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ABSTRACT
The solar bottle bulb has become a very important source of light in poor regions and/or in those that have 
difficult access to power. Its extended use results in the need to have a more rational knowledge of its 
performance. In this work, we carried out the photometry of the solar bottle bulb considering the sky mod-
els that simulate cloudy and sunny days with the sun at different angles. The results show a performance 
varying from 50 to 70％, according to the position of the bottle and the characteristics of solar radiation, 
together with a distribution of light that greatly improves the one given by a hole in the roof, thereby reduc-
ing up to 32 times its maximum intensity.
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1. Introduction
The use of the solar bottle bulb as a source of illumi-
nation arose as an alternative to provide natural light in 
places where access to the same is very limited and at 
times non-existent. The solar bottle bulb was invented 
in 2002 by the Brazilian mechanic Alfredo Moser and 
has turned out to be a very economical and ingenious 
element for capturing light and introducing it inside a 
room that has no other way of having access to natural 
light in places where the cost of electric power to mini-
mally light a room on a daily basis can be prohibitive for 
its inhabitants. Thereby, this sustainable source of light 
has changed the lives of many people who use his inven-
tion to illuminate homes and small shops saving money 
that would otherwise be spent on electrical power.
At present, there are organizations promoting the 
use of this illumination system in numerous countries 
which, if we merely take into account the metropolitan 
area of Manila, have introduced this technology to 2.000 
households. It is expected that by the year 2015 one 
million solar bottle bulbs will have been installed around 
the world1). This idea has also generated enthusiasm in 
the area of design and some applications of the solar 
bottle bulb can be seen in buildings where, even if natu-
ral light is seen from a window, this resource has been 
used for aesthetical reasons. The main reason that pop-
ularized this light source quickly is that it is made of a 
discard material by a very simple process. Otherwise, 
the duration of this type of light source is five years, 
after which period it is necessary to change the water 
in the bottle and replace the bleach to keep it clean, and 
clearly the main disadvantage of this light source is that 

its true potential is only exploited during daylight hours.
Whatever the reason for its use, it is necessary to 
have rational studies regarding its performance to bet-
ter understand the different alternatives of use and can 
to do qualitative predictions of its implementation. In a 
solar bottle placed on the ceiling of a room there are 
two optical phenomena distributing the light that reach-
es it. On one hand, the refraction of the incident beams: 
while some beams are refracted through the bottle re-
covering the angle of incidence at the exit, others will 
be reflected down toward the basis of the bottle, acting 
the bottle as a waveguide. Moreover, all the light that 
hits the bottle will be spread in some degree by the 
media inhomogeneity. As a result the solar radiation 
will be redistributed in the interior in a more profitable 
way that when the light enters directly. In a first ap-
proximation, general aspects of the performance of the 
solar bottle bulbs were determined and gave out the 
first photometric data of this technology2). However, in 
that work, only the measuring of horizontal illuminance 
under the bottle and vertical illuminance at one side of 
the same was performed, which did not allow for an 
integral photometric characterization to explain its 
working and to do predictions. In that study, the au-
thors claim that, thanks to a mixture of refraction and 
total internal reflection in a solar bottle bulb, we can 
also make better use of daylight than simply by open-
ing a hole in the roof to allow direct sunlight in.
Studies regarding the performance of the solar bottle 
bulb can be carried out directly in the place where the 
artefact is installed. In that case, measuring corresponds 
to a specific solar condition which makes it difficult to 
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compare different aspects of design. An alternative to 
fully understand the properties of the solar bottle and 
take advantage of its properties would be to determine 
the Bidirectional Transmittance Distribution Function 
(BTDF) that described the full set of the optical proper-
ties of the bottle. The BTDF, is defined by the Commis-
sion Internationale de l’Eclairage as the quotient of the 
luminance of the medium by the illuminance on the me-
dium, and therefore it is angle dependent at both the 
incidence and the emergence levels and expresses the 
emerging light flux distribution for a given incident di-
rection3). BTDF was used for different complex fenes-
tration system to determine the resulting indoor light-
ing conditions under a given external luminance 
distribution4). Although this approach based on simula-
tion increase flexibility and cost effectiveness compared 
to experimental approaches, all properties of each and 
every component (geometry and material) need to be 
known in advance, which often still requires measure-
ments3). In our case, the amount of measurement for a 
four dimensional table would be large, even if polar 
symmetry were invoked to reduce the amount of mea-
surement. Instead of doing a full measurement of a 
BTDF we chose to use an experimental system mea-
suring the light output of the bottle using a goniopho-
tometer.
In this work, we study the distribution of luminous 
intensities of the solar bottle bulb when it is exposed to 
both a diffuse illumination and to illumination with a 
strong direct component presented at different angles, 
and consider experimental conditions such as the pro-
portion of the illuminated bottle and the reflectance of 
the internal surface of the roof where the bottle is 
placed. To do this type of experiments, we built an il-
luminant that simulated the conditions of interest and 
that can be installed for measuring in a goniophotome-
ter. In this way, it is possible to establish comparisons 
between different experimental arrangements because 
they are evaluated in a simulated solar condition that 
remains constant during each experiment.

