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Radio frequency energy harvesting (RFEH) 

Introduction: 

Energy harvesting technology is attracting huge attention and holds a 

promising future for generating electrical power. This process offers 

various environmentally friendly alternative energy sources. Especially, 

radio frequency (RF) energy has interesting features that make it very 

attractive for low-power consumer electronics. 

The environment represents a relatively good source of available energy 

compared with the energy stored in batteries or supercapacitors. energy 

harvesting, also known as power harvesting 

Many ways to harvest energy from environment are available, including 

solar and wind powers, radio frequency energy and ocean waves, and 

thermal energy and mechanical vibrations. 

This report focuses on the energy harvesting technology using 

electromagnetic energy captured from multiple available ambient RF 

energy sources, such as TV and radio transmitters, mobile base stations, 

and microwave radios. 

This technique is very useful for sensors located in harsh environments 

or remote places, where other energy sources, such as wind or solar 

sources, are impracticable. In this context, this work presents an 

overview of advances achieved in RF harvesting field 

RF energy could be provided by commercial RF broadcasting stations 

such as TV, GSM, Wi-Fi, or radar. 

(RFEH) is an energy conversion technique employed for converting 

energy from the electromagnetic (EM) field into the electrical domain 

(i.e., into voltages and currents). 

https://www.sciencedirect.com/topics/engineering/energy-harvesting
https://www.sciencedirect.com/topics/engineering/energy-engineering


RFEH is a good solution as it allows low-power sensors and systems to be 

wirelessly powered in various application. 

Extracting energy from RF sources sets a challenging task to designers 

and researchers as they find themselves at the interface between the 

electromagnetic fields and the electronic circuitry. Therefore, knowledge 

from both domains is required in order to design a high-performance RF 

energy harvester. 

This report provides a summary of radio frequency (RF) power harvesting 

technologies. Since energy harvesting circuits are designed to operate 

with relatively small voltages and currents, they rely on advanced 

electrical technology for obtaining high efficiency. 

In this study, particular attention is given to radio frequency energy 

harvesting (RFEH) as a green technology. 

 

 

 

 
 

 

 

 

 

 

 

 

https://www.sciencedirect.com/topics/engineering/electronic-circuitry
https://www.sciencedirect.com/topics/engineering/harvesters


 

Overview of radio frequency energy harvesting system: 

How does RF Energy Harvesting work? 

There are many sources of RF available but the important thing to 

understand first is, how to convert the RF into energy or electricity? 

The process is quite simple, it is just like the normal process of an 

antenna receiving a signal. So, let us understand the process of 

conversion using a simple diagram. 

 

 RFEH Block diagram  

 

 

Figure 1 

RFEH design circuit. 

 

 



 

 

The source (can be any device or electronic circuit that) transmits RF 

signals. 

and the application circuit, which has an inbuilt circuit for energy 

conversion, receives the RF, which then causes a potential difference 

across the length of the antenna and creates a movement of charge 

carriers through the antenna. The charge carriers move to the RF to DC 

conversion circuit i.e., the charge is now converted into DC current using 

the circuit which is stored in the capacitor temporarily. Then using the 

Power amplification circuit, the energy is amplified or converted to the 

potential value as desired by the load. 

The process of conversion begins when the receiving antenna receives 

the signal and causing a potential difference across the length of the 

antenna which further makes a movement in the charge carriers of the 

antenna. These charge carriers from antenna move to the impedance 

matching circuit connected through the wires. The impedance matching 

network makes sure that the power transfer from the antenna (RF 

source) to the Rectifier/Voltage Multiplier (Load) is maximum. The 

impedance in an RF circuit is as important as resistance in the DC circuit 

for optimum power transfer between the source and the load. 

The RF signal received at antenna has a sinusoidal waveform. It means 

that it is an AC signal and needs to be converted to DC signal. After 

passing through the impedance matching network, the rectifier or 

voltage multiplier circuit rectifies and amplifies the signal as per the 

application need. The rectifier circuit is not a half-wave, full-wave or a 

bridge rectifier instead it is a voltage multiplier (a special rectifier) circuit 

which rectifies the signal and boosts the rectified signal based upon the 

application requirement. 

https://circuitdigest.com/article/voltage-multiplier-circuits


The electricity converted from AC to DC using a voltage multiplier moves 

to the power management circuit which uses a capacitor or battery to 

store the electricity and supplies it to the load (application) whenever 

needed. 

 

What are the sources of RF signal? 

As mentioned earlier, there are many devices using RF signals it means 

that there would be many sources for receiving the RF signal for 

harvesting the energy. 

 

RF sources which can be used as a source of energy are: 

• Radio Stations: Old but worthy, the radio stations regularly emit 

RF signals which can be used as a source of energy. 

• TV Stations: This too is an old but worthy source which sends 

signals 24/7 and is considered as a good source of energy. 

• Mobile Phones & Base Stations: Billions of mobile phones and 

their base stations emit RF signals which as a result, are a good 

source of energy. 

• Wireless networks: There are several Wi-Fi routers and wireless 

devices present everywhere and they should also be considered 

as a good source for harvesting energy from the RF. 

