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Since many years, the Fisica Tecnica Departmedtspacifically its Environmental Group (FTEG), ivolved
in a broad program of research directed toward @awvipg the health, comfort and energy efficiencytloé

indoor and outdoor environment.

Light always represented a basic need for humamgbgin the past, problems concerned only in obytgin
acceptable values of first level parameters, ssdliutaminance levels, where necessary, indoor magautdoor,
didn’t matter if reached with natural or artificigght. Nowadays, energetic crises and a continuegsest for a
higher quality of the indoor environment lead tertbugh analyses of systems and strategies for atsma
management of light, to achieve the always greaquests for environmental comfort with the bestrgn
savings. FTEG integrates experimental, analytioadl anodelling competencies in the area of lighting,
specifically in daylighting strategies and theimimous and thermal implications, in the analysisnofovative
glazing materials, in the smart management of aatnd artificial light, in investigations aimed toeate a
comfortable environment from a luminous and colefitic viewpoint.

1. Introduction

Since many years, the Fisica Tecnica
Department, Faculty of Engineering, University
of Rome “La Sapienza”, and specifically its
Environmental Group is involved in a broad
program of research directed toward improving
the health, comfort and energy efficiency of the
indoor and outdoor environment. FTEG (Fisica
Tecnica Environmental Group) integrates
experimental, analytical and modelling
competencies in the areas of lighting, acoustics,
ventilation, indoor air quality (IAQ), thermal
comfort, energy efficiency. Our work focuses
also on improving health and productivity of
building occupants, and understanding human
exposures to environmental pollutants found in
indoor and outdoor air. Here only the activities
directly connected to light and lighting will be
presented.

FTEG is constituted by Prof. Franco
Gugliermetti, director of the Department, Prof.
Luciano Santarpia, PhDs Fabio Bisegna and
Paola Gori, and PhD Students Gianluca Zori
and Amalia Gelfu.

FTEG lighting and energy program includes
experiences in the areas of daylighting and
artificial lighting components, and of energy
efficiency in buildings, through an integrated

energy analysis, including building code and
standards development and application; main
topics are: passive solar design, analysis of new
glazing materials from an energy efficiency and
environmental points of view, active control
and smart management of natural and artificial
light. Each topic is studied following both
numerical and experimental approaches. The
final aim is to produce guidelines and
nomograms, tables and graphs, for helping the
designers at the different stages of the design
process, and user-friendly design tools,
numerical algorithms and codes for simple and
advanced simulation programs.

The FTEG is a very active group, with
many presences in national and international
congresses and conferences, as far as in specific
international scientific journals; content of
some scientific work results is presented in a
brief bibliography concerning the last three
years of activity (2001, 2002, 2003). Solar
energy and control plays a leading role in these
publications, as it is a particularly attractive
factor for each of the proposed themes, air
conditioning, daylighting, energy savings in
buildings, and it is a basic element to create a
comfortable environment in rooms and to
minimize energy consumption.

INGINERIA ILUMINATULUI 11-2003 5



2. Daylight in underground open spaces

In the urban context of large cities is even more
frequent to occupy underground spaces for
several different purposes, such as car parks,
subway  stations, underground lanes,
commercial centers, being strongly reduced the
availability of space at the street plane. Those
spaces generally require enough natural
illuminance (and ventilation) to guarantee both
an appreciable environment and to reduce
electric consumption of the artificial lighting
system. The amount of the required daylight is
strictly connected to the usage of the
considered spaces. Recommended Daylight
Factors, DFs, can be potentially reached for
most time of the year as the outside daylight is
abundant and can be more than 10.000 Ix for at
least 3000 h/year for many European countries.
Some efforts have been made to assess and
improve the performance of light ducts, wells
and shafts, which are commonly used to
guarantee acceptable levels of natural light all

over the underground spaces. These studies use appropriate

different approaches mainly based on computer
simulations and scale models: software
packages help designers allowing an accurate
analysis in terms of data and variables, physical
models, combined with experimental measures,
give an in—depth qualitative and quantitative
study of a “similar” situations, different
however from reality.

Several aspects of the problem have been
studied: sizing of continuous shafts by scale
models of multi-level open underground
spaces, energy savings and natural ventilation
related to continuous light shafts by an
integration between scale model measurements
and numerical simulations, validity of results
by comparisons between scale model results
under real overcast sky and computer
simulations, and then with real underground
spaces [1, 2, 3, 4, 5]. Figure 1, in whixiW is
the adimensional factor linked to the length of
the external opening, and/W represent here
the Shaft Index, that is the ratio between the
reflecting wall area and the external free
opening area of the shaft, presents an example
of the latter kind of comparison. Some
experimental charts to calculate local DFs for

multilevel underground areas have been
moreover presented. What it has been
demonstrated is that the main parameter

influencing DFs is the depth width; the sky
component of illuminance is prevalent in
respect to the effect of reflection in the zones
near the shaft. The proposed method for sizing
shafts is based on illuminance and on the
required annual duration of external natural
light, while glare, illuminance dis-uniformity
and distributions have not been directly taken
into account and are still to be studied, as they
depend on human activities.

3. A proposal for an adimensional model of
the visual environment

Advanced and simplified energy analysis
programs can be advantageously used at different
stages of the building design process to reach a
good optimization, coordination and choice
among the available light control systems and
strategies. Complex simulations are often not
to outline basic daylighting
strategies in a first approach and to solve
simple, frequently occurring problems. At the
same time, it can be useful to simplify lighting
evaluations at maximum to reduce on one hand
the running time of complex advanced
programs, and on the other to have simple tools
to use in the first phases of design. The request
for a quick performance evaluation, for a
buoyancy and simplicity in data input, for a
possibility to change easily control strategies
and meteorological data is always greater;
although in fact modeling processes have been
simplified over the last years, these tools still
require detailed modeling, high computational
power and a thorough knowledge of the
programs, still being so far rather time
consuming and not cost-efficient. One of the
most time consuming task and difficulty for
these advanced methods able to evaluate the
integration of luminous and thermal aspects in
the overall building energy analysis is the
calculation of internal natural lighting levels
when a dynamic scenario is considered; the
most adopted solution by advanced packages is
to pre-process the illuminance data before
entering the thermal calculations.
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The aim of this research is to develop a
simple numerical approach to study the
dynamics of indoor natural illuminance by
adimensional parameters that can characterize
the geometric aspects of the window and
indoor spaces during the whole year, basing the
analysis on peculiar points of the room chosen
in function of the features of the light control
system; this approach can greatly simplify
dynamic illuminance calculations.

