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Abstract

During the last 15 wyears, several studies have
investigated the relationship between environmental
signals, such as light and human reaction, both in terms
of health and productivity parameters. This paper
presents a sample application of the Circadian Action
Factor (acy) and Circadian Stimulus (CS) metrics with
the aim of determining the potential impact of natural
daylight and electrical lighting on elderly occupants in
an healthcare residence, in terms of health related needs.
The work attempts to compare two different metrics to
propose an application protocol for the integration of
circadian indexes evaluation into building design. The
proposed comparative analysis is based on the spectral
power distribution parameter (SPD). The aim of the
work is to develop a standard method to account for the
impact of key architectural decisions on the achievement
of prescribed circadian system stimulus for healthcare
residences occupied by elderly people.

Introduction

Light is essential to human life, being able to influence
both physiological and psychological behavior. Indoor
lighting must match illuminance levels required for
visual performance, but also contributes to spatial
appearance, safety and wellbeing (Di Laura, et al.,
2011). Insufficient or inadequate lighting levels are
deemed to affect human physiological cycles and
consequently determine negative effects on people’s
comfort, health and performance (Gooley, et al., 2010).
Research in the field of photobiology has provided a
pretty good overview of the relationship between human
physiology and light, through the introduction of
indicatorsand valuation methods. However, lighting
professionals are still applying such evidences to a very
limited extent. One important field of investigation is
related to the so called Circadian photo-entrainment.
The Circadian photo-entrainment is a relevant field of
investigation in this topic. It is the process by which the
brain’s internal clock becomes synchronized with the
daily light and dark environmental cycle. In humans,
many physiological and behavioral rhythms, including
the sleep-wake cycle, body temperature and hormone
levels, oscillate within a 24-hour period. Around 2000
(Berson, et al., 2002) (Brainard, et al., 2001) (Thapan, et
al., 2001) identified that the 446-477 nm wavelength

009

region provides circadian input for regulating melatonin
secretion. Nowadays, the presence of a new photo-
pigment responsible for melatonin suppression in the
human eye has become evident. This mediates circadian
photoreception distinct from rod and cone cell photo-
pigments responsible for vision. (Gooley, et al., 2010)
(Sand, et al., 2012). In humans, circadian responses to
light are thought to be mediated primarily by
melanopsin-containing retinal ganglion cells, not rods or
cones. Melanopsin cells are intrinsically blue-light
sensitive, but receive input from visual photoreceptors
(Brown & Robinson, 2004) (Ecker, et al., 2010).
Incorporating such evidence in lighting design and
application would be very important to obtain better
living, working and learning ambients. These new light
receptors Intrinsically photosensitive retinal ganglion
cells, (ipRGC) have a very different response spectrum
from that of the other photoreceptors: their maximum
sensitivity is significantly shifted towards the blue region
(Brainard, et al., 2001) (Thapan, et al., 2001).

addition, they are linked to what is called the circadian
cycle, which is the typical sleep-wake cycle. In practice,
the exposure to blue light could change the cycle of
hormones, cortisol and melatonin, which are responsible
for mental activity performance peak during the day
hours (Lok, 2011). Recently, it was shown how the
ipRCG also generate a visual signal. Their response is
extremely slow and therefore unsuitable for normal
vision, but it could make them very useful for grasping
the slow variation of environmental light, such as the
arrival of dusk or dawn (Gooley, et al., 2010) (Brown &
Robinson, 2004). The action of ipRCG has a key role in
regulation of mood and attention. As a consequence, it is
very important in the stimulation of: on one hand
workers and students (Vandawalle, et al., 2006), and on
the other hand depressed (Monteggia & Kavalali, 2012)
(LeGates, et al., 2014) (Van Hoof, et al., 2009) and
elderly people (Hanford & Figueiro, 2013). With
exposure to bright light and physical exercise can be
treated with success seasonal affective depressive
symptoms; both can act on the disturbed circadian
clockwork giving an additive effect on mood
(Leppamaki, et al., 2002). Older people suffer from
chronic sleeping problems and insomnia. A correct
exposure to light during daytime, increases the nocturnal
secretion of melatonin and in turn positively impact
sleep (van Someren, 2000). Moreover Alzheimer disease



and Dementia are connected with some disturbance of
circadian rhythm and a carefully orchestrated light/dark
pattern has been show powerful non-pharmacological
tool to improve sleep efficiency and consolidation
(Harper, et al., 2005) (Hanford & Figueiro, 2013). The
application of circadian analysis to architectural design
and lighting design has been object of interest of some
studies in the last years. Bieske investigated the
influences of optimized illumination on the condition of
residents in a nursing home (Bieske, et al., 2006).

