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| Dr. Florin POP, Profesor

Piata luminii se afla si ea In continui
transformare in zilele noastre, atat de agitate si
solicitante. In urma cu putini ani, programele
de calcul luminotehnic pe dischete de 5,25erau
insotite de manuale de utilizare groase cit o
enciclopedie. Azi ni se oferd programe de
evaluare luminotehnica si energeticd a cladirilor
bazate pe pagini web si surse accesibile pe
internet. Revistele de iluminat igi modificd
formatul si modalitatea de prezentare, pentru a
face fatd concurentei revistelor virtuale s
continuei explozii informationale. Dupa 53 ani de
existentd, celebra ILR — Infernational Lighting
Review se transforma intr-o Editie Anuald ILR.
Cataloagele de produse, adevarate tomuri,
complete si scumpe, sunt depésite intr-un timp
scurt datoritd schimbdrii continue si rapide a
gamei de produse care sunt trimise beneficiarilor
direct de pe benzile de montaj ale producétorilor.

Integrarea  Europeanid  modifici  caracterul
individual, fragmentat al desfasurarii activitatilor
de cercetare stiintificd, reunind universitai,
institute si centre de cercetare, laboratoare,
societdfi industriale, organisme publice in
puternice Retele Tematice multinationale. La
sfarsitul anului 2002 a fost lansatd competitia
in cadrul Programului Cadru 6, program de
integrare europeand a cercetdrii stiintifice,
dezvoltarii si transferului de tehnologie.
Strategia pentru o noud politicd in cercetarea
europeand vizeazd crearea prin integrare a unei
Arii de Cercetare Europene, a unei singure
piete de cercetare. Este vizatd alocarea unui

EDITORIAL

buget de 405 M€ pentru activitati de cercetare
pe termen mediu si scurt, respectiv a aceleiasi
sume pentru activitdti de cercetare pe termen
lung. Uniunea Europeand va deveni ecconomia
cea mai dinamicd bazatd pe cunoastere, va
promova dezvoltarea sustinutd si va imbundtati
educatia, formarea si inovarea.

In 7 februarie 2000 a fost lansat programul
Green. Light, program ce vizeazd reducerea
drastica a energiei si costurilor in iluminat
pentru cladiri nerezidentiale (Berutto, Conti,
Bertoldi - Ingineria Iluminatului nr. 4). Este un
program voluntar ce previne poluarea si vine in
spijinul consumatorilor de electricitate nerezidentiali
(publici sau privati), urmérind cresterea eficacititii
energetice a iluminatului. Parternerul se angajeaza
(voluntar) sd imbundtiteascd cel putin 50% din
spatiul detinut sau inchiriat, sau sd reducd
consumul de energie total datorat luminatului cu
cel putin 30%. Comisia Europeand nu asigurd
fonduri (prin definitic economiile platesc
imbunatatirile) dar asigurd suport sub forma
resurselor de informatii si recunoagtere publica.
Programul GreenLight (aparut initial In Statele
Unite, in anul 1991) este una din noile initiative
ce incearcd sd asigure o conexiune intre
business si eforturile societitii. Daca initial s-au
inscris 18 organizatii din 14 tari, In iulie 2002
sunt in actiune 67 de organizatii.

Informatii — www.eu-greenlight.org

Programul EnerBuild RTD vizeaza eficienfa
energeticd a cladirilor in sase directii principale:
tehnologii solare, iluminat (natural, electric,
hibrid), incélzire §i ricire mecanice, aplicafii
fotovoltaice, componente (inclusiv elemente de
vitrare) si proiectarea urbanistica si a cladirilor.
Desfasurat in perioada 1999-2002 programul a
reunit 57 colective. In prezent este extins pina
in 31 martie 2003 pentru realizarea unor
activitati de diseminare/ integrare a unui grup
de 17 colective de cercetare din 8 tari nou
asociate sau candidate la asociere.
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Lighting market, as well, is in a continuous
transformation in present days, so agitated and
difficult. Few years ago, lighting computer
programs on 5,257 diskettes were presented
accompanied by users guides as large as an
encyclopaedia. Today, are offered web-based
tools for luminous and energetic evaluation of
buildings. A wealth of information sources is
available on Internet. Lighting journals change
their formatting and presentation standards in
order to accommodate to the competition of
virtual journals and the continuous informational
explosion. After 53 years of existence, the most
well known ILR — International Lighting Review
is transformed into an ILR Anmnual Edition.
Products catalogues, real tomes, complete and
expensive, are outdated in short time due to the
fast and continuous change of the products range .
These products are now sent to end-users directly
from the manufacturing lines.

European Integration changes the individual,
fragmented character of scientific research
activities. This effort gets together universities,
research institutes and centers, laboratories,
industrial companies, public institutions. Strong
multinational Thematic Networks are thus
created. The Sixth Framework Programme — FP6
— has been launched on end of 2002 as a program
for European integration of scientific research,
technology development and transfer. The
strategy towards a new policy in European
research aims at the creation through integration
of a European Research Area, a unique research
market. The target is a budgetary allocation of
€ 405 millions for short and medium term
research activities, and the same amount for
long-term research activities. The European

Union will become the most dynamic
knowledge-based economy, will promote
sustainable  development and  improve

education, training and innovation.
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The GreenLight program has been launched on
7 February 2000. This program aims at drastic
reduction of energy consumption and costs in
lighting for non-residential buildings (Berutto,
Conti, Bertoldi - Ingineria Iluminatului no. 4,
IEECB 2002 Proceedings). It is an on-going
initiative of the European Commission whereby
voluntary organisations commit to adopting
energy-efficient lighting measures when these
are profitable and maintain or improve lighting
quality. The Partner commits itself to upgrade
at least 50% of the spaces owned or on long
term leases, or alternatively reduce the total
lighting electricity consumption by at least
30%. While the European Commission does
not provide actual funds for the lighting
upgrades (by definition, the savings pay the
upgrades), it provides support to the Partners in
the form of information resources and public
recognition. The  GreenLight program,
originally appeared in the United States in
1991, is one of many new initiatives trying to
link business to the efforts of society. If,
originally, 18 organisations of 14 countries
joined the program, in July 2002 67
organisations are active.

Information — www.eu-greenlight.org

The EnerBuild RTD program aims at the
buildings energy efficiency in six main areas:
solar technologies, lighting (natural, electric,
hybrid), mechanic heating and cooling,
photovoltaic applications, building components
(including glazing) and urban and building
design. Developed during 1999-2002, the
program has been joined by 57 groups. It is
now extended until 31 March 2003 in order to
develop some dissemination/integration
activities for a group of 17 research groups
from 8 newly associated or candidate countries.
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EFFICIENCY IN PUBLIC LIGHTING

Fernando DECO
Municipalidad de Rosario - Argentina

The public illumination constitutes a type of
very particular illumination that depends in
great measure of a political decision that should
correspond with the technical conditions and
with the requirements of the users.

We know very well that the public
illumination does not only complete the
mission of providing light to the street and
roadway, but rather it influences in great
measure, in the sensation of security, the main
reason of the applications of the neighbors.

For that exposed, to achieve an efficient
public illumination, it is necessary to think of
efficient facilities and an efficiency in the
maintenance, since this type of illumination is
projected for several years of use.

In Rosario, from 1990 we began to outline
the efficient illumination, with a slogan that
now 1s very popular: More light with smaller
consumption.

One has conscience of the technical norms,
luminaires and lamps to use, but a topic not
very considered and that it is essential for all
efficient administration of the public
illumination and therefore, of the public
money, it is the maintenance.

The maintenance is very important as it was
said, but it is not to make an inadequate
maintenance that implies a high cost, but a
studied maintenance that it achieves the
appropriate conservation of the services with
the minimum investment, trying to not only
achieve the energy efficiency, but also the civic
satisfaction that is the objective of the public
illumination.

As the maintenance it is made and their
control is the topic that we will approach in this
event that we consider it achieves an efficiency
in the public illumination, so much energy as in
civic satisfaction, checked for but of 10 years
of continuous implementation.

1 Introduction

We can begin to establish the importance
that has the maintenance in the public
illumination, an illumination with particular
characteristics inside the Lighting.

v The maintenance, like in all installation, it is of
fundamental importance so that the original
conditions of an installation stay in the course
of the time, respecting the design parameters
and levels recommended by the effective norms
in this respect. In relation to the public
illumination, this point is of fundamental
importance, since the installation is projected
for several years of use and it doesn't stop a
short time of operation.

v" The maintenance of a system of iliumination
non single sandal the substitution of electrical
components and lamps when these they fail, but
rather it is more extensive since it should
contemplate different situations, for the means
where they are installed that they force to adopt
diverse measures in the course of the years, in
order to guarantece the permanency of the
original conditions it but precise possible.

v In this type of facilities, intervenes diverse
aspects that are not inherent to the own
installation, as being the one hoisted, real state
constructions, etc. that they generally imply an
alteration of the facilities, implying the
modification of the original disposition of the
installation.

A good maintenance system will be able to
have quality of the service and the civic, very
important satisfaction since they are the addressees
of the service. For this end, it is necessary to
guarantee the following points permanently:

v' To maintain the level of illumination

recommended in the necessary place;

v To control the schedules of ignition and out

of the facilities;

v" To have a reception service and demands

attention that it allows a quick answer to the
applications of repairs;
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v" To control the levels of illuminance of not
causing nuisances to the environment and
the users;

v" To prevent the deterioration of control
cabinets and columns, paying special
attention to the systems of electric security;

v" To control the factor of power, in way of
assuring an energy consumption under
good conditions of operation, without
generating overcharges in the billing.

To take the established premises ahead, it is
necessary to carry out a careful study of the
maintenance system that assures their
continuity and don't be interrupted by a bad
evaluation of the resources or because these
resources are derived for other ends. Here it is
necessary mention that an installation of
illumination public has an expectation of long
life that we can estimate again in but of 25
years, reason why the resolution that is adopted
with relationship to its maintenance, should be
careful and evaluated since in that magnitude of
time that should last in order to guarantee the
initial conditions of the project, if it was not
completed this way, the installation would be
every time but obsolete in detriment of the
public money with which the installation was
made and you project its maintenance.

2 Objectives and methodologies of maintenance

As previous objectives to keep in mind,
before determining the methodology of the
maintenance that will be adopted, it is
necessary to evaluate the following points:

v’ To carry out a report of the existent
facilities, what will allow to know with
which it is counted in that and that
necessities lack to satisfy.

v To program, on the base of the previous
information, the substitution of the obsolete
lamps for inefficient and to predict a factor
of loss of the luminous flow in way of
studying massive replacements of lamps,
when ending up the same ones to not
satisfying the required light levels.

v" To study the budget to assign to the
maintenance and the methodology with
which it will be taken ahead.

v To respect the norms and/or sheets that
regulate the service.
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With regard to the form of taking the
system of maintenance of the public
illumination ahead, we can mention three
realization forms: work executed by the
personnel of a municipal dependence, work
carried out by private companies or an
intermediate situation where a sector will be in
charge of a private company and another sector
in charge of the municipal personnel.

These forms make reference to those who
will make the maintenance works, but it should
be in undoubtedly the power controller should
be in hands of the municipality who will
guarantee the service of illumination public, but
there of as this he is carried out.

One can say that to control and to plan the
way maintenance of achieving quality in the
service, we should execute three fundamental
objectives: to have itemized knowledge of the
facilities with which it is counted, to determine
the program and reach of the maintenance and
to adopt a control structure that can guarantee
the operation of the service under good
conditions. We will pass to deepen these three
topics with more detail

2.1 Knowledge of the facilities

It is to carry out a sweeping of the system of
illumination of the way municipality of
detecting the existent facilities, their
components and state. It is important to
overturn these data to an on-line system that
allows later on to make diverse consultations
on the facilities with multiple selective
approaches that will allow to program
substitution tasks or remodeling. This report
will also allow to detect the places of lack of
the service and if one knows perfectly to the
system that one has, it will be much easier to
evaluate the cost of the same one.

If this whole work is overturned to a
computer system they will be able to be, among
other, with the following advantages: to clear
any doubt with relationship to the existent
thing, to evaluate costs, to evaluate massive
changes in certain components, to have quick
information and modernized about the service,
to identify in way univocal each point of light
that allows later on to be able to be coupled to a




system of demand pursuit and power to detect
reiterated demand, historical, statistical data.

To carry out this inventory type needs of a
political decision of back, since it is a work that
takes a certain time, with relationship to the
size of the municipality; and it will be had a
facility of personal with appropriate technical
training and computer personnel that it can
develop the necessary programs that are
requested, since it is a development peculiar of
the information.

By way of example we can mention that the
work of report of Rosario's city that was carried
out in 1992, demanded a year of work to five
recognition gangs and a similar period to carry
out the support software. In that year, the city
had something but of 56.000 points of light, at
the moment bill with but of 76.000 points of
light, perfectly identified and for each one of
them they register 4] different data, being able
to carry out consultations for anyone of them or
its combinations, for what the quantity of
listings and information that can be achieved
are very wide.

But this work, fundamental pillar, is not
carried out alone with the personnel, but rather
it will be necessary to determine that elements
to raise, the way of identification of the points
of light and the report methodology, for that
which it will be necessary to design in a precise
way the schedules, since will be of an
enormous and expensive work to have not
sweep the city for some fact again kept in mind
in the beginning.

The report methodologies should be
outlined in streets, avenues with central
stonemasons, parks, squares, bridges, boards,
columns and other elements that cannot give
place to identification confusions, reason why
the methodology that is applied will be able to
guide the technicians to a single identification
form without giving place to doubts and that
they are not verified duplication of codes. We
will return later on this topic. Once these data
are possessed it will be necessary to determine
the form of taking the maintenance work ahead,
according to one of three form before
mentioned. Here it is necessary to notice that
anyone is the adopted methodology, the work
previous of inventory, it is of supreme utility.

2.2 Adopted methodology of maintenance in
the city of Rosario

What has been adopted in Rosario's city is
that the maintenance service is licensed to
particular companies, for that which the
maintenance service was planned contemplating
four situations: preventive maintenance,
maintenance for demand, maintenance for
program and placement of new services.

He understands each other for preventive
maintenance to the recondition, substitution for
I finish of useful life, and nccessary repairs that
turn out to make, to conserve the facilities
under good conditions of operation.

For maintenance for demand understands
each other to the group of verifications, repairs
and/or immediate substitutions that are
necessary to make in the facilities to assure the
correct operation of the same ones.

First floor the mentioned denominations
would cover all the necessary works so that the
illumination service is under normal operation
conditions, embracing, among other functions,
the following ones:

v" Conservation and maintenance of all the
nets characteristic of the service, starting
from the point of taking of energy until the
boards;

v" Conservation and maintenance of the
luminaires;

v" Reinstatement of lamps;

v" Conservation, cleaning and maintenance of
all the command elements, protection and
setting to earth;

v" Control of the ignition and out of the
circuits;

v" Conservation, maintenance, repair and/or
reinstatement of any component element of
the installation;

v" Transfer, retirement and/or modification of
the facilities;

v" Repair and/or immediate retirement of
damaged facilities that present latent danger
for the community;

v" Problems in the electric power supply.

He understands each other for maintenance
for program to the group of periodic works that
they can be carried out. That is to say actions
that they are not bound directly with the
ignition of the lamps, and for such a reason, it
is not necessary that they are carried out when
some of them he takes place, but concentrating

INGINERIA ILUMINATULUI 10-2002 7




them for different approaches, be already
periodic, annual, monthly tasks, seasonal; or,
tasks subject to the assigned budget, and that
consequently they can be carried out in the
most convenient period.

Here we can mention, for example, to carry
out the cleaning of luminaires in the time of the
year where they diminish the presence of
insects, cleaning of columns far from event that
we know will constitute a sticker of posters in
columns, for different campaigns. Understands
the following tasks:

v'  Cleaning of luminaires;

v' Cleaning of columns;

v Colored of columns;

v" Colored of control cabinet;

v Recondition of devices.

He understands each other for placement of
new services the works that are carried out of
amplification or it improves of the installation
of illumination public. This concept one keeps
in mind to be able to execute in a quick way
before neighbors' applications, of small works
that can be carried out with the same personnel
affected to the maintenance.

He mounts assigned to this item it should
not overcome 20%, of the one assigned to the
maintenance, so that he doesn't become a
means of work distorting conceptually the
maintenance methodology.

With this item they can settle, without
affecting the maintenance tasks, new services
and to give answer this way to the applications
of the users, of the following elements that
belong to facilities of illumination public:

Placement of posts and steel columns;
Installation of services,

Placement of elevations, staples and taut;
Installation of airlines or underground;
Placement of control cabinet;

Replacement of lamps of mercury for lamps
of sodium.

e s &

2.3 Entity of control

For the control of the maintenance it is
convenient to have qualified personnel,
forming a body, either a Department, an
Address, a Section, inside the municipal
outline. Also, it is convenient, depending on the
characteristics of the municipality that the
personnel covers the 24 hours of the 365 days

of the year in different functions, in way of
being able to give a quick answer before
inconveniences in the service.

3 Experience in the city of Rosario

Next we will pass to develop the experience
that is taken in Rosario's city, having a
continuity of the methodology for but of 10
serial years.

Before passing to explain in detail the
control system adopted for the public
illumination, it is convenient to observe some
data of the service of public illumination, in
way of understanding the great importance that
should confront the control of the maintenance
better.

In the Table 1 certain values of the service
of illumination public of the city can be
observed, discriminated against in articles of
relevance.

Table 1 Data of the service of illumination public
in Rosario's city

Type of lamp Quantity ]
Tncandescent 2051
Incandescent halogen 45
| Mercury 18134
Mercury halogen 2132
Sodium discharge presure 53272
Fluorescent 914
Total of installed lamp 1y 76548
Installed in transverse 46245
Installed in columns 30303
Total of columns 20468

4 System of control of the maintenance in
the city of Rosario

The service of control of the maintenance of
the public illumination in Rosario's city, is in
charge of the Direction of Inspection of the
Maintenance, clerk of the General Direction of
Illumination Public. The Direction has the
structure that is shown in the figure 1.

The function that completes each section

will be seen next.

8 INGINERIA ILUMINATULUI 10-2002
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Figure 1 Flowchart of the Direction of Inspection of the Maintenance

4.1 Phone guard

This service is since of fundamental
importance for the community it allows a
schedule of attention the 24 hours of the day
during the 365 days of the year, not being seen
off by any circumstance.

The importance of this section resides in
having a control and a careful attention with the
demand that the neighbors formulate, so that
the same one, it can be carried out in short
operative time and derive in an answer inside
the established terms of repair, in way of
achieving the citizen's satisfaction,

To achieve this objective it is had a system of
personalized phone attention and a developed
software of control. The methodology of the
reception of the I claim and its transfer to the
concessionaire company is the following one:

v" Reception of the I claim and I enter from

the same one to the on-line system.

v The system identifies the area that
corresponds, it places the number of I claim
and it stores the information in the area of
corresponding attention.

v" Each certain interval of time the demand is
derived, for modem or line point to point, to the
respective centers of the concessionaires,
without intervention of the operators.

v" At the 24 hours, the concessionaire should
respond the same road modem or line point
to point and in printed listing.

v He claims it is filed for their reiteration
detection if it happened an accusation again
on the same one again.

4.2 Administrative area

The administrative area is the one in charge
of carrying out the whole contact step with the
concessionaires and the decisions takings. This

section is very important since in her they are
carried out all the steps of the service and he
stays the historical information of all that
related in the course of wvalidity of the
concession contracts.

Their functions but important they are the
following ones:

v Emission of the Orders of Service to the
respective concessionaires
Reception of the Notes of Order that they
present the different concessionaires
Attention of personal demand
Control and answer of dossier and notes
Technical Studies of re-potentiality of services
Statistical Data of the operation of the service
Control and pursuit of the reiterated demands
Technical Studies of redistribution of circuits
Technical Studies of the inconveniences for
low tension in control cabinets

N

SN NERKERXR

4.3 Day inspection

This section has a highly qualified group of
people that they are those in charge of
controlling the facilities when the same ones
are not in service, that is to say during the
course of the day. These inspections facilitate
the detection of a great quantity of flaws and
also, the possibility of inspection of the
environment in the face of requirements of
studies of feasibility of improvement of tension
or redistribution of circuits, since you can raise
in an efficient way the sector in study and
possibly to make tests.

The functions but important that the
inspectors of this shift carry out, they are the
following ones:

v Control of the factor of power of the facilities

v Setting measurements to earth of the

metallic elements of the installation.
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v Inspection of the general state of the
command cabinet and columns.

v Inspection of the applications presented by
the neighbors, in relation to modifications
in the facilities for work works.

v Swept of sectors of the city for detection of
possible anomalies.

v Control of cleaning and painting of the
columns and control cabinet.

4.4 Night inspection

This section has personnel's group that
completes its functions in schedule nocturne,
that is to say when the public illumination is lit.
Their work consists on traveling the way city of
controlling that the illumination 1is under
normal conditions of operation, as main task,
inside others that are enumerated next:

v" Detection of out lamps

v Control of cleaning of luminaires

v Control of the schedule of ignition of the

illumination

v Control of the levels of illumination

v Evaluation of the interference of the one hoisted

v' Verification of sectors that present

problems of low tension

v Verification of repairs.

The novelties about the service that they are
detected can be communicated to the watch
directly if the same ones have a character of
urgency, or the following day, happened for
you order from service to the different
concessionaires for their repair in the
established terms.

4.5 Computer section and inventory

This section is the one in charge of carrying
out the whole software that is required for the
administration of the department and of the
address. Mainly he takes charge of taking
modernized the base data of the physical
inventory of the facilities and of the system of
demands attention. It is of fundamental
importance for the control of the service that
the inventory is modernized, the same as to
have a quick answer in terms of software
development before requirements of the
department or of the address.

Their main functions are the following ones:

v Maintenance of the database

v Development of new consultations on the

database

Development of new software
Code of control cabinets and columns
Report of the new facilities
Tntegration of the database to a system GIS
Obtaining of statistical data.

As we mention previously, the physical
inventory of the facilities is a fundamental tool
for the system, reason why we will dedicate

him a small one remote.

L ESRRN

5 Physical inventory of the facilities of public
illumination

The physical inventory of the facilities
constitutes an on-line database = where
characteristic of the facilities and non
parameters of the service are registered. That is
to say, it not consists of data that should be
observed personally, appraisable.

On each point of light they register 41
installation data, being able to carry out the
consultations but varied that are needed, what
is in an enormous possibility of information.

In the figure 2, one of the 5 generic screens
is shown that one obtains from a consultation to
the inventory, for their understanding we will
detail what they mean each one of the columns
that are visualized, having present that alone
we will mention those that visualize in the
figure 2 that it is alone 1 of 5 screens. The
meaning of the columns is the following one:

v Column 1 with having headed T: here he
registers if the illumination service is
prepared in traverse system (I center of
roadway) or in columns. In the figure 2 the
letter C, indicates that the detailed services
are mounted in columns.

v Column 2 with having headed Z: it
indicates the maintenance area that
corresponds the service. Rosario's city is
divided for the maintenance of illumination
public in 7 areas. In the figure 2 are observed
that the detailed services correspond to the
area 1 and in consequence it is known that
concessionaire is the responsible for its
maintenance.

v Column 3 with having headed STREET:
here the name of the street is listed where
the service is installed.

v Column 4 with having headed ALT.: it
shows the block height that it corresponds
to the position where the service is

10 INGINERIA ILUMINATULUIL 10-2002
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installed. With this fact and the previous the column, post or masonry doesn't reach
one has perfectly located the service. the necessary height for the service and it
Column 5 with having headed CARACT.: constitutes a supplement to achieve the
it indicates where the service is installed, height that establishes the technical
that is to say if it is in a central stonemason, calculation,

| a street intersection, it illuminates a Column 11 with having headed M.TRA - it

| property. indicates the material that constitutes the

s Column 6 with having headed L: it traverse one, that is to say if the same one
indicates the quantity of lamps that they this subject with wire, steel cable.
exist in that location, that is to say in the Column 12 with having headed ACO.: it

" case shown in the figure 2, there are indicates the electric feeding that arrives to
columns with two devices and therefore it a luminaire in traverse disposition,
possesses two lamps that point of light. Column 13 with having headed TEN.: for
Columns 7, 8 and 9 with having headed the case of traverse, it indicates if the same

5 DF.: here they are indicated, for the case of one possesses tensile,

© traverse, where they are the retentions of Column 14 with having headed BUL.: for

1 the same one, that is to say, if they are in the case of traverse, it indicates if the same

S columns, posts, staples have more than one possesses the screw system with

e enough masonry, elevations. buttonhole.
Column 10 with having headed ELEV.: it Column 15 with having headed ABRA.: for

] indicates if the striped service possesses an the case of traverse, it indicates if the same

" elevation. With this term an iron device is one possesses band.

¢ indicated that is placed when the height of

S
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it Figure 2 First screen (of 5) of the software of physical inventory of the facilities of Illumination Public,

s developed by the Direction of Inspection of the Maintenance of the General Direction of Illumination Public of

S Rosario's city.
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6 Conclusions of the adopted methodology

After having presented the maintenance
system that has adopted Rosario's city to
preserve the facilities of illumination public, we
can conclude the work expressing the steps that
should be respected for a similar methodology:

v' To establish the data from the installation to
be raised.

v" To diagram the report form, methodology
and code.

v" To carry out the necessary software for the
prosecution of the information.

v' To evaluate the cost of the
according to the obtained data.

v To guarantee the necessary budget to take
the methodology ahead.

v To carry out the necessary sheets for the
call to bid, in the event of deciding the
maintenance licensed, or, to establish the
internal rules for the execution of the tasks.

v" To form the conirol team that will take
charge of the pursuit and execution of that
settled down.
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EFICIENTA N ILUMINATUL PUBLIC

[luminatul public reprezintd un tip foarte
particular de iluminat, care depinde in mare
miasurd de decizia politici ce ftrebuie si

corespunda conditiilor tehnice i cerintelor
utilizatorilor. Se stie foarte bine c& iluminatul
public nu numai ci indeplinegte functia de a
furniza lumind strizilor si drumurilor, dar
influenteazd in mare mdasurd sentimentul de
sigurantd, principalul motiv pentru utilizarea sa
in cartiere. Pentru a obtine un iluminat public
eficient, este necesar sd se aibd in vedere
facilitati eficiente si o intretinere eficientd,
deoarece acest tip de iluminat este proiectat
pentru o utilizare indelungata.

in Rosario, eficientizarea iluminatului a
inceput din1990 cu sloganul care acum este
foarte popular: “Mai multd lumind cu un
consum mai redus”. Se constientizeazd normele
tehnice, corpurile de iluminat si lampile ce
trebuie folosite, Insd nu se acordd suficentd
importantd intretinerii, cu toate ca este esentiala
pentru administrarea eficienta a iluminatului
public si a banilor publici.

intretinerea este foarte importantd. Obiectivul
unui iluminat public consti in introducerea
unui sistem de intretinere analizat, care sa
asigure serviciile de intrefinere cu minimul de
investitie, incercAnd nu numai obtinerca
eficientei energetice dar §i satisfactia civicd.

Asigurarea intretinerii si controlul acesteia
sunt subiectele analizate in aceasta lucrare, prin
care se asigurd un iluminat public eficient cu
consum energetic care sd satisfacd utilizatorii,
verificat in 10 ani de aplicare continud.

1 Introducere

Se poate incepe cu stabilirea importantei pe
care o are intretinerea in iluminatul public, un
iluminat cu caracteristici particulare.

v Intretinerea, la fel ca la orice instalatie, este de
o importantd fundamentald pentru pistrarea
conditiilor initiale ale instalatiei de-a lungul
timpului, respectdnd parametrii de proiectare
si nivelurile de iluminat recomandate de
normele in vigoare. in iluminatul public, acest
aspect este de o importantd fundamentala,
deoarece instalatia este proiectatd pentru o
utilizare indelungata si nu se opreste nici chiar
un scurt timp din functionare.

v' Intretinerea sistemului de iluminare nu se
referdi numai la Tinlocuirea componentelor
electrice si a lampilor atunci cind acestea se
deterioreazi, ci este mult mai extinsi deoarece
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pot apdrea diferite situatii care si conduci la
luarea celor mai diverse masuri in cursul
timpului, care sa garanteze pistrarea
conditiilor initiale cit mai corect cu putinti.

v' In acest tip de serviciu intervin diverse
aspecte care nu sunt specifice instalatiei, cum
ar fi punerea in operd, starca reali a
constructiei, care de obicei implicd o alterare
a serviciilor, o modificare a dispunerii initiale
a instalatiei.

Un bun sistem de intretinere va fi capabil si
ofere calitate in exploatare si satisfactie
utilizatorilor, aspect important pentru ci lor le
este adresat acest serviciu. Pentru aceste
rezultate, este necesar si se mentind permanent
urmétoarele aspecte:

v" Mentinerea nivelului recomandat de iluminare
pentru spatiul respectiv

v" Controlarea programelor de aprindere si
stingere

v" Asigurarea unui serviciu care si facd fata cu
promptitudine solicitarilor de reparatii

v" Controlarea nivelurilor de iluminare pentru a
nu dduna mediului i utilizatorilor

v" Prevenirea deterioririi tablourilor de control si
stilpilor, acordind o atentie speciald
sistemelor de securitate electrica

v" Mentinerea sub control a factorului de putere,
prin asigurarea consumului de energie in bune
conditii, fard a genera costuri suplimentare

Pentru a realiza premisele stabilite, este
necesara studierea aprofundatd a sistemului de
intretinere care asigurd continuitatea chiar si in
cazul In care resursele nu au fost corect
evaluate sau in cazul in care resursele provin de
la alte destinatii initiale. Aici este necesar si se
mentioneze cid o instalatie de iluminat public
are o duratd de viatd de 25 de ani, motiv pentru
care decizia luatd cu privire la intretinerea sa
trebuie atent evaluatd pentru ca si garanteze
conditiile initiale ale proiectului. In caz contrar,
instalatia se uzeaza prematur in detrimentul
bugetului public destinat instalatiei, cu ajutorul
cruia s-a realizat aceastd instalatie si careia i s-
a proiectat Intretinerea.

