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Dr. Florin POP, Professor

A modern design for interior lighting systems has
to consider all the environmental issues — a proper
electric lighting use in accordance with the daylight
availability, energy, materials and equipment,
maintenance programme, optimum quality of the
light in space (photometric and colorimetric aspects)
and of the electric network (harmonics), the users
comfort and satisfaction.

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.
The objective is clearly to provide lighting to the
quantity and quality standards required, with the
minimum usage of electrical energy. The energy
consumed by a lighting installation depends upon the
installed load and the hours of use. 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.

There are two natural barriers to implement
an energy efficient lighting: economical and
educational. The low level of people income does not
permit the purchasing of the newest energy efficient
and good color rendering lamps. The lighting
knowledge is lacking many times even through the
educated people, and there are no media-dedicated
programmes to improve it.

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

ADVANCED DAYLIGHTING SYSTEMS

— HUMAN BEHAVIOUR AND COSTS

illumination design author for results of his work and
responsibility of the users for proper maintenance of
the installations. 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 [Govén 2001].

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, The
Netherlands, and, as well, 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% [Mills 2002]. Lighting
systems design trends are dynamics both in time and
between countries. The recommended illuminance
level represents only one of the design parameters,
but it is determinant for a lighting system and its
energy consumption [Mills & Borg 1998].

Lighting electricity consumption accounts for
about 20 to 30% of the total energy required by an
office building. 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 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?.
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? [Fontoynont, Escaffre & Marty
2002]. Based on the few comprehensive estimates
studies, there is stipulated an approximate commercial
sector lighting savings potential in the range of 25%
to 40% [Mills 2002]. In practice savings will vary by
country, depending on existing baseline conditions.

Daylight may cover the entire lighting need in
very few buildings, and, in the same time, daylighting
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can make an important energy contribution for many
buildings. Both daylighting and electric lighting
should be considered when designing a new building
and lighting installation. The lack of knowledge on
the performance of daylighting systems and lighting
control strategies, the lack of daylighting design
tools, of evidence of the advantages of daylighting
prevent many designers to take into consideration
daylight in their building design.

Direct use of daylight in buildings interior is
available for the area closed with glazed areas on
the building envelope — windows, skylights. The
remote systems using light tubes or other devices
redirect daylight into deep areas of buildings, unlit
by conventional glazing.

A daylighting system through windows is
concerned with the users requirements: (1) Change
and Variety - the nature of sun and sky; (2) Colour
and View - the contact with the weather and the
world outside; (3) Modelling and orientation,
Sunlight effect - the mood created by the variation
of light. What is offering a remote lighting system
of daylight in buildings interior? Some people state
“gratuity”. Yes, the solar light source is free of
costs. But, what the costs of the lighting collector
and transport systems are? And, what the efficiency
of the whole system is? Are the requirements
for an improved mood, behaviour or well-being
under the daylight received through a remote
lighting system accomplished? Cost and energy
efficiency comparison between different systems
and installations is difficult due to their diversity
and complexity and the prototype character of
many of them. The remote lighting systems
may cost between 300 €/m2 for active zenithal
systems (nearly 10 times that of a conventional
electric lighting system) to 50-75 €/m2 for passive
zenithal guides (which is comparable with electric
lighting). The most commercially spread system
is that with the roof passive collectors, light tubes
transport, and interior opalescent emitters - many
thousands of such systems world-wide. The capital
costs are depended by the pipe configuration and
accommodation work required on building fabric.
Light is distributed in an interior by emitters which
differ little from conventional luminaires. The
payback time for several case studies are at the
level of 3-4 years. However many passive zenithal

systems are incapable of providing satisfactory
task illuminance and require an electric system as
supplement and backup [Carter 2004].

The daylight is free, but the glazing or remote
lighting systems of daylight can be very expensive. The
daylight offered in the buildings interior by light
tubes systems is NOT THE SAME as the daylight
received through windows.

Proiectarea moderna a sistemelor de iluminat
interior trebuie sd considere toate componentele
ambientale — un iluminat electric adecvat in
concordantd cu disponibilitatea luminii naturale,
energia, materialele de constructic si finisare
si echipamentul luminotehnic, programul de
intretinere, distributia optimd a luminii in spatiu
(aspecte fotometrice si colorimetrice ale calitatii
iluminatului), reteaua electricd de alimentare
(armonici), confortul si satisfactia utilizatorilor.

Lumina naturald poate sia asigure intregul
necesar de iluminat in foarte putine cladiri dar, in
acelasi timp, poate sd aduca o contributie energetica
importantd pentru multe cladiri... Lipsa cunoasterii
performantelor sistemelor de iluminat natural si a
strategiilor de control al iluminatului electric, a unor
instrumente de proiectare si a evidentierii avantajelor
iluminatului natural constituie impedimente majore
pentru multi proiectanti in considerarea luminii
naturale in proiectarea cladirilor.

Utilizarea directa a luminii naturale in interiorul
cladirilor este posibila doar pentru o zona limitata din
apropierea suprafetelor vitrate ale anvelopei cladirii
- ferestre sau luminatoare. Sistemele de transport
la distantd a luminii utilizand tuburi de lumina sau
alte dispozitive redirectioneaza lumina naturald
adanc 1n interiorul cladirilor, in zone neiluminate de
sistemele conventionale de vitrare.... Ce oferd un
sistem de transport la distantd a luminii in interiorul
cladirilor? Unii sustin “gratuitate”. Desigur, sursa
de lumind solard este gratuitad. Dar, care sunt
costurile colectorului de lumina si ale sistemului de
transport? Si care este eficienta intregului sistem?
Sunt indeplinite cerintele umane pentru un ambient
confortabil, placut si care sd determine o stare
de bine sub efectul unei lumini naturale primite
printr-un tub? ...

Lumina naturala este gratuitd, dar sistemele
de vitrare sau de transport la distanta ale luminii
naturale pot sa fie foarte scumpe.
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INFLUENCE OF DAYLIGHTING AND SUPPLEMENTARY ELECTRIC
LIGHTING ON ENERGY NEEDS IN OFFICE BUILDINGS

Gilbert ACHARD ", Christelle FRANZETTI *, Oana DOBRE’, Gilles FRAISSE"

* Ecole Supérieure d’Ingénieurs de Chambéry, Université de Savoie
™ Electricité de France, Lyon

Daylight and electric lighting are complementary and this coupling has to be considered in the analysis

of the global energy needs of an office building because of the thermal loads generated by the electric

lighting and the influence of the windows on both luminous and thermal behavior of the rooms. This

paper deals with the foreseen energy balance of an office building with regards to the technological and

architectural solutions. A global analysis is needed for a consistent approach of Energy Demand Save

Management. The main objective is to test two linked softwares, one for luminous and the other for

thermal behavior assessment, to obtain global energy needs of office buildings.

1. Introduction

It is generally assumed that about 30% of the
energy consumption of office buildings comes from
electric lighting. In order to reduce this energy
consumption, the manufacturers propose a variety
of control systems which adjust the amount of
electric light to the natural light entering the room,
while maintaining the minimum level of illuminance
with respect to activities and visual comfort. Those
systems are said to reduce by 65%, in the best
cases, the lighting energy consumption. However,
the energy interaction between lighting and air
conditioning has to be considered for consistent
approach of Energy Demand Save Management.
The thermal gains generated by electric lighting
have positive effects on cold periods by reducing
the needs for heating, but they increase the cooling
demand on the hot period.

Many technological or architectural solutions
can be used in order to develop and control daylight
[2]. Lighting energy consumption is linked to
the switch on time of electric lighting and to the
installed power. The reduction of lighting energy
consumption can be achieved by the choice of an
efficient installation or by a better control of use
time. This is the aim of new lighting technologies.
Daylight and electric lighting are complementary
and this property can be exploited to reduce energy
consumption [3].

In the perspective of environmental protection,
the energy needs of a building have to be globally
considered. The interaction between lighting
and air conditioning modulates the estimation of
energy benefit of lighting systems. Our purpose
is to identify and quantify the parameters of the
interaction phenomena to guide people in the choice
of lighting control technologies and architectural
design. Two linked specific softwares, one for
luminous behaviour and the other for thermal
behaviour assessment, are tested and used for this
parametric study.

2. Luminous and thermal behavior of an office
building

To study the modulation of the global energy benefit
due to intelligent lighting control device based on
the complementarity between electric lighting and
daylight, a lot of parameters have to be considered:
architecture of the building, environment of the
building, materials involved, technologies involved,
activities and comfort of people.

We have selected fourteen parameters (Table 1)
withreference to a previous sensibility analysis. They
are those which seemed us the most characteristic
among all the possible ones.
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Table 1 List of the studied parameters (the bold type parameters are the most efficient for the reference building)

PARAMETERS

HIGH LEVEL

LOW LEVEL

Climate area Hi

HI (=+1)

cold climate

H3 (=-1)

very sunny climate

H]I in the north and NE, A3 in the SE and

H? in the rest of France.

Thermal insulation

high

low

Thermal inertia

medium

ligh

Radiant energy transmission rate | efficient (=0,8)

not efficient (=0,3)

Those three parameters describe the
thermal property of the building and of

the materials involved.

T

Narrow screen without with Element of the architecture which can
shades a part of the windows

External shading ML without (= +1) with (=-1) It is an element of the environment

(nearby or far-away)

relative aperture rate 7V

(=7 - Swindows / Sficor)

big (=0,675)

little (=0,037)

It takes into account the light
transmission rate (t,), the area of the

windows and of the floor

Horizontal position of the windows

on the right of the wall

on the left of the wall

The position of the window in the wall

Vertical position of the window centred high in the wall has an influence on the distribution of
daylight in a room.
Lighting control system Loi clock (=+1) intelligent lighting The system of lighting control can vary
devices (=-1) from the basic one (“clock™) to the most
effective
Electric lighting power Pi 18 W/m? 8 W/m? It depends on the type of lamps and
(not efficient) (very efficient) ballasts, and on the efficiency of the light

equipment

“Convection/radiation” ratio

convection equal

radiation

more radiation than

convection

The thermal loads of electric lighting

have a convective and a radiative part.

Photometry properties of materials

high luminous

reflection rate

low luminous

reflection rate

This factor acts on the internal reflected

components

Shading of the windows St

without (=+1)

with (=-1)

It is a crucial parameter for the control of

glare and summer overheating

For S=-1, there is a progressive shading when external vertical

irradiance varies from 100 to 300 W.m? [4]

The simulations have been conducted with a
computation tool developed by EDF and named
CA-SIS [5]. It allows the estimation of the different
energy needs (lighting, heating, cooling and global)
of office buildings. The thermal behavior of building
is simulated by TRNSYS [7] and the luminous
behavior is evaluated with a specific programme
we have developed and named LIGHT. This last
programme takes into account electric lighting
which supplies daylight if necessary.The daylight

illuminance on the working plane is obtained by
the sum of the three components linked to the sky
luminance distribution (direct, external reflected
and internal reflected components) and the only
internal reflected component of direct sun radiation.
This last restriction corresponds to a good design of
the facade allowing to avoid direct light from the
sun on the working plane. The study of the luminous
behavior of office buildings with LIGHT give good
results (£10%) until a daylight illuminance mean
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value of 1000 Ix on the working plane (see paragraph
3.3). Beyond this threshold, the probability of
glare is so important that the users protect them by
specific blinds to reduce the luminance window at a
suitable value. In this case, we assume that daylight
illuminance is always sufficient. So, the consequence
of this daylight shading is only an alteration of the
thermal behavior because the reduction of radiant
energy transmission by the windows.

The interactions between natural and electric
lighting and HVAC process can be evaluated by
relationships linking energy needs and the most
efficient parameters of Table 1.

We have chosen the “experience plan” method
[8] to reduce the number of simulations necessary
to obtain the above relations.

For each parameter, we define a high and a low
level, chosen to be representative of up-to-date
office buildings in France.

With a “screening procedure” [9], we select the
most efficient parameters. Thanks to a statistical
treatment [ 10] the weight of each of those parameters,

with a confidence interval, can then be estimated.

As an example, we present the results for a
square-shaped and seven floors office building
(reference case for the following). The total area
of the seven floors is 2800 m?. All the offices are
allocated on the periphery of each floor and the
common services are in the center of the building.

The “screening procedure” gives a “fractional
plan” of only 65 experiences, compared with
2% or 16,384 experiences of a “complete plan”
corresponding to 14 parameters and 2 levels (Min
and Max).

Different relations linking the most efficient
parameters (Table 1) and their first order interactions
with annual lighting energy consumption or other
annual energy needs (heating-, cooling-, global
energy needs) have been elaborated by applying
the “experience plan” method. They correspond
to the following formulas, where the results are in
GWh and where extensive parameters (Pi, TV, TT)
correspond to reduced value varying between 0 and
+1, relatively to the interval of variation:

Cropng = (5235 6.8) + (179 1.3) Pi + (9.4% 1.3) Loi — (4.1% 1.6) TV

+(5.3%1.4) TV.Loi + (3.9% 1.4) Pi.Loi + (2.3% 1.4) ML.Loi
B = (239.3%23.4) + 62.8% 5.5) TV (34.3% 4.5) Hi - (16.6% 4.5) TT

+(11.5%4.6) Loi — (10.6* 4.5) Pi — (9.7% 4.8) St — (22.7% 4.7) TV.Loi

S (11.9% 4.7) Hi.TV - (7.1% 4.9) Hi.ML — (6.3% 4.5) TV.St (1)
B =(93.5%24) + (33.6X 5.6)TV + (23.8£ 4.6)TT + (17.9% 5)St

cooling

+(I5E5)TVIT + (12.3£ 4.6)TT.St + (7.3£4.8)TV.St

+ (6.8 4.6)Hi.TT + (6.7X 4.8)Hi.TV

R —

global -

(385.1%35) +(92.4%£82) TV +(22.9%6.8) Loi + (13.4% 7.2) TV.TT

-(13%7) TV.Loi + (10.1% 7) Pi.Loi

The data of the simulations are:

- required temperature for the heating: 20 °C
in occupied period and 12 °C in unoccupied
period;

- required temperature for the cooling: 24 °C
in occupied period and 28 °C in unoccupied
period;

- requiredlevel of working planeilluminance:
500 Ix.

The global energy needs depend especially on
the lighting technology (Pi and Loi) and on daylight

and solar gains (77 and TT). This result and the
three others given by the above formulas illustrate
the reality of the interaction between lighting and
HVAC systems.

We note that the orientation is not among the
selected parameters. Indeed, in the general case, its
influence is so important that it must be considered
as a data of the simulation. In the previous example,
we have a particular case since it is a square-shaped
office with peripherals offices where the orientation
does not intervene on annual energy needs.
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Figure 1 Comparison between simulated annual energy needs
with CA-SIS + LIGHT and those calculated by energy formulas
(with confidence interval)

Gilobal

We have tested the validity of the previous
relations (1), by comparison of the results they
give and those calculated with CA-SIS + LIGHT,
on a large office building different from that used
in the example described above (=reference) but
where orientation has again no influence (peripheral
offices on rectangular shaped floors with shape
ratio of 0.75). The values of annual energy needs
obtained by the previous relations must be corrected
by the volume ratio (=0.71) between the tested office
building and the reference one (=example).

The results of the comparison are given by
Figure 1. By taking into account the confidence
interval applied on values calculated by energy
formulas, the comparison is very good. Then, the
relations (1) are good tools to quickly evaluate
annual energy needs for a large office building
whose shape is near a square and where orientation
has no influence. Designers can study the sensibility
of these results to the values of characteristic
parameters and choose the better solution.

3. Simulation of the interaction between lighting
and HVAC system

3.1 Basic principles

Study of the interaction between lighting and
thermal loads requires to carefully quantify both
the electric/ natural light coupling, and the electric
light/ thermal loads interaction. This can be done
through the computer code CA-SIS, able to achieve
transient thermal simulations [11]. This code has
been completed by the light module called LIGHT.

Lumineus behavieur

_Gluhl enegetic needs

Figure 2 Diagram of interaction between thermal and luminous

behavior

The thermal behavior computed by CA-SIS
depends on the respective parts of convective and
radiative fluxes of each entity producing thermal
loads. The thermal effects generated by electric
lighting are either of convective or radiative nature.
The proportion of each component depends both on
the light source (incandescent or fluorescent) and
on the kind of installation (hanging or embedded
lamp). The thermal loads on ambient air due to
electric lighting are purely of convective nature.
Between instantaneous radiative thermal effects
and thermal loads, there is a delay more or less
important, depending on the thermal inertia. The
same phenomena exists for all the type of thermal
loads inside the buildings, because their thermal
effects always contain a radiative part (long wave
radiation by occupants, processes and mutual wall
radiation or short wave radiation as solar gains and
electric lighting). The thermal inertia has a large
influence on thermal comfort, but it does not much
interfere on energy consumption for a long period as
shown in the previous paragraph.

To take into account the lighting thermal
loads, a continuous dialogue between thermal and
luminous behavior must be established, as shown on
Figure 2.

The interaction between lighting and air
conditioning arises both from the thermal loads
generated by the electric lighting and from the
effect of the blinds, which impacts on natural light
availability and solar gains.

3.2 Lighting calculations

To calculate the thermal loads of electric lighting
which complete daylight, an illuminance level is
assigned [12].
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When daylight illuminance is below this setting
level, two possibilities exist according to the
efficiency of the control device:

- the basic lighting control device which contains
only a clock and a presence detector switches on
all — or a part of - the electric lighting equipment
at the maximal power if the conditions of
starting are carried out;

- the “intelligent” lighting control device, which
have in addition a servo control and a power
gradation, fixes the necessary amount of electric
light just complementary to daylight and the
required power is produced (see Figure 3).

Figure 3 Complementarity between daylight and electric lighting

The power of the electric lighting equipment
which is called out gives convective and radiative
instantaneous gains. They have respectively a direct
and an indirect delayed influence on sensible energy
balance of the building. If the amount of available
daylight equals or exceeds the setting level, then
there is no extra thermal loads due to electric
lighting.

The daylight illuminance on the working plane
can be considered as the resultant value of three
short wave radiation fluxes: diffuse flux from the
sky, direct flux from the sun and flux from inside
and outside reflections.

{a) one wandow

I [

(b) two adjacent wandows

The inside illuminance £, ; is calculated at the
centre of each zone j of the working plane which is
divided in nine zones (Figure 4) The value which
is compared with the setting value is the average
of these punctual illuminances, excepted these of
the zones near the windows (white zones in the
Figure 4).

The calculations achieved by LIGHT every hour
follow five steps:

e estimation of daylight outside diffuse horizontal

illuminance;

e estimation of the diffuse component of internal
illuminance;

e reduction of the diffuse component due to
shading;

e estimation of the internal direct and diffuse
reflected component;
e estimation of daylight inside illuminance.

3.2.1 Sky diffuse component of the daylight
(outside and inside a building)

The current meteorological data of the solar
radiation concern direct and diffuse irradiances (in
W.m?). To convert these energy data in luminous
data, we have used luminous efficiency model of
Perez [13] or Perraudeau [14] and the associated
classification of the skies. These two authors have
defined respectively 7 and 5 types of sky (from
clear to overcast) by using air temperature, air
humidity and respectively the correlation between
diffuse irradiance and global irradiance (measured
meteorological data) established by Reindl [15]
or by Orgill and Hollands [16]. The Franzetti’s
procedure [1] gives a correspondence between these
two classifications. Each type of sky is characterised
by a specific luminance pattern which allows the
calculation of outside diffuse illuminances on any
plane.

Inside the buildings, the illminances at any point

(c) two opposite windows

Figure 4 Description of the working plane partition
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of the working plane due to the sky is evaluated by
using the notion of “Extended Daylight Factors”. We
have developed this concept for each type of sky by
taking into account their sky luminance pattern. This
hypothesis is consistent with the results obtained by
Dumortier [6].

The sky diffuse component (£, ) at a point (or a
zone) of the working plane can be expressed by the
sum of the contributions of each part of the sky seen
through meshes of the windows resulting from an
adapted partition:

Epag =(Q FID)).E

' 2)
where FJD is the extended daylight factor; a,, a, are
parameters which depend on the type of sky [17]
according to the classification proposed by Rerez or
Perraudeau, and on the diffuse light transmission rate
(z,) of the glass used as reference in the calculations;
i is a function of the geometry of the luminous
exchange between the window mesh and the zone;
E, , is the outside horizontal diffuse illuminance;
Ls is the relative mean luminance of the sky seen
through a part of the window (value of the mean
luminance divided by £, ).

FJID, = a,, + a,.u,.Ls,

3.2.2 Reduction of the sky diffuse component due
to shading

The diffuse component can be reduced by the
presence of outside obstacles shading the sky to the
windows, narrow screens (balconies, loggia walls,
sun screens) and blinds.

The reduction of the diffuse component by
outside obstacles is taken into account in cancelling
the value of FJD corresponding to the parts of
shaded sky.

The reduction ratio (4, ) of the diffuse component
by outside narrow screens is a function of geometric
characteristics of the parts which shade the sky to
the windows.

The reduction ratio (Ap) of the diffuse component
by ablind is a function of percentage of the windows
obstructed.

The corrected extended daylight factor, which
takes the place of FJD in the formula (2), is
expressed by [18]:

(FID,),, =(FID)(1-A,)(0-8,)(0+a)  (3)

where a is a lump overvaluation (about 10% for

clear environment) to rough estimate the influence
of the reflection of the light by the narrow obstacles
and screens.

3.2.3 Internal diffuse reflected component

The inside parts of the walls of the room are
supposed to be perfectly diffusive and obey to the
Lambert’s law. Their average reflected rate is noted
p,,- The internal reflected component is a function of
this rate and of the sky diffuse component on a zone
of the working plane [1]:

E i =Sd, po)Eyy (4)

where d depends on the geometry of the room.

3.2.4 Solar component

The sunlight generates two sources: the first
one is the solar spot, the second one is an inside
homogeneous flux of reflected light.

The purpose of LIGHT is to calculate the electric
lighting necessary to complete daylight. As only
mean illumination is taken into account; the solar
spot is excluded because it generates high and very
localised levels of illuminance, not representative of
what is effective on the working plane.

Consequently, the solar component can be
expressed only as the inside diffuse illuminance due
to the direct solar flux entering the room through
the window and reflected by the inside parts of the
wall [1]:

E,. =F(p,,Sw/St,1,).E,, (&)
where Sw/St is the ratio of windows area to the area
of all the opaque inside parts of the room; Esv is
the direct solar vertical illuminance on the windows,
when it exists (if not, it is equal to zero) and possibly
corrected if shading by a blind is effective at the
calculation time; 7, is the direct light transmission
rate of the reference glass, depending on incidence
angle of the solar radiation on the windows.

3.2.5 Final value of illuminance of the working
plane

For a zone j of the working plane, the horizontal
illuminance Eint, is given by the following
expression:

Eint, = [(Epyg); +(Erga) )-8 + E-Bp (6)

where 8, and B, are correction factors to take into
account the true properties of light transmission (d:
diffuse and D: direct) of the glass of the windows, in
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place of the properties of the glass used as reference
in the calculations.

3.3 Experimental validation of light

An experimental study has been realised in a
laboratory (Figure 5) to compare the measured value
of daylight illuminance level on the working plane
and the value estimated by LIGHT [19].