The parametersK, that is window
length/window height ratio, and&, window
surface/room surface ratio, are used to
characterize the geometrical aspects of
windows and rooms. Correlations amongst
several parameters have been developed
following a numerical way; an experimental
confirm to all simulations results has been then
carried out with different kinds of sky on a 1:5
scale model, Figures 2 and 3. Analysis of
results points out that sun diffuse and direct
irradiation  illuminances  produce easy
predictable trends for different values of K and
S, once the trend on the whole year and day of
a single case is known. The same happens
when considering the reflected component of
diffuse and direct sun irradiation.

All the results belonging to otheK;
parameters can be obtained by applying a
simple formula of the typ&;=m K;, whereK;
is considered as the reference element. The
final aim should be to produce guidelines and
procedures for an optimised design method on
one side, simplified calculation tools for
illumination algorithms to use in advanced and
simplified building energy analysis programs.
Anyway, the purpose to integrate all the
possible variables obtaining a sufficiently
flexible calculation method seems to be
satisfied yet, although the research is still under
development [6, 7, 8].

The complexity of the problem due also to
the presence of parameters like latitude,
orientation and season, suggest to develop
future research following the numerical as well
as the experimental way, in both cases of real
and artificial skies, from fully overcast to
completely clear, to reach a higher universality
of the results.

4. Assessing the dynamics of illuminance in
the indoor environment with external
shading devices

Designers’ challenge is not only to realize
energy efficient designs of building systems
and subsystems, but also to guarantee a high
level of indoor comfort. With the shift towards
energy efficient design solutions, it has become
important to consider the integrated
management of the visual and the thermal
requirements taking into account the luminous
and thermal implications of daylighting
strategies; the final aim should be to maximize
the incoming of daylight, consequently
minimizing the use of artificial light, at the
same time preventing occupants from glare. In
this viewpoint, solar control should be a
necessary factor to create a comfortable
environment in rooms and to minimize energy
consumption. External shading devices are
low-cost and simple solutions for preventing
the undesirable heat coming through the
windows in the overheated period and the glare
caused by direct sunlight; moreover, they
protect openings against rain and provide a
“sculptured skin” of buildings. At the same
time, anyway, they reduce the amount of
daylight entering the rooms increasing the load
due to the lighting system. So, the design of an
optimal component is necessarily a trade-off
between visual and thermal comfort
requirements.

The aim of this research is to develop
simplified procedures to assess the visual
environment, producing user-friendly methods
to simplify illuminance calculations on the
darkest point of the horizontal working plane
for an office room, when an external shading
device is present. These can be considered as
work-tools in the first phases of design as well
as simplified calculation procedures for a quick
assessment of the minimum indoor natural
illuminance when external shadings and light
control systems are used, reducing at most the
running time or the number of necessary
simulations of daylighting computational
programs as well as advanced packages for
energy building analysis.
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A simple formula based for a rapid
evaluation of the total interior illuminance on
the darkest point of the room due to the
contribution of two different components,
respectively produced by the horizontal direct,
through the ratio sunlit area/total window area,
and the diffuse solar radiations, both expressed
by the Solar System Luminous Efficacies, has
been proposed. The efficacy of the formula has
been tested against simulations and
experimental measurements on a 1:5 scale
model, resulting in a great reliability when
applied to both numerical and design
applications, with errors in both cases
comprised in the range 10%-18%, Figure 4
[9, 10, 11, 12].

The possibility of extending this research is
greatly linked to the individuation of
adimensional parameters leading back to the
previously described analysis: a development
of new equations to use in integrated energy
analysis as well as design guidelines should be
the natural consequence of this future
investigation.

5. Innovative glazing materials

Industries in these last years have developed
and produced different types of transparent
materials and light control systems to improve
the design and the operation of buildings to
take full advantage of the energy saving
potential coming from daylight.

Transparent spectrally selective coatings on
glass or polymeric substrates are nowadays
available. The possibility of producing
homogeneous thin film over large areas, with
different spectral behavior, provides the low-e
can be competitive respect to new products for
many building applications. At the present state
of art the alternative candidates for low-
transmittance windows are: silica aerogels,
Transparent Insulating Materials (TIM) and
vacuum glazing, that offer the possibility of
having high thermal performance. The
possibility to combine low-transmittance values
with solar diffuse transmittance can also permit
glare control and daylight applications in same
types of TIM and aerogels. Moreover, building
envelopes realised with “dynamic” windows,

whose change in transparency is due to
ElectroChromic (EC) devices that can change
their optical properties in response to control
parameters, can represent a way to improve
both environmental quality and energy use
efficiency. Different double glazed window
systems are commercially available in different
sizes up to about 2“nThen the possibility to
integrateEC transparent materials in building
windows, as a part of commercial light control
systems, appears nowadays very promising.

On the other side, light control systems
capable of adjusting both electric and light
output and the incoming daylight are
recognized as very important in non-residential
buildings, as atrtificial lighting is one of the
major energy consumers and can influence
HVAC size and the total peak electrical
demand. Control systems try to take advantage
of natural light to reach both good energy
saving and  acceptable  environmental
conditions. Different types of management
strategies and equipment are used. Automatic
control of mini-internal blinds to large exterior
rolling louvered shutter systems are available
and popular due to their adjustability and
ability to reflect light: a photosensor signal
closes or opens the blinds, when more or less
than enough daylighting is available. The logic
for such automatic controls must be carefully
integrated with the logic for the electric light
controls to avoid unstable conditions in the
visual environment. Atrtificial lighting control
system instead provides the required amount of
light when needed, minimizing electrical
energy consumption. Photoelectric control
systems today operate with algorithms that can
realize either a closed-loop integral or an open-
loop proportional control. By following
different approaches and strategies (daylight-
following approach, daylight compensation
strategy, lumen maintenance strategy) electric
lights are dimmed or switched to correspond
with the amount of necessary illuminance.
Studies carried on by FTEG aim to analyze,
through an integrated visual-thermal approach,
the space energy demand and the
environmental quality connected to the use of
advanced glazing materials, that seem to be
more suitable and promising for building
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applications when combined with adequate
light control systems. An appositely self-
developed advanced program for integrated
building energy analysis, IENUS (Integrated
ENergy Use Simulation), has been developed
and validated. IENUS is able to solve different
problems linked to the selection of innovative
materials, climatic data, active and passive light
control systems and strategies. Two main
aspects have been deepened: the energy
efficiency aspect, well developed but still in
study, and the environmental problem, more
complex and still in the first phase of
development.

