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Dr. Florin POP, Profesor

Care sunt tendiele actuale in iluminat?
latd o intrebare simp| cu un &spuns dificil de
dat. Dificil, in primul rand, prin aria de
aplicare, cu diferge sensibile intre diferite
zonele geografice. Pentru Lumea MNou
(America de Nord) aspunsul 1l gsim in
prezenirile D-lui Cristian SUVAGAU din
ultimele numere ale revistei. Pentru Uniunea
European, raspunsul este dat de proiectele de
cercetarestiintifica ale Programului Cadru 5
incheiat in toamna lui 2008 noul Program
Cadru 6 degkurat cu incepere din 2003.
Volumele de luctri ale Conferinelor
interngionale de iluminat, dintre care se disting
Lux Europa, Right Lightsi CIE Quadrenial,
dezwuiluie n totalitate diregle de cercetarai
dezvoltare in domeniul lumingi iluminatului.
lar  site-urile Lighting.com, Philips.com,
Osram.consi atatea altele ne prezintele mai
noi realizri tehnologice.

Surse de lumiri. Imburatatiri tehnologice
aduse surselor de luniinvizeaz cresterea
eficacititi luminoase, a duratei de via a
largirii gamei existente de puteri, culogi
forme, a s&derii cortinutului de mercur. &mpi
CFL de mare putere (60W, 85W120W) sunt
disponibile la difeti producitori. Lampi cu
sodiu ajung la eficaditi de 150 Im/W (SON-T
PLUS) — peste 200 Im/W (MASTER SOX-E).
ALTOR (R) T5 are cel mai dzut coninut de
mercur din gama ampilor T5. Lampi
fluorescente tubulare ating durate detdide
30.000 ore (Prolume R T8). Gterea cererii de

TENDIN TE iN ILUMINAT

surse de luminh colorate pentru iluminatul
arhitectural a condus la ap#ai unei noi serii
de BEmpi cu halogenuri metalice in versiuni
albastru, verde, violet, portocaliu.arapile
LED cuceresc pta prin eficacitatea mereu
crescand (30 Im/W pentru Luxeon V -
Lumiled 5W de culoare ailsi dublu pentru cel
de culoare rgu) si durata de vigh de pasa la
50.000 — 80.000 ore. Sunt utilizate in cele mai
diverse aplicai — semaforizarea intersgor si
semnalizri rutiere, tuburi luminoase pentru
iluminatul decorativ de lungimi mari,
iluminatul gililor de spectacole (la Teatrul
Apollo, Londra, s-au inlocuit 350Grhpi cu
incandescet cu 83.000 LEDuri, rezultdnd o
sadere a costurilor de exploatare de 22 ori)

Aparate de iluminat. Extinderea utilirii
lampilor fluorescente tubulare TS5 (916 mm) a
determinat crearea unor noi aparate de luminat
cu distribuie directi-indirece a fluxului
luminos, echipate cu panouri acrylice cu
structuri de microprisme (ad#nate ghiduri de
unde) ce asigdr o reflexie interd totab a
luminii emise de lampa ascungrivirii directe.
Astfel, lumina este emis uniform de o
‘suprafga luminoas’, ceea ce conduce la
ohtinerea unei luminge s&azutesi o libertate
complett de pozionare in Tnaperile pentru
birouri. Printre realiarile deosebite se disting
Zumtobel Oreai Carpe Diem — Philips Lighting.
The Lighting Journal 2002/2003

Controlul iluminatului . DALI - the Digital
Addressable Lighting Interface — este un
protocol european care permite controlul
individual si  monitorizarea sistemului de
iluminat. Beneficiile sale poteiale sunt: costul
initial sazut, circuite electrice simple, o mare
flexibilitate oferiti proiectantului de iluminat.

Sisteme de iluminat Printre cele mai
interesante teme de studiu se rerancoi
soluii de puuri/conducte de luminh care &
asigure ptrunderea luminii naturale adanc in
interiorul ckdirilor sau n spgile subterane,
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realizarea unor sisteme hibride tuburi de
luminid/conducte de ventilee, noi tehnologii
pentru suprafiele vitrate (pelicule cu polimeri,
sticle laminate electro-cromice), optimizarea
uitlizarii iluminatului natural, realizarea unor
programe pentru analiza eficienenergetice a

controlului iluminatului.

LIGHTING TRENDS

What are the current trends in lighting? This
is a fairly simple question, with a difficult
answer. Difficult, on the first hand, due to the
application area, with sensible differences
between the different geographic areas. For the
New World (North America) the answer is to
be found in the papers of Mr. Cristian
SUVAGAU from the past issues of our journal.
For the European Union the answer is given by
the scientific research projects of the 5th Frame
Program, closed in the autumn of 2002 and the
new 6th Frame Program, active since 2003. The
proceedings volumes of international lighting
conferences, most important among them being
Lux Europa, Right Light and CIE Quadrennial,
provide a wide and exhaustive view of the
research and development directions in the
field of light and lighting. And the web sites
Lighting.com, Philips.com, Osram.com and
many others show us the newest technological
developments.

Lighting sources Technological improvements
brought to light sources aim to increasing the
light efficiency and the operating life, to
widening the current range of powers, colours
and shapes, to decreasing the mercury contents.
High power CFL lamps (60W, 85W and 120W)
are available from different producers. Sodium
lamps reach efficiencies of 150 Im/W (SON-T
PLUS) — over 200 Im/W (MASTER SOX-E).
ALTOR (R) T5 has the lowest mercury contents
in the T5 lamps range. Fluorescent tubular
lamps get to 30,000 hours operating life
(Prolume R T8). The increased demand for
exterior colour architectural lighting generated

new range of coloured metal halide lamps on
versions blue, green, magenta and orange. The
LED lamps gain the market through their
always-higher efficiency (30 Im/W for Luxeon
V — Lumiled 5W white coloured, and double
for the red coloured version) and the operating
life of up to 50,000 — 80,000 hours. They are
used in the most diverse applications and in
many shapes and sizes — road traffic signals,
LED LightTubes for decorative applications,
spectacular lighting refurbishment (at the
Apollo Victoria Theatre in London, nearly
83,000 LEDs replaced 3500 GLS lamps, the
running costs being reduces on 22 times)
Luminaires. The extension use of the
fluorescent lamps T5 has determined the
creation of new luminaries with direct/indirect
light distribution. The light distribution system
comprises an acrylic panel with micro-prism
structure (Waweguide technology) and uses the
principle of total internal reflection of the light
emitted by the hidden lamp. Light is emitted
uniformly via a ‘luminous surface’. A low
luminance and a balanced illumination without
glare or reflection on display screens allow
complete flexibility for office layouts.
Zumtobel Orea and Carpe Diem - Philips

Lighting are distinguished examples.
(The Lighting Journal, March/April 2002 and 2003)

Lighting control. DALI - the Digital
Addressable Lighting Interface — is a European-
developed protocol that allows individual
control and monitoring of lighting systems.
Among its potential benefits are: lower initial
cost to the owner; simple wiring, and greater
flexibility to the lighting designer.

Lighting systems Out of the most
interesting topics of study we remark new
solutions for light shafts/light pipes which
should ensure the full access of natural light
deep inside buildings or in underground spaces,
development of hybrid system light pipe/
passive ventilation stack, new technologies for
glazing surfaces (polymer films, laminated
electro-chromic glasses).
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LIGHTING & ENERGY SAVINGS
Some Research Fields at Fisica Tecnica Departmefita Sapienza”

Franco GUGLIERMETTI, Fabio BISEGNA
University of Rome “La Sapienza”, ltaly

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.
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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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STUDY OF TRANSIENT REGIME OF THE FLUORESCENT LAMP
MOUNTINGSUSING MAGNETIC STARTER

Dan IOACHIM, MirceaV. NEMESCU, Dorin D. LUCACHE
“Gh. Asachi” Technical University of lassy, Romania

The paper purpose is to model and interpret thesieat regime of the fluorescent lamp mountingg tise
magnetic starters. These are a combination by tile with different characteristics and their usad to some
advantages. The analysed transient regime can d$wilted by a Duffing-type equation that is properthe
chaos and resonant jump phenomenon. With its tieépresonant curves and the flux jumps in the miagne
starter are highlighted. The simulation and expental results are compared. The phenomenon thdé keaa
quick and sure ignition of the fluorescent lampaénted out.

1. Introduction is the instantaneous value of the supplying
voltage.
The fluorescent lamps fed with industrial The shape of the characteris{{®) is given

frequency voltages uses, as supplementary in Figure 3 and could be approximate by a third

circuit elements, inductive or capacitive ballast  order polynomial

and a classic bimetal starter. This kind of _ 3

starter presents various drawbacks as intense I=m¥, +nY, (2)

wear of the : flaments dl.mn.g. start-perlo_d, In this case, using the reference variables

relative long time of lamp ignition, uncertain E d W =wF ih th tai

ignition at low temperatures. mo an 0 =0 Wi € notations
Different solutions exist in order to  x=WY/W,andU=E,/E, for the normalised

eliminate these limitations. One of them is to  flux and supplying-voltage amplitude, the

use a magnetic starter, composed by saturating equation (1) becomes [3], [4], [5]:

inductances with ferromagnetic core. Their

operation is possible only in tandem connection

with capacitive ballast [1]. The paper analyses L,

the conditions in that a resonant jump appears ;j

and leads to the lamp ignition. . |
o 6 v o

2. Theoretical consider ations

mo

A mounting with fluorescent lamps, having the BC
ignition based on magnetic starters, is showed
in Figure 1. The magnetic starter consists in a
saturating nonlinear inductante

Figure 1 Mounting with magnetic starter

The equivalent electric diagram is given in U
Figure 2. The Kirchhoff voltage equation could _e_
be written: W,
aw, _ 1. e® CT v
t+R|+%j|dt=e (1) R

dt ..?
whereW, =W_ + Y _ is the total magnetic flux of R

both windingsLs andL,, and e = E,, sin(wt + ¢) Fiqur e 2 Equivalent circut
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Figure 3 Magnetisation characteristics

d 2x(t)

dt?

= cos(t + ¢)

+ 200 (1+ 3Bx2)d);it)

+W5X(L+Bx?) = 3)

where 20 = mR is called dumping coefficient,
B=nWZ/m the nonlinear coefficient and

w, =/M/C the angular resonant frequency
The generalisation of the results is done by

neglecting the term/¢ [5], [6] and leads to:

(4)
XD 45050 1) - costot +0)

The last equality is a Duffing equation-type
that has no exact analytic solutions. In order to
solve it, the harmonic linearization method is
applied. Supposing that the fundamental term
of the permanent-regime solution is:

X(t) = alcosut (5)

then (4) becomes:

[(oog —wz)a+%|3w§a3 +0 cosq)} coswt —

(6)
2(2ma+Dsm¢)smwt+Z[3woa =0
that involves [2]
2 2 3 2,3
Wy —w)a+—Pwga” +Lcosp =0
(w5~ ")+ Bug s -

2w0a+Rsiny=0

Removing¢g between the equations (7) one
obtains:

3 ? 02
[ooé - w? +Z[3w§azj +4w’a’=—  (8)
a

With new notations as p=w/w,and
A =a/w,, (8) can be transformed in:

_0° ©)

The graph of the functiond = f(a) is
called resonance curve. Havigtas parameter
and 4, A and ap as constants, this is presented
in Figure 4.

If the supplying voltage is chosen so that
O=0,, then in the circuit it happens an
increasing of the current through resonant jump
(corresponding to the flux increasing from the
point M to N). This current increasing causes
an intense heating of the filaments. Because of
the desaturation of the coils, the operating
point jump in an opposite sense from S to T
and at the lamp’s terminals an important
overvoltage appears. This resonant jump
phenomenon leads to a safe and quick ignition
of the lamp.

After ignition, the lamp will be a short
circuit for the nonlinear inductance and the

magnetisation characteristic is
i=m¥, (10)

and, because in this cgge0, (9) becomes
2
((uz —1)2 + 4)\2}.12)8.2 —D—4 =0 (11)
W

So, the stable operating point P will
correspond to

0 -05
L i IRl I CEY
Wo
HIN
B:O B:C
] M_____ B N
I I I
| | |
| | |
| | |
| | |
| | |
_________ LN I
T N
! ! ! a,_
A As A,

Figure 4 Magnetisation characteristics
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Different values of S involve different
values ofa at which the resonant jump it
happens (Figure 5). Considering the notations
done for (3), a correlation betweéhandf can
be deduced:

_ nw’E?
m

tinky

(12)

This hyperbole expressed in Figure 5 must
be imposed as a superior limit for the
normalised flux that corresponds to the
resonance point.

If the r.m.s. values for voltage and current
are used, then the operating equation of the
circuit in Figure 2 is

I

U =—+
e

E?-R?l2 (13)

which admits the graphic representation
showed in Figure 6. Herd), represents the

Oa Po >3, > Blz

/ N/
[ NN /

UL2 __________________ =
ULl——
+E

ULn

v

-E
Figure 6 Operating characteristics in r.m.s. val
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total voltage on the serried colls andL,, Uc
represents the voltage drop across the capacitor
and U_, represents the voltage after lamp
ignition on the coilL.,.

At the resonance, the current jump from M
in N is accompanied by a voltage jump, which
consist in an increasing frotd,; to Ui,. The
current in circuit keeps a capacitive character
because of the used capacitive ballast, both
after jump (point N in Figure 6) and in normal
operating regime (point P in Figure 6).

3. Experimental results

The experimental setup consists in a mounting
as the one in Figure 1 having a magnetic starter
with L<=26.5 H andR=230Q and a capacitive
ballast withL=1.4 H,R,=28.4Q andC=3.75uF.

The measured magnetisation characteristics
were approximated using the functions

i =0.069¥, +0.133¥7 - before ignition

i =0.453¥, - after ignition
A Levenberg-Marquardt algorithm found the
function’s coefficients and the results are
compared in Figure 7.

In order to get the circuit behaviour, a
simulating program in the Matlab-Simulink
environment was performed. This program uses
a fourth order Runge-Kutta algorithm to solve
the Duffing equation.

The used simulation parameters are:
R=Rs+R,=258 Q, 20=17.83, ay=135.7 rads,
[=0.573 En=2.10°V, [J=1C°, %=0.638 Wh.

The Figure 8 shows the simulation and

0.6

0.5

0.4

0.3

0.2

0.1

—
1.28 16

0 0 0.32

0.64

0.96

Figure 7 Experimental (solid line) and fitting
(dashed line) magnetisation characteristics
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Figure 8 Simulated (a) and experimental (b)
excitatione and wrrenti in the jump momel

experimental results in a moment before but
very close to the resonant jump moment. The
operation point slides between M and N of the
characteristidJ_ given in Figure 6.

The Figure 9 presents the simulation and
experimental results in a moment after the
resonant jump moment. The operation point
corresponds to N in Figure 6 and the capacitive
character is obvious, but the lamp is still non-
ignited.

Can be noticed the similitude in shape and
values between the simulated and experimental
current characteristics.

4. Conclusions
The paper emphasised the possibility to model

the operating of the circuits with fluorescent
lamps having capacitive ballast and magnetic
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Figure 9 Simulated (a) and experimental (b)
excitatione and curreni after the jump mome

starter, using the Duffing-type differential
equation. In these cases, the lamp ignition is the
outcome of a resonance-jump phenomenon of
the current, followed by a voltage increasing.

The conditions necessary for jump
producing and for starting of discharge are
determined.

The simulation and experimental results
show a good similitude and confirm the
theoretical approach.
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STUDIUL REGIMULUI TRANZITORIU
AL MONTAJELOR CU LAMPI
FLUORESCENTE CARE UTILIZEAZA
STARTERE MAGNETICE

Lucrarea §i propune 8 modelezesi interpreteze
regimul tranzitoriu al montajelor cuirhpi fluorescente
care folosesc startere magnetice. Acestea se ealiz
prin combingia a do@ bobine cu proprigti diferite si
utilizarea lor aduce unele avantaje. Regimul trtamizi
analizat poate fi descris printr-o egeadifereniald de
tip Duffing, caracteristit fenomenelor de haog salt
rezonant. Cu ajutorul ei sunt trasate curbele derana
si sunt puse in evidem salturile fluxului din starterul
magnetic. Rezultatele @bute prin simulare au fost
comparate cu cele experimentale. Se pune n exiden
fenomenul care conduce la amorsarea tagidigura a
lampilor fluorescente

1. Introducere

Lampile fluorescente alimentate cu tensiuni de
frecvena industriai folosesc ca elemente
suplimentare de circuit un balast inductiv sau
capacitivsi un starter clasic cu bimetal. Acest
tip de starter preziat diverse dezavantaje
precum uzura inteisa filamentelor pe durata
pornirii, aprindereaiimpii dureaz relativ mult,
amorgri nesigure la temperaturi &ute.

Existi mai multe solti de eliminare a
acestor dezavantaje. Una dintre acestea este
folosirea unui starter magnetic, care se
compune din inductae saturabile cu miez
feromagnetic. Funmonarea acestuia este
posibiki doar in conexiune tandem cu un balast
capacitiv [1]. Lucrarea analizeazondiiile in
care apar salturile rezonante care conduc la
aprindereadmpii.

2. Considerenteteoretice

In Figura 1 se aratun montaj cu dmpi
fluorescente in care aprinderea este lkapat
startere magnetice. Starterul magnetic se
compune dintr-o inductad neliniaé saturabi

Ls. Schema circuitului electric echivalent este
dati In Figura 2. Ecuéa de tensiuni a lui
Kirchhoff poate scris (1) undeW, =W, +W¥_
este fluxul magnetic total al ambelor dgrari

Ls si Lo, iar e=E,, sin(wt+¢) este valoarea
instantanee a tensiunii de alimentare.
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Forma caracteristici{ ) este ddt in Figura 3
si ar putea fi aproximatcu un polinom de ordinul
trei, (2). In acest caz, utilizand ca variabile de
referind By si W, =WwE,, si folosind notdile
x=W/W,si O=E,/E,, pentru narimile
normate ale fluxuluisi amplitudinii tensiunii de
alimentare, ecuia (1) devine [3], [4], [5]: (3), unde
20 =mR este coeficientul de amortizare,

B=nWZ/m coeficientul de nelinearitatesi

w, =+/mM/C pulsaia proprie.

Generalizarea rezultatelor setinob neglijand
termenul X [5], [6] ceea ce conduce la (4).

Ultima relaie este o ecui de tip Duffing
care nu are sofii analitice exacte. Pentru
rezolvarea ei se apficmetode de linearizare
armonic. Presupunandidermenul fundamental
al soluiei de regim permanent este (5) atunci
(4) devine (6) ceea ce implicelaiile (7), [2].

Eliminand peg intre ecudile (7) se oline
(8). Cu noile notgi p=ww,si A =a/w,, (8)
se poate transforma in (9).

Graficul fungiei O=f(a) se numge
curkd de rezonagi. Considerandu-l pes ca
parametrusi 4, A, a» constante, acesta se
prezint In Figura 4.

Daca tensiunea de alimentare este dleas
astfel incatd >[1,, atunci in circuit are loc o

crestere a curentului prin salt rezonant (ce
corespunde cseerii fluxului de la M la N).
Aceast crestere a curentului cauzeéam puternié
incilzire a filamentelor. Datotitdesatudrii bobinei

Ls punctul de fungonare sare in sens opus din S
n T si la terminaleledmpii apare o supratensiune
importani. Acest fenomen de salt rezonant
conduce la aprinderea rapid sigura a Bmpii.

Dupa aprindere, lampa devine un scurt circuit
pentru inductaga neliniai si caracteristica de
magnetizare este (10). Deoarece in acesfcdz
(9) devine (11). Astfel, punctul stabil de
fungionare P va corespunde egeia(12). Valori
diferite ale luiB implica valori diferite ale luia

pentru care apare saltul rezonant (Figura 5).

Considerand nofidle facute in (3), se poate
deduce o corefe intre/7si 5 (13).

Aceasi hiperbofi care este reprezentdn
Figura 5 trebuieasfie impus ca limiti superioat
pentru fluxul normat in punctul de rezogan

Daci se utilizeaz valorile efective ale
tensiunii si curentului, atunci ecua de
functionare a circuitului din Figura 2 este (14),
care admite reprezentarea grafein Figura 6.
Aici, UL reprezini ciaderea de tensiune toial
pe bobinele inseriatés si L,, Uc reprezink
caderea de tensiune pe condensaforU,
reprezini ciderea de tensiune pe bobiha
dupi ce lampa s-a aprins.

La rezonari, saltul de curent din M in N
este inspt de un salt de tensiune delUR; la
U,. Datorii balastului capacitiv utilizat,
curentul din circuit pstreaz un caracter
capacitiv atat dupsalt (punctul N in Figura 6)
catsi In regim normal de funionare (punctul P
din Figura 6).

3. Validare experimentala

Bancul experimental coristdintr-un montaj
precum cel din Figura 1, starterul magnetic
avand Ls<=26,5 H si R=230 Q, iar balastul
capacitivL,=1,4 H,R,=28,4Q si C=3,75uF.

Caracteristicile de magnetizareéisarate s-au
aproximat printr-o funge polinomiah (inainte
de salt)si una liniaé (dupi salt). S-a folosit un
algoritm Levenberg-Marquardt pentruisirea
coeficienilor functiilor si in Figura 7 se
compai rezultatele ofinute.

Pentru a analiza comportarea circuitului s-a
utilizat un program de calcul realizat Tn mediul
Matlab-Simulink. Acest program utilizeazin
algoritm Runge-Kutta de ordinul 4 pentru
rezolvarea ecuei Duffing. Parametrii de
simulare utiliza sunt preciza.

Figura 8 ardat rezultatele simakii si
experimentale intr-un moment anterior dar
foarte apropiat de momentul saltului rezonant.
Punctul de fungonare gliseazintre Msi N pe
caracteristicdJ, dat in Figura 6.

Figura 9 prezirt rezultatele simdkii si
experimentale intr-un moment ulterior saltului
rezonant. Punctul de fungnare corespunde lui
N din Figura 6si caracterul capacitiv este
evident, dar lampa T este apriris

Se obserw similitudinile de forma si
amplitudine fintre caracteristicile simulatg
experimentale ale curentului.
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MESOPIC LIGHTING CONDITIONS AND PEDESTRIAN VISIBILI

TY

Jaakko KETOMAKI, Marjukka ELOHOLMA, Pasi ORREVETELAINEN, Liisa HALONE N
Helsinki University of Technology, Lighting Laboratory, Finland

In the mesopic luminance region both the rods amtks on the retina are active and this is beligoethuse
changes in the spectral sensitivity of the humaiori The objective of this work was to study tffecs of light
spectrum on visual performance in road lightingdittans. Mesopic vision involves both foveal andipkeral
vision, which are based on different receptor cavations on the retina. In driving, a lot of infortaa is gained
from off-axis vision and peripheral vision becomegportant. In this work visibility tests were made
experimental road lighting installations both favéal and peripheral (15°/20°) viewing. Pedestriaibility
tests were carried out at two luminance levels/{051cd/ni) using high pressure sodium and daylight metal
halide lamps. The results show that light level &agtrong effect on visibility of moving targetshd effect of
light level on visibility is not, however, linean different parts of the visual field. Light speotr did not affect
visibility at either luminance level when the targeas viewed foveally. This confirms our earliandings, that
V(1) is valid for assessing luminosity of foveal taggalso at mesopic light levels. On the other h#mal results
suggest that lamp spectrum has an effect on \tgilil road lighting conditions in off-axis visiomt constant
photopically i.eV(A) weighted luminance levels, the lamps with highteahin the blue wavelength region seem
to be visually more effective than the conventibnased high pressure sodium lamps. This was, hewédound
only at the lower luminance level (0.1 cdjimwhere the contribution of rods is presumablyhkigthan at the

higher luminance level (1.5 cd?n

1. Introduction

The mesopic luminance region lies between the
photopic and scotopic. The mesopic
luminances lay between about 0.001...3 ¢d/m
as shown in Figure 1. The upper luminance
limit of mesopic region is not clearly defined,
the CIE definition is ‘at least several cd/m
[1]. The luminance limit definition between
photopic and mesopic region varies between
about L>3...10 cd/mi [1, 2, 3]. Mesopic
lighting applications include road and street
lighting, outdoor lighting and other night-time
traffic environments. It is especially the higher
end of the mesopic luminance region that is of
prime importance in practical applications.

