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Energy Harvesting 
Energy harvesting is the process by which energy is derived from external sources 

(e.g. solar power, thermal energy, wind energy, salinity gradients, and kinetic energy), 

captured, and stored for small, wireless autonomous devices. 

Energy harvesters provide a very small amount of power for low-energy electronics. The 

energy source for energy harvesters is present as ambient background and is free. For 

example, temperature gradients exist from the operation of a combustion engine and in 

urban areas, there is a large amount of electromagnetic energy in the environment 

because of radio and television broadcasting. 
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Energy Harvesting 
 Examples of small-scale energy harvesters are: 

 Wristwatches powered by kinetic energy (called automatic watches) where the 

movement of the arm is used. The arm movement causes winding of its mainspring. 

A newer design uses movement of a magnet in the electromagnetic generator 

instead to power the quartz movement. The motion provides a rate of change of 

flux, which results in some induced EMF on the coils. The concept is simply related 

to Faraday's Law. 

 Photovoltaics is a method of generating electrical power by converting solar 

radiation (both indoors and outdoors) into direct current electricity using 

semiconductors that exhibit the photovoltaic effect. Conventional photovoltaic power 

generation employs solar panels composed of a number of cells containing a 

photovoltaic material. 

 Thermoelectric generators consist of the junction of two dissimilar materials and the 

presence of a thermal gradient. Large voltage outputs are possible by connecting 

many junctions electrically in series and thermally in parallel. Typical performance is 

100-200 μV/K per junction. These can be utilized to capture mW of energy from 

industrial equipment, structures, and even the human body. They are typically 

coupled with heat sinks to improve temperature gradient. 

 



Energy Harvesting 
 Micro wind turbine are used to harvest wind energy readily available in the 

environment in the form of kinetic energy to power the low power electronic devices 

such as wireless sensor nodes. When air flows across the blades of the turbine, a 

net pressure difference is developed between the wind speeds above and below the 

blades. This will result in a lift force generated which in turn rotate the blades. 

 Piezoelectric crystals or fibers generate a small voltage whenever they are 

mechanically deformed. Vibration from engines can stimulate piezoelectric 

materials, as can the heel of a shoe, or the pushing of a button. 

 Special antennas can collect energy from stray radio waves, this can also be done 

with a Rectenna and theoretically at even higher frequency EM radiation with 

a Nantenna. 

 Even power from keys pressed during use of a portable electronic device or remote 

controller, using magnet and coil or piezoelectric energy converters, may be used to 

help power the device. 



Energy Harvesting 
 Low power has been the most important electronic design criterion for at least the 

last ten years. Thanks to Moore’s Law, semiconductor power levels have dropped 

dramatically, often consuming milliwatts in run mode and nanowatts in standby mode. As 

a direct result, ultra-low-power wireless sensorless networks finally became possible and 

their adoption has been dramatic. Now, sensors stand alone in remote or hard-to-reach 

areas to warn of building and bridge stresses, air pollution, forest fires, pending 

landslides, worn bearings, and wing vibration. Low-power wireless sensor networks are 

at the heart of numerous industrial, medical, and commercial applications. 

 

 However, off-grid, as well as portable sensor nodes, rely on batteries for power and 

face the same problem as cell phones. In such cases, it is advisable to prolong battery 

life by harvesting environmental energy sources – most often available as light, heat, 

vibration, motion, or ambient RF. If a device’s energy requirement is low enough and 

battery replacement would be difficult or expensive, it may be possible to rely exclusively 

on harvesting ambient energy sources for power. The combination of ultra-low-power 

MCUs and energy harvesting have given rise to a wealth of applications that previously 

were not possible. 

 



Energy Harvesting 
 The energy harvesting market is large and growing rapidly. According to analysts, 

energy harvesting was a $0.7 billion market in 2012 and is expected to exceed $5 billion 

by 2022; by then 250 million sensors will be powered by energy harvesting sources. The 

market for thermoelectric energy harvesting alone will reach $865 million by 2023. 

 

 

 



Energy Harvesting 
Solar 

There is hardly a home or office that does not have at least one solar-powered calculator – actually, a 

calculator with a coin-cell battery and a small front panel photovoltaic (PV) cell to top it up. These 

polycrystalline silicon or thin-film cells convert photons to electrons with a typical efficiency of about 15 

to 20% for polycrystalline and 6 to 12% for thin film cells. Since the power available from indoor 

lighting is typically only about 10 µW/cm², their usefulness depends on the size of the module plus the 

spectral composition of the light. 

