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Abstract: Energy harvesting is a process of harvesting energy from external sources such as solar, heat,
wind and electromagnetic waves or radio frequencies. Energy harvesting research needs to be developed
because the use of non-renewable energy is increasingly limited. The use of radio frequency (RF) as a source
of energy for harvesting is an effort to generate environmentally friendly energy. This is due to the
increasing use of telecommunications technology. Various studies have been carried out with the acquisition
of RF from various telecommunications signals and broadcast media (AM/FM, TV/DTV, GSM signals, Wi-
Fi signals). This study literature aims to know the general description of harvesting energy, especially those
originating from radio / RF frequencies. A simple harvesting energy harvesting system consists of an
antenna and a voltage rectifier circuit. The antennas used for RF energy harvesting have different designs
according to the type of signal captured, including using periodic log antennas, archimedean spiral
antennas, patch antennas, dipole patch antennas, and Vivaldi antennas. The energy yield obtained from
the energy harvesting process with radiofrequency sources tends to be small in the milliwatt scale (1.17 pyW
/ cm2 - 20VDC) depending on the type of antenna and radio frequency used (0.3 - 27.5 GHz) and can be
applied to low power electronic devices.
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l. INTRODUCTION
energy that uses the concept of extracting existing or

Along with the development of the times has  unused energy is usually called energy harvesting.
triggered technological developments in the field of The application of energy harvesting on a large
information and communication, especially wireless-  scale generally uses energy sources that come from
based communication systems [1]. Wireless wind, thermal, and sunlight, while on a small scale it
communication systems are one of the most important  generally comes from mechanical vibrations and
technologies for promoting development and economic  electromagnetic waves or Radio Frequency (RF). The
and social progress around the world[2]. use of RF is more widely used in low-power devices,
Telecommunication infrastructure development is ranging from measuring intraocular pressure in
increasing everywhere to rural areas and remote places  medical, measuring temperature, as a wireless sensor
far from urban areas. There are many base transceiver  network[6], as well as low power based 10T device
stations (BTS) that are built to cover wireless service  power generation [7]. However, there is also the
coverage. application of large-scale energy harvesting that is

More than 5 billion new subscribers using designed using a hybrid system[2]. It is hoped that in
wireless cellular network services worldwide were the future the energy harvesting process that is around
added in 2010 [3]. According to the Wireless World  us can replace devices whose resources use batteries
Research Forum, by 2020 as many as 7 trillion wireless  because it can damage the environment later.[8].
devices will serve 7 billion people[4]. Therefore, there The process of taking energy from RF is
are so many signals scattered around us, so that some  influenced by several factors, including signal strength,
studies want to use these signals as an environmentally  the energy converter circuit, and the distance between
friendly renewable energy source.[5]. Renewable the transmitter and the receiver, and the type of

antenna.[9]. In this case, the antenna type plays an
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important role to get RF with various RF signals which
include FM / AM radio signal, TV / DTV signal, cell
phone signal to Wi-Fi signal. The type of antenna used
in energy harvesting is the Vivaldi antenna[10], large
aperture microstrip antenna [11], and Dual-Band
Antenna[12].

Energy processes harvesting according to [7]not
only focuses on the RF signal obtained and the type of
antenna, but conditioning circuits, matching circuits,
and storage circuits also play a role in the energy
harvesting process to obtain maximum results. The
function of the conditioning circuit is to process the
signal received by the antenna into a DC signal. The
matching circuit is located between the antenna and the
conditioning circuit. This is so that the energy captured
by the antenna can be processed by the conditioning
circuit optimally. Finally, regarding the storage circuit,
this series functions to store energy or the yield of the
energy harvesting process [3],[13]. Energy storage is
the main way to increase power system flexibility and
safety. Distributed energy storage is a fast-growing
technology in the areas of distribution networks, smart
management, renewable energy resources, and smart
transportation[14].

Therefore, it is necessary to study the comparison
of harvesting energy so that it can know the basic block
diagram of harvesting energy, the type of antenna that
can be used for harvesting energy, the RF working
frequency used for harvesting energy, the amount of
energy produced and the application of harvesting
energy.

1. LITERATURE REVIEW
2.1. ENERGY SOURCES

Energy sources are widely available and scattered
on this earth with various forms and use. Several
studies have been conducted to utilize these energy
sources by converting them into other forms of energy,
especially electrical energy, both on a small and large
scale. These energies include the following:
sunlight[15][16], heat energy [17][18], mechanical
vibration[19]-[20], and radiofrequency [21][22]. One
of the energy sources in a harvesting energy utilization
that is interesting to study is the energy source from
radiofrequency.