The laboratory is located in the Research Centre
of EDF (Les Renardieres). It is in accordance with

the prescriptions of the IEA’s Task 21 [20]. Global
and diffuse outside illuminances are measured
with a LMT illuminance meter. Global and diffuse
irradiances are measured with a KIPP and ZONEN
pyrometer. In the laboratory, illuminance meters
control the illumination level on the working plane
and on other characteristic points.

The results of this experimental study are
illustrated on the Figures 6 and 7. On the first figure,
the comparison between the calculated and the

Figure 5 Laboratory and inside points of illuminance measures

Calculated diffuse outside horizontal illuminance (lux)

45000
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35000 7
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20000 T
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-
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-
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-
-

Measured diffuse outside horizontal illuminance

oo 2000

Juduo auuun 50000

Figure 6 Comparison between calculated and measured values for diffuse outside horizontal illuminance

Calculated working plane illuminance (lux)
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Figure 7 Comparison between calculated and measured values for diffuse working plane illuminance
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measured values of the diffuse outside horizontal
illuminance E,_, is very good and proof the validity
of the luminous efficacy Perez’s model, except for
very small values which correspond to low values of
sun height (<15°) where this model is not suitable.

The correlation between the measured
illuminances and the estimated illuminances by
LIGHT on the working plane is good (correlation
rate of 0.9). It is better for levels under 1000 Ix (see
Figure 7). These levels probably correspond to the
cases where the direct illuminances due to the sun
is small compared to the diffuse illuminances due
to the sky.

As LIGHT is not able to simulate the solar
spot (see paragraph 3.2.4), the figure 7 shows the
limit of this luminous behaviour model. But for
high illuminance on the working plane resulting
from solar spot, the electric lighting installation is
useless. Therefore this validity threshold of 1000 1x
for LIGHT is not damageable for the estimation of
lighting energy consumption as we have soon said it
in the second paragraph.

4. Application of LIGHT programme

In the second paragraph, we have given an

application of the LIGHT programme linked with
CA-SIS to define the most influent parameters on
the different energy needs of an office building
where orientation has no influence (large building
with peripheral offices and square-shaped floors
or closed cases). This first application illustrates
the reality of the interaction between lighting and
HVAC systems and shows that global energy needs
depend on the lighting technology and on daylight
and solar gains.

We present now two others applications of the
association CA-SIS + LIGHT.

4.1 Influence of the lighting devices and of the
windows

Considering a 5000 m? office building at the first
step of the project design, the designers (architect and
engineers) has to make some crucial architectural
and technological choices.

For example, the new French thermal regulation
[21] incites them to have considerations about the
estimated energy needs of the projected building to
limit green building effect gases emissions.

The association of the two tools CA-SIS +
LIGHT allows them to foresee the consequences of
their choices on the energy needs of the projected

The different solutions are defined by the following table where the parameters are the same as these of Table 1

Solution 1 Solution 2 Solution 3 Solution 4 Solution 5
Hi -1 (Carpentras) (-1) Carpentras (-1) Carpentras (+1) Trappes (+1) Trappes
v 0.6 0.6 0.6 0.6 0.1
T 0.72 0.72 0.72 0.72 0.72
ML without without without without without
St with with with with with
Loi efficient lighting no lighting efficient lighting efficient lighting efficient lighting
control device control device control device control device control device
Pi 9 W.m? 16 W.m? 16 W.m? 16 W.m? 16 W.m
Influence of lighting device Inflienre nf tune rf windrae
0y
ol Gh G
001
0
o)
o)
01
00
20
|
0 t t 1
Soluion 1 Solution 2 Soluion 3 Snlicn 4 Solitian & Figure 8 Estimation of energy
needs of an office building vs
its lighting installation and its
B Lgrting B Heang [] ciwa windows
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building. The Figure 8 shows what can be predicted
for an office building as regards the influence of the
lighting devices and of the kind of window.

The new French thermal regulation imposes
a limit for the power of the lighting devices at
16 W/m? in an office building. In this application,
thanks to a more efficient installation (only 9 W/m?)
the lighting energy consumption is reduced, but the
energy heating needs increase (Figure 8, solution 1
and 3).

The choice of an efficient lighting control device
is favorable on lighting energy consumption and
also on global energy needs, but again the energy
heating needs increase a little in this case (Figure 8,
solution 2 and 3).

A drastic reduction of the relative aperture rate
TV by a factor 6 (for example by reducing windows
area and light transmission rate) leads to heating
and global energy saving of about 50%, but lighting
energy consumption is 25% up (Figure 8, solution
4 and 5).

The choice of an efficient lighting device is very
sensitive on the lighting annual energy consumption.
But the choice of the relative aperture rate TV is a
more sensitive parameter on the global energy needs
of an office building.

The Figure 8 illustrates the fact that the
technological choices have to be made in agreement
with the architectural choices for a better energy
design.

4.2 Daylight development

The reference building described in the
paragraph 2 has been tested in two situations:
the first corresponds to a fictitious one where no
daylight is available and in the second daylight
is effective. In both cases, the office building is

located at Trappes (Hi=+1), the power of electric
lighting installation is 12 W.m? (efficient lighting
equipment), the lighting control device is of clock-
type, the illuminance setting level is 425 Ix on the
working plane and a reverse thermodynamic system
provides air conditioning with a COP of 1.5 (annual
mean value). In the first situation, lighting is only
electric and windows are fictitiously considered as
having only a thermal influence, when they have
in addition a luminous and visual influence in the
second situation. They are double glazing windows
with a light transmission rate equals to 0.82.

The annual energy needs obtained with CA-SIS
+ LIGHT in the two situations are given in Figure
9. It shows that without daylight, the cooling needs
are more important than the heating needs. Cooling
is used to evacuate the internal loads, which are
mainly due to lighting in the hot period.

This implies a large reduction of all energy
needs (except heating needs) when daylight is used
even by a basic light control device.

The daylight availability according to the
orientation of the offices of the reference building is
shown by Figure 10. The switch on periods of electric
lighting devices along the year, which is a sort of
complementary measure of the daylight availability,
vary a lot with orientation and season. In Trappes
but in numerous places too, south orientation is the
most interesting for the developement of daylight.

5. Conclusions
This work illustrates the importance of taking

into account the interaction between lighting and
HVAC system. This notion is useful to understand

HEATING |,
30000 +
20000
10000 +

Without daylight

INGINERIA ILUMINATULUI 13-2004

Figure 9 Annual energy
needs [kWh]

With daylight

13



Figure 10 Switch on periods of the electric lighting devices

and foresee the energy needs of office buildings.
The new French thermal regulation [21] makes
this subject more sensitive. At the present time, the
aim is to improve the thermal performances of new
office buildings by 25%. The global reflection about
technological and architectural design is important to
succeed in a consistent approach of Energy Demand
Save Management. For example, the choice of some
expansive light control device must be justified by
large reduction of energy consumption, not only for
lighting but also for global consumption including
heating and cooling too.

The next step of this work will be the
generalisation of the simplified energy formulas to
other buildings with regards to their architectural
properties and their activities. This task will be made
easier thanks to the new software LIGHT allowing
to include the natural and electric light in thermal
energy balance computed by the code CA-SIS or by
others thermal codes. Some other validation works
must be still carried out to increase confidence in
this tool, in particular for a better control of visual
comfort (glare control, luminance balance, ...)
which must be always associated to a goal of energy
saving.
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INFLUENTA LUMINII NATURALE SI A ILUMINATULUI ELECTRIC
SUPLIMENTAR ASUPRA NEVOII ENERGETICE DIN CLADIRILE DE
BIROURI

Lumina naturald §i cea electrica sunt complementare §i aceastd asociere trebuie sd fie luata in

considerare in analiza nevoii energetice globale din cladirile de birouri datorita sarcinilor termice

generate de iluminatul electric si a influentei ferestrelor asupra atat a comportamentului luminos, cdt

si a celui termic al incaperilor. Acest articol trateaza bilantul energetic prevazut pentru o cladire de

birouri cu referire la solutii tehnologice si de arhitectura. O analiza globala este necesard pentru un

studiu coerent al Managementului de Economie a Cererii de Energie.

1. Introducere

Se presupune in general ca aproape 30% din
consumul energetic al cladirilor de birouri este
datorat iluminatului electric. In scopul reducerii
acestui consum de energie, fabricantii propun o
varietate de sisteme de control care adapteaza
cantitatea de lumina electricd in functie de aportul
de lumind naturald intr-o Incépere, mentindnd un
nivel minim de iluminare necesar desfasurarii unei
activitati si a realizarii confortului vizual. Aceste
sisteme sunt indicate pentru o reducere de 65%,
in cele mai bune cazuri, a consumului energetic
electric datorat iluminatului. Oricum, interactiunea
de energie dintre iluminat si climatizare trebuie sa
fie luata in considerare in etapele de management de
economie al cerintei de energie. Degajarea de caldura
produsd de iluminatul electric constitue un efect
benefic in perioadele de iarna prin reducerea nevoii
de incdlzire, dar ea creste cererea de climatizare in
perioadele de iarna.

Mai multe solutii tehnologice sau arhitecturale
pot fi utilizate 1n scopul valorizarii §i controlului
luminii naturale [2]. Consumul de energie electrica
datorat iluminatului este legat de momentul punerii
in functiune a acestuia. Reducerea consumului de
energie electricd poate fi realizata prin alegerea
unei instalatii eficiente sau a unui control mai bun
al timpului de utilizare. Aceasta poate fi realizata
cu ajutorul noilor tehnologii de iluminat. Pentru a
atinge acest scop putem utiliza complementaritatea
dintre iluminatul natural si cel electric.

In perspectiva protectiei mediului inconjuritor,
nevoia de energie In cladiri trebuie sa fie luatd in
considerare de maniera globala [3]. Interactiunea
dintre iluminat gi climatizare moduleaza evaluarea
avantajului de energie consumatid de iluminat.
Scopul lucrarii este de a identifica si a preciza
parametrii fenomenelor de interactiune pentru a
ghida utilizatorii spre o alegere a tehnologiilor de
control al iluminatului si al design-ului arhitectural.

2. Comportament luminos si termic intr-o cladire
de birouri

Pentru a studia avantajul modulérii energiei globale
datorate dispozitivelor inteligente de control de
iluminat care se bazeazd pe complementaritatea
dintre iluminatul electric si cel natural, au fost
considerati mai multi parametri ca: arhitectura
cladirii, mediul inconjurdtor al cladirii, materialele
implicate, tehnologiile implicate,
desfasurate si confortul ocupantilor.

S-au selectionat 14 parametri (vezi Tabel 1) care
fac referire la analizele precedente de sensibilitate,
considerati a fi cei mai caracteristici.

Simularile au fost conduse cu ajutorul unui
program de calcul dezvoltat de EDF (Regia Franceza
de Energie) numit CA-SIS [5]. Acest program
permite o estimare a diferitelor nevoi in energie
(iluminat, incalzire, climatizare si global) a cladirilor
de birouri. Comportamentul termic al cladirii este
simulat cu ajutorul programului de calcul TRNSYS
[7], iar comportamentul luminos este evaluat cu

activitatile
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ajutorul unui program de calcul specific dezvoltat
de noi numit LIGHT. Acest program tine seama
de iluminatul electric care completeaza, daca este
necesar, pe cel natural.

Iluminarea data de lumina naturald pe planul util
este obtinutd prin insumarea a trei componente care
tin de distributia de luminanta a cerului (componenta
directa, componenta reflectatd externa si componenta
reflectatd internd) si de componenta reflectatd
internd a emisiei solare directe. Aceastd ultima
restrictie corespunde unui bun design al fatadei,
permitand realizarea ilumindrii directe de la soare
pe planul util. Studiul comportamentului luminos al
cladirilor de birouri cu ajutorul programului LIGHT
da rezultate bune (£10%) pentru o valoare medie a
iluminarii pe planul util de 1000 Ix (vezi paragraf
3.3). Peste aceasta valoare, probabilitatea existentei
orbirii este suficient de mare, ceea ce implica
utilizarea unei protectii vizuale pentru a reduce
luminanta ferestrelor la o valoare adecvata. in acest
caz, presupunem cd iluminarea datd de lumina
naturala este mereu suficienta. Deci, In consecinta,
diminuarea cantitatii de lumind naturalda datorita
innorarilor este doar o diminuare acomportamentului
termic dati de reducerea transmiterii de energie
radianta prin ferestre.

Interactiunile dintre iluminatul natural si cel
electric si procesul HVAC pot fi evaluate prin
relatiile existente ntre nevoile 1n energie cerute de
iluminat si de parametrii cei mai eficienti dati in
Tabelul 1.

S-a ales metoda «planului experimentaly [8]
pentru a reduce numarul simularilor necesare pentru
a obtine relatiile descrise mai sus.

Pentru fiecare parametru, se defineste un nivel
maxim §i un nivel minim, alese pentru a reprezenta
cladirile de birouri actualizate din Franta.

Cu ajutorul unei «proceduri de ecranare»
[9], se selectioneazd parametrii cei mai eficienti.
Multumitd tratamentului statistic [10] importanta
fiecarui parametru poate fi estimata intr-un interval
de eroare. Ca exemplu, se prezinta rezultatele unei
cladiri de birouri de sectiune patrata si avand 7 etaje
(caz de referinta pentru ce urmeaza). Suprafata totala
a celor 7 etaje este de 2800 m?. Toate birourile sunt

plasate la periferia fiecarui etaj, iar zonele comune

sunt plasate 1n centrul cladirii.

Procedura de «ecranare» da un «plan fractional»
pentru 65 experiente, comparat cu 2'4 sau 16.384
experiente dat cu ajutorul «planului complet»
corespunzator a 14 parametri si 12 niveluri (min si
max).

Diferite relatii dintre parametrii cei mai eficienti
(vezi Tabelul 1) si interactiunile de primul rang cu
consumul energetic anual al iluminatului sau alte
nevoi energetice anuale (incalzire, climatizare,
nevoi energetice globale) vor fi realizate aplicand
metoda «planului de experienta». Acesta corespunde
formulelor urmatoare pentru care rezultatele sunt in
GWh iar parametri extensivi (Pi, TV, TT) corespund
la valoarea redusa care variaza intre 0 si +1, relativa
in intervalul de variatie — formula (1).

Datele simuldrii sunt:

- temperatura cerutd pentru incdlzire: 20 °C
in perioadele ocupate i 12 °C in perioadele
neocupate;

- temperatura cerutd pentru climatizare: 24 °C
in perioadele ocupate si 28 °C in perioadele
neocupate;

- nivelul de iluminare cerut pe planul de lucru:
500 Ix.

Nevoile energetice globale depind in special de
tehnologia iluminatului (Pi si Loi) si de aporturile
solare si in lumina naturala (77 si TT). Acest rezultat
siinca trei altele obtinute cu ajutorul relatiilor de mai
sus ilustreaza realitatea interactiunii dintre iluminat
si sistemul HVAC.

Se noteazd ca orientarea nu se afld printre
parametrii alesi. De altfel, in cazul general, influenta
orientdrii este suficient de importantd pentru a fi
luata in considerare ca o datd a simularii. Exemplul
precedent reprezintd un caz particular deoarece
cladirea de birouri este de sectiune patrata cu birouri
periferice pentru care orientarea nu intervine in
nevoile energetice anuale.

S-a testat validitatea relatiilor precedente (1)
prin compararea rezultatelor obtinute cu cele
calculate cu ajutorul CA-SIS+LIGHT, pentru o
cladire spatioasa de birouri, diferita de cea utilizata
in exemplul descris mai sus (= de referintd) si pentru
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care orientarea nu influenteaza (birourile periferice
din suprafata dreptunghiulara pe un etaj caracterizat
de un factor de forma de 0,75). Valorile nevoilor
energetice anuale obtinute cu formulele precedente
trebuie corectate cu un coeficient volumic (0,71)
existent intre cladirea de birouri testatd si cea de
referintd (= exemplu).

Rezultatele compardrii sunt date in Figura 1.
Luéand in considerare intervalul de eroare aplicat
valorilor calculate cu formulele de energie,
compararea este foarte buna. Astfel, relatiile (1)
sunt foarte utile in cazul evaluarii rapide a nevoilor
energetice anuale pentru cladirile spatioase de
birouri de sectiune apropiata de cea patrata si pentru
care orientarea nu intrd in calcul. Conceptorii pot
studia precizia acestor rezultate In functie de valorile
parametrilor caracteristici in alegerea unei solutii
mai bune.

3. Simularea interactiunii dintre iluminat si
sistemul HVAC

3.1 Principii de baza

Studiul interactiunii dintre iluminat si sarcinile
termice estenecesaratatin asociereadintre iluminatul
electric si cel natural cat si in cea dintre iluminatul
electric §i interactiunea sarcinilor termice. Aceasta
poate fi realizata cu ajutorul programului de calcul
CA-SIS, capabil sa construiascd simuldri termice
temporale [11]. Acest program poate fi completat
printr-un modul de iluminat numit LIGHT.

Comportamentul termic simulat cu CA-SIS
depinde, in parte, de fluxurile radiative si convective
ale fiecarui element generator de sarcini termice.
Ponderea fiecarui element depinde atat de sursa
de lumind (incandescentd sau fluorescentd) cat si
de tipul instalatiei (aparat de iluminat suspendat
sau Incastrat). Sarcinile termice In mediul interior
al incéperilor provocate de iluminatul electric sunt
de naturd pur convectivi. Intre efectele termice
radiative instantanee si sarcinile termice existd o
intarziere mai mare sau mai mica care depinde de
inertia termicd. Acelasi fenomen existd pentru toate
tipurile de sarcini termice dintr-o cladire, deoarece
efectele termice ale acestora contin mereu o parte

radiativa (radiatii de lungime de unda lunga datorate
ocupantilor, radiatii de proces si de interactiune cu
peretii sau radiatii de lungime de unda scurtd ca
aporturile solare si cele de iluminat electric). Inertia
termica are o mare influentd asupra confortului
termic, dar ea nu intervine In consumul energetic
din perioadele lungi de timp, cum este aratat in
paragraful precedent.

Pentru a tine cont de sarcinile termice provocate
de iluminat trebuie stabilit un dialog continuu intre
comportamentul termic si cel luminos, cum este
aratat in Figura 2.

Interactiunea dintre iluminat si climatizare
rezultd atdt din sarcinile termice generate de
iluminatul electric cat si din efectul storurilor, ca

a aporturilor solare.

3.2 Calcul de iluminat

Pentru a calcula sarcinile termice si iluminatul
electric care-l completeaza pe cel natural este
necesara alegerea unui nivel de iluminare [12]. Cand
iluminarea datoratd luminii naturale este sub nivelul
cu eficienta dispozitivelor de control:

- dispozitiv de control de baza al iluminatului
care nu contine decat un ceas §i un detector de
prezenta pus in functiune mereu sau intermitent,
cand echipamentul de iluminat electric are
puterea maxima, daca conditiile de functionare
sunt indeplinite;

- dispozitiv inteligent de control al iluminatului
avand in plus un server de control si o gradare
in unitdti de putere, care fixeaza cantitatea
necesard de lumina electrici complementard
cu lumina naturald cand puterea cerutd este
produsa (vezi Figura 3).

Puterea echipamentului de iluminat electric
cerut realizeaza castiguri instantanee radiative
si convective. El prezintd o intarziere directa si
indirectd care influenteazd precizia bilantului
energetic al cladirii. Dacd cantitatea de lumina
naturald disponibila este egala sau excede nivelului
fixat, atunci nu mai exista sarcini termice externe
datorate iluminatului electric.
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Iluminarea datoratd luminii naturale pe planul
util poate fi considerata ca o valoare rezultanta din
cele trei fluxuri de lungime de unda scurta: flux
difuz de la cer, flux direct de la soare si flux datorat
reflexiilor interne i externe.

Iluminarea interioara FEint este calculatd in
centrul fiecarei zone j a planului util divizat in noua
zone (Figura 4). Valoarea care este comparata cu cea
fixata este data de media acestor iluminari punctuale,
exceptand cea a zonelor din proximitatea ferestrelor
(zonele albe din Figura 4).

Calculele realizate cu ajutorul programului de
calcul LIGHT in fiecare ord urmaresc patru etape:

e cstimarea ilumindrii  orizontale difuze
exterioare date de lumina natural;

e cstimarea componentei difuze a iluminarii
interne;

e reducerea
umbririi;

e estimarea componentei directe interne si a
celei reflectate difuze;

e estimarea iluminarii interne date de lumina
naturala.

componentei difuze datorate

3.2.1 Componenta difuzd a luminii naturale
provenite de la cer (externid sau interni unei
cladiri)

Datele meteorologice actuale despre radiatia
solard se refera la radiatiile difuze si cele directe (in
W.m2). Pentru a converti aceste date energetice in
date luminoase, s-a utilizat modelul de eficacitate
luminoasa Perez [13] sau Perraudeau [14] si
clasificarea care rezulta a cerurilor. Acesti autori au
definit 7 si respectiv 5 tipuri de cer (de la clar la
acoperit) utilizdnd temperatura aerului, umiditatea
aerului i respectiv corelatia dintre emitanta difuza
si cea globald (date meteorologice masurate)
stabilite de Reindl [15] sau de Orgill si Hollands
[16]. Procedura lui Franzetti [1] dd corespondenta
dintre aceste doua clasificari. Fiecare tip de cer este
caracterizat de un model specific de luminanta care
permite calcularea iluminarilor difuze exterioare pe
orice plan.

in interiorul cladirilor, ilumindrile in orice
punct din planul util provocate de cer sunt

calculate utilizdnd notiunea de “Factor de lumina
naturala excedentd”. S-a dezvoltat acest concept
pentru fiecare tip de cer tindnd cont de modelul de
luminanta a cerului. Aceasta ipoteza este in corelatie
cu rezultatele obtinute de Dumortier [6].
Componenta difuzd a cerului (£, ) Intr-un
punct (sau dintr-o zond) din planul util poate fi data
de suma contributiilor fiecarei parti de cer vazut
prin ochiurile de fereastrd rezultat ca o divizare
adaptatd — relatia (2) — unde FJD este factorul de
excedent de lumind naturald; a,, a, sunt parametri
care depind de tipul de cer [16] in concordanta cu
clasificarea propusa de Rerez sau Perraudeau si de
coeficientul de transmisie al luminii difuze (z,) al
geamului utilizat ca referintd in acest calcul; p este
o functie geometrica a transferului luminos intre
ochiurile de fereastrd si zond; E, , este iluminarea
difuzd orizontald exterioard; Ls este luminanta
medie relativa a cerului vazut prin fereastra (valoare
rezultatd din divizarea luminantei medii prin £, ).

3.2.2 Reducerea componentei difuze a cerului
datorita umbririi

Componenta difuza poate fi redusa prin prezenta
unor obstacole exterioare care umbresc cerul vazut
prin fereastra sau prin ecrane subtiri (balcoane,
geamuri solare) sau storuri.

Reducereacomponentei difuze prin suprapunerea
unor obstacole exterioare este luatd in considerare
in anularea valorii lui FJD corespunzétoare a partii
umbrite de cer.

Factorul de reducere (4, ) al componentei difuze
rezultate prin prezenta ecranelor subtiri este o
functie de caracteristicile geometrice ale partilor
care umbresc cerul vazut prin fereastra.

Factorul de reducere (Ap) al componentei difuze
datoratd storurilor este o functie de procente din
suprafata ferestrei obturate.

