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Abstract: Solid-state lighting technology, such as LED devices, is critical to improving energy
efficiency in street lighting systems. In Ecuador, government policies have established the obligation
to exclusively use LED systems starting in 2023, except in special projects. Ecuador, known for its
vast biodiversity, protects its national parks, which are rich in flora, fauna and natural resources,
through international institutions and agreements such as UNESCO, CBD and CITES. Although
reducing electrical consumption usually measures energy efficiency, this article goes further. It
considers aspects such as the correlated color temperature in the lighting design of protected areas,
light pollution and the decrease in energy quality due to harmonic distortion. Measurements of the
electromagnetic spectrum of the light sources were made in an area in the Galápagos National Park of
Ecuador, revealing highly correlated color temperatures that can affect ecosystem cycles. In addition,
the investigation detected levels of light pollution increasing the night sky brightness and a notable
presence of harmonic distortion in the electrical grid. Using simulations to predict the behavior of
these variables offers an efficient option to help preserve protected environments and the quality of
energy supply while promoting energy savings.

Keywords: energy efficiency; lighting design; light pollution; LED; environment

1. Introduction

The implementation of artificial lighting has allowed humans to carry out greater
activities at night, increasing their productivity. However, it also produces consequences
that are often not considered during the construction of lighting systems, such as critical
effects on protected areas or sensitive ecosystems.

Some factors to consider in implementing a lighting system within protected areas
are the light source technology, light pollution [1], power quality and color temperature
with its associated spectral emission [2]. This work reviews these factors, emphasizing the
efficient use of energy, which is particularly important in a protected area because of the
resources used for its electrical generation.

The concept of energy efficiency in outdoor lighting systems has become increasingly
significant in recent years due to users’ growing demands [3] and governments’ necessity to
allocate energy resources appropriately [4]. The commitment to environmental stewardship,
greenhouse gas reduction, waste minimization and proper disposal has led to an evolution
in the lighting system components [5].

Numerous studies have been undertaken to examine the efficiency of lighting systems
from diverse perspectives, including emerging solid-state lighting technologies [6], public
lighting [7], and management policies [8]. It impacts aspects of power quality criteria,
methodologies for replacing HPS technology with LED [9] and energy savings due to its
change [6]. Solid-state lighting (SSL) represents an important alternative for the search
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for alternative lighting sources for applications in illumination [10], energy efficiency [11]
and the performance of light-emitting diodes (LED) [12]. LED technology is presented
as an alternative for all types of lighting, covering ultra-low power levels [13] and even
presenting itself as an efficient alternative in greenhouse lighting [14] and a better in-
vestment in road lighting [15]. Various studies have investigated the technical efficiency
of this type of technology, discussing parameters in the phosphor of chip LED such as
color temperature [16], efficiency for lighting design considering the stability of luminous
flux and installation parameters [17]. The efficiency of this technology includes the LED
driver [18], and all the elements of this technology influence the system’s efficiency. These
parameters influence the color appearance of the light source, and studies show that this,
in turn, influences the execution of visual tasks [19]. The improved efficiency of LEDs has
led to the wide adoption of this technology in the commercial and residential sectors [20].
Their widespread installation has significantly reduced energy consumption compared
to traditional lighting sources, with 32% less nominal installed power compared to Metal
Halide [9].

Recent research explores successful SSL implementation in outdoor lighting sys-
tems [21]. LED technology shows positive results [20], not only from the point of view of
energy efficiency but also in terms of the improvement in the quality of illumination [4],
which can be shown in parameters such as the uniformity of the illuminated surfaces [22].

Materials science and research into improving the construction of SSL chips have
shown new insights into the efficiency of light sources [23]. Advanced semiconductors [24],
light propagation structures and material robustness [25] for lifetime extension have been
development goals that still have a way to go. Here, challenges appear to be solved, such
as the thermal management of a luminaire [26], which directly influences its properties, the
stability of its color properties over time [27] and the reduction in costs [28].

