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A proposito di questo libro Quali sono le qualità proprie della luce, 
come si può realizzarle tecnicamente ed 
impiegarle nella progettazione delle archi-
tetture? Quali contenuti si possono tra-
smettere con le qualità della luce e quanto 
è radicata la nostra percezione della luce 
nella storia dello sviluppo biologico dell’es-
sere umano? Questo libro cerca di trovare 
dei concetti e dei metri di valutazione 
per le qualità della luce nell’architettura 
ed in tal modo di promuovere ed ispirare 
la  comunicazione tra gli allestitori ed i 
tecnici, tra i committenti ed i progettisti, 
tra gli specialisti ed i profani. I 21 capitoli 
sono suddivisi in tre sezioni, dedicate la 
prima alle qualità della luce in sé, la secon-
da al rapporto tra luce e spazio e la terza 
alla dimensione contenutistico-culturale 
della luce. In ciascun capitolo una coppia 
di concetti definisce di volta in volta una 
dimensione della luce, che viene analizzata 
con testi, foto, immagini computerizzate e 
disegni, passando da una sua collocazione 
culturale e storica ai contenuti didattici 
in relazione alla percezione, alla progetta-
zione ed all’illuminotecnica e fino ai casi 
esemplificativi in situazioni architettoniche 
virtuali.
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Light and dark

The polar opposites of light and dark create the basic dimen-
sion of light, which this book explores and expands into a 
multi-dimensional universe of design. The significance of 
light to our life and culture can be clearly seen from the 
existence of light and dark metaphors in philosophical and 
spiritual language. Physically speaking, light and dark are 
merely quantitative differences between much light and 
little or no light. Our individual impression of brightness, 
however, does not depend solely on the technical luminance 
levels, but equally on the condition of our personal percep-
tion. For this reason, qualitative lighting design does not 
simply consider light as a measurable quantity, but partic-
ularly as a medium of information and expression. 

Radiance and illumination

Luminous architectural elements and objects are very 
 popular, yet the appeal of such features presents several 
practical and design-related problems. To interpret space 
and add accents, a perception-orientated lighting design 
primarily requires equipment designed for those purposes. 
This can result in the distinction between light source and 
lighting effects appearing almost magical. By balancing 
lighting concepts between illuminated and luminous com-
ponents contributions can be made to complement each 
other. 

Efficiency and excess

Lighting requires energy. The responsible use of light  
and the development of qualitative assessment of lighting 
are therefore required to evaluate the cultural aspect of 
architectural lighting. It is the technological advances in 
light sources, luminaires and control technology that assist 
the lighting designers in their quest for improved energy 
efficiency. The judgement as to whether lighting is efficient 
must ultimately be related to human perception. This means 
that visual comfort is just as important as any  technical 
measure of efficiency. A comprehensive approach to light-
ing involving all technical disciplines which considers the 
lighting as an integral part of the energy system of the 
building will provide further potential to raise efficiency.
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Struttura dei capitoli

Ciascuno dei 21 capitoli del libro è suddiviso  
in una struttura costante, composta da intro
duzione, saggio, didattica e simulazione.

Introduzione 
Una grande foto di una reale applicazione 
della luce illustra il tema del capitolo, descritto 
da una coppia di concetti che definisce una 
dimensione. Il testo introduttivo riassume le più 
importanti tesi ed i contenuti essenziali di que
sta dimensione.

10 Luce e buio

44 Rilucere ed illuminare

192 Efficienza e spreco
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Light and dark
Between two poles there exists a world of design possibilities

technology (the LED) is starting to replace other, less efficient 
light sources. Such technological developments  influence the  
options and approach to lighting design. Yet, regardless of the 
light source used, the balance that lighting  designers strike 
 between light and dark will be determined, both now and in  
the future, by how bravely and inquisitively they probe and 
explore the expanse of possibilities between these two poles.

Adherents to the theory of evolution and creationalists, who 
believe in the Biblical account of creation in its literal sense,  
are agreed on one point: in the beginning was light, and the 
light of day was different to the darkness of night. The sequence 
of night and day, darkness and light, dictates the fundamental 
rhythm of life on earth – and has already done so for millions 
of years, long before humans came on the scene. How this day-
night rhythm is produced, namely by the rotation of the earth 
on its orbit around the sun as the light source, is now common 
knowledge. For our early ancestors, however, every new sunrise 
was a mystery and a life-saving marvel. Does any religion exist 
without sun gods or the metaphoric imagery of light? Even 
the Age of Enlightenment, which according to Kant is “man’s 
emergence from his self- incurred immaturity,” uses a metaphor 
of light: “en-light-enment”. Many spiritual movements in the 
history of religion interpret light and dark as the irreconcilable, 
conflicting powers of good and evil; others see the terms as Yin 
and Yang, two complementary aspects of a whole entity striving 
for harmony. But light was always accepted as energising and 
life-giving. This is a view that accords with the findings subse-
quently confirmed by the natural sciences, because, in terms of 
physics, light actually is radiant energy, and without its albeit 
periodically fluctuating but regular input of energy life on earth 
would not have occurred.

The opposite pairing of light and dark can also be seen as 
a quantitative progression between much light and little or 
no light. For other life forms, most notably plants that rely on 
 photosynthesis, sunlight is a direct energy supplier – as such it 
forms the basis for the ecosystem we call earth. We humans, 
however, experience light first and foremost as the medium that 
enables us to visually perceive our surroundings. Compared with 
some animals that have an incredibly sensitive sense of touch, 
smell or hearing, the human being is a visual creature, i.e. we 
receive about 80% of our sensory information through sight. The 
natural environment confronts our eyes with enormous differ-
ences in brightness, ranging from the complete darkness on the 
night of a new moon to the dazzling brightness under a cloud-
less midday sky. A series of physiological mechanisms enable 
the eye to maintain visual perception throughout a wide range 
of brightness levels. There is the iris that regulates the amount 
of light that can enter the eye by altering the pupil diameter. 
In addition to this quick-reacting regulatory mechanism, the 
photosensitive retina itself also responds to the lighting condi-
tions using its light-dark adaptation capability. The retina has 
two different types of photoreceptors in the form of cone cells 
and rod cells, each providing different sensitivity. The range of 
sensitivity is transformed into a sensation by being converted 
logarithmically into a physical stimulus in accordance with the 
Weber-Fechner law. This is how we are able to handle physical 
luminance levels which vary by up to ten to the power of 12.

Light, space and time
For architecture and architectural lighting, however, there  
is not simply a uni-dimensional linear scale of physical quan-
tity between the two poles of light and dark, but an entire 
universe of visual perception and design. Light provides for 
 orientation and communication. As humans we not only react 
instinctively to light stimuli but also interpret them as complex, 
multi-dimen sional patterns of information, depending on our 
individual and cultural background. There are numerous design 
considerations that affect space – some of which will be consid-
ered in the following chapters. Firstly, there are the fundamental 
qualities of light itself, then there is the relationship between 

light and space and, finally, there are design dimensions that 
include the time factor, plus the area of abstract, cultural values 
and views. This multitude of design possibilities means that it 
soon becomes clear that a single correct lighting solution for any 
given lighting task will never exist, similarly a single step-by-step 
recipe for reaching such solutions will not be possible – but by 
knowing the design parameters and by understanding the tech-
nical options for their implementation, architects and lighting 
designers are able to find individual answers for design issues.

A theme running through all these studies will be the 
relationship between the quantitative, objectively measur able 
effects and qualitative, subjectively described perception. It was 
only with the advent of the qualitative approach that lighting 
design progressed from being a field of engineering to becom-
ing a stand-alone, creative discipline in its own right. Standards 
and guidelines form the basis for co-operation between all those 
involved in the designing and building process. Clear communi-
cation between these individuals requires the accurate measure-
ment and calculation of the lighting options. However, the aes-
thetic effect, as every creatively active person is aware, is largely 
immeasurable and incalculable. Even the seemingly simple term 
“brightness”, used to describe a point in the range between light 
and dark, is deeply subjective and cannot simply be assigned to 
a single physical quantity. The brightness of a light source is best 
described by the light intensity, which is calculated from the 
 luminous flux per solid angle. In particular, the spatial distribu-
tion of the luminous intensity is an indispensable measurement 
used to accurately describe the properties of a luminaire. How-
ever, it is the illuminated surfaces which are most important for 
perception. Standards usually prescribe certain illuminance levels, 
calculated using the light intensity and the distance between the 
light source and the illuminated surface. But what the eye per-
ceives as brightness is actually closer to the luminance of a self-
luminous or illuminated surface. In the case of the self-luminous 
surface, the luminance is calculated from the light intensity and 
its projecting surface; in the case of the illuminated surface, from 
its reflectance and illuminance. But even a defined luminance is 
not perceived as equally bright or dark under all conditions. There 
is in addition the eyes’ state of adaptation, the ambient contrasts 
and the information content of the surface being viewed. If this 
complex regulatory system is overloaded by excessive luminance 
levels, it leads to the undesirable phenomenon of dazzle – this is 
covered in the chapter “Brilliance and glare”.

