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Abstract: Wireless methodologies are the focal point of electronic devices, including telephones,
computers, sensors, mobile phones, laptops, and wearables. However, wireless technology is not
yet utilized extensively in underwater and deep-space communications applications, and it is also
not applied in certain critical medical, military, and industrial applications due to its limited battery
life. Self-energy-harvesting techniques overcome this issue by converting ambient energy from
the surroundings into usable power for electronic devices; devices that use such techniques are
next-generation wireless devices that can operate without relying on external power sources. This
methodology improves the sustainability of the wireless device and ensures its prolonged operation.
This article gives an in-depth analysis of the recent techniques that are implemented to design an
efficient energy-harvesting wireless device. It also summarizes the most preferred energy sources
and generator systems in the present trends. This review and its summary explore the common scope
of researchers in narrowing their focus in designing new self-energy-harvesting wireless devices.

Keywords: eco-friendly devices; self-energy harvesting; sustainable devices; wireless power transfer;
next-generation networks

1. Introduction

Electronic gadgets and tools that are used to communicate device-to-device and device-
to-human through wireless communication are termed wireless devices. Radio waves and
infrared signals are some of the widely preferred wireless communication methods due to
their reliability and flexible installation. Wireless communication technologies are catego-
rized based on their signal strength and communication distance. Smartphones, laptops,
smartwatches, Wi-Fi routers, Bluetooth speakers, and wireless headphones are some of the
familiar wireless devices used in day-to-day life. The wireless connectivity in such devices
is established through internal or external adapters and receivers. Therefore, wireless
devices have the ability to move around anywhere in the network area; furthermore, the
constraints of physical cables and wires are eliminated. In recent years, wireless communi-
cation devices have been incorporated into various sectors for improving their mobility and
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productivity [1–5]. Figure 1 shows sectors that have been widely updated with wireless
communication in recent days.
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1.1. Healthcare

Wearable sensors and remote monitoring devices are implemented in recent days
to provide a continuous patient-monitoring environment. In some applications, such
devices are programmed to create an alert signal upon the critical condition of a patient.
The measured readings and signals are transferred to healthcare providers for treatment
planning. Medical devices such as pacemakers, insulin pumps, and implantable devices
are also equipped with wireless connectivity for improving healthcare system reliability.

1.2. Retail

Handheld barcode scanners have been developed with wireless connectivity for as-
sisting retail workers in providing remote inventory management and price-checking
processes. Mobile-POS (point of sale) is the system that is used in retail applications to
make contactless payments. Hence, it reduces the purchasing time and improves the
flexibility on the payment process.

1.3. Logistic and Transportation

Wireless devices that can access the Global Positioning System (GPS) are utilized in
logistic applications for tracking the location of shipments and vehicles in real-time. Simi-
larly, two-way radios and mobile devices are employed in transportation systems to make
efficient and timely communication between transport personnel and logistic coordinators.

1.4. Manufacturing or Industrial Sector

Sensors that are equipped with wireless systems are efficient in transmitting the
performance and environmental state of the connected equipment. At the same time, such
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systems are effective in planning process optimization and predictive maintenance. The
industrial wireless networks are utilized to provide communication signals between the
connected devices, machines, and control units for making an efficient automation system.

1.5. Education

Projectors are connected with computers/laptops/mobile phones for providing wire-
less media access to the user. This allows the student to view digital content in a perfect
way without any peripheral connection. Handheld devices are utilized in certain cases,
such as student response systems for marking attendance; other interaction activities such
as quizzes are provided thorough additional mobile apps.

1.6. Hospitality

Smartphones and special devices that are equipped with special apps allow cus-
tomized communication between a guest and the service provider for various requests.
To increase customer convenience, direct and indirect payments are made with a wireless
point-of-service device.

1.7. Agriculture

The wireless weather monitoring system is one of the most widely used applications of
wireless devices; in this device, the sensors are connected to gather plenty of data from the
environment to assist the farmer in planning irrigation, crop prediction, and other related
activities. In certain applications, the sensors are utilized to monitor the health status of
crops from a remote location. This enables farmers to notice several plant diseases at the
beginning stage.