Scotopic Mesopic Photopic
(rods) (rods + cones; (cones )
L (cdim?) 106 104 10-2 1 102 104 106 108
t oy t
Starlight Moonlight Outdoor lighting Sunlight

Figure 1 The photopic, scotopic and mesopic luminance
ranges [4].
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It is known that neithe¥(A) or V'(A) alone
are representative of the eye’s behaviour in the
mesopic region. In the mesopic region both the
rods and cones are active and their mutual
interaction determines spectral sensitivity.
When light levels are decreased from photopic
to mesopic, the spectral sensitivity of the eye is
believed to shift towards shorter wavelengths.
There are, however, no internationally accepted
methods for measurements in the mesopic
region. Photometers are tuned to photopic
foveal (2°) vision withV(A)-filters even though
they are used in night-time lighting
applications. Similarly, measurements of
luminous efficacy of all electric light sources
are based on the photopd¢A) function.

In the very centre of the fovea there are only
cones and foveal vision is claimed to be that of
the cone photoreceptors. The results of our
former studies imply, that the spectral
sensitivity of the fovea is not changed when
lighting levels are decreased from photopic to
mesopic [5]. Thus photopic luminance,
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l.e. V(1) weighted luminance, is a valid measure
for assessing luminosity of foveal vision also at
mesopic levels. In driving, however, a lot of
information is gained with off-axis vision and

peripheral vision becomes important.

This work set out to investigate visibility in
road lighting conditions using different lamps.
Nowadays the most commonly used light
sources in road and street lighting in Finland
are high pressure sodium lamps (150 W and 250
W). These lamps have high luminous efficacy
(100...120 Im/W) when calculated with the
photopicV(A) function. As the radiant power of
high pressure sodium lamps is concentrated in
the longer wavelength region, the expected
mesopic output of the lamps is not necessarily
equally high. Besides the high pressure sodium
lamps, daylight metal halide lamps with high
content in the short wavelength region were
used in the experiments.

In this work the effects of light spectrum on
visibility was studied at luminance levels
encountered in road and street lighting.
Pedestrian visibility was used as the visual task.
The experiments were conducted in road
lighting in installations built in an underground
tunnel.

2. Mesopic vision and road lighting

2.1 Basis for road lighting

Road and street lighting have great impact
on ensuring good visibility conditions in night-
time driving. In Finland night-time traffic is
about 30% of the total traffic on public roads
[6]. The function of fixed road and street
lighting is to create safe and comfortable
environments for road users and to improve the
visibility —conditions at night. Visibility
influences, for example, how quickly a driver
detects and interprets visual information, makes
decisions and responds to unpredictable visual
events. Research work is currently conducted to
find new, more efficient ways to design and
construct lighting for the road-users.

Visual performance in night-time driving is
very complex as it consist of several visual
elements with various parameters. In driving a
car the driver has to obtain sufficient
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information to move ahead and avoid
collisions. One of the visual tasks of the driver
is the detection of targets, either moving or
stationary. The probability of detecting a target
depends on the target luminance, contrast, size,
shape, observation time etc. Also the luminance
surroundings of the target play a role [7].

2.2 Mesopic light levels in road lighting

The measurements made in HUT Lighting
Laboratory indicate that road surface
luminances in road and street lighting are
largely in the mesopic region, i.e. below 3
cd/nf even on well illuminated roads [8]. The
luminances can be very low in the adjacent and
surrounding areas of the road. There are also
higher luminances in the visual field of the
driver, e.g. road luminaires and headlights of
oncoming car. The effect of the headlights of
other cars is usually temporarily and the fixed
street luminaires are mostly located in the
peripheral parts of the visual field. Thus in
night-time driving the luminances of the visual
field remain mostly in the mesopic luminance
region.

2.3 Mesopic vision

Both foveal and peripheral vision are
important in traffic conditions. At mesopic
light levels they are based on different receptor
combinations on the retina. Foveal visual tasks,
like visual acuity and spatial resolution, are
mediated by the cone receptors. In peripheral
vision or when viewing large visual targets, the
visual functions are determined by both rods
and cones. In many mesopic applications, like
night-time driving, peripheral tasks play a
major role. Because the contribution of rods
and cones to visual tasks depend on the task
characteristic and light level, the spectral
sensitivity changes are believed to be different
for different visual conditions in the mesopic
range.

The fovea is used for recognition and
identification of objects. In the very centre of
the fovea there are only cones and foveal vision
is claimed to be that of the cone
photoreceptors. In our former studies visual
acuity was used as a measure to study the
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effects of light spectrum on foveal vision in the
mesopic region. The results imply, that the
spectral sensitivity of the fovea is not changed
when luminance levels are decreased from
photopic to mesopic, at least in the higher end
of the mesopic region (0.2...5 cdni5]. Thus

it is believed that the foveally determing@/)
function is valid for describing foveal spectral
sensitivity also at mesopic light levels.

It is clear that in e.g. driving conditions the
visual field that is of interest is certainly larger
than the central two degrees, that was used to
establish the photopi(A). Actually, in driving
a lot of information is gained with off-axis
vision and off-axis vision becomes important.
Peripheral visual tasks include, for example,
detection and discrimination of moving and
stationary objects, and are mediated by both
rods and cones at mesopic light levels [7]. In
peripheral vision the rods become increasingly
dominant with decreasing light levels.

2.4 Pedestrian visibility

Visibility of a pedestrian is one of the visual
tasks drivers face when driving a car by night.
The purpose of fixed road and street lighting is
to enhance the visibility of temporary and
steady elements on the road and road
surroundings outside the reach of the car
headlights. In order to be able to react in time
to a pedestrian on the road or approaching the
road, the driver should detect the pedestrian at a
40 m distance when the driving speed is 50
km/h. The detection distance should be about
100 m at a 100 km/h driving speed and in
slippery road conditions even 400 m [9].
Because the effect of car headlights does not
reach this far, the visibility of pedestrian is
highly dependent on fixed road lighting.

In this work the visibility of pedestrian was
used as the visual task. By employing a real
pedestrian instead of e.g. a flat cardboard as a
visual target the test becomes more realistic, as
the pedestrian includes three-dimensionality.
Furthermore, the movement of the walking
pedestrian is an important component of the
visual tasks faced by road users.

INGINERIA ILUMINATULUI 11-2003

3. Experimental set-up

We studied the effects of light spectrum and
luminance level on visibility in road lighting
conditions in experimental road lighting
installations in an underground tunnel. The
length of the tunnel is 200 m, height 3.5 m and
width 5 m. The advantage of the tunnel was
that the exterior conditions remained constant.
It was thus possible to carry out visibility tests
with several subjects in exactly the same
conditions at any time. In the road lighting
installations the viewing conditions simulate
conditions on roads at night-time when fixed
road or street lighting are used [8].

As light sources we selected metal halide
(MH) and the commonly used high pressure
sodium (HPS) lamps. We selected a daylight
MH lamp as a comparable light source, because
the radiation of it is distributed over the whole
visible region of the spectrum. Thus the
expected mesopic output of this MH lamp is
quite high. The colour temperature of the HPS
lamp was 2000 K and that of the MH lamp
5200 K. The spectra of these lamps are shown
in Figure 2. The lamps supply voltages were
stabilized. The Iuminance levels of the
installations were controlled by attaching
neutral density filters in the apertures of the
luminaires. The filters did not alter the spectral
output of the lamps. In the HPS and MH lamp
installations the luminance levels of the road
surfaces were equal in terms \6f1)-weighted
luminances.

HPS

Relative radiance
(=]
(&) —_

o

0+
400

500 600 700
Wavelength (nm)

400 500 600 700

Figure 2. The spectra of the high pressure sodium
(HPS) and daylight metal halide (MH) lamps

Using these light sources, we built two
similar installations, the other with HPS lamps
and the other with MH lamps. In both
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installations the Iluminaires were in five
luminaire groups with 8 m spacing. The subject
sat in the front of the first luminaire and was
looking towards the dark end of the tunnel,
Figures 3 and 4. The pedestrian subtended a
visual angle of 2° from 40 m distance.

I sumed{ [\ W [ Tg
0 4 12 20 28 36 44 50
)

Distance from subject (m

_ Black fixating area
\’bg\/
| o
= \15 or 20 i
E(
2 G
4m. 32m L 0..14m |

Figure 3. Experimental set up. The installation

consisted of five luminaires 8 m apart. In foveal
viewing the subject was fixating to the back of the
walking pedestrian. In off-axis (15°/20°) viewing

the subject was fixating to the black fixating area
on the wall of the tunnel

The task of the subject was to indicate the
detection threshold of the pedestrian. The
pedestrian was walking towards the dark end of
the tunnel and thereafter approaching the
illuminated area of the tunnel from the dark.
The pedestrian was dressed in grey clothing
and wore a grey cap to cover his face. The
reflection coefficient of the neutral grey clothes
was 0.20.

We made the visibility tests both in central
and off-axis vision. In central viewing
conditions the subject fixated to the back of the
walking pedestrian. In off-axis viewing
conditions the subject fixated at a black area
covered with black fabric at the left side wall of
the tunnel. The eccentricity of vision in the off-
axis test was 15° in the first series and 20° in
the second test series. We made tests for both
light spectra, HPS and MH, and at two average
road surface luminance levels 0.1 and 1.5
cd/nf. Each subject made the test in all four
different lighting conditions. Before starting the
first actual experiment the subject had adapted
to the tunnel lighting for 30 minutes. A 5
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minutes adaptation time preceded the tests in
each lighting condition. Young subjects of
22...28 age participated in the experiments.
Their colour vision, refraction, visual acuity,
visual field was checked to be normal at the
Helsinki University Central Hospital.

Figure 4. Pedestrian visibility measurements in
underground road lighting installations. The subject
indicated with a response button when she/he could
detect the walking pedestrian 40...50 m apart

4. Results of pedestrian visibility tests

4.1 First test series

In this test series the pedestrian was
walking towards the dark end of the tunnel and
thereafter approaching the illuminated area of
the tunnel from the dark. Six subjects made this
test both in foveal vision and in off-axis vision
at 15° eccentricity.

The pedestrian luminance at the detection
distance corresponds to the lowest detectable
luminance in each lighting condition. The
results are presented as a ratio of the pedestrian
luminance at the detection distance and the
average road surface luminance in that lighting
condition (pedLroad). This is referred to as
'‘Relative Luminance Threshold'.

The results are shown in Figure 5. The
statistical analysis of the results was conducted
using analysis of variance based on the
Bonferroni and Fisher’'s tests. The probability
level 0.05 was used. The results show that the
luminance level has a clear effect on visibility.
The relative luminance threshold is lower at 1.5
cd/nf luminance level compared to 0.1 cd/m
luminance level. Thus the ability to detect low
contrasts is higher at the higher road luminance
level.
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Figure 5. Results of the first test series with six
subjects. Relative luminance threshold for
detecting the pedestrian at road surface luminance
levels 1.5 and 0.1 cdfnat two light spectra (high
pressure sodium HPS/ metal halide MH) and for
foveal (0°) and off-axis (15°) viewing.

At the luminance level 1.5 cdmvisibility

is relatively better for targets in foveal vision
compared to off-axis vision. Thus visibility
decreases when the target is moved from
central vision towards the periphery. When the
road surface luminance is decreased to 0.1
cd/nt the differences between central and off-
axis vision disappear. Thus at the lower light
level the detection distance and relative
luminance threshold are the same in foveal and
off-axis viewing. This means that the
importance of off-axis vision increases in
comparison to central vision when the light
level decreases in the mesopic region. In the
first test series light spectrum did not affect
visibility at either luminance level.

4.2 Second test series

In the first test series it was noticed that the
visual test was quite difficult to perform if the
subject was not carefully trained for the task. It
is very difficult for a non-trained subject to
maintain her/his eye fixation point in a given
position. This was true especially in off-axis
viewing. In off-axis viewing it is also difficult
for the observer to exactly define whether the
pedestrian is visible or not.

The second test series employed only one

subject, but he repeated the same tests several

times. The subject was trained and motivated
for this task and thus the test process could be
very carefully controlled. A trained subject’s
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fixation point is more reliably maintained and
the criterion of visibility is more accurate.

In the second test series we included a new
component, pedestrian arm movements, in the
visual task. In the experimental conditions the
walking speed of the pedestrian has to be very
slow (1 step/2 sec) in order to record the
detection distance accurately. At this speed the
movement of the walking pedestrian seen from
over 40 m distance is no more a critical
component of the visibility task. In the second
test series the pedestrian was constantly
swinging his hands between downwards and
horizontal plane while walking. As in the first
test series, the walking speed of the pedestrian
was constant (0.2 m/s) and the length of one
footstep was 40 cm. The movement of the arms
made the detection of the pedestrian easier for
the subject and the detection distance could be
more accurately defined. The pedestrian arm
movement also enlarged the horizontal size of
the visual target.

We carried out eight test sessions on
subsequent days for the trained subject. One
session consisted four different lighting condgion
In off-axis viewing the eccentricity of the target
was 20°. The results are shown in Figure 6.

o

o

o
I

4~ No difference
Significant difference

1.5 cd/m? Qf\@

o

Q

@
1

o
i

o
i

o

Q

N
1

0.1 cd/m?

Relative Luminance Threshold

o

T T T T T 1

HPS
20°

mh
20°

MH hps mh hps

HPS ' MH
° 200 0°  0°  20°

0 0°

Figure 6. Results of the second test series. Relative
luminance threshold for detecting the pedestrian at
luminance levels 1.5 and 0.1 cd/mat two light
spectra (HPS and MH) and for foveal (0°) and off-
axis (20°) viewing

Again the results show that luminance level
has a clear effect on visibility. Also, as in the
first test series, visibility is better in foveal
viewing than in off-axis viewing at the
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luminance level 1.5 cd/m Spectral effects
were not found at the higher luminance level.

However, there are differences between the
two light spectra at the Iluminance level
0.1 cd/nf. The trained subject could define the
detection distance more accurately. In addition,
the inclusion of movement in the visual task
increased the sensitivity of the test and the
detection distances could be recorded more
accurately. So differences between two light
spectra could be found.

At the luminance level 0.1 cdmvisibility
became relatively better for targets in off-axis
compared to foveal vision. When the target was
in foveal vision, the light spectrum did not
affect visibility. However, in off-axis vision the
relative luminance threshold was lower with
MH compared to HPS lamps. Thus light with
higher content in the blue wavelength region
yielded to better visibility in off-axis vision.

5. Conclusions

The results show that light level has a strong
effect on visibility of moving targets in the
mesopic region. The pedestrian detection
distance becomes shorter with decreasing light
level. The effect of light level on visibility is
not, however, linear in different parts of the
visual field. At the luminance level 1.5 cd/m
visibility was better in foveal than in off-axis
vision. When we decreased light level to 0.1
cd/n?, the differences between foveal and off-
axis visibility disappeared and were partly
reversed. This is explained by the structure of
the retina.

In the fovea there are only cones and no
rods. The number of cones decreases with
eccentricity from the fovea, whereas the
number of rods increases with eccentricity from
the fovea. At higher light levels cones are more
active than rods. When light levels decrease to
the mesopic region more rods become active,
while the contribution of cones to the visual
process becomes smaller. Thus the importance
of off-axis vision increases when light level is
decreased in the mesopic luminance region.

In the central viewing conditions the target
(pedestrian) was viewed with the fovea. The
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luminance levels in the HPS and MH lamp
installations were equal in terms of
photopically weighted, i.eV(4), luminance
values. As V(1) is based on the spectral
sensitivity of the cones and as there are merely
cones in the fovea, it is in prospect that light
spectrum does not affect visibility in central
viewing even at low light levels. This was
actually the result of the experiments at both
luminance levels the 1.5 and 0.1 c8/right
spectrum did not affect visibility at either
luminance level when the target was viewed
foveally. This also confirms the findings from
our earlier studies, where the effects of light
spectrum on visual acuity were studied in the
mesopic region.

In off-axis vision both the rods and cones
are active at mesopic light levels. The spectral
sensitivity of rods is shifted to the shorter
wavelength region, as compared to cones. It is
in prospect that when Iluminance levels
decrease to the mesopic region, the blue part of
the spectrum becomes more effective for off-
axis vision. The results of the second test series
support this hypothesis. In off-axis (20°) vision
the relative luminance threshold was lower
under MH lamps compared to HPS lamps. This
we found, however, only at the luminance level
0.1 cd/nf, where the contribution of rods is
presumably higher than at the luminance level
1.5 cd/mf. The results suggest that in the
mesopic region the spectral sensitivity of the
eye shifts towards shorter wavelengths in such
parts of the retina where both rods and cones
are contributing to visual tasks.

The pedestrian visibility measurements
suggest that lamp spectrum has an effect on
visibility in road lighting conditions in off-axis
vision. Lamps with high content in the blue
wavelength region seem to be more efficient
than the conventionally used high pressure
sodium lamps. The effects of light spectrum on
visibility at mesopic levels are dependent on
the adaptation level of the eye and on the
eccentricity of the visual task. The reason is the
non-uniform retinal distribution of rods and the
three types of cones and the changing mutual
contribution of rods and cones to visual tasks
with changing light levels.
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We will continue the experiments in the road
lighting installations in HUT Lighting Laboratory.
The objective is to confirm the visibility findings
in different luminance conditions and with varied
light spectra. The visual task in the experiments
reported in this paper was the detection threshold
of a pedestrian. This corresponds to the
minimum luminance contrast of a target against
its surroundings that is needed for the observer
to detect the target. We didn’t include visual
identification or recognition in the task. In
these experiments the surroundings of the
target were relatively uniform and the target
was always in the expected place. In many
driving situations the visual field is very
complex and the conspicuity of a visual
stimulus from the background becomes
important. It is clear that the visual task of night-
time driving cannot be comprehensively
described with a single visual task. Experiments
with different visual tasks are needed to get
comprehensive proof of the spectral effects on
visual performance in the mesopic range.
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ILUMINATUL MEZOPIC Sl
VIZIBILITATEA PIETONILOR

In zona iluminatului mezopic atat basteele cat si
conurile de pe retih sunt activesi acest lucru se
presupune & ar produce schindipi in senzitivitatea
spectrai a vederii umane. Obiectivul studiului a fost de a
determinarea efectelelor spectrului luminii asupra
performanelor vizuale Tn condiile iluminatului rutier.
Vederea mezopicimplica atat vederea foveiacatsi cea
periferica care sunt bazate pe diferite combinae
receptori de pe retin in cazulsoferilor, multe informéii
sunt receptate din vederea in afara axei (dezjpaatfel
incat vederea perifeiadevine extrem de importantin
acest studiu testele de vizibilitate au fost readzin
instalgii de iluminat experimentalatat pentru vedere
foveica catsi pentru cea periferic(15°/20°). Testele de
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vizibilitate ale pietonilor au fost realizate pentdou
niveluri de luminagi (0,1/1,5 cd/M) utilizand kmpi cu
vapori de sodiu de Tnaltpresiunesi cu halogenuri
metalice.

Rezultatele aratci nivelul luminii are un puternic
efect asupra vizibilitii tintelor miscatoare. Totui,
efectul nivelului luminii asupra vizibilitii nu este liniar
in diferite girti ale cAmpului vizual. Spectrul luminii nu
afecteaz vizibilitatea la nici un nivel de luminahatunci
cand tinta era vzuti foveal. Aceasta confirin
descoperirile noastre imle, @ V(A) este valid pentru
determinarea luminozitii la tinte foveale inclusiv la
nivelul mezopic. Pe de altparte, rezultatele atatca
spectrul dmpii are efect asupra vizibiitii in condtiile
iluminatului rutier pentru vederea in afara axela L
niveluri fotopic constante, adiduminarte evaluaté/(A),
lampile cu corinut ridicat in zona lungimii de u&d
albastre parisfie mai eficiente decatipile cu vapori
de sodium Tnait presiune utilizate Tn mod curent.
Aceast descoperire este valabilloar la niveluri sizute
ale luminarei (0,1 cd/m), unde contribtia bastongelor
se presupune a fi mai mare decéat la lumi@aidicate
(1,5 cd/m).

1. Introducere

Domeniul luminarei mezopice se dilintre cel
fotopic si cel scotopic. Lumina@a mezopia se
situeaz intre 0,001...3 cd/mdupi cum este
prezentat in Figura 1. Limita superidan
luminartei in regiunea mezogicnu este clar
definita, definitia CIE fiind ‘cel puin cateva
cd/n? [1]. Definirea limitei luminanei intre
fotopic si mezopic variai intreL>3...10 cd/m
[1, 2, 3]. Aplicaiile iluminatului mezopic
includ iluminatul rutiersi stradal, cel exteriogi
alte medii de trafic pe timp de noapte. Pentru
aplicaiile practice este de privimportana zona
superioat a domeniului luminaelor mezopice.
Sestie a nici V(A) si nici V'(A) nu sunt
reprezentative pentru comportamentul ochiilor
in regiunea mezopic In regiunea mezopic
atat bastongele catsi conurile sunt activesi
interagiunea mutud determid senzitivitatea
spectral. Cand nivelul luminii scade de la
fotopic la scotopic, se presupunea c
sensibilitatea spectial ochiului se mutspre
lungimile de und mai mici. Totyi, nu exist
metode de @surare acceptate intetianal
pentru domeniul mezopic. Fotometrele sunt
fixate pe vedere fotopicfoveah (2°) cu filtre
V(A) chiar dag sunt utilizate in apliga ca
iluminatul pe timp de noapte. Similar,

masurarea eficiacitii luminoase a tuturor
surselor electrice de luniinse bazeaz pe
functia fotopia V(A).

In exact centrul foveii sunt doar conuri iar
vederea foveal se consider a fi realizat cu
fotoreceptori cu conuri. Rezultatul studiilor
prelimare ardt ca senzitivitatea spectrala
foveii nu se schimbcand nivelul luminii scade
de la fotopic la mezopic [5]. Lumingam
fotopica, adia luminanta evaluat fungie de
V(/A), este o rasufi valabik pentru estimarea
luminozitatii vederii foveale si la niveluri
mezopice. La condus, multe inforfmasunt
primite de la vederea in afara axei iar vederea
periferica devine importarit

Acest studiu a investigat vizibilitatea Tn
condiiile iluminatului rutier utilizand diferite
lampi. Azi cele mai utilizate surse de luraimn
Finlanda pentru iluminatul rutief stradal sunt
lampile cu vapori de sodium de irafiresiune
(150 Wi 250 W). Acestedmpi au eficacitate
luminoag mare (100...120 Im/W) atunci cand
sunt calculate cu fumie fotopia V(1). Cum
puterea radiaata Empilor cu vapori de sodiu
de inali presiune este concenttain zona
lungimilor de und lungi, efectul in mezopic nu
este neapat la fel de mare. In afade Empile
cu vapori de sodiu de Tinaltpresiune, in
experimente s-au utilizat halogenurile metalice cu
continut ridicat in zona lungimilor de uadcurte.

In acest sudiu s-a evaluat efectul spectrului
luminii  asupra nivelurilor de luminaih
intalnite  Tn iluminatul rutier si stradal.
Vizibilitatea pietonilor a fost utilizat ca
sarciri vizuah. Experimentul a fost realizat pe
o instalaie de iluminat rutier montatintr-un
tunel subteran.

2. Vederea mezopi& si iluminatul rutier

2.1 Bazele iluminatului rutier

lluminatul rutier si stradal are un impact
puternic Tn asigurarea comidor de bura
vizibilitate Tn conducerea pe timp de noapte. in
Finlanda traficul pe timp de noapte este in jur
de 30% din traficul total pe drumuri publice
[6]. Fungia iluminatului fix rutier este de a
creea un mediu sigusi confortabil pentru
utilizatorii  soselelor si de a Tmbuatati
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condtiile de vizibilitate pe timp de noapte.
Vizibilitatea influeneaz, de exemplu, cat de rapid
detecteax soferii si apoi interpretedz vizual
informatii, iau deciziisi raspund la evenimente
vizuale nepreszute. Cercetare are ca scapiga
unor noi modaliti eficiente de proiectarsgi
construire a sistemelor de iluminat rutier.

