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The importance of energy harvesting is considered when harvesting the neglected
ambient energy that graduated from different systems and dissipates around us, such as
electromagnetic waves, heat, vibration, etc., and thus converting it into useful, and easy
electrical energy. This can be used to supply critical devices such as sensors, that work in
remote and inaccessible areas, with the energy needed to work. This can include oil and gas
pipelines, long-distance transmission lines, remote forests and oceans areas, etc. Therefore,
enhancing the sustainability of these devices and expanding the opportunities for IoT uti-
lization and possible wireless operation of the sensors in sensor networks. This special issue
aims to gain new, unique knowledge of energy harvesting technology that is now attracting
attention as it enables technology to expands their uses and possibilities. Another goal is
the gather the main contributions of academics and practitioners in mechanical, aerospace,
and civil engineering to provide a common ground for improvements in approaches to
piezoelectric energy harvesting including design, optimization, applications, and analysis.
Moreover, the studies concerning sensor technologies, vibration-based techniques, artificial
intelligence, and related fields are all welcome, both numerical and experimental.

Researchers and industry have been interested in piezoelectric energy harvesting
because it has a great ability to provide self-powered operations of wearable devices,
wireless sensor networks, and medical implants. The piezoelectric converts mechanical
energy to electricity with a high efficiency and ease of operation. The harvested power can
be employed in many medical and industrial applications such as pacemakers, bridges,
building monitoring, and tire pressure monitoring techniques. Many energy sources
can be harvested using a piezoelectric device such as the mechanical vibration energy
of buildings, bridges, mechanical systems, structures, and vehicles. Piezoelectric energy
harvester displays only a sharp peak voltage near the natural frequency which means
low efficiency in harvesting ambient vibrations so broadband natural frequency energy
harvesting techniques are highly recommended. Many broadband energy harvesting
techniques have been introduced such as the nonlinear properties of the structure, using
an array of harvesters, and Automatic Resonance Tuning (ART). A typical Integrating
structural control and health monitoring system including energy harvesting is shown in
Figure 1.

For more general knowledge for understanding of the state of the art, we suggested
the reader see the review paper of Mitra et al. [1], it has several works discussed the
SHM various components system (see Figure 1). Moreover, we can see in Mitra et al. [1],
various techniques of monitoring based on ultrasonic guided waves (UGW) generated
by piezoelectric techniques. Furthermore, that work will give you experience of what
research and development exists for advanced SHM systems. As you may know, the SHM
techniques based on UGW generated by piezoelectric transducers are the most common
and most developed as well as having a longer history [2] than the other techniques, in
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particular Fiber Bragg Grating (FBG) sensors. The piezoelectric materials development for
establishing transducers for generation UGW sensors and construction of the integrated
components and systems with low-power consumption are good additions to the research
of providing new design methodologies and technologies in the field the SHM. Moreover,
we suggested the reader see another interesting report presented by Dennis Roach of Sandia
National Labs [3] for the testing of SHM systems in the aerospace industry, this report shows
the objectives and implementations of SHM systems for airplanes and includes several
examples with piezoelectric sensor applications for monitoring impacts, deformations,
debonding, delamination. Moreover, it solves the drawbacks of SHM techniques due to
the complexity of the installation of the sensors on a target structure, the real-time signal
acquisition and processing, and the replication of the real-life environmental conditions.
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Figure 1. A typical Integrating structural control and health monitoring system including energy
harvesting.

The piezoelectric sensors commonly used for reproducing the impact stress waves
in passive mode are typically based on PZT piezoelectric materials [2,4–6]. According
to the choice of piezoelectric material, the sensor design or selection is completed by the
definition of the fabrication technology and the dimension/shape that must accomplish
several system-level target parameters, such as:

(1) bandwidth;
(2) sensitivity/Gain/signal to noise ratio (SNR);
(3) input Impedance;
(4) input signal dynamic;
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(5) temperature range;
(6) mechanical features: Stress/Strain/Brittleness/Flexible/Stretchable;
(7) bonding/Embedding;
(8) electrical connection/wiring;
(9) cost.

Design, optimization, applications, and analysis of piezoelectric energy harvesting
is a vital and attractive research topic: Advances in the design of energy harvesters [7],
using FEM and hybrid methods [8,9]; Broadband energy harvester techniques [10,11]; Opti-
mization techniques for piezoelectric energy harvesters [12]; Nonlinear-vibration-based
piezoelectric energy harvesting [13]; Advances in materials for energy harvesting [14,15];
Piezoelectric energy harvesting [16], surrogate models [17]; Piezoelectric energy harvester
applications in industry [18]; Piezoelectric energy harvester applications in structural
health monitoring (SHM) [19]; Advanced energy harvesting technologies for predictive
maintenance [20]; Piezoelectric energy harvester applications in advanced sensing technolo-
gies [21]; Artificial-intelligence-based methods for piezoelectric energy harvesters [22]; New
sources of piezoelectric energy harvesters (acoustics, random vibrations, impact, simple
harmonic) [23].

As the knowledge of the guest editors of this special issue, the piezoelectric energy
harvesting technology can be used in a multitude of applications; therefore, each imple-
mentation needs to optimize the technique for its own needs. Moreover, the development
of energy harvesting will play an important role in developing technologies of Structural
health monitoring (SHM) by providing energy for the devices such as sensors network
which enhances the sustainability of these devices and expands the opportunities for IoT
utilization and possible wireless operation of the sensors in sensor networks. Moreover,
entering the artificial intelligence (AI) techniques into the procedure of designing, opti-
mization, applications, and analysis of piezoelectric energy harvesting will highly affect
the improvement of the modeling and simulation of piezoelectric energy harvesting and
overcoming the main drawback in harvesting (low level of harvested power and the need
for rectification, maximum power extraction, and output voltage regulation). In this special
issue, we collected contributions from active researchers in the field of Piezoelectric Energy
Harvesting in mechanical, structural, electrical, materials, and other engineering fields. It
will act as a platform for sharing. Furthermore, researchers may give transparent views
and indices for their research areas through the challenges and opportunities. In short, this
sharing can help researchers to develop new ideas, particularly in the early stages of this
research field.

Author Contributions: Conceptualization, W.A.A. and S.A.K.; writing—original draft preparation,
W.A.A. and S.A.K.; writing—review and editing, W.A.A. and S.A.K. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Mitra, M.; Gopalakrishnan, S. Guided Wave Based Structural Health Monitoring: A Review. Smart Mater. Struct. 2016, 25, 053001.

[CrossRef]
2. Giurgiutiu, V. Structural Health Monitoring with Piezoelectric Wafer Active Sensors, 2nd ed.; Academic Press: Amsterdam, The

Netherlands, 2014; ISBN 978-0-12-418691-0.
3. Roach, D.P. FAA Research Program Webinar Series on Structural Health Monitoring—Module 1: Introduction to SHM and

Implementation. 2016. Available online: https://www.osti.gov/servlets/purl/1514661 (accessed on 8 September 2022).
4. Marino-Merlo, E.; Bulletti, A.; Giannelli, P.; Calzolai, M.; Capineri, L. Analysis of Errors in the Estimation of Impact Positions in

Plate-Like Structure through the Triangulation Formula by Piezoelectric Sensors Monitoring. Sensors 2018, 18, 3426. [CrossRef]
[PubMed]

5. Gorman, M.R.; Humes, D.H.; June, R.; Prosser, W.H.; Prosser, W.H. Acoustic Emission Signals in Thin Plates Produced by Impact
Damage. J. Acoust. Emiss. 1999, 17, 29–36.

http://doi.org/10.1088/0964-1726/25/5/053001
https://www.osti.gov/servlets/purl/1514661
http://doi.org/10.3390/s18103426
http://www.ncbi.nlm.nih.gov/pubmed/30322053


Energies 2022, 15, 6684 4 of 4

6. Qing, X.; Li, W.; Wang, Y.; Sun, H. Piezoelectric Transducer-Based Structural Health Monitoring for Aircraft Applications. Sensors
2019, 19, 545. [CrossRef] [PubMed]

7. Elvin, N.; Erturk, A. Advances in Energy Harvesting Methods; Springer: New York, NY, USA, 2013. [CrossRef]
8. Akbar, M.; Curiel-Sosa, J.L. An iterative finite element method for piezoelectric energy harvesting composite with implementation

to lifting structures under Gust Load Conditions. Compos. Struct. 2019, 219, 97–110. [CrossRef]
9. Rahman, M.S. A Hybrid Technique of Energy Harvesting from Mechanical Vibration and Ambient Illumination. Master’s Thesis,

University of New Orleans, New Orleans, LA, USA, 2016; p. 2220. Available online: https://scholarworks.uno.edu/td/2220
(accessed on 8 September 2022).

10. Kouritem, S.A.; Al-Moghazy, M.A.; Noori, M.; Altabey, W.A. Mass tuning technique for a broadband piezoelectric energy
harvester array. Mech. Syst. Signal Processing 2022, 1811, 109500. [CrossRef]
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