2 Obiectivele si metodologiile de intretinere
Inainte de a stabili metodologia de

intretinere care urmeaza sa fie adoptatd, trebuie
evaluate urmatoarele aspecte:

v'Elaborarea unui raport al facilititilor

existente care permite cunoasterea
necesitdfilor si  lipsurilor ce trebuiesc
satisfacute

vProgramarea  pe  baza  informatiilor
anterioare, a Tinlocuirii lampilor uzate si
evaluarea unui factor de pierdere de flux
luminos, pe baza céruia si se analizeze
inlocuirea grupata a lampilor in momentul in
care nu mai sunt asigurate nivelurile de
iluminare cerute

v'Studierea bugetului destinat intretinerii si
metodologiei cu care va fi realizati
v'Respectarea normelor si/sau documentelor
care reglementeazi serviciul.

in ce priveste modalitatea de realizare a
sistemului de intretinere pentru iluminatul
public, se pot mentiona trei modalititi: lucriri
executate de personalul municipalititii de care
apartine, lucréri executate de societati private si
situafia intermediard in care o societate privatd
se ocupd de un sector, iar personalul
municipalititii se ocupa de alt sector.

Aceste modalitati se referd la cine se va ocupa
de serviciul de intrefinere, dar controlul energiei
ar trebui sé fie In mdinile municipalitatii care
va asigura iluminarea publica.

Se poate spune cd la planificarea si
controlul 1intretinerii pentru obtinerea unui
serviciu de calitate, trebuie indeplinite trei
obiective principale: sd se cunoascd in detaliu
facilitatile care sunt enumerale, sd se
stabileascd programul si raza de actiune a
intretinerii si sa se adopte o structurd de control
care sd garanteze ca serviciul este prestat in
conditii bune. In continuare se vor aprofunda
aceste trei subiecte.

2.1 Cunoasterea facilitatilor

Pentru realizarea curdtirii sistemului de
iluminat, se apreciazd facilitatile existente,
componentele si starea lor. Este importanta
furnizarea acestor date on-line care si permita
consultarea ulterioarda a informatiilor cu
abordari multiple si selective care permit
programarea sarcinilor de Inlocuire sau
remodelare. Acest raport va permite, de
asemenea, detectarea locurilor in care lipseste
serviciul de iluminat public, iar pentru cineva
care cunoaste sistemul, va fi mai usor sa
evalueze costurile de intretinere.
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Daci aceastd activitate este realizata Intr-un
sistem de date computerizat, se vor obtine
urmitoarele  avantaje:  rezolvarea  unor
neclarititi referitoare la unele aspecte concrete,
evaluarea costurilor, evaluarea modificarilor
majore la anumite componente, informatii
rapide si actualizate asupra serviciului,
identificarea fiecdrui punct de lumind, ceea ce
permite cuplarea ulterioara la un sistem on-line
de urmirire a consumului de energie si de
cunoagtere a datelor statistice si de evolutic a
sistemului.

Realizarea acestui tip de inventar este
determinatd de o decizie politicd, pentru ca
necesiti timp in functie de dimensiunile
orasului si este nevoie de personal cu pregatire
tehnicd adecvatd si de operatori pe calculator
care sa elaboreze programe  specifice
informatiilor cerute.

De exemplu, s¢ poate mentiona cd munca
pentru elaborarea raportului despre orasul
Rosario care a fost realizat in 1992, a durat un
an si a fost ficuta de cinci echipe de specialigti.
in acel an orasul avea aproximativ 56.000 de
puncte de lumind, iar acum sunt proiectate
76.000 de puncte de lumind, identificate perfect
si pentru fiecare s-au inregistrat 41 informatii
diferite, oferind posibilitatea pentru oricine de a
consulta datele sau combinatiile lor §i obtinerea
cu usurinti a oricérei informatii.

Dar aceasti activitate, cerintd fundamentala,
nu este realizatd doar prin munca personalului,
este necesari determinarea elementelor care asigurd
cresterea eficientei, modul de identificare a
punctelor de lumind si metodologia adoptata,
fapt pentru care este necesard stabilirea precisd
a sarcinilor, deoarece este o muncd enormd si
costisitoare pentru orag, avand in vedere
motivele enuntate la Inceput.

Metodologiile raportului trebuie sa cuprinda
strizi, bulevarde, parcuri, piete publice, poduri,
stalpi i alte elemente astfel incat sd nu aiba loc
confuzii de identificare, motiv pentru care
metodologia aplicatd trebuie si aiba capacitatea
sa indrume personalul tehnic spre o identificare
sigurd, fard dubii, astfel incét sa nu fie necesare
verificiri ale codului. Vom reveni mai tarziu la
acest subiect. Dupd ce aceste date sunt
procesate, este necesard stabilirea modalitatii
de intretinere, una din cele trei mentionate

anterior. Este necesar sd se mentioneze ca
indiferent care metodologie este adoptatd,
lucrarea anterioard de inventariere este de o

maxima utilitate.

2.2 Metodologia de Intretinere adoptata in
orasul Rosario

Serviciul de intretinere in orasul Rosario
este concesionat firmelor private pentru
urmatoarele  patru  situatii:  Intretinere
preventivd, intretinere la cerere, intretinere
dupa un program si realizare de servicii noi.

Prin intretinerea preventivd se intelege
reconditionarea, Inlocuirea in vederea derularii
unei vieti bune si reparatiile ce trebuie efectuate
pentru pastrarea facilitatilor in conditii bune de
functionare.

Intretinerea la cerere se refera la verificdri,
reparatii si/sau inlocuiri imediate, care sa
asigure functionarea corecta.

In primul rénd, aceste actiuni vor trebui sa
acopere toate lucrdrile necesare astfel incat
serviciul de iluminat s fie in conditii normale
de operare, dintre care se mentioneaza:

v Conservarea si intretinerea parametrilor
retelei de alimentare, de la punctul de preluare
a energiei pini la tablouri;
v Conservarea si intretinerea corpurilor de iluminat;
v" Reinstalarea lampilor;
v~ Conservarea, curdtarea si intretinerea tuturor
elementelor de comanda, protectia si legarea
la pamant
v Controlul aprinderii si stingerii pe circuite
v Conservarea, intretinerea, reparatia si/sau
reinstalarea oricdrui element component al
instalatiei
Transferul, retragerea si/sau modificarea serviciilor
Repararea  gi/sau  retragerea imediatdi a
facilitatilor deteriorate, care prezinta un
pericol latent pentru comunitate;
v Probleme cu furnizarea energiei electrice.

Tniretinerea programatd cuprinde lucrdri
periodice care trebuie facute in grup. Acestea
sunt actiuni care nu au o legiturd directd cu
aprinderea lampilor si pentru acest motiv nu
reprezintd lucrdri individuale, ce au loc la un
moment sau altul; este necesard o abordare
diferita a problemei, cu referire la lucriri
periodice, anuale, lunare, in functie de sezon
sau in functie de bugetul alocat si, in
consecintd, care se pot realiza in perioada cca
mai convenabili: lucrdri de curdtire a corpurilor

<
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de iluminat in timpul anului care s-au murdarit
datoritd prezentei insectelor, curitarea stalpilor
despre care stim cd constituie suporturi pentru
postere in diverse campanii. Se mentioneazi
urmatoarele etape:

v" Curitirea corpurilor de iluminat

v Curatirea stalpilor

v" Vopsirea stélpilor

V" Vopsirea tablourilor de control

v" Reconditionarea dispozitivelor

Realizarea de servicii noi are menirea de a
amplifica sau Imbunatati instalatiile de iluminat
public. Acest concept este avut in vedere pentru
posibilitatea realizarii rapide, cu minimul de
cfort a unor lucrari mici, cu acelasi personal
afectat sistemului de intretinere.

Aceastd componentd nu ar trebui si
depdseascd 20% din actiunile destinate
intretinerii, pentru a nu afecta conceptual
metodologia de intretinere.

Serviciile noi oferite utilizatorilor in
domeniul iluminatului public sunt:

Amplasarea posturilor si stilpilor de otel
Instalarea serviciilor

Amplasarea suporturilor, consolelor si accesoriilor
Instalarea liniilor aeriene sau subterane
Amplasarea tablourilor de control

inlocuirea lampilor cu mercur cu lampi cu sodiu.

SeRY R

2.3 Corpul de control

Pentru controlul intretinerii e nevoie de
personal calificat, care sd alcatuiasca un grup,
un departament, un birou (adresd) sau un sector
in cadrul serviciilor municipale. In functie de
caracteristicile municipiului, personalul trebuie
sd lucreze 24 ore din 365 de zile pe an in
diferite situatii $i sd poate raspunde prompt la
solicitarile care apar.

3 Experienta din orasul Rosario

In continuare este prezentatd experienta
acumulatd de orasul Rosario in dezvoltarea
metodologiei de-a lungul a 10 ani. Inainte de a
explica in detaliu sistemul de control ales
pentru iluminatul public, se supune atentiei
anumite date ale serviciului de iluminat public
pentru a infelege importanta deosebitd pe care o
are controlul Intretinerii.

In tabelul 1 sunt prezentate citeva caracteristici
relevante ale iluminatului public al orasului.

4 Sistemul de control al intretinerii in orasul
Rosario

Serviciul de control al Intretinerii
iluminatului public in orasul Rosario este
asigurat de citre Directia de Inspectie a
Intret1ne111 din cadrul Directiei Generale a
Hluminatului Public. Structura Directiei este
prezentata in figura 1.

4.1 Telefonul de garda

Acest serviciu este de o importantd
fundamentald pentru comunitate, de aceea
programul sdu nu este intrerupt in nici o
circumstantd. Importanta lui consti in controlul
si atenfia deosebitd acordati populatiei si
rezolvarea problemelor care apar intr-un timp
operativ, scurt pentru a obtine satisfactia
cetdtenilor. Pentru atingerea acestui obiectiv
sunt necesare un sistem de telefonie
personalizat si elaborarea unui software de
control.

Metodologia receptiondrii apelului telefonic
si transferul lui la compania concesionari este
urmaétoarea:

v" Receptionarea apelului si introducerea lui in
sistemul on-line

v' Sistemul identifici zona care corespunde
apelului, afiseazd numarul de telefon si
stocheazi informatia

v" Solicitarea este apoi transmisid prin modem
sau fax centrelor concesionare fara interventia
operatorilor

v In interval de 24 de ore, concesionarul trebuie
sd raspundd prin acelasi mijloc de
comunicare: modem sau fax

v' In cazul in care apare un inconvenient in
timpul transmisiei, solicitarea este retransmisa
concesionarului.

4.2. Biroul administrativa
Biroul administrativ are sarcina de
rezolvare a tuturor etapelor de contact cu
concesionarii i de a lua decizii. Aceastd
sectiune este foarte importantd deoarece ea
cuprinde toate etapele serviciului si toate
informatiile istorice acumulate in perioada de
validitatea contractelor de concesionare.
Functiile mai importante sunt:
v" Emiterea comenzilor citre concesionari
v" Receptia documentelor de la diferiti concesionari
v" Atentia acordata solicitdrilor personale
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Controlul si raspunsul la notificéri

Fvaluarea tehnica a re-potentializarii serviciilor
Date statistice cu privire la serviciu

Controlul si urmarirea solicitarilor repetate
Studii tehnice privind posibilitatilor de
redistribuire a circuitelor

Studii tehnice privind deranjamente de

scidere a tensiunii in tablourile de control.

N N

~

4.3 Inspectia zilnica
Aceastd sectie este alcatuitd dintr-un grup
de oameni cu o inalta calificare, care se ocupa
cu verificarea sistemului atunci cand acesta nu
se afli in functiune, adicd in timpul zilel.
Aceste  inspectii  faciliteaza detectarca
majoritatii defectelor si inspectarea mediului
ambiant, in vederea unor studii de fezabilitate
pentru imbunétéatirea tensiunii sau redistribuirea
circuitelor, deoarece astfel eficienta sistemului
poate creste in sectoarele studiate si se pot
efectua teste.
Sarcinile mai importante ale inspectorilor
sunt urmatoarele:
v Controlarea factorului de putere al facilitatilor
v Masurari fati de pamént a elementelor
metalice ale instalatiei
v Verificarea starii generale a tablourilor de
comanda si stalpilor
v Verificarea solicitarilor inaintate de vecini cu
privire la lucrarile de modificarea serviciilor
v Inspectarea sectoarelor oragului  pentru
detectarea eventualelor anomalii
v Verificarea curdteniei §i vopsirii stalpilor si
tablourilor de control.

4.4 Inspectia de noapte
Aceastd sectic este alcatuitd din personal

specializat, care verifici sistemul in timpul
functionarii lui, adica noaptea. Ocupatia lor
consti in parcurgerea drumurilor pentru a
constata daca iluminatul public se desfisoard in
conditii normale si principalele lor sarcini sunt
enumerate mai jos:

v Detectarea lampilor arse

v Verificarea curiteniei corpurilor de iluminat

v Verificarea programului de aprindere a
iluminatului
Controlul nivelurilor de iluminat
Fvaluarea interferentei unui nivel ridicat
Verificarea sectoarelor care prezintd probleme
de tensiune scazutd
v Verificarea reparatiilor efectuate.

NN

Informatiile obtinute pot fi comunicate
direct schimbului de noapte, dacd au caracter
de urgenta, sau transmise n ziua urmaétoare
diferitilor concesionari, care se vor ocupa de
reparatii in termenii stabiliti.

4.5. Sectia de calculatoare si de inventariere
Aceastd sectie este responsabild de toate
programele informatice necesare administrarii
departamentului. Principala atributie a acestel
sectii este actualizarea bazei de date cu
inventarul fizic al sistemului de iluminat si a
sistemului  de recepfionare 2 cererilor.
Modernizarea inventarului este de 0 importanta

fundamentala pentru controlul serviciului si de

asemenea si a softulul necesar pentru
solutionarea rapida a cererilor adresate
departamentulul.

Principalele atributii sunt urmitoarele:
v Intretinerea bazei de date
v Dezvoltarea unor noi modalitati de consultare
a bazei de date
Dezvoltarea unui software nou
Codificarea tablourilor de comanda si stalpilor
Raport privind noi facilitati
Integrarea bazei de date in sistemul GIS
Obtinerea datelor statistice
Asa cum s-a mentionat anterior, inventarul
fizic al sistemului este o unealta fundamentala
pentru sistem, motiv pentru care in continuare
yvom vorbi despre acesta.

NN

5 [nventarul fizic al serviciului de jluminat public

Inventarul fizic al serviciilor reprezintd o
baza de date on-line in care sunt inregistrate
caracteristicile  acestora  si non-parametrii
serviciului, adicd date care nu trebuie observate
si evaluate personal. Pentru fiecare punct de
lumind sunt inregistrate 41 date de instalare,
care pot fi consultate modificate ulterior, dupa
necesitdti, ceeace constituie o posibilitate
enormi de informare.

In figura 2 sunt prezentate 5 ecrane generice
pe care cineva i le poate crea prin consultarca

inventarului.

6 Concluzii

Se prezintd pasii de urmat pentru aplicarea
unei metodologii similare

16 INGINERIA ILUMINATULUI 10-2002




b b =

e e (D

= 00 P B o«

r

e

e
le

a
te

oC
-a

FISE PENTRU CALCULUL RAPID AL CARACTERISTICILOR
FOTOMETRICE ALE CORPURILOR DE ILUMINAT

. Paul DINCULESCU °, George Gabriel BRATU
Universitatea POLITEHNICA Bucuresti, = SITECO Romania

Rezumat

Fisele propuse se folosesc atunci cand datele
fotometrice furnizate uzual de citre fiecare
producdtor de corpuri de iluminat sunt limitate sau
cand pot fi utilizate diferite corpuri de iluminat.
Utilizatorul ~ poate astfel completa informatia
respectivd, chiar in faza de proiectare, calculind
datele care lipsesc. Figele, bazate pe un program
EXCEL, permit s se calculeze rapid indicatorii de
distributie ai corpului de iluminat, curba zonali a
fluxului Juminos, raportul direct si factorii de
utilizare, pentru orice corp de iluminat, pentru orice
valori ale factorilor de reflexie ai suprafetelor si
pentru orice valoare a indicelui instalatiei. Fisele
pot fi folosite si de catre producitorul de corpuri de
iluminat, pentru a prezenta rezultatele masuratorilor
intr-o formd convenabilad pentru utilizator. Datele
minimale necesare sunt curbele sau tabelele care
dau distributia intensitatii luminoase.

1 Principii de calcul

Modelul de caleul simplificat folosit uzual
pentru determinarea fluxurilor luminoase pe
suprafetele unei instalatii de iluminat interior
[1] constd intr-un paralelipiped dreptunghic
delimitat de trei suprafete de calcul: doud
suprafete orizontale — tavanul §; si planul util
Sy (caracterizate prin dimensiunile ¢ si b si prin
factorii de reflexie r; respectiv r,) si o suprafati
verticald S3 — peretii (considerati ca o singurd
suprafatd, cu inaltimea 4 si cu factorul de
reflexie r3).

Geometria instalafiel este exprimatd, de
reguld, sintetic, prin indicele instalatiei:

o (1)
h(a + b)

Factorul de reflexie al peretilor neomogeni

este evaluat ca un factor de reflexie mediu

ponderat al suprafetelor componente (cu
proprietai si suprafete reflectante diferite):

K=y rp, /100 , (2)
J

p; reprezentdnd procentul din aria totala al ariei
cu factorul de reflexie r;.

In cazul corpurilor de iluminat suspendate
la o distanta A4’ fatd de tavanul real, modelul de
calcul presupune un tavan echivalent, la
distanta A fatd de planul util [2], caracterizat
din punct de vedere geometric prin indicele
cavitatii tavan-friza:

ab
¢ H(a+b) )
si din punct de vedere luminotehnic prin
factorul de reflexie:

- K, chrI +2ry)

(K, +2)* —2(K 7, +2r,)
dependent de factorii de reflexie ai suprafetelor
respective si de geometria cavitatii.

La baza acestor calcule stau caracteristicile
luminotehnice intrinsece ale fiecirui corp de
iluminat, atdt prin distributia intensititii
luminoase in diverse plane meridionale
(exprimatd prin curbele denumite, uzual, curbe
fotometrice), cit si prin distributia zonali a
fluxului luminos (exprimatd prin curbele de
distributie zonale sau, sintetic, prin indicatorii
de distributie zonali N;, Ny, N3, Ny, Ns , definiti
pentru 4 zone caracteristice in emisfera
inferioard [1]). Curbele de distributie a
intensitdtii luminoase se indicd uzual in doua
plane (de regula, planele de simetrie).

Conform reglementérilor in vigoare ale
CIE, determinarea curbei =zonale si a
indicatorilor de distributie zonali se bazcazd pe:

- asimilarea corpului de iluminat cu o sursa
punctiforma simetricd, (caracterizatd printr-o

4)
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curba fotometricd reprezentind media curbelor
in cele doud plane considerate);

_ calculul fluxurilor luminoase emise de
corpul de iluminat in k = 1, 2, ..., 18 zone
coaxiale cu axa opticd, cuprinse intre zone
conice caracterizate printr-o diferenta a
unghiurilor plane la varf de 10°, si considerarea
intensitdtii luminoase I  corespunzétoare
unghiului plan mediu oy

Fluxul zonal cumulat pentru o zond conica
constituitd din 7 zone de tipul mentionat este:

b =By = 10953 e SIRE=T)- 7.
k=1
(7)

fmpartirea emisferei inferioare in patru zone
conice caracteristice, cu unghiurile la varf
respectiv 41,4°, 60°,75,5°, 90° si considerarea la
limitd a spatiului din jurul corpului ca o zond
cu unghiul la varf 180°, permite definirea
‘ndicatorilor de distributie a fluxului luminos al
corpului de iluminat:

¢z4 z4 ¢z4 (8)
N = dPZL" . N _ d?L’S
7% 7 73 1000
z5

Ia cele de mai sus se adauga aportul global
al corpurilor de iluminat in instalatie, exprimat
prin:

- raportul direct, definit ca raportul intre
fluxul luminos ¢os primit de planul util direct
de la corpurile de iluminat si fluxul luminos ¢u
emis de acestea in emisfera inferioara:

R, = b ; ®)
¢
- factorii de utilizare pentru fiecare din
suprafetele de referinta ale modelului de calcul,
definiti ca raportul intre fluxul total ¢; (direct si
primit prin reflexie de la celelalte suprafete) pe
suprafata considerata i fluxul luminos total ¢y
al celor N, lampi din instalatie (fiecare avand
fluxul luminos ¢); in particular, pentru planul
util:
u, = LI (6)
N.’d){'
Atat raportul direct, cat si factorii de
utilizare, pentru un corp de iluminat dat,
depind, evident, de numarul de corpuri de

——f—

iluminat si de geometria instalatiei (a, b, h sau,
respectiv, K). Asa cum rezultd din calcule, se
pot constdera acceptabile valorile
corespunzitoare unei amplasdri de referintd
CIE (cu un numdr minimal de corpuri de
iluminat) intr-o incdpere standard (caracterizata
prin b/a ~ 1,6) [1].

Calculul raportului direct si al factorului de
utilizare (in particular, pentru planul util),
pentru diverse combinatii ale factorilor de
reflexie ai suprafetelor de referinta din modelul
de calcul considerat poate fi efectuat printr-o
metodologie simpla, bazatd pe recomandarile
Comisiei Internationale de Iluminat [3].

Raportul direct al instalatiei este:

R, = M\N, + M,N, + MiN, + M, . ()

unde M, ... M, sunt multiplicatorii geometrici
medii pentru amplasarea de referintd a
corpurilor de iluminat in incaperea standard,
care depind, in ultimd instantd, de indicele
instalatiei K.

Factorul de utilizare pentru planul util se
calculeazit cu expresia:

Uy :{F31+[F32_F3l+(F33*F32)R4]N4}N5=

(10)
in care factorii Fj se exprimd in functie de
indicele instalatiei si de factorii de reflexie ai
suprafetelor [4].

O fisd cuprinzdnd aceste caracteristici
pentru fiecare corp de iluminat prezinta interes
atat pentru producator (pentru a furniza
utilizatorului cAt mai multe informail asupra
produsului)  cét si  pentru  utilizator
(reprezenténd punctul de plecare in calculul
instalatiei dorite). Fisa ar trebui sa fie, de
reguld, furnizata integral de cétre producatorul
de corpuri de iluminat. Obligatia minimald a
acestuia fiind cea de a farniza curbele de
distributie a intensitatii luminoase in diverse
plane meridionale, pe baza incercdrilor
efectuate in laboratoarele proprii, utilizatorul
trebuie si cunoascd modul fin care poate
determina prin calcul  restul informatiei
necesare, pentru diverse situatii concrete,
conferindu-i avantajul posibilitatii aplicarii
metodologiei respective pentru orice corp de
iluminat.
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2 Intocmirea unei fise

Este exemplificatd numai referirea la planul
util.

Un dosar de calcul EXCEL poate contine,
de exemplu, trei foi de calcul corespunzind
urmatoarelor situatii:

1. Se dau numai curbele fotometrice si se
determind indicatorii N, curba zonald, factorii
de utilizare pentru valorile discrete uzuale ale
factorilor » §i K, precum si R; Mirimile u, si
Ry pot fi obtinute si pentru valori diferite ale
factorilor r s K (fig. 1).

2. Se dau numai curbele fotometrice si se
determind numai indicatorii N si curba zonald
(fig. 2).

3. Se dau indicatorii de distributie si se
calculeazi uy §i Ry pentru valorile concrete din
instalatie ale factorilor r si K (fig. 3).

Foile 2 $i 3 sunt obtinute prin copierea foii
1 si "ascunderea" liniilor care nu prezinti
interes.

Relatiile de calcul pentru indicatorii N,
raportul direct Ry si factorul de utilizare w,,
impreund  cu  valorile  multiplicatorilor
geometrici pentru instalatia de referintd, sunt
incluse in program.

Fisele de calcul pot fi folosite atit de citre
producétorul de corpuri de iluminat, cét si de
citre utilizator.

Coloanele si liniile care nu prezintd interes
pentru utilizarea figelor au fost "ascunse".

3 Utilizarea foilor de calcul

Casetele cu fond Inchis sunt casete pentru
datele care vor fi introduse. Casetele cu fond
normal sunt casete in care apar rezultatele
calculului.

A. In cazul producitorului corpului de
iluminat se foloseste, de reguld, foaia 1 (fig. 1).

a. Se introduce in caseta 1 tipul de corp de
iluminat;

b. Se introduc in caseta 2 curbele de
distributie a intensitatii luminoase in cele doui
plane pentru corpul de iluminat considerat; se
obtin indicatorii de distributie zonali aj
corpului, care apar in caseta 7 si reprezentarea
graficd a curbei zonale de distributie a fluxului
luminos;

¢. Se introduc In caseta 3 combinatiile de
factori de reflexie pentru suprafetele de
referintd; se obtin direct factorii de utilizare
corespunzénd planului util, pentru valorile
discrete uzuale ale indicelui instalatiei (caseta
9), precum si raportul direct (caseta 8);

d. Pentru a obtine numai indicatorii de
distributie si curba zonala, se foloseste foaia 2.

B. Pentru utilizator, exista urmatoarele situatii:

a. dacd foaia 1 de mai sus este completd si
se recurge la metoda "clasicd" de calcul tabelar,
se extrag raportul direct si factorii de utilizare
corespunzitori indicelui instalatiei concrete
considerate (pentru valori intermediare ale
indicelui instalatiei, executdndu-se interpolarea
liniard.);

b. In cazul cand producétorul furnizeazi
numai curbele de distributie si se doreste
obtinerea de informatii complete, se utilizeazi
foaia 1, introducind 1n una sau mai multe din
coloanele casetei 3 combinatiile de factori de
reflexie pentru suprafetele de referinta, iar in
caseta 5 - valoarea indicelui instalatiei; la
intersectia acestora se obtine direct factorul de
utilizare corespunzand planului util, iar pe linia
respectivd se gdseste raportul direct (valorile
redate in italic in exemplul dat);

¢. dacd, In situatia de mai sus, se doreste
numai determinarea caracteristicilor corpului.
se utilizeaza foaia 2;

d. dacd sunt furnizati si sau numai
indicatorii de distributie, se recurge la foaia 3,
introducand in caseta 7 valorile indicatorilor de
distributie.

Valorile factorilor de reflexie pentru pereti
si tavan sunt determinate cu relatiile (2) si (4)
iar cele ale indicelui instalatiei - cu expresia (1).

4 Concluzii

Figele prezentate constituie un mijloc eficient
si rapid de evaluare a caracteristicilor fotometrice
ale oricdrui corp de iluminat pentru care se
dispune cel putin de curbele de distributic a
intensitdtii luminoase in cele doud plane de
simetrie uzuale (pentru corpurile de iluminat
simetrice, cele doud curbe se considerd identice).
Folosirea programului respectiv de calcul este
recomandatd att pentru producatorul de corpuri
de iluminat, cét si pentru utilizator.
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PHOTOMETRIC CHARACTERISTICS
OF LUMINAIRES

Abstract

The proposed sheets are useful when the
photometric data, usually supplied by the
luminaire manufacturer, are restricted or when
different other luminaires are to be used. The
lighting engineer must then be able to complete
the sort of information by performing
calculations of the missing data during the
actual design phase. The sheets, based on
EXCEL program, give the possibility to fast
calculate the flux code, the zonal flux diagram,
the direct ratio and the utilization factors for
any luminaire, for any reflectance of surfaces
and for any room index. They may also be used
by the equipment manufacturer in converting
measurement data into a form suitable for
presentation to the lighting engineer. The
minimum available data are the luminous
intensity diagrams or tables.
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Corp de iluminat

Curba de distributie a intensitatii luminoase (cd/1000 Im) si fluxul zonal cumulat (%)
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Figura 1 Fisa de calcul - varianta |
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Corp de iluminat

Curbele de distributie a intensitatii luminoase (cd/1000 Im) si fluxul zonal cumulat (%)
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Figura 2 Fisa de calcul - varianta 2
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Figura 3 Fisa de calcul - varianta 3
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PHOTOVOLTAIC LIGHTING SYSTEMS FOR RURAL ISOLATED AREAS

Silvian FARA, Dumitru FINTA
IPA SA Bucharest, Romania

Abstract

Photovoltaic (PV) power plants are an attractive
option for supplying electrical power to remote
areas. The autonomous PV systems cover a wide
area of the applications that can be developed in the
country, in sites far from the national grid and with
a low demand of electric power. The homes and
farms electrification in rural areas by using PV
systems would contribute to improving the
inhabitants' social, economic and cultural standard.

In Romania, it is estimated that there are about
10,000 homes, farms and schools located in more
than 500 settlements, which could be electrified
and by using PV systems. In this paper is
description the particular case of two settlements
(Scarisoara and Prisacina) located in the Cerna
Valley - the Banat Mountains which could by
electrified by using PV systems.

1 Sustainable rural communities

It is well known that among the problems which
humanity has to face nowadays, there are massive
ecological imbalances that begin to endanger the
life on earth itself. The stressed lifestyle in a
polluted urban, crowded environment leads often
to sickness of the mind, body and soul. We need
sustainable rural communities so that we can:

e decentralise production of clothes, food;

e live in balance with nature;

e redevelop sense of community in small-scale
settlements;

e empower people by reconnecting them with the
production of goods for meeting their needs;

e create employment and leisure opportunities in
rural areas;

e allow regional diversity to flourish and counter
the standardisation of cultures by global
economy and media;

e demonstrate it for the future.

Living in a sustainable rural community is a
radical demonstration of alternative living.
Simply the fact that people try to determine
their own social and economic conditions in a
sustainable rural community is an empowering
action and model for society as whole. The
community should try to create and maintain a
dynamic link with urban communities, offering
the chance to share in their way of life through
educational visits. In this way, ecological
practies demonstrated in the rural community
can be transferred to towns and cities. Waste
management, trading  systems, organic
agriculture and the creation of social spaces are
all aspects that can be applied in cities to
improve the quality of life.

It is also important to mention that a model of
sustainability in one place is not necessarily
good for the whole. The evolution of
community 1s important, which means
identifying and meeting the specific local
needs. There are no unique solutions, each
community will adapt to its own locality.

2 Problems of village electrification based on
PV Systems

For the habitat proper, the electric power needs
of the rural population consist in heating and
lighting of buildings, cooking, performance of
some handicraft activities. In a wider sense,
rural energetics also includes the necessary
power for agriculture, services, and industrial
activities. Nowadays, it is widely accepted that
the rural environment is not only a user but also
a generator of energy resources for own use or
for use outside the area (vegetal oils, biomass).
As regards renewable energy sources, the
village has available wind energy, hydraulic
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energy, solar energy, biomass (domestic
animals, timber, straw, vegetable waste).