The case study was the lounge room, where a light
ceiling was installed. This allowed to vary illuminance
and light color temperatura with an impact on circadian
effect. Results showed that the increase of the
illuminance and the circadian action factor a., (Gall &
Bieske, 2004) on a group of 6 test subjects produced
higher vitality, better orientation, less sleep during
daytime and a better sleep at night. Pechacek et al.,
considering lighting intensity, timing, and spectrum of
radiation, analysed the possibility to organize the
architecture of a hospital room to emphasize circadian
stimulus (Pechacek, et al., 2008). Bellia studied the
daylight and electric light characteristics in an university
classroom applying new metrics to analyze non-visual
effects (Bellia, et al., 2013). The results show that both
intensity and spectral power distribution (SPD) of the
light received by the eyes have an important role on
circadian dynamic. Moreover, from an architectural
point of view, the study pointed out how the envelope
surfaces color influence the SPD and therefore the color
correlated temperature of light arriving to the eyes.

Method

1) Circadian action factor acv

The classical photometry, used to evaluate the light from
visual performance, is inadequate to describe light from
a circadian point of view. Gall (Gall & Bieske, 2004)
proposes a circadian action function C (A), obtained
directly from experimental studies by Brainard
(Brainard, et al.,, 2001) and Thapan (Thapan, et al.,
2001), regarding the melatonin suppression induced by
different wavelengths of the light stimulus and which
uses a direct method for relating the circadian sizes with
those photometric via the circadian action factor acy.

So, circadian photometry has been introduced, and its
quantities can be obtained from radiometric quantities by
the circadian sensitivity function C (A) instead of
photopic sensitivity V (4).

In figure 1 it is possible to note that the circadian action
function curve determined empirically by researchers
(Gall & Bieske, 2004) is maximally sensitive to short
wavelengths (blue area) with respect to visual sensitivity
curve (Brainard, et al., 2001) (Thapan, et al., 2001).

This leads to understanding how much of cold artificial
light, currently used for lighting of buildings, is not very
effective in suppressing the diurnal melatonin compared
to natural light, which instead is very rich in short
wavelengths (blue and violet).
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Figure 1: Circadian action function C (4) of
(Gall & Bieske, 2004)

Gall delineated a direct method for relating the circadian
quantities with photometric ones. It defines the
following circadian quantities: flux ®c, intensity Ic,
illuminance Ec, luminance Lc (Gall & Bieske, 2004).
The circadian flux ®c is defined by equation (1) and
expresses a quantity of circadian luminous flux [Imc]:

@

where: Km represents the maximum value of visual
spectral efficiency equal to 683 Im/W, @ represents the
spectral distribution of radiant flux.

In general, when defining the effective flux of a given
radiation is applied the constant K equal to 1. Then, the
flux value is expressed in the effective Watts [Wes].
Moreover, it is possible to introduce successive
quantities such as the circadian illuminance E. and the
circadian luminance L. (2, 3):

®c=Ky [, PeaCOd) [Imc]
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where: E,, - spectral distribution of irradiance, L,; -
spectral distribution of radiance.

When applying the analogy to the luminous flux
reflectance definition p there can be introduced the
dependence describing the circadian flux reflectance
factor p. (4).
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where: @, is the reflected circadian flux.

The circadian efficiency factor a., (5) describes the
relation between circadian quantities (in this case
photometric circadian quantities) and photometric
quantities (in the equation denominator @ signifies
luminous flux) (Gall & Bieske, 2004).
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Between circadian radiometric quantities X, (circadian
flux shall be then expressed in the effective Watts [Wef]
and photometric circadian quantities X, there proceeds
the relation (6). The Circadian action factor ac is
currently the means through which you can get circadian
quantities from those photometric quantities.

[] (6)

The Circadian action factor a., can be assumed as an
indicator of the ability of a light source to influence the
biological clock in the human beings. Regarding the
lighting design aware of circadian point of view, (Table
1) D. Gall proposes optimal combinations between
people activities, the Circadian activation factor a., and
color temperature of light sources (Wandachowicz,
2006). This is a coefficient that roughly describes the
circadian efficiency of the various colors of light, does
not take into account the phenomenon of spectral
opposition.