In lighting systems, it is essential to analyze the spectral emission of the source and
its correlated color temperature [29]. Correlated color temperature (CCT) in lighting is
a parameter related to visual perception and comfort [30] and the energy efficiency of
lighting systems. The CCT determines the chromatic appearance of the light emitted by a
lighting source [31]. Additionally, the Color Rendering Index (CRI) and the performance of
different colors from the users’ perspective are also influenced by the CCT [32].

LED lamps and luminaires have garnered significant user acceptance due to their
versatility in offering sources with different CCTs [33] and a relatively high CRI compared
to other lighting technologies [34]. This not only underscores the superiority of LED lamps
over traditional sources in terms of their efficiency at different CCTs but also emphasizes
the crucial role of the audience in the design process. By understanding the audience’s
needs and preferences, the design process becomes more user-centric, enhancing the
overall experience and making the audience feel empowered and involved. Visual and
psychological comforts are also crucial aspects [35], so system design is not limited to CCT
and an energy analysis [36]. The study of Trop et al. [37] delves into the intricate relationship
between visual comfort, CCT and an integrated system design from the planning stage and
simulations to the implementation of the required systems. The perception of the space,
productivity and well-being of system users has also been a critical focus [38], highlighting
the need for a holistic approach to implementing light systems.

The relationship between CCT and work productivity is also an area of research that
demonstrates the importance of CCT as a lighting source. The study developed by Cheng
et al. [39] shows how different color temperatures influence the mood or work performance
of workers and their satisfaction with the workplace. All these characteristics of LEDs lead
to a massive migration towards this technology and its installation in practically all spaces
to be illuminated, often without considering the impacts it causes on flora and fauna.

Furthermore, light pollution is an increasing problem in lighting systems and the con-
servation of protected areas. The pollution of the night skies can be defined as the amount
of artificial lighting directed towards the sky and dispersed in the atmosphere, interfering
with the natural vision of the night sky [1]. Light pollution concerns the parameters of
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lighting designs [40]. Urbanization and the increase in light points have had an impact on
light pollution and the opacity of the skies from an astronomical perspective [41] but also
from human health [2] and environmental care perspectives [40].

The study developed by Barentine et al. [41] has provided quantitative measurements
of light pollution in different sectors of the planet and its correlation with the visibility of
bodies in the sky. The quality of the night sky has direct applications for observational
astronomy. Even with telescopes, the visibility of stars and other celestial bodies is signifi-
cantly affected. Areas such as Hawaii or La Serena [42] have restrictive measures since they
are places where astronomical research is carried out.

In some cases, lighting fixtures are installed improperly, resulting in high levels of
reflected light that can harm human life and contribute to light pollution. When the reflected
light levels go beyond a specific range, they can disrupt the body’s natural circadian rhythm,
leading to sleep disorders, mental health issues and hormonal imbalances [35].

The quantification and characterization of the quality of the night sky can be carried out
through several methodologies [43]. The study developed by Ges et al. [44] proposes night
sky quality indices based on spectral measurements, and the study developed by Kolláth
et al. [45] does so through radiance measurements. However, they all allow for generating
concepts and precise tools for evaluating light pollution. The International Commission on
Illumination (CIE) has also generated guidelines for minimizing sky glow [46].

Technological progress alone does not necessarily lead to decreased consumption in a
particular city or country. Effective state policies and government regulations are essential
in enforcing certain technologies while prohibiting the usage of outdated ones [8]. The
research conducted by Pothukuchi [47] indicates that implementing specific regulations to
encourage the adoption of efficient technologies can lead to significant savings for citizens
and promote the shift towards sustainable lighting systems. The economic viability of
investing in new technologies has resulted in pollution reduction and significant long-term
savings for various case studies, making it an essential consideration for control bodies’
decision-making [48].

Regulatory bodies are responsible for identifying lighting requirements depending
on the areas intended to be illuminated. Regulations play a crucial role in ensuring the
preservation of areas home to diverse and important plant and animal species. Various
articles have presented metrics on the effectiveness of management measures aimed at
reducing light intensities [49], limiting correlated color temperature [50] and implementing
shutdown schedules to preserve ecosystems [2].