5.1 Environmental Aspects: Research, Results
and Future Developments

Smart management means not only to
assure a suitable quantity of light but also to
maximize the income of natural light,
improving visual environment quality and
reducing artificial light electrical consumption;
to create a comfortable environment in rooms,
solar control is here too a basic factor. Only for
EC systems, the visual aspects linked to several
artificial and lighting control strategies applied
to office buildings in Mediterranean climate
have been analyzed, with the purpose to
compare the efficiency of several systems to
manage daylight and artificial light realizing a
luminous  comfortable  environment by
maximizing the incoming of daylight,
guaranteeing the fixed value of illuminance on
the working plane, avoiding glare, and at the
same time assuring the maximum of energy
savings.The back of the room represents the
most critical zone due to its smallest natural
illuminance that influences local visual
comfort; the position of the darkest point for
natural illuminance changes during the year in
function of latitude, window orientation and
glazing system; besides the same parameters
and the control system can alter its value.

Studies show that latitude, window
orientation and system, daylight control
strategy influence the yearly percentage of lux
distribution in the darkest point of the working
plane, and so the choice of the whole light
control system. Moreover, a traditional window
system with a good solar and visual
transmittance and an on/off daylight control
strategy generally needs the continue presence
of curtain, causing a complete closing during

the day and consequently the “risk of
seclusion” for the occupants, assuring anyway
no need for artificial light; while a more
complex system presents a more peculiar trend,
due to its variable transmittance and to its
ability to modulate daylight (Figure 5). There is
so far a dual behaviour between energy
efficiency and environmental comfort aspects
that requires a deeper analysis, [13, 14, 15, 16].

This is what happens when considering first
level parameters, that means fixing a minimum
illuminance values on the working plane and
avoiding glare; colorimetric quantities in their
spatial distribution represent instead an
example of second-level parameter supporting
the usual Colour Rendering Index (CRI) and
the Correlated Colour Temperature (CCT) of
light sources; also this kind of parameters
should be considered due to the rising demand
for an increasingly comfortable environment
and the growing functional complexity of
spaces. Anyway, the study of chromatic aspects
should be developed not only with new glazing
materials, but also when the spaces are
provided with different types of lamps (Multi
Type Lamp System, MTLS) or with artificial
lighting systems employed for integrating
daylight (Permanent Supplementary Atrtificial
Light for Interiors, PSALI). An example of
what happens when a MTLS (50 W HP sodium
lamps/100 W halogen lamps) is used is
presented in Figure 6 for a machine shop: Two
cases have been considered: 1:1 ratio (40
lamps) and 1:2 ratio (45 lamps, 15 Sodium/30
Halogen), both with wide beam spreads (more
than 40°) of luminous intensity distributions.
Results show that illuminance is always
assured on the working plane (graphs at the top
of the Figure); mean CRI satisfies CIE
Standard (graphs in the middle), but it is not
always assured an acceptable behaviour from
colorimetric point of view, as evidenced by
white regions (last two graphs) [17, 18].

Several ways of development are still
required in this field: thorough analyses are
required on one side to characterise natural and
artificial control systems and systems from an
environmental viewpoint, trying also to find
out environmental control parameters; on the
other side spatial chromatic aspects and visual
guality in an indoor environment should be
deepened to improve occupants’ comfort:
characterising MTLS and creating guidelines,
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matching new glazing materials, MTLS and
PSALI, optimising geometry and lamps, is still
to be done through numerical and experimental
investigations.

5.2 Energy Efficiency Aspects: Research,
Results and Future Developments

The energy efficiency aspect considers
overall and partial (heating, cooling and
lighting) energy requirements of a typical
office room in Mediterranean climate when
different strategies to control natural and
artificial light are used in combination with
innovative glazing systems; specifically, on/off
strategy has been proposed for the internal
curtain control, on/off and linear strategies have
been considered for the EC systems, while on/off,
linear (dimming) strategies and occupants’
interaction have been studied to characterize
the behavior of the artificial lighting system.

Studies evidenced the importance of both
optical properties of glazing systems and the
adopted strategy of the lighting control system,
as far as the negative influence of occupants’
interaction. Specifically for EC systems, energy
efficiency optimal values of controlling
parameters have been evaluated to limit at
maximum energy consumption, while only a
proposal has been done for an environmental
based criteria to choose these values, Figure 7,
[20, 21, 22, 23, 24].

Still under study are the developments
concerning the integration between passive and
active control systems that could lead to
interesting results. The future of this part of the
research  consists in detailed optical
experimental measurements on single and
double sheet glazing with different coatings to
define optimal glazing combinations to realize
energy efficient multi-sheet glazing systems, on
one side, and in the possibility to create new
possible daylighting control solutions combining
new and old systems, such as overhangs and
EC systems. Experimental tests on all the
possible innovative glazing materials should be
done, from an optical and thermal viewpoint as
well as by applying them on scale models and
real rooms to verify the possibility and the
efficacy of combination with several new
control strategies.

10

6. Meteorological days for HVAC system
design

Choosing reference thermo-hygrometric
outdoor conditions to evaluate thermal loads
and sizing HVAC plants is a very important
technical decision in the development of
HVAC design. In the design process, the
evaluation of thermal loads generally
influences both the initial and the operating
costs of the HVAC system: an overestimation
causes in fact an oversizing of the system, that
is an increase of the initial costs, characterized
by the tendency to work in non-optimal
efficiency conditions; an underestimation
instead will cause the opposite. Several
standards are available to choose design
procedures that generally lead to Design
Reference Days, DRDs; anyway in commercial
and office buildings designed with energy
efficient criteria it seems really difficult to size
HVAC systems with DRDs, as they hardly can
foresee HVAC thermal peak-loads; this become
a critic aspect when innovative transparent
materials and artificial and natural light control
systems are used.

