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ABSTRACT
IoT is causing a huge economic and technology wave in various sectors like automation industry, healthcare,
physical security, building management, waste management, vehicle monitoring and many more. IoT connects
billions of “things” which communicate with each other. Supplying continuous power to these “things” which are
essentially devices is a big challenge. Major research is happening in this direction in terms of improving battery
capacity, improving microcontroller clock cycles and so on. Self sustainable system is a key issue of IoT. Energy
harvesting is fundamentally a different approach of addressing this problem. The development of efficient energy
generation or harvesting method will prove instrumental for IoT. There are several energy harvesting techniques
however RF and solar energy are more viable since they are available in abundance. So these sources are
discussed in detail here. The energy harvested can then be stored using supercapacitors.
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I. INTRODUCTION
IoT(Internet of Things) can drastically change the world by smartly connecting things, saving time and effort. IoT
has vast applications in many fields however; several issues like lack of end – to –end standards, cyber security and
lack of business model limit the scope of IoT [1]. In IoT, sensors are small and cheap, which can be placed
everywhere. For better efficiency of the system, more sensor data is required. The advantage of IoT is that this
sensor data can be shared and reused between different partners. The challenge lies in deploying large number of
sensors and actuator nodes and to connect them in suitable manner. Another challenge in IoT is the interconnection
between ―Things‖ while taking energy constrains into account since, all the sensors and actuators will require
continuous power supply. Main requirements for such deployment are discussed below:
A. Key requirements for deployment:
IoT requires its wireless sensor terminal to be placed at all kind of location to collect the data. The requirements
such deployment are given in table 1[2].
Installation effort

Many new sensor and actuator nodes are to be deployed with minimum
installation complexity and there should be scope for upgradation as well.

Service and maintenance effort

While creating large scale networks, the service and maintenance required by
individual nodes has to be minimal. Also the communication between all
parties involved has to be rolled out.

Battery cost and its replacement

To ensure continuous operation, constant battery supply is required and
hence it has to be recharged or replaced from time to time, which increases

235 | P a g e

the cost.
Reliability

When sensor information and actuator commands are exchanged over the
Internet reliable data exchange is necessary.

Total cost of ownership

The total cost of ownership such as unit cost, installation cost, operation cost
and maintenance cost, must be low.

Table 1: Key requirements for deployment of wireless sensor nodes
These requirements can be met by energy harvesting wireless sensor nodes which use ambient energy as power
source where cables or batteries fail.

B. Ambient sources for energy harvesting

Fig. 1: Energy from ambient environment

Various ambient sources shown in fig.(1) [3] which can be used for energy harvesting are mentioned below:
1. Radiant energy: It comes from EM waves such as radio frequency signals, Ultra violet waves, visible light etc.
a. RF energy: It can be harvested from RF source like RF transmitter, base station antenna, radio and TV signal,
mobile devices and Wi-Fi.
b. Solar energy: It is a huge energy received by the sun and is always available. It is gaining popularity nowadays
and can be harvested by photovoltaic cell or solar cell.
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2. Thermal energy: Thermal energy can be harvested by using thermoelectric transducer. Human body and
environment always have difference in temperature, which can be used as a source of thermal energy.
3. Water flow energy can be used to harvest energy using turbine or piezoelectric. Typically impulse or reaction
turbines are used. Whereas the vertical or horizontal axis wind turbines are used to harvest the energy from wind.
4. Mechanical energy: It is based on motion or kinetic energy of an object. Vibrations, pressure or human motion
can be used to generate energy. This kinetic energy can be converted into electrical energy using piezoelectric
transducer or electromagnetic converter.
In this paper, energy harvesting using RF energy and solar energy are discussed in detail.
The paper is organized as follows:
Section II discusses the operation of energy harvesting terminal. Section III describes how energy can be harvested
from RF energy and Section IV describes solar energy harvesting. Section V analyses the storage of harvested
energy using supercapacitors. Section VI is the conclusion of the paper.

