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Abstract—Reverse electrowetting-on-dielectric (REWOD)
energy harvesting is an effective energy harvesting method
at low frequencies such as the frequencies of human
motion. Various REWOD energy harvester designs have been
presented in prior works, but these generally use rigid
and often expensive substrates and time-consuming and/or
costly fabrication methods. To address these challenges,
in this work REWOD energy harvesters were fabricated
consisting of aluminized polyester sheets as the functional
layers and with polycarbonate sheets for added mechanical
support. The fabrication of these samples eliminates the
need for costly materials, clean room technologies, and high-
end equipment. Samples were characterized using a flat
arrangement and on a test fixture that simulates the repeated bending that occurs on the back of a bending knee. Without
applying any external bias voltage, the maximum voltage and current output for the bending samples were determined to
be 25.1 mV and 230 nA, respectively, and the corresponding maximum power is 5.77 nW at a bending frequency of 5 Hz.
With an estimated cost of U.S. $0.28 for each REWOD harvester (U.S. $0.03/cm2), the cost per nanowatt of power is U.S.
$0.05/nW, which is approximately 380 times lower than the approximately U.S. $19/nW of our previous REWOD energy
harvesters. Our simple devices provide a low-cost, easily fabricated flexible approach to wearable motion sensing and
energy harvesting that can be useful for various healthcare applications.

Index Terms— Energy harvesting, flexible substrates, motion sensor, reverse electrowetting-on-dielectric (REWOD).

I. INTRODUCTION

IN THE rapidly evolving landscape of wearable technology,
the quest for self-powered devices has become paramount.

The rising costs associated with clean room assembly
and the need to explore more cost-effective materials have
spurred researchers to seek innovative solutions. At the heart
of this endeavor lies the challenge of developing energy
harvesting systems capable of generating reliable power while
minimizing dependence on batteries, which often hinder
device longevity and performance [1]. In this context, the
emerging field of energy harvesting has witnessed significant
advancements, with one particular technology garnering
attention for its potential to revolutionize self-powered
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wearables: reverse electrowetting-on-dielectric (REWOD) [2],
[3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13]. REWOD
represents a promising avenue for energy harvesting in
wearable devices, offering a unique combination of advantages
that address critical limitations associated with traditional
approaches. REWOD is related to electrowetting-on-dielectric
(EWOD), but rather than producing liquid motion from an
electrical input, REWOD produces an electrical output from
liquid motion [1], [2], [3], [4], [14]. By harnessing the
mechanical modulation of a liquid drop, REWOD brings forth
the possibility of converting biomechanical motion/vibrations
into electrical energy [5], [15], laying the foundation for self-
sustaining wearable sensors.

The distinctive feature of REWOD lies in its ability
to operate efficiently within low frequencies, typically
encompassing a range directly relevant to the human body
and its natural motion and activities, which are typically less
than 10 Hz [16], [17]. This characteristic sets REWOD apart
from many other energy-harvesting technologies that struggle
to capture energy in this critical frequency band or rely
on solid structures’ resonance for optimal performance [18].
In preceding research, triboelectric nanogenerators (TENGs)
have been called upon for these applications, which use
the generation of electrical charges through the contact and
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separation of dissimilar materials [19], [20], [21]. This effect
typically relies on contact between materials to create an
electrostatic potential difference, leading to the flow of current
and the conversion of mechanical energy into electrical
energy. This results in significant material wear and fatigue
and decreases the durability and reliability of the energy
harvester [22]. Liquid–solid TENG mitigates some of the
wear that occurs in solid–solid TENG [23], [24]. Liquid–solid
TENG generally involves the repeated impacts of liquid on
a solid dielectric surface and so the fundamental operating
principle of TENG, which relies on friction or impact, remains
unavoidable [18], [19]. Consequently, this characteristic poses
a hindrance to the advancement of this technology.