Factorul de excedent de lumina naturala corectat
care inlocuieste F/D in relatia (2) este dat in [19] —
relatia (3) —unde a este supraevaluarea obstacolului
(aproape 10% din mediul Inconjurdtor liber) care
ajuta la estimarea dificila a influentei reflexiei luminii
pe obstacolele apropiate de geamul ferestrei.
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3.2.3 Componenta reflectata difuza interna

Se presupune ca partea interioara a peretilor
incdperii este perfect difuzantd si respectd legea
lui Lambert. Coeficientul lor de reflexie mediu este
notat p,_. Componenta reflectatd internd este functie
de acest coeficient si de componenta difuza a cerului
pe o zond din planul util [1] — relatia (4) — unde d
depinde de geometria incéperii.

3.2.4 Componenta solara

Lumina naturald genereaza doua surse: prima
este spotul luminos, a doua este un flux omogen
interior de lumina reflectata.

Scopul programului de calcul LIGHT este de a
calcula iluminatul electric necesar pentru a completa
lumina naturald. Cum este luatd in considerare doar
iluminarea medie, spotul solar este exclus deoarece
el genereazd un nivel de iluminare foarte nalt si
foarte localizat, nereprezentativ fata de ce se gaseste
efectiv pe planul util.

In consecinti, componenta solari poate fi
exprimatd doar prin iluminarea difuzd interioara
datorata fluxului solar direct care intrd in Incdpere
pe fereastrd si a celui reflectat de partea interioara
a peretilor [1] — relatia (5), unde Sw/St este factorul
de suprafatd de fereastra in functie de suprafata
tuturor peretilor opaci interiori ai incaperii, Esv este
iluminarea verticala directa solara pe fereastra cand
aceasta existd (dacd nu, ea este nuld) si corectata
dacd umbrirea provocatd de un stor este efectiva in
timpul calculului; 7, este coeficientul de transmisie
de lumind directd a geamului de referinta, care
depinde de unghiul de incidenta al radiatiei solare
pe fereastra.

3.2.5 Valoarea finala a iluminarii pe planul util

Pentru o zona j a planului util, iluminarea
orizontala Eint, este data de relatia (6), unde S, si B8,
sunt coeficienti de corectie care trebuie sa fie luati
in seama in proportii reale de transmisie a luminii
(d: difuzata si D: directd) a geamului ferestrei in
locul proportiilor de geam utilizate ca referintd in
calcule.

3.3 Validarea experimentala a luminii

Un studiu experimental a fost realizat in laborator
(Figura 5) pentru a compara valoarea masurata
a nivelului de iluminare dat de lumina naturala
pe planul util cu valoarea estimatd cu ajutorul
programului de calcul LIGHT [19].

Laboratorul este plasat in Centrul de cercetare
al EDF (Les Renardiéres). El este in concordanta cu
principiile lui IEA’s Task 21 [20]. [luminarile difuza
si globald externd sunt masurate cu un luxmetru
LMT. Emitantele difuza si globald sunt masurate
cu un pirometru tip KIPP si ZONEN. In laborator
luxmetrul controleaza nivelul de iluminare pe planul
util i in alte puncte caracteristice.

Rezultatele acestui studiu experimental sunt
ilustrate in Figurile 6 si 7. In prima figura, E,  este
foarte buna si valideazd eficacitatea luminoasa a
modelului Perez, cu exceptia valorilor foarte mici
care corespund unei pozitii joase a soarelui (<15°)
pentru care acest model nu este adaptat.

Corelarea dintre ilumindrile masurate si
cele estimate cu LIGHT pe planul util este buna
(coeficient de corelare de 0,9). Aceasta corelare este
mai adaptata pentru niveluri de iluminare mai mici
de 1000 Ix (vezi Figura 7). Aceste niveluri corespund
probabil cazurilor cand iluminarile directe provenite
de la soare nu se compara cu cele difuze provenite
de la cer.

Cum LIGHT nu este adaptat pentru simularea
spotului solar (vezi paragraf 3.2.4), Figura 7 arata
limita modelului de simulare a comportamentului
luminos. Dar, pentru a obtine o iluminare mai mare
datd de un spot solar pe planul util, instalatia de
iluminat electric nu trebuie sa fie folosita. De altfel,
acest prag de validitate de 1000 Ix al programului
de calcul LIGHT este important in estimarea
consumului energetic al iluminatului.

4. Aplicatii ale programului de calcul LIGHT

in par. 2 a fost descrisd o aplicatie a programului
de calcul LIGHT atasat cu CA-SIS pentru a defini
parametrii cei mai influenti in diferitele nevoi
energetice din cladirile de birouri, pentru care
orientarea birourilor nu este importanta (cladiri
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spatioase cu birouri periferice §i etaje de sectiune
patrata sau birouri inchise). Aceasta prima aplicatie
ilustreaza realitatea interactiunii dintre iluminat
si sistemul HVAC si arata ca nevoile energetice
globale depind de tehnologia de iluminat si de
aporturile solare de lumind naturala. Prezentdm
acum alte doua aplicatii ale asocierii dintre CA-SIS
si LIGHT.

4.1 Influenta aparatelor de
ferestrelor

Sé considerdm o cladire de birouri de 5000 m?.
in prima etapa din realizarea unui proiect, arhitectii
si inginerii trebuie sa faca cateva alegeri tehnologice
si arhitecturale cruciale.

De exemplu, noua reglementare termica franceza
[21] incitd sa se ia in considerare nevoile energetice
estimate ale cladirii proiectate pentru a limita efectul
emisiei de gaze.

Asocierea dintre CA-SIS si LIGHT permite
prevederea consecintelor alegerilor arhitectilor si
inginerilor asupra nevoilor energetice ale cladirii
proiectate. Figura 8 aratd ce poate fi ales pentru
o cladire de birouri care tine seama de influenta
aparatelor de iluminat §i de tipul de fereastra
utilizat. Noua reglementare termicd impune o
limitare a puterii instalate a aparatelor de iluminat la
16 W/m? intr-o cladire de birouri. In aceasti
aplicatie, multumitd unei instalatii mai eficiente
(doar 9 W/m?), consumul energetic al iluminatului
este redus, 1nsd nevoile energetice pentru incalzire
cresc (Figura 8, solutia 1 si solutia 3).

Alegerea unui dispozitiv eficient de control al
iluminatului este favorabild in consumul energetic
al iluminatului si, de altfel, in nevoile energetice
globale, dar sub nivelul nevoilor energetice pentru
incélzire care scad in acest caz (Figura 8, solutiile
2 i 3).

O reducere drastica a factorului de marime
relativd TV de aproape 6 ori (de exemplu, prin
reducerea suprafetei ferestrelor si a coeficientului de
transmisie al ferestrelor) conduce la o economie de
energie pentru incdlzire si global de aproape 50%,
dar, in schimb, consumul energetic pentru iluminat
este cu 25% mai mare (Figura 8, solutiile 4 si 5).

iluminat si a

Alegerea unui aparat de iluminat mai eficient
are un impact puternic asupra consumul energetic
anual pentru iluminat. Dar alegerea unui coeficient
de marime relativd 7V este mai putin resimtitd in
analiza nevoilor energetice globale ale cladirilor de
birouri.

Figura 8 ilustreaza faptul ca alegerile tehnologice
trebuie sd fie facute in concordantid cu alegerile
arhitecturale pentru un proiect energetic mai bun.

4.2 Valorizarea luminii naturale

Cladirea de referintd descrisa in par. 2 a fost
testatd in doua situatii: prima corespunde la o situatie
fictivd cand nu existd lumina naturald, a doua cand
existd lumind naturald. in ambele cazuri, clidirea
de birouri este plasata in Trappes (//=+1), puterea
specificd a instalatiei de iluminat electric este de 12
W/m? (aparat de iluminat eficient), dispozitivul de
control al iluminatului este temporizat, nivelul de
iluminare este fixat la 425 Ix pe planul de lucru si
un sistem termodinamic de rezerva asigura aerul
conditionat cu un COP (coeficient de performanta)
de 1,5 (valoare medie anuald).

In prima situatie iluminatul este doar de tip
electric si se considerd cd ferestrele au doar o
influenta termica, comparativ cu situatia a doua,
cand ele au si o influentd vizuala si luminoasa.
Ferestrele sunt duble cu un coeficient de transmisie
a luminii de 0,82.

Nevoile energetice anuale obtinute cu CA-SIS
si LIGHT in ambele situatii sunt date in Figura
9. Se arata ca fara valorizarea luminii naturale,
nevoile in climatizare sunt mai importante decat
cele 1n incédlzire. Climatizarea este utilizatd pentru
evaluarea sarcinilor interne, care sunt datorate, in
principal, iluminatului in perioadele de vara.

Aceasta implica o reducere importantd a tuturor
nevoilor energetice (cu exceptia celor in incalzire)
cand lumina naturala este valorizata chiar cu ajutorul
unui dispozitiv de control de lumina.

Utilizarea luminii naturale este importanta
pentru orientarea birourilor in clddirea de referinta,
cum este ardtat in Fgura 10. Punerea in functiune a
iluminatului electric in tot timpul anului, care este
complementar luminii naturale, variaza in functie de
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orientarea birourilor si de anotimpuri. In Trappes si
in alte locuri, orientarea spre sud este mai interesanta
in valorizarea luminii naturale.

5. Concluzii

Acest articol ilustreazd importanta luarii in
consideratie a interactiunii dintre iluminat si sistemul
HVAC. Aceasta notiune este utila pentru a intelege si
prevede nevoile energetice ale cladirilor de birouri.
Noua reglementare termica franceza [21] face ca
acest subiect sa fie mai sensibil. La ora actuala,
scopul este de a ameliora performantele termice
ale noilor cladiri de birouri cu 25%. Ideea globala
despre proiectarea arhitecturald si tehnologica
este importantd in ameliorarea managementului
de economie a cererilor de energie. De exemplu,
alegerea unor dispozitive scumpe de control de

lumind trebuie sa fie justificatd printr-o reducere
importantd a consumului de energie, nu numai in
iluminat, ci si in consumul global care include si
incélzirea si climatizarea.

Urmatoarea etapd a acestui studiu va fi
generalizarea formulelor de energie pentru alte
cladiri in concordanta cu proprietatile arhitecturale
si activitatile desfasurate la interior. Aceasta va fi
facuta mai usor cu ajutorul noului program de calcul
LIGHT care permite includerea luminii naturale si
celei electrice 1n bilantul energetic termic cu ajutorul
modulului CA-SIS si al altor module termice. Alte
modificari trebuie sa tind cont de cresterea increderii
in aceste module si programme, in particular pentru
un control mai bun al confortului vizual (controlul
orbirii, bilantul de luminante) care trebuie sa fie
mereu asociat in calculele de economie de energie.

Traducerea autorului
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Gheorghe CAMPEANU

CERCETARI PRIVIND INFLUENTA LUMINII MONOCROMATICE DE

TIP LED ASUPRA PERFORMAN TELOR PRODUCTIVE, CALITATII
CARCASELOR SI A STARII DE SANATATE A PUILOR BROILER

Maria COSTEI *, Ion VISAN °, Stelian MATEI ™
Nicoleta CIOCARLIE Alina ORTAN Emanuela PETRE "
* Universitatea de Stiinte Agronomlce si Medlclna Veterinard Bucuresti
** Universitatea din Stellenbosch, Cape Town

[luminatul electric este important in managementul modern al cresterii puilor. Studii recente aratd
ca sisteme de iluminat cu lumind monocromatica afecteaza cresterea puilor broiler. 480 pui broiler
masculi (Cobb 500) au fost amplasati in patru compartimente experimentale separate. Hrana §i apa
au fost administrate ad-libitum. Iluminatul a fost programat pentru 23 ore de lumind si o ord de
intuneric pe intreaga perioada a experimentului. Tratamentele luminoase au fost: lumind albd normala
- martor; lumind albastra (472 nm), lumind verde cyan (505 nm), lumind verde inchis (526 nm).
Pe durata experimentului au fost inregistrate: greutatea corporald, sporul in greutate zilnic mediu,
consumul de hrana si eficacitatea hranei. La sacrificarea puilor au fost prelvate esantioane de carne,
sange si ochi. Sporurile in greutate si eficacitatea hranei au fost semnificativ mai mari in grupurile
supuse luminii verde. Profilele proteic si metabolic nu au fost afectate de lumina monocromaticd.
Rezultatele experimentale sugereaza ca lumina verde cyan si lumina verde inchis stimuleazd cresterea

puilor broiler.

1. Introducere

Lumina este unul dintre cei mai importanti factori
de microclimat intalniti n adaposturile destinate
cresterii pasarilor, deoarece influenteaza in mare
masurd atat performantele productive cat si cele
de reproductie ale pasarilor. Din acest motiv
adaposturile in care sunt intretinute pasarile trebuie
sd realizeze conditii adecvate, care sd corespunda
cerintelor fiziologice ale organismului.

In adiposturile moderne, iluminatul electric
este singura sursda de lumind asigurata pasarilor.
Rolul luminii in cresterea pasarilor este bine
cunoscut, aceasta influentand prin intensitate, durata
(fotoperiodism) si program de aplicare (Andrews si
Zimmerman 1990).

Ochiul pésarilor, similar cu cel al omului, este
capabil sa distinga lumina in spectrul 380 — 760
nm. Vederea cromatica este prezentad si la pasarile
domestice, dar experientele privind perceptia luminii
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monocromatice arata ci pasarile nu pot receptiona
radiatiile cu lungime de unda mica (indigo si violet),
din cauza absorbtiei acestor radiatii cu slabd putere
de penetrare de cétre picaturile uleioase din retina.

In tehnologia de crestere industriald a pasarilor,
pentru realizarea iluminatului electric s-au utilizat
diferite surse cum ar fi: lampi cu incandescentd,
lampi fluorescente. Aceste surse de lumina
electrica s-au dovedit a fi neeconomice, din acest
motiv 0 noud si eficientd lumind monocromatica
de tip LED a fost introdusad in industria cresterii
pasérilor pentru maximizarea performantelor. Noile
tehnologii de iluminat ofera avantaje crescatorilor
de pasari, in sensul economisirii energiei consumate
si a Imbunatatirii performantelor (Vandenberg si
Widowski, 2000).

Ca urmare a faptului ca la iluminatul artificial al
adaposturilor destinate cresterii pasarilor se folosesc
incd surse de lumind traditionale si, deoarece
opiniile cercetatorilor care au studiat efectul luminii
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monocromatice de tip LED asupra pasarilor sunt
diferite, obiectivul acestei lucrari a fost acela de a
stabili influenta iluminarii cu LED—uri cu diferite
lungimi de unda asupra performantelor de crestere,
a starii de sdnatate si a eficientei economice in
cresterea puilor.

Tabelul 1 Schema experimentala

LED-urile utilizate in experiment au fost realizate
in laboratorul de cercetare al Facultatii de Inginerie
Electrica din Stellenbosch de cétre cercetatorul
Prof. Stelian Matei. Acestea au avut diferite lungimi
de unda, respectiv: albastru 472 nm, verde cyan 505
nm, verde inchis 526 nm.

Loturi Tratament Obiective urmarite in experiment
Parametrii productivi urmariti
Martor Lumina alba ¢ Evolutia greutdtii corporale pe faze de crestere (g)
e Sporul mediu zilnic pe perioade de varsta
e Consumul specific (Kg n.c./Kg spor)
Experimental 1 Lumind monocromatica e Indicele de pastrare al efectivului (%)
albastrd
Experimental 2 Lumind monocromatica e Compozitia chimica bruta a carcaselor
verde cyan
Experimental 3 Lumind monocromaticd o Ultrastructura fibrelor musculare
verde inchis e Modificari ale structurii retinei puilor din experiment
¢ Modificari hematologice ale puilor din experiment
e Urmarirea comportamentului pasarilor pe perioada
experimentala
o Eficienta economica (%)

2. Materialul biologic si metoda de lucru

In cadrul experientelor efectuate pe puii broiler s-a
utilizat ca material biologic hibridul comercial Cobb
500. Studiile s-au desfasurat in patru compartimente
experimentale distincte, pe un numar de 480 pui,
care au fost impartiti In mod uniform cate 120 pui/
lot (6 repetitii). Cresterea s-a facut pe o perioada de
42 zile, in custi metabolice, in regim de neutralitate
termica (28 °C in prima saptamand si 24 °C in
urmatoarele saptamani). Schema experimentala este
prezentatd in Tabelul 1.

Fiecare compartiment experimental a avut
contor de inregistrare a consumului electric propriu.
Inregistrarea consumului electric a fost ficuta zilnic
si saptamanal. Durata iluminarii a fost de 23 h/zi la
toate loturile, dar a diferit intre loturi prin culoarea
luminii din compartimentul experimental.

Retetele de nutret combinat au fost formulate
pe perioade de crestere, in prima perioada reteta a
asigurat 3078 Kcal/Kg EM, 23,03%PB, si 1,40%
lizina; in perioada de crestere si Ingrasare reteta a

avut un continut de 3168 Kcal/Kg EM, 22,00%PB si
1,30% lizina; iar in perioada de finisare 3226 Kcal/
Kg EM, 19,15% PB si 1,14%. Hrana si apa au fost
administrate ad libitum.

Pentru stabilirea performantelor de crestere
ale puilor din loturile experimentale s-au efectuat
cantariri de control; pe baza greutatilor corporale
realizate s-au calculat sporurile in greutate. De
asemenea, pentru aprecierea modului in care a fost
valorificatd hrana, au fost inregistrate cantitatile
zilnice de furaje ingerate (pe loturi, variante
si repetitii), pe baza carora au fost calculate
consumurile totale i cele specifice de nutreturi
combinate/kg spor.

Aprecierea calitdtii carcaselor s-a realizat prin
cantarirea acestora si a portiunilor lor anatomice,
iar pe baza greutatii absolute s-au obtinut date
de randament §i proportii ale diferitelor portiuni
rezultate prin transare, prin raportare la greutatea
vie si la greutatea carcasei dupa eviscerare. De
asemenea, pentru estimarea dezvoltarii organelor si
glandelor s-au facut masurari ale greutatii acestora.
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Probele de carne au fost supuse unor analize
de compozitie chimica bruta, continut in colesterol
si de ultrastructurd a fibrei musculare. In vederea
stabilirii structurii retinei, globul ocular al pasarilor
a fost examinat histopatologic la varsta de 28 si 42
de zile.

La sfarsitul experimentului, puilor sacrificati
li s-a analizat i continutul osului tibia in cenusa
bruta, calciu si fosfor. Pentru determinarea calciului
s-a folosit metoda volumetrica, iar fosforul a fost
evidentiat prin metoda colorimetrica.

Prin analiza probelor de sange recoltate la 28
si 42 zile s-au stabilit valorile hematologice ale
pasarilor si profilul metabolic al acestora.

Rezultatele obtinute au fost prelucrate statistic
folosind programul Microcal Origin calculandu-se
semnificatia diferentelor intre loturile experimentale
cu ajutorul testului Student T, pe baza lor formuland
o serie de concluzii si recomandari.

3. Rezultate si discutii

3.1 Evolutia greutatii corporale pe perioada
experimentala

Tabelul 2 prezinta dinamica greutétii corporale a
puilor pe perioade experimentale.

Se constata ca la varsta de 21 zile greutatea medie
corporala a broilerilor inregistreaza valori cuprinse

Tabelul 2 Evolutia greutatii corporale pe perioada experimentalad

intre 794,01g la lotul Martor si 837,37 la lotul L3
(lumina verde inchis), diferente semnificative pentru
probabilitatea de p<0,05.

In urmitoarea perioada de crestere, la varsta de
35 zile, se observa ca greutatile medii corporale
se diferentiazd tot in favoarea loturilor care au
beneficiat de lumina verde, 1808,64 L3 fatd de
1792,71 LMartor. In acelasi timp, lotul care a
beneficiat de lumina verde cyan L2 a obtinut greutati
medii apropiate de lotul cu luminad verde inchis,
respectiv 1801 g comparativ cu 1808,6 g (diferente
nesemnificative pentru p<0,05). Rezultatele cele mai
slabe au fost inregistrate de lotul care a beneficiat de
lumina albastra, respectiv 1730,65 g.

La incheierea experimentului (42 zile), greutatile
corporale ale puilor au evoluat in acelasi sens,
cele mai bune greutati evidentiindu-se la loturile
L3 si L2 - 2222,61 g fatd de 2222,40 g (diferente
nesemnificative). Lotul care a beneficiat de lumina
albastra a inregistrat greutati medii de 2150,50 g, cu
3,24% mai mici decat lotul cu lumind verde L3 si cu
3,02% mai mari decat ale lotului Martor.

Analizdnd rezultatele pe cele trei perioade
experimentale se constatd ca toate loturile care au
fost crescute cu lumind monocromatica de tip LED
au realizat greutati medii corporale mai mari decat
lotul Martor.

Loturile experimentale Perioada 0-21 zile

Greutate initiala Greutate finala

Perioada 21-35 zile

Greutate finala

Perioada 35-42 zile

Greutate finala

Martor - Lumina alba 35,430,145  794,01£14,297 1792,71%22,506 2217,34+24,371

L1 - Lumind albastra 3520+0,404  805,48+9,473 1730,65+16,110 2150,50m+21,191
L2 - Lumind verde cyan | 35,36£0,375  812,257+20,234 1801+27,521 2222,61™+30,116
L3 - Lumina verde inchis | 35,66£0,409  837,37"+11,489 1808,64m433,819 2202 40m+47,474

m - diferentiat semnificativ (p<0,05) fata de lotul M; b - diferentiat semnificativ (p<0,05) fata de lotul L2
a - diferentiat semnificativ (p<0,05) fata de lotul L1; ¢ - diferentiat semnificativ (p<0,05) fata de lotul L3

3.2 Dinamica sporului de crestere in greutate a
puilor din experiment

Sporul in greutate al puilor pe cele trei perioade
experimentale este prezentat in Tabelul 2.

in perioada 0-21 zile, se constati ci acesta
a avut valori cuprinse intre 38,18 g/zi la lotul L3
(lumina verde inchis) comparativ cu 36,11 g/zi lotul
Martor (lumind alba). in acelasi timp, puii din lotul
L2 (lumina verde cyan) au inregistrat sporuri de 37
g/zi, iar cei din lotul L1 (lumina albastrd) numai
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36,68 g/zi. intre 21 si 35 zile, valorile sporului
obtinut se Inscriu intre 71,69 g/zi la lotul L2 (lumina
verde cyan), fatd de 66,08 g/zi la lotul L1 cu lumina
albastra.

In perioada de finisare a puilor, acestia au realizat
sporuri cuprinse intre 61,01 g/zi la lotul L2 (lumina
verde cyan), fatd de 59,11 g/zi la lotul L1 cu lumina
albastra.
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3.3 Evolutia consumului specific pentru a obtine
1 kg spor in greutate

In ceea ce priveste consumul de nutret combinat
intre 0-21 zile, se constata cid acesta a avut valori
cuprinse intre 38,18 g/zi la lotul L3 (lumina verde)
comparativ cu 36,11 g/zi lotul Martor (lumina alba).
In acelasi timp, puii din lotul L2 (lumina verde cyan)
au inregistrat sporuri de 37 g/zi, iar cei din lotul L1
(lumina albastrd) numai 36,68 g/zi. Intre 21 si 35
zile, valorile sporului obtinut se inscriu intre 71,69
g/zi la lotul L2 (lumina verde cyan), fatd de 66,08
g/zi la lotul L1 cu lumina albastra.