II. ENERGY HARVESTING TERMINAL

Fig.2 Wireless Sensor Network with energy harvesting
As shown in figure 2[4], energy harvester receives energy from ambient energy source. Sensors are used to sense the
surrounding environment. MCU processes the collected data and it is used for system control. Wireless chip is used
for wireless communication. Energy harvesting power management IC replaces conventional battery.
The energy harvesting element should be suitable selected depending on the type of energy to be collected from the
surrounding environment, whether RF energy, vibration, light, or heat. The most common elements used are solar,
piezoelectric, or thermoelectric. The power IC should collect the power efficiently from that element without any
loss and it must supply the stabilized power.
Further, the selection of energy harvesting element also depends on distance of communication, the type of network
to be built, the application, the data transmission amount, and the power consumption. Power generation and power
consumption should be balanced. To determine optimal size of power collecting element(capacitor), power
collection time and the usable electric load should be analyzed.
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III. ENERGY HARVESTING USING RF ENERGY
Radio spectrum is becoming highly populated due to new technologies like GPS, Wi-Fi, Radar, cellular and satellite
among others. Every frequency band used in these technologies, has a standard, which decides how it is used and RF
power to be transmitted. Unlike other energy sources, RF signals are purposely generated and regulated. With the
advent of growth of smart phones and tablets, RF energy density will continue to increase every day and hence
harvesting RF energy from Wi-Fi, cellular networks can offer a very good solution to power low energy IoT
devices. Sufficient level of RF energy is required to harvest energy from it [5][6].

Fig. 3: Energy harvesting using RF Energy

Energy harvesting using RF Energy system is shown in figure.3. Receiving coil or antenna which generates a
voltage in response to electromagnetic coupling with RF transmitter, works as an energy source. RF – DC transducer
converts received energy into DC. Maximizing the output from the transducer at a given ambient energy level is the
main challenge. Super capacitor can be used to store this harvested energy to power MCU. MCU receives data from
various sensors. After processing the data, appropriate signals are transmitted.
The efficiency or the effectiveness of the system depends on the type of transducer, the condition under which it
operates and on the power levels of the nodes including MCU.

IV.ENERGY HARVESTING USING SOLAR ENERGY
Energy from sunlight is a very good source of clean energy which will never exhaust. It is being used since many
years to power small devices such as calculators, wrist watches, etc. Photovoltaic materials which absorb photons
can be used in harvesting solar energy. The output from photovoltaic material depends on the intensity of light and
hence it should be kept under good lighting environment. With the recent development in manufacturing of
optoelectronic components, energy harvesting using solar cell can reduce the cost of overall system [6]. Energy
harvesting using solar energy is illustrated in figure.4.
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Fig. 4: Energy harvesting using Solar Energy

This system has few limitations as well. As it relies on sunlight, efficiency is low during cloudy days. Further, it is
limited to daytime for outdoor environment. Light energy to electrical energy conversion efficiency is low (15% –
20%). Another limitation is that battery is always required to operate the sensors continuously.
To overcome these limitations and to maximize the efficiency, controllers are developed by semiconductor
companies. These controllers use Maximum Power Point Tracking (MPPT) technique, in which higher voltage DC
from solar array panel is converted to lower voltage DC needed by battery bank. Input current and voltage are
monitored by MPPT algorithm. It controls the duty cycle to maintain the MPPT set point needed to maximize the
energy output from photovoltaic cell. With this technique, efficiency can be enhanced to around 93% – 97%.

V. ENERGY STORAGE USING SUPERCAPACITOR
Once energy is harvested for IoT sensors using RF, solar or any other ambient source, it needs to be stored. This is
where supercapacitors come in. They provide an easy and efficient way of energy storage better than regular
batteries. Supercapacitors conceptually lie between capacitors and batteries [7]. Their power capabilities are higher
than batteries but lower than normal capacitors. The energy storage capacity is lower than batteries but higher than
regular capacitors. Supercapacitors use activated porous carbon electrode on which electrolyte ions get accumulated
[10]. Due to porosity the electrolyte resistance is highest for the current at the bottom of the pores and lowest
towards the opening of the pores. An alternate material for supercapacitors is using carbon nano tubes. They provide
good conductivity but their solubility is low.