XEC

Xoe = 25
ec Km

Activities Aoy T emc;)?elro ;tur e
uiet moments, relax <0. <
Qui [ 0.4 3000 K
Street lighting, office, _
industrial, shop, market 0.3-08 | 3300-5300K
Concentration, work, >07 Daylighting
therapy, rehabilitation ) > 5300 K

Table 1: Relationship between people activities,
Circadian action factor, colour temperature

2) Circadian Stimulus CS

The phenomenon of spectral opposition calls into
question the circadian photomeria presented previously.
In the last few years the Lighting Research Center at
Rensselaer Polytechnic Institute has proposed a metric
called circadian stimulus (CS) that has played a key role
in the field of lighting design for healthy buildings
(Figueiro, et al., 2016). The Circadian Stimulus (CS) is
based on mathematical model of human circadian
phototransduction developed by Rea et al., and it is
based on the neuroanatomy and neurophysiology of the
retina and on published psychophysical studies of
nocturnal melatonin suppression using lights of different
spectral power distributions (Rea, et al., 2010). The
model generates values of circadian light (CL) for any
spectral power distribution (i.e., for any light source, real
or imagined, at any irradiance). CL is characterized by a
high absolute threshold to optical radiation with a peak
spectral response at short wavelengths. The model
accounts for participation of ipRCGs as well as rods and
cones in circadian phototransduction via neural
connections, including spectral opponency, in the outer
plexiform layer of the retina. CL is used to refer the term
circadian stimulus (CS), used in the paper that describes
the model of circadian phototransduction. CL is
spectrally weighted irradiance for the human circadian
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system, a term more comparable to illuminance, which is
spectrally weighted irradiance for the human visual
system. The term CS will be henceforth used to describe
the effective photic stimulus for the circadian system as
measured by acute nocturnal melatonin suppression
(Rea, et al., 2010). The creation of this metric is
constantly evolving, also because it initially does not
took into account some aspects, which are important for
understanding the effects light on the circadian system,
such as spatial distribution, timing, duration and history
of the luminous exhibition. The model proposed by the
Lighting Research Center is based on the fact that the CS
factor indicates how the retina converts light signals into
neural signals for the circadian system. Therefore an
important first step in determining whether a lighting
system will provide one prescribed amount of CS is to
determine the distribution of the spectral irradiance of
the incidence of light on the cornea. From the spectral
distribution of the irradiance it is therefore possible to
calculate the circadian light CLa, which is irradiation to
the cornea, weighted to reflect the spectral sensitivity of
the system human circadian measured from the acute
supposition of melatonin after one hour of exposure; and
the circadian stimulus CS, which turns out to be the
efficacy of irradiation spectrally weighted to the cornea
from the threshold (CS = 0.1) to saturation (CS = 0.7),
(Table 2). In order to achieve these results, the center has
carried out countless experiments on patients suffering
from Alzheimer's disease. Such research has shown that
exposure to a CS of 0.3 or more in the eye, for at least an
hour in the first part of the day, it is effective to stimulate
the circadian system. The Lighting Research Center has
developed a CS Calculator to help professionals lighting
to select sources and levels of light, which allow
adequate exposure of buildings to light. This tool
facilitates the calculations of CLa and CS for different
spectra of light sources, to his some spectrums of
predefined light sources are already set up, but it is also
you can add new ones. During the design process, first
of all the designers have to decide the project objectives,
that is if they want to reach a level of relaxation or
vigilance. Once the basic condition is established, the
designers can select the new luminaires. The new
lighting system will consist of a program of light dosage,
in terms of spectrum and temperature, which will vary
throughout the day in order to promote health and
improve the functionality of the occupants (Figueiro, et
al., 2016).

Activities CS
Quiet moments, relax 0.1
Concentration, work, therapy, rehabilitation 0.7

Table 2: Relationship between people activities and
Circadian Stimulus (CS)

The tool offered by Lighting Research Center to
facilitate calculations of CLa and CS for several example
light source spectra as well as user-supplied light source
spectra. Some considerations we need to keep in mind
when designing with this tool to evaluate circadian




stimulus are: SPD of the light sources under
consideration, and be careful not to rely exclusively on
their CCTs. While light sources with higher correlated
color temperature (CCTs) 5000 - 6500 K will generally
provide greater CS, that is not always the case. It is
possible, for example, that a 3500 K source will deliver
less CS than a 3000 K source. Design for vertical (=
corneal) illuminance (Ev) at the eye, not just horizontal
illuminance (Ex) on the workplane (Figueiro, et al.,
2016).

