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L INTRODUCTION

Definition

Smart Waste Management (SWM) is the integration
of advanced technologies such as the Internet of
Things (IoT), Geographic Information Systems
(GIS), data analytics, and
conventional waste management systems. Unlike
traditional methods, which rely heavily on static
schedules and manual operations, SWM enables
dynamic, real-time monitoring of waste generation,
collection, and disposal. Its main objective is to
increase  operational  efficiency,
environmental hazards, promote recycling, and
improve public health and aesthetics.

automation into

minimize

Sources/Types of Waste

Waste can be broadly classified based on its origin
and composition:

- Sources of Waste: Residential (households),
commercial (shops, restaurants, offices), industrial
(manufacturing and processing units), institutional
(schools, hospitals, offices),
construction and demolition sites, and public spaces
(streets, parks, transport hubs).

government

There are different types of waste:
1. Liquid waste.

Soild waste.

Organic waste.

Recyclable waste.

Hazardous waste.

A

1. Liquid waste.

* Liquid waste is commonly found both in
households as well as in industries. This
waste includes dirty water, organic liquids,
wash water, waste detergents and even
rainwater.

*  You should also know that liquid waste can
be classified into point and non-point source
waste. All manufactured liquid waste is
classified as point source waste. On the
other hand, natural liquid waste is classified
as non-point source waste.
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2.

3.

Tt is best get in touch with waste removal
experts, such as 4 Waste Removals, to
dispose of liquid waste properly.

Soild waste.

Solid rubbish can include a variety of items
found in your household along with
commercial and industrial locations.

Solid rubbish is commonly broken down
into the following types:

Plastic waste - This consists of bags,
containers, jars, bottles and many other
products that can be found in your
household. Plastic is not biodegradable, but
many types of plastic can be recycled.
Plastic should not be mix in with your
regular waste, it should be sorted and placed
in your recycling bin.

Paper/card waste -This includes packaging
materials,
other products. Paper can easily be recycled
and reused so make sure to place them in
your recycling bin or take them to your
closest Brisbane recycling depot.

newspapers, cardboards and

Tins and metals - This can be found in
various forms throughout your home. Most
metals can be recycled. Consider taking
these items to a scrap yard or your closest
Brisbane recycling depot to dispose of this
waste type properly.

Ceramics and glass - These items can easily
be recycled. Look for special glass
recycling bins and bottle banks to dispose
them correctly.

Organic waste.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

Organic waste is another common
household. All food waste, garden waste,
manure and rotten meat are classified as
organic waste. Over time, organic waste is
turned into 2manure by microorganisms.
However, this does not mean that you can

dispose them anywhere.

Organic waste in landfills causes the
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production of methane, so it must never be
simply discarded with general waste.
Instead, look to get a green bin from the
Brisbane council, or hire a green skin bin or
garden bag for proper waste disposal.

4. Recyclable waste.

* Recyclable rubbish includes all waste items
that can be converted into products that can
be used again. Solid items such as paper,
metals, furniture and organic waste can all
be recycled.

* Instead of throwing these items in with
regular waste, which then ends up in
landfills, place them in your yellow
recycling bin or take them to your local
Brisbane recycling depot.

e If you’re unsure whether an item is
recyclable or not, look at the packaging or
the diagrams on the lid of your yellow
recycling bin. Most products will explicitly
state whether they are recyclable or not.

5. Hazardous waste.

* Hazardous waste includes all types of
rubbish that are flammable, toxic, corrosive
and reactive.

* These items can harm you as well as the
environment and must be disposed of
correctly. Therefore, I recommend you
make use of a waste removal company for
proper disposal of all hazardous waste.

Handling

Handling refers to the practices carried out at the
point of waste generation before formal collection. It
involves segregation of waste into wet and dry
streams, safe storage in bins, and basic treatment
measures like compacting or composting. Proper
handling minimizes contamination, improves
recycling efficiency, and reduces risks to sanitation
workers. Smart bins with fill-level sensors and RFID
tagging systems have emerged as advanced tools in
this stage.

Collection

Waste collection in SWM is optimized using real-
time data. loT-enabled smart bins transmit fill-level
information to municipal servers, enabling demand-
driven routing instead of fixed schedules. This
reduces fuel consumption, prevents overflowing
bins, and saves manpower. Fleet management
systems equipped with GPS, predictive analytics,
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and citizen-reporting apps further improve collection
efficiency and transparency.

