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Integral Approach to Design Building engineering sy
(lighting, heating, air conditioning) — as a effect

Aizenberg J. B.

VNISI, Moscow, Russia

stems:
ive way to
Energy Saving

Abstract. A substantial decrease in energy consumption in buildings can only be achieved if all engineering systems (natural and artificial lighting,
ventilation, air conditioning and heating) are designed in comprehensive way, integral. It can be shown by four case studies of lighting installation
with different types of Hollow Light Guides (HLG) - main line, with heliostate and with short suntube (HLG skylights).

Keywords:
heliostate

Introduction

Integration of natural and electrical illumination is an
important problem of modern lighting engineering. Good
solution of the problem gives benefits not only in the high
single-story buildings, but also in the deep buildings glazed
along the perimeter; with windows located far from the
central zones, and in the building without daylight at all
(underground trade centers, car parks, etc). The important
next step - integral approach to design building engineering
systems - as a effective way to energy saving.

Case study

1. A 20000 sg.m. termo-constant cooper plate production
area was illuminated by mirror slit HLG. The construction of
building (Fig 1) was designed with special electrical
engineering corridors. In this corridors outside the working
premises in maintenance bridges were installed the
injectors with HID mirror like lamps 3*700 W each. That
alone (thanks to the fact that heat from high wattage lamps
was generated outside working area) allowed to decrease
the wattage of the air-conditioning systems by 600 kW. The
resulting energy saving in 24/7 production cycle amounted
to 5,160 MW hours per year. The other results:

- number of luminaires (in comparison with first design)
were decreased in 30 time;

- extension of electro net was reduced many time;

- the maintenance costs were greatly decreased.

The second case study

2. Integration of natural and electrical illumination is an
important problem of modern lighting engineering. Good
solution of the problem gives benefits not only in the high
single-story buildings, but also in the deep buildings glazed
along the perimeter, with windows located far from the
central zones, and in the buildings having no daylight at all
(Fig 2).

Cardinal solutions of how to lead sunlight into a room
lacking daylight were achieved using heliostats and long
HLG.

The "Heliobus" lighting installation in the 4-storied school in
St. Gallen (Switzerland) was the next significant step in the
development of the integrated lighting systems. For the first
time the systems for transporting and distributing solar light
and electric light were combined in a single long vertical
hollow light guide (Fig 3).

Similar solution was realized in the lighting installation of the
2-storied school in Schiers (Switzerland) (Fig. 4).

We suggest three types of integral systems: for high one-
story buildings, for underground rooms, and for wide
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buildings with perimeter glazing. Making the proposition we
understand the need to do the following:

- to use the simplest sealed heliostats (i.e. without open
optical systems) in the buildings located in industrial sites;

- to use unified units for transportation and distribution of
solar or electric light;

- to take electric circuits and units that require
maintenance out of the illuminated room;

- to eliminate dissipation of heat (radiated by the Sun or
electric lamps) in theroom in order to reduce the power of
air-conditioning systems;

- to reduce the dimensions of the openings, through which
the light is being introduced in the room.

Figure 5 show the schemes of the suggested systems that
meet the requirements stated above.

3. Case study: The third group are the short HLG skylights.
The Simplest - HLG skylights systems provide the solar
light and prevent the premises heating that can occur in
summer months and limit the heat loss that occurs in winter
months. Skylights HLG in cottedg shown at Fig. 6a
(companies name - Solarspot or SunPipe).

This effect is perhaps one of the most significant
advantages of HLG, particularly in southern European
countries and the Middle East. With temperatures externally
often being 40C, the prevention of solar gain to the inner
space is vitally important.

In winter months the situation is reversed but again, the
HLG tube of a relatively small diameter/results in minimal
heat loss. A simple area calculation shows that these
figures are equivalent to 1.59-1.72 W/m?K. The UK Building
Regulations states a value of 1.9W/m?/K for argon filled
triple glazing with 16 mm spacing, which demonstrates the
performance of the excellent HLG skylight.

HLG scylights give the possibility:

- reduced energy consumption (lighting energy cost for
office space could be reduced by as much as 60%);

- daylighting measures cost less than 1% of the
construction budget and achieved a payback in less than 2-
3 years.

4. Case study: Input daylight in basement premises.

One of new options of using natural light for low level and
basement premises is a new systems also called
«Heliobus2» which is implemented in Switzerland, by
Signer Company (Fig. 7 a, b).

Their device is a sealed rainproof box maintained on to the
low level window. The inner surfaces of the box covered
with mirror reflected material of Alanod Co type «Miro».

The top of the box covered by flat clear hard silicat glass.
This provide input box natural light: direct sunlight and



global light from outside and plus artificial light from
Fluorescent lamp.

In conclusion, we have to point out (along with high
economic and technical advanteges) one very important
feature of suggested integral lighting systems with the light
guides. Unlike other known electrical lighting systems that
provide steady-state lighting conditions, the new integral
system operating with solar light provides dynamic,
permanently changing illumination. It reflects everything that
takes place in the sky: either rainbow or changes of sky
brightness, e.g. shadows run along the light guide as clouds
move in the sky. All these make integral systems look lively
and optimistic.
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Figure 1.The constraction of termo-constant building with main
HLG line:

1 — Ingector 3x700W HID Mirrorlike + 1 IL500W; 2 — Maintenance
Bridges; 3 — Electrical engineering corridor

Lamp

Glass

Mirror Surface

Diffuser of

opal PMMA Perforated

diffuser

Figure 2. A suggestion concerning integration of lighting systems
on the base of HLG skylights

2nd floor

§900

Lst floor

Subfloor

Figure 3. Integrated lighting system "Heliobus" Left: Vertical section

of system showing:

1 — collector (helliostat); 5 — HLG with SOLF internal prismatic film;
10 — specularly reflecting film; 11, 12 — internal extractors;

13 — diffuser Right: light collector (helliostat) at root level and HLG

view
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-

Figure 4. Integral lighting system in Schiers:

1 - heliostat mirrors; 2 — sunlight input secondary optical system; 3
— plane transparent silicate glass;

4, 5, 12 — connection group of the light guide system;

6, 7,11, 13, 15 — construction assembly of fastenings;

8 — cone mirror's reflector; 9 — circular extractor; 10 — light guide
system; 14 — filter for thermo protection;

16, 18 — basement with electronic power supply system;

17 — four mirror's halide lamps

Figure 6. Skylights in Cottedg and Store

Figure 5. The integral lighting system suggested for high one-story
buildings , for underground rooms, for deep rooms

Figure 7. Input of daylight in basement premises

Light 2011, Prague, Czech Republic 3



Peter JANIGA, Dionyz GaSparovsky

Slovak University of Technology

Voltage Regulation in Public Lighting Networks

Abstract. Voltage regulators are installed close or in the cabinet in quest to reduce consumption and rationalization of operations. More frequent use
of regulators is a consequence of the use of switching sources, financing from European funds and affordability.

When deploying the controller in the network of public lighting there are some problems. For example, the problem with the voltage setting out stable

operation, a problem with a stable start discharge lamps or overvoltage when use regulator with transformer. These problems are the result of poor
assessment of the electrical network parameters.

Keywords: public lighting networks, voltage regulation, power quality,

Introduction

Public lighting networks in the last decade, significantly
reconstructed. It is the result of efforts to make the
appearance of towns and villages but also the result of
efforts to reduce operating costs. Reconstructions in
Slovakia have been solved at different scales. In some
cases, the lamps were exchanged just a piece of a piece
without any peer review. Reconstruction solves many
operational aspects. The main objective is to fulfill
normative  requirements. The current phase of
reconstruction is to exchange new lamps, lamps with LED
light sources, and identify further potential savings.

The savings potential is the voltage regulation, thereby
reducing power lamps. This regulation may be solved
individually in the lamp or the central switchboard of the
public lighting. Paper focuses on the central regulation
solution. These applications are used with autotransformers
regulators, transformers with tap or regulators with a
switching power supply.

Fig.1. Regulator with transformer (top) and regulator with a
switching power supply (bottom)

In Figure 2 is behavior current by sinusoidal voltage of ideal
power supply and behavior current by regulator with
switching source. Figure and subsequent measurements is
seen that the voltage is quite precisely regulated process
but voltage is slightly deformed. It is evident from the
distortion of current supplied by the regulator.
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Fig.2. Ideal source voltage behavior and lamp current and lamp
current by regulator with switching power supply

Measuring the minimum ignition voltage for stable
operation of the most commonly used lamps

Before proposing control the regulator is necessary to
analyze the environment in which they will be applied. In
terms of stable operation is mainly to assess the minimum
ignition voltage and minimum voltage at which discharge is
still stable. In Tab. 1 are the minimum voltage measured in
laboratory conditions. Measured values serve basis for
assessing the suitability of voltage regulation.
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In discharge lamps the value of the minimum voltage
depends on length of the arc and the ballast elements. The
measurements and practical experience, we are the riskiest
lamps with compact fluorescent lamps. The first is due to
the longest arc and also the largest thermal dependence.
Measurements and practical experience shows that the
most risky are lamps with compact fluorescent lamps. The
first is due to the longest arc and also the biggest thermal
dependence.

Table 1. Minimal lamps voltage

Minimum lamp voltage Minimum lamp
when discharge was still | voltage when
Light source stable discharge started
High pressure
sodium lamp
70W 61V 185V
High pressure
sodium lamp
100 W 98 Vv 187V
Compact
fluorescent
lamp 36 W 143V 173V
Metal halide
lamp 150 W 135V 195V
Metal halide
lamp 400 W 135V 180 V

Using the regulator in the public lighting network should
be complex considered. When installed compact
fluorescent lamps with long distances from the cabinet,
causing voltage decreases approaching the maximum
permissible values and the voltage regulation is beginning
to branch at the limit of stable operation of the lamp. These
factors significantly jeopardize the stable operation of the
lamp and reduce lifetime of lamp parts.

Proposal optimal regulator setting reflecting differ ing
used lamps requirements

Design of optimal regulator settings requires the
expertise of several effects. Maximum savings are achieved
when exploiting the potential of all potential savings. This is
the main measure of voltage regulation due to lower
utilization of communication and therefore the possibility to
re-class communication. voltage due to lower utilization of
communication and therefore the possibility to re-class
communication.

It is also possible to achieve a reduction in voltage
regulation due to overdimension-network using the lamp
from the power board the manufacturer. It is the result of
the lamps are manufactured with precise user input but the
most power board 50, 70, 100, 150, 200, 250 W. The
potential savings is a reduction in lamp power to over-
compensation as a result of using the maintenance factor.
Optimal settings described in this paper is the following
graph.

Light 2011, Prague, Czech Republic
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prevadzkového
napétia
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By-pass |

regulatora

Fig.3. Zmena prikonu v zavislosti od napatia

These optimal regulator settings can not be realized in any
regulator. Therefore, the potential savings of some
regulators is limited.

New regulators work by switching sources in comparison
with older. This makes the voltage in the public lighting
network stabilized. Another advantage is the ability to better
control operations the regulator, a communications control
center or other regulators. In terms of the principle activities
include electronic controllers elements that would be risk at
generation of switching currents. Therefore, the regulator in
the first second by-pass and power supply voltage is
identical with the network.

In next steps regulator generates voltage according to set
requirements. Controllers with complex control are set on
several levels, depending on the desired output lamps. The
transition between different levels can be either a jump in
fixed steps or smooth, with a smooth transition less strain
on the individual elements of the public lighting network.

Measurement of saving in the lamp operation with
reduced voltage

In the section devoted to the measurement of savings is
considered most types of lights are installed in public
lighting networks in Slovakia. The tables and charts,
describes the changes in lamp power depending on voltage
changes. Measurement result is seen that lamps with
discharge lamps have no direct correlation between voltage
drop and lumen maintenance. In the decrease of lamps light
flux is greater than the voltage. This difference is not so

pronounced at the lamps with LED lamps. When
measurements were compared nominal voltage, lower
operating voltage and low voltage energy saving.
Table 2. Power depending on voltage
Light Voltage [V]
source 230 220 190
Power | 100 W HPS 100 91,1 61,7
[%] 70 W HPS 100 90,0 65,5
Table 2. Luminous flux depending on voltage
Voltage [V
Light source 230 220 190
Luminous 100 W HPS 100 86,19632 50,76687
flux [%] 70 W HPS 100 84,77851 | 48,68049

The decrease at reducing power voltage of 10 V is about
10% measured at both types of lamps. In power saving
mode (representing a 190 V voltage) is saved at 100 W
lamp 38.3% and at 70 W lamp 34.5%.



Conclusion

Voltage regulators are set correctly at significant potential
savings. Use the regulator requires to consider a specific
network of public lighting, which will be installed. In terms of
stable operation is necessary to control the voltage drop
and the scope of regulation to set the voltage at any point of
the network was less than the minimum voltage when the
discharge is stable. Ideally, if the network starts up the
nominal voltage and regulation occurs only after
stabilization.

When designing the application the regulator in the network
of public lighting should be done with passive consumption
and flat consumption the regulator. This coverage varies
depending on the equipment the regulator and its power.
Controllers with communication card (GSM, Wi-Fi) to
consumption by about 10 W and increased the consumption
is nonstop. Consumption at operating the regulator is of the
order of tens of watts (power control elements, servo
motors, cooling).
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Vysoké uceni technické v Brné (1)

Fotometrie Sv ételnych Zdroj G s LED

Abstrakt. Clanek vzajemné porovnava ¢ary svitivosti zdroj s luminiscenénimi diodami, zméfenych v riznych fotometrickych vzdalenostech.
Rovnéz porovnava mérny vykon, jas a osvétlenost vytvorenou zdroji s LED oproti zdrojum zasivkovym. RovnéZz porovnava energetickou naro¢nost

typu zdroji k dosaZeni ekvivalentniho osvétleni.

Kliéova slova: LED zdroje, fotometrie, osvétlenost.

Uvod

V souvislosti s nafizenim ¢. 244/2009 ze dne 18. bfezna
2009 evropské komise zalozené na smérnici Evropského
parlamentu a Rady 2005/32/ES upravujici pozadavky na
ekodesign vSesmérovych svételnych zdroju pro domacnosti
[2] je na uzemi EU od 1. zafi 2009 postupné zakazovan
dovoz a vyroba klasickych zarovek podle jejich pfikonu, az
do jejich Uplného zakazani 1. zafi 2016. Timto krokem chce
evropska komise za predpokladu pfechodu ze Zarovek na
kompaktni zafivky roéné usSetfit 40 TWh elektrické energie
(coz odpovida pramérné roé¢ni spotfebé elektfiny 11 miliond
evropskych domacnosti v roce 2008). [5]

Uginnost pfemény elektrické energie prvni zakézané
avSak nejucinnéjsi 100W zarovky je pfi svételném toku
®=1350Im, pfiblizné 2% (plynouci z maximalni teoretické
Gcinnosti 683 Im-W’l). Proto jsou postupné nahrazovany
klasické Zzarovky G¢innéjSimi zdroji svétla, at uz na bazi
nizkotlakych rtutovych vybojek v podobé kompaktnich
zafivek, nebo indukénich vybojek &i v sou¢asné dobé velmi
modernich svételnych zdroju s LED. Diky pouziti velkého
mnozstvi malych bodovych polovodi¢ovych zdroji v jednom
celku, maji posledni zmifované zdroje oproti ostatnim
specifickou distribuci svételného toku. Proto je tfeba
k fotometrii LED zdroju pfistupovat zvlast peclivé, aby pfi
vypoctech osvétlovacich soustav osazenych témito zdroji
nedochéazelo ke zbyte¢nym chybam.

Typy LED zdroj G

LED zdroje uréené jako nahrady klasickych Zarovek
s patici E27 jsou vyrabény v pouzdrech pfipominajici tvar
zarovky. Rozmér nahrad je oproti klasické Zarovce, ktera
ma rozméry [156x97 mm, diky nutnosti uZziti elektroniky pro
¢innost LED o néco veétsi, typicky [156x126 mm [10].
DulezZitou skute¢nosti je fakt, ze diky své konstrukci viz
Obr. 1

Obr. 1. Nahrada klasické zarovky od firmy TESLUX [8]
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vede pfi pouziti takovychto nahrad ve svitidlech
k odliSnému tvaru vysledné cary svitivosti svitidla. Na trhu
se kromé téchto nahrad objevuji i zdroje v provedeni kdy
jsou LED ukryty pod matnym materialem viz Obr. 2.

Obr. 2. Nahrada matné zarovky od firmy TESLUX [9]

Uziti nahrad tohoto typu do jisté miry vyfazuje funkci
reflektoru svitidla, nebot je svételny zdroj typu down-light a
odrazné plochy svitidla jsou podstaté zbyte¢né. Tato
skute¢nost muze v budoucnu vést k vyraznému zlevnéni
svitidel uréenych vyhradné pro zdroje s LED, nebot jiz
nebudou potfeba pro tento typ zdroje ve svitidle kvalitni
odrazné plochy a svitidlo bude pouze slouzit spiSe
k zabranéni oslnéni, propojeni zdroje se siti a rovnéz
k funkci estetické.

NejvyznamnéjSim parametrem, ktery by mél byt
klicovym pfi volbé nahrady klasické Zarovky je svételny tok
@ udéavany v jednotce Lumen (Im) nikoliv pfikon P udavany
ve Wattech (W). Svétleny tok je UGzce spjat s mérnym
vykonem Mz udavany v Lumenech na Watt (Im-W™), ktery
vyjadfuje, kolik svételného toku Ize ziskat z jednoho Wattu.
Struény prehled mérnych vykon( Ize nalézt v [7]. Rovnéz
prehledné zpracovany ¢&lanek v [4] pfindSi nazorné
porovnani nahrad za klasické Zzarovky s alternativnimi
svételnymi zdroji. Z néj je prevzata i nasledujici tabulka
Tab. 1. pfinaSejici prehled svételnych tokd klasickych
Zarovek a jejich nahrad.

Tabulka 1. Prehled nahrad za klasickou Zarovku z pohledu
odpovidajiciho svételného toku [4].

Svételny zdroj PFikon (W)

klasické Zarovka 15 25 40 60 75 100
halogenova Zarovka - 18 28 42 51 70
kompaktni zafivka 4-5 5-7 8-10 14-15 18 23
kompaktni LED 3-4 6-7 7-8 12 - -
indukéni vybojka - - - 15 - 23
Svételny tok (Im) 90 200 400 700 900 1300




Vyrobci LED zdroju nenabizeji jenom nahrady do patic se
zavitem E27. Pro zavity E40 lIze rovnéz nalézt svételné

zdroje s LED nejraznéjSich tvara viz Obr. 3 a Obr. 4

Obr. 3. LED zdroj PAR 55 s refraktory pro zavit E40

Obr. 4. LED zdroj PAR 55 se sférickou barikou pro zavit E40

Je otazkou do jaké miry se jedna o nahrady ¢i svételné LED
zdroje originélni konstrukce.

