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ABSTRACT 

 

Energy harvesting (EH) is recognized as the best alternative for conventional batteries to provide 

sufficient power that to enable low-power gadgets. Energy harvesting is an approach of utilizing available energy 

emitted from various ambient sources and converting that into electrical DC. This chapter focuses on various 

energy harvesting mechanisms and their advantages and disadvantages. The role of radio frequency energy 

harvesting (RFEH) and a device such as Rectenna that supports for RF energy harvesting mechanism has also 

been highlighted. The different applications of rectenna in wireless energy harvesting (WEH), wireless power 

transmission (WPT), and solar power transmission (SPT) are deliberated briefly. Besides this, also explains the 

utilization of rectenna for various real-time applications. 

 

Keywords— Energy harvesting; ambient energy; radio frequency energy harvesting; rectenna; wireless energy 

harvesting; wireless power transmission; 

 

I.  INTRODUCTION  
 

  Wireless systems have seen significant progress as technology has advanced due to their ability 

to automate the architecture and decrease hardware complexity, and systems cost. Wireless technology has been 

extensively utilized to communicate and power transfer to other wireless gadgets for decades. Wireless technology 

improvements have greatly broadened the scope of its uses in various fields. As a result, the use of electronic 

components has risen, as has the power demanded to charge them. Continuous energy is required for the proper running 

of these gadgets; yet, it is impossible to give limitless power to these devices using conventional means such as a battery or 

wired cables. Furthermore, a battery's lifetime is limited, necessitating frequent battery changes. This raises the additional 

costs on the system's functioning and can make environmental damage. It is sometimes challenging to replace a battery that 

has been placed in an unreachable location. To circumvent these constraints, energy harvesting (EH) approaches have gained 

widespread interest [1]. 

 

II. ENERGY HARVESTING APPROACH 

 

Energy harvesting (EH) is the process of absorbing available energy from the environment around a system and 

converting it to a form of electrical energy suitable for powering low-power electronic equipment. As a result, the 

EH method may be a preferable option for powering battery-free gadgets. The applications could be found in 

sensing and implantable devices, where charging such devices with batteries or wired cables is a challenge. 

Furthermore, these EH techniques are more useful if replenishing a battery in devices mounted in remote locations 

such as hill stations is impossible. 

There are two different kinds of energy harvesting strategies: ambient source of energy harvesting and dedicated 

source of energy harvesting. The harvesting system in the first technique uses renewable energy from nearby 

sources, while in the second technique, a specialized source of energy is created to supply the appropriate amount 

of energy for consumer electronics over free space without polluting the environment. 

Several energy harvesting technologies based on the first technique exist, that gather energy from inexhaustible 

sustainable energy sources such as vibrations, solar, thermal, acoustic, radio frequency (RF), wind, and so on [7-

28]. These renewable energies are abundant and can be obtained from the surrounding air. Various energy 

harvesting methods include: 

 



 

  

1. Piezoelectric, 

2. Photo-voltaic  

3. Thermal 

4. Acoustic 

5. Radio frequency (RF) 

6. Wind  

7. etc. 
 

A. Piezoelectric Energy Harvesting 

 

  Mechanical tension, pressure, and vibrations are used to generate electricity in this approach. 

The mechanical EH produced by piezoelectric transducers is compact and lightweight. However, the transmit 

power is dependent on the object's vibration/motion, and the power output from the harvesting system is highly 

inconsistent when the vibrations are unstable. As a result of the variance in input power, the conversion efficiency 

is quite low [2, 3, 4, 5, 6]. 

 
 

Figure 1: Block diagram of a Piezoelectric energy harvesting system [6]. 

 

In piezoelectric energy harvesting through vibration, an object remains suspended by an electron beam 

with a piezoelectric coating on the top. The piezoelectric lever is mechanically distorted as the mass vibrates, 

resulting in the generation of a voltage. 