In perioada de finisare (35-42 zile) se remarci o
imbunatatire a consumului specific la toate loturile
experimentale: 2,600 kg/kg spor la lotul L2; 2,606
kg/kg spor la lotul L3; 2,730 kg/kg spor la lotul L1;
fatd de 2,613 kg/kg spor lotul Martor .ecedentd de
puii lotului L2 (lumina verde cyan) 1,879 kg/kg

3.4 Evaluarea caracteristicilor calitative si a
profilului metabolic si hematologic al puilor
expusi la actiunea luminii monocromatice
Experimentul care sta la baza prezentului
raport urmdreste efectul luminii monocromatice
(albastra, verde deschis si verde inchis) asupra
performantelor de crestere a puilor broiler si asupra

caracteristicilor trofico-biologice ale carnii pasarilor
crescute in aceste conditii. in urma sacrificarilor,
puii din loturile experimentale au fost supusi unei
serii de masurdri privind dezvoltarea carcaselor si a
tractusului digestiv.

Greutatea la sacrificare §i greutatea neta a
carcaselor este prezentatd in Figura 3.4.1.
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Figura 3.4.1 Prezentarea greutatii la sacrificare §i a greutatii
nete la puii broiler crescuti in loturi cu luminad monocromatica

diferita

De asemenea, in urma sacrificarilor a fost
analizata si greutatea organelor puilor pe loturi
experimentale. In Tabelul 3 este redati compararea
acestor valori si procentul din greutatea neta.

Tabelul 3 Compararea greutatii organelor la puii broiler crescuti cu lumind monocromatica diferita

Pui broiler din lotul | Pui broiler din lotul | Pui broiler din lotul | Pui broiler din lotul
martor (M) (L) (L) (L)

Greutatea inimii, g 8,560+0,792 9,138+0,428 8,002+0,749 8,560+0,600
% din Greutatea netda 0,405+0,034 0,448+0,013 0,381+0,035 0,401+0,023
Greutatea ficatului, g 42,110£3,777 39,163+£1,183 42,19745,155 40,780%1,194
% din Greutatea neta 1,988+0,154 1,923+0,029 2,013+0,280 1,911+0,055
Greutatea pulmonului, g 8,983+1,115 8,992+0,333 13,532+1,310 9,578+0,516
% din Greutatea netd 0,42340,044 0,44140,025 0,645+0,046 0,448+0,021

Din analiza rezultatelor obtinute se constata ca
nu s-au inregistrat diferente semnificative din punct
de vedere al greutatii inimii §i ficatului, in cazul
pulmonului 1nsd, rezultd diferente semnificative
ale greutatii acestui organ atat intre lotul Martor
(valoarea minima) si lotul cu lumina verde cyan L2
(valoarea maxima obtinutd), respectiv 4,549 g, cat
si intre lotul cu lumina albastra L1 si cele cu lumina
verde L2 si L3 (verde cyan si verde inchis): 4,54 g
si respectiv 0,586 g.
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Aprecierea comparativi a compozitiei chimice
a carcaselor puilor din loturile experimentale

Compozitia chimica brutd a carcaselor analizata
cu scopul depistarii potentialelor diferente ale
calitatii nutritive a carnii obtinute de la puii din cele
4 loturi experimentale (sacrificati la 28 de zile si la
42 de zile) evidentiazd performante superioare la
puii crescuti in loturile cu lumind verde, in special
verde cyan. Figura 3.4.2 prezintd proteina bruta din
carcasele puilor, iar Figura 3.4.3 - grasimea brutd,
ambele raportate la substanta uscata.
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Figura 3.4.2 Proteind bruta (% SU) determinatd din carcasele puilor broiler sacrificati la 28 si 42 de zile si crescuti in patru loturi
experimentale cu lumind monocromatica diferita
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Figura 3.4.3 Grasime brutd (% SU) determinata din carcasele puilor broiler sacrificati la 28 si 42 de zile si crescuti in patru loturi
experimentale cu lumina monocromatica diferita
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Figura 3.4.4 Profilul proteic la puii de 42 de zile din loturile experimentale expuse la actiunea luminii
monocromatice
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Figura 3.4.5 Profilul energetic (colesterol total si trigliceride) la puii de 42 de zile din loturile experimentale cu lumina
monocromatica
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Din rezultatele determindrilor se constata ca
cele mai mari valori la continutul in proteinad bruta
au fost obtinute la lotul cu lumina albastra, iar cea
mai mica valoare a grasimii brute a fost prezentd in
carcasele puilor din lotul cu lumina verde inchis.

Analiza profilului metabolic al puilor din
loturile experimentale expusi la actiunea luminii
monocromatice

Pentru puii de carne din loturile experimentale,
s-a aplicat profilul metabolic la varsta de 4 si 6
saptamani, respectiv la 28 si la 42 de zile (Figurile
3.4.4513.4.5)

Comparand valorile determinate pentru fiecare
parametru luat in calcul la stabilirea profilului
proteic si energetic se observd cd puii analizati
in acest experiment nu sugereaza existenta unor
probleme metabolice.

Examenul histopatologic al probelor prelevate
de la puii broiler din loturile experimentale cu
luminia monocromatica

Examenele histopatologice ale probelor de
analizat s-au efectuat pe patru pui in varsta de 28 de
zile si pe 16 pui de 42 de zile din cele patru loturi
experimentale.

S-au prelevat fragmente de muschi scheletic din
zona pectorald si femurald si glob ocular (retind),
fixarea s-a facut in formol Baker, incluzia la parafina,
sectionarea la 5 pm, iar colorarea sectiunilor prin
metoda tricromica Masson (HEA).

Examenul histopatologic efectuat la puii de
28 de zile si la cei de 42 de zile a evidentiat slabe
modificari distrofice in probele din musculatura si
discrete leziuni la nivelul retinei, in special la puii
din loturile cu lumina albastra si verde inchis. Puii
din loturile cu lumina verde cyan si cu lumina alba
au prezentat rezultate corespunzatoare.

4. Concluzii

Din analiza datelor prezentate se
urmatoarele concluzii generale:
1. Privitor la influenta luminii monocromatice de tip
LED asupra performantelor de crestere ale puilor
broiler se constata ca:
1.1 Spectrul luminii monocromatice
influenteaza rata de crestere a puilor broiler

desprind

astfel incat puii din loturile L2 (lumina
verde cyan) si L3 (lumind verde inchis) au
realizat rata de crestere si sporul in greutate
semnificativ mai mari decat cei crescuti sub
lumina albastra sau alba.
1.2 in ceea ce priveste eficienta utilizarii
hranei se remarca aceleasi loturi care au
beneficiat de lumind verde, respectiv L2
si L3, care au realizat un consum de nutret
combinat cu 5,46% si cu 1,14% mai mic
decat puii lotului Martor (lumina alba).

2. Privitor la influenta luminii monocromatice de tip

LED asupra calitatii carcaselor si a starii de sdnatate

a puilor broiler se constata ca:
2.1. Greutatea la sacrificare a puilor, greutatea
semicarcaselor si cea a organelor interne au
fost influentate semnificativ la loturile cu
lumina verde (verde cyan si verde inchis) cu
5,2 si 6,2% mai mari decat la lotul Martor.
2.2. Profilul metabolic nu a fost influentat
si se incadreaza in valorile de referinta
corespunzatoare speciei §i categoriei pentru
toate loturile experimentale.
2.3. Starea de sanatate a puilor nu a fost
afectatd, la examenul histopatologic s-au
evidentiat slabe modificari distrofice in
probele din musculatura si discrete leziuni la
nivelul retinei, In special la puii din loturile
cu lumina albastrd si verde inchis. Puii din
loturile cu lumina verde cyan si cu lumina
albd au prezentat rezultate corespunzitoare
in urma examenului histopatologic.
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RESEARCHES CONCERNING THE INFLUENCE OF MONOCHROMATIC
LED-TYPE LIGHT ON THE PRODUCTIVITY PERFORMANCES, QUALITY
OF THE CARCASSES, HEALTH AND METHABOLIC PROFILE OF THE
BROILER CHICKENS

Electric illumination is crucial in modern broiler management. The latest studies show that a new and

highly efficient monochromatic light system affects the growth of broiler chicks. Four hundred and

eighty male broiler chicks (Cobb 500) were raised in cages in four experimental rooms separately. Feed

and water were provided for an ad-libitum consumption. The light was scheduled for 23h of light and

1h of dark during the entire experimental period. Light treatments were: control-normal white; blue

(472 nm), cyan green (505 nm ), dark green (526 nm). During the experimental period were recorded.:

body weight, the average daily gain, feed consumption and feed efficiency. At the slaughtering meat

samples, blood samples, eye samples were taken. The weight gain were significantly higher in the

group reared under green light, and the feed efficiency were enhancement in the same groups. The

proteic and metabolic profile were not affected, by the monochromatic light. The experimental results

suggest that the cyan green light and the dark green light stimulate the growth of the broilers.

Light is one of the most important microclimate
factors found in places for growing birds, as it is
greatly influencing both bird development and
reproduction. Therefore, these places where
birds are kept and grown must have adequate
conditions, correlated to the physiological needs
of the organisms. In modern systems, electric light
is the only source of light available for birds. The
growth of broiler chicken - largely used in bird meat

production industries - is significantly influenced by

the type of light. Industrial bird growth technology
is using different light sources such as: incandescent
or fluorescent lights. These electric light sources were
found to be uneconomical, therefore a new, efficient
monocromatic light source of the type LED has
been introduced in poultry farms. The technology
used to produce LEDs involves growing crystalline
structures of semiconductor material layer after
layer (layer on top of layer), making possible to
use semiconductor materials that could not be used
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before, and also insures the production of structures
of high precision and purity. Recent technologies
made possible the production of LEDs with a
combination of colours. Because classical artificial
lighting systems in chicken farms are still used and
because scientists express different opinions on the
effects of LED monocromatic light (with various
wavelengths) in birds, we found the study of the
influence of LEDs on chicken growth parameters,
health and economic efficiency interesting to explore
in the present project. The LEDs used in the present
work have been produced by Prof. Stelian Matei at
the research laboratory of the Faculty of Electrical
Engineering in Stellenbosch. These had various
wavelengths: blue (480 nm), cyan green (535 nm),
dark green (560 nm).

Materials and methods. The experiments used the
hybrid COBB 500 chicken, available commercially.
These hybrids have fast growth, feed efficiency, high
slaughtering yield and good livability. Four hundred
and eighty broilers (male) COBB 500 were used in
four different rooms during experiments (Table 1).
The birds were raised in cages, in uniform growth
conditions, at thermic neutrality (28 °C in the first
week and 24 °C all others). Electrical consumption
was measured separately in each experimental
room weekly. A 23 h light - 1 h dark was used in all
rooms, but light colour varied as follows: - Control:
normal bulb - white light - Treatment 1 (L1) - LED
- blue light - Treatment 2 (L2) - LED — cyan green
light - Treatment 3 (L3) - LED - dark green light
The compound feed network structure was similar
in all treatments. The content of the compound
feed structure included: maize, soybean meal, fish
meal, calcium salts and phosphates and premixes.
The broilers were fed with compound feed made
of raw materials chemically and microbiologically
controlled in IBNA production unit. Feed and water
were provided ad libitum.

The compound feed used during the experiment
was prepared differently depending on the growth

period as follows: Starter, Grower and Finisher.The
structure and nutritive value were analysed with
standard methods.

Results and discussion weight measurement.
Measurement of weight was carried out at 21, 35
and 42 days in all chickens and all experimental
groups. It can be seen that 21-day old broilers
have mean body weights of 794.01 g in the control
lot and 837.37 g in group L3 (dark green light)
(differences are significant at p<0.05). Then it can be
seen that 35-day old broilers show the same trend,
namely the groups grown at green light have bigger
weights (1808.64 g for L3, compared to 1792.71 g
in control). At the same time the group given cyan
green light (L2) shows similar weights to the group
given dark green light - 1801 g compared to 1808.6
g (differences are not significant at p<0.05). Poorest
results were found in the group that was given the
blue light treatment (1730.65 g). At the end of the
experiment (day 42) chicken body weights show
the same trend, best weights were found in groups
L3 and L2 - 2222.40 g compared to 2222.11 g
(differences not significant). The group that was
given blue light shows 3.24% less body weight than
the group given green light (L3) and 3.02% more
body weight compared to controls. Overall results
from all group types and experiments show that all
treatments with monochromatic LED light have
yielded bigger body weights than the control.

Pattern of weight increase. The weight increase of
chicken were analysed. During the first 21 days a
daily increase of 38.18 g was shown in group L3
(green light) compared to 36.11 g/day in control
(white light). Between day 21 and day 35 the daily
weight increase was 71.69 in group L2 (cyan green
light) compared to 66.08 g/day in group L1 (blue
light). During the last growth period the group L2
(cyan green light) had daily increases of 61.01 g
compared to 59.11 g/day in lot L1 (blue light).
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Overall results showed highest weight increase
in group L2 which was given cyan green light (52.96
g/day), while chicken in group L1 (blue light) had
lowest weight increase (50.36 g/day).

Pattern of food consumption. Data regarding
specific food consumption were analysed. To
calculate specific compound feed consumption the
total consumption for each period was divided to
the total increase obtained in each of these cases.
During the first 21 days, specific compound food
consumption had values of 1.685 kg/kg increase in
lot L2 (cyan green light), compared to 1.734 kg/kg
increase in control (white light). Similarly, during
the next time period (days 21-35) most efficient
food consumption was recorded in group L2 (cyan
green light) - 1.879 kg/kg increase compared to
that of chickens grown in white light, L1, which
had highest increase in combined food (2.126).
During the last period (days 35-42) a better specific
consumption was noted in all experimental groups,
as follows: 2.600 kg/kg increase in group L2; 2.606
kg/kg increase in group L3; 2.730 kg/kg increase
in group L1; compared to control which had 1.613
kg/kg increase. The analysis of the consumption
during the whole experimental period, shows that
chickens grown in green cyan light had the best
food conversion 1.836 kg/kg increase, while poorest
results were noted in the control group given white
light (1.942 kg/kg increase).

Assessment of qualitative characteristics and
metabolic and haematologic profile of poultry
under the action of monochrome light. The
experiment providing the basis of the present report
analyses the effect of monochrome light (blue, light
green and dark green) on the growth performances of
Broiler poultry as well as on the trophico-biological
characteristics of the meat produced by birds bred
under such conditions.

Comparative assessment of chemical composition
of poultry carcasses in experimental batches. The
raw chemical content of the carcasses analyzed
in order to acknowledge any possible differences
of nutritional quality in the meat of samples from
the four experimental batches (slaughtered on the
28th and respectively on the 42nd days) highlight
superior performances in poultry coming form the
green light lots, especially from the cyan green
one. It can be thus noticed that the lowest value
of the real dry substance analyzed for the poultry
slaughtered on the 28th day has been established for
the carcasses of those coming from the blue light
lot (a value inferior to the one of the witness lot
with about 0.38%). The maximum value within this
parameter has been determined for poultry carcasses
in the cyan green light lot (the difference between
this lot and the witness one being of 1.92%)).
Another parameter that has been analyzed is raw
protein, which related to the dry substance is very
well represented in the blue light poultry lot. This
time, the poultry in the cyan green light lot have
featured the lowest value. Studying the data given
in the above mentioned table, it results that the
differences in raw protein related to the dry substance
is 0f 4.13% between the poultry bred in the blue light
lot and those in the cyan green one. It can be also
noticed that the values for this parameter are lower
for the green light lots (cyan and dark green) than for
the witness one. The hypothesis made by some filed
researchers might give us a clue to explain these
results (Bates 1987, Capaccio 1987, and Crowley &
Matt 1996). According to these scientists, blue light
stimulates the secretion of androgynous hormones
which, in their turn, help proteic synthesis and
diminish proteolysis, determining the growth of the
muscular mass and thus a high value of raw protein
in the carcasses. Another chemical parameter studied
on the carcasses of poultry from the experimental
batches is raw fat. We can notice the fact that
the value of crude fat (related to dry substance)
decreases insignificantly for the poultry slaughtered
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on the 28th day by comparison to those slaughtered
on the 42nd day for the witness, the 1st and the
2nd lots. The lowest quantity of raw fat has been
recorded in the carcasses of poultry from the dark
green lot slaughtered on the 28th day and, in those
of the samples from the blue light lot slaughtered
on the 42nd day. The maximum values within this
parameter have been found in the carcasses from the
cyan green light lot (on the 28th day) and from the
dark green lot (on the 42nd day). The conclusions
drawn from the analysis, made to establish the content
of the raw chemical substances from the poultry
carcasses involved in the experiment, underline
the net-superior nutritional quality with respect to
micronutrients (mineral salts and vitamins) of the
poultry bred in the green light lots, especially in the
cyan green one. These conclusions, also stress the
high content of raw protein present in the carcasses
of the samples from the blue light lot. The poultry
studied in this experiment do not suggest any
metabolic problems. The results acquired after 28
days as well as after 42 days highlight an adequate
proteic , energetic and mineral profile, especially
for poultry bred in the green light lots (cyan and
dark green). With respect to the other two lots,
they both show a slight deviation from the specific

reference values. The poultry heamatology profile
has been made by determining the total amount
of erythrocytes, haematrocytes and haemoglobin
and, then by comparing the values obtained with
the recommended ones. The evaluation of the
haematologic profile for the 42 day-old poultry has
shown that it corresponds to the reference values for
this species and age. The histopathologic analysis
of the samples has been made on 4 chickens of 28
days in age and, on 16 chickens of 42 days from
the experimental batches. There have been taken
samples of skeletal muscle from the breast and
femoral area as well as samples from the eyeball
(the retina), consolidation was carried out in Baker
formol, paraffin inclusion, chopping produced 5 pm
slices, while section dyeing has been carried out
through the Masson’s trichrome method (HEA).
The results shows that the changes seen both at the
level of striated muscles and the retina have been in
light intensity with poultry coming from the white
and from the cyan green light lots, and there were
not found major changes.

that the
monochromatic light used in experiments has a

It can be concluded type of
significant effect, best results were shown in groups

given green light.
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ANALYSIS OF POWER QUALITY PARAMETERS OF THE LIGHTING
SISTEMS WITH FLUORESCENT LAMPS

Ion MIRCEA, Denisa RUSINARU

University of Craiova

The purpose of this paper is investigation of the electrical characteristics of the low-pressure mercury

lamps of LFA 20 type. Their use at a large scale is justified by a number of advantages as low prices,

long life time and high luminous efficiency. Nevertheless there should be mentioned that the low-

pressure mercury lamps operate with a relatively low power factor, asking for a supplementary reactive

power from the supply system. On the other hand, this type of lamp is an important harmonics source.

In the paper are mentioned the results of the measurements of some values characteristics to these

lamps, the figures being compared with the manufacturing figures. The results of harmonic analysis in

the coupling point of lamps are presented as well.

1. Introduction

At present, some of the most important
harmonics sources in the distribution networks
are the fluorescent lamps. In spite of these lamps
advantages, there could be not neglected the serious
problems linked by the harmonics they introduce in
the supply network. More than that, their supplying
by distorted voltages due to other consumers of the
network leads to a supplementary deterioration of
their electric performances.

The measurements made on LFA 20 type lamps
outlined higher values for the power absorbed by
the ballasted lamps, and respectively lower values
of the power factor compared with the manufacturer
figures. More, there was determined a distorting
current factor that highly overcomes the limit
proposed by the power quality standards [1, 2].

Supplying of the lighting systems with
fluorescent lamps is joined by high currents through
the neutral conductor, generated by summation of
the 3 phase currents harmonics. The zero sequence
currents, in the case of an asymmetrical disposal of
the lighting sources on the three network phases,
magnify these currents. These additional loads
mean a serious danger for the network operation,
leading to the degradation of the neutral conductor
by overheating. This effect is aggravated by the fact

the cross section of the neutral conductor is usually
inferior to that of the active conductors.

Onthisbackground, the opportunity offluorescent
lamps use is debated in the framework of a great
number of serious technical and economic studies,
whose purpose is the comparison of their advantages
with the costs attached to the devices for harmonic
and reactive power compensation, considering even
the asymmetry of the load currents.

Once the identification of these lamps as
harmonic sources was made, it can be established the
measurement types that would allow to extract the
necessary information for the study, as well as the
identifying that type of lamp model able to describe
the best the behavior of the physical element for
different operation states. Since a model that would
allow the simulation of all aspects linked by the
fluorescent lamps’ behavior would by too complex,
there were developed alternative models adjusted
to more restrained purposes: e.g. load flows in
steady (nonsinusoidal or/and unsymmetrical) state,
determining the lamps’ influence on the network
operation, analysis of the supply voltage impact on
the lamps operation, interactions among the lamps
and between them and other types of low voltage
consumers.

Based on proper simplifications (neglecting of
some less important aspects regarding the studied
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problems), these models were adjusted to the issues
of interest. They used to be developed either in the
frequency domain (allowing their connection with
the network linear model in steady state), or in time
field (case of the transient studies, control of some
values, drawing of some time evolutions). Even
the energetic model [3] is considered, or the one
developed by Grady [4], their definition consists in
determining of certain coefficients that should be
according to the measured harmonic spectra of the
lamp, as well as to the energetic features. For those
harmonic analyses that follow the effects of high
supply voltage harmonics on the fluorescent lamps,
the energetic model could be applied. In spite of its
complexity, this model allows (indirectly) a control
of the associated non-active powers, while the great
simplicity of the Grady model is very adequate for
developing of load flow algorithms.

The first objective of this paper is establishing
the time evolution of the current trough the
lamp circuit, the voltage at its terminals, the
lamp characteristic, as well as the active power
measurements. Furthermore, certain information
regarding the power factor of the lamp and reactive
power consumption will be supplied. There are also
presented the results of the harmonic analysis of the
studied lamp circuit.

2. Characteristic of a low pressure mercury lamp
LFA 20

The study was performed for a fluorescent lamp with
the following rated values: U =220 V (c.a.); P,=20
W; 1,=0.39 A. The lamp circuit is endowed with an
inductive ballast of BIA 20 type, with the following
data: U,=220 V; 1,=0.39/0.45 A — rated operational
current/rated preheating current; P,=10.5 W.

The main circuit of the lamp and its auxiliary
devices is presented in Figure 1.

Figure 1 The connection circuit of LFA 20 lamp

1 — lamp; 2 — ballast; 3 — ignition device; 4 — device for power
factor compensation; 5, 6 — devices for radio perturbation
removing (filters)

For the analyzed circuit of the ballasted lamp,
the power factor compensation is achieved with a
capacitor (C) parallel connected in the circuit.

In a steady operation, the supplying circuit
of the lamp (Figure 2) behaves as one of RL type
(uncompensated version), with:

R=R,*R;L=L +L, 1)

The statement according to with the lamp circuit
is of RL type is not only a simplifying hypothesis,
but it was confirmed by the measured values of the
voltage, current and reactive power.

In the case of the circuit without reactive power
compensation, the value of power factor can be
determined (neglecting the harmonics produced by
the lamp and ballast) according to the rated values
as:

cos p=(P, +P, )/U, I, =0358. 2)

From the experimental data for the case of LFA
20 lamp (Figure 3), the following values associated
to the circuit at rated voltage were extracted: 39 W

Rll Xb Rl—
o | — |
— - L — Figure 2 Equivalent supply circuit of
LFA 20 lamp
R R R,, X, — resistance/reactance of ballast;
y J R, X — starter resistance/reactance;
R,, X, — resistance/reactance of lamp;
[ Cyi™ K R, filament resistance;
X X, 2 / K1 — equivalent contact turning on/off
of lamp;
K2 — bimetal contact of starter;
K, R K, C,— capacitance of starter;
/ £ ( C — capacitor for Q compensation
C | SN |
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for absorbed power, 0.53 A for the current trough
the lamp and 0.334 for resultant power factor.

