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Development of Hybrid Energy Harvesting System for Low Power Devices

in LO.T Application
Onyinye CIINGWA'" Abdulsadiq MOHAMME D Abmham USMAN? and Jonathan KOLO!

Hepanimeni of Elecincal flecironic Kngpieering Federal Universiy of Techaology Wimna, Nigera,
IDepannment af T ecommuicaton Engineening, Federal Universiy of Teclwalogy Mima, Ngeria,

* feovolehent gwa il com b Ewmall of he corresponding aushor

Abstraci— In combinmnge multiple eneney harvesters from different sources, there is a problem caused due 1o
varying direct curmrent {d.c) output which reduces coupling efficiency and total working of the system. Thus in
this research, a hybridizing system is designed in which the blocking oscillator iswsed as an energy combiner
o improve on the coupling effliciency imd enhance the system’s working opemtion. The hybrid harvester
comprises ofa blocking oscillator, radio- frequency (R.F) harvester, solar harvester and piezoelectric harvester.
The blacking oscillatar made of four inductors all wounded o a single tomid with three transistors as switcles
fortle input, B harvester was designed using copper coil as antenna 1o receive tle necessary power needed,
Pieso-electric harvester is desipned using pieso-elements amnpeed parallel 1o eaxch other on a board, Solar
pancl with dimension 238 by 140 byl Tmm was used for solar energy harvester. The result of the system was
able to power a sensor of 3V and charpe a 10V super-capacitor even at low level of 0.3V, [T attained 905
effciency. In conclusion a hybrid enerey harvester with an improved combining system was successfully
developed which achieved better performance at maximum working condition and was still able to give
manapeable performance at low working cond ition,

Keyunad s energy hanesien, Mocking escilllator, piecockecine, mdia fequeacy, solar.

[ INTRODUCTION deviation in synchmonized part, This meseanch,
Internet. of things (16T) has brought numerous IMPToves unlh}"l:lrid :sj.-*a'l-:m"s il.mupling efficiency
devices together [1]. Devices connected to intemet and enhanee its working eperation.

1% Increasing a5 population inereases [1] Enerpy [I. MATERIALS AND METHODS

harvesting hielps insituations whene the useafwines The piezo-clements are ammped in i onder whene
and batieries are imprctical [3]. Also, batiery the entire erystals are to be connected in parallel to
capacity and lifespan commenly used to power each other as adopled from [T] becise of the low
wir¢less devices is limited [4] Combining multiple current of the piezo which is 1o be stepped up for
energy soumes of the same or different types practical wse while the support system of the
increases neliability of the system [5]. Various harvester is designed from [12]. Radio frequency
improvements on fhe efficiency of hybrid energy enerpy emitted by sources that penermte high
Iarvesting systemsuch as [6], combined fhe system electromagnetic Gelds swch as transmitiers from
using power oring method. [9] combined with radio networks, throueh power renemating devices
single inductor method. The major problem with are captured and converted into usable de voltage
ese liybnid systeins is low efficiency due 1o poor [13], In this work, e tmnsmitter is a low power
coupling choice and perfommance degrmdes due 1o device desirned uwsine a4 multi-vibralor which
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operates at a frequency of 10kHz. The rectenna
desipn was in accardame to [B] wheneas antenng
used 15 a copper coll, 1o produe the necessary
power nooded. Harvesting solarenergy is done with
e wse of solar panel as designed adopted from
[11]. Armnging the solar cells s adopted from the
method i [10]. Plcing the pael under sunlight
enables it to harvest energy from the sun and
canvert it to wseful power, The single diode in 1w
panel converts power 0 de and so this 15 fad
through the blocking oscillitor to a super-capacitor
for storape, The blacking escillator circuit is used
for valtage muliiplication and combiner, [t consists
majorly of tramsformer, tmnsistor, resistor amd
capacitor.  This method combines the three
harvesters to increase curnent, This connection is
melevant beciuse the boost converter would use the
added current for more efflicient chanzing,

[1I. RESULT

The summary of test result of the hybrid enerpy
lareester is shown in table | wsing a 3farad
capacitor,  Fig (1) shows the hybrid system’s
efficiency tested at different load resistance at
W0k, 0ke, and BOHz Fip {2) shows charpe
performamnce between combining with blocking
osgillator apainst power-onng,

[ DISCLUSSIOM

The overall performance of the three enerpy
larvesters is shown and although the harvesters
have dilferent d.e oulput, which reduces working
performance of hybrid systems, in figure {2) the
rate of charpge of the proposed system shows a
better performance, This reduced 1w effect af
varying de oulput enabling the system to work
better than the stake-of-the art (power oring)
combining method, The blocking oscillatar Jas a
selfstant feature at low voltape, As the voltage of
the hybrid system was varied, it is observed in table
(1] that even as low as 0.3V, the deviee was still
able to power the laad, While the power-oning
combining method could not charee the stomee and
power the load. The efficiency was achieved when
placed on varous loads with different resistance, [t
attamed 90% elficiency.
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Tahlz 1. Test resuli al hybrid harvesier
Input | Device with | Device with
[rvwr-ie ling oo bl i v dl Lsa e
Ik Sso0 charpe, sensor | Ssoc charge, sensor
ON O
5 Sso0 charpe, sensor | S5soc charge, sensor
ON O
Y Ssoc charpe, sensor | Tsoc charpe, sensor
ON O
0oy | 2sec charge, | 12500 charge, scnsor
serisar O O
03% | Mo charge, sensor | Trickle charpe,
OFF senaas ON




CLTNGIVA @ al, Devalopmesd of Hvbekd Exergy Harveniieg S e Lo Pover Devica de LOT Apploation, JUAENS 2022, Koeva, Teskey

V.o CONCLUSHOIM

One of the most common threat associated with
power insufficiency 15 the fact that the storage
device will not store charges properly as it is
supposed to and also the device would fail to stay
powered on, However, in this mesearch, using
blocking oscillator to hybndize energy harvester 1s
achieved enabling a hybnd energy harvester to be
suceessfully developed which achieved better
pedformance al maxmum working condition and
was still ahle to give manageable performance at
low working condition,
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