Light conveying information
Understanding light as a medium to convey information involves 
the dimension of content. In this respect, the creative possibili-
ties relating to lighting design are infinitely extended. If light can 
be used to tell stories then the only limit is the storyteller’s own 
 imagination. Lighting can give architectural entities an additional, 
immaterial interpretation that can be shaped and modulated 
with far more flexibility than steel, glass and concrete. For early 
lighting designers, such as Richard Kelly (1919–1977), who came 
to architecture from stage lighting, this scenographic, drama-
turgical use of light was simply a natural step. William M. C. Lam 
(*1924) is credited with having developed the significance of light 
as a medium of information in architecture and relating this to 
his knowledge from the field of perception psychology. In com-
parison with these pioneers who laid the foundations of modern 
qualitative lighting design over half a century ago, their succes-
sors today have far more powerful and refined technologies at 
their disposal. This book is being published at a time of radical 
change when, for the first time in many years, a completely new 

“Chiaroscuro” (Italian for light-dark) in 
painting and in lighting design: “The 
Procuress” painting by the Dutch artist 
Gerrit van Honthorst (1590–1656) and 
the lighting design of the “L‘art de la 
llum” exhibition in Barcelona exploit the 
contrast between areas which are very 
bright and those that are very dark.

Brightness from the purely technical 
point of view: the spatial light intensity 
distribution of luminaires is measured 
using a rotating mirror goniophotome-
ter, as here in ERCO’s laboratory. Photo-
metric measurement data describe this 
property of a luminaire exactly and are 
necessary for the communication with 
those involved in the design project 
for calculating and simulating lighting 
situations.

Sunset over the Pacific from a different 
angle – photographed from the Interna-
tional Space Station (ISS). Even though 
such images vividly illustrate how day 
and night occur due to the rotation of 
the earth, some of the wonder that our 
ancestors saw in the disappearance and 
reappearance of the sun still remains.

Light is information: in a visual envi-
ronment as complex and new as a 
foreign airport, the significance of light 
and lighting for orientation and for 
understanding structures is particularly 
evident. 
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The luminous glass partition next to the 
stairs bathes the entire space in diffuse, 
coloured light which establishes the 
overall mood.

als have made buildings possible that actually do emit light. It 
has become apparent that a uniformly luminous building skin is 
actually far more difficult to create than first imagined, whether 
on drawing paper or computer screen. Today, when buildings 
emit light through their glass facades, it is usually from reflec-
tive surfaces within that building. Other possible methods, such 
as backlighting a semitransparent membrane, are both more 
complex and affect other functions of the facade such as views 
to the outside.

As a moth to the flame
So how does human perception deal with luminous surfaces? 
Our attention is drawn to the area of highest luminance in the 
visual field – this natural experience has to be a basic assump-
tion when designing with light. We arrange our surroundings 
into a hierarchy of luminances and automatically equate high 
luminance with high importance. William Lam said that lighting 
solutions will be perceived as unpleasant and irritating if they 
do not meet this condition. So luminances must be graded 
accord ing to their importance. The luminances can be produced 
using self-illuminating constructions such as luminous ceilings, 
luminous walls or even luminous floors or by directing light at 
the particular surfaces and objects. Radiant surfaces or objects  
in architecture may be great eye-catchers but they are inade-
quate for another function, namely providing illumination.

Radiant luminaires provide poor illumination
The diffusely emitted light of flat screens and luminous objects 
provides a modicum of brightness to the surroundings. Yet, to 
achieve a specific illuminance on a given surface, the luminance 
of the diffuse light source itself must always be much higher. 
This means that, in the luminous hierarchy, the light source 
must always be higher than the work surface being illuminated 
– even if this appears to contradict the logic. However, a large 
proportion of the luminaires available on the market, especially 
in the domestic lighting sector, still function according to this 
principle: they illuminate through the light source within. Their 
light is predom inantly diffuse and is inherent to the object. If 
Richard Kelly’s three classifications of light are applied to this 
type of luminaire, it will only be suitable for the decorative “play 
of brilliants”  aspect. There may be a limited application in the 
non- hierarchical, general “ambient luminescence” category. The 
category “focal glow”, which is where the creative potential 
of lighting design exists in the sense of spatial interpretation, 
 requires completely different luminaires: those where the light-
ing effect is separated from the light source.

Magic and the immaterial
When it comes to technical lighting tools for architectural light-
ing, the lighting effect takes precedence over the appearance of 
the luminaires. They contain optical systems such as reflectors 
or lenses that mould and shape the light so as to achieve the 
required effect on the surface or on the object being  illuminated. 
Having an optimally shielded light source and a greater distance 
to the object allows the observer to concentrate on the illumi-
nated object without distraction. The further the light source is 
outside the field of vision, the more the almost magical effect 
is enhanced. Added to which, the immaterial character of light 
starts to come into its own, or, as the sci-fi author Arthur C.  
Clarke said, “Any sufficiently advanced technology is indistin-
guishable from magic”.

Balancing radiance and illumination 
The development of ever smaller compact fluorescent lamps  
and the availability of powerful LEDs, not to mention the advent 
of new materials such as translucent plastics, composites or 
foils, have made self-illuminating elements in architecture easier 
to build than ever before. Added to this, technologies such as 
 increasingly larger flat screens – up to and including wall-size 
LED screens – and organic LEDs (OLEDs), which by their very 
 nature are flat, allow designers to think that practically any 
surface can be a light source. A certain scepticism is warranted 
 because, although such visions often appear fantastic on pic-
tures, practically they are beset with faults. Purely diffuse light 
does not reveal shape or provide brilliance. Objects which are 
situated on or in luminous furniture as well as other people are 
reduced to silhouettes. Even simple visual tasks such as reading 
will be found to be irritating as the surrounding surfaces are 
likely to have a higher luminance than the book or magazine.  
In summary, these options do not contribute to feelings of well-
being.

If, on the other hand, these lighting components form part 
of a balanced lighting concept, they can prove to be suitable 
for numer ous applications – especially in cases where luminous 
surfaces convey information through shape, colour or arrange-
ment. This includes the point light of LED orientation luminaires, 
pictograms, directive luminaires and illuminated billboards with 
large-format images through to linear luminaires or luminous 
panels that divide or complement the architecture. Coloured  
and possibly even dynamically controllable surfaces of light 
acting as spatial partitions create an atmosphere distinct from 
the humdrum of everyday life. For this reason, they are used in 
places such as exclusive stores, restaurants or clubs. Luminous 
objects and fur niture appear light and immaterial so that no 
more than a little spotlight illumination is required in order for 
the merchandise, food, drink or whatever object is placed on 
them to appear brilliant and attractive. 

This chapter’s twin terms may not initially appear to be oppo-
sites: illumination, or the production of brightness on objects 
or surfaces, is not possible without actively providing light from 
a source. Conversely, every source of illumination results in the 
surroundings being illuminated to some degree. Yet these two 
terms represent very different ways of using light. On the one 
hand, luminous surfaces and objects are increasingly dominat-
ing our environment. This includes the ubiquitous screens but 
also internally illuminated furniture or translucent architectural 
materials. Technologists dream of flat-panel luminaires consist-
ing of OLEDs or of “digital wallpaper” constructed in wall-size 
screens. On the other hand, the scenic lighting effects used in 
theatres or at exhibitions repeatedly demonstrate the magical 
effect that are possible when the light source is separated from 
the lighting effect on the object. For the observer the ability to 
distinguish  between radiance and illumination is by no means 
simple. Con sider the  illuminating sun and the illuminated moon, 
which reflects sunlight – a distinction that to this day is largely 
unrecognised by a vast proportion of the human race. 

Perceiving radiant objects 
We developed in an environment where the sun was the domi-
nant light source. Other light sources such as the moon and stars 
only became apparent after dark and were just as remote as 
the sun by day. It is hardly surprising then that radiant objects 
that are within reach at night should arouse feelings between 
fear and curiosity. Firstly, there were the flames of natural fires 
that humanity managed to bring under control. There were also 
luminescent phenomena such as glow-worms and some kinds 
of mushrooms. Spiritual experiences such as trances, seemingly 
“unworldly” illnesses such as epilepsy or hallucinatory states 
produced through drugs could also result in light to be evoked 
in the mind. This background explains the universal symbolism 
of enlightenment, the aureoles and halos recognised in most of 
the cultures of the world and the associated fascination with 
everything that appears to be radiant.

The example of the sun and moon reveals that radiant  
objects are not always easy to distinguish from illuminated 
 objects. A white square in the field of vision could just as easily  
be an illuminated sheet of paper or the diffusing lens of a flat-
panel luminaire. The same applies to the phenomenon of dazzle:  
it is immaterial whether the observer is dazzled by the light 
source or by reflected glare. Perceptually we are usually able to 
draw the right conclusions by instantly analysing the entire vis -
ual field. Either reflected lustre or shadows visible on the surface 
of an object indicate that it is being illuminated. On the other 
hand, a lack of shadow, diffuse illumination in the surroundings 
and, above all, silhouettes being created when an object comes 
between the source and the observer indicate that the source is 
radiating light.

Radiant visions
Both the symbolic and literal radiance of self-illuminating  
objects has played a large part in making self-illuminating archi-
tecture aspirational. In 1920, the modern age began to dream of 
radiant towers and cities as technical progress in electric lighting 
brought this within reach. Since then, transparent facade materi-

Radiance and illumination 
From beautiful light to magical effect

We now know that the moon does no 
more than reflect sunlight back to earth. 
This did not concern our ances tors, they 
simply saw the moon as a luminous 
object and a light source attributed with 
numerous magical powers.

