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Energy harvesting systems (EHS) have been known as a concept to obtain
energy from a clean source and convert it into other energy, including
electricity. EHS can be classified into four sources: light, electromagnetic,
thermal, and kinetic energy. Unfortunately, most harvester devices generate
electricity within the low-voltage level, so voltage conditioning is needed to
achieve a feasible level. Single-ended primary-inductor converter (SEPIC)
DC-DC converter becomes one of the solutions to realize it, which works by
increasing DC level voltage. In this study, the role of SEPIC DC-DC
converter for HES applications focusing on three of four sources along with
its harvester devices, i.e., light by PV, gradient temperature by TEG, and
pressure by a piezoelectric device, are reviewed. Also, the overview of
challenges and the possibility of HES obtained are described. Then, the
application of each harvester device and the SEPIC DC-DC converter is
explained to low-voltage EHS applications, for instance, in renewable energy

power plants, street lighting, small-scale power applications, or power
sources at wearable devices. Lastly, the primary issue in the SEPIC DC-DC
converter and research information that may be carried out in future studies
are given.
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1. INTRODUCTION

The increasing energy need has forced the world to find alternative solutions outside of using crude
oil or coal as the primary source. For more than five-decade, policy-makers, along with scientists, have been
working hard to obtain other energies that are more clean, sustainable, have no pollution, and promise [1].
Energy harvesting systems (EHS) have been known as a concept to harvest green energy into other energy,
including electricity [2]. Several familiar sources are obtained from light, electromagnetic, thermal, and
kinetic energy.

Transforming EHS into electricity involves a harvester device depending on the energy source.
However, the challenges faced by EHS obtain a worthy power conversion. In addition, the low voltage
resulting from the EHS device needs to enhance, so a step-up converter is needed [3], [4]. A boost converter
is the basic DC-DC topology to enhance the DC voltage level. Nonetheless, the boost converter generates a
large ripple in current and voltage, high voltage stress in the switches, gain limitation, reverse recovery
effect, and low efficiency result [5]. Therefore, the development of the DC-DC converter functioned to the
step-up voltage is continuously conducted, one of single-ended primary-inductor converter (SEPIC)
topology.
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Transforming EHS into electricity involves a harvester device depending on the energy source.
However, the challenges faced by EHS obtain a worthy power conversion. In addition, the low voltage
resulting from the EHS device needs to enhance, so a step-up converter is needed [3], [4]. A boost converter
is the basic DC-DC topology to enhance the DC voltage level. Nonetheless, the boost converter generates a
large ripple in current and voltage, high voltage stress in the switches, gain limitation, reverse recovery
effect, and low efficiency result [5]. Therefore, the development of the DC-DC converter functioned to the
step-up voltage is continuously conducted, one of SEPIC topology.

Studies by [6]-[10] involve SEPIC converters to achieve high voltage conversion in photovoltaic
modules-based EHS. For the waste heat from thermal energy conversion, [11], [12] employs the SEPIC
converter to enhance output voltage from a (TEG) thermoelectric generator. In addition, the SEPIC converter
has been utilized to increase the output voltage from the rectifier that used piezoelectric as HES converter
devices in [13], [14]. Furthermore, numerous innovative SEPIC DC-DC converters have continuously been
proposed to improve base architecture performances. It solves the classical problems in step-up converters'
topology, such as low gain, ripple, voltage stress, hard switching, and efficiency [15]-[18].

This paper reviews the application of the SEPIC DC-DC converter and its modification for low-
voltage EHS. The review focuses on three EHS: light by PV, gradient temperature by TEG, and pressure by a
piezoelectric device. The second section describes an overview of challenges harvesting energy systems. The
role of SEPIC DC-DC converter for low-voltage EHS application followed by the research trend is given in
section 3. Also, the pros and cons are given in the same section. Finally, the conclusion of this study is
explained in section 4.