Mimo svételnych zdroji do patic s Edisonovymi zavity
se na trhu vyskytuji nahrady linearnich nizkotlakych
rtutovych vybojek (zafivek) nejcastéji za typ T8. | zde je
vétSina trubic s LED feSena jako down-light svételny zdroj.
Néahrady zafivek Ize pfipojit misto klasické trubice, avSak je
tfeba pred pfipojenim napéji ovéfit, zda je nutné startér
nahradit propojkou, ¢i jej Uplné vyfadit. Setkat se Ize totiz
minimélné se dvéma odliSnymi typy LED trubic, z nichz
kazdy vyzaduje ke své ¢innosti jiné pfipojeni do obvodu.

Pavodni indukéni predfadnik se u vSech typa doporucuje
pfemostit, aby na ném nevznikaly zbyte¢né ztraty.

Obr. 5. Nahled linearnich LED zdroju LightDec vyrobce ONTOPx

Kazdy vyrobce se ve snaze ziskat co nejlepsi a
nejucinnéjSi nahradu za klasické zafivky snazi na télo
trubice integrovat ¢ipy rGzné uspofadané, opatfené
matnymi difuzory ¢&i jednoduchymi reflektory pro vyslednou
Upravu €ary svitivosti.

) (‘ —

- -

Obr. 6. Nahled linearniho LED zdroje firmy TESLUX [11]

Kazdé usporadani v sobé nese své vyhody a nevyhody, a
zalezi na zékaznikovi, jaky druh nahrady zvoli. Mérny vykon
se u béznych LED trubic pohybuje okolo 80—-90 ImW™. Pro
srovnani se mérny VP’/kOFI bézné zafivky T8 rovnéz pohybuje
okolo 80-100 Im-W™. Vyhodou LED trubic je oproti klasické
zafivce pramérné 2-3 krat delSi doba Zivota (cca 35 000 h).

Fotometrie LED zdroj G

Velmi dllezitym parametrem pro navrh osveétlovaci
soustavy se svételnymi zdroji s LED je pfirozené cCara
svitivosti. Méfeni  Cary svitivosti probiha pomoci
goniofotometru a luxmetru umisténém ve vhodné
fotometrické vzdalenosti. Svitivost se poté vypocita podle
vztahu (1)

) | =E[r?
kde I je svitivost v kandelach (cd)
E je osvétlenost v luxech (Ix)
r je fotometricka vzdalenost v metrech (m).

Volba vhodné fotometrické vzdalenosti pfi méfeni ma
nasledné vliv na pfesnost vypocétu osvétlovaci soustavy.
Uvazime-li, ze zadny ze zdroju (linearni LED trubice Cci
nahrady za zarovky se zavity E27 a E40) neni Cisté bodovy,
dopoustime se pfi méfeni C&ary svitivosti chyby,
povazujeme-li nebodovy zdroj za bodovy. Pokud uzijeme
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pro méfeni fotometrickou vzdalenost 5x delSi nez nejdelsi
rozmér aktivni svételné plochy, dopustime se pfi pouziti
vztahu (1) odchylky menSi nez 1 %. Bude-li tato vzdalenost
napf. 10 m, Ize pfimkovy svételny zdroj o rozméru 2 m
povaZzovat za bodovy. Umistime-li jej ale pfi uziti
v osvétlovaci soustavé do typické vySky 2 m od srovnavaci
roviny nem(izeme jej povazovat za bodovy a dopustime se
pfi vypoctu osvétleni chyby, nebot pfi ném pouzijeme &aru
svitivosti zméfenou ve vzdalenosti 10 m jako pro bodovy
zdroj. Velkd ¢i mala fotometrickd vzdalenost pfi méreni
svitidla nebo zdroje s Uzkou ¢arou svitivosti (hlubokozafic)
muZze vysledky zkreslit a tim padem pfi vypoétu osvétlenosti
vnést zbyte¢nou chybu. Ovéfeni tohoto tvrzeni probéhlo na
svételnych zdrojich z Obr. 3 a Obr. 4 pfi fotometrickych
vzdélenostech 8,76 m a 0,79 m. Vzdalenost 0,79 m
odpovidala 5x delSi vzdalenosti nejdelsiho rozméru aktivni
svételné plochy. Vzdalenost 8,76 m je maximalni
fotometrickd vzdalenost, kterou lze v laboratofi svételné
techniky Gstavu elektroenergetiky vysokého uceni
technického v Brné docilit.

r=876m
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Obr. 7. Céary svitivosti LED zdroje
vzdalenosti 8,76 ma 0,79 m

PAR 55 pro fotometrické

Obr. 8 je odliSnost vzajemného tvaru c&ary svitivosti
nepatrna. To koresponduje s poznatky publikovanymi jiz v
¢lanku [3], kde je vzajemna odchylka ¢ary svitivosti rovnéz
zavisla na jejim tvaru.

Rozdil hladiny osvétlenosti na srovnavaci ploSe o
velikosti 2x2 m pfi jeji vzdalenosti od svételného zdroje 2 m
znazornéna pro oba zdroje na nasledujicich obrazcich
Obr. 9 a Obr. 10.

llluminance E  1x lluminance € , (ix]

Ellx]

llluminance AE (1) llluminance AE (i)

AE(X]

alm]

Obr. 9. Osvétlenost od LED zdroje PAR 55 pfi pouziti riznych &ar
svitivosti E, (r = 8,76 m), E, (r = 0,79 m)
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Obr. 8. Céry svitivosti LED zdroje PAR 55 se sférickou barikou pro
fotometrické vzdalenosti 8,76 m a 0,79 m

Z obrazku Obr. 7 Ize bezpeéné odedist, Zze pfi stejném

kroku 5°pfi obou méfeni dojdeme k odliSnym tvaram &ary
svitivosti. U vysledkll méfeni vyobrazenych na obrazku
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Obr. 10. Osvétlenost od LED zdroje PAR 55 se sférickou barikou
pro pfi pouziti rGznych €ar svitivosti E, (r = 8,76 m), E, (r = 0,79 m)

Z obrazku Obr. 9 Ize odedist, ze pfi pouziti ¢ar svitivosti
zméfenych v raznych vzdalenostech, mlze byt vzajemna
odchylka hladin osvétlenosti v nékterych mistech az 400 Ix.
V porovnani s maximalni Urovni 4500 Ix je to chyba
pfiblizné 8 %. U obrazku Obr. 10 je vzajemna odchylka
minimalni (cca 2,5%), nebot i vzajemné odchylky c&ar
svitivosti jsou zanedbatelné.

BohuzZel i tyto vypoéty jsou zatizeny chybou, nebot je
potfeba pro spravny vypocet osvétlenosti od redlnych
zdroji mit k dispozici ¢aru svitivosti, zméfenou pfi
fotometrické vzdalenosti korespondujici se vzdalenosti mezi
svételnym zdrojem &i svitidlem a osvétlovanym bodem. To
je v praxi ¢asto nerealné a pfi navrhu osvétlovaci soustavy
je nutno poditat s tim, Ze se skuteéna hodnota osvétlenosti
bude oproti vypoctu lisit.



Jasové pom éry LED zdroj U

Je témér jisté, ze s hlediska oslfiovani bude mit LED
zdroj bez difuzorl velmi Spatné parametry. Je to bohuzel
dano samotnou konstrukci PN prechodu, kdy svételny tok
vychazi z velmi malé plosky. Snizeni rizika osInéni Ize na
Ukor poklesu svételného toku zabranit ukrytim LED pod
difuzor viz. Obr. 2. Mnohem elegantnéjsi feSeni je zvySeni
poctu diod na ploSe tak, aby pokryvaly bezezbytku co
nejvétSi plochu svételného zdroje. Tim se snizZi kontrast
mezi popfedim a pozadim, a riziko oslnéni podstatné
poklesne. BohuZel, tato varianta je zatim dosti
problematicka, nebot jsou prazdna mista vyuzZivana k
pajeni a k pfipojeni napajeciho napéti a na dalSi LED uz
neni misto. Komplikaci je zde i odvod tepla od diod. Z
hlediska rozloZeni jasovych pomérd na aktivni svételné
ploSe, muzou byt hodnoty nasledujici.

1,5069E7
1,4372E7
1,2775E7

1,1178E7

9,5815E6

'7,9845&@

6,3877E6
4,7908E6
3,1938E6
1,5969E6

0

Obr. 11. Jasova analyza LED zdroje PAR 55 v pfimém sméru
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Obr. 12. Jasova analyza LED zdroje PAR 55 se sférickou barikou
v pfimém sméru

Za pomoci nami vyvijeného jasového analyzatoru
LumiDISP [6] Ize Fict, Ze jasy vySe uvedenych LED zdrojl
dosahuiji fadové milionti cd-m™.

Index podani barev (CRI)

Hodnoceni indexu podani barev je u LED zdroji dosti
diskutabilni. Jako porovnavaciho zdroje pouziva soucasna
metodika do teploty chromati¢nosti 5000 K cCerny zafi¢
(teplotni zdroj, zarovka) a od 5000 K nékteré z dennich
svétel D [1]. V prvnim pfipadé miZze byt spravnost
hodnoceni velmi diskutabilni, nebot hodnotu R, ovliviiuje
spektralni distribuce (Cervené barvy), kterou lidské oko
vnima velmi malo viz. Obr. 13.

Proto se pfi subjektivnim hodnoceni kvality podani
barev zdat barva osvétlovaného predmétu velmi pfirozena
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avSak podle horSim

vysledkem.

metodiky dopadne s vyrazné
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a spektralni citlivost normalniho fotometrického pozorovatele V(A)

Zaver

Obecné se da fict, ze pfi pofizovani nahrady za
zarovku, je tfeba brat v potaz predevsim svételny tok a
smérovou distribuci svételného toku.

Méfeni a nasledny rozbor ukéazal, ze LED zdroje maji
specifickou fotometrii ovliviiovanou zejména pocétem
elementarnich svitici bodt (jednotlivé LED). Vhledem jejich
vysokému svételnému toku, je tfeba pfi navrhu osvétlovaci
soustavy s témito typy zdroji pocitat s odchylkou skute¢né
osvétlenosti plynouci z kone¢né fotometrické vzdalenosti a
tvaru Cary svitivosti. Lze se domnivat, Ze odchylka
osvétlenosti pfi vypoctu bude tim vétsi, ¢im uzsi bude ¢ara
svitivosti.
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Daylight spectrum in interiors

Abstract. Change in outdoor lighting conditions causes a change in indoor spaces. Outdoor conditions vary from state direct light and the skylight.
Transmission characteristics of daylight in buildings and its incidence effect on the light climate, interior materials and people have a indispensable
effect. Quantitative parameters of illuminance, uniformity, luminance, glare, color temperature and color rendering are considered in lighting design.
Way affects daylight to interior atmosphere in terms of spectral distribution is not taken into account. The paper will be referred to the issue of the
spectral distribution of daylight in the premises. Presented will be real change on the spectral characteristics of the measurements in interior.

Keywords: daylight, spectral characteristics, parameters of light, measurement

Introduction

Daylight is a natural light source that is necessary to
used in full volume, so to minimize the use of atrtificial
sources during the day. Knowledge of spectral
characteristics is in the interior important. Already in the
design we should have an idea of how spectrum of daylight
acts in the proposed rooms. Current lighting design work on
the principle rooms to which the proposed artificial lighting
and daylight is assessed on the basis of daylight factor,
eventually rules of size of the areas of lighting openings,
etc.. This procedure is suitable for working use of premises,
it is important to pay attention to the psychological side and
health aspects of daylight.

Denné svetlo

Daylight is part of sunlight, which human eye perceives
in the interval of approximately 380 to 780 nm. The sun
radiates most intensely at a wavelength of 501 nm, which is
very close to the maximum spectral sensitivity of the human
eye V(A). Spectral composition of daylight indicates that the
filtering of certain constituents of solar radiation occurs in
the atmosphere. In particular, action of processes light of
absorption and scattering on the particles and molecules in
the atmosphere. Each source has own characteristic
spectral curve. Daylight is specific in that curve changes
during the day. Emitted light from the Sky and the Sun
varies not only in the intensity of radiation, but also changes
the shape of the spectral characteristics. Daylight is
represent the linear absorption spectrum, which can be
described as radiant flux ®. [W], defined as

A
@) ®, = [D,,(4)21,
Z

where @, is the spectral radiant flux density [W / nm], AA is
the length of interval wavelength [nm]. The radiant flux
belong the each wavelength, which indicates the amount of
energy. CIE defines the phases of daylight, labeled D,
coordinates of chromaticity and color temperature, table 1.
The transitions between colors in the spectrum of daylight
are continuous, so it is not possible set range of single
wavelength of colors, fig.1. Daylight provides the best
perceived color and space, but also creates the best visual
conditions, comfort and well being. It is well known relation
intensity lighting and the composition of daylight and with
biological rhythms of man, in the case when is lack in part
of spectrum of artificial sources that so may present health
problems.

Spectrum daylight changes very quickly and it is not
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possible to perfectly predict what will have the spectral
characteristics shape.

Table 1. Temperature and chromaticity coordinates of standard
light sources of daylight according to CIE, [1].

Standard CIE 1931 2° CIE 1964 10° T [K]
X y X y
D50 0,34567 | 0,35850 | 0,34773 | 0,35952 | 5003
D55 0,33242 (0,34743|0,33411 | 0,34877 | 5503
D65 0,31271 | 0,32902 | 0,31382 | 0,33100 | 6504
D75 0,29902 | 0,31485|0,29968 | 0,31740 | 7504
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Fig. 1. Solar radiation spectrum with pertaining spectrum of
daylight.[2]

Predicting the spectral characteristics allow us to partly
atmospheric - physical models, but they are not tied to the
needs of lighting technology. Finding the spectral
characteristics of the various situations of the sky, we get
an overview of the properties that we will be able to use e.g.
in research overlapping spectra in the interior.

Daylight in interior

Light indoor environment can be characterized as
illumination and its uniformity, brightness and luminance
distribution, glare, spectral distribution, daylight, lighting
system and its management.
Field of daylight can be divided into spectrum and the
amount of light coming into the interior, which are both
guantitative and qualitative parameters of daylight. [3]
Quantitative parameters of daylight describing the daylight
factor. Methodology for evaluation of daylight in the interior
is based on the measurement of illuminance in exterior and
in interior components for uniformly overcast sky and on
evaluation of the mean daylight factor and uniformity.
Qualitative parameters are: uniformity of lighting, luminance
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contrast of objects and background light intensity and its
decomposition in the space etc. Daylight can be established
only in areas equipped with daylight opening.

The transition of light into the interior is influenced by
several factors, particularly in sky Do, exterior De and
interior component Di. Sky component depends on the
direct and diffuse radiation, sky, now is the factor
determined by the sky luminance distribution. Component is
the part that gets into the interior through the lighting
opening directly from the sky. Sky component is reduced by
the loss of light for the transfer of window systems. Exterior
component is determined by surrounding buildings and their
contributions. It does not include reflections from the
ground, the importance of exterior components is only in
built up areas. Interior component is determined by the
reflectance of internal surfaces and equipment room,
depending on the amount of light from the sky component,
also contains a reflection of the earth, which is often
negligible. The average component is expressed

w
——.(Cp;, +5 :
where T is the light transm|SS|on glass, W is the window
area [m] A is the total area of the room including the
window [m ], p is the average surface reflectance of A, the
average psw is reflective of floors and walls, except for that
which is placed in the window plane below the plane at the
level mid-height of the window, pew is the average
reflectivity of the ceiling and upper part of the plane and C is
a coefficient that depends on external obstacles, [4].
Average values are determined from the spectral reflection
and transmission of individual areas.
Light passing into the interior passes light apertures. Details
of the calculation of reflection coefficients, transmission
listed in EN410. Light interior extends in all directions, this
assumption depends on the material embodiment of the
room. Each object on which the light hits it is absorbed,
reflected light or transcend them, depending on object
materials. In the interior occurs multiple reflection of light as
the daylight during the day is continually emitted. Negligible
part of the light comes back lighting opening to the outside.
Propagation of light in the interior deals computer modeling
the graphics, which tries to fairly view the environment in
the illumination light as if it was perceived by the human
eye.
The amount of light reflected from the object - walls, ceiling
and floor, eventually furniture, the course of reflection
depends on the smoothness and texture. If the structure
contains a surface roughness smaller than the wavelength
of incident light leads to an almost perfect reflection of light.
Conventional materials have different surface structure,
incident light is reflected in all directions - diffuse reflection
or it may change its direction - spread reflection, the
intensity in each direction just depends on the material
surface. Depending on the material comes to the absorption
spectrum of light.
Light apertures are designed in terms so that of daylight to
be most effective, i.e. the requirements for the level and
quality of daylight have been met with the minimum area of
openings and windows. In doing so, however, be
remembered as the possibility of placing any regulation
equipment. Inside houses, in which excessive window size
increased energy demands of buildings or adversely
affected the welfare of the indoor environment, the windows
not suggest more than is necessary to meet requirements.
Lighting openings with glazed areas represent a significant
share of the energy balance of the building.

@) DI avg
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Tests and results of measurements

The test had to demonstrate the dependence of the
internal standard and the impact area using standard
operations with the window system, eventually when using
a shielding element, but also the impact of changes in
exterior lighting to change the spectral characteristics of the
interior. The test room has a standard reflectance surfaces,
walls 0.72, a ceiling 0.8 and floor 0.2, with side lighting
equipped with double-side-window with size 1.20 m x 0.9 m.
The walls and ceiling were white color. Ground plane is
shown in fig. 2. Reflectance values were determined from
the tables and checked by measurement.
Measurements were made in comparison plane of 0.85 m.
In measurement were used the illuminance meter PRC
Krochman Radiolux 111 class A and Ocean Optics
USB2000 spectrophotometer with a measuring range of
wavelengths of 180 nm to 875 nm. Within this range the
device evaluates the 2048 wavelengths. The instruments
were calibrated. Measured variables were daylight
|IIum|nance E [Ix], and the relative spectral irradiance E;y
[me nm’ ]
For the vision of light transmission through the glass
surface was measured on selected samples of glass and
glazing standard systems. For measurements we used
deuterium light source, which was running through the

radiant spectrum from ultraviolet, visible to infrared
spectrum.
2,84
window =
1.2
test point
window O

432

2,82

Fig.2. Representation of space and the measuring points of
spectral characteristics.

The spectral transmission characteristics were uncalibrated
on V (A), they are shown in fig. 3 and fig. 4.
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Double glass 3 mm x 2
Fig. 3 Curves of spectral transmission of factor T through the glass.

