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ABSTRACT

Glare polhation iy an unnatural element in the
glohal enviranment that has emerged as a result of
human beings Inefficient and destructive use af
technology and resources. It refers 1o the tangible
and the intangible interaction of naneral Hght
reflecting off synthetic materlals, for example
stnlight om roaftops, walls, windows, curtain welly,
bilthoards, and different veflective surfoces. 1l also
refers to artificial light in general, such as light
rrespass, fight spills, high power beam headlights.
floreseent  and  incandescent,  Discomfort,
annoyance and a decline in visual performance are
some effacts caused by glare pollutian. This is the
result of utilization of non-renewable energy forms,
poor “design, and inefficient wse of renewable
resonrces which have to be managed by architects,
planners, engineers and Associates,

This study, gives due altention towards the design
and construction sector and ideniified how glare
pollution affects buildings, how buildings lead io
glare pollution, or other forms of glare pollution
The effects of hoth natural lighting sources and the
effects of artificial lighting are examined. It also
states the status of glure pollution and the solution
how {0 reduce or eliminale the impacts. [t
coneluded that making it iffegal 1o consume energy
inefficiently and to use non-sustainable synthetic
materials in architectural design and planning, will
help te mitigate all types of glare pollution

Keywords: glare pollution, light pollution, sky
glow, artificial  light,  ecofriendly.  green
technolegy.

INTRODUCTION

Glare pollution is both the cause and effect of a
host of human issues and as society becomes more
industrialized  sueh  poliution  has  become
increasingly problematic. Its adverse effects on the
environment and physical and psychological well-
being of humanity are undeniable. Day and night,
pedestrians, motorists, and even people who are
indoors are subjected to the visual discomfort it
cnuses. Bul it is more than an annoyanee. The high
light contrast that il creates is @ serious safely
hazard {or those on or near the road as it can be
momentarily blinding. In addition, glare pollution
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is the result of clectricity and energy being wasted
by the use of artificial lighting that is harsh rather
than effective. The ecosystem can no longer afford
thiz type of pollution,

Since glare pollution can come into being al many
stages of the design and construclion process, meny
people can play a pivotal role in reducing it as well.
Likewise, since i is influenced by so many, solving
will require extensive cooperation.

Gilare pollution is a relatively new research topic in
the field of environmental architecture and
engineering. This study shed new light on tie topic
and help open path for further analysis, exposing
the connections between legal, ecological,

‘psychological, technological, and indusirial aspects

of glare pollution ( Fig.1) and the environment in
its entirety, As a result of identifying the effcels of
glare pollution and finding and implementing the
solutions, we can transform  the core of
environmental architeeture and engineering and
further the well-being of our species.

A L

Figure 1: Glare affects the surrounding

DEFINITION AND TYPES OF GLARE
POLLUTION

It is vilal to define glare pollution and underline its
types, which are seriously affecling humanbeings
in ail aspects. Glare poilution is not only created by
the reflection from buildings bul also other
manmade and natural factors aggravale the
problem.
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What is Glare Pollution?

Glare is defined as "The presence, within the
human visusl field, of very brightly illuminated
areas that degrade visual performance.” [1] and as
“a condition of wision in which there is @
discomfort or a reduction in the ability to seu
significanl objects or both, due to an unsuitable
distribution or range of luminance, or io extremc
conlrasts in spaces or lime.” [2]

There are many factors that produce glare: The
suplight glare {direct glare), the bright sky (sky
glare), or the one reflecied by surfaces located in
the nearby of buildings, which can be other
buildings (reflected glare) (see Fig. 2). Thus glare
15 cavsed by & luminosity source thut Impairs or
obstructs  vision, It appears as-a result of an
improper lighting  distribution  within  different
spaces. Glare is also defined as a sensation created
by light and luminance within a visual ficld larger
than the luminance reflection 1o which the eyes are
adapted. This  luminance causes  annoyance,
discomfort, a decrease in visual performance. or
“hlinding light.™ [3]

Figure 2 Glare is created by nearby building

Types of Glare Pollution

There are multiple types of glare impacting the
eyes in different ways depending on  intensity.
While some scholars identify two types of glare:
disabling veiling glare and spot glare, [4] others
discuss three types: absolule blinding glare,
dizabitity glare and dizcomfort glare. 5]