Small solar cells are frequently used in consumer and industrial applications, including toys, watches, 

calculators, street lighting controls, portable power supplies, and satellites. Since light sources tend to 

be intermittent, solar cells are used to charge batteries and/or supercapacitors to provide a stable 

energy source. 

 

 

 



Energy Harvesting 
Piezoelectric 

Piezoelectric transducers generate electricity when stressed, which make them good candidates for 

vibration sensors when they are used in energy harvesting modules that detect motor bearing noise 

and the vibration of aircraft wings. The Midé Volture™ V-20W Vibration Energy Harvester employs a 

cantilever that attaches to a piezoelectric crystal. When vibrations set the cantilever in motion it 

generates an AC output voltage that is rectified, regulated, and stored in a supercapacitor or thin-film 

battery.  

 

 

 

 

 

 

 

 

 

 

                                      Midé Volture™ piezoelectric energy harvester (Courtesy of Midé) 
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RF Energy Harvesting 
Radio Frequency - RF 

RFID works by rectifying a strong local signal aimed directly at the sensor.   

When harvesting RF ambient energy it must be taken into account that RF energy is 

generally very low, therefore: 

– Direct-power at close range to a transmitter 

– Energy accumulation for longer range 

are needed.  Simple battery-recharge is possible but a system level approach is required 

for optimal implementation. Key system elements are reported below: 
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RF Energy Harvesting 
 The RF energy harvester is typically called rectenna, i.e. rectifying antenna, a 

special type of antenna that is used to convert electromagnetic energy into direct 

current electricity. This component is used in wireless power transmission systems that 

harvest power by radio waves. A simple rectenna element consists of a dipole 

antenna with an RF diode connected across the dipole elements. The 

diode rectifies the AC current induced in the antenna by the microwaves, to produce DC 

power, which powers a load connected across the diode. Schottky diodes are usually 

used because they have the lowest voltage drop and highest speed and therefore have 

the lowest power losses due to conduction and switching. Large rectennas consist of an 

array of many such dipole elements. 

 



RF Energy Harvesting 
 The invention of the rectenna in the 1960s made long distance wireless power 

transmission feasible. The rectenna was invented in 1964 and patented in 1969 by US electrical 

engineer William C. Brown, who demonstrated it with a model helicopter powered by microwaves 

transmitted from the ground, received by an attached rectenna. Since the 1970s, one of the major 

motivations for rectenna research has been to develop a receiving antenna for proposed solar power 

satellites, which would harvest energy from sunlight in space with solar cells and beam it down to 

Earth as microwaves to huge rectenna arrays. A proposed military application is to power drone 

reconnaissance aircraft with microwaves beamed from the ground, allowing them to stay aloft for long 

periods.  

 

 



RF Energy Harvesting 
Now the interest has turned to using rectennas as power sources for small wireless 

microelectronic devices. The largest current use of rectennas is in RFID tags, proximity 

cards and contactless smart cards, which contain an integrated circuit (IC) which is 

powered by a small rectenna element. When the device is brought near an electronic 

reader unit, radio waves from the reader are received by the rectenna, powering up the 

IC, which transmits its data back to the reader. 

 

Picture and circuit layout of a dual-band RF harvester.  

The harvester is matched at 935MHz and 2.2GHz.  



RF Energy Harvesting 

Folded-dipole antennas shown next to a British £1 coin. (a) DTV, 

GSM900, GSM 1800 and 3G copper wire antennas. (b) 3G copper tape antenna on Perspex. 

        Field intensity in the area surrounding the Tokio tower  

(6.6 km distance apart)  due to TV signals. 



RF Energy Harvesting 

 

Block diagram of an RF harvesting system  



RF Energy Harvesting 

Assembled circuit board of a 7-stage voltage doubler in the RF-DC conversion  module and performance test  

Integrated assembled PCB of an RF energy harvesting system for 

GM-900 signals. The DC voltage obtained from the harvester 

system in the field test at 50m from a GSM cell tower was 2.9 V. 

This voltage was enough to power an STLM20 temperature 

sensor. 
Ref.   N. M. Din, C. K. Chakrabarty, A. Bin Ismail, K. K. A. Devi, W.-Y. Che, “DESIGN OF 

RF ENERGY HARVESTING SYSTEM FOR ENERGIZING LOW POWER DEVICES”, 

Progress In Electromagnetics Research, Vol. 132, 49{69, 2012] 



RF Energy Harvesting 

The bulk of this Freevolt unit is the antenna designed for ambient RF energy 

harvesting from high-power broadcast (DTV) and mobile network (Wi-Fi, GSM, LTE) 

signals.  On the left is a speaker ticking every time enough RF energy is harvested 

to make it move. 
http://arstechnica.co.uk/gadgets/2015/09/freevolt-perpetual-free-rf-energy-harvesting-to-power-the-internet-of-things/ 



Advanced Solar Harvesting 
New strategies for solar energy harvesting employing other devices than solar cells, are currently 

under study. To this end, the nantenna or nano-antenna is the key element for capturing the optical 

energy. Nano-antennas are resonant metallic structures that confine the optical energy into small 

volumes in an efficient way by inducing a high-frequency current in its structure. In other words, 

the nantenna is a very small rectenna (the size of a light wave), fabricated using nanotechnology, 

which acts as an "antenna" for light, converting light into electricity.  