Findings of measurement transmission coefficient are of
Fig. 3, all glass don’t filter the light as well, additives used in
the manufacture of glass give them their final properties
related to light transmission. Double glass with no air gap
has been filtered near UV radiation. Penetration of daylight
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through this glass is inappropriate, the amplitude of light
begins to grow up in a visible area, so it is filtered available
portion of UV-A and UV-B light. Glass with a thickness of 6
mm and 8 mm is not commonly used and they are
impermeable to UV-B spectrum. All measured glass tend to
slightly inhibited the IR-A region.

Window systems with double glazing, eventually triple
glazing with air gap and aluminium strip, have transmission
curve for the visible portion indicated in fig. 4. Light through
the triple glazing passes in the visible area only about 60%,
which can be compensated more light apertures.

1,4
1,2

1 3 \! Il
08 M»W,WLMWWWYMMWW

o
0,6 — it ‘ A
04 1Ml TN

7
0,2 - / I
o NIV

Alnm]
200 300 400 500 600 700 800
double glass window Triple glass window

Fig. 4 Curves of spectral transmission of factor 1 through the
glazing systems.

Spectral characteristics were measured in two tests so that
we will capture the interior light spectrum. The first type of
measurement was performed with the sensors located in
the geometric center of the ground plan on the horizontal
plane h = 0.85, fig. 5 - 6. The spectrum was measured for
opened window, closed the window and closed the window
with translucent curtains. Closed window represents the
biggest setback in the transition element of light in space.
To measure was chosen standard overcast sky with
luminance gradations 1:3 and clear sky with less than 5%
coverage clouds. In table 2 are listed the average intensity
interior lighting and daylight color temperature in the
interior.

0,25
,’/\/\’\M — Opened
S window
c 0,2 A
o
£ e Al
= 0,15
g E /\) | \ —— Closed
= .
2% o1 AN A window
JAENN
: |
Eﬂj 0,05 Closed
window
0 with
300 500 700 Alnm] veiling

Fig. 5 Spectral characteristics in the interior of the standard winter
overcast sky with the sun azimuth 123 (] and height 20 (1.

Table 2. The average illuminance values and color temperatures in
the interior.

Opened window Closed window Closed window with
veiling
Overcast sky
190,12 Ix 109,04 Ix 80,28 Ix
5158 K 5030 K 5043 K
Clear sky

2637 Ix 1639,3 Ix 1592 Ix
4117 K 4088 K 4254 K

The spectrum of the interior clearly affects the exterior
component, while in winter the sky is overcast sky glow
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steady.
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Fig.6 Spectral characteristics in the interior of the clear sky with the
sun azimuth 108 [J and height 40 1.

The following measurements were made for the
dependence of daylight in an area away from the daylight
aperture, fig. 2. Daylight aperture was clean with a standard
double glazing, without shielding elements. Sensors were
placed on the horizontal and vertical plane, h = 0.85 for a
standard overcast sky and clear sky, fig. 7 — 10.
Intensity of light reaching the interior depends on the
position of the sun, the average measured values are
shown in table 3. In the overcast sky is spectrum in the
range of horizontal and vertical plane are nearly identical,
the amplitude changes, which logically decreases with
increasing distance.
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Fig. 7 Horizontal spectral characteristics of daylight in interior in the
summer overcast sky with the sun azimuth 116 [Jand height of 44
4.
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Fig. 8 Vertical spectral characteristics of daylight in interior of
daylight in the summer overcast sky.

In clear sky situation has sky component a direct impact on
sensor whose amplitudes are affected by light intensity.
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Fig. 9 Horizontal spectral characteristics in interior of daylight in
clear sky with the sun azimuth 99 [Jand height of 33 [1.
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Fig. 10 Vertical spectral characteristics of daylight in interior in clear
sky.

Table 3. Average values of illuminance and color temperatures in
the interior.

Overcast sky

Horizontal plane

Im 2m 3m 4m
1578,2 Ix 540,9 Ix 243,4 Ix 145,7 Ix
4603 K 4692 K 4296 K 4032 K
Vertical plane
1m 2m 3m 4m
1907,8 Ix 1169,6 Ix 615,2 Ix 346,1 Ix
4518 K 4462 K 4784 K 4754 K
Clear sky
Horizontal plane
1m 2m 3m 4m
39,784 kix 20,747 KiIx 1,216 KkIx 810,1 Ix
3478 K 3483 K 4378 K 3960 K
Vertical plane
Im 2m 3m 4m
56,486 klx 45,252 klix 5,594 kix 2,403 kix
4375 K 4263 K 4150 K 4091 K

The measurements show that the spectrum is absolutely
dependent on the intensity of outdoor lighting. The
difference between the spectral characteristics measured in
winter and summer is significant, as confirmed by
chromaticity of light in the space. Amplitude daylight covers
the visible area for clear sky situation, the winter sky comes
to a reduction in the UV spectra in the interior, which may
affect the psychological aspects of man, and the formation
of vitamin D in the human body, table 4. Values of IR-A in
the case of sunny days are available in the interiors, winter
overcast sky did not confirm this fact.

Light 2011, Prague, Czech Republic

Chromaticity variation in the interior is dependent on the
spectrum produced by a space lit by daylight. Chromaticity
value in interior are ranged in part neutral white light and
creates favorable conditions for work in terms of
chromaticity of white light. Ratio of horizontal chromacity of
overcast cloudy and clear sky is 1.15%, and the ratio of
vertical chromacity is 1.01%.

Table 4. Percentage representation of different bands of light
measured in the room.

Sky uw-B | uvA [ wvis | IRA
Plane Overcast sky
horizontal 0,13 0,33 91,01 8,53
vertical 0,14 0,47 91,32 8,07
Clear sky
horizontal 0,06 0,54 85,31 14,09
vertical 0,02 0,93 83,19 15,87
Conclusion
Normative requirements describe the minimum

requirements for natural light, his composition and light in
the interior is considered satisfactory in terms of the
spectrum. In some cases, but it comes to the fact that
daylight does not include certain wavelengths, eventually
the whole band in the spectrum of light. In long term cases
this aspect can have a profound impact on the health of
users of space.

Measurements was not considered daylight factor, but the
object of interest was spectrum daylight in the interior with
standard reflectance.

In closer examination of the spectral characteristics of the
sky, eventually sky types, we will know in the future to
determine influence the outdoor lighting spectrum on the
daylight indoors and will to predetermine the best
biodynamic lighting for residential and business premises.
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Stmievanie verejného osvetlenia v suvislosti s kate

Ing. Zlatko Bala$
Fakulta elektrotechniky a informatiky, STU — Bratislava, Slovensko

gorizaciou

miestnych komunikacii

Abstrakt. V prispevku budd uvedené existujuce inteligentné systémy riadenia sustav verejného osvetlenia a ich vplyv na parametre osvetlenia
urcitych typov komunikécii. Budi simulované urcite pripady stmievania a riadenia osvetlenia v svetelno-technickom softvéry DialLux, vyhodnotenie
redlne zmeny tried komunikacii a porovnane s normou stanovenymi hodnotami. Budi zoh/fadnené najme komunikacie vy3Sich tried pri ktorych

zniZenie intenzity osvetlenia mdze mat velky vplyv na bezpecénost.

Kru€ové slova: Regulacia verejného osvetlenia, systémy riadenia, triedy osvetlenia, vplyv systémov riadenia.

Uvod

V tomto ¢lanku budd popisane moznosti riadenia a
regulacie sustav verejného osvetlenia, vplyv riadenia na
parametre sustavy ako aj celkovy vplyv riadenia a regulacie
sUstavy osvetlenia na stanovené hodnoty intenzity
osvetlenia, rovnomernosti a najma bezpeénosti premavky
danej triedy komunikacie.

Slstava verejného osvetlenia je elektrické zariadenie,
ktoré podlieha vSetkym bezpecnostnym predpisom a
odport¢aniam tykajucich sa prevadzky elektrickych
zariadeni. Taktie? kazda osvetlovacia ststava musi spifiat
minimalne normou stanovené hodnoty intenzity osvetlenia,
rovnomernosti osvetlenia a oslnenia podfa zatriedenia
vyznamu a charakteru komunikacii. Zakladnym cielom
systému riadenia a regulacie slUstavy verejného osvetlenia
je zabezpecit bezporuchovy &innost celej suUstavy
verejného osvetlenia a zaroven dosiahnut Uspory elektrickej
energie najma prevadzkou slstavy v stmievanom rezime v
ur€itych ¢asovych Usekoch pocas nocnej prevadzky.
Hustota premavky vozidiel v noénych hodinach sa meni ¢o
v urCitych pripadoch méze menit aj triedu osvetlenia
komunikacie a tym padom nam umozriuje do urcitej miery
zasahovat a menit parametre osvetlovacej slUstavy. Tym
padom mame moznost Setrit na nakladoch prevadzky
suUstavy verejného osvetlenia znizenim spotreby elektrickej
energie.

V slcasnosti existuje niekolko systémov riadenia a
regulacie sustavy verejného osvetlenia ktoré sfubuja asporu
elektrickej energie do vySky 30% az 45%. Otazkou je Ci
stmievanim sUstavy do takej miery spifiame stanovené
hodnoty intenzity a rovnomernosti osvetlenia a za akych
podmienok. Ciefom je zistit za akych podmienok je mozne
stmievanie suUstavy verejného osvetlenia a do akej miery
aby sustava vyhovovala normou stanovenym hodnotam a
zaroven bola ¢o najviac hospodarna.

Poziadavky normy

Anglicka technickd Norma EN 13201-1 obsahuje navod
na vyber tried osvetlenia a suUvisiace hladiska. Navod je
pouzitelny na pevné osvetlovacie zariadenia, ktoré maju
zabezpedovat  pouzivatelom  verejnych  pozemnych
komunikacii dobrd viditelnost pocas tmy, bezpeénost
cestnej premavky, intenzitu cestnej premavky a maji
prispievat k pocitu bezpecnosti. Norma Specifikuje triedy
osvetlenia uvedené v dalSej Casti normy EN 13201-2 a
uvadza navod na ich pouzitie, navySe obsahuje systém na
definovanie verejného dopravného priestoru ¢o sa tyka
parametrov, ktoré su relevantné pre osvetlenie. Tato
technicka norma stanovuje poZiadavky na osvetlenie, ktoré
zavisia od geometrického usporiadania relevantného Gseku,
od premavky a ¢asovo vyhradenych okolnosti. Je to v
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pravomoci cestnych spravnych organov pre relevantné
Useky atakto hodnotit prislusné parametre. Ak nie je
stanovené inak, platia parametre iba poc¢as tmy. Hodnoty
parametrov sa mdézu menit v roznom ¢ase pocas noci a aj v
roznych ro¢nych obdobiach, a preto sa mézu poziadavky
pocas tychto obdobi menit. Vyznaéné zmeny hodnét
parametrov sa mdézu pouzit' v rozdielnych obdobiach noci,
osobitne s ohfadom na jas okolia a intenzitu cestnej
premavky.

Pouzitie tabuliek v prilohe A normy EN 13201-1 mbze
preto udavat odlisné triedy osvetlenia vhodné v tychto
réznych ¢asoch. Preto sa mdze pouzit potrebna
podrobnejSia analyza intenzity cestnej premavky, ako ta,
ktora je zabezpecena priemernou dennou intenzitou (ADT).
Teda, v ramci zmeny intenzity cestnej premavky v no¢nych
hodinach mame  moznost  upravovat parametre
osvetlovacej sUstavy prevadzkou v stmievanom rezime a to
tak, aby boli dodrzané normou stanovené hodnoty intenzity
a rovnomernosti osvetlenia komunikacie v prislusnej triedy
osvetlenia. Z toho dévodu by bolo nevyhnutné pri navrhu
riadenia a regulacie suUstavy verejného osvetlenia
zadefinovat okrem triedy osvetlenia za 100% prevadzke aj
triedu osvetlenia ktora bola navrhovana za stmievaného
rezimu.

Jestvujlce systémy riadenia VO

V sGcasnosti nam trh ponuka niekolko systémov
riadenia a regulacie verejného osvetlenia zalozenych
prevazné na troch zakladnych spdsoboch regulacie a to:

1. Stmievanie prepinanim prikonu — stmievanie je rieSené
jednoduchym prepinanim medzi odbo¢kami na vystupe
transformatora kde znizenim prikonu svetelného zdroja sa
dostdvame na hodnotu az 60% svetelného toku a Uspory
elektrickej energie az do 33%.

2. Stmievanie regulaciou napatia — stmievanie je rieSené
zmenou napajacieho napatia jednotlivych vetiev priamo v
rozvadzaci verejného osvetlenia, €0 nam umoznuje plynuld
zmenu svetelného toku az do cca 50% svetelného toku
regulaciou napatia v rozsahu 180V - 230V. Moznost
dosiahnutia Uspor elektrickej energie do 20%.

Pre obidva spbsoby regulacie je moZnost relativne
vysokej Uspory elektrickej energie ale ¢i si dodrzané
normou stanovené hodnoty intenzity arovnomernosti
osvetlenia je otazne. Na zistenie sme urobili simulaciu
vybranych spdsobov riadenia vo vypoétovom programe
DIALux pre vSetky triedy osvetlenia komunikacie.

Simulacia riadenia sustavy verejného osvetlenia

Pre simulaciu bola zvolena jednoducha komunikacia
Sirky 7m pre vSetky triedy osvetlenia. Prislichajuce triedy
osvetlenia boli volené podfla navodu v prilohe A v norme EN
13201-1. V tabulke ¢&.1 sU uvedené triedy osvetlenia
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komunikacie pri 100% intenzity premavky vozidiel a k nim
prisluSne triedy osvetlenia po¢as noci pri znizenej intenzity
premavky vozidiel.

Tabulka €.1, Porovnanie tried osvetlenia v zavislosti od hustoty
premavky vozidiel

Triedy osv. pri
najvyssej intenzity ME1 ME2 ME3a | ME3b | ME3c | ME4a | ME4b | ME5 | ME6
premavky

Triedy osv. pri
znizenej intenzity ME3b ME3b
premavky

ME4a | ME4a ME5

MEd4a | ME5 | ME5 | ME4P | MES | MES | yeq | MEE

Z tabulky ¢&.1 mbézeme vidiet Ze pri niektorych
komunikaciach sa trieda osvetlenia v zavislosti od hustoty
premavky vozidiel v noénych hodinach méze zmenit aj o0 3
triedy.

V tychto pripadoch pocitali sme s extrémnymi zmenami
hustoty premavky vozidiel avSak v ramci predpisanych
hodnét udavanych normou EN 13201-1. Treba eSte
zdoraznit Ze, pri zmene triedy komunikacie bolo uvazované
iba so zmenou hustoty premavky kym ostatné parametre
komunikacie sa uvazovalo Ze, st bez zmeny.

Tabulka ¢.2, Triedy osvetlenia ME podla normy EN 13201-2

Ako svetelne zdroje boli pouzite vysokotlakové sodikové
vybojky SON-T (NAV-T) SUPER 4Y prikonov 150W, 100W
a 70W na ktorych bol odmerany pokles svetelného toku
v zavislosti od prepnutia odboc¢ky na vystupe z tlmivky.
Namerané hodnoty a porovnanie zavislosti svetelného toku
od zmeny prikonu je uvedené v tabulke ¢.3.

Tabulka ¢.3, Porovnanie poklesu svetelného toku v zavislosti od
prikonu

Vysokotlakova sodikova vybojka 150W Uspora el. energie
Odboéka na timivke | 150W 100W 33%

Svetelny tok [%] | 100% 31,7%
Vysokotlakova sodikova vybojka 100W Uspora el. energie
Odboéka na timivke | 100W ow 30%
Svetelny tok [%] | 100% 54,7% -

Vysokotlakova sodikova vybojka 70W Uspora el. energie

Odbog&ka na timivke | 70w I 50w 28,5%

Svetelny tok [%] | 100% | 43,3%

Z tabulky €.3 si mézeme vSimnut Ze pokles svetelného
toku pri 150W sodikovej vybojky zmenou odbocéky zo 150W
na 100W klesol az na 31,7% z celkovej hodnoty. Znamena
to Ze, pokial pouZivame dvoj odboc¢kovi timivku pri pouziti
150W sodikovej vybojky nam zmenou odbocky na timivke

Jas suchého povrchu vozovky Obmedzujice Pomer okolitej klesne Svetemy tok na 3117% z celkovej hOanty, t)'/m
o m_lazd"e'w pasu oslnenie osvetlenosti padom pokial mame navrhnutl slstavu osvetlenia na
Trieda | inizsia o u Tlv%® SR® komunikacii s triedou osvetlenia ME1 nam hodnota jasu z
( X (najnizsia | (najnizsia (najvyssia A v -
Uggﬂﬁgf;é hodnota) | hodnota)  hodnotay | (M@NiZSiahodnota) | 2.0 cd.m-2 klesne na hodnotu 0,63 cd.m-2 ¢o zodpoveda
ME1 20 04 07 10 05 triedy osvetlenia ME5, teda:
ME2 15 0,4 0,7 10 0,5
mggg 1 g g:i 8; ]2 82 Tabulka ¢.4, Porovnanie jasov v pinej prevadzke a v stmievanom
ME3c 1.0 0,4 0,5 15 0,5 rezime
ME4a 0,75 0.4 0.6 15 0.5 - Lyved.m? Pouzity Loved.m? q
ME4b 0,75 0,4 05 15 05 Triedat | iposka 1) | svetelny zdroj Wk (odbotka2) | Trieda2
MES 0.5 0,35 04 15 0,5 ME1 20 SON-T 150W 31,7% 0,63 ME5
ME6 03 0,35 0.4 15 bez poziadavky ME2 1.5 SON-T 150W 31.7% 0,48 ME6
P Pri pouZiti svetelného zdroja s nizkym jasom sa pripustna hodnota T/ zvy$uje o 5 (pozri ME3a 10 SON-T 150W 31,7% 032 MEB
poznamku 6). . . o ) - ME3b 1.0 SON-T 150W 31,7% 0.32 MES6
Toto kritérium sa méZe pouZit iba vtedy, ked nijaky dopravny priestor s viastnymi ME3c 10 SON-T 150W 31,7% 032 ME6
poZiadavkami nehranici s jazdnym pasom. ME4a 0,75 SON-T 100W 54,7% 0;41 MEG
ME4b 0,75 SON-T 100W 54,7% 0,41 ME6
. s - - . o - v _ 0, -
Na simulaciu riadenia a regulacie osvetlenia sme pouzili es 5 SONT oW e 5 -
spbsob stmievania prepinanim prikonu na vystupe dvoj
odbockovej timivky (konvenéného predradnika). Z tabulky &4 modzeme usidit 7e pouZitim dvoj

_..-_-L_ 'I_ | ’ r |!' = I-'I_ .I:

e | gt :
Obr. 1. Dvoj odbockové tlmivky pouzité na meranie
70W/100W/150W

Tieto predradné pristroje boli pouzité na meranie

z dévodu ze, v suCasnosti predstavuji najlacnejSie rieSenie
riadenia aregulacie slstavy verejného osvetlenia atym
padom aj najpouzivanejSim rieSenim v sucasnosti na
priestoroch Slovenskej a Ceskej republiky. Samozrejme,
suc¢asny trh ndm ponuka aj elektronické predradnik ktoré
riadia vystupné parametre zmenou frekvencie ale
v koneénom désledku vysledok je rovnaky ato znizenie
prikonu na vystupe az do 40% [4].