A DRD is generally built up with the use of
average thermal ranges and temperature
distributing factors, and presents no statistical
correlations among its meteorological data; a
DMD (Design Meteorological Day) instead is
the alternative solution: it is a real existing
historical day selected in a yearly set of data to
whom it's possible to refer the maximum
energy requirements basing on the value of a
parameter, the equivalent temperature, defined
as a combination among the most significant
outdoor parameters influencing the thermal
behaviour of buildings, temperature, saturation
temperature and total solar radiation. A DMD
can be selected on the base of an environmental
criterion, with severe climatic conditions in
terms of maximum cooling loads, and
consequently, this kind of selection will
provide systems and plants operating with the
maximum number of hours per year at part load
and thus with a low global energy efficiency, or
following an energy optimization criterion,
choosing less severe climatic conditions, able
to assure smaller plants operating over longer
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periods at maximum performance conditions,
thus increasing the overall energy efficiency of
the plant-building system [25, 26].

The importance of DMD concept is based
on the fact that it is a real day, in opposition to
the DRD that is a “deterministic’ and
statistically developed day. Adopting such a
deterministic approach means to ignore the
stochastic effect of climate, generally
impossible to forecast, and produce non-
negligible errors in the evaluation of residential
and commercial buildings. Solar irradiance has
the most relevant influence on total yearly
energy requirements in office buildings: data
with the only deterministic component show
higher energy requirements in respect to the
stochastic ones, and the difference increases
whereas the solar radiation is stronger; this
effect is also dependent on the considered
window. The effects of the climatic data,
however, loose significance in winter, because
internal heat gain due to artificial lighting
system is very important; so the influence of
external wall orientation is basically caused by
daylighting factors [27, 28].

The presented approach is only an attempt,
as latitude, kind of Typical Year, criteria,
greatly influence the problem; in particular,
some strategies still have to be defined
concerning the optimization in the evaluation of
the equivalent temperature and global and local
risk levels, that are the basic environmental
indicators for the selection of DMDs.

7. Conclusions

One of the most attracting aspects of Research
is to present no limits: it does not exist an
arrival point, once accepted the existence of a
starting point. The freedom of the mind in
facing up whatever combination of problems is
what gives to the researcher the strength to
accept every challenge and fight against each
kind of difficulty. The same necessity anyway
presents the accurate, correct and careful
spreading of results and knowledge, at every
level, from a scientific as well as popular point
of view. Knocking down the borders of
scientific communication is a basic step and it
couldn’t set aside the development of a net of
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national and international contacts that allow
the researcher, or group of researchers, to
know, compare and cooperate with realities,
researchers of the same and of other countries.

FTEG is a very active group involved in a
broad program of research directed toward
improving the health, comfort and energy
efficiency of the indoor and outdoor
environment; it integrates experimental,
analytical and modelling competencies in the
areas of lighting, acoustics, ventilation, indoor
air quality, thermal comfort, energy efficiency.

Here several researches at the stage of
development in the field of light and lighting
have been presented, and many others there
exist in this, i.e. the starting investigation on
the responsabilities of reflectance in the
evaluation of luminous night pollution, people
behavior and influence on the control strategies
of artificial light and indoor shading devices,
development of innovative luminaires,
environmental control of museums, specifically
lighting and picture degradation, and in other
research fields.

Progress passes through research, and it
through the efforts of many researchers all over
the world: cooperation could represent a very
simple key to open the doors of a still more
rapid growth towards a better, more suitable
and sustainable world.
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ILUMINAT & ECONOMISIREA ENERGIEI
Cateva domenii de cercetare ale
Departamentului Fizica Tehnici

“La Sapienza”

1. Introducere

De mai mufi ani, Departamentul de Fiadehnia,
Facultatea de |Inginerie, Universitatea “La
Sapienza” din Romagi, Tn special, Grupul pe
probleme de mediu (FTEG) sunt implicintr-un
program vast de cercetare privind Tmtitirea
sanatatii, a confortuluisi a eficierntei energetice din
mediul interior si exterior. FTEG integreaz
competerele experimentale, analiticesi de
modelare in domenii privind iluminatul, acustica,
ventilatia, calitatea aerului din spide interioare
(IAQ), confortul termic si eficienta energetig.
Activitatea noastr vizeaza, de asemenea,
mburititirea ginatatii si a productivititi ocupanilor
ncaperii si constientizarea expunerii la factorii
poluani aflati In aerul din interiorsi exterior. in
aceast lucrare vor fi prezentate doar actiiike
legate Tn mod direct de lundiri iluminat.

FTEG este format din Prof. Franco
GUGLIERMETTI, Director al Departamentului,
Prof. Luciano SANTARPIA, Dr. Fabio BISEGNA
si Dr. Paola GOREi doctoranzii Gianluca ZORJi
Amalia GELFU.

Programul de energigi iluminat al FTEG
include experierele din  domeniile privind
iluminatul naturaki artificial si eficienta energetit
n cladiri printr-o analiz energetié integras, ce
include aplicareasi dezvoltarea standardelgi a
codului construgiilor. Principalele teme sunt
proiectul instaldei solare pasive, analiza
materialelor de vitrare noi din punct de vedere al
mediului si eficientei energetice, controlul actii
utilizarea eficiert ale iluminatului natural si
artificial. Fiecare tem este studiat urmirind atat
abordarea numetic cat si cea experimental
Scopul final este elaborarea unor proceduri, tabele
si grafice pentru sprijinirea proiectglior in diferite
etape ale procesului de proiectage a unor
instrumente de proiectargar utilizabile, algoritmi
si coduri numerice pentru programe de simulare
simplesi avansate.

FTEG este un grup foarte activ, cu multe
participari la congresesi conferine naionale si
internaionale si articole publicate Tn reviste
stiintifice internaionale. Céateva din rezultatele
activitatii ~ stiintifice  sunt  prezentate intr-o
bibliografie sumat privind ultimii trei ani de
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activitate (2001, 2002, 2003). Energia sular
controlul joad un rol principal ih aceste publiga
intrucat repreziit un factor de atraie pentru
fiecare din temele propuse, cum ar fi ingialde
aer condionat, iluminat natural, economisire de
energie in @diri si reprezini un element de baz
pentru crearea unui mediu confortabil Tnajperesi
pentru reducerea consumului energetic.