Absolute or blinding glare ocours when the
intensilty of light source exeeeds the maximum
capacity of processing the visual information. This
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obistruets vision even after the lighting source has
been removed and there still cannot be perceived
any visual information. IT the luminosity difference
[rom one location to another is brusque and highly
intense, this may cause serious damage. [6]

Blinding glare can oceur in traffie, when a car that
comes from en opposing way is using high beam
headlights in the dark (Fig. 3). 1L can also occur
when there is @ wet, shiny road, when the low sun
reflects on the asphalt’s surface when driving, '[7]
Glare from night sky affects pedestrians and
motorists (Fig. 4] '

Figure 3 Automobile light affects pedestrians and
matorists

Figure 4 Glare from night sky affects pedestrians
and motorists

Disability glare or. ‘psychological glare’ refers to a
strong source of light that is visible on a specific
point of view, located in another direction from
where the subjecl stays. [8] The observation that
the disabiiily wlare presents traffic  risks
diminishing the quality of driving, for instance,
because of a highly illuminated construction sites,
This source also mentions that this type of glare
impacts observers differently depending on their
ages. [9
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This tvpe of glare produces a ‘veiling leminance’
that covers the view reducing the visibility
performance. [10] Narisada and Schreuder also
refer to this aspect: “The Hght from the glare source
is scattered within the ocular media when it strikes
the eve. It causes a light vell that seems to streleh
aver the complete field of view.” [11]

The effects of light scatter become troublesome
when there are big contrasts between different parts
of wvisual ficlds at the same time. The veiling
luminance os o phenomenon produced when the
light from an inlense bright scurce s scattered by
the ocular media. The effect of this phenomenon is
that it reduces the contrast of the image. [12]

Veiling glare is the sum of all lighting sources from
the observer's view  spectrum:  streetlights:
specular; reflections and construction  lighting
accumulate and create a bright background that
prevents people (o identify objects around them.
[13] A solution for disability glare is lo increase the
contrast as much as it is decreased by glare but this
theoretical perspective may also be applicable in an
indaor environment. [14)

i

Figure 5 Glarc affecting pedesirians and drivers

There are both similarities and differences between
discomfort and disability glares. In an outdoor
context, discomfort glare is predominant in well-lit
streets, whereas disability glare merely exists. On
the contrary, in poorly illuminated streets,
disability light is significant, and discomfort light is
almost or totally absent. [15] Moreover, unlike the
disability glare, the effects of the discomfort glare
decrease in lime, even if the glare source has not
been removed. “One may get accusiomed to
discom{on glare, but never to disability glare.” [16]
“With psychological or discomfort glare a
sensation of disturbance is caused without real
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reduction in eye's capability. The contrast relation
between object luminance and surrounding
luminance depends on the absolule height of the
surrounding  luminance and  thus  on eye
adaptation.” [17]

Architectural Glare

Tall buildings can create shadow over considerable
areas of a eity, or in the neighborhood where they
are located. These shadowed areas can be protected
from the powerful sun in the summer season and
are also less eoxposed to sun and warmih.
“Natyrally, if the building is close to the high rise,
il will be shadowed for maost of the year and if it is
distant, it will be shadowed perhaps for only a
period in a day.” [18]

Veiling glare (or the disability glare) oceurs when o
bright spot shines on a dark background, causing
diffusions. Adaptation glare s important for
architectural design. This is produced when the eye
adapts to the visual field, which is characlerized by
a mean luminance and a high variation of the
Juminance. This glare form might be the discomfort
glare, already presented.

