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Abstract

This present paper is a study of the possibility of replacing
conventional indoor light bulbs, by the daylighting trough domes
and reflective tubes, which respectively capture and diffuse the
sunlight to the interior environment. Base on collected data trough
in a weather station, it is made a daily data collection and realized
a projection of the sunlight which will focus on purpose study’s
system, according to the variations over the analyzed months.
Wherefore, it is estimated the amount of replaced light bulbs and,
therefore your economy. This kind of technology will allow the
illumination will happen in a healthy and comfortable way.
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1. Introduction

Economic growth in countries have in common the
need of energetics resources as base to the increasing of
productive sector. The sustainable development neither is
a relevant factor in this expansion analysis, consequently
reduces the environmental impact by the man on Earth [1,
2].
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According to Empresa de Pesquisa Energética’s (EPE)
data, the consumption of electricity in Brazil will grow
3.7% per year until 2030. In this way, it needs the constant
expansion of supply of energy and / or development
systems more efficiently to follow the increased demand
for electricity. Before this indicator is observed than the
Brazil’s territory is geographically located between
Equator’s line and the Tropic of Capricorn and has a high
sunlight during all the year, values around 4.5 kWh / m2 to
5.5 kWh / m2 [3].

However, the increment in electricity demand over the
long term has to be greater than the projection of
availability. This growing demand drives the search for
new alternatives generation and economic of power. In this
regard the use of sunlight can help to attend the demand [4,
5].

Thus, there is a need for applied research to increase the
means of direct sunlight use, as it is characterized by a
natural raw material, abundant, inexhaustible and free,
which can be used as energy source in lighting
environments.

Studies indicate that 44% of the energy consumption of
commercial and public sectors refers to the lighting and,
befitting with national reality. Therefore, the development
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of strategies to reduce energy use target alternatives to the
lighting system making it efficient and sustainable.

Before the Brazilian scene, the article presents a study
of solar capture for the purpose of lighting indoors
considering the variations of solar radiation over the
months. At the second moment is compared your lighting
capacity with artificial systems ordinarily used, in order to
show an estimate reduction in electricity.

2. Methodology

In this paper was used data acquired by weather station
Vantage Pro2, made by Davis Instruments, in the period
from December / 2014 to Aug/ 2015. This study used data
acquired by weather station Vantage Pro2 (fig. 1)
manufactured by Davis Instruments in the period from
December / 2014 to Aug / 2015.

Fig. 1: Weather Station Vantage Pro2 - Davis Instruments
(www.davisnet.com)

To ascertain the capacity of sunlight in the south of
Santa Catarina, the weather station was installed in the
facilities of the Faculdade SATC (fig. 2), the following
coordinates 28.4°S 49.12°W and 32 meters above the sea

level.

Fig. 2: Wheatr Station location (aculdade SATC)
For measuring the solar irradiation, the weather station

was parameterized to perform data acquisition at 3-minute
intervals. Through this acquisition is calculated the average
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value of each hour concerning the incidence in the area of
one square meter.

The station performs the data recording over 24 hours.
Hence it was decided that the daily period for analysis will
include the range of 8:00 a.m. to 6:00 p.m. However, the
data on sunlight outside this time range are irrelevant to the
analysis proposed in this study.

Determined the daily range of analysis was performed
in the average hourly of sunlight and consequently
determined a characteristic average day of each month. In
figure 3, it can be observed the impact on the variation of
the sunlight on the region during the months presented.
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Fig. 3: Daily average sunlight (W / m2) in December 2014, July
2015 and average of nine months.

2.1.Proposed system

The proposed system defined for drive the natural light
to the interior environment is made up of three main
elements. At the top, a dome is responsible for redirecting
the solar rays to the interior of a tube of 350 mm diameter.
The tube is internally coated with a reflective material, in
order to directing natural light into the environment. The
light is captured, directed and distributed in the internal
environment through an acrylic diffuser (fig. 4)
homogeneously [6].