Figure 1 depicts a piezoelectric system made up of a piezoelectric patch glued to the surface of a 

cantilever beam that is undergoing alternate deformation. When the electron beam gets started by mechanical 

vibration in the host framework, high strain is induced in its piezoelectric material, and an alternating current (AC) 

develops within the electrodes. An interface circuitry then demands the AC voltage to guarantee that the harvested 

energy is transferred to a storage component or that the required load constraints are met. Nonlinear interface 

circuits are the latest breakthrough in conditioning circuitry, designed specifically to maximize output power.  

B. Photo-voltaic Energy Harvesting 

 

 

 

Figure 2: Block diagram of a Photo-voltaic energy harvesting system [11]. 
 

Figure 2 shows the photovoltaic energy harvesting system, where in which photons from the sun or other 

unusual light sources are transformed into electricity in this process. Photons are harvested using photovoltaic 

panels. This is a traditional and commercially reputable harvesting practice. These panels, ranging in extent from 

a few square centimeters to a few square meters, are composed of a complex framework of PV cells. Each PV 

solar cell is composed of a monocrystalline or polycrystalline compound semiconductor wafer structure. Two thin 



 

  

semiconductor wafers, one P-type and the other N-type are produced separately for the structure. When the two 

wafers are stacked on top of one other, the natural reaction between the two semiconductor kinds creates a 

depletion zone that reaches equilibrium without generating any electricity. When light photons flow through the 

PV cell and interact with semiconductor wafers, they release enough energy to upset the depletion region's 

equilibrium. As a result of this action, a short electrical current is generated. Due to the persistent presence of 

light, however, this interaction continues continuously and can generate vast amounts of electrical DC energy. 

This DC energy must be converted to AC power using an inverter to be compatible with modern power 

transmission equipment, such as the outlets in your home. This approach outperforms all other energy harvesting 

devices in terms of output power. However, the system's ability to harvest depends mostly on the amount of light 

present as well as the surrounding conditions. The greater the surface area available for sunlight to permeate the 

PV cells, the more solar energy is harvested, intuitively. Harvesting energy necessitates a special type of setup 

that cannot be used in an indoor environment. This is the main limitation of the PV energy harvesting system [2,3, 

7-11]. 

C. Thermal Energy Harvesting 

Electricity is generated using this method based on temperature variations or gradients. The mechanism 

creates power as long as there is a temperature difference. Otherwise, the generated voltage is lost due to leakage 

current. This type of energy is more readily available in large quantities, but the conversion of this energy to obtain 

sufficient output power from this collecting device is challenging. Furthermore, harvesting devices are 

inextricably linked to all other types of energy-gathering devices. As a result, to generate an acceptable amount 

of output power from this thermal energy harvesting system, a vast area is required [2-4, 12-16]. The block 

diagram of the thermal EH system is presented in Figure 3. 

 
 

Figure 3: Block diagram of a Thermal energy harvesting system [16]. 

 

There are numerous ways of improving the amount of energy generated by thermoelectric generator (TEG) 

devices, one of which is to enhance the voltage boost converter produced and to model different TEG arrays based 

on the required energy. Because of the variation in a temperature gradient, a TEG device functions under a variety 

of conditions that are difficult to manage. Because of the temperature difference, the resistance that is detected 

within the gadget varies, generating a disparity that exists between the TEG gadget and the load. Without the 

Maximum Power Point Tracking (MPPT) algorithm, this difference will prevent the conditions for maximum 

power operation. 

The MPPT algorithm enhances the harvesting system efficiency by operating it at the optimal operating 

point for extreme power generation. MPPT is a methodology that drives the voltage converter using a given pulse 

to track the greatest PowerPoint, i.e., altering its internal impedance to produce a matched load in response to 

variations in these factors. The TEG versions are linked via a DC-to-DC converter, which allows them to optimize 

power for current as well as voltage at all times. The voltage that is produced from DC-to-DC converters is tried 

to be adjusted to high or low values. 

D. Acoustic Energy Harvesting 

A continuous acoustic wave is converted into energy using an acoustic transducer in this procedure. When 

an electrical connection isn't possible, this helps immensely. In general, the density of accessible acoustic energy 

is low, and it is collected in noisy environments. In comparison to all previous EH approaches [17-20], the acoustic 

transducer's collected power is very low in density, and the supplied dc voltage is quite low. 

