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1. INTRODUCTION

Energy harvesting is a process of capturing a variety of ambient energy sources, stored in a period,
and then used to power up low-power electronic devices or applications [1], [2]. In other words, the goal of
energy harvesting is to transform energy so that it may be used to power electronic equipment. There are many
energy harvesting techniques, such as solar energy harvesting, light energy harvesting, wind energy harvesting,
and piezoelectric energy harvesting [3]-[5]. Wireless sensor networks (WSN) is a technological device that
detects changes in an environment. It is one of the applications of solar energy harvesting since it consumes a
small power consumption [6]. This paper focuses on light energy harvesting, harvesting energy from indoor
light sources to support the operation of low-power devices and sensors. Energy wastage from some places
that use almost 24 hours of light but are not utilized efficiently and not entirely harvested has become the major
concern in this paper. This issue should be given more attention because it is related to power consumption [7].
Moreover, [8] shows that dye sensitized solar cells (DSSC) can harvest indoor light. Thus, this paper aims to
study and determine the possibility and suitability of energy harvesting from indoor light sources by using
polycrystalline silicon solar cells to energize a heat sensor that consumes 0.03 W and compare it with DSSC.
Light energy harvesting is applied with the three main components of energy harvesting: power generation,
power management, and power storage [9]. Solar panel acts as a transducer and power generation, buck
converter for power management, and rechargeable battery for power storage.

The solar panel is manufactured by allowing photons or particles of light to knock electrons free from
atoms and produce a flow of direct current (DC) electricity. It is often used to generate electricity from sunlight,
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but solar panels can also be used to generate electricity under indoor light sources [10]. This is because both
sunlight and indoor light sources fall within the range of the visible light of the electromagnetic spectrum (EM).
Light is electromagnetic radiation within a certain portion of EM [11]. The part of the spectrum that reaches
the Earth from the Sun is called solar radiation, and it ranges from 100 nm to 1 mm. The highest irradiance
values are from 400 to 700 nm, which is from visible light, which is why the manufacturer designed and focused
on maximizing the absorption of light from the visible region [9].

Monacrystalline solar cells (m-Si) and polycrystalline solar cells (p-Si) cover a wider range of
wavelengths from 300-1200 nm, including visible light [12], [13]. However, other thin-film solar cells, such
as copper indium gallium selenide (CIGS) and cadmium telluride solar cell (CdTe), also falls under the same
region as m-Si and p-Si but with less efficiency [14]. DSSC, amorphous solar cells (a-Si), and gallium arsenide
(GaAs) are specifically manufactured to be in visible regions [15].

The incandescent lamp is composed of a glass balloon whereby the filament is heated to high
temperatures (2,000 to 3,000 K), and the wavelength falls within the spectrum of the visible region. It is within
300 to 700 nm wavelength and has its peak in the infrared region of light [16]-[19]. Besides, most solar panels
absorb wavelength ranges of 400 to 800 nm [20], [21]. Therefore, the results show that the incandescent lamp
falls under the same region where the solar panel could extract power from the sunlight, proving that solar
panels can also generate electricity under indoor light sources.

A few factors can affect the operation and performance of solar panels with a light source. The factors
are the distance of the solar panel to the light source, the light intensity [19], [22], [23], and the amount of bulb
wattage [24]. According to Amajama [25], as the distance of solar cells increases from the light source, the
voltage, and power of the cell also decreases with the light intensity. Moreover, the author also stated that the
current rises steadily and voltage increases sharply with the increase in intensity. The surface will appear dimmer
once the light source is moved away from the solar panel that is illuminated by the light source.

2. METHOD
2.1. Related works

Light energy harvesting for low-power consumption devices has been done and studied by a few
researchers. The difference between all those researchers is the types of energy harvesters that were used for
power generation. They tried to use different types of energy harvesters, also known as power generation, to
find out the harvester's potential for light energy harvesting. Table 1 shows the different types of energy
harvesters that were used in their research.

Table 1. Related works with other types of energy harvesters

Ref Title Power generation/energy harvester
[8] Indoor light harvesting using dye sensitized solar cell DSSC
[9] A study on light energy harvesting from the indoor environment: the ~ Amorphous silicon solar cell

autonomous sensor nodes

2.2. Proposed method

The experiment will use a polycrystalline type of solar panel to capture and harvest light from the light
source that produces the optimum results. This type of solar panel is chosen to determine whether the statement
claimed by [8] stated that polycrystalline solar panel deployment had been restricted due to its limitation to
work under indoor light energy. Thus, this paper will analyze the possibility of using a polycrystalline solar
panel to harvest energy from indoor light.