REWOD offers the advantage of generating alternating
current (ac) power without the need for an external bias source
and without friction or impact between surfaces, leading to
enhanced reliability and prolonged device lifespan. It must
be mentioned that although an external bias source is not
required for REWOD, an inherent bias of ∼10 mV does
in fact exist between the REWOD liquid and the dielectric
surface [25]. This inherent bias is responsible for increasing
and decreasing the charge on the substrates as the liquid within
the samples chamber is squeezed. The change in charge over
time (d Q/dt) due to the mechanical modulation results in an
electrical current, which is represented schematically in the
graphical abstract.

The successful integration of REWOD technology into
wearable sensors necessitates overcoming a series of chal-
lenges. In particular, the selection of suitable materials and
electrode configurations, as well as the optimization of
key parameters, such as dielectric properties, surface charge
density, and electrode–electrolyte interfacial area. These
parameters directly influence the capacitance in the dielectric
material and the subsequent ac current generation in the
REWOD system [1], [2], [3], [4]. To unlock the full potential
of REWOD technology and pave the way for its practical
implementation in self-powered wearables, interdisciplinary
research efforts have flourished. The scientific community has
made notable strides in exploring theoretical models, opti-
mizing electrode–electrolyte configurations, and developing
flexible electrodes [1], [5], [26]. This technology helps enable
seamless integration of REWOD into wearable devices.

Considering these advancements, this research article aims
to address one limitation of REWOD systems, which is
their reliance on time-consuming and somewhat costly clean
room technologies during device fabrication. This study uses
inexpensive off-the-shelf materials that do not necessarily
require a controlled processing and assembly environment,
providing a cost-efficient alternative to conventional REWOD
fabrication methods [1], [2], [3], [4]. Prior studies have
primarily relied on the deposition of electrodes and dielectric
coatings using physical vapor deposition on silicon substrates
in a clean room environment or 3-D-printed formulated
inks [1], [5], [26], [27]. In contrast, the present study aims
to demonstrate that the reliance on clean room technology
and expensive materials might be eliminated using inexpensive
off-the-shelf components and facile fabrication and assembly.
The utilization of disposable REWOD devices such as those
in this research allows us to explore whether these devices

can be scaled up depending on the application and amount of
generated power required [8].

As electronics continue to shrink in size, the integration of
efficient and flexible energy harvesting systems has become a
pressing need [15], [28]. By leveraging the unique properties
of REWOD technology, we strive to unlock a new paradigm
in self-powered wearables—enabling devices that are not
only flexible, reliable, and cost-efficient but also possess the
ability to harvest energy from low-frequency human motion
activities [1], [2], [3], [4], [15], [18]. In this article, a flexible
system is at the forefront of the experiments and modeling to
reexamine the theoretical aspects of REWOD, showcasing the
development of an economical and flexible REWOD energy
harvester. This system allows for an in-depth discussion of the
advantages it offers and the challenges it poses. The novelty
of this work is a flexible energy harvesting system that is
easily accessible to a larger population due to facile, low-
cost fabrication using commercially available materials and
assembling without the use of a clean room or expensive
equipment, while still producing a notable power density from
low-frequency motion through bias-free REWOD. In addition,
this article leverages a 3-D-printed, code-driven experimental
test fixture, complemented by a simple yet accurate modeling
process.

II. MATERIALS AND METHODS

A. REWOD Experiments
All the experiments were performed using deionized

(DI) water as the “electrolyte” and 50-µm-thick (0.002”)
aluminized polyester (PET) sheets (McMaster-Carr #7538T11)
for the electrode and dielectric surfaces. The DI water was
sandwiched between two aluminized polyester sheets with
one side of the water touching the aluminized surface of
one sheet and the opposite side of the water in contact with
the PET surface of another sheet as shown in Fig. 1(a).
For reference, a contact angle of approximately 72◦ is
formed between the water and the PET surface [29]. For
bending REWOD experiments, the aluminized films were
separated by 3M 9474LE 300LSE double-sided tape, which
also contained a void in it to define a chamber for the DI water.
To make the bending REWOD samples more mechanically
robust, the aluminized sheets were attached to 127 µm-thick
polycarbonate (PC) sheets (McMaster-Carr #85585K73) using
double-sided tape [see Fig. 1(b)]. Copper tape was used for
electrical connections.