Acoustic energy harvesting (AEH) can transform acoustic energy into electricity. The energy conversion 

process, such as a permanent magnet or a piezoelectric membrane and a coil, is combined with a quarter-

wavelength resonator or a Helmholtz resonator in an AEH. The use of acoustic resonators for noise reduction and 



 

  

sound enhancement is widespread [21]. The primary objective of the acoustic resonator in AEHs is to magnify 

the incident acoustic energy. As seen in Figure 4, the Helmholtz resonator has a neck and a hollow. The air in the 

resonator's neck behaves like a lumped mass, but the air trapped inside the cavity acts like a spring, holding the 

air in the neck in place. The air moving in the Helmholtz resonator is dampened by the narrower neck part. The 

lumped air at the neck is oscillated by the incident acoustic pressure wave. The pressure of the air inside the cavity 

rises as the air in the neck moves lower; conversely, the pressure of air in the cavity falls as the air moves upward. 

In the cavity, the pressure amplitude is always greater than that of the incident acoustic wave. The pressure in the 

fluctuating cavity activates the energy transduction process, which generates power. 

 

 
 

Figure 4: Block diagram of an Acoustic energy harvesting system [20]. 

 

E. Radio Frequency Energy Harvesting (RFEH) 

 

Radio frequency energies present in the environment are captured and transformed into electrical energy 

using this technology. The accessible density of electromagnetic energies in the surrounding air is relatively low, 

and the energy is continuous regardless of seasonal and diurnal changes. The key benefit of this energy harvesting 

technology is that it can be used effectively in an indoor atmosphere. The harvesting system takes up a tiny amount 

of space in terms of size. A rectenna or rectifying device is a unique device that is used to capture RF energy [2-

4, 22-25]. 

 

F. Wind Energy Harvesting (RFEH) 
 

The output energy provided in this system is determined by environmental factors in this method. Because it is 

highly uncertain, the output power is limited, and the conversion efficiency is low [2-3, 26-28]. 

 

G. Comparison of Various Energy Harvesting Approaches 

 

Table 1: Comparison of Various Energy Harvesting Systems [3-4, 29] 
 

Energy Harvesting 

Approach 

Input Power 

Density (W/cm2) 

Output Power 

Density 

Efficiency 

(%) 
Availability 

Photo-voltaic 
Outdoor: 100 m 

Indoor: 0.1 m 

Outdoor: 15 mW/cm2 

Indoor: 10-100 µW/cm2 
Until 40 

Light  

Dependent 

Piezoelectric  

Vibration 
10-200 µ 4-100 µW/cm3 Until 30 

Movement 

Dependent 

Thermoelectric 
Human: 100 µ 

Industrial: 100 m 

Human: 30 µW/cm2 

Industrial: 10 mW/cm2 
10-15 

Temperature-

gradient 

Dependent 

Radio Frequency 0.1-1000 µ 0.1 µW/cm2 50-70 Continuous 

Acoustic - 1.436 mW/cm2 0.012 Not-continuous 

Wind 28.5 m - 0.61-17.6 
Wind 

Dependent 



 

  

III. ROLE OF RF ENERGY HARVESTING SYSTEM 

 

  The increased use of various portable and handheld gadgets, among other things, has risen in recent days 

as a result of the expanded use of wireless technology. As a result, more RF power radiators, such as wireless 

communication systems, cellular towers, Wi-Fi hubs, FM radio stations, digital television (DTV) towers, and have 

been developed to meet people's demands. The power density in the surrounding atmosphere is increased with the 

increasing number of radio transmitters. Because of the rising power density, compactness, and ability to operate 

RF energy harvesting systems efficiently within indoor and outdoor environments, RF energy harvesting 

technology has inspired the world over other EH systems. Microwave signals in the ambient environment are very 

low in density when compared to solar and wind energies, but RF signals are always present. In applications where 

size reduction is critical, the RFEH approach can allow for size reduction in the harvesting system (relative to 

wind turbines and solar cells). As a result, RFEH could have been a superior choice for delivering a sustainable 

energy source in the face of forthcoming challenges. 