The results of the measurements leads to some
preliminary observations:

- the power absorbed by lamp and ballast is 1.28
times bigger than that indicated by manufacturer;

- the power factor is smaller than the catalog
one;

- the current through the circuit slightly
overcomes the rated value (an increase of the circuit
current over 15% of [, leads to a diminution of
luminous efficiency, being necessary the measures
for current decreasing).
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Figure 3 Dependence of LFA 20 characteristic values of the
supplying voltage in steady state

(indices c/s corresponds to the upstream variation, respectively
downstream one of the supplying voltage)

Since the characteristic of ballast is of linear
type in domain /=(0.4...1.15)/, it can be assumed
the nonlinear element of the equivalent circuit is the
resistor R. For the BIA 20 ballast, which is an iron
core reactor, the characteristic in permanent regime
is non-inertial. Nevertheless, the designing stages
estimate it as of inertial type, being usually known
and having no sensitive mismatches comparing
with the “standard” shape of the core reactor
characteristic. In order to obtain analytically the
characteristic of the lamp with high precision, there
is necessary performing of proper calculus requested
by harmonic analysis, as well as a set of minimum
errors measurements.

For achieving the u-i characteristic of LFA 20
lamp, the voltage and current curves were registered
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using a data acquisition instrument — TRINET,
the results being transferred and computed in
a PC, having implemented software for data
performing TRIFAZ. The measurement results
were implemented afterwards by original software,
giving a graphical representation for lamp voltage
and current (Figure 4), as well as for the voltage and
current harmonic spectra.

20 - - 100
g 10;— I5O
??. 0- 0
= .10 L 50

-20 | |-100

Figure 4 Time variation of the lamp voltage and current

Based on the analysis of time evolution and
harmonic spectra of lamp voltage and current, there
could be observed an important distortion of the
current faced to the lamp supplying voltage. Also,
the real shape of the voltage at the lamp terminals is
slightly different of the approximated one from [5].

3. Harmonic analysis

The shape of voltage and current curves can
demonstrate the inductive character of the lamp,
which is initially considered hypothesis. This is
based on the observation that the u registered curve
(voltage on the lamp) is strongly distorted, while
the current curves contain mainly the 3, 5, 7 and
9 harmonics (9.8%, 3.99%, 3.87%, 8.78%). The
harmonic analysis of the nonlinear circuit is based
on the u—i, characteristic of the nonlinear element
LFA 20. In the most of the designing cases, the
nonlinear element characteristic is unknown, this
being achieved according to the harmonic analysis.

The harmonic analysis of the considered
circuit assumes the decomposing of u,(z) and i(2)
functions into Fourier series (500 terms), using the
mentioned software. This one allows determining
the Fourier series coefficients both for voltage and
current, as well as the coefficients of the restrained
representation. The graphical subroutine of the
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program can give the graphical representation of the
first 27 harmonics, based on the computed harmonic
amplitudes. In the case of a high distorted u, signal,
the harmonics higher than the 10 can be neglected
(it can be observed the even order harmonics’
presence), while for i, all harmonics different of the
1,3,5,7,9 are neglected.
Two essential indicators should complete the
harmonic analysis:
1) The amplitude factor of the k-th harmonic of
voltage and current, respectively:

Ut maxk
ko, == ®)
B i ,
e

where: U, . — the maximum value of the k-th
harmonic of voltage u, (1); I, — the maximum
value of the k-th harmonic of current i, (¢); U,— RMS
value of the lamp voltage; /,— RMS value of the lamp
current.

ii) The distortion voltage/current factor:

512

-
U )=
B =N ©
by =g
553121, 2
V= Y @)
kﬁ’.’z

I

The mentioned software is computing both for
u(t) and i(?) the values of total distortion factor,
beside the Fourier series coefficients. For the studied
element the determined distortion factor values are:
k,=33.31% si k,=9.08 (%). The quality standards
generally point out as perturbation limits the 5%
value. So that, it is obvious in the case of LFA 20
lamp both the current and the voltage are distorted.
In figure 5 are indicated the first nine odd voltage
harmonics.
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Figure 5 Prevalent voltage harmonics of the lamp

Considering the obtained value of the current
distortion factor, the capacitance of power factor
compensation capacitor can be recalculated.

In equation(5): \/Pz . [Q - ]2
-
&)

for calculus of the culrrertljcr absorbed by the
compensated circuit from the network, the 1.2
coefficient is introduced by designer for considering
(approximation) of the effect of high harmonics
introduced by the ballasted lamp. The value of
the current distortion factor (0.0908) allows the
correction of the mentioned coefficient, being
possible to consider for it a value higher than 1.0908
(e.g. L.1).
Equation (5) is becoming:

\/ 2+|-P-Ig;o—a)CU2]2 ©

The new C value is given by the solution of the
following equation:

I=1.2;

I=1.1-

2
c?wiut)-cort lige) + |:P2(| +rg2¢)—(%J :| =0 (7)
For the same desired power factor it could be
observed that the new calculated capacitance (207

nF) is smaller than to the initial case correspondent
(836 nF).

4. Conclusions

The study of LFA 20 lamp behavior outlined
some aspects linked by the harmonics introduced
in the supply network, as well as their influence
on the sizing of some elements included in the
supplying connection (capacitor for reactive power
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compensation). According to the harmonic analysis,
the voltage harmonics level is quite high, greater that
power quality standards’ limits. The experimental
data allow also observing that the power absorbed
by the ballast-lamp circuit is superior to the
manufacturing value. On the other hand, the power
factor value is lower than the catalog value and the
current through the circuit is slightly higher than
the rated current. The consequence is an inferior
lighting efficiency. Therefore, a decrease of the
current through the lamp circuit is recommended,
by majoring the value of the ballast inductance L,.
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ANALIZA PARAMETRILOR CALITATIVI AI SISTEMELOR DE ILUMINAT
CU LAMPI FLUORESCENTE

Scopul prezentei lucrari constd in investigarea caracteristicilor electrice ale lampilor cu vapori de
mercur de joasa presiune LFA 20. Folosirea acestora pe scara larga este justificatd de o serie de
avantaje cum ar fi pretul de cost redus, durata de viata mare §i eficacitate luminoasa ridicata. Cu toate
acestea trebuie mentionat cd functioneazd la un factor de putere relativ scazut, necesitind o putere
reactiva suplimentard absorbitd din sistemul de alimentare. Pe de alta parte, introduc distorsiuni
serioase in refeaua de distributie, constituind o surséd importantd de poluare armonicd. In lucrare sunt

prezentate rezultatele mdsurdrilor caracteristicilor acestui tip de lampa, fiind comparate cu valorile

indicate de constructor §i insotite de rezultatele analizei de regim armonic in punctul de conectare.

1. Introducere

in prezent, una din sursele importante de poluare
armonica a retelelor electrice de distributie este
reprezentati de lampile fluorescente. In ciuda
avantajelor pe care acestea le prezintd, ele ridica
deseoriproblemeserioase privindnivelularmonicilor
de curent introduse in reteaua de alimentare. Mai
mult, alimentarea lor cu tensiuni nesinusoidale, asa
cum se intampla frecvent din cauza altor consumatori
deformanti amplasati in nodurile vecine, poate
determina alterarea suplimentard a performantelor
lor electrice.

Masurarile efectuate pe lampile LFA 20 au pus
in evidenta valori superioare ale puterii absorbite de
ansamblul lampa-balast si inferioare ale factorului
de putere fata de cele indicate de constructor. In plus
a fost determinat un factor de distorsiune de curent
care depaseste cu mult limita propusa de standardele
de calitate in vigoare [1, 2].

Alimentarea sistemelor de iluminat cu lampi
fluorescente conduce la aparitia unor curenti de
valori mari prin conductorul de nul, determinati prin

insumarea armonicilor de ordinul 3 ale curentilor de
faza. Acesti curenti sunt amplificati de componenta
de secventa zero, In conditiile in care aceste surse
de iluminat sunt dispuse inegal pe fazele retelei de
alimentare. Aceste sarcini suplimentare constituie
un pericol serios de degradarea a conductorului
de nul prin supraincélzire, cu atdt mai mare cu cat
sectiunea sa transversala este (cu rare exceptii)
inferioara celei a conductoarelor de faza.

In aceste conditii, oportunitatea utilizrii
intensive a lampilor fluorescente constituie obiectul
unor studii tehnico-economice serioase, care au ca
scop compararea avantajelor oferite de introducerea
lor cu costurile instalatiilor de compensare a
armonicilor si a puterii reactive, cu considerarea
chiar a nesimetriei curentilor de sarcina.

Odatd identificate aceste lampi ca surse de
armonici, se poate trece la stabilirea tipului de
masurdri care sd permitd extragerea informatiilor
necesare studiului si a tipului de model care sa descrie
cel mai bine comportamentul elementului fizic in
diferite regimuri de functionare (cele urmarite).
Intrucat un model care si permiti simularea
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tuturor aspectelor legate de comportarea lampilor
fluorescente ar fi prea complex, s-au dezvoltat
modele alternative adoptate scopului urmarit:
calculul circulatiei de sarcind In regim stabilizat
(nesinusoidal sau/si nesimetric), determinarea
influentei prezentei lor asupra ansamblului retelei,
analiza impactului pe care il are calitatea tensiunii
de alimentare asupra functiondrii lor, interactiunea
dintre ele si alte tipuri de consumatori de joasa
tensiune. Bazate pe simplificari adecvate (neglijarea
aspectelor care nu prezinta interes), aceste modele
au fost adaptate scopului, fiind realizate in domeniul
frecventei (asamblarea lor cu modelul liniar al
retelei in regim cvasistationar) sau in domeniul
timpului (studii de regim tranzitoriu, controlul unor
marimi fizice, evidentierea unor evolutii temporale).
Fie ca este vorba de modelul energetic [3] sau de cel
elaborat de Grady [4], definirea acestora constd in
determinarea coeficientilor, care trebuie sa respecte
spectrul de amplitudini determinat al curentului
prin lampa, ca si caracteristicile energetice. Pentru
analize armonice care vizeaza efectele armonicilor
superioare ale tensiunii aplicate asupra lampilor
fluorescente poate fi utilizat, in ciuda complexitatii
sale, modelul energetic, care permite totusi un
control (indirect) al puterilor neactive asociate,
in timp ce marea simplitate a modelului Grady il
recomanda pentru aplicarea in cadrul programelor
de calcul de circulatie de sarcina.

Primul obiectiv al lucrarii constd in determinarea
evolutiei In timp a curentului prin circuitul lampii, a
tensiunii la bornele acesteia si a caracteristicii sale,
precum si masurarea puterii active a lampii. In plus,
vor fi furnizate informatii referitoare la factorul de
putere al [ampii si la consumul de putere reactiva. Nu
in ultimul rand sunt prezentate rezultatele analizei
armonice a circuitului lampii studiate.

2. Caracteristica lampii cu vapori de mercur de
joasa presiune LFA 20

Studiul a fost efectuat pentru o lampa fluorescenta cu
urmitoarele date nominale: U, =220V (c.a.), P,=20
W, 1,=0,39 A. Circuitul 1dmpii este echipat cu un
balast inductiv de tip BIA 20 cu datele nominale:
U220 V, 1=0,39/0,45 A — curent nominal
de functionare/curent nominal de preincélzire,
P =105 W

Schema principald de conectare a lampii
si a dispozitivelor auxiliare este prezentatd in

Figura 1. Pentru schema cu balast inductiv analizata,
compensarea factorului de putere se face cu ajutorul
unui condensator montat in paralel pe ansamblul
balast-lampa (C). In regim permanent circuitul de
conectare al lampii (Figura 2) este un circuit de
tip R-L (varianta necompensatd) (rel. 1). Afirmatia
privind caracterul rezistiv-inductiv al lampii nu este
o simpla ipoteza simplificatoare, ea fiind confirmata
de valorile masurate ale armonicilor de tensiune
si curent si ale puterilor reactive. In varianta de
schema fara compensarea puterii reactive, valoarea
factorului de putere se poate determina conform
regimului deformant determinat de lampa si balast)
(rel. 2).

Datele ridicate experimental pentru studiul
lampii LFA 20 (Figura 3) au pus in evidenta, la
tensiunea nominald, valori ale puterii absorbite de
circuit si curentului prin lampa de 39 W, respectiv
0,53 A, factorul de putere rezultant avand valoarea
de 0,334.

Rezultatele masurdrilor au permis extragerea
unor observatii preliminare:

- puterea absorbita de lampa si balast este de 1,28
ori mai mare decat cea indicatad de constructor;

- factorul de putere este mai mic decat cel
precizat;

- curentul prin circuit depaseste sensibil valoarea
nominala (o depasire a curentului prin circuit peste
1,151, duce la scaderea eficacitdtii luminoase, fiind
necesara scaderea lui).

in conditiile in care pentru balast se impune
existenta unei caracteristici liniare in intervalul
1=(0,4...1,15)],, se poate presupune ca elementul
neliniar al circuitului echivalent este R.

Cum balastul BIA 20 este o bobind cu miez
de fier, caracteristica sa In regim permanent
este neinertiald, in calculele de proiectare fiind
insa frecvent echivalatd cu una inertiala, fiind in
principiu cunoscuta, neputandu-se abate sensibil de
la forma ,,tip” a caracteristicii unei bobine cu miez
feromagnetic.

Pentru obtinerea unei caracteristici a lampii
pe cale analiticd cu precizie mare este necesard
aplicarea unor calcule corespunzatoare cerute de
analiza armonicd, precum si un set de masurari cu
erori minime.

Pentru obtinerea caracteristicii u-i a lampii
LFA 20 au fost inregistrate curbele de tensiune si
curent cu ajutorul unui echipament de achizitie
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TRINET, rezultatele fiind transferate unui PC
pe care a fost implementat programul dedicat de
prelucrare a datelor TRIFAZ. Rezultatele masurarii
au fost prelucrate ulterior cu ajutorul unui soft
original, obtindndu-se o reprezentare grafica atat
a tensiunii si curentului lampii (Figura 4), cat si a
spectrului armonicilor de curent si tensiune. Pe
baza analizei curbelor de tensiune si curent si a
spectrului amplitudinilor acestora se poate observa
o distorsiune importantd a curentului in raport cu
tensiunea de alimentare a lampii. De asemenea,
forma reald a tensiunii la bornele lampii difera
sensibil de cea aproximata oferitd de literatura de
specialitate [5].

3. Analiza armonica

Formele curbelor de tensiune si curent pot demonstra
caracterul inductiv al lampii, ipoteza considerata
incd de la inceputul analizei. Aceasta se bazeaza pe
observatia ca semnalul u, al tensiunii pe lampa este
puternic deformat, in conditiile in care curentul este
caracterizat in principal doar de armonicile 3, 5,7, 9
(9,8%, 3,99%, 3,87%, 8,78%).

Analiza armonica a circuitului neliniar are la
bazéA caracteristica u~i, a elementului neliniar LFA
20. In majoritatea cazurilor de proiectare nu este
cunoscutd caracteristica elementului neliniar sub
forma polinomial, aceasta fiind obtinuta cu ajutorul
analizei armonice.

Analiza armonicd a circuitului considerat
presupune dezvoltarea functiilor u(?) si i(t) in
serie Fourier (500 termeni), cu ajutorul soft-ului
dezvoltat. Programul ofera valorile coeficientilor
seriei Fourier dezvoltate pentru tensiune si curent,
precum si pe cei ai formei restranse. Subrutina
grafica a programului poate reda pe baza valorilor
calculate ale amplitudinilor armonicilor forma
grafica a primelor 27 de armonici.

In cazul semnalului u, puternic distorsionat,
armonicile de ordin mai mare decit 10 sunt
neglijabile (se remarca si prezenta armonicilor de
ordin par), in timp ce pentru i, toate armonicile de
ordin diferit de 1, 3, 5, 7, 9 sunt neglijabile.

Analiza armonicd se completeaza cu ajutorul a
doi indicatori esentiali:

i) factorul de amplitudine al armonicei de ordin
k de tensiune, respectiv de curent (rel. 3, 3”);

ii) factorul de distorsiune de tensiune, respectiv
de curent (rel 4, 4°).

Soft-ul elaborat calculeazd att pentru u,(?), cat

si pentru i,(¢) valorile factorului de distorsiune total,
alaturi de valorile coeficientilor seriei Fourier. Pentru
elementul studiat valorile factorilor de distorsiune
determinate sunt: k,=33,31% si £,=9,08%.

Standardele de calitate precizeaza ca nivel limita
de perturbatii in general valoarea 5%, fiind evident
ca in cazul lampii fluorescente LFA 20 atat curentul,
cit si tensiunea sunt mirimi nesinusoidale. In
Figura 5 sunt indicate primele 9 armonici (impare)
de tensiune.

Pe baza wvalorii obtinute pentru factorul de
distorsiune de curent se poate recalcula capacitatea
condensatorului de compensare a factorului de
putere.

Inexpresia (5), pentru calculul curentului absorbit
de la retea de schema compensata, coeficientul 1,2
este introdus de proiectant in vederea acoperirii
efectului distorsiunii determinate de armonicile
superioare introduse de balast si lampa. Valoarea
factorului de distorsiune de curent (0,0908) permite
corectarea coeficientului amintit, putand fi adoptata
pentru acesta o valoare mai mare decat 1,0908 (ex.
L1).

Relatia (5) devine astfel (6).

Noua valoare a lui C este data de solutia ecuatiei
de forma (7).

Pentru acelasi factor de putere dorit se poate
observa ca valoarea capacititii nou calculate
(207 nF) este inferioard cazului initial ( 836 nF).

4. Concluzii

Studiul comportamentului unei lampi fluorescente
LFA 20 a pus in evidenta unele aspecte legate de
regimul deformant introdus de acest element in
reteaua de alimentare, precum si influenta acestuia
asupra dimensionarii unor elemente din schema de
conectare (condensatorul de compensare a puterii
reactive). Din analiza armonicad s-a putut observa
nivelul mare al armonicilor de tensiune, care
depaseste limita prescrisa de standardele de calitate.
in plus, datele ridicate experimental au permis
observarea unei valori pentru puterea absorbita
de lampa si balast superioara celei indicate de
constructor, a unei valori inferioare a factorul de
putere fatd de cea indicatd si o depasire sensibila a
valorii nominale de catre curentul prin circuit, care
duce la sciderea eficacititii luminoase. in acest
sens este recomandatad scaderea lui, prin majorarea
valorii inductantei utile a bobinei balastului.
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Doctorate thesis

CHROMATIC INTEGRATION OF ARCHITECTURAL AND ORNAMENTAL
LIGHTING IN THE URBAN ENVIRONMENT

Sandor ORBAN
Greif Hungary Ltd

Architectural and ornamental lighting systems in
public lighting constitute a special category, with
the dominance of estetic characteristics as oposed
to the functional ones. The light and the space
allow an integrated and complete approach of the
urban ambient design, since they repsresent all
we see around ourserlves. The composition of the
light reflected by the surrounding surfaces provides
knowledge on the arhictectural world, creates the
limits and directions for our movements in this
environment, and thus, brings light over the space.
The Ph.D. thesis analyses the modality to integrate
the architectural lighting systems in the urban
ambient, seen from a chromatic perspective.

The chapter Current aspects concerning the
architectural and ornamental public lighting
describes theoretical elements on View and colour,
Luminotechnical equipment, Light comfort in urban
and Architectural
public lighting systems, with examples of some of

enviroment, and ornamental
the most well-known achievements.

The chapter Architectural and ornamental
public lighting systems design completes the
currently available information with aspects specific
to lighting systems calculus. There are highlighted
aspects to be studied in the theoretical and
experimental research of the author, with respect to
evaluation of chromaticity of lighted architectural
surfaces, to characterisation of the reflexive
properties of surfaces, and to the luminotechnical
calculus of lighting systems.

The chapter Experimental research concerning

the study of some characteristics of building
materials for lighted surfaces is dedicated to
the reflectant properties of exterior surfaces of the
buildings, with measurements on spectral behaviour
of reflexivity and spatial variation of luminance
factors:

» Photometrical and colorimetrical
characterisation of buildings materials used in
the developement of lighted surfaces — describes
the reflexive spectral characteristics of the
most important materials for buildings and
natural surfaces from the vicinity of buildings
and the general study model of the materials
reflexivity.

» Experimental study concerning the reflexive
properties of some buildings materials, realised
based on measurements from the Romanian
National Metrology Institute laboratory on
a set of four pieces of limestone and marble.
The spatial variation of the luminance factor is
determined through comparison, by measuring
the luminances of the analysed piece and of a
standard of luminance factor. The measured
variable has been the luminance factor for
lighting angles of 0°, 15°, 30° and 45° and
measurements angles in the interval -70°...70°.

the

determination of colorimetric properties of

» Experimental study concerning
some construction materials — measurements
of the spectral reflectance on eight pieces of
granite with different colors and having well

finished surfaces (Figure 1), realised at the
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Technical University of Berlin, Department of
Luminotechnics, by the kindness of Dr. Sirri
AYDINLI. A component of the database has
thus been created, necessary for developing
of computations for corect dimensioning of
architectural lighting systems on chromatic
aspect.

» Experimental study concerning the evaluation
of visibility of fagcade details of buildings lit
with projectors — brings a human, subjective
component, of the perception by different
observers of different details on a lighted
building, by following the model described by
Masuyama, 2003.

+ Granit Galban
Granit Paradisn (maroni)

* Granit Zimbabows igrank neg}

+ Ganit Visage Blus { albmtiy inchi)

= Granit Titany maconiu-gr
Gaant Ved A ora nuanps de verds nchish
» Granit Hosabets

- Gaanit R Paiing o aif}

Figure 1 Spectral reflexivity of different samples of granite
used as buildings surfaces

The chapter Theoretical research concerning the
design of lighting systems presents: * The mathematical
model for the design of architectural public lighting
systems, based on the calculation of ilumination
and luminance on the surface of the architectural
objective and of chromaticity of the lighted surface of
the architectural building; * The study of the behaviour
of surfaces of lighted architectural buildings on the effect
of different light sources, facilited by a specific module
of the computer program, that allows a user to
analyse the changes of colorimetrical characteristics
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— chromatic coordinates and correlated colour
temperature — for different surfaces and light
sources; * The BUILDLIGHT computer program with
specific modules necessary for this work, that allows the
user to optimise the design of architectural lighting
systems.

The Appendices present a database with
relevant information on * Spectral characteristics of
radiation of the light sources— illuminants and usual
electric lamps — Philips, Luxten; ¢ Distributions of
light intensity for projectors used in architectural
lighting — Energobit Schréder Lighting; * Spectral
characteristics of reflexivity and spatial distributions
of luminance factors for some construction
materials, part of the data being kindly provided by
Professor J.J. EMBRECTHS, University of Liege;
* Behaviour of surfaces of architectural buildings lit by
different light sources.

Finally, overall conclusions are presented.

Thanks are due to Professor Florin POP for the
permanent and competent support for the research
activity developed during the preparation and
finalisation of the doctoral thesis and Professor
Horia F. POP, from the Universitatea Babes-Bolyai
for the cooperation in the developement of the
computer program and the analysis of the behaviour
of some construction materials under the action of

different light sources.