2. OVERVIEW OF CHALLENGES ENERGY HARVESTING SYSTEMS

Figure 1 shows the general classification of energy harvesting sources, wherein each proposed
system is usually dedicated to a single energy source. For instance, a PV module uses for converting
light/solar energy, catching electromagnetic radiation from radio frequency, applying pyroelectric or TEG to
convert the thermal gradient, and pressure or vibration resulting from kinetic energy is converted by
piezoelectric. Unfortunately, most HES availability in an ambient environment is inconsistent. Consequently,
it impacts small resulted power conversion and is insufficient for commercial users. For example, light
energy obtained from solar energy is unavailable at night, in dark environments, or on rainy days, so the PV
module does not work and does not generate electricity [19]. Then, Kinetic energy can be found in structural
and machinery vibrations [20], human activities [21], water waves [22], or wind flows [23]. Nonetheless, it
will fluctuate, and insufficient the load demand due to each human need to rest, water waves or wind flow
may not happen all the time, and a machine may not operate continuously. So, the conversion of HES from
kinetic energy will be ineffective. In the same case, it may occur in thermal energy due to unpredictable
temperature fluctuations/gradients [24].

Harvesting
Energy Sources
(HES)
Light Electromagnetic Thermal Kinetic
Energy Energy Energy Energy

Figure 1. General classification of energy harvesting source

Regarding the harvester devices mentioned before, conversion by PV is the most that has been
conducted, starting for module single applications, solar home systems (SHS), standalone systems, grid-
connected systems, and microgrids. Furthermore, applying TEG to obtain power conversion from thermal
gradient by utilizing Seebeck effects and piezoelectric from pressure. Figures 2 (a) to (c) illustrates the
possibility of HES obtained to employ three harvester devices. PV converts photons from sunlight [25]-[27],
TEG obtains the waste heat from fuel cells [28]-[31] or vehicle radiators [32]-[34] and piezoelectric works
due to pressure resulting from speed bumps [35]-[37] or footsteps [38]-[40] in stairs. However, these
generate electricity within the low-voltage level, which means a voltage conditioner is still needed to be
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attached to a harvesting energy system involving them. Table 1 shows the average output voltage generated
by the PV, TEG, and piezoelectric modules.
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Figure 2. The possibility of HES obtained to employ three harvester devices: (a) light energy, (b) thermal
energy, and (c) Kinetic energy

Table 1. The output voltage range from harvester devices

Energy sources Harvester devices Output voltage ranges Voltage type
Light energy PV module 12-72V DC

Thermal energy Thermoelectric generator 05-12V DC

Kinetic energy Piezoelectric 01-0.6V AC

THE ROLE OF SEPIC DC-DC CONVERTER FOR LOW-VOLTAGE ENERGY
HARVESTING SYSTEMS

The capability of the SEPIC DC-DC converter, which can increase or decrease the voltage level
without reversed polarity, causes this topology to apply much as a power conditioner. SEPIC DC-DC
converter will enhance the input voltage when the charging time for the inductor is longer than the
discharging time. It means the ON-time switching period is longer than the OFF-time. Otherwise, the SEPIC
converter works as the step-down mode to decrease the input voltage. The SEPIC DC-DC converter output
voltage can be computed by (1), in which Vo, Vin, and D present output voltage, input voltage, and duty
cycle. The inductance values are estimated by (2) and (3), in which 4i.1 and Ai» are current ripples in
inductors 1 and 2, and f; is the switching frequency. Meanwhile, capacitors 1 and 2 are calculated by (4) and
(5), wherein 4Vc1, AVou, and R are voltage ripples in capacitor 1 and the output voltage and load capacity,
respectively. The configuration circuit of the SEPIC DC-DC converter entirely is depicted in Figure 3.
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Figure 3. General circuit of SEPIC DC-DC converter

Due to offered feature, the SEPIC DC-DC converter can be utilized along with the abovementioned
harvester devices to obtain a system with feasible voltage. Figures 4, 5, and 6 show a block diagram of the
SEPIC DC-DC converter's role in harvesting light, thermal, and kinetic energy sources, respectively.

