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ABSTRACT

In last few decades, mankind has started harvesting energy from various non-traditional sources of energy such
as solar, wind, hydro, chemical, biological and so on. Research and technology in these sectors has evolved to an
extent that, significant role can be played by these sources in completing our total energy requirements on daily
basis. However, integration of such a variety of non-traditional sources in combination with traditional sources
for the continuous and smooth fulfillment of energy requirements remains a challenge. This is due to the
limitations like fluctuating energy generation capacity, time and place dependent power output, and initial
investments followed by limited but continuous maintenance. In view of above, to overcome the shortcomings,
one can use internet of things (IoT) for seamless integration of two or more energy sources for the sustainable
and continuous energy harvesting systems. Current review focuses on energy generation profile and integrated
utilization of a major non-traditional source viz. solar. We also cite recent research approaches to provide
constructive information to help in making decisions to develop innovative and sustainable IoT solutions.
Keyword: - Internet of Things (IoT), energy harvesting, integrated network, sustainable energy, solar and wind
power.

1. Introduction

In the recent decade, the IoT is rapidly enabling seamless communication and data exchange between the
physical and digital realms [1a,1b]. The implementation of IoT technologies has drastically changed various sectors,
including healthcare, environmental monitoring, transportation, logistics, supply chain, agriculture, industrial
automation, and smart cities [2]. This is due to the possible integrated networking and connectivity of various
physical things viz. machines, vehicles, plants, animals, and human beings, for creating a more efficient, sustainable,
and data-driven society [3, 4].

However, use of IoT technologies in the energy management in various industries with the help of
integration of requirements and real-time data followed by automation has drastically attracted the researchers. In
particular, this includes the management of battery, a common power source used in various systems, having
limitations in the context of performance, energy storage systems, operational life, maintenance, disposal and
replacement costs [5-8]. Thus, to optimize usage and maintenance of batteries efficient and synchronous
management of energy from non-traditional sources becomes essential [9-14]. But, the time and location
dependence of these non-traditional sources puts constraints on the continuous and sustainable power production,
storage and transportation. In view of this, integration of such energy sources with the help of IoT can help in the
efficient and automated management of energy [5-10]. Thus, in the present review, we focus on energy generation
profile and integrated utilization of two major non-traditional sources viz. solar.

2. Energy Harvesting Profiles

Fig. 1 present widespread non-traditional energy harvesters used in various fields. The classification comprises
categories like photovoltaic (PV), radio frequency (RF), Thermoelectric, Vibration and Kinetic and chemical and
biological energy harvesters [15-21]. Understanding the energy generation profile and parameters which control the
energy generation is a crucial input for IoT based management strategy to ensure desired output. Each taxonomy
branch represents a distinct energy source, with subcategories further representing specific energy harvesting
mechanisms.

2.1 Different Energy Harvesting Technologies

Different research articles have been undertaken to study the aspects of various non-traditional energy harvesting
technologies. The important parameters like harvesting type, power density output, life span and area of applications
have been tabulated in table 1.
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Fig -1 Various Energy Harvesting Systems to Integrate Using loT

Table 1 Energy densities, life spans, and key applications of various non-conventional energy harvesting
technologies. [22-28].

Technology Type Power Density Life Span Key Applications
Sun Light 10 to 100 mW/cm? Outdoor Sensors
Photovoltaic o Greater than 100 20 to 30 Years Wearable devices
Artificial Light microwatt/cm? Remote Monitoring
. _ 40 microwatt/cm? Industrial Hea.t Recovery
Thermo-Electric . ) ~ 5 Years Wearable devices
135 microwatt/cm . L
Automotive Applications
Piezoelectric . 410250 3 20 to 60 Years
microwatt/cm
Triboelectric G'reater than ‘2 ~ 15 Years Structural devices
. microwatt/cm .
Mechanical Wearable devices
. 300 to 800 . .
Electromagnetic : 3 ~ 15 Years Industrial equipment
microwatt/cm
Electrostatic .50 to 100 3 ~5 Years
microwatt/cm
Dedicated 2 Long Lasting RFID system
Radio Wave Source I to 10 mW/em (Depending on RF | Small IoT Devices
Ambient Source | 0.01 to 0.1 mW/cm? Source) Low Power Sensors
Microbial Fuel 811 to 1540 7 Years
. Cell mW/cm? Medical Implants
Chemical and .
Biological Glucose Fuel Shorter Biosensors
Up to 115 mW/cm? (Depending on Remote Bio-systems
Cell
Substrate and Fuel)