Fig.5 : a) Harvester charging circuit

b) Harvester operation circuit [8]
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In [8] a demonstration of energy harvesting from RF energy using supercapacitors is shown. In this RFID reader is
used as a source of RF energy which is then transferred to a supercapacitor kept in the vicinity. If higher voltage is
required then similar supercapacitors are connected in series. The energy from supercapacitors is then transferred to
the sensors using application specific integrated circuit (ASIC).

Fig.6: System architecture using solar energy [14]

In [14], a demonstration of energy harvesting using solar energy is shown. In this, a multistage energy transfer
system is implemented with super capacitor as the first source of storage from the solar panel. This energy from
supercapacitor is then suitably used to power different blocks of the system. A battery is also used but as a
secondary source of energy.

VI. CONCLUSION
In this paper energy harvesting using RF and solar energy for IoT have been discussed. IoT requires trillions of
sensors and electronic devices to be placed everywhere with self sufficient energy source like harvesting the energy
from the ambient environment. Energy harvesting can reduce the requirement of battery and hence can reduce the
total cost of the system. The scarcity of energy creates huge demand for energy harvesting and these requirements
are met due to development of new products and services. Such development will give rise to battery free IoT
connectivity and can be used in areas which are difficult to reach. RF harvesting can be used in wearable smart
devices, medical devices and RFID tags. Energy harvesting using solar power is one of the most preferred methods
as long as sun light is available. The efficiency of solar/ photovoltaic cell can be enhanced by using MPPT
technique. Such systems are simple, efficient and highly reliable for outdoor based wireless sensor nodes in IoT,
with low power loss. If various applications of IoT city adopt energy harvesting, it will move the world towards
greener technologies benefitting the world globally. Further, various studies have shown that the performance of
super capacitor is satisfactory for storing the harvested RF and solar energy.

240 | P a g e

REFERENCES
[1] Daniel Minoli; Kazem Sohraby; Benedict Occhiogrosso, ― IoT Considerations, Requirements, and Architectures
for Smart Buildings—Energy Optimization and Next-Generation Building Management Systems‖, IEEE
Internet of Things Journal, Volume: 4, Issue: 1, pp: 269 - 283, Year: 2017, DOI: 10.1109/JIOT.2017.2647881
[2] White