N

Obr. 2. Vysokotlakové sodikové vybojky pouzité na meranie
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odbockovych timiviek ako spdsobom riadenia a regulacie
sUstavy verejného osvetlenia sice mdzeme dosiahnut
Usporu elektrickej energie az 30% ale nemdzeme dodrzat
stanovené hodnoty intenzity osvetlenia podla normy EN
13201-2. Ukazalo sa Zze, prepinanim prikonov na
odbockach timivky dochadza ku poklesu svetelného toku do
vySky az 68,3%. Nakolko sa navrh slstav verejného
osvetlenia v praxi dimenzuje na najniZzSie normou
pozadované hodnoty jasov, pouzitim takéhoto systému
riadenia a regulacie, sUstava osvetlenia v stmievanom
rezime nebude spifat normou stanovene hodnoty za
ziadnych okolnosti. Aby sme dosiahli poZzadované hodnoty
intenzity osvetlenia aj v stmievanom reZime je nutné
sUstavu verejného osvetlenia naddimenzovat minimalne o
25% pri pouziti 100/70W timivky aaz 60% pri pouziti
150/100W tlmivky. V kone¢nom doésledku nam to zvysi
spotrebu elektrickej energie a tym padom sUstava
osvetlenia nemusi byt hospodarna resp. méze aj zvysit
naklady na prevadzku novej slstavy osvetlenia oproti
starej.

Usporu elektrickej energie a zaroven splnenie
pozadovanych hodndét je mozné jedine plynulou regulaciou
svetelného toku zmenou napétia alebo pridu a to tak, aby
pre kazdu triedu osvetlenia bola moznost osobitnej
regulacie svetelného toku. Za Géelom vycislenia maximalnej
moznej Uspory elektrickej energie riadenim a regulaciou
verejného osvetlenia vykonali sme simulovanie vo
vypocétovom programe DIALux pre vSetky triedy osvetlenia.
Regulaciu sme vykonali znizenim napajacieho napéatia
vysokotlakovej sodikovej vybojky na tak( hodnotu aby v
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rezime vyslednym svetelnym tokom boli
triedy

stmievanom
splnené normou stanovené hodnoty prislusnej
osvetlenia.

Graf No.1, Stmievanie vysokotlakovych sodikovych vybojok
zniZzenim napatia
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Volbu prislusnych tried osvetlenia v zavislosti od hustoty
premavky sme vykonali z tabulky ¢.1. Z danych hodnét
jasov v stmievanom rezime sme urcili percentualnu hodnotu
svetelného toku. Z grafu zavislosti svetelného toku od
napajacieho napétia urcili sme napatie z ktorého sme
nasledne vypocitali prikon P2 [W] pomocou ktorého sme
vycislili  Gsporu elektrickej energie pre kazda triedu
osvetlenia zvlast. Ziskané vysledky su uvedené v tabulke ¢.
5.

Tabulka ¢.5, Porovnanie jasov v plnej prevadzke a v stmievanom
rezime pre jednotlivé triedy osvetlenia a vycCislenie Uspory el.
energie

. 2 o ; 2 : Uspora el.
Trieda1| [;vecdm P [w] D [%] P2 [w] |Lzvedm™=| Trieda 2 energie
ME1 2,0 150w 50% 17w 1,0 ME3b 22%
ME2 15 150W 67% 129W 1,0 ME3b 14%
ME2 1,5 150w 50% 17w 0,75 ME4a 22%
ME3a 1,0 150W 75% 135W 0,75 ME4a 10%
ME3b 1,0 150w 50% 117W 0,5 ME5 22%
ME3c 1,0 150W 75% 135W 0,75 ME4b 10%
ME4a 0,75 100w 67% 86W 0,5 ME5 14%
ME4b 0,75 100w 67% 86W 05 MES5 14%
ME5 05 oW 60% 58W 03 ME6 17%
ME6 0,3 7w 100% 7T0W 03 ME6 0%

Z tabulky mézeme konStatovat Ze najvacSie Uspory
mobZzeme ziskat stmievanim triedy ME1 a v 3pecialnych
pripadoch aj triedy ME2 a ME3 kde Uspora elektrickej
energie v tychto pripadoch dosahuje az 22%. Problém pri
tychto triedach osvetlenia je ale vtom Zze, v praxe ich je
malo. Komunikacie ktorym mozeme priradit tieto triedy
osvetlenia nie sU az tak zastlpene, resp. sU zastUpene v
malom mnozZstve ale aj v tych pripadoch je stmievanie na
tychto komunikaciach nevhodné a v kone¢nom désledku
neziaduce. Realne, maximalne Gspory elektrickej energie je
mozné dosiahnut regulaciou a riadenim osvetlenia v ramci
tried osvetlenia ME4, ME5 a MEG. Tieto triedy osvetlenia su
zastupené vo viac ako 90% pripadoch verejného osvetlenia
najma v mensich mestach a dedinach. Ako vidime z tabulky
No.6. v ramci tychto tried v su€asnosti sme vo velkej miere
obmedzeny hlavne pri triede ME6 kde podla normy za
podmienky dodrzania stanovenych hodndt nemame vébec
moznost regulacie stmievanim. Tato skutocnost je z
dovodu velkych zadefinovanych hustdét premavky vozidiel
kde najmensia hustota premavky je zadefinovana v pocte
7000 vozidiel cez den ¢o je vo vacSine pripadov prilis
vysoky pocet vozidiel a zvlast v noénych hodinach kedy je
hustota preméavky na Grovni <100 vozidiel.
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Zaver

Cielom tohto vyskumu bolo zistit vplyv inteligentnych
systémov riadenia a regulacie na parametre suUstavy
verejného osvetlenia. Ako sme mali moznost vidiet, Ze
vacsina inteligentnych riadiacich systémov, ktoré pouZzivaji
ako spbsob regulacie redukciu vystupného prikonu alebo
napétia a slubuji aZ 40% Uspory energie nemusia spifiat
normy a mdzu mat Kkatastrofalny vplyv na bezpeénost
cestnej premavky. Je to spbdsobené obrovskou zmenou
svetelného toku v zavislosti od zmeny vstupnych
parametrov vybojky. Z tychto dévodov by bolo vhodnym
rieSenim v ramci N6rmi uviest spodné hranice svetelného
toku pre dana triedu osvetlenia komunikacie pocas
stmievaného rezim, teda definovat’ presne limity stmievania
pre kazdu triedu osvetlenia.

Dalsim zamerom tohto vyskumu bolo zistit maximalne
dosiahnutelné Uspory energie stmievanim a regulaciou
suUstavy verejného osvetlenia. Ako vysledok bolo zistené, ze
v skutoénosti v Slovenskej republike, najvaéSie mozné
Uspory energie je mozné dosiahnut v ramci triedy
osvetlenia ME4, ME5 a ME6. V suc¢asnej dobe vramci
tychto tried osvetlenia sme vyrazne limitovani normativnymi
predpismi a v niektorych pripadoch vébec nemame Ziadne
moznosti stmievania a regulacie. Z tohto dévodu by bolo
vhodné upravit normativne poziadavky napriklad v hustote
cestnej premavky kde by bolo vhodné zaviest aj nizSie

triedy osvetlenia pre nizsi pocet vozidiel.
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Ekologizacia navrhu umelého osvetlenia priemyselnyc h

objektov

Abstrakt. Svetelné zdroje a ich prevadzkovanie vyznamnou mierou ovplyvriujd hospodarnost’ osvetlenia, preto pri navrhu novych osvet/ovacich
sustav alebo pri ich rekonstrukcii a modernizacii treba venovat' zvy$enl pozornost ich vyberu. Setrenie elektrickou energiou nie je len vysledkom
tlaku koncovych pouzivate/ov na zniZzovanie svojich nakladov, ale stava sa aj povinnostou v stlade s politikou energetickej efektivnosti. Prispevok je
venovany systémom umelého osvetlenia s pouZzitim svetelnych zdrojov novej generécie, ktoré su energeticky Usporné a Setrné k Zivotnému

prostrediu.

KTlG€ové slova: umelé osvetlenie, Gspora elektrickej energie, regulacia osvetlenia.

Uvod

Svetlo je jednym z faktorov na vytvorenie pohody v
miestnostiach a je tiez sucastou energeticky Uspornych
principov pri sprave budov. Umelé osvetlenie sa vo
vyspelych  krajinach  stalo neoddelitelnou  sucastou
kazdodenného Zivota. Z energetického hladiska je jednym z
vyznamnych spotrebitelov elektrickej energie. Uspora
elektrickej energie na osvetlenie napr. pre vyrobnu halu s
inteligentnym regulaénym systémom moZe predstavovat
od 40% az do 80 %. [1]

Svetlo a projektovy manazment

Spinit poziadavky zabezpecéenia osvetlenia priestoru je
najvyhodnejSie v Stadiu navrhu — projektu, kedy naklady na
zmeny sU najnizSie. Pristupy k navrhu osvetlenia su
roznorodé, zavisia od mnohych skuto¢nosti, ale ciel maju
rovnaky — zabezpeéit optimalne rieSenia osvetlenia a
maximalnej miere vyuzitie denného osvetlenia v interiéroch
budov.

Reaktivny pristup je reakciou na poziadavky verejno-
pravnych zloZziek - stavebny darad, hygienika, alebo
poziadavky uc€astnikov vystavby v zmysle platnych noriem,
vyhlasok a nariadeni.

Proaktivny pristup spociva v navrhu osvetlenia uz v
Stadiu urbanistického konceptu, ktory zahffia navrh velkosti
a poctu osvetfovacich otvorov, ich rozmiestnenie a
materialové rieSenia.

Privod denného svetla do vnutornych priestorov stavieb
je spravidla zabezpecovany transparentnymi konstrukciami
a réznymi nadvazujucimi technickymi systémami:

- pasivnymi systémami denného osvetlenia budov —

oknami, svetlikmi, streSnymi oknami, vikiermi,
presvetlenymi atriami ¢ zimnymi zahradami,
svetlovodmi, doskami s reflexnym povrchom a
pod.

- aktivnymi osvetlovacimi systémami: slneénymi
heliostatmi, systémami vyuZzivajacimi optické

vlakna &i rézne hybridné systémy. [2]

Osvetlenie v priemysle

Stav osvetlenia v priemyselnych prevadzkach je v
suc¢asnej dobe na UGrovni, ktorA v mnohych pripadoch
nevyhovuje poziadavkam stanovenych v legislative a
normach. Z hladiska bezpecnosti prace je osvetlenie v
pracovhom prostredi jednym z najddlezitejSich faktorov.
Vela firiem preto stoji pred problémom, ako zrekonsStruovat
suCasné osvetlenie, tak aby vyhovovalo vSetkym
poziadavkam pre vytvorenie optimalnych svetelnych
podmienok a tym sa dosiahol bezpe¢ny pracovny vykon.

Slovensko ma historicky vysoko energeticky naro¢nua
Struktdru priemyslu a v jeho odvetvovej Struktdre previada
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strojarsky priemysel. Podiel elektrickej energie pripadajdci
na umelé osvetlenie je znaény a nie zanedbatelny.
InStalovanie a prevadzkovanie energeticky efektivnych
osvetlovacich systémov vo vacsine pripadov doposial nie je
povazované za hlavnu prioritu, pretoze dostupny kapital sa
predovSetkym pouziva na prevadzku, modernizaciu
vyrobného procesu a iné suvisiace ¢innosti, ktoré priamo
suUvisia s vyrobou a existenciou priemyselnych podnikov a
inStitdcii.

Svetelné zdroje a ich prevadzkovanie vyznamnou
mierou ovplyviauji hospodarnost osvetlenia, preto pri
navrhu novych osvetlovacich sustav alebo pri ich
rekonStrukcii a modernizacii treba venovat zvySenu
pozornost ich vyberu. Setrenie elektrickou energiou nie je
len vysledkom tlaku koncovych pouZivatefov na zniZovanie
svojich nakladov, ale stdva sa aj povinnostou v sulade s
politikou energetickej efektivnosti definovanej v existujlce;j,
ako aj novopripravovane;j legislative EU [3].

Hlavné ciele su€asného vyskumu a vyvoja v danej
oblasti su orientované predovsSetkym na problematiku:

- Uspory elektrickej energie pouzivanim modernych

energeticky uspornych svietidiel,

- prediZenie Zivotnosti svietidiel,

- na Setrnost k Zivotnému prostrediu,

- nehlu¢na prevadzka,

- menSie teplotné zataZenie svietidiel — zlepSenie

poZiarnej bezpecnosti,

- vysoka prevadzkova spolahlivost — automatické

odpojenie chybnych svetelnych zdrojov,

- menSi pokles svietivosti v désledku starnutia,

- rychla ekonomicka navratnost,

- zlepSenie hygieny prace — podstatné znizenie

zrakovej Unavy,

- nakladovo efektivna obnova starych systémov

osvetlenia a pod.

Optimalizacia prevadzkovania osvet Fovacich sustav

Spravne osvetlenie ma vytvorit priaznivé podmienky
videnia. Tymto poziadavkam sa vyhovie najméa primeranou
intenzitou osvetlenia, vhodnymi jasmi, kontrastmi jasov a
farieb a spravnym smerom dopadu svetla a pod.
Kombinaciou umelého a prirodzeného svetla je mozné
dosiahnut najlepSie vysledky. Svietenie pocas celého dna
vedie k vysokym nakladom. Kombinaciou denného a
umelého osvetlenia je mozné dosiahnut velké Uspory.
Senzory pohybu a riadenie osvetlenia ovplyvnené
pritomnostou resp. nepritomnostou 0s6b  aktivuju
osvetlenie v pripade, Ze sa v miestnosti niekto nachadza.
Tento systému ovladania osvetlenia vychadza :

- sledovania pritomnosti,

- Casového planovania,
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- ovladania stmievania v zavislosti od
denného osvetlenia,
- riadenia konStantnej Grovne osvetlenia a i.

intenzity

Stmievanie svetelného zdroja je najznamejSou a
najzakladnejSou formou riadenia osvetlenia. Moznosti ako
kreativne riadit osvetlenie je ¢im dalej, tym viac, ako aj
moznosti, ako ovplyviiovat charakter svetla s ciefom
vytvorit idedlnu atmosféru pre akukolvek ¢innost, napr.
zmenou teploty chromatickosti, mieSanim farieb svetla az
po dynamické kopirovanie denného svetla.

Pri navrhoch optimalizacie a ekologizacie osvetlovacich
systémov priemyselnych objektov je potrebné zdoéraznit
také faktory, ako su Specifické vlastnosti konkrétnych
vyrobnych hal a budov, v ktorych pracovné ¢innosti mézu
byt vykonavané podas viacerych zmien, s réznou dizkou
pobytu osdb na jednotlivych pracovnych miestach a s

roznymi poziadavkami na zrakovi naro¢nost podla
charakteru vykonavanej prace a typu pracoviska. [4]
Implementéaciou pocitacovej inteligencie,

environmentalnych a ekonomickych aspektov je moZzZné
optimalizovat parametre osvetlovacich systémov a
dosiahnut Usporu elektrickej energie az o 80%
prispdsobovanim intenzity osvetlenia vo vnutornom
pracovnom prostredi je mozné odvijat rieSenia v zavislosti
od premenlivosti denného svetla, pohybu oséb v priestore a
¢asového planovania (obr. 1).
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80
1/
\I/ ~@a

60 \./_/ ::_
A0 ALY
7N é

40 :\l/, f ﬁ\ -
“7iv @

“TI B B L

0

riadenie osvetlenia

¥ a =&
<7l
detektor

senzor
stmievania pritomnosti

tasové
planovanie

Obr.1. Uspora energie pouZitim prvkov regulécie osvetlenia

Progresivne osvetlovacie systémy vyuZivaju svetelné
zdroje novej generacie, ktoré sU energeticky Usporné,
Setrné k Zivotnému prostrediu, spolahlivé a maji dlha
zivotnost. Volba svetelného zdroja vyplyva uz zo
zaékladnych poziadaviek na osvetlovanie priemyselnych
prevadzok (strojarenskych hal). Dalsim hladiskom je
ekonomika prevadzky a udrzby.

Kritéria pre vyber svetelného zdroja na osvetlenie
strojarenskych prevadzok su nasledovné:

- hladisko Uspory el. energie pri inStalacii novych
zdrojov (max. merny vykon, optimalne vyuZzitie
svet. toku v svietidle, rychlost poklesu svetelného
toku ai.),

- ekonomické hladisko pri Udrzbe osvetlenia (zivot,
priebeh Gmrtnostni krivky v ¢ase = pocet kusovych
vymen pri Udrzbe, plosné vymeny ...),

- estetické hladisko (farba svetla),

- oObstaravacie naklady vzhfadom k 0zitkovym
vlastnostiam.
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V Tabulke €. 1 je uvedeny prehlad svetelnych zdrojov,
ktoré su v najvacSej miere pouzivané v suUstavach na
osvetlovanie. Uvedené su porovnavacie hodnoty Zivotnosti
zdrojov, mernych vykonov a svetelnych tokov, a pre dalSiu
volbu z hladiska pouzitelnosti aj hodnoty indexu farebného
podania a teploty chromatickosti.

Tab 1. Porovnanie parametrov jednotlivych druhov svetelnych
zdrojov

Hts Obrézok Prikon || MY || 5ivstnost: Kc;r:;;;\;:né p::r}‘:::ia
5":::&:““ 5"5:,“{';';"“ Tye W] ;m:]’ ] chromlfir:i]ckosti fageb
Ziarovka Kasicka || 227 | €< || 1000 2750 100

. 200 || 16
na siefové 80- || 12-
Halogenova | BB | napatie | oovo | p5 | 00| 20 | 100
tarovika | VER Tnanizke | 5 s 11 || 3000 | 5e00 3050 | %0
napétie (12 V) 19 || 4000 100
) 50- || 6000
b kompaktna | 5-55 87 16000 2700-6000 | ~80
linedrna 14- | 96- | 8000-
—— ®16mm | 35 | 106 | 12000 | 27006000 | >80
linedra 10- || 33- || 8000-
®26mm | 58 | 83 | 12000 | 2700-6000 | >80
linedrna 20- || 57- | 8000-
®3emm | 65 | 68 | 12000 | 2700-6000 | >&
) Xenanova 25- || 15-
%" || skratiym obl. || 8000 | s0 || 12 oo | >
Halogenidova | > | %4~ || 3000~ | 3000- 6000 | 65-96
— = Vysokotlakova | 35- || 70-
Vibojka | % oKk | | 155 || 2000 | 2000 | 20-40
w, | MEetskor |75 T00- 0000 |y i
% | codikova | 180 | 203 || 18000
| nauena | 535 || S | sooco | 3s00-6000 | 0
LED 4 Dioca | o 12?0', ?33330 2800-3200 | > 90
* zale?i na vlnovej dizke diddy (najnizsi je pri

infracervenych a najvacsi pri ultrafialovych).
** Teoreticky vypocitané, maximum je 220 Im/ W.