In Romania there is a variety of rural
settlements with different degrees of economic-
social development and various elements of
town management. However, there are also
many rural settlements where electrification is a
problem yet to be solved, such as the isolated
hamlets in the Apuseni Mountains, the Cerna
Valley, or the Danube Delta. In spite of the fact
that these isolated villages have been included
in the national electrification programme, the
difficult  conditions imposed by  the
accomplishment of the work and the long
distances between them and the national grid
have not permitted their electrification until
now. A feasible alternative for the
electrification of these arecas is the use of
electric energy supplied by photovoltaic
systems.

The German Government offered a very
important financing possibility for this project
within the ELDORADO Programme. The
project could not be concluded due to the
negative attitude of the Romanian institution in
charge with electric energy production in
Romania.

The project aims to present the electrification
and lighting of paths of two hamlets m the
Cerna Valley (Scarisoara and Prisacina), which
include 18 homes, two schools and a church.
The electrification of these settlements has not
been possible till this date due to the fact that
the individual units are very remote, widely
spread over large areas, access to the homes is
difficult and only on foot or on horseback. The
intention is to extend the area of electrification
based on PV equipment, the electrification
programme including a number of 14 hamlets
located in the Cerna Valley (about 45 SHS).

3 Technical solutions

The solution based on centralized PV systems
for the electric power supply of villages 1s
nowadays replaced by that of individual solar

home systems (SHS). The project under
discussion is also based on the use of individual
SHS. The target is the electrification of a
number of 18 individual homes, two schools, a
village club and a church. The installed power
taken into consideration for each separate unit
is of about 500 W, following that a number of
22 SHS systems will be built. It is estimated
that the average daily electric power
consumption for each unit will be of
approximately 2.5 kWh (during winter time)
and 1.5 kWh (during summer time). A unitary
technical solution has been adopted for each
separate unit. The block diagram of an SHS
system is presented below (fig. 1).

Inverter
220Va.c.

— User

Charger

7 am

Gel battery

Figure 1 Photovoltaic Solar Home System - Block
Diagram

Solar radiation is converted directly into d.c.
electric energy by the solar modules, the system
being also provided with elements for
protection against overcurrent, overvoltage, and
with earth connection. The electric energy
produced is stored in batteries in order to
ensure power supply during periods when there
is no solar radiation, and the inverter performs
the d.c/a.c. conversion. The connection of the
batteries to the system for recharging or for
inverter supply as well as the disconnection of
the batteries when they are charged and the
users can be supplied directly by the
photovoltaic generator is controlled by the
charge controller.

An SHS unit consists of:

a) Photovoltaic generator: 12 PV modules - 600
Wp*; 12 V d.c. (*Wp-watt peak; Peak power
under usual test conditions: Air Mass AM=1.5;
Irradiance E=1000 W/m* Cell temperature
Tc=25 °C)
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b) Storage batteries: 24 Vd.c,, 500 Ah, C100. Gel
batteries have the advantage that they do not
require a special place for location.

¢) Nominal autonomy without sun: 4-5 days.

d) Charge controller: 30 A; 24 V d.c.

e) Inverter: 24V d.c/230 V a.c; 1500 VA.

f) Module frames: for mounting of the PV
modules; tilting angle against horizontal: 30° to
55°; orientation: south facing,

At the instruments and equipment installation,
the specific features of each individual home
will be taken into account, eliminating as much
as  possible  supplementary installation
constructions. The photovoltaic panels will be
installed in each user’s own yard and the indoor
equipment will be mounted in a suitable place
inside the house. The power supply of the loads
in 220 V; 50 Hz from the solar generator will
be done by means of an electric distribution
box equipped with an electric power meter and
possibly with indicating instruments for current
and voltage measuring (d.c. and a.c.).

The loads connected to each solar generator
are: refrigerator, compact fluorescent lamp,
visual-audio instruments, home appliances.
Each owner will be instructed as regards the
procedures for the use of the available electric
power supplied by the PV plant.

For lighting streets and paths is dedicated the
street light set (see fig. 2).

In this newly developed photovoltaic street-and
path lighting system, the battery for first time
has been integrated invisibly and theft-proof
into the pole foundation. As this lamp will be
deployed on the edge of streets or paths, the hot
dip-galvanized battery enclosure is located such
that it can be covered with 5-10 cm gravel layer
for protecting battery and electronics against
high ambient temperatures. Using an integrated
timing device, the lamp can be switched off and
on during night.

Figure 2 Solar street set for lighting

Street light set consisting of:

- two 53 Wp modules, connected in series (24
v);

- one 8 m steel pole, hot dip-galvanized, with
mast cover and module support structure;

- one lamp fixture of cast aluminium, with
acrylic cover, 24 V electronic ballast, 18 W or
26 W Dulux fluoresent lamp, switch with
daylight sensor, and additional timer;

- one charge regulator LR 7/24 with deep
discharge protection;

- two 12 V/100 Ah Varta batteries;

- battery enclosure, hot dip-galvanized, with
cover and EDPM-seal for in-ground
installation, and with pipe connection into the
lamp pole for battery degassing;

- one complete set of neoprene cables for
interconnecting all lamp components.

4 Considerations regarding the adopted
solution

The solution of centralized systems for PV
power supply and lighting of paths in villages
has generally been replaced worldwide by that
of individual domestic systems (SHS) in
consideration of the following reasons:
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the explicit definition of the ownership status

for each individual case results in increased

responsibility of each user family;

o SHS permits each user to adjust his own
electricity consumption according to the power
generated by the PV system, which depends on
weather conditions;

» elimination of additional costs for construction
and installation which would be necessary in
the case of centralized systems;

o the experience of some African and Asian
countries has shown that, with centralized
systems, it is necessary to have a guard at night
to prevent possible theft or vandalism,;

« the construction of a standard plant which can
be implemented at each user’s site reduces even
more the necessity of minimal technical
knowledge for equipment operation and
maintenance which has to be acquired by the
locals.

The design and construction of these systems is
based on the experience and knowledge gained
by IPA’s specialists in the specific projects
which have been developed in the last years in
Romania, as well as on the dissemination of the
projects results in national and international
workshops and conferences. In this sense, we
can mention the conclusion in 1996 of the
project “Pilot PV/Thermal Power Plant for a
Peasant Farm in Romania”, accomplished
within the Programme JOULE II of DG XII of
the European Union, and the conclusion in
1998 of the project “PV ENVIRONMENT -
Demonstration of Low Power Standard PV
Units for Environmental protection in Isolated
Mountain Areas”, under the EU Programme
INCO-COPERNICUS of DG XVII

The project has a research character and is
mainly aimed at raising the awareness of the
population in rural areas as regards the facilities
offered by the use of photovoltaic systems for
satisfying  the minimal electric power
requirements for domestic use.

Figure 3 shows the PV modules of solar
installation used for a rural household.
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Figure 3 The PV modules of an solar installation
used for a rural household

5 Conclusions

The proposed project includes the construction
of a pilot plant based on photovoltaic systems
which will be a reference in the programme for
the electrification of rural settlements in
Romania’s mountain areas. The further
extension of this method of electrification
depends on the technical results obtained, on
the impact on the local population, and on the
financial resources available for the future
expansion of such systems in these areas. The
electrification of these hamlets, situated in a
particularly picturesque geographical area of
Romania, will have beneficial effects on the
living standard of the inhabitants, and therefore
will slow down the young people’s migration to
towns. It will also be possible to create the
conditions necessary for the development of
agro-tourism in the region.

RES projects are environmentally friendly and
are linked with the rational use of energy. On
this basis, the sustainable development of the
future world, cleaner, more efficient, more
healthy, in a new millenium could be
considered.

Learning from the experience of the past, it 1s
imperative to take actions in order to save the
Romanian village, birthplace of the nation, and
that can only be done by economic
development, infrastructure modernization,
higher degree of education and culture,
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professional  prospects for the youth,
conservation of positive traditions, sufficiency
of energy resources.
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SISTEME FOTOVOLTAICE DE
ILUMINAT PENTRU ZONE RURAILE
IZOLATE

Rezumat

Sistemele de energie fotovoltaici pot fi optiuni
alternative atractive pentru alimentarea cu energie
si iluminarea zonelor rurale izolate. Sistemele
autonome PV acoperd o arie largd a aplicatiilor ce
pot fi dezvoltate in multe locuri din tard, dar mai
ales in zonele depértate de reteaua nationald de
electricitate. Electrificarea caselor si fermelor din
zonele rurale izolate prin utilizarea sistemelor PV
poate contribui la imbunatitirea conditiilor sociale,
economice si culturale ale oamenilor acestor locuri.

in Roménia sunt estimate aproximativ 10.000 de
case, ferme si scoli din mai mult de 500 de aseziri
rurale, care sunt Incd neelectrificate si o mare parte
dintre acestea ar putea fi electrificate prin utilizarea
sistemelor PV.

Aceastd lucrare prezintd in particular cazul a doua
citune (Scarisoara §i Prisacina) de pe Valea Cernei
— Muntii Banatului, care pot fi electrificate prin
utilizarea sistemelor PV.

1 Comunitdti rurale durabile

Se stie foarte bine ca printre problemele cu care
se confruntd umanitatea in zilelele noastre se
afla si dezechilibrele ecologice masive care
incep sd pund in primejdie nsdgi viata pe
pidmant. Stilul de viatd stresant intr-un mediu
urban poluat, aglomerat, duce adesea la
imbolnivirea mintii, corpului si a sufletului.
Avem nevoie de comunitati rurale durabile din
mai multe motive i anume:
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pentru a realiza un mod de trai in echilibru cu
natura;

e pentru a da un alt curs dezvoltarii pe scard mici
a comunititilor rurale;

e pentru a crea locuri de munca si posibilitati de
agrement in zonele rurale;

e pentru conservarea metodelor
traditionale de producerea hranei;

e pentru conservarea diversitatilor regionale
(obiceiuri si mod de trai);

® sica o demonstratie pentru viitor.

ecologice

Traiul intr-o comunitate durabild este o
demonstratie radicala de trai alternativ. Simplul
fapt cd oamenii Incearcd sd-si determine
propriile lor conditii economice si sociale intr-o
comunitate rurald durabild este o actiune
incurajatoare $i un model pentru intreaga
societate.Comunitatea ar trebui sd incerce si
creeze si sd mentind o legaturd dinamica cu
comunitdfile urbane, oferind sansa sd
impartaseascd felul lor de viati prin vizite
educationale. In acest fel, practicile ecologice
demonstrate 1n comunitatea rurald pot fi
transferate metropolelor si oraselor. Multe
aspecte ce tin de activititile sociale si
economice dezvoltate in aceste locuri pot fi
aplicate si in orase, pentru a Imbunétati
calitatea viefil.

Este de asemenea important de mentionat ca un
model de durabilitate intr-un anumit loc nu
poate fi neapdrat un bun exemplu. Evolutia
comunitdtii este importantd, ceea ce inseamna
identificarea si satisfacerea nevoilor locale
specifice. Nu existd solutii unice, fiecare
comunitate adaptandu-se propriei sale localitati.

2 Probleme de electrificare a satelor avind la
haza sistemele PV

Reduse numai la habitat, nevoile de energie ale
populatiei rurale constau In incilzirea
locuintelor, pregatirea hranei, practicarea unor
activitdti mestesugaresti. In sens mai larg,
energetica rurald include i necesarul de energie
pentru agriculturd, servicii, mici activitdti
industriale. In acceptiunea modernd, mediul
rural este nu numai consumator de energie ci si
generator de surse energetice pentru uz propriu
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sau pentru exteriorul zonei (uleiuri vegetale,
biomasd). Ca surse de energie regenerabild,
zonele rurale dispun de energie eoliand, energie
hidraulica, energie solard si biomasi (animale
domestice, lemne, paie, deseuri vegetale).

in Romania existi o varictate de aseziri rurale
cu diferite grade de dezvoltare economico-
sociald si, In multe cazuri, cu elemente
specifice agezdrilor urbane. Cu toate acestea,
existd incd un numir destul de Tnsemnat de
asezari rurale unde electrificarea este o
problema ce trebuie rezolvatd, cum ar fi unele
citune izolate din muntii Apuseni, de pe Valea
Cernei (muntii Banatului) ori din Delta Dunérii.
Conditiile dificile de acces si distantele foarte
mari fatd de reteaua nationala de electricitate nu
au permis pdnd in prezent electrificarea lor.
Pornind de la aceste considerente, localitatile
izolate ar trebui incluse n programul national
de electrificare si una dintre alternativele
fezabile pentru electrificarea acestora poate fi si
utilizarea sistemelor fotovoltaice independente
SHS.

Guvernul German a oferit cu citiva ani Tn urma
o importantd oportunitate de co-finantare a unui
proiect pentru Roménia, In cadrul Programului
ELDORADO, destinat acestui scop. Proiectul
nu a putut fi demarat datoritd unei atitudini
negative, la acel moment, din partea autoritatii

nationale, responsabile cu producerea i
distributia energiei electrice In Roménia.
Proiectul includea Intr-o primd etapa

electrificarea caselor si iluminarea ulitelor
pentru doud cdtune de pe Valea Cernei
(Scarigoara si Prisacina), care au un numar total
de 18 case, doua scoli si o biserica.

Electrificarea acestora de la retea nu a fost
posibila datoritd dispersdrii pe o arie larga a
locuintelor gi a distantelor mari dinte ele, a
accesului foarte dificil in zond (singurele
posibilititi de acces fiind mersul pe jos sau
cilare). In baza unui studiu de fezabilitate a
rezultat ci electrificarea integrala a acestei zone
(14 catune de pe Valea Cernei) ar fi posibild pe
baza solutiilor de utilizare a sistemelor PV ( 45
de sisteme independente SHS).
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3 Solutii tehnice

Lucrarea de fatd prezintd elementele principale
care stau Ja baza utilizdrii sistemelor
individuale SHS, pentru cazul particular avut in
vedere $1 anume electrificarea unui numar de 18
case, doud gcoli, un cdmin cultural si o biserici
si iluminarea ulitelor din cele doui citune
mentionate mai sus. Puterea instalatd luati in
considerare pentru fiecare unitate este de
aproximativ. 400 W, avandu-se in vedere
realizarea unui numar de 22 de sisteme SHS.
Consumul mediu zilnic de electricitate estimat
va fi de aproximativ 2,5 kWh in perioada de
iarna §1 de aproximativ 1,5 kWh in perioada de
vard. Solutia tehnicid adoptatd este unitara,
schema bloc a unui sistem SHS fiind prezentati
in figura 1.

Radiatia solard este convertitd direct in energie
electricd,  prin  intermediul modulelor
fotovoltaice, sistemul fiind previzut cu
elemente de protectie la  supracurent,
supratensiune si legare la pamaént. Sistemul este
astfel dimensionat 1incdt energia electrici
produsa sd asigure necesarul de energie luat in
caleul pentru un vérf de sarcind mediu si pentru
stocarea unei anumite cantititi de energie in
baterii, pentru a fi utilizatd in perioadele de
timp in care radiatia solar este scizuti sau nuli
(noaptea si in zilele noroase si cu nebulozitate
mare). Conversia din 24 Vc.c in 220 Ve.a. este
asiguratd de un invertor sinusoidal. Regimul de
incércare — descarcare al bateriilor céat si
variatiile consumului de energie din sistem sunt
controlate automat de regulatorul de sarcina,
care reprezintd de fapt inima sistemului.

Un sistem SHS tipic consti din:

a. Generatorul fotovoltaic: 12 module PV —
putere totald instalati 600 Wp*; 12 Ve.c.
(*Wp-watt peak; puterea de varf in conditii
standard de testare; Masa aerului AA=]1,5;
Radiatia solard E=1000 W/m? Temperatura
celulei 7c=25°C)

b.  Bateriile de stocare: 24 Vc.c., 500Ah, C100.

Bateriile cu gel au avantajul ci nu necesita
spatiu separat pentru amplasare;

¢. Autonomia sistemului: 4 - 5 zile in conditii

fard soare;

d.  Regulatorul de sarcini : 30 A; 24 Ve.c.

Invertorul: 24 V ¢.c./230 V c.a; 1500 VA.

f.  Ramele metalice pentru montarea modulelor
PV unghiul de inclinare fati de orizontala
(intre 30° si 55°, functie de sezon), reglajul
putindu-se realiza manual; orientarea modulelor
PV: cu fata spre sud.

o

La instalarea aparatelor si echipamentelor
sistemului  trebuie  avute In  vedere
caracteristicile constructive specifice fiecarei
case, astfel incat sa fie eliminate pe cét posibil
elementele de constructie suplimentare care ar
influenta n final costurile de instalare. Astfel,
panourile fotovoltaice pot fi montate de fiecare
utilizator la nivelul solului, in curtea proprie
sau In anumite cazuri, pe acoperisul casei, iar
echipamentele de interior (bateriile de stocare,
regulatorul, invertorul, aparatura de protectie si
distributie) pot fi instalate in locurile cele mai
adecvate din interiorul locuintei. Alimentarea
consumatorilor (220 V; 50 Hz) de la
generatorul solar se realizeazi prin utilizarea
unei cutii de distributie echipate cu aparatura de
protectic necesard, cu un contor de energie
clectricd si, pe cat posibil, cu aparate
indicatoare pentru mdisurarea in principal a
curentului gi tensiunii (atdt in c.a. cat si in c.c.).

Receptoarele conectate la un generator solar-
SHS pot fi: un frigider, lampi fluorescente
economice compacte, aparaturd audio-vizuali,
aparaturd electro-casnicd. Fiecare proprietar
trebuie instruit in vederea utilizarii in mod
rational a energiei electrice livrate de propriul
generator fotovoltaic.

In cadrul acestui proiect de electrificare a doua
mici agezdri rurale, pe langd asigurarea
necesarului minim de electricitate fiecdrel
locuinte, este de asemenea foarte importantd
iluminarea ulitelor. In acest scop, pot fi utilizate
unitdfi  fotovoltaice  individuale  pentru
iluminatul stradal, un astfel de ansamblu fiind
prezentat in figura 2.
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Aceastd solufie prezinta o noutate prin faptul ci
bateria de stocare a energiei nu este la vedere,
ea fiind montatd in fundatia de la baza stalpului.
Prin utilizarea unui programator de timp integrat,
lampa poate fi aprinsi pe timpul noptii.

Un set (o unitate) de iluminat stradal consti din:

- doud module de 53 Wp, conectate in serie (24
Vec.c);

- un stalp din otel galvanizat de 8 m inaltime, pe
varful cédruia este fixatd structura metalicd
pentru montarea modulelor PV,

- o carcasd fixd din aluminiu care contine, un
balast electronic de 24 V, o lampia fluorescent
de 18 W sau 26 W Dulux, un intreruptor cu
senzor de lumina §i un programator de timp;

- un regulator de incarcare LR 7/24 cu protectie
la descarcdri profunde;

- doud baterii Varta de 12 V/100 Ah;

- un set complet de cabluri din neopren pentru
interconectarea lampii cu celelalte componente
montate pe stalp.

4 Consideratii privind solutiile adoptate

Pe plan mondial, metoda sistemelor centralizate

de energie furnizatd de PV a fost mai mult sau

mai putin abandonata si inlocuitd cu sistemele
individuale casnice SHS, din urmitoarele
motive:

« definirea clard a statutului de proprietate pentru
fiecare caz implicd responsabilitate marita
pentru fiecare utilizator;

o SHS permite fiecirui consumator reglarea
consumului de electricitate la electricitatea
oferitd in conditii meteorologice schimbdtoare;

o eliminarea costurilor suplimentare de instalare;

e experienta unor {iri din Africa si Asia a
demonstrat necesitatea in cazul sistemelor
centralizate a prezenfei unui paznic pentru a
preveni eventuale furturi si vandalisme;

o realizarea unei instalatii standard ce va fi
implementatd la un anumit obiectiv ofera
posibilitatea nsusirii rapide a minimului de
cunostinte tehnice pentru exploatare i
intretinere de cétre localnici.

Proiectarea si instalarea unor astfel de sisteme
PV se pot baza pe experienta si cunostintele
specialigtilor de la IPA, acumulate pe perioada
realizarii in ultimii ani a unor proiecte pilot
demonstrative in Romania. In acest sens pot fi
mentionate finalizarea In 1996 a proiectului
“Statie pilot termo-fotovoltaica pentru o ferma
tdraneasca in Romania” - in cadrul Programului
JOULE 1II - DG XII al UE si finalizarea in 1998
a proiectului “Unitdti PV demonstrative de
mica putere pentru protectia mediului in zone
montane izolate” - In cadrul Programului
INCO-COPERNICUS - DG XVII al UE.

Aceste proiecte au avut un caracter
demonstrativ, cu scopul popularizirii in randul
populatiei din mediul rural, si nu numai, a
facilitatilor oferite de sistemele PV ca o
alternativd fezabild de alimentare cu energie
electricd in situatiile prezentate in lucrare
(consumatorii de energie sunt amplasati la
distante mari fatd de retea iar necesarul de
energie estimat nu este foarte mare).

Figura 3 prezintd aria modulelor PV din cadrul
unei instalatii solare fotovoltaice utilizate
pentru alimentarea unei gospodarii rurale.

5 Concluzii

Concluzia generald care se desprinde din
aceastd lucrare este aceea cd solutiile tehnice
prezentate pot fi fezabile atit tehnic cét si
economic in acele zone rurale unde conditiile
de acces sunt grele si reteaua nationald este
situatd la distante mari. Luarea in considerare
de citre factorii responsabili din sectorul
producerii si distributiei energiei electrice si a
acestor alternative de electrificare si crearea
unor fonduri speciale destinate acestui scop, ar
putea rezolva, fie si partial, intr-un viitor
apropiat, problema electrificarii satelor din
zonele montane izolate.
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PUBLIC LIGHTING DESIGN: ECONOMIC OPTIMIZATION
AN EXAMPLE'

Luciano Di FRAIA
University of Naples “Federico II” - Naples, Italy

Abstract

The complex problem of optimizing the design of a
road lighting system from an economic stand point
was already considered from a theoretical point of
view in a previous paper published in this review [1].
Here, a thorougly worked out example of
optimization process is provided in order to better
understand and quantify some aspects of the
problem, such as the savings obtainable, the level of
influence of the various parameters involved and
the difficulties.

The data obtained indicates that the luminaire optic
is a key factor and that the luminaire overhang and
tilt angle have much more influence than commonly
believed. It results also apparent that no practical
criterion is good for a real optimization, since the
optimal solution is strongly dependent from case to case.

1 Introduction

A road lighting system is defined by the
following elements and parameters: lamp,
luminaire, pole spacing (s), mounting height (/)
overhang (b), tilt angle (/), pole arrangement
(single sided, opposite etc.), maintenance
factor, maintenance programme.

A common process of designing a lighting
system consists of finding a combination of the
above parameters meeting the desired
photometric requirements (national code or CIE
standard or CEN standard). This is a rather easy
task. Instead, more difficult is to find the
combination providing the minimum overall
annual cost (optimal solution), because this
requires all the possible combinations of the

above parameters to be explored. Even
considering only one luminaire/lamp unit, these
combinations can be many and many, even
millions.

In this paper, a worked out example of
optimization  process aimed at better
understanding the terms of the problem is
given, indicating a practical procedure to
follow and quantifying the considerable
economic benefits yielded by optimization.
This optimization example helps also to
quantify the impact on the optimal solution of
the luminaire optic and of the luminaire tilt
angle and overhang.

In this example, the maintenance factor is
fixed. Thus, for a certain luminaire/lamp unit,
the optimization process is focused on
minimizing the sum of the installation and
energy costs, being constant the maintenance
cost. Since this sum is inversely proportional to
the spacing, it will be sufficient to search for
the maximum spacing compatible with the
given lighting requirements.

2 Optimization process

The procedure followed in this paper to
perform the optimization of the design of a
road lighting system consists of considering the
parameters £, b and ¢ as independent variables
and the spacing s as the dependent one. In other
words, given the luminaire/lamp unit, the type
of arrangement and the maintenance factor, a
triplet of values is given to the parameters A, b

" This paper is an expanded version of the paper presented at the 12™ International Conference “Light 20017, Slovak [2].
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and 7 and the maximum value for the spacing s
among all those compatible with the lighting
requirements is searched for., This lighting
configuration represents a sub optimal solution.
Then, this procedure is repeated as many times
as the combinations of 4, b and ¢ to be explored are.
The number of these combinations depends on
the ranges within which such parameters are
wanted to be varied. For example, if the range
is of 7 values for A, 5 for b and 4 for ¢, the
resulting combinations to be explored are 140.
It is noted that, whatever s, there will be
combinations not meeting the requirements.
This will obviously depend on the severity of
the lighting requirements assumed.

In the optimization process example, the input
data were:

- road: width: 2 x 3.5 m; type of surface: C2;
0,~0.07 cd/m*/Ix;

- photometric requirements: according to the lighting
class ME 3c of the CEN European Standard
[3]: average maintained luminance: Z>1 cd/m?;
overall uniformity: Uo>0.4; longitudinal
uniformity: Ug20.5; treshold increment: 7/<15%;

- maintenance factor: 0.8;

- pole arrangement: single sided.

Regarding the luminaire and the lamp, the
following 7 luminaire/lamp units, chosen from
the catalogues of two important manufacturers
(conventionally named Ph and Fa), were
considered: Ph A 150W, Ph B 150W, Ph A
100W, Fa K 150W, Fa J 150W, Ph A 70W, Fa
J 70W; type of lamp: high pressure sodium.

For each of the above luminaire/lamp unit, the
following ranges were explored for the
parameters A, b and t:
h(m)=15,6,7,8,9,10,11]

b (m)=10,0,5, 1, 1,5]

t(°) =10,5,10,15]

for resulting 112 combinations. Since the
luminaire/lamp units are 7, the overall number
of combinations is 784. For each of such
combinations, the values, if any, for the spacing
s complying with the given photometric
requirements are to be determined. It results
that a same combination can provide many
useful values for s, among which only the
maximum one compatible with the photometric
requirements (sub optimal solution) is of
interest in an optimization process. Such sub

optimal solutions are reported in Table la. In
the case of this example, 230 sub optimal
solutions were obtained. They are listed in
order of decreasing spacing and the relevant
photometric performances are indicated too.
Table 1b summarizes, for an easy comparison,
the best solutions found for each of the seven
considered luminaire/lamp units.

This investigation was then repeated for other
three lighting classes, more stringent than the
ME 3c one: ME 3b (Uj20,6), ME 3a (U>0,7)
and the CIE ME 3 class (77<10%) [4]. The
results obtained are shown in Tables 2a-4a,
from which it is seen that, when passing from
the requirements of the ME 3c lighting class to
those of the ME 3b class, the solutions
indicated in Table la still complying with the
latter requirements reduce to 184. When
imposing the requirements of the ME 3a and
CIE M3 lighting classes, the useful solutions
reduce furtherly to respectively 148 and 139.
Tables 2b-4b compare the best solutions found
for the seven luminaire/lamp units for each of
the above lighting classes.

From data obtained it results also that the
spacing is very sensitive to the tilt angle and
overhang. A variation of one of them can cause
a large variation of s, as shown in Table 5,
where, for each luminaire/lamp unit considered,
are reported the reductions (As%) of Spax
occurring when ¢ and b are singularly varied
from their optimal values. It is seen that b or ¢
can even condition the validity of a solution.
Since these parameters have little influence on
the cost, particularly the tilt angle, it is
therefore of great importance to accurately
choose them.

3 Conclusions

The results obtained in this work show that:

o the optimization of the design of a road
lighting system from an economic stand
point can yield considerable cost savings
over solutions not optimized.

o for a same optic, the maximum spacing is
yielded by the lamp of higher wattage, but
this does not exclude that a lower energy
consumption can be accomplished with the
lamp of lower wattage.
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» the geometrical parameters b and ¢ have a
much more than commonly believed
influence on the performances of a lighting
systems and hence on the spacing between
the poles. Even they can prevent a solution
from  complying with the design
requirements.

o cach specific case requires its own optimal
sotution to be found; this strongly varies
from luminaire to luminaire and, as will be
shown in a next paper, from road to road.
Practical criteria suggested in the specialized
literature, such as that of the mounting height
equal to the road width and alike, have little,
if any, validity.

A paper dealing with the impact of
maintenance and of the energy consumption on
the optimal solution and taking into account
typical unit costs of equipments and labor is
under preparation.
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Table 1a List of the combinations providing the maximum spacings (sub optimal solutions) found for each of the
combinations resulting from: 7 luminaire/lamp units (as indicated in the text), 7 mounting heights (%), 4 tilt angles (7),
4 overhangs () (total number of combinations: 784; number of combinations complying with the requirements: 230)

Solutions listed in order of decreasing spacing.
Ranges explored: A: from 5 to 11 m, step 1 m;
£ from 0 to 15°, step 5°;

b: from 0 to 1.5 m, step 0.5 m.