2.2 Analysis of PV Energy Harvester

PV harvesters can generate DC voltages when exposed to direct sunlight (Fig.2) [1b]. The output voltage
and current of a solar cell depends on surface area of the cell, angle and intensity of the sunlight. PV harvesters are
especially advantageous when sunlight is available for longer durations and with consistent intensity for a period
making them ideal for energy generation during daytime. Usually, an array of PVs known as solar panels is used for
energy generation on large scale. Since, panels generate DC an inverter system is a necessity before the energy may
be transported or used in household or industrial applications [22-23].
Nevertheless, these photovoltaic harvesters also have few drawbacks, like fluctuation of light intensity due to change
in seasons, weather conditions, angle of incident sun light and finally, unavailability of sunlight during night time.
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The fluctuation in input to the panels causes fluctuations in energy output. Thus, only for a limited period of time
during a day the panels may provide the desired energy output. To tackle this problem, smart systems must be used,
which measure energy output and decide if the energy is to be sent to the inverter for integration with mains supply
or store the energy for later use [19, 22]. Sever fluctuation in energy output under varying weather conditions and
unavailability of sunlight at night time makes energy storage systems an essential part of the solar panels. Energy
storage systems are not only expensive financially but they also are expensive from environmental point of view.
IoT can help to optimize the energy storage systems by letting some energy go to the grid and store the surplus for
later use. This not only reduces storage equipment needed but also increases the life of installed storage equipment.
Another major factor that affects the performance of the panels is accumulation of dust and debris on them. IoTs can
monitor the system and trigger automated or manual cleaning routines. As discussed before for large scale energy
generation panels must be installed over a large surface area. In urban areas, this proves impractical to install all the
required panels at one location. Thus, large number of small panels must be installed. This makes the installation
fanatically viable and mutually beneficial to the energy generation centres and the individual landholders. However,
for drawing optimized small amounts of energies from large number of individual panels, inter-connecting the
panels using IoT becomes essential [19-22]. IoT management can continuously maintain optimum scales of final
power output while fulfilling the requirement of the individuals where the solar panels are installed.
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In view of above IoT assistance to the PV energy harvesting systems open widespread areas of applications. This
makes PV technology, enhanced power output and longer life span, system suitable for outdoor conditions to
provide sustainable and continuous power to the IoT devices. Whereas, one should look for energy storage
management in order to have continuous application of IoT devices during night time or cloudy conditions. At the
same time, integration of IoT for indoor PV systems make it useful in various applications including security
purposes with reduced dependency over grid power followed by enhanced battery life.

2.2 Various Commercial ICs Designed for PV Harvesting Applications

As discussed above, in order to deploy PV systems with various applications, few of the ICs and modules
have been designed to satisfy the continuous supply of power. Schematic in Fig.3 represent the readily used ICs and
modules with PV harvesting systems.

3. F3. Future Scope and Conclusion
3.1 Future Scope

As discussed earlier, field of energy harvesting is rapidly evolving. It indeed need of time to look for self-
powered and sustainable devices. Even though non-traditional sources are providing clean and abundant energy,
limitations of harvesting technologies, makes us to look for developments or modifications of existing technologies
to explore novel energy harvesting methodologies. In view of this, one of the upcoming approaches is to collaborate
various fields like engineering, materials science, and advanced computer science like machine language (ML),
Artificial Intelligence (A.I.) and IoT. This may help to explore the complete spectrum of energy with enhanced
efficiency, power output. In addition, such collaboration will definitely help to develop integrated energy harvesting
systems by combining minimum two or more energy harvesting technologies to provide continuous and sustainable
power to the IoT devices having time, location and environmental dependent performance. Also, integration of these
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energy harvesting devices and energy management may provide enhanced energy utilization with increased lifetime
of battery with decreased maintenance cost of the system, and hence providing good opportunity to the researchers
from various sectors to collaborate for sustainable and green society.
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Fig -3 Various ICs and modules used in IoT assisted PV harvesting
3.2 Conclusions

Present article represents a brief overview over the energy harvesting systems for IoT applications. We
have successfully discussed different energy harvesting technologies viz., photovoltaic, thermoelectric, RF,
vibration and kinetic, and chemical and biological harvesters on the basis of power output, life span and area of
applications. Main focus has been given over the abundantly available solar energy harvesting using PV technology
with respect to its mechanism, advantages and limitations. In addition, article has revealed the role of IoT, to
integrate PV with other technologies to get continuous and sustainable power for outdoor and indoor PV based
applications.
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