2. Methods
To perform the photometries of a solar bottle bulb we 
designed a suitably sized illuminant to be mounted on 
the gonio-photometer and, at the same time, capable of 
reproducing lighting conditions comparable with natu-
ral lighting. The iluminant system consisted of a cubic 
box measuring 45 cm on each side, with a circular hole 
with a 10.5 cm diameter in the centre of its base that 
emulates an opening in a roof through which natural 
light enters and where we introduced a bottle of poly-
ethylene terephthalate (PET). The bottle used has the 
shape of a cylinder with a diameter somewhat narrow-
er in the central area (a very common shape in soda 
bottles) containing water with a 2 litre capacity and a 
height of 36.5 cm.
The inside of the box was painted matt white and the 
exterior was painted matt black. To simulate the diffuse 
illumination condition four compact fluorescent lamps of 
20 W and 6500 K were placed inside the box in a verti-
cal position and at the corners of the base, each of them 
with a nominal flux of 1140 lm. In addition, to achieve a 
more uniform distribution of the light on the bottle, a 
diffuser screen of white paper was placed between the 
lamps and the hole of the box. With this arrangement, 
the surface of the hole emitted a luminous flux of 49 lm. 
The side and plan views of the illuminat system can be 
seen in Figure 1.
To simulate a mixed illumination with a strong direct 
component in the box, we incorporated a halogen reflec-
tor lamp of 50 W with a beam angle of 24° directed to-
wards the hole without it being obstructed by the 
screen. The halogen lamp was placed in three positions 
to take into account three different solar angles: an al-
most zenithal position (5°), a position where we favour 
the total reflection in the interior of the bottle (20°) and 
in one of the superior corners of the box (35°) where the 
total reflection is minimized. The proposed lighting sys-
tem presents the drawback that there is light passing 
through the bottle and being reflected back into it. This 
uncontrolled stray light appearing in the illuminant 

Figure 1 Side view (left) and plan view (right) of the experimental sky.
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with bottle may result in a little increase in the effi-
ciency values computed using the Eq. (1) described later.
For the photometric measuring we used a gonio-pho-
tometer LMT model GO-DS 2000 that evaluated the dis-
tribution of the luminous intensity of the different con-
figurations of the illuminant system and the experimental 
conditions for gamma5) angles from 0° to 180°, with 
intervals of 5° in the range from 0° to 95°, and of 10° in 
the range of 95° to 180°, and for angles C5) from 0° to 
360°, with intervals of 2.5°.

3. Evaluation of the implemented illuminant system
As a reference parameter we measured the photo-
metric distribution of a simulated cloudy sky where 
only the component of diffuse light is considered, obtain-
ing a nearly uniform distribution (Figure 3, dark grey 
line) with four maximums in the zones that correspond 
to planes C＝45°, 135°, 225° and 315° owing to the loca-
tion of the four fluorescent compact lamps inside the 
box. We also took into account a clear sky simulating an 
opening in a roof through which light with direct and 
diffuse components comes in. In this case, the halogen 
reflector lamp located inside the box generated maxi-
mums of luminous intensity of 6071 cd for gamma＝5° 
and C＝157.5°, 6861 cd for gamma＝20° and C＝130°, 
and 6386 cd for gamma＝35° and C＝315°. Flux values 
were computed by means of the luminous intensities 
provided by the photo-goniometer. In Table 1 were pre-
sented the values of the flux of the diffuse component, 
of the direct component, the global flux and the rela-
tionship between diffuse and global fluxes for the differ-
ent kind of implemented illuminant systems. In addi-
tion, measurements carried out in two cities of 
Argentina: San Miguel de Tucumán (26°49′00″S 
65°13′00″W, altitude 431 m, subtropical weather with a 
dry season, 1600 annual average sunlight hours) and 
Mendoza (32°53′40″S and 68°52′32″W, altitude 834 m, 
semi-arid/dry weather, 2850 annual average sunlight 
hour) for different seasons and hours6)7) are also pre-