On research [19]the use of a Wireless Sensor
Network (WSN) is very appropriate for the security
and monitoring of a system process. WSN has used
several sources of harvesting energy to reduce its
electricity ~ consumption, one of which is
piezoelectric[23][24] which can provide 25-50%
efficiency while the Radio Frequency (RF) is 50%
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[23][25]. The potential development of WSN with RF
as energy replenishment has been carried out by[26]
and on research [25]WSN devices use RF Energy
Transmitters (ETs) in 2-D and 3-D modeling
recharging. The research also shows that the
telecommunications industry is growing.

In this modern digitalization era, it encourages the
telecommunications industry to build various
supporting infrastructure for telecommunications
networks. A large number of telecommunication
network infrastructures means that there are many
radio frequencies scattered around us unconsciously. In
general, radio frequencies around us are only used for
communication media and broadcasting media. In
connection with renewable energy, it has triggered
researchers to carry out various studies to utilize radio
frequencies around us into electrical energy. The
presence of an AM / FM radio signal[21][27], TV /
DTV signal [28][29], GSM signals on cell phones
[30][31], Wi-Fi signal [32] ,[33], 4G signal[34] up to
the latest 5G signal [22], is evidence of how diverse
radio frequencies are used as a medium of
communication and broadcasting.

Energy harvesting with energy sources from RF
is trying to be applied to low-power electronic devices
or devices (10T devices and wireless sensor networks)
because the power produced is still very small. For this
reason, many developments are carried out in an effort
to maximize the output of energy harvesting from radio
frequencies. Starting from the antenna design, the
voltage multiplier circuit, to implementing a hybrid
system. At a minimum, the output can be comparable
to the battery power used in low-power electronic
devices. This achievement was made in order to
replace batteries as the main source in the future
because the waste from batteries can damage the
environment[8].

2.2. ANTENNA

The antenna is the front-end of a
telecommunication system which is an important
component whose performance must be developed so
that the process of transmitting signals and receiving
signals from electromagnetic waves into electricity can
be optimal. There are several types of research related
to antennas that have been carried out by several
studies. One of the results of this research is that it can
capture single band radio signals[35][36], dual-band
[12][37][38], and multi-band [39]. Until there is the
development of further research by designing an
antenna that can later be attached to the human body or
clothing[40]. With the existence of these studies, it is
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hoped that it can increase efficiency when harvesting
energy from radio frequency so that the energy
harvesting results are maximum.

Here are some antennas in the study[12] which is
used to harvest energy from radiofrequency sources are
folded patch antennas and spiral antennas which can
harvest at a frequency of 2.4 GHz while the patch
antenna type can harvest energy at a frequency of 500-
700 MHz. On research[37]designed the antenna for the
GSM band 940 MHz and GSM band 1800 MHz with
the Compact open split Ring resonator type antenna
made from Metamaterial. The folded-dipole antenna
type was also developed in research[39]for semi-urban
environments where there is RF that can be picked up
from television (DTV) and telephone (GSM and 3G)
signals. Research[40]develop a power harvester ring so
that the band has an RF signal receiving antenna. The
antenna was developed with a Microstrip type antenna
with various materials (Woven Polyester, Kapton,
FR4, and Standard interface material) for a frequency
of 2.45 GHz.

IHl. METHODOLOGY

The work system of the energy harvesting process
with a radio frequency (RF) source can be seen in
Figure 1[7]

RF Harvester Matching Circuit Conditioning Circuit

——f—

.04y
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’

Storage Circuit

Load (Sensor)

Figure 1. RF energy harvesting system[7]
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Output Charging DC-DC
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Figure 2. Block diagram of an energy harvesting
system[10]
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In Figure 1, the RF captured by the RF Harvester,
in this case using an archimedean spiral antenna, then
the energy is transferred to the conditioning circuit to
be converted from sinusoidal or AC waves to DC
signals. However, between the RF harvester and the
conditioning circuit, a matching circuit is attached to
equalize or match the impedance of the RF harvester
with the conditioning circuit. When the impedance is
equal, the energy captured and converted becomes
maximum. After the energy has been successfully
converted into DC waves, the energy will be stored in
the storage circuit. Furthermore, from the storage
circuit, the energy is ready to flow to the load, which is
generally a sensor. On research[7]using two types of
antennas as a comparison, namely the spiral arch
antenna and the patch antenna. The antennas that are
used capture more LTE signals with the 800 MHz and
900 MHz bands and for the Conditioning Circuit using
HWCW (Half Walf Cockroft Walton).

