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Abstract
The notion of variability is identical to the phenomenon of light. The present paper examines 
characteristics that shape this variability, in all forms of light, both natural and artificial, as 
well as light that is experimentally produced in a laboratory environment, through genetic 
modification of plants, in line with current trend of architectural fluidity.
At a time when architecture is interacting with emerging technologies by creating parametrically 
changing shells and environments, that are evolving as biological models and organisms, lighting 
is becoming a tool for highlighting forms while ensuring the functionality of spaces.
It is up to the designer to manage these variables of light in an inspired way, in order to create 
an elegant, sustainable and environmentally friendly environment for all beings.

People are designed to seek for change and the visual system reacts pri-
marily to contrast and changes. It is vital to vary the light
(Karlsson, 2015).
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Introduction

Every time a person opens his eyes, a new unique image of the environment emerges in front of 
him, which activates his visual perception of the world (Yot, 2010). The variety of this scenography 
is highlighted by the variability of light, depending on its attributes. Especially in an ever-changing 
natural and artificial lit environment, the designer looks like a magician holding a magic wand. By 
modifying the variables, he “shapes” the quality of the light, which, although not easily quantified is 
perceived through the created atmosphere by the forms of lighting, resulting to a sense of well-be-
ing.

The effects of depriving the environment of the variability of natural 
light

The widespread predominance of artificial lighting around the world has radically changed the 
picture of the periodic variability of light in the environment. The “dark” night image of the daylight 
cycle has completely changed, with the relative brightness of the starry night sky often disappearing, 
especially in the urban areas of the earth.

The resulting nocturnal pollution is associated with the genesis of many environmental impacts, the 
main ones being:
•	 the difficulty of performing astronomical observations and measurements (Hunter, 2017)
•	 the disturbance of the biological clock of all organisms, affecting their health and well-being 

(Atari, 1982), (Brenninkmeijer, 2008)
•	 the disorientation of migratory birds, which are attracted to artificial light sources and conse-

quently disappear (Zielinska-Dabkowska, 2013) 
•	 the inability of many nocturnal animals (terrestrial or marine) to find food, protect themselves 

from their enemies, or unite with their mate
•	 the disturbance of plant growth due to altered photosynthetic function (Biswas, 2013)
•	 the destructive for health of beings blue spectrum emitted by many light sources (Gudkov, 

2017), (Gelder Van, 2004)
•	 the extensive disposal of destructive materials and substances for the environment, from light 

sources components (Ippolito, 2017)

Three versions of the variability of light in architecture

The self-evident importance of variability in human evolution is briefly demonstrated in Swami 
Vivekananda’s excerpt from his lecture at Floral Home in Colombo, late 19th century: «Variation 
must exist; without variation life must cease» (Vivekananda, 1897). 

As new trends in architecture and urban design are mainly based on the search for new dynamic 
and evolutionary forms, corresponding to the fluidity of modern urban life, lighting has become a 
dominant tool for highlighting and functioning these forms. 

It is an indisputable fact that humans perceive the concept of variability of the natural environment 
through the alternations of light and darkness, which are determined due to natural phenomena. 
Then, after sunset, through the management of artificial lighting variables, variability is succeeded by 
producing a wide variety of lighting forms, both to expand daily activities and to increase the sense 
of security, while at the same time highlighting the structured environment.
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The variability of light, depending both on the functionality of the space and aesthetic requirements, 
dictates a different approach from the point of view of architectural design. The factors that shape 
the requirements for differentiating lighting in an architectural environment are:

•	 The environmental zone
•	 The specific climatic conditions
•	 The brightness of the adjacent environment
•	 The type of building
•	 The functional requirements of the spaces
•	 The lighting standards in accordance with applicable law

The characteristics that shape the variability of light, whether it comes from nature or is produced 
by man, as well as the variables that affect its form, are analyzed below:

I. Natural light 

The variability of natural light follows the periodicity of the daily cycle, achieving the following:

•	 Helps living beings perceive the changes of the seasons and the daily periodicity
•	 Programs the circadian system (biological clock) of all beings, the main factor for maintaining 

their health and life
•	 Enhances the developmental functions of organisms
•	 Creates visual changes that outline the “scenography” of the environment and enriches it with 

unsurpassed aesthetic quality

The variability of daylight is determined by variables, most of which are imposed “from above”, i.e. 
they are “unavoidable”: 

First variable is the source of origin. The main source is the sun, from which light is directly emitted. 
If the sky is covered by clouds, then the light penetrates through them and reaches the earth as 
diffused. But also, light is emitted reflected from all surfaces, on which sun ray’s incident.