Case Study

The case study building is RELAXXI R.S.A. located in
Santa Maria Dei Battuti Noale — Venice in Figure 2. The
study model is a healthcare residence for elderly
dependents. The choice to address this particular topic in
healthcare residence for elderly dependents is found in
the fact that it represented an ideal environment to test
the natural and electric lighting in the sphere of circadian
survey. In fact, it is important to maintain a high level of
vigilance and concentration in the elderly during
daylight hours, by breaking down the melatonin

suppression, as well as resting in the evening hours and
where most of them have more or less pathologies, such
as Alzheimer's or senile dementia and which generally
show delays in the circadian rhythm and other sleep-
related disorders.

Figure 2: Healthcare residence view.

Simulations were performed for two opposite
environments in terms of attendance and use.
Occupancy times and typical daily schedule were
recorder through surveys and interviews with medical
staff, to drive the choice of environments to be analysed:
gym and patient room. The simulations provide
verification of the Circadian action factor and Circadian
Stimulus in the state of art, and then in the project state
in the simulations with the measures applied to improve
the circadian action involving it in relation to the
intended uses and the activities of healthcare residence’s
patient.

Simulation

State of art - Gym

Gym room in figure 3, 13.50 meters (m) wide by 7.90 m
deep by 3.0 m high, the gym room was used to analyze
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a.v and CS with natural and electric lighting. The room
presented a ceiling and walls with RAL 9003 (“RAL
number” refers to a paint color), while floor had a RAL
6004. Horizontal windows of variable sizes were placed
in the East fagade. The window presented a visible
transmission of 0.75. Simulations with natural lighting
were conducted using CIE D75: Overcast Daylight
which represents the worst sky condition. Simulations
with electric lighting were conducted using lamps and
SPD presented in the room. In order to estimate the acy
and circadian stimulus (CS) received at the eyes of a
patient, calculations were set on a vertical plane 1.80 m
above the floor. To account for different point of view of
patient, the calculation points were based on three
different points of view direction into the simulation
room (Figure 4). With Overcast daylight Illuminance
(Ix) = 195, with electric light IHluminance (Ix) = 230.

The calculation of Illuminance and ac, have been
calculated with RADIANCE simulation program. CS
have been calculated with “Circadian Stimulus
Calculator” developed by Lighting Research Center
(Figueiro, et al., 2016).
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Figure 4: Plan - Section Points of view

Gym presented 3 rows of lamps with 4 lamps in each
row with a low color temperature of 3000 K (Figure 5).

Anm

acy = 0.91 acy = 0.59
CS=0.34 CS=021
CLa= 344 CLa= 160

Figure 6: Overcast sky Figure 7: Electric light



The gym had a circadian action factor a,y = 0.91 and CS
= 0.32, with natural light and a.,y = 0.59 and CS = 0.21
with electric light only, mainly given by the presence of
lamps with a low color temperature of 3000 K and SPD
of lamp with a peak around 600 nm (Figure 6,7). In this
case the acy and CS resulted in line with the activities in
this environment that require concentration for the
rehabilitation of patients during the day; as opposed, it
appeared rather low with artificial light as regards the
possible hours of use in the absence of natural light.

State of project - Gym

The gym presented a high circadian action factor a., and
CS in its current state with daylighting; to improve it
even with the only contribution of the electric light, it is
proposed a ceiling of blue paint RAL 5012 and the use
of lamps with high CCTs of 6500 K (Figure 8). From the
point of view of electric light it would be necessary to
raise the values to obtain at least a 30% of CS. With
Overcast daylight Illuminance (Ix) = 195, with electric
light Illuminance (Ix) = 251.

100 400

Figure 8: SPD of the Philips MASTER TLD - 6500 K

500 600 700 A nm

acy = 0.97 ac =0.79
CS=0.34 CS=0.31
CLa= 344 CLa= 279

Figure 9: Overcast sky Figure 10: Electric light

The gym presented an ac factor and CS already high in
its state of art with only daylighting, but to improve the
factors even with the only contribution of the electric
light present it was proposed a blue-colored ceiling and
the use of lamps with high CCTs of 6500 K obtaining a
high ac, index of 0.79 and 0.31 CS suitable for the
activities also in the evening hours (Figure 9,10).