Disposal

Disposal is the final stage where unrecyclable and
residual waste is managed. Traditional disposal
practices, such as open dumping and uncontrolled
landfilling, cause severe environmental hazards. In
SWM, engineered sanitary landfills, waste-to-energy
plants, anaerobic digestion, and composting are
emphasized. Materials recovery facilities (MRFs)
are used to separate recyclables, while hazardous and
biomedical wastes are treated through incineration,
autoclaving, or secured landfilling.

Aftermath

The aftermath of waste management includes
monitoring and evaluating post-disposal impacts.
This involves tracking landfill leachate, methane
emissions, groundwater  contamination, and
greenhouse gas release. Rehabilitation of closed
landfills, recycling rate monitoring, and community
health assessments are also key. In smart systems,
aftermath monitoring integrates sensors and data
analytics to ensure compliance with environmental
standards and continuous improvement.

Flowchart of Smart Waste Management Cycle

Recycling/Recovery

Aftermath Monitosi

Disposal

Figure 3.1: Flowchart showing the flow of smart
waste management from sources to aftermath
monitoring.

Diagram: Waste Segregation
Types of Waste Generated

Medical

Biodegradable

Constructiol

20.0%

Recyclable E-Waste

Hazardous

Figure 3.2: Typical distribution of different types of
waste handled in smart waste management systems.
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Comparison Table: Traditional vs. Smart Waste Management

Aspect Traditional
Waste
Management

Collection
manual
monitoring

Often mixed,
low
efficiency

Segregation

Cost Higher long-
term
operational costs

Environmental Impact Landfills,
pollution, GHG

emissions
Monitoring Minimal tracking,

reactive approach

IL. LITERATURE REVIEW

IOT is playing an important role in growing
technologies and there are various studies about
many applications.

Kodwo Miezah, Moses Y.

PROJECT TITLE:

Municipal solid waste characterization in Ghana-
December 2017

WORK DONE:

Collection of dialy reports on waste collection in
Ghana and prepared the reports for the collection
efficiency.

CONCLUSION:

Organic waste fraction in the waste was 45 to
69%,National sorting and separation efficiency was
84%

for biodegradables and 76% for other waste was
separated.

Sehyun park,Sunghoi park

PROJECT TITLE:

IOT based Smart waste management for food-July
2015
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Fixed schedule,

Smart Waste Management

Sensor-based, demand-
driven routing

Automated or citizen-aided
with incentives

Higher initial cost, but lower
long-term costs

Recycling, composting, waste-
to-energy

Real-time tracking, predictive
analytics

WORK DONE:

Collected dialy and weekly reports for food waste
and bins are designed to collect large amount of
waste.

CONCLUSION:

Web based services are provided for the collection,
disposal of food waste. This method improved the
collection efficiency of waste collection by 39%.

P.Rajkumar joshi

PROJECT TITLE:
Challenges of municipal waste management-
October 2017.

CONCLUSION:

Protection of groundwater contamination from
leachate ,developing bio-degradable polythene bags
and recycled products.

C.JeyaBharathi

PROJECT TITLE:

Development of an Iot System for Efficient
Classification and Management of Solid Waste in
Indian
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Cities-November 2018

WORKDONE:
Developing an effective system for the collection
of waste for different zones in city.

CONCLUSION:

This study develops the internet of things
practicality based on the management and collection
of solid waste for smart city. The automatic sensing
system is designed using load cell and ultrasonic
sensor to provide an automatic and efficient status
of dustbin monitoring system.

Medevdev.]J

PROJECT TITLE:
Waste collection system- August 2017

WORKDONE:
Developing the new efficient method for the
collection of waste zones with muncipality.

CONCLUSION:

Provides greater service quality to smart city
citizens. The automatic sensing system is designed
using load cell and ultrasonic sensor to provide an
automatic and efficient status of dustbin monitoring
system.

Navaghane.M, Mahesh.K

PROJECT TITLE:
Waste collection using IR system.- January 2017

WORKDONE:
Using IR sensor to sense the depth and helps the
transformation in to various webserver.

CONCLUSION:

Monitor the duplicate reports, reduces the
corruption in management system, reduces the
number of trips of garbage collection vehicle and
reduces the overall expenditure related with garbage
collection

Vaishali.P,Manoj.T

PROJECT TITLE:
Waste collection using Rasberry Pi.- July 2017

WORKDONE:
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Using Rasberry Pi sensor to sense the depth and
helps to give information to drivers.