Two sets of experiments were performed to test the viability
of the REWOD system in lower frequency motions. Flat
REWOD experiments were performed to characterize the
aluminized polyester sheet as an REWOD material. This
established a baseline for comparison to previous similar
REWOD experiments [1], [26], [27], [30]. Bending REWOD
experiments were performed to simulate how the REWOD
device would perform as a wearable energy harvester if, for
example, it was adhered to the back of a person’s leg behind
their knee.

Flat REWOD experiments were performed using a custom
mechanical oscillator consisting of a subwoofer speaker
connected to an amplifier as shown in Fig. 2(b) and driven by
a SIGLENT SDG 2042X function generator, similar to what
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Fig. 1. Exploded view of samples. (a) Flat REWOD. (b) Bending
REWOD. (c) Bending REWOD layers. d is the height of the REWOD
chamber that contains the DI water and d1 is the thickness of the PET
dielectric layer.

Fig. 2. Flat and bending REWOD test fixtures. (a) Side view of a flat
REWOD sample with a DI water drop being squeezed. (b) Top view of
the flat REWOD test fixture. (c) Isometric and section (photograph and
schematic) views of the bending REWOD in the test fixture. (d) Isometric
view of the bending REWOD test fixture.

was used for previous REWOD research [1], [26], [27], [31].
One aluminized polyester sheet was attached to the oscillator
stage and another sheet was attached to a polycarbonate
sheet (for rigidity) and then held above the oscillator. The
aluminized polyester sheets were arranged in such a way
that the aluminum surface of one sheet contacted the drop
of DI water and the polyester surface of the other sheet
contacted the drop, as illustrated in Fig. 2(a). Copper tape
connected the aluminum surfaces to an oscilloscope (Keysight
DSOX1204G). A 45-µL drop of DI water was placed between
the sheets and the gap between sheets varied as the oscillator
moved up and down, thus repeatedly squeezing the DI water
drop without losing contact with the aluminized/polyester
surfaces. The oscilloscope measured the voltage output during
oscillation with various frequencies and oscillation amplitudes.
A low-pass filter with a 20-Hz cutoff frequency was applied
to the data because of the low signal-to-noise ratio.

Bending REWOD experiments were performed using a
custom test fixture designed to hold a sample stationary
on one end while the other end was bent, as illustrated in
Fig. 2(d). An Arduino-controlled stepper motor was used to

Fig. 3. REWOD equivalent circuit model.

bend the samples to specific angles and at specified frequencies
while the oscilloscope measured voltage output [see Fig. 2(c)].
Impedance magnitude and phase were measured with an
Analog Devices AD5940 evaluation board, and the results
were used to calculate output current, which is elaborated
further in Section II-B.

B. Mathematical Modeling
Mathematical models were developed to describe how ac

voltage is generated by squeezing DI water, which is what
happens to the DI water in both the flat and bending REWOD
experiments. In the flat REWOD case, the DI water is
squeezed as the subwoofer speaker oscillates the raised stand
holding one of the aluminized sheets up and down, while the
other sheet is held stationary [see Fig. 2(a)]. In the bending
REWOD case, the liquid is also squeezed but the squeezing
occurs due to a mechanical bend of the samples from 0◦ to 90◦

and the differences in the radius of curvature of the top and
bottom substrates. Illustrated in Fig. 1(c) is the arrangement
of layers within the REWOD system, with d1 representing the
thickness of the PET and d representing the thickness of the
chamber cut from the double-sided tape.