Performaima vizua la condusul pe timp de
noapte este foarte complexi const din mai
multe elemente vizuale cu difgriparametri.
Atunci cand conduce o miaa soferul trebuie
si olyina suficiente informai pentru a Tnainta
si a evita coliziuniile. Una din sarciniile vizuale
este detectaregintelor, fie in mgcare fie
stgionare. Probabilitatea detédt unei tinte
depinde de Iuminaa tintelor, contrast,
dimensiuni, form, timp de obserigée. De
asemenea lumingn zonei inconjuitoare este
important [7].

2.2 Niveluri de lumina mezopic in iluminatul
rutier

Masusrile efectuate in HUT Lighting
Laboratory indi@ faptul @& Iluminana
suprafeei drumurilorsi strazilor sunt in special
in regiunea mezopic adici sub 3 cd/rh chiar
si  pe drumurile bine illuminate [8].
Luminanele pot fi foarte sizute in zonele
adiacente sau din jurul drumului. De asmenea,
in campul visual akoferului sunt luminare
ridicate ca de exemplu aparate de iluminat
rutier sau farurile altor @i din sens opus.
Efectul farurilor de la celelalte mgiai este de
obicei temporar iar aparatele de iluminat rutier
sunt poziionate in partea perifetica campului
vizual. Cu toate acestea, in cazul condusului pe
timp de noapte luminaa din campul visual
ramane mai ales in zona luminanmezopice.

2.3 Vederea mezopit

Atat vederea foveal cat si cea periferia
sunt importante in conglle de trafic. La
niveluri de lumid mezopid se bazedz pe
diferite combingi de receptori de pe retin
Sarcinile vizuale foveale, gaacuitatea vizual
si rezoluia spaiala sunt mediate de conuri. In
vederea periferic sau cand sunt priviténte
vizuale mari, fungile vizuale sunt determinate
atat de bastoga catsi de conuri. In multe
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aplicgii mezopice, cai condusul pe timp de
noapte, sarcinile periferice jaacn rol extrem
de important. Din cauza ac contribdia
bastongelor si conurilor la sarcina vizual
depinde de carateristicile sarcirgi nivelul
luminii, schimlirile Tn senzitivitatea specteal
se presupun a fi diferite pentru diverse candi
vizuale din domeniul mezopic.

Fovea este utilizatpentru recuncgereasi
identificarea obiectelor. Tn chiar centrul foveei
sunt doar conuri iar vederea fowveicse
consided a fi doar cea cu fotoreceptori conuri.
In studile noastre anterioare s-a utilizat
acuitatea vizual pentru a rasura efectul
spectrului luminii asupra vederii foveale din
regiunea mezopic Rezultatele indic faptul G
senzitivitatea spectrala foveei nu se schimb
atunci cand luminaa scade de la fotopic la
mezopic, cel ptin la captul de sus al regiunii
mezopice (0,2...5 cd/f[5]. De aceea se crede
ca fungia V(A), determinat foveal, este valitl
pentru a descrie senzitivitatea speétfal’eak
la niveluri de iluminare foveal

Este clar & la condus campul vizual care
este de interes este cu sigu#iamai mare decat
cele dod grade centrale, care au fost utilizate
la stabilirea luiV(A) fotopic. De fapt, la condus
multe informaii sunt ctigate de la vederea in
afara axeisi vederea in afara axei devine
importanti. Sarcina vizudl periferici include,
de exemplu, detectargaselectarea obiectelor
in miscare si staionare si utilizeaz atat
bastonge catsi conuri la niveluri de lumia
mezopid [7]. In vederea perifericbastongele
devin din ce Tn ce mai dominante adaiu
saderea niveluluide iluminare.

2.4 Vederea pietonilor

Vizibilitatea unui pieton este una din
sarcinile vizuale la care trebuie faci fata un
sofer atunci cand conduce noaptea. Scopul
iluminatului rutier si stradal este de a am
vizibilitatea elementelor temporare sau
definitive de pe drum sau din apropierea
drumului din afara zonei de taane a farurilor.
Pentru a fi In risui@ sa reagioneze in timp la
prezema unui pieton pesosea sau care se
apropie desosea,soferul trebuie & detecteze
pietonul de la o distai de 40 m atunci cand
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viteza sa este de 50 km/h. Digtamle detete
trebuie 4 fie in jur de 100 m la o vitazde 100
km/h, iar pe ososea alunecoaschiar 400 m
[9]. Din cauz ca farurile mainii nu au efect la
asa o distam, vizibilitatea pietonilor este
dependeritin mare misuta de iluminatul fix.

In acest studiu vizibilitatea pietonilor a fost
utilizata ca sarcia vizuak. Prin utilizarea unui
pieton real in locul unei cutii de carton ga
sarcirh vizuah, testul devine mai realist,
deoarece pietonul are tri-dimensionalitate. Mai
mult, miscarea unui pieton este o comporent
important a sarcinii vizuale goferilor.

3. Experimentul

Am studiat efectul spectrului luminigi al
nivelului  de Iluminam Tn  condiiile
iluminatului rutier Tntr-un tunnel subteran.
Lungimea tunelului era de 200 milithme 3,5
m si latime 5 m. Avantajul tunelului esteic
condtiile exterioare aman constante. A fost
astfel posibil & se efectueze teste de vizibilitate
cu mai mufi subiecie in exact acelga
condiii, la orice ok. In instalaia de iluminat
rutier condiiile de vizibilitate de pe drum
simuleaz condiiille de pesosea pe timp de
noapte, atunci cand se utiliz&éazorpuri de
iluminat rutier fixe [8]. Casi surse de lumiin
au fost selectaternpile cu halogenuri metalice
(MH) si uzualele 4mpi cu vapori de sodium de
Tnaltéa presiune (HPS). Am selectat o laiiyH
‘daylight’ ca si surst de lumirh comparabi,
deoarece radim este distribuit pe tot
domeniul vizibil a spectrului. Fluxul mezopic
estimat al dmpii MH este destul de mare.
Temperatura de culoare corala Empii HPS
este 2000 Ksi cea a dmpii MH 5200 K.
Spectrul acestoampii este prezentat in Figura
2. Tensiunea de alimentare @npilor a fost
stabilizati. Nivelul de luminari al instalaiei a
fost controlat prin atarea unor filtre neutre de
densitate pe deschiderea aparatelor de iluminat.
Filtrele nu au afectat distrilia spectral a
acestor dmpi. In instalgile de iluminat cu
lampi HPS si MH nivelul de luminam al
suprafeei soselei a fost egal in termeni UéA)-
luminarte echilibrate.
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Utilizand aceste surse de lurjns-au
construit dod instatii similare, una cudmpi
HPSsi una cu simpi MH. In ambele instata,
aparatele de iluminat au fost Tn cinci grupuri de
aparate de iluminat cu o distaintre ele de 8 m.
Subiectul sttea in faa primului aparat de
iluminat si privea spre caftul negru al
tunelului, Figurile 3si 4. Pietonul subintindea
un unghi vizual de 2 grade de la 40 m digtan

Sarcina subiectului a fost de a indica pragul
de detetie al pietonului. Pietonul mergea spre
captul intunecat al tunelulugi se apropia de
zona iluminai a tunelului din Tintuneric.
Pietonul era imlicat cu haine grsi avea o
sap@ gri care 1i acoperea t@a Reflectata
hainelor gri neutru era de 0,20.

Testele de vizibilitate au fost realizate atat
pentru vedere centtal cat si pentru cea
dezaxai. In condii de vedere central
subiectul fixa spatele pietonului.ln coriie
vedere dezaxat fixa spre o0 zolm neag#
acoperit cu stofi neagi de pe peretele din
stanga al tunelului. Tn testul dezaxat
excentricitatea vederii era de 15° in prima serie
si 20° Tn a doua serie de teste. Aactit teste
pentru ambele spectre de lumitHPSsi MH,
si la dow niveluri de luminarh a suprafeei
soselei 0,1si 1,5 cd/nf. Fiecare subiect @dut
testul in toate cele patru condidiferite de
lumina. Tnainte de a Tncepe primul experiment
subiegii se adaptau la iluminatul din tunel timp
de 30 de minute. Un timp de adaptare de 5
minute preceda testul din fiecare careide
iluminat. La experiment au participat suhiec
cu varste cuprinse intre 2228 ani. La Spitalul
Central Universitar din Helsinki s-a verificat ca
subie¢ii sa aiba vederea colorat refragia,
acuitatea vizualsi campul vizual normal.

4. Rezultatele testelor de vizibilitate a pietonilo

4.1 Prima serie de teste

In aceast serie de teste pietonii mergeau
spre apatul ntunecat al tunelulusi apoi se
apropiau de zona iluminata tunelului din
Tntuneric. Sase subigt au ficut acest test in
vedere fovedalsi dezaxat cu o excentricitate de 15°.

Luminarta pietonilor la distaya de deteite
corespunde celui mai &ut nivel de luminagi
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detectabil Tn fiecare cong de iluminat.
Rezultatele sunt prezentate gtain raport intre
luminarta pietonului la distaa de detege si
luminanta medie a supraf soselei
(LpedLroad). Este denumit 'Pragul Luminatei
Relative'.

Rezultatele sunt prezentate in Figura 5.

Analiza statistig a rezultatelor a fost realizat
utilizand analiza variaei bazai pe testul
Bonferroni si Fisher. S-a utilizat un nivel de
probabilitate de 0,05. Rezultatele &rata
nivelul de luminara are un efect clar asupra
vizibilitatii. Pragul luminarei relative este mai
saizut la nivelul de luminag de 1,5 cd/rh
comparativ cu nivelul de 0,1 cd’mCa atare,
abilitatea de a detecta contrastezate este mai
mare la niveluri ridicate ale luminga soselei.

La nivelul de luminati de 1,5 cd/m
vizibilitatea este relativ mai bérpentrutinte in
vedere fovedl comparativ cu vederea dezakat
Astfel vizbilitatea scade candta este micat
dinspre vederea centliakpre periferie. Cand
luminaa soselei scade la 0,1 cd?ndispare
diferena dintre vederea centiialsi cea
dezaxai. Astfel la niveluri sgzute de lumia
distana de detgee si pragul luminarei relative
sunt identice in vedere fovéaki dezaxai.
Aceasta 1inseamin ca importana vederii
dezaxate scade in comp#Ea cu vederea
centrah atunci cand nivelul de luminscade n
domeniul mezopic. In prima serie de teste
spectrul luminii nu a afectat vizibilitatea la nici
un nivel de luminafa.

4.2 A doua serie de teste

In prima serie de teste s-a observatestul
vizual a fost dificil de realizat dasubiectul nu
era antrenat cu atge pentru sarcina care i se
didea. Este foarte dificil pentru un subiect
neantrenat asi menina ochii fixati intr-un
punct, ntr-o pozie dafi. Acest lucru s-a
dovedit ade®rat mai ales pentru vederea
dezaxat. In vederea dezaxaeste dificil pentru
observator & defineasé exact dag pietonul
este vizibil sau nu.

A doua serie de teste a utilizat doar un
subiect, dar care a repetat agelast de mai
multe ori. Subiectul a fost antrengtmotivat
pentru aceast sarcirh si astfel procesul de

testare a fost atent controlat. Punctul de fixare
al unui subiect antrenat este meat cu mai
multd sigurana si criteriul de vizibilitate este
mai precis.

in a doua serie de teste am inclus oanou
componerit ca sarcia vizuak: miscarea braului
pietonului. In condiile experimentului, viteza
de deplasare a pietonului trebuia fee foarte
Tncead (1 pas/2 sec) pentru a inregistra digtan
de detetie cat mai precis. La aceastitez,
miscarea unui pieton care se plimlvazut de
la mai mult de 40 m nu mai este 0 compoaent
critica a sarcinii vizuale. In a doua serie de
teste, pietonul mca tot timpul braul in timp
ce se deplasa. Ca la prima serie de teste,
viteza de micare era constant(0,2 m/s)si
lungimea unui pas era de 40 cm. sbéirea
braului facea detectarea pietonului maoari
iar distana de detate putea fi defind mai
precis. Mgicarea braului pietonului nirea
dimensiunea orizontaktintei vizuale.

Am efectuat sesiunea de opt teste in zile
consecutive cu subiectul antrenat. O sesiune
consta din patru conglide iluminat diferite. in
vederea dezaxatexcentricitatea vederiintei
era de 20°. Rezultatele sunt prezentate in Figura 4

Din nou rezultatele au #at @& nivelul de
luminarta are un efect clar asupra vizihiti.

De asemenea, la fel ca in prima serie de teste,
vizibilitatea este mai bunin vederea foveal
decat in vederea dezaxata un nivel de
luminand de 1,5 cd/h Nu s-au gsit efecte
spectrale la niveluri de lumingn ridicate.
Totusi, apar diferete intre cele dauspectre de
lumini la o luminam de 0,1 cd/rh Subiectul
antrenat putea defini dist@nde detgte mult
mai precis. In plus, includerea guirii a marit
sensibilitatea testulusi distarta de deteite
putea fi Tnregistratmult mai precis.

La nivelul de luminati de 0,1 cd/rh
vizibilitatea devenea relativ mai baurpentru
tinte dezaxate comparativ cu vederea dezaxat
Cand tinta era in vedere foveal spectrul
luminii nu afecta vizibilitatea. Toty, in vedere
dezaxat pragul de luminag@ relativa era mai
scazut cu kmpi MH comparativ cu cele HPS.
Astfel lumina cu cofinut ridicat in regiunea cu
lungimi de und albastre indig¢ o vizibilitate
mai burd in vederea dezaxat

INGINERIA ILUMINATULUI 11-2003 39



5. Concluzii

Rezultatele indig faptul @& nivelul de lumira
are un efect mai puternic in vedergatelor
miscatoare in regiunea mezopicDistana de
detectare a pietonilor devine mai sauodat

cu saderea nivelului luminii. Efectul nivelului
luminii asupra vizibiliitii nu este totsi liniar

in diferite g@rti ale campului vizual. La niveluri
de luminami de 1,5 cd/mvizibilitatea este mai
buri in vedere fovedl decat in cea dezaxat
Atunci cand a fost gzut nivelul luminii la 0,1
cd/nt, diferenele dintre vizibilitatea fovealsi
cea dezaxatdispareausi erau patial inversate.
Aceasta este explicabilprin structura retinei.
in fovea sunt doar conusi nu sunt bastona.
Numarul conurilor scade cu excentricitatea de
la fovee, in timp ce nuinul bastongelor crete

cu excentricitatea de la fovee. La niveluri
ridicate de lumia conurile sunt mai active
decat bastoale. Cand nivelul luminii scadg
ajunge in zona mezopic bastongele devin
active, in timp ce contrikia conurilor in
procesul vizual devine &srzuti. Importana
vederii dezaxate cge cand nivelul luminii
scade Tn domeniul lumirglor mezopice. In
condiii de vedere centraltinta (pietonii) erau
vazuti cu fovea. Nivelul luminagei 1n
instalgiile cu lampi HPSsi MH era egal in
termeni de luming echivalate fotopic funie
deV(A). CumV(A) este bazatpe senzitivitatea
spectrad a conurilor si sunt aproape numai
conuri in fovea, este de peaut & spectrul
luminii nu afecteax vizibilitatea Tn vederea
centrali chiar la niveluri de lumifn sczute.
Acesta era de fapt rezultatul experimentelor
atat la niveluri de luminaa de 1,5 casi 0,1
cd/nf. Spectrul luminii nu a afectat vizibilitatea
la nici un nivel de luminaa atunci candinta a
fost observat foveal. Aceasta confirin
descoperirile studiilor noastre anterioare, cand
s-a studiat efectul spectrului luminii asupra
acuititii vizuale in domeniul mezopic. In
vederea dezaxatsunt active atat bastoyedhe
catsi conurile la niveluri de lumii mezopié.
Senzitivitatea spectrala bastongelor este mai
pronunati la regiunea lungimilor de uad
scurte, comparativ. cu conurile. Este de
previzut & atunci cand nivelul luminaelor
scade la domeniul mezopic, partea altaastr
spectrului devine mai activpentru vederea
dezaxai[..] In vederea dezaxat (20°)
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pragul luminarei relative era mai dzut sub
lampi MH comparativ cudmpile HPS. Aceasta
a fost confirmat doar pentru luminge de 0,1
cd/nf, unde contribtia bastongelor se
presupune a fi mai mare decét la lumyeade
1,5 cd/nf. Rezultatele sugereaz ca 1in
domeniul mezopic senzitivitatea specira
ochiului se mut spre lungimile de uridscurte
n acele prti ale retinei unde atat conurile Gt
bastongele contribuie la sarcina vizual
Masutdirile vizibilitatii pietonilor sugerea ca
spectrul &mpii are un efect in vizibilitatea n
condiii rutiere in cazul vederii dezaxate.
Lampile cu comginut ridicat Tn regiunea
lungimilor de und albastre par a fi mai eficiente
decat cele convépnale cu dmpi cu vapori de
sodiu de Tnadt presiune. Efectul spectrului luminii
asupra vizibiliiti la nivele mezopice este
dependent de nivelul de adaptare al ochigilui
de excentricitate a sarcinii vizuale. Motivul este
distribuia neunifornd a celor trei tipuri de
conuri si a bastongelor pe retia si a
schimkrii contribuiei mutuale a bastogelor

si conurilor la sarcina vizualcu schimbarea
nivelului de iluminare.

Vom continua experimentele in ceea ce
priveste instalaile de iluminat rutier.
Obiectivul este de a confirma descoperirile
legate de vizibilitate pentru diferite coxidide
luminarte si cu diferite spectre de lunin
Sarcina vizudl din experimentele prezentate in
aceast lucrare este pragul de detectare al
pietonilor. Acesta corespunde contrastului
minim de luminam al sarcinii raportat la zona
Tnconjutitoare necesar pentru ca observatorul
si detectezginta. Nu am inclus identificarea
vizuah sau recuncgerea sarcinii. In aceste
experimente zona inconfiloare atintelor a
fost relativ uniforma si tintele au fost
intotdeauna in locul steptat. In multe din
situgiile care apar real la condus campul vizual
este extrem de complekobservabilitatea unui
stimul vizual faa de fundal & devira
important. Este clar & sarcina vizua a
condusului pe timp de noapte nu poate fi
descrig extensiv cu o singarsarcira vizuak.
Experimente cu diferite sacini vizuale sunt
necesare pentru a avea dovezi extensive despre
efectele spectrale asupra perforpearvizuale
n domeniul mezopic.

Traducere Dr. Dorin BEU
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CONTROL OF THE LOST LIGHT ENERGY AT HOUSES

Banu MANAV
University of Bahggehir, Faculty of Architecture, Turkey

In Turkey, an important amount of the consumedtetad energy at houses is light ener@yo control light
energy consumption, alternative solutions can aeedtby examining user preferences’ for lightind Aousing.
This paper discusses how energy consumption aesaan be controlled through lamp and luminairecsiein,
lighting hardware and control systems. As generllefs of people are influenced on their prefersnce
tendencies in lamp selections were investigatedutiitt a questionnaire. Results indicate that 64 lpeop
(44.13%) prefer to use incandescent and compasteffgent lamps together. A total of 80 people (55%&
fluorescent lamps in any part of their houses. Whi people (11.03%) use only fluorescent lamppeiple
(44.82%) reject to use them at all. When the remdonrejection were examined and categorized,ai$ seen
that parallel statements are valid in different rtoies regardless of the cultural differences. iouhe
necessity of a lighting consultant for any projecindispensable for, results of the questionnaidécates that,
only 2 people (1.3%) out of 145 believed its impade and took the advice of a consultant. The gaen to
the lighting design of a house at the constructitaige was also investigated in the study. Whendhkponses
were evaluated, it was seen that, generally noifspdighting solutions were offered. Special caieould be
attended to lighting design considering economiaatl technical data. Consumers should also be more
conscious about the properties of the products skeéct and use.

Introduction

The more energy resources diminish, the more
it becomes valuable and this leads to find new

design solutions. If we control energy
consumption, we also can offer more
economical and energy-efficient designs.

Energy efficient lighting design depends not
only on the choice of the lighting equipment,
but also, on how the installed equipment is
used by building occupants, after the designers
and the electricians have left. It has been stated
that, for Turkey, around 50% of the consumed
electrical energy at houses is light energy
(Onaygil, 2001). Such an amount of energy
should carefully be planned and used. As the
role of the occupants can not be disregarded in
this process, their preferences for lighting
equipment shall be studied to prevent energy
loss.

This study concentrates on the control of
artificial light energy at houses basically.
Important factors to control artificial light
energy can be listed as, lamp type, luminaire
selection, lighting control systems and
influences in preferences. The research
guestion for the present study is based on the
results of a previous survey that was conducted
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by the author (Manav, 2001). The survey was
about user preferences on luminaire selection at
houses, at the living area, mainly. Tendencies
in luminaire selections were investigated
including lamp types. Depending on the results
of the previous research, it was seen that
generally incandescent lamp is preferred at
houses (approximately 76%). This study aims
to investigate the tendencies in lamp selection,
preference, application and will offer
alternative solutions to control energy loss at
houses.

1. Energy efficient lighting design for houses

1.1 Lamp selection

There are four general lamp families of
electric light sources: incandescent, fluorescent,
high intensity discharge (HID) and cold
cathode. Among them, incandescent and cold
cathode lamps are used for general lighting,
decorative and accent sources. Fluorescent
lamps are primarily used for general lighting
and HID lamps are generally preferred for
outdoor lighting applications. However, as
manufacturers continue lamp development, we
can see broader use of all lamp types, that is;
fluorescent lamp use is likely to be increased in
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residential application while HID lamps may
gain popularity in interior environments.

Incandescent lamps are likely to be selected
for decorative lighting or at areas requiring
very low light output source (Steffy, 1990).

Lamps should be selected according to their
technical data. When catalog descriptions are
compared, it is clear that, fluorescent lamps are
more efficient with respect to incandescent lamps
(see Tables 1, 2 for lamp comparison).

Table 1 Catalog values for incandescent lamps
(Osram, 1998)

Incandescent lamp Efficacy

Bulb type clear glas:| W Im (Im/W)
60 |730 | 12.1
75 [960 | 12.8
100 | 1380 | 13.8
150 | 2250 | 15

Table 2 Catalog values for fluorescent lamps
(Osram, 1998)

Tubular fluorescent Efficacy
W |Im (Im/W)
18 |1350 | 75
36 3350 | 93
58 |5200 | 89.6
Compact fluorescent Efficacy
W [Im (Im/W)
20 1200 | 60
23 |1500 | 65.2
15 |900 |60

Previous research shows that, at houses,
approximately 76% of the participants prefer
incandescent lamps (Manav, 2001). In addition
to incandescent lamps, fluorescent lamps can
also be used. Compact fluorescent lamps have
also E27 dip shape, similar to incandescent
lamps, that brings easier installation. Recent
developments in lamp technology provide
various size and shape of fluorescent lamps,
with very good color rendering properties and
long lamp life.

In our country, with a nearly 70 million
people population size, let’'s assume that, there
are 20 million dwellings (in case, there are 3-4
people in each dwelling). In case, a 100 W
incandescent lamp is replaced with a 15W
compact fluorescent lamp, the amount of the
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saved energy will be as follows; operating
hours: 20.00-24.00 (4 hours every day), 1460
hours annual, energy saving annual = 26x10
1460 (100-15)= 2482xf&wWh/year

Even this calculation has a striking result.
End-users shall select lamps considering their
technical properties and lamp manufacturers
should label lamps, so technical properties will
be noticed while selecting.

1.2 Luminaire selection

Luminaires are responsible for the
distribution of light on room surfaces, people,
working plane and related tasks. Properties of
an efficient luminare can be described as
follows: to control the distribution of light
energy, to protect and cover the lamp, to hold
lighting equipment and hardware, to be
economical, to have a high efficacy, to have a
resistant and durable material, to be coherent
with other interior design elements by means of
form, size, shape et cetera.

Depending on the properties of the selected
luminaire, light energy can be spent
inefficiently. Luminaires should be related to
the working plane, their geometrical properties
are important together with the lamps installed
in them. End-users’ preferences are important
as they are the user group. A research on user
preferences on luminaire selection at houses
shows that, statistically, there is no relation
between users’ age group, education level and
being the owner or the renter of a house and
preferences for luminaire selection (Manav,
2001).