The CIE has also generated standards for quantifying CCT based on its electromagnetic
spectrum, the color rendering index and its different methodologies to establish the energy
efficiency of a given lighting source [51]. The Illuminating Engineering Society (IES) has
also developed standards for measuring and characterizing SSL light sources [52].

An important issue arises when efficient lighting systems must be used in protected
areas or sensitive ecosystems [53]. The economic benefits of reducing energy consumption
are apparent [15]. However, the impact of certain properties of the new technology on
specific ecosystems must be considered. Accumulating evidence suggests that artificial
lighting has significant effects on biodiversity. The study developed by Coleman et al. [54]
demonstrates that the exposure of certain species to LED light can alter reproduction and
behavioral patterns [55].

Artificial lighting can disrupt many species’ natural rhythms and biological cycles [56],
and Bolliger et al. [57] find impacts on insects and bats about the color of LED light. The
study developed by Bolliger et al. [58] shows that the electromagnetic spectrum overloaded
at wavelengths below 400 nm can trigger changes in migration, reproduction and even
animal feeding habits, generating ecosystem imbalances [55]. Furthermore, light pollution
can hurt the ability of various animal species to see clearly at night. The study developed
by Falcón et al. [59] presents a correlation between excessive nocturnal luminosity and the
disorientation of nocturnal animals, complicating the activities of the species’ life cycle,
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such as hunting and mobilization. The study of Bolliger et al. [57] has also shown that
lights of a specific wavelength can minimize adverse effects on nocturnal fauna.

Insects such as bees or butterflies fulfill their role as pollinators for the reproduction of
various plant species. The study developed by Briolat et al. [60] demonstrates that nighttime
lighting from some types of LEDs can interfere with pollination activity, threatening crop
production and plant biodiversity; additionally, there may be losses in movement and
migration patterns.

Aquatic ecosystems are a critical point at which the consequences of artificial lighting
based on LED extend. Visible radiation from lighting sources affects different aquatic
organisms, including fish, crustaceans and algae [61]. Changes in feeding, reproduction
and migration patterns have been observed in their river and marine environments [62].

Many outdoor lighting sources are visible to flying species. Migratory birds also
feel the effect of artificial lighting with the electromagnetic spectrum of LED sources [63].
The study developed by McLaren et al. [64] demonstrates that certain types of large-scale
lighting sources can disorient birds during migration, causing risks of collision and a loss
of direction and also affecting the health of bird populations.

Likewise, energy efficiency must be considered. An “energy-efficient” system aims to
reduce consumption while ensuring minimum lighting values on surfaces that users need.
Lighting designs are as important as the technology used [65].

An efficient lighting system requires good power quality. Power quality refers to
the minimum parameters that electrical energy must have when delivered to the user.
Compliance with these parameters guarantees that the equipment has an adequate voltage
supply. The resources used in protected areas must be used optimally due to their scarcity,
safeguarding the means necessary to produce them. At the user level, two parameters
directly affect the losses in the distribution lines and, consequently, an inefficient use
of energy: the power factor and the total harmonic distortion. The power factor is the
relationship between active power (watt) and apparent power (voltamperes). A power
factor of one or close to one means that reactive power is not present and, consequently,
active power is equal to apparent power. The implementation of inductive loads directly
affects the power factor. The greater the influence of inductive loads, the more the power
factor will decrease. The adequate management of electrical energy consumption by users
implicitly entails a power factor close to one. This indicates that all the energy consumed
in protected areas is effectively used.

The total distortions produced by the harmonics of the voltage and current waves
(THD) are a critical component that directly impacts the quality of the energy supply [66].
THDs have a direct consequence on energy efficiency [67]; for example, as shown in [68],
harmonics can cause the loss of electrical equipment and devices, reducing the system’s
overall efficiency. Another effect of THDs outside the recommended limits causes the mea-
suring equipment to be inaccurate, causing an inadequate reading. Because the equipment
would be working outside the technical specifications, it is complex to establish control
over its metrological drift [69].