  The power conversion efficiency (PCE) of RF energy harvesting is the highest compared to all other EH 

techniques due to its continuous source of energy. Furthermore, advances made in wireless power transmission 

(WPT) systems that enable mobile electronic devices, microsensors, passive radio-frequency identification 

(RFID) systems, and wireless implantable devices to operate without the use of batteries have sparked interest in 

RF energy harvesting (RFEH). The RFEH may use wireless communication technologies to power batteries or 

electronic equipment, which is especially useful in remote places where access is limited or battery replacement 

is problematic (e.g. aircraft, chemical implants, bridges, etc). Harvesting RF energy also has the advantage of 

reaching inside building materials. 

The RFEH method harvests electromagnetic energy from ubiquitous or specific RF sources in the 

atmosphere around it and processes the signal to power low-power gadgets. The power density is accessible from 

various RF sources ranging from 0.1 W/cm2 (ambient source) to 1000 W/cm2 (specialized source). A rectifying 

antenna, which consists of a constructed antenna and rectifier circuit, is used to capture the EM signal. This 

rectifying antenna, also known as a rectenna, has gotten a lot of interest from scientists in recent years. 

 

IV. BLOCK DIAGRAM OF THE RADIO FREQUENCY ENERGY HARVESTING 

 

Figure 1.5 depicts the fundamental block layout of a rectenna system. The rectenna system is made up 

of an antenna, a rectifier, an impedance-matching network, and an RF filter. The antenna detects and receives RF 

radiation, which is subsequently converted into a DC signal by the rectifier. An RF input filter, sometimes known 

as a "pre-rectifier," is a filter designed to suppress harmonics created by the rectifier's nonlinear component. For 

the greatest power transfer, a matching network must be connected between the filter and the rectifiers. The basic 

operation of a rectenna system is the same regardless of its purpose. Figure 1.6 is a flow diagram depicting several 

components and applications of the rectenna system. 

 

 
 

Figure 5: Block diagram of a rectenna system [28]. 

 

RF energy sources include Global Positioning System (GPS), Worldwide Interoperability for Microwave 

Access (Wi-Max), frequency modulation (FM), Universal Mobile Telecommunications System (UMTS), digital 

television (DTV), Global System for Mobile Communications (GSM), Wireless Fidelity (Wi-Fi), Long Term 

Evolution (LTE), and 5G, among others. RFEH systems can benefit through the energy from various sources. 

Table 1.2 displays the frequency bands of several of the sources. 

 



 

  

 

 

Figure 6: Flow diagram of various components of the rectenna system [20]. 

 

Table 2: Frequency bands and ranges 

 

S. No. Frequency Band Range of Frequencies (MHz) 

1. AM 0.550-1.650 

2.  

 

 

ISM 

13.553-13.567 

3. 26.957-27283 

4. 40.66-40.70 

5. 433.05-434.79 

6. 2400-2480 

7. 5728-5870 

8. 24000-24250 

9. DTV 470-862 

10. FM 88-108 

11. LTE800 824-894 

12. GSM900 890-960 

13. GSM-L1 1563-1587 

14. GSM1800 1710-1880 

15. UMTS2100 1920-2170 

16. LTE2300 2300-2400 

17. LTE2500 2500-2690 

 

18. 

 

 

5G 

3300-3600 

3700-4200 

4800-4990 

24250-29500 

19. Wi-Fi 6 5925-7125 

20. WLAN5.2 5175-5735 

 

 



 

  

V. EVOLUTION OF THE RECTENNA SYSTEM 

 

In the 1950s, Raytheon company presented an airborne microwave platform concept to deliver a 

microwave beam at a height of 50000 ft. The experimental measurement setup of the rectenna for microwave 

power model helicopter applications is presented in Figure 1.7. In the 1960s, the concept of the rectenna was 

initially proposed by William C. Brown of Raytheon Company for WPT applications [30]. At that time, Brown 

was facing problems with how efficiently to receive microwave signals and convert them into electrical DC power. 