Requirements: according to the lighting class ME 3¢ of the CEN European Standard, draft Pren 13201-2:2002 [3]

(L=1 cd/im®, Up20.4, U0.5, TI (%)<15)

® Road: width: w=2x3,5m asphalt C2 O, = 0.07 cd/m%/Ix
o MF (%) = 80

® Arrangement: single sided (right) eLamp: HPS

1 PhAI50W | 11 | 10 1.5 49.5 . 042 | 057 | 113
2 | PhAIS0W 11 15 1.5 48.5 . 0.52 | 0.55 | 11.0
3 | PhA150W 10 | 15 15 48 1 | o042 ] 051 [ 128
4 Ph B 150W 9 | 0 1 475 1 | 041 | 050 | 14.1 |
5 Ph B 150W 9 5 I 475 0 047 | 053 | 135 |
6 Ph B 150W 9 | 5 1.5 47.5 0 049 | 051 | 127
7 Ph B 150W 0| 0 | 15 47.5 . 0.53 | 0.61 | 109
8 PhA150W i1 10 1 47.5 ; 042 | 061 | 11.4
9 Ph A 150W 1|15 1 475 : 048 | 059 | 112
10 | PhBI150W 9 | 5 0.5 47 ; 045 | 054 | 142
11 Ph B 150W 9 0 1.5 47 _ 045 | 051 | 13.1
12 Ph B 150W 10 | o0 47 ; 050 | 062 | 11.4
13 Ph A 150W 10 | 15 1 47 . 040 | 053 | 12.8
14 Ph B 150W 10 | 0 0.5 46.5 j 047 | 061 | 12.0
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Ph B 150W 0 46 1.0 044 | 056 | 14.7
16 Ph A 150W 11 [ 15 0.5 46 1.0 046 | 063 | 114 |
17 PhB150W | 9 0 0.5 45.5 1.1 040 | 0.55 | 14.6 |
18 PhB 150W | 10 0 0 45 1.0 045 | 0.66 | 123
19 Ph A 150W 11| 10 0.5 45 1.0 040 | 064 | 114
20 Ph A 150W 1 5 1.5 45 1.1 | 040 | 0.63 | 109
21 Ph A 150W 10 | 15 0.5 44.5 L1 040 | 0.60 | 13.1
2 Ph A 150W 11 15 0 44.5 1.0 043 | 065 | 114
23 Ph B 150W 8 15 0.5 44 1.0 [ 052 050 | 15.8
24 Ph B 150W 9 10 0.5 44 1.0 052 | 061 | 13.0
25 Ph B 150W 9 10 I 4 | 10 0.54 | 061 | 125
26 Ph A 150W 10 [ 10 1.5 44 1.2 041 | 059 | 123
27 | PhBI150W 8 0 | 0 435 1.1 [045] 051 | 17.1 |
28 PhB 150W | 8 15 ] 0 43.5 1.0 0.51 | 052 | 165 | |
29 Ph B 150W 8 10 0.5 43.5 1.1 047 | 050 | 163 |
30 Ph B 150W 8 10 1.5 435 1.1 | 048 | 050 | 14.0 ‘
31 Ph B 150W 8§ | 15 1.5 43,5 1.0 048 | 050 | 135
32 Ph B 150W 9 10 0 43.5 1.0 0.50 | 0.62 | 135
33 Ph B IS0W 9 [ 10 1.5 435 1.0 0.58 | 063 | IL5 '
34 Ph B 150W 10 5 0.5 43.5 1.0 056 | 073 | 11.0
35 Ph B 150W 10 5 1| 435 1.0 059 | 073 [ 107
36 Ph B 150W 111 0 1 | 435 1.0 061 | 077 | 92
37 PhB 150W | 11 0 1.5 435 | 10 | 064 [ 077 | 89 | |
38 Ph B 150W 8 | 5 0.5 43 | 12 | 041 | 051 | 1638 | |
39 Ph B 150W 8 5 1 43 1.2 043 | 051 | 158 |
40 Ph B 150W 8 10 | 1 43 11 [ 049 | 051 | 15.1
41 Ph B 150W 8 | 15 1 43 1.0 0.54 | 050 | 147
42 Ph B 150W 8 5 1 15 43 1.2 046 | 050 | 14.6
43 Ph B 150W 10 5 43 1.0 062 | 074 | 10.0
44 Ph B 150W 1 0 0. 43 | 10 057 | 078 | 95
45 Ph B 150W 10 5 0 42,5 1.0 054 | 073 | 113 | |
46 Ph B 150W 8 0 1.5 | 42 1.3 042 | 051 | 15.1 | |
47 Ph A 150W 9 15 1.5 42 | 13 041 | 052 | 140 '
48 Ph B 150W 11 ] 0 0 | 415 1.0 0.54 | 077 | 9.8
49 | PhB15OW | 8 | 5 40 1.2 040 | 0.58 | 168 ‘
50 Ph A 150W 10 | 10 1 40 1.3 041 | 064 | 120 |
51 | PhBISOW 11 5 0.5 40 1.0 060 | 073 | 9.0 \
52 PhB 150W | 11 s |1 | 40 1.0 063 | 076 | 86 |
53 Ph B 150W 8 0 1 395 | 14 040 [ 0.57 | 155 |
| 54 Ph B 150W 9 15 0 39.5 1.0 0.57 | 065 | 125 |
|55 Ph B 150W 9 | IS 0.5 39.5 1.0 0.59 | 070 | 11.9 |
| 56 Ph B 150W 9 15 | 1 39.5 1.0 062 | 075 | 11.1 |
57 Ph B 150W 10 [ 10 0 39.5 1.0 0.56 | 0.66 | 10.6 | |
| 58 Ph B 150W 10 [ 10 | 05 39.5 1.0 0.59 | 070 | 102 |
59 Ph B 150W 10 | 10 I 39.5 1.0 0.62 | 074 | 96
60 Ph B 150W 11 5 0 39.5 1.0 [ 058 ] 070 | 9.2 |
6l _Ph B 150W T 1.5 39.5 1.0 [ 068 | 079 | 81 | ‘
62 Ph B 150W 9 1 0 0 39 12 040 | 0.69 | 13.7 |
63 Ph A 150W 9 15 1 39 1.4 040 | 060 | 13.9 | |
| 64 Ph B 150W 10 [ 10 1.5 39 1.0 0.66 | 0.76 | 9.0 |
65 Ph A 150W 1 5 1 39 | 12 [ 040 | 075 | 105 |
| 66 PhBISOW | 7 | 15 0 38.5 1.3 048 | 054 [ 198
| 67 | PhBI150W 7 10 0.5 | 385 1.4 | 043 [ 050 | 19.6 |
68 Ph B 150W 7 15 0.5 | 385 1.3 0.51 | 051 | 18.8
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69 Ph B 150W 9 15 [ 15 [ 385 10 1067 | 076 | 103 |
|70 Ph B 150W 7 1 10 1 38 047 | 0.51 | 181
_ 71 | PhBI50W 7 15 1| 38 | 1_3 0.53 | 0.50 | 17.1
72 | PhBI50W 7 ] 10 15 38 1.4 048 | 050 | 164 |
73 | PhBI50W 7 15 1.5 | 38 | 13 047 | 050 | 15.7 |
74 | PhBI150W 7 5 | 1 375 | 15 | 040 [ 052 | 188 |
e PhBISOW | 7 5 1.5 37.5 1.5 044 | 052 | 172 |
76 Ph A 150W 10 | 15 0 375 | 13 040 [ 072 | 12.0
77 PhB I150W | 7 10 0 | 37 | 14 0.42 [ 0.56 | 20.0
|78 _Ph A 100W 9 | 15 | 15 37 | 10 0.46 | 051 | 12.3
9 PhB150W | 11 10 0.5 37 [ 1.0 068 | 077 | 82 | |
80 Ph A 100W 9 | 15 1 365 | 1.0 040 | 055 | 12.7 | |
81 Fa K 150W 10 | 15 | 05 36.5 1.0 042 | 051 | 58 |
82 Fa K 150W 0 | 10 ] 15 365 | 1.0 [ 043 | 050 | 57 |
83 PhB 150W [ 11 10 0 365 | L0 064 | 075 | 85 |
84 PhB150W | 11 | 10 I 365 || 1.0 072 | 078 | 7.8
85 Ph B 150W 10 | 15 0 36 1.0 0.65 | 072 | 9.7
86 PhBI150W [ 10 | 15 0.5 36 | 1.0 067 | 072 | 92 |
87 | PhAI00W | 10 10 | 15 | 36 1.0 [ 045 065 | 100
88 FaK150W | 11 | 10 1 36| 1.0 [ 040 | 052 | 49
89 | PhBI50W 1110 1.5 36 | 1.0 073 | 080 | 75 |
90 | FaKI50W 11 10 | 15 36 | 1.0 | 044 | 050 | 48 '|
91 | PhA150W 9 10 1.5 | 355 1.6 041 | 0.66 | 12.7 ;]
92 Ph B 150W 10 | 15 1 355 |10 071 | 076 | 8.8 | ‘i
93 PhBISOW | 10 [ 15 1.5 35 1.0 1075 | 077 | 81 |
94 Ph A 100W 10 | 15 1.5 | 35 | 1.0 0.54 | 0.62 | 10.0 | |
95 "PhAT0OW | 10 | 15 1 345 1.0 1049 | 065 | 103 |
9 | FaKI1S0W | 11 | 15 0.5 345 | 1.0 [ 044 | 050 | 49 .?
97 Ph A 150W 8 15 | 15 34 | 1.8 1040 [ 059 | 15.0 |
98 Fa K 150W 10 | 15 i 34 | 1.0 046 | 050 | 5.6 "
99 Ph A 150W | 10 5 15 | 34 15 | 040 | 0.77 | 10.8
100 Ph A 150W 11 10 | 0 34 | 1.3 040 | 083 [ 99
101 | PhA100W 110 1.5 34 1.0 052 | 071 | 84
| 102 | PhAI100W 10 | 15 0.5 335 | 1.0 044 | 0.71 | 104
103 Fa K [50W 11 15 0 335 | 1.0 [ 042 | 054 | 50
104 FaK 150W 11 15 | 1 335 | 1.0 051 | 051 | 438
105 “Ph A 100W 1 [ 5 1.5 | 335 | 1.0 042 | 075 | 85 | |
| 106 Fa K 150W 11 15 135 33.5 1.0 0.57 | 050 [ 42
107 Ph B 150W 11 15 0 33 1.0 075 | 0.80 | 8.0
108 | PhAI00W | 11 10 1 33 | 1.0 046 | 0.77 | 8.6
109 | PhBIS0W 7 10 | 15 32.5 1.8 0.40 | 0.66 | 162
110 | PhBI50W 11 15 0.5 32.5 1.0 077 | 078 | 7.6 |
111 PhB ISOW | 11 | 15 1 32.5 1.0 0.80 | 078 | 7.2
112 [ PhA100W 11 15 I 32.5 1.0 0.57 | 074 | 84
113 | PhA100W | 11 15 1.5 | 325 1.0 063 | 071 | 83 |
114 Ph B 150W 11 15 1.5 32 1.0 077 | 078 | 6.8
115 Ph A 100W 8 15 1.5 31.5 1.3 040 | 056 | 13.7
| 116 Ph A 100W 1| 10| 05 | 315 1.0 041 | 083 [ 8.6 |
117 Ph A 100W | 11 15 0.5 31.5 1.0 051 | 081 | 85
118 Fa K 150W 9 | 15 1 31 1.2 | 041 | 050 | 6.2
119 | PhAlOOW [ 10 | 15 0 305 | 1.1 0.40 | 0.81 | 10.1
120 | PhA100W | 10 | 10 1 30.5 12 [040 [ 075 [ 96 |
12 | PhA100W | 11 15 0 30.5 1.0 | 047 | 086 | 85
122 | FaK150W 11 5 145 30 1.1 040 | 061 | 47 |
INGINERIA ILUMINATULUI 10-2002 35




123 | FaK150W 11 [ 10 [ 05 29.5 1.1 040 | 065 | 47 |
124 Ph A 150W 9 15 | 05 29 1.8 040 | 0.80 [ 121
125 | PhB150W 7 5 0.5 28.5 19 | 041 ] 075 [ 163
126 Fa K 150W 10 | 15 1.5 28.5 13 [ 052 ] 053 | 47
127 Ph B 150W 8 0 0.5 22 | 19 040 [ 0.80 | 12.9
128 | FaK150W 9 15 1.5 | 27 | 14 045 | 050 | 54
129 Fa K 150W 0 | 15 0 27 1.2 040 | 0.65 | 5.2
130 FaK 150W 10 | 10 | 1 27 1.3 040 | 0.50 | 5.1
131 FaK 150W 1| 10 0 27 | 12 040 | 0.72 | 47
132 Ph A 150W 10 | 10 0.5 25 1.9 040 | 0.83 | 95 |
133 FaK 150W 11 5 1 25 1.3 040 | 076 | 44 |
134 | FaK150W 8 15 | 15 24 1.7 042 | 050 [ 6.1 |
135 Ph A 100W 9 10 | 15 23.5 16 | 040 | 085 | 95 | |
136 Ph A 70W 9 15 15 23.5 1.0 | 040 | 086 | 9.7 |
137 Fa K 150W 10 [ 10 0.5 23.5 1.5 040 | 072 | 49
| 138 FaK 150W | 10 5 | 15 235 [ 16 040 | 070 | 47 ‘
139 Fa K 150W 9 15 05 | 23 1.6 040 | 0.61 | 57 |
140 Fa K 150W 9 10 1.5 | 23 1.7 | 040 | 057 | 54
141 Ph A 100W 9 15 0.5 225 1.6 040 | 0.85 | 9.3 ‘
142 Ph B 150W 7 0 1 22 2.6 040 [ 0.80 [ 133
43 | PhA70W | 10 | 15 | 15 22 L0 | 048 | 078 | 7.7 | |
144 Ph A 70W 0 | 15 I 2l 10 | 042 ] 084 | 78 | |
145 Fa J 70W 6 | 15 1 21 L0 | 042 [ 0.64 | 12.6 |
146 FaJ 70W 6 15 1.5 21 10 1042 ] 073 | 68 | |
147 Fal 70W 7 10 1 21 1.0 041 | 070 | 9.6
148 FaJ70W 7 10 1.5 | 2i 1.0 | 049 | 070 | 85
| 149 | Fal70W 8 5 I 21 1.0 042 ] 079 | 7.6
150 | Fal70W 8 5 1.5 21 1.0 048 | 078 | 7.1 | |
151 FaJ 70W 9 0 1.5 21 | 10 046 | 0.81 | 5.9 |
152 Ph A 70W 1| 10 1.5 21 | 10 043 | 088 | 64 |
153 Ph A 70W 1|15 [ 15 21 1.0 053 | 0.82 | 66 |
154 FalJ 70W 7 10 | 05 20.5 10 | 040 | 074 | 10.1 ‘
155 | PhAISOW | 3 15 I 20.5 2.8 040 | 0.82 | 11.7
156 | FaKI50W 8 15 I 20.5 20 | 040 | 060 | 63 ‘
157 | FaJ70W 8 0 [ 15 | 205 1.0 1040 | 076 | 73 |
158 |  Fal70W 9 0 | 1 20.5 10 | 040 [ 078 | 6.1 | ‘
159 Ph A 70W | 15 I 20.5 1.0 | 047 | 08 | 65 |
160 FaJ70W | 8 5 0.5 20 1.0 040 | 079 | 75 |
161 Fa J 150W 11 | 15 L5 20 15 | 040 | 087 | 44 | |
162 | Fal70W 6 | 15 05 | 195 1.1 041 | 070 | 148 |
163 |  Fal70W 7 | 15 0.5 19.5 10 | 052 08 | 93 |
164 FaJ 70W 7 15 L | 195 | 1.0 [059] 079 | 84 | |
165 Fal 70W 8 10 0.5 | 195 | 10 0.51 | 087 | 74 | |
166 |  Fal70W 8 10 1| 195 1.0 055 | 0.88 | 69 ‘
| 167 | Fal70W 8 10 | 15 19.5 1.0 052 | 079 | 63 ‘
168 FaJ 70W 9 | 5 0.5 195 | 1.0 [ 046 | 090 | 6.0 | |
169 |  Fal70W 9 5 i 195 | 10 ] 055] 092 [ 58 | ‘
170 FaJ70W | 9 5 1.5 19.5 1.0 0.40 [ 090 | 5.4 |
171 Fa J 70W 10 [0 I 19.5 1.0 049 | 0.79 | 4.9 i
172 | Fal70W 10 0 1.5 [ 195 | 10 056 | 0.82 | 47 |
173 Ph A 70W 11 [ 15 05 | 195 | 10 1043 [ 087 | 65 |
174 | Fal70W 7 15 0 19 1.0 047 | 0.84 [ 109 | |
175 FaJ70W 7 5 1.5 19 1.1 042 | 077 | 85 |
176 | Fal70W 7
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177 Fa ] 70W 8 10 0 19 1.0 [ 042 ] 0.80 | 84 |
| 178 FaJ 70W 6 10 15 | 185 1.2 040 | 069 | 106
179 Fa J 70W 9 5 0 18.5 1.0 040 | 076 | 6.1
| 180 Ph A 150W 9 15 0 18.5 2.7 040 | 0.86 | 98
- 181 Fal 70W 10 0 0.5 18.5 1.0 041 | 077 | 49 |
| 182 FaJ 70W 10 5 1 185 1.0 0.62 | 0.80 | 48 |
183 Ph A 150W 11 0 1.5 18.5 2:5 040 | 087 | 7.0 |
184 FaJ 70W 11 0 1.5 185 | 1.0 | 061 | 085 | 39
185 | FaJ70W 8 15 0 18 1.0 | 056 | 08 | 7.9 |
186 Fa ] 70W § | 15 0.5 18 1.0 0.62 | 0.88 | 6.3
187 Fal70W 8 15 1 18 1.0 0.61 | 081 | 63
188 Fa ] 70W 9 10 0 18 1.0 0.53 | 0.80 | 59 |
189 Fal 70W 9 10 0.5 18 | 1.0 0.60 | 083 | 57 |
190 Ph A 150W 9 L0 1 18 3.0 040 | 0.86 | 92
191 Fal 70W 9 10 [ 18 1.0 0.65 | 090 | 54 |
192 FaJ 70W 9 1 10 1.5 18 1.0 0.56 | 0.86 | 5.0
193 FaJ 70W 10 [ 5 0 18 1.0 0.50 | 0.79 | 5.0
194 Fa ] 70W 10 5 0.5 18 1.0 055 | 0.83 | 48
195 Fal 70W 10 5 L5 | 18 1.0 062 | 082 | 44
196 Fal 70W | o 0.5 18 1.0 048 | 0.81 | 4.1
| 197 FaJ 70W [ 0 1 18 1.0 054 | 081 | 40
| 198 Fal 70W 8 5 1.5 175 | 1.0 052 ] 079 | 52
199 Fal 70W 10 [ 10 0 17 1.0 0.62 | 0.85 | 47
200 Fal 70W 10 ] 10 0.5 17 | 1.0 067 | 084 | 46
201 FaJ 70W 11 0 0 17 1.0 ] 043 | 083 | 41
202 FaJ70W | 11 5 0 17 | 10 |054] 085 | 40
203 PhA100W | I 10 0 17 | 18 040 | 089 | 6.5
204 Ph A 150W 11| 5 0.5 17 | 26 | 040 | 088 | 69
205 | Fal70W | I 5 0.5 17 1.0 | 060 | 086 | 4.0
206 Fal70W 11| 5 I 7 1.0 067 | 086 | 38
207 Fal70W 11 5 1.5 17 1.0 0.66 | 0.86 | 3.7
208 Fal 70W 9 15 0 16.5 1.0 066 | 082 | 56
209 | Fal70W 9 5 0.5 16.5 1.0 068 | 083 | 53
210 Fal 70W 10 [ 10 1 16.5 1.0 0.65 | 0.85 | 43
211 FaJ70W | 10 [ 10 | 15 16.5 1.0 0.56 | 0.84 | 42
212 Fal70W | 9 15 I 16 1.0 0.59 | 0.83 | 48
213 Fa ] 70W 9 5 | 15 15.5 1.0 | 052 ] 082 | 43
214 FaJ70W | 10 | 15 0 | 155 1.0 072 1 090 | 45
215 Fal] 70W 1 0 | o 155 1.0 0.64 | 090 | 338
216 Fal 70W 1 10 0.5 15.5 1.0 0.71 | 0.89 | 3.7
217 FaJ70W | I 0 | 1 15.5 1.0 069 | 089 | 36
218 FaJ70W 5 15 | 15 | 15 1.5 042 | 0.68 | 129
219 FaJ 70W 10 | 15 | 05 | 15 1.0 0.71 | 090 | 42
220 FaJ 70W 11| 10 15 | 15 1.0 0.61 | 0.84 | 35
221 Fa ] 70W 10 | 15 I | 145 ] 1.0 0.63 | 0.81 | 4.0 |
222 FaJ 70W 10 | 15 1.5 14.5 1.0 058 | 083 | 36
223 Fal70W 11| 15 0 14 1.0 077 | 088 | 3.6 |
224 FaJ 70W 11 15 0.5 14 1.0 | 069 | 085 | 3.6 |
225 Fa K 150W 9 10 1| 135 29 | 040 | 090 | 46
226 FaJ 70W 11 15 I 13.5 1.0 0.65 | 0.85 | 34 |
227 FaJ 70W 1 15 1.5 13 1.0 060 | 0.85 [ 3.0
228 Ph A 150W 7 15 | 15 12.5 5.1 040 | 0.87 [ 11.1
229 Ph B 150W 7 5 0 12 4.3 040 | 091 | 105
230 Ph B 150W 8 0 0 12 4.1 040 [ 091 | 84
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Table 1b Comparison of the best solutions for the considered seven luminaire/lamp units among those
listed in Table 1a

1 Ph A 150W 11 10 1.5 49.5
4 Ph B 150W 9 0 1 47.5
78 Ph A 100W ;. 15 1.5 34
81 Fa K 150W 10 15 0.5 36.5
136 Ph A 70W 9 15 1.5 2355
145 FaJ 70W 6 15 1 21
161 Fal] 150w 11 15 1.5 20

Table 2a List of solutions complying with the requirements of the CEN ME 3b lighting class (L=1cd/m’,
Up=>0.4, U, 20.6, TI (%)<15)

Serial numbers (as in Table 1a): 1, 4, 7-9, 12, 14-16, 18-22, 24-26, 32-37, 43-45, 48-65, 69, 76, 77, 79, 83-87,

89, 91-95, 97, 99-102, 105, 107-117, 119-125, 127, 129, 131-133, 135-230 (total number of the complying

solutions: 184)

Table 2b Comparison of the best solutions for the considered seven luminaire/lamp units among those
listed in Table 22

1 Ph A 150W T 10 1.5 49.5
7 “PhB150W 10 0 15 475
87 ~ PhA100W 10 0 15 36
122 FaK 150W 11 5 15 30
136 Ph A 70W 9 15 I 235
145 Fal 70W 6 15 10 20|
161  Fal I50W 11 15 15 20

Table 3a List of solutions meeting the requirements of the ME 3a lighting class (Z>1cd/m?, U,=0.4, U=0.7,

TT (%)<15)
Serial numbers (as in the Table 1a): 18, 34-37, 43-45, 48, 51, 52, 55-62, 64, 65, 69, 76, 79, 83-86, 89, 91-93, 99-
102, 105, 107-114, 116, 117, 119-121, 124, 125, 127, 131-133, 135-138, 141-144, 146-155, 157-230 (total
number of the complying solutions: 148)

Table 3b Comparison of the best solutions for the considered seven luminaire/lamp units among those
listed in Table 3a

18 |  PhBI50W 10 0 0 45 -

65 |  PhAIS0W 11 -1 1.0 39 |

101 Ph A 100W 1 10 L5 7 34

131 |  FaKIS50W 11 |10 0 27

136 Ph A 70W 9 15 1.5 23.5

146 Fa ] 70W 6 15 s 1 21
| 161 Fal 150W 11 K ~1s 20
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Table 4a List of solutions complying with the requirements of the CIE M 3 lighting class [4] (L=1cd/m?,
Upz0,4, U; 20,5, T1{%)<10)

Serial numbers (as in Table 1a): 36, 37, 43, 44, 48, 51, 52, 58-61, 64, 65, 69, 79, 81-90, 92-96, 98, 100-108,

110-114, 116-123, 126, 128-141, 143, 144, 146-154, 156-161, 163-173, 175-177, 179-217, 219-227, 229, 230

(total number of the complying solutions:139)

Table 4b Comparison of the best solutions for the considered seven luminaire/lamp units among those
listed in Table 4a

S
36 Ph B 150W T 0 10 435
65 Ph A 150W T 5 1.0 39
81 FaK150W | 10 15 0.5 | 365
87 Ph A 100W 10 10 15 36
136 Ph A70W 9 T 15 235
146 Fal 10W 6 15 15 2
161 Fa ] 150W 1 15 15 20

Table 5 Reductions ( 4s%) of the spacing s caused by varying singularly & and ¢ from their optimal values
for each of the luminaire/lamp units considered. s.n.c.: solution not complying

" Fal 150W
Fal 70W 10
Ph A [50W 10 |
Ph A 100W 15 15 37 05 -60 T -63 |
0 S.n.C. 5 S..C
0 s.1.C
PhA7OW | 15 | 15 | 235 1 s.1.cC. 10 s.n.c.
0.5 s.1.C. 5 s.1.C.
0 S.1.C: 0 s.n.c.
Ph B 150W 0 ] 47.5 0 18 15 _17
- FaK A 150W 15 0.5 365 0 26 10 235
5 s.n.c.
0 s.n.C.
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PROIECTAREA ILUMINATULUI
PUBLIC: OPTIMIZARE ECONOMICA
UN EXEMPLU

Rezumat

Problema complexd a optimizirii proiectirii
sistemului de iluminat rutier din punct de vedere
economic a fost deja dezbitutd sub aspect teoretic
intr-un numar anterior al revistei [1]. In acest articol
este oferit un exemplu detaliat al procesului de
optimizare pentru o mai bund intelegere si
cuantificare a unor aspecte, precum economia
posibil de realizat, nivelul de influentd al diversilor
parametri implicati si dificultatile procesului de
optimizare.

Datele obtinute indica faptul ca cptica corpului
de luminat este un factor cheie si ci iniltimea de
suspendare si unghiul de inclinare ale corpurilor de
iluminat au mult mai multd influentid decat s-a
crezut in mod obisnuit. Rezultd in mod clar ¢i nu
existd un criteriu practic pentru o optimizare reals,
atat timp cét solutia optimi este specifici de la caz
la caz.

1 Introducere

Un sistem de iluminat rutier este definit de
urmétoarele elemente §i parametri: lampa, corp
de iluminat, distanta intre stalpi (s), iniltimea
de montaj (4), indltimea de suspendare (),
unghiul de inclinare (¢), aranjamentul stalpilor
(pe o singurd parte, in opozitie, etc.), factorul
de intretinere, programul de intretinere,

Procedura uzuald de proiectare a unui
sistem de iluminat constd in gasirea unei
combinatii a acestor parametri care si
corespundd  cerintelor fotometrice (codul
national sau standardul CIE sau CEN). Aceasta
este o sarcind destul de usoard. In schimb, mult
mai dificil este sd se giseascd combinatia prin
care se obtine costul global anual minim
(solutia optimd), pentru ci aceasta necesitd si
fie explorate toate combinatiile posibile dintre
parametrii de mai sus. Chiar considerind o
singurd unitate lampd/corp de iluminat, aceste
combinatii pot fi multe, multe, chiar milioane.

In acest articol este oferit un exemplu al
procesului de optimizare pentru o mai buni

intelegere a termenilor problemei, indicindu-
se o procedurd practici de wurmat si
cuantificindu-se beneficiile economice
considerabile ce rezulta prin optimizare.

Acest exemplu de optimizare ajuti, de
asemenea, si se determine  impactul
caracteristicilor optice si unghiului de inclinare
si indltimii de supendare ale corpurilor de
iluminat asupra solutiei optime. in acest
exemplu, factorul de intretinere este fixat.
Astfel, pentru o anumitd unitate corp de
iluminat/lampa, procesul de optimizare este
focalizat pe minimalizarea costurilor insumate
de instalare si energie, cu mentinerea constanti
a costului de intretinere. Intrucat aceastd sumi
este invers proportionald cu distanta intre stalpi,
va fi suficient sd se caute distanta maxima
compatibild cu cerintele de iluminat date.

2 Procesul de optimizarea

Procedura urmata in aceastd lucrare pentru
optimizarea proiectdrii sistemului de iluminat
stradal constd In considerarea parametrilor 4, b
si [ ca variabile independente si distanta s ca
parametru variabil. Cu alte cuvinte, fiind date
unitatea corp de iluminat/lampa, tipul
aranjamentului si factorul de intretinere, se
confera o tripletd de valori parametrilor A, b si 1
si se cautd valoarea maxima a distantei s, in
functie de toti acesti parametri care este
compatibildi cu cerintele luminotehnice.
Aceastd configuratie a sistemului de iluminat
reprezintd o solutie suboptimala. Apoi, aceasta
procedurd se repetd de atdtea ori céte
combinatii sunt de analizat intre A, b si 1.

Numadrul acestor combinatii depinde de
intervalul de valori in care pot si varieze acesti
parametri. aranjamentele interioare in care unii
parametrii sunt de preferintd variabili. De
exemplu, dacd existd 7 valori pentru A, 5 pentru
b si patru pentru f, combinatiile rezultate de
analizat sunt in numir de 140. Trebuie
mentionat ca, oricare ar fi s, vor exista
combinatii care nu Indeplinesc cerintele.
Aceasta va depinde In mod evident de
severitatea cerintelor de iluminat adoptate.
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In exemplul procesului de optimizare,
datele introduse au fost:

- drumul: ldtimea: 2x3,5m; tipul de suprafati:
C2; 0,~0,07 cd/m%/1x

- cerinte fotometrice: in conformitate cu clasa
iluminatului ME 3c a standardului european
CEN [3]: luminanta medie mentinuta;: L>1
cd/m®;  uniformitatea globala: Uo=0,4;
uniformitatea longitudinald: U/;>0,5; indicele de
prag:TI<15%;

- factorul de Intretinere: 0,8;

- aranjamentul stalpilor: pe o singura parte

Cu privire la corpul de iluminat gi lampa,
urmétoarele 7 unitéti corp de iluminat/lampa au
fost alese din cataloagele a doi fabricanti
importanti (denumirea conventionald Ph and
Fa), care sunt: Ph A 150W, Ph B 150W, Ph A
100W, Fa K 150W, Fa J 150W, Ph A 70W, Fa
J 70W; tipul ldmpii: sodiu presiune inalti.

Pentru fiecare unitate corp de iluminat/
lampd de mai sus, au fost analizate urmitoarele
valori ale parametrilor A, b si 1:
h{m}=[5,6,'7, 8,9 10, 11]

b (m)=10, 0,5, 1, 1,5]

1(°) =10,5,10,15]

ce conduc la 112 combinatii. Intrucét unitétile
corp de iluminat/lampd sunt in numir de 7,
numdrul total de combinalii este 784. Pentru
fiecare din aceste combinatii, se vor determina
valorile distantei s, care satisfac cerintele
fotometrice date. Rezultd ci o aceeasi
combinatie poate oferi mai multe valori
utilizabile pentru s, dintre care doar una singura
este compatibild cu cerintele fotometrice
(solutia suboptimd) si intereseaza in procesul
de optimizare. Cateva dintre solutiile
suboptimale sunt prezentate in tabelul la. In
cazul acestui exemplu, au fost obtinute 230 de
solutii suboptimale. Ele sunt ordonate in functie
de descresterea distantei s §i sunt mentionate si
performantele fotometrice relevante.

Tabelul | prezinta, pentru o comparatie mai
usoard, cele mai bune solufii gisite pentru
fiecare din cele 7 unitati corp de iluminat/lampa
considerate. Aceastd analizd a fost repetatd
pentru alte trei clase de iluminat mult mai
stricte decat ME 3c: ME 3b (U20,6), ME 3a
(Uz0,7) si clasa CIE ME 3 (TI<10%) [4].
Rezultatele obtinute sunt expuse in tabelele 2a-
4a, din care se poate vedea ci, la trecerea de la

cerintele clasei ME 3c la cele ale clasei ME 3b,
solutiile mentionate in Tabelul la care inci
satisfac cerintele mentionate sunt reduse la 184.
Cénd se impun cerintele claselor ME 3a si CIE
M3, solutiile utile se reduc in continuare, la
148, respectiv 139.

