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ABSTRACT
Environmental monitoring is essential for tracking parameters such as air quality, temperature, humidity, and pollution
levels in real-time. However, the scale and energy demands of such IoT-based systems are often challenging. This
paper proposes a novel approach to enhance the energy efficiency of loT-based environmental monitoring systems by
integrating edge computing. By processing data closer to the source (at the edge of the network), the system reduces
the energy consumption of communication and central processing, leading to significant energy savings. We examine
how edge computing offloads tasks such as data pre-processing, anomaly detection, and local decision-making, thus
minimizing the need for continuous data transmission to the cloud. The performance of this system is evaluated
through simulation experiments on various environmental monitoring scenarios, demonstrating that edge computing
integration significantly improves energy efficiency without compromising data accuracy or real-time monitoring
capabilities. The proposed approach is compared with traditional cloud-based [oT systems and the results highlight
the benefits of edge computing in energy-critical applications.
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1. Introduction

The Internet of Things (IoT) has revolutionized
environmental monitoring, providing real-time data on
environmental parameters like air quality, soil
moisture, temperature, and pollution. These systems,
composed of numerous sensor nodes that collect data
from the environment, play a crucial role in
sustainable development, disaster management, and
environmental policy enforcement. However, one of
the primary challenges in deploying large-scale IoT-
based environmental monitoring systems is the energy
consumption of the IoT devices and the
communication infrastructure. These devices typically
run on battery power, and the constant transmission
of large amounts of data to centralized cloud servers
can lead to rapid energy depletion, reducing the
lifespan of the devices.

Edge computing, which involves processing data
closer to the source, is increasingly seen as a promising
solution to this problem. By handling data processing
and analysis locally, edge computing minimizes the
need for devices to send all data to the cloud, thus

reducing the energy consumption associated with
long-distance data transmission. In this paper, we
propose a framework for IoT-based environmental
monitoring that integrates edge computing to
enhance energy efficiency. This framework allows for
local data processing, anomaly detection, and
decision-making at the edge, significantly reducing the
energy footprint of the system while maintaining real-
time monitoring capabilities.

1.1 Motivation

Environmental monitoring systems are often deployed
in remote locations, such as forests, farms, and urban
areas, where battery-powered IoT sensors must
operate autonomously for extended periods. These
systems typically require constant connectivity to
centralized servers or the cloud to perform complex
data processing and analytics. As a result, frequent
data transmission can drain the power of the sensor
nodes quickly, leading to high maintenance costs and
frequent battery replacements.

Integrating edge computing into these systems allows
data processing to occur locally, close to where the
data is generated, thus reducing the amount of data
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transmitted to the cloud and improving overall energy
efficiency. Edge computing ensures that only relevant
data is sent to the cloud, reducing communication
overhead and latency. By leveraging the computing
power at the edge, the system can also perform real-
time analysis and anomaly detection, enabling more
accurate and efficient environmental monitoring.

1.2 Problem Statement

Traditional  cloud-based IoT  systems for
environmental monitoring are energy-inefficient due
to the continuous transmission of data from sensor
nodes to central cloud servers. This energy
inefficiency is exacerbated in large-scale
deployments, where a large number of devices are
continuously collecting and transmitting data. In
addition to the energy consumption of communication,
cloud-based systems introduce significant latency,
which may affect real-time monitoring applications.
Edge computing offers a solution by processing data
closer to the source and only transmitting relevant or
aggregated data to the cloud. However, integrating
edge computing into IoT-based environmental
monitoring systems introduces its own challenges,
such as:

Resource limitations at the edge devices.

Data privacy concerns, as local processing might
involve sensitive environmental data.

Complexity in designing and deploying edge-based
IoT systems that can handle real-time processing
efficiently.

This paper seeks to address these challenges by
proposing a novel energy-efficient framework that
integrates edge computing into IoT-based
environmental monitoring systems.

1.3 Contributions

The key contributions of this paper are:

A Novel Energy-Efficient Framework: We propose
a framework that integrates edge computing with
IoT-based environmental monitoring systems to
optimize energy consumption while maintaining real-
time monitoring capabilities.

Simulation and Performance Evaluation: We
perform simulations of the proposed framework and
evaluate its performance in energy efficiency, real-
time monitoring, and data accuracy. The results
show that integrating edge computing reduces energy
consumption by up to 50% compared to traditional
cloud-based IoT systems.

Comparison with Traditional Approaches: We
compare the performance of our proposed system with
cloud-based IoT systems to highlight the energy
savings and reduced latency achieved by local data
processing.

Theoretical Analysis: We provide an in-depth
theoretical analysis of how edge computing can

optimize energy consumption in environmental
monitoring applications and how it can be
implemented in real-world scenarios.

2. Related Work

In recent years, various loT-based environmental
monitoring systems have been proposed, with a
particular focus on energy-efficient data transmission
and processing. In this section, we review some of the
most notable techniques and frameworks used in these
systems.

2.1 IoT-Based Environmental Monitoring
IoT-based environmental monitoring involves the use
of distributed sensor networks to collect data on
environmental  parameters like air  quality,
temperature, humidity, and water quality. Several
studies have proposed low-power sensor networks to
improve energy efficiency in such systems. For
example, Zhao et al. (2017) proposed a low-power
wireless sensor network for air quality monitoring
that uses energy-efficient protocols to extend the
battery life of the devices. However, these systems still
rely on cloud computing for data processing, leading
to high energy consumption in the transmission of
large data volumes.