Figure 6 Glare created by sun light affects
pedustrians, motorists, faunas and foras

The architectural design refers more 1o just
positioning the building right so that it can benefit
from natural light and reduce glare. It implics
considering both the exterior and the interior
design, and the effects of light upon both contexis.
The architects' role is to design buildings that
receive the outdoor natural light, but that do nol
show the indoor.
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Impacts of Glare Pollution of Bulldings

Reflections on buildings can impacl neighboring
buildings and can create plare reflection reciprocity
between lwo or more buildings. The effect of the
reciprocity glare could be damaging for the
buildings and for the people in the buildings. The
light coming from a building can affect other
buildings, Glare iz also a heat source. Heal
impregnates the windows, glass, walls, or roofs, It
iz ahsorbed by these materials and emits long wave
radiation thal remains in the building, creating a
preenhouse effeet and increased temperatures. [19]

This leads to the safety purpose that a building
must assure. In such working or living conditions,
the greenhouse effect plus the annoyance and
disturbance caused by the high luminosity from
outside are serious concerns,

There are serious side effects to this glare.
“Reflectance of light and heat from metal and glass
finished building can often cause chronic problems
to motorists, pedestrians and adjacent buildings.”
[20] The reflection and the refractance occur
because the light waves do nol match the objects’
natural frequencies of vibrations, An explanation
for this (act stays in the alomic consistency of the
objects. The electrons in the atoms that compose
the objects starl o vibrate when they enter in
contact with a light source, However, the electrons
vibrate for briel periods, with small amplitudes,
reemitting the light as a light wave.

Depending on  the materials’ properties, the
recmission of light could be gencrated cither back,
on the same side of the surface that it was stroked
hy light or through the material, in which cuse the
light penetrates the object. Regarding these types of
materials, whatever color(s) isfare nol (ransmitted
by such objects, are typically absorbed by them.

The appearance of a transparent ohject is dependent
upon what eolor(s) of light is/are incident upon the
object end what color(s) of light is/are transmilled
through the object. The transparent materials
absorb the color transmitted by lights, sccording to
their own -properiies. The colors that are noi
absorbed are transmitted further through the object.
Gordon states that the light that penetrates a
transparent surface changes the appearance of the
specific objecl, secording 1o the light intensity and
its predominant colar. [21]

The absorbed light also depends on the surface of
the materials. Moreover, it depends on the color of
the materials. For instance, a darker surface absorbs
the Hght better than a brighter surface. In exchange,
the brighter surface reflects the light better than the
darker s=urface. The absorption of light also
depends on the lights striking angle inlo the
surface. [T it falls from ebove 90 degree, the
material absorbs the light more than it rellects i
On the contrary, if the light comes from a lower
angle, it will be better reflectad, and less absorbed.

In addition, the working or living environment
contributes preatly to the degree in which the
visibility is affected by pglare. For instance,
contractors, working on the scallolding are directly
exposed 1o reflective materials (glass cladded to the
building) (Fig.5, 6, 7). Morzover, the sun and sky
reflect in the construction material that they use,
causing a higher exposure w glare (Fig 8 and 9).

Figure 7 Sun and sky glare affecting buildings” materials
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Figure & Glare affects contractors working on
scaffolding of buildings with surface
of glazing

Sunlight consists of rays of various wavelengths. In
the shorl wave range, it is the infrared rays thut heal
surfaces and dry the air; while uliraviolet rays have
the-ability to destroy bacteria,” [22] During the
daytime, the sunlight trespasses a room with
different light intensities, according to its pesition
on the sky. There arc various angles of light
coming from the sun, which have different effects
on eyes, As observed earlier in this study, it is not
the light itself that is so disturbing, but the angle
from which it is propagated and orfentation as well,
This is what produces the glare effect.

In architecture, il is important 1o know and to
identily the reflective materials, since they will be
exposed 1o glare, creating the reflective glare.
Morcover, it is of high importance also how
buildings and spaces are perceived, Specialists
consider that the “Choices of building materials
and the locations of light sources can significantly
transform the finished space from the design that
had been conceived.” [23]

Therefore, the materials used and light transform
the spaces in their finished form that they werc
conceived in the design phase. This means that the
architectural implementation will be adapted (o the
ulilized resources and to the light that the building
will benefit on, “Under certain conditions, light and
reflections become maditicrs of the “real”™ space,
and reshape it into o different view that the
observer actually sees.” [24]

“A designer can spend any amount of time refining
the layout of a space or spalial arrangement, the
scale of a space, the materials and finishes of a
space. However, with a few strokes, lighting can be
added that will truly enhance or utierly destray the
desired effect.” [25] Analyzing this approach, it can
be observed that lighting plays a decorative role,
which can create an entite atmasphere. Lighting is
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Figure 9 Patterned and recessed window
glazing reduces plare effects

not just an architectural detail, It may be a detail for
the user, but for the architects the lights are fully
considered and thoroughly caleulated within ther
designs and plans. The light's angles, ils power. its
structure, the effects that it creates, how the
lighting affects the human eye, the utility of the
light, all these and many other aspecls arc
considered when planning the lighling  system
within a building.