Délezitym Gdajom, savisiacim s ekonomikou prevadzky
svetelnych zdrojov je Zzivotnost svetelného zdroja (hod).
Vyrobcovia svetelnych zdrojov spravidla uvadzaja hodnoty
Zivotnosti, ked eSte svieti 50 % skimaného suboru za
stanovenych podmienok. Taktiez je potrebné uvazovat s
tym, Ze svetelny tok kazdého zdroja sa v ¢ase Zivota meni.
Tieto zmeny zachytavaju krivky poklesu svetelného toku.
Uréuja, aky je percentualny pokles pociato¢nej hodnoty
svetelného toku po 100 hod zZivota v zavislosti na pocte
odsvietenych hodin. Tento Udaj je dbélezity pre navrhy a
vypocty osvetlovacich sustav. Pociato¢né hodnoty vypoctu
treba nadhodnotit o tolko, aby na konci intervalu vymeny
zdroja hodnota svetelného toku, resp. osvetlenosti eSte
vyhovovala poZiadavkam technickych noriem.

Vzhlfadom k tomu, Ze medzi aspekty, ktoré vyznamne
ovplyviiuja rozvoj svetelnych zdrojov patri poZiadavka na
energetickd uc¢innost ich vyuzitia, bolo v poslednych rokoch
v Europskej Unii, v Spojenych Statoch, v Australii a v
dalSich krajinach prijatych niekolko legislativnych opatreni
suvisiacich s minimalnymi poziadavkami na G¢innost
svetelnych zdrojov.

V ramci Europskej Unie bol prijaty subor nariadeni,
podla ktorych budu svetlené zdroje s nizkym mernym
vykonom postupne stahované =z trhu. V dosledku
uvedenych nariadeni budd do roku 2012 z obchodnej siete
Uplne stahované ziarovky pre vSeobecné osvetlenie. Ak sa
v realne kratkej dobe nepodari vyrazne zvySit merny vykon
halogenidovych Ziaroviek a vysokotlakovych ortutovych
vybojok, budu i tieto svetelné zdroje stiahnuté z predaja.
Vyvoj merného vykonu bezne pouzZivanych svetelnych
zdrojov pre vSeobecné osvetlenie ja na obrazku 2. [5]
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Obr.2. Vyvoj merného vykonu svetelnych zdrojov [5]

V poslednych rokoch sa Coraz vyraznejSie v réznych
svetelnotechnickych aplikaciach presadzuji LED diody.
Diédy spolahlivo vytla€aju  miniatirne Ziarovky a
nachadzaju aj uplne nové pouzitie, napriklad v dopravnej
signalizacii, pri osvetleni exponatov citlivych na UV Ziarenie,
zaCinaju sa vyuzivat aj vo verejnom osvetleni a objavuju sa
aj v architektonickom osvetleni.

Trendy vyvoja u LED sU zo vSetkych typov zdrojov
najrychlejSie. Podla Udajov vyrobcov sa kazdym rokom
zhruba zdvojnasobi dosiahnuta hodnota svetelného toku,
rozSiruje sa sortiment pre najroznejSie aplikacie ( zvazky
(klastre), fokusované v najroznejSich uhloch, farebné
spektrum a pod).

Monitorovanie a vyhodnocovanie osvetlenia

Na podporu monitorovania a vyhodnocovania osvetlenia
sU ndpomocné simulacné metddy a vizualizaéné techniky
na tvorbu dynamickych svetelnych mép a dalSich grafickych
vystupov. Sucéasny prudky rozvoj informaénych technoldgii
vytvara predpoklady pre rieSenie Uloh aj v danej oblasti.
Vypocet osvetlovacich sistav a charakteristik osvetlenia je
mozné realizovat vyuzitim modernych pocitatovych
programov, ktoré okrem svetelnotechnickych vysledkov
ponukaju aj 2D a 3D vizualizaciu osvetlovanych priestorov
a umozfiuji tak spracovat kompletnd  vykresovi
dokumentaciu k svetelnotechnickému projektu. Na

nasledujicich obrazkoch (obr. 3 az obr. 6) st zobrazené
vystupy z programu Dialux, ktory patri medzi vypoctové
pocitac¢ové programy slGziace pri navrhu osvetlenia.

Obr.3. 3D vizualizacia vnitornej scény
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Obr.5. I1zofotickd mapa s vyznacenymi izoliniami a krivkami
svietivosti
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Obr.6. 1zolinie hodndt osvetlenosti na porovnavacej rovine

Zaver

Poziadavka znizovania energetickej naro¢nosti aj na
osvetlenie v priemysle z dbévodu rastu cien energii a
narastajucej zavislosti na dovoze energii sa stava stale
aktualnejSou. Vhodné osvetlenie prispieva k zvySovaniu
produktivity, kvality prace, bezpec¢nosti a ekologizacii
pracovného prostredia. Moderné osvetlovacie systémy
novej generacie su energeticky Usporné, spolahlivé a
SetrnejSie k Zivotnému prostrediu. Spravne navrhnuté a
udrziavané osvetlenie zabezpeci dodrzanie kvalitativnych a
kvantitativnych parametrov pozadovanych normami pocas
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celej prevadzky. Hospodarnost osvetlenia pomaha
dosahovat aj samotny navrh osvetlovacich sustav. Vhodne
navrhnuté osvetlenie nielenze zabezpeduje pozadované
podmienky na vykonavanie zrakovych uloh, ale umozfuje
minimalizovat investicné aj prevadzkové néaklady, ¢&im
zvySuje efektivnost osvetlenia.[6]

Tento prispevok bol vypracovany v ramci projektu KEGA
3/7422/09..
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Contribution to modelling of light transmission thr

Ladislav Kémar

Institute of Constructions and Architecture,
Slovak Academy of Sciences, Dubravska cesta 9, Bratislava

ough the
cupola of light guides

Abstract. One of the new technology for transport of daylight into the building interior are tubular light guides. It consists of cupola, tube and diffuser.
Existing models for description of light transmission through cupola generally consider classical optical rules. Papers published up to now give
information about light transmittance through the cupola, but absorbance and reflectance is not well known described. It seems that Fresnel's
equations offer better approach for solutions of light transmission through transparent dome. This contribution discuss problem of more physically

based transmission through the hemispherical cupola.

Keywords: hemisperical cupola, Fresnel's equations, illuminance, luminous flux.

1. Introduction

A tubular light guide is a commonly accepted equipment
for delivering daylight into the interiors especially to the
windowless parts of building cores and halls. This optical
system consists of cupola, tube and diffuser. Before the
light is guided via multiple specular reflection through the
cylindrical tube it interacts with dome installed at the upper
interface of the light guide system. The dome is made of
clear polycarbonate material to minimize the energetic loses
and to be resistant to mechanical impacts. The cupola is
often characterized by a quantity called transparency.

The errors in determination of transparency due to
the directionality of light beams have non-negligible
influence on predicted performances of the light guides.
Detailed numerical simulations with classical optical rules
can quantify the errors caused by the optical properties of
the dome at the top of the light guide.

The amount of light propagated through the cupola
strongly depends on the sky conditions, e.g. sky luminance
distribution and solar altitude. Under overcast conditions,
the direct sunbeams are almost absent, so only diffuse light
is to be detected at the ground. In other cases, the sun and
sky contribute concurrently to the illumination of the ground.
The knowledge on penetration losses of the sunlight on the
surface on the cupola can be used for more accurate
predictions of luminous efficiencies of the light guides. This
contribution presents the influence of the hemisperical
cupola on the sunlight passing through the light guide
systems considering Fresnel equations and directional
absorbance of the dome’s material.

2. Optical properties of a cupola

Electromagnetic waves passing through the interface of
a hemipherical dome on the top of the light guide are
transmitted, absorbed or reflected depending on the glass
optical properties and sky conditions. The optical properties
depend on the angle of incidence of each light beam with
respect to the normal of the glassy interface. The cosine of
the angle of incidence in the local coordinate system was
derived as the angle between the vector of the light beam
and the normal vector of the hemispherical dome:

|R-r, cos(¢, —¢) sind |

(1) cosa = ,
\/RZ +r2 —2Rr, cos(@ — @) sind
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where @, and ¢ are the azimuth and zenith angle of a sky
element, respectively. Variables ro and ¢, represent the
polar coordinates of the intersection point at the base of the
cupola with radius R.

Using Eg. (1), Fresnel equations and Snell's law, for the
reflection coefficient of the dome we can write:

@

2 _ 2 2 _ 2 _
2Y?-2YY? +nf -1+4nf-1
1 2Y2+2Y Y2 +nZ-1+n -1

P(r. %, 4.9) =
2 L YA(ng +1) - 2Ynd Y2 + i -1+n} -1
Y2(ny +1) +2Yn2Y? +nl -1+nl -1
where
@y R-r,cos(¢, —¢)sind

B \/R2+r02—2Rrocos(qq,—q)sinz9 '

For the absorbing materials, the transmission coefficient
is given by the formula (see [1])

(1-p00. 0. 0.9)° €
1-p%(r,, @, 4,9) e

@ 1(rh.a.9.9) =

where v is the directional absorbance depending on the
beam's angle of incidence a, thickness of the absorbing
material h and its absorbtion coefficient v:

v, hn,

Jeoosta + I’lz2 -1

where 1 is the absorption coefficient, n, is its refractive
index and h is a thickness of the dome’s material.

(5) V=
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3. llluminance and luminous flux under the cupola
3.1 Luminance of the sunlight

Horizontal illuminance from the parallel sun beams can
be calculated as follows

©® P =Ey,e™"snps,

where Js is the altitude of the sun, Eyo = 133 334 Im.m*is
the extraterestrial horizontal illuminance measured by the
satelites and ay is the extinction coefficient given by the
Clear's formula [2]

1

7 e —
" & 9.9+0.043m’

Relative optical airmass m is frequently calculated by using
Kasten-Young formula [3]

1
m = 1
siny, +0.50272 (y, +6.07995°) ™%

(8)

where )5 is the altitude of the sun in degrees. Expression Ty
in the Eq. (6) represents the luminous turbidity of the
atmosphere [4].

3.2 llluminance and luminous flux

If we consider only paralell sun beams, the illuminance
of the infintesimally small area under the transparent
hemispherical cupola is given by:

©) E(r: @) =R, 1(ry,%.4,9),

where horizontal illuminance from sun beams Py is given by
the Eq. (6) and the transmission coefficient of a dome 1{(ro,
@ @, 9) is known form the Eq. (4). Many studies of the light
propagation through the transparent materials frequently
ignore the Fresnel's equations and also directional
absorbtion of the light beam by the material. Thus, in
current approaches the simplier formula is commonly used:

(10) Eapp(rO’%) = R/ e—V 1

where v is given by the Eqg. (5) considering cos a = 1.
Relative illuminance E(ro,@) as the correction factor to the
approximated formula is calculated as the ratio of accurate
illuminance E(ro,@) and the model illuminance Eqpp(ro, @):

E(r. %)

11) .
Eapp (rO’ %)

Ea(lo, @)=

Luminous flux passing through the base area of the
cupola is given as the integral of the illuminance E(ro,®)
over the surface under the dome. Reference luminous flux
considers only the absorbtion of perpendicular light beams
and it is caluculated as the integral of the approximated
illuminance Eapp(ro, ) over the surface under the cupola. In
the similar way as it is in the case of relative illuminance
Erel(ro, @), the relative luminous flux can be expressed as
follows

24

4. Numerical results

Relative illuminance distributions and luminous fluxes
are modelled for CIE Standard Clear Sky (type 12). The sun
is located on the south (¢g8 = 180°) in each case. For
numerical simulations, the transparent hemispherical top
dome is used with radius R = 0.16 m, thickness of the glass
h = 0.004 m, refractive index n, = 1.5 and absorbtion
coefficient vy = 30 m™.

Relative illuminance distribution below the cupola in
according to the Eq. (11) is shown on Fig. 1. Calculated
isolines show the symetry along the southnorthern axis of
the cupola with higher concentration of isolines and
noticeable decrease of the illuminance on the south edge of
the dome. Significant deformations in the illuminance
distribution appear for low solar elevations and disappear
with increasing sun's altitude.
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Fig 1: Relative illuminance under the cupola for CIE Standard Clear
Sky and various sun’s altitudes: 18.5°, 42° and 65.5°.
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Table 1 presents the accurate, approximate and relative
luminous fluxes for the instance of direct sunlight. The
values of the relative fluxes are almost identical for all sky
types if only sunlight is considered without diffuse sky light.
A very small difference is caused by the value of the
turbidity factor Ty in the Eq. (6). Relative luminous flux as a
correction factor slightly rises with the solar elevation. It is
evident, that direct sunlight has a non-negligible influence
on the final efficiency of a light guide.

Sun’s altitude ¢@[Im] @Papp [IM] @l
18.5° 15122 16 683 0.9064
42° 49 840 54 847 0.9087
65.5° 74 507 81 748 0.9114

Table 1: Accurate, approximate and relative luminous fluxes for
sunlight passing through the flat base of the transparent
hemispherical cupola with radius R = 0.16 m and absorption
coeffient v; = 30 m™. CIE Clear Sky (type 12) are simulated for
three sun elevations.

The error in luminous fluxes shown on Fig. 2 was
calculated as [1 — @pp / @] X 100. As it is in the instance of
luminous fluxes, also the errors are identical for all sky
types.
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Fig. 2: Errors in luminous fluxes for all solar altitudes. Only direct
sunlight is taken into account.
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5. Conclusions

The tubular light guide is the equipment that can save
energies in the building interiors. The effectiveness of light
guide systems depends on each of its components. For the
hemispherical top dome, the transmission coefficients is the
main parameter. Physical background was used for
calculation of the illuminance under the hemispherical
cupola and luminous flux passing through the area under
the dome. In this contribution, only direct sunlight was
considered without diffuse sky light. The commonly used
approximated luminous flux and physically correct approach
presented in this paper are compared. It is shown that
simplifacation considering only normal incidence of the light
beams leads to an average error of 10 % in case of
luminous fluxes. Considering total daylight, errors have
higher values during the sunrise and sunset due to the
greater contribution of the sky light to the total luminous flux
[5]. The errors may be higher if the cupola becomes dirty
during extensive use. This can be simulated by increased
attenuation coefficient.
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Odborné posuzovani vlivu stin

Keywords: proslun éni, oslun éni, denni osv étleni

1. Uvodem

Proslun éni a denni osv étleni staveb, pfipadné oslun éni
rekreaénich ploch v okoli obytnych budov, patfi k
vSeobecnym pozadavkim kladenym na stavby z davodu
ochrany zdravi, zdravych Zivotnich podminek a Zzivotniho
prostfedi [1-810, bod(1), odst. j)].

Pdsobeni p fimého slune ¢niho zareni ve stavbach se
oznacuje jako proslun éni, na venkovnich rekrea ¢€nich
plochach jako oslun éni [2], dale budu pouzivat tendenéni
oznaceni oslun éni.

Slunce je zdrojem elektromagnetického zafreni z jehoz
spektra pronikne atmosférou k povrchu zemskému optické
zareni jehoz vyznamnymi slozkami jsou:

- UV zéafeni (100-390nm), které svym baktericidnim
uc¢inkem ma schopnosti dezinfekce lidskych obydli,
na druhé strané maze vyvolat neZzadouci fyzikalni
i chemické zmény material(l a predmétd
uloZenych v tomto prostoru.

- Viditelné svétlo (380-780nm) v plném spektru
vinovych délek umozZznujici vidéni, které ma pfimy
vliv na psychiku lidi a zasadné ovliviiuje biologické
rytmy lidi. Na druhé strané  svoji vysokou
intenzitou (jasem) muaze rusSit zrakovou pohodu v
tomto prostoru.

- IR zéafeni (770-1200nm) ma zejména tepelné
ucinky, které maji pfiznivy vliv na lidska obydli v
zimé, naopak v |été nebyva pfilis zadouci.

Hodnoceni oslun éni znamena vyhodnoceni p FAmého
vlivu slunce do stanoveného (kritického) bodu
hodnoceni , tedy geometrickou Ulohu je-li slunce na své
zdanlivé draze pozorované z bodu hodnoceni umisténém v
okné stavby, nebo na hodnocené ploSe, stinéno vné&jSimi
prekazkami ¢i nikoliv a po jakou dobu se toto d  éje.

Denni osv étleni je viditelné sv étlo uvnit F hodnoceného
prostoru zp dsobené nejen p Fimym slune énim zarenim
ale téZz odrazenym sv étlem z oblohy a vn éjSich
odraznych ploch , které vnika osvétlovacim otvorem do
pfedmétného prostoru a soucasné odrazenym sv étlem
od vnit fnich ploch pfedmétného prostoru. Pfi hodnoceni
denniho osv étleni neni podstatné je-li osv étlovaci otvor
orientovan na slune énou nebo neslune ¢énou sv étovou
stranu . Vzhledem k dynamickému chovani denniho svétla
zplGsobeného zejména pfimym sluneénim zafenim je nutno
z pozice hodnoceni pouzivat jisté modely oblohy za kterych
se denni svétlo poc¢ita a méfi. Dale je nutno pouZivat
pomérnou jednotku pro tuto veli ¢&inu aby byla
eliminovana ¢asovéa prom énlivost této veli ¢iny.

Metody hodnoceni oslun éni a denniho osv étleni jsou
tedy vyrazn é odliSné. Rozdilné jsou i jednotky veli¢in,
oslunéni se vyjadfuje ¢asovou jednotkou (mim, hod), denni
osvétleni pomérnou jednotkou (%). DalSim markantni
rozdilem obou veli€in je, Ze oslunéni nelze méfit. Zdanliva
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eni stavbami

poloha slunce je pouhym modelem fyzikalni reality s
mnohymi aberacemi. Nezanedbatelna je i skute¢nost, ze v
danou chvili maze byt zamraceno a nelze nic zméfit.

Proto nelze posuzovat oslun éni stejnymi metodami
jako denni osv étleni. Oba fenomény se povaZzuji za
vlastnosti stavby a to i budouci___ a musi se prokazovat.