sented in Table 1. Given that the measuring of illumi-
nance was carried out during a short period of time, 
where it is considered constant and using the same 
area of measuring, it can be assumed that the illumi-
nance is directly proportional to the flux and, therefore, 
the illuminance ratio Edif/Eglobal is equivalent to the flux 
ratio ϕdif/ϕglobal. Taking this into account, in Table 1 it 
can be observed that the different illuminant systems 
used to test the light bottle bulb have characteristics 
similar to those obtained in real skies determined in 
both latitudes of Argentina geography.
Based on the results of the distribution curves taken 
from the simulated skies, it is also possible to determine 
some parameters of comparison between the conditions 
studied such as the performance η of the bottle bulb, 
defined as the ratio between the flux value re-emitted 
by the bottle and the one emitted by the hole of the il-
luminant system, expressed in the form of percentage, 
as shown in Eq. (1).

φη φ＝ ×illuminant with bottie
illuminant hoie

100  
 

(1)

In each test, the lamps were fed with a constant sta-
bilized voltage of 220 V and 50 Hz. Before beginning the 
measuring process the lamps were stabilized to guaran-
tee the same conditions in each case, following the rec-
ommendations employed in the conventional photomet-
ric measuring3).

4. Results
4.1. Evaluation of the position of the solar bottle 
bulb
To evaluate the luminous performance of the solar 
bottle bulb, a photometry was taken of the hole of the 
simulated cloudy sky for two different positions. In posi-
tion 1 most of the bottle bulb (23 cm measured from its 
base) is in the exterior of the box and in position 2 the 
smaller part of the bottle (some 5 cm measured from 
the base) is found on the outside. In this way, position 1 
received less luminous radiation than position 2 al-
though position 1 had a greater emitting surface (Fig-
ure 2).
In Figure 3 both photometries of the bottle are repre-
sented together with the simulated cloudy sky (only the 
hole). The distribution curve obtained for the solar bot-
tle bulb in position 1 produces a more uniform distribu-
tion of light which, in the zone of the nadir and close to 
the same (Gamma＝0°) generates lower values of inten-
sity and produces maximums in gamma angles of be-
tween 20° and 30° respect of the curve of the simulated 
sky. As a result of this greater uniformity, the four 
maximums corresponding to the lamps disappear. From 
the point of view of performance, the behaviour of the 
bottle in position 1 was really optimum as it measured 
practically the same flux as that of the simulated cloudy 

Table 1   ϕdif and ϕglobal computed for the three experimental 
skies and Edif and Eglobal measured in real conditions 
of Tucumán and Mendoza, together with the respec-
tive ratios ϕdif /ϕglobal y Edif/Eglobal.

Clear sky models ϕdif [lm] ϕglobal [lm] ϕdif/ϕglobal

With a direct component at 5° 49 214 0.23

With a direct component at 20° 49 140 0.35

With a direct component at 35° 49 192 0.26

Real skies Edif [lx] Eglobal [lx] Edif/Eglobal

Tucumán (June) 12:00 hs. 11300 60900 0.19

Mendoza (January) 10:00 hs. 11800 55400 0.21

Mendoza (April) 18:00 hs. 4500 10900 0.41
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sky: 49 lm. At the same time, the bottle placed in posi-
tion 2 also produced a more uniform light distribution, 
with lower values of intensity in the zone of Gamma 
angles between 0° and 40°, taking the maximums to 
gamma angles of between 40° and 50° with respect to 
the curve of the simulated sky. In the same way as in 
position 1, the four maximums corresponding to the 
lamps disappeared. This position of the bottle produced 
a flux of only 44 lm, that is to say, a reduction of 10％ 
with respect to position 1 and to the simulated cloudy 
sky.

4.2. Evaluation of the effect of reflectance of the roof
In previous tests, we used a box painted matt black 
on the outside to measure the emission of the irradiated 
bottle only. As this kind of lighting system is generally 
used on roofs of galvanized sheet, which usually have a 

greater reflectance allowing for a reorientation of light, 
the external surface of the face of the box, where the 
bottle bulb is placed, was lined with metalized paper to 
simulate this frequent condition and, in this way, evalu-
ate the effects that it might produce. For this test, we 
used position 1 of the bottle bulb considering it to be 
the best of those tested previously. Although the distri-
bution curve was not modified significantly, the emitted 
flux reached 60 lm, 22％ higher than that determined 
by a dark roof.