Sandor ORBAN

Dr. eng.
Managing Director
Greif Hungary Ltd

e-mail: sandor.orban@greif.com
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TOPICS

The main topics of the conference are

Energy Efficiency & New Trends in Lighting

on subjects encompassing:

Vision and Colour, Lighting Design and Interior
Environment, Outdoor Lighting, Day-Lighting and
Integrated Systems, Lighting Supply Installations,
Architectural Lighting Design, Other Applications

DATES
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Submission of abstracts
Notification of acceptance and
instructions to prepare the papers
Submission of final papers and
payment of the registration fee

CONFERENCE SECRETARIAT

Dr. Dorin BEU, Reader, Lighting Engineering Center
E-mail: dorin_beu@cluj.astral.ro

Dipl. eng. Marilena MAIEREAN

E-mail: marilena.maierean@energobit.com

CONFERENCE CHAIRMAN

Dr. Florin POP, Professor

Technical University of Cluj-Napoca
Vice-president of CNRI

E-mail: florin.pop@insta.utcluj.ro
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The 3rd international conference ILUMINAT &
BALKANLIGHT 2005, Cluj-Napoca, Romania will
provide a unique regional forum to discuss and debate
the latest developments in energy and environmental
impact of lighting systems, the policies and programmes
adopted and planned, the strategies to be implemented to
further progress, as well as the technical and commercial
advances in the dissemination and penetration of energy
efficiency in lighting.

The target audience represents the community of
lighting professionals from Romania, Balkan countries,
European Member and Associated states and outside
from EU area, including lighting and building science
researchers, engineers, system designers and project
managers, academia and experts, architects and urban
planners,localcommunityand governmentrepresentatives,
policy makers, national and international organizations
and agencies, manufacturers and retailers organizations,
students. The participation of young researchers will
contribute to the success of the conference and to the

improvement of their knowledge.

The two-day conference will include plenary sessions
where key representatives and high specialists will
present their views, programmes and research to advance
energy efficiency in lighting. Parallel sessions on specific
themes and topics will allow in-depth discussions among
participants. Round tables organized by the official
sponsors will present the latest economic and technology
achievements of national manufacturers and retailers in
electric and lighting fields. The conference will allow the
best knowledge of new policies and strategies to increase
energy and economic efficiency, to mitigate climate
change and to foster sustainable development, to build
international partnerships among lighting professionals,
to emphasize the regional Balkan cooperation.

The ILUMINAT 2001 and 2003 conferences have
established themselves as influential national and
recognized international events in the light and lighting
field, with a large audience.

HONORARY BOARD
Ir. Wout van BOMMEL, President of CIE
Cornel BIANCHI, President of CNRI
Radu MUNTEANU, Rector of Technical University of Cluj-Napoca
Nicolae COROIU, General Manager of ELECTRICA S.A.
Ir. Michel De BRUYN, General Manager of Comelec, Schréder Group GIE

SCIENTIFIC BOARD
Wout van BOMMEL, Karl GERTIS, Germany Evan MILLS, USA
The Netherlands, President of CIE Fumin GUAN, China Sermin ONAY GIL, Turkey
Cornel BIANCHI, Liisa HALONEN, Finland Andrej ORGULAN, Slovenia
Romania, President of CNRI Jozsef HORVATH, Hungary Stoyo PLATIKANOYV, Bulgaria
Florin POP, Boudewijn HUENGES WAJER, = Ramon SAN MARTIN, Spain
Romania Acting Director of The Netherlands Janos SCHANDA, Hungary
BalkanLight Society Koichi IKEDA, Japan Axel STOCKMAR, Germany
Sokol ALIKO, Albania James JEWELL, USA Rubin TALESKI, Macedonia
Paolo BERTOLDI, Italy Jeong Tai KIM, Korea Frangiskos V. TOPALIS, Greece
Dorin BEU, Romania Miomir KOSTIC, Serbia and Bosnia-Herzegovina
Nils BORG, Sweden Montenegro Croatia
David CARTER, UK Mehmet Sener KUCUKDOGU,
Marc FONTOYNONT, France Turkey
Luciano DI FRAIA, Italy J Owen LEWIS, Ireland
ORGANIZING COMMITTEE
Florin POP Pal PETER
Gabriel RUGA Dorin BEU
Dorin COSTEA Marilena MAIEREAN
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THE XII NATIONAL CONFERENCE “LIGHT’2004”, VARNA, BULGARIA

The twelfth annual Bulgarian National Conference
with Foreign Participation “Light‘2004” was held
on June 15 through 17, 2004 at the F. J. Curie
International House of Scientists in the St. St.
Constantine and Elena resort near Varna, Bulgaria.
The conference was organized by the Bulgarian
National Committee on Illumination (BNCI) and was
attended by approximately 150 professionals from
universities, scientific institutes, architectural and
lighting companies in Bulgaria, Holland, Germany,
Austria, Russia, the Czech Republic, Romania,
Serbia and Montenegro, Turkey, Argentine, Japan
and the USA. The conference was also attended
by Wout van BOMMEL, the President of the
International Commission on Illumination (CIE).

The organizing committee of the conference was
chaired by Dr. Stoyo PLATIKANOV, Associate
Professor of Electrical Engineering at the Technical
University of Gabrovo and Chairman of the BNCI.
The conference was made possible with the financial
support of 23 Bulgarian and foreign lighting
companies.

Fifty-six papers were presented at the conference
in the areas of exterior lighting, interior lighting,
lighting sources, control gear, natural lighting and
other specific topics. Issues of calculation, design
and realization of modern street lighting were widely
discussed in the papers. Efficient, architectural and
art lighting were also broadly discussed. Attention
was given to technologies and application of
light emitting diodes (LED) as promising light
source. Results from research on electronic control
gear and automated lighting management were

also presented. Modern computer methods for
mathematic analysis, design and visualization of
lighting were commonly used in the presented
papers. In addition to the scientific papers, lighting
companies also gave presentations. All papers were
presented in both English and Bulgarian through the
use of multimedia computer software.

A booklet and a CD-ROM of the conference papers,
the newly published book “History of the Lighting
in Bulgaria” and advertising material from the
sponsoring companies was made available to the
conference participants.

Further information, conference papers and photos
can be found at <light2004.tugab.bg>.

Plamen TSANKOV, M. Eng.

Assistant Professor at the Technical University of
Gabrovo, Bulgaria

Secretary of the conference “Light‘2004”
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WHITE COLOUR WITH LED’s
CONCEPTS AND METHODS FOR EFFICIENT SOLID-STATE LIGHTING

Stelian MATEI
Peninsula Technikon, Cape Town, South Africa

The conventional lighting has nearly reached maximum in efficiency but is not the case with solid-state

lighting. LED s works on entirely different principle using crystalline layers that converts electrical

input into optical output at a colour determined by exact composition of the material. The coloured

LED's are the main elements of white—light sources and already made a dramatic impact. White itself

is not actually a colour and producing what the eye perceives as a white light requires the generation

of many hues together. The easiest way to make white is by using either blue or ultra violet LED s and

add phosphorous. Mixing LED s to produce white light is a difficult task. This paper looks into aspects

regarding solutions and methods in generating white colour with LED s for lighting.

1. Introduction

Semiconductor Lighting technology has gained
momentum at an unprecedented rate. Recent
advances in the basic technology now makes possible
that these super-efficient, long life lights will soon
competing for the white light market. These lighting
systems are a huge area covering a wide variety of
disciplines, and encompassing everything beyond
the photon creation device, including photon
placement, integration into the environment, and
interaction with humans. Therefore, our thinking
about lighting systems is relatively immature. Basic
concepts often taken for granted, such as the Color
Rendering Index (CRI) or even the definition of
the lumen may need to be rethought with respect
to Solid-State Lighting. Natural sunlight is the most
acceptable “white “ light to the human eye and thus
has a baseline CRI of 100. Therefore, a LEDs with a
CRI metric of minimum 85, is closer to 100, so the
higher the CRI the better. Early white LEDs were
closer to the other side of the scale, where ultraviolet
light, for example, has a CRI between 0 and 10.
Another metric that LEDs strongly competing is
the colour temperature.”Cool” white LEDs, which
are more bluish than red, have a Kelvin temperature
of 5000 and above. The LED industry is quickly
moving toward semiconductor replacement of
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true, natural, warm light sources, where “warm”
is referred to a metric colour rendering. Currently,
white solid-state light source with high CRI, a colour
temperature in the 3200 ranges and light output of
22 lumens are available on a volume basis. This
first semiconductor light engine ready to replicate
the glow of an incandescent bulb will dramatically
increase the appeal of LED illumination for indoor
lighting applications.

2. Technology

At the heart of a solid state light is a sandwich of
semiconductor layers, built on a substrate. When the
electrons and holes recombine, light is emitted in a
narrow spectrum around the energy band gap of the
material. Because the light is narrowband, and can be
concentrated in the visible portion of the spectrum,
it has, like Fluorescence, a much higher light-
emission efficiency than Incandescence. Therefore,
Solid-State Lighting technology are overcoming
similar challenges associated with converting the
narrowband emission into semi-broadband emission
that fills the visible spectrum to give the appearance
of white light. Unlike in Fluorescence technology,
the wavelength of the narrowband emission can be
adapted relatively easily, by either maximizing the
quantum efficiency, or to minimize the quantum
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energy inefficiency associated with its conversion.
Consequently, this technology is potentially more
efficient than Fluorescence.

Light trapped in the semiconductor chip is
one of the problems encountered by this lighting
technology. The problem is due to the high refractive
index (over 3) of most semiconductors, which causes
most of the light (>95%) to be internally trapped
due to total internal reflection. The best external
quantum efficiency reported to date for a visible
LED is only around 55% while the theoretical
maximum is 100%.

Currently, three approaches exist for generating
white light using solid-state devices.

e UV LED with several phosphors;
UVLED-+red, green and blue phosphoros

e  Three or more LEDs of different colours;
multichip LEDs.

e Blue LED with phosphor(s);
blueLED+yellow phosphor; blue
LEDs+green and red phosphors.

2.1 Wavelength Conversion Approach

The approach converts narrowband emission into
broadband white light involves using UV LEDs to
excite phosphors that emit light at down-converted
wavelengths. This approach is likely to be the
lowest cost, because of its low system complexity
(only a single LED chip, and since the colours are
created already blended, lamp-level optical and
colour engineering is minimized). It is also the least
efficient, because of the power-conversion loss
associated with the wavelength down-conversion;
and the least flexible, since the colours are “preset”
at the factory.

The wavelength for the UV LED in this approach
is possible to be determined by balancing: the
efficiency of the LED (the shorter the wavelength
the less efficient); the quantum efficiency of the
phosphors (the shorter the wavelength the more
efficient); and the phosphor conversion efficiency
(the shorter the wavelength the less efficient).

Therefore, the challenge will be the development
of UV (370-410 nm) LEDs with high (>70%)
external power- conversion efficiency and input
power density, and multicolour phosphor blends
with high (>85%) quantum efficiency. The phosphor

quantum efficiency is likely better for this approach,
since there is a wider range of available phosphors
that absorb in the UV. The phosphor conversion
efficiency, in contrast, will be low, since there is a
larger energy difference between the UV and red/
green/blue light than between blue and red/green
light.

2.2 Colour Mixing Approach.

The approach transforms narrowband emission
into broadband white light by combining light from
multiple LEDs of different colours (Figurel). This
approach is expected to be the most efficient, as
there are no power-conversion losses associated
with wavelength down-conversion. It is also likely
to be the most flexible, since the hue of the light
can be controlled by varying the mix of primary
colours, either in the lamp, or in the luminaire. For
this approach, of course, there is no phosphor and
therefore no phosphor-related losses.

However, it is also expected to be the most
expensive, because of its high system complexity
(multiple LED chips, mixing of light from
separate sources, and drive electronics that must
accommodate differences in voltage, luminous
output, life and thermal characteristics among the
individual LEDs). Therefore, the challenge will be
the development of red, green and blue LEDs with
high (>50%) external power-conversion efficiencies
and input power density, low-cost optics and control
strategies for spatially uniform, and programmable
colour-mixing either in the lamp or in the luminaire.
Efficiency of this approach, consist in difficulties in
combining those separate sources of light.

——
WHITE3
COLOURS
o

ool

Figure 1 Colour
mixing approach
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2.3 Hybrid Approach

This approach converts narrowband emission
into broadband white light involves Blue LEDs
to excite a yellow or green and red phosphors
(Figure 2). The present generation of white LEDs,
with luminous efficacies of 25 Im/W, is based on
this approach. Primary light from a blue (460 nm)
InGaN-based LED is mixed with blue-LED-excited
secondary light from a pale-yellow YAG:Ce, based
inorganic phosphor. The secondary light is centred
at about 580 nm with a full-width-at-half-maximum
line width of 160 nm. The combination of partially
transmitted blue and re-emitted yellow light gives
the appearance of white light at a colour temperature
0f 8000 K and a luminous efficacy of about 25 Im/W.
This combination of colours is similar to that used
in black-and-white television screens — for which a
low-quality white intended for “direct” rather than
“indirect” viewing —is acceptable. There are possible
other variations of this approach. The simplest
extension would be to mix blue LED light with light
from a blue-LED excited green and red duo-colour
phosphor blend — this variation is likely to be give
the best balance between efficiency, colour quality,
cost and system complexity. A more complex but
perhaps more efficient extension of this approach
would be to mix blue and red LED light with light
from a blue-LED excited green phosphor.

For this approach, colour non-uniformity occurs
because the light from the blue LED is directional
while the light from the phosphor radiates over
a 20 solid angle. Also, since chip and phosphor
efficiency may change with temperature, the ratio of
the colours that are being blended will also change
with temperature.

PHOSPHOROS
REFLECTOR
CUP PR Y T 4" GRANULES

/]

LED DIE

Figure 2 Blue LED chip + yellow phosphors

3. Delivering light to the viewer

The final step for a semiconductor light source is
to delivery the white light, first to that part of the
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environment that is to be illuminated, and then to
the viewer.

Obviously the intent is that these targets would
be met simultaneously, in a single SSL-LED lamp.
SSL-LEDs have many advantages in this regard
simply because they are point sources, they can
deliver directed light more efficiently to small areas.
Their compactness enables more flexibility in the
design of unobtrusive and architecturally blended
luminaires. Their ruggedness enables them to be
mounted in high-stress positions. And, it may be
possible to program their colour and direction for
optimal interaction with the human visual system.
Practical optimisation of a white LED involves two
issues: firstly attaining the highest radiant efficiency
and secondly the spectral power distribution
optimisation for the highest CRI and efficacy.

3.1 Colour Rendering

This attributes of a Solid-State Lighting source
is its ability to closely deliver the colours of non-
white objects that it illuminates. One quantitative
measure of the accuracy of colour rendering is
the colour-rendering index (CRI). This measure is
based on comparing the colours rendered by a LEDs
light source to the colours rendered by a “perfect”
reference light source with the same CCT — daylight
illumination for CC75s>5000 K and Planckian
blackbody radiation for CC75<5000 K.

Figure 3 White LED beam

The comparison is made for a set of sample
colours; the weighted average of the colour
rendering for each of these sample colours gives
the General Colour Rendering Index R, for the light
source. For SSL-LEDs R is not a perfect measure
of colour rendering quality but is the best-accepted
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metric. The trade off between efficacy and CRI can
be analysed easily for a spectral power distribution
system containing n primary sources. The results of
simulations in which, for a fixed colour temperature
and fixed line widths, the wavelengths and power
densities of 2-, 3-, 4- and 5-color white light sources
were varied to deduce the envelope of maximum CR/
and luminous efficacy indicates that a dichromatic
system is incapable of offering high quality light.

As the maximum luminous efficacy decreases,
the maximum CRI/ increases, as the wavelengths
“fill” and move farther to the extremes of the visible
spectrum. The maximum CR/ begins to saturate at 3
for a 2-colour source, at 85 for a 3-color source, at 95
for a 4-color source, and at 98 for a 5-color source.
Of course, the more colours, the more complex the
lamp must be. Therefore, it is likely that a tri-colour
source, which can achieve the target CR/s of 80 or
greater, will provide the best balance between CRI,
luminous efficacy, and lamp complexity. Indeed, the
situation for tri-colour white light sources composed
of broadband phosphors, or of a combination of
narrowband LEDs and broadband phosphors, is
even more favourable, and CRIs greater than 85
should be possible. In Figure 3 is illustrated the
beam from a Smm white LED (hybrid approach)
with chromaticy coordinates x=0.32, y=0.31 and a
23° view angle. The brownish/yellowish emphasize
some deficiency in the white phosphors conversion.
The intensity of the white inner beam is approx 4000
mcd at 20 mA with a colour temperature of 5500 K.
Therefore, SSL-LED technology has advantages and
disadvantages relative to fluorescence technology.
On the one hand, their initial narrowband light is
available in a much greater range of wavelengths,
including the visible and the near UV, rather than
limited to the available emissions from a gas. On
the other hand, phosphors that can simultaneously
be excited by these wavelengths while emitting at
wavelengths optimal for good CRI have thus far
been limited.

3.2 Colour Temperature

One of another attribute of a SSL lighting source
is its apparent colour when viewed directly, or when
illuminating a perfectly white object. This attribute
can be quantified through use of chromaticity
coordinates (x, y) on the CIE 1931 chromaticity
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diagram. These chromaticity coordinates apply
both to monochromatic as well as white light. The
chromaticity coordinates of monochromatic light are
represented by the boundary of the horseshoe (the
“spectrum locus”). The chromaticity coordinates
of mixtures of monochromatic light are intensity-
weighted linear combinations of the chromaticity
coordinates of the individual monochromatic lights.
In other words, a mixture of two colours will produce
a chromaticity coordinate falling on the line between
their respective chromaticity coordinates.

The chromaticity coordinates of white light lie
along the curved Planckian locus in the center of the
diagram. The type of white on the Planckian locus
is specified by the blackbody temperature in Kelvin
and is called the colour temperature. For example,
mixing two equal-intensity LEDs with wavelengths
at 485 nm (blue) and 583 nm (orange) will produce
white colour with a colour temperature of about
4000 K.

Strictly speaking, colour temperature cannot be
used for colour coordinates (x, y) of the Planckian
locus. In these cases, the correlated colour
temperature (CCT) is used. CCT is the temperature
of the blackbody whose perceived colour most
resembles that of the light source in question. In
principle, the CCT can be deduced by constructing
“iso-CCT” lines, which intersect the Planckian
locus. In practice, white light sources must lie very
close to the Planckian locus, as the human eye is
extremely sensitive to even small deviations.

However, as with the CRI, there is a strong
trade-off between CCT and luminous efficacy. This
trade off is illustrated in for a tri-colour white light
source. As CCT decreases, the proportion of red to
blue light increases. At a colour temperature of about
3900 K, in between those for typical incandescent
lamps and daylight, the maximum luminous efficacy
is 400 Im/W. This is the number used to represent
the luminous efficacy of a 100%-efficient tricolour
solid-state lighting source.

In Table 1 are the wavelengths of the tri-colour
white light source that maximizes luminous efficacy
at fixed CRI=80 as a function of CCT.

In order to specify the colour of an LED, three
different wavelength specifications are generally
used:
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Table 1 Wavelength versus luminous efficiency

. . Wavelength (nm)
CCT CRI Maximum luminous efficacy (Im/W) Blue Green Red
2500 80 419 463 547 610
3000 80 416 462 544 608
3500 80 408 462 543 607
4000 80 397 461 542 606
4500 80 387 460 540 605
5000 80 378 459 539 604
5500 80 368 459 539 604
6000 80 361 459 539 604

— Peak wavelength —the maximum point of the
spectral curve: 4,

— Main wavelength- the main point of the spectral
curve: Ag

— Dominant wavelength - a measure of the hue
perceived by the human eye: 4,

The chromaticity x (red) and y (green) are
determined wusing the 3-colour method. The
dominant wavelength can then be graphically
determined from the chromaticity diagram. For
this purpose, a straight line is drawn from the white
point (achromatic) W through the colour locus S (x,
) until this line intersects with the spectral colour
curve. Since the light emitted by LED’s (exception
blue) has a colour saturation of almost 100%, the
colour locus S is very close to the spectral curve. In
Table 2 are illustrated characterises for a typical red,
blue and green LED’s.

With a three-colour LEDs combination, highest
overall luminous efficacy is achieved by using
the most with more luminous efficacy (green and
secondarily red) and less of what has the lowest
luminous efficacy (blue). The characteristics of the
mixed LEDs are illustrated in Table 3.

4. Intensity and hue of a mixed colour approach

The principle of colour mixing follows from the
makeup of the 1931 CIE chromaticy diagram. A set of
n primary sources with the chromaticity coordinates
x,, ¥, and radiant fluxes @, will produce a colour
with the following chromaticity coordinates:

x =2x,D 2Dy Xy D /XD .

For n LEDs specified by its luminous intensities
I, and by its dominant wavelength and with that
by its chromaticity coordinates x, y , the following
equations one can calculate hue and dominant
wavelength of the mixed colour: x =2xm/Xm;
v, =2ym/Zm; 1 =X , where m=I /y..

For example for two LED’s with the same
viewing angle where LED, has a light intensity
I ,=1000 mcd, with chromaticy coordinates x,=0.13,
»,=0.075 (blue 470 nm) and LED, with / =2000
mcd and chromaticy coordinates x,=0.7, y,=0.3 (red
625 nm), the characteristics of the mixed colour are
as follows: I =3000 med, x=0.32, y=0.15.

Basically for two LEDs any colour can be
obtained alongside the line connecting them on the
CIE chromaticy diagram by varying the saturation
level. For three LEDs, the colour coordinates are
situated within the triangle of those components
coordinates.

5. Lighting Systems

The light-engine chip, the lamp, and the luminaire,
are clearly the technology enablers of the lighting
system. However, the other pieces of the lighting
system are also critically important, with their own
unique challenges:

e Delivering low-voltage  high-current
electricity in a world dominated by high-
voltage low-current sockets.

e Integrating solid-state lighting into building

Table 2 Typical characteristics for high intensity AllnGaP/InGaN LEDs

Smm LEDs X Y Z |Luminous output |[Luminous Viewing angle  |Package

at 20 mA (Im) efficacy (Im/W) |degrees optics
Blue 0.13 0.075 10.795 0.55 75 15 T-1 % clear vert
Green 0.17 0.7 0.13 2.6 520 15 T-1 % clear vert
Red 0.708 10.292 10.001 0.85 155 15 T-1 % clear vert
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Table 3 Colour temperature for three mixed colour

Colour temperature (K) |B 472 nm (%) G 525 nm (%) R 626 nm (%) Overall efficiency (Im/W)
2700 4.9 31.6 63.5 26.9

3000 6.8 32.8 60.4 26.7

3500 9.9 33.9 56.2 26.3

4100 13.4 344 52.2 25.7

5000 17.8 344 47.8 24.8

5500 20.0 34.1 45.9 24.4

6500 234 33.5 43.1 23.65

9300 29.8 31.7 38.5 22.25

13,000 333 333 333 20.8

architectures, and the complex and delicate
interplay between function and form.

e Understanding the ways in which solid-
state lighting interacts with the human
visual system to increase comfort and
human productivity.

Perhaps the most critical aspect of the luminaire
is how it distributes light from the lamp into the
workspace, according to the application. It is this
aspect that will most distinguish luminaires for
solid-state lighting from those used in traditional
lighting. Because solid-state lighting lamps
are essentially point sources of light, the optics
required to collimate, focus and direct are relatively
straightforward, and are ideally suited to directed
“task-lighting” applications. Indeed, for such
applications, solid-state lighting is expected to have
a roughly 2x advantage over traditional lighting in
the efficiency with which the task area is selectively
illuminated. It is also necessary to use optics to create
the uniform and homogeneous light output necessary
for indirect large-area lighting applications.