2.2 Edge Computing for IoT

Edge computing has emerged as a solution to reduce
energy consumption in IoT networks by processing
data locally. Shi et al. (2019) reviewed the integration
of edge computing in IoT systems and highlighted its
potential for reducing latency and energy
consumption. Edge computing enables real-time data
processing at the source of the data, significantly
reducing the need for transmitting large volumes of
raw data to the cloud. In the context of environmental
monitoring, Liu et al. (2020) proposed an edge
computing-based framework to monitor
environmental parameters in smart cities, reducing
energy consumption by processing data locally and
sending only aggregated results to the cloud.

2.3 Energy-Efficient Protocols

Many energy-efficient protocols have been proposed
for IoT networks. These include duty cycling, low-
power listening, and data aggregation. Zhang et al.
(2020) proposed an energy-efficient routing protocol
that minimizes data transmission by aggregating
sensor data at the edge before sending it to the cloud.
Similarly, Li et al. (2020) developed a low-power
communication protocol that reduces the energy
consumption of IoT devices in environmental
monitoring applications by optimizing communication
schedules.

3. Proposed Methodology
This section outlines the proposed methodology for
integrating edge computing into IoT-based
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environmental monitoring systems to enhance
energy efficiency.

3.1 System Architecture

The architecture of the proposed system consists of
three main components:

IoT Sensors: These devices collect environmental
data (e.g., temperature, humidity, air quality) from the
environment and transmit the data to local edge
computing devices.

Edge Computing Devices: These devices process the
data locally, performing tasks such as data pre-
processing, anomaly detection, and data
aggregation. The edge devices make local decisions
about what data to send to the cloud for further
analysis.

Cloud Computing: The cloud acts as the central
repository for long-term storage and advanced
analysis of aggregated data, receiving only essential
information from the edge devices.

3.2 Energy Efficiency Optimization

The proposed framework optimizes energy efficiency
by performing local data processing and reducing the
amount of data transmitted to the cloud. The key
components of the energy-efficient strategy are:

Data Aggregation: Sensor nodes aggregate data
before transmission, reducing the number of
transmission events.

Edge-Based Pre-Processing: Raw sensor data is pre-
processed at the edge to remove redundancies,
perform noise filtering, and detect anomalies before
it is sent to the cloud.

Adaptive Data Transmission: The transmission
schedule is dynamically adjusted based on traffic and
environmental conditions to further reduce energy
consumption.

4. Experimental Setup and Results

4.1 Simulation Environment

We simulate the proposed framework using the NS-3
network simulator, which models the IoT network and
integrates edge computing functionality. The
simulation environment includes:

50 IoT sensor nodes deployed across a smart city
environment.

Edge devices placed at strategic locations (e.g., on
street corners or in buildings).

Cloud computing resources located centrally for
long-term data storage and analysis.

4.2 Performance Metrics

We evaluate the performance of the system using the
following metrics:

Energy Consumption: Total energy consumed by the
IoT devices for data collection and transmission.
Latency: Time taken to process and transmit data
from the sensors to the cloud.

Data Throughput: The rate at which data is processed
and transmitted in the system.

Accuracy: The accuracy of environmental monitoring
data, compared to traditional cloud-based systems.
4.3 Results and Analysis

Simulation results show that the proposed edge
computing integration improves energy efficiency
by up to 50% compared to traditional cloud-based
systems. The energy savings are mainly attributed to
local data processing and reduced data
transmission. The latency of the system is also
reduced by 30%, with real-time monitoring becoming
more effective.

Tables

Table 1: Energy Consumption for Different
Protocols

Protocol Energy Consumption
(Joules)

Hybrid ADC-MAC + | 0.03

EAR

Gaussian Filtering 0.06

Non-Local Means | 0.10

(NLM)

RPL 0.09

Table 2: Throughput Comparison for IoT-Based
Environmental Monitoring

Protocol Throughput (Mbps)
Hybrid ADC-MAC + | 25
EAR
Gaussian Filtering 15
Non-Local Means | 20
(NLM)
RPL 22

Table 3: Network Lifetime Comparison (Hours)

Protocol Network Lifetime
(Hours)

Hybrid ADC-MAC + | 550

EAR

Gaussian Filtering 420

Non-Local Means | 480

(NLM)

RPL 510

Table 4: Latency Comparison (Milliseconds)

Protocol Latency (ms)

Hybrid ADC-MAC + | 30

EAR

Gaussian Filtering 55

Non-Local Means | 65

(NLM)

RPL 50

Graphs
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Energy Consumption vs. Protocols for loT-Based Environmental Monitoring
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5. Discussion

The integration of edge computing in IoT-based
environmental monitoring significantly enhances
energy efficiency. By processing data locally at the
edge, the system reduces the volume of data
transmitted to the cloud, thus conserving energy.
Additionally, real-time monitoring becomes more
effective due to reduced latency, enabling faster
anomaly detection and response.

Despite these benefits, challenges such as edge device
limitations and data privacy remain. Future work
will focus on improving edge computing capabilities,
enhancing security, and optimizing algorithms for
larger, more complex IoT networks.

6. Conclusion

This paper presents an innovative approach to
enhancing the energy efficiency of IoT-based
environmental monitoring systems through the
integration of edge computing. By processing data
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locally, edge computing reduces the energy
consumption associated with cloud communication,
thereby prolonging the operational life of sensor

devices. Our simulations demonstrate that this
approach provides significant improvements in
energy savings, latency, and real-time data

processing. Future work will explore extending this
framework to handle more complex IoT applications,
including smart cities and agriculture, and
integrating Al for predictive monitoring.
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