State of art -Patient Room

Patient room in Figure 11, 5.50 m wide by 3.80 m deep
by 2.70 m high, the patient room was used to analyze acy
and CS with natural and electric light. The room
presented a ceiling and walls with RAL 9003, while
floor had a RAL 7047. Vertical window of sizes 0.90 m
width 2.40 m height were placed in the East facade at
first floor. The window presented a visible transmission
of 0.75. Simulations with natural lighting were
conducted using CIE D75: Overcast Daylight which
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represents the worst sky condition. Simulations with
artificial lighting were conducted using lamps and SPD
presented in the room. In order to estimate the acv and
circadian stimulus (CS) received at the eyes of a patient,
calculations were set on a vertical plane 0.85 cm above
the floor. To account for different point of view of
patient the calculation points were based on three
different point of view direction into the simulation
room (Figure 12). With Overcast daylight Illuminance
(Ix) = 291,with electric light Illuminance (Ix) = 340.

Figure 11: Patient room
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Figure 12: Plan - Section points of view

The patient room presented 3 type of lamps with a
medium color temperature of 4000 K (Figure 13).

a. = 0.81 a. = 0.66
CS=0.42 CS=0.30
CLa=517 CLa= 277

Figure 14: Overcast sky Figure 15: Electric light

The patient room presented a good circadian action
factor a., and CS during daylight hours with natural
light acy = 0.81 and CS = 0.42, while with electric



lighting a.v = 0.66 and CS = 0.41 with electric light only
above the bed, mainly given by the presence of light
sources with an average color temperature of 4500 K
(Figure 14,15). In this situation, in evening hours the
patient room needed a circadian action factor and
circadian stimulus lower to promote relaxation and the
sleep, besides the use of suitable colors of the walls and
also favorable from the psychological point of view.

State of project — Patient Room

In the patient room intervening in the walls with a green
tint RAL 6017 color neither hot nor cold which does not
increase the heart rate and provide serenity; and using
lamps with CCT of 2700 K (Figure 16), maintains an
high a., and CS during the daylight hours, but at the
same time is lowered considerably in the evening hours
with artificial light only, optimal to promote relax and
the sleep of patients. With Overcast daylight Illuminance
(Ix) = 291, while with electric light llluminance (Ix) =
190.

|

ac, = 0.87

acy = 0.39
CS=0.42 CS=0.19
CLa=517 CLa= 147

Figure 17: Overcast sky Figure 18: Electric light

The patient room presented an ac, factor and CS already
high in its state of art with daylighting, but with the only
contribution of the electric lighting presented ac, factor
and CS too high during the evening hours and not in line
with the benchmark proposed (Figure 17,18).
Intervening in the color of the walls with a green tint,
and using lamps with low CCTs of 2700 K, an elevated
acv factor and CS is maintained during the daytime, but at
the same time it lowers considerably in the evening
hours with electric lighting, optimal to promote
relaxation, sleep and the melatonin secretion.

Discussion and results analysis

1) Daylighting

The work performed offers several insights. From the
simulation and verification of the a., and CS there is an
evident dependence not only on colors of the walls, but
also on the spectral interreflections within the
environment; but significant contribution is given by the
amount of illuminance Ey at the eye of patient, which is
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a function of the number and size of windows in the case
of natural light simulation; in this case the CIE D75:
Overcast Daylight 7500 K is very rich in the short
wavelengths (blue and violet), then it stimulates the
circadian maximum activity in humans.

a., - Overcast Daylight
1.2

0.8
0.6
0.4
0.2

Patient room Gym

M State of art State of project

Figure 19: a, factor with CIE D75: Overcast Daylight

CS - Overcast Daylight

1.2

0.8
0.6

0.4
", 1:-21_
0

Patient Room

Gym

M state of art W state of project

Figure 20: CS with CIE D75: Overcast Daylight

In this study, the analysis the state of the art (Figure 19,
20) of analyzed environments always presents greater acy
and CS than benchmark proposed by Gall and Rea to
promote melatonin suppression. This is a good result
with regards to daytime with daylighting, as in a health
residence for non-self-sufficient elderly people is
important to maintain a high level of vigilance and
concentration in the elderly patients, breaking down the
melatonin suppression, as most of occupants are affected
by serious conditions such as Alzheimer's or senile
dementia, which generally show delays in the cycles of
circadian rhythm and other sleep disorders.