B Dome

Diffuser

Fig. 4: Representation of a lighting system with reflective tube.

2.2. Projection Lighting Capacity

To make the comparison between the capacity of
natural and artificial lighting, it is calculated the sunlight to
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the pipe 350 mm defined in the study. Therefore, the area
of daylighting system exposed to the sun, is about
96,21x10-3 m2 So the proportional projection of the
incident rays in the reduced area is 9.62% (96,21x10-3),
being feasible to project the solar radiation in the natural
lighting system showing in Figure 4. From the relation
established, it is possible to obtaining a graph illustrating
made with the projection, as according to Figure 5.
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Fig. 5: Average daily solar radiation on a dome of 350 mm,
December 2014, July 2015 and average of nine months.

According to David Kaneda, a specialist in sustainable
electrical systems and renewable energy, sunlight has high
energy efficiency of approximately 105 lumens per watt of
sunlight [7, 8, 9]. Based on this parameter was estimated
generating capacity lumens of the proposed system in order
to compare it with artificial lighting. However, according
to the Espacio Solar Company, in a tube for commercial
applications aimed indoor lighting, the internal reflectivity
of the pipe is 98% [10]. So was used this reflectivity
parameter as a correction factor for closer approach to the
commercial products and to simplify calculations it was
adopted the value of 100 lumens per watt for solar
irradiation conversion, expressed by equation 1:

Lumens = 100 x Watts Value ()]

For comparison purposes it was defined that the tubular
fluorescent lamp would be used, due to its comprehensive
use for indoor lighting environment industrial, commercial,
residential and sporting [11, 12]. So it was used in the
study, a Phillips tubular fluorescent lamp, model TL-D
36W / 54-765 1SL that provides electrical power of 36W
and lighting capacity of 2500 lumens [13].

Spared lamps = Lumens =+ 2500 2

From the data collected in Figure 5, it is possible to
estimate the incident sunlight in the dome during the set
time and the average value. With the equations 1 and 2, the
value was obtained in lumens which the system is able to
emit and how many lamps could be substitute during the
set time. The values obtained are shown in Table 1:
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Table 1: Relation between solar radiation captured by a dome, and
the amount of saved fluorescent lamps.

Hourly
(h)

Dec
Watt
(W)

Jan
Watt
(W)

Feb
Watt
(W)

Mar
Watt
(W)

Apr
Watt
(W)

May
Watt
(W)

Jun
Watt
(w)

Jul
Watt
(W)

Aug
Watt
(W)

08:00

11,9

6,5

5,0

12,7

5,6

2.4

1,6

15

3,3

09:00

13,0

11,3

12,2

19,7

7,7

11

12,9

8,9

8,9

10:00

14,5

15,7

17,0

16,9

253

28,2

249

19,4

29,4

11:00

19,9

24,5

333

39,4

41,2

359

339

27,6

40,6

12:00

51,2

53,8

57,4

52,4

45,6

40,6

37,7

31,9

44,9

01:00

63,2

61,7

59,7

54,8

43,8

38,9

37,2

331

48,8

02:00

59,5

60,4

57,6

42,6

37,7

34,3

343

30,9

43,8

03:00

50,1

50,4

489

39,2

31,4

27,6

283

23,1

36,3

04:00

40,4

42,0

38,1

26,5

22,3

16,7

18,7

14,9

23,6

05:00

29,4

34,0

24,1

18,0

12,2

7,0

7,0

7,1

115

06:00

20,2

234

17,0

6,8

2,7

0,7

0,5

0,7

2,2

Min.

11,9

6,5

5,0

6,8

2,7

0,7

0,5

0,7

2,2

Max.