Brown was having difficulty in finding a suitable diode in the rectifier circuit for converting the microwave beam 

into DC at the time, although he had successfully developed a rectenna in 1964 and patented it in 1969 by William 

C. Brown [31]. Brown conducted some experiments, and in the end, he built a model helicopter that flew at a 

height of 30 feet from his lawn and was driven by a microwave power beam [32]. The helicopter, which was 

powered by a microwave power beam of a few hundred watts, utilized an array of rectenna elements. For 

delivering adequate power to the helicopter, a 5 KWatt microwave generator, such as a magnetron, was used. The 

rectenna was extremely huge at the time of its manufacture. Since the rectenna's development, significant research 

has been conducted to enhance rectenna efficiency by reducing size. 

 

VI. RECTENNA FOR WIRELESS POWER TRANSMISSION (WPT) 

 

  
                    (a)                                                 (b)                                                               (c)  

 

Figure 7: (a) Close-up view of the microwave-powered helicopter, (b) View of the helicopter in flight at an 

altitude of 30 ft [32], (c) basic design elements of the microwave-powered helicopter [33]. 

 

The WPT concept had begun with the findings of Heinrich Hertz and the experimental demonstrations 

of Nikola Tesla's transmission of radio waves in the 1890s [21, 23, 25, 31-35]. Heinrich Hertz used Maxwell's 

equations to verify the existence of electromagnetic waves for the first time in an experiment. Nikola Tesla 

expanded on Hertz's research on power transmission via radio waves. Tesla was explored experimentally by 

employing two magnetic coils positioned in space with no physical media between them, and he was able to 

efficiently transfer the microwave beam from one magnetic coil to the second coil. Tesla, on the other hand, never 

found a commercially viable outlet through his presentation. Tesla's work sparked the academics' curiosity in 

using microwaves to efficiently transmit microwave beams across the wireless medium. Wireless transmission 

can help power electrical gadgets when joining lines are difficult, dangerous, or not practicable. A strongly focused 

microwave beam was found as being necessary for the 1930s, and this beam is employed for directing onto small 

antennas. However, this could not be successfully applied until a suitable microwave generator, such as a 

magnetron, was designed to generate a significant amount of microwave power signals. 

The microwave-powered aircraft is made up of various parts. A microwave generator, such as a 

Magnetron, was utilized to provide enough power for the helicopter in the form of a microwave beam that was 

transmitted through a microwave antenna, often a parabolic reflector antenna. Rectennas were installed on the 

helicopter to collect the transmitted microwave beam, which performed satisfactorily [33, 36]. Rectenna 

applications are further developed for wireless sensor networks (WSN), wireless energy harvesting (WEH), and 

implanted devices. Rectennas, on the other hand, have greater size and low rectenna efficiency. 

 

A. Various Approaches of WPT 

The various approaches of WPT are the near-field approach of WPT and the far-field approach of WPT. 

Near-field transmission is usually performed either by inductive or capacitive coupling, whereas far-field 

transmission is performed by electromagnetic antennas. Microwave power transmission is a method of far-field 

coupling. 

 

 



 

  

1) Near-field Approach 

In the near field or non-radiative techniques, magnetic fields using inductive interactions within coils of 

wire or electric fields utilizing capacitive connections among electrodes made of metal are employed to transfer 

power over short distances. Inductive coupling is the most widely used wireless communication technology, and 

it is used to charge portable devices like phones, induction cooking, electric toothbrushes, portable wireless 

charging, and RFID tags or uninterrupted wireless power transfer in implantable medical devices like artificial 

cardiac pacemakers or electric vehicles. 

 

2) Far-field Approach 

Microwave power transfer is a radiative (far-field) technique. This method of wireless power 

transmission uses radio waves to transport energy, with the wavelength of the radio wave being reduced to that of 

a microwave. MPT's components include a receiver and transmitter antenna, as well as a generator. It's important 

to notice that the transmitter and reception antennas are not magnetically coupled. Because the transmitter and 

reception antennas are magnetically isolated in this form of WPT system, variations in impedance between the 

transmitting and receiving antennas are ignored, whereas magnetic resonance coupling and magnetic inductive 

take impedance into account. The disadvantages of this system include the high power transferred in MPT, which 

is harmful to human health, the system's low efficiency, and its restriction to only straight-line propagation. 