An electrical equivalent schematic of the REWOD energy
harvester (REH) is shown in Fig. 3. The REWOD system
generates an electric charge in response to mechanical
modulation. As the modulation is applied to the system,
the spacing d and the water-PET dielectric interfacial
surface area As for a fixed volume of DI water change.
Thus, the induced capacitance across the electrodes changes,
correspondingly generating the alternating voltage and current.
The mathematical relationship between the amount of charge
generated and the change in capacitance is governed by (1)
and (2):

q = CV (1)

C =
ϵeffϵ0

d1
As (2)

where q is the generated charge, C is the variable capacitance,
ϵ0 is the free permittivity of a vacuum, and ϵeff is the effective
combined relative permittivity of DI water and PET. ϵeff can be
further defined by (3), with the values of the relative dielectric
constants for DI water, ϵw, and PET, ϵp, given in Table I,
which also contains descriptions and values of mathematical
model parameters.

ϵeff =
d1 + dw(

d1
ϵp

)
+

(
dw

ϵw

) . (3)

In (3), dw is the time-varying thickness of the water as
the sample is being bent. The water thickness is the same as
the distance between the top and the bottom of the REWOD
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TABLE I
PARAMETERS USED FOR THE ANALYTICAL BENDING REWOD MODEL

chamber in Fig. 1(c). Its value can be defined by the sinusoid
function in (4) where the amplitude of the overall change in
the thickness of the water is represented by dm

dw = dm ∗ cos(ωT ) + (dm + dmin). (4)

Conventional circuit diagrams typically do not incorporate
“charge sources”; they primarily feature voltage sources and
current sources. However, we have the capability to readily
generate a current source by harnessing the charge produced
by REH. Thus, to begin modeling of REH, it is important to
remember that electric current, I , is the flow of electric charge
in coulombs per second. Mathematically, it can be expressed
as current being the derivative, or rate of change, of charge
given in (5):

I =
dq
dt

. (5)

As discussed before, the generated electric charge is due
to the mechanical modulation of top and bottom electrodes,
which form a capacitor. Since REH represents a dynamic
combination of current source and variable capacitance, a more
accurate presentation of the REH model would be to connect
a parallel resistor across the source. This parallel resistor, Rp,
corresponds to the leakage path for generated charge which
gradually dissipates across the material.

The mechanical modulation of electrodes with a variable
capacitor involves two components: a constant capacitance,
maintained through consistent contact between the water and
the top and bottom surfaces of the REWOD chamber, and a
varying capacitance resulting from the oscillation of the top
electrode and the varying electrode spacing, which alters the
contact area with the electrolyte.

Hence, the variable capacitor can be modeled as a sinusoidal
function based on its minimum and maximum capacitances for
minimum and maximum separations in the chamber, dmax and
dmin, respectively. These are expressed in (6) and (7) where
Vol is the fixed volume of the DI water and is expressed as
Vol = Amaxdmin = Amindmax, where Amin and Amax represent
the change in the water droplet surface area

Cmax =
ϵeffϵ0

d2
w,min

Vol (6)

Cmin =
ϵeffϵ0

d2
w,max

Vol. (7)

The variation in the system capacitance between Cmax and
Cmin is represented as a sinusoidal function in (8) where C is
the total capacitance of the system, Cc is the average of Cmax
and Cmin, and Cm is the amplitude of the variable capacitance
due to oscillations. The angular frequency is w = 2π f where
f is the frequency of mechanical oscillations

C = Cc + Cm sin(ωt − π). (8)

The above equation is divided into two parts: a constant
capacitance, Cc, and the second term which is a sinusoidal
function representing time-varying capacitance. Applying
Ohm’s law to Fig. 3, the generated sinusoidal voltage V (t)
can be expressed as

V (t) = Ic Xc = Ip Rp = IL RL (9)
V (t) =

(
Ic + Ip + IL

)
Zeq (10)

where IP , IL , RP , and RL are illustrated in Fig. 3, Xc is
the net reactance of the system, Zeq is the system equivalent
impedance including the load derived from the configuration
in Fig. 3 as

1
Zeq

=
1
Xc

+
1

Rp
+

1
RL

→ Z
eq
=

Xc Rp RL

Xc Rp + Rp RL + RL Xc
.