Self-illuminated surfaces and lines can 
dramatically emphasise the structure of 
architecture.

To provide atmospheric scenic lighting 
it is paramount to have lighting tools 
that can be precisely aimed.

In many religions and cultures, the 
 phenomena of light are associated with 
the transcendent realm – conversely, 
the representation of such  phenomena 
in art symbolises holiness and enlighten- 
 ment.

The industry is investing heavily in 
the development of flat-panel OLEDs 
 (organic light emitting diodes). In 
future, luminous objects and room 
surfaces will be easier to create than 
at present. Lighting designers and 
 architects will have to develop con-
sidered concepts to deal with this  
new technology.
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can form an efficient entity. The goal of luminaire development 
should be to combine innovative technologies which initially 
appear to be contradictory – visual comfort and light guidance 
on the one hand and efficiency on the other – to achieve a new 
syntheses at an ever higher level.

Efficiency through visual comfort
Architectural lighting is a single component of the energy sys -
tem known as the “building”. At the same time, the lighting itself 
also forms a system of different components, the interaction of 
which can be optimised by design and planning. Yet even the 
most sophisticated system is pointless if it does not relate to the 
occupants who, by their behaviour and actions, can either sup-
port or undermine the achievement of the objectives. Therefore, 
the human user and human perception should ultimately decide 
whether lighting is efficient. Irrespective of any technical evalua-
tion of efficiency, if light produces glare, it will impair vision and 
reduce comfort, resulting in wasted energy. The eye will be forced 
to adapt and the pupils to contract. The result is that even areas 
of high illuminance can appear relatively dark compared with 
the glare of the light source. Conversely, glare-free, comfortable 
light creates optimum viewing conditions for the human eye. It 
is this fact that allows the designer to employ an energy efficient 
solution with lower illuminance levels and subtle contrasts right 
from the outset.

On the eve of the first weekend in Advent, thousands of sight-
seers, the civic dignitaries, regional television and photogra-
phers all descend upon the small Andalusian mountain town 
of Ronda. A youth brass band plays traditional Advent songs. A 
short greeting from the mayor is followed by loud applause and 
“Aahs” and “Oohs” from all and sundry as the Christmas lights 
are switched on in the town’s main street. In Ronda, as in many 
cities in Spain and around the world, this event is a festive occa-
sion. Something else that is not just in Ronda but also in many 
other cities of the world is the fact that this year something has 
changed. The decorations do not contain thousands of incandes-
cent lamps but modern LEDs. Another example is Essen, where 
the city’s marketing department announced that at the “Essener 
Lichtwochen” – Essen’s city centre illuminations celebrated every 
Christmas time since 1950 – LEDs would be replacing light bulbs 
from December 2008 with an expected energy saving of 80%. 
We are now seeing that the good old “light bulb”, as patented by 
Edison over 125 years ago, is changing from a symbol of progress 
to a symbol of energy wastage. Following Australia’s decision, the 
European Union has now also resolved to gradually withdraw the 
classic incandescent lamp from the market. This unprecedented 
and highly controversial step just shows to what extent political 
interventions in markets and in individual design choices can 
now be justified by the arguments for energy conservation and 
climate protection. 

The luxurious use of light
Considering the lighting under the aspects of efficiency and 
extravagance leads to two completely different questions. Firstly, 
how much and what sort of light do we actually need – and 
why? Secondly, how can the lighting that we consider necessary 
be provided while using as little energy as possible? Both ques-
tions are highly complex in their own right and can never be con - 
clusively answered since the first involves reaching a dynamic 
cultural consensus and the second is constantly being updated  
as technology progresses.

There is no doubt that compared with the rest of the world 
the West generally wastes more light and energy. Buckminster 
Fuller vividly illustrated this as early as the mid-20th century, 
coining the term “energy slaves” as the unit of energy equivalent 
to the mechanical labour of one person per year. The average 
North American was already using about 100 of these  “energy 
slaves” 20 years ago, whereas people in some developing coun-
tries were not even consuming one of these units of energy 
(Stephen Boyden, 1987). When looking at images of global 
light pollution, i.e. the light emissions into the atmosphere, the 
urban areas and major cities of the Western world are clearly 
recognisable as areas of maximum brightness. However, Africa 
lives up to its name “The Dark Continent”. For a long time, this 
disparity tended to be more of a moral issue gnawing away at 
the conscience of the West. However, when one considers the 
billion-strong nations such as China and India, already en route 
to becoming industrialised, consumer societies, and the warnings 
of a climate catastrophe, such as portrayed in Al Gore’s film “An 
Inconvenient Truth”, the problem starts to take on an existential 
dimension.

However, it must not be forgotten that the high energy 
consumption of the Western world is also related to the West’s 
higher productivity in areas such as industry or agriculture. How 
much and which areas of this productivity can be considered 
useful or wasteful is always going to be a subjective judge-
ment. Wastage, whether of light, and therefore of energy, or of 
other resources, can take on different forms. It can be the sheer, 

thoughtless excess which could be stopped at any time without 
any noticeable consequences. It can relate to the pursuit of 
luxury pleasure or status symbols, or be something done in the 
name of culture, which, although socially accepted, also does not 
contribute to one’s immediate survival. Only those societies that 
first secure their survival in an efficient manner are then truly in 
a  position to use the remaining materials and temporal resources 
for the long-term realisation of their cultural ambitions, such 
as architecture, art or literature. From a cultural studies point of 
view, efficiency and excess therefore are not opposites, but are 
actually two sides of the same coin. For cultural benefits that 
are not simply functional, a society formulates quality standards 
to which they can allocate resources specifically and effectively 
above that which pure utilitarian calculations would indicate. 
Here is the key to dealing effectively and responsibly with the 
cultural commodity that is architectural lighting. Only lighting 
solutions that are ideal for the task, are of high quality and are 
orientated towards human perception can justify the consump-
tion of related resources. Everyone involved in the planning 
process should actively seek and promote open discussion on 
standards of quality in architectural lighting. 

Better light rather than more light
While intelligent, qualitatively orientated lighting design is one  
of the contributory factors in energy-efficient lighting, the tech-
nical properties of the lighting equipment are also important. 
In physics and engineering, efficiency refers to the relationship 
 between the service provided and the work required to provide 
that service. If both parameters are a dimension of energy, then 
an output ratio can be identified. Many machines or processes 
can be excellently described by this measure. In lighting engi-
neering, however, the aspect of human perception is fundamen-
tal. When identifying how efficiently a lamp converts electrical 
power into light, the lighting engineer only considers that range 
of radiation which is visible to the human eye – even though 
thermal radiators such as incandescent lamps emit radiation far 
into both the infrared and the ultraviolet ranges. The resulting 
parameter is luminous efficacy, measured in lumens per watt. It 
enables comparisons between the energy efficiency of different 
light sources.

In contrast to efficiency, which is ultimately a measure of 
economic efficiency, effectiveness describes the degree to which, 
or the quality with which, an objective is achieved. The qualities 
of specialised architectural lighting tools, however, are diverse 
and difficult to quantify. Determining the efficiency of luminaires 
by simply using a value such as light output ratio is accordingly 
problematic. This can be demonstrated by a simple example. A  
lighting fixture with an exposed lamp will have the highest pos-
sible light output ratio, but only because there is no means to 
control the light using reflectors or lenses. These are components 
that make a luminaire suitable for qualitative lighting design, 
but which also inevitably reduce the light output ratio. For 
this  reason, serious quantitative design methods, ranging from 
 manual methods for calculating illuminance levels to computer-
aided design, not only consider the light output ratios of the 
selected luminaires but also include other factors such as the 
shape, dimensions and reflective properties of the room as well  
as the definition of the working plane. Illuminance values calcu-
lated in this way are, therefore, not a property of an individual 
luminaire but of an entire installation. It is dependent on the 
 architectural parameters, together with the lighting design con-
cept. In lighting design, luminaires with very different light out-
put ratios are selected to perform specific tasks, which together 

Efficiency and excess
Light between function, luxury and culture

Christmas illumination in Ronda:  
LEDs reduce the energy consumption  
by around 80%. Is Christmas lighting 
fundamentally a luxury, a necessity  
or a cultural commodity? The answer  
can normally only be decided through 
open, social discourse.

Serving both pleasure and presentation, 
the concept of luxury, originally from 
the Latin “luxus” meaning excess, has 
many facets. The demand for luxury 
watches, for instance, ensures the con - 
tinuance of the art of the watchmaker 
with all its cultural and economic 
implications.

In modern buildings, lighting is an 
integral, constituent energy system 
within the technology of the building. 
Digital control and regulation tech - 
nology link the various technologies  
for optimum efficiency.

Light pollution above a modern 
metropolis has become a symbol of 
energy wastage. Tightened regulation  
is designed to restrict light pollution.  
By producing precise, effective and 
efficient lighting tools, the industry  
can help planners to use lighting 
responsibly.
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Saggio
Con deduzioni culturali, scientifiche, storiche o 
letterarie il testo si affaccia a ciascun tema con 
uno stile giornalisticosaggistico ed offre una 
molteplicità di spunti e di associazioni per gui
dare contestualmente il lettore alle successive 
pagine didattiche.
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Because the luminance incorporates the light related proper-
ties of surfaces, it largely corresponds to the actual brightness 
impression. It can express the fact that a dimly lit, shiny grey 
document can appear brighter than a matt-white paper with  
a higher illuminance level. Luminance is also used to measure 
glare, but considerations such as the adaptation of the eye are 
not taken into account in this unit of measure. 