CONCLUSION:

Maintain the surge of dustbin and make the earth
clean and immaculate, reduce the wastage of cost,
time and importance of human being and the drivers
acquired.

III. METHODOLOGY

The methodology of this project is based on
integrating IoT (Internet of Things) with waste
management practices to enhance efficiency and
sustainability. The main steps followed are:

Data Collection

Surveyed existing waste management systems in
selected city zones.

Collected data on the number of bins, waste
generation rates, and collection frequency.

Smart Bin Design

IoT-enabled bins with ultrasonic sensors (to
measure fill level) and RFID/GPS modules (for
location tracking) were proposed.

The data from these sensors are sent to a central
monitoring system.

Data Transmission and Analysis

Sensor data is transmitted in real time to the
municipal control center via a wireless network.

Data analytics tools are used to determine optimal
collection routes and scheduling based on bin status.

Route Optimization

The system uses GIS-based mapping to design
shortest possible collection routes, reducing fuel
cost and time.

Waste Disposal and Monitoring

Waste is segregated into recyclable, organic, and
hazardous categories before final disposal.

Continuous monitoring ensures that waste is
properly treated (e.g., composting, recycling, or
waste-to-energy).
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Iv. LIMITATIONS

1. High Initial Cost:

Smart sensors, communication modules, and
software installation require significant upfront
investment.

2. Maintenance Issues:
Sensors and IoT devices may malfunction due to
exposure to dust, moisture, or mechanical damage.

3. Data Connectivity:

Dependence on stable internet or network
connectivity can limit real-time monitoring in
remote areas.

4. User Awareness:
Lack of public participation in segregating waste at
source can reduce system efficiency.

5. Technical Expertise:
Municipal staff require training to operate and
maintain smart systems effectively.

V. CONCLUSION

The research on Smart Waste Management (SWM)
using IoT technology yields a clear set of practical
conclusions regarding system effectiveness,
necessary technology, and overall benefits.

1. Enhanced Operational Efficiency and Economic
Gains

The primary conclusion is that SWM systems
significantly outperform traditional methods in
operational efficiency and cost control.
Demand-Driven Collection: SWM transitions from
fixed collection schedules to sensor-based, demand-
driven routing. This optimization directly reduces
the number of trips made by collection vehicles,
thereby lowering fuel consumption, saving
manpower, and ultimately reducing overall
expenditure.

Proven Efficiency Improvement: Case studies
demonstrate tangible results, such as one food waste
management project that achieved a 39%
improvement in collection efficiency.

Cost Structure: Although SWM requires a higher
initial investment for sensors and software, it leads
to lower long-term operational costs compared to
traditional, manual systems.
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2. Core Technological and System Requirements
Successful SWM relies on the integration of
specific, robust technologies:

IoT-Enabled Monitoring: The system integrates
Internet of Things (IoT), GIS, and data analytics.
Smart bins are equipped with ultrasonic sensors (to
measure fill level) and RFID/GPS modules (for
location tracking).

Real-Time Data Flow: Sensor data is transmitted in
real-time to a central municipal control center via a
wireless network, allowing for real-time tracking
and predictive analytics for decision-making.
Route Optimization: The collected data is fed into
GIS-based mapping systems to compute the shortest
and most effective collection routes.

3. Critical Environmental and Public Health Impact
SWM is an essential tool for sustainable urban
living and pollution control.

Mitigation of Hazards: The main objective of SWM
is to minimize environmental hazards, promote
recycling, and improve public health and aesthetics.
Sustainable Disposal Methods: SWM empbhasizes
advanced disposal techniques like waste-to-energy
plants, anaerobic digestion, and engineered sanitary
landfills over environmentally harmful open
dumping.

Methane Prevention: Proper waste segregation is
critical, as discarding organic waste with general
refuse in landfills causes the harmful production of
methane.

Aftermath Monitoring: Continuous post-disposal
monitoring is integrated using sensors and data
analytics to track key environmental metrics like
landfill leachate, methane emissions, and
groundwater contamination.

4. Implementation Challenges (Limitations)
Practical implementation faces several limitations
that must be addressed:

Technical and Cost Barriers: SWM requires a
significant upfront investment and municipal staff
must acquire the technical expertise to operate and
maintain the smart systems.

Operational ~ Vulnerabilities: The system is
dependent on stable data connectivity and is prone
to maintenance issues where sensors can
malfunction due to exposure to dust and moisture.
Public Participation: The system’s efficiency can be
severely reduced by a lack of public participation in
source segregation of waste
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