2. Oslun éni
2.1 Popis

VSechny byty (nebo obytné celky) musi byt oslun  ény.
Byt je oslun én je-li sou ¢éet podlahovych ploch jeho
oslun énych obytnych mistnosti roven nejmén é 1/3
sou étu podlahovych ploch vSech jeho obytnych
mistnosti. V samostatné stojicich RD, dvojdomech a
koncovych RD ma byt tento pomé&r nejméné 1/2.

Poznamka: v moderni architektufe se objevuji hluboké
jednostranné oslunéné mistnosti. Zde je nutno pfipomenout
omezeni, ze plochy mistnosti, které lezi za hranici hloubky
rovné 2,3 nasobku jeji svétlé vysSky se nezapoditavaji do
plochy  proslunéné obytné mistnosti ani do celkového
souctu obytnych mistnosti.

Obytna mistnost se povazuje za proslun  énou jsou-li
spln ény normou [2,3] stanovené podminky z nichz
zdUraznuji:

- Padorysny uhel slune¢nich paprsku s rovinou okna
musi byt nejméné 25°
Poznamka: v pfipadé balkonovych oken, pouZzitim
délicich pficek a jinych prekazek je nutno vzit v

Gvahu
skute¢ny pudorysny Uhel stinénti, je-li vétsi nez 25°.

- Okenni otvor musi byt zakryt prihlednym a barvu
nezkreslujicim materidlem. Celkova plocha oken
uréena ze skladebnych rozmér( musi byt vétsi nez
1/10 podlahové plochy hodnocené mistnosti.
Nejmensi skladebny rozmér okna je 900mm, u
stfeSniho okna je to 700mm.

- Vypoctovy (kriticky) bod kde se stanovuje doba
oslunéni se definuje ve vySce 300mm nad stfedem
parapetu , nejméné 1,2m nad Urovni podlahy
posuzované mistnosti v roviné vnitfniho zaskleni.

- VyS8ka slunce nad horizontem nejméné 5°

- Je nutno pfihlédnout k meridianové konvergenci
dle [3].

PrA zanedbani obla ¢nosti musi byt dne 1. b Fezna doba
oslun éni nejmén & 90 minut.

Tuto hodnotu Ize nahradit bilanci, kdy ve dnech 10.0nora az

21.bfezna bez prestupnych let (=40dnu) je tato doba
3600minut.
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Venkovni zafizeni a prostory v okoli obytné budovy slouzici
k rekreaci jejich obyvatel musi mit alespori 1/2 plochy
oslunénu 3h dne 1.bfezna.

Oslun éni pobytovych mistnosti  je rozumné vyZadovat u
prostord s dlouhodobym pobytem lidi jako jsou pokoje a
loznice ubytovacich  objektd, rekreaCnich  objektd,
nemocniéni lGZkové pokoje ap. Kriteria hodnoceni jsou
stejnéa jako u obytnych mistnosti.

2.2 Metody stanoveni oslun éni

Pouzivaji se metody grafické i numerické. Vysledky
grafickych metod jsou snadnéji kontrolovatelné.

Podstatné je, aby vSechny metody vychazely z jednotného
stanoveni polohy slunce a jeho zdanlivé drahy na obloze
podle [3], kde jsou doporu¢eny ftfi grafické metody pro
stanoveni oslunéni.

1. Diagram zastinéni (pfiloha "A" CSN 730581:09/2009)

Tato metoda poskytuje uspokojivé vysledky v pfipadé, kdy
se jedna o relativné vzdalené prekazky a situace objektu je
pfehledna. Diagram se tvofi pomoci pfilohy normy (starsi
vydani se vyznamné lisi). V diagramu musi byt zfetelné
prevySeni prekazek a vyznaceny body stinéni. Je optimalni

grafické vyznaceni ¢€asu oslunéni a stinéni véetné
okrajovych podminek.
2. Pravouhly sluneéni diagram (pfiloha "B" CSN

730581:09/2009)

Tato metoda poskytuje pfehledné vysledky v pfipadech, kdy
se jedna o relativné blizké prekazky a zejména vysSkové
hodné ¢lenité. Pravouhly primét prekazek do vypocétového
bodu se prekryje pravouhlym slune¢nim diagramem v
pfiloze normy. Z primétu se odecte doba proslunéni.

3. Stereograficky sluneéni digram (viz pFiloha "C" CSN
730581:09/2009)

Rozdil oproti digramu ad 2 je v tom, Ze promitani prekazek i
zdanlivé polohy slunce se provadi do stereografického
(polarniho) diagramu.

Odborny posudek oslun éni zpracovany opravn énou
osobou musi specifikovat pozadavky na oslun  éni
tfidéné podle jednotlivych prostor @ budovy, musi
obsahovat alespo i vysledky vypo ¢étd a musi
jednozna ¢éné stanovit vyhovujici nebo nevyhovujici
stav s odkazem na mozna reSeni.

3. Denni osv étleni

3.1 Popis

Z hlediska denniho osvétleni je dobré rozlisSit zda se jedna o
denni osvétleni uvnit F posuzované novostavby nebo se
jedna o stin éni denniho osv étleni okolnimi (pGvodnimi i
novymi) stavbami. Uroveri denniho osvétleni se stanovuje
pomoci ¢initele denni osv étlenosti jehoz matematické
vyjadreni je:

D = Eint / Enext *100  (%; IX, IX, -)

Kde jsou:

Eint hodnota osvétlenosti v konkrétnim (vypoctovém bodé)

Ehext hodnota osvétlenosti venkovni nezaclonéné
horizontalni roviny, obvykle v Grovni terénu
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3.2.1 Denni osv étleni uvnit F staveb

Navrhované budovy musi mit vyfeSeno v souladu s
normovymi hodnotami denni p fipadn é sdruzené osv étleni
[1,4,6].
Technickd norma [1-CSN 730580-1] taxativné stanovuje
prostory, kde musi byt vzdy vyhovujici denni osv  étleni,
jsou to:
- obytné mistnosti byt
- loznice a pokoje za Fizeni pro dlouhodobé
ubytovani lidi (domovy mladeze, d dchodc a,
koleje, ap.)
- denni mistnosti za Fizeni pro
vychovu (jesle, MS) [11]
- uéebny $kol mimo speciélni [ 4- €SN 730580-3]
- vySetfovny a | azkové mistnosti zdravotnickych
zafizeni
- mistnosti pro oddech a jidelny ur
uzivatele prostor @ bez denniho sv étla
V ostatnich prostorech je nutno zvazit vhodnost pouziti
sdruzeného osvétleni [6], prostory bez denniho osvétleni
Ize navrhovat zcela vyjimeéné a to pouze v od{vodnénych
pripadech. Pfitom je tfeba rozliSovat funkéni vyuziti a délku
pobytu lidi predmétného prostoru.
Technickou normou pfipadné jinym pfedpisem [4,10]
stanovené hodnoty cinitele denni osvétlenosti D obvykle v
zavislosti na funkénim vyuziti pfedmétného prostoru jsou
povazovany za nejnizsi. Tyto hodnoty mohou byt navySeny
pouze za urcitych okolnosti vyjmenovanych v technické
norme.
U nové navrhovanych budov je nutno pfi vypocétu denniho
osvétleni respektovat sou¢asné okolni stinici prekazky. Je
nutno zvazit moznost zmén okolnich prekazek, nebo téz
budouci vystavbu na okolnich parcelach, ktera mize zvysit
zastinéni z dneSniho az do nejvySe povoleného stavu. Do
vypoctu se zavede Uhel stinéni, ktery je pro uvaZované
lokality jako nejvySe mozny.
Pozadavky na denni osvétleni uvedené v technickych
normach neni nutno bezdlvodné navySovat. Uvedené
hodnoty jsou stanoveny tak, Ze je lze povazovat za
hygienicky minimalni a energeticky optimalni s ohledem
na energetickou bilanci budovy.

p FedSkolni

¢ené pro

3.2.2 Stinéni denniho osv étleni okolnich staveb

Zastinéni denniho osvétleni stavajicich prostori novymi
stavbami nebo jejich ¢astmi se posuzuje podle C¢initele
denni osv étlenosti ve stanoveném bod é roviny vn éjSiho
zaskleni oken p fedmétnych prostor D (%). Timto
kriteriem se nehodnoti Uroveri denniho osvétleni ve vnitfnim
prostoru, ale mira zavin éni pFfipadného nevyhovujiciho
stavu denniho osv étleni venkovnim stin énim.

normou [4] podle kategorie vyjadiené lokalitou zastavby.
Hodnotam d¢initele Dw(%) odpovidaji thly stinéni (9, ktery
Ize pouzit mimo jiné jako parametr vypoctu vnitfniho
denniho osvétleni dle bodu 3.2.1 toto textu

3.3 Metody stanoveni denniho osv étleni nebo vlivu
stin éni

Metody se pouzivaji grafické nebo numerické. Podstatné,
stejné jako u oslunéni je, aby vychazely z jednotnych
pozadavkl na vypocet stanovenych technickou normou [4-
CSN 730580-1], kde jsou definovany vypodtové modely
oblohy, ztraty svétla pfi prdchodu osvétlovacim otvorem a
odrazené slozky
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denniho svétla od venkovnich i vnitfnich ploch. Z grafickych
metod se pouZivaji diagramy oznacované Daniljukovy,
Waldramovy, Kitlerovy nebo BRS protraktory. U
pocitac¢ovych programu, kterymi Ize stanovit

Cinitele D (%) nebo Dw(%) je problematicka jejich
prihlednost algoritmu vypoltu a téZz pouziti okrajovych
podminek (vstupnich dat).

Z dlivodu ¢asové narocnosti se vypocty Ciniteld D(%) uvnitf
budov dnes provadi téméf vyluéné ovéfenymi pocitacovym
programy (napf. WDLS).

grafickou metodou, autorem textu vhodné upravenym
Waldramovym diagramem viz obr.1 nebo programem
WDLS.

- rrebeb e

20 60 70 80 90

Waldramy diagram upraveny pro stanoveni &initele denni osvétienosti D, [%] svislé roviny v exteriéru pfi gradovaném jasu oblohy CIE
dy &y dy oy ds

Obr. 1 priklad pouziti upraveného Waldramova diagramu
stanoveni Dy(%).
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Odborny posudek denniho osv étleni staveb nebo
stin éni denniho osv étleni okolnich staveb zpracovany
opravn énou osobou musi specifikovat pozadavky na
osv étleni tfidéné podle jednotlivych prostor & budovy,
musi obsahovat alespo ri vysledky vypo étd a musi
jednozna éné stanovit vyhovujici nebo nevyhovujici
stav s odkazem na mozna FeSeni.
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Revize evropskych norem pro osv  étlovani a terminologii

Abstract. Pfispévek poskytuje zakladni informace o posledni revizi evropskych norem EN 12665:2011 Svétlo a osvétleni — Zakladni terminy a
kritéria pro stanoveni pozadavkd na osvétleni a EN 12464:2011 Svétlo a osvétleni — osvétleni pracovnich prostord — Cast 1: Vnitini pracovni

prostory

This contribution gives the main information about the last revision of two European norms: EN 12665:2011 Light and lighting - Basic terms and
criteria for specifying lighting requirements and EN 12464-1:2011 Light and Lighting — Lighting of work places — Part 1: Indoor work places

X
Keywords: lighting terminology, european standard for lighting

Kliéova slova: terminologie v osvétlovani, evropské normy pro osvétleni

Uvod

Ceskéa republika je od roku 1998 &lenem Evropského
vyboru pro normalizaci (CEN) a Evropského vyboru pro
normalizaci v elektrotechnice (CENELEC). Spolupraci
s obéma témito ¢astmi evropské normalizace je v sou¢asné
dobé povéren Urad pro technickou normalizaci, metrologii a
statni zkusebnictvi (UNMZ), ktery pfi této &innosti vyuziva
doporuceni technickych normalizaénich komisi (TNK),
sloZzenych z dobrovolnych odbornik{ v jednotlivych oborech
techniky. Od vstupu Ceské republiky do Evropského vyboru
pro normalizaci CEN bylo do soustavy ¢eskych technickych
norem CSN prevzato jiz mnoho evropskych norem (EN), a
to jak prekladem, tak k pfimému pouzivani v puvodnim
anglickém jazyku.

Oblasti osvétlovani se zabyva komise CEN/TC 169
Svétlo a osvétleni. Cinnost této evropské komise sleduje
vCR TNK 76 Osvétleni, ktera4 pripravuje pro UNMZ
stanoviska k pfipravovanym evropskym normam, navrhuje
zpUsob jejich prejimani a pfipominkuje jejich preklady.

V tomto pfispévku bude vénovana pozornost
revidovanému vydani dvou dllezitych norem pro
osvétlovani: EN 12665:2011 Light and lighting — Basic
terms and criteria for specifying lighting requirements
(Svétlo a osvétleni — Zakladni terminy a kritéria pro
stanoveni pozadavk( na osvétleni) a EN 12464-1:2011
Light and Lighting — Lighting of work places — Part 1: Indoor
work places (Svétlo a osvétleni — Osvétleni pracovnich
prostord — Cast 1: Vnitfni pracovni prostory). Obé tyto
revidované EN byly schvéleny ve druhém ¢&tvrtleti t. r. Jejich
Ceské ekvivalenty maji byt pfipraveny do konce t. r.

EN 12665 (2011)
Jiz prvni vydani této EN v r. 2002 (a p¥islusné CSN EN
v CR v r. 2003) bylo pro doméci osvétlovaci techniku
pfinosem, nebot byla vyuzivana mnoha techniky, ktefi do
tohoto oboru vstoupili z jinych profesi. Ceska verze EN je
zatim ve stadiu pracovniho prekladu k dispozici ¢lenim
TNK 76 a dalSim uc¢astnikim pfipominkového fizeni.
Revidované vydani ma mnohem ambiciozné;jsi cil, o ¢emz
svédci deklarované technické zmény oproti prvnimu vydani:
- EN 12665 (2011) byla vypracovana na zakladé
mandatu udéleného CEN/CENELEC/ETSI Evropskou
komisi a Evropskym sdruzenim volného obchodu a
podporuje splnéni zakladnich pozadavkd EU smérnice
2008/57/EC. Vztah k zakladnim pozadavkim uvedené
smeérnice je obsazen v informativni pfiloze ZA, ktera je
jeji nedilnou &asti.
— Zarazeni chybéjicich terminGd shroméazdénych z EN
1837, EN 1838, EN 12193, EN 12464-1, EN 12464-2,
EN 13032-1, EN 13032-2 a EN 15193.
- Vyznamnad zména mezi EN 12665:2002 a EN
12665:2011 je v predmétu dokumentu. EN 12665:2002
definovala zakladni terminy k jejich uziti v osvétlovani a

Light 2011, Prague, Czech Republic

specialni terminy s omezenym pouzitim byly definovany

v jednotlivych standardech. V praxi to vedlo k pouziti

stejné terminologie pfi definovani rdznych pojma a

naopak odliSné terminy se pouzivaly k popisu stejnych

pojmG. EN 12665:2011 tudiz definuje zakladni terminy

a uvadi definice pro vSechna uZziti v osvétlovani. Kromé

toho byly aktualizovany nékteré reference.

VSechny vySe uvedené evropské normy byly prevzaty
do soustavy CSN prekladem, to znamena, 7e jsou
k dispozici &eské ekvivalenty oznadené jako CSN EN.
Zminény zamér obsazeny v predmluvé revidované EN
12665 se projevil ve vyznamnych zménéach této normy:
pocet termind se zvétSil zplvodnich asi 110 na
soucasnych vice nez 220.

Nejvétsi rozSifeni nazvoslovi z20 na téméf 100 se
projevilo v kapitole Osvétlovaci soustavy v dasledku
zavedeni mnoha termind zEN 15193 Energeticka
narocnost budov — Energetické pozadavky na osvétleni. V
této kapitole se objevily také dalSi terminy z osvétlovani
pozemnich komunikaci a tunell, napf. pFijezdové pasmo
(access zone), vstupni pasmo (entrance zone), vozovka
(carriageway), projektova rychlost (design speed) a mnohé
dalsi.

Obdobné byla rozSifena kapitola Svétlo a barva napf. o
jasovy soucinitel osvétleni (contrast revealing coefficient),
ktery je definovan jako pomér jasu povrchu vozovky (L) a
svislé osvétlenosti (E,) vtomto bodu, jas c&elniho skla
vozidla (windscreen luminance) apod.

V kapitole Osvétlovaci zarizeni jde napf. o tyto nové
terminy: mérny vykon svételného zdroje s pfedfadnikem
(circuit luminous efficacy of a source), chladny bod (cold
spot), kéd svételného zdroje (svitidla) (lamp (luminaire)
code), mérny vykon svitidla (luminaire luminous efficacy),
jmenovity pfikon (svételného) zdroje (nominal lamp
wattage) apod. Pfi zpracovavani této kapitoly je nutna
spoluprace s TNK 67, aby pro stejné predméty a
charakteristiky v normach pro svételné zdroje, svitidla a
jejich pfislusenstvi byly pouzity ekvivalentni terminy a
definice.

V kapitole Denni osvétleni je tfeba si povSimnout napf.
terminu svételné clony (Zaluzie) (daylight screens (daylight
louvres)), sluneéni clony (sun-tight screens), které se tykaji
Upravy denniho svétla ve vjezdovych Usecich do tunelu.

Mnoho termind v normé je pfevzato z Mezinarodniho
svételnétechnického slovniku CIE 17.4:1987, ktery byl v CR
publikovan jako CSN IEC 50(845) v r. 1996. V tomto
pfipadé jsou terminy i definice ekvivalentni.

Usporadani hesel odpovida spise tradici, tj. nema jasné
vécné tfidéni, takze vyhledavani usnadriuje usporadani do
kapitol, desetinné &islovani a podrobny abecedni rejstiik v
Pfiloze B. Norma také obsahuje bibliografii s pfehledem
souvisejicich evropskych a mezinarodnich norem a
publikaci Mezinarodni komise pro osvétlovani CIE.
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Je tfeba konstatovat, Ze schvalend EN 12665 (2011) je
pro Ucely osvétlovani podstatné kompletnéjSi a obsahuje
vedle teoretickych hesel také mnoho termind z osvétlovaci
praxe a reaguje tak na vyvoj osvétlovaci techniky a nazoru
na osvétlovani v hlavnich oblastech lidské ¢innosti. Jeji
dllezitost vyZzaduje peclivé zpracovani ¢eského ekvivalentu.
Zejména je tfeba ve spolupréaci se zpracovateli zminénych
navazujicich ¢eskych technickych norem zajistit dodrzeni jiz
zavedenych termind a vhodné navrhnout ¢eské ekvivalenty
novych termint vyskytujicich se v revidované EN 12665.