Since the lighting properties of surfaces vary depending on 
the angle of observation, the measurement is only valid for the 
one particular observation position. This makes measurements for 
locations which are used from several different directions more 
complicated. Luminance is not just used to describe reflected light, 
it can also be used as a dimension for the brightness of luminous 
surfaces, such as light walls. 

Illuminance
In many situations the illuminance provides a general measure  
for brightness. It is not dependent on surface properties and can 
be easily confirmed by measurement. Standards exist for recom-
mended light intensities for certain activities and spatial areas; 
first and foremost, these specify the illuminance. However, since 
the eye does not perceive the light hitting a surface but only the 
light reflected from a surface, the illuminance only corresponds 
to human perception to a limited extent. For example, at a work-
place which has an illuminance of 500lx, a white sheet of paper 
next to a black sheet appears very much brighter even though 
the illuminance for both objects is the same.

The magnitude of the light  coming 
from a surface is expressed via the 
luminance in Candela per square metre  
(cd/m ). Luminance describes both illu-
minated and self-illuminated surfaces. 
The photographs only serve as a refer-
ence because luminous surfaces cannot 
be reproduced in print. 

The luminous flux incident on a surface 
is given by the illuminance in lux (lx). 
The chart illustrates typical illuminance 
levels for daylight and electrical 
lighting.

Light and dark
Lighting technology

500   100 1 < 1

10 1

At its zenith, the sun over the equa torial 
region attains a luminous power that 
produces approximately 100,000lx on 
the ground.

An overcast sky produces an illumi-
nance of approximately 10,000lx on 
the ground.

For jobs involving demanding visual 
tasks, approximately 1,000lx is needed 
to enable concentrated and safe work 
over a longer time period. In very 
brightly illuminated retail out lets, a 
similar illuminance is used for the 
ambient lighting. 

In circulation areas such as foyers, 
stair ways and hallways or in ancillary 
rooms where there are no special visual 
requirements, an illuminance of about 
100lx is typical.

At more than 1,000,000,000cd/m , the 
luminance of the sun is so intense that 
looking at the sun without protection 
will damage the eye. 

Matt incandescent lamps emit a bright-
ness estimated at about 100,000cd/m . 
This produces severe glare.

Absolute glare is produced at a 
 luminance in the field of vision of 
10,000cd/m  and above. This can be 
from exposed lamps in the indoor area 
or from the sun. Fluorescent lamps 
or sunny clouds reach an intensity of 
 approximately 10,000-30,000cd/m . 
Snow in the sunlight reaches a lumi-
nance of 20,000cd/m  resulting in our 
need to wear sunglasses. The flame of  
a candle produces about 8,000cd/m .

A blue sky has a luminance of approxi-
mately 5,000cd/m . Very high lumi nance 
contrasts arise when one switches from  
looking at indoor surfaces to looking 
through a window at a blue sky. Sun-
shades, Venetian blinds etc. are used to 
reduce this contrast. In the night sky 
the full moon can reach a luminance of 
2,500cd/m .

For street and pathway lighting, 10lx 
is used. The eye’s adaptation capability 
allows us to recognise the necessary 
information.

The illuminance from the full moon is 
approximately 1lx. The photosensitive 
rod cells, which enable light-dark vision 
under low lighting levels, respond to 
this brightness.

Luminous ceilings used in rooms have 
a luminance of about 500cd/m . This 
means that the ceiling often has the 
highest luminance in the room and 
therefore attracts the view upwards.

White images seen on television or 
flat-screen monitors have a luminance 
between 100 and 500cd/m .

Luminance levels of 50-500cd/m  are 
preferred in indoor areas. The relevant 
factors for the luminance of surfaces 
are lighting intensity, colour and reflec-
tance.

A white sheet of paper illuminated at 
500lx emits a luminance of 100cd/m .
To minimise the glare from the lamp, 
some luminaires are fitted with louvres. 
Using reflective surfaces brings the 
luminance levels down to 100cd/m .

A white sheet of paper illuminated at 
5lx emits a luminance of 1cd/m .

The night sky with a full moon has a 
luminance of 0.1cd/m .

Luminance (cd/m2)
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Directing light at an object has the 
primary advantage that it creates 
brightness contrasts. In addition to the 
valuable shaping effect of the shadow, 
directed light allows the creation of 
brilliance. These are two aspects that 
cannot be reproduced with diffuse light 
of internally-illuminated sources.

Radiance and illumination  
Self-illuminated surfaces such as wall panels can be attractive 
as the observer’s perception is naturally directed towards bright 
 areas. Through brightness contrast, however, unilluminated 
 objects in front of luminous surfaces can be registered as silhou-
ettes resulting in the structure being difficult to see. This can be 
counteracted by adding additional accent lighting to the object 
from the front to produce better modelling and brilliance. If the 
luminous backdrop is coloured, then the frontal accent lighting 
should be used to ensure optimal colour rendition of the object. 
This additional illumination can also be used to complement the 
decorative, diffusely luminous panels by highlighting specific 
features and creating distinctive brightness contrasts.

Illumination
Illumination involves focusing the beam of a lamp and directing 
it at an object. Using reflectors allows the light to be control-
led and the light distribution precisely defined. If only a narrow 
restricted area is to be highlighted, this can be simply achieved 
using a luminaire – but not with sources which are diffuse. 
Directed light on textured surfaces produces shadows that make 
the shape more easily recognisable. 

If high illuminance levels are required on exhibits, then lumi-
naires of appropriate quantity and power can be arranged to suit 
the architecture. If a luminous ceiling was used to produce the 
same illuminance on the surface, the result would be distracting 
glare due to the high luminance of the front cover. Conversely, if 
a luminaire is used to provide the illumination, there are various 
anti-glare measures such as louvres or barn doors that can be 
fitted to the luminaire.Adding accent lighting below diffuse 

luminous surfaces makes it possible to 
use brightness contrasts to delineate 
zones, create a modelling effect and 
add brilliance.

Luminous ceilings
Luminous ceilings are not only used for design purposes to 
provide diffuse illumination in rooms, for instance, in exhibition 
spaces. Glass roof panels allow natural daylight to enter which 
is then distributed by diffuser panels. If the outdoor brightness 
is insufficient, lamps installed within the intermediate space 
are used to provide the required illuminance. The shallower the 
luminaires and the clearance around them, the lower the instal-
lation depth required. To prevent fluorescent lamps being visible 
through the lower diffuser, a ratio of one to one luminaire spac-
ing to diffuser is usually sufficient. To indicate that no similarity 
with a skylight is intended, the lamps can be subtly revealed by 
reducing their distance to the diffuser without the lamps becom-
ing too obvious. A maintenance-friendly design ensures simple 
lamp replacement.

Luminous ceilings and skylights act as 
radiant elements emitting diffuse light 
into the room. Most often, the light 
sources are natural daylight, fluores-
cent lamps or a combination of the 

two. A uniform luminance depends on 
the arrangement of the lamps and the 
refractivity of the covering panel.

Radiance and illumination 
Lighting design

Luminous materials
Miniaturisation through LEDs and 
 optical fibres has enabled lighting tech - 
nology to be integrated within thin 
materials such as glass and textiles. The 

appearance of surfaces and objects can 
be continuously altered using control 
technology and coloured light sources. 

With radiant buildings or surfaces, the 
lighting technology can either be on 
show, partially visible or completely 
concealed depending on how clearly 
the light source can be seen. The closer 

the lamp is to the translucent surface, 
the more the lamp will be recognised. 

Radiance 
Both luminous elements and surfaces can be used to attract 
attention or for orientation purposes. Such sources find only 
limited application in providing illumination as they can result  
in inacceptable glare when very high illuminance levels are 
required. Much lower luminance levels are all that is required to 
attract atten tion. The luminance contrast to the surroundings,  
the colour and the luminaire spacing all determine how striking 
the luminaires are in their spatial setting.

Directed light enables the light to be 
precisely controlled without emitting 
spill light into the surroundings.
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Heat management
A high operating temperature has a positive effect on the lumi-
nous efficacy of thermal radiators such as halogen lamps, but can 
reduce the efficiency of fluorescent lamps and especially of LEDs. 
The warmer an LED becomes, the lower its luminous efficacy. If 
the critical temperature is exceeded, the LED will be completely 
destroyed. Since the critical point of increasing power drop is 
close to the required operating temperature of an LED luminaire, 
excellent heat management of the LED module is essential for 
optimum luminous flux. For this reason, LEDs have very large heat 
sinks. For efficient, continuous operation, the LEDs’ heat must 
be further dissipated away from the luminaire components. It is 
not only the luminous efficacy of the light source that is crucial 
for the efficiency of a luminaire but also the luminaire’s design, 
since this ensures the optimum operating conditions for the light 
source.

Lighting control
A factor not to be underestimated in an efficient lighting system 
is the use of lighting control. Rooms and areas seldom require the 
same lighting scene throughout the day or the year. Where spaces 
are less frequented during the night, the light can be dimmed 
or switched off using a timer control. Only using light when and 
where it is needed saves energy, regardless of whether this is 
done manually or automatically. Pre-programmed light scenes for 
different zones help to use lighting sensibly. Easily understand-
able control panels make the everyday use of the lighting control 
easier and promote its acceptance with users. Furthermore, in 
combination with sensors, a lighting control  system can ensure 
that an installation that was over-dimensioned in compliance 
with the maintenance factor is dimmed down to the set value 
using constant light regulation. This will avoid a higher level of 
energy consumption at the start of a new maintenance cycle. 