Harvesting energy research was carried out by
[10] using a block diagram that illustrates the process
of utilizing EH with a radio frequency source that goes
through 6 stages according to Figure 2.

The principle of energy harvesting in
research[10] the same as previous research [7], it's just
on research [10]there is the addition of a dc-dc
converter process that changes the DC voltage value
according to the load. The antenna used in research[10]
is a planar antipodal Vivaldi antenna simulated in CST
Microwave Studio software.

In research[41] The resulting block diagram can
be seen in Figure 3.

(i)

Impedance Resonant Cockroft
matching . drcuit . Walton dircuit
circuit

Figure 3. Block diagram of rectenna[41]

-

Figure 4. Block diagram of RF energy harvesting
system in this study[12]
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In Figure 3 it can be seen that the antenna harvests
the surrounding RF then the energy is directed towards
the impedance matching circuit. Before the AC
waveform is converted to DC in the Cockroft Walton
circuit, it is energizedpassed a resonant circuit to filter
the frequency. Then the energy is directed to the
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Cockroft walton circuit to be converted and at the same
time counting the voltage value so that the output
reaches the value of the working voltage required by
the load. Research[41] later applied to cities. In
research[12] according to Figure 4, there are 3
processes to be able to produce DC voltage.

First, the receiver antenna captures the available
RF around the test, to convert the electromagnetic
waves into AC electric waves. Impedance matching
network here functions to equalize the antenna
impedance with the rectifying circuit. Rectifying
circuit serves to rectify or convert AC electrical waves
to DC so that it can be used on low power devices or
devices.

Research[42] The energy harvesting process is
very simple as shown in Figure 5.

RF Energy

- Antena [ B> Load

Figure 5. RF electromagnetic energy harvesting
system in research[42]

Rectifying
circuit

There are 2 devices in processing the captured
energy (RF) into DC electricity. The first device is an
antenna and the second is a rectifying circuit. The
antenna used in this study is a portable quad band
ANT-GXH915 antenna that can capture 4 bands,
namely 850 MHz, 900 MHz, 1.8 GHz, 1.9 GHz. The
choice of this antenna is because it is easy to get and
can suit research needs[42]. Rectifier circuit in
Research[42]using a 5-stage rectifier circuit by
installing a 1 nF capacitor component and a Schottky
HSMS 2820 diode. The shape of the diode used is in
the form of SMD (Surface Mounting Devices) with a
minimalist size (3.06 mm x 1.24 mm). The experiment
in research [07955016] uses LED lights.

On a large scale, research [2]proposes a hybrid
energy harvesting system to provide power supply to
the BTS (Base Transceiver Station) as backup power if
the grid or generator cannot work or experience
disruption. In Figure 6, it can be seen that the main
energy source can work together with the reserve
energy source that comes from solar thermal and RF
EH.
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Figure 6. Hybrid energy harvesting system model with solar and Rf Energy Block in the study[2]
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Figure 7. Schematic of a boost converter in
research[2]
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The components of the hybrid system
consisting of solar cells, antenna for RF harvesting,
common DC bus, stabilizer system, and spare
batteries.

Solar energy consists of a photovoltaic (PV)
array. Research[2]applying MPPT (Maximum
power point tracking) to adjust the work cycle of the
amplifier converter, to achieve high voltage. RF
energy consists of an antenna, a matching circuit,
and a rectifier circuit. RF is received by the antenna
and directed to a matching circuit. The main
function of the matching circuit is to increase the
input voltage of the rectifier and reduce the energy
loss from the antenna to the rectifier. The rectifier
functions as a conversion from AC power to DC
electricity. Then the electricity from the two results
goes to the boost converter to increase its electrical
capacity. Then the electricity is directed to the
stabilizer system to adjust the voltage to match the
voltage on the BTS. The battery system is installed
to save power when the hybrid system is at its peak
and then used when the power system is not
available.

The DC-DC boost converter configuration
includes the main input power, inductor, MOSFET
transistor, capacitor, diode, and load, as shown in
Figure 7 MOSFET transistors ON and OFF at
certain frequencies and duty cycles. When the
MOSFET is ON, the inductor will keep the current
flowing and the diode prevents the unnecessary
discharge of the capacitor to the source. When the
MOSFET is OFF, the capacitor is fully charged by
the source and then provides power to the load. So,
the boost converter has two working modes, namely
the MOSFET transistor ON mode and the
TransistorMOSFET OFF mode. Voltage Multiplier
on the schematic block diagram research[2]
functions to change the source of a low AC input
voltage to a higher DC voltage.