The link between the manufacturer,
consumer and the technical consultant should
be permanent. Manufacturers should produce
luminaires according to the technical data, they
should be in contact with technical consultants
and should give necessary information about
lighting to consumers while selling the product.

1.3 Lighting hardware and control systems

Lighting hardware consists all the necessary
equipment for the lamp to operate. Depending
on the properties of this equipment, lighting
quality and energy consumption may change,
psychological and physiological problems may
arise.
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To decrease energy consumption, lighting
control systems are available. The most widely
known and used one is, the dimming process.
However, the quality of dimmers is important
for energy consumption. Also, technological
solutions like LUXMATE are available.
LUXMATE satisfies the requirements of
optimal lighting level and adjustments for
individual lighting needs, different light
sources can be dimmed digitally.

There are studies on the role of fluorescent
lamps and lighting hardware on subjective
well-being; such as the impact of the non-
visible flicker from fluorescent lamps. In these
studies, conventional and electronic ballasts are
compared. As discussed in a study by Killer
and Laike (Kuller, 1998), flicker rate may
influence the brainwave pattern that has been
established through medical research. The role
of flicker rate from fluorescent lamps on well-
being, performance and physiological comfort
was investigated and depending on the
statistical results, it is recommended to use
electronic high-frequency ballasts of good
quality.  Electronic  ballasts are also
recommended from energy-efficiency point of
view (Onayagil, 2001).

Effects of lighting quality on well-being has
also been investigated. When people are
subjected to poor or low quality lighting
supplied by fluorescent lamps, in a number of
cases, they can suffer from eye strain and
fatigue (Bommel, 2002). Lighting control
systems are important to satisfy lighting of
good quality.

1.4 Influences in preferences

Perception of a choice has an essential role
in the realization of a process. General beliefs
and expectations of end users are functional on
lighting decisions. A group researchers were
interested in the topic and investigated memory
processing, psychological process for
information storage and retrieval. As cited in
Veitch (Veitch, 1993), Craick and Cockhart
proposed a model. According to this
framework, acquired information can easily be
recalled at a later time. Our memory does not
function as a simple recording device, we
remember events, categorize them, make
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decisions. We remember best the information
that is coherent with what we know or believe.

General beliefs for fluorescent tubes, for
example, is critical on end users’ decisions.
Results of a survey indicates that a large group
of people believed that fluorescent tubes can be
detrimental to one’s health, and believed that
natural light is superior to artificial light
(Veitch, 1993). These individuals are unlikely
to invest in any similar technology regardless
of its potential. In a similar manner, successful
uses of environmental technologies can diffuse
to other individuals or even institutions.
Individuals who are satisfied or pleased with
their lighting system, will advocate it to others
(Veitch, 1993). Advertisements, campaigns can
be designed to take advantage of this fact.

Cost of a system or a lighting equipment is
also effective in decision making process.
Governmental supply may be needed to spread
the use of certain techniques as well. In Brazil,
for a project, user group was separated into
three groups by means of their income level.
30%, 60% and 70% of the cost was supplied by
the owners of the project and user group was
encouraged to use that technology. At the end
of the first year, energy consumption was
reduced 630 GWh and energy production was
decreased 120 million USD (Tunali, 2000).

2. Material-method

The research method of the survey is
guestionnaire. The questionnaire consists of 7
guestions that investigate the tendencies in
lamp type selection, reasons behind their
preferences and the importance of lighting for
house-owners. 145 people from different
professions with different income levels
participated in the study. No personal data was
evaluated, only percentages of the responses
were evaluated to see the general tendencies.

The first question asks preferred lamp types
for houses. Participants were free to select
more than one choice. The choices were,
incandescent lamp, tubular fluorescent lamp,
compact fluorescent lamp, halogen lamp and
others (they were asked to define).

The second and the third questions were
related to each other. The second question

43



asked whether fluorescent lamp is used at

(Veitch, 1993), people who are familiar to use

houses, so the percentage of people who reject incandescent lamps in their houses do not need

fluorescent lamps could be found. Third
question was for the ones who reject
fluorescent lamps and tries to find out the
reasons for rejection.

The necessity of a lighting consultant for a
project is in indispensable. The fourth and the
fifth questions intend to find out the percentage
for the ones who took the advice of a lighting
consultant for their homes and to give the
reasons.

In recently constructed settlements, special
lighting solutions are offered. The last two
guestions are related to this, asking whether
there was a special lighting solution for the
houses they settle down and if any, for which
part of the house?

3. Results

Results indicate that 64 people (44.13%) prefer
to use incandescent and compact fluorescent
lamps together. A total of 80 people (55%) use

fluorescent lamps in any part of their houses.

While 16 people (11.03%) use only fluorescent

lamps, 65 people (44.82%) reject to use them at
all — Figure 1 shows the percentages for lamp
preference.

Figurel Preferred lamp types with percentages

PREFERRED LAMP TYPES AT HOUSES
18% 2%
40%

@ incandescent
23% m fluorescent tubes
7% O compact f
O halogen
O others

Reasons for rejection were asked to be
stated and are categorized in Table 4. Nearly
10% of the participants state that they do not
like fluorescent. Other statements are as
follows: disturbance (2%) and disturbance from
flicker rate (2%). This is parallel to Killer and
Laike, who studied the role of flicker rate from
fluorescent lamps on subjective well-being.

According to the completed questionnaires,
general beliefs play an essential role in lamp
selection. This is similar to relevant literature
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to find another solution and believe that,
fluorescent lamps are unfamiliar to them
(5.3%). Other statements about general beliefs
are like these; it has white light (3.3%), it is a
useless lamp, not functional (2.6%), it is aloud
(2%), it makes glare (5.3%), it creates cold
space (2%), it is unaesthetic (1.3%) and 2.6%
state that they use compact, not fluorescent
(actually compact fluorescent is a fluorescent
lamp type). However, fluorescent lamps have
some advantages over incandescent lamps, that
are also important for energy efficiency.
Individuals who are satisfied or pleased with
their lighting system will advocate it to others.
As advertisements, media news, campaigns are
effective on increasing the awareness of
people, they can be designed to take advantage
of this fact.

Among the participants, a percentage of
3.3% believes that, fluorescent lamps are
expensive, 1.3% mention that they are on rent
and lamp selection is not important for them.
As cost of a system or a lighting equipment is
effective in decision making process, certain
projects, such as governmental supply may be
needed to spread the use of certain techniques
and products.

Table 4 Reasons of fluorescent rejection at houses

No. of | Percentage
Statement people (%)
disturbs |3 2
 unsuitable to the existing luminaire 4 | 266
a useless lamp, not functional 4| . ..266
flicker rate disturbs me_ | S 2.
ithas white light | S ... 3.33 _
itisaloud | 3 | .2
itmakesglare | 8 | .} 5.33
unaesthetic | 2 | 133
lamonrent, noneedtouseit S 1.33
we use compact, not fluorescent 4| 2.66
expensive | S_|[.....333
itisunfamiliartome | 8 _|[.....233__
createscoldspace | : 2 2.
| do not like it 15 10

Though the necessity of a lighting

consultant for any project is indispensable, only
two people (1.3%) out of 145 believed its
importance and took the advice of a consultant.
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They listed their reasons for not taking advice
as follows; no need for a consultant, familiarity
to traditional products, lamps et cetera.
Responses clearly show that, for a group of
people, lighting of a place still means to install
any kind of lamp. People who took the advice
of a consultant (1.3%) point out that, they know
the importance of lighting.

In some of the recently constructed
buildings, suspended ceilings in bathrooms
with lighting fixtures and counter lighting at
kitchens are offered, but generally, no specific
lighting solution for the rest of the house. The
last two questions were asked to figure out this
belief. When the responses are evaluated, it is
seen that, out of 145 people, 128 (88.2%) say
that they do not have a specific solution for
lighting at their houses. 17 (11.7%) people
have been offered a lighting solution when they
moved to their homes, and these were for the
kitchen, bathroom and living area mainly, as
seen in Figure 2.

Lighting solutions are counter lighting for
kitchens and bathrooms, sockets for lighting on
the ceilings or on the walls. Apart from these,
there are no specific lighting control system
like wall washing, cove lighting in any part of
the home, or a remote control system.

Figure 2 Need for a lighting consultant for houses

NEED FOR A LIGHTING CONSULTANT FOR HOUSE
LIGHTING

0%
18%
25%

@ kitchen

@ bathroom
Obedroom
Oliving room
M entrance
@other

24%

8%

4. Conclusion

Energy saving is not only achieved by turning
off the lights. Number and type of lamps can be
arranged to save energy as well. Lamps should
be selected according to their technical data,
and all of the products in the market should be
labeled according to the technical properties.
According to the results of the present
research, an important amount of people reject
to use fluorescent tubes as a result of their
beliefs, without being aware of the technical
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properties. Reasons for rejection indicate that,
regardless of the cultural differences, parallel
statements are valid in different countries.
Cross-cultural studies on lamp preferences and
reasons for rejection can be done to make more
general statement. To overcome certain beliefs,
advertisements, campaigns can be designed,
projects can be realized by governmental
supply or by international lighting firms’
sponsorships.

Lighting hardware and control systems are
available to decrease energy consumption.
These systems can be advised to people and be
applied to projects.

Luminaire selection is also important from
energy consumption point of view. Luminaires
should be designed and produced according to
certain principles. Manufacturers should be in
contact with technical consultants. They should
give necessary technical information about the
products and consumers should be more
conscious of the properties of the products thefeipr
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CONTROLUL PIERDERILOR DE
ENERGIE PENTRU ILUMINATUL
LOCUIN TELOR

In Turcia, o cantitate importantdin energia electric
consumat este utilizat pentru iluminat. Pentru a
controla consumul de energie pentru iluminat, degpsi
soluii alternative investigand prefetie utilizatorilor in
ceea ce priwte iluminatul locuimelor. Acest articol
examineaiz modul de control al consumului de energie
cashic prin selg@ corespun#toare a dmpilor si
aparatelor de iluminat, a sistemelor de control al
iluminatului. Deoarece Fverile generale ale oamenilor
sunt influenate de preferitele lor, tendiele Tn alegerea
lampilor au fost investigate prin intermediul unui
chestionar. Rezultatele indidaptul & 64 de persoane
(44,13%) prefer sa utilizeze Empi cu incandescen
impreurd cu kmpile fluorescente compacte. 80 de
persoane (55%)tilizeazi lampi fluorescente in toat
casa. In timp ce 16 persoane (11,03%) utilizeammai
lampi fluorescente, 65 de persoane (44,82%) resping
complet utilizarea lor. Din examinarga categorizarea
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motivelor de respingere a acestdmpi, s-a observatac
declaraiile similare sunt valabile in mai multeiri,
indiferent de deosebirile culturale. fpeasistea unui
specialist in iluminat este indispensapilrezultatele
chestionarului aratfaptul @ numai 2 persoane (1,3%)
din 145 sunt cagtiente de importaa acestuiasi au
apelat la un consultant. Tn studiu a fost invesliga
atertia acordat proiectrii iluminatului casei la faza de
construgie. Din evaluareaaspunsurilor, s-a observat ¢
in general nu au fost oferite sgispecifice de iluminat.
Proiectarea iluminatului ar trebui $ind cont de datele
tehnice si economice. Consumatorii ar trebui, de
asemenea,3die mai bine informa asupra propridtilor
produselor pe care le aleg pentru folgsin

Introducere

Odat cu diminuarea resurselor de energie,
valoarea acesteia gte si se impune gsirea
unor soldii noi de proiectare. Dacconsumul
de energie este controlat, se pot ofesoluii
tehnice mai economicgi mai eficiente din
punct de vedere energetic. Sole tehnice de
iluminat eficient depind nu numai de alegerea
echipamentelor de iluminat, dgirde modul de
utilizare a echipamentelor deitee ocupani
cladirii, dupa instalarea acestora. S-a stabidit ¢
in cazul Turciei, in jur de 50% din energia
electria casni@ este consumat pentru
iluminat [Onaygil, 2001]. Aceastcantitate de
energie ar trebui planificatsi utilizata mai
atent. Deoarece trebuignut cont de rolul
ocupanilor, se vor lua in considerare
preferinele acestora pentru echipamente de
iluminat, pentru a preveni pierderile de energie.
Acest studiu se concentr@azasupra
controlului energiei utilizate pentru iluminatul
artificial casnic. Se pot enumera factori
importani pentru controlul energiei de iluminat
artificial, cum ar fi tipul &mpii, alegerea
aparatului de iluminat, sistemele de control al
iluminatului si influentele in preferitele lor.
Subiectul cercatii acestui studiu se bazeage
un rezultat anterior desiurat de autor [Manav,
2001]. Studiul a abordat preferate
utilizatorilor pentru aparatele de iluminat
domestice, Tn principal pentru zona de locuit.
Investigarea tendielor in alegerea aparatelor
de iluminat atinut cont de tipurile deampi.
Tinadnd cont de rezultatele cerarétanterioare,
s-a observatain general sunt preferatanipile
cu incandescea (70%). Studiul de fa
urmareste investigarea tendielor in alegerea
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lampilor, preferine si aplicaii, si va oferi
soluii alternative pentru a controla pierderile
de energie casnice.

1. Proiectarea iluminatului eficient energetic
pentru locuinte

1.1 Alegereadampilor

Exista patru clase generale deripi pentru
surse de iluminat electric: incandescente,
fluorescente, cu descare de mare intensitate
(HID) si catod rece. Dintre acesteamipile cu
incandesced si cele cu catod rece sunt
utilizate pentru iluminat general, decorati\de
accentuare. dmpile fluorescente sunt utilizate
pentru iluminatul general, iaiirhpile HID sunt
preferate pentru apligde de iluminat exterior.
Cu toate acestea, datardezvoltrii continue a
lampilor, se poate observa o utilizare mai farg
a tipurilor de #&mpi, respectiv dmpile
fluorescente se utilizeaztot mai mult in
iluminat casnic, in timp ceimpile HID pot &
céstige popularitatei pentru medii interioare.

Lampile cu incandescensunt utilizate de
obicei pentru iluminat decorativ sau in zone
care neceditsurse de iluminat de putere reslus
[Steffy, 1990].

Lampile ar trebui alese in futie de datele
tehnice. Din compararea descrierilor de
catalog, se obsexwclar G lampile fluorescente
sunt mai eficiente decat arpile cu
incandescei (vezi Tabelele 1, 2 pentru
compardi de lampi).

Cercetrrile anterioare aratca, in locuire,
aproximativ 76% dintre participéan prefef
lampile cu incandescen [Manav, 2001]. In
completareadampilor cu incandescen se pot
utiiza si lampi  fluorescente. dmpile
fluorescente compacte cu soclul E27, similar cu
lampile cu incandescet) le face mai gor de
instalat. Dezvoltrile recente in tehnologia
lampilor ofei diverse marimi si forme pentru
lampile fluorescente, cu proprigit de culoare
foarte bunei duraé mare de vig.

in Turcia, cu aproximativ 70 milioane de
locuitori, ¢ consideim ca sunt 20 milioane
locuinte (in cazul in care sunt 3-4 persoane intr-
o locuina). In acest caz, o lamp cu
incandesceg@d de 100 W finlocudt cu o lamp
fluorescent compaci de 15 W determin
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urmitoarea economie de energie: ore de
functionare: 20.00-24.00 (4 ore pe zi), 1460 ore
anual, economie de energie pe an =
20-16-1460 (100-15)=2482-1@Wh/an.

Acest calcul are un rezultat remarcabil.
Utilizatorii ar trebui & aleag lampile in
functie de propriettile lor tehnice iar
produdcitorii de kmpi ar trebui & aplice
etichete pe acestea pentru ca projilet
tehnice & fie vizibile Tn momentul alegerii.

1.2 Alegerea aparatelor de iluminat

Aparatele de iluminat au rolul de a distribui
lumina pe suprafele camerei, a planurilor de
lucru si a obiectelor. Proprigétile unui aparat
de iluminat eficient pot fi descrise dugum
urmeaz: controlul distribtiei  energiei
luminoase, protejarea arhpii, susinerea
echipamentului de iluminatsi accesoriilor,
economicitate, eficiga ridicati, material
rezistentsi durabil, potrivit cu alte elemente de
decorauni interioare prin forra, dimensiune.

in fundie de propriettile aparatului de
iluminat ales, energia luminaaspoate fi
distribuita ineficient. Aparatele de iluminat
trebuie 4 fie adaptate la planul de lucru,
proprietitile geometrice trebuie considerate
impreurda cu lampa instalat Preferinele
utilizatorilor finali sunt importante deoarece
acettia formeaz  grupul utilizatorilor.
Cercetarea preferielor utilizatorilor
referitoare la alegerea aparatelor de iluminat
casnic ardt ca, statistic, nu exigto relaie intre
grupele de varstale utilizatorilor, nivelul de
studii, daé sunt proprietari sau chiga ai
locuintei si  respectiv preferitele pentru
alegerea aparatelor de iluminat [Manav, 2001].

Legatura dintre produior, consumatosi
consultantul tehnic ar trebui $ie permanerit
Produdtorii ar trebui 4 fabrice aparatele de
iluminat Tn conformitate cu datele tehnicé, s
fie Tn contact cu consultantehnici si sa ofere
consumatorilor informi@le necesare despre
iluminat Tn faza de vanzare a produsului.

1.3 Echipamente si sisteme de control al
iluminatului

Echipamentele de iluminat sunt toate
elementele necesare pentru flimearea ampii.
In funaie de propriettile acestor echipamente
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variazi calitatea iluminatuluisi consumul de
energie, putand &pea probleme psihologice
fiziologice.

Pentru a swmea consumul de energie sunt
disponibile sisteme de control al iluminatului.
Cel mai cunoscutsi raspandit este cel de
diminuare  (dimming). Calitatea acestor
regulatoare este importarpentru consumul de
energie. De asemenea, sunt disponibiletsolu
tehnice precum LUXMATE. Acesta satisface
cerinele pentru un nivel optim de iluminai
reglajele pentru necesile individuale de
iluminat, diferitele tipuri de surse de lumin
putand fi reglate digital.

Exista studii asupra rolului ampilor
fluorescentesi a echipamentelor de iluminat
asupra girii subiective, cum ar fi impactul
flickerului invizibil al lampilor fluorescente. n
aceste studii, sunt comparate balastul electronic
cu cel convetional. Dug@ cum se aratintr-un
studiu de Killersi Laike [Kuller, 1998],
frecvena de flicker poate influga undele
cerebrale, fapt evidgat prin mijloace
medicale. Rolul frecveari de flicker aampilor
fluorescente asupra asi, performanelor si
confortului psihologic a fost investigat, n
functie de rezultatele statistice, se reconmsand
utilizarea balastului electronic de frecven
halta, de calitate supericar Balastul
electronic este recomandat din punct de
vedere al eficiegei energetice [Onaygil, 2001].

S-a investigagi efectul caliitii iluminatului
asupra girii psihice. Daé& persoanele sunt
expuse unui iluminat slab sau de calitate r&édus
furnizat de #mpi fluorescente, in anumite
cazuri pot suferi de probleme ocularg
obosea [Bommel, 2002]. Sistemele de control
al iluminatului sunt importante pentru a oferi
un iluminat de calitate superiaar

1.4 Influente in preferinte

Percegia opiunii are un rol esaral in
realizarea unui proces. Crethte si asteptrile
generale ale utilizatorilor finali au efect asupra
deciziilor legate de iluminat. Un grup de
cerceitori a abordat acest subiecti a
investigat procesele de memorie, procesele
psihologice pentru stocareasi regisirea
informatilor. Dupa cum este citat in Veitch
[Veitch, 1993], Craicksi Cockhart au propus
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un model. Conform acestui cadru, infottima
dobandite pot fi regpite cu wgurinta la un
moment ulterior. Memoria noastr nu
functioneaz ca un simplu dispozitiv de
inregistrare, ne reamintim evenimente, pe care
le categorizm, luam decizii. Ne amintim cel
mai bine informéile care sunt coerente cu ceea
cestim sau credem.

Concepiile generale despre tuburile
fluorescente, de exemplu, sunt assda pentru
deciziile utilizatorilor finali. Rezultatele unui
studiu indié@ faptul @& multe persoane
considei ca tuburile fluorescente pot fi
daunitoare pentru #atate, si de asemeneaac
lumina natural este superioar luminii
artificiale [Veitch, 1993]. Probabilitatea ca
aceste persoanei snvesteast in tehnologie
similara, indiferent de potaralul sau, este
redusi. Intr-un mod ase#mator, utilizarea cu
succes a tehnologiilor ecologice poate difuza
catre ali indivizi sau chiar instittii. Persoanele
satisficute de sistemul de iluminat personalizat
il vor recomandasi altora [Veitch, 1993].
Campaniile de publicitate pot fi proiectate
pentru a profita de acest fapt.

Costul unui sistem sau al echipamentelor de
iluminat este de asemenea important 1in
procesul decizional. Subviiife de stat pot fi
necesare pentru aspandi utilizarea anumitor
tehnici. In Brazilia, pentru un proiect, grupul
utilizatorilor a fost separat in trei grupe, in
functie de nivelul veniturilor lor. Proprietarii au
subvemionat 30%, 60%si 70% din costuri, iar
utilizatorii au fost Tncuraja si utilizeze acea
tehnologie. La sfaitul primului an, consumul
de energie a fost redus cu 630 GWh iar
produgia de energie a 8zut cu 120 milioane
USD [Tunali, 2000].

2. Metoda

Instrumentul de cercetare al studiului este
chestionarul. Acesta coastlin 7 intreliri care
investigheaz tendinele in alegerea tipului
lampii, motivele care stau la baza prefezlor
si importarta iluminatului pentru proprietarii
locuintelor. Au participat la studiu 145 de
persoane cu profesii diferitgi cu venituri
diferite. Nu s-au evaluat datele personale, doar
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procentele de aspunsuri pentru a observa
tendinele generale.

Prima intrebare s-a referit la tipurile
preferate de ampi. Participani au avut
posibilitatea de a alege mai mult de o vatiant
Alegerile au fost: lamp cu incandesced
tuburi  fluorescente, ampi fluorescente
compacte, dmpi cu halogensi altele (li s-a
cerut 4 le defineast).

A douasi a treia intrebare au fost corelate.
A doua intrebare a umrt utilizarea Empilor
fluorescente in locuir, pentru a determina
procentul persoanelor care respingmpile
fluorescente. A treia intrebare a fost pentru cei
care respingalmpile fluorescentai a investigat
motivele pentru acedstespingere.

Necesitatea unui consultant de iluminat
pentru un proiect este esata. A patrasi a
cincea intrebare au uamt sa afle procentul
celor care au cerut asistarunui consultant n
iluminat pentru locuitele lor si si prezinte
motivele.

In locuintele construite recent sunt oferite
soluii de iluminat speciale. Ultimele dau
intrekiri s-au referit la acestea, uirmd dacé
exisi o0 soluie special de iluminat Tn
locuintele lor si, daa DA, in ce parte a
locuintei.

3. Rezultate

Rezultatele indig faptul a 64 de persoane
(44,13%) prefer utilizarea #&mpilor cu
incandescei  si fluorescente compacte,
impreura. 80 de persoane (55%) utilizéaz
lampi fluorescente in orice parte a loagin in
timp ce 16 persoane (11,03%) utilizeéamimai
lampi fluorescente, 65 de persoane (44,82%) le
resping complet — Figura 1 prezrgrocentele
pentru utilizareaampilor.

Motivele de respingere sunt enumerate in
Tabelul 4. Aproape 10% din particigan
declaa ci nu apreciaz lampile fluorescente.
Alte motivaii au fost urnitoarele: deranjante
(2%) si deranj de la frecvea de flicker (2%).
Aceasta este similar cu Kullgr Laike, care au
studiat rolul frecvetei de flicker a dmpilor
fluorescente asupraasi subiective.