From the architectural perspective, using natural
lighting is more than an efficient solution for
assuring natural light within the building. The
natural light compliments the building, because it
ofiers an sesthetical sense. Morcover, “Natural
light in architecture must be part of a more general
philosuphy that reflecis a more respectful, sensitive
attitude in human beings towards the enviconment
in which they live.” [26]

For a sustainable environment, specialized studies
recommend  buildings comstructions  based  on
human activity relations: “The main habitable arcas
should be oriented to the minimum solar side, with
perhaps the kitchen oriented 10 receive morming sun
and the living spaces facing the after-noon and
early cvening sun, circulation spaces, bathrooms
and garages can be situated on the non-solar side,”
[27)

Karlen end Benya discuss even about a residential
lighting. They differentiate various Lypes of
buildings in describing the necessary and the
recommended lighting system. Each space has its
own lighting needs, depending on the functions that
it required Lo accomplish. In ferms of lighting, a
residential  building  should  be  designed.
“Residential spaces are usually personal and often
intimate in their use, and their lighting design
solutions should respond to that aspect of their
function.” [28]
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CONCLUSION AND RECOMMENDATION

To mitigate the impact of glare pollution, there are
different prevention measures which can be taken
by different stakeholders with due atiention. Some
of the measures arc stated below as the measure
recommendations.

PREVENTION MEASURES
Sustainable Green Bulldings

The sustainuble environmentaily (riendly buildings,
ar the green buildings, are those constructions of
which composition imply the environmental
pretection, Employing recycledirenewable
construction materials, or durable and sustainahle
resources, for instance, are ways'll.o contribute 1o
the environmental sustainability, when designing a
building. There have been developed a series of
preen technologies to be applied in the construction
of the green buildings based on integrated design,

In the regions that wtilize the notural resources for
building houses, it 15 considered that a house, as its
composing elements, has itls own life. In the
modern industrics  this aspect is also  well
recognized, ns the building’s life cyele. But unlike
the modern industrics, the traditional socicties have
a deeper understanding for a living house,

In the traditional regions, the basics of the.

eonstruction technigues, the traditional
technologies, and the usage of particular natural
resources in building houses are inherited from
generation 1o generation, People work tlogether;
help each other to build up a living space, and the
entire communities collaborate.

Contrary W the traditional areas, the industrialized
regions utilized a continuously growing number of
resourees, which are nol produced rom their close-
by environment. The construction materials in the
industrialized regions are manulaclured products
transported  easily 1o different locations, The
materials become continucusly more diversified.
that one may need special assistance in choosing
the appropriate bullding malerials.

With the construction need, the diversity of the
malerials increased, so did the costs of the
materials and the toxicity caused by the building
materials, In order to ensure the public safety, the
environmental regulations, regarding the protection
of the public safety also increased. However.
despite  the  political planning authorities  that
impose sustainability regulations, the industrialized
socleties continue building, losing their knowledge
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of local huilding practices and self-retiance, unlike
the traditional societies. [29]

Therefore, a strong and lasting building should be
conceived [rom both, lasting materials, bt it
should alsd include easily replaceable products.
Their recyelability must be considered ahead, since
it is considered an cfficient measure lo reintegrale
the materials that already passed through a life
cycle, into new products, This minimizes the need
of employing new natwal resources, contributing o
the environmental susiainability, by supporting the
natural equilibrium. “Sustainable homes are sited,
designed, and built so they are much Jess
vulnerable to scasonal climate fuctuations than
standard wood-frame  houses, They fulfill the
nearly universal dream of staying warm in winter
and eool in summer.™ [30] This iz an encouraging
perspective. The materials that compose a natural
buflding are more closé to the nature, since they are
natural resources, and they respond different than
the manufactured materials to the external faclors,

Using  sustainable resources reduces  the
environmenlal impact and protects public health.
Because the sustainable resources are non-
pollutant, people ore less exposed o toxicity;
hence, the Iliness caused by the construction
materials is less likely to happen. Moreover, the
natural buildings reduce the operating costs,
because they will need less energy than the normal
buildings. The grecn building’s materials are
dezigned to lest longer than the normal buildings.