4.3. Evaluation of the solar bottle bulb exposed to a 
simulated clear sky
We determined the distribution curves using the il-
luminant system that combine diffuse and direct com-
ponents with the bottle bulb located in position 1, in 
order to simulate a clear sky. In the case of the illumi-
nant system with a direct component at 5° (Figure 4a) 
in a very noticeable zone of maximums, the uniformity 
in the emission is improved in such a way that the 
maximum of intensity is reduced from the 6071 cd mea-
sured for the hole (Imax H) to 187 cd measured for the 
bottle (Imax B), which means a ratio of 0.031. The change 
in the distribution curves once the bottle is fitted is also 
reflected in the angular position of the maximum, when 
the gamma angle of 5° passes through the hole at 0° 
with the bottle bulb. With this type of illuminant the 
measured flux is reduced in 59％ regarding the one 

Figure 2 Pictures of the emitting experimental sky. At the left the emitting hole, at the center with the bottle in position 1 and at the 
right with the bottle in position 2.

Figure 3 Distribution curves of luminous intensities of the sim-
ulated cloudy sky (dark grey line), the experimental 
sky with the bottle in position 1 (light grey line) and 
the experimental sky with the bottle in position 2 
(black line).

Table 2  Efficiency (η) of the bottle for a cloudy experimental 
sky. Positions 1 and 2 of the bottle were considered 
and a metal roof with the bottle in position 1.

Condition Luminous Flux 
[lm] η

Hole (only diffuse) 49 ̶

Bottle (position 1) 49 100％

Bottle (position 2) 44 90％

Bottle (position 1). Metal roof 60 122％
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provided by the simulated clear sky, going from 214 to 
87 lm, which means a performance of 41％.
In the case of the illuminant system with a direct 
component at 20° (Figure 4b), we also find a very notice-
able zone of maximums, although the uniformity in the 
emission greatly improves so that Imax H＝6861 cd and 
Imax B＝245 cd (a ratio of 0.036). The change in the distri-
bution curves when placing the bottle in the hole was 
also reflected in the angular position of the maximum 
with the gamma angle of 20° in the hole, moving to 25° 
with the bottle bulb and the C angle of 130° in the hole 
to 315° with the bottle, a difference of 185°. We also 
found a secondary maximum (30 cd) quasi symmetrical 
(C＝130°) and for a gamma angle of 20° giving a rela-
tionship of intensities between the principal maximum 
and the secondary one of 8.2. In this case, the measured 
flux was reduced by 33％ with respect to the one pro-
vided by the hole in the simulated clear sky, going from 
140 to 94 lm, giving a performance of 67％.
In the case of the illuminant system with a direct 
component at 35° (Figure 5), although there is still a 
noticeable zone of maximums, an improvement in the 
uniformity in the emission results in a reduction from 
Imax H＝6386 cd to Imax B＝216 cd (a ratio of 0.034). The 
change in the distribution curve when placing the bot-
tle in the hole is also reflected in the angular position of 
the maximum, and results in the gamma angle going 
from 35° in the hole to 25° with the bottle and the C 
angle going from 315° in the hole to 320° with the bottle. 
We also found a secondary maximum quasi symmetri-
cal (C＝130°) and for the same gamma angle of the prin-
cipal, resulting in a relationship of intensities between 
the principal and secondary maximums of 3.2. With this 
kind of illuminant the measured flux was reduced by 
31％ with respect to the one provided by the hole of  

the simulated clear sky, arriving at 133 lm, which impl-
ies a performance of 69％. For this angle of the halogen 
lamp, we also carried out a photometry with the bottle 
bulb in position 2, finding that starting with the shape 
of the distribution curve of luminous intensities there 
was an improvement in the uniformity of the emission 
in such a way that the maximum of intensity was re-
duced from Imax H＝6386 cd to Imax B＝144 cd (a ratio of 
0.023) while the angular position of the maximum was 
also modified, with the gamma angle going from 35° in 

Figure 4 Distribution curves of luminous intensities obtained for the simulated clear sky (grey curves); a) with direct component at 
5° (measured at γ＝5° and C＝157.5°), b) with direct component at 20° (measured at γ＝20° and C＝130°). The black line 
corresponds to the main component of the simulated clear sky (hole) which is out of scale.