Tabelele 2b-4b compard cele mai bune
solufii gasite pentru cele sapte unitati corp de
iluminat/lampa pentru fiecare clasi mai sus,

Pentru datele obtinute rezulti de asemenca
ca distanta s este foarte sensibil [a modificari
ale unghiului de inclinare si fniltimii de
suspendare. O modificare a uneia din ele poate
cauza o variatie mare a distantei s asa cum se
aratd In Tabelul 5, unde, pentru fiecare unitate
corp de iluminat/lampa consideratd sunt
prezentate reducerile (As%) din $yim care apar
cand ¢ si b variazd In mod singular fati de
valorile optime. Se observa ci b sau ¢ pot chiar
sd conditioneze validitatea solutiei.

Desi acesti parametri au o influentd redusi
asupra costului, In special unghiul de
inclinarea, alegerea lor cu acuratete este, totusi,
de o mare importanta.

3 Concluzii

Rezultatele obtinute in aceastd lucrare aratd
urmitoarele:

e optimizarea proiectdrii  sistemelor de
iluminat rutier din punct de vedere
economic poate conduce la economii
importante fata de solutiile neoptimizate

e pentru o aceeasi opticdi a corpului de
iluminat, distanta maxima s este obtinuta cu
o lampa de putere mai mare, dar acesta nu
exclude faptul cd se poate realiza un
consum de energie mai redus cu o lampi de
putere mai mica.

e parametrii geometrici b si / au mai mare
influentd decédt se crede In mod obignuit
asupra  performantelor sistemelor de
iluminat $i, ca urmare, asupra distantel
dintre stalpi. Chiar daci ei pot s blocheze o
solutie care sd fie compatibild cu cerintele
de proiectare.

o fiecare caz in parte pretinde gdsirea solutiei
optime proprii; aceasta diferd puternic de la
un corp de iluminat la altul $i, aga cum va fi
aritat intr-un articol urmator, de la un drum
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la altul. Criteriile practice indicate in
literatura de specialitate, cum ar fi iniltimea
de montaj egald cu litimea drumului sau
altele asemenea, au o validitate redusi sau
chiar nula.

Este in pregétire o lucrare care se referd la
impactul intretinerii §i a consumului de energie
asupra solutiei optime si care ia in considerare
costurilor specifice ale echipamentelor si a
muncii.
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UTILIZAREA MODELARII REFLEXIEI MULTIPLE
PENTRU MASURAREA COEFICIENTULUI DE REFLEXIE

Catilin Daniel GALATANU
Universitatea Tehnica ,,Gh.Asachi” Iasi

Rezumat

Coeficientul de reflexie al diverselor
suprafete este o marime care in practica uzuala
este apreciat in mod aproximativ, pe baza unor
echivalente sau comparatii subiective. Lucrarea
prezintd o metodd prin care acest coeficient
poate fi mésurat in conditii de teren, creindu-se
posibilitatea cregterii preciziei simularilor
asistate de calculator. Metoda de maisurare se
bazeazd pe utilizarea unui sistem optic
determinat, in care au loc reflexii multiple care
depind de suprafata analizatd. In functie de
nivelul de iluminare final, mésurat cu un
luxmetru, se poate determina coeficientul de
reflexie cautat. Metoda are posibilitatea si
testeze si daca reflexia este difuzd sau nu.

1 Stadiul actual al mijloacelor de misura
pentru coeficientul de reflexie

Preocupdrile autorului in directia masurdrii
coeficientului de reflexie s-au justificat prin

privintd. Acest fenomen este resimtit nu numai
la nivelul Universitatii Tehnice “Gh.Asachi”
lasi, ci la scard mult mai mare. Lucrdrile de
specialitate de ultimd ora [1] nici mécar nu
ce luerdri cu caracter monografic [2] se opresc
doar la aspectele masurdrii coeficientilor de
reflexie pentru imbricamintea rutiera.

Calculul §i  modelarea sistemelor de
iluminat asistatdi de calculator sunt de
neimaginat fard considerarea tuturor marimilor
luminotehnice care conlucreazd la rezultatul
final. Coeficientul de reflexie al diverselor
suprafete este apreciat de reguld in mod
aproximativ, pe baza unor echivalente sau

comparatii subiective. in [3] se recomandd o
metodd de estimare prin realizarea unei
comparafii subiective cu o scard de gri, a cérei
eventuald etalonare este insd sigur alteratd de

Existd aparate de mésurd specializate [4]
pentru masurarea coeficientului de reflexie,
care realizeazd si functia de testare a
comportarii lambertiene. Aparatul mentionat
lucreazd in patru lungimi de unda (albastru,
verde, rosu si infrarosu apropiat), realizind
misuratori pentru reflexia regulatad la —15° |
+20°, -45° fata de unghiul de incidenta.
Senzorii sunt montati intr-un cap optic protejat
impotriva luminii ambientale.

2 Principiile misuririi coeficientului de
reflexie

Metodele uzuale de mésurare a coeficien-
tului de reflexie se bazeazd pe utilizarea unui
luminantmetru. Pe linga caracterul laborios al
metodei, abordabilda numai in conditii de
laborator,  dezavantajul  utilizdrii  unui
luminantmetru  face inabordabilda aceasta
metoda.

Metoda propusa utilizeaza un luxmetru,
aparat de masurd mult mai accesibil. Metoda
utilizatd este globald, coeficientul de reflexie al
unei suprafete test fiind determinat indirect. Se
utilizeazd o incintd paralelipipedicd, a carei
baza va fi chiar suprafata analizatd. Pe fateta
opusd sunt plasate o sursid de lumind difuza,
precum si senzorul luxmetrului. Luxmetrul nu
primeste direct flux luminos, ci numai prin
reflexii succesive de pe suprafetele implicate.
fn figura 1 se prezintd schematic reflexiile
succesive, intr-o sectiune longitudinala.
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SURSA

LUXMETRU

Suprafata de masurat

Figura 1 Schema reflexiilor succesive in incinta
utilizatd pentru masurarea coeficientului de reflexie

Particularitatea bancului optic  utilizat
consta in faptul cd peretii laterali au un
coeficient de reflexie cunoscut, a carui valoare
este minimalizatd prin vopsire cu negru de fum.
Datoritd dimensiunilor relativ mici ale
constructiel (pentru piastrarea caracterului de
portabilitate) influenfa reflexiilor multiple nu
poate fi neglijatdi. Dimensiunea sursei si
respectiv a senzorului nu pot fi neglijate, ele

Figura 2 Principalele dimensiuni ale standului
optic (mm)

trebuind sa fie modelate conform cu realitatea.
Problematica sursei este identica cu [5], in timp
ce luxmetrul utilizat are senzorul sub forma de
calotd cu raza sferei de 100 mm, si diametru de
58 mm.

Considerarea geometriei particulare pentru
senzor va permite realizarea calculului
ilumindrii medii pe suprafata sa (sferica), fapt
ce va permite cresterea preciziei de predictie a
metodei.

3 Modelarea multiple in
MATLAB

reflexiilor

Modelarea asistatd de calculator implica
generarea discretizarii suprafetelor implicate in
schimbul de flux luminos, validarea datelor si a
coerentei lor fiind posibildi numai prin
vizualizare. In figura 3 se pot observa
pozitionarea sursei de lumind, senzorul
luxmetrului si suprafata care se testeazi (baza
paralelipipedului).

Luxmetrul =

Figura 3 Discretizarea suprafetei
masurate, a sursei si a luxmetrului

Pentru a da posibilitarea reproducerii
configuratiei luminotehnuice, se prezinti liniile
de program care genereaza retelele respective,
prin trunchierea unor sfere:

n=20;

[5x,5,82] =sphere(n),

sx=sx(1:8,1:21)*20 +100;

sy=sy(1:8,1:21)*20+100;
sz=sz(1:8,1:21)*20+209;

% sx, sy, sz sunt matricile
coordonatelor punctelor sursei de [umind
(sfericd)

n=>50;

[Tuxx, luxy, luxz] =sphere(n);

44 INGINERIA ILUMINATULUI 10-2002




ntru
alui
fapt
i a

luxx=luxx(1.:6,1:51)*80 +200;

luxy=luxy(1:6,1:51)*80 +100;

xx=min(min(luxx))

luxz=luxz(1:6,1:51)*80 +280-3.9155;

xx=max(max(luxz))

% luxx, luxy, luxz sunt matricile
coordonatelor punctelor luxmetrului

Peretii laterali sunt generati printr-o functie
elaboratd special pentru acest tip de problema.
Apelarea este foarte sugestivd, parametrii
solicitafi fiind coordonata de inceput, pasul
discretizarii, coordonata finala a peretelui,
pentru fiecare axa (x, y si respectiv z).

Rezultatul se poate vizualiza in scopul
verificdrii, aspectul obtinut fiind cel din figura 4.

Secventa de program este urmatoarea:

[perete_x, perete y, perete z] =
gard _gen (0, 15, 556, 0, 10, 200, 0, 10, 200);

in care valorile numerice pot fi citite in
corelatie cu dimensiunile din figura 2.

E-;:!Ez"";--

Figura 4 Discretizarea peretilor laterali

Rezultatul se vizualizeazd cu instructiunea
mesh(perete_x, perete y, perete z);

Validarea configuratiei geometrice permite
utilizarea  subrutinelor pentru  modelarea
reflexiilor multiple.

Metodele de rezolvare cunoscute se bazeaza
atdt pe metoda elementelor finite cit si pe
metoda schimbului radiativ, considerand
urmatoarele ipoteze simplificatoare: incinta
este paralelipipedicd, fdrd perefi despdrtitori

sau mobilier, iar suprafetele reflectd perfect
difuz lumina.

Functiile MATLAB elaborate de autor
permit modelarea generalizati a sistemelor de
iluminat, cu indeplinirea conditiilor generale
cerute unui model experimental si s-au dovedit
un instrument de lucru util in studierea si apoi
fundamentarea  teoretici a  fenomenului
reflexiei multiple. Aceste functii permit si se
renunte la notiunea de FACTOR DE FORMA a
unei suprafete in raport cu alta. Factorul de
formda nu caracterizeazd corect reflexia
multipld, raportul dintre fluxul reflectat pe o
suprafati S; de cdtre o altd suprafati S
depinzand de conditiile initiale (emisivitatea
initiald), precum i de fiecare pas al reflexiei. In
plus, in cazul geometriilor particuiare, nu se pot
calcula nivelurile de iluminat punctuale.

Pentru a  prezenta  particularitatile
calculului, se considerd cazul general a doui
suprafete oarecare, perfect difuzante, dintre
care una este emititoare S; si cealalti
receptoare S;.

Factorul de utilizare intre cele doud
suprafete este, conform definitiei:

Uy, = Ebi
cDIc

(1)

in care @y este fluxul emis de S; si care ajunge
pe S; iar @y este fluxul emis de S;.

Expresia fluxului receptat @y; rezultd din
integrarea fluxului elementar emis de fiecare
suprafata elementard emitenta:

d*®,, =dE.dS, 2)
in care
g8, ~ 25280 3)
i 1_
si
dl, = L, cosf,dS, (4)

Se integreaza pe ambele suprafete:

'
by = “[—fcos 6, cos8.dS, dS, ()

55
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Fatd de aborddrile clasice [3], se mentine
sub integrald luminanta punctuald (fiind
variabild), fluxul schimbat depinzind de confi-
guratia geometrica dar si de fiecare pas.

Pentru a pune in evidentd faptul ci fluxul
emis de o suprafatd si receptat de alta diferd la
fiecare pas al reflexiei multiple, se calculeazi
respectiva proportie conform relatiei (5), dar cu
notatiile care exprima faptul cd luminanta nu
mai este consideratd constantd pe suprafata care
emite:

_ L, (s;)
B, = S fb j T e 0, c0s6,dS,ds, (6)

Integrala se rezolvd numeric. Nu mai existi
in acest mod limitiri geometrice (functiile
MATLAB elaborate de autor tratind sub
acelagi formalism matricial orice suprafati, de
la planuri oarecare, la sfers).

L e

Figura S lluminarea directd (Ix) produsi de
sursa sfericd pe planul orizontal

Pentru exemplificare, se prezinti modul de
apelare al functiei care calculeazi iluminarea
produsd de sursa de suprafata sx, sy, sz pe
planul orizontal jix, jy, jz care se misoars,

El=luminas(sx,sy,sz,jx,jy,jz, RoSfera, Ein);

Rezultatul transferului direct de flux
luminos (notat cu B1 in figura 1) este vizualizat
in nuante de gremarca ri si este disponibil in
figura 5.

Se poate observa imediat gradul mare de
neuniformitate a ilumindrii directe. Ori, tocmai
aceastd distributie va fi cea care este pusi in
evidentd cu ajutorul luxmetrului.

La fel de important este fluxul luminos
primit de peretii laterali. Chiar dacid acesti

pereti sunt vopsifi in negru mat, neglijarea
acestui flux luminos poate introduce erori.

In figura 6 se poate analiza -calitativ
distributia nivelului de iluminare, obtinut
conform pasului Al din figura 1.

In acest moment se pot calcula efectele
transferului de flux luminos citre suprafata
sfericd a luxmetrului.

Se obtine un nivel de iluminare (neuniform !),
dar care serveste la calculul nivelului mediu de
iluminare (medie care este realizati pentru
luxmetru de cétre senzorul fotosensibil).

In figura 7 se vizualizeaza capsula
luxmetrului, sub efectul Tnsumat al reflexiilor
notate A2, A4 si B2 din figura 1:

L]

0 L] Al W

Figura 6 Distributia nivelului de iluminare
pe peretii laterali

Figura 7 Distributia nivelului de iluminare
pe capsula luxmetrului

in figura 7 se poate observa plasarea
senzorului In pozitia indepértatd pentru misuri,
precum si faptul ca sursa de lumina este plasatd
in stdnga. Desigur, fiind disponibile si valorile
numerice, se poate calcula iluminarea medie
sesizati si afisatd de senzor.
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4 Mod de lucru i rezultate

Realizarea dispozitivului la un gabarit care
permite sd fie transportat (fig. 8) face posibild
utilizarea sa operativd, in cele mai diverse
situafii. Utilizarea in conditii diferite de
laborator este posibild dacd se compenseazi
eventualele erori. Aceste surse de erori sunt
inconstanta sursei de lumind, precum si
indepartarea reflexiei de tipul perfect difuz.

Figura 8 Dispozitivul pentru misurarea
coeficientului de reflexie

Problema sursei de lumind se elimini daca
se determind coeficientul de reflexie prin raport
cu o suprafatd etalon (alb mat superior). Acest
aspect este posibil datoritd faptului ca ponderea
reflexiilor pe peretii laterali este nesemnificati-
vd (sub 4%) si deci nivelul de iluminare al
peretelui superior este direct proportional cu
coeficientul de reflexie al suprafatei de test.

Tipul de reflexie se testeazd prin raportul
nivelurilor de iluminare masurate in cele doua
puncte (figura 2). Pentru o reflexie de tip
lambertian, aceastd valoare este egald cu 3
(pentru dispozitivul construit). Aceastd valoare
s-a obtinut in urma simuldrii, subrutinele
realizate de autor avind impusa acest tip de
reflexie.

Indepartarea de reflexia difuza complici in
mod foarte serios analiza luminotehnica
riguroasa. Descrierea coeficientilor trebuie si
se realizeze Intr-un sistem de coordonate
spatiale, mult mai complicat decét la

coeficientii de luminantd pentru imbrica-
mintea rutierd, unde observatorul este plasat
intr-o pozitie relativdi constantd. Aceastd
abordare riguroasi ar putea fi justificats pentru
anumite sisteme de iluminat, cum ar fi:

- monumente arhitectonice,

- sisteme de iluminat muzeal,

- sisteme de realitate virtuala,

Pentru verificarea rezultatelor masurarilor a
fost necesard utilizarea unor materiale cu
coeficient de reflexie cunoscut. Aceastd
dificultate a fost imposibil de depdsit, mai ales
la dimensiunile cerute de aparat. S-a procedat
in consecinfa la utilizarea a doud suprafete ai
caror coeficienti de reflexie au fost asimilati
valorilor extreme (0 si 1). Prin compunerea
unor grile (dungi) cu ponderi impuse pentru
cele doud materiale, s-au putut materializa
coeficientii de reflexie necesari pentru
validarea metodei.

Verificarea metodei se prezintd in tabelul
1, In care pentru coeficientii de reflexie
teoretici (C,) se regasesc valorile mésurate si
calculate pentru nivelul de iluminare in punctu]
apropiat sursei (indice 1) si respectiv mai
depdrtat (indice 2). Raportul celor doud marimi
exprima gradul de apropiere de reflexia perfect
difuza (pentru care raportul este egal cu 3).

Tabelul 1 Comparatie intre valorile misurate si
determinate prin calcul

Cr Elmﬁs Elcalc E?.mﬁs E2calc (El/
(x] [ [Ox] | [x] | [Ix] | Eo)mas

0.1]1.7 1.89 05 1062 |34
0239 3.79 1.1 1.25 |3.12

03|55 2,60 1.9 1.87 | 2.89

04178 759 127 |25 |2.88

0.5]9.6 949 134 |3.12 |2.82

06112 |11.38 |38 |3.75 |2.94

071131 | 1328 |44 |437 |2.97

08155 |15.18 | 5.1 5.00 |3.03

091172 |17.08 |55 ]5.62 |3.12

1 18.7 | 1898 |64 [625 [2.92

Precizia obtinutdi nu este consideratd
suficientd pentru aplicatii ingineresti, mai ales
dacd metoda acopera o lipsa totald de mijloace
de masurd.
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5 Coneluzii

Metoda si mijlocul de masurd prezentat nu
pot inlocui aparatele specializate pentru
masurarea coeficientului de reflexie, dar
reprezinti o modalitate prin care se poate
extinde utilizarea unui luxmetru cétre zone in
care devine accesibila proiectarea sistemelor de
iluminat in  functie de  luminante.
Fundamentarea metodei de mésurare pe baza
teoriei reflexiei multiple permite extinderea
modelarii  sistemelor de iluminat citre
configuratii oricit de complexe,
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ENERGY EFFICIENCY IN LIGHTING
between regulations and reality
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Abstract

The paper analyses the concordance between
the regulations concerning the energy efficiency of
interior lighting in buildings and the state-of-the-
facts of the existing installations. There are
presented the outcomes of a study related to two
areas of investigation - the EU countries, based on
the data exposed in some of the last conferences
proceedings and Romania - north-western area
(area of the Lighting Engineering Centre activity),
based on the data revealed by the statistics and
lighting professionals’ opinions. The study is
targeted to the interconnection between standard
illuminance levels, users needs and comfort,
lighting control costs and implementation, installed
power and energy consumption. Based on it, there
is presented the recommended Energy Efficient
Lighting in Ten Steps and the expectancy of their
accomplishment in the near future in Romania, as a
candidate country for the EU.

Performances on efficient lighting in
European Union (presentation based on the
mentioned references)

The primary function of an electric lighting
installation is to enable people to see, in order
to perform their tasks comfortably and safely.
Direct energy use alone is an insufficient
measure and itself must be carefully considered
in relation to the overall design and aims of the
project. For avoiding an undesirable outcome
from an electric lighting installation which
achieves energy-efficiency at the cost of
lighting but makes people uncomfortable and
puts their safety at risk, it is necessary to
consider lighting quality as well as energy-
efficiency when designing or evaluating
lighting. An optimum solution is considering

all environmental issues — energy use, materials
and equipment, maintenance programme,
optimum quality of the light in space
(photometric and colorimetric aspects), the
users comfort and satisfaction.

Lighting systems design trends are dinamics
both in time and between countries. The
reccomended illuminance level represents only
one of the design parameters, but it is
determinant for a lighting system. Begining
from 1930s, there was an increase in levels
until the oil crisis (early 1970s) and then a
decrease, with a large variation among
countries — table 1

Table 1 Some illuminance levels recommended on
EU countries — [14]

Country Year General Task Area Reading Design

Area

Austria 1984 500 - e 750
Belgium 1992 300-750 500-1000 500-1000 1000
Czech Rep. 200-500  300-500 500 750
Denmark 200-500 - 500 1000
Finland 1986 150-300 500-1000 500-1000 1000-2000
France 1997 425 425 425 850
Germany 1990 500 500 - 750
UK 1994 500 500 300 750
Netherlands 1991  100-200  400-500 400 1600
Romania 2002 300 300-400 300 400
Russia 1995 300 300 300 500
Suisse 1997 500 300 500 1000
Sweden 1994 100 300 500 1500
CIE Guide 1996 500 500 500 750

Visual performance and visual comfort are
not synonim factors. Muck and Bodman (1961)
studies revealed that a high illuminance level
may allow a better visual performance, but in
the same time creating a visual discomfort. So,
an optimum level of the illuminance could be at
around of 2000 Ix.
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The EN 12464 (Lighting of work places)
and EN 12665 (General terms and criteria for
specifying lighting requirements) offer a new
quality of further lighting installations —
responsibility of the illumination design author
for results of his work and responsibility of the
users for proper maintenance of the
installations. Their responsibilities will be
under the legally and financially pressure. A
minimum daylight factor is specified on the
work plane so that at 3 m from the windows
does not fall below 1%; this daylight will allow
the use of suitable lighting controls to help
manage and limit the energy use by electric
lighting. The standard considers two zones on
the working area — respectively the task and its
immediate surrounding, the second being
illuminated to at least 60% of that on the task.
Comparative with a lighting system based on
general lighting, a localised lighting system (for
task area) with additional ambient lighting (for
immediate surrounding) may fall the specific
power from 10-15 W/m? to 6-10 W/m?,
representing about 50% savings [8].

A pilot study aimed to find the appropriate
light distribution for carrying out visual task,
while keeping a constant illuminance level
within the task area [6]. The lighting
installation was based on a conventional
general lighting systems using a uniform array
of suspended indirect/direct luminaires. The
preferred light distribution was 44% downward
and 56% upward.

Lighting in UK housing therefore has two
problems [12, 15]. The first is how to
encourage better lighting design, and the
second is how to encourage greater energy
efficiency. For the second there is the Building
Regulations 2000 England and Wales, where is
stipulated the use of light fittings that are only
suitable with ‘low energy lamps’ — efficacy >
40 lumens/circuit watt, in one location for
every three rooms. The main matters to
implement an energy efficient housing lighting
consist on the limited range of domestic light
fittings  using  fluorescent  lamps, the
preconceived ideas on the poor aesthetics of
CFLs and that energy savings is only important
for those on low incomes.

The requirements for non-domestic
buildings are brief and functional performance
statements: ‘to provide lighting systems which
are energy efficient’.

An option in the Belgian regulations
allowed a blanket 20 W/m? to be assumed as
the lighting power [11].

The rate of the households owning a CFL
covers the range from 0,8 CFLs per household in
UK to more than 3 CFLs per houschold in
Denmark. The SAVE projects have found that
there is at least room for 8 CFLs per home [10,
12, 15].

An analysis on the lighting pattern in 100
Danish homes denotes that the monthly average
lighting consumption varies between 5% and 21%
of the total respective monthly consumption, and
24% of the lamps are energy efficient lamps
(linear fluorescent lamps or CFLs).

Information is particularly scarce in the
area of industrial lighting energy issues. An
industrial lighting survey [18] carried out on 15
manufacturers on Turkey (not an UE country)
denotes than 80% of the companies did not
comply with the recommended illuminances.
However, 85% of their users stated that they
were happy with the illuminance levels and
19% considered the illumination level as
sufficient. The company ratio that provide the
required color specifications are 7%.

Four EU countries - Belgium, France,
Greece, and Netherlands — had a detailed
calculation procedure for lighting as part of
their building energy requirement [11].

Lighting represents an important part of
building energy consumption in the EU — around
10% of the total electricity consumption,
ranging from 5% (Belgium, Luxemburg) to
15% (Denmark, Netherlands, and also Japan).
The global electric lighting energy use may be
split in four sectors: services 48%, residential
28%, industrial 16% and street lighting and
other 8% [13]. Lighting electricity consumption
accounts for about 20 to 30% of the total
energy required by an office building [6]. On
average, the investment cost of lighting
facilities for an office building works out at
around 1 to 2% of total investment. The power
density for standard fluorescent lighting
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installations varies from 13 to 20 W/m?. Recent
progress in equipment and design demonstrates
the possibility to reduce these values in the
range of 7 to 10 W/m?® [6]. A minimum
acceptable lighting power density of about 7
W/m?” will leads to annual lighting consumption
of 16 kWh/m®. Dimming or extinction of lamps
of ambient lighting may lead to annual
consumption below 10 kWh/m?® [6]. Based on
the few comprehensive estimates studies, there
is stipulated an approximate commercial sector
lighting savings potential in the range of 25%
to 40% [13]. In practice savings will vary by
country, depending on existing baseline
conditions. Energy saving measures in lighting
must be accepted by the users and must be
associated with an improvement of their
standards working condition, having in mind
even the fact that the annual lighting
consumption of an office worker is of the order
of one hour of the his/her salary cost [6].

A status of energy efficient lighting in Romania

National building energy regulations

The legal frame for an energy efficient
lighting approach is constituted by the general
set of laws, referring to the whole building or
energy consumer: ¢ Law 10/1995 “Law of the
quality in constructions” which establish the
quality system, one of its compulsory
regulations to be achieved and maintained
during the entire life of construction referring to
the law energy level of consumption and energy
savings. » Law 199/ 2000 “Law of the energy
efficiency” according to the national policy on
efficient use of energy, in conformity with the
Energy Cart and Energy Efficiency and
Environmental Protocol, which establish duties and
stimulating measures for the energy producers
and consumers regarding to its efficient use.

The countries entering to EU will reduce
the national standards below 10% in relation
with the European standards. For the moment,
the interior lighting installations are guided by
two national recommendations — SR 6646-97 -
Artificial lighting and NP-061-02 - Guide for
design and execution of the buildings artificial
lighting systems. The specialists may also use
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the Romanian translation of the CIE Guide on
interior lighting and CIE 008/E-2001 — Lighting
of indoor work places. Romanian norms
include the recommended values of the
illumination levels, maintenance factors and
other parameters, but do not stipulate the
specific requirement on energy efficiency for
lighting equipment and systems, only the
functional performance statement mentioned
before: ‘to provide lighting systems which are
energy efficient’.

Energy aspects

There are no many detailed information
about the electric consumption of the
residential customers. In 2000, the average
electric energy production was at about 2315
kWh/person. In 1999, for 7.836.246
households, the electric energy consumption
was 7841 GWh from the total of 45.320 GWh.
A recent survey [2], reported to a reduce
number of cases, denotes that the lighting in
households is responsible of about 20-30% of
the total electric energy consumption
(measurements made in November). There is
interesting to notice the important consume of
about 20% of a very small appliance — water
pump of the home heating unit -, due to its
continuous working state.

A survey with 150 people (during the last
five years) revealed the following values for the
weighting factors of the main quality
parameters (on the 1-10 scale) [16]:
illuminance level of the working plane — 9;
luminance contrast — visual task/background — 8;
color rendering index — 7; encrgy efficiency — 9.

There are two natural barriers to implement
an energy efficient lighting: economical and
educational. The low level of people income
(monthly average of about €125) does not
permit the purchasing of energy efficient and
color rendering lamps. The cost of a CFLs lamp
- €4-8 - is about 10 times greater than GLS. The
lighting knowledge is very poor even through
the educated people, and there are now media
dedicated programmes to improve it.

A questionnaire related with the encrgy
efficiency in lighting was spread through the
local area of the Lighting Engineering Centre
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UTC-N, at about 30 lighting designers and
dealers, receiving back a third part of them (it
will be presented at the NAS-EnerBuild
Budapest Workshop). The answers refer to the
offices and small manufacturers. The installed
specific power is in the range of 1322 W/m?,
and 3-5 W/m*/100 Ix for offices. There were
not use the correlation with the daylight
availability and users needs/presence due to the
lack of interest from the owners. Some
designers do not know the infrared control
system. The weighted factors (in a 1-3 scale) for
lighting features are the following: ¢ importance
of the control facilities — individual or building
central - 1, zones of activity - 3; » mention the
specific power — 3; « high technology ballasts and
lamps — 2 to 3; « mention/use of the proper lamps
(efficacy, color temperature, color rendering
index) — 3; * energy labels — 1;  maintenance
schedule — 1; « photometric measurements — 1 to
2; « lighting installation history book — 1. The
national norms are considered unsatisfactory to
acceptable.

Energy Efficient Lighting in Ten Steps

Significant savings in energy consumption,
and therefore cost, of providing lighting
without reducing standards can be achieved by
applying an energy-effective-design approach
to lighting installations. Many existing lighting
installations are far from energy/cost effective.

Consequently, opportunities exist to
convert them by wusing more efficient
equipment to provide the same, or sometimes
better, lighting for a lower energy consumption
and cost. The objective is clearly to provide
lighting to the quantity and quality standards
required, with the minimum usage of electrical
energy. To meet this basic requirement it is
necessary to evaluate the equipment, techniques
and services available for both existing and
proposed installations [20]. The energy
consumed by a lighting installation depends
upon the installed load and the hours of use. Tt
is important to know the energy consumption
of an existing or proposed lighting installation
when considering the cost-effectiveness of
measures to improve its energy efficiency. Such

measures will usually cost money to implement
but will reduce the future energy consumption.
The hours of use of a lighting installation
depend upon the occupancy patterns of the
space, the daylight available in the space and
the control system used. The ultimate aim must
be to achieve the desired lighting solution at the
lowest practical energy use. It is possible that a
higher installed load combined with a suitable
control system to give low hours of use will
result in lower energy consumption than an
alternative installation with a lower loading but
poorer control. It is important to consider both
aspects.

Even nowadays, the new and modernized
lighting installations designed by young and
devoted specialists meet requirements of new
European standards, on the energy efficient and
quality features. But to recommend a
maintenance schedule is a “terra incognita” for
entire lighting market.