Conform chestionarelor, conaele
generale au un rol eg&d in alegereaampii.
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Aceasta concoedcu literatura [Veitch, 1993],
persoanele care sunt familiarizate aopile cu
incandescet n locuinele lor nu caut alte
soluii si consided ca lampile fluorescente nu
le sunt familiare (5,3%). Alte concgp
generale sunt: au luniinall (3,3%), este o
lampi inutila, nefung¢ionak (2,6%), produce
zgomot (2%), produce orbie (5,3%), crgaz
senzg@a de spau rece (2%), este inestetic
(1,3%) iar 2,6% au declarai atilizeaz lampi
compacte, nu fluorescente (cu toaiede fapt,
lampile compacte fluorescente suirnpi de tip
fluorescent). Empile fluorescente au unele
avantaje fa&a de bmpile cu incandescet) ceea
ce este de asemenea important pentru efecien
energetid. Persoanele care sunt nuwmhite de
sistemul lor de iluminat il vor recomandga
altora. Deoarece publicitatedirile, campaniile
sunt eficiente in informarea publicului, acestea
pot fi concepute pentru a beneficia de acest
avantaj.

Dintre participan, un procent de 3,3%
consided ca lampile fluorescente sunt scumpe,
1,3% melioneaz ci locuiesc in chiriesi
alegereadmpilor nu este importafitpentru ei.
Deoarece costul wunui sistem sau a
echipamentelor de iluminat este important in
luarea deciziilor, anumite proiecte, cum ar fi
subvenia de stat, pot fi necesare pentrua@il
utilizarea anumitor tehnigi produse.

Desi participarea unui consultant 1n
iluminat este importaitpentru orice proiect,
numai dod persoane (1,3%) din 145 au
apreciat aceast importana si au solicitat
serviciile unui consultant. Motivele pentru a nu
apela la un consultant au fost udtoarele:
consultantul nu este necesar, familiarizare cu
produselesi lampile tradiionale. Rispunsurile
arat clar @, pentru un grup de persoane,
iluminatul unui spau inseama in continuare
instalarea origrui tip de lam@. Persoanele care
au apelat la un consultant (1,3%) au subliniat
faptul @ sunt costiente de importaa
iluminatului.

in unele din construile recente, sunt
oferite tavane false cu aparate de iluminat, in
baie,si iluminat indirect pentru buitarii, dar in
general nu sunt saiu speciale de iluminat
pentru restul locuitei. Ultimele dodé intrekiri
au fost adresate pentru a evitl@naceast
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concepie. Din evaluarea aspunsurilor se
obsend ci, din 145 de persoane, 128 (88,2%)
decla& ca nu au o soltie special de iluminat

n locuirtele lor. 17 persoane (11,7%) au avut
propuneri pentru sofii de iluminat cand s-au
mutat Tn locuim, iar acestea erau pentru
bucatarie, baiesi zona de locuit, dupcum se
obserd in Figura 2.

Soluiile de iluminat sunt iluminatul indirect
pentru fai si bucatarii, aplice pentru iluminat pe
tavan sau pe perete. In afade acestea, nu
exisé sisteme specifice de control al
iluminatului, cum ar fi peretele sjat” de
lumina, iluminatul in scaf in orice loc din cas
sau un sistem de control la digtan

4. Concluzii

Economia de energie nu se realizeammai
prin stingerea luminilor. Nuamul si tipul de
lampi pot fi stabilite pentru a economisi
energie. hmpile trebuie selectate in fure de
datele tehnicei toate produsele din comear
trebui marcate in fune de propriettile lor
tehnice.

Conform rezultatelor acestui studiu, un
numar mare de persoane resping utilizarea
tuburilor fluorescente ca rezultat al congigr

lor, fara a fi corstiente de propriétile tehnice.
Motivele de respingere agati, indiferent de
diferenele culturale, declatide similare sunt
valabile intari diferite. Studiile comparative
asupra preferelor pentrudmpi si motivele de
respingere pot fi realizate pentru atiob
situgii mai generale. Pentru a dgp anumite
convingeri, se pot concepe campanii de
publicitate, se pot realiza proiecte cu subien
de stat sau prin sponsorizarea din partea
firmelor internaionale de iluminat.

Echipamentele de iluminai sistemele de
control sunt disponibile pentru a asea
consumul de energie. Aceste sisteme pot fi
prezentate publiculuisi pot fi aplicate in
proiecte.

Alegerea aparatelor de iluminat este de
asemenea importantdin punct de vedere al
consumului de energie. Aparatele de iluminat
trebuie proiectatei produse in conformitate cu
anumite principii. Produdorii ar trebui 4 fie
in contact cu consultantehnici. Ei ar trebui %
ofere informaile tehnice necesare despre
produse iar consumatorii ar trebui 8e mai
comnstienti de proprieitile produselor pe care le
prefes.
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Conferinre si simpozioane

ILUMINAT 2003
A ll-a Conferin ta internationala de iluminat Cluj-Napoca, 8-9 mai 2003

Florin POP
Universitatea Tehnicdin Cluj-Napoca

A ll-a Conferina internaionah ILUMINAT 2003
s-a desfsurat la Cluj-Napoca in 8-9 mai 2003,
in organizarea Universiti Tehnice — Centrul de
Ingineria  lluminatului, S.C.
Distributie si Furnizare a Energiei Electrice
ELECTRICA Transilvania Nord S.Asi S.C.
Energobit Schréder Lighting S.R.L.

Au fost prezentate 32 luor din cele 48
trimise Conferimei, unii autori neputand
participa din motive personale sau profesional
Participanii, autori sau auditori, au contribuit
la Tnaltul nivelstiintific al conferintei. Tematica
cercefirilor prezentate a acoperit
domeniu al Luminiisi lluminatului — mediul
luminos interiorsi exterior, eficiema energetit
— agiuni si soluii, sisteme de coma#dsi
control, parametrii fotometricii colorimetrici,
noi dispozitive de msui, aplicaii software,
alimentarea cu energie electria instalailor,
istoric si spaiul arhitectural.

Lucrarile au fost realizate de echipe d¢
cercetare din stnatate - Algeria, Austria,
Belgia, Cuba, Finlanda, Frem Ungaria,
Coreea, Germania, Grecia, Italia, Africa de
Sud, Marea Britanigi SUA —si de colective
universitaresi companii ngonale din Bucurgti,
Cluj, Craiova, lai, Timisoara, Tg. Murg

O Sesiune de Postere a fost dedicat
lucrarilor echipei de cercetare de la LAEL —
Light & Architectural Environment Laboratory,
Universitatea Kyung Hee, Coreea, ahaelor
fiind determinai de cauzele medicale SARS.

Comitetul Stiintific a fost al&tuit din
domnii Wout van BOMMEL, Olanda, Cornel
BIANCHI, Roménia, David CARTER, Marea
Britanie, Marc FONTOYNONT, Fraa, Luciano
DI FRAIA, ltalia, Liisa HALONEN, Finlanda,
Jozsef HORVATH, Ungaria, Mehmefener
KUCUKDOGU, Turcia,

Filiala de Pas ‘.—:Q

intregu |

=+

Ramon SAN MARTIN, Spania, Axel STOCKMAR,
Germania, Dorin BEU, &ilin GALATANU si
Florin POP, Romania.

Conferina a fost onorat de prezeta Dr.
Axel STOCKMAR, Prgedintele Comitetului
National German de lluminat, Profesor Dr.
Cornel BIANCHI, Pregedintele Comitetului
National Roman de lluminagi de participarea
unor reprezentan ai scolilor ngionale de
iluminat din Grecia, Finlandai Coreea (prin
Sesiunea de Postere). Au fost prez&omnii
Michel De BRUYN, Director Schréder Group,
Belgia, Sandor ALMASI, Director general
Tungsram-Schréder, Ungaria, Nigel BOX,
Director URBIS Schréder Group GIE, Marea
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Britanie, Necdet KINALI, Director pentru Europa
Centra si de Est TRIDONIC, Austrigi Gabriel
IOSIF, Director general OSRAM Romania.

Consideim ci ILUMINAT 2003 a fost un
FORUM al comuniti  interngionale
luminotehnice, interesansi util. Aceasta si
datorii eforturilor Comitetului de organizare,
Comitetului  stiintific,  Secretariatului i
intregului colectiv ce a contribuit la buna
destisurare a Conferigei.

Domnul Wout van BOMMEL, Predintele
CIE - Comisia Interngonak de lluminat -,
mertioneaz in mesajul su:

In ultimii cinci ani am participat la trei
conferire de iluminat in Roméania. Am fost
incantat de fiecare dat impresionat de
varietatea subiectelor importantgi avand
satisfagia unor discuii interesante. Regret in
mod sincer & de data aceasta, dataditunor
angajamente anterioare, nu voi putea participa
la ILUMINAT 2003, Tn special pentruiceste
organizati: in plicutul orgs Cluj-Napoca, de
care mi leagi amintiri frumoase. Dup cum
cunoatefi, unul din rolurile CIE este de a
disemina informaa in domeniul luminiigi
iluminatului. Tn acest sens, Confefn
Dumneavoastr este importamt pentru @
ajuta la diseminarea noutilor luminotehnice
interngionale eitre comunitatea luminotehric
din Romania. Dar, in acefa timp, este
importanti pentru @ ajutd la diseminarea unor
rezultate importante ale cerceti din Romania
catre comunitatea interny@onala.”

Dear Prof. POP and ILUMINAT 2003
participants, The last 5 years | was three times
in Romania to take part in a lighting
conference. | have enjoyed all three times.
Each time again | was impressed about the
variety of important subjects dealt with and |
had great joy in participating in the stimulating
discussions. | really feel sorry that, because of
earlier made appointments, this time | cannot
participate in ILUMINAT 2003 especially also
because it is held in the comfortable city of
Cluj-Napoca, of which | have such good
memories.

As you know one of the roles of CIE, the
International Commission for lllumination, is

spreading the knowledge on light and lighting.
In this respect your conference is important
because it helps spreading the international
lighting news into the Romanian lighting

community. But it is also important because it
helps spreading important Romanian research
results into the international community.

| wish you all a learnsome and enjoyable
Conference.

Warm regards,
Wout van Bommel, President of the CIE

Programul social a intregit in mod fericit
caracterul stiintific al sesiunilor de lucru.
Relaiile intre membrii comunittii de
specialgti s-au dezvoltat in mod firesc, s-au
inchegat noi prietenigi s-au pus bazele unor
viitoare colabairi profesionale in folos
reciproc.

Lucrarile au fost prezentate in limbile rondan
sau englez, cu asigurarea traducerii simultane.
S-a editat volumul de luan al conferinei,

atat in fon tiparita catsi electronid.

Conferirta s-a bucurat de sprijinul deosebit
al Filialei de Distribgie si Furnizare a Energiei
Electrice Transilvania Nord S.A., dagirandu-se
in elegantul Centru de Perfemare, Instruire
si  Recuperare ELECTRICA si a fost
sponsorizat de Energobit Schréder Lighting
S.R.L. si Energolux S.R.L.. Organizarea
conferinei a fost realizat de firma Cocktail
Time, e-mail office@cocktailtime.ro.
Prezentarea detalfata conferigei, programul
de desfsurare, lista luctrilor si participanilor
se gisescsi pe site http://iluminat.xc.ro.

Adresim invitaia de participare la cea delll-a
Conferinta internationala ILUMINAT 2005

si A lll-a Conferinta 1n iluminat
BALKANLIGHT 2005 ce vor avea loc in
Cluj-Napoca, inima Transilvaniei, 12-13 mai 2005.
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Lista lucrarilor si participantilor

1 AHN Hyug Keun*, PARK Hoon**, CHUNG Yu Gun?,
KIM Jeong Tai*

* Department of Architectural Engineering, KyungeHe
University, Yongin, Korea; ** Shinan Corp., Sedkibrea
SUBJECTIVE RESPONSES OF DAYLIGHTED
ENVIRONMENT IN ATRIUM

2 AHN Hyun Tae*, KIM Chansu**, MOON Ki Hoon***,
KIM Jeong Tai*

* Department of Architectural Engineering, Kyunge-He
University, Yongin; ** Yeojoo Institute of Technaly,
Yeojoo; ** KSCFC, Umsung, Korea

SEOUL OUTDOOR LIGHTING PLAN

3 ALAMOREANU Alexandru

Art and Design University, Cluj-Napoca, Romania
LUMINA CA MEDIU SI OBIECT AL PERCEHIEI
(Light as perception environment and object)

4 BALASOIU Adrian*, PETROVICI Virgil**

* Interiors Data Trade; ** Romanian Television
ILUMINAT ARHITECTURAL IN BUCURESTI:
PRIVIRE CRITICA SI ALTERNATIVE (Bucharest
architectural lighting: critical view and alternags)

5 BERRUTTO Vincent*, BERTOLDI Paolo*, ROTARU
Corneliu**

*European Commission - Joint Research Centretutestor
Environment and Sustainability, Ispra, Italy; **ARC—
Romanian Agency for Energy Conservation

GREEN LIGHT IN ROMANIA

6 BEU Dorin

Technical University, Lighting Engineering Centef ©@N,
Cluj-Napoca, Romania

ILUMINATUL INTRE FUNCTIONAL SI SUBIECTIV
(Lighting between functional and subjective)

7 BIANCHI Cornel*, BURLACU Camelia**

* President of the Romanian National Committeellamihation,
Civil Engineering University, Building Services Rty

** CNRI — Romanian National Committee on lllumireatj
Bucharest, Romania

CULOAREA APARENTA A SURSELOR DE LUMIM,
COMPONENTA DETERMINANTA TN FUNCTIONALITATEA

SI ESTETICA MEDIULUI LUMINOS INTERIOR (Light
sources apparent color, a determinant component in
functionality and aesthetics of interior lighting
environment)

8 BISKETZIS N., POLYMEROPOULOS G., TOPALIS
Frangiskos V.

National Technical University of Athens, School of
Electrical and Computer Engineering, Photometry
Laboratory, Athens, Greece

SOME REMARKS ON THE MESOPIC VISION IN
COMPARISON WITH THE PHOTOPIC AND
SCOTOPIC VISION
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9 BOUROUSIS Konstantinos, ATHANASAPOULOU
Maria, TOPALIS Frangiskos V.

National Technical University of Athens, School of
Electrical and Computer Engineering, Photometry
Laboratory, Athens, Greece

SEMI-AUTONOMOUS PHOTOVOLTAIC SYSTEM
FOR STREET LIGHTING

10 BOX Niegel

URBIS Schréder Group GIE, UK

FUTURISTIC LIGHTING IN THE URBAN
LANDSCAPE

11 CARTER David J

University of Liverpool, UK

HUMAN RESPONSE TO INTERIORS LIT USING
LIGHT PIPE SYSTEMS

12 CHINDRIS Mircea, STEFANESCU Silviu, CZIKER
Andrei

Technical University, Cluj-Napoca, Romania
NEUTRAL CURRENTS IN ELECTRICAL SYSTEMS
SUPPLYING LIGHTING NETWORKS

13 CHUNG Yu Gun*, DO Seok Jin**, KIM Sook You***,
RYU Hyun Gi****, KIM Jeong Tai*

* Department of Architectural Engineering, Kyung éHe
University, Yongin, Korea; ** Department of Architere,
Yeojoo Institute of Technology, Yeojoo, Korea; ***
Department of Interior Architecture Design, Suwon
Science College, Korea; **** Department Architealr
Engineering, Chungju National University Chungjoréa
DAYLIGHTING PERFORMANCE NOMOGRAPHS OF
TOPLIT ATRIUM

14 CAMPEANU Gheorghe, COSTEI Maria, VISAN
lon, MATEI Stelian, CIOCARLIE Nicoleta, OR TAN
Alina, PETRE Emanuela

Agronomy and Veterinary Medicine University, Buakstr
Romania

CERCETARI  PRIVIND  INFLUENTA  LUMINII
MONOCROMATICE DE TIP LED ASUPRA
PERFORMANTELOR PRODUCTIVE, CALITATII

CARCASELORSI A STARII DE SANATATE A PUILOR
BROILER (Research regarding the influence of the le
type monochromatic lighting on the chicken breejling

15 COUREAUX MOCKEY Israel Omar

University of Oriente, Cuba

LIGHT POLLUTION, A CURRENT PHENOMENON
IN THE CITY OF SANTIAGO DE CUBA

16 DEHOFF Peter*, BEU Dorin**

* Zumtobel Staff — Austria; ** Technical University
Lighting Engineering Center UTC-N, Cluj-Napoca, Raoia
THE NEW EN 12 464
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17 ELOHOLMA Marjukka, KETOMAKI Jaakko,
ORREVETELAINEN Pasi, HALONEN Liisa

Helsinki University of Technology, Lighting Labooay,
Finland

PEDESTRIAN VISIBILITY IN ROAD LIGHTING
CONDITIONS

18 FARA Silvian, FINTA Dumitru

S.C. IPA S.A., Bucharest, Romania

SISTEME FOTOVOLTAICE DE ILUMINAT PENTRU
ZONE RURALE IZOLATE (Photovoltaic lighting systems
for isolated county areas)

19 GALATANU D. Citilin, VI SAN Daniel, CARAPANU
George

"Gh. Asachi” Technical University, lassy, Romania
SISTEM DE ILUMINAT PENTRU STATUIA LUI MIHAI
VITEAZU (Lighting system for “Mihai Viteazu” statye

20 GLIGOR Adrian, GRIF Hora tiu Stefan, SARCHIZ

Dorin

“Petru Maior” University, Tg. Murg Romania
DIMENSIONAREA OPTIMA A RETELElI DE
ALIMENTARE A UNOR SURSE DE ILUMINAT
UNIFORM DISTRIBUITE (Optimal design of a supply
network for uniformly distributed lighting sources)

21 GLIGOR Adrian, GRIF Hora tiu Stefan, SARCHIZ Dorin
“Petru Maior” University, Tg. Murg Romania
GRAFUL OPTIM AL UNEI RETELE ELECTRICE DE
ALIMENTARE A SURSELOR DE ILUMINAT (Optimal
graph of an electric supply network for lighting)

22 GLIGOR Viorel, HYVARINEN Mikko, HALONEN Liisa,
LEHTOVARA Jorma

Helsinki University of Technology, Lighting Labouoay,
Finland

KNOWN AND LESS KNOWN ASPECTS OF LIGHTING
IN OFFICE WORK

23 GOLOVANOV Nicolae, POSTOLACHE Petru,

TOADER Cornel

POLITEHNICA University, Energetics Faculty, Buchstre

Romania

SOLUTII TEHNICE ACTUALE PENTRU ASIGURAREA
ILUMINATULUI PUBLIC EXTERIOR (MODERN

TECHNICAL SOLUTIONS FOR PUBLIC LIGHTING)

24 GRIF Horatiu Stefan, GLIGOR Adrian, DUB Vasile
“Petru Maior” University, Tg. Murg Romania
FUZZY LOGIC THEORY IN DAYLIGHT CONTROL

25 GRIF Horatiu Stefan, GLIGOR Adrian
“Petru Maior” University, Tg. Murg Romania
DAYLIGHT CONTROLLER BASED ON CMAC
NETWORK

26 IGNAT Jan, POPOVICI Catilin

"Gh. Asachi” Technical University, lassy, Romania
CUNOASTERE STIINTIFICA SI  CIVILIZA TIE
TEHNICA IN DOMENIUL SURSELOR ELECTRICE
DE LUMINA (Scientific knowledge and technical
civilization in the field of electric lighting soces)

27 IGNAT Jan, CHERECHES Cristian

"Gh. Asachi” Technical University, lassy, Romania
ILUMINATUL ELECTRIC LA IASI — UN ORAS CU
EDILI LUMINA TI (Electric lighting at lassy — historical
view)

28 IOACHIM Dan, NEMESCU Mircea, LUCACHE
Dorin

"Gh. Asachi” Technical University, lassy, Romania
VARIANTA DE CALCUL AL ILUMINATULUI
STRADAL (Calculation variant of the roadway
illumination)

29 JEONG In Young, AHN Hyun Tae, KIM Jeong Tai
Department of Architectural Engineering, Kyung Hee
University, Yongin, Korea

LIGHT POLLUTION OF OUTDOOR LIGHTING IN
SHOPPING COMPLEX

30 JEWELL James

Lindsley/Jewell Architectural Lighting, San Frarmis
California, USA

“PRESENT AT THE CREATION”, ONE UTILITY'S
BEGININGS IN CONSERVATION

31 KATERI Ifigenia, CHONDRAKIS Nicolas, TOPALIS
Frangiskos V.

National Technical University of Athens, School of
Electrical and Computer Engineering, Photometry
Laboratory, Athens, Greece

ENERGY SAVING IN LIGHTING OF SCHOOL
BUILDINGS BY UTILIZATION OF DAYLIGHT

32 KIM Jeong Tai*, KIM Gon**

* Architectural Engineering Department, Kyung Hee
University, Yongin, Korea; ** Department of Architere,
Andong National University, Andong, Korea
ADDITIONAL ROLE OF REINTRODUCED SUNLIGHT
IN DAYLIT BUILDING ENVIRONMENT

33 KINALI Necdet

TRIDONIC, Austria

ENERGY SAVING INTERIOR AND EXTERIOR
LIGHTING

34 LAPORTE JEAN-FRANCOIS*, GILLET MARC**,
DE BRUYN MICHEL**

* Genlyte-Thomas Group, France; * Schréder GrBgfgium
META ANALYSIS OF UPWARD FLUX FROM
FUNCTIONAL ROADWAY LIGHTING INSTALLATIONS
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35 MAIER Virgil, RAFIROIU Corina, PAVEL Sorin,
RUSSU Marius

Technical University, Cluj-Napoca, Romania
PREDETERMINATION STEP ACCOMPLISHMENT
FOR THE ROAD LIGHTING DESIGN

36 MATEI Stelian

Faculty of Electrical Engineering, Peninsula Te&bni
Cape Town, South Africa

ENERGY EFFICIENT SOLUTION: SOLID-STATE
ILLUMINATION (LED’s LIGHTING)

37 MIRCEA lon, RUSINARU Denisa
University, Electrotechnic Faculty, Craiova, Ron@ani

ANALIZA PARAMETRILOR CALITATIVI Al
SISTEMELOR DE ILUMINAT CU LAMPI
FLUORESCENTE (Analysis of the qualitative

parameters of the lighting systems with fluorescent

lamps)

38 ORBAN Sandor*, POP Florin**, POP Horia F***

* Greif Hungary Ltd., ** Technical University, Liging
Engineering Center UTC-N, ** “Babes-Bolyai” Unisty,
Department of Computer Science, Cluj-Napoca, Raanani
CHROMATICITY IN ARCHITECTURAL LIGHTING
— A LUMINOUS ENVIRONMENT FEATURE

39 POP Florin

Technical University, Lighting Engineering Centef ©N,
Cluj-Napoca, Romania

ENERGY EFFICENCY IN LIGHTING - NORMS,
REALITY AND TRENDS

40 POP Mihaela*, POP Horia F**, POP Florin*
*Technical University, Lighting Engineering Center
UTC-N, ** “Babes-Bolyai” University, Department of
Computer Science, Cluj-Napoca, Romania

LQ - A TOOLKIT FOR LIGHTING QUALITY
EVALUATION

41 RATA Camelia

Brasov City Council, Romania

MASURI DE EFICIENFA ENERGETIGA SI DE
REDUCERE A POLWRII LUMINOASE IN
MUNICIPIUL BRASOV (Actions for energy efficiency
and lighting pollution reduction in the city of Bav)

42 SAFFIDINE-ROUAG Djamila

University of Constantine, Department of Architeeti&
Town Planning, Algeria

A FAULTY DAYLIGHTING DESIGN AND THE
IRRATIONAL APPEAL TO ELECTRIC LIGHT IN
CLASSROOMS

43 STOCKMAR Axel

LCI Light Consult International, Germany

USE OF THE UNIFIED GLARE RATING CONCEPT
IN PRACTICE

44 SZABO Elisabeta, TATAR Elek, BETEGH Katalin
S.C. PIEME S.R.L., Cluj-Napoca, Romania
CRITERIILE PRINCIPALE ALE PROIECRRII
SISTEMULUI DE ILUMINAT INTERIOR Sl
EXTERIOR LA IMOBILELE MONUMENT ISTORIC
DIN STR. MATEI CORVIN NR. 4 CLUJ-NAPOCAI
"VULTURUL NEGRU” DIN BAIA MARE (Main
criteria for interior and exterior lighting systedesign for
historical monuments from Cluj-Napoca - 4, Maten@o St.
- and Baia-Mare - ,Vulturul Negru” — Black Eagle)

45 SORA loan*, GHI TUIC A Cristian**, P AUT loan**

* POLITEHNICA University, ** S.C.ELBA S.A. Timjoara,
Romania

ELECTROENERGETIC EFFICIENT SOLUTIONS
FOR ROAD LIGHTING

46 TSIKALOUDAKI Katerina, ARAVANTINOS Dimitris
Laboratory of Building Construction and Physics,
Aristotle University of Thessaloniki, Greece
ESTIMATING THE OUTDOOR ILLUMINATION
LEVELS UNDER CLEAR SKY CONDITIONS IN ATHENS,
GREECE

47 TIGANAS Serban, OPINCARIU Dana

Technical University, Architecture and Urbanism Wg¢
Cluj-Napoca, Romania

ARCHITECTURAL SPACE CREATION AS LIGHTING
MODELLING

48 VISAN Daniel, GALATANU D. Citilin

"Gh. Asachi” Technical University, lassy, Romania
PROBLEME SPECIFICE ALE UNUI SISTEM DE
ILUMINAT PENTRU O FANTANA ARTEZIANA
(Specific problems for an artesian well lightingtgm)
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CLADIRE INOVATIV A DE BIROURI
ILUMINAT, PRODUCTIVITATE SI ENERGIE

Jorma LEHTOVAARA, Viorel L. GLIGOR , Liisa HALONEN
Helsinki University of Technology — Lighting Laboratory

Tn decembrie 2000 a fost inauguré Helsinki University of Technology o naeladire demonstrativdestinai
cercefirilor in domeniul iluminatului “Valotalo” (Casa luimi). Au fost aplicate cele mai noi tehnologii
experimentale pentru integrarea iluminatului asi#i si natural pentru a valida eficienenergetig si acceptara
oamenilor. Tn fgada din sud au fost integrate panouri fotovoltaieeputere de maximum 7 kW. Pe acop#ri
cladirii a fost montat un sistem de #fzire solas de 30 M pentru a produce agaldi menajeii. De asemenea,
pe acopesi este construito Incipere pentru evaluarea iluminatului natural. Tnriiteil cladirii, fiecare Inépere
a Laboratorului de Iluminat are un sistem de cdrdiferit: doui tipuri de sistem de control LON noul sistem
de control cu protocol DALI. Ferestrele sudice destajul Il au jaluzele orizontale dotate cu mdiotpartea
inferioam si panouri tiate cu laser n partea superioarcadrului ferestrei. Tn present se stugliperformanele
tehnologiei instalate. Sunt stranse date desppodikilitatea energiei, estedsurat si analizai luminana si
chestiond utilizatorii. Tn birouri este msurat orbirea iar distribtia luminanei este analizatin diferite
anotimpurisi perioade ale zilei utilizadnd un sistem digital atealizi fotometric.