In the early stages of solid-state lighting,
luminaire optics will be even more complex, as
much of the colour-mixing may be done at the
luminaire level, and the lack of single lamps with
the necessary lumens out will require working with
multiple lamps. In the later stages, however, the
optics is expected to simplify, as colour mixing and
white light production moves to the lamp level, and
as single lamps achieve the lumens necessary for
single luminaires.

6. Conclusions

The connection between lighting, the human
visual system and, ultimately, human comfort
and productivity, has long been complex and
controversial. As it was mentioned, even the most
basic concept of colour rendering quality is not yet
well defined. The connection is all the more critical
for solid-state lighting, with its ability to selectively
and perhaps programmably fill the visible spectrum
through primary light from chips and secondary
light from phosphors.

One of the most fascinating aspects of solid-state
lighting technology is sure to be the development of
building and lighting architectures that, at a system
level, exploit the unique characteristics of solid
state lighting while still appealing at a consumer
level to human ergonomics. Some of these unique
features are related to the physical form factors
(compactness) and environmental compatibility
(rugged and vibration resistant) of SSL-LEDs. These
physical characteristics will enable SSL-LEDs to be
integrated more readily with building architectures
and architectural materials. Some of these unique
features are related to the programmability of SSL-
LEDs — including dimmability while maintaining
high luminous efficacy, and colour tailoring.
Especially in buildings in which lighting is a mix
between electric and natural (daylight) sources,
programmable (dimmable) lighting can save
significant amounts of energy. The Solid-State
Lighting adds a new dimension to programmability
— modifying lights according to the use of a
room, switching between programmability and
energy efficiency. For solid-state lighting, these
compromises may not need to be made — human
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comfort and productivity through programmable
lighting can be optimised more independently of
energy efficiency. The common theme is to make use
of both the hardware and software aspects of SSL-
LEDs to create a new generation of more aesthetic
and more energy-efficient buildings and homes.
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. CULOAREA ALBA CU LED-URI: CONCEPTE SI METODE
IN ILUMINAREA EFICIENTA CU COMPONENTE SOLID-STATE

[luminarea. conventionala aproape cd a atins eficienta maximd, nu insa §i in cazul ilumindrii cu surse

solid-state. LED-ul functioneaza pe un principiu complet diferit, prin conversia semnalului electric

in semnal optic, a carui culoare este determinata de compozitia materialului straturilor cristaline

din care este alcatuit. LED-urile colorate au produs deja un impact dramatic, ele fiind principalele

elemente din sursele de lumina alba cu solid-state. De fapt, albul in sine nu este o culoare, iar

generarea a ceeace ochiul percepe ca lumina alba necesita producerea unui spectru larg de nuante.

Cea mai simpla cale de a obtine culoarea alba este prin utilizarea LED-urilor albastre sau UV la care

se adauga un strat de fosfor. Mixarea LED-urilor pentru a produce lumind alba este o misiune dificild.

Acest articol se referd la metode i solutii utilizate pentru obtinerea culorii albe cu LED-uri.

1. Introducere

Dezvoltarea tehnologiei luminii bazate pe
semiconductori a atins un ritm fard precedent.
Ultimele descoperiri din tehnologiile de baza vor
face posibil ca, in curdnd, aceste surse de lumina,

super-eficiente si de viatd lungd sd concureze pe
piata traditionala de surse luminoase. Sistemele de
luminad cu semiconductori acoperd o arie larga de
discipline, incepand cu crearea fotonului, incluzand
plasarea si integrarea in mediul inconjurator si
terminand cu interactiunea cu omul. Ca urmare a
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acestui fapt, gandirea noastra legata de sistemele de
lumina a ramas relativ imaturd. Concepte de baza,
cum sunt indicele de redare a culorii (CRI) si chiar
definitia lumen-ului, sunt adesea luate ca atare si,
in consecintd, necesita reconsideratie ca raspuns la
aparitia acestor noi surse de lumina.

Lumina naturala, a cirei valoare CRI de baza este
100, este cea mai acceptabild lumina «alba» pentru
ochi. Astfel cd un LED cu un CRI de minimum 85
este apropiat de valoarea de 100 si, deci, cu cat
mai ridicat cu atit mai acceptat. La inceput, LED-
urile albe se apropiau de cealaltd parte a scalei,
dinspre lumina ultravioleta, ce au, spre exemplu,
un indice CRI intre 0 si 10. O altd masurd cu care
LED-urile concureaza puternic, este temperatura de
culoare. LED-urile albe «reci» au o tentad mai mult
albastra decat rogie si au o temperaturd de culoare
de 5000 K si chiar mai mare. Industria de LED-uri
se dezvolta cu viteza si se indreapta catre inlocuirea
surselor de lumina naturale «calde». In prezent,
sursele de lumind cu solid-state cu un indice CRI
ridicat, ce au o temperatura de culoare de circa 3200
K si flux luminos de 22 Im, sunt produse pe scara
larga. Aparitia primului semiconductor generator
de lumind, gata sa reproduca stralucirea unui bec
cu incandescenta, va face deosebit de atractiva
implementarea LED-urilor in aplicatii de iluminat
interior §i exterior.

2. Tehnologie

La baza surselor de luminad cu componente solid-
state std un sandwich de straturi semiconductoare,
crescute pe un substrat. Cand electronii si golurile se
recombind, emit o lumina intr-un spectru ingust in
jurul benzii energetice a materialului. Fiindca lumina
este emisa Intr-o banda ingusta de-a lungul spectrului
vizibil, eficienta emisiei luminoase este mult mai
ridicatd decat Incandescenta. Tehnologia luminii
cu solid-state se confruntd cu aceleasi dificultati
legate de conversia emisiei de banda ingusta in cea
de banda semi-larga, din cadrul spectrului vizibil,
in vederea credrii senzatiei de lumind alba. Spre
deosebire de tehnologia fluorescentd, lungimea de
unda a emisiei de banda Ingusta poate fi controlata
relativ usor, fie prin cresterea eficientei quantice, fie
prin micsorarea ineficientei acestei energii associate
conversiei. Ca urmare, aceasta tehnologie prezinta

un potential de eficientd mult mai ridicat decét
fluorescenta.

Una dintre problemele cu care se confruntd
aceasta tehnologie este eliberarea luminii retinute in
chip-ul semiconductor. Retinerea acestei lumini se
datoreaza, in principal, indicelui de refractie ridicat
al majoritatii semiconductorilor (peste 3), care
determina ca cea mai mare parte a luminii (95%)
sa fie retinutd ca urmare a reflexiilor interioare. Cea
mai ridicata eficientd quantica externa pentru LED-
urile din spectrul vizibil este de numai 55%. Astazi
existd trei moduri de abordare pentru generarea
luminii albe folosind componente cu solid-state:

e LED-uri UV cu straturi multiple de fosfor;
LED-uri UV+fosfor rosu, verde si albastru.

e Trei sau mai mult LED-uri de diferite culori;
LED-uri multichip.

e LED-uri albastre cu fosfor; LED-uri
albastre+fosfor galben, LED-uri albastre+
fosfor verde si rosu.

2.1 Abordarea prin schimbarea lungimii de
unda.

Aceast mod de abordare transforma emisia de
lumind de banda ingusta in lumina albd de banda
larga prin folosirea de LED-uri ultaviolete ce excita
un fosfor care emite la randul lui o lumina convertita
— in domeniul de jos al spectrului. Acest mod de
conversie este de asteptat a fi cel mai eficient din
punct de vedere al costului, datoritd complexitatii
scazute (este utilizat un singur chip LED, iar sistemul
optic si de prelucrare a culorii este minimdat fiind
faptul ca culorile sunt amestecate deja). Aceasta
metoda este insd cea mai putin eficienta, datorita
pierderilor de energie din procesul de conversie, in
domeniul de jos al spectrului si mai putin flexibila,
deoarece culoarea este “presetata” la fabrica.

In cazul acestei abordari, lungimea de undi
pentru LED-urile UV poate fi determinatd prin
echilibrarea eficientei LED-ului (lungimi de unda
mici, eficientd redusd) cu eficienta quanticd a
fosforului (lungimi de unda mici, eficienta crescuta)
si eficienta conversiei fosforului (lungimi de unda
mici, eficienta redusa).

in consecintd, problema constd in dezvoltarea
de LED-uri UV (370 — 410 nm) cu un grad ridicat
de eficientd de conversie externa (>70%) si un
amestec de culori de fosfor cu un grad ridicat de
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eficientd quantica (>85%). Eficienta de conversie a
fosforului va fi, in contrast, scazuta atita timp cat
diferenta energetica intre lumina UV si cea rosie/
verde/albastra este mai mare decat cea dintre lumina
albastra si cea rogie/verde/albastra.

2.2 Abordarea prin mixarea culorilor

Acest mod de abordare transforma emisia de
banda ingustd in lumina alba de banda largd prin
combinarea LED-urilor de diferite culori (Figura 1).
Acest mod de conversie este de asteptat sa fie cel
mai eficient pentru ca nu exista pierderi de putere
asociate cu conversia lungimii de unda in domeniul
de jos al spectrului. Este de asteptat, de asemenea,
sd fie cel mai flexibil, deoarece nuanta culorii de
lumina poate fi controlata prin varierea amestecului
de culori primare, fie in aparatul de iluminat, fie in
lampa. Bineinteles ca, la acest mod de abordare, nu
existd fosfor si, deci, nu sunt pierderi asociate cu
acest lucru.

Este nsa de asteptat ca aceastd abordare sa fie
cea mai scumpa, datoritd complexitatii sistemului
(numeroase chip-uri LED, amestecul luminii de la
surse separate, sistem electronic de control ce trebuie
sa faca fata diferentelor de tensiune, intensitate
luminoasa, durata de viata si caracteristici termice
dintre LED-uri). Ca urmare, provocarea va consta
din obtinerea de LED-uri rosii, verzi si albastre cu
valori ridicate ale eficientei conversiei de putere
de la iesire (>50%), pret scazut al sistemului optic,
precum si un mod de abordare strategic in vederea
mixarii spatial uniforme si programabile a culorilor,
fie In lampa, fie in aparatul de iluminat. Dificultatile
legate de eficienta acestui mod de abordare constau
din combinarea surselor de lumina separate.

2.3 Abordarea hibrida

Acest mod de abordare transforma emisia de
banda ingustd in lumina alba de banda larga, prin
excitarea unui fosfor galben, verde sau rosu de la un
LED albastru (Figura 2). Generatia actuala de LED-
uri albe cu eficacitate luminoasd de 25 Im/W se
bazeaza pe acest mod de abordare. Lumina primara
albastra (460 nm), produsa de un LED bazat pe
tehnologia InGaN, este mixat cu lumina secundara
emisd prin excitarea stratului de fosfor anorganic
YAG:Ce, de culoare galben pal. Aceastd lumina
secundara are maximul in jurul valorii de 580 nm cu

o latime la jumatatea intensitatii maxime (FWHM)
de 160 nm. Combinatia de lumina albastra, partial
transmisa si re-emisa, da aparenta de lumina alba cu
o temperatura de culoare de 8000 K si o eficacitate
luminoasa de aproape 25 lm/W. Aceastd combinatie
de culori este similard cu cea utilizatd la ecranele de
televiziune alb negru, pentru care este acceptabila
o calitate scdzutd a albului, destinatdi mai mult
privitorului “direct” decét celui “indirect”. Modul
acesta de abordare creeazd posibilitatea §i unor
variatiuni. Prima §i cea mai simpla ar fi mixarea
luminii de la un LED albastru cu lumina produsa de
un LED albastru ce excitd un amestec de fosfor bi-
color; aceasta variatie este de asteptat sa produca cel
mai bun echilibru intre eficienta, calitate a culorii,
cost si complexitate a sistemului. O altd variatie,
mult mai complexa si, probabil, mult mai eficienta,
ar fi mixarea luminilor de la un LED albastru si rosu
cu cea produsd de un fosfor verde de la un LED
albastru.

Pentru acest mod de abordare hybrid,
neuniformitatile culorii pot apare datorita faptului
ca lumina de la LED-ul albastru este unidirectionala,
in timp ce lumina de la fosfor este radiatad cu un
unghi solid de 20. De asemenea, eficientele chip-
ului si fosforului se schimba cu temperatura si,
deci, raportul amestecului de culori se va schimba
deasemeni cu temperatura.

3. Furnizarea luminii la observator

Ultimul pas pentru o sursd de lumina cu
semiconductori este furnizarea luminii albe, mai
intai citre zona de iluminat si apoi catre observator.
Binenteles ca scopul este ca aceste obiective sa fie
satisficute simultan de lampa SSL cu LED-uri. in
aceasta privintd, SSL-LED sunt mai avantajoase
pentru simplul fapt cd sunt surse de lumind
punctiforme si, deci, pot furniza lumind directd
mult mai eficient pe suprafete mici. Pentru ca sunt
asa de compacte, asigura flexibilitate In proiectarea
de combinatii arhitecturale de aparate de iluminat
neobstructive. Durabilitatea lor permite instalarea
in locuri cu solicitare ridicatd. De asemenea, este
posibild programarea culorilor si directionarea
pentru o interactiune optima cu sistemul vizual
uman. Optimizarea practica a unui LED alb
presupune doud aspecte: primul - atingerea celei
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mai mari eficiente radiative si al doilea - optimizarea
distributiei spectrului de putere pentru cel mai ridicat
indice CRI si eficacitate.

3.1 Indicele de redare a culorii

Aceastd caracteristica a surselor de lumina cu
solid-state reprezinta abilitatea lor de a reda cat mai
apropiat culorile obiectelor iluminate. O masura
cantitativa a acestei precizii de redare este indicele
de redare a culorii (CRI). Acesta se determina prin
compararea luminii redate de o sursa cu LED-uri cu
o sursd de referinta etalon cu aceeasi temperatura
de culoare corelata (CCT) — CCT>5000 K pentru
iluminatul natural si CC7<5000 K pentru radiatia
Planckiand a corpului negru. Compararea a fost
facuta pentru un set de esantioane de culori; media
redarii culorii, pentru fiecare din aceste esantioane,
produce indicele general de redare a culorii R al
sursei de lumind respective. Pentru SSL cu LED-
uri, Ra nu este o masura perfectd a calitatii redarii
culorii dar este in prezent cel mai acceptat. Relatia
dintre eficacitate si indicele CRI poate fi analizata
usor pentru un sistem spectral de distributic a
puterii ce contine n surse primare de culoare.
Rezultatele obtinute In urma simularilor, in care
pentru o temperaturd de culoare fixa si latimi fixe,
au fost variate lungimile de unda si densitatile de
putere pentru 2, 3, 4 si 5 culori componente dintr-o
sursa alba de lumina au fost variate pentru a deduce
anvelopa indicelui maxim CRI si eficacitatea
luminoasa, demonstreaza ca un sistem bi-cromatic
este incapabil sd ofere o lumina de calitate ridicata.

Cu cat maximul eficacitatii luminoase descreste,
cu atat maximul CR/ descreste si el, iar lungimile de
unda tind sa “umple”, deplasandu-se catre extremele
spectrului vizibil. Maximul indicelui CR/ incepe sa
se satureze la 3, pentru o sursd compusa din doua
culori, la 85 pentru o sursa compusa din 3 culori,
la 95 pentru o sursd compusa din 4 culori si la 98
pentru o sursa cu 5 culori. Binenteles ca, cu cat sunt
mai multe culori, cu atat lampa este mai complexa.
Ca urmare, este posibil ca o sursd compusa din trei
culori care ar putea atinge un indice CR/ de 80 sau
mai mare, s produca cel mai bun echilibru intre
eficacitatea luminoasa si complexitatea lampii. Intr-
adevar, situatia este avantajoasd pentru sursele de
lumina alba compuse din trei culori cu fosfor de
banda larga sau combinatiile de LED-uri de banda

ingusta si fosfor de banda larga, al caror posibil
indice CRI este mai mare de 85. in Figura 3 este
ilustrat fascicolul unui LED alb (mod de abordare
hybrid) cu coordonatele cromatice x=0,32, y=0,31 si
un unghi de 23°. Maroniu/gélbuiul indica deficienta
de conversie in alb a fosforului. Intensitatea
luminoasa 1n centrul fascicolului este de aproximativ
4000 mcd, la 20 mA cu o temperatura de culoare
de 5500 K. Prin urmare, tehnologia SSL cu LED-
uri are avantaje dar si dezavantaje in comparatie cu
tehnologia Fluorescenta. Pe de altd parte, lumina de
banda ingusta initial este accesibila intr-un domeniu
larg de lungimi de unde, incluzand spectrul vizibil si
cel apropiat de UV, nefiind limitat ca n cazul emisiei
cu gaze. De asemenea, fosforul, excitat simultan de
aceste lungimi de unde, va emite lungimile de unde
optime nefiind limitate in ceea ce priveste indicele
CRI.

3.2 Temperatura de culoare

Un alt atribut al unei surse de lumina cu SSL
este aparenta culorii cand este privita direct sau
cand lumineazd un obiect perfect alb. Acest
atribut poate fi cuantificat utilizind coordonatele
cromatice (x, y) din diagrama cromatica CIE 1931.
Aceste coordonate cromatice se aplica atat in cazul
luminii monocromatice, cat si al luminii albe.
Coordonatele cromatice ale luminii monocromatice
sunt reprezentate prin linia In forma de potcoava
(«spectrum locus»). Coordonatele cromatice ale
amestecurilor de lumini monocromatice reprezinta
estimarea intensitatilor combinatiilor liniare
ale coordonatelor cromatice ale componentelor
individuale de lumind monocromaticd. Cu alte
cuvinte, o combinatie de doua culori va produce
coordonate cromatice ce se afla pe linia dintre
cele doud coordonate. Coordonatele cromatice ale
luminii albe se afla pe curba Planckiana in centrul
acesteia. Acest tip de alb, de pe locusul Planckian,
este specificat de temperatura corpului negru in grade
Kelvin si este denumit temperatura de culoare. Spre
exemplu, mixand lumina de la doua LED-uri cu
lungimi de unde de 485 nm (albastru) si, respectiv,
583 nm (portocaliu), se va produce culoarea alba cu
o temperaturd a culorii de aproape 4000 K.

De fapt, temperatura de culoare nu poate fi
folosita pentru coordonatele culorii (x, y) care nu
se afld pe locus-ul Planckian. in aceste cazuri se
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foloseste temperatura de culoare corelata (CCT).
CCT este temperatura corpului negru a carui
culoare este perceputa ca fiind cea mai apropiata
de sursa de lumina analizata. in principiu, CCT
poate fi dedus prin construirea liniilor «iso-CCT»
care intersecteazi locusul Planckian. In practica,
sursele de lumina alba se intalnesc foarte aproape
de locusul Planckian, deoarece ochiul uman este
foarte sensibil la deviatii mici. Exista o dependenta
puternica intre CCT si eficacitatea luminoasa. Cu cat
CCT descreste, proportia de lumina rosie si albastra
descreste. La o temperatura de culoare de 3900 K
situatd intre lumina de zi si cea tipica produsa de
lampile incandescente, eficacitatea luminoasa
maxima este de 400 lm/W. Aceasta este valoarea
folosita in reprezentarea eficacitatii luminoase a unei
surse de lumina cu solid-state cu eficientd 100%.

In Tabelul 1 este aritat maximul eficacitatii
luminoase a unei surse de lumina alba compusa din
trei culoriin functie de CCT pentruun indice CRI=80.
in specificarea culorii unui LED sunt folosite, in
general, trei moduri diferite: - lungimea de unda
de varf - punctul de maxim al curbei spectrale ip;
- lungimea de unda principala - punctul principal de
pe curba spectrald 4 ; - lungimea de undd dominanta
- masura nuantei percepute de ochiul uman 4.

Cromaticitatile x (rosu) si y (verde) sunt
determinate folosind metoda celor trei culori.
Lungimea de unda dominanta este apoi determinata
grafic din diagrama cromatica. In acest scop, se
poate trasa o linie dreaptd pornind de la punctul de
alb (acromatic) W, trecand prin locusul de culoare S
(x, ¥), pana cand linia intersecteaza curba spectrala
de culoare. Deoarece lumina emisd de LED-uri
(exceptand albastru) are saturatia culorii de aproape
100%, locusul S este foarte apropiat de curba
spectrald. In Tabelul 2 sunt ilustrate caracteristicile
unui LED rosu/albastru/verde obisnuit.

Cuo combinatie de LED-uri de trei culori diferite,
cea mai ridicatd eficacitate luminoasd totald este
obtinuta prin folosirea celor cu eficacitate luminoasa
ridicata (verde si secundar rosie) si cea mai mica
eficacitate - folosind pe cele avand eficacitatea
luminoasa redusad (albastru). Caracteristicile unui
asemenea amestec de LED-uri este ilustrat in
Tabelul 3.
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4. Intensitatea si nuanta culorii in cazul modului
de abordare prin mixare

Principiul mixarii culorii a rezultat din modul
in care a fost construitd diagrama CIE 1931.
Un set de n surse primare cu coordonatele
cromatice x, y, si un flux radiant @, va produce
o culoare cu urmaétoarele coordonate cromatice:
x =2x D /XDy =2y D XD .

In vederea calcularii lungimii de unde
dominante a culorii rezultate pentru n LED-uri
caracterizate prin intensitatile lor luminoase,
lungimile de unde dominante, deci coordonatele
cromatice x, y, pot fi folosite urmatoarele ecuatii:
x =2x m/Zm;y =2y m/Xm,unde m=I /y.

Spre exemplu, pentru doua LED-uri cu acelasi
unghi de privire, unde LED, are intensitatea
luminoasd / ;=1000 mcd si coordonatele cromatice
x,~=0,13, y=0,075 (albastru 470 nm), iar LED, are
I ,=2000 mcd si coordonatele cromatice x,=0,7,
»,=0,3 (rosu 625 nm), caracteristicile culorii
rezultate sunt urmatoarele: / = 3000 mcd, x=0,32,
y=0,15.

In principiu, pentru doua LED-uri se poate
obtine orice culoare de-a lungul liniei ce uneste
aceste coordonate din diagrama cromatica CIE, prin
varierea nivelului de saturatic. Pentru trei LED-
uri, coordontele cromatice sunt situate in interiorul
triunghiului determinat de coordonatele acestor
componente.

5. Sisteme de iluminat

Chip—ul generator de lumind, lampa si aparatul de
iluminat sunt tehnologiile ce stau la baza unui sistem
de iluminat. Sunt, 1nsa, si alte componente deosebit
de importante din acest sistem, cum ar fi:

— furnizarea de tensiuni reduse §i intensitati
ridicate intr-o lume dominatd de prize cu
tensiuni mari §i curenti mici;

— integrarea iluminatului cu solid-state in
arhitectura cladirilor, precum s§i misiunea
delicata si complexa de adaptarea intre functiune
si forma.