The following basic rules for achieving
energy-effective lighting should be considered,
based on [16, 17, 19, 20]

(1) Savings measures in respect of the users
comfort and safety

(2) Hluminance level in accordance with the
task requirements

(3) Most efficient lamps, according with
adequacy of their parameters (color, life)

(4) Luminaires lumen output and lighting
system design to assure an optimum use of the
lamps emitted lumens

(5) Low level of power losses in the electric
network by the right choose and design of the
components

(6) Correlation of the functioning schedule of
the electric lighting installation with the
daylight availability and users needs/presence
(7) Flexibility of the illuminance levels and lit
zones to adapt them to the space and time
change

(8) Adequacy of the energy electric tariff
system to the specific consumers and the
analysis of the hourly discriminatory tariff

(9) Compensation of the reactive power

(10) Maintenance schedule of the lighting
installation on the design stage on an optimum
methodology.
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Questionnaire concerning with energy efficiency of the interior lighting
installations

Please fill a sheet for every presented work.

By agreement, please mention your name, age, professional status/background, company and contact address
(mail, tel./fax, e-mail)

1 Work title — Design unit (Designer), Executed unit (Constructor), Finalized Investment
(Beneficiary), Lighting Offer (Dealer) — City, Year

2 Did you included in your design/executed/investment unit?
2.1 Correlated electric lighting with available daylight
YES (characteristics) / NO (why)
2.2 Correlated electric lighting with the users presence in the room
YES (characteristics) / NO (why)
2.3 Infrared individual control by users
YES (characteristics) / NO (why)
2.4 Other lighting control/command systems
characteristics

3 Please note the specific parameters of the lighting systems of some representative rooms
3.1 Room destination, area

3.2 Lighting equipment — lamp, ballast, luminaire

3.3 Average illuminance level, Installed Power, Installed Power Density - W/m?

4 Please specify the importance which you consider for (low - 1, medium - 2, great - 3)
4.1 Lighting control facility
individual, zone/group, general on room, centralized on building
4.2 Installed Power Density
W/m? or/and W/(m*>100 1x)
4.3 Equipment
electronic ballast, high technology lamps
4.4 Lamp characteristics
luminous efficacy, color temperature, rendering color index
4.5 Lamp energy label
4.6 Luminaire electric parameters
ballast loses, power factor
4.7 Maintenance of the lighting installation
included equipment on the design stage, periodical cleaning, fallen lamps change - individual or group
4.8 Photometric measurements
initial, periodical
4.9 Technical history book of the lighting installation

3. Please consider the present norms and regulations content (unsatisfactory - 1, acceptable - 2, good - 3)
17-2002 (low voltage electrical installations), NP 061-2002 (Interior lighting), SR 6646 -1, ..., 5
(working places and interior lighting systems)

6. Other considerations would you like to mention
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EFICIENTA ENERGETICA
IN ILUMINAT
intre reglementiri si realitate

Rezumat

Lucrarea  analizeazi  concordanta  intre
reglementirile referitoare la efi cienfa energetici a
iluminatului interior in clidiri si starea de fapt a
instalatiilor existente. Sunt prezentate rezultatele
unui studin efectuat in doud zone de investigare —
tari ale UE, pe baza informatiilor din volumele de
lucrdri ale catorva dintre cele mai recente
conferinte si, respectiv, din Roménia — aria de nord-
vest (in care isi desfasoard activitatea Centrul de
Ingineria Tluminatului UTC-N), pe baza datelor
statistce §i a celor relevate de opiniile unor
specialisti in iluminat. Studiul este orientat spre
interconexiunea fintre nivelurile de iluminare
standard, dorintele si confortul utilizatorilor,
introducerea si costurile controlului in iluminat,
puterea instalata i consumul de energie. Pe aceasta
baza este prezentati recomandarea unui Iluminat
Eficient Energetic in Zece Pasi si sperantele fin
indeplinirea acestui deziderat n viitorul apropiat in
Romadnia, tard candidati pentru UE.

Performante in iluminat eficient in Uniunea
Europeand (prezentare bazati pe referintele
bibliografice mentionate)

Functia primard a unei instalatii electrice de
iluminat este aceea de a asigura oamenilor
posibilitatea de a wvedea, pentru ca sd-si
indeplineasca sarcinile in confort si siguranta.
Energia utilizatd in mod direct nu este
suficienta si ea Insidsi trebuie atent corelati cu
scopurile  si  dezvoltarea proiectului  in
ansamblul sdu. Pentru a evita o instalatie de
tluminat eficientd in energie si costuri, dar care
creazd utilizatorilor disconfort si le pune
sandtatea In pericol, este necesar si se
considere calitatea iluminatului in aceeasi
masurd ca i eficienta energetici in proiectarea
sau evaluarea unei instalaii de iluminat. O
soluie optima este de a avea in vedere toate
componentele ambientale — energie utilizati,
materiale i echipament, program de intretinere,
calitatea optimd a luminii in spatiul de
activitate (aspecte fotometrice i colorimetrice),
confortul si satisfactia utilizatorilor.

Tendintele proiectirii  sistemelor de
iluminat sunt foarte dinamice. Nivelul de
iluminare recomandat reprezinti doar unul
dintre parametrii ce trebuie luati iIn considerare
la proiectarea sistemelor de iluminat, dar el este
intotdeauna determinant pentru un sistem.
Incepand cu anul 1930, nivelul de iluminare a
cunoscut o schimbare rapidd in majoritatea
farilor. In prima fazi a crescut, pand la criza
petrolului (inceputul anilor 1970), dupa care a
scdzut din nou, variatia nivelului de iluminare
de la o tard la alta fiind foarte mare — tabel 1.

Performanta vizuali si confortul vizuali nu
sunt doi factori sinonimi. Studiile ui Muck si
Bodman (1961) demonstreazi ci este posibil ca
un nivel de iluminare anumit si permita o
performantd vizuald inaltd, dar in acelasi timp
si  producd  disconfort. Diferenta este
determinata de deosebirile intre modurilor lor
de evaluare. Performanta vizuali misoari ceea
ce poate fi ficut, in timp ce confortul vizual
mdsoard ceea ce este mai usor de ficut. Aceasta
sugereazda cd performanta vizuald si confortul
vizual reprezinti doud cerinte obligatorii,
succesive in stabilirea nivelurilor de iluminare
recomandate. Astfel, nivelul de iluminare optim
se situeaza in jurul valorii de 2000 Ix.

Reglementdrile EN 12464  (Tluminatul
locurilor de muncd) si EN 12665 (Termeni
generali i criterii pentru precizarea cerintelor in
iluminat) oferd o noud calitate a viitoarelor
instalaii de iluminat — responsabilitatea autorului
proiectului de iluminat pentru rezultatele muncii
sale si responsabilitatea utilizatorului
(beneficiarului, investitorului) pentru o intretinere
corespunzatoare a instalatiilor. Responsabilitatile
lor vor fi urmdrite legal si financiar. Este
specificatd o valoaer minima a factorului de
lumina zilei pe planul de lucru, astfel incat la 3
m de la fereastrd si nu coboare sub valoarea de
1%; aceastd lumind naturald va permite
utilizarea unui sistem de control al iluminatului
adecvat, penfru a spijini programul de
intretinere si pentru a limita utilzarea energiei
in iluminatul electric. Standardul consideri
doua zone pe suprafata de lucru - respectiv
sarcina §i vecinitatea acesteia, cea de-a doua
fiind iluminata cu cel putin 60% din iluminarea
sarcinii. Comparativ cu sistemul de iluminat
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bazat pe iluminatu] general, un sistem de
iluminat localizat (pentru suprafata sarcinii) cu
un iluminat ambiental aditional (pentru zona
imediat invecinatd) poat sd reducd puterea
specificd de la 10-15 W/m® pani la 6-10 W/m?,
ceeace reprezintd o economie de circa 50% [8].

Un studiu pilot a avut ca scop gisirea unei
distributii a luminii adecvate executarii sarcinii
vizuale, pdstrdnd constant nivelul de iluminare
pe suprafata de lucru [6]. Instalatia de iluminat
a fost conventionald, un sistem de iluminat
general cu amplasarea uniformi a corpurilor de
iluminat suspendate cu distributie directs-
indirectd. Distributia preferatd a luminii a fost
de 44% 1in jos si, respectiv, 56% in sus.

[luminatul locuintelor in Marea Britanie
cunoagte doud probleme [12, 15]. prima consta
in modalitatea prin carc se poate incuraja o
proiectare a iluminatului mai buni, iar a doua —
modalitatea prin care se poate incuraja o
eficientd energeticd mai mare. pentru cea de-a
doua exista Reglementirile Cladirilor 2000
Anglia si Tara Galilor (Building Regulations),
in care este stipulati utilizarea doar a acelor
armdturi care sunt adaptate “lampilor cu
energie scdzutd” — eficacitatea>40 Im/circuit
watt, in cel putin o locatie la fiecare trei
incéperi. Problema principald consti in gama
limitatd a unor arméturi cu lampi fluorescente
pentru locuinte, si a ideilor preconcepute
privind aspectul estetic scizut determinat de
lampile fluorescente compacte si a faptului ci
economiile de energie ar fi importante doar
pentru cei cu venituri mici.

Cerintele pentru cladiri cu alte destinatii
decit locuinte sunt putine si constau in referiri
functionale ‘utilizarea unor sisteme de iluminat
care sunt eficiente energetic’.

Reglementarile belgiene oferd o limitd de
20 W/m® pentru puterea in iluminat [11].

Rata locuinfelor echipate cu  lampi
fluorescente compacte este de la 0,8 unitati pe
locuintd in Marea Britanie pina la peste 3 unititi
pe locuintd in Danemarca. Studii efectuate in
programul SAVE sugereazi o limitd de 8 lampi
fluorescente compacte pe locuinta [10, 12, 15].

O analiza a comportarii iluminatului in 100
de case din Danemarca evidentiazi un consum
mediu in iluminat intre 5% si 21% din consumul

total §i ca 24% din lampi sunt economice (limpi
{luorescente liniare sau compacte).

Informatiile sunt sdrace In privinta
consumului de energie in iluminatul industrial.
O analizd a iluminatului industrial [18] efectuati in
15 societdfi de productie din Turcia (care nu este,
insa, o tard membrd UE) denoti ci 80% din
societiti nu indeplinesc nivelurile de iluminare
recomandate. Cu toate acestea, 85% din
utilizatori considera ca ei sunt foarte satisfacuti
de nivelurile de iluminare si 19% consideri ca
nivelul de iluminare este suficient. Societitile
care asigurd cerintele colorimetrice sunt de 7%.

Patru téri europene - Belgia, Franta, Grecia
$1 Olanda — dispun de o proceduri de calcul
detailatd pentru iluminat, ca parte a cerintelor
energetice ale cladirii 11].

lluminatul reprezinta o parte importantd a
consumului de energie in cladiri in UE — in jur
de 10% odin totalul consumului de electricitate,
mergénd de la 5% (Belgia, Luxemburg) la 15%
(Danemarca, Olanda si, de asemenea, Japonia).
Consumul de energie electrici in iluminat
global (la nivel mondial) poate fi sectionat in
patru sectoare: servicii 48%, rezidential 28%,
industrial 16% si rutier (public) si alte aplicatii
8% [13]. Consumul de electriciatte in iluminat
este de la 20 pand la 30% din consumul de
energie total al unei cladiri de birouri [6]. In
medie, costurile de investitii in facilititile de
iluminat pentru o cladire de birouri sunt Ia
nivelul de 1 - 2% din investitia totald. Puterea
instalatd specifica pentru instalatiile de iluminat
fluorescent standard variazi de la 13 la 20 W/m®.
Progrese recente in echipament si proiectare
demonstreazd posibilitatea de a reduce acest
evalori pAna la 7 - 10 W/m” [6]. Un minimum
acceptabil al puterii instalate specifice in iluminat
de circa 7 W/m? va conduce la obtinerea unui
consum anual in iluminat de 16 kWh/m®.
Regajul sau deconectarea ldampilor iluminatului
ambiental ar putea sa reducd consumul anula
sub 10 kWh/m”* [6]. Pe baza unor putine studii
comprehensive de evaluare, se consideri ci in
sectorul comercial existdi un potential de
economisire a energie in iluminat de aproximativ
25 - 40% [13]. In practici, economiile vor varia
de la tard la tard, in functie de conditiile de bazi
existente. Masurile de economisire a energiei
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trebuie sd fie acceptatede utilizatori si trebuie
sa fie asociate cu o imbunatitire a conditiilor de
muncd, avnd in vedere chiar i faptul ca
consumul anual in iluminat pentru un
functionar din birouri este de ordinul a unei ore
din salariul acestuia [6].

O imagine a eficientei energetice in luminat
in Roménia

Reglementdri nationale privind energia in clidiri

Cadrul legal pentru o abordare eficienti
energetic in iluminat este constituit de pachetul
general de legi ce se referd la intreaga cladire sau
la consumatorul de energie:  Legea 10/1995
“Legea calitdfii In construcii” care instituie
sistemul  calitifii, una din conditiile sale
obligatorii care trebuie indeplinita si asigurata pe
intreaga duratd de viafa a constructie referindu-se
la nivelul scdzut al consumului de energie si la
economiile de energie. * Legea 199/ 2000 “Legea
eficientei energiei” in concordantd cu politica
nationald a utilizarii eficiente a energiei, in
conformitate cu Carta Energiei si Protocolul
Eficientei Energiei si Mediului, care stabileste
indatoriri $i masuri stimulatoare pentru
producdtorii $i consumatorii de energie privind
utilizarea eficient a sa.

Tarile ce intrd in UE vor reduce standardele
nationale sub 10% in relatia cu standardele
europene. In prezent, intalatiile de iluminat
interior sunt ghidate de doud recomandiri
nafionale - SR 6646-97 — Iluminatul artificial si
NP-061-02 - Ghid pentru proiectarea si executarea
sistemelor de iluminat artificial pentru cladiri.
Specialistii pot sd foloseascd traducerile in
romaneste ale CIE Guide on interior lighting si
CIE 008/E-2001 — Lighting of indoor work
places. Normele roménesti mentioneazi niveluri
de iluminat recomandate, factori de intretinere si
alti parametri, dar nu stipuleazi cerinte specifice
de eficienfd energeticd pentru echipamentul si
sislemul  de  iluminat, doar performantele
functionale mentionate anterior: ‘utilizarea unor
sisteme de iluminat care sunt eficiente energetic’.

Aspecte energetice
Sunt putine informatii privind consumul de
energie electricd in sectorul rezidential. In

2000, productia medie de energie electrici a
fost in jur de 2315 kWh/persoana. in 1999,
consumul de energie electrici pentru 7.836.246
locuinte a fost de 7841 GWh dintr-un total de
45.320 GWh. Un studiu recent [2] raportat la
un numdr redus de cazuri, evidentiazi ci
iluminatul in locuinte este responsabil pentru
20-30% din consumul de energie electrici total
(masurdtori efectuate in luna Noiembrie). Este
interesant de notat un consum important de
circa 20% a unui receptor foarte mic — pompa
de apd a microcentralei termice de apartament,
datoritd regimului de functionare continuu.

Un studiu la care au participat 150 de
persoane (pe durata ultimilor cinci ani) a scos
in evidentd urmitoarele valori ale factorilor de
ponderare pentru principalii parametri de
evaluare a calitatii iluminatului interior (pe o
scard valoricd de la 1 la 10) [16]: nivelul d
eiluminare pe planul de lucru — 9; contrastul de
luminantd sarcind vizuald/fond — 8; indicele de
redare a culorii — 7; eficienta energetici — 9.

Existd doud bariere npaturale pentru
implementarea unui iluminat eficient energetic:
economicd §i educationald. Nivelul scizut al
venitului populatiei (in medie de €125 pe luni)
nu permite cumpdrarea unor lampi eficiente
energetic, cu caracteristici de redare a culorilor
superioare. Costul unei lampi fluorescente
compacte - €4-8 — este de circa 10 ori mai mare
decit al lampilor cu incandesentd normale.
Cunoagsterea notiunilor de iluminat este extrem
de redusd chiar si printre persoanele cu studii
superioare (educate), $i nu existi programe
media dedicate imbunatatirii acesteia.

Un chestionar privind eficienta energetici
in iluminat a fost distribuit in zona Centrului de
Ingineria Iluminatului — Transilvania — la circa
30 proiectanti si  comercianti, primind
raspunsuri de la o treime. Raspunsurile se
referd la birouri §i mici societati de productie.
Puterea instalatd specifici este de 13 — 22
W/m®, respectiv 3-5 W/m*100 Ix pentru
birouri. Nu se face corelarea iluminatului
electric cu lumina naturald disponibild si cu
prezenta/dorintele utilizatorilor, in principal
datoritd lipsei de interes din partea
investitorului. Unil proiectanti nu cunosc
sistemul de comanda in infrarosu.
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Factorii de apreciere (Intr-o scard de la 1 la 3)
pentru anumiti parametri ai iluminatului sunt
urmatorii:

e importata facilitatilor de control - individual
sau centralizat pe cladire - 1, pe zone de
activitate - 3;

¢ mentionarea in proiect a puterii instalate
specifice — 3,

» utilizarea lampilor/balasturilor de Tnalta
tehnologie — 2 la 3;

° mentionarea/folosirea ldmpilor adecvate
(eficacitate, temperaturd de culoare, indice
de redare a culorilor) — 3;

» etichetarea energetica — |

* program de intretinere — 1;

» masurari fotometrice — 1 to 2;

 cartea tehnicd a instalatiei de iluminat (cu
istoricul acesteia) — 1.

Normele nationale  sunt
nesatisfacatoare spre acceptabile.

considerate

Iluminat eficient energetic in 10 pasi

Economii semnificative in consumul de
energie electricd, gi astfel in costuri, prin
asigurarea unui iluminat fird reducerea
standardelor poate fi obtinut aplicind o
proiectare eficientd energetic a instalatiilor de
iluminat. Multe instalatii in functiune sunt
departe de a fi corespunzatoare sub aspectul
energie/cost. Desigur, existd oportunitati penru
a le converti prin utilizarea unui echipamnet
mai eficient ce oferd aceeasi sau, uneori, mai
buné lumina cu un consum de energie si costuri
mai scizute. Obiectivul clar este cel de a oferi
lumina la la standarde de calitate si cantitate, cu
un consum minim de energie. Pentru a putea
indeplini aceste cerinte de bazi este necesar si
fie evaluat echipamentul, tehnica si serviciile
disponibile pentru amblele tipuri de instalatii:
existente si proiectate.[20]. Energia consumata
de iluminat depinde de puterea instalatd si de
numdrul orelor de functionare. Este important
sd se cunoasca consumul de energie pentru o
instalatie existentd sau propusd cénd se iau in
considerare eficienta costurilor masurilor de
imbunatatire a eficientei energetice. Astfel de
masuri costd bani pentru a fi introduse, dar vor
reduce consumul de energie viitor. Orele d
efunctionare a instalatiei de iluminat depind de

modul de ocupare a incdperilor, lumina naturala
disponibila si sisetmul de control folosit.
Scopul final trebuie sd& fie cel al obtinerii
solutiei de iluminat dorite la cel mai scazut
nivel de energic consumatd. Este foarte
probabil ca o instalatic cu o putere instalatd
mare combinati cu un sistem de control eficace
sa conducd la un numar scazut de ore de
functionare si, astfel, sd rezulte un cosum de
energie redus, spre deosebire de o instalatie cu
sarcind redusd dar cu un control de slaba
calitate. [ste important si fie luate fin
considerare ambele aspecte.

In prezent, instalatiile noi i modernizate
proiectate de tineri specialisti Intrunesc
condifiile cerute de noile standarde europene,
cu considerarea parametrilor de calitate si
eficients. Insa, a recomanda un program de
intretinere este o “terra incognita” pentru
intreaga piatd a iluminatului,

Se pot avea in vedere urmitoarele reguli de
bazd pentru obtinerca unui iluminat eficient
energetic [Pop, de Ranitz, San Martin,
Walawalkar]

(1) Masuri de economisire cu considerarea

confortului si sigurantei utilizatorilor

(2) Niveluri de iluminare in concordanti cu
cerintele sarcinilii

(3) Cele mai eficiente lampi, cu parametri
corespunzatori (culoare, duratd de viata)

(4) Caracteristicile corpurilor de iluminat si ale
sistemului de iluminat proiectat si asigure
utilizare optima a fluxuluiluminos emis de
lampi

(5) Nivel scazut al pierderilor de putere in
reteaua electricd prin proiectarea si
alegerea corectd a componentelor

(6) Corelarea programului de functionare al
instalatiei electrice de iluminat cu lumina
naturald disponibild si prezenta/dorintele
utilizatorilor

(7) Flexibilitatea nivelurilor de iluminare si a
zonelor iluminate pentru a se putea adapta
schimbarilor in spatiu si timp

(8) Adoptarea unui sistem de tarifare a energiei
electrice pentru consumatori specifici i
analiza unui tarif orar discriminator

(9) Compensarea puterii reactive

(10) Program de fntretinere prevazut cu o
metodologie de lucru optima din faza de
proiectare a instalatiei de iluminat
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EUROPEAN UTILISATION FACTOR METHOD

Axel STOCKMAR
LCI Light Consult International

Abstract

Throughout the EU countries there are at the
moment several methods being used for the
calculation of utilisation factors. Differences
experienced between the different utilisation
factor methods are caused by the procedures
applied to the calculation of the utilisation
factors for direct illumination. The important
influencing factors are the luminaire layout and
the way in which the direct flux onto the
working plane is calculated.

Comparisons have shown that the utilisation
factors calculated according to the CIE method
are somewhere in the middle of the bandwidth
of the utilisation factors obtained using the
other methods. Based on these results a
proposal for a European utilisation factor
method is being made.

Introduction

The utilisation factor is defined as the ratio of
the total flux received by a reference surface to
the total lamp flux of the installation. In theory
utilisation factors can be determined for any
surface or layout of luminaires, but in practice
they are only calculated for general lighting
systems with regular arrays of luminaires. For
standard conditions most manufacturers pre-
calculate and publish utilisation factors in
tabular form for their luminaires. At an early
design stage the utilisation factors are used to
calculate the number of luminaires required to
achieve a given average illuminance [1]. They
are also used to determine the background
luminance for the calculation of glare indices
[2] or glare ratings [3].

As early as in 1920 the first proposals for the
evaluation of utilisation factors have been
published [4]. Some 15 years later is was
already common practice to use simple
utilisation factor tables for lighting design [5].
Today there are several methods being used
throughout Europe for the calculation of
utilisation factors. For a given space the
discrepancies between the different utilisation
factor methods could be as large as 30 % which
seems to be unacceptable in general terms. To
harmonize the usage of utilisation factors
within the CEN member countries an European
Utilisation Factor Method (EUFM) is being
proposed [6] which is based on the CIE flux
code [7], and which is easy to handle and fast to
calculate.

General Assumptions and Influencing Factors

In all utilisation factor methods considered it is
assumed that the interiors are empty rectangular
parallelepipeds. The working plane is assumed
to be materialised by a surface which will be
counted as one of the room surfaces - with
reflectance of the floor cavity. All room
surfaces (ceiling, walls, and working plane)
reflect uniformly and according to Lambert’s
Jaw. The luminaires are arranged in regular
patterns in the luminaire plane at a specified
distance above the working plane. The indirect
component of the utilisation factors is
calculated using the common flux transfer
theory. Tabulated transfer factors show
virtually no differences whether they have been
evaluated for rooms with a square plan or with
a rectangu-lar plan (length to width equal to 1.6

to 1) [8] [9].
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Differences experienced between the different
utilisation factor methods are caused by the
procedures applied to the calculation of the
utilisation factors for direct illumination. The
important influencing factors are the luminaire
layout - described best by the spacing to height
ratio and the proximity - and the way in which
the direct flux onto the working plane is
calculated - zone multipliers, stripe multipliers,
point-by-point calculation etc. For the different
methods being used in Europe figure 1 shows
the utilisation factors as function room indices
for a linear luminaire (average reflectances of
ceiling, walls, and working plane are 0.70, 0.50,
and 0.20 respectively). The discrepancies are
caused mainly by the different standard
luminaire arrangements which are shown in
figure 2 for a room index of £=2.00.

The CIBSE Utilisation Factor Method

In Great Britain the calculation and use of
utilisation factors follow the method described
in CIBSE Technical Memoranda No 5 [8]. In
the standard table utilisation factors are given
for a maximum of 9 room indices (between
0.75 and 5.0) and 10 reflectance combinations.
The luminaires are arranged in square arrays
with specified nominal spacing to height ratios
and half spacings at the perimeter. They are
regarded as point sources with intensity
distributions symmetrical about the vertical
axis, but for the evaluation of the nominal
spacing to height ratio linear sources are treated
in a different way. The utilisation factors for
direct illumination are calculated using
tabulated zone multipliers. For the standard
room indices these zone multiplies have been
derived by Aitken-Lagrange interpolation from
average zone multipliers calculated for a series
of square arrays of 1, 4, 8, 16 etc. Juminaires for
all nominal spacing to height ratios (between
0.50 and 2.50 in steps of 0.25). Figure 3 shows
some standard rooms with luminaire
arrangements based on given nominal spacing
to height ratios. The resulting utilisation factors
as function of room indices for different
nominal spacing to height ratios are represented
in figure 4 (average reflectances of ceiling,

wall, and working plane are again 0.70, 0.50,
and 0.20),

The LiTG Utilisation Factor Method

A detailed description of the German utilisation
factor method can be found in LiTG publication
No. 3.5 [9]. In the standard format utilisation
factors are tabulated for 10 room indices
(between 0.6 and 5.0) and 15 reflectance
combinations. The standard rooms have a
rectangular plan area with a length to width
ratio of 1.6 to 1. The luminaires are arranged in
particular rectangular arrays, the so-called
LiTG arrangements. They are regarded either as
point sources with intensity distributions
symmetrical about a vertical axis or as linear
sources with relative intensity distributions in
the longitudinal axis which can be described as
a sum of two cosine functions. The luminaires
are ceiling mounted or suspended with a
suspension ratio of 1/3; ie. the distance
between the ceiling and the luminaire plane is
half the distance between luminaire and
working plane. In case of suspended
arrangements it is assumed that the frieze has
the same reflectance as the wall between
luminaire and working plane. The utilisation
factors for direct illumination are calculated
using zone multipliers for luminaires regarded
as point sources and using stripe multipliers for
luminaires regarded as linear sources.

The UTE Utilisation Factor Method

The French simplified method for the
predetermination of illuminances is described
in the I'rench norm C71-121 [10]. Using this
method it is possible to calculate average
illuminances for luminaires arranged in regular
arrays of given spacings and perimeter
distances. The 10 standard rooms (room indices
between 0.6 and 5.0) have a rectangular plan
area with a length to width ratio of 1.6 to 1.
The luminaires are regarded as point sources
with intensity distributions symmetrical about a
vertical axis, they can be ceiling mounted or
suspended with a suspension ratio of 1/3. The
coefficients for the calculation of average
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illuminances are tabulated for 13 reflectance
combinations. The utilances and hence the
utilisation factors can be derived from these
coefficients by simple mathematical operations.
The whole method is built upon a luminaire
classification system which in turn is based on
the distribution of the accumulated luminous
flux. The luminaires are classified accordingly
to their accumulated flux in the lower
hemisphere at solid angles of /2, n, 3n/2 and
2n steradians. For the 10 classes of direct
luminaires there are utilances (reflectances
0/0/0) tabulated for different spacings and
proximities expressed in form of a grid index
and a proximity index respectively.

The Nordic Utilisation Factor Method

The Nordic utilisation factor method is part of
the NB-documentation of luminaires as
specified in the NBDOC report [I1]. In this
standard documentation utilisation factors are
given for 10 room indices between 0.60 and
5.00 and 9 reflectance combinations. The
luminaires are arranged in ceiling mounted
square arrays with spacing to height ratios of
0.50 and half spacings at the perimeter. They
are regarded as point sources and the utilisation
factors for direct illumination are evaluated
using point-by-point calculations.

The CIE Utilisation Factor Method

The CIE method for calculation of interior
lighting has been published in two parts; i.e. the
Basic Method [7] and the Applied Method [12].
The luminaires are regarded as point sources,
and it is assumed that the luminous flux emitted
by the luminaires in a cone (having as its axis
the axis of the luminaire) can be represented as
a function of the solid angle of that cone by a
4™ order polynomial without a constant term.
The coefficients of the polynomial are chosen
to give exact agreement with the actual
cumulative zone fluxes for the four zones of
total solid angle n/2, 7, 3n/2 and 27 steradians.
Under these conditions the luminous flux
received by a rectangular surface from a source
located wvertically above a corner of the
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rectangle is a linear function of the four zone
fluxes. The weighting factors, called the
geometric multipliers, are themselves functions
of the ratios length to height and width to
height of each of the sides of the rectangle.
There are 12 standard rooms (room indices
between 0.6 and 20) with a rectangular plan
area (length to width ratio 1.6:1). The spacing
to height ratios of the rectangular luminaire
arrays increase with room index from about 0.8
to 1.35. For the standard luminaire classes
utilances are tabulated for 22 reflectance
combinations.

The European Utilisation Factor Method
(EUFM) - a Proposal

A harmonized utilisation factor method should
reflect - as far as possible - current practice.
Based on the results of extensive comparison
calculations [13] the FEuropean utilisation
factor method to be proposed should apply the
CIE method for the calculation of the utilisation
factors for direct illumination. To take
advantage of more pronounced luminous
intensity distributions the method should allow
for luminaire arrangements with different
spacing to height ratios, preferably between
1.00 and 2.00 in steps of 0.25. For the nominal
spacing to height ratios luminaire arrangements
have to be specified for real rectangular spaces.
In addition to ceiling mounted systems the
method should give utilisation factors for
suspended arrangements with a  fixed
suspension ratio of 1/4. The standard sets of
reflectance combinations should include higher
reflectances  for lighting systems with
considerable indirect components. All these
aspects have been taken into account in the
current draft of the European Standard [6]. For
the proposed nominal spacing to height ratios
figure 5 shows the standard luminaire
arrangements for a standard room with room
index k=2.00. Using appropriate standard
Juminaire arrangements for the 10 standard
rooms with room indices between 0.60 and
5.00 utilisation factors can be calculated for t_he
different nominal spacing to height ratios
(figure 6, reflectances of ceiling, walls, and
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working plane are again 0.70, 0.50, and 0.20
respectively). The comparison shows that
utilisation factors calculated according to the
proposed European utilisation factor method
reflect the influence of the spacing to height
ratio similar to the CIBSE method (figures 4
and 6), and for a nominal spacing to height
ratio of 1.00 they are somewhere in the middle
of the methods being used today (figures 1 and 6).