The second variable is the daily fluctuation of solar radiation, as has been recorded in scientific 
data (Muneer, 2004). The third variable is the range of the angle of incidence of the sun rays at the 
specific location, therefore depending on: a. the geographical location (essentially the geographical 
components, such as latitude and longitude) and b. the season and the time of day.

Finally, the variability of light is affected by the effects of scattering due to the medium through 
which it reaches a particular location.

Regarding the variety of forms of light, they could be divided into two main categories, depending 
on the source of origin, as well as on the type of surfaces. In the first case light is emitted either as 
direct, causing hard shadow patterns, or as indirect (diffused, by smoothing out shadows), while in 
the second, materials, textures and translucence of surfaces affect the color of reflected light.
In the case of natural light, the lighting designer should:

A. Keep in mind to take advantage of the properties of natural light to illuminate a building or space, 
while dealing with the potential problems that will arise, acting as follows:
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a. By selecting the appropriate orientation of the building openings (Baker, 2002),                  
b. By exploiting the advantages of natural light (creation of proper size and type openings, use of 
shelves of augmentation or reduction incoming light) (Littlefair, 1996) and
c. By “tackling” the potential problems caused by solar radiation, such as glare and overheating 
during warm seasons (use of shading systems and “devices” for deflecting incoming radiation).

B. Create varieties of lighting forms through effects and patterns, by using colored filters or glasses 
and specific constructions, to “play” with light and shadows, or just water surfaces to create varying 
reflectance (Niesewand, 2000).

II. Artificial light 

During evening hours, artificial light allows people to extend their activities, with some of them 
taking place during the night and increase the sense of security and functionality. The variation of 
light is achieved through wide variety of light sources, each with different specifications (variables), 
that produce a variety of lighting forms, suitable for individual requirements. Current technology 
of lighting results in dynamic light sources, emitting light variating in intensity and color, activation 
ignition, dimming and shut off, to meet the different needs of users both on performing tasks and 
creating a nice atmosphere. In the case of artificial lighting, the desired variability of light is manage-
able through its variables, as follows:

1.	 The type of light source
2.	 The size of the light source
3.	 The luminous flux
4.	 The intensity of the light source (through dimmer settings)
5.	 The direction of the light beam (adjustment through “devices” and accessories of the lumi-

naires)
6.	 The angle of the light beam
7.	 The type of luminaire that hosts the light source
8.	 The distance from the illuminated surface or object
9.	 The texture and color of the illuminated surface
10.	 Aesthetic requirements for a specific space or building
11.	 Function and quality standards for each activity
12.	 Time of ignition and shutdown (programming, sensors, controllers)

The forms of produced artificial light are varied, such as: a. monochromatic or multicolor, b. fixed or 
variable, c. warm or cool (corelated color temperature of radiation), d. directional (harsh shadows) 
or diffused, e. with high or poor color rendering, f. dramatic (strong contrast with shadows, sharp 
angles of incident rays on the surface or object) or “mild” (small contrasts) and g. creating effects 
(through projections, robots, special lens, filters and disks -Gobos).

Last variable, with the emergence of digital technology through state-of-the-art devices and soft-
ware, introduced the innovation of interactive lighting in the urban space. Interaction contributed 
to the creation of changing forms of lighting, manageable by programming from consoles and com-
puters. Through them, the interaction of humans with the environment and buildings is achieved as 
information, messages and artistic interventions.

Al
te

rn
at

iv
es

 to
 ar

tifi
cia

l li
gh

tin
g:

 V
ar

yi
ng

 p
at

te
rn

s o
f b

io
-li

gh
t i

n 
ar

ch
ite

ct
ur

e
O

ly
m

pi
a 

A
rd

av
an

i



ISSN 2309-0103
www.archidoct.net
Vol. 8 (1) / July 2020

84// 

III. Bio-light 

The concept of Genetic Architecture (Chu, 2011) emerges as a kind of “virtual DNA”, (Gatti, 2010) 
which is inherited both on a scale and in projection in an innovative structured environment, both 
inside the buildings and in the surrounding outdoor space. It should be mentioned, that just as 
with organic DNA, the corresponding synthetic one resembles a constantly modified skin, which 
develops according to the laws of evolution (Armstrong, 2012). Through the simulation of biolog-
ical systems and the emergence of adapted technologies (Hensel, 2013), among which bio-digital 
architecture dominates, the relationship between the functions of buildings and the anthropogenic 
environment becomes parametric, occasionally changing so that it responds to lifestyle and to the 
needs of users.