2) Electric lighting

The electric lighting simulation scenario is different
from the daylighting, as several electric light sources
with different characteristics in terms of color
temperature, and spectrums have been tested. Based on
the literature studies and then through the simulations, it
was possible to verify as light sources with CCTs equal
to 6500 K, characterized by the presence of blue wave
length, contribute to increasing the acy (Gall & Bieske,
2004) and CS (Figueiro, et al., 2016). Conversely, the
use of color temperatures lower than 3000 K decreases



the effect of circadian stimulus. In addition to changing
lamp types in the environments where necessary, further
verification on room color influence has been performed.
Results have shown that color contributes in the increase
and/or decrease the circadian action factor ac, as the
calculation of the distribution of the circadian
illumination is affected by inter-reflections flow between
the surfaces making up the interior itself (Figure 21, 22).

a., - Electric Light
1.2

0.8
0.6
0.4
0.2

Patient room Gym

M State of art State of project

Figure 21: ac, factor with Electric Light

The colors of interior painting decrease and/or increase
the circadian efficiency of a light source, through
spectral distortions (Wandachowicz, 2006), while in the
CS method walls colors do not affect results.

Electric lighting design aims to reduce the melatonin
suppresion during the day to promote greater activity of
the patients, and the ability to control and accommodate
the patient's circadian rhythm in the evening, promoting
the secretion of melatonin during the night hours. It is
relevant to notice that maintaining suitable values of acv
and CS has benefits not only for the health of the elderly
patients and their biological clock adjustment, but also in
terms of night-time staff management and drug-related
costs. The electric lighting proposals were designed to
follow the circadian rhythm of patients according to the
activities and intended use.

In particular, the main characteristics of the light that
have an effect on the factor are: amount of light,
direction, time of the stimulus and spectral distribution.
In addition to the physiological aspects, also
psychophysical reactions of patients in connection with
specific hot and cold colors of light and environments
have been considered, even if in a qualitative way. As
seen in the studies conducted by Figuero (Figueiro &
Rea, 2009), specific colors used to facilitate the
circadian rhythm generally contrast in reactions of
patients from a psychological point of view. In this
work, authors attempted to balance physiological and
psychological well-being trying to use suitable colors for
both psychophysiological fields.

As an example, proposing to have green walls allows an
optimal factor both in relation to the activities during the
day and evening hours, just by decreasing artificial
light. In fact, the green color has no specific
psychological impact, but still stimulates serenity, does
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not increase blood pressure, increases the optimism and
eliminates depressive symptoms.

CS - Electric Light
1.2

0.8
0.6
0.4
0.2

2l

Patient room

Gym

M State of art State of project

Figure 22: CS with Electric Light

Conclusions

This paper has shown an example of application of
Circadian action factor (acy) and Circadian Stimulus (CS)
metric, to simulate the melatonin suppression for human
health needs in a healthcare residence for elderly people.
The tentative to compare two different metrics has
shown that despite the ac, factor does not take into
account the phenomenon of spectral opposition, and
turns out to be an outdated evaluation method, results
obtained by the simulations coincide with those given by
the simulations performed with the CS method. The
simulations carried out have shown that a key role for
the stimulation of melatonin suppression with both
simulation methods is given by the spectral component
of the light (SPD) present in the studied environments.
Results of the performed simulations showed that there
is a relationship between the level of eye lighting on the
vertical plane and the suppression of melatonin,
according to the scientific literature. These results are of
particular interest because nowadays lighting designers
perform simulations to predict horizontal plane
illuminance values, but this approach only allows vision
to be guaranteed. Therefore, appropriate stimulation of
the circadian system is also affected by the illumination
at eye level on the vertical plane, which deserves
dedicated simulation work. Nowadays, contemporary
society lifestyle is largely based on people who work,
study, live, in confined spaces where the use of electric
light is the basic lighting. In this frame, learning and
investigating the influence of lighting and its effects in
humans is important for a sustainable development not
only with regards to energy savings but more
importantly in reference to human health. This is
essential in relation to the subject of residences and
hospital environments, where in a not too distant future,
with life expectancy increasing by industrialized
countries like Italy and Europe and the consequent
increase in the number of elderly people, it will be
necessary to provide suitable and innovative buildings
from a lighting point of view in order to ensure the best
performance of visual comfort, according to the
psychophysiological point of view.
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