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Abstract  

 
This research has carried out the analysis of the efficiency of natural light as an interior lighting system through fiber 
optic transmission in Paraguay as a pioneering alternative to energy demand. 
 
For its analysis, the construction of a flat concentrator in the shape of a truncated pyramid was carried out, with a 
metal support equipped with rotational movements both in the x and y planes in such a way as to manually track the 
sun. At the light concentration point, a support was placed for the 6mm diameter and 10-meter-long optical fiber that 
transports the concentrated light from one end to the other. This light transmission was measured with a luxmeter to 
determine the amount of illumination from the concentration point to the end of the fiber. 
 
It has been observed that, for an illuminance of 109,200 lux coming from the source (sun) with an orientation of 40º 
North and with an inclination of 27º with respect to the normal, the illuminance obtained at the end of the fiber located 
in a totally isolated room of the source was 21,600 lux at the surface of the optical fiber. In addition, the light beam 
projected by the optical fiber has an opening angle of 60º. 
 
Given that the room to be illuminated with the natural light source has artificial light that projects an illuminance of 
80,800 lux on the surface of the lamp, it is estimated that 8 (eight) points of natural light will be necessary for said 
room for adequate lighting. 
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1. Introduction  
The objective of this article is to analyze natural light as an interior lighting system through fiber optic transmission 
in Paraguay. 
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The activities carried out within our country are day and night tasks that necessarily entail the use of electrical energy 
for their development. Lighting is something inherent to these activities, since without it, they could not be carried 
out. The artificial lighting system is the most widely used lighting source for interior tasks in our country, leaving 
natural lighting alone for exterior tasks. Since the building structures themselves are not designed to take advantage 
of light as a lighting system, but only as a means of indirect lighting through their windows. 
 
For this reason, an attempt is made to answer the questions that could provide a solution to the problem posed: How 
to concentrate natural light for its subsequent transmission into the home? How much light would be concentrated? 
Will there be losses in the hub and fiber optic system? By what percentage would sunlight replace artificial light? 
 
The management of natural resources is everyone's commitment, so the search for a reduction in electricity 
consumption is a clearly viable means of achieving this goal. By reducing consumption, a series of events will be 
derived, such as the reduction of the power necessary for activities, therefore, a less saturated electrical system. 
 
Also, through the use of natural lighting in the various properties, it is intended to reduce the column of fixed expenses 
of the owners observed in their electricity bill at the end of the month. 
 
Through this research, it is desired to achieve not only the reduction of pollution or the reduction of economic expenses 
due to electricity consumption, but also the use of sunlight, which is a little exploited resource in our country. 
 
1.1 Objectives  
The objective of this article is to analyze natural light as an interior lighting system through fiber optic transmission 
in Paraguay. 
 
2. Methods  
The design of this research was of the experimental quantitative type since "one or more independent variables 
(supposed antecedent causes) are intentionally manipulated, to analyze the consequences that the manipulation has on 
one or more dependent variables (supposed consequent effects), within a control situation for the researcher” (Fleiss, 
2013; O'Brien, 2009 and Green, 2003). 

The measurement of natural lighting was carried out inside a room isolated from the light source (sun) so that it does 
not influence the results obtained. It has an area of 12 square meters, dark green walls and a brown roof. 

Outside, the day was clear in such a way as to obtain measurements with high parameters in relation to the illumination 
coming from the source (sun). In the place, it was decided to locate the solar concentrator of the flat truncated pyramid 
type with a support equipped with movements both in relation to the x axis and also in relation to the y axis. This in 
such a way to perform solar tracking manually. 

Measurements were taken using a MINIPA digital lux meter with a measurement range of 2,000/20,000/100,000 lux. 

As for the optical fiber, a PMMA plastic type of 6mm diameter and 10 meters in length was used. Which has been 
supported by means of a solid support at the end of the concentrator and laid linearly (from the concentrator to the 
room) in such a way as to avoid curvatures that can cause reflection losses. 

The data was taken using the observation method and varying the position of the concentrator manually. In addition, 
the measurement of the existing artificial light in the room (investigation medium) consisting of LED lamps of 12 
watts of power was carried out. 

The analysis of both systems was carried out by comparing the readings taken from natural light and artificial light in 
the same room.  

3. Data Collection  
The data was tested using a digital lux meter that has ± 4% accuracy up to 10,000lux and above this value ± 5%. Its 
repeatability is ± 2% and it is calibrated with a 2856ºk incandescent lamp standard. It also has a silicon photodiode 
photosensor and its value correction is carried out by the cosine rule. 

Proceedings of the 3rd South American International Industrial Engineering and Operations Management 
Conference, Asuncion, Paraguay, July 19-21, 2022 

© IEOM Society International 2226



 
This instrument has been chosen since what we want to know is the illumination of both systems in addition to the 
same source (sun). 
 
To carry out the measurement, the illumination of the source (sun) was first measured, this measured directly on a 
clear day with an orientation of 40º North and with an inclination of 27º with respect to normal. The illumination 
reading was also taken at the point of concentration of sunlight at the outlet of the flat concentrator. 
 
Subsequently, we proceeded to take a reading of the lighting inside the room isolated from the source (sun) of both 
systems at different distances from their focus. As for natural light, its opening angle was also measured. 
 
4.  Results and Discussion  
 
4.1 Numerical Results  
It has been observed that, for an illuminance of 109,200 luxes coming from the source (sun) with an orientation of 40º 
North and with an inclination of 27º with respect to normal during a clear day, the illuminance obtained at the end of 
the optical fiber in a point located in a room totally isolated from the source was 21,600 luxes at the surface of the 
optical fiber. In addition, a reading of the illuminance was taken at the outlet of the flat concentrator, observing a 
magnitude of 67,332 luxes. 
 
It has been observed that, for an illuminance of 109,200 lux coming from the source (sun) with an orientation of 40º 
North and with an inclination of 27º with respect to the normal, the illuminance obtained at the end of the fiber located 
in a totally isolated room of the source was 21,600 lux at the surface of the optical fiber. In addition, the light beam 
projected by the optical fiber has an opening angle of 60º. 
 
Given that the room to be illuminated with the natural light source has artificial light that projects an illuminance of 
80,800 lux on the surface of the lamp, it is estimated that 8 (eight) points of natural light will be necessary for said 
room for adequate lighting. (Figures 1, 2, 3 & 4) 
 
4.2 Graphical Results  
 

 
 

Figure 1. Illuminance values of natural light 
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Figure 2. Natural light beam opening cone 

 

 
Figure 3. Dimensions of the solar concentrator 

 
 

Figure 4. Beams of lights at the outlet of the concentrator 
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4.3 Proposed Improvements  
 
It would be good to increase the amount of light that can be captured with a magnifying glass-type concentrator system, 
where the intensity of light captured would be improved. 
 
5. Conclusion  
Solar light could be concentrated by means of a flat mirror concentrator in the shape of a truncated pyramid, although 
it was observed that greater concentration can be achieved with covalent mirrors. 

 
⦁ With this concentrator, only 62% of the sunlight from the source (sun) is concentrated, 38% are beams of light 

that are reflected back to the medium. 
 
⦁ The existing loss in the hub-fiber system is 68% and only 32% is used as a lighting source. 
 
⦁ 8 (eight) points of natural light would be needed to be able to replace the artificial light source, but a mixed 

system would be needed to be able to provide the system with reliability. 
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