 The phenomenon of light production by organisms in nature, is a challenge for the contemporary 
designer for possible utilization of this light in the design, so that: a) a structured space is created, 
more integrated in the natural environment, b)  the space’s operation is self-sufficient and c) some 
of the energy consumed to illuminate the building shells and the urban environment is saved.

In this case, the variability of light output is combined with the constant change of organisms, as they 
grow, being the sources of this light (Ardavani, 2019).

In the context of Genetic Architecture, the innovation of an “organic” or “living” light serves the 
main concept of creation of a transformative “skin” or cell, which will be adjusted to the special 
needs of human beings. Through genetic modification of plants with genes extracted from biolumi-
nescent organisms, either fireflies, algae, or bacteria, they may perform as light sources. According to 
a recent experimental study, it was estimated that by using transgenic luminescent plants, low-traffic 
roads, sidewalks, dark parks, gardens, patios, etc. can be sufficiently illuminated according to Interna-
tional Illumination Standards (Ardavani, 2019). These light sources will grow close to human habitats, 
illuminating in an always variating way, depending on the following variables:

a. The plant’s suitability to be genetically modified as luminescent (i.e. the availability of genetical 
protocol) (Fanourakis, 2005), b. the size, type and foliar area, as these data have proportional in-
fluence on the intensity of produced light (Ardavani, 2019), c. the orientation of the plant (James, 
2000), d. the local climatic conditions, e. wind direction, e. the magnitude fields (Talà, 2010), f. solar 
radiation intensity, as according to researches, higher absorption of energy results to higher plant 
growth (Yan-Hong, 2009) and g. the maintenance of plants, as possible diseases and pathogens affect 
their health, resulting to lighting output reduction.

The variety of forms of emitted bio-light lies in the different color of monochromatic radiation (de-
pending on the radiation wavelength).

In the case of bio-light, the designer, taking into account the above variables, may, with the appro-
priate selection of transgenic plants, acting as light sources, sculpt the bright environment, so that it 
meets the functional and aesthetic requirements for each illuminated space. It goes without saying 
that selected plants, in order to be genetically modified, must be capable of thriving in the local 
climatic conditions and the peculiarities of the geographical area.

In addition, the stage of growth of plants, but also the configuration of their foliage, is the most deci-
sive parameter of their luminous performance as lighting fixtures. This parameter can be considered 
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as an algorithm for estimating the amount of light emitted and it is the one that essentially affects 
the variability of light. 

By simulating their measured light flux in a software, their minimum performance can be calculated, 
allowing the lighting designer to shape the backdrop of the bright environment. And it is particularly 
interesting that especially in the case of transgenic plants in the capacity of bio-luminescence, the 
variability of the emitted light is enhanced by the perpetual variability of light sources, not only in 
terms of their luminous efficiency, but also in terms of their shape (low shrubs, tall trees, all of them 
continuously evolving), resulting to patterns of light, that will always change unpredictably. 

This variability, both in lighting and in the natural environment, integrated into the urban space 
and the structured web, creates a new perspective for the transformation of contemporary archi-
tecture according to the principles of biophilia. And perhaps this is an alternative to restoring the 
circadian rhythm of beings from the predominance of artificial lighting. Within future urban space, 
the varying bio-light is expected to create a vivid atmosphere and stimulate the senses, in line with 
architectural fluidity. 

Conclusion

Natural, artificial and “bio” light are constantly being transformed and the wide variety of light forms 
produced, which depend on various variables, constitute the variability of light as a single whole. 
But it is crucial for lighting designers to vary light levels in the same way natural light varies. The 
development of the idea of utilizing bioluminescence in the urban space, is offered in this direction, 
while at the same time ensuring the enrichment of the urban environment with vegetation is an 
essential sustainable approach that improves the microclimate and the quality of life of the inhabi-
tants. The ever-changing appearance of plants, which as living organisms grow and evolve influenced 
by the weather, the season and the conditions of their maintenance, results in the continuous and 
unpredictable differentiation of light produced.

In the context of light pollution, designers should expand the alternations of darkness and light 
instead of a plenty lit environment. This means, that modern man must be re-educated to live with 
less light and more darkness at night, in order to mitigate the destructive effects of light pollution 
on the environment and to restore the magic of the incomparable variability of light.
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