitation, Transportation, Water Management, etc, and 

leverage the technology and automation to solve their critical 

challenges. The insights from the data generated are key to 

decisions and actions that would otherwise not have been 

possible. The ultimate goal of IoT applications in waste 

management is to deliver high-quality services to citizens by 

increasing the efficiency and making it convenient even for 

the sanitation department which will eventually increase the 

efficiency of the overall solid waste management. A growing 

collection of interlinked objects through IoT are managing 

everyday urban operations and improving both citizen 

experiences and our carbon footprint. However, we need 
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deeper coordination between the civilians, public sectors 

through a mix of regulation and incentives, and also the 

private sectors through a willingness to engage with regional, 

state, and federal agencies to use IoT. With proper 

coordination and support the total operating cost can reduce 

at least 30% of the total cost to 70-90% depending on the 

cooperation and support from the civilians as well as the 

government authorities. 

 For this attaching the current trash bins with the 

sensors will prove effective today when you consider using 

IoT in solid waste management. Replacing all 67 dustbins 

with 16 of the solar powered compactor in the Thane North 

zone can be most efficient but the regular servicing required 

for it is difficult today as it is a new idea in our country. Right 

now it is currently being applied by only 40 countries all over 

the world which makes these bins expensive as well but with 

time when these bins are used more and with initiatives like 

Make in India these bins can be manufactured in India rather 

than being imported from other developed countries, the cost 

of these bins will reduce by more than 50% of their current 

cost making it highly economical. The total waste collection 

costs can go down by 86% and public areas will be cleaner 

than ever. In a few years, this will turn out to be the best 

option for the waste collection system. The waste collection 

workers will find using the monitoring system convenient, 

and it will also allow them to provide better service much 

more efficiently. The number of workers required can be 

reduced by at least 30 % and can be reassigned to other more 

productive tasks. This not only reduces operating costs and 

unsightly litter overflows, but also minimizes the emissions 

from waste-carrying vehicles, further benefiting the 

environment. Using IoT for waste collection will take our 

country one step forward on the path of development. 
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