Technologies to Prevent the Glare

The positioning of the building is probably the
most important aspect that should be considered, in
order to cnsurc 8 gpood natural lighting in the
interior  of the building. However, both in
residential and in  non-residential  spaces, there
should be considered the correct positioning of the
huileling so that all its interior spaces have access 10
the sunlight, during daytime, “Begin by planning
the building such thal every regularly ocecupied
work or living spece has access 1o a window,
skylight, or other sources of natural fight. Give
high priority to windows that provide a view.” [31)
There are modem types of windows ulilized by the
architects, planners and engineers nowadays, meant
to prevent or to reduce the glazing: low-e gluzing
(Fig. 10). This is o type of window that is
composed by two or more panes of glass, One paine
is covered with a relatively clear material that is
created 1o reflect the infrared energy while passing
visible portions of the sun's energy.
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Low=-e plass is very usclul and highly efficient in
the bulidings that utilize cooling sysiems in the hot
weather, because it reduces the solar heat gains,
Reflective coatings offer a mirrored aspect to the
building, minimizing the building to absorb solar
light and heat {see Fig. |1} Another type of glass,
the tinted glass can minimize the solar penstration
and reduce the glare (Fig. 12).

As Karlen and Benya indicate, the glazing selection
ix & compromise between clerity and energy
efficiency. [32]-

ki B L4 &g & 3

Figure 12 Tinted glass

R
In addition to this, by using the modern innovative
technologies there ¢an he ercated a top qualitative
glass, by combination coatings and double coatings
(Fig.13). There are different lypes of glass coating:
the pyrolitic form or coating, embedding the

Huba s ' ey ' performance coating during the float glass process,
‘ S is usually utilized in the economical construction.
Figure 10 Low-e Glazing Its colors and variety of coatings are limited. The

sputter, also called the vacuum deposited, or Lthe
soft coating is the other form of coating. This one s
available in multiple colors and types of coating,
and is usually used in double glazed units, in order
to achieve higher performances. [33]

Figure 11 Reflected plass

Figure 13 Double glazed glasses
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ARCHITECTURAL AND ELECTRICAL
ENGINEERING SOLUTIONS

The following are the reliable solutions to mitigate
glare pollution:

1. LUtilizing solid materials, which last longer,
making the building mare durable over time.

2. Adopling easily replaccable materials which
should be enviropmentally  friendly’ and
reintegrated in other products, continuing to
perform, within a new life cycle,

3. Using natural resources, withoul endangering
the environment by abusing of these resources,

4, Desipgning buildings in such a way that they
can obtain their natural lighting during the
daytime, not being exposed 1o natural or
reflected glare, light spills. or other forms of
light pollution. Architects and engineers must
be very careful to the specific location in
which the buildings are constructed, and also,
on the fenclion that the buildings should
accomplish.

3. Preventing the glare by utllizing vegetation,
This can contribute o the reduction ol heat
eaing also, Moreoyer, the vegetation can offer
an westhelic aspect lo the boilding, Such

solutlons refer 1o planting trees around the

building Lo prevent it from the ray lights, or
even better, using green roofs. (Fig. 14) The
performances of green rool3 in saving energy,
pratecting buildings from sun and heat, saving
heat losses during cold seasons, depend on
their characteristics, The roof gardens are more
clficient in reducing heat pains during summer
times, than saving the heat during the winter
times.