Figure 5 Distribution curves of luminous intensities obtained 
for the simulated clear sky with direct component at 
35°. Light grey line: plane of maximum of the bottle in 
position 2. Dark grey line: plane of maximum of the 
bottle in position 1. The black line corresponds to the 
main component of the simulated clear sky (hole) 
which is out of scale.
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the hole to 45° with the bottle and angle C from 315° in 
the hole to 300° with the bottle. A quasi symmetrical 
secondary maximum was also found (C＝115°) and for 
the same gamma angle of the principal, resulting in a 
relationship of intensities between the principal and 
secondary maximums of 5.5. At the same time, the mea-
sured flux decreased by approximately 48％ with re-
spect to the one measured for the simulated clear sky 
without the solar bottle bulb, which implies a perfor-
mance of 52％. Table 3 summarized the luminous flux-
es, the performances, maximum intensities and angles 
obtained, as well as the Imax B/Imax H ratio obtained in the 
three clear sky evaluated.

5. Scale factor
As has been described so far, the experimental ar-
rangement and the method employed allow us to char-
acterise the performance of a solar bottle bulb in con-
trolled lab conditions that emulate sky situations 
present in real life. In Table 1 we observe that the sim-
ulated skies can be designed to obtain relationships be-
tween photometric magnitudes of interest (in this case 
illuminance levels) that coincide with real ones. In this 
way, we can determine a scale factor (SF) that connects 
certain values measured in the lab with those that could 
be present in a real context, as shown in Eq. (2) taking 
global illuminance as a parameter.

＝
E

SF E
global real sky

global simulated sky
 
 

(2)

Taking into account the above, if any value of lumi-
nous flux of Table 1 is multiplied by the scale factor, it 
is possible to estimate the flux to be obtained in a real 
environment. Given that the values of global illuminance 
vary according to the geographical location, the season 
of the year, the time of day and other factors, the scale 
factor that is calculated for the situation of interest 
would permit an estimation of the flux to be obtained in 
that environment in a determined condition. For exam-
ple, based on our measuring, it is possible to estimate 

that the bottle in position 1 exposed to the simulated 
clear sky with a direct component at 35° produces an 
illuminance Eglobal simulated sky＝17000 lx and considering 
that this laboratory condition can be compared to the 
real sky of the city of Tucuman at midday in winter 
(Table 1), with a Eglobal real sky＝60900 lx and with a simi-
lar incidence angle of the sun, we arrive at an SF＝3.6. 
In this way the estimated flux that would be obtained 
in real conditions would be 480 lm, a flux emitted by a 
40 W incandescent lamp with an efficiency of 12 lm/w, 
and could be even greater if we consider that the bottle 
is installed on a clear or metal roof. This value is consis-
tent with the comments of the users according to their 
perception of the lit space2).

6. Discussion
Photometries of a light bottle were taken considering 
two kinds of sky: one which, providing diffuse light, 
simulates a cloudy sky and the other a clear sky, that 
provides an important direct component with three 
possible incidence angles combined with a relatively mi-
nor diffuse component, in consonance with previous 
measuring carried out by other authors and with mea-
suring done by us, specifically, for this work. Other 
measured conditions made it possible to determine the 
best position to install the bottle bulb on the roof and to 
evaluate the benefit of the use of a roof of high reflec-
tance. Both when the bottle is illuminated with a simu-
lated cloudy sky and when it is done with a simulated 
clear sky, we found that the larger the emitting propor-
tion of the bottle (position 1), the greater the quantity of 
light provided. While, in position 1, the majority of the 
captured light passes through the emitting body of the 
bottle, in position 2 a good part of the captured light is 
scattered in the same zone of the bottle i.e. the area that 
receives the light. However, in the case of the clear sky, 
the bigger emitting proportion of the bottle (position 1) 
reduces Imax H/Imax B ratio decreasing the uniformity of 
distribution. The comparison with the results of Wang 
(2013) is not direct as, in that work, only the illuminanc-

Table 3　 Luminous fluxes, performances, maximum intensities, Imax H/Imax B ratios and angles of the maximums obtained in the ex-
perimental clear sky.