Sensors
The inclusion of sensors helps to automatically reduce the light-
ing requirement, and therefore the energy requirement, down to 
the minimum level needed and to maintain it at that minimum. 
A daylight sensor in the outdoor area measures the illuminance 
of the daylight and controls the lighting in the indoor area. If this 
sensor is located inside the room, it can measure the sum of the 
illuminance from the incident daylight and the interior light-
ing in order to regulate the lighting dependent on the available 
daylight. Presence detectors sense the presence of persons and 
can be used, for instance, to automatically switch off or dim the 
light in unused offices. Setting a time delay and a threshold value 
helps to ensure that the sensor only reacts to significant changes 
and not to every impulse. The option of a manual on/off switch, 
in addition to a presence detector, can be used to prevent the 
light from being switched on when sufficient daylight for ambi-
ent lighting is already present.

Control gear
Many lamps require control gear and these all consume some 
energy. LEDs and high-pressure discharge lamps both require 
control gear, and fluorescent lamps depend on control gear for 
current limitation. Low-voltage halogen lamps require transform-
ers to provide the necessary operating voltage. Control gear is 
always designed specifically for the light source in question, it 
produces a higher luminous efficacy at the right voltage and, by 
emitting minimal heat itself, it ensures the efficient continuous 
operation of the luminaire. Electronic control gear saves a lot of 
energy compared with conventional control gear. It also ensures 
good starting performance, extends the lamp life and accordingly 
makes a significant long-term contribution to lowering overall 
lamp and maintenance costs.

Light guidance
The formulation of a criterion for the efficiency of luminaires, 
similar to the luminous efficacy for lamps, only has limited appli-
cability as a measure of luminaire performance. A higher light 
output ratio may well help the lighting designer, when compar-
ing luminaires, to decide whether to use fewer luminaires or less 
connected load per luminaire, but this is still not an evaluation 
of the efficiency of the entire installation. Maximum light output 
 ratio is obtained when the lamp is completely uncovered, but 
even from moderate wattages this will result in unacceptable 
glare. Solely considering light output ratio without looking at the 
visual comfort leads to an ineffective evaluation for perception.   

Controlling light is the main function of a luminaire; to opti-
mise the optics and ensure that the light is only directed to the 
required target surface and glare is minimised. Precise optical sys - 
tems avoid the energy losses that result from spill light. Narrow 
beams are used to concentrate the light onto one point, as in 
accent lighting for instance. The optical systems that prove to 
be energy-efficient are those whose light guidance system has a 
high reflectance, as is the case with the mirror finish Spherolit 
reflectors or with lenses which have a correspondingly high trans-
mittance. Reflectors which only have a small opening for the 
lampholder help to ensure that the rays of light that are emitted 
towards the rear are also reflected forwards. 

Efficiency and excess
Lighting technology

Light sources
Lamps, light guidance and lighting control give lighting design - 
ers countless possibilities to create lighting designs that are 
highly efficient from a technical point of view. A crucial initial 
decision is the selection of the light source. An important con-
sideration on the one side of the equation is luminous efficacy 
– a dimension defining the energy expended and the resultant 
luminous flux. Fluorescent lamps are particularly economical, 
followed by high-pressure discharge lamps and the increasingly 
efficient LEDs. If the efficiency of lamps was the only considera-
tion of luminous efficacy, the result would be a one-dimensional 
consideration. This is where the other side of the equation comes 
in, since in order to use the light effectively, it is also necessary 
to take account of the specific application in terms of dimmabil-
ity, switching characteristics, colour rendition, lamp life and the 
 quality of light, i.e. whether diffuse or controllable. A fluorescent 
lamp may be classed as economical ambient lighting, but it lacks  
both the brilliance required for tasks such as attractively illumi-
nating merchandise in shops and dimmability for tasks such as 
subdued evening lighting in restaurants. Unlike halogen lamps, 
fluorescent light does not change colour when it is dimmed 
 making it inappropriate for many applications. With reference  
to the overall ecological impact, further considerations include 
the manufacturing effort, the use of materials not harmful to 
health and the recycling process of lamps.

Shielded lamps help to reduce the glare and improve visual com - 
fort. When Darklight reflectors are used, the observer is not sub-
ject to any glare from the reflector as long as the lamp remains 
within the reflector’s cut-off angle. In addition to the high preci-
sion of the optical systems, another advantage that luminaires 
with integrated reflectors have over reflector lamps is the limited 
use of materials, because lamp replacement does not also involve 
the disposal of the reflector. 

Regarding coloured lighting, luminaires with RGB colour 
mixing technology and the appropriate LED modules are designed 
to produce coloured light efficiently. Whereas, if colour filters are 
used, it is necessary to select the highest possible transmittance 
in order that as little light is lost as possible, especially with dark 
colours. 
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Didattica
Nella parte didattica si sviscera il tema di cia
scun capitolo in modo esaustivo, toccando gli 
aspetti della percezione, dell’illuminotecnica e 
della progettazione illuminotecnica. I testi, le 
foto, i disegni e i diagrammi concorrono nel rap
presentare i contenuti in modo ottimale e trat
tano il tema principale, quello della luce, pun
tando in modo accentuato sugli aspetti  visivi. 
Un mezzo ricorrente è quello della disposizione 
di successioni o scale di situazioni, per riempire 
con dei contenuti i diversi livelli intermedi tra  
i due estremi di ciascuna dimensione.
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Light and dark
Lighting concepts

Dark
If the room were to be completely 
unlit as dusk falls, it would hardly be 
possible to recognise space, shapes and 
 materials. Yet just a few accents are 
all that is required to reveal the spatial 
structure. Eye-catching features, which 
simultaneously provide a point of ref-
erence for spatial depth, are produced 
by the fire and the accent light on the 
objects next to the fireplace. With their 
narrow beams, the pendant luminaires 
above the table and the spotlights 
add accents in the middle ground and 
foreground without detracting from  
the dark ambience.

Despite the high level of daylight 
brightness, the light coming in through 
the window is not sufficient to make 
the entire room appear bright. The light 
from the downlights and pendant lumi  - 
naires lends presence to the seating 
around the table and provides ample 
lighting for communication. 

Light
The even brightness impression that 
 extends over the floor, wall and ceiling  
is aimed at revealing the room as a 
whole. The bright luminous ceiling pro-
duces a scene analogous to an overcast 
sky bringing diffuse light into the room. 
By contrast, the wallwashing allows the  
textured wall to be recognised. To direct  
the viewer’s attention to the objects 
next to the fireplace, spotlights accen-
tuate the individual items, using bright-
ness contrast to distinguish them from 
the surroundings.

In very dark ambient settings, even  
a low brightness level is sufficient to 
attract one’s attention. The constantly 
flickering flames also ensure that the 
eyes are drawn towards this feature.

Bright rooms raise associations with the day giving objects spa-
tial presence, whereas darkness is linked to themes such as night, 
calmness and security. If light and dark are arranged too closely 
together, the impressions alternate between the two opposites. 
The luminous ceiling produces a soft light for ambient lighting, 
comparable with the diffuse light of the overcast sky. In addition, 
daylight enters the room from the left. The wallwashing defines 
the verticals in the room. To add scenic lighting to eye-catching 
features, the accent light from the spotlights emphasises indi-
vidual objects, and pendant luminaires accentuate the table. 
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Radiance and illumination 
Lighting concepts

By using wallwashers, the curtain is 
once again uniformly illuminated with 
the shadows effectively revealing the 
three-dimensional texture. 

Projecting grazing light across the cur-
tains clearly reveals the folds through 
the interplay of light and shadow giving 
the textile more body. The recessed 
lighting produces a strong  graduation 
of illuminance levels resulting in the 
curtain appearing less uniformly illu-
minated than when backlit. 

Light and textiles
Backlit textiles can appear to be self- 
illuminating. In such situations, the 
structure of the fabric is clearly recog-
nisable and the material appears to 
be transparent. If the luminance is 
increased behind fine textiles, they can 
become difficult to recognise due to 
the surface brightness resulting in the 
perception of detail being reduced.

Silhouette
Objects placed in front of a luminous 
surface will quickly appear to be two-
dimensional as they are silhouetted. In 
such situations, providing additional 
illu mination from above or from the 
side can enhance the shape of the 
object. This will also produce shadow, 
which makes the object appear to be 
more connected to the surface on 
which it is placed.