The performance of any wireless device may degrade with respect to the functionality
factors presented in Table 1.

Table 1. Performance-degrading factors of wireless devices.

Functionality Factors Description

Signal strength
Distance between the access points, and interference from other devices
and obstacles are some of the issues that affect the signal strength of a
wireless device.

Interference

Signals from devices that use the same frequency range, such as
microwave ovens, cordless mics, and Bluetooth headphones, may
interfere with each other and degrade signals’ performance in terms of
response speed and disconnection.

Frequency band

2.4 GHz and 5 GHz are the most preferred frequency bands for wireless
device operation. Comparatively, 2.4 GHz devices receive interference
more easily than 5 GHz devices, but 5 GHz devices can be active only
for shorter distances of operation.

Channel congestion
Congestion happens in a crowded environment where multiple
wireless devices are active. This degrades wireless device performance
in terms of response speed and irregular operation.

Environmental factors
Weather conditions, building materials, geographical terrain, and
reflective surfaces are some of the environmental factors that impact
the signal strength and coverage of a wireless system.

Power source

Wireless devices such as smartphones and laptops are highly
dependent upon the energy availability in the device’s battery source.
Battery level also has a small impact over the signal strength of a
wireless connection.
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2. Significance of Energy Harvesting for Wireless Devices
2.1. Sustainability

Most wireless devices such as smartphones and wearables work based on the power
availability in their connected battery source. However, the energy stored in the battery
may drain in an irregular manner based on the operational speed and performance of the
connected device. Therefore, it is always expected that users will monitor the energy level
of a battery to provide uninterrupted service. Recharging is one of the primary methods
that allows the battery to restore its energy. In some cases, the battery is replaced with a
new or recharged battery for the device’s continuous operation. Self-energy harvesting
is incorporated in very rare cases in recent days for increasing the sustainability of the
battery-connected device [6].

2.2. Extended Battery Life

Ambient sources such as solar and kinetic energy are widely preferred in wireless
devices for restoring the energy in battery modules. This minimizes the downtime and
enhances the operation without a frequent recharge or replacement of a battery. Self-energy
harvesting methodologies can also increase the operational time of wireless devices in some
critical locations [7].

2.3. Mobility

Wireless devices are expected to be independent and more mobile than any other
devices. Self-energy harvesting allows wireless devices to meet such expectations, and it
allows devices to be operated in off-grid and remote locations for many hours without an
external power source requirement. This allows wireless devices to act as outdoor sensors,
which can be integrated with IoT technology [8].

2.4. Scalability and Flexibility

Wireless devices with self-energy harvesting can be deployed at any critical locations
that cannot be facilitated with a power infrastructure. Therefore, the scalability of such
devices can be improved to a certain extent, and the flexibility of such wireless devices
allows the system to be incorporated with any other distributed applications [9].

2.5. Reliability and Redundancy

Self-energy-harvesting wireless devices are highly reliable, as they store energy for
their own operation. Wire-connected devices operate based on the energy available in
their connected terminal; this type of device really suffers during power-outage periods.
In addition, the power fluctuation is comparatively minimal in battery-connected devices
over the traditional AC circuit. Therefore, it enhances the life of wireless devices. Similarly,
the redundancy of wireless devices is also very high, as they do not require any frequent or
periodic maintenance [10].

2.6. Environmental Impact

Wireless devices are highly operated from renewable energy sources, and that re-
duces their carbon footprint. Therefore, wireless devices that are incorporated with a
self-sustainable power source are widely acceptable in various sectors and nations [11].

2.7. Cost Efficiency

The operational cost of a wireless device is very low when it is implemented with
a self-sustainable energy source as it does not require any replacement or recharging
infrastructure [12]. Table 2 indicates the merits of self-energy-harvesting devices.
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Table 2. Merits of self-energy-harvesting wireless devices.

Merits Description

Hassle-free deployment Absence of wire allows these devices to be plug-and-play.

Non-stop operation Guarantees continuous operation, as the battery does not need
to be replaced.

Compactness Suitable for ultra-low-power industrial circuits.

Feasibility Can be employed in places which are unsafe and hard to reach
for maintenance.

Power backup Harvested energy can be stored in a battery source if required.

3. Limitations of Self-Harvesting Wireless Devices

Self-harvesting wireless devices are designed to address the energy source constraint
in regular wireless devices [13–15]. However, self-harvesting wireless devices also have
certain limitations, as specified in Figure 2.
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3.1. Power Generation Constraints

Self-harvesting systems for wireless devices are highly reliant on environmental con-
siderations. The amount of energy generated is limited when there is reduced solar, thermal,
or kinetic energy in the surroundings. For example, solar-powered wireless devices may
struggle with respect to solar energy intensity and availability in their surroundings. The
performance may degrade on shaded and low-light conditions.

3.2. Limited Power Output

The power generated by a self-harvesting methodology cannot be the same as that
of battery-powered energy sources. The generated energy can be sufficient for some low-
power operations and low-energy devices; similarly, it cannot be utilized for high-power or
high-performance applications.

3.3. Intermittent Power

Self-energy devices are open to energy fluctuations based upon the available energy
source. The changes in irregular environmental conditions may lead generators to harvest
irregular power outcomes. This kind of intermittent supply may damage the critical circuits
of a wireless device, and in some cases, it may lead to interruption and data loss.

3.4. Energy Storage Constraint

Even when wireless devices are equipped with a self-harvesting energy supply, they
may require an additional battery source for storage purposes. The saved energy in the
battery may be required for some future operation. Rechargeable batteries and capacitors
are some of the most used storage methodologies. However, such methodologies are
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heavily affected by degradation over time and self-discharge. Therefore, the use of batteries
can affect the overall efficiency and reliability of the system.

3.5. Device Design and Form Factor

The integration of self-harvesting methodology into a wireless system may increase its
size and weight. Therefore, it can limit the device design and form factor on miniaturization,
portability, and wearable operation.

3.6. Cost

The installation and manufacturing cost of self-energy wireless devices are compara-
tively higher than battery-powered devices. The cost of energy-harvesting components,
energy storage systems, and power regulatory models makes such systems costlier.

3.7. Performance Variability

The performance of self-harvesting wireless devices may vary based on the technology
used for energy generation, user behaviour, and environmental conditions. Location,
exposure to the energy source, orientation, and movement patterns are also some of
the functionality factors that affect the performance of wireless devices. In some cases,
these factors cause the reliability and predictability of wireless devices to be questionable.
However, certain power optimization algorithms and methodologies have been developed
in recent years to address such issues. The following section explores the present trend in
such optimization models.

4. Energy-Harvesting Methodologies for Wireless Devices

Wireless devices are structured with different methodologies for converting ambient
energy into useful energy. Solar, kinetic, and thermal energy utilization are some of the
widely implemented energy-harvesting methods in wireless devices. Figure 3 indicates the
energy-harvesting methods that are used in various applications.
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4.1. Solar Energy Harvesting

Solar energy harvesting is one of the most commonly used methods for energy harvest-
ing; it utilizes photovoltaic cells to convert sunlight into electrical energy. The photovoltaic
cell absorbs photons from sunlight to generate an electric current. Its use can be seen in
devices from a small-size calculator to large-scale solar power plants.
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4.2. Thermal Energy Harvesting

Thermal-energy-harvesting methods generate electricity through sensing units that
observe temperature differences. Thermoelectric materials are utilized to observe heat gra-
dients for generating electrical voltage. Therefore, these methodologies can be implemented
in industrial applications where there is a huge temperature differential.

4.3. Kinetic Energy Harvesting

Kinetic energy harvesting can also be represented as a motion-based energy-harvesting
method where the movement or motion of an object is used for generating electric power.
This is a most common methodology used in wearable devices and self-powered sensor
units. Electromagnetic induction and piezoelectric materials are used to convert mechanical
motion into electric power.

4.4. Hybrid Energy-Harvesting Technology

Hybrid energy-harvesting methods are designed by integrating multiple energy-
harvesting methods. This method is preferred for wireless devices due to its high reliability
and better energy efficiency. Some of the important hybrid energy systems used for wireless
devices are discussed below.

4.4.1. Solar-Energy-Based Hybrid Energy-Harvesting Methods

Arora et al., 2022 [16] developed a hybrid system based on a solar, thermal, and
piezoelectric model for underwater WSN applications. A novel optimization method was
also proposed in this work, and the theoretical calculation provides an energy outcome of
22.3 KJ per 24 h. Chen et al., 2022 [17] proposed a solar-panel- and wind-turbine-based
hybrid energy system for mobile edge-computing systems where a dynamic offloading
algorithm is utilized to regularize the generated power. Xiao et al., 2023 [18] made a hybrid
model with solar PV and a thermoelectrical generator to convert the ambient light and
heat energy in a room into useful power. The work uses a five-sided PV panel for this
operation, and the generated power is used for IoT sensors for increasing its sustainability.
Kim et al., 2022 [19] designed a hybrid system with a raindrop- and solar-energy-harvesting
method. The work contains a triboelectric nanogenerator constructed with an inbuilt charge
storage layer in the PV panel. The design was implemented in an invisible IoT security
system and obtained a satisfactory outcome in terms of energy efficiency due to a better
light-transmittance rate.

4.4.2. Thermal-Energy-Based Hybrid Energy-Harvesting Methods

Bakytbekov et al., 2022 [20] designed an RF- and thermal-based self-energy-harvesting
dual-function triple-band antenna for IoT application. The experimental test indicates that
this methodology provides an energy outcome of 13.6 µW with 250 mV. Kim et al., 2022 [21]
framed a hybrid energy-harvesting model by integrating triboelectric and thermoelectric
generators for wearable device applications. The work converts body motion and body
heat into useful electric energy, and the experimental work took 240 s to store energy in
a 3.3 mF capacitor of 3 V. Yang et al., 2022 [22] developed a hybrid energy-harvesting
device that includes s triboelectric nanogenerator and thermoelectric generator. The work
utilizes the inevitable heat produced from the Seebeck effect and that gives a betterment of
28 times over the traditional methods. Bakytbekov et al., 2023 [23] designed a multisource
energy-harvesting system using an RF- and thermal-energy harvester. The experimental
study gives a betterment of 10% over the traditional methods and produced 3680 µWh per
day; further, it had the ability to transfer the data to the destination every 3.5 s.

4.4.3. Kinetic-Energy-Based Hybrid Energy-Harvesting Methods

Zhao et al., 2022 [24] structured a hybrid energy-harvesting model with piezoelectric
and electromagnetic models for converting rotation and vibration energy into electric
power. A triboelectric nanogenerator is utilized in this method for such energy conversion,
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and the work is implemented for wireless tire-pressure monitoring systems. Bai et al.,
2023 [25] proposed a vibration- and rotation-energy-conversion model for wearable sensor
electronics. The design is structured with electromagnetic and turboelectric generators and
produces 300 mW from jogging and 800 mW from sprinting. The capability of the model
can charge a wearable smartband rated with 400 mW power. Liu et al., 2023 [26] developed
a marine-mammal-condition monitoring system with a triboelectric nanogenerator and
micro-thermoelectric generator for making a self-powered device. The experimental work
finds a betterment of 4.93% than the single energy source method of charging a battery.
Cheng et al., 2023 [27] structured a hybrid energy-harvesting method that consists of
piezoelectric, electromagnetic, and magnetostrictive generators. The experimental outcome
gives a maximum output of 2.674 mW in Bluetooth wireless communication of humidity
sensor data.

Hybrid energy systems are widely preferred in wireless devices for improving the
reliability and sustainability of the connected systems. The self-hybrid energy systems
are good for improving the battery life of the connected system by enhancing the energy-
harvesting space to certain extent. Similarly, the hybrid model improves the system
flexibility by adapting it for various applications. However, there are certain limitations in
self-energy-harvesting systems, which are described in the following section.

5. Literature Review of Energy Optimization Models in Wireless Devices

Energy optimization is a methodology utilized to improve the power efficiency of
energy harvesting by minimizing energy wastage. Usually, energy auditing will be imple-
mented in every self-energy-harvesting system for analyzing its energy utilization pattern,
and from that, a customized energy optimization algorithm will be developed. Table 3
represents some of the energy optimization methods utilized in wireless sensor networks
and IoT applications.

Table 3. Literature review of energy optimization methods.

Methodology Year Energy Source Generator Type Application Outcome

Multistage
Dickson charge
pump circuit [28]

2023 Electromagnetic
wave

Multi-band RF
antenna IoT/WSN 78.3% of power conversion

efficiency

Relay selection
method [29] 2023 Electromagnetic

wave RF antenna WBAN 7.8% of pocket reception
rate improvement

Power control
method [30] 2022 Electromagnetic

wave RF antenna IoT sensor with
NodeMCU

Reduced power requirement
from 225 mW to 264 µW

Adaptive power
transfer
algorithm [31]

2022 Electromagnetic
wave RF antenna IoT 49.5 mW outcome of

wireless power transfer

Distributed
resource
management
algorithm [32]

2021 Electromagnetic
wave RF antenna B5G

Eight times reduced pocket
loss compared to greedy
algorithm

10-stage cross
connected rectifier
optimization [33]

2021 Electromagnetic
wave RF antenna IoT 42.4% of peak end-to-end

efficiency

Self-designed data
and energy
integrated
network [34]

2021 Electromagnetic
wave RF antenna IoT

Minimizes the sampling
data to improve the
sleeping time
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Table 3. Cont.

Methodology Year Energy Source Generator Type Application Outcome

Simultaneous
wireless
information and
power transfer
algorithm [35]

2021 Electromagnetic
wave RF antenna 5G/B5G IoT 7.81 × 10−11 ESA is

achieved

Intelligent
dynamic energy
flow control
algorithm [36]

2021 Electromagnetic
wave RF antenna WSN 0.16 µV output per second

Rectenna array [37] 2020 Electromagnetic
wave RF antenna IoT

67% of high energy
conversion efficiency over
Vivaldi rectenna

Hybrid spectrum
access mode [38] 2020 Electromagnetic

wave RF antenna Industrial IoT
Achieved larger
transmission of data with
less power

Broadband rectifier
and a novel
matching
network [39]

2020 Electromagnetic
wave RF antenna LTE 42% efficiency improvement

Supercapacitor
with hybrid
optimization [40]

2022 Hybrid solar, wind,
and kinetic energy

Photovoltaic cell,
wind turbine, and

electromagnetic
generator

Railway wireless
sensors

2660 mW power generated
from 5.5 m/s wind

Game theory and
perturbed
Lyapunov
optimization
theory [41]

2021 Hybrid vibration
and kinetic energy

Piezoelectric and
electromagnetic

transducers
IoT Better energy efficiency than

naïve and greedy offloading

Parametric model
optimization
strategy [42]

2020 Hybrid vibration
and kinetic energy

Piezoelectric and
electromagnetic

generators
IoT 25.45 mW power generated

on 0.5G vibration

Rational adaptive
mechanical
design [43]

2022 Hybrid wind and
kinetic energy

Triboelectric and
electromagnetic

generators

Wireless
environment
monitoring

60 times better output than
the traditional model

Rotational tapered
rollers [44] 2021 Hybrid wind and

kinetic energy

Triboelectric and
electromagnetic

generators
IoT 63.8 mW output

Customized
boxlike
structure [45]

2020 Hybrid wind and
kinetic energy

Triboelectric and
electromagnetic
nanogenerators

5G IoT 18.66 mW power output at
15 m/s wind speed

Magnetic flux
intensity
control [46]

2023 Magnetic field
Magneto-

mechano-electric
generator

WSN 5.5 mW power generated
from 100e magnetic field

Energy per
operation
optimization [47]

2020 Solar Photovoltaic cell Wearable IoT 2.4 times better outcome
than manual optimization

Boosted by boost
converter [48] 2020 Solar Photovoltaic cell WSN 5.88 V generated at full

sunlight

Efficient energy
and radio resource
management
framework [49]

2020 Solar Photovoltaic cell UAV Generated 13,000 J for 20 s
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Table 3. Cont.

Methodology Year Energy Source Generator Type Application Outcome

Prediction-based
adaptive duty
cycle MAC
protocol [50]

2023 Solar Photovoltaic cell WSN 76.4% improvement on total
energy consumption

Smart connector
for energy
balance [29]

2023 Thermal Two thermoelectric
generators

Bluetooth smart
grid

4.9% energy improvement
on sleep mode

Tapered nonlinear
vibration energy
harvester with
MPPT [51]

2021 Vibration Piezoelectric
device IoT 2660 µW/cm3g2 of power

density is obtained

Vibration
enhancement
mechanism [52]

2021 Vibration Piezoelectric stack IoT/WSN 2.622 W power output at
8.5 ms−1 wind speed

Cantilever and
impact
method [53]

2021 Vibration Two piezoelectric
devices

Zigbee wireless
sensor

1.5 µW of maximum power
output

Polymer film
thickness
alteration [54]

2022 Wind Microwind
generator Wireless sensor 60 µW of maximum power

output

In situ carbon
dispersion
method [55]

2022 Wind
High-power
triboelectric

nanogenerators
Wireless control 75.2 W/m2 power density

Apart from optimized energy-generation techniques, certain optimization algorithms
have been implemented in recent years to enhance the efficiency of energy utilization. A
hybrid whale optimization algorithm–moth flame optimization was proposed to select
the optimal cluster head for data transmission. It helps a wireless device to save its nor-
malized network energy [56]. A slow-movement particle swarm optimization algorithm
was designed to improve the scheduling process on a mobile edge device application.
The experimental outcome indicates better computational and energy efficiency over the
conventional particle swarm optimization [57]. A fuzzy-constraints-based cluster optimiza-
tion methodology was developed to optimize the performances of cluster heads on data
transmission in wireless ad hoc networks. The simulated outcome indicates a better net-
work lifetime over the traditional LEACH and MPO methods [58]. An ad hoc on-demand
multipath distance vector routing protocol was structured to enhance the energy efficiency
in mobile ad hoc networks by enhancing the routing process. The performance of the
proposed method gives better energy efficiency along with minimal data loss [59]. A
machine-learning-based intelligent opportunistic routing protocol was proposed for WSN
healthcare applications. The simulation result presents an acceptable outcome of energy
consumption rate over the traditional MDOR and EEOR approaches [60].

6. Discussion on Emerging Methodologies

The literature section indicates that wireless devices are widely incorporated with RF
antennas for extracting energy from electromagnetic waves. Following that, hybrid tech-
nologies are widely preferred for energy harvesting. In hybrid methods, wind with kinetic
energy and vibration with kinetic energy are the most utilized methods. Electromagnetic
generators are employed to convert kinetic energy into electrical energy, and piezoelectric
sensors are utilized to convert vibration energy. Triboelectric nanogenerators and wind
turbines are employed for harvesting energy from the wind. Individual solar-energy har-
vesting was found to be the third most preferred option; however, this was not found to be
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the focus of recent research studies in the way that electromagnetic wave energy generation
has been studied.

The review work was performed to observe the research trends in energy harvesting
in wireless devices, and therefore, the literature study was conducted between 2020 and
2023. Figure 4 represents the ratio of energy sources that were proposed for self-energy
harvesting in wireless devices. Electromagnetic wave seems to be the topmost energy
source, occupying 41.38% of space in the total self-sustainable models. Hybrid energy
sources occupy 20.69% and solar energy takes 13.79% in the energy utilization space.
Vibration and wind energy cover 10.34% and 6.9%, respectively. Magnetic field and thermal
energy sources occupy each 3.45% of energy source space.
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Figure 5 represents the split-up proportion of the energy-harvesting generators utilized
for wireless networks. It indicates the RF antenna as the most employed generator system in
wireless devices. Wireless signals such as Wi-Fi, mobile, and other mobile communication
have some low-level energy, and the RF antenna attracts such energy and stores it in a
battery storage with the help of rectifier unit. In most of the wireless applications, the
devices are structured with an RF antenna for signal transmission. The same RF antenna is
utilized for energy harvesting in most of the systems [61]. Therefore, it does not require any
additional energy-harvesting modules. Hence, it is widely used in wireless devices. Similar
to RF antennae, an optical nanoantenna called a rectenna is also implemented in a few
applications. However, its load power and energy conversion efficiency are comparatively
poorer than other methods [62]. These kinds of self-harvesting methodologies may assist
the Agriculture 4.0 methodologies, which are implemented with sensors and remote sensing
units [63].

The electromagnetic generator seems to be the second most utilized power generator
system in wireless devices. It creates electrical energy from flowing water and wind. How-
ever, the electromagnetic generator system cannot be placed in closed-environment wireless
devices. It is majorly employed in open-place wireless communication systems. Similarly,
the photovoltaic cell is also utilized in open-place wireless communication systems for
harvesting energy from the solar energy source. However, the photovoltaic cell has the
ability to generate only in the daytime. Hence, the solar energy source is utilized as one
of the energy sources in hybrid systems. Piezoelectric sensors and triboelectric generators
are also the most common models that are used in hybrid systems. The piezoelectric
sensor generates electrical energy from vibrations, and the triboelectric generator generates
electrical energy from wind energy. The wind turbine is also employed in a very few
wireless devices for generating electrical energy. Table 4 represents the future directions
and challenges of designing a self-energy-harvesting method for wireless applications.
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Table 4. Future directions and challenges of self-energy-harvesting methods.

Methodology Future Directions Challenges

Electromagnetic wave Minimizing the size of the RF antenna
while maintaining its performance

General properties of the RF
antenna material

Solar Intelligent solar panel direction
estimations

Space requirement and
climate constraint

Vibration Increasing the lifespan of the sensors Cannot be suitable for several
applications

Wind Effienct windflow direction
estimation Climate constraint

Magnetic field Improving the power density
observation from the magnetic field Not suitable for living area

Thermal Increasing the energy conversion
efficiency Requires constant heat source

The performance of wireless energy-harvesting systems is measured in terms of power
generated by them, and the following list indicates some of the other parameters that are
used for estimation:

• Power conversion efficiency is a metric used for comparing a model with an existing
technique [28].

• The performance of the self-harvesting wireless devices is optimized with an automatic
algorithm, and in such cases, its performance is measured with the power requirement
for some specific operation. The same operation is enforced in other algorithms, also
for proving its efficiency [30,42,46].

• The energy optimization algorithms are also included in some wireless devices, and
that reduces the pocket loss of signal transmission [29,32].

• Sleeping time analysis is found to be one of the efficient parameters, and that represents
the amount of saved data transmission [29,34].

• Amount of power spent for sending a specific amount of data gives a better view of
the wireless device in terms of its sustainability [38,43].
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7. Conclusions

Next-generation wireless devices are expected to be incorporated with a self-energy-
harvesting technique by many users. Therefore, different kinds of self-energy-harvesting
methods have been developed in recent years. This paper explored the requirements of
self-energy-harvesting systems in wireless devices, and it also indicated the methodologies
that are widely employed in such energy-harvesting applications. A brief literature study
was conducted with recent-years research outcomes from 2020 to 2023 to represent the
recent trends in self-energy-harvesting techniques. The review summary indicated that
electromagnetic-based power generation systems are widely employed in many applica-
tions, as they require very minimal peripheral modules for operation. The review also
found that the research on solar-based power generation is not preferred by researchers in
recent years for making energy-harvesting wireless devices, as it requires a huge amount
of space. Similarly, thermal methodologies are not preferred, as these require a constant
heat source; furthermore, wind-based methodologies were not preferred due to climatic
considerations. The analysis explored the possible scope in future for a hybrid self-energy-
harvesting system which may contain an RF antenna as a primary module for generating
power from wireless signals. Other techniques such as photovoltaic, triboelectric, piezo-
electric, and thermoelectric sensors can be equipped in such hybrid models based on the
available energy source in the place where the wireless device is to be installed.
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