When dimmed, the LED luminaires’ driver introduces new harmonics into the sys-
tem’s power quality, similar to other devices connected to the electrical network [70]. This
implies that other devices connected to the same electrical network may suffer some type
of additional stress since they receive a lower quality of energy.

In protected areas, a comprehensive approach to the LED lighting source’s life cycle is
essential. The study developed by Albu et al. [71] highlights the significance of the final
decomposition phase, which requires appropriate waste management for sustainability
and environment friendliness. A thorough grasp of luminaire design and materials [72] can
unlock the potential for efficient equipment and a decrease in end-of-life waste, offering a
promising path forward.
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2. Materials and Methods

The present analysis was conducted in the Galápagos Islands, Ecuador. In this country,
as of 2024, purchases for public outdoor lighting must be with LED technology. Ecuador
has 11 protected natural reserves (national parks), with the Galápagos National Park being
the most representative. Famous for its biodiversity in flora and fauna, it has national and
international protection agreements such as the United Nations Educational, Scientific and
Cultural Organization (UNESCO), the Convention on Biological Diversity (CBD) and the
Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES),
among others.

The parameters of interest were analyzed through measurements in the Galápagos
National Park of Ecuador. The brightness of the night sky was monitored using a Sky
Quality Meter SQM-LU-DL (Unihedron, Ontario, Canada) at two points: one with installed
lighting systems in the “El Progreso” location (Zone 1) and the second as a control group
with a measurement in an area away from the lighting systems (Zone 2) in the “San Joaquin”
hill (Figure 1).
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Figure 1. Location of measurements.

The electromagnetic spectrum of the luminaires installed in these lighting systems
was analyzed with a StelarNet (Tampa, Florida) UVIR spectrometer. Subsequently, using a
mathematical model, the correlated color temperature (CCT) was calculated.

The total harmonic distortion for the analysis of energy quality was measured using a
METREL (Horjul, Slovenia) 2892 power analyzer. In this case, an installed luminaire was iso-
lated in the laboratory and powered by an LISUN (Shanghai, China) LSP-15kVA adjustable
source with a constant temperature. The results were compared with the luminaire’s total
harmonic distortion (THD) dimmed to 60% of its nominal luminous flux value.

Finally, a photometric behavior analysis of the installation was conducted through a
Dialux Evo 12.1 simulation. A new installation was proposed to solve the problems of the
parameters of interest while maintaining the lighting service at the required levels.

3. Results and Discussion

The results found are presented below.

3.1. Night Sky Quality

Values of night sky brightness Sb measured in mag
arcsec2 were obtained for 13 days and

nights (Figure 2).
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Temperatures vary from 28 ◦C during the day to 16 ◦C at night (Figure 3). The
measuring equipment is not affected by the environment in this temperature range.
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Figure 2 shows that the same levels of sky darkness are reached every night. It is
found that at the darkest point of the nights monitored in the two sampling areas, the
highest value of Sb in Zone 1 is 20.7 mag

arcsec2 , which implies a value of 4.5 on the Bortle scale
or a visibility of the Milky Way with a lack of details. The reference measurement in Zone 2
was carried out in a sector of the national park without close lighting in a radius of 3 km,
and an Sb value of 21.5 mag

arcsec2 was observed, corresponding to a scale of 2 on the Bortle
scale, which is a visibility of the Milky Way rich in detail.

Light pollution produced by uncontrolled lighting is affecting the sharpness of the
night sky in this protected national park on two levels of the Bortle scale. One factor that
can affect these measurements is the inclination of the luminaires in the system. At the
moment, they have an angle of inclination of 15◦. This angle is usually useful for meeting
street lighting levels in luminance values and uniformities. However, it allows a certain
amount of luminous flux to exit towards the sky, which can cause the measured behavior.
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3.2. Electromagnetic Spectrum and Correlated Color Temperature

The electromagnetic spectrum of 11 installed luminaires was obtained (Figure 4). It
was found that the spectra of the set of luminaires were qualitatively similar.
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To quantify the similarity obtained, the CCT was calculated. For this, given an elec-
tromagnetic spectrum Φλ(λ), where λ is wavelength, the parameters X, Y and Z must be
found according to Equations (1)–(3).