“Casa luminii” de umbrire. Ferestrele cu orientare sudie la

Noua arig a Departamentului de Inginerie

Electrica

decembrie 2000 la Universitatea de Tehnologie
din Helsinki, a fost proiectatpentru a crea un
mediu optim pentru cercetarea in domeniul
iluminatului. Numele cdirii este “Valotalo” —
“Casa Luminii”. Obiectivul este de a aplica
cele mai noi tehnologii experimentale pentru
integrarea iluminatului artificialsi natural,

etajul al treilea au jaluzele orizontale dotate cu
motor in partea inferioarsi panouri fiate cu
laser Tn partea superidam cadrului ferestrei.
Scopul acestor panouri este de a elimina orbirea
direce de la iluminatul naturalsi de a
rediregiona lumina soarelui spre tavan mai
adanc n ingpere. In acest mod lumina care
ajunge pe tavan este Tmgiata Tn Tncpere.
Toate inaperile Laboratorului de lluminat au
integrate diferite sisteme de control.

si  Comunicaii, inaugurai in

pentru a valida eficiega energetig& si _
acceptata oamenilor. Energia solara

Cladirea este structuraipe patru etaje. La _
parter si la primul etaj este un net café, Sistem Termal Solar

respectiv biblioteca departamentului. La al Sistemul de Tinidzire solai montat pe
doilea si al treilea etaj sunt Taperile acopegul “Casei Luminii” are ca scop
Laboratorului de lluminatsi silile de clas. prepaparea apei calde menajere. Consumul de
Panourile  termo-solare si 0 incpere apa caldi este mare datatitprezerei cafeteriei
experimenta cu peré@ de stich, care este un departamentului. Aria totala colectorului de
dispozitiv de cercetare a luminii naturale, sunt inalti temperatur acoperit cu stialeste de 30
plasate pe acopeul teras al chdirii. si puterea medie estimaeste 13 kW. Energia
Panourile  fotovoltaice  sunt  integrate  termici produg este Tnmagazinat intr-un
architectural si estetic in fgada sudiz a rezervor de apcaldi de 2400 litrisi distribuit
cladirii. Panourile sunt utilizatgi ca elemente n instalaia interioan de ag caldi.
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SOLAR THERMAL PANELS
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Figura 1 Instalaia de energie solam sistemului termo-solar (gi)panourile fotovoltaice (b)

Dupa 12.548 de ore de supraveghere,
sistemul de indzire solai a produs o cantitate
totakh de energie de 15.868 MWh pentru un
volum de 3885,34 frapi caldi. Puterea maxim
inregistrai de sistem a fost de,B=18,6 kW
pentru un debit de 0,94%h si o temperatur
de 48 °C.

Panouri Fotovoltaice

Pe supraf@m faadei sudice a atlirii s-a
montat un sistem de panouri fotovoltaice intre
partersi etajul 1ll. Sistemul de panouri segte
si ca element de umbrire. Puterea maxim
panourilor este de 7 kW. Raua fotovoltait
contine 140 de module de Tnaleficiena din
silicon policristalin a cate 50 W fiecare. Aria
totakh a panourilor este 60 ‘nModulele sunt
proiectate % reziste condiilor vitrege si
continlh si funaioneze eficient. Curentul
continuu produs de panouri este convertit in
curent alternativ de patru invertoare cu o
eficienda de 96% in condi optime (eficiena
este 94% deja la 0,2Pacnom) si furnizati
sistemului de distribie. Invertoarele trasmit
date prin conductoare utilizand comunicarea
prin linia principal, ceea ce face ca datele
fiecarei componenteasfie accesibile in aproape
orice punct al édirii. Parametrii achizionati
pentru diagnoz si control sunt: (1) PV -
tensiune si curent; (2) tensiunea tedei si
frecvena; (3) curentuki puterea furnizat (4)
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ore totale de operare; (5) energia total
acumulai [kWh]; si (6) starea sistemului.
Unitatile de control conectate la linia AC
colecteaz datele furnizate de invertoageapoi

0 proceseay vizualizeaz si transmit in funge

de cerinele utilizatorului. Unitatea de control
este un sistem central de achizde datesi
diagnoa pentru paa la 50 de invertoare, ceea
ce permite un sistem flexibil de conducere cu
control de la distai a componentelorsi
transmiterea datelor relevante ale sistemului la PC

Cantitatea de energie electrieconomis
intr-un an de sistemul PV a fost de 4 421 kWh.
Cantitatea redasde energie economisgi{(~12
kWh zilnic) se datoreazprafului provenit de la
un santier din apropiere. O nauaripi a fost
construitt in ultimul an la departamentul din
apropiere de “Casa Luminii” iar praful a afectat
performarnele panourilor.

“Cubul de sticla”

“Cubul de stick” este localizat pe acopeui
cladirii. Aria totaldi a cubului este 4x4 mi
naltimea este 2,7 m. Pelie (orientai n
direqiile cardinale) constau din elemente de 1 m
latime din stich. Elementele petgor si ali
tavanului nu sunt duble. Cubul este dotat cu
draperii pentru intunerigi jaluzele orizontale.
Dimensiunilesi orientarea ferestrelor pot fi la
alegere.
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Figura 2 Faada sudig a “Casei Luminii”si “Cubul de Stich” montat pe acopeyi

Pentru nisurri in interiorul Tnéaperii cubul
este echipat cu un sistem cu 10 canale de
achiztii de date. Datele referitoare la lumina
naturah sunt stranse cu un senzor orizoral
patru verticali de pe acopgui de lang cubul
de stich.

Proiectul de cercetare ‘The Productive
Office 2005’ include studii de laborator in
direaia iluminatului artificialsi natural. Vor fi
studiate caracteristicile vizuale ale monitoarelor,
cantitateasi calitatea parametrilor ilumémii
locurilor de muna modernesi efectul orbirii
produse de iluminatul natural asupra
productivititi. Testele de productivitatesi
performama vizuak cu observatori vor fi
realizate in cubul de sticlRezultatele studiilor
de laborator vor fi legate de dezvoltarea
modelului de productivitate. Proiectul este
parte a Programului de Tehnologie adiilor
Sanatoase al Tekes, Agea de Tehnologie
Nationak. Scopul programului este de a
Tmburitati ciclul de viga curent al cldirilor si
Si extindi durata de serviciu.

Controlul iluminatului

in “Casa Luminii” sistemele de control al
iluminatului dife& de la o Tnapere la alta: sunt
doua sisteme de control LON (sisteme LGN
Helvar-Mimo LON) si noul sistem Digidim
Helvar, bazat pe protocolul DALI. Sistemul
LON are doar control manual al iluminatului.

INGINERIA [LUMINATULUI 11-2003

Sistemul Mimo LON are un control cu
iluminare constait cu un fotosenzor,
intreruptor rotativ si senzor de ocupare.

Sistemul DALI const dintr-un panou montat
pe perete cu 4 scene pre-programate, controlul
ocuprii si iluminare constartcu multi-senzor

si telecomand IR.

Teste de performana cu sistemul cu iluminare
constant

Obiectivul testului a fost de a asura
performanma sistemului de constrol futie de
lumina naturad Helvar-Mimo LON si si
stabileasg& economia de energie realizatle
sistem. Testul sistemului de control a fost
realizat timp de o aptamara in mai 2001,
zilnicde la8 amla 5 pm.

Incaperea test era un birou cu dimensiunile
de 4,8x3x3 m situat la etajul Ill. Fereastra
verticah dublu-vitrati era orientat spre vest.
Jaluzele verticale erau deschise pe durata
testului.

Instrumente de masura

Incaperea a fost echipatcu trei foto-
senzori orizontali (senzor tfalangi fereast,
senzor mijloc in mijlocul Tnaperii si senzor
spate opus ferestrei) lailimea planului de
lucru. Localizarea foto-senzorilor a fost akeas
in acord cu protocolul de monitorizare IEA.
Foto-celule exterioare - orizonia$i verticak
orientai spre vest - au fost pamnate pe
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acoperul cladirii. Citirea foto-senzorilorsi a
tensiunii semnalului de control al balastului era
Tnregistrai la fiecare minut.

Economia de energie

Puterea consuntatle aparatele de iluminat,
pentru evaluarea economiei de energie, a fost
calculati din inregistirile valorilor semnalului
de controlsi al masutorilor efectuate cu o
sfer integratoare. in sfera integratoare a fost
masurat fluxul luminossi puterea consumape
tot domeniul semnalului de control (0...10 V).

1600

Economia de energie a fost calcalpentru
intervalul de timp intre 8 a.ni 5 p.m. Puterea
de referina a fost puterea maxima sistemului
de iluminat pe perioada noip

lluminarile Tnregistratesi energia consumat
calculati intr-o zi acoperit patial (19 Mai
2001) sunt prezentate in Figura 3. Datele
referitoare la lumina natugakunt prezentate in
Figura 4. Energia economigipentru aceaszi
a fost de 61%. Pe timpul testului economia de
energie zilni@ a fost intre 49...63% cu o
valoare medie de 58%
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Figura 3 Performaia unui sistem de luminconstar intr-o zi semi-acopetit
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Figura 4 lluminarea orizontal exterioas
Panouri taiate cu laser

La etajul lll, ferestrele orientate spre sud de la
dowa birouri si de la un hol pentru pauze de
cafea sunt echipate cu jaluzele motorizgite
panouri #iate cu laser. Jaluzelele odcup
jumatatea inferioat a ferestrei si sunt
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NN N N
Timp

controlate de utilizatori. Panourileiidte cu
laser ocup interiorul partii superioare a
cadrului ferestrei. Sunt patru tipuri de panouri:
(1) panouri fixe —diate normal; (2) panouri cu
rotire pe mijloc —diate normal; (3) panouri cu
rotire pe latera — tiate normaki (4) panouri
fixe — taiate la 10°. Raportukieturilor pentru
toate panourile esteD/W=4/6=0,66, unde
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D este distafa dintre #ieturi si W este
adancimeaaieturii (grosimea panoului).
Panourile fixe cu detua normah se
comport duph cum urmeax
- vara aproape taatlumina soarelui este
admigi si diregionat spre tavan;
- aproape juritate din lumina echinoxului
este diregtonati spre tavan;

- lumina iermii trece #ra deflexie sau cu
deflexii minore;

- lumina difuz de la cerul acoperit este
puternic diredonat spre tavan;

- pentru panourile fixe cuiietura laser cu
inclinare de 10° lumina de laaltimi mari
este diregonat mai adanc in iripere.

Orientarea panourilor mobila@iate cu laser
pot fi ajustate continuu pentru a toe o
penetrare optita luminii soarelui Tn Trapere.

Scopul panourilordiate cu laser este de a
elimina orbirea diredtprodug de soarai de a
rediregiona lumina soarelui spre tavanspre
partea opus ferestrei. Acest lucru a fost
obtinut, dar in anumite sittia panourile insele
devin noi surse de orbire, dupum se obseav
in Figura 5-b pentru panouri ajustabile
(fereastra din mijloc).

26 000
18 000

12 000

8 000
5 000

3 000

1 000

500

Figura 5 Fereastr fara panouri (a), cu panouri ajustabile gbpanouri fixe —iiate normal (c)
Luminarte [cd/nd] si distributia luminanelor intr-o zi senimla amiaz

Concluzii

Cantitatea de energie sdlaoktinuta este de
asteptat 4 creasé dupa adoptarea programului
de cuatire si intretinere. Totyi, din motive
arhitecturale, nu este posibibkxinerea pantei
optime pentru panourile PV, astfel incat
puterea sistemului este Tntotdeauna maiamic
decéat cea nominal

Economiile de energie cu sistemul de
lumina constant sunt mari chiar in Finlanda
intre Martie si Octombrie. Aceasta necesit
totusi rezolvarea problemelor cauzate de
orbirea provocat de lumina naturél cu un
sistem avansat de jaluzele pentru redivearea
luminii naturale. Cu jaluzelele controlate

manual este necedan intervenie frecveni a
ocupatilor pentru a economisi semnificativ
energie. Controlul digital al luminii & noi
posibilitaiti pentru a facesi salva scenarii de
iluminat pre-programate. Senzorul de ocupare
este o0 unealtutila si ieftina pentru economia
de energie pentru iluminat din adirile de
birouri cu condia ca plasarea lui as fie
proiectali cu atefie pentru a garanta @anea
dorita.

Panourile verticaleitate cu laser (cu unghi
fixa sau cu o inclinare de 10° fulmmeaz
bine la altitudini solare mari,dar cu rotirea lor
este posibd Tmburititirea penetrii luminii
naturalesi controlul orbirii in orice anotimp.

Dupa un an de utilizare, atlirea
demonstratig “Casa Luminii” a atins unul din
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scopurile sale: de a oferi studdor si
cercetitorilor din domeniul iluminatului de la
Universitatea de Tehnologie din Helsinki un
mediu optim pentru o mai banintelegere,
experiemi si descoperirea unor noi sensuri ale
luminii. Investigaiile prezente si viitoare
dezvoltate aici stabilescaic proprii pentru
integrarea noilor tehnologii in adirile
obisnuite, pentru a ajuta oamend se simi si

sa lucreze bine in medii imbatitite.

Primita 16 lunie 2003

Lucrarea a fost prezensiala Conferina EPIC
2002 AIVC, 23-26 Octombrie 2002, Lyon,
Frana

Traducere Dr. Dorin BEU
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IMPACTUL TEHNOLOGIEI LED PRECUM  SI IMPLEMENTAREA ACESTEI

TEHNOLOGII IN ROMANIA
LED - LUMINA EFICIENTA ENERGETIC A VIITORULUI

Stelian MATEI
Peninsula Technikon, Facultatea de Inginerie ElectGape Town, Africa de Sud

Schimliri dramatice Tn tehnologia luminii sunt Tn cursaistisurare. Pana nu de curand, semiconductoarele Led

erau folosite numai ca simple indicatoare in diéecircuite electronice sau jird. Noile tehnologii descoperite au
permis producerea de Led-uri puternigeficiente. Tn multe apligé au inceput dejaasinlocuiasa lampile cu
filament, in special acolo unde se cere duralelifatemperatus scazui. Roméania posedo infrastructux n
domeniul semiconductorilor, care ar putea fi Tnittatita si perfecionat cu fonduri reduse, astfel incét adua
profituri imense din produsele comercializate pregudin economiile de energie. Singura cale pentepearea
tarii noastre Tn domeniul acestor tehnologii de vé@rffi un sprijin consistent din partea statului:aZtil unei
initiative ngionale pentru lumina cu semiconductori”.

Privire de ansamblu

Ca indicatoare, afaje numerice, panouri de
reclami precumsi, in general, in industrie,
aproape toat lumea este familiar cu aa
numitele Led-uri. Datorit luminii slabe emise,
precumsi a paletei restranse de culori, folosirea
lor a fost limita pana nu de curand. Noile
tehnologii si materialele descoperite recent au
rewit Insi extinderea paletei de culori precgm

a eficienei luminoase, devenind comparabil
dac nu chiar mai ridicdt decat a becurilor
obisnuite cu filament. Led-urile nu au filament
sau frti de stich, sunt extrem de mici,soare

si au o durat de viaa mult mai lung,
comparativ cu sursele de lurairtradtionale.
Pentru o perioad lungi de timp de acum
Tnainte, Led-urile par a cuceri zone alet@iele
lumini inaccesibile lor cu ani urin Utilizarea
lor a devenit extrem de largincepand cu
indicatoarele de frana la automobile, iluminatul
stradalsi terminand cu apligd Tn medicirg,
biotehnologie, precunmsi domenii noi né
neexplorate.

Ce sunt Led-urile

Led (in englex “Light Emitting Diode”

Dioda Emitatoare de Lumia) este o
componerit semiconductoare ce convette
energia electric in fotoni, respectiv in lumin

Operaia de conversie se face la rece, ceea ce
atrage o eficiea extrem de ridicatcomparativ

cu sursele de luminobisnuite. Lumina este
practic generat in interiorul unui cristal
semiconductor, parcurs de un current electric.
Cristalul  semiconductor  corist dintr-o
jonctiune semiconductoare de tip Aluminiu,
Indiu, Galiusi Fosfor sau Indiu, Galiu, Azai
poate produce pan la patru culori
fundamentale, cum sunt Rg Galben, Verde,
Albastru, cu nuae in jurul acestorai lumina
Alba. O palei extrem larg de culori se poate
ohtine prin combinarea celor trei culori de baz
(Rosu, Albastru, Verde) in proptite dorite,
procedeu asefnitor celui din televizoarele
color.

Procesul de fabricaie

Asa cum s-a maionat anterior, lumina este
generat in interiorul unui cristal
semiconductor ale awi dimensiuni nu
depisesc 1 mm in ansamblul Led-ului,
capsula din plastic precunsi terminalele
ocup, de fapt, cea mai mare parte din volum.
Procesul de fabricee a Led-urilor este
cunoscut sub denumirea de “epitaxial”,
deoarece structurile cristaline ale materialului
semiconductor sunt crescute efectiv una
deasupra celeilalte. Acest proces destere
epitaxiai permite folosirea unor materiale
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semiconductoare ce nu puteau fi utilizate
anterior, okinandu-se de structuri de Tralt
preciziesi puritate.

Situatia pe piata mondiala a tehnologiei Led

Tehnologia Ledsi-a capatat pe buih dreptate
renumele de “cea mai mare revadu in
domeniul luminilor de la invara becului“si a
determinat multe din companiile de trgelidin
acest domeniu assi revizuiasé@ nu numai
strategia pe termen lung dai Tintreaga
investtie tehnologia.

Asa cum a declarat dr. Dieter BOPST,
presedintele Companiei Osram, una dintre cele
mai mari companii din domeniu, tehnologia
Led va acapara in ugitorii ani aproape 17%
din cifra totah de afaceri a ptei surselor de
lumina si va determina o revizuire totala
nswi conceptului de sulisde lumiri. Aceast
declaraie, in contextul actualei revaiu
tehnicostiintifice, a avut un impact
extraordinar pe plan intertanal, iar multe
firme de tradie s-au gibit sa se alinieze la
noua tehnologie.

Astfel, firme de tradie in lumini au decis
si se asocieze cu firme sau grupuri din
domeniul semiconductorilor pentru sa-
mertine supremga. Spre exemplu, Philipsi
Hewlett Packard au format compania
“Lumileds”, General Electrigi Emcore Corp.
au format “GelCore LLC” iar Osram impreun
cu Siemens au format “Opto Osramgi, de
curand, “Infineon  Technologies”. Noua
tehnologie a luat oarecum prin surprindere
aceste mari companii pentru simplul motiv c
este bazétpe prelucrarea sticlgi a gazelor rare.
Tehnologia “Solid-State” este o tehnologie a
"semiconductorilor”, unde alte companii, cu
profil total diferit, dein supremga atat in
privinta pigei catsi a know-how-ului. Ambele
parti au realizat Tns destul de repedeac
experiema si cunastintele fiecreia sunt la fel
de importantai ca o asociere este es@ta.

Investtii depasind sute de milioane de
dolari au fost folosite pentru achinnarea de
parti sociale sau pentru asocierea cu companii
de profil electronic capabilei sitilizeze eficient
capitalul mobilizat pentru perfgonarea si
valorificarea tehnologiei Led. Multe din aceste

asocieri si investtii au fost Tincurajatesi
suginute de atre guverne cu vederi inaintate,
constiente de sursa de progres pe care le
reprezerit noile tehnologiisi, nu in ulting
instana, efectul consumului extrem de redus de
energie precunsi impactul ecologic pozitiv
(grad ridicat de reciclare a materialelor). Spre
exemplu, guvernul japonez fin@az un
program de peste 40 milioane de dolari pentru
dezvoltareasi perfegionarea tehnologiei Led,
in vederea Tnlocuirii pana in anul 2005 a
becurilor cu filament cu cele bazate pe Led-uri.
O apreciere a Ministerului Industrieki
Cometului din Japonia aratci inlocuirea a
numai 10% din sursele conuemale de
lumina cu Led-uri va atrage o economie de
energie electric echivalent cu 5 centrale de
1350 MW. Un alt exemplu este oferit de
Australia, unde municipalitatea @Qdui
Melbourne a iniat un program in valoare de
57 milioane lire pentru inlocuirea a peste
60.000 de semafoare cu Led-uri, ceeea ce va
atrage o reducere a consumului energetic de
pana la 90% , precuri reducerea costului de
intretinere de panla 76%.

Noua tehnologie Led este el mai
puternic sugnuta in SUA, atat sub aspectul
finantarii de citre guvern cagi al aplicabilititii
n teritoriu. Astfel, Tn orgul Los Angeles sunt
alocate peste 120 milioane de dolari pentru
implementarea “programului verde” destinat
dotarii semafoarelor cu Led-uri, nuirul
oraselor dornice % introduc noile surse de
lumina fiind, Tnsd, mult mai mare.

Situatia Romaniei in domeniul tehnologiei Led

In pofida unui oarecare embargo tehnologic
impus de tarile industrializate si datorita
dificultatilor inerente create de un sistem
economic neperformantcoala romaneasca
continuat 8 produé valori intelectuale
incontestabile, chiar si In  perioada
comunismului, care pot contribui subgiahla
reconectaregarii nostre la circuitul tehnologic
si tehnicostiintific mondial.