Benefits of a European Utilisation Factor
Method

Although the elaboration and introduction of a
harmonized European utilisation factor method
will require some effort, it will be beneficial in
many respects in a long term view. A unified
method would ease the presentation of
photometric data in any form of luminaire
documentations. One set of data would be
suitable for the whole European market.
Lighting designers would appreciate a common
European approach as a larger selection of
luminaires could be compared at an early
design stage based on the same underlying
assumptions. On top of that the proposed
European utilisation factor method is more
comprehensive and/or reflects more current
practice than all other methods. Tt will be
possible to use different, i.e. more appropriate,
spacing to height ratios; there will be an
increased accuracy for suspended luminaire
systems (also using a more realistic suspension
ratio), and the standard sets of reflectance
combinations will represent more closely
situations found in practice.
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METODA EUROPEANA A
FACTORULUI DE UTILIZARE

Rezumat

In tarile UE sunt folosite in prezent mai multe
metode pentru calcularea factorilor de utilizare.
Diferentele constatate intre diferitele metode de
caleul se datoreaza procedurilor aplicate pentru
determinarea factorilor de utilizare in iluminatul
direct. Factorii de influentd cei mai importanti sunt
amplasarea corpurilor de iluminat si modul in care
este calculat fluxul direct pe suprafata de lucru.

Comparatiile au aritat ca factorii de utilizare
calculati prin metoda CIE sunt undeva la mijlocul
gamei de valori ale factorilor de utilizare obtinuti
prin alte metode. Pe baza acestor rezultate se
propune o metodd europeand a factorului de
utilizare.

Introducere

Factorul de utilizare se defineste ca raport
intre fluxul total primit de suprafata de referints
si fluxul total al lampilor din instalafie.
Teoretic, factorii de utilizare pot fi calculai
pentru orice suprafata sau asezare a corpurilor
de iluminat, dar, in practic, ei se pot determina
doar pentru sisteme generale de iluminat cu o
dispunere regulatd a corpurilor de iluminat.
Pentru conditiile standard cei mai multi
producitori precalculeaza si publica factorii de
utilizare sub forma tabelard pentru corpurile lor
de iluminat. Intr-un stadiu preliminar de
proiectare, factorii de utilizare sunt folositi
pentru calcularea numarului de surse de Jumini
necesare pentru a obtine o iluminare medie data
[1]. Sunt de asemenea folositi pentru
determinarea luminantei fondului in calculul
indicilor de orbire [2] sau a evaluarii orbirii [3].

Primele propuneri de evaluare a factorilor
de utilizare au fost publicate incd din 1920 [4].
Dupi 15 ani era deja un obicei si se foloseasci
tabele simple de factori de utilizare in
proiectarea iluminatului [5]. Astizi sunt mai
multe metode care se folosesc in Europa pentru
calcularea factorilor de utilizare, Pentru un
spatiu  dat, discrepantele dintre diferitele
metode de calcul pot fi mai mari de 30%, ceea

ce este inadmisibil in termeni generali. Pentry a
armoniza folosirea factorilor de utilizare in
cadrul tarilor membre CEN se propune o
metodd europeand a factorilor de utilizare
(EUFM) [6], care se bazeazi pe codul de flux
CIE [7] si care se manevreazi cu usurinta si se
calculeaza rapid.

Ipoteze generale si Factori de influenti

in toate metodele factorilor de utilizare
considerate se presupune ci interioarele sunt
spatii paralelipipede dreptunghice goale, fird
obstructii. Planul de lucru se considers
materializat printr-o  suprafatd, care este
consideratd ca una din suprafetele incaperii, cu
reflexivitatea  cavititii  pardoselii.  Toate
suprafetele incdperii (tavan, pereti si plan de
lucru) reflectd uniform dupi legea lui Lambert.
Sursele de lumina sunt aranjate dupd un model
regulat In planul corpurilor de iluminat la o
distanta specificatd deasupra planului de lucru.
Componenta indirectd a factorilor de utilizare
se calculeazd folosind obisnuita teoric a
transferului de flux. Factorii de transfer tabelari
aratd cd nu sunt diferente in evaluarea lor
pentru incdperi de forma pland pitrati sau
dreptunghiulara (lungime/latime in raport de
1,61a1,0) [8] [9].

Diferentele  constatate intre diferitele
metode de calculare a factorilor de utilizare se
datoreazd procedurilor aplicate in calculul lor
pentru iluminarea directd. Factorii de influent
importanti sunt: amplasarea corpului de
iluminat, descris cel mai bine de distanta
relativd (raportul intre distanta intre doui
corpuri invecinate si indltimea deasupra
planului de lucru) si modul in care este calculat
fluxul direct pe suprafata de lucru -
multiplicatori zonali, calculul punct cu punct
etc. Pentru diferitele metode utilizate in Europa,
figura 1 aratd factorii de utilizare in functie de
indicele incdperii pentru un corp de iluminat
linear (reflexivitatea medie a tavanului,
peretilor si planului de lucru sunt 0,70, 0,50 si
respectiv 0,20). Discrepantele sunt cauzate in
principal de diferitele aranjamente standard ale
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corpurilor de iluminat aratate in figura 2 pentru
un indice al incidperii k£ = 2,00.

Metoda CIBSE a factorilor de utilizare

In Marea Britanie calcularea st folosirea
factorilor de utilizare urmiresic metoda
descrisd in CIBSE Technical Memoranda nr. 5
[8]. In tabelele standard factorii de utilizare
sunt dati pentru maximum 9 valori ale indicelui
incaperii (Inire 0,75 si 5,0) si 10 combinatii ale
reflectivitatii. Sursele de lumind sunt dispuse
intr-un aranjament pitrat, cu o valoare
nominald a raportului dintre distanta intre doui
corpuri invecinate §i iniltimea deasupra
planului de lucru si si a jumatatii distantei pana
la marginea perimetrala a inciperii. Ele sunt
considerate ca surse punctiforme cu o
distributie simetricd a intensititii fatd de axa
verticald. Pentru evaluarea raportului dintre
distanfa  intre doud corpuri invecinate si
indltimea deasupra planului de lucru, sursele
liniare sunt tratate diferit. Factorii de utilizare
pentru iluminatul direct sunt calculati folosind
multiplicatorii zonali tabelari. Pentru valorile
standard  ale indicelui incdperii acesti
multiplicatori zonali provin din interpolarea
Aitken-Lagrange pentru valorile medii ale
multiplicatorilor zonali calculati pentru o serie
de aranjamente de forma patrati a 1, 4, 8, 16,
etc. corpuri de iluminat si pentru toate valorile
nominale ale distantei relative (intre 0,5 si 2,5
in intervale de 0,25). Figura 3 prezinta unele
incdperi standard cu aranjarea corpurilor de
iluminat bazatd pe unele valori date ale
distantei relative. Factorii de utilizare ce rezulti
in functie de indicii incdperii pentru diferite
valori nominale ale distantei relative sunt
reprezentati in figura 4 (reflectantele medii ale
tavanului, peretilor si planului de lucru sunt din
nou 0,70, 0,50, si 0,20)

Metoda LiTG a factorului de utilizare

O descriere detaliatd a metodei germane a
factorului de utilizare germana poate fi gésita in
publicatia LiTG nr. 3.5 [9]. In formatul
standard, factorii de utilizare sunt dati sub
formd tabelara pentru 10 indici ai incaperii

(intre 0,6 i 5,0) si 15 combinatii de reflectante.
Incaperile  standard au suprafata  plana
dreptunghiulard cu un raport lungime/latime de
la 1,6 la 1.0. Corpurile de iluminat sunt dispuse
In aranjamente dreptunghiulare particulare,
numite aranjamente LiTG. Ele sunt considerate
atdt ca surse de lumind punctiforme cu
distribufia intensitdtii simetrici fatdi de axa
verticald cdt §i ca surse liniare cu distributia
relativd a intensitdtii dupd axa longitudinala,
care poate fi descrisd ca o sumi a doud functii
cosinus. Corpurile de iluminat sunt montate pe
tavan sau suspendate intr-un raport de 1/3,
altfel spus distanta dintre tavan si planul
corpului de iluminat si fie jumatate din distanta
dintre corpul de iluminat si planul de lucru. in
cazul aranjamentelor suspendate se presupune
cd friza are aceeasi reflectanta ca si peretii
dintre corp i planul de lucru. Factorii de
utilizare pentru iluminatul direct sunt calculati
folosind multiplicatorii zonali pentru corpurile
de iluminat considerate ca surse punctiforme si
se folosesc multiplicatori liniari (de tip banda)
pentru corpurile de iluminat considerate ca
surse liniare.

Metoda UTE a factorului de utilizare

Metoda  franceza  simplificatd  pentru
predeterminarea ilumindrilor este descrisd in
norma francezd C71-121 [10]. Folosind aceasta
metodad eeste posibilitd calcularea iluminarilor
medii pentru corpuri de iluminat dispuse
regulat intr-un aranjament dreptunghiular cu
distantele relative si perimetrale date. Zece
incdperi standard (indicii incaperilor intre 0,6 si
5,0) au o suprafatd pland dreptunghiulard cu
raportul lungime/ldtime de 1,6 lal,0. Corpurile
de iluminat sunt considerate ca surse
punctiforme cu distributia intensitdtii simetrica
fatd de axa verticald, ele pot fi montate pe tavan
sau suspendate cu raportul de supsendare de
1/3. Coeficientii pentru calculul iluminarii
medii sunt tabelati pentru 13 combinatii de
reflectante. Utilantele si, de aici, factorii de
utilizare pot fi obtinuti din acesti coeficienti
prin operatiuni matematice simple. Intreaga
metodd este construiti pe un sistem de
clasificare a corpurilor de iluminat, care se
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4

bazeazi pe distributia acumulati a fluxului
luminos. Corpurile de iluminat se clasificd in
concordantd cu fluxul acumulat in emisfera
inferioard in unghiuri solide de w2, m, 3n/2 si
2n steradiani. Pentru cele 10 clase ale
corpurilor de iluminat cu distributie directs sunt
date utilantele (reflectante 0/0/0) sub forma
tabelard pentru diferite distante relative gi
proximitdti exprimate sub forma unuj index
refea i, respectiv, un index proximitate.

Metoda Nordici a factorului de utilizare

Metoda factorului de utilizare nordica este 0
parte a documentatiei NB a corpurilor de
iluminat dupd cum este specificat in raportul
NBDOC [11]. In aceasta documentatie standard
factorii de utilizare sunt dati pentru 10 indici aj
incaperilor intre 0,6 si 5,00 si 9 combinatii de
reflectante. Corpurile de iluminat sunt aranjate
pe tavan sub forma unui patrat cu distanta
relativd de 0,50 si jumitatea distantelor la
marginea perimetrald. Ele sunt considerate ca
surse punctiforme si factorii de utilizare pentru
iluminarea directd sunt determinati folosind
metoda punct cu punct.

Metoda CIE a factorului de utilizare

Metoda CIE pentru calculul iluminatuluj
interior a fost publicati in doui parti, ca
Metoda fundamentald [7] si Metods aplicati
[12]. Corpurile de iluminat sunt considerate ca
surse punctiforme si aceasta presupune ci
fluxul luminos emis de corpul de iluminat
ldmpi intr-un con (avand ca axa, axa corpului
de iluminat) poate fi reprezentat ca functie de
unghiul solid al acelui con printr-un polinom de
ordinul 4 fard termen constant. Coeficientii
polinomului sunt alesi pentru a obtine exact
valorile cumulative ale fluxurilor zonale pentru
cele patru zone ale unghiului solid de /2, m,
3m/2 si 27 steradiani. In aceste conditii fluxul
luminos primit de o suprafatd dreptunghiulari
de la o sursa pozitionati pe verticala dusi dintr-un
colt al dreptunghiului este o functie liniard a celor
patru fluxuri zonale. Factorii de ponderare,

numiti multiplicatori geometrici, sunt ej ingisi
functii ale raporturilor lungime/inaltime si
latime/inaltime  pentru  fiecare latura a
dreptunghiului. Sunt 12 incaperi standard
(indicii inc#perii intre 0,6 and 20) cu suprafata
pland dreptunghiulari (raportul lungime/latime
de  1,6:1). Distantele  relative pentru
aranjamentul dreptunghiular al corpurilor de
iluminat creste cu indicele incdperii de la 0,8 la
1,35. Pentru clasele corpurilor de iluminat
standard utilantele sunt tabelate pentru 22 de
combinatii de reflectante.

Metoda Europeani a factorului de utilizare
(EUFM) - propunere

O metodd a factorului de utilizare
armonizatd va trebuie si reflecte - in masura
posibilitétilor — o practici curenti. Bazati pe
rezultatele unor calcule comparative extensive
[13], metoda Europeani a factorului de utilizare
propusa va aplica metoda CIE pentru calcularea
factorului de utilizare pentru iluminarea directa.
Pentru a obtine avantajul unei distributii a
Intensititii luminoase mai pronuntate, metoda
va permite aranjarea corpurilor de iluminat cy
diferite distante relative, de preferat intre 1,00
si 2,00 cu pasi de 0,25. Pentru valoarile
nominale ale distantei relative, aranjamentele
corpurilor de iluminat trebuie si fie specificate
pentru  spatii  dreptunghiulare reale. In
completarea sistemelor de montare pe tavan,
metoda ar trebui si ofere factorii de utilizare
pentru amplasarea suspendati cu raportul fix de
1/4. Seturile standard ale combinatiilor de
reflectante ar trebui si includi reflectantele
mari pentru sistemele de iluminat cu
componente dindirecte considerabile. Toate
aceste aspecte au fost luate in consideratie in
propunerea actuald a Standardului European
[6]. Pentru valorile nominale ale distantei
relative propuse, figura 5 arati aranjamentele
standard ale corpurilor de iluminat pentru o
incdpere standard cu indicele Incdperii £=2,00.
Utilizdnd aranjamente standard ale corpurilor
de iluminat convenbile pentru 10 incaperi
standard cu indicii Inc#perii cuprinsi intre
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0,6 si 5,00 factorii de utilizare pot fi calculati
pentru diferite valori nominale ale distantei
relative (figura 6, reflectantele tavanului,
peretilor si a planului de lucru sunt din nou
0,70, 0,50, si respectiv 0,20). Comparatia arati
cé factorii de utilizare calculati in conformitate
cu metoda Buropeand a factorului de utilizare
propusd reflectd influenta distantei relative in
mod similar cu metoda CIBSE (figura 4 s1 6) si
pentru valoarea nominald a distantei relative de
1,00, ei sunt undeva la mijlocul metodelor
folosite in prezent (figurile 1 si 6).

Beneficiile Metodei Europene a factorului de
utilizare

Desi elaborarea si introducerea unei metode
Europene a factorului de utilizare armonizate
va pretinde un oarecare efort, va fi benefici in
multe privinte pe termen lung. O metoda

unificatd ar usura

datelor
fotometrice in orice formi a documentatiilor

corpurilor de iluminat. Un set de date ar fi
corespunzator pentru intreaga piati europeana.
Proiectantii sistemelor de iluminat ar aprecia o
abordare europeani comund ca o mai larga
selectie a copruilor de iluminat ce ar putea fi

prezentarea

comparate intr-un stadiu preliminar de
prolectare bazate pe aceleasi ipoteze de lucru.
Cel mai important aspect este acela ci metoda
Europeand a factorului de utilizare propusi este
mult mai cuprinzitoare si/sau reflecta practica
curentd mai mult decit oricare alte metode. Va
fi posibil si se foloseasca valori ale distantelor
relative diferite si mai potrivite, care vor
asigura o precizie imbunititita pentru sistemele
de iluminat suspendate (utilizind un raport de
suspendare mai realist) si seturile standard ale
combinatiilor de reflectante vor fi mai apropiate
de situatiile intalnite in practica
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CENTRUL DE INGINERIA ILUMINATULUI - UTC-N
LIGHTING ENGINEERING CENTER - LEC

Florin POP
Universitatea Tehnicd din Cluj-Napoca

Centrul de Ingineria Iluminatului UTC-N
Lighting Engineering Center (LEC) a luat fiinta
ca urmare a programului Tempus-Phare CME-
03551-97 [15 decembrie 1998 — 14 martie 2000]
— informatii in pagina web
http://bavaria.utcluj.ro/~lec].

Activitatea Centrului a fost prezentati in
numerele anterioare al revistei pentru actiunile
organizate Incepand cu infiintarea acestuia in
25 aprilie 2000 prin decizie a Biroului
Senatului  Universitatii Tehnice, panid in
septembrie 2002 cind s-a tiparit numirul 9
(Winter) 2002 al revistei.

1 septembrie 2002 Programul NAS-EnerBuild
RTD, Energy Environment & Sustainable
Development. Centrul de Ingineria Iluminatului
UTC-N devine membru al Retelei Tematice
NAS-EnerBuild RTD coordonati de National
University of Ireland, Dublin, care cuprinde 57
membri din UE si 17 membri din tirile NAS —
(Newly Associated States) nou asociate sau
candidate la asociere (prezentare detaliati in
paginile revistei nr. 9 si in paginile web
www.enerbuild.net, http://bavaria.utcluj.ro/~lec

10-12 septembrie 2002 Energy Sector on
the Move, 5" International Conference ENEF
2002, Banska Bystrica. S-a prezentat lucrarea
“Residential and Commercial Survey for a
Romanian Energy Efficient Lighting Program™
autori Dorin BEU, Florin POP

3 -4 octombrie 2002 The 2™ Balkanlight
Conference on Lighting, Energy Saving and
New Trends in Lighting, Istanbul, Turcia. S-a
prezentat lucrarea “Lighting Education in
Romania”, autori Florin POP, Dorin BEU. Cu
aceastd ocazie a avut loc intdlnirea membrilor

Societdtii Balcanice de Tluminat care a aprobat
Statutul Societdtii i a stabilit programul de
activitate al Societatii. Dr. Florin POP a fost
ales presedinte in exercitiu pentru perioada
2002-2005 avand in vedere organizarea in
Roménia a celei de-a treia Conferinte Balcanice
de Iluminat, Cluj-Napoca, mai 2005.
Participarea Prof. Florin POP a fost partial
sponsorizatd de OSRAM Roménia.

8-10 octombrie 2002 Simpozion International
de Eficientd Energeticd, FElectrica S.A.
Transilvania Nord, Cluj-Napoca. S-a prezentat
lucrarea “Sisteme de iluminat eficiente energetic
in cladiri — componentd a programului NAS-
EnerBuild — energy environment & sustainable
development” autor Florin POP
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Masa rotunda “Eficienta energeticd in iluminat®
moderator Dr. Florin POP, profesor a cuprins
prezentarile:

Abordarea aspectelor de eficientd energeticd in
instalatiile de iluminat prin prisma reglementirilor
europenc

Florin POP, Universitatea Tehnica din Cluj-Napoca

Competitia europeana in domeniul realizirii unor
corpuri de iluminat de maximi eficienta energetica
pentru utilizatori casnici, editia 2002

Camelia BURLACU, S.C. Electrica S.A. Bucuresti

Modelarea cu ajutorul retelelor neuronale a
dependentei iluminare-tensiune de alimentare a
ldmpilor, in cadrul unui sistem de reglare a iluminérii
n functie de aportul luminii naturale

Horatiu GRIF, Adrian GLIGOR, Universitatea “Petru
Maior” Targu Mures

Sistem de control supervizat bazat pe magistrala
pentru clidirile inteligente

Adrian GLIGOR, Vasile DUB, Universitatea “Petru
Maior” Térgu Mures

Eficienta energetica a sistemelor de iluminat pentru
spatii comerciale corelatd cu satisfactia si confortul
utilizatorilor

Mihaela MUSCHEVICI, drd., Universitatea Tehnica
din Cluj-Napoca

Abordarea eficient-energeticd a proiectelor de
instalatii electrice de iluminat si a executiei acestora
Prezentare a principalilor proiectanti, constructori si
dealeri din zona Clujului

17-19 octombrie 2002 Dayligth Control with
Neural Network, Proceedings on the International
Conference on Applied and Theoretical
Electricity, Craiova/Baile Herculane, autori
Horatiu St. GRIF, Adrian GLIGOR, Florin POP,
Dorin BEU

22-23 octombrie 2002 Nas-EnerBuild RTD
Workshop Lyon. Workshop de incheiere a
activitdii Refelei temaitice EnerBuild si de
incepere a activitatii de diseminare si informare
in cadrul Retelei NAS-EnerBuild.

25 noiembrie 2002 Solutii SCHNEIDER in
domeniul instalatiilor electrice, Seminar organizat
in colaborare cu S.C. SCHNEIDER Electric
Romaénia pentru studentii anului V Instalatii.

D-1 Mihai BRANA, responsabil DO si ing.
Mihai KISS-GECI au prezentat sistemele de
protectie electricd a instalatiilor de utilizare si
sistemele de distributie la consumatori,

28-30 noiembrie 2002 Light&Lighting 2002,
International conference, “Comfort and Efficiency
within Interior and Exterior Lighting Systems”
Bucuresti. S-au prezentat lucrarile “Light as
Entertainment”, autor Dorin BEU, “Lighting in
the Built Environment”, autori Florin POP,
Dorin BEU, Mihaela POP, “Neuro-Fuzzy
Daylight Control”, autori Horatiu Stefan GRIF,
Adrian GLIGOR, Florin POP.

24-25 ianuarie 2003 Nas-EnerBuild RTD
Workshop Budapesta. Dr. Florin POP a prezentat
lucrarea “Energy Efficiency in Lighting, between
regulations and reality” (publicatd In acest
numdr al revistei)

277-28 ianuarie 2003 Nas-EnerBuild RTD
Workshop Praga.

Editarea revistei Ingineria lluminatului cu
o aparitie semestriald, in colaborare cu S.C.
Electrica S.A. prin Sucursala de Distributie
Cluyj si editura MEDIAMIRA Cluj-Napoca.
Numarul urmator - anul 5, nr. 11/Summer - va
aparea in iunie 2003.

Elaborarea de studii privind optimizarea
anumitor sisteme de iluminat, la solicitarea
unor parteneri.

In conexiune cu activitatea desfisuratd pe
linie universitard, este de mentionat continuarea
colaboririi internationale in cadrul programului
european ERASMUS, in baza Contractului
Institutional SOCRATES-ERASMUS 2002-2003.
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Intre Universitatea Tehnica din Cluj-Napoca si
Helsinki University of Technology, Universitat
Politecnica de Catalunia si University of
Liverpool sunt incheiate Acorduri Bilaterale de
colaborare in domeniul ingineriei tluminatului,
la care vor participa Dr. Florin POP si Dr.
Dorin BEU. Se continua astfel parteneriatul cu
Profesor Liisa HALONEN — Lighting Laboratory,
Profesor Ramon SAN MARTIN — FEstudios
Luminotecnicos si Dr. David CARTER -
Lighting  Research  Unit inceput  prin
numeroasele programe de cercetare si
schimburi academice desfisurate in colaborare
in ultimii ani.

Centrul de Ingineria Iluminatului UTC-N isi
desfdsoard activitatea in cadrul Laboratorului
de Instalatii electrice si Iluminat, Catedra de
Instalatii pentru  Constructii, Universitatea
Tehnicd din Cluj-Napoca. Amenajarea spatiului
si modernizarea tehnicd a fost gi este posibila
pe baza finantdrii obfinute prin programul
Tempus-Phare, a sprijinului acordat de

conducerea Universitatii Tehnice, a resurselor
financiare extrabugetare atrase prin céstigarea
unor granturi de cercetare, prin organizarea
unor  cursuri  postuniversitare §i  a
sponsorizdrilor oferite cu generozitate de
diferite firme de specialitate si ale unor
absolvenfi ai sectici de Instalatii pentru
Constructii:

PHILIPS Rominia / FLASH Transilvania
TOTAL Quality/ACI Antrepriza Constructii Instalatii
LEGRAND Roménia / Electro Daniella
OSRAM Romania
PRAGMATIC Comprest
ABB Rominia
ELBA
RH Trust
SOCLU
ROMINSTAL Construct
TIM Trustul Instalatii Montaj
DALKIA Romiénia
MEGAVOX Confort
BURIDAVA 2000 Serv
LIDER ProdCarn
ARGOS
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UN INSTRUMENT DE EVALUARE RAPIDA SI SIMPLA A

ILUMINATULUI NATURAL SI ELECTRIC BAZAT PE O PAGINA WEB
A Quick and Easy WEB-Based Assessment Tool for Day/Electric Lighting

Konstantinos PAPAMICHAEL
Lawrence Berkeley National Laboratory

Notd: De la data publicdrii articolului original,
instrumentul de evaluare a fost redenumit sub
numele "Virtual Lighting Simulator" si poate fi
gasit pe pagina web  htip.//gaia.lbl. gov/vis.

Pentru a ajuta arhitectii, inginerii, proiectantii
in iluminat §i consultantii si respecte cerintele tot
mai stringente ale Title 24 (standard privind
eficienta energetici a cladirilor din California),
Compania Edison din California de Sud si alte
companii din California au inceput si dezvolte
instrumente pentru obtinerea de economii cu
ajutorul programului de proiectare. Acest program
ajutd managerii de cladiri care deseori nu
beneficiazi de mijloace rapide si simple de
evaluare a performantelor iluminatului artificial si
natural. La luarea deciziilor privind iluminatul
trebuie luati in considerare parametrii cheie care au
impact asupra utilizarii energiei si care afecteazi
calitatea mediului luminos. Acesti factori cuprind,
printre altele, dimensiunea gi orientarea ferestrei,
tipul geamului, tipul si amplasarea corpurilor de
iluminat si reflectanta suprafetelor interioare.

Pentru ca un iluminat natural sau artificial s
fie considerat corespunzitor, cei in misurd sa ia
deciziile trebuie sa utilizeze instrumente de
simulare in iluminat care calculeazi iluminarea
in planul de lucru §i, in multe cazuri, valorile
luminantei  suprafetei. Totusi, astfel de
instrumente prezintd dificultati de invitare si
necesitd mult timp, ceea ce duce la cresterea
costurilor de proiectare. Existd o necesitate clari
de gésire a optiunilor pentru evaluarea aspectelor
cantitative si calitative ale proiectelor de iluminat
artificial si electric care depégesc cerintele Title
24, dar Intr-o manierd mai eficientad din punct de
vedere al costurilor decdt prin metoda
conventionala de utilizare a instrumentelor de
simulare.

Pentru a exprima aceastd necesitate,
Departamentul de Tehnologia Constructiilor
al EETD dezvolta un instrument bazat pe
pagind web care permite proiectantilor de
iluminat natural sau artificial si evalueze
rapid si simplu efectele parametrilor cheie
asupra aspectelor cantitative si calitative ale
iluminatului natural si artificial. Instrumentul
utilizeazd o bazi de date cu imagini si date
statistice care au fost generate prin simuliri
parametrice In iluminat, in spatii arhitecturale
prototip. Datele au fost generate prin
programul RADIANCE de redare si simularea
luminoasd (http://radsite.lbl.gov). Rezultatul
final este echivalent cu un simulator virtual in
iluminat, bazat pe o pagind web, care permite
utilizatorilor s modifice valorile parametrilor
cheie tehnici sau de context si care afiseazi
informatii si imagini corespondente pentru
evaluarea  cantitativd §i  calitativdi a
performantei luminoase.

Instrumentul, cunoscut sub numele de
“Baza de date de imagini RADIANCE” este
disponibil la adresa web http://gaia.lbl.gov/rid
(in prezent “Virtual Lighting Simulator” la
adresa web http://gaia.lbl. gov/vls — vezi nota
introductivd). Versiunea actuald prezinta dous
module principale, unul axat pe iluminatul
natural In spatiul unui birou mic, iar celilalt
axat pe iluminatul electric in cinci spatii tip: o
sald de clasd, un birou mic, un birou mare cu
separeuri, un depozit mare i un magazin de
vanzare cu amdnuntul mic. Interfata
utilizatorului permite selectarea simpld si
rapidd a valorilor parametrilor cheie care au
variat in simuldri §i asigurd raspunsul
instantaneu prin afisarea datelor gi imaginilor
corespondente calculate preliminar.
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Figura 1. Fiecare imagine este disponibila in patru
moduri de afisare: (a) imagine fotografici cu curbele
iso-contur ale luminantei sau ilumindrii (b) imagine
vizuald, bazatd pe sensibilitatea si adaptarea ochiului
uman (c) si modul color fals, indicAnd magnitudinea
luminantei sau iluminirii

Interfata utilizatorului este proiectatd astfel
incat si permitd compararea in paralel a
scenariilor alternative sau a aceluiasi scenariu
in moduri diferite de afisaj. Modurile de afisaj
pot fi: afigarea imaginii iluminate (“camera
exposure”) care este echivalentul a ceea ar
produce in mod obisnuit un aparat foto;
afisarea perceptiei ochiului uman, ("human
exposure”) care ajusteazi imaginea pentru a
reflecta sensibilitatea si adaptarea ochiului
uman si afisarea curbelor izolux (“iso-
contur”) si a reprezentdrii colorate (“fals-
color”) a ilumindrii pentru evaluarea
cantitativa (vezi fig. 1).

Rezultatul (fig. 2) include vederi de
perspectivd  ale  spatiilor  arhitecturale,
indicindu-se valoarea luminantei si vederi
plane in care sunt prezentate valorile
tlumindrii in planul de lucru. De asemenea,
sunt date informatii statistice cantitative sub
forma iluminarii minime, medii $i maxime in
planul de lucru. Modulul de iluminat artificial
oferd, de asemenea, informatii cantitative
privind densitatea de putere instalatd si
consumatd, ultima mentionatd variind pentru
scenarii ce includ corpuri de iluminat
deconectate  (,swithced”) sau  reglate
(,,dimmed”).

Toate proiectele in iluminat sunt cu cel
putin 10% mai eficient din punct de vedere
energetic energetic decat Title 24 pentru a
demonstra eficacitatea si a incuraja utilizarea
proiectelor de iluminat eficiente energetic.