(11)

From (9) and (10), it can be concluded that

V (t) = Ic

(
Xc

RL
+

Xc

Rp
+ 1

)
Zeq{

IL =

(
Xc

RL

)
Ic

∣∣∣∣Ip =

(
Xc

Rp

)
Ic

}
(12)

where the current, Ic, flowing through the variable capacitor
can be expressed as

Ic = C
dV (t)

dt
+ V (t)

dC
dt

. (13)

The parallel capacitance C p can be calculated using (14), and
the parallel resistance Rp can then be obtained using the value
of C p in combination with (15). The remaining parameters
being |Z | the absolute impedance, and ϕ the phase angle

CP =
tan(ϕ)

ω|Z |
√

1 + tan2ϕ
(14)

RP =
tan(ϕ)

−ωCP
. (15)

For bending REWOD, dmin and dmax cannot be derived
geometrically [25] because they are not only dependent on
the curvature of the top and bottom substrates but also a
result of material strain, particularly of the adhesive that holds
the various layers together. A comprehensive SolidWorks
finite element analysis (FEA) model of the bending REWOD
samples used in this research was created to gain valuable
insights with regard to the dynamic behavior of the DI water
chamber as it undergoes bend angles ranging from 0◦ to 90◦.
This simulation provided knowledge regarding chamber height
during bending, allowing for a deeper understanding of how
the droplet’s area changes, which is a key input for generating
voltage as shown in the aforementioned equations. The model
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Fig. 4. SolidWorks chamber height through bend angles compared with
measured chamber height of transparent samples.

Fig. 5. Flat REWOD experimental peal-to-peak voltage data (a) versus
frequency and (b) versus oscillation amplitude expressed as a ratio
of the electrode oscillation amplitude and the initial distance between
electrodes.

was also useful for predicting REWOD behavior for various
sample lengths and widths.

Although the bending REWOD samples consist of various
layers of differing materials, for simplicity the simulation
assumed the REWOD sample was a single body. A fixed
geometry constraint was placed at one end of the sample to
mimic where it is securely held on a test stand and another
fixed geometry constraint was located somewhat near the
center of the DI water chamber to facilitate the bending shape
observed on the test fixture. A displacement was applied to
the edge of the sample opposite to the fixed edge to produce
bending. Simulation probes were used to determine chamber
height and the data were averaged for each of the seven bend
angles: 0◦–90◦, with a step size of 15◦. Transparent bending
REWOD samples (without the aluminized polyester films)
were used to validate the model results by placing a known
volume of DI water inside a chamber and then estimating the
liquid surface area to obtain d for each of the seven bend
angles. Fig. 4 illustrates the results obtained through the FEA
model compared with the results obtained from the transparent
samples in terms of the change in chamber height. Based on
these data, it is understood that the FEA predicts a similar
change in chamber height compared with that calculated from
the transparent samples.

III. RESULTS

A. Flat REWOD
Flat REWOD voltage data show an increasing voltage

with increasing oscillation frequency [see Fig. 5(a)] and with
increasing oscillation amplitude [see Fig. 5(b)]. The voltage

Fig. 6. Transparent samples. (a) No bend, (b) partial bend (∼45◦), and
(c) full bend (∼90◦).