 

 

https://circuitdigest.com/tags/AC-DC-Converter


 

Practical Applications of Radio Energy Harvesting 

Some of the applications of Energy Harvester using RF system are listed 

below: 

• RFID Cards: The RFID (Radio Frequency Identification) technology 

uses the concept of Energy Harvesting which charges its ‘Tag’ by 

receiving the RF signal from the RFID reader itself. The application 

can be seen in Malls, Metros, Train Stations, Industries, Colleges, 

and many other places. 

• Research or Evaluation: The Company Powercast has launched an 

evaluation board- “P2110 Eval board” that can be used for research 

purposes or for evaluations of some new applications considering 

the required and received power and changes to be made after 

evaluation. 

Apart from these practical applications, there are many fields where 

Energy Harvesting technology can be used like in Industrial Monitoring, 

Agriculture industry, etc. 

https://circuitdigest.com/rfid-projects


 

Limitations of RF Energy Harvesting: 

With good applications and a number of advantages, there are some 

disadvantages too and these disadvantages are caused due to the 

existing limitation in that thing. 

So, the limitations for RF energy harvesting system are: 

• Dependency: The only dependency of the RF energy harvesting 

system is the received RF signals quality. The RF value can be 

reduced due to atmospheric changes or physical obstacles and can 

resist the transmission of the RF signal, resulting in low power as 

output. 

• Efficiency:  Since the circuit is made up of electronic components 

who lose their functionality with time and give poor results if not 

changed accordingly. As a result, this would affect the system 

efficiency as a whole and provide improper output in return. 

• Complexity: The receiver for the system is needed to be designed 

based on its applications and the power storage circuit, which 

makes it more complex to build. 

• Frequency: Any circuit or device which is designed to receive an RF 

signal to harvest energy can be designed to operate only one 

frequency band and not multiple. So, it is only limited to that band 

spectrum. 

• Charging Time: The maximum power output from the conversion 

is in milliwatts or microwatts. So, the required power by the 

application would need a long time to produce. 

Apart from these limitations, Energy Harvesting using Radio Frequency 

(RF) has many advantages as a result of which it has application in 

Automation Industry, Agriculture, IOT, Healthcare Industry, etc. 

 



RF Energy Harvesting Hardware available in market: 

The hardware available in the market that supports Radio Frequency 

Energy Harvesting are: 

• Powercast P2110B: The company Powercast has launched P2110B 

which can be used for evaluation as well as for application-based 

use. 

 

• Applications: 

o Battery-free wireless sensors 

 

▪ Industrial Monitoring 

▪ Smart Grid 

▪ Defense 

▪ Building automation 

▪ Oil & Gas 

o Battery recharging 

 

▪ Coin cells 

▪ Thin-film cells 

o Low power electronics 

 



• Features: 

o High conversion efficiency 

o Converts low-level RF signals enabling long-range 

applications 

o Regulated voltage output up to 5. 

o Up to 50mA output current 

o Received signal strength indicator 

o Wide RF operating range 

o Operation down to -12 dBm input 

o Externally resettable for microprocessor control 

o Industrial temperature range 

o RoHS compliant 

 

 

 

 

 

 

 

 

 

 

 

 

 



• Powercast P1110B: Similar to the P2110B, Powercast P1110B has 

the following features and applications. 

 

• Features: 

o High conversion efficiency, >70% 

o Low power consumption 

o Configurable voltage output to support Li-ion and Alkaline 

battery recharging 

o Operation from 0V to support capacitor charging 

o Received signal strength indicator 

o Wide operating range 

o Operation down to -5 dBm input power 

o Industrial temperature range 

o RoHS Compliant 

• Applications: 

o Wireless sensors 

 

▪ Industrial Monitoring 

▪ Smart Grid 

▪ Structural Health Monitoring 

▪ Defense 

▪ Building automation 



▪ Agriculture 

▪ Oil & Gas 

▪ Location-aware services 

o Wireless trigger 

o Low power electronics. 

These are the two RF-based energy harvesting devices available in the 

market and are developed by the company Powercast. 

Use of RF Energy Harvesting in IOT Applications: 

With the growing popularity of the Internet of Things (IoT) in the 

automation of electronic devices, IoT applications are being developed 

for homes and industries, which could potentially remain powered for 

years awaiting a trigger. With energy harvesting capability, such devices 

can literally pull energy out of the air to recharge their own batteries or 

harvest enough energy from the environment so that a battery may not 

even require any external power source to charge. Such self-powered 

sensors are now typically referred to as “zero-power” wireless sensors 

for their capability of providing sensor data directly on an IoT cloud, using 

a wireless gateway with no apparent source of energy. By harvesting 

power from available RF energy sources, a new generation of ultra-low-

power (ULP) wireless devices, such as IoT sensors, can be developed for 

low-maintenance applications like remote monitoring. 

Energy harvesting is considered much like a “companion” technology to 

wireless communications since it can enable extended battery life for 

mobile devices and possibly battery-free operation for some electronic 

devices. 

 

 

 

https://circuitdigest.com/internet-of-things
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