Multumiri

Dezvoltarea Bazei de date de imagini
RADIANCE a fost finantatd de catre Edison
California de Sud (SCE) prin Institutul de
Eficien{d Energetica din California (CIEE), un
departamet de cercetare din  cadrul
Universititii  din  California.  Publicarea
rezultatelor cercetdrii nu implica sustinerea si
acordul asupra lor de cétre CIEE sau orice
sponsor CIEE. Aceastd lucrarea fost, de
asemenea, sustinutd de catre Secretarul
Asistent pentru Eficienta Energetici si
Energie Reutilizatd, Departamentul de
Tehnologia Constructiilor (Office Building
Technology), Programe de stat si comunitare,
Departamentul de Sisteme de Constructii
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(Office of Building Systems) a Departamentului Konstantinos PAPAMICHAEL
Energetic al SUA (U.S. Department of Energy) %{513)43676354; fallx (510) 486-4089
in cadrul Contractului nr. DE-AC03-76SF00098. - HepaIichacl gl gov
Proiectele arh1tectu‘ral:e si de 11upmnat electric s- Atticol preluat din Lawrence Berkeley National Labotatory
au bazat pe date primite de la Lisa Heschong de Environmental Energy Technologies Division News
| la Heschong Mahone Group si James Benya de vol. 3, No. 4
T A : : i -Mail; IMLambert@!bl.gov
la Benya Lighting Design. Din echipa de g

Web page http://eetd.bl.gov/newsletter/

dezvoltare a facut parte Judy Lai, Daniel Fuller
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Figura 2 Rezultate ale executiei programului
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LIGHTING IN THE NEW WORLD

Cristian SUVAGAU
BC Hydro, Vancouver

Current and upcoming research topies in
lighting

It is no news or secret that lighting affects our
daily lives in a major way. From residential use
to commercial and transportation use,
innovations in lighting technologies have
profoundly transformed the way we live, work,
travel or enjoy leisure activities. Safety,
productivity, behaviour and response, visibility
and perception, comfort and well being are just
some of the key factors that modern lighting
research has to focus on.

Lighting research is no longer left alone to
universities and manufacturers labs, but has
become political agenda in North America. The
rationale is simple: specific  strategic
developments occur more rapidly with
combined efforts. Were universities and
manufacturers may need years to develop, test
and market products, governments, utilities,
trade and professional organisations can join
efforts and shorten considerably this time.

To be successful, lighting research and

development has to follow the following rules:

e state long term propositions (ex: by 2010, all
ballasts produced will be electronic),

o develop broader applications (ex: LED’s to be
use in commercial, entertainment,
transportation, etc),

e general product effect and practices (ex: T5
fluorescent lamps are going to replace T12 and
T8 lamps and have led to slimmer forms for
indirect pendant luminaires),

e determine the short and long financial effects
and share best practices. This is where many
research programs fail, by developing a product
with little sustain from the market, mostly
because of high capital costs.

The prime political drive for today lighting
research is the energy conservation aspect.
Here are some facts to justify this:

o  Lighting (in North America) uses almost 25%
of the continent electricity—mnearly 600 million
megawalt hours per year. Over 40% of the
energy used in commercial buildings is for
lighting.

e Consumers and businesses spend some $50
billion per year to light homes, offices,
factories, and other places of business.

e  The heat generated by lighting has a multiplier
effect, increasing the amount of energy
required to air-condition buildings (1 kW used
in HVAC for every 10kW of lighting).

Therefore, over the last 10 years, technical
advances have produced more energy-efficient
and cost-efficient lighting products. The
Department of Energy (USA) and National
Resources Canada have assisted in the
commercialisation of several efficient lighting
technologies, notably: compact fluorescent
lamps (CFLs), sulfur lamps, and electronic
ballasts for fluorescent lamps.
The Goals of the American and Canadian
governments are
e to continue developing technology that will
reduce lighting energy use 50% by the year
2010, saving consumers $20 billion a year
e to significantly reducing the emission of
greenhouse gases from coal-fired power plants.

To achieve these goals, a multitude of lighting
programs have been generated as collaborative
programs with manufacturers, utilities, user
groups, and trade and  professional
organisations (like TESNA). The programs
support research and development in three areas:
o Advanced light sources, consisting of near-,

mid-, and long-term research heavily cost-

shared with industry to advance lighting

technology, with the goal of developing
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replacements for the inefficient incandescent
lamp. The program supports improvements to
compact fluorescent lamps, and new lamps
using improved incandescent, fluorescent, high-
intensity discharge (HID), and electrodeless
technologies.

o Lighting fixtures, controls and distribution
systems, consisting of cost-shared research on
lighting controls in commercial buildings and
light fixtures for advanced light sources,
primarily compact fluorescent lamps.

o The impact of lighting on vision, consisting of
industry cost-shared research on outdoor
lighting.

Vision 2020

Can you go back 120 years in time and imagine
how your life would be without electrical
lighting? Now, imagine that in the advent of
electronics revolution the next 20 years could
dwarf the spectacular exploits of the last
century.

Vision 2020 - The Lighting Technology
Roadmap describes an exciting future for
lighting in the coming decades. The document
is the result of nearly two years of work by the
US Department of Energy and over 180
organisations representing a broad range of
lighting manufacturers and professionals, as
well as over 300 members of the academic,
government, and research communities. You
can view the whole document at
http://www.eren.doe.gov/buildings/vision2020.

This industry-defined public document charts a
future course for lighting research and
development, design and  construction
practices. Moreover it provides strategies to
both government and industry on the direction
of future activities and how to overcome
technological and market barriers. It is intended
to accelerate the development of new lighting
technology solutions to meet the challenges of
today’s and tomorrow’s buildings.

The Vision Statement predicts that in 2020,

lighting systems in buildings and other

applications will:

e Enhance the performance and well being of
people.

Adapt easily to the changing needs of any user.
Use all sources of light efficiently and
effectively.

e  Function as true systems, fully integrated with
other systems (rather than as collections of
independent components).

e Create minimal impacts on the environment
during their ~manufacturing, installation,
maintenance, operations, and disposal.

The principal strategies to reach the 2020 goals

are listed bellow:

Market Transformation Strategies:

e Develop clear definitions and standards for
lighting quality.

e Increase demand for high-quality lighting
solutions by quantifying, demonstrating, and
promoting life-cycle benefits to broad
audiences.

e Strengthen industry education and credential
lighting professionals,

e Accelerate the market penetration of advanced
lighting technologies and systems, by providing
incentives for R&D and reducing barriers
inherent in today’s specification and
distribution methods.

Technology Development Strategies:

e Develop advanced source and ballast
technologies that enhance quality, efficiency,
and cost effectiveness. Example:

v" For fluorescent lamps, develop two-photon
phosphor technologies with efficiencies
approaching 200 lumens per watt with CRI
greater than 90,

v For incandescent lamps, improve IR films
to increase efficiency (50 to 100+ lumens
per watt).

v" Develop electrodeless metal halide
technology, replacing mercury with xenon.

v Develop new phosphor materials, clectrode
materials, and advanced ballast designs
with quantum efficiencies greater than 1.5.

o Develop lighting controls with high levels of
intelligence, interface capabilities, multiple
levels of control, and ease of configuration.
Example:

v Develop controls that are self-teaching,
intuitive, easy to use and adapt to user
preference

v Develop universal control and communication
protocols for component interconnection

e Develop luminaires and systems that enhance
the quality and flexibility of light delivery.
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Example:

v" Develop configurable reflectors.

v Enable users to easily adjust quantity and
direction of light (e.g., adjustable louvers,
and configurable reflector/diffuser).

v" Develop smart fixtures that communicate
with the control system, have intuitive

learning  capabilities, and  perform
diagnostics to enable preventive
maintenance.

v" Develop systems that capture daylight for
later transmission and distribution.

Just for the curious people, here are some of the
Vision 2020 milestones, some of them already
in works:

2003: Lighting systems will exhibit increased
Slexibility, using a single universal protocol for
component interconnection, controls will learn
and adapt to user preferences. In truth, this is
exactly what the DALI protocol does.

2010: Lighting systems will become intelligent
and more integrated, communicating with the
control system, and perform self-diagnostics.
High power flux LED’s and OLED’s will make
their  way into  architectural  lighting.
Fluorescent sources driven by universal
ballasts will reach efficiencies of 200 Im/w
while maintaining CRI's above 90.

2020: Technology will be available to capture
daylight for later transmission and distribution
at night (Ledalite-Canada is working on
MesoOptics, a holographic material that can
redirect the rays of light as wished; more at
http://www.ledalite.com/download/brochures/

meso-tech.pdf). LED/OLED programmable flat
panel luminaires will create unseen theatrical
effects (similar to the PC’s screen savers).
While fluorescent discharge sources will be
highly efficient and low mercury content,
incandescent lamps will use revolutionary
technologies that will push their efficiency over
60 Im/W (Sandia National Laboratories-USA
are working on filaments made of miniature
photonic crystals that have the potential to
transmute the majority of the standard tungsten
filament’s wasted infrared energy into the
frequencies of visible light; more at

http://www.sandia.gov/media/NewsRel/NR200
2/tungsten.htm).

As a conclusion, following are some “hot”
research topics that are and will be on the North
American R&D agenda for the next 20 years.

LED/ OLED’s.

There have been no fundamental breakthroughs
in traditional lighting technologies for about 40
years. Never the less, there have been
significant incremental improvements
increasing the efficiency of building lighting
technologies by up to 50 percent. Even with
these improvements, new scientific knowledge
indicates that there is potential for additional
improvements of up to 100 percent.

Recently solid state lighting technologies have
made breakthroughs that allow light emitting
diodes (LED) to create white light and have
increased the efficiencies for cost-effective
applications such as traffic lights. LED lighting
applications for commercial and residential
building use are just emerging. There is
significant R&D required increasing the white
LED efficiencies, performance characteristics,
cost and practical lighting fixture development.
Currently available white LED’s are low
power, have efficacies of 15 to 20 Im/w, and
have inconsistent performance and lifetimes.
R&D projections for LED technology is to
double or triple the efficacy and performance of
white LED’s in the next 3 years. The majority
of LED lighting uses are for signal lights, exit
signs, automobiles and display panels. There
are only a few specialised LED luminaries
available in the market, yet there is a significant
potential for building LED applications to save
energy and money. All three major lamp
manufacturers (GE, Philips and Osram-
Sylvania) have embraced this “opportunity to
invent lighting” and cooperate in research
projects.

Organic LED (OLED) are lighting emitting
polymers relying on organic materials that give
off light when tweaked with an electrical
current. Mostly used in display technologies,
OLED’s hold a promising future for surface
luminaires, or better said “intelligent and
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programmable luminous panels™ that will make
us to rethink the way we design lighting.

Sulfur Lamps

Take a golf-ball size sphere of quartz, add the

element sulfur, and bombard it with

microwaves. The result is the sulfur lamp

(http://www.pge.com/003_save_energy/003b_b

us/pdf/sulfur_lamp.pdf) developed by the

Fusion Lighting in the late 90’s, and re-designed

now for smaller dimensions. The sulfur lamp

marries the advantages of the RF-powered
electrodeless lamps with the high colour-
rendering spectrum of the sulfur element:

e It uses less than 15% of the energy of a
traditional incandescent lamp of equivalent
brightness.

e Its output remains constant over time, instead of
weakening like conventional lamps; there is no
need to compensate for lumen depreciation by
using an excessively powerful lamp.

e Its lifetime is nearly unlimited because it does
not have filaments or electrodes to burn out.

e [t has exceptional colour quality, closely
matching the spectrum of sunlight. Unlike other
high-efficiency lamps, the sulfur lamp uses no
mercury and produces 50% less ultraviolet light.

Fluorescent and HID’s

Lamp researchers are working to extend the lifetime
and increase the efficiency of the fluorescent
sources. Barrier coating for fluorescent tubes
will allow the production of lamps with very
low mercury content and thinner phosphor
coats. Also, this will lead to extended life over
the 30,000 hrs as reached currently.

Compact fluorescent lamps (CFL), especially
the ballast integral ones (screw-in), are the
“wonder-kid” of the fluorescent technology,
now with wattages from 2W to 100W.
Researchers are working to produce smaller
diameters, better starting and dimming abilities
(the prototype of a universal dimmer that works
on incandescent as well as screw-in CFL has
been shown at the 2002 Lightfair).

HID’s are probably the most researched lamps,
due to the high efficiency potential. Currently
enhanced MH pulse-start and ceramic lamps
are produced in wattages from 30 to 1000 W.
Electronic MH and HPS ballasts are currently
developed to cover most of these wattages.

Researchers are testing more metals to identify
new high-efficient discharge radiators. One US
Lab announced that ionised atoms of Barium
(Ba) could lead to efficiencies of 300 Im/W, but
the spectral colour is heavily shifted towards
green. A better compromise could be obtained
in a lower pressure discharge for Ba.

Lighting controls

The DALI  protocol (see  “Ingineria
Tluminatului” no. 6) is going to be the choice
lighting control protocol for interconnected
systems.  Manufacturers  are  spending
significant R&D budgets to develop more
DALl-ready equipment (not only for
fluorescent ballasts): incandescent and HID
lamps, dimmers and occupancy/photo controls.
(http://www.archenergy.com/Irp/lightingperf st
andards/project 5 4.htm).

Other manufacturers like Ledalite have
developed networked lighting systems that
have integral occupancy and photocontrol
sensors to maximise their energy efficiency
(http://www.ledalite.com/download/brochures/
ergolight.pdf).
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ILUMINATUL IN LUMEA NOUA

Teme de cercetare curente si viitoare in
iluminat

Nu este o stire sau un secret faptul ca
iluminatul afecteazi viata noastrd zilnicd in
mod esential. De la utilizarea sa in locuinte
pand la folosinta comerciald sau in transport,
inovatiile in tehnologia iluminatului au
transformat profund modul in care noi traim,
muncim, cilatorim sau ne odihnim. Siguranta,
productivitatea, conduita si raspunsul, confortul
st starea de satisfactie sunt numai cétiva din
factorii cheie pe care este focalizatd cercetarea
modernd in iluminat.

Cercetarea in iluminat nu mai este demult
lasatd doar 1in grija universititilor sau
laboratoarelor producatorilor, ci a devenit
agendd politicd In America de Nord. Ratiunea
este simpla: dezvoltéri strategice specifice sunt
mult mai rapid realizate prin eforturi
combinate. Acolo unde universititile i
producitorii au nevoie de ani pentru a dezvolta,
testa 1 introduce produsele pe piata,
organizatiile guvernamentale, de servicii,
comerciale si profesionale pot sd-gi uneascd
eforturile si sa scurteze considerabil acest timp.

Pentru a fi de succes, cercetarea si
dezvoltarea in iluminat trebuie sid urmeze
urmdatoarele reguli:

e si defineascd propuneri pe termen lung (de ex:
pand in 2010, toate balasturile produse vor fi
electronice),

e sa dezvolte aplicatii largi (de ex: LED-urile s
fie utilizate in domeniile comercial, de
distractii, transport etc.),

o sa producd efecte generale si practice (de ex:
lampile fluorescente T5 vor inlocui lampile T12
si T8 si vor asigura o formid mai subtire pentru
corpurile de iluminat indirect atdrnate),

e si determine efecte financiare pe termen scurt si
lung si sd sd fie prezentate cele mai bune
realizari. Din acest motiv cad unele programe,
pentru cd dezvoltd un produs cu o mici
sustinere pe piatd, aceasta i din cauza
costurilor de capital ridicate.

Prima cale politici céatre cercetarea in
iluminat de astdzi este aspectul conservérii
energiei. lata citeva aspecte justificative:

e [luminatul (in America de Nord) utilizeaza
circa 25% din electricitatea continentului —

aproape 600 milioane megawatt ore anual,

Peste 40% din energia folositd in clidirile

comerciale este pentru iluminat.

e  Consumatorii §i camenii de afaceri cheltuiesc
aproape $50 miliarde anual pentru iluminatul
locuintelor, birourilor, fabricilor si altor locuri
de munca.

e Cildura generatd de iluminat are un efect
multiplu, majorand cantitatea de energie
necesard climatizérii cladirilor (1 kW folosit in
HVAC — “incélzire, ventilare, aer conditionat”
pentru fiecare 10 kW in iluminat).

De aceea, In ultimii 10 ani, tehnica modem3
a oferit multe produse eficiente energetic si
economice. Departamentul de Energie al SUA
si Departamentul National de Resurse Canada
au sustinut comercializarea a numeroase
tehnologii eficiente in iluminat, printre care:
lampi fluorescente compacte (CFL), ldmpi cu
sulf si balasturi electronice pentru lampi
fluorescente.

Scopurile guvernelor american si canadian sunt:
e sd continue dezvoltarea tehnologicd care va

reduce energia utilizatd in iluminat cu pani la

50% in anul 2010, economisind $20 miliarde

anual pentru consumatori

e sd reducd semnificativ emisiile de gaze pentru
casele ecologice de citre centralele de putere
pe cirbuni.

Pentru atingerea acestor scopuri, au fost
generate o multime de programe in iluminat ca
programe de cooperare intre producatori,
servicii, grupe de utilizatori $i organizatii
comerciale si profesionale (precum I[ESNA).
Programele sustin cercetarea si dezvoltarea in
trei arii de activitate:

o Surse de [umind avansate, constdnd din
cercetarea pe termen imediat, mediu si lTung,
impartind cu industria costurile necesare pentru
a produce tehnologie avansatid, in scopul
dezvoltarii  alternativelor la lampile cu
incandescen{a ineficiente. Programul sustine
imbunétatiri ale lAmpilor fluoresente compacte
si realizari de l[ampi noi bazate pe tehnologiile
specifice ldmpilor inandescente, fluorescente,
cu descércari de inensitate ridicatd (HID) si fira
electrozi.

e Aparate de iluminat, dispozitive d econtrol §i
siteme de distributie, ce constau din cercetare in
colaborare privind controlul iluminatului fin
cladiri comerciale, si aparate de iluminat pentru
surse de lumind avansate, in primul rdnd pentru
lampi fluorescente compacte.
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o Impactul iluminatului asupra vederii, ce
constau in cercetare in colaborare cu industria
privind iluminatul exerior.

Viziunea anului 2020

Putem sd ne intoarcem in urma cu 120 ani si sa
ne imagindm cum ar fi aridtat viata noastra fari
iluminatul electric? Acum, si ne imaginim
impactul revolutiei electronice in urmatorii 20 ani
prin miniaturizarea rezultatelor spectaculoase
ale secolului trecut.

Vision 2020 — Atlasul Tehnologiei in
[luminat descrie un viitor excitant pentru
iluminatul urmétoarelor decade. Documentul
este rezultatul a aproape doi ani de munci a
Departamentului pentru Energic al USA, a
peste 180 organizatii reprezentdnd un spectru
larg al producatorilor si profesionistilor in
lluminat $1 a peste 300 membri ai comunitatii
academice, guvernamentale si de cercetare.
Documentul este prezentat in intregime pe
pagina de internet a guvernului
http://www.eren.doe.gov/buildings/vision2020.

Acest document public cu caracter
industrial traseazd evolutia viitoare in
cercetarea iluminatului ¢ practicile de
dezvoltare, proiectare si  executie. De
asemenea, documentul oferd guvernului si
industriei strategiile privind viitoarele activititi
si modul in care pot fi depisite barierele
tehnologice §i de piatd. Aceasta in dorinta
accelerarii dezvoltarii unor solutii tehnologice
noi in iluminat care sa raspunda schimbarilor
produse in cladirile prezente si viitoare.

Vision Statement prezice cd in anul 2020,

sistemele de iluminat in cladiri si alte aplicatii:

e  Vor imbunititi performanti si starea de bine a
populatiei.

o Sc vor adapta cu usurintd la cerintele in
schimbare ale oricdrui utilizator.

e Vor utiliza surse de lumind eficiente si
economice.

e Vor functiona ca un sistem adevdrat, integrat
complet cu alte sisteme (mai degrabd decét o
colectie de componente independente).

e Vor avea un impact minim asupra mediului
ambinat in timpul producerii, instalarii,
exploatarii, intretinerii si inlocuirii.

Principalele strategii prin care se vor atinge
obiectivele anului 2002 sunt:

Strategii de transformare a pietei:

e Dezvoltarea unor definitii si standarde clare
pentru calitatea iluminatului.

e Cresterea cererii pentru solutii de inalti calitate,
promotii si demonstratii de audienti largi a
beneficiilor obtinute pe durata de viata.

o FEducarea si formarea unor profesionisti in
iluminat in strdnsa legitura cu industria.

® Accelerarea patrunderii pe piatd a tehnolgiilor
si sistemelor avansate prin asigurarea unr
subventii pentru Cercetare & Dezvoltare si prin
reducerea barierelor inerente ale metodelor
actuale de distributie si specificatie.

Strategii de dezvoltare tehnologicd:

e Dezvoltarea tehnologiilor pentru surse de
lumind si balasturi avansate care imbunatitesc
calitatea, eficienta energetici si economicitatea
costurilor. De exemplu:

v' Pentru limpile fluorescente, dezvoltarea
tehnologiile bi-fosfor cu eficacitati de pana
la 200 Im/W si un indice de redare a
culorilor mai mare de 90.

v" Pentru lampile cu incandescentd, pelicule
infrarosii  Tmbundtitite pentru cresterea
eficacitatii (50 pana la 100 Im/W si mai
mult).

v" Dezvoltarea tehnologiei lampilor cu ioduri
metalice fard electrozi, inlocuind mercurul
cu xenon.

v" Dezvoltarea unor noi materiale pentru
pulberile fluorescente si electrozi si
proiectarea avansatd a balasturilor, cu o
crestere a eficacitatii de peste 50%.

e Dezvoltarea controlului iluminatului cu niveluri
de inteligentd si interfete inalte, niveluri de
control multiple si o configuratie accesibild. De
exemplu:

v' Dezvoltarea controlului cu auto-invitare,
intuitiv, usor de folosit si de adaptat la
preferintele  utilizatorilor.  Dezvoltarea
controlului universal si protocoalelor de
comunicare pentru interconexiunea
componentelor

e Dezvoltarea corpurilor de iluminat si sistemelor
care imbunatitesc calitatea si flexibilitatea
luminii emise. De exempiu:

v Dezvoltarea reflectoarelor configurabile

v Oferirea utilizatorilor a posibilitatii de
ajustare a cantititii i directiei luminii (de
exemplu, prin lamele reglabile si
configurarea sistemului optic reflector/
difuzor)

v Dezvoltarea unor armituri inteligente care
comunicid cu sistemul de control, au o
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capacitate intuitiva de invitare si realizeaza
diagnosticarea functiondrii pentru a asigura
o intretinere preventiva
v Dezvoltarea sistemelor de captare a luminii
naturale pentru transmiterea si distributia
acesteia spre interiorul cladirii
Pentru cei interesati, iatd citeva din reperele
Vision 2020, unele dintre ele aflate deja in
lucru:

2003:  sistemele de iluminal vor avea o
Alexibilitate mdritd, utilizdnd un singur protocol
universal pentru interactiunea componentelor;
controlul va invdia si se va adapta cerintelor
utilizatorilor. intradevir, acesta este ceea ce
face protocolul DALIL

2010:  sistemele de iluminat vor deveni
inteligente §i mai mult infegrate, comunicdnd
cu sistemul de control si realizdnd proceduri de
auto-diagnosticare. LED-uri si OLED-uri cu
Jlux luminos puternic isi vor crea drumul cditre
iluminatul ~arhitectural. Sursele fluorescente
conduse de balasturi universale vor atinge
eficaciidti de 200 Im/W mentindnd un indice de
redare a culorilor peste 90.

2020: Va fi disponibild tehnologia necesard
pentru  captarea luminii  naturale pentru
transmiterea si distributia ulterioard in cursul
noptii (Ledalite-Canada lucreazd la sistemul
MesoOptics, un material holografic care poate
redirectiona razele de lumina dupa dorintd; vezi
http://www.ledalite.com/download/brochures/
meso-tech.pdf).  Panouri luminoase plate
programabile LED/OLED vor crea efecte
featrale nemaivdzute (similare celor obtinute de
sistemele PC’s screen savers). In timp ce
sursele fluorescente cu descdredri vor atinge
eficacitdti ridicate si vor avea un confinut
redus de mercur, ldmpile incandescente vor
utiliza o tehnologie revolutionard care va duce
eficacitatea acestora pdnd dincolo de 60 Im/W
(Sandia National Laboratories-USA lucreaza
asupra fialmentelor realizate din cristale
fotonice miniaturale ce pot sé transfere energia
infrarogic radiatd de filamentul de wolfram
standard in domeniul de lungimi de undid al
luminii vizibile; vezi
http://www.sandia.gov/media/NewsRel/NR200
2/tungsten.htm).

Ca o concluzie, si vedem cateva din
subiectele “fierbinti” aflate pe agenda de
cercetare s1 dezvoltare a Americii de Nord
pentru urmdtorii 20 de ani

LED/ OLED

Nu vor exista rupturi fundamentale fati de de
tehnologiile traditionale in iluminat pentru
urmatorii 40 ani. Cu toate acestea, vor fi
implementate imbunatatiri semnificative ce vor
conduce la cregterea eficientei tehnologiilor in
luminatul cladirilor cu peste 50%. Chiar si cu
aceste Tmbunétifiri, noile informatii stiintifice
indicd un potential suplimentar de imbunatitire
de pana la 100%.

Tehnologii recente de iluminat de “corp
solid” au creat diode emisive de lumind (LED)
cu [umind alba si o eficacitate miritd pentru
aplicatii cu cost scdzut cum sunt semafoarele de
trafic. Aplicatiile LED in iluminatul cladirilor
comerciale si rezidentiale sunt iminente. Exista
o solicitare de piatd semnificativa in cercetarea
LED-urilor cu lumind alba privind cresterea
eficacitatii, a caracteristicilor de functionare,
reducerea costurilor si dezvoltarii unor armaturi
de iluminat practice.

LED-urile cu lumind albd disponibile pe
piatd sunt de putere mici, au o eficacitate de 15
- 20 Im/W si nu au aceleasi performante si
durate de viata. Perspectivele  de
cercetare/dezvoltare pentru tehnologia LED
vizeazd dublarea sau triplarea eficacitatii si
performantei in urmatorii trei ani. Majoritatea
aplicatiiflor actuale sunt pentru semnale
luminoase, indicatoare de iesire, panouri de
afisaj si automobile. Pe piatd sunt putine
corpuri de iluminat specializate cu LED, chiar
dacd existdi un potential semnificativ de
construire  a unor  aplicatii care sd
economiseascd energie si costuri. Toti cei trei
mari producdtori de lampi (GE, Philips si
Osram-Sylvania) u  Imbratisat  aceastd
“oportunitate de a inventa lumina” si
coopereaza in proiecte de cercetare.

LED Organic (OLED) este un polimer
emisiv de lumind cu suport din materiale
organice care emite lumind atunci cédnd este
supus unui curent electric. Folosit mai mult in
tehnologia de afisare, OLED-urile au o
perspectivd promitdtoare pentru corpuri de

88 INGINERIA ILUMINATULUI 10 - 2002




Informatii

iluminat de suprafatd, mai bine spus “panouri
luminoase inteligente si programabile™” care ne
vor face sd regdndim modul in care proiectim
iluminatul.

Lampile cu sulf

Se 1a o sferd de cuart cu dimensiunea unei

mingi de golf, se adauga elementul sulf si se

bombardeazd cu microunde. Rezultatul este

lampa cu sulf dezvoltata spre sfarsitul anilor 90

(http://www.pge.com/003 save energy/003b_b

us/pdf/sulfur lamp.pdf) de Fusion Lighting si

reproiectatid in prezent pentru dimensiuni mai
mici. Lampa cu sulf imbind avantajele lampilor
fara electrozi alimentate in frecventa radio cu

spectrul de radiatie ce asigurd o inalta redare a

culorilor al elementului sulf:

e [a foloseste mai putin de 15% din energia
lampii cu incandescentd clasice cu aceeasi
stralucire.

o Fluxul luminos emis rdméine constant de-a
lungul duratei de viati; nu este astfel necesar si
se compenseze pierderea de flux luminos prin
utilizarea unei lampi de putere mai mare.

e Durata de viatd este aproape nelimitatd datoritd
lipsei filamentului sau electrozilor care sd se
distruga prin ardere.

e Are o calitate cromatici exceptionala, foarte
aproape de spectrul solar. Spre deosebire de alte
limpi de mare eficacitate, lampa cu sulf nu
utilizeaza mercur si produce cu 50% mai putinad
radiatie ultravioleta.

Lampile fluorescente i lampile cu
descireiri de inalti intensitate

Cercetatorii din domeniul ldmpilor lucreaza
pentru extinderea duratei de viatd si cresterea
eficacitdtii  surselor fluorescente. Pelicula-
barierd a tuburilor fluorescente va asigura
producerea unor lampi cu un confinut de
mercur extrem de scézut gi un strat fluorescent
mai subtire. Prin aceasta se va extinde durata de
viatd peste cele 30.000 ore obtinute in mod
curent.

Lampile fluorescente compacte, in special
cele cu balast integral (cu dulie filetatd), sunt
“copilul minune” ale tehnologiei fluorecente,
avand 1n prezent puteri de la 2 W la 100 W.
Cercetitorii lucreazi la obtinerea unor diametre

dimming - reglare a fluxului luminos —
(prototipul unui regulator universal care
lucreaza atat cu ldmpi cu incandescentd cat si
cu lampi fluorescente compacte a fost aritat la
LightFair 2002.

Lampile cu descércari de inaltd intensitate
sunt, probabil, cele mai cercetate lampi,
datoritd posibilititii  obtinerii unei mari
eficacitati. Lampi MH imbundtatite avand
aprinderea prin impulsuri i lampile ceramice
sunt produse in gama de puteri de la 30 W pana
la 1000 W.

Balasturi electronice pentru limpile MH
(ioduri metalice) si HPS (sodiu de inaltd
presiune) sunt realizate in mod curent pentru a
acoperi intreaga gamd de puteri. Cercetatorii
testeazd mai multe metale pentru a identifica
noi radiatoare de descdrcare de finalta
eficacitate. Un laborator din Statele Unite a
anunfat cd atomii ionizati de Barium (Ba) ar
putea sd conducd la eficacitati de 300 Im/W,
dar spectrul de culori este intens deplasat spre
zona verde. Un compromis este posibil de
obtinut la o descdrcare de joasd presiune in
Barium.

Controlul iluminatului

Protocolul DALI (vezi “Ingineria [luminatului”
nr. 6) este pe cale de a fi ales ca protocol de
control al iluminatului pentru sisteme
interconectate. Producétorii au cheltuit bugete
semnificative pentru Cercetare&Dezvoltare
pentru a realiza echipament adaptat DALI (nu
numai pentru balasturi fluorescente): lampi
incandescente sau cu descarcari de Tinaltd
intensitate, regulatoare si control de prezenta
sau de lumind (fotocelule)
(http://www.archenergy.com/Irp/lightingperf st
andards/project 5 4.htm).

Alti producdtori, precum Ledalite, au
dezvoltat retele pentru sisteme de iluminat care
au senzori de prezentd sau de lumind integrati,
pentru a maximiza eficacitate energeticd a
acestora
(http://www.ledalite.com/download/brochures/
ergolight.pdf)
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