2.2.1. Flowchart

The flow of the experiment is summarized in Figure 1. It begins with constructing the connection of
six solar panels connected in both ways, in series to increase its voltage and in parallel to increase its current.
Four types of light bulbs will then be tested individually by placing them 15 cm away from the polycrystalline
solar panel. The first measurement uses a multimeter to find out the solar panel's open circuit voltage and short
circuit current. The solar panel is then connected with a diode and buck converter to a rechargeable battery. A
diode is used to avoid reverse current from the rechargeable battery to the solar panel. It will then be connected
to a heat sensor that can detect the presence of heat from the fire. The prototype is left 15 cm away from the
light source to harvest energy and discover its potential to supply energy to a heat sensor. The functionality of
the heat sensor will be tested by lighting up a fire near the sensor. Once it senses the presence of heat coming
from the fire, the blue LED light will light up, and a buzzer will produce a sound.
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Figure 1. Flowchart of the whole experiment

2.2.2. Block diagram

For the proposed light energy harvesting under indoor light sources, the block diagram is as shown in
Figure 2, which comprises the LED, fluorescent light bulb, and incandescent light bulb as the light sources,
polycrystalline solar panel as the power generation, LM2596 buck converter as the power management, 3.5 V
lithium-ion rechargeable battery as the power storage and lastly heat sensor as the load.

i 3.5V Lithium lon
Light Sources - Polycrystalline - LM2596 Heat Sensor
- Solar Panel Buck Converter - Rechargeable -

Battery

Figure 2. Block diagram of light energy harvesting for a heat sensor

2.2.3. Light harvesting from indoor to energise a heat sensor

The basic idea of this experiment is to design an energy harvesting system from indoor light radiation
using a solar panel for a sensor. Thus, Figure 3 shows the proposed experiment of light energy harvesting to
energize a heat sensor. Based on Figure 3, there are ten components used in this proposed experiment. No. 1
stated in the figure represents three types of light sources that will be used in this experiment as an energy
source for a battery and it is placed 15 cm away from the polycrystalline solar panel. No. 2 is a polycrystalline
solar panel that acts as a transducer to harvest the light from the light source. No. 3 is a diode that is used to
prevent reverse current from the battery to the solar panel. No. 4 is a buck converter used to reduce the voltage
from the solar panel to the battery. No. 5 is a rechargeable battery that acts as an energy storage and power
supply for the fire sensor. No. 6 is a 2N2222 transistor that is used to no. 7 is a thermistor that changes with
temperature variations. An increase in temperature makes the resistance decrease. No. 8 is a blue LED light
that will light up once it senses the presence of heat from the fire. No. 9 is a buzzer that will produce a buzzing
sound once it detects the presence of heat from the fire. Lastly, no. 10 is a 1 kQ resistor.

2.2.4. Proposed schematic diagram of total light energy harvesting to energize a heat sensor

Figure 4 is the proposed schematic diagram of total light energy harvesting to energize a heat sensor.
The figure illustrates all the main components that are needed in energy harvesting. There are polycrystalline
solar panels for power generation, buck converters for power management, rechargeable battery for power
storage, and heat sensor as load.
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Figure 4. Proposed schematic diagram of total light energy harvesting to energize a heat sensor

2.2.5 Experiment setup

The proposed approach is conducted by experimenting with 4 different light bulbs as the light source.
Table 2 presents the experimental setup with all the light bulbs conducted individually with the polycrystalline
solar panel 15 cm away from them. The voltage and current flow from the rechargeable battery to the heat
sensor are measured using a multimeter. The functionality and suitability of polycrystalline solar panels with
the 4 different light bulbs were tested by lighting up a fire near the heat sensor.

Table 2. Related works with other types of energy harvesters
Experiment Type of bulb Experimental setup

Experiment 1 fi

24 W LED light bulb
Experiment 2 o

23 W fluorescent light bulb
Experiment 3 a2

60 W incandescent light bulb
Experiment 4 a8

100 W incandescent light bulb
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3. RESULTS AND DISCUSSION

In based on Tables 3(a) and (b) and 4(a) and (b), the highest power produced from buck converter to
battery is 89.43 mW which is the 100 W incandescent light bulb, followed by a 60 W incandescent light bulb
at 50.75 mW, an LED light bulb at 5.09 mW, and lastly fluorescent light bulb at 4.34 mW. Next, when the
battery was connected to a heat sensor circuit, a fire was ignited near the sensor, and the blue LED and buzzer
gave no response when these three light sources were used, namely, LED light bulb and fluorescent, and 60 W
incandescent light bulb.

However, the blue LED lights up and the buzzer produces a sound when a 100 W incandescent light
bulb is used, indicating that the sensor senses the presence of fire. It was proven by the results shown in the
Tables 3 and 4. Both batteries produced zero power when a LED and fluorescent light bulb were used. This is
because there is no current flow from the battery to the heat sensor. However, when a 60 W incandescent bulb
was used, power was generated from it, but it was still not enough to energize the heat sensor. The 100 W
incandescent light bulb is most suitable to be used as it produces an ample amount of current flow, which is at
52.43 mA or 0.05 W. The power produced is higher than the amount of power needed for the operation of the
heat sensor. Thus, it concludes that it has the maximum light harvesting compared to other light sources. This
is because the incandescent light bulb is the most suitable type of light bulb to be used with polycrystalline
solar panels compared to LED and fluorescent light bulbs.

Incandescent light bulb has a wavelength that falls within a spectrum of 300 to 7000 nm, which is in
the range of a visible region [16], [17], [26]. It falls under the same region where the polycrystalline solar panel
could extract power from natural light, which is sunlight [26]. LED and fluorescent light bulbs were not as
efficient with silicon cells since the power generation is getting lesser as it goes through three conversions;
i) from solar panel to a buck converter, ii) buck converter to the battery, and iii) battery to heat sensor. However,
these two types of light bulbs can still be used to charge solar-powered devices if the voltage supplied is slightly
higher than the battery voltage and there is the current generated. The only problem is that it might take a long
time to charge the devices fully.

Table 3a. Results obtained for 24 W incandescent light bulbs

) 24 W
Time v, LmA) PL(mW) Vo LMW) Py(mW) Vi I (mA) Py (mW)
11:30 361 713 2574 351  1.36 477 341 0 0
11:35 369  7.10 2620 352 145 510 343 0 0
11:40 368  7.09 2609 352 144 507 344 0 0
11:45 370 731 27.05 353 146 515 341 0 0
11:50 369  7.30 2694 352 145 510 343 0 0
11:55 369  7.29 2690 353 145 512 343 0 0
12:00 369  7.30 2694 353 145 512 343 0 0
12:05 371  7.40 2745 353 144 508 343 0 0
12:10 371 726 2693 352 145 510  3.44 0 0
12:15 372 722 26.86 352 146 514 343 0 0
12:20 372 732 2723 352 146 514 343 0 0
12:25 371 7.29 2705 353 145 512 343 0 0
12:30 372 732 2723 353 146 515 341 0 0

Average 3.70  7.26 26.82 352 144 5.09 343 0 0

Table 3b. Results obtained for 23 W incandescent light bulbs

Time 23W
11:30 5.68 2050 357 116 414 345 0 0
11:35 5.69 2060 356 118 420 343 0 0
11:40 5.71 2067 357 121 432 343 0 0
11:45 5.72 2076 357 124 443 343 0 0
11:50 5.73 2080 357 119 425 343 0 0
11:55 5.73 2074 356 122 434 342 0 0
12:00 5.74 2089 357 122 436 344 0 0
12:05 5.74 2084 357 124 443 343 0 0
12:10 5.74 2089 356 124 441 344 0 0
12:15 5.75 293 356 122 434 343 0 0
12:20 5.75 2087 356 124 441 344 0 0
12:25 5.73 2086 357 121 432 343 0 0
12:30 5.74 2089 357 124 443 343 0 0
Average 573 19.40 357 122 434 343 0 0
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Table 4a. Results obtained for 60 W incandescent light bulb
60 W

Vi h@mA) PiMmW) V, bLMmW) P(mW) Vs I(mA) Ps(mW)
11:30 473 2375 11234 355 1146 40.68 350  4.25 14.88
11:35 475 2352 11172 352 1152 4055 349 425 14.83
11:40 474 2355 11163 352 1149 4044 348 422 14.69
11:45 474 2362 11196 352 1149 4045 349 423 14.76
11:50 475 2379 11300 355 1151 40.86 348 423 14.72
11:55 475 2371 11262 355 1152 40.90 350 425 14.88
12:00 475 2386 11334 355 1153 4093 350 423 14.81
12:05 474 2371 11239 355 1150 40.83 349 425 14.83
12:10 474 2368 11224 554 1149 40.67 349  4.24 14.80
12:15 474 2375 11258 554 1152 40.78 349 426 14.87
12:20 474 2402 11385 355 1151 40.86 350  4.26 14.91
12:25 473 2396 11333 355 1149 4079 350 425 14.88
12:30 473 2385 11181 355 1154 4097 350  4.24 14.84

Average 474 2375 11252 385 1151 4075 349 4.4 14.82

Time

Table 4b. Results obtained for 100 W incandescent light bulbs
100 W
IL(mA) Pi(mW) Vo, L(MmW) P,(mW) Vi I3(mA) Ps(mW)

11:30 3672 18470 420 2258 9484 350 1502 52.57
11:35 3617 18121 392 2282 89.45 350 1502 52.57
11:40 3597 18093 393 2263 88.94 349  14.96 52.21
11:45 3617 18157 392 2296 90.00 349 1499 52.32
11:50 3623 18187 392 2213 86.75 350 1502 52.57
11:55 3650 18287 392 2269 88.94 349 1502 52.42
12:00 3639 18304 393 2213 86.97 348 1502 52.27
12:05 3652 18333 392 2282 89.45 349 1498 52.28
12:10 3641 18278 392 2288 89.69 350 15.04 52.64
12:15 3628 18176 393 2272 89.29 349 1501 52.38
12:20 3625 18198 395 2267 89.55 350 14.98 52.43
12:25 3643 18324 393 2278 89.53 350 14.98 52.43
12:30 3639 18304 394 2265 89.24 349 1505 52.52

Average  36.34 18249 395 2265 89.43 349 1501 52.43

Time

The amount of wattage used was also one of the reasons that affected the output power [24]. That is
the reason why a 60 W incandescent light bulb does not have the ability to supply power to the heat sensor,
even though the type of light source is suitable for the polycrystalline solar panel. Furthermore, solar cells
require a certain level of brightness to generate useful amounts of electricity. The 100 W incandescent light
bulb has the highest brightness among others, which is 1650 lux on average. Figure 5 shows the experiment
conducted to test the possibility of light energy harvesting to energize a heat sensor using a 100 W incandescent
light bulb. The blue LED light-up and buzzer produce sound, proving that it is possible to use indoor light
harvesting to energize a heat sensor that requires a small amount of power.

Figure 5. Total connection of light energy harvesting to energize heat sensor under 100 W incandescent bulb

The 100 W incandescent light bulb is suitable to be used for energy harvesting. However, it has more
disadvantages than advantages to it. The reason for that is it is energy inefficient. It converts less than 5% of
the energy it uses as visible light and the remaining 95% of energy is lost as heat. Moreover, it also has a short
lifetime, around 1000 hours, due to higher filament temperature. Thus, it does not fit a heat sensor because it
may cause confusion and false alarm to the sensor that is meant to detect the presence of heat. Table 5
summarizes the details of the types of energy harvester, light source, and power storage in this experiment, the
amount of power flow to the load, light intensity, and efficiency.

Indoor light energy harvesting technique to energize a heat sensor ... (Nur Syazana lzzati Razali)
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Table 5. The list of equipment and parameters used in this experiment

Equipment Parameter
Energy harvester Polycrystalline solar panel
Light source 100 W incandescent light bulb
Power storage 3.5 V lithium light bulb
Power to the heat sensor ~ 0.05243 mW
Light intensity 1650 lux
Efficiency 0.0894%

This paper is compared with the previous paper [8] that used DSSC which is a different energy
harvester to find out the potentiality of it to be harvested under indoor light conditions by varying the distance
between solar cells and the 24 W LED light bulb. Figure 6 illustrates the voltage in the open circuit (Vo) and
the distance between the DSSC in [8] and the proposed polycrystalline solar panel. It shows that the
polycrystalline solar panel has a slightly higher voltage compared to the voltage for DSSC. This indicates that
the polycrystalline solar panel that was used in this project has the potential to be harvested. This proposed
technique has been tested under indoor light conditions and shows the importance of the distance between solar
cells and the light sources to produce a better output.
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Figure 6. Plotted graph of V. of polycrystalline and DSSC

4. CONCLUSION

Energy harvesting is a good process where it makes good use of ambient energy from the environment
and converts it directly to electricity for small-powered devices. This experiment has proven that it is possible
to use energy from indoor light sources to energize a heat sensor using polycrystalline solar panels. The Vo
has also been compared with DSSC and polycrystalline shows higher V. than DSSC. The possibility of using
indoor light radiation for energy harvesting using the polycrystalline solar panel was proven, and all 4 light
sources used in this experiment were able to produce power when it was placed 15 cm away from the light
source. The design of an energy harvesting system for energizing heat sensors using polycrystalline solar panels
also has been done where only 100 W incandescent light bulbs have the potential to supply power to the heat
sensor.
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