2. lluminatul natural in spatii subterane deschise

in mediul urban al ogglor mari sunt frecvent
intélnite spai subterane utilizate pentru
diferite scopuri, cum ar fi paid, stgii de
metrou, coridoare subterane, centre comerciale,
fiind mult redud disponibilitatea spaului la
nivelul stiazii. Aceste spg@i necesiti suficienti
lumina naturah (si ventilaie) atat pentru a
garanta un mediu agreabil gépentru a reduce
consumul electric al sistemului de iluminat
artificial. Cantitatea de lumin naturak
necesar depinde de destina spaiului
respective. Valori recomandate pentru Factorul
de Lumiri Naturak - DF - pot fi realizate in
cea mai mare parte a anului, Tntrucat lumina
natural din exterior este suficientsi poate fi
mai mare decéat 10.000 Ix pentru cetiptB000
ore/an pentru mai multgri din Europa. S-au
facut unele eforturi pentru a evaluai
imburitati performanele conductelor, tuburilor

si puturilor de lumiri utilizate Tn mod curent,
pentru a garanta nivelurile acceptabile de
lumina naturad n interiorul spéilor subterane.
Aceste studii utilizeazdiferite abordri bazate

in principal pe simuaki pe calculatorsi pe
modele: pachetele cu software vin Tn sprijinul
proiectanilor, permiand o analiz precis a
datelor si variabilelor, modelele fizice
combinate cu @suiEr experimentale oférun
studiu detaliat cantitatiyi calitativ al situailor
similare, diferite totsi de realitate.

Au fost studiate cateva aspecte ale
problemei: dimensionarea fowilor de lumird
prin modele la scar ale spailor deschise
subterane cu niveluri multiple, economisirea
energieisi ventilaia naturai in conexiune cu
puturile de lumir prin compararea asuirilor
pe model cu simdftilor numerice, validarea
rezultatelor prin compararea rezultatelor
obtinute pe modelul la scain condiii reale de
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cer norossi a simukrilor pe calculator cu cele
determinate in spidle reale subterane [1, 2, 3,
4, 5]. Figura 1, in careX/W este un factor
adimensional legat de lungimea deschiderii
externe si H/W este Indicele Rului care
reprezink raportul dintre aria peretelui
reflectantsi aria deschiderii libere a pului,
prezini un exemplu al ultimului tip de
comparg@ie prezentat mai sus. Totodas-au
prezentat cateva diagrame experimentale de
calcul al DF local pentru spasubterane cu
niveluri multiple. Ceea ce s-a demonstrat este
ca parametrul principal ce influggaz DF este
latimea puului, componenta ilumirii datd de
cer este dominaimt fata de componenta
reflexivi in zonele din apropierea tolui.
Metoda propus pentru dimensionarea fului

se bazeaz pe iluminaresi pe durata anual
necesat a luminii naturale exterioare, in timp
ce orbirea, neuniformitateasi distribuia
iluminarii nu s-au luat in considerare in mod
directsi sunt in@ sub analiz, intrucat depind
de caracterul actiitii desfisurate.

3. O propunere pentru un model adimensional
al mediului vizual

in diferite etape ale procesului de proiectare a
unei chdiri se pot utiliza in mod avantajos
programe de analizenergetig simplificate sau
avansate, pentru a optimiza, coordgnalege
intre diferitele strategiji sisteme de control al
luminii  disponibile.  Deseori, simatile
complexe nu sunt corespuitaare pentru a
contura strategiile de bazrivind iluminatul
natural ntr-o prim abordare si pentru a
rezolva gor problemele ce apar frecvent. In
acelai timp, poate fi util 8 se simplifice la
maximum evalarile iluminatului pentru a
reduce, pe de-o parte, durata de derulare a
programului de calcul avansat, pe de al
parte, pentru a avea instrumente simple de
utilizare in primele faze ale proiadi.
Cerinele pentru o evaluare rapid a
performanei, pentru o introduceresoail a
datelor de intrare, pentru o posibilitate de
schimbare gpai@ a strategiilor de contraii a
datelor meteorologice sunt intotdeauna
importante. Dg procedurile de modelare s-au
simplificat Tn ultimii ani, aceste instrumente de
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lucru necesit inca 0 modelare detaliat putere

de calcul maresi cungstiinte profunde ale
programelor, fiind int departe de a fi eficiente
in costsi consum de timp. Calculul nivelurilor
de lumira naturak n interior cand se consider
un scenariu dinamic este una din sarcinile cele
mai mari consumatoare de timp ale acestor
programe avansate care sunt capabife s
evalueze integrarea aspectelor luminogse
termice n analiza energetiglobak a chdirii.
Soluia cea mai des utilizat este de a
preprocesa datele privind iluminarea Thainte de
a introduce calculele termice.

Scopul acestei cercet este de a dezvolta o
abordare numeric simpk pentru studiul
aspectului dinamic al ilumémii naturale in
interior prin parametri adimensionali caré s
caracterizeze aspectele geometrice ale ferestrei
si spagiului interior pe durata intregului an,
analizandu-se punctele particulare aleifecii,
alese in funge de caracteristicile sistemului de
control al iluminatului. Aceastabordare poate
simplifica mult calculele ilumiarii dinamice.
Parametrii K - raportul dintre lungimeasi
inaltimea ferestreki S - raportul dintre ariile
ferestrei si incaperii sunt utilizai pentru
caracterizarea aspectelor geometrice ale
ferestrelorsi incaperilor. S-au dezvoltat diferite
corekiri intre cdiva parametric, dupun model
numeric. S-a amut o  confirmare
experimenta a tuturor rezultatelor simirlor
in diferite condii ale cerului pe un model la
scara 1:5 - Figurile 2si 3. Din analiza
rezultatelor reieseacvalorile ohinute pentru
iluminarile oktinute de la radiga solaa direcgé
sau difuz sunt yor de evaluat pentru diferite
valori ale parametriloK si S o da# ce aceste
coreldii s-au determinat pentru un singur caz,
atat pe parcursul unui an intreg géin cursul
unei zile. Acela lucru se intampl cand se
considei componenta reflectata radiael
directesi difuze a soarelui.