IV. RESULTS AND DISCUSSION

4.1. RESULTS

Various available energy sources have been
used for human survival. One of them is a source of
energy in the form of electromagnetic waves or
radiofrequency. The development of
telecommunication networks is very fast, so there
are so many radio frequencies scattered in the air,
especially in urban areas. Therefore, apart from
being used as a means of communication, the
researchers are interested in utilizing this abundant
RF to be converted into electrical energy. The
captured frequency ranges from 0.3-27.5 GHz with
various forms of antenna designs. Although its use
is only intended for low power devices because the
energy output is relatively small, at least in the future
it can replace the function of the battery.

Table 1. Comparison Table

Antenna Frequency of . L
Ref Shape work Gain Energy Generated Application
[29], 2013 Pe;:}‘;g:ﬁ];og 500-600 MHz || 5-7.3 dBi || 8.99 dBm / 126.2 pw || 16-bit microcontroller
3,75 yW / cm2
Archimedean i i (outside laboratory) || Low power electronic
[7], 2018 spiral 0.3-16 GHz 1,17 pW /cm2 (in |} system
laboratory)
Patch charge a rechargeable
[42], 2018 Antenna 21.5GHz i 90.53 mv battery of 3V, 1mA
Dipole Patch i rechargeable energy
[5], 2016 Antenna 915 MHz 7,77mW storage device (battery)
[10], 2015 ||~ Vivaldi 0.8-12GHz || 6.32dBi - -
Antenna
Additional energy for the
, - - - ase Transceiver Station
[2], 2020 20vDC Base T iver Stati
(BTS) power supply
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4.2. DISCUSSION

The antenna functions as a signal catcher as
well as a converter from electromagnetic waves to
AC electric waves. On research[29]use a log
periodic antenna and work at a frequency of 500-600
MHz. The energy produced is 8.99 dBm / 126.2 pyW
with a gain of 5-7.3 dBi. Output on research[29]
used for power supply 16 bit microcontroller.

The frequency of 0.3 - 16 GHz was captured
by an archimedean spiral antenna in this study [7].
The energy produced is 3.75 uW / cm2 for testing
outside the laboratory, while in the laboratory it
produces 1.17 uW / cm2 of energy. The energy
generated is applied to low power electronic
systems.

A patch antenna is used to capture a signal at a
frequency of 27.5 GHz with an unknown gain [42].
The result of energy harvesting is 90.53mV which is
applied to charge a 3V battery with a capacity of
1mA.

The application in research [5] is the same as
in research [42], namely the energy is used for
energy storage devices, in this case, the battery.
However, the energy produced is smaller than the
study [42], which is 7.77mW. The antenna used is in
the form of a dipole patch antenna with a working
frequency of 915 MHz.

The Vivaldi antenna is designed to harvest
energy harvesting from RF [10]and the frequency of
the captured signal ranges from 0.8 - 12 GHz with
an average gain of 6.32 dBi. Experiments were
carried out using CST Microwave Studio software.

Subsequent research is a research-based on a
hybrid system. However, his research did not
explain the shape of the antenna used, the gain, and
the working frequency. The energy produced is
large enough to measure the energy harvesting from

radiofrequency sources, which is 20VDC.

V. CONCLUSION

A literature study of radiofrequency harvesting
energy has been carried out. Antenna is the initial
process of radio frequency harvesting. The forms of
antennas used for energy harvesting include periodic
log antennas, archimedean spiral antennas, patch
antennas, dipole patch antennas, and Vivaldi
antennas. The captured frequency ranges from 0.3
GHz to 27.5 GHz. The energy produced tends to be
small on the milliwatt scale, the smallest being 1.17
MW and the largest being 20 VDC. With the energy
yield that tends to be small, electrical energy can be
applied to  low-power  devices  (16-bit
microcontrollers and batteries) and can also be used
as additional energy to provide power supply to
devices that require high power.
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The hope in the future is that energy harvesting
can produce greater energy, so harvesting can be
done using a hybrid system. Harvesting can combine
RF energy with energy other than RF, such as:
sunlight, geothermal, wind, water, and mechanical
vibrations.
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