Condition Luminous Flux 
[lm] η Imax Imax B/Imax H γ (Imax) C (Imax)

Hole (diffuse ＋ direct 5°) 214 ̶ 6071
0.031

5° 157.5°

Bottle (position 1) 87 41％ 187 0° All

Hole (diffuse ＋ direct 20°) 140 ̶ 6861
0.036

20° 130°

Bottle (position 1) 94 67％ 245 25° 315°

Hole (diffuse ＋ direct 35°) 192 ̶ 6386 ̶ 35° 315°

Bottle (position 1) 133 69％ 216 0.034 25° 320°

Bottle (position 2) 100 52％ 144 0.023 45° 300°
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es in two points of the interior of the lit space was mea-
sured whereas, in this current work, we carried out an 
evaluation of the luminous intensity distribution. As 
previously said, the values of efficiency computed in the 
Tables 2 and 3 could be a little overestimated, and this 
fact could be verified by obtaining the same luminous 
flux (49 lm) both in the only-hole condition as in the 
bottle condition.
Independently of the type of sky, position of the bot-
tle and the characteristics of the roof, the solar bottle 
distributes the light with a uniformity that is always 
bigger than the one provided by a simple hole in the 
roof, a characteristic that makes it suitable to limit the 
luminance ratio between areas with the known benefits 
when people conduct a visual task6). To understand the 
different optical phenomena that contribute to this 
characteristic of the bottle, it is interesting to compare 
the results obtained with the simulated clear skies with 
direct components of 20° and 35°. While the case of 20° 
favours the total internal reflection of the light that is 
observed in the inversion of the angle γ for lmax (going 
from 130° to 315°), for 35° the refraction appears as the 
predominant phenomena as the maximum is kept at 
approximately the same angle γ. At the same time, the 
presence of the secondary maximums, although notably 
lower indicate that both the refraction and the total re-
flection are present in some level in the evaluated con-
ditions. Given that the performances in both cases are 
similar (67％ for 20° and 69％ for 35°) it cannot be con-
cluded that the wave guide effect is necessarily more 
efficient than the refraction effect. However, for the 
quasi zenithal case of 5°, the efficiency of the system 
was reduced to 41％ and can only be explained by the 
obstruction that is produced by the bottle cap.
An optical particularity that was found in the pho-
tometries when using a simulated clear sky with a di-
rect component at 35° was the angular difference be-
tween the peaks of intensity in each position of the 
bottle (25° position 1 and 45° position 2) that can be ex-
plained by analysing how the predominant angles of 
refraction change in each position of the bottle. In posi-
tion 1, the majority of the beams affect the top part of 
the bottle characterised by its convexity. In this sur-
face, the beams that arrive are diverted in different 
angles according to the point of incidence but they al-
ways diminish the angle of the refracted beams with 
respect to the vertical axis of the bottle. Thus, when 
leaving the bottle, either by the vertical surface of the 
bottle or by the surface of the base, the refracted beams 
will have a smaller angle with respect to the vertical 
axis. As a result, the emerging beams have a maximum 
of intensity in a gamma angle lower than the incidence 
one. At the same time, in position 2, the majority of the 
beams of the simulated sky fall on the side of the bottle 
and are diverted in such a way that the beam angle 

from the vertical axis increases and is then refracted 
when it leaves the bottle bulb. In the case of beams 
leaving the counter-lateral part, the angle of incidence 
is recuperated (refraction in parallel surfaces) and, in 
the case that it is done through the base of the bottle, 
the angle will increase again owing to the concavity of 
this interface. As a result, the maximum of intensity 
tends to be in a gamma angle larger than that of the 
angle of incidence. The behaviour of the distribution 
curve measured for these two positions of the bottle 
could explain the results found previously2) where the 
relationship between the vertical and horizontal illumi-
nances determined for the bottles with two-thirds inte-
rior exposure level shows an increment respect to the 
other levels.
Other optic effects of less importance were found re-
garding the illumination, such as the deviation of the C 
angle in the principal maximums of both positions of the 
bottle with respect to the maximum obtained in the 
hole. The reason for this effect can be found in the char-
acteristic geometrical shape of the base of the bottle 
that presents five alternate hills and valleys that can 
modify that angle. Because in position 2 the contribu-
tion of refracted beams in the base is relatively greater 
than the contribution in position 1, the maximums were 
found on different C planes. Another optic effect is the 
lack of coplanarity of the principal and secondary maxi-
mums. In this case, the asymmetry of the base of the 
bottle permits some of the principal beams that pass 
through the bottle, to confront on their way out a differ-
ent refractive condition to some of the secondary beams.
The difficulty of designing illumination starting with 
a source of light that has a dynamic pattern of radiation 
is well known. However, the contributions of this work 
allow us to have a better understanding of the solar 
bottle bulb behaviour both in relation to the light per-
formance and the handling of the angle of the principal 
beams. In each case, the illumination obtained with a 
solar bottle bulb will depend on the size, shape and posi-
tion of the bottle, as well as on the characteristics of the 
incident light determined by the latitude, the solar 
availability, the season and the time of the day.
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