paper

on

―Energy

Harvesting

Wireless

Power

for

the

Internet

of

Things‖

https://www.enocean.com/fileadmin/redaktion/pdf/white_paper/White_Paper_Internet_of_Things_En
Ocean.pdf [accessed on 10/7/2017]
[3] Kamarul Zaman Panatik; Kamilia Kamardin; Sya Azmeela Shariff; Siti Sophiayati Yuhaniz; Noor Azurati
Ahmad; Othman Mohd Yusop; SaifulAdli Ismail, “Energy harvesting in wireless sensor networks: A survey‖,
IEEE 3rd International Symposium on Telecommunication Technologies (ISTT), pp: 53 - 58, Year: 2016,
DOI: 10.1109/ISTT.2016.7918084
[4] http://core.spansion.com/article/energy-harvesting-devices-replace-batteries-in-iotsensors/#.WYwQJ9IjF1s [accessed on 12/7/2017]
[5] White paper on ―RF energy harvesting forlow energy internet of things‖ ,
http://theinternetofthings.report/Resources/Whitepapers/f62b722a-afab4cc3-b8c62d1f3e3f9b8c_RF%20Energy%20Harvesting%20Whitepaper.pdf
[accessed on 14/7/2017]
[6] https://www.element14.com/community/groups/internet-of-things/blog/2015/07/28/how-energy-harvestingcan-keep-the-iot-powered-up-and-growing [accessed on 18/7/2017]
[7] ehtimäki, S. (2017). Printed Supercapacitors for Energy Harvesting Applications. (Tampere University of
Technology. Publication; Vol. 1463). Tampere University of Technology.
[8] S.Lehtimäki, M.Li, J.Salomaa, J.Pörhönen, A.Kalanti, S.Tuukkanen, D.Lupo, ―Performance of printable
supercapacitors in an RF energy harvesting circuit‖, International Journal of Electrical Power & Energy
Systems 58, pp.42–46, 2014.
[9] https://wiki.aalto.fi/download/attachments/.../lampi-iot-ambient-energy-harvesting.pdf [accessed on 1/8/2017]
[10] B. E. Conway, ―Electrochemical Supercapacitors: Scientific Fundamentals and Technological Applications‖,
New York: Kluwer Academic / Plenum Publishers, 1999.
[11] Zeeshan Abbas and Wonyong Yoon, ―A Survey on Energy Conserving Mechanisms for the Internet of
Things: Wireless Networking Aspects‖, sensors, 15, 24818-24847; Year 2015, doi:10.3390/s151024818
[12] Li and Shi,‖ An intelligent solar energy-harvesting system for wireless sensor networks‖ EURASIP Journal on
Wireless Communications and Networking (2015) 2015:179, DOI 10.1186/s13638-015-0414-2
[13] White paper on ― Supercapacitors Enable Energy Harvesters to Power IoT‖, https://www.capxx.com/wp-content/uploads/2017/02/Suprcapacitors-Enable-Energy-Harvesters-to-Power-IoT.pdf

,

[accessed on 20/7/2017]
[14] X.Jiang,

J.Polastre and D.Culler,―Perpetual environmentally powered sensor networks,‖ 2005 4th

241 | P a g e

Int. Symp. Inf. Process. Sens. Networks, IPSN2005, vol.2005, pp. 463–468, 2005.
[15] S.Sudevalayam and P.Kulkarni, ―Energy Harvesting Sensor Nodes: Survey and Implications, ‖IEEE Commun.
Surv. Tutorials, vol.13, no.3, pp.443–461, 2011
[16] F. I .Simjee and P. H. Chou, ―Efficient charging of supercapacitors for extended life time of wireless sensor
nodes,‖IEEE Trans. Power Electron., vol.23, no.3, pp. 1526–1536, 2008.
[17] P.Kamalinejad, C. Mahapatra, Z. Sheng ,S. Mirabbasi, V. C .Leung ,and Y. L. Guan, ―Wireless energy
harvesting for the internet of things, ‖IEEE Commun Mag .vol. 53, no. 6, pp. 102–108, 2015.
[18] J. A. Stankovic, ―Research directions for the Internet of Things,‖ IEEE Internet Things J., vol. 1, no. 1, pp. 3–9,
2014
[19] G. V. Merrett and A. S. Weddell, ―Supercapacitor leakage in energy-harvesting sensor nodes: Fact or fiction?‖
in Ninth International Conference on Networked Sensing Systems (INSS). IEEE, 2012, pp. 1–5.
[20] J. Pörhönen, S. Rajala, S. Lehtimäki, and S. Tuukkanen, ―Flexible piezoelectric energy harvesting circuit with
printable supercapacitor and diodes,‖ IEEE T. Electron Dev., vol. 61, no. 9, pp. 3303–3308, 2014.
[21] S. Y. Fadhlullah, W. Ismail, N. Tebal, J. Electron, and D. Engineering, ―Solar Energy Harvesting Design
Framework for 3 . 3 V Small and Low-powered Devices in Wireless Sensor Network,‖ pp. 89–94, 2015
[22] Z. Zeng, X. Li, A. Bermak, C. Tsui, and W. Ki, ―A WLAN 2.4-GHz RF Energy Harvesting System with
Reconfigurable Rectifier for Wireless Sensor Network,‖ pp. 2362–2365, 2016

242 | P a g e