rises approximately 10× (from ∼2 to 20 mV) as the oscillation
frequency increases from 1 to 5 Hz. The oscillation amplitude
is plotted on the horizontal axis in Fig. 5(b) as a ratio versus
the initial distance between electrodes, d0. As the oscillation
amplitude ratio increases from 0.25 to 0.75, the voltage
increases approximately 30× (from ∼0.5 to 16.5 mV). In both
the cases shown in Fig. 5, the increase in voltage is not
linear due to liquid pinning on the electrode surfaces and
also due to difficulties maintaining parallel top and bottom
electrodes which affects the amount of liquid squeezing at
different locations on the electrode during oscillations. The
increase in voltage with frequency produces higher dC/dt
and therefore higher current according to (13). Similarly, the
increase in voltage with oscillation amplitude is the result of
more dramatic liquid squeezing, which increases dC/dt and
therefore current. The increase in voltage due to oscillation
amplitude is more dramatic than due to oscillation frequency.
This provides motivation for using flexible substrates in
bending REWOD over rigid/flat REWOD because bending can
dramatically modulate the distance between electrodes.

B. Bending REWOD
The SolidWorks FEA of bending REWOD indicated that

wider REWOD chambers would result in increased droplet
squeezing, leading to higher voltage output. However, initial
voltage measurements did not support the FEA model’s
prediction. Rather than expanding across the surface area of
the chamber, the DI water may have been drawn toward
the sides or out of the chamber’s air vent during the
bending process. This occurrence may be the result of several
factors, such as sagging in the center of the chamber with
larger widths causing the water to move toward the edges
even without bending, liquid pinning at the edges, and the
influence of capillary action. To confirm this, transparent
REWOD samples, without aluminized PET, were used for
visual observation of DI water movement within the chamber
as samples were bent. Some of the transparent samples are
shown during bending in Fig. 6. This experimental approach
confirmed that DI water often adheres to chamber sidewalls
and this significantly decreases liquid deformation.

Using bending REWOD samples with chamber widths of 5,
10, 15, and 20 mm, voltage data were collected for each
frequency ranging from 1 to 5 Hz. Fig. 7(a) illustrates the
voltage results obtained for the various chamber widths across
the stated frequency range. The samples with 10- and 15-mm-
wide chambers produced the highest peak-to-peak voltages
(Vp−p) with the 10-mm-wide chamber having the highest
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Fig. 7. Bending REWOD data. (a) Peak-to-peak voltage versus oscillation frequency for four chamber widths, (b) peak-to-peak voltage versus
chamber widths at 5 Hz for 10-mm-wide samples, and (c) peak-to-peak current versus oscillation frequency for 10-mm-wide samples.

Fig. 8. MATLAB mathematical model versus experimental data.
(a) Current versus time and (b) voltage versus time.

voltage of ∼26 mV. Fig. 7(b) is a plot of Vp−p versus
chamber width for an oscillation frequency of 5 Hz. These
data, along with visual observations such as those shown in
Fig. 6, demonstrate that in chambers wider than 10 mm, the
liquid is not sufficiently squeezed, and therefore the voltage
is lower. Based on these findings, additional samples with
10-mm-wide chambers were tested while collecting impedance
data measured by the AD5940, which were then used along
with the voltage measurements to calculate the current. The
resulting data are shown in Fig. 7(c). Fig. 8 shows the current
and voltage data plotted versus time alongside the analytical
model’s prediction.

Based on Fig. 7, a maximum VP−P is obtained with
an REWOD chamber width of 10 mm. At an oscillation
frequency of 5 Hz, samples with this chamber width yielded
a maximum VP−P of 25.1 mV and a maximum current of
230 nA. The maximum power is therefore 5.77 nW, and the
power density based on the chamber area (10 × 30 mm) is
1.92 nW/cm2 Furthermore, the energy output was calculated
to be 1.15 nJ/cycle.

IV. DISCUSSION

Table II summarizes bias-free REWOD devices from the
literature. Typical REWOD devices use a dielectric layer
with a thickness in the tens of nanometers range [1]. The
PET layer of our REWOD devices is 50 µm-thick—1000×
thicker than what is typical for REWOD devices. As shown
in (2), a thicker dielectric layer proportionally decreases the
capacitance, and as a result, the current and power are lower,
which is evident in Table II. The lower power output can
be mitigated by leveraging the low-cost REWOD design and
scaling up to produce sufficient power for specific applications.