Industria de semiconductoare zut primii
pasi incd din 1968 prin infiimarea IPRS
Bineasa in ideea de a alimenta industria
electroni@ romaneastc cu un spectru larg de
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componente electronice. A urmat apoi, in 1977,
infiintarea Intreprinderii Microelectronica cu
scopul extinderii si diversificirii gamei de
componente electronice caré sleserveasc
necesitdle internesi ale intregii piee CAER.

in 1988, Microelectronica aadut un pas
semnificativ = in reducerea  decalajului
tehnologic fga de tarile dezvoltate, prin
realizarea n premigra unui microprocesor de
tip Z80. Decalajul tehnologic era la acea vreme
de numai trei angi avea tendita i se redug

in continuare prin eforturile specigllor de
acolo. Un alt pas important in reducerea
decalajului tehnologic darsi In scurtarea
perioadei de trecere de la cercetare la pragluc
de componente de varf s-acfit prin crearea
Institutului de Microtehnologii, ca partener
aliat al Microelectronicii. Noul institutsi-a
focalizat atefia citre utilizarea technologiei
MOS (Metal Oxide Semiconductor) 1in
producerea de circuite integrate de putere,
precumsi tehnologia de Led-uri standard (Ga
As). La implementarea noilor tehnologii au fost
atrase, pe langa Microelectronicgj alte
institute de cercetarg intreprinderi din acea
vreme - IPA, Electroprecizia, Electromagnetica,
Automatica, IPR Curtea de Argecare le-au
utilizat ulterior in domeniul lor specific de
activitate, respectiv automatrz, telecomunicai

si industria auto. In aceasperioad, tehnologia
Led a atins apogeul la Microelectronica, care a
devenit unul dintre importain furnizori de
Led-uri din Estul Europei.

Dupa schimlarile politice intervenite Tn 1989,
industria roméaneagc de semiconductoare a
incercat 8 se cupleze la pia interngsionak
prin componente pentru telecomunica
computerssi Led-uri obknuite, dar s-a lovit de
0 concurera puterni@ venita din parteaarilor
asiatice (China, Coreea, Taiwan, Hong-Kong).
Chiar daa@ penetrarea piei a fost relativ
modesi, nu trebuie ignorat faptul ac baza
teoreti@ si tehnologid a Romaniei este Tac
ridicati si destul de dinami ceea ce ar
permite, cu un sprijin substga din partea
statului, demararea in f@ra acestui sectai
recuperarea decalajului ce ne despart¢die
merntionate. Orice intarziere in girerea si
dezvoltarea acestei baze tehnologice va duce,
inx, la pierderea definittv a trenului
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competiional, stiut fiind ca evoluiile in acest

domeniu se isoa# deja n lunisi chiar zile.

In ceea ce privge tehnologia Led-urilor
sunt de megionat dod evenimente majore care
au 1incercat & marcheze Jrunderea tarii
noastre in acest domeniu de varf: (1) Seminarul
organizat de Academia Roméana in Mai 2001,
cu invitarea unor personalitade renume din
domeniusi (2) anunul fabricarii primului Led
de culoare albin Romania, in luna Decembrie
2001. Evenimentul in premiers-a produs la
Microelectronica cu ajutorul companiei Vetco
din Cape Town, dar, in special, prin priceperea
si elanul unor cercétori cum sunt Dr.ing Liviu
JALBA, ing. M. MUGURsi ing. A. GABRIEL,
in pofida unor ddiri modeste. Cele dau
evenimente ar putea reduce decalajul
tehnologic al Romaniei la numai trei ani cu
condtia mobilizirii si unor resurse financiare
ale statului Tn vederea achimnarii de utiliaje
si echipamente de produe strict necesare
(cca. 500 mii dolari). In caz contrar, esist
riscul, ca de altfelsi in alte domenii, & se
instiineze aceast tehnologie care ar putea
aduce beneficiitarii, Tnzecit fga de efortul
financiar, relativ modest, prefigurat.

Dupa cum este cunoscut, Microelectronica
nu particij@ la nici un lam industrial
internaional si nici nu face parte din lumea
produdcitorilor de semiconductori de talie
mondiak, astfel Tnat s-si  permit
achiztionarea pe cont propriu a echipamentelor
necesare. In plus, gle este vorba de o
tehnologie in premiér Tintreprinderea se
confrunt si cu dificultati in demararea pe séar
mai larg: a produgei, caretin n principal de:

- taxe excesiv de ridicate la importul de
materiale si structuri rare, precumsi de
componente si  subansamble necesare
fabricarii semiconductorilor;

- lipsa de experig in domeniul aprovizioarii
cu materii prime rarsi in comercializarea
produselor finite;

- inexistema unui program articulat de dezvoltare
in care aceasindustrie & fie reconsiderat

Dificultatile de mai sus vinassusina afirmaia
unuia dintre inginerii de la Microelectronica,
potrivit caruia "cel mai mare ajutor pentru noi
din partea statului, ™n lipsa fingni
mertionate, ar fi 8 nu ne pua bege in roate”.
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Ar fi timpul ca, dup atgia ani de la
revoluie, factorii politici ¢ ia serios 1in
considerare necesitatea gosrii acestui sector
economic, unde activeazspecialiti de varf,
care trebuie retribti si aprecia Tn mod
corespunitor si nu tratai ca simpli salarif.
Specialgtii Tn domeniul semiconductorilor apar
si se dezvolt in jurul unei experiete, iar
secretul perfgnarii lor este pasiuneasi
accesul la informge. Un astfel de specialist,
odat pregitit n tam si perfegionat 1in
strainatate, cu experiga acumulat, nu are
Tnlocuitor nu numai in Romania @iin intreaga
zom Est European

Perspectivele tehnologiei Led Tn Roméania

Romania posedo infrastructut Tn domeniul
semiconductorilor care, cu fonduri extrem de
reduse, ar putea fi imbatitita si perfecionat,
astfel incat 3 adua profituri imense din
produsele comercializate. In mod surp#iz,
infrastructura din Romania este superioar
multor tari. Ca un exemplu Africa de Sud care,
in pofida bogtiilor sale naturale imense, are
industrii electronice numai in mod virtual iar
Led-urile sant in totalitate exportate. Acaast
tard are Tng avantajul @ posed o rgea de
distribuire a semiconductorilor foarte largi
bine organizat, care o face atractivpentru
orice produator din lume. Tehnologia Led este
practic inexistert in Africa de Sud, atat
datoriéi preului ridicat al componentelor, céit

a lipsei de calificare a f@i de muna. Este de
la sine imeles @ o astfel de structar este
deosebit de vulnerahiki de multe ori tinde &
interfereze cu politica intein De remarcat &
acest lucru se poate intamplacu Romania
dacd nu se iau rsurile de rigoare.

Tehnologia Led implig dezvoltarea
cererilor pe orizontél pentru produse chimice,
substare raresi materiale cu grad ridicat de
prelucraresi puritate care, la randul lor, atrag
alte necesita legate de instruire si
perfegionare, respectiycoli, facultti, institute
de cercetri s.a. Se poate spunei,cin acest
domeniu, comparativ cu cel al tehnologiilor
traditionale, principiul concurgri interne nu
se mai aplig, ci mai degrab relaia de
investtii.

Introducerea tehnologiei Led in Romania
este iminerit si nu tine de politig, deci
Guvernului Roméan nu-i améne decat as
hotirasa la ce presi cat de rapid. Integrarea in
Comunitatea Europeanva fota Romania &
accepte, probabil, componente sau tehnologii
periferice la momentul respectiv, cand probabil
va fi prea tarziu pentru industria de
semiconductori &recupereze sau, eventual, s
fie foarte costisitor. Un program adecvat de
suginere 1n@ de pe acum a acestei tehnologii
ar economisi multe milioane de dolari,
nemaivorbind despre ecomomia im&nge
energie ce s-ar realiza in acest interval de timp.

Una dintre modalitilie simple de
promovare, la care riscul de afacere este extrem
de redussi care, de altfel, este deruatu
succes in mai multgari, este iniierea de
programe de sponsorizare la nivel local sau
naional, pentru introducerea Led-urilor Tn
semafoare si alte indicatoare luminoase.
Programul poate avea caracter de parteneriat
intre statsi industria locai de semiconductori,
pe o durat limitati de timp, Tn care
producitorul se oblig si furnizeze si si
intretind aceste componente cu resursele
financiare proprii, iar Guvernul se angajgaz
achiztioneze Led-uri in termenii condiii
flexibile. Cu alte cuvinte, rete furnizor-piaa
este stabil si controlati strict de Guvern pe o
durat limitata.

O alti posibilitate ar fi relaxareai chiar
eliminarea taxelor vamale la achianarea de
materii prime, structuri sau subansamble din
domeniul tehnologiei Led, ceea ce ar atrage
diminuarea costurilor de fabriga precumsi
cresterea competitiviitii produselor pe pia
mondiak de semiconductori. Acest lucru ar
atrage deasemenea diminuarea decalajutai fa
detarile cu tradiie Tn acest domeniu.

Astazi, spre exemplu, un transport de
componente sau subansamble legate de
tehnologia Led, cu valoare de 10.000 Euro,
cost Microelectronica in jur de 2000 Euro (cca
20% din valoarea facturii)asand numai cateva
procente margine de profit. Aceassitugie
face aproape imposihil achiztionarea cu
mijloace proprii de m@ni sau echipamente
necesare manufactuii de calitatesi Tn condiii
de profitabilitate a comenzilor de Led-uri. Din
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motivele amintite mai sus, multe din utilajgle
tehnologiile achizionate in ultima perioadde
timp, strict necesare de altfel prodeg au fost
procurate mai mult prin refia personale,
entuziasm sau patriotism din afagdecat prin
relaii normale de afaceri. Asemenea achizi
raman destul de fragile, in special cand
termenii scui si garaniile limitate pun in
pericol echipamentele achimnate.

in pofida dificuléitiior mertionate mai sus
precumsi a faptului @ tara noastra este #c
considerat ca fiind de nivelul “lumii a treia”,
potentialul Roméniei nu este de ignorat iar
statele cu tradie Tn materie de tehnologii Led
mertin inca oarecare restnic la transferul de
utilaje, practicand deasemeni o politide
prguri piperate la unele materialesi
componente.

Asa cum se poate observa, lumea a fost deja
impartita Tn domeniul tehnologiei Ledi este
putin probabil ca vreun investito&si indrepte
atertia spre Romania, atata timp cat Asia
indegirtats pare mult mai atractiv Singura
cale pentru ancorareaarii noatre in domeniul
acestor tehnologii de varf ar fi un sprijin
consistent din partea statului nu numai pentru
companii darsi pentru institgii de Tnvatamant
superior din acest domeniu, cu atragerea pe cat
posibil si a unor fonduri de la Uniunea
Europeaan.

Impact, avantaje

Este bine cunoscutiain bec ohinuit folosate

numai 15% din energia electicin timp ce

restul energiei se iroge prin éldura, de unde

si numele de “suisde lumiri incandescent.

Probabilitatea de defectare a unor asemenea

surse incandescente este de cca 50%a dup

numai 2000 de ore de fuimmnare. Acest lucru,

precumsi fragilitatea extrem de ridicat(corp

de stich si filament sulbire) fac ca tehnologia

Led < ofere incontestabil o sale net

superioat. Dintre avantajele surselor de luriin

pe baz de Led-uri sunt de remarcat

urmatoarele:

- consumul energetic poate ajunge la numai
10% din consumul unui bec ghuit;

- foarte rezistente la intempegiiageni chimici;
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- nu generedz caldura, esemal in cadrul
sistemelor cu aer conabnat;

- durati de funcionare extrem de lurag(cel
putin 10 ani) care nu este asogiatu
defectarea, ci cu atenuarea perforrebor
luminoase;

- ofea o gani foarte larg de culori, lucru
esemial in cazul panourilor de ahj;

- dimensiuni mici;

- lumina este concentepe o direde precis
care poate elimina folosirea de reflectoare
sau alte sisteme optice;

- domenii de aplicabilitate largi, cum ar fi
medicinasi biotehnologie.

Merita de subliniat faptul & sub aspectul
aplicabilitgii, aria de utilizare a Led-urilor a
demsit de mult sectorul unic al iluminatului.
Astfel, in medicid, lumina monocromaticde
tip Led produce vindegei ale tanilor usoaresi
este foarte eficieatin tratamentul migrenelor.
In agricultus, Led-urile accelereazcresterea
plantelor, sporirea in greutate a puilor de gain
si dezvoltarea lor locomotorie (aproape de dou
ori mai repede decat in cazul celor creissub
lumina obgnuita). In fermele de #ni, lumina pe
baz de Led-uri atrage Tmbaétitirea produgei
de od si carne. Luand in considerare numai
acest din urm aspect, se poate aprecia cu
usurinta profiturile substamale ce pot fi aduse
de aceste Led-uri nu numai firmelor, dafin
general, statului roman.

In prezent, tehnologia Led este pe cale s
inlocuias@ complet &mpile din semafoare,
indicatore rutieresi feroviare, precumsi din
sistemele de afaj sau reclam din magazine,
scoli, aeroporturi. Marile panouri de reclam
din pige sau centre populate au devenit deja
aplicgii traditionale, iar &mpile cu neon sunt
aproape pe cale de dispaai

Ca o concluzie, argumentele prezentate
anterior ar putea pleda cu putere in favoarea
promovarii in Romania a tehnologiei Led.
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CENTRUL DE INGINERIA ILUMINATULUI — UTC-N
LIGHTING ENGINEERING CENTER - LEC

Florin POP
Universitatea Tehnicdin Cluj-Napoca

Centrul de Ingineria lluminatului UTC-N
Lighting Engineering Center (LEC) a luat fiin

ca urmare a programului Tempus-Phare CME-
03551-97 [15 decembrie 1998 — 14 martie 2000]

— informaii in pagina web
http://bavaria.utcluj.ro/~lec].
Activitatea Centrului a fost prezentain

numerele anterioare al revistei (1 — 10) pentru

agiunile organizate Tncepand cu infamea
acestuia n25 aprilie 2000 prin decizie a
Biroului Senatului Universitii Tehnice, paa
in ianuarie 2003 cand s-a tigrit numarul 10
(Winter) 2002 al revistei.

8 - 9 mai 2003- Conferinfa Internasionald
ILUMINAT 2003, in colaborare cu ELECTRICA
- Filiala Transilvania Nord Clujsi S.C.
Energobit Schréder Lighting S.R.L.

4 - 14 iunie 2003 —Programul European
ERASMUS Conf. Dr. Dorin BEU, vizit la
Helsinki University of Technology. Au fost
suginute 6 ore de curs studdar de la
Masterat. Titlurile prezeatilor au fost:
invataimantul luminotehnic din  Romania,
sisteme de iluminat din birouri, impactul
obstrugiilor asupra iluminatului din birouri,

sisteme de iluminat realizate Tn Romaéania in

ultimii ani.
Vizita a prilejuit reintalnirea cu prof.dr.
Lisa HALONEN, sefa Laboratorului de

lluminat de la Helsinki. Colaborarea cu partea

finlandea fiind incepu# odati cu programul

Tempus-Phare CME- 03551-97 Lighting
Engineering Center — LEC, care a cuprins

vizitele partenerilor finlandezi la Cluj Tn mai
1999 (D-na Liisa HALONENsi D-I Eino

TETRI) si a partenerilor romani la Helsinki n
1999-2000 (D-nii Florin POP, Dorin BEU,

Viorel GLIGOR, Mircea CHINDRS si Silviu
STEFANESCU).

Cu ocazia vizitei a fost prezentat noul sediu
al Laboratorului de lluminat (prezentat in acest
numar al revistei)si noile proiecte de cercetare
si Tnvatamant (pregtirea unor speciaiii pentru
Universitatea din Shanghai, China). Dr. Dorin
BEU s-a reintalnit cu trei absolverai Sediei
Instalaii pentru construg aflati acum la studii
in Finlanda: Viorel GLIGOR - doctorand la
Laboratorul de iluminat, Edmund KOVACS -
masterand in domeniul iluminatulgii Catalina
IONESCU - doctorand in domeniul &hari.

Multumiri  d-lui Viorel GLIGOR pentru
sprijinul acordat in de&§urarea vizitei in cele
mai bune condii.

Editarea revisteingineria lluminatului cu
0 apariie semestria, in colaborare cu S.C.
Filiala de Furnizargi Distributie ELECTRICA
Transilvania Nord S.A i Editura
MEDIAMIRA. Numarul urmitor - anul 5, nr.
12/Winter - va afrea in decembrie 2003.

Elaborarea destudii privind optimizarea
anumitor sisteme de iluminat la solicitarea
unor parteneri.
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In conexiune cu activitatea degirat pe
linie universitali este de maionat continuarea
colabogrii internaionale in cadrul programului
european ERASMUS, in baza Contractului
Instituional SOCRATES-ERASMUS 2002-2003.
Intre Universitatea Tehnicdin Cluj-Napocasi
Helsinki University of Technology, Universitat
Politecnica de Cataluniasi University of
Liverpool sunt incheiate Acorduri Bilaterale de
colaborare Tn domeniul ingineriei iluminatului,
la care vor participa Dr. Florin POBR Dr.
Dorin BEU. Se continui astfel parteneriatul cu
Profesor Liisa HALONEN — Lighting Laboratory,
Profesor Ramon SAN MARTIN - Estudios
Luminotecnicos si Dr. David CARTER -
Lighting Research Unit Tinceput prin
numeroasele programe de cercetarg
schimburi academice dasfirate in colaborare
n ultimii ani.

Centrul de Ingineria lluminatului UTC-Nii
desfisoam activitatea in cadrul Laboratorului
de Instalai electrice si lluminat, Catedra de
Instalaii pentru Construgi, Universitatea
Tehnia din Cluj-Napoca. Amenajarea s$jpgui
si modernizarea tehnia fostsi este posibi

pe baza finagrii obtinute prin programul
Tempus-Phare, a sprijinului acordat de
conducerea Universiii Tehnice, a resurselor
financiare extrabugetare atrase prigtigarea
unor granturi de cercetare, prin organizarea
unor  cursuri postuniversitare si a
sponsorizrilor oferite cu generozitate de

diferite firme de specialitatesi ale unor
absolven ai seciei de Instalgi pentru
Construdi:

PHILIPS Roméania / FLASH Transilvania
OSRAM Romania
TOTAL Quality/ACI Antrepriza Construc tii Instalatii
LEGRAND Roménia / Electro Daniella
PRAGMATIC Comprest
ABB Romaénia
ELBA
RH Trust
SOCLU
ROMINSTAL Construct
TIM Trustul Instala tii Montaj
DALKIA Roménia
MEGAVOX Confort
BURIDAVA 2000 Serv
LIDER ProdCarn
ARGOS
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LIGHTING IN THE NEW WORLD
New Directions in Lighting Energy Efficiency

Cristian SUVAGAU
BC Hydro, Vancouver, Canada

In the past two releases of the “Ingineria llumirait' we have introduced the energy efficiency siams and
the new technology that will help the North Americeontinent to better conserve energy and proteet t
environment. Debating these issues was necessasyder to ease the presentation of the directia this
continent is embarking on its quest for lightingryy efficiency.

Achieving energy efficiency in lighting is not armasy task, it requires dealing with many factore lik
education, design, construction process and leigisla

Education. It can not be more wrong to affirm
that Lighting is an old science, and nothing
major has been introduced since 30-40 years
ago. Yet, novices to the industry and those with
little or no lighting experience continue to say
that. The result is that the application of the
new, efficient technology is delayed from lack
of knowledge and proper know-how.

Therefore, organisations like IESNA, CIE,
universities, lighting manufacturers and
individual practitioners do not waste any efforts
in providing appropriate lighting education to
customers, contractors, engineers, architects,
governments and all the civic and non-
governmental organisations that have a say in
lighting connecting industries.

The design-building process. As mentioned,
lighting efficiency is not always easy to
accomplish nor it is understood. Many times
lighting designer are told by architects to
reduce at minimum the use of fluorescent
lighting in favour of incandescent lighting, andtth
in public spaces like hospitals, banks or schools.
And talking back to architects is not easy too.
Also, even when the engineers and the
architects communicate well and the design is
quite efficient, the contractor can have its own
way. Due to the construction biding process,
most of the time it is the lowest bid that is
awarded. However, since the contractor has to
make a profit, he will try to replace the more
costly (and also more efficient) luminaires with
cheaper ones (less efficient). Many times is a
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difficult negotiation between the contractor and

the designer on this issue. When not explained
and understood properly, the customer risks to
be faced with serious operation costs when
choosing the cheaper non-efficient solution.

Legidation. To avoid situation as described
above, the best way is to mandate the energy
efficiency by various governmental levels:
municipal, state/ province and national. The
result is that when efficient products are
imposed, they get used more and hence the
price is going down leading to market
transformation and allowing for sustainable and
important energy savings to happen. However,
imposing legislation is not easy too, requiring
proper enforcing and buyout from lighting
manufacturers and building developers. The
various energy efficiency legislation issues have
been described in “Ingineria iluminatului no. 9”.
The most aggressive energy codes are enforced
by the State of California and of New York,
mainly due to their acute energy use concerns.
These are only the most determinant factors
in achieving energy efficiency performance,
others like market opportunity, product
affordability and personal business considerations
complete the delicate puzzle of this matter.
Understanding these factors is the key to
find the efficient path of action. Now, in the XXI
century, and in the mist of political and economical
global transformations, America is determined
more than ever to become highly efficient in using
energy. Some methods are old, tested and re-vamped,
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some are new. What matters is that public support
towards energy efficiency is at its highest and
that will considerably ease the task.

Utility rebates. Starting with the mid 80’
utilities throughout North America offered
rebates to support a program called Demand
Side Management (DSM), designed to shave
peak demand for electric power and “buy back”
some spare capacity. This allowed the utilities
to supply their customers’ increased demanding
for electricity without expanding costly
generating plants and/or raising rates.

Products like T8 fluorescent and electronic
ballasts, CFL (compact fluorescent lighting)

Trade alliance. Rebates are addressed at both
lighting retrofit and new design constructions.
Providing rebates to support energy saving
does not automatically find good-candidate
projects nor bring them to completion. An
energy efficiency educated and experienced
team of engineers and contractors is needed in
order to achieve the energy saving targets
forecasted by the utilities. For example, BC
Hydro has set a design and implementation
colectivity called “Trade Alliance” (TA), who's
receiving continuos education, feed back
information and support. Moreover, the utility
sales team is finding projects for the TA.
Customers get a reference list and they can pick

and occupancy sensors have become stables in the the team of their choice based on geographical

lighting industry mainly due to DSM programs.

Towards the mid 90’s, most DSM programs
ended with the onset of utility deregulation and
the forced sale of the utility owned and
operated generating plants to independent
generators. However, the deregulation
“experiment” proved to be unsuccessful, cots
risen dramatically rather than been lowered as
anticipated. Today, with lessons learned,
governments are not rushing anymore to de-
regularise the energy market.

DSM programs are now returning. Utilities
like BC Hydro in Canada have created
packages of rebate programs meant to address
all the market sectors from large industrial and
commercial consumers to institutional, small
consumers and residential market
(http://www.bchydro.com). By offering either
project orientated rebates for significant
savings over 100,000 kWh, product incentives
for small retrofitting jobs or “energy dollars”
for customer initiated energy conservation
activities, BC Hydro is planing to save over
3,500 GWh in the next 10 years.

By signing long time partnership with
utilities, customers are thus encouraged to plan
their renovations and energy efficiency
upgrades, knowing ahead of time what found
they would be granted. New to these DSM
programs is the energy manager initiative.
Utilities offer customers financial help to find
and hire specialised professionals in energy
management to aggressively determine and
pursue energy efficiency measures.
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location, skills, references and price. The
implementation contract is only between the
Customer and the TA team. Thus, the job
creation in the community is encouraged and
local business is helped to get stronger and
more efficient in a global market.

Design assistance. These programs are geared
towards new design or larger renovations rather
than simple retrofit projects. Basically, federal
governments or utilities set an incentive level
for the design’s energy efficiency.

For example the Commercial Building
Incentive Program (CBIP) is a Natural
Resources Canada program that encourages the
design and construction of energy-efficient
buildings (http://oee.nrcan.gc.ca) To qualify,
buildings must be designed to use 25% less
energy than a similar building designed to the
ASHRAE-IES 99.1 code. The incentive is
available for new buildings and additions and
extensive renovations of existing building.