Luminous surfaces produce a soft light in the room through the 
diffuse dispersion of light. By contrast, illumination with directed 
light allows the three-dimensionality of shapes, materials and 
textures to be emphasised through stronger shadows. Further-
more, illumination with hard-edged beams allows zones to be 
 defined in order to divide the room or attract attention. The 
curtain and luminous furniture serve as self-illuminated elements 
here. The light coming in through the curtain is associated in the 
mind with daylight producing a natural appearance to the interior. 
The illumination, in this case, is provided by recessed ceiling lumi-
naires. In contrast to self-illuminating panels where increased 
brightness is evident immediately in front of the luminous surface, 
an object can be illuminated by directing the light over distances 
using reflectors. 
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Efficiency and excess
Lighting concepts

Lighting in sales areas is essentially all about a lavish, scenic pres-
entation of the goods on the one hand and about the economical 
considerations of minimising the running costs for electricity, 
lamp maintenance and air-conditioning on the other. Two steps 
vividly illustrate how light can be efficiently used in showrooms: 
firstly, zoning for different illuminances relative to the application 
and, secondly, a differentiated lighting concept that optimally 
 enhances the perception of space and goods. Metal halide lamps 
in downlights for ambient lighting and spotlights for accent light-
ing meet the requirements of good luminous efficacy. Wallwashers 
reveal the size of the space by emphasising the vertical surfaces. 
The brightness impression must be subjectively considered against 
the background of culture, expectation and age, and also seen in 
relation to the intended brand image. Further considerations such 
as a differentiated use of lighting control or brighter furniture and 
room surfaces provide additional potential for optimisation.

Ambient lighting
The direct lighting using downlights 
creates an average illuminance of 
1,900lx on the merchandise. The high 
luminous efficacy of the high-pressure 
discharge lamps has a positive effect  
on the energy consumption, while the 
good colour rendition and brilliance 
contribute to making the goods look 
attractive. The dark spatial impression 

given by the bright-dark transition on 
the walls, making the ceiling appear 
lower, is nevertheless a distraction. 

102 downlights, 150W
15,300W 
34W/m

Goods area 1,900lx
Wall 220lx
Main aisle 1,750lx

Efficiency through zoning
By using zoning, the high brightness 
required for the presentation of goods 
is prevented from encroaching on the 
aisles and seating areas where lower 
illuminances are sufficient. Reducing 
these zones to 900lx lowers the power 
requirement on the floor of a depart - 
ment store by about 15%. 

86 downlights, 150W
12,900W
28.7W/m

Goods area 1,800lx
Wall 200lx
Main aisle 900lx

Efficiency through reduced  
ambient lighting 
Because accent lighting often requires  
a contrast ratio of 1:10, reducing the 
ambient lighting means that considera - 
bly less accent lighting will be required. 
If the ambient level is an average of 
600lx, this will allow significant energy 
to be saved while creating a rational 
basis for the accent lighting of the 
goods. The row of accent lighting in the 
aisle zone interrupts the evenness of 
the low ambient lighting. Due to the 
ability of the eye to adapt, an observer 
can quickly adjust to a lower ambient 

level. By replacing the fluorescent lamps 
with metal halide lamps, more brilliance 
is created on surfaces.

Efficiency through accent lighting 
Adding accent lighting helps to direct 
the viewer’s attention to important 
objects and also to emphasise these 
objects in the context of an attrac - 
tive presentation of the merchandise. 
Reducing the ambient lighting allows 
the lighting designer to use a lower 
lamp output than usual. The contrast 
ratio of 1:10 is calculated from the 
maximum of 3,000lx for the accent 
lighting in comparison with the min - 
imum of about 300lx for the ambient 
lighting.

Efficiency through vertical 
illuminance
Brightly lit walls make a considerable 
contribution to the impression of 
brightness in a room, while the vertical 
illuminance of approximately 300lx is 
used to enhance the shelves on the wall.

Lighting control: evening scene
Altering the illuminance in accordance 
with the time of day can also contribute  
to reducing the energy requirement. A 
darker lighting effect in the evening not 
only creates an appropriate atmosphere, 
but also saves electricity.

Efficiency through a differentiated 
lighting concept
To reduce the overall power 
consumption on the one hand and to 
emphasise the uniformity of the goods 
presentation and scenically present eye-
catching features on the other, it is 
recommended that the ambient lighting 
is lowered to the benefit of the accent 
lighting. To give a greater impression of 

brightness from the overall setting, the 
proportion of vertical illuminance is 
increased. Compared with the situation 
with uniform ambient lighting, this 
clearly enhances the quality of the 
merchandise, allowing the connected 
load to be reduced by about 25% to 
11,480W or 25.5W per square metre.  

52 downlights, 70W
104 directional luminaires, 70W
16 wallwashers, 35W 
11,480W
25.5W/m

Goods area 1,700lx
Wall 290lx
Main aisle 600lx
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Simulazione
Gli elementi e le tesi sviluppati nel capitolo 
vengono sottoposti ad un esame pratico nella 
simulazione computerizzata: una situazione 
architettonica simulata con effetti virtuali 
fotorealistici viene illustrata in diverse varianti 
dell’illuminazione in funzione dei diversi temi 
dei capitoli. In parte gli estremi messi in con
trapposizione evidenziano le diverse dimen
sioni dell’illuminazione, in parte però vengono 
espresse anche delle preferenze motivate per 
determinate concezioni dell’illuminazione. La 
visualizzazione nasce sempre dall’applicazione 
dei dati illuminotecnici reali degli apparecchi  
di illuminazione ERCO.

22 Luce e buio

52 Rilucere ed illuminare

202 Efficienza e spreco



Caldo e freddo

La coppia di concetti freddo–caldo trasmette la sensazione 
della temperatura che si associa a luce e colore. Siccome la 
scala delle temperature colore della luce definita fisicamen-
te è estranea alla logica quotidiana, ci possono essere delle 
incomprensioni: la luce diurna, di colore bianco bluastro, ha 
una temperatura colore superiore a quella della luce bianca 
calda che invece è rossastra. Una volta fissati i concetti e le 
definizioni, i contrasti nella temperatura colore si dimostra-
no però uno strumento sottile e perfettamente controllabile 
di allestimento dell’illuminazione delle architetture.
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Accendendo il radiatore nero
I fisici definiscono la temperatura colore sulla base di un cor
po radiante ideale, il cosiddetto «radiatore nero». Esso assorbe 
completamente le radiazioni elettromagnetiche, come la luce, 
qualunque sia la loro lunghezza d’onda, ed è al tempo stesso una 
sorgente radiante termica ideale il cui spettro dipende solamente 
dalla sua temperatura, che definisce così la temperatura colore 
in gradi Kelvin. Il filamento incandescente di una lampadina co
mune si avvicina molto a questo corpo astratto: quando è freddo 
è scuro e non ha colore, ma all’aumentare della temperatura 
dapprima diventa incandescente e di colore rosso scuro, per poi, 
al raggiungere della tensione nominale della corrente elettrica, 
emettere una tonalità di luce bianca calda. Aumentando ancora 
la tensione applicata, la temperatura colore della luce della lam
padina ad incandescenza si sposta ulteriormente verso il blu, fino 
a che il filamento non si scioglie. Rappresentato nel diagramma 
del sistema colorimetrico standard CIE, il radiatore nero descrive 
la «curva di Planck», che è il luogo geometrico che raggruppa i 
punti colore della luce emessa dal corpo radiante riscaldato, dal 
bianco estremamente caldo fino al bianco più bluastro. Questa 
curva costituisce il riferimento per l’indicazione della tempera
tura colore delle sorgenti luminose.

Mentre per le fiamme e per le lampade ad incandescenza la 
temperatura colore è effettivamente corrispondente alla tempe
ratura della sorgente di luce, in altri tipi di lampade, ad esempio 
nelle lampade a scarica o nei diodi luminosi, questa corrispon
denza non c’è. L’irradiazione a banda stretta della scarica nel gas  
o l’elettroluminescenza sono trasformate in luce visibile da una 
miscela di sostanze fluorescenti, ma senza uno spettro conti
nuo. La composizione delle sostanze luminescenti determina la 
temperatura colore della tonalità di bianco emessa. È possibile 
influenzare la psicologia della percezione con la  dimmerazio  
ne dei diversi tipi di lampade: come di sera, con il calare della 
luminosità, si assiste ad uno spostamento della tonalità della  
luce verso il rosso, così l’analogo effetto della traslazione verso 
il rosso della luce di una lampadina a incandescenza per mezzo 
 della dimmerazione viene percepito dall’osservatore come pia
cevole e naturale. La luce dimmerata delle lampade fluorescenti, 
che  mantiene praticamente costante la sua temperatura colore, 
viene invece subito percepita come fioca e fredda. 

Creare le atmosfere, porre i contrasti
Nell’illuminazione dell’architettura si possono impiegare crea
tivamente questo ed altri effetti percettivi in correlazione con 
diverse temperature colore. Fondamentalmente la scelta dei colori 
dominanti della luce può definire l’atmosfera di un ambiente tra 
gli estremi di un’atmosfera fredda, oggettiva e stimolante oppure 
calda, accogliente e rilassante. Se si osservano degli esempi di 
 architetture situate nelle diverse parti del mondo o se si sfoglia 
no le vecchie riviste di arredamento diventa comunque evidente 
ancora una cosa: che le scelte della luce e dei colori caldi o freddi 
sono sempre collegate a preferenze ed a valori soggettivi, ma 
anche alle mode o al bagaglio culturale.

Date le eccezionali capacità della percezione umana che, 
dopo una breve fase di adeguamento alle illuminazioni dalle più 
diverse temperature colore, consentono grazie all’adattamento 
cromatico di percepire come costanti i colori degli oggetti, ad 
esempio un foglio di carta bianca, la temperatura colore va con  
siderata un raffinato strumento di progettazione. Le pellicole 
fotografiche, ma anche le macchine fotografiche digitali con la 
compensazione automatica del bianco disattivata, sviscerano 
senza pietà alcuna le più diverse temperature colore dell’illumi
nazione, e nelle foto per ottenere dei colori naturali si doveva

no utilizzare con le pellicole dei complessi filtri o delle speciali 
emulsioni. La gran parte delle macchine fotografiche digitali oggi 
offrono la possibilità di impostare il punto colore del bianco ma
nualmente, a seconda dei tipi di luce o addirittura in gradi Kelvin. 

