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Abstract: The Internet of Things (loT) has emerged as a
powerful tool in the pursuit of achieving a sustainable
environment. This abstract highlights the key facets of IoT
implementation to foster sustainability. IoT's ability to
seamlessly connect devices, collect real-time data, and enable
intelligent decision-making has revolutionized various sectors,
including energy management, waste reduction, and
conservation of natural resources. One of the pivotal
applications of IoT in sustainability is in energy management.
Smart grids, powered by IoT, optimize energy distribution,
reduce wastage, and integrate renewable energy sources
effectively. IoT-driven sensors and controls in buildings further
enhance energy efficiency through automated lighting, heating,
and cooling systems, resulting in reduced carbon emissions.
IoT's impact extends to waste management by enabling smart
bins that monitor and optimize waste collection routes. This
minimizes fuel consumption, reduces traffic congestion, and
mitigates the environmental footprint of waste disposal.
Moreover, loT-driven sensors in agricultural practices facilitate
precision  farming, optimizing resource utilization and
minimizing  environmental impact.  Natural  resource
conservation is another realm where IoT plays a pivotal role.
Smart sensors and remote monitoring devices enable real-time
tracking of water quality, air pollution levels, and forest health.
This data empowers policymakers and environmentalists to make
informed  decisions, mitigating the consequences of
environmental degradation. To achieve a sustainable green
environment through IoT, it's essential to consider data privacy,
security, and interoperability between devices and systems.

Keywords: Green Environment, Green Servers, Green
Internet of Things, Sustainable Environment.

I. INTRODUCTION

The implementation of IoT (Internet of Things) in

achieving a sustainable environment involves using
interconnected devices and sensors to monitor, manage, and
optimize various aspects of our environment [1] [22][23].
Here are some practical examples of how IoT can contribute
to environmental sustainability:

Manuscript received on 05 February 2023 | Revised
Manuscript received on 12 February 2023 | Manuscript
Accepted on 15 February 2023 | Manuscript published on 30
January 2024.
*Correspondence Author(s)

Aishwarya Shekhar®, Assistant Professor, Research Scholar, SCSE,

Galgotias University, Gnoida India. E-mail:
Aishwarya.21SCSE3010002@galgotiasuniversity.edu.in, ORCID ID:

0009-0001-7005-3760
Dr. Abdul Aleem, Associate Professor, SCSE, Galgotias University,
Gnoida India. abdul.aleem@galgotiasuniversity.edu.in

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). This is an open access article under the
CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/

Retrieval Number:100.1/ijde. K973610121123
DOI:10.54105/ijde.K9736.03010223
Journal Website: www.ijde.latticescipub.com

J

Check for
updates

1. Smart Agriculture: ToT sensors can monitor soil
moisture levels, temperature, and nutrient content. This data
helps farmers optimize irrigation and reduce water usage,
leading to more sustainable farming practices.

2. Water Management: IoT devices can monitor
water quality in rivers, lakes, and reservoirs in real-time.
Early detection of pollution events can lead to quicker
responses and reduced environmental damage.

3. Waste Management: Smart waste bins equipped
with sensors can alert waste collection services when they
are full. This optimizes collection routes, reduces fuel
consumption, and minimizes unnecessary emissions.

4. Energy Efficiency: Smart buildings and homes can
use IoT to regulate lighting, heating, and cooling based on
occupancy and environmental conditions. This reduces
energy consumption and lowers greenhouse gas emissions
[2].

5. Air Quality Monitoring: IoT sensors can
continuously monitor air quality, providing data on
pollutants and particulate matter. Authorities can use this
data to enforce air quality regulations and implement
measures to reduce pollution.

6. Renewable Energy Management: IoT technology
can optimize the operation of renewable energy sources
such as solar panels and wind turbines. It ensures efficient
energy generation and distribution, reducing reliance on
fossil fuels.

7. Transportation and Traffic Management: IoT-
connected vehicles and smart traffic management systems
can reduce traffic congestion. This leads to fuel savings,
lower emissions, and improved urban air quality [3].

8. Wildlife Conservation: GPS trackers and IoT-
enabled cameras can help monitor and protect endangered
species. Real-time data can aid conservation efforts and
prevent poaching.

0. Natural Disaster Preparedness: IoT sensors can
provide early warning systems for earthquakes, floods, and
wildfires. This allows for timely evacuation and disaster
response, saving lives and reducing environmental impact.

10.  Resource Management in Industries: IoT can
optimize resource consumption in industries like mining
and forestry. It promotes sustainable practices by
monitoring and reducing waste.