CBIP provides a financial incentive of two
times the predicted annual energy savings to a
maximum of $60,000. Buildings over 60,000 ft
would likely receive the maximum incentive.
The file is reviewed for accuracy and 80% of
the incentive is paid to the building owner,
usually within three months of receipt of the
application. The final 20% is paid when the
energy efficiency measures are installed and
construction is complete. Of course, the much
larger financial benefit is reduced energy costs
for the life of the building. A 100,000 %t
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building could save as much as $1 million
dollars over ten years.

What's new is that design meetings are not
longer limited to the technical team (architects
and engineers), but open to the other key players.
Hence, customer representatives (from both
development and maintenance departments),
the cost consultant, the awarded general
contractor (usually, for larger projects, the
general contractors is chosen before the detalil
technical design starts), government officials (if
the project is public funded, i.e. hospitals or
schools) utility (and often third party)
specialists join the design meeting in brain
storming and technical workshops. My
preference is the workshop, where a third-party
moderator prepares various computer energy
simulations based on architects and engineers
input for the specific project. At the extended
audience meeting these simulations are
exposed and discussed with all the involved
parties, and the only the most efficient and
affordable solutions are agreed upon. Once the
overall design concept is configured the
lighting engineers start the detail design, freed
from the usual fear that architects and/or
customers have “second-thoughts” and modify
design close to completion.

Tariffs. Rising the electricity prices will
usually lead to more eagerness from consumers
to reduce load and consumption in order to
save money. There are more alternatives to this
simplistic and unpopular approach. With the
advent of digital technology, modern utility
meters can bill electricity by the second and
also (when bi-level connections are in place)
command the customer’s electrical distribution
equipment to reduce load when peaks occur.
An innovative measure is the “Time-of-Use”
tariff. Equipped with digital meters that ensure
bi-level communication with the utility,
consumers can chose to have parts of their load
“shaved” at peak times in order to avoid steep
penalty costs. For example, an office building
with a digital building management system
(BMS) could be controlled (via a modem) by
the utility. At a set time before the usual peak
hour time happens (i.e. 1/2 hour), the utility
starts to dim down lights (to about 60-70%)
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and/or turn-off selected lighting circuits that
will not perturb occupants activity. The lighting
status will return to normal after the peak time
passes.

Green buildings. Often, customers like
developers are not interested in operations
savings (passing these costs to tenants), but
careful with their construction budget. And,
since energy efficient technologies are usually
more expensive, the challenge is to find what
would really motivates these customers.
Developers are also sensitive to buildings’
rental vacancy and real estate value. Having a
“green environment” is a high motivation for
tenants and also (lately) enhances the
building’s appraised value. Fortunately, the
green movement has caught up with the North
Americans and in the recent years various
green building initiatives have been taken by
governments.

A recent program “Leadership in Energy
and Environmental Design” (LEED) is gaining
momentum with developers and architects.
LEED is a rating system developed by the U.S.
Green Building Council (USGBC)
(www.usgbc.org) to assess the environmental
sustainability of building designs. LEED is a
point-based rating system; points are earned for
building attributes considered environmentally
beneficial. LEED differs from other rating
systems in that it has quantified most of the
"green credits " For example, 5% of the
building materials must be from salvaged
materials to earn a point for the salvaged
materials credit.

LEED Version 2.1 consists of 69
points/credits covering six topic areas: Site

Development, Water Efficiency, Energy
Efficiency, Material Selection and Indoor
Environmental Quality (includes lighting

efficiency). Designers can pick and choose the
credits that are most appropriate to their project
to achieve a LEED rating. LEED has four
performance levels:
e 26 to 32 points: Certified

33 to 38 points: Silver
* 39to 51 points: Gold
* 52 t0 69 points: Platinum
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For lighting, the most credits can be
achieved using smart controls. Using personal,
addressable lighting control systems (like
DALI - see ‘“Ingineria lluminatului” no. 6),
designers could achieve up to 16 credits (on
controls alone) for an office building.

LEED is the most recognised green
building rating system in North America. Many
developers, particularly those working on
federal government and leading edge private
sector buildings, are requiring that building
designs meet LEED Silver performance. Given
that conventional new buildings would likely
score only a few LEED points, achievement of
any LEED level represents a significant
reduction in building environmental impact and
improvement in indoor environment. A
Canadian version of LEED is under
development. It is identical to the US version
with the exception that energy efficiency is
relative to the Canadian Model Energy Code
for Buildings (to be consistent with CBIP).

The LEED system can be used in more
ways to improve the "green-ness" of a building

design:
e LEED can serve as a design guide for the design
team.

e LEED reports are a valuable means of showing the
client and other interested parties that the delsam
effectively addressed environmental issues.

« A building design can be certified by the U.S. Gree
Building Council. Certification provides increased
market exposure and places the building in elite
company among the greenest buildings in North
America.

The larger benefit of LEED buildings is in
improved indoor  environment  (lower
absenteeism, greater productivity, better
thermal comfort), lower maintenance costs
(commissioned  building, more durable
materials, smaller or eliminated building
systems), higher corporate profile (increased
product sales, marketing advantage, improved

employee morale) and reduced risk of remedial = &%

measures (to deal with sick building syndrome
or environmental contaminants).

Private Public Purchase. Recently imported

from UK, this new financial concept (dubbed
“PPP” or “P3” in US) has found some ground
in  North America. Basically, private

74

corporations commit to build and also operate
public buildings like hospitals, libraries and
cultural centres. This way the governments
avoid the (high) capital costs, but have to
schedule annual lease budgets. Depending on
the particular conjuncture, this may be more
advantageous for public money. What makes
this program interesting is that the private party
will not build until they get enough assurance
that the building will maximise the return of
investment (ROl — the percentage report
between operation savings and capital costs).
Hence, decision-makers encourage the design
team to specify and install high efficient
luminaires and sophisticated controls, in order
to minimise future operation costs and
maximise thus the ROI.

The various programs and initiatives presented
show a significant change in the American
mind setting about the use of energy. Facing
globalisation and increased international
criticism, America could paraphrase the French
philosopher Andre Malreaux: “the XXI-th
century will be energy efficient or will not be at
all.”

Cristian SUVAGAU
PhD, P.Eng, Lighting Engineer
LC, MIES, MCIE

BC Hydro, Power Smart
Suite 900, 4555 Kingsway
Burnaby, BC, V5H 4T8, Canada

Tel.:+ 604 - 453-6478

Fax. + 604 - 453-6286

e-Mail: cristian.suvagau@bchydro.bc.ca

Lighting engineer at BC Hydro, in
Vancouver, Canada. Member of
CIE and IESNA Board of
Directors for BC. Numerous
lighting research, technical
articles and project designs for
institutional, commercial and
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NS Technical University of Construction
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ILUMINATUL IN LUMEA NOU A
Noi directii n eficienta energetié n iluminat

In ultimele dod numere ale revistei “Ingineria
lluminatului” am prezentat standardele de
eficienta energetia si noua tehnologie care va
ajuta continentul Nord Americani sonserve
energia mai binesi si protejeze mediul
ambiant. Prezentarea a fost necgégantru a
intelege mai gor diregia in care este angajat
acest continent pentru un iluminat eficient
energetic. Otinerea unei eficiele energetice in
iluminat nu este o sarcinusoal, ea este o
agiune complex ce asociaz mai muti factori

ca educaa, proiectarea, procesul de constieic
si legislaia.

Educaria. Nu este o ggeah si afirmam c
iluminatul este o stinta veche si nimic
semnificativ nu a fost introdus in ultimii 30-40
ani. Aceasta afirme este susuti in mod
special de nou vaetiii din industriesi de cei fira
experielma sau cu experied minima in iluminat.
Rezultatul este aceld aplicarea unei tehnologii
noi si eficiente este intarziatdatoriti lipsei
cunoaterii si a unui transfer de tehnologie
adecvat.

Cu toate acestea, orgarnizaca IESNA,
CIE, universisti, productori de echipamente
de iluminat si practicani individuali nu
precupgesc nici un efort pentru a asigura o

educaie luminotehni@  corespun#toare
consumatorilor, contractorilor, inginerilor,
arhitecilor, organizailor guvernamentale,

neguvernamentalgi civice care au ceva de
spus in industria aferentiuminatului.

Procesul de proiectare - execusie. Dupa
cum s-a mefionat, eficiema iluminatului nu
este intotdeaunasor de realizatsi nici de
inteles. De multe ori, proiectantului de iluminat
i se solicii de dtre arhited sa redua la
minimum utilizarea iluminatului fluorescent in
favoarea celui incandescesgt,aceasta in spia
publice, precum spitale,abci sauscoli. Si o
discuie In acest sens cu arhiieu este un
lucru wor.

De asemenea, chiarsi atunci céand
comunicarea ntre inginegi arhitegi este bua
si proiectul este aproape eficient, contractorul
poate 8 aibd parerea sa proprie. Datafit
procesului de constrtie bazat pe ofertare, de

cele mai multe ori este considerabferta
minima. Dad contractorul dorge i oltina un
profit, el va incercaasinlocuiasé aparatele d
eiluminat mai costisitoaresi( fireste, mai
eficiente) cu altele mai ieftinesi(mai puin
eficiente). De multe ori este dificil de negociat
asupra acestui subiect. Astfel, daou i se
explici in mod corectsi pe Tinelesul 4u,
consumatorul rist sa fie supus ulterior unor
costuri de operare ridicate daea alege solia
mai ieftim cu eficiena sazuta.

Legislaria. Pentru a evita sittia ca cele
descrise mai sus, calea cea maideste ca
problema eficietei energeticeisfie abordat la
diferite niveluri guvernamentale: municipal,
judgean sau n@nal. Rezultatul este acela c
daa sunt impuse produse eficiente, ele vor fi
utilizate mai multsi astfel, preul lor va fi mai
sczut si va conduce la transformarea teiesi
va permite obnerea unor economii de energie
importante. Totgi, Nnu este gor si fie impusi o
legislgie, fiind necesar un efort multiplyi
costisitor din partea prodatorilor de
echipamente de ilumingt a promotorilor din
construdii. Subiecte referitoare la legisia
privind eficienta iluminatului au fost prezentate
Tn nundrul 9 al revistei “Ingineria iluminatului”
Cele mai ‘agresive’ coduri energetice au fost
realizate in Californigi New-York, in special
datoriti problemelor energetice acute din aceste state.

Acestia sunt doar cei mai importarfactori
in atingerea performas privind eficiena
energetia, alii decat oportunitatea pie,
oferta de produsei consideréi personale de
afacere care completeann delicat puzzle al
acestui subiect.

intelegerea acestor factori repregimheia
ce deschide calea cea mai eficiedé adune.
Acum, 1n secolul XXI, Tn preajma unor
transforndri politice si economice globale,
America este determiratmai mult decéat
altidati n utilizarea energiei cu o Tinalt
eficiena. Unele metode sunt vechi, testate
remodelate, altele sunt noi. Ceea ce este
important este faptul ac suportul din partea
populdiei pentru eficiera energetit este la un
nivel inalt, ceea ce va face majoan sarcina
de a o realiza.

Reduceri ale utilitdzilor. Tncepand de la
mijlocul anilor ‘80, serviciile de util#ti din
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intreaga Ameriz de Nord au oferit reduceri
pentru a sprijini un program denumit Demand
Side Management (DSM) — Managementul
Consumului -, proiectat pentru a reduce varful
de sarcia al puterii electricai pentru a asigura
0 capacitate de rezerv Aceasta a permis
serviciilor d eutiliati si asigure alimentarea
unei cereri sporite de energie eledctritira
majorarea costurilor in centralele electrice
si/sau cragterea preurilor.

Produse precum lampa fluorescerit8 si
balasturile electronice, lampa fluorescent
compaci CFL si senzorii de prezea au
devenit componente stabile ale industriei
echipamentelor de iluminat in special datorit
programelor DSM.

Catre mijlocul anilor ‘90, cele mai multe
programe DSM au luat sfir odati cu
descentralizarea serviciilor de udlit si cu
vanzarea fagati a centralelor electriceatre
productori independen. Experimentul s-a
dovedit a fi un insucces, costurile crescand
dramatic in loc & scad, asa cum se considera
anticipat. Asizi, cu legia Tnvatati, guvernele
nu mai aleary la Tintamplare pentru
liberalizarea pigei de energiei.

Programele DSM revin 1in actualitate.
Serviciul de utiliiti BC Hydro din Canada a
creat pachete de programe de reduceri care se
adreseax tuturor sectoarelor de pia d ela
marea industrigsi consumatorii comerciali la

cei instituionali, micii consumatori si
rezideniali (http://www.bchydro.com). Prin
oferirea unui program de reduceri pentru

economii seminificative de peste 100.000 kWh,
facilitati de produge pentru mici activitti de
reabilitare sau “energy dollars” pentru actitrit
de conservare a energieitiaie de consumatori,
BC Hydro &i propune & economiseadcpeste
3.500 GWh in urratorii 10 ani.

Prin semnarea unor acorduri pe termen lung
cu serviciile de utiliiti, consumatorii sunt
astfel Tncuraja si-si planifice nisuri de
renovare si modernizare eficiente energetic,
cunoscand dinainte cu ce sume de bani vor fi
sprijiniti. Noutatea acestor programe DSM o
constituie infiativa managerial energetia.
Serviciile de utilisti ofera consumatorilor
sprijin financiar pentru &k gasi si angaja
specialgti Tn managementul energiei caré s
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determinesi sa adopte Tn mod agresivasuri
de eficiena energetia.

Alianga de afaceri. Reducerile sunt
acordate atat reabiliti iluminatului cat si
noilor proiecte de constric Asigurarea
acestor reduceri pentru economisirea energiei
nu vor determina in mod automatsgea unor
proiecte bune sau carei $ie duse péam la
sfait. In acest scop este necesaresiste un
colectiv de inginerisi contractori eduaa in
spiritul eficiertei energeticei cu 0 experietd
n Tndeplinirea unor sarcini trasate in ackast
direaie de dtre servicile de utiliti. De
exemplu, BC Hydrgi-a format un colectiv de
proiectare si implementare denumit “Trade
Alliance” (TA) - Alianta de Afaceri -, care
primeste o educge (formare) contin,
informaie de tip ‘feed backsi sprijin. De cele
mai multe ori, sectorul de vainz al serviciului
de utilitaiti este cel ce gpeste proiecte pentru
colectivul TA. Clienii primesc o list de
referinda si ei pot gi-si aleag echipa pe
considerente de lotia geografid, cunatinte
profesionale, recomasd si pret. Contractul de
implementare este stabilit direct intre Clignt
echipa TA. Astfel, este Tncurajatrearea unei
afaceri in cadrul comunti si mediul de
afaceri local este sprijinit as deviri mai
puternicsi mai eficient pe ansamblul pes.

Asistenza de proiectare. Aceste programe
sunt orientateatre proiecte noi sau renawv de
mari dimensiunisi mai puin catre proiecte
simple de reabilitare. Guvernele federale sau
servicile de utiliati au stabilit un nivel
minimal al eficiemei energetice in proiecte.

De exemplu, Commercial Building
Incentive Program (CBIP) este un program
privind Resursele Naturale ale Canadei care
incurajeaz proiectareasi realizarea unor atliri
eficiente energetic (http://oee.nrcan.gc.ca). Rentr
a se califica, eldirile trebuie & fie proiectate
astfel incat energia utilizasi fie mai puin cu
25% decat energia stabilitpentru o cdire
similaa prin codul ASHRAE-IES 99.1. Se
ofera facilitati pentru chdiri noi, amplificiri
sau reno#ri intensive ale édirilor existente.

CBIP asigui facilitati financiare egale cu
dublul  economiilor de energie anuale
prezumate, panla maximul de 60.000 USD.
Cladirile cu peste 60.000 *ft(circa 6000 )
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vor primi facilitatea maxim Dosarul cu
documentga aferert este evaluat pentru
corectitudinea datelor inscrisg proprietarul
primeste un procent de 80% din samde
obicei in cursul a trei luni de la depunerea
aplicgiei. Restul de 20% este atit dupa
introducerea  msurilor de  eficientizare
energetia, la finalizarea ddirii. Desigur, cel
mai mare beneficiu financiar provine din
costurile energetice reduse pe intreaga durat
de viga a chdirii. O cladire cu suprafia de
100.000 ft ar putea & economiseasgcpari la

1 milion USD in 10 ani.

Ce este nou este faptuh dntalnirile de
proiectare nu mai sunt limitate doar la echipa
tehnic (arhitegi si ingineri), ci sunt deschisg
pentru afi jucatori esemali. Reprezentat
clientului (de la ambele departamente de
dezvoltare si de intrginere), copnsultantul
economic, contractorul general (de obicei,
pentru proiectele mari, contractorii generali
sunt algi Tnainte de Tinceperea proiaat
detaliate tehnice), oficiali guvernamentali (daca
proiectul este finaat din bani publici, de
exemplu spitale sauwscoli), specialti din
utilitati se afitura intalnirilor de proiectare in
sedine de brain stormingi ateliere de lucru.
Preferina mea este atelierul de lucru, unde o
treime dintre moderatori prégsc diferite
simulari energetice pe calculator bazate pe
datele de intrare arhitecturaeinginerssti ale
proiectului analizat. La intalnirile cu audign
largi, aceste simali sunt prezentatesi
discutate cu toateapile implicatesi se adopt
doar soltiile cele mai eficientesi fezabile.
Dupa ce conceptul de proiectare este configurat
n ansamblul &, inginerii de iluminat incep
proiectarea detaliat eliberai de teama &
arhitecii si/sau clienii ar putea avea o “a doua
gandire” care # modifice proiectul aflat
aproape de finalizare.

Tarife. Cresterea praului electriciitii va
conduce la o grije spotita consumatorilor de a
reduce sarcing consumul pentru a economisi
banii. Sunt multe alternative la aceast
abordare simpligt si nepopulaii. Datoriti
tehnologiei digitale, contoarele moderne pot s
intrerug@ alimentarea echipamentelor electrice
la atingerea varfului de sard@iisau 8 comande
trecerea pe tariful secund, acolo unde se aplic

un sistem de tarifare difergat (dublu). O
masu@ inovativa este tariful “timp de
utilizare”. Echipat cu contoare digitale care
asigua o comunicare pe dauniveluri cu
serviciul de utiliiti, consumatorul poate alege
ca o parte din receptoarele sala §e
deconectate la varful de sartipentru a evita
plata unor penalti. De exemplu, o adire cu
birouri cu un sistem digital de gestiune a
energiei - BMS, Building Management System
— poate % fie controlat (via modem) deitre
serviciul de utilititi. La un moment dat de timp,
presetat, de exemplu cu o jatate de ot
Thainte de apatia varfului de sarcify este dat
comanda de diminuare a iluminatului (pda
circa 60-70%) si/sau deconecteaz anumite
circuite de Ilumia care nu vor perturba
activitatea utilizatorilor. Situga este restabikit
dupi trecerea varfului de saréin

Cladiri verzi. Adesea, clietii si promotorii
nu sunt interesain operaiuni de economisire
(trecand aceste costuri pe seama dfiioig,
dar sunt aten la bugetul de constrtie. Si,
fiindca tehnologiile eficiente energetic sunt de
obicei mai scumpe, alternativa este deaai g
acel ceva ce ar motive astfel de clien
Promotorii sunt, de asemenea, sensibili la
gradul de finchiriere al adirii si valoarea
imobiliara. A avea o “veciatate verde” este o
motivaie puterni@ pentru locatari si 0
modalitate de a cg&e valoarea dMdirii.
Miscarea verde a prins in America de Nerd
in anii din urnd numeroase imative pentru
cladiri verzi au fost luate de guvernanUn
program recent “Leadership in Energy and
Environmental Design” (LEED) este dagirat
de promotorisi arhitegi. LEED este un sistem
de evaluare dezvoltat de U.S. Green Building
Council (USGBC) (www.usgbc.org) pentru a
asigura un cadru ambiental al proieict
cladirilor. LEED este un sistem de evaluare in
puncte; punctele sunt gigate pentru atribute
ale chdirii considerate benefice pentru mediul
inconjutitor. LEED se deoseke de alte
sisteme de evaluare prin acea@aet cuantifié
multe din “creditele verzi”. De exemplu, 5%
din  materialele utilizate trebuie as fie
recuperate, pentru a e un punct la poga
credite pentru materiale recuperate.
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Versiunea LEED 2.1 const din 69
puncte/credite ce acopes domenii: Dezvoltarea
zonei, Eficiema apei, Eficieta energiei, Selgia
materialelor si calitatea mediul interior (care
include eficiema iluminatului). Proiectan pot si
stabileast si sa aleag creditele cele mai
apropiate cu proiectul lor pentru atiole rata de
evaluare LEED. LEED are patru niveluri de
performama: 26 - 32: Certificat; 33 - 38: Argint;
39 - 51: Aur; 52 - 69: Platin

Pentru iluminat, cele mai multe credite pot
fi obtinute prin utilizarea controlului inteligent.
Folosind sisteme de control al iluminatului
personale, adresabile (cum este sistemul DALI
— “Ingineria lluminatului” nr. 6), proiecta
pot ¢ ohkinia pari la 16 credite (doar din
control) pentru o @ldire de birouri.

LEED este cel mai recunoscut sistem de
evaluare a @dirilor verzi din America de
Nord. Multi promotori, Tn particular cei care
lucreaz in guvernul federal n domeniul
cladirilor din sectorul privat, solicit ca
proiectul chdirii sa intruneas& performama
LEED Argint. Avand in vedereacnoile chdiri
convenionale pot obine doar cateva puncte,
ohtinerea oriarui nivel LEED reprezirit o
reducere semnificativ a impactului cdirii
asupra mediulusi o Tmburatatire a mediului
interior O versiune canadiareste in curs de
dezvoltare. Ea este iderticcu versiunea
americaid cu excepa faptului & eficiena
energetiad este raportatla Modelul Canadian
al Codului Energiei pentru @diri.

Sistemul LEED poate fi utilizat Tn multe
moduri pentru a Tmbumati “inverzirea”
proiectrii cladirii:

e LEED poate servi ca un ghid de proiectare
* Raportul LEED ardit clientului si altor parti
interesate & proiectarea a fosti€uta cu luarea

n considerare a aspectelor ambientale
* Un proiect de cdire poate fi certificate de

Consiliul Chkdire Verde al USA. Certificarea

confeti 0 expunere crescupe piai si plaseaz

cladirea intr-o companie de dlita celor mai
verzi ckdiri din America de Nord.

Beneficiul mai larg al édirilor LEED cons#
n Tmburatatirea ambientului interior (reducere
a absenteismului, #nrea productividtii,
confort termic mai bun), costuri maiazcite de
intretinere (clidire comisionat, materiale mai
durabile, sisteme ale adirii mai mici sau
eliminate), profil al corpongei Tmburatatit
(cresterea vanarii de produse, avantaje de
marketing, imbu#tatirea moralului lucitorilor)
si risc redus al risurilor de remediere (la
operaii de finlturare a sindromului de
Tmbolnivire sau a altor contamingn

Tranzacrie Privaté Publici. Importat
recent din Marea Britanie, acest concept
financiar nou (notat “PPP” or “P3” in SUA) a
gisit terensi Tn America de Nord. Tn fapt,
corporaii private se angajeazsa construiast
si sa gestioneze adiri publice cum sunt
spitalele, bibliotecilesi alte centre de cultar
In acest mod, guverngnnu fsi asuni mari
costuri de capital, dar trebuies programeze
bugetul de Tinchiriere anual. In fure de
conjunctura specifi aceast modalitate poate
fi mai avantajoaspentru banii publici. Ceea ce
face acest program interesant este faptul c
partea privat nu va construi pdnce nu va
primi asiguéri suficiente privind maximizarea
duratei de revenire a invasti (ROI — Return
of Investment — raportul intre economiile
ohbtinute si costurile de capital). De aceea,
factorii de decizie Tincurajeaz echipa de
proiectare in alegereainstalarea unor aparate
de iluminat de mare eficacitate sisteme de
control sofisticate, Tn scopul mininaidi
viitoarelor costuri de inttenere si maximizirii
pe aceastcale a ROI.

Programelesi initiativele diverse prezentate
arati 0 schimbare semnificativin concepa
americanilor privind utilizarea energiei. Avand
de ficut faa globalizirii si unei poziii critice
internaionale in crgtere, America l-ar putea
parafraza pe filosoful francez Andre Malreaux:
“Secolul al XXI-lea va fi eficient energetic sau
nu va fi deloc”
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