A single nanoantenna reaches a high light-absorbing efficiency if compared to conventional 

photovoltaic devices. It is hoped that arrays of nantennas could be an efficient means of 

converting sunlight into electric power, producing solar power more efficiently than traditional 

solar cell-based systems. 

A nantenna is an electromagnetic collector designed to absorb specific wavelengths that are 

proportional to the size of the nantenna. Currently, Idaho National Laboratories has designed a 

nantenna to absorb wavelengths in the range of 3–15 μm. These wavelengths correspond to 

photon energies of 0.08-0.4 eV. Based on antenna theory, a nantenna can absorb any wavelength 

of light efficiently provided that its size is optimized for that specific wavelength. Ideally, 

nantennas would be used to absorb light at wavelengths between 0.4–1.6 μm because these 

wavelengths have higher energy than far -infrared (longer wavelengths) and make up about 85% 

of the solar radiation spectrum. 
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Advanced Solar Harvesting 
The nanoantennas target mid-infrared rays, which the Earth continuously radiates as heat after 

absorbing energy from the sun during the day. In contrast, traditional solar cells can only use 

visible light, rendering them idle after dark. Infrared radiation is an especially rich energy source 

because it also is generated by industrial processes.  

Prototype IR nanoantennas have been realized as tiny gold squares set in a specially treated form 

of polyethylene, thus  appearing as light and flexible sheets. Theoretical efficiency as high as 80% 

has been found and real-life tests are under development. Traditional solar cells rely on a response 

mechanisnm that only works for up to 20% of the visible light they collect. Scientists have 

developed more complex solar cells with higher efficiency, but these models are too expensive for 

widespread use. If technical hurdles on super-fast rectifiers can be overcome, nanoantennas have 

the potential to be a cheaper, more efficient alternative to solar cells.  

Besides, the nanoantennas also have the potential to act as cooling devices that draw waste heat 

from buildings or electronics without using electricity. Since objects give off heat as infrared rays, 

the nanoantennas could collect those rays and re-emit the energy at harmless wavelengths. Such a 

system could cool down buildings and computers without the external power source required by 

air-conditioners and fans.  
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Advanced Piezoelectric Harvesting 
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Advanced Piezoelectric Harvesting 
 



Thermophotovoltaic Harvesting 
A new approach to harvesting solar energy, developed by MIT researchers, could improve efficiency 

by using sunlight to heat a high-temperature material whose infrared radiation would then be collected 

by a conventional photovoltaic cell.  A conventional silicon-based solar cell “doesn’t take advantage of 

all the photons”. This occurs because converting the energy of a photon into electricity requires that 

the photon’s energy level match that characteristic of the photovoltaic (PV) material called bandgap. 

Silicon’s bandgap responds to many wavelengths of light, but misses many others.  

To address that limitation, the research team inserted a two-layer absorber-emitter device — made of 

novel materials including carbon nanotubes and photonic crystals — between the sunlight and the PV 

cell. This intermediate material collects energy from a broad spectrum of sunlight, heating up in the 

process. When it heats up, as with a piece of iron that glows red hot, it emits light of a particular 

wavelength, which in this case is tuned to match the bandgap of the PV cell mounted nearby. 

 

 

 

 

 

 

 

 

 



Thermophotovoltaic Harvesting 
Such a system, therefore, combines the advantages of solar photovoltaic systems, which 

turn sunlight directly into electricity, and solar thermal systems, which can have an 

advantage for delayed use because heat can be more easily stored than electricity. The 

new solar thermophotovoltaic systems, they say, could provide efficiency because of their 

broadband absorption of sunlight; scalability and compactness, because they are based 

on existing chip-manufacturing technology; and ease of energy storage, because of their 

reliance on heat. 

 

 

 

 

 

 

 

 

 

 

 



Future of Energy Harvesting 
 

 

 

 

 

 

 

 

 

 

 

 

 

A monolithic energy harvester device, combining solar photovoltaic, thermophotovoltaic, RF and 

vibration energy harvesting. 