Nell’illuminazione con una temperatura colore omogenea 
si deve avere quindi la consapevolezza che essa costituisce un 
fattore di progettazione, e non solo una componente subliminale 
– atmosferica, e si devono scegliere espressamente delle tonalità 
di bianco calde o fredde. La percezione del contrasto tra un’illumi
nazione dalle tonalità calde ed una dalle tonalità fredde è invece 
molto più accentuata. Nella progettazione la si può utilizzare ad 
esempio per staccare in modo mirato degli oggetti esposti, accen
tuati con un’illuminazione fredda, dai toni caldi degli elementi 
architettonici illuminati, o viceversa. D’altra parte balza subito agli 
occhi se durante la manutenzione degli impianti di illuminazione 
si scambiano per errore delle lampade di diversa tonalità di luce. 
Il colore della luce può far risaltare o accentuare le caratteristi
che superficiali degli oggetti o differenziare le diverse zone di un 
ambiente. Con le variazioni delle tonalità della luce si può inoltre 
inscenare nello stesso ambiente un’atmosfera diurna o serale. Ciò 
è possibile con l’impiego di diverse compo nenti luminose, come 
la conversione tecnica della luce delle lampade fluorescenti color 
bianco da luce diurna in una luce alogena, oppure con l’impiego 
di apparecchi con una temperatura colore variabile, al giorno 
d’oggi offerti sempre più di frequente.

Impiegando questi strumenti di progettazione si deve però 
essere sempre consapevoli del fatto che la temperatura colore di 
una sorgente luminosa non è direttamente correlata con la qua
lità della sua resa cromatica: questa dipende molto di più dalla 
composizione dello spettro della luce. Per degli impieghi critici 
come l’illuminazione nei musei o il commercio di  abbigliamento, 
sono inoltre sempre necessarie, indipendentemente dalla tem
peratura colore, delle sorgenti luminose con un elevato indice 
di resa cromatica Ra> 90, per evitare la sgradevole sorpresa di 
ritrovarsi con dei colori falsati.  

A colpo d’occhio l’assegnazione delle definizioni alle percezioni 
delle temperature della luce fredda e calda appare semplice e  
logica. Ma spesso si creano delle incomprensioni su questa tra
sposizione, in particolare nelle discussioni sui progetti illumino
tecnici tra gli specialisti del settore ed i profani. In relazione ai 
fenomeni della luce e del colore, le dimensioni di allestimento 
freddo e caldo possono infatti assumere dei significati completa
mente differenti: c’è il contrasto caldofreddo nei colori, come lo 
si conosce nelle opere di Johannes Itten, ma c’è anche il con trasto 
tra le lampade dalla luce bianca calda e della luce bianca diurna. 
Per le lampade si parla di «temperatura colore» ma, al contrario 
della logica comune, la temperatura maggiore la troviamo per 
le tonalità di bianco «fredde»! I fotografi invece parlano di luce 
«fredda» dei flash e di luce «calda» delle lampadine comuni e di 
come, con dei filtri o con un confronto manuale dei bianchi, con 
degli espedienti tecnici devono operare il cosiddetto adattamento 
cromatico, una procedura di compensazione che la percezione 
umana esegue automaticamente. Dietro a tutte queste espressio
ni si celano degli effetti fisici e di psicologia della percezione che 
vengono utilizzati ormai da secoli nelle opere artistiche, dapprima 
nella pittura ed oggi anche nell’illuminazione delle architetture.

Blu freddo e rosso caldo? 
Se i progettisti parlano di colori caldi o freddi si riferiscono in 
genere a un concetto espressivo noto da sempre e postulato tra 
gli altri dal pittore e teorico dell’arte Johannes Itten (1888–1967) 
nella sua opera «L’arte del colore». Intuitivamente si affiancano 
i colori con una prevalenza di blu al connotato «freddo», mentre 
quelli con una prevalenza di rosso vengono definiti «caldi». Si può 
presumere che l’accostamento di queste qualità percettive si sia 
sviluppato nel corso dell’evoluzione, e certamente un loro ruolo 
lo rivestono le impressioni lasciate ad esempio dalle tonalità ros
sastre della pelle calda e sanguigna in confronto alle tonalità pal
lide o addirittura bluastre della pelle o delle labbra di una persona 
che sta gelando. L’esperienza in ogni caso mostra che le stanze 
dipinte di blu vengono effettivamente percepite come più fredde 
di quelle dipinte in rosso. Anche la valutazione delle distanze 
viene influenzata dalle tonalità calde o fredde: i colori più caldi 
appaiono più vicini, quelli più freddi appaiono distanti. Ciò è stato 
utilizzato dai pittori del Rinascimento per realizzare la cosiddetta 
prospettiva cromatica, nella quale lo sfondo dei dipinti, con le sue 
tonalità verdebluastre, si staccava dai toni caldi in primo piano. 
Questo espediente funziona anche perché la diversa lunghezza 
d’onda della luce rossa e blu fa sì che i rispettivi oggetti vengano 
effettivamente riprodotti nell’occhio su piani diversi. 

Nella più sottile gamma delle tonalità di bianco, questa 
clas sificazione caldofreddo proveniente dalla teoria dell’arte ha 
trovato espressione nella definizione di «bianco caldo» del colore 
della luce di determinate lampade fluorescenti. Essa descrive una 
tonalità di bianco rossastro, per distinguerla dal «bianco neutro» 
o dalla tonalità molto più bluastra del «bianco da luce diurna». Ai 
tempi della fotografia analogica i fotografi parlavano anche di 
luce «calda», proveniente da alcune lampade che tra l’altro riscal
davano letteralmente gli studi, in confronto alla luce «fredda», 
simile alla luce diurna, dei flash. Spesso si crea confusione quan
do queste categorie del linguaggio comune si incontrano con 
le  precise definizioni tecnicofisiche della temperatura colore in 
gradi Kelvin: paradossalmente si ha infatti che la temperatura  
colore delle lampade ad incandescenza o delle lampade fluore
scenti bianche calde è inferiore a quella delle sorgenti che irra
diano una luce bianca fredda come la luce diurna.

Caldo e freddo
La temperatura colore – un sottile strumento di allestimento

Il concetto dell’illuminazione delle 
superfici espositive della laveria di 
 carbone della miniera di Zollverein di 
Essen combina la luce delle lampade 
fluorescenti dal colore bianco da luce 
diurna, impiegate per l’illuminazione 
 indiretta tramite la riflessione sul 
 soffitto, con gli accenti dalle tonalità 
calde dei faretti per lampade alogene  
a bassa tensione.

La curva di Planck all’interno del 
dia gramma colorimetrico standard 
CIE  segna il luogo geometrico dei 
punti colore di un radiatore di Planck 
in  funzione della sua temperatura e 
definisce così il concetto di tempera  
tura colore di una sorgente luminosa 
bianca.

Samediggi in Karasjok, Norvegia: 
l’edificio illuminato promette calore 
e protezione nel gelo del paesaggio 
invernale.

Spesso negli edifici amministrativi, 
come la centrale della ING Bank di 
Amsterdam, le sorgenti luminose con 
diverse temperature colore differen
ziano le aree rappresentative dalle 
superfici degli uffici.

Per un’architettura fredda e tecnolo
gicamente avanzata come quella di 
quest’agenzia pubblicitaria berlinese 
anche una tonalità luminosa fredda 
con accenti di colore turchese appare 
perfettamente adeguata.

La luce dimmerata delle lampade 
alogene negli apparecchi da incasso 
nel soffitto ad elevata schermatura 
supporta assieme ai lumi di candela 
l’atmosfera classica ed accogliente del 
Bar dell’Hotel Faena di Buenos Aires.
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Contrasto caldo-freddo
Sulla tavolozza dei colori le tonalità 
calde, con le loro componenti di ros
so e di giallo, si contrappongono alle 
tonalità fredde e bluastre. Agli occhi 
dell’osservatore sia il colore dei mate
riali che quello della luce suscitano 
una sensazione di caldo o di freddo e 
contribuiscono a creare l’atmosfera di 
un luogo. Di conseguenza si possono 
utilizzare le tonalità della luce bianco 
calda, bianca neutra e bianca da luce 
diurna per creare dei contrasti caldo
freddo e con essi influenzare l’umore 
in un ambiente.

Resa cromatica dei materiali
Con la corretta scelta delle tonalità della luce si può intensificare 
la resa cromatica dei materiali. La resa cromatica dei materiali 
dai colori caldi, come la pietra arenaria, viene rafforzata da una 
illuminazione con un’adeguata tonalità cromatica bianca calda. 
La luce con una temperatura colore calda influenza la percezio
ne dei colori del materiale degli oggetti dai colori freddi. Nella 
quotidianità spesso la differenza diventa evidente solo quando è 
possibile un confronto con una parte della superficie che contra
sti sotto l’illuminazione di una luce di un’altra tonalità, in quanto 
le differenze di colore non sono percepite in modo assoluto, ma 
relativo. Nell’uomo interviene inoltre un processo inconsapevole 
di adattamento nell’interpretazione delle tonalità di bianco. Se 
si guarda per un tempo prolungato una parete bianca calda o 
di color bianco da luce diurna, si ha una taratura della vista e la 
superficie viene percepita come se fosse di un bianco neutro.