X = k∑λ
Φλ(λ)x(λ)∆λ, (1)

Y = k∑λ
Φλ(λ)y(λ)∆λ, (2)

Z = k∑λ
Φλ(λ)z(λ)∆λ, (3)

where x(λ), y(λ) and z(λ) are numerically defined in CIE 15 [31], and k is defined in
Equation (4).

k =
100

∑λ Φλ(λ)y(λ)∆λ
. (4)

Then, calculate parameters x and y using Equations (5) and (6).

x =
X

X + Y + Z
, (5)

y =
Y

X + Y + Z
. (6)

Finally, using Equation (7), calculate the CCT.

CCT = a
(

x − xe

y − ye

)3
+ b

(
x − xe

y − ye

)2
+ c

(
x − xe

y − ye

)
+ d, (7)

where xe = 0.3320, ye = 0.1858, a = −437, b = 3601, c = −6861 and d = 5514.31. These values
are suggested by McCamy in his previous work [73].

It was obtained that the average CCT of the luminaires in nominal operation is 6051
K, and when they are dimmed to 60%, the CCT is 6218 K. According to NOM-031 [74],
there are CCT intervals where the user can consider that the color is the same. In this case,
6532 ± 510 K is accepted. Therefore, there is no perceptible variation by the user in color
temperature when the system has been dimmed up to 60%.
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Although this color temperature does not have much influence on human users, since
it is a transit street, ecosystems are seriously affected. The blue radiation of LED luminaires
can affect several species of invertebrates, bats and turtles. Figure 4 clearly shows an
important load of blues represented in CCTs greater than 6000 K. This can significantly
affect the natural functioning of ecosystems on national parks.

Cold CCTs (over 4000 K) are commonly chosen for installations because their efficiency
values are usually reported in 150–160 lm/W. Cold CCTs improve the CRI, improving
image perception [75], and correlate with greater comfort [76] for human users. However,
in ecosystems, they have a transcendental impact due to their electromagnetic spectrum
influencing the behavior of flora and fauna. The precise charge of radiation above 400 nm
(blue) impacts biological cycles.

The result obtained in the previous section on radiation emitted towards the sky as
light pollution, together with the result obtained on the CCT, can aggravate the effects on
the flying fauna, which is abundant and diverse in the national park. The study proposed
by McLaren et al. [64] agrees with the possibility of this behavior. Although photometry is
not adequate for evaluating its effects on biodiversity, since all photometric magnitudes are
corrected by the human eye sensitivity curve V(λ), radiometric measurements such as the
electromagnetic spectrum can provide a metric in this sense. The CCT is a parameter that,
for now, is used for this characterization.

3.3. Power Quality in Dimming

Power quality is one of the main problems when using LED technology. LED lu-
minaires need to convert AC voltage to DC. The driver is the element in charge of this
conversion, but it introduces harmonics in the network. One way of quantizing is Total
Voltage Distortion (THDv), and the other is Total Current Distortion (THDi). In the dim-
ming process, the light emitted by the luminaire is reduced, and its power is also reduced.
The dimming can alter the energy quality in the electrical network.

The measurements obtained show that, at reduced power, the amplitude and order
of harmonics increase. Figure 5 shows the difference in THDv between nominal and
attenuated operations.
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Harmonic one is not represented since it is equivalent to 100%. The highest harmonic
values are found in the orders three and five, with values close to 4.7%. It can be observed
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that these values do not generate a representative difference between the nominal and
attenuated operation. The presence of these harmonics could cause stress on the insulation
in the loads that are fed to the system. According to IEC 61000-2-2 [77], the established limit
is 5% and 6% for harmonics three and five, respectively. Although the luminaire presents
relatively large values, it complies with the standard’s requirements [77].