 

VII. RECTENNA FOR SOLAR POWER TRANSMISSION (SPT) 

 

Rectenna usage can also be found in solar power transmission (SPT) applications. Various conversion mechanisms 

are used in this system to make use of the vast amount of solar energy that is accessible. Figure 1.8 shows the SPT 

system arrangement, where photovoltaic (PV) cells are installed on the satellite system to collect solar energy, 

which is subsequently converted to dc electricity. Solar energy cannot be directly transformed into microwave 

energy. As a result, microwave generators such as magnetrons are used to convert dc power into microwave 

energy, and this transformed microwave energy is transmitted to the ground station. To capture such a vast amount 

of microwave power, a large rectenna system is installed on the ground plane, where the rectenna system has 

roughly 13 billion antenna elements and seven billion rectifier elements occupying an area of 10 kilometers in 

diameter. At a frequency of 2.45 GHz, the rectenna receives 5GW of microwave power with a maximum power 

density of 24.3 mW/cm2. This is the greatest power density that a single solar satellite can send from space. 

Nonlinear heating of the ionospheric layer is possible beyond this limit [37]. 

 

  
                                      (a)                                                                       (b) 

 

Figure 8: (a) Solar power satellite system [9], [b] Photovoltaic cells [9]. 

 

By simply increasing the radiating power of the space-based microwave generators, the capturing power at 

the ground-based rectenna system cannot be enhanced. This can be accomplished by increasing the number of 

solar satellite systems, as depicted in Figure 1.9. This prevents the maximum permitted power density level from 

being exceeded [38]. 
 



 

  

 

Figure 9: The arrangement of two solar satellites feeds a single rectenna system [38]. 

 

VIII.  REAL-TIME APPLICATIONS 

 

A. Short-range Applications 

 

 
                                   (a)                                                                       (b)  

 

Figure 10: (a) Ceiling and wall-mounted power transmission units (PTUs) in the home or office 

environment, (b) Devices with PRUs receiving energy from a PTU and ambient EM radiation [39]. 

 

WPT is also used in short-range applications like transmitting electrical utility power to various gadgets 

in the home and business, as presented in Figure 1.10. A power transmission unit (PTU) generates a radiation 

beam with the use of electricity and is connected to the electrical grid. A power receiving unit (PRU) is built 

within the device, and it receives RF energy from one or more PTUs before converting it to electricity. Finally, 

the electrical energy is delivered to appliances using PRUs or a battery. Because each device requires the 

connection of one or more PRUs to receive adequate power, this strategy is not appropriate from a design 

standpoint. Furthermore, the range of power transmission can be expanded by adding additional relay units, 

although this adds to the design complexity and costs [39]. 

 

B. Sensing Applications 

Sensors are the most important components of a wireless sensor network (WSN). Sensors require a 

constant power supply to perform properly. Sensors often run at low power levels, which can be provided by an 

internal battery. Because conventional batteries have a limited lifespan, RF energy harvesting is the best option 

due to its availability at all hours of the day and night. A rectenna can be used to extend the battery's life. Figure 

1.11 shows the usual power requirements for some commonly used handheld and portable devices. 



 

  

 
 

Figure 11: Power requirement of some portable devices [40]. 

 

 
 

Figure 12: Sensor node architecture powered by RF energy harvesting technique [41] 

 

A sensor node's architecture is seen in Figure 12. An RF energy harvesting circuit with a charge-storing 

device is included in the first segment. The application-based work of data sensing and transmission is discussed 

in the second section. The application platform area also includes several sensors and battery management 

systems. Externally, several sensors are also integrated with the system. 