Photovoltaic SEPIC DC-DC I DC Load
(PV) Converter
Controller

Figure 4. Block diagram of SEPIC DC-DC converter role in harvesting light energy source

Thermoelectric + SEPIC DC-DC
Generator (TEG) Converter

T

Controller

> DC Load

Figure 5. Block diagram of SEPIC DC-DC converter role in harvesting thermal energy source

Piezoelectric AC/.D_C — SEACDEADE —> DC Load
Rectifier Converter
Controller

Figure 6. Block diagram of SEPIC DC-DC converter role in harvesting kinetic energy source

As mentioned before, PV is the most way to harvest energy from sunlight. It makes the research
trend involving them still considered by many researchers worldwide to improve the performance of each
part in PV systems. Furthermore, it is followed by TEG and piezoelectric, which started to generate energy
from availability in an ambient environment. By employing SEPIC DC-DC converter, the output voltage
generated by them will be possible in realizable value for daily use, for instance, in renewable energy power
plants, street lighting, small-scale power applications, or power sources at wearable devices. Table 2 shows
the applications of SEPIC DC-DC converter for low-voltage energy harvesting systems.
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Table 2. The applications of SEPIC DC-DC converter for low-voltage energy harvesting systems
Energy type Harvester devices Ref Applications

Light energy PV module [41]-[45] Renewable energy power plants either standalone or grid-
connected systems

Thermal energy Thermoelectric generator  [46]-[50]  Supporting electrical in the vehicle and industrial
applications, energy storage, and PV-thermal systems,

Kinetic energy Piezoelectric [13], Automatic barrier gate, combination to the street lighting

[61],[52]  system, and stair light

Related to the role of SEPIC DC-DC converter to obtain feasible voltage from mentioned harvester
devices, it can be concluded that gain conversion is the primary issue and should be fulfilled. Hence, this
topology becomes an alternative solution to realize it compared to applying a boost converter. It is because of
the limited voltage gain resulting and a significant ripple in current and voltage. Moreover, to reach a high
performance of SEPIC DC-DC converter, many researchers, the SEPIC DC-DC converter combines an
auxiliary diode and a capacitor to form a non-isolated structure without magnetic coupling. It shows a static
gain achieved more than ten times with decreased switch voltage [53]. Furthermore, it was modified in [54],
adding one more diode to construct a voltage doubler circuit and enhance the output voltage result.

A study in [55] made a slight modification by changing the placement of the additional capacitor to
the series with the output capacitor. This way makes the operation of the modification converter achieve
steady-state conditions faster. Then, a modified SEPIC DC-DC topology was introduced by integrating a
diode-capacitor component in series and boost converter to a basic SEPIC topology [56]. Ten times voltage
gain conversion can be obtained. The voltage stress, input current ripple, and output voltage ripple can be
reduced. Nonetheless, these studies and research trends on modified SEPIC DC-DC converters are mainly
dedicated to harvesting light energy using PV modules. Therefore, researchers can consider investigating its
performance in TEG and piezoelectric for future work.

4. CONCLUSION

This study has presented the role of SEPIC DC-DC converter for HES applications focusing on
three sources along with its harvester devices, i.e., light by PV, gradient temperature by TEG, and pressure
by a piezoelectric device. Also, the possibility of HES obtained to employ it is explained, comprising PV
converts photons from sunlight, TEG obtains the waste heat from fuel cells or vehicle radiators, and
piezoelectric works due to pressure resulting from speed bumps or footsteps in stairs. These generate
electricity within the low-voltage level, so the SEPIC DC-DC converter is needed to obtain a system with a
feasible voltage for daily use, for instance, in renewable energy power plants, street lighting, small-scale
power applications, or power sources at wearable devices. Nonetheless, research trends on SEPIC DC-DC
converter and its modification topology are majority dedicated to harvesting light energy using PV modules.
For future work, researchers can consider proposing or investigating the modification of SEPIC DC-DC
converter in TEG and piezoelectric.
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