11.  Ocean and Marine Conservation: IoT devices can
track water temperatures, pollution levels, and marine life
migration patterns. This information aids in protecting
marine ecosystems and fisheries.
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12. Smart Grids: IoT enables the efficient management
of electricity grids, integrating renewable energy sources
and reducing power wastage [4].

Figure 1. Smart Agriculture

II. BACKGROUND

A. Green IoT

Green IoT, or Green Internet of Things, refers to the
application of IoT (Internet of Things) technologies and
principles to create environmentally sustainable solutions. It
involves using IoT devices and systems to monitor, manage,
and reduce the environmental impact of various processes
and activities. Green IoT aims to make industries and
everyday life more energy-efficient, reduce waste, and
mitigate the environmental effects of technology [5].

Some key aspects of Green [oT include:

1. Energy Efficiency: IoT devices can be used to
optimize energy consumption in buildings, transportation,
and industrial processes. For example, smart thermostats can
regulate heating and cooling systems based on occupancy
and weather conditions to save energy.

2. Environmental Monitoring: IoT sensors can be
deployed to collect data on air quality, water quality, and
other environmental factors. This data can be used for early
detection of pollution or to manage resources more
sustainably.

3. Waste Reduction: IoT can be applied to waste
management, allowing for smarter recycling and waste
collection processes. Smart bins, for instance, can signal
when they need emptying, reducing fuel consumption for
garbage trucks.

4. Agriculture and Sustainability: IoT devices can be
used in precision agriculture to optimize crop management,
conserve water, and reduce the use of pesticides and
fertilizers, thereby promoting sustainable farming practices.

5. Transportation: loT-enabled smart transportation
systems can reduce traffic congestion, lower emissions, and
improve overall mobility through solutions like traffic
management, electric vehicle charging infrastructure, and
autonomous vehicles.

6. Renewable Energy: IoT plays a crucial role in the
monitoring and management of renewable energy sources
such as solar panels and wind turbines, making it possible to
maximize energy generation from these sources.

7. Supply Chain Efficiency: IoT can enhance supply
chain visibility and efficiency, reducing unnecessary
transportation and minimizing waste in the production and
distribution of goods [6].

Green IoT, or Green Internet of Things, refers to the use
of IoT (Internet of Things) technologies and devices with a
focus on environmental sustainability and energy efficiency.
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This involves deploying IoT devices and systems to
monitor and manage various aspects of the environment,
such as energy consumption, air quality, water usage, and
waste management, with the goal of reducing resource
consumption and minimizing environmental impact. Green
IoT can contribute to more sustainable and eco-friendly
practices in various sectors, including agriculture,
transportation, manufacturing, and smart cities. It often
involves the use of sensors, data analytics, and automation to
optimize resource utilization and promote environmentally
responsible decision-making. Overall, Green IoT contributes
to a more sustainable and eco-friendly future by harnessing
the power of connectivity and data to address environmental
challenges [7].

B. Green IoT Network

A "Green IoT network" refers to an Internet of Things
(IoT) infrastructure  that prioritizes environmental
sustainability and energy efficiency. Such networks aim to
reduce their carbon footprint and energy consumption while
still providing reliable connectivity for IoT devices. This can
be achieved through various means, including:

1. Energy-efficient IoT devices: Designing and using
IoT devices that consume less power during operation.
2. Renewable energy sources: Powering [oT network

infrastructure with renewable energy sources like solar or
wind to reduce reliance on fossil fuels.

3. Energy-efficient communication protocols:
Developing communication protocols that minimize energy
consumption during data transmission between IoT devices.

4. Low-power connectivity technologies: Utilizing
low-power wide-area network (LPWAN) technologies like
LoRaWAN or NB-IoT for [oT connectivity.

5. Edge computing: Processing data closer to the IoT
devices (at the edge) to reduce the need for long-distance
data transmission and central processing, which can save
energy.

6. Energy-aware algorithms: Implementing algorithms
that optimize IoT device operation based on energy
consumption considerations.

A green IoT network is essential for mitigating the
environmental impact of IoT deployments, especially as the
number of IoT devices continues to grow. It helps in
reducing energy costs, conserving resources, and
contributing to a more sustainable future [8].
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Figure 2. Top 10 IoT Application areas in 2023

g“\eeri ng

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijde.latticescipub.com


https://doi.org/10.54105/ijde.K9736.03010223
http://www.ijde.latticescipub.com/

OPEN 8ACCESS

C. Green Cloud Computing

Green cloud computing refers to the practice of
designing, implementing, and using cloud computing
resources and services in an environmentally sustainable and
energy-efficient manner. It aims to reduce the environmental
impact of data centers and cloud infrastructure, which are
known to consume significant amounts of energy and
produce carbon emissions.