Con uno sfondo colorato una superficie 
appare più intensa che con uno sfondo 
di colore bianco neutro. Il contrasto 
caldofreddo crea un maggiore effetto 
rispetto a una tonalità cromatica simile. 
Le tonalità color pastello che fanno da 
sfondo ad un colore primario generano 
un contrasto minore rispetto ai colori 
con una maggiore saturazione.

Il trascorrere del giorno
Con il trascorrere del giorno si modifica continuamente il  
colore della luce, ossia la temperatura colore della luce diurna.  
I fattori come la luminosità e la luce diffusa e orientata varia  
no sensibilmente e la percezione delle tonalità di colore calde  
e  fredde spesso perde di significato. D’altra parte la percezione 
dei materiali assume caratteristiche molto diverse in presenza  
di diverse temperature colore della luce. Se da un lato il progetti
sta illuminotecnico non può avere alcun influsso sul colore della 
luce solare, dall’altro lato con l’illuminazione artificiale egli può 
influenzare attivamente le atmosfere e gli effetti dei materiali.

Con il contrasto complementare di  
un colore contrapposto sulla tavolozza  
dei colori si ha un intenso aumento  
del colore principale. Nella prospettiva 
delle profondità il rosso sembra pas  
sare in primo piano. Un blu pallido 
invece ricorda invece l’orizzonte o il 
cielo, e rimane sullo sfondo.

Con la luce diurna e l’illuminazione 
accesa e dalle tonalità cromatiche calde 
delle lampade alogene a incandescenza 
si crea un contrasto di colori. La luce 
diffusa del cielo ha un colore bluastro e 
crea uno sfondo freddo per la più calda 
illuminazione d’accento.

Luce diurna e luce artificiale
Se si ha una compresenza di luce diurna ed illuminazione 
 artificiale, la differenza dei colori della luce assume un ruolo 
 importante. Se alle tonalità calde della luce, come quella delle 
lampade alogene a incandescenza, si aggiunge l’incidenza della 
luce diurna, di temperatura colore molto maggiore, si viene a 
creare un contrasto caldofreddo. Per via dell’abitudine alla luce 
diurna, con il cielo azzurro e la luce del sole orientata, un’illu
minazione di fondo fredda e diffusa combinata con delle luci 
d’accento calde appare più naturale della combinazione inversa. 
Se lo sguardo vaga in un locale tra le zone illuminate dalla luce 
diurna e quelle ad illuminazione artificiale, l’approssimarsi delle 
temperature colore riduce il contrasto e crea una transizione 
omogenea. Con la scelta delle lampade o con l’impiego di filtri  
il progettista può determinare l’entità dei contrasti cromatici.

Caldo e freddo
Percezione ed illuminotecnica

Filtri di conversione a luce diurna
Se non si desidera impiegare una tonalità di luce bianca calda 
ma allo stesso tempo non si vuole rinunciare alla buona resa 
 cromatica delle sorgenti di luce a incandescenza, si possono 
 utilizzare dei filtri di correzione. Il filtro di conversione a luce 
diurna risponde a tali esigenze trasformando la luce bianca  
calda in luce bianca neutra, portandola ad esempio da 3.000 K  
a 4.000 K e riducendo così la differenza tra la luce diurna e l’illu
minazione artificiale. Con i filtri di conversione a luce diurna la 
qualità della resa cromatica viene mantenuta.

Con un filtro di conversione a luce 
diurna si può aumentare la tempera
tura colore delle lampade alogene ad 
incandescenza, per ridurre le differenze 
di colore tra la luce diurna e l’illumina
zione artificiale.
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Per i corpi termici radianti come le 
lampade ad incandescenza o le lampa 
de alogene a bassa tensione, la tem
peratura colore si avvicina all’effettiva 
temperatura del fi lamento.

La dimmerazione delle lampade ad 
incandescenza causa un abbassamen
to della temperatura colore e quindi 
la luce viene percepita come rossiccia 
e calda. Per ottenere una tonalità di 
luce più calda mantenendo le stesse 
intensità luminose si può ad esempio 
sostituire una lampada ad incande
scenza con una lampada di maggiore 
potenza e dimmerarla. Siccome nelle 
lampade alogene i fi lamenti raggiun
gono maggiori temperature, la loro 
luce appare più bianca.

Le lampade fl uorescenti, le lampade a 
scarica ad alta pressione e i LED sono 
disponibili in diverse temperature colo
re e quando si sostituisce una lampada 
si deve tener conto della temperatura 
colore desiderata. 

Siccome l’occhio umano non percepisce 
le differenze di temperature colore in 
modo lineare, una differenza di 500 K 
tra due tonalità di luce bianca calda è 
percepito con un contrasto maggiore 
che non tra due tonalità di luce bianca 
diurna. Di conseguenza i produttori di 
lampade offrono per le tonalità bianco 
calde lampade di gradazione anche 
molto simile, cosa non necessaria per 
le lampade con temperatura colore 
maggiore. 

Per una suddivisione più pratica le lam 
pade con luce di colore bianco vengono 
classifi cate in tre gruppi, ossia bianca 
calda, bianca neutra e bianca a luce 
diurna.

Luce diurna

Sorgente luminosa

Temperatura colore (K) 1.900 2.000 2.700 2.800 3.500 4.000 5.000 5.500 6.500 7.000 12.000

Bianco caldo     Bianco neutro Bianco a luce diurna

Temperatura colore (K)

Nella dimmerazione delle lampade fl uo
rescenti la temperatura colore rimane 
costante. In confronto alle sorgenti di 
luce ad incandescenza, che con la dim
merazione denotano un cambiamento 
del colore verso le tonalità più calde, 
nelle lampade fl uorescenti essa dà l’im
pressione che la luce diventi più grigia. 

La temperatura colore del cielo azzurro 
e limpido supera i 25.000 K.

La temperatura colore è la temperatura 
che deve raggiungere un «corpo radian 
te nero», detto anche corpo radiante 
di Planck, per emettere una luce di un 
deter minato colore. La temperatura 
 colore viene indicata in gradi Kelvin (K). 

Illuminazione artifi ciale

Caldo e freddo
Illuminotecnica

Lampade ad incandescenza

Lampade alogene ad incandescenza 

Lampade alogene a bassa tensione

Lampade fl uorescenti

Lampade fl uorescenti compatte

Lampade ad alogenuri metallici

Lampade ai vapori di sodio ad alta pressione

LED
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Le lampade fluorescenti sono invece 
disponibili in diverse tonalità e creano, 
con una tonalità di luce bianca neutra, 
un’atmosfera senza caratteristiche 
calde e colori gialli. Con la dimmera
zione il colore della luce delle lampade 
fluorescenti resta costante. In confronto 
alle variazioni di colore delle lampade 
a incandescenza, gli ambienti immersi 
nella luce delle lampade fluorescenti 
dimmerate appaiono quindi più grigi.

3.000 K 4.000 K

La temperatura colore molto elevata 
della luce diurna del cielo azzurro 
conferisce agli ambienti interni un 
carattere freddo. Le superfici bianche 
appaiono bluastre.

Luce diurna
Di giorno il colore della luce dell’illumi
nazione artificiale di solito contrasta con 
la luce diurna, con la sua temperatura 
colore elevata e fredda. Con un’illumi
nazione dalle tonalità calde come quella 
delle lampade ad incandescenza si può 
creare un contrasto di caldo e freddo. Le 
lampade fluorescenti, con il loro colore 
bianco neutro, creano invece una sensa
zione di omogeneità dei colori.

Materiale
Le tonalità bianco calde delle lampade 
fluorescenti sono particolarmente adatte 
per accentuare i materiali dalle tonalità 
calde, come il legno o la pelle. Con una 
luce dimmerata è possibile accentuare 
ulteriormente questo effetto, in quanto 
nelle lampade ad incandescenza la tem  
peratura colore con la dimmerazione 
diminuisce. Il cemento o gli oggetti in 
metallo, con i loro colori freddi, vengono 
valorizzati con sorgenti luminose dalla 
luce bianca neutra o bianca da luce 
diurna.

Luce artificiale
Per le lampade ad incandescenza le 
 tonalità di luce bianco caldo sono tipi
che. Con la dimmerazione delle lampade 
ad incandescenza si modifica il colore 
della luce in un colore più caldo – un 
fenomeno paragonabile al crescere delle 
tonalità arancioni al tramonto del sole.

Caldo e freddo
Concezioni dell’illuminazione

Le tonalità calde e fredde della luce influiscono sull’atmosfera 
di un ambiente e possono intensificare il colore dei materiali. Le 
lampade ad incandescenza offrono delle tonalità di luce calde. Le 
sorgenti di luce come le lampade fluorescenti sono disponibili in 
diverse temperature colore, anche in bianco neutro o in bianco  
da luce diurna. Si possono così concepire dei progetti che imitano  
la luce diurna o che al contrario creano dei contrasti con l’illumi
nazione.

3.000 K

3.000 K

4.000 K

4.000 K