The THDi of nominal operation is 46.5%, and it is 99.2% for reduced operation. The
luminaire at nominal power presents high levels of current harmonics (Figure 6), especially
the third harmonic, which can influence an oversizing of the neutral conductor, heating in
the distribution transformers, the inadequate operation of electrical protections and adverse
influences on measurement equipment. In sensitive ecosystems, these adverse effects
must be minimized for the efficient use of energy, and considering that the distribution
transformer in this network has a star-delta connection, the third harmonic and its multiples
must be monitored because they are additive in the neutral due to the 120◦ displacement
that exists between them. However, when its operation is reduced, the value of the third
harmonic increases by around two-fold, causing a more significant distortion of its current
(Figure 6). It is known that the main effect of the third harmonic is to increase the current
in the neutral line, which results in a higher current and losses in the distribution network,
which are aggravated when the luminaire is dimmed. According to IEC 61000-3-2 [78], the
required limits for the distortion of harmonic currents are 27% for the third harmonic and
10% for the fifth harmonic, which causes the luminaire to not comply with its nominal and
reduced operation.
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operation of the luminaire.

Organizations managing lighting systems must know the number of luminaires in-
stalled per circuit to comply with regulations, especially with dimmed or reduced power.
The proposal to control these levels is that luminaires entering sensitive ecosystems must be
tested in a laboratory before installation. Efficiency plans may include remote management
and a path to becoming smart cities [79]. However, the performance of the installed lumi-
naires must be considered before implementing a lighting plan. The measured luminaire
was part of a pilot plan to achieve “energy efficiency with dimming” with a non-mass
production luminaire. Using this recommendation, the luminaires are replaced with the
luminaires tested in Figures 7 and 8.
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Figure 8. Current harmonic spectrum for the comparison between the nominal operation and dimmed
operation of the luminaire for replacement.

Figure 7 shows relatively low harmonic levels, generating a THDv of 1.3%, with its third
harmonic close to 1% for nominal and reduced operations. These levels comply with the IEC
61000-3-2 standard [78] and maintain the supply quality in the distribution network.

The THDi is 7.3% for nominal operation and 9.0% for reduced operation. It can be
observed that, as in the previous case, there is an increase at the dimming time; however,
for the replacement luminaire, the increase is slight, adding only 1.7% of additional total
distortion when operating nominally. Even with this increase, it can be observed that
harmonics three and five and the other odd harmonics comply with the IEC 61000-3-2 [78]
standard for both modes of operation. This implies that the distribution network currents
will maintain an adequate quality according to the standard. Controlling harmonic levels
through laboratory evaluation is a proposal that generates the maintenance of energy
quality and contributes to the sought-after energy efficiency.
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3.4. Lighting Design Proposal

The street lighting class is M6, according to the criteria contained in the CIE 15 [31].
A roadway R3 is considered with a coefficient reflectance of q0 = 0.07, with two lanes of
7 m each. According to Table 1, the two installations, the current one and the proposed
one, comply with the requirements demanded in CIE for class M6. However, the proposed
installation presents better efficiency in the LED luminaires. The existing infrastructure
can lower the luminous flux with the proposed luminaires and, at the same time, meet the
lighting quality criteria.

Table 1. Installation arrangement and lighting performance for each stage.

Street Arrangement Lighting Performance

Stage CCT
[K]

Luminous Flux
(Luminaire)

[lm]

Luminaire
Wattage

[W]

Efficiency
[lm/W]

Height
[m]

Overhang
[m]

Boom
Angle

[◦]

Boom
Length

[m]

Lav
[cd/m2] U0 Ul TI

[%]

≥0.30 ≥0.35 ≥0.40 ≤15

Actual 6051 4672 44.0 106.2 8.250 −0.650 15.0 0.5 0.38 0.37 0.4 8
Proposed 2960 2960 23.9 123.8 7.482 −0.650 0.0 0.5 0.3 0.47 0.43 10

Overall uniformity values of 0.47 were achieved compared to the current 0.37, and
longitudinal uniformity values of 0.43 were achieved compared to the current 0.4. Although
both types of luminaires exceed the minimum required (Table 1), the proposal generates
better uniformity values.