Some strategies and technologies used in green cloud
computing include:

1. Energy-efficient data centers: Using advanced
cooling systems, optimized server hardware, and renewable
energy sources to reduce energy consumption.

2. Virtualization: Consolidating multiple virtual
servers onto a single physical server to improve resource
utilization and reduce the number of physical servers
required.

3. Dynamic resource allocation: Scaling cloud
resources up or down based on demand to minimize energy
waste during periods of low usage.

4. Green data center locations: Choosing data center
locations with access to renewable energy sources and
cooler climates to reduce cooling costs.

5. Energy-efficient hardware: Using energy-efficient
processors, storage devices, and networking equipment in
data centers.

6. Cloud resource management: Implementing
policies and tools to efficiently allocate and de-allocate
resources, preventing idle or underutilized servers.

7. Carbon offsetting: Compensating for carbon

emissions by investing in renewable energy projects or
reforestation initiatives.
Green cloud computing not only benefits the environment
but can also lead to cost savings for businesses through
reduced energy consumption and improved resource
utilization [9].

D. Energy —Efficient IoT Networks

Implementing energy-efficient IoT networks involves
several key strategies and technologies. Here's an overview
of how you can achieve this:

l. Low-Power IoT Devices: Use energy-efficient IoT
devices that consume minimal power in both active and
sleep modes. Choose devices with low-power
microcontrollers and sensors.

2. Low-Power Communication Protocols: LPWAN
(Low-Power Wide Area Network) Technologies like
LoRaWAN and Sigfox provide long-range, low-power
communication suitable for IoT devices.

3. Bluetooth Low Energy (BLE): BLE is suitable for
short-range [oT applications like home automation.

4. Zigbee: Zigbee is another low-power option for
local area IoT networks.

5. Energy Harvesting: Implement energy harvesting
techniques, such as solar panels or kinetic energy
harvesting, to power loT devices using renewable sources.

6. Sleep Modes and Wake-Up Patterns: Configure
devices to spend most of their time in sleep mode and wake
up only when necessary. Use event-triggered wake-ups to
conserve energy.
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7. Data Compression and Aggregation: Minimize
data transmission by aggregating and compressing data at
the device level before sending it to the network.

8. Edge Computing: Perform data processing and
analysis at the edge (near the IoT devices) to reduce the
amount of data sent over the network, thus saving energy.

9. Efficient Routing Protocols: Use routing protocols
optimized for energy efficiency, such as RPL (Routing
Protocol for Low-Power and Lossy Networks).

10.  Quality of Service (QoS) Management: Implement
QoS mechanisms to prioritize critical data and reduce
energy consumption by non-essential traffic.

11.  Firmware and Software Optimization: Develop
efficient firmware and software that minimizes processor
usage and power consumption.

12.  Energy Monitoring: Deploy energy monitoring
solutions to track device power consumption and optimize
energy usage over time.

13.  Network Management: Use network management
tools to monitor the health of the IoT network and identify
energy-draining devices or network issues.

14.  Scalability and Load Balancing: Design the
network to handle scalability efficiently and distribute the
workload to avoid overburdening specific devices or
gateways.

15.  Firmware Updates: Implement efficient firmware
update mechanisms to ensure devices are running the latest,
most energy-efficient software.

16.  Battery Management: If using batteries, employ
smart battery management techniques, like optimizing
charging cycles and replacing batteries when needed.

17.  15.Environmental Considerations: Consider the
environmental conditions where [oT devices are deployed
and choose appropriate enclosures and insulation for
extreme conditions.

18.  Machine Learning and Predictive Maintenance:
Utilize machine learning algorithms for predictive
maintenance to reduce energy consumption by addressing
issues before they become critical.

19.  Regulatory Compliance: Ensure compliance with
energy efficiency regulations and standards, such as Energy
Star for IoT devices. Remember that the choice of
technologies and strategies may vary depending on the
specific IoT application and the constraints of the
deployment environment. Regular monitoring and
optimization are crucial for maintaining energy efficiency in
IoT networks[10].

III. WORK TO BE DONE ON INTERNET OF THINGS

Green There is a wide range of work to be done on IoT
(Internet of Things) to further its development and maximize
its potential. Here are some key areas where work is ongoing
or needed:

1. Security: IoT devices are often vulnerable to cyber
attacks. Developing robust security measures and standards
for IoT is crucial to protect data and privacy [11].
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2. Interoperability: IoT devices from different
manufacturers often don't work seamlessly together. Efforts
are underway to establish common communication
protocols and standards to enhance interoperability.

3. Scalability: IoT networks must be able to handle
the increasing number of connected devices. Scaling IoT
infrastructure, both in terms of hardware and software, is
essential.

4. Low-Power Devices: Creating more efficient and
longer-lasting power sources for IoT devices, especially
those in remote or inaccessible locations, is a priority.