— intelegerea modului in care sursele de lumina
cu solid-state interactioneaza cu sistemul
vizual uman in vederea cresterii confortului si
a productivitatii.
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Probabil ca cel mai important aspect al
aparatului de iluminat este distributia luminii de
la lampa in spatiul de lucru, in conformitate cu
cerintele. Acest aspect va produce distinctia dintre
aparatele de iluminat pentru surse solid-state fata
de cele traditionale. Deoarece un aparat de iluminat
pentru surse cu solid-state contine 1ampi emitatoare
punctiforme, sistemul optic necesar de colimare,
direct sau concentrat, este relativ simplu si de aceea
sunt recomandate pentru iluminatul de lucru. Pentru
acest gen de aplicatii, sursele cu solid-state vor
fi de doud ori mai avantajoase decat sistemele de
iluminat traditionale, datorita eficientei cu care este
iluminata zona de lucru. Este necesar, de asemenea,
folosirea de sisteme optice, pentru producerea
luminii uniforme si omogene, necesarda zonelor
indirecte largi.

Pentru inceput, aparatele de iluminat cu solid-
state vor contine sisteme optice foarte complexe,
atata timp cat mixarea culorilor va fi facuta la nivelul
aparatului de iluminat, iar lumina necesara este
obtinuta de la o multitudine de lampi 1n locul lampii
singulare. In etapele urmatoare, este de asteptat ca
sistemele optice sa se simplifice, deoarece mixarea
culorilor si producerea luminii albe se va muta la
nivelul lampii, iar lumina necesard va fi produsa
doar de o singura lampa.

6. Concluzii

Legétura dintre lumina, sistemul vizual uman si, in
final, confort si productivitate a rdmas pentru mult
timp complexa si controversata. Asa cum a mai fost
mentionat, chiar si cele mai de baza concepte legate
de calitatea redarii culorii nu sunt indeajuns de
bine definite. Aceasta legatura devine si mai critica

in cazul iluminatului cu surse solid-state, pentru
ca ele au abilitatea sa completeze spectrul vizibil
selectiv si, probabil, programabil, prin folosirea
componentelor primare, plecand de la chip si sursa
secundard de lumind a fosforului. Este de asteptat
ca unul dintre cele mai fascinante aspecte ale
tehnologiei acestor surse de lumind cu solid-state
sa fie dezvoltarea arhitecturii cladirii si a luminii,
care la nivel de sistem exploateaza caracteristicile
unice ale acestor surse, reugind insd sia ramana
atragatoare din punct de vedere ergonomic la nivelul
consumatorului. Cateva din aceste caracteristici
unice ale SSL cu LED-uri se referda la aspectul
fizic (compacte), la compatibilitatea lor cu mediul
inconjurator (rezistenta la vibratii i intemperii) si la
programabilitate, ce consta din reglarea intensitatii
luminii, mentindnd insa un grad inalt de eficacitate si
calitate a culorii. In acest fel, se pot aduce economii
substantiale de energie, in special in cladirile
unde lumina este un amestec de surse de lumina
naturala si electrica. Iluminarea cu SSL adauga,
de asemenea, o noud dimensiune programabilitatii
prin modificarea intensitatii luminii in functie de
nivelul de utilizare a camerei, facand distinctia
intre programabilitate i eficientd energetica. Prin
programabilitatea iluminatului, confortul uman
precum si productivitatea pot fi optimizate mult
mai independent fata de eficienta energetica pentru
iluminarea cu SSL, nefiind necesar si se faca
compromisuri. Ambele aspecte hardware §i software
ale SSL cu LED-uri vor fi folosite in ideea de a creea
o generatie noud de cladiri si constructii mult mai
estetice si eficiente energetic.

Traducerea autorului
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CENTRUL DE INGINERIA ILUMINATULUI - UTC-N
LIGHTING ENGINEERING CENTER - LEC

Florin POP
Technical University of Cluj-Napoca

Lighting Engineering Center - LEC — was created
following the Tempus-Phare programme CME-
03551-97 [15 December 1998 — 14 March 2000]
— see the web site http://bavaria.utcluj.ro/~lec.

The LEC activity was presented in the previous
issues of the journal (1 — 12), beginning with 25 April
2000 when its establishment was approved by the
University Senate Council until March 2004, the
printing date of the issue no. 12 (Winter) 2003

Dr. Florin POP and Dr. Dorin BEU contributed
to the International Symposium on Lighting— Quality
Solutions for an Efficient Lighting, Bucharest,
September 2004, the XII National Conference on
Lighting Light °2004 15-17 June 2004, Varna, and
the IEECB ‘04 Conference, Frankfurt am Main, 21-
22 April 2004.

INGINERIA ILUMINATULUI - Lighting
Engineering journal, with a half-yearly appearance,
is edited by the consortium of the Technical
University, ELECTRICA Local Distribution Branch
— Transilvania Nord, and MEDIAMIRA Printing
House. Its scientific presentation and content is
targeted to the continuing education in the lighting
field, without any insertion of the commercial
advertisings inside of its pages.

LEC members are involved in working-out of
different lighting systems optimization studies
and lighting design projects for local owners. An
interesting study was initiated by the City Council
in May 2004 for the rehabilitation of pedestrian
lighting in residential areas of Cluj-Napoca city
and conducted by the Lighting Engineering Center
of the Technical University of Cluj-Napoca in two
areas. The aims of this study are: a) to survey the
existing situation; b) to present the new European
and national regulations concerning this matter; c)
to propose a modern energy efficient system, and d)
to generate specific GIS maps of the whole lighting
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system and electric network. The public lighting for
pedestrian alleyways or for mixed traffic pedestrians/
vehicles between blocks of flats was made in the same
time with the urban structure. For this reason the
lighting system was designed and installed between
1960-1990. The existing system presents many
deficiencies and cases of destruction determined by
vandalisms, physical and technical use, inadequate
protection, and low quality of lighting equipment.
Proposals for a modern lighting system are targeted
to obtain a high quality photometric environment and
energy efficiency. The design is based on the quality
requirements stipulated on the Romanian norms
NP 062-02 and SR EN 60598 and European or CIE
guidance. The presumed costs for the rehabilitation
of pedestrian lighting in two residential districts of
Cluj-Napoca — Grigorescu and Gheorghieni - are at
about € 146,000, with respect to the rehabilitation of
old or broken dawn equipment (electric cables and
boxes, columns, lamps, luminaires and accessories)
and to the extension of the lighting systems/network.
The proposed systems will use an installed power

st renaiiiared— 10492 KW for 613 rehabilitated points
and 319 new ones with HSE (Sodium) 70 W lamps
instead of the used power P__=126.828 kW of old
lamps.

On the university cooperation field, there is
continuity under the frame of the UE institutional
university programmes SOCRATES — ERASMUS
with the Helsinki University of Technology
(Professor Liisa HALONEN, Lighting Laboratory),
Universitat Politecnica de Catalunia (Professor
Ramon SAN MARTIN, Estudios Luminotecnicos),
and University of Liverpool (Dr. David CARTER,
Reader, Lighting Research Unit).

Professor dr. Jeong Tai KIM, director of the
LAEL, Kyung Hee University, Seoul, Korea initiated
the development of a university cooperation under
the frame of The Memorandum of Understanding
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between Light & Architectural Environment
Laboratory, Kyung Hee University and Lighting
Engineering Center, Universitatea Tehnica din Cluj-
Napoca.

The Lighting Engineering Center LEC is
developing its activity on the Lighting and
Electrical Installations Laboratory of the Building
Services Department of the Technical University
of Cluj-Napoca. The rehabilitation and technical
modernization of its space was partially financed
by the Tempus-Phare programme, the university

In connection with a prospective collaboration in research and development, the
following Memorandum of Understanding has been concluded between

Lighting Engineering Center

Technical University of Cluj-Napoca

Hereafter designated as “LEC-TUCN”

Address: #15, C. Daicoviciu St., RO-400020 Cluj-Napoca, Romania
Represented by: Professor Florin POP, Director of Center

And

Light & Architectural Environment Laboratory

Kyung Hee University

Hereafter designated as “LAEL-KHU”

Address: #1, Socheon-ri, Kiheung-eup, Youngin-shi, Kyunggi-do, 449-701
Represented by: Professor Jeong Tai KIM, Director of Laboratory

1. LEC-TUCN and LAEL-KHU, enter into this memorandum of understanding to
promote and extend the exchange of technical, scientific, and professional knowledge
in the areas of mutual interest between the two institutions.

resources, the funds received on the research grants,
and postgraduate courses and sponsorships of
lighting/electric installations companies and former
students:
PHILIPS Romania/FLASH Transilvania
OSRAM Romania
TOTAL Quality/ACI Constructions and Installations
LEGRAND Romania/Electro Daniella
PRAGMATIC Comprest
ABB Romania
ELBA

£ .

-
LAEL

2. The purpose of this memorandum of understanding is to advance
1) Collaborative development of academic projects in the areas of mutual interest
2) Dissemination of discoveries and findings arising from collaborative work
3) Exchange of research staff

3. This memorandum of understanding shall become a valid agreement after it has
been approved and signed by the Director of both institutions. The initial agreement
is concluded for a period of two years from the date the latest amendment. The
agreement may be terminated at any time prior to the expiry date by giving six
months written notice by either party. Amendments to the agreement may be made
any time, but should be mutually confirmed in writing by both institutions.

Date of Initial Memorandum of Understanding: 15th October, 2003

Sig"awb ﬂ—c,cula%
Professor Jeong Tai KIM Professor Florin POP
Director of Laboratory Director of Center
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LIGHTING IN THE NEW WORLD

Cristian SUVAGAU
BC Hydro, Vancouver

THE IESNA ANNUAL CONFERENCE, TAMPA, 2004

Temperatures of above 35 °C, plus a humidity
index of 70%, plus daily torrential showers and
thunderstorms: Florida in summer (hurricane
season). However, these are all the ingredients
necessary to motivate you to stay indoors, in
controlled clime and attend an interesting and well
organised lighting conference.

Traditionally the Illuminating Engineering
Society of North America (IESNA) annual
conferences are hold during the months of summer,
to allow their members to participate accompanied
by the family. This year the city host was Tampa,
a vibrant town of 2 millions of people, on the West
Coast of Florida, at the Gulf of Mexico.

From July 23 to 28, the IESNA conference
hosted committee meetings, a trade/exhibits show,
few educational and speciality workshops, 15
seminars and 25 paper presentations, plus numerous
special events and functions.

2004 was a special year for the IESNA
conferences on at least two plans:

e [t was the last of the summer venues. The next
conferences will be shorter and hold in the winter/
spring to meet the demands of a faster pace Society,
which has (unfortunately) little time for enjoyment
and relaxation.

e [thas become evident and rightfully acknowledged
that research is shifting towards the new paradigm
of “Lighting and Human Health” (as was the title
of one of the best seminars and research panels).
At least 6 seminars and 8 papers (about a third of
the presented topics) were contributing to this topic
that also includes Daylighting and its beneficial
effects.

This year the IESNA Annual Conference
was attended by 500 lighting practitioners:
manufacturers, market agents, engineers, designers,
architects, educators, students, government and
utilities specialists from Canada, Germany, Mexico,
Japan, and United States.

Here are the highlights of the conference.

Special events

*  The opening session and the key note address:
Dr. George Brainard, a professor of neurology
delivered a very interesting speech based on
his late research on lighting, vision and human
health that set the high standards for the next
conference speakers.

*  The International Illumination Design Awards
(IIDA) 2004 ceremony showcased the most
ingenious and spectacular lighting designs of
the year. The lighting design projects entered
in the contest are judged at more sequential
levels: IESNA section/ chapter, regional and
then finally international. You can see selected
pictures at www.iesna.org.

*  TheIESNA Annual Progress Report is a dynamic
and humorous presentation of the best new
North American lighting equipment, software
and speciality books. This year the report
featured about 140 new entries. Products are
submitted annually by manufacturers and are
professionally reviewed by a panel of specialists
from the industry. You can see it at www.iesna.
org/programs/progress_report.cfin.

*  The IESNA Honours Luncheon is a long-time
tradition presentation of Society’s awards to
individuals for their service and contribution to
the art and science of illumination and furthering
the goals of the Society.

*  The tabletop exhibits show saw the participation
of more than 50 lighting manufacturers of
indoor and outdoor luminaires, lamps and
ballasts, control and measurement equipment.
Practitioners could thus see most of the exhibits
featured in the Annual Progress Report.

Workshops and seminars
The organisers set some daylong speciality and
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motivational workshops before the formal start of
the conference, for those who wanted to upgrade
their lighting education or get more involved with
the IESNA organisation.

To accommodate a busy program, the seminars
were presented in two to three more concurrent
sessions, unfortunately many times in competition
with the paper presentations as well.

In my opinion, the most interesting topics were:

o The Evaluation of Task Adaptation Luminance
(ETAL) - where renowned Prof. Dr. Alan Lewis
from the New England College of Optometry
explained how image analysis techniques can be
combined with the contrast sensitivity properties
of the visual system to predict the visibility of real
world complex scenes under outdoor illumination.
The ETAL approach recognises that many outdoor
tasks do not relay on high visual acuity and can thus
be performed at lower levels of luminance.

*  MH vs. Fluorescent: 10 Rounds in the Highbay
Arena — Stan Walerczyk’s fair-play and sporty
approach to the conceptual and practical dispute
of HID and high efficient fluorescent systems for
Highbay applications.

*  Daylight and Human Performance — a “tour de
force” of outspoken researcher Lisa Heschong in
concluding the health and efficiency benefits after
analysing hundreds of daylighting examples in
retail, office and educational buildings. For example,
efficient daylighting (skylights) can increase sales
by 25% while saving between 25% to 60% energy;
larger windows in classrooms may account for a
25% increase of marks and saving up to 70% energy;
combined toplit and sidelit daylighting in offices
may increase workers’ performance/productivity by
up to 15% while saving up to 70% in energy.

* Hot Topic-Lighting and Human Health — was a
very interesting presentation of a top panel of
researchers from Lighting Research Centre-New
York, National Research Centre Canada, US Army
Research Centre and other independent laboratories
and companies. Very recent research has identified
non-vision receptors in the eye that are responsible
for the circadian rhythm and metabolism functions
of the human body. Obviously the new paradigm in
lighting design has to consider these new findings
in a holistic approach to visual comfort and non-
visual wellbeing. Hence, new opportunities but
also new responsibilities are arising for lighting
practitioners. Also, there seems to be more evident
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research towards quantifying the non-visual benefits
of quality lighting and translating it in valuable
inputs for economic analysis. For example, an
increase of 1% only for the efficiency of a worker
in a call centre, could lead to savings of $1600 for
the worker’s area, bringing down the payback for
a complete DALI personal control system to less
than 6 months. Now, that is a convincing value
proposition for any office manager to save money
by improving lighting quality!

Papers Presentation
IESNA holds a high degree of scrutiny for the
submitted papers, allowing only good written, top
and innovative research and lighting topics to be
presented at the Conference.
This year the invited papers were encompassing
a broad spectrum of research and applications:
e Lighting Controls
e Lighting Calculations
e  Daylight Modelling
e LED
e  Daylighting and Human Factors
e  Lamp Performance
e  Vision
e  Daylight Photometry
One can notice that daylighting is getting a
special attention these days due to evident energy
efficiency benefits but also because of human heath
related issues.

Next Conference

The next Annual Conference will be held in
New York, in January 8-11, 2006 to celebrate one
hundred year since the birth of IESNA. To honour
this impressive anniversary (a very, very long time
frame for North American standards) the Society
and its multiple chapters are planning various festive
lighting events across the continent.

You can learn and see more information
about the 2004 Annual Conference and the 100
anniversary events by visiting the IESNA site at
WWwWw.iesna.org.

Next lighting topic from the New World:
“Lighting and Health”.
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CONFERINTA ANUALA IESNA, TAMPA, 2004

in mod traditional, conferintele anuale ale
Societatii de Ingineria Iluminatului din America
de Nord (IESNA) au loc in lunile de vard, pentru
a permite membrilor sdi sd participe impreund cu
familiile. In zcest an orasul gazda a fost Tampa, un
vibrant oras cu 2 milioane de locuitori, situat pe
Coasta de Vest a Floridei, in Golful Mexic. Intre 23
— 28 iulie, conferinta IESNA a gazduit intalniri ale
comitetelor, o expozitie si un targ de produse, cateva
ateliere educationale si de specialitate, 15 seminarii
si 25 lucrari prezentate, la care se adauga numeroase
manifestari speciale.

2004 a fost un an special pentru conferintele
IESNA cel putin pe doud planuri: @ A fost cea din
urma conferintd de vara. Viitoarele conferinte vor
fi mai scurte si se vor tine iarna/primavara pentru a
raspunde cerintelor unei Societati mai grabite, care
are (din nefericire) mai putin timp pentru bucurie si
relaxare. ® A devenit evident §i pe deplin recunoscut
ca cercetarea aluneca spre noua paradigma “Lumina
si Sanatatea Umand” (acesta a fost si titlul unuia
dintre cele mai reusite Seminarii §i Sectiuni de
cercetare). Cel putin 6 seminarii §i 8 lucrari (aproape
o treime din subiectele prezentate) au fost dedicate
acestei teme care include si Iluminatul Natural si
efectele sale benefice.

In acest an, conferinta anuali IESNA a fost
urmaritda de 500 specialisti in iluminat: producétori,
agenti de piatd, ingineri, proiectanti, arhitecti,
educatori, studenti, specialisti guvernamentali si de
utilititi din Canada, Germania, Mexic, Japonia si
Satele Unite.

lata care au fost temele principale ale
conferintei.

Manifestari speciale
*  Sesiunea de deschidere §i tematica de referintd: Dr.

George BRAINARD, profesor de neurologie a avut
o prezentare foarte interesata bazatd pe ultimele sale
cercetdri in iluminat, vedere si sdnatatea umana care a
stabilit un standard inalt pentru ceilalti vorbitori.

»  Ceremonia de conferire a premiilor internationale
in proiecte de iluminat (International Illumination
Design Awards - 1IDA) pe anul 2004 a evidentiat
cele mai ingenioase si spectactuloase proiecte de
iluminat ale anului. Proiectele intrate in concurs
au fost analizate si jurizate pe mai multe niveluri:
sectiuni/capitole IESNA, regional si apoi, in final,
international. Vezi imagini selectate in pagina
www.iesna.org.

*  Raportul Progresul Anual IESNA este o prezentare
dinamica si plind de umor a noutdtilor celor
mai bune din America de Nord in domeniul
echipamentului de iluminat, software si carti de
specialitate. In acest an, Raportul a prezentat 140
intrari noi. Produsele sunt oferite anual de catre
producdtori i sunt analizate profesional de catre
un grup de specialisti din industrie. Vezi pagina
www.iesna.org/programs/progress_report.cfin.

* [ESNA Honours Luncheon este o prezentare
traditionald a premiilor Societatii conferite unor
persoane individuale pentru serviciul si contributia la
arta §i stiinta iluminatului si a dezvoltarii viitoare a
Societatii.

* Expozitia prezintd mai mult de 50 producatori
in iluminat pentru aparate de iluminat interior si
exterior, lampi si balasturi, echipament de control si
masura. Utilizatorii pot astfel sd vada pe viu lucrarile
prezentate in Raportul Progresul Anual.

Ateliere si seminarii
Organizatorii au pregitit cateva ateliere

specializate si motivate cu durata de o zi Tnainte de

startul formal al conferintei, pentru cei ce au dorit
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sd-si imbunatiteasca educatia in iluminat ori sa fie

implicati mai puternic in activitatea organizatiei

IESNA.

Pentru a se adapta unui program incarcat,
seminariile au fost prezentate in doud — trei sesiuni
concurente, din nefericire aflandu-se uneori in
competitie chiar cu prezentarea lucrarilor.

Dupa opinia mea, cele mai interesante subiecte
au fost:

*  Evaluarea Luminantei de Adaptare a Sarcinii (ETAL)
— unde renumitul Prof. Dr. Alan LEWIS de la New
England College of Optometry a explicat modalitatea
in care pot fi combinate tehnicile de analiza a imaginii
cu proprietatile de sensibilitate la contrast ale
sistemului vizual pentru a prezice vizibilitatea scenelor
complexe ale lumii reale sub influenta iluminarii
exterioare. ETAL recunoaste ca multe sarcini vizuale
exterioare nu sunt corelate cu o acuitate vizuala inalta
si, astfel, pot fi indeplinite la niveluri de iluminare mai
scazute.

e Lampi cu Halogenuri Metalice versus Lampi
Fluorescente: 10 reprize in arena iluminatului
spatiilor inalte — o abordare corecta si sportiva a lui
Stan WALERCZYK a disputei conceptuale si practice
intre sistemele de iluminat cu lampi de inalta presiune
cu descarcari si lampi fluorescente de Tnalta eficacitate
pentru aplicatii in spatii inalte.

*  Lumina naturald §i Performanta umand — un tur de
forta al cercetatoarei Lisa HESCHONG in evidentierea
beneficiilor de sdnatate si eficientd dupa analizarea
a sute de exemple de utilizare a luminii naturale
in cladiri de vanzari, birouri sau educationale. De
exemplu, iluminatul natural eficient cu luminatoare
poate sa crescd vanzarile cu 25 % in acelasi timp cu
economisirea energiei in procent de 25-60%; ferestre
mai largi in silile de clasd pot conduce la o crestere
cu 25% a notelor si la 0 economie de energie de pana
la 70%; sisteme combinate de iluminat natural de
sus si lateral in birouri pot imbunatati performanta/
productivitatea lucratorilor cu pana la 15%, cu o
economisire a energie de pana la 70%.

*  Subiect fierbinte — Iluminatul §i Sandtatea umand
— a fost o foarte interesanta prezentare a unui grup de
cercetatori de 1nalta calitate de la Lighting Research
Centre - New York, National Research Centre
Canada, US Army Research Centre si alte laboratoare
si companii independente. O cercetare foarte recenta
a identificat receptori non-vizuali in ochiul uman
care sunt responsabili de ritmul circadian §i functiile
metabolice ale corpului uman. in mod evident, noua
paradigma in proiectarea iluminatului trebuie sa
considere aceste rezultate noi in abordarea holistica a
confortului vizual si starii de bine non-vizuale. Astfel,
oportunitati noi dar, de asemenea, responsabilitati noi
se deschid lucratorilor in iluminat. De asemenea, se
pare ca este tot mai evident ca cercetarea se Indreapta
spre cuantificarea Dbeneficiilor non-vizuale ale
iluminatului de calitate si transformarea acestora in
date de intrare valabile pentru o analizd economica.
De exemplu, o crestere cu 1% doar pentru eficienta
unui lucrdtor intr-un centru de convorbiri ar putea
sa conduci la economisirea a $1600 pentru aria de
lucru, dupa amortizarea investitiei in sistemul de
control personal DALI in mai putin de 6 luni. Acum,
aceasta este o foarte convingatoare afirmatie pentru
orice director de birou pentru a economisi banii prin
imbunatatirea calitatii iluminatului!

Prezentarea lucrarilor.

IESNA a asigurat un grad inalt de analizd pentru
lucrarile propuse, permitand prezentarea la Conferinta
doar celor bine scrise, cu subiecte de cercetare de nivel
inalt sau inovative.

in acest an, lucrarile invitate au acoperit un spectru
larg de cercetare si aplicatii: Controlul iluminatului,
Calcule de iluminat, Modelarea luminii naturale, LED,
[luminatul natural si Factorii umani, Performanta lampii,
Vederea, Fotometria luminii naturale.

Cineva ar putea retine cd iluminatul natural a primit
o atentie speciald in aceste zile datoritd beneficiilor
evidente in eficientd energetica dar, de asemenea, datorita
aspectelor asociate sanatatii umane.
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