EN 12464-1 (2011)

Prvni vydani této evropské normy pro osvétlovani
vnitfnich prostord z r. 2002 bylo do soustavy CSN prevzato
v prekladu v r. 2004 jako CSN EN 12464-1. Pfi této
prileZitosti bylo nutné zrusit nékolik CSN, predevsim CSN
36 0450 a CSN 36 0451 z r. 1986 a né&které normy jesté
star$i, v nichz byla problematika osvétleni vnitfnich prostor
rozptylena. Tyto Udaje dobfe charakterizuji situaci tésné
pred skoncenim socialismu a kratce po nastupu nového
politického systému. Cesti a pozdgji i slovensti pracovnici v
technickych oborech museli pfes vyhrady k evropskému
pfistupu feSeni normalizace uznat, Zze nadnarodni pfistup
ke zpracovani technickych norem ma nesporné prednosti.

Doméaci vyzkumné a normalizaéni kapacity v
technickych oborech byly pfi zbésilé privatizaci témér
zruSeny. Zustali v podstaté jen odbornici, ktefi si ¢asto
museli hledat nové zaméstnani, a néktefi z nich zlstali v
technickych normaliza¢nich komisich. Ti se prostfednictvim
Ceského normalizagniho institutu (CNI) a po jeho zruseni v
r. 2008 prostfednictvim UNMZ mohou podilet na tvorbé
evropskych norem jejich pfipominkovanim a zavadénim do
CSN. Diky tomu je v CR k dispozici pomérné uceleny
soubor norem a revidované zdokonalené znéni EN 12464-1
pro osvétlovani vnitfnich prostora.

Hlavni vécné zmény revidovaného znéni normy podle
predmluvy ke schvalenému vydani:

— je uvazovana dulezitost denniho osvétleni; pozadavky
na osvétleni jsou vSeobecné pouZitelné nezavisle na
tom, je-li poskytovano umélym nebo dennim osvétlenim
nebo jejich kombinaci,

— jsou specifikovany pozadavky na minimalni osvétlenost
stropl a stén,

- je specifikovana valcova osvétlenost
informace o podani tvaru (modelaci),

— rovnomérnost osvétleni je pfifazena zrakovym ukolim a
¢innostem,

- je definovano pozadi a specifikovano jeho osvétleni,

- je definovana sit kontrolnich bodl podle EN 12464-2,

— jsou uvedeny nové limity jasu svitidel pouzivanych u
zobrazovacich zafizeni (Display Screen Equipment —
DSE) podle ISO 9214-307.

VSechna tato technickd zdokonaleni normy jisté Cesti
svételni technici pfivitaji. Pravé jejich absence pfivedla
skupinu odbornikil k vypracovani a doplnéni CSN EN
12464-1 z r. 2004 Narodni pfilohou NA v r. 2005. Zda se,
Ze po prevzeti revidované EN bude moci byt tato narodni
pfiloha zavedena Zmeénou Z1 zruSena.

Pocet taxativné vyjmenovanych ¢innosti a prostord v
tabulkach v kapitole 5 (dfive asi 270) byl zvétSen jen asi o

a detailni

5.1 az 5.53 vyznaduji, Zze jde o 53 skupin prostorll a
¢innosti.

V zéhlavi tabulek, jak jiz bylo dfive uvedeno, pfibyl
jeden sloupec s rovnomérnosti osvétleni Uy rovnou poméru
minimalni osvétlenosti na dané ploSe k jeji primeérné
hodnoté.
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Samoziejmé byl s ohledem na vyvoj evropské
normalizace doplnén a upraven seznam normativnich
odkazu.

S ohledem na rozSifeni terminologické normy EN 12665
a s upfesnénim struktury zorného pole v okoli zrakového
Ukolu (viz obr. 1) byla upravena kapitola Terminy a definice.

Obr. 1. Minimalni rozméry bezprostfedniho okoli a pozadi Ukolu ve
vztahu k mistu zrakového Ukolu, 1 — misto zrakového ukolu, 2 —
bezprostiedni okoli zrakového Ukolu (pas aspori 0,5 m kolem mista
zrakového Ukolu uvniti zorného pole), 3 — pozadi zrakového Ukolu
(aspori 3 m Siroka pfilehla plocha k bezprostfednimu Gkolu v mezich
prostoru)

Rovnéz je tfeba upozornit na zminénou Upravu limitd
jasu svitidel v mistnostech s rlznymi typy obrazovek.
Stinitka obrazovek se podle této Upravy rozdéluji na Tridu A
s positivnim zobrazenim a TrAdu B s negativnim
zobrazenim; v obou pfipadech se rozliSuji stinitka s jasem
vétsim nez 200 cd-m? a mensim nez 200 cd-m? s
odvolanim na EN ISO 9241-302. Limity jast svitidel jsou od
1 000 do 3 000 cd-m?, coz zfejmé s ohledem na zlepSovani
zobrazeni znacné prevySuje limity 200 a 1 000 cd-m™
uvedené v pfedchozim vydani EN 12464-1:2002.

Zaver

Kratka charakteristika dvou dlleZitych evropskych norem
ukazuje, ze komise CEN/TC 169 a jeji pracovni skupiny
jsou aktivni a poskytuji ¢leniim Evropského vyboru pro
normalizaci pribéznou aktualizaci norem pro osvétleni. O
vyznamu téchto norem svédc&i zvétSovani poctu Clenu této
organizace i o U¢astniky mimo EU.

Obé normy jsou dulezité pro projektanty, provozovatele,
investory i kontrolni organy v oboru osvétleni. Bez ohledu
na to, Ze nejsou obecné pravné zavazné, kromé pfipadd,
kdy jejich zavaznost je vymezena pravnimi pfedpisy, jejich
vyznam roste a jejich pouZiti se rozSifuje.

Sjednocuji odborné nazory a umoznuji icast projektantd
a dodavatelt v mezinarodnich soutéZich, v nichZ mohou
poslouzit jako jedno z kritérii hodnoceni pfedloZzenych
projekt a dodavek. Obecné mohou byt pouzity jako
soucast pozadavkl pfi uzavirani dodavatelskych smiuv.
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Inteligentni reSeni Stredni Skoly a gastronomie

Abstrakt:.Zadanim investora, v tomto pfipadé skoly, bylo usporné, jednoduché, efektivni a moderni feseni rekonstrukce $koly. Byl pouZit inteligentni
systém ovladani osvétleni — kombinace senzoru denniho osvétleni a senzoru pohybu osob

Kliéova slova: Senzor pohybu, senzor denniho osvétleni, fidici jednotka SenzaModular

Uvod

V dnesni dobé potfeb snizovani nakladl a energii je pfi
projektovani na tyto aspekty kladen vysoky daraz. | proto
investorovi, popf. zakaznikovi je potfeba ukazat investice
z dlouhodobého hlediska. Timto ¢&ldnkem bych rad
predstavil realizaci inteligentniho FeSeni Fizeni osvétleni na
stfedni Skole.

Zadani

Problematika osvétlovani $kol je popsana v normé CSN
EN 12464-1, nicméné kromé vyhovéni normé je potfeba
vyhovét také konformité ovladani.

Proto byla volena kombinace multisenzoru a senzoru
pro denni svétlo.

Mutlisenzor obecné je mozno uzit jako pohybovy
senzor, senzor hlidani hladiny osvétlenosti nebo slouzi k
ovladani pomoci RF/IR dalkového ovladace. Funkce
denniho senzoru je zjedoduSené takova, ze vysila signal do
fidici jednotky a upravuje osvétlenost na zakladé denniho
svétla.

Cely osvétlovaci systém v uéebnach takto zabranuje
zbyte€nému sviceni bez pfitomnosti osob, zabrariuje
zbyte€nému pfisvétlovani pfi dostate€ném dennim osvétleni
a v kombinaci s vysoceuc€innnymi svitidly tak maximalné
Setfi elektrickou energii, opotfebeni svitidel a tedy je i

Jednoducha regulace osvétleni
SensaModular

SesnaModular je portfoliem produktd k ovladani osvétleni
pro aplikace v samostatnych mistnostech. Modularni
koncepce umoznuje zakaznikovi vytvofit fadu komponentd

Obr. 1: Cidlo pFitomnosi denniho svétla
Light 2011, Prague, Czech Republic

pfesné uzpusobenych jeho potfebam:

e UzZivatelé si mohou volit moduly pro vytvéieni scén
osvétleni umoZziujici napojeni na denni svétlo
s integraci detekce pfitomnosti osob, pfepinani
nastaveni scén a ovladani pomoci rucniho
infracerveného dalkového ovladace

o AZ ke tfem skupindm stmivatelnych svitidel se pfes
fidici jednotku zapoji pouze potfebné komponenty

Pro spojeni s dennim svétlem se instaluje jedno Ccidlo
s fotobuikou na strop a nasméruje se koknu, aby
registrovalo pfichozi denni svétlo. V pfipadé svétliki —
popf. v konkrétnim pfipadé montaze na liStovy systém, se
denni €idlo nasmérovalo kolmo na svétlik.

PFrednosti:

e Vizualni a fyzické naruSeni stropu je minimalni,
k registru toku denniho svétla je potfeba pouze
jedno €idlo az pro fizeni 3 skupin svitidel

o JelikoZ se registruji pouze udaje o dennim svétle,
méfeni jasu jsou pfesnd, coz maximalizuje
moznost zvySeni Uspor

e Idealni aplikace s fadami svitidel, kde vySka stropu
presahuje 3m nebo tam, kde neni potfeba zénové
zapojeni s pfitomnosti osob, napf. v u¢ebnach a
pramyslovych nebo sportovnich halach

Multisenzor
Multi-senzor pro spojeni s detekci pfFitomnosti osob
adennim svétlem aintegrace ruénich infracervenych

dalkovych ovladacu.

Funkce detekce pfitomnosti osob pFes pasivni infracervené
¢idlo, kruhova detekce ma ve vysce stropu 2,5 (3)m pramér
6 (7) m pro sedici osoby aprimér 7 (9) m pro osoby
v pohybu. Spojeni s dennim svétlem se provadi pomoci
¢idla smérujiciho dold na pracovisté, které méfi denni
svétlo i umeélé svétlo odrazené od pracovisté. Je pfipojeno
a napajeno centralni fidici jednotkou s vyuzitim dvou vodict
(nezalezi na polarité) a standardnich instalacnich materiald
odpovidajicich pozadavkim napajeci sité.

Bud polozapusténé do jedné stropni instalacni Euro
krabice, prdmér 60mm, pfisazené na strop, nebo piné
vestavéné do zavéSeného podhledového stropu (primér
vyfezu 92mm) s dodanymi doplfikovymi krouzky, montazni
vyska max 3m.

Zapojeni se provadi bezSroubovymi zastrénymi svorkami.
Zelend stavové dioda LED za ¢o€kami pro indikagni ucely.
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Téleso vyrobeno z polykarbonatu se snizenou hoflavosti
v bilé barvé (RAL 9003), ¢ocky vyrobeny z polyethylenu
s vysokou hustotou, zadny z prvkd neobsahuje halogeny.
Kryti IP40, teplota okoli 0 az 50°C. Hmotnost 50g.

Obr. 2: Multisenzor

Mozné uUspory energie

Usporou energie poskytujeme vé&tsi protihodnotu a
souCasné Setfime globalni zdroje. Nize uvedené schéma
zdlraziiuje Uspory energii pfi pouziti elektronickych a
stmivatelnych predradniku.

Konkrétni zapojeni v uéebné
Dle vySe popsané teorie byla Cidla rozmistéa do kazdé
ucebny. Konkrétni zapojeni je prehledné na obr. 4.

Senzor denniho svétla je nasmérovan do okna a mulisenzor
je smérovan ke 3kolni katedre.

Je pocitano s tim, Ze cely systém bude stile v
automatickém reZzimu. V pfipadé manualni potfeby zmény
intenzity bude umisténo tlacitko, kterym bude mozno
kdykoli ménit intenzitu jednotlivych fad popf. Osvétleni
vypnout a zpétné zapnout.

Mezniky v pfistupu k dosaZeni Uspor energie a ve vyvoji moderniho osvétleni

Zdfivkovy svételny  Zafivkovy svételny  Zdfivkovy svdtelny  Zdfivkovy svételny  Zdfivkovy svételny
zdroj a konvenéni  zdroj a nizkoztrétovy zdroj a elektronicky  zdroj a stmivatelny  zdroj a stmivatelny
predfadnik prediadnik predradnik elektronicky elektronicky

prediadnik prediadnik

1 o

| Ruéni stmivani l

(

L 22%

Zakladna

SN
L]

| Spojeni s pfitomnosti osob |

Spojeni s dennim svétlem l

Systém se zdfivkovymi
zdroji T26

Systém se zdfivkovymi
zdroji T16

Obr. 3: Tabulka uspor energie
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Obr. 4: Zapojeni v u€ebnach: SP pohyovy senzor, SD denni senzor

Navratnost

Po kalkulacich pofizovacich nakladt a provoznich néakladu
konvenéniho pouziti nasvétlovani v porovnani s modernim
inteligentnim  vySe uvedenym ovladanim a dale
s pfihlédnutim na Uspory, variabilitu a vymény zdrojd,
Zivotnosti, se navratnost pohybuje do tfi let uzivani ve
Skole. Dal8i pouzivani jiz Setfi energie, ndklady na udrzbu,
ekologii a celkové penize.

Autor: Ing. Ales Karia, Thornlighting, spol. s r.o., Zamostni 1240/41
710 00 Ostrava, e-mail: ales.kana@thornlighting..cz

Light 2011, Prague, Czech Republic
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Tomas MAIXNER
Siteco Lighting, spol. s r.o.

Kompenzace rusSivého sv étla

Abstrakt: V pfipadé, Ze je v néjaké lokalité nezbytné nutné realizovat osvétlovaci soustavu, kterd zvysi (vyznamnéji) miru nezadoucich G¢inkd
svétla, pak je mozné na jinych mistech snizit svételnou zatéz Upravou jiné osvétlovaci soustavy. Ve vysledku tak Ize dokonce sniZit celkovou zatéz v
dané lokalité. V prednasce bude uveden i konkrétni pfipad vecerniho osvétleni sjezdovky v blizkosti astronomické observatore.

Kliéova slova: rusSivé svétlo, kompenzace,

Existuji pfipady, kdy je zadouci pouZzit osvétlovaci
soustavu, ktera neni pravé nejSetrnéjsi k noénimu prostredi.
Napfiklad v historickych centrech mést je pozadavek na
osvétleni pruceli vyznamnych staveb. Pouziji se svitidla,
ktera vyzaruji ¢ast svételného toku do horniho poloprostoru.
Pfipadné svétlomety, které mohou do horniho poloprostoru
vyzafovat znacny svételny tok. A€ to zni absurdné, takové
situace je mozné vyuzit ke snizeni ekologické zatéze.

Je totiz mozné kompenzovat nepfiznivé plsobeni
néjaké soustavy tim, Ze se jinde zatéz nocniho prostredi
snizi. Ve vysledku bude mnoZstvi svétla vyzareného k
obloze mensi nez pfed zfizenim oné ,neekologické”
osvétlovaci soustavy. Nebo nanejvys stejné.

Kompenzovat Ize vyménou svitidel, snizenim sv. toku
zdroje (pokud to pfipousti konstrukce svitidla a normy —
snizeni osvétlenosti nebo jasu komunikace). Mozné je i
zavedeni regulace osvétlovaci soustavy.

Pokud bude v néjaké oblasti vyzafen smérem k obloze
svételny tok o velikosti @, (pfimo i odrazem od okolniho
terénu, staveb, stromovi apod.) a ,Skodliva“ osvétlovaci
soustava svételny tok @s, pak se nabizi feSit tuto situaci
odebranim (pfinejmensim) stejného mnozstvi nezadouciho
svétla jinde. Pokud bude kompenzaéni svételny tok@x
dokonce vyssi nez ,Skodlivy*, pak se zatéz nocéniho
prostfedi snizi oproti plvodnimu stavu. To Ize vyjadfit
pomeérnym c&islem popisujicim zménu stavu. Je mozné je
nazvat pomérnou svételnou zatézi noéniho prostredi fx:

— Dy +Ps-P,

cl)o
Bude-li fe mensi nez jedna, pak je no¢ni prostfedi zatizeno
méné, nez bylo pfed realizaci ,Skodlivé® a kompenzaéni
soustavy.

Stanovit velikost plvodni zatéZze noéniho prostfedi je
velmi obtizné, spiSe nemozné. Snad by to bylo mozné ve
velmi fidce obydlenych (skrovné osvétlenych) oblastech.
Nabizi se tedy porovnani ,Skodlivého* a kompenzaéniho

svételného toku. Dovolil jsem si toto porovnani vyjadfit
nasledujicim vztahem, kde jsem zaved! ¢initel kompenzace

fsk
(2) foo =—-1

1) fe

Bude-li fsk zaporné, pak je noéni prostfedi zatizeno méné,
nez bylo pred realizaci ,Skodlivé” a kompenzac¢ni soustavy.
Neni vylouéeno, Ze kazda z uvedenych soustav bude
pasobit po rdznou dobu. ,Skodliva* mize byt v provozu ve
veCernich hodinach (osvétleni hradu nebo lyzafské
sjezdovky) po dobu ts, kompenzaéni celou noc, nebo v
pozdnich hodinach (noéni regulace méné frekventované
komunikace na niz§i stuperi), pfipadné i v jinou ro¢ni dobu
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— celkem po dobu tk. Vztah pro ¢asovy cinitel kompenzace
(s respektovanim ¢asu) Ize zapsat takto:

- q)s-ts _
SKt
O

Na obrazku 1 je uveden prubéh cinitele pro dva pripady
poméru kompenzacéniho a svételného toku. Je zfejmé, ze v
pfipadé shodné velikosti obou tokl dojde k vyrovnani
Gginka, a tedy kompenzaci, tehdy, kdyZz budou obé
soustavy provozovany shodné dlouhou dobu. Pokud bude
kompenzaéni tok dvojnasobny, tak se vyrovnani dosahne
za polovi¢ni dobu jeho provozu. Bude-li ve druhém pfipadé
provoz obou soustav shodny, tak bude velikost ¢asového
Cinitele kompenzace -0,5, dojde ke snizeni zatéze no¢niho
prostredi.

®) 1

1.0

< |\

fSK!‘

0,0

2
-05
\\\—
1,0
05 1,0 1,5 20
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S

Obr.1. ¢asovy Cinitel kompenzace; 1 — kompenzaéni je shodny se
LSkodlivym“ svétlenym tokem; 2 — kompenzacni svételny tok je
dvojnasobkem ,Skodlivého*

Z grafu i ze vztahu (3) je zfejmé, Ze ke kompenzaci
dojde, pokud bude soucin svételného toku a provozu
jednotlivych soustav shodny. Pak bude hodnota ¢asového
Cinitele kompenzace rovna nule.

Lehce lze ze vztahu (3) ur€it minimalni pfipustnou
velikost kompenzac¢niho svételného toku @xmin:

es g

5y O s s
@ fo +1't,

Kmin —
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Je tedy mozné urcit velikost kompenzacniho svételného
toku podle pozadované ochrany. Pro pouhou eliminaci
nezadoucich G¢inkd bude fsk: = 0. Pokud je pozadavek na
kompenzaci zatéZe na polovinu, pak bude fsxt = -0,5. A
vztah (4) Ize pfepsat:

t
— S
(4a) D, =2P,.—
ty
Zanechejme teorie; v dalSich fadcich se vénuji

praktickému pfikladu.

V horské oblasti mize vzniknout poZzadavek na vecéerni
provoz lyzafské sjezdovky v blizkosti néjaké chranéné
oblasti. Dejme tomu — hvézdarny. Je velice pravdépodobné,
Ze dojde se stfetu zajmu. Sotva lze najit rozporuplnéjsi
pozadavky nez obce lyZafl versus astronomu. Presto, jak
se ukaze, by méli hvézdari jasat. To za predpokladu, Ze se
obé strany budou chtit dohodnout.

Je mozné se dohodnout na tom, Ze vecerni osvétleni
sjezdovky bude provozovano pouze v urité dny a
samoziejmeé i hodiny. Dejme tomu, Ze to bude &tyfi dny v
tydnu do devaté vecerni. A samoziejmé v obdobi, kdy je
dostatek snéhu. Ani tak neni vymezena doba ,Skodlivosti*
osvétleni. Je tfeba ji jeSté redukovat na obdobi, kdy je
mozné pozorovat hvézdné nebe. Na dny s jasnou
(nezataZenou) oblohou. A to jeSté v dobé kdy je Slunko
dostate¢né hluboko pod obzorem.

Neni bez zajimavosti, Ze existuji tfi druhy soumraku, coz
je doba pred vychodem a také po zapadu Slunce, kdy je
povrch Zemé v misté pozorovani osvétlovan sluneénim
svétlem rozptylenym ve vysSich vrstvach atmosféry. Je-li
stfed Slunce Sest stuprill pod idedlnim obzorem, tak konéi
(nastavd) obgansky soumrak. Pfi ném lze jeSté vykonavat
jednoduché prace bez nutnosti svitit. Nauticky soumrak
znamena, Ze jsou pozorovatelné jasnéjSi hvézdy (je-li
jasno), ztraci se obzor a jsou vidét jen obrysy velkych
pfedmétd. Stfed Slunce je dvanact stupid pod idealnim
obzorem. Nautickym se nazyva tento soumrak proto, Zze se
v té dobé rozsvécela pozi¢ni svétla na lodich. Kdyz Slunce
klesne o dalSich Sest stupnd, tak konéi (zagina)
astronomicky soumrak. To jiz slune¢ni svétlo nerusSi
hvézdarska pozorovani.

Jak z predesSlého plyne, je skute¢nd doba, kdy by
osvétleni sjezdovky naruSovalo astronomicka pozorovani,
znacné omezena. Tak napfiklad na Kleti je za rok primérné
96,5 jasnych noci. To jsou noci, kdy je o devaté vecerni
obloha zakryta mraky na méné neZz dvaceti procentech
plochy (to je pomérné dost, zcela jasnych bude podstatné
méné). V prepotou na noéni dobu vymezenou
astronomickym soumrakem je to 681 hodin ro¢né.

Neni slozité ani ur¢it primérnou dobu, kdy by bylo v
dobé jasnych astronomickych noci provozovano vecerni
osvétleni sjezdovky. Prekvapivé takovych hodin neni za rok
mnoho. Pouze 48,5 hodiny. To je jen 7,1% celkového
hvézdarsky vyuZitelného casu. JeSté menSi procento
nepfiznivého pusobeni sjezdovky by bylo v pfipadé, Ze by
se doba pozorovani rozsifila i na nautickou noc. Pak je totiz
za rok téméf 860 hodin a necelych 59 hodin by byla v
provozu sjezdovka. V procentech to je 6,8%.

Kdybych byl Skodoliby, tak bych ted utrousil poznamku,
Ze diky globalnimu oteplovani se pocet hodin pfiznivych pro
lyzovani jesté zkrati. Prekvapivé vSak posledni zimy
nehodlaly z Kleti odejit. Ale zlstanu u mnozstvi hodin
uréenych pro dosavadni pramérné zimy a vratim se k
poétim. Podle vztahu (4) bude pro vyrovnani Gginku
osvétleni sjezdovky potfebné kompenzovat svételny tok o
velikosti:

Light 2011, Prague, Czech Republic

(0]
PO, = Ps 485 _ 0,07120

0+1 681
nebo pro dvojnasobné snizeni zatéze by bylo tfeba
kompenzovat pfiblizné 14% (0,1424) ,Skodlivého"
svételného toku. Jde o prekvapivé nizka Eisla.

Pokud by se pfiblizné sedmina svételného toku
emitovaného do nevhodnych smérl ,ubrala“ nékde jinde,
pak je vysledkem celkové zlepSeni pozorovacich podminek.
Krom toho je mozné uzaviit dohodu o vyjimeéném
zastaveni provozu sjezdovky v pfipadé ocekavani nebo
vyskytu vyjimeé&ného Ukazu na obloze.

Stanoveni velikosti ruSiveho svétla, tedy svétla
~Skodlivého", které je nutné kompenzovat, pfesahuje rozsah
tohoto pfispévku. Proto je na davére ¢tenare, zda pfijme za
fakt moje prohlaSeni, ze realna hodnota pro sjezdovku o
ploSe cca Sest hektaru je okolo 175 kim. To v pfipadé, ze je
obklopena lesem, Siroka asi 50 metril a osvétlena na
predpisové minimum dvaceti luxd. Ctrnact ,kompenzaénich*
procent je 25 kim.

V andlech aktivistd [1] se Ize dogist, Ze povazuji za
pfijatelné zdroje svétla, jejichz souhrnny svételny tok do
horniho poloprostoru v jednom svételném misté neprekroci
2,25 kim. Svételnym mistem rozumi oblast kolem
svételného zdroje o poloméru dvou metrd. S drzosti sobé
vlastni jsem takovy ,zdroj svétla“ oznalil za ekologicky
normal. A ,dodefinoval” jej jako svitidlo s kulovym difuzorem
s fotometrickou plochou svitivosti symetrickou podle
horizontaly, tedy svitidlo, které vyzafuje i do dolniho
prostoru 2,25 kim. To zhruba odpovida ,kouli* osazené 50
W vysokotlakou sodikovou vybojkou. A opét pozadam
Stenafe o davéru. Takové svitidlo, nachazejici se v lesnim
zasnézeném prlseku, vyzafi k obloze 2,15 kim (néco se
pohlti, néco odrazi). Pokud se provede Uprava podle obr. 2,
pak (stale mi davérujte) bude svételny tok k obloze 0,85 kim
(jien 7 Im pfimo). To znamena, Ze takto upravené svitidlo
vyzafi k obloze o 1,3 kim méné neZ neupravené.

Obr.2. ,Ekologicky normal” a jeho Uprava pro potfeby kompenzace
ruSivych G¢inka osvétleni

Aby se kompenzoval nepfiznivy G&inek vecerniho
osvétleni sjezdovky, tak postaéi upravit 25/1,3 ~ 20
.ekologickych normal(”. To jist¢é neni nemozné. Takova
Uprava v dasledku zlepsi celoroéné pozorovaci podminky
na astronomické observatofi.

Podobné Ize eliminovat nepfiznivé GcCinky libovolné
osvétlovaci soustavy. Osvétleni hradu, kostela, parku...

LITERATURA
[1] http://svetlo.astro.cz/zakon/v4_zo_s.html

Autor: Ing. Toma$ Maixner, Cernolice 6, 252 10 p. MniSek p.B.,
Czech Republic, e-mail: maixner@pivon.cz
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Induk €ni vybojové zdroje ve ve Fejném osv étleni

Abstrakt: V poslednim obdobi se objevila fada nekvalifikovanych prodejct svételné techniky zamérena na LED. DalSi skupina se vénuje prodeji
indukénich vybojovych zdroju. Uvadi nepravdivé nebo zkreslené tdaje o jejich vlastnostech. V prednasce budou uvedeny na pravou miru. Casto
jsou zneuZivany tzv. pupilacni lumeny, které dosahuji pro svétlo s vyssi barevnou teplotou vysSich hodnot nez u klasickych svételnych zdrojd
(predevsim sodikovych vybojek). Vyznam v8ak maji pouze p/i skotopickém vidéni, pfipadné castecné i mezopickém. Pozorovatel ma pii velmi
nizkych adaptacnich jasech pocit lepSiho vidéni a také nékteré funkce (rychlost reakce) se v takovém osvétleni zlepSuji. Nelze to vSak povazovat za
ddvod ke snizeni Grovné osvétleni, protoZze pozadavky soucasnych norem jsou stéle nizsi nez je optimalni hodnota. Proto Ize pfi nizkych jasech
uvitat ,bilé" svétlo jako prvek zvySujici bezpecnost pohybu po takto osvétlenych komunikacich.

Kli€ova slova: indukce, vybojové zdroje, verejné osveétleni

Uvod

Vynalez indukéniho vybojového zdroje se pfipisuje
Nikolu Teslovi. Nejde tedy o zadnou novinku. PFedni
vyrobci je maji ve svém vyrobnim programu jako doplnék,
ktery ma v urgitych aplikacich své opodstatnéni. OvSem za
pomeérné specifickych podminek. Dluzno podotknout, ze
princip je sice stary, avSak provozuschopna vybojka se
objevuje az v osmdesatych létech minulého stoleti a vyroba
byla technologicky zvladnuta az v nasledujicim desetileti. V
poslednim obdobi vSak tento zdroj ,objevili* a naudili se
vyrabét i asijsti vyrobci. A podobné, jako je trh atakovan
nekvalitnimi svitidly LED, tak se objevuji nefidké pokusy o
uplatnéni téchto svételnych zdroji. Nejen v primyslovém
osvétlovani, ale i v osvétleni vefejném.

Obr.1. Indukéni svételné zdroje (obchodné oznacované téz LVD)

Vlastnosti

Je zajimavé, Ze néktefi vyrobci tento svételny zdroj fadi
mezi zafivky, jini mezi vybojky (oboji — jak vybojka, tak i
zafivka, jsou vybojové zdroje). Oblouk v popisovanych
svételnych zdrojich vznikd pomoci magnetické indukce.
Vyzafuje v oblasti UV a do viditelné oblasti svétla je zareni
transformovano podobnymi luminofory jako u zafivek. Proto
se tyto svételné zdroje vyznaduji kvalitnim barevnym
podanim, kdy je index barevného podani lepsi nez 80 a
nahradni teplota chromati¢nosti se maze volit od teple bilé
po denni (tedy v rozmezi 2 700 K azZ 6 500 K).

Diky tomu, Ze se jedna o bezelektrodovou konstrukci,
dochazi k opotfebeni jen velice zvolna a pro tyto svételné
zdroje je charakteristicky pomérné dlouhy Zivot. Ten se
pohybuje na hranici Sedeséat tisic hodin (v podani
.netradi¢nich* prodavacli je to sto tisic). Ke kladim lze
pfipocist i rychly zapal vyboje. Rychly je i opakovany zapal
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jiz teplého svételného zdroje po pfipadném kratkodobém
vypadku napéjeni. Bézné vybojky, pokud nejsou specialni
konstrukce, musi naprfed vychladnout.
Pro prehlednost uvadim vlastnosti
svételného zdroje pfedniho vyrobce:
- Zivot 60 000 hodin (nizsi nez u zéfivek s extrémni
délkou Zivota)
- Svételny tok po 10 000 hodinach 0,85
- Svételny tok po 20 000 hodinach 0,80
- Na konci Zivota je pokles svételného toku do 30% (0,70;
pro vysokotlakou sodikovou vybojku je tato hodnota
0,92; kvalitni zafivky se pohybuji na okolo 0,95)
- Rozsah pracovnich teplot — 25+45%C pro pokles sv. toku
do 10%
- Svételny tok 6 200 Im pro zdroj o pfikonu 70 W
- Svételny tok 12 000 Im pro zdroj o pfikonu 150W
- Nelze je stmivat

indukéniho

Nevyhodou téchto svételnych zdroji je jejich
konstrukce. Jedna se o ,potrubi” pomérné velkého priméru
(obr. 1). Tim je zna¢né sniZzena moznost zpracovat svételny
tok. Svitidla maji malou u¢innost. Mnohem Iépe se pracuje
s klasickymi vybojkami, které umoZzfiuji navrhnout odrazné
plochy ve svitidle tak, aby dokonale smérovaly svétlo do
Zadoucich mist. | zafivky umoznuji lepSi zpracovani
svételného toku, zejména v provedeni T5.

L

90°

30° o 30°

= C0/C180 === CO0/C270
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Obr.2. Cary svitivosti svitidla pro ,klasickou” vybojku

Na obr. 2 je uveden charakteristicky tvar kfivky svitivosti
svitidla vhodného pro osvétlovani komunikaci. Na obr. 3
jsou fotometrické cary svitidla s indukénim zdrojem. Dle
prodavace jde rovnéz o svitidlo vhodné pro verejné
osvétleni. Z prostého porovnani kfivek je zfejmé, Ze to
druhé nebude vhodné pro osvétlovani dlouhych Uzkych
pruh(l jako jsou vozovky. Jde o téméF symetrické svitidlo,
takze by mohlo najit uplatnéni jediné pfi osvétlovani velkych
ploch (z relativné velkych vySek), jako jsou tfeba parkovisté
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nebo namésti. Ale ani tam nejsou nejvhodnéjsi, protoze
jejich Gginnost neni nejslavnéjsi.

[ [ I [ !

90°

80°

= C0/C180 === CO0/C270

cd /1000 1m

Obr.2. Cary svitivosti svitidla pro indukéni zdroj

V reklamnich materialech nekvalifikovanych prodavacu
se Ize dogist, Ze indukéni zdroje maji vysoky mérny vykon
(mnozstvi svétla vyprodukované na jeden watt — 89 Im/W —
pro 70W; pro 150W to je jen 80 Im/w). To neni nijak
vyjimeéna hodnota. Ke vS8emu mérny vykon sam o sobé
nelze porovnavat bez toho, aby se vzal v Uvahu Ubytek
svételného toku v prabéhu zivota. Ten je u indukénich
zdroju jiz uvedenych 70%. To znamena, Ze na konci zZivota
vystupuje ze zdroje svételny tok 89 x 0,7 cca 62 Im/W. U
zafivek, které maji mérny vykon pfiblizné 90 Im/W je Ubytek
pét procent; kone¢ny mérny vykon je zhruba 85 Im/W. U
sodikovych vybojek to je (pro 70W 6,6 kim) pfi Ubytku 8%
asi 87 Im/W. U vSech zdrojd jsem zanedbal ztraty v
pfedfadniku. Z uvedeného je zfejmé, ze vysoky meérny
vykon indukénich svételnych zdroji neni zase az tak
vysoky, Ze jej prekonavaji nejen vysokotlaké sodikové
vybojky, ale i zéafivky. Halogenidové vybojky jsou
srovnatelné. Vezmu-li v Gvahu i nastupujici svételné diody,
tak ty maji jiz dnes vy3$Si mérny vykon i pfi respektovani
jejich predpokladaného starnuti.

,Bilé" sv étlo

OvSem tak snadno se podomni prodejci nevzdavaji.
Vyrukovali do boje s pupil lumeny. Je smutné, Ze se k nim
pfifadili i nékteré spole¢nosti doposud vystupujici na trhu
korektné. A nejen to, ve Velké Britanii je dokonce pfipustné
pfi pouziti ,bilého" svétla snizit Grover osvétleni na
komunikacich s tfidou osvétleni S. Nevim, zda pro vSechny
— doufam Ze ne, pfipustil bych to pro S7 J. VSude jinde je to
nehorazné ohroZeni nejen na ztraté ¢i posSkozeni majetku,
ale i zdravi.

Poznamka pro ty, ktefi nemaji pozadavky v mali¢ku —
tfida osvétleni S7 nema zadné pozadavky. Ani na hodnotu
udrzované osvétlenosti, ani na jeji minimalni hodnotu.
PovaZuji existenci této tfidy osvétleni za odvazny pokus
bruselskych Gfednikd o definici tmy.

VeSkeré manipulace s pupil lumeny zneuZivaji
skute¢nost, Ze pfi skotopickém vidéni je skute¢né svétlo s
vysokou barevnou teplotou vnimano jako vice intenzivni. Je
pravdou i to, Ze v této oblasti je také kratSi reakéni doba v
pfipadé, Ze je oko adaptovano na ,bilou barvu“. To plati pfi
velmi malych adaptaénich jasech. Jakmile adaptacni jas
vzristd a vidéni se pohybuje v oblasti mezopické, tak
pozitivni G¢inky ,bilého* svétla mizi. Je zfejmé, ze vySSi
citlivost je vazana na tyginky; pfFi vidéni Cipky zavislost na
barevné teploté svétla (z)mizi. Pfi adapta¢nim jasu asi pul
cd.m-2 jiz nejsou v pocitu mnozstvi svétla pozorovatelné
rozdily.

Z uvedeného plyne, Zze pro malo osvétlené oblasti ma
pouziti bilého svétla urcity pozitivni pfinos. AvSak rozhodné
neni davodem pro snizeni arovné osvétleni, jak prodavaci
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tvrdi. Neni dlvodem pro snizeni pfikonu osvétlovacich
soustav. To proto, Ze soucasné Urovné osvétleni jsou
zhruba na poloviné optima, které je asi 4 cd.m-2. Dosazeni
téchto hodnot je zatim technicko-ekonomicky nelnosné
(nadéji skyta nastup LED). Budu-li vychazet z toho, ze
optimalni hodnoty by mély byt dvojnasobkem dneSnich, tak
je zfejmé, ze ,optimalni minimum* by bylo také (nejméné)
na dvojnasobku soucasnosti. Tedy na poloviné cd.m-2, v
oblasti, kde jiz nepusobi efekt ,bilého* svétla. ,Bilé" svétlo
vylepSuje soucasny stav v oblasti nizkych jasu. V tom je
jeho pfinos a smysl. Je prvkem pro zvySeni bezpecénosti
pohybu na takovych komunikacich, at uz z hlediska zdravi
nebo ochrany majetku.

Poznamka druha — pupil lumeny je oznaceni pro velikost
svételného toku, kterd je méfena pfistroji kalibrovanymi
podle V‘(l), tedy podle kfivky citlivosti lidského oka pfi
skotopickém vidéni (vidