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ARTICLEINFO ABSTRACT
Article history: The purpose of this work is to present new technology in acquiring energy
Received: 31 October, 2018 from the compact fluorescent lamp (CFL) and store it in a super-capacitor
Accepted: 29 March, 2019 to operate the emergency exit lights. Many studies show energy-efficient
Online: 14 April, 2019 light bulbs may emit harmful radiation. This type of lamp emits high
levels of radiation, causing migraine headaches, fatigue, and other health
Keywords: problems. The proposed system is based on the magnetic near-field cou-
Compact fluorescent lamp pling between the flat wound induction coil and the compact fluorescent
RF to DC converter lamp. CFL bulbs emit excessive dirty energy, the most of this energy will
Electromagnetic pollution energize the super-capacitor and then in emergency lighting batteries
Flat wound planar coil through DC/DC step-up converter. So the proposed electronic device

show a new technology to harvest the radiation generated by the bulb and
charging batteries and secondly reduce the electromagnetic radiation in-
side a home, offices, and protect our children from radiation. The primary
objective of the device is to reduce electromagnetic pollution at home and
offices and re-generate energy from harmful radiation. The results are
satisfactory and advantages of using technology to recycle electromagnet
radiation to charge a battery, use at a critical time like an emergency light
system. Besides, we can use it for many other applications. This pur-
pose of this working is an extension of work initially presented in 2017
Ninth International Conference on Advanced Computational Intelligence
(ICACI).

1 Introduction studies have demonstrated that lamp emits a relatively
intense electromagnetic field in the frequency range

Many studies from world health organization approve from 26 kHz to 28 kHz [8,9,10,11,12].

that the compact fluorescent light bulb (CFL) produce
electromagnetic pollution. These unsafe radiate prod-
ucts directly from light and distributed in all our bed-
room, meeting room, and offices [1,2,3,4] the nearer
your seat to the bulbs the greater your electromagnetic
exposure. The electromagnetic radiation generated
is not the same amount of energy, as the bulb power
increases the radiation increases too, as shown in Fig-
ure 1. The research paper has focused on how much

100mW/cm?

0.01mW/cm2

power can acquire from this harmful radiation. Elec- W&
tromagnetic radiation energy harvesting represents

. . . . . . d=33"
a promising solution in charging the super-capacitor S omuWoms

from free energy around us, and we start making elec-
tromagnetic pollution recycle system [5,6,7]. In this
work, we focus on the possibility to reuse radiation
for charging the battery of emergency exit lights. In
particular, we propose to exploit a near-field magnet The device consists of a flat wound planar coil (reso-
coupling to acquire maximum radiation. Experimental nant inductive coupling), a voltage multiplier, a super-

Figure 1: Shows that the field strength very high near the CFL lamp
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capacitor, and DC/DC adjustable step-up power to
energize the emergency exit light, as shown in Figure
2. This research is organized as follows: in Section 2:
We present the simulation and design of the flat planar
coil. Section 3: Architecture of the proposed harvester
Circuit. Section 4: Presents the results and verification.
Finally, Section 5: Conclusions.
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Figure 2: Block diagram of CFL energy harvesting device

2 Simulation and design of the flat
planar coil

This present section shows the conceptions and charac-
terization of planar inductor. The planar coil is mostly
used in high-frequency applications and designed as
tracks on solid support [13,14,15,16]. The proposed
Coil shown in Figure 3, was optimized by evolving the
form of the flat spiral coils. In this section, the design
of the flat wound coil is described, and coil specifi-
cations for the effective permeability are introduced.
The variables that parameterize the form of the coil
are the wire thickness (t), inside diameter (d), outside
diameter (D), number of turns (N), the average radius
of the coil in inches (R) and width of the loop in inches
(W). In the following section, the fabrication process is
present in detail. Characteristic properties of the type
of coil are high magnetic leakage and parasitic capaci-
tance highly. This formula applies at low frequencies
using copper wire.

Where:

L= Inductance of coil in Henry (H);

W= width of winding area (cm);

a= average radius (cm);

N= Number of winding ;

L=(21.5*N2*2*a)/(1+2.72*(W/2a))

Figure 3: Flat wound planar induction coil

The actual fabrication process will make on plas-
tic diameter approximately 90 mm. With the current
mask design, one level contains only one coil, as shown
in figure 4.
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Figure 4: Top view (with dimensions) of planar inductor

It is interesting to note that the Pout increases with
the increase of the area diameter and the number of
turns (N) of the planar coil. This will can be used to
select an adequate output power. Since the device is an
inductor, in practice, the resistance to the electromag-
netic coil can be neglected compared to the reactance.
The inside diameter of the flat coil must be the same
as the CFL diameter with average tolerance. Thus, we
can fix the CF light inside the induction coil, as shown
in figure 5.

Compact fluorescent
lamp

Figure 5: 3D design of the inductive coupling method

2.1 Analysis of aresonant coupled system

There are two ways to measure the H field in the axis
direction of the planar induction coil and the radial
direction of the coil; it can be seen in Figures 6 and 7,
respectively.

Figure 6: Magnetic field measurement in the axis direction of the
flat coil
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which can convert the harmful radiation energy to DC
power.

3 Architecture of the proposed cir-
cuit

The corresponding architecture of the proposed har-
Figure 7: Magnetic field measurement in the radial direction of the vester circuit demonstrated in Figure 10. It consists
flat coil of a resonant inductive coupling, supercapacitor and
DC/DC step-up convector connected to the battery of

. . . . h it 1 .
2.2 Validation of the resonant inductive the emergency exit lamp

COllplll‘lg CFL magnetic
L. J . coupling
The position of the planar coil is most important com-

pared with the position of CFL and the quantity of

energy and efficiency changes. The testing is done, P T e T
and we conclude that when the planar coil at 90° to ! |
CFL the energy I maximum, it can be seen in Figure 8. T | oz
It is encouraging to note that the radiation recovered i ]F'

from the CFL is higher and maximum when the axis of :
the planar induction coil is in the direction of the axis = ST .
of the lamps at 90° (near filed coupling) as shown in Matching circuit Voltage multiplier Battery
figure 9. During the test phase, we will use the mag-

netic field in the direction of the axis of the coil in our

measure of construction and testing.

Figure 10: The schematic of a harvest and charging circuit

The components which are used to make harvesting

' | circuit, as shown in the Table 1.
) Table 1: Proposed harvester circuit components
0 deg 35 deg Components Name Components Value
Harvesting Coil Lxl 1 Henry

Diode D1,D2,D3,D4 HSMS 2820
/ Capacitor C1,C2,C3,C4 56 pF
Sup-Cap 5.1V/400F
‘ ; DC/DC converter 5.1V/5.7V
90 deg
’ ’ The resonator circuit consists of a flat induction coil
& deg is coupled with the compact fluorescent lamp (near-

field coupling). All reported measurements prove that
Figure 8: Testing different angles of resonant inductive coupling electromagnetic radiation emissions from CF lamp
have a peak at about 26.74 kHz, more precisely, the
spectrum of the signal received in the case of coupling
between the flat coil and the fluorescent lamp (20W)
has been used as adjustable impedance matching cir-
cuit at 26.74 kHz [17]. The maximum amount of en-
ergy is extracted from the coil when the capacitor is a
conjugate match to the source, as shown in Figure 11.

50R 50R
BT ®
T 27.577pF T
' 2%, +2% )
51.049pH  _151.049pH
Figure 9: A real photograph of our test phase -5%, +5% -5%, +5%
After the construction phase of the flat wound pla-
nar induction coil coupled in the axis direction of the
CFL (90°), we will study the electronic circuit board Figure 11: Matching network circuit
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Voltage doubler rectify low Alternate Current (AC)
collected from the resonator circuit to DC voltage
[18,19,20,21,22,23]. It uses a series of capacitors and
Schottky diodes to step up and rectify power concur-
rently. The energy is stored in a super-capacitor and
energizing the battery of emergency exit lights. The
picture below shows the final prototype used voltage
multiplier with the output capacitor, as presented in
the photograph 12.

Figure 12: Picture of PCB rectifier circuit

4 Results and Verification

The hardware configuration of the CFL energy harvest-
ing device is mainly on the inductive coupling method.
The complete circuit diagram of the project can be
divided into two different sections: Resonant induc-
tive coupling, converter section (Rectifier). The flat
receiver coil will have connected to a converter circuit
through four stages. The first stage is a compensating
network to maximize the induced current at the sec-
ondary stage by a matching circuit. The second part is
a two-stage voltage doubler design with all the stage
capacitors being the same value. The third stage is a
super-capacitor for storing energy. The last step is A
DC-to-DC power step up, as shown in Figure 13.

Figure 13: Previous project device

The DC voltage generated by the voltage multiplier
will start charging the super-capacitor (5.1V /400F).
The battery charging time depends on the range of
storage capacity. Table 2 shows the necessary time to
charge super-capacitor from CF lamp 20W.

Generally, charging time changes according to the
storage capacity of Sup-cap. When the value of abil-
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ity gets essential, the time of charging gets necessary
too. The above table shows us that to charge a Sup-
cap of 400F, we need a minimum of 15 days while
the fluorescent is working 24h/24h, and a minimum
of 5 days to charge a 400.0F Sup-cap. This phase
demonstrated that the sup-cap is an excellent low-
temperature charger which is, so safe device to be used
in our office and home-owners. There are many ap-
plications of the proposed idea such as: charging the
battery of the emergency exit lights, smoke detector
battery or alarm system. Finally, measurements of the
DC power generated by coupling between harvesting
circuit (Sup-Cap 5.1V /400F) with a 20W CF lamp as
illustrated in Figure 14.

Table 2: Charging time for super capacitor with CFL (20W)

Charging Time (Hour) | Charging a capacitor (Volts)

0 ov
1 0.3V
10 0.8V
24 1.35V
48 1.89V
72 3.45V

360 5.05V

Figure 14: Conceptual view of radio-frequency (RF) energy harvest-
ing

5 Conclusion

The concept of applying harvesting energy from the
compact fluorescent lights application has been ex-
plored in this work. In this paper, we approved the an-
nouncement of the world health organization, that the
compact fluorescent light bulbs are a popular choice
for businesses and home looking for ways to reduce
their electricity bills. High power density recovered
when the planar coil in 90 degrees with the lamp. The
coupling between the proposed harvester circuit and
the CFL for energizing emergency exit light is pre-
sented and approved. The measured results of the
spectrum of the power acquired by electromagnetic
coupling. Only with one geometry type of lamp. In
the next work, we will test more examples of light
according to the geometry design.
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