TABLE II
COMPARISON OF RECENT BIAS-FREE REWOD

Another option is to evaluate additional commercial off-the-
shelf metalized polymer films for REWOD or to experiment
with using spin coating to deposit inexpensive dielectric layers
for REWOD electrodes.

An often-neglected crucial aspect of novel energy harvesting
technologies is their cost. The cost of energy harvesters is
not often reported due to high material and processing costs
but these are significant barriers to large-scale production and
commercialization. The bending REWOD devices have overall
dimensions of 6-cm-long and 1.35-cm-wide. Accounting for
the cost of the various layers shown in Fig. 1, the bending
REWOD devices cost U.S. $0.28 each, which is U.S.
$0.03/cm2. While energy harvesting cost is an important
consideration, it should be put into the context of the power
produced. The cost per power of the bending REWOD
harvesters in material and processing costs is U.S. $0.05/nW.
This is much lower than the cost-to-power ratio of our recent
works—over 1500× less costly per nanowatt than [26] and
380× less costly than [32].

The low cost of these REWOD energy harvesters is one
of their main advantages and opens the door to dramatic
upscaling to suit the power requirements of various larger
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Fig. 9. (a) Bending REWOD current and power data at 3 Hz for the
one-, two-, three-, and five-chamber samples. (b) Stability of generated
current for a 25-min time period.

applications. Their ease of fabrication by not requiring clean
room facilities or large/expensive equipment or processes
is another advantage that makes these bendable REWOD
harvesters highly scalable.

Design upscaling was explored by fabricating samples
having two, three, or five chambers arranged side by side. The
chamber dimensions matched the samples previously tested to
determine the increase in harvested power as the system is
scaled up. At a frequency of 3 Hz, the five-chamber samples
had an average current of 2.13 µA and a power of 147 nW
[see Fig. 9(a)], which is roughly a 20× increase from the
one-chamber samples. The voltage remained constant as the
samples were scaled up, as expected, because the chambers
were arranged in parallel.

Upscaling is an important feature of these REWOD devices
to compensate for their low power output, making them
more practical. For example, wearable glucose sensors with
power consumptions of 16 and 144 nW [33], [34] would
require REWOD energy harvesters with areas 8.3 and 75 cm2,
respectively (as opposed to the 3-cm2 device tested here).
These are still small enough to be worn, especially if the
REWOD energy harvesters are stacked rather than worn side
by side.

Further testing was carried out regarding the stability of
REWOD energy harvesting over 25 min to represent the
system’s performance during the length of time for a typical
workout. These data are illustrated in Fig. 9(b). The data show
that over the duration of time, the REWOD sample did not
stray more than 8% from the original current.

V. CONCLUSION

This research has contributed to the development of flexible
energy harvesting systems that have the possibility of being
used for wearable technologies. This article has explored the
limitations of previous REWOD systems, particularly those
manufactured with more costly materials, equipment, and
processes. In response to these limitations, this study presented
an affordable approach using cost-efficient commercial off-
the-shelf materials. With these readily available commercial
materials, assembly does not require a controlled environment
such as a clean room or expensive equipment, thus helping to
make this technology more accessible and adaptable to a wider
range of applications and researchers. The development of
flexible electrode design and theoretical modeling has allowed
for the improvement of this REWOD system. This work has
revealed the significance of gap distance and chamber width
in achieving higher power generation, marking a significant

step forward in harnessing the full capabilities of this
technology to power the next generation of wearable sensors.
As electronics continue to shrink in size, the integration of
efficient and flexible energy harvesting systems has become a
pressing need. By achieving flexibility and cost-efficiency, this
research contributes to facile self-powered wearables capable
of harvesting energy from low-frequency human motion.
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