6. A special atienlion has to be given 1o the
windows which represent the most ellicient
spurce of natural lighting within a building.
However, the side effect 13 thal they can also
be the most powerful source for glare
production, Their smooth, tmnsparent surface
allows the sunlight in and also the direct glare
from the sunlight. Moreover, they can produce
reflecied glare upon other buildings from their
vicinily. Al the same lime, accepting light in
also leads to accepting heat in, since the light
is 4 heal source also. For reducing these side
effects, there are modem solutions for creating
non reflective windows, but absorbing the
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natural light, preventing at the same tlime the
heat gains.

7. Using shading systems and curtain wall for
reducing  glere  pollution  and  the  heat
absarption,

8. Designing proper sun breakers to opening
oriented o wesl,

9. Reducing the night time glare pollution by
minimiziag the artificial lighting and by
properly using the outdoor lighting, Streel
polls, reflectors, outdoor advertising panels,
oiher forms of light coming from buildings are
creating serious domages o environment.

10. The proper lighting distribution in the living
spaces and in the working spaces. In a working
environment, where the glare effect can be
easily produced because of a misplaced
luminary or because of the reflected images of
the lighting sources within the specular
surfaces like using the application of 1wo
lamps, on either side of the desk, Like this, the
shading surfaces are repluced with light and
the light is reflected away from the worker’s
visual field. Also, a5 much as possible, the
artificial light consumption in the indoor
spaces should be reduced, by getting the light
frem the sun,

Figure 14 Rool gardens proteet glare pollution

Legislative Measures

Policy makers/political actors and regulatory bodies
have to design proper laws and regulation to
miligate glare pollution which owners of buildings,
architects, planners and engineers are obliged o
implement.  Infetpational  Glare - Pollution
Regulations can be the source lo craft the
regulation,

Janrnal nf EEA. Vol 29. 2012



Capacity Building

Building the capacity of the professionals who are
engaged in the sector is indispensable to mitigate
glare pollution and to lake professionel measures,
Senior and emerging architects, planners, enginecrs
and associates should ‘give and teke troining for
proper delivery of environmentally friendly
buildings. The privale seclor,  professional
associations, higher education  institutes  like
EiABC, exeellence centers like CeDC (Center for
Excellence in Environment for Design, City
Planning and Construction), have decisive role in
conducting short, medium and long term training

programs.

In general, archilects, planners, engineers and
designers should no longer ignore the needs of
designing and constructing  environment, They
have professional responsibility to  give due
allention o green building/sustainable in each and
every professional activities and o create
awareness among thelr clients on environmentally
friendly buildings. Regarding the lighting of the
buildings, the regulations are expecied to be
oriented towards the outdoor lighting of the
buildings. Political actors, construction companics,
the environmental archileets, planners  and
engincers should propose more environmenlally
sustainable solutions for creating solid, resistant
buildings that abide by the need of the ecological
system.

Baged on this study, the proposed
recommendations give emphasis on the necessity
of further studics regarding the glare pollution,
social responsibility and green  buildings for
environmental sustainability,

The first recommendation stresses on the vitality of
further research in analyzing the relationship
between all stakeholders thuse who fight for the
environmental  protection  and  the architects,
planners, engineers, and contractors for preventing
the light pollution. Togoher there is a need Lo Wrain
and educate people about the importance of
minimizing their natural and artificial  fight
consumption, in order to save the natural energy
FCROUrces,

Second, in order to prevent glare pollution, it is
recommended o explore the social responsibility
campaigns to éncourage people from all around 1o
sustain the encrgy consumption reduction. The
involvement of mass media in these environmental
campaigns and rescarch efforts will be a key
resource lo making awareness, 1t is also inevilable
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to expiore the role of architects, planners and
cngineers the education/knowledge transfer of
people regarding their social responsibility towards
the enviranment, by recommending
environmentally sustainable solutions Lhal save s
much energy as possible.

Finally, extensive research ¢iforts to examine the
use of natural resources, more long lasting
{renewable} materials, starting from data collection,
programming, concept development (inception].
schematic, preliminary and final to working
drawing and construction management. This study
will help promoling green and sustainable
buildings to the interest of the current attitude of
humanity, The study shall also identify the
legislative powers and political actors, medical
professionals, senior and emerging  architects,
planners, engineers, associates  and others
responsible  for  efficient  implementation  of
cnvironmental architecture  with focus on glare
pollution avoidunce of buildings,
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