 

Table 3: Comparison of various characteristics of Active and Passive RFID technologies 

 

Characteristic Parameters Passive RFID Active RFID 

Tag battery Not required Required 

Tag Power Source 
External (from the reader via radio 

frequency) 
Internal (from the battery) 

Signal strength available from 

the tag to the reader 
Small Large 

Signal strength required from 

the reader to tag 
Large Small 

Tag power availability Only with the field of a reader Continuous 

Multi-tag collection 
Connects hundreds of tags from a 

single reader 

Connects thousands of tags from a 

single reader 

Sensor capability 
Monitor and transfers only when the 

tag is powered by a reader 

Continuously monitor and record 

the data 

Range of communication Short-range (limited to 3m) Long-range (100m or more) 

Data storage 
Small read/write data storage (almost 

128 B) 

Large read/write data storage 

(almost 128 kb) 

 

Radiofrequency identification (RFID) tags for tracking items at shopping malls are examples of RFEH 

uses. RFID tags have become increasingly popular in tracking systems in recent years. Active RFID tags and 



 

  

passive RFID tags are the two types of RFID tags utilized. The following Table 1.3 lists the characteristics of 

these two approaches. 

By underground sensor networks connected with a rectenna system, energy harvesting techniques are 

also used to monitor the health of construction bridges. A stacked microstrip patch antenna operating at 5.7 GHz 

is designed to gather EM energy in this paper. For conversion, a single-diode half-wave rectifier is utilized. The 

rectenna's performance is noticeable in both dry and wet concrete, and the decrease in performance is noticeable 

as the cover thickness increases. Dry concrete outperforms wet concrete in terms of rectenna performance [42]. 

Figure 1.13 depicts the underground concrete harvesting mechanism. 

 

 
 

Figure 13: Rectenna system embedded in buried concrete [42]. 

 

A rectenna is also implemented to activate the end device radio nodes of a wireless sensor network. A 

Vivaldi antenna is designed for receiving RF energy from ambient sources [43]. 

Most people are concerned about their health these days. Many people are suffering from numerous health 

problems as a result of the contaminated environment and harmful food. Implantable devices are worn by certain 

persons to monitor the health of several organs continuously. These implantable devices must be delivered with 

sufficient power continually to offer uninterrupted monitoring. Energy harvesting techniques are becoming more 

attractive for combining with implantable devices due to the disadvantages of traditional batteries. The RFEH 

technology, in particular, is widely used because of its more adaptable features than other energy harvesting 

technologies. 

The performance of the RFEH system is tested by embedding a rectenna system in the minced pork front 

leg [44]. In [45], a rectenna system is used to control a deep-brain stimulation (DBS) device that may be worn on 

the head. DBS is an effective therapy for psychological and neurological diseases. RFEH's applications in power 

transmission to deep-body implanted devices are also investigated in [46]. A rectenna application was also 

investigated to track a person's temperature by integrating the rectenna with a sensor placed in a wearable textile 

material [47]. 

 

IX. CONCLUSION 

 

The rapid growth in wireless technology involves different applications such as the internet of thing-based smart 

cities. In smart cities, several user-friendly applications are performed. For uninterrupted services, a continuous 

source of energy is to be provided, which is possible by energy harvesting approaches. The radiofrequency energy 

harvesting approach has found a suitable technique due to its unique features of increasing availability, large PCE, 

compactness, and ability to operate indoor and outdoor environments. Besides, the prospects of the RFEH 

approach for smart cities are expected to play a significant role in providing sufficient batteries to 

portable/wearable consumer electronics devices. 

This chapter aims to provide sufficient information to a researcher in designing a suitable rectenna (or 

rectifying antenna) system to generate useful electrical power by harvesting very low-density RF signals which 

are freely available in the atmosphere. Although considerable advances in rectenna designs have been achieved, 

the vast majority of the published works are dedicated to maximizing the system efficiency at often high input 

power levels. Only a few attempts on compact rectenna systems have been reported, however, the achieved gain 

and power conversion efficiencies (PCE) are low. Therefore, the aim of the current research comes with the agenda 

of designing compact rectenna systems with a high gain and large conversion efficiency using the combination of 

dielectric resonator antennas and various rectifier topologies. 
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