63,2

61,7

59,7

54,8

45,6

40,6

37,7

331

48,8

Average

33,9

34,9

337

29,9

25,0

22,1

215

18,1

26,7

lumens
(Im)

3394

3487

3366

2989

2504

2213

2153

1811

2667

Spared
lamps

1,36

1,39

1,35

1,20

1,00

0,89

0,86

0,72

3. Analyses of results

As presented in the study, the results emphasized in
Table 1 are satisfactory, since, in six of the nine months
analyzed will occur an average saving of one 2500 lamp

lumens.

The moment with a higher incident sunlight in the dome

displayed in Table 1 isat 1:00 p.m. hour in December 2014,
with an average of 63.2 Watts. This value resulted to
approximately 6320 lumens, which is equivalent to 2.52
lamps of 2500 lumens.

To complement the results is possible to analyze the
financial economy based on the data presented in Table 1.
Considering which the lamps in question would be the
same as the previous example (36W with 2500 lumens for
tubular fluorescent) and with purpose to increase the scope
of the study, it was included incandescent bulbs (typically
60W with 644 lumens [14]), due to their low efficiency and
although they are no longer produced, they still remain with
great ordinarily use.

The lamps mentioned will be connected in the same
proposed period from 08:00 a.m. to 06:00 p.m., and the
residential rate for kilowatt hour, the place where the study
was conducted, charged by the distribution company is
from $ 0,44436 [15]. Therefore from equation 3 it is
possible to calculate the savings produced by this system,
with the results shown in Table 2.
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Saving =H XPx N xT ?3)
Set up, where:
“H”. Equals to amount of turned on lamp’s hour over
the month;
“P”. Power in kW from the lamp in question;
“N”. Amount of saved lamps;
“T”. Price at current KW/hour.
Table 2: Estimate of how much money would be saved if the
lamps mentioned were spared.

Spared Saving | . Spared Saving
MONTHS | Lumens fluloar;scent R$)! mcalndescent (R$)?
ps amps

Dec 3393,59 1,36 R$ 7,40 5,27 R$ 47,91
Jan 3486,74 1,39 R$ 7,61 5,41 R$ 49,22
Feb 3365,96 1,35 R$ 6,63 5,23 R$ 42,92
Mar 2988,92 1,20 R$ 6,52 4,64 R$ 42,20
Apr 2503,71 1,00 R$ 5,29 3,89 R$ 34,21
May 2212,52 0,89 R$ 4,83 3,44 R$ 31,24
Jun 2152,95 0,86 R$ 4,55 3,34 R$ 29,41
Jul 1810,72 0,72 R$ 3,95 2,81 R$ 25,56
Aug 2666,77 1,07 R$ 5,82 4,14 R$ 37,65

With the reduction of consumption, the economy
during the nine months studied would be R$ 52.60 for the
case of fluorescent lamps of 36W, and R$ 340.31 for
incandescent lamps of 60W.

4. Conclusion

It was confirmed with this study, despite the benefits
when using natural lighting through reflective pipes, there
is, by sunlight, a wide variation in the production capacity
of the luminous flux. The sun, almost inexhaustible source
of clean and renewable energy, does not maintain constant
solar radiation incident on the earth's surface and, therefore,
the inclusion of an automated system would be interesting
for compensating the natural light by artificial light, which
can It is made from the electrical energy storage in batteries
through photovoltaic panels, either for night shifts or with
overcast sky.

The use of alternative sources of illumination indirectly
affects other aspects. Besides the economy, it is important
to highlight the environmental gain because they make use
of a clean source, decreased dependency on electricity, and
reducing costs involved with correct disposal of burned out
bulbs. Another motivation for performing the exchange,
based on the heat generated to each 2kW of artificial
lighting should be offset with 1kW of electric power for air
conditioning [16].

The equipment available on the market and studied in
this work have a high value and financial return occurs in
the long term. Therefore, the search for environmentally
friendly alternatives and methods for manufacturing of the
studied system will contribute to its greater insertion in
residential and industrial environments.

1 Dollar exchange rate R$ 3,86
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