The proposed installation has several advantages compared to the current installation
(Figure 9); it reduces the installed power by 54% and maintains the same lighting levels
required by regulations. Despite presenting lower energy consumption, the general and
longitudinal uniformity presents improvements concerning the current installation. This
can be achieved thanks to the selected photometry of the luminaire proposed for replace-
ment. The proposal aims to replace only the luminaires with their arm, instead of replacing
the columns, due to the impact and difficulty that it would present in a sensitive area.
When replacing the lighting system, the inclination of the luminaire arm is limited. In the
actual installation, the arms are installed with a 15◦ inclination; this contributes to a part of
the luminaire’s emission being directed toward the sky. Moreover, on the other hand, by
replacing the lighting system with the proposals presented, the inclination of the luminaire
is 0◦, which prevents the direct emission of luminous flux towards the sky.
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Another aspect that is considered in the replacement of the road system installation is
the correlated color temperature. While in the actual installation, the CCT is 6051 K, the
proposal considers installing luminaires with a CCT of 2960 K. Installing CCT warmers in
protected areas is recommended, but their efficacy must be considered when selecting a
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luminaire. This paper selected a luminaire model that currently allows for an efficacy of
123.8 lm/W with 2960 K.

Thanks to the advancements in LED technology, it is possible that higher efficiencies
can soon be achieved in warmer color temperatures. This could lead to the installation of
LED lights with a CCT close to 3000 K, impacting protected areas and their fauna to a lesser
extent. In the proposed lighting system, several factors are combined to provide lighting
levels that meet the regulations’ requirements and simultaneously reduce the impact on
sensitive areas.

4. Conclusions

The results and analysis indicate that the facility’s critical parameters significantly
affect the natural park ecosystem and energy quality. The night sky brightness due to
the installation of artificial lighting is two levels above the reference on the Bortle scale,
obtaining readings of 20.7 mag

arcsec2 for the place with the installation and 21.5 mag
arcsec2 for the

control group. This implies an essential lever of sky pollution for a UNESCO-protected
national park.

The distribution of the electromagnetic spectrum of the installed LED luminaires
and the location of their placement affect the biological cycles of some species in this
ecosystem due to its CCT of 6051 K for nominal operation and 6218 K for dimming
operation. According to NOM-031, both CCTs are in the same range, and humans cannot
perceive the difference. However, in the natural reserve, there is a high diversity of birds
and flying insects that can be affected by this CCT, along with the amounts of light that
escape directly into the sky.

The attenuation process compromises the quality of the energy coming from the
electrical grid due to the growth of THDi from 46.5% to 99.2%. This can be explained by the
fact that the measured luminaires were designed within the framework of a pilot project for
“energy saving” by dimming. However, they nevertheless deliver high distortion values to
the grid. An industrial LED luminaire for a replacement was measured, delivering THDi
values of 7.3% in nominal operation and 9.0% in dimmed operation. These values comply
with the IEC 61000-3-2 regulation, and by generating public policy for their control in the
laboratory, it is possible to maintain a required level for the electrical power supply.

The proposal suggests adjusting the CCT to values lower than 3000 K, which is a
CCT with a low impact on flora and fauna according to references, and by changing
the installation angle of the luminaires from 15◦ to 0◦, it is possible to reduce the sky
pollution. A general uniformity value of 0.47 and a longitudinal uniformity value of 0.43
were achieved. Furthermore, controlling the total harmonic distortion (THD) during light
intensity regulation with a public policy of control to install LED luminaires in the national
park could prevent pollution in the power grid. After conducting the simulation with
luminaires with these characteristics, it was found that the lighting levels on the street are
achieved by luminance and uniformity.
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