5. Data Management: IoT generates vast amounts of
data. Developing efficient data storage, processing, and
analytics solutions is essential to extract meaningful
insights [12].

6. Edge Computing: Processing data closer to the
source (at the edge) rather than sending it all to centralized
servers can reduce latency and improve IoT system
efficiency.

7. Privacy: Addressing concerns around the privacy
of individuals in IoT ecosystems is crucial. Implementing
robust privacy policies and practices is essential.

8. Regulation: Developing regulatory frameworks
that ensure the responsible and ethical use of IoT while
fostering innovation is an ongoing challenge [13].

9. Environmental Impact: IoT devices, if not
managed carefully, can have adverse environmental
impacts. Minimizing electronic waste and ensuring
responsible manufacturing and disposal are important.

10.  User-Friendly Interfaces: Creating intuitive user
interfaces and experiences for controlling and interacting
with IoT devices is important for widespread adoption.

11. Al Integration: Combining IoT with artificial
intelligence can enhance its capabilities, but this integration
needs further exploration and development.

12.  Standardization: Developing and adhering to
industry standards is vital for the growth and maturity of
IoT technologies [14].

13. Healthcare: In the healthcare sector, there's a need
for improved IoT-based remote patient monitoring and
healthcare management solutions.

14.  Agriculture: Enhancing IoT applications in
agriculture for precision farming, crop monitoring, and
sustainable practices.

15.  Smart Cities: Expanding IoT applications for more
efficient urban planning, traffic management, and resource
utilization in smart cities [15] [19][19][21].

16.  Energy Management: Furthering the use of IoT for

efficient energy consumption, grid management, and
renewable energy integration [16].
These are just a few areas where work is needed in the IoT
field. IoT is a rapidly evolving technology, and ongoing
research, innovation, and collaboration are essential to
unlock its full potential and address its challenges
effectively [17].

IV. CONCLUSION

IoT implementation is indispensable for achieving a
sustainable environment. Its ability to enhance energy
efficiency, streamline waste management, and conserve
natural resources paves the way for a greener and more
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sustainable future. However, addressing privacy, security,
and interoperability challenges is crucial to ensuring the
responsible and effective deployment of IoT in
environmental sustainability efforts. To achieve a
sustainable environment through IoT, it's essential to
consider data privacy, security, and interoperability between
devices and systems. Collaboration among governments,
businesses, and communities is crucial for successful and
impactful implementations. Additionally, ongoing research
and development are essential to continually improve IoT
solutions for environmental sustainability. IoT can play a
crucial role in achieving a sustainable environment by
optimizing resource usage, monitoring environmental
conditions, and promoting eco-friendly practices across
various sectors. However, it's essential to address privacy,
security, and data management concerns to ensure the
responsible and ethical implementation of IoT for
sustainability. Green IoT, short for Green Internet of
Things, represents a strategic fusion of IoT technology and
sustainable, environmentally friendly practices. Its core
objective is to minimize the ecological footprint of IoT
deployments, reduce energy consumption, promote
responsible disposal, monitor and mitigate environmental
issues, and contribute to a more sustainable and
interconnected world.

FUTURE OF GREEN IOT

Green IoT will transform our lives into a greener,
healthier environment in the future which is socially and
environmentally sustainable, smarter as well as safer.
Currently, the most exciting areas focus on greening things
such as green networking and communication, green design,
and green loT installations, green services, and applications,
energy-saving techniques and green localisation. Energy
issues such as energy harvesting and developing low-power
chipsets are central to the development of the green
IoT.Transmission data from the sensor to the mobile cloud
would be more useful. The WSN is integrated with mobile
cloud via the sensor-cloud architecture. This green IoT
technology will help cities become more environmentally
sustainable through [oT..M2M is crucial in saving energy
and harmful emissions. For automated systems to work,
smart machines must become smarter. In case of traffic,
machine automation delay must be minimised while taking
immediate, appropriate action. Green design of IoT systems
that live up to their potential as "greener" technologies is
imperative for helping organisations meet their sustainability
goals. This can be achieved by putting efforts in meticulous
planning and designing of IoT products, and IoT projects
and solutions, by wusing the combination of remote
connectivity, low-power and low-cost devices. Research
areas include development of novel and more efficient,
compact energy storage like batteries, fuel cells, and
printed/polymer batteries. Also, development of new energy
generation devices coupling energy transmission methods
and energy conversion is a topic of concern.
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In order to green the IoT, it will be necessary to use less
energy, look for new resources, reduce the negative effects
of the IoT on human health, and cause less environmental
disruption. Then, green IoT can greatly contribute to a
sustainable, intelligent, and green environment [18].
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