Se pot obine toate rezultatele aperand
altor parametriK; prin aplicarea unei formule
simple de tipul Ki=mK;, unde K; este
considerat element de refetinScopul final 1l
constituie elaborarea unor reguli proceduri
pentru o metodl optimizati de proiectaresi
realizare a unor instrumente de calcul pentru
algoritmi de iluminare utiliz& in programe de
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analiz energetia in cldiri simplesi avansate.

Cu toate acestea, scopul de a integra toate
variabilele posibile pentru a pbe o metod de
calcul suficient de flexibil pare & fie deja
indeplinit, dei cercetarea este dén derulare

[6, 7, 8].

Complexitatea problemei ce se datodeaz
prezemei unor parametri cum ar fi latitudinea,
orientareasi anotimpul impune realizarea unor
cercefiri viitoare numericesi experimentale,
pentru ambele tipuri de cer, realartificial, de
la complet Thnorat la complet senin, pentru
ohbtinerea unor rezultate cu aplicabilitatea
universad.

4. Evaluarea dinamicii iluminarii in spatiul
interior cu dispozitive exterioare de umbrire

Optiunea proiectaglor este de a realiza
proiecte eficiente din punct de vedere energetic
ale sistemelor si subsistemeloiditilor si de a
garanta un nivel ridicat al confortului interior.
Pentru alegerea saillor de proiecte eficiente
din punct de vedere energetic, este important s
se considere managementul integrat al
cerineelor vizualesi termice,tindandu-se cont de
implicatiile luminoasssi termice ale strategiilor
de iluminat natural. Scopul final 1l reprezint
utilizarea la maxim a luminii naturalg n
consecita  reducerea utilarii  luminii
artificiale si, Tn acelai timp, prevenirea
fenomenului de orbire. Din acest punct de
vedere, controlul radieei solare este necesar
pentru crearea unui mediu confortabil Tn
Tnciperi si pentru minimizarea consumului de
energie. Dispozitivele de umbrire exterioare
sunt ieftinesi repreziné soluii simple pentru
prevenirea ftrunderii nedorite a adurii prin
ferestre in perioade cu temperaturi ridicgita
orbirii cauzate de lumina direcde la soare.
Totodati, ele protejeaz Tmpotriva ploii si
asigus o “fatach sculptat” a cladirilor. In
acelai timp, ele reduc cantitatea de luriin
naturai ce intd Tn incpere, determinand
marirea puterii electrice datotasistemului de
iluminat. Astfel, proiectarea unei componente
optime este inevitabil un compromis intre
cerinele de confort vizuali termic.

Scopul acestei cercet este de a dezvolta
proceduri simple de evaluare a mediului vizual,
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de elaborare a unor metodeou utilizabile
pentru simplificarea calculului iluminii Tn
punctul cel mai intunecat al planului de lucru
orizontal ntr-un birou, atunci cand este instalat
un dispozitiv exterior de umbrire. Acestea pot
fi considerate ca instrumente de lucru in
primele faze ale proienii sau proceduri
simple de calcul pentru evaluarea rapid
iluminarii minime naturale din interior, atunci
cand sunt utilizate dispozitive exterioare de
umbrire si sisteme de control al iluminatului,
reducandu-se astfel timpul de lucru sau
numarul de simuiri necesare al programelor de
calcul al iluminatului natural, precumi al
programelor pentru analiza energgfic cldiri
avansate

S-a propus o formalsimpk bazai pe o
evaluare rapidl a iluminarii totale Tn interior in
punctul cel mai intunecat al #perii rezultai
din contribdia a dod componente diferite, una
orizontah direck da& de raportul dintre
suprafaa Tnsoris si suprafaa totak a ferestrei
si, respectiv, radigle solare difuze, ambele
fiind exprimate prin Eficacitate Luminoasa
Sistemului Solar. Eficacitatea formulei a fost
testas la simubiri si masutiri experimentale pe
un model la scara 1:5, dovedind incredere atéat
la utilizarea ei in apligd numerice catsi n
proiectare, cu erori pentru ambele cazuri
cuprinse intre 10-18% - Figura 4 [9, 10, 11, 12].

Posibilitatea de extindere a cetgeteste
legai de individualizarea  parametrilor
adimensionali, ducand finapoi la analiza
descrig anterior: o dezvoltare de noi edua
pentru a fi utilizate in analiza energétic
integrat,, precumsi elaborarea unor proceduri
de proiectare ar fi consetabe naturale ale unei
investigaii viitoare.

5. Materiale de vitrare inovatoare

Industria ultimilor ani a dezvoltagi produs
diverse tipuri de materiale transparenge
sisteme de control al iluminatului pentru a
imburatati designul si exploatarea @dirilor
pentru a obne un beneficiu maxim din
potenialul de economisire a energiei datarit
iluminatului natural.

in prezent sunt disponibile acoperirile
transparente cu seléx spectral pe substraturi
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de stich sau polimerice. Posibilitatea de
producere a filmului omogen site pe
suprafége mari, cu comportament spectral
diferit, asigud produse de energie &ut
(“low-e”) competitive pentru numeroase
aplicgii. La nivelul tehnologic actual,
alternativele pentru ferestre cu transmgian
redus sunt: aerogeluri cu dioxid de siliciu,
materiale izolatoare transparente (TIM)
vitrare cu vid, care ofér posibilitatea de a
obtine performare termice ridicate.
Posibilitatea de a combina valori de
transmitami reduse cu transmiterea difua
luminii solare permit, de asemenea, controlul
stralucirii si aplicaii de iluminat natural Tn
aceleai tipuri de TIM si aerogeluri. Tn plus,
anvelopele cdirilor realizate cu ferestre
“dinamice”, a aror transparegi se modifié cu
ajutorul dispozitivelor ElectroCromic (EC) care
Tsi pot schimba propriétile optice ca aspuns

la parametrii de control, pot reprezenta un mod
de imbusitatire atat pentru calitatea mediului
cat si pentru eficiema energetic. Diferite
sisteme de ferestre cu vitrare dubsunt
disponibile Tn comerla dimensiuni de pénla

2 nt. Astfel, posibilitatea de a integra materiale
transparente EC in ferestreléditilor, ca parte

a sistemelor de control al iluminatului
comerciale, este in prezent foarte pratoare.

Pe de alt parte, sistemele de control al
iluminatului capabile &regleze atat parametrii
electrici si de iluminat, cati lumina natural,
sunt recunoscute ca fiind foarte importante in
cladirile non-rezidenale, deoarece iluminatul
artificial este unul din consumatorii majori de
energie si poate influera dimensiunea sub-
sistemului de climatizare (HVAG) varful de
consum electric. Sistemele de control am@sc
si beneficieze de avantajul luminii naturale
pentru a realiza atat economii de energiescat
condtii acceptabile de mediu. Sunt utilizate
diverse tipuri de strategii de management
echipamente. Diferite sisteme, de la controlul
automat al mini-jaluzelelor interioare @Fata
jaluze exterioare rulante de mari dimensiuni,
sunt disponibilei uzuale datorit posibilititi de
ajustare a acestoka capaciitii de reflectare a
luminii: un semnal de la un fotosenzor deschide
sau inchide jaluzelele, in fumne de lumina
natural disponibik.

Principiile sistemelor de control automat
trebuie integrate cu atge in principiile de
control al iluminatului electric, pentru a evita
condiiile instabile Tn mediul luminos. Sistemul
de control al iluminatului artificial asigar
cantitatea de lumihnecesar atunci cand este
cazul, reducand consumul de energie electric
Sistemele de control fotoelectrice feioneaz
in prezent cu algoritmi care pot realiza fie un

control integral cu bual Tinchis, fie
propotional cu buci deschis. Aplicand
diferite abordri si strategii (urnarirea

iluminatului natural, strategia de compensare a
luminii naturale, strategia de merere a
fluxului luminos) iluminatul electric este
diminuat sau ntrerupt pentru a corespunde cu
necesarul de iluminare.

Studiile efectuate de FTEG ufresc 4
analizeze, printr-o abordare integratizuak-
termici, necesarul energetic al sjpdui si
calitatea mediului corelate cu utilizarea
materialelor avansate de vitrare, care par mai
potrivite pentru aplic Tn construgi atunci
cand sunt combinate cu sisteme adecvate de
control al iluminatului. In acest scop a fost
dezvoltatsi validat un program avansat pentru
analiza energeticintegras a chdirilor, IENUS
(IntegratecENergy Use Simulation), capabil &
rezolve diverse probleme legate de alegerea
materialelor inovatoare, date climaterice,
sistemesi strategii activesi pasive de control al
iluminatului. [...]

5.1 Aspecte de mediu: cercetare, rezultatg
dezvoltari viitoare

Managementul inteligent Tnseainnu
numai asigurarea cariiii necesare de lumin
ci si un aport maxim de lumin naturad,
imburititind calitatea mediului  vizual s
reducand consumul electric pentru iluminat
artificial, pentru a crea un mediu confortabil Tn
Tnciperi, controlul luminii solare este un factor
de baz.

Aspectele vizuale legate de diverse strategii
de control al iluminatului artificial, aplicate la
cladiri de birouri n climat mediteraneean au
fost analizate numai pentru sisteme EC, cu
scopul de a compara randamentul diverselor
sisteme n administrarea luminii naturaiea
luminii artificiale pentru a ofine un mediu
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luminos confortabil prin aport maxim de
lumina naturad, garantand valoarea constant
de iluminare pe planul de lucru, evitand
stralucirea,si, Tn acelai timp, asigurand maxim
de economii energetice. [...] Studiile a@rati
latitudinea, orientareai sistemul ferestrelor,
strategia de control al iluminatului natural
influenteaz procentul anual al ilumémii Tn
punctul cel mai intunecat al planului de lucru,
si, Tn conseciti, alegerea intregului sistem de
control al iluminatului. Tn plus, un sistem
traditional de ferestre avand o transmitan
sola# si vizuala buri si o strategie de control
al iluminatului natural de tip Tnchis/deschis
necesit Tn general prezea contind a
draperiei, determinand o inchidere comple¢
durata zileisi, Tn conseciti, existand riscul de
“izolare” pentru ocupain facand, in acekh
timp, inutil iluminatul artificial. lat de ce un
sistem mai complex prezito tendina mai
deosebii, datorit transmitarei variabile si
abilitatii de a modula lumina natuga{Figura 5).
Exisi o comportare dual intre aspectele
randamentului energetig al confortului care
necesii 0 analiz mai aprofundat[13, 14, 15, 16].
Aceasta se intamplcand se consid&r
parametrii de prim nivel, ceea ce inseamn
fixarea valorilor minime pentru iluminare pe
planul de lucrusi evitarea s#lucirii; cantititile
colorimetrice n distribtie spaiala reprezini,
in schimb, un exemplu de parametru de nivel
secundar corelat cu Indicele de redare a culorii
(CRI) si Temperatura corelata culorii (CCT)
ale surselor de lumin de asemenea parametrii
de acest tip trebuie Itidn considerare datodit
cresterii cererii pentru un mediu confortalil
cresterii complexititii functionale a spgilor.
Oricum, studiul aspectelor cromatice trebuie
dezvoltat nu numai pentru materialele de
vitrare noi, darsi cand spaile sunt prevzute
cu tipuri diferite dedmpi (Sistem cu kmpi de
Tipuri Multiple, MTLS), sau cu sisteme de
iluminat artificial destinate integni luminii
naturale (Lumia Artificiala Suplimentat
Permanerit pentru Interior, PSALI). Un
exemplu de situge in care se utilizedazun
MTLS (50 W bEmpi cu sodium de finait
presiune/100 W ampi cu halogen) este
prezentat in Figura 6 pentru un magazin:
iluminarea este asiguspermanent pe planul
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de lucru; CRI mediu satisface standardul CIE,
dar nu este asigurat comportamentul
colorimetric acceptabil, fapt evidgat prin
regiunile albe [17, 18].

Sunt necesare mai multaide dezvoltare
in acest domeniu: analize amurtite, pe de o
parte, pentru a stabili caracteristicile sistemelor
de control al luminii naturalgi artificiale si,
respective, din punctul de vedere al mediului,
incercand de  asemenea  determinarea
parametrilor de control de mediu; pe deialt
parte, aprofundarea aspectelor cromatice
spaiale si a calititii vizuale Tntr-un mediu interior,
pentru a Tmbuitati confortul ocupatilor.
Investigaii numerice si experimentale vor
determina caracteristicile MTL§ vor permite
elaborarea unor recomamd de proiectare
pentru corelarea materiale de vitrare noi cu
sistemele MTLS si PSALI, cu geometria
spaiului si cu lampile potrivite.

5.2 Aspecte privind eficieta energetiG:
cercetare, rezultatesi dezvoltiri viitoare

Aspectul eficierei energetice ia 1n
considerare cerigle energetice in totalitate sau
pattial (incilzire, ricire si iluminat) pentru o
incipere de birou tipic Tn  climat
mediteraneean, cand sunt utilizate diferite
strategii pentru controlul luminii naturalg
artificiale in combinge cu sisteme inovative de
iluminat. Strategia inchis/deschis a fost prapus
pentru controlul draperiei interioare, strategii
inchis/deschissi liniare au fost luate Tn
considerare pentru sistemele EC strategii
inchis/deschis, liniare (reducere) cu luarea in
considerare a interaanii ocupanilor au fost
studiate pentru a stabili caracteristicile de
comportament al sistemului de iluminat
artificial.

Studiile au evidegiat importana atat a
proprietitilor optice ale sistemelor de vitrare
catsi a strategiei pentru sistemul de control al
iluminatului, precumsi influenta negatii a
interagiunii ocupanilor. Pentru sistemele EC
au fost evaluate valorile optime de randament
energetic pentru parametrii de control, pentru a
reduce la minim consumul de energie, fiind
facuta o singud propunere de utilizare a
criterilor de mediu pentru alegerea acestor
valori - Figura 7 [20, 21, 22, 23, 24].
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Sunt in@ Tn studiu dezvoliirile referitoare
la integrarea sistemelor de control actisie

pasive, care ar putea conduce la rezultate

interesante. [...] Sunt necesare 3iast
experimentale ale tuturor materialelor de
vitrare inovatoare, din punct de vedere optic
termic, precumsi prin aplicarea acestora pe
modele la scarsi In camere reale pentru a
verifica posibilitateai eficienta combingei cu
diverse strategii noi de control.

6. Zile meteorologice pentru proiectarea
sistemului Incilzire-Ventilare-Climatizare (HVAC)

Alegerea  condiilor  exterioare  termo-
hidrometrice de referia pentru evaluarea
sarcinii termice si dimensionarea stidor
HVAC este o decizie tehridoarte importari

in dezvoltarea proiectului HVAC. [...] Sunt
disponibile mai multe standarde pentru
alegerea procedurilor de proiectare care in
general conduc la Zilele de Refatinpentru
Proiectare (DRD); in &tlirile comercialesi de
birouri proiectate dup criterii de randament
energetic este destul de dificilimensionarea
sistemelor HVAC cu considerarea DRD,

deoarece cu greu se pot prevedea sarcinile

termice de varf ale HVAC; acesta devine un
aspect critic cand se utilizeazmateriale
transparente inovatoase sisteme de control al
luminii naturalesi artificiale.

O DRD este in general constiupe baza
intervalelor termice medisi a factorilor de
distribuie a temperaturii si nu prezini
corekrile statistice dintre datele meteorologice.
O soluie alternatia poate fi Ziua
Metodologié de Proiectare (DMD - Design
Methodological Day): este ziua istaticeah
selectat dintr-o serie de zile dintr-un an la
poate & se raporteze ceele de energie
maxime pe baza valorii unui parametru,
temperatura echivalent definii ca o
combinaie Tntre cei mai semnificativi
parametri de exterior ce influEaza
comportamentul termic aladirilor, temperatura,
temperatura de satui®si radigia solai totah.

O DMD poate fi selectat(a) pe baza unui
criteriu de mediu in congii climatice severe,
temperaturi foarte $eute si, Th consecits,

acest tip de selge va asigura funonarea

sistemelorsi statiilor cu numiar maxim de ore
pe an cu sarcinpatiala si, deci, cu randament
energetic global $eut, sau (b) urmand un
criteriu de optimizare a energiei, alegand
condiii climatice mai ptin severe, capabilas
asigure st@ mai mici care 8 fungioneze
perioade mai lungi de timp in comdide
performami maxime, okinandu-se astfel o
crestere global a eficienei energetice a
sistemului de sta ale chdirii [25, 26].

[...] Efectele date de factorii climatici pierd
din semnificde pe timp de iarh deoarece
castigul de cldura interra datorat sistemului de
iluminat artificial este foarte important; astfel,
influenta orientirii peretelui exterior este in
principal cauzdit de factorii de lumia naturah
[27, 28] [....]

7. Concluzii

Unul dintre cele mai relevante aspecte ale caticet
este faptul & nu prezini limite: nu exisi un punct
de sosire, odatacceptat existena unui punct de
pornire. Libertatea mifi Tn confruntarea cu orice
combinaii de probleme este cea care coafer
cerceiftorului puterea de a accepta fiecare
provocaresi de a lupta impotriva orécei dificultati.
Aceeai necesitate o reprezintiseminarea corett
si precisi a rezultatelorsi cunagtintelor la orice
nivel, fie elstiintific sau public. Defsirea limitelor
comunidrii stiintifice este un pas important
trebuie subliniat importana dezvollrii unei rgele
de contacte nenale si interngionale ce permit
cercetitorilor sau grupurilor de cercdbri si
cunoasg, comparesi coopereze cu cercori din
aceeai tara si din altetari.

[...] Lucrarea prezirit cateva cercéti n
diferite stadii de dezvoltare din domeniul lumigiii
iluminatului, iar altele sunt prefigurate, ca de
exemplu demararea  investiga  privind
responsabilitatea refect@n in evaluarea pdiini
luminoase nocturne, comportamentul uman
influenta asupra strategiilor de control al
iluminatului artificial si dispozitive de umbrire
interioati, dezvoltarea aparatelor de iluminat
inovatoare, controlul mediului ambient al muzeelor,
in special degradarea picturilor provdcatle
iluminatul si alte domenii de cercetare.

Progresul trece prin cercetase prin efortul
multor cercettori din intreaga lume: cooperarea
reprezind o cheie foarte simplde a deschidesile
cresetrii mai rapide #tre o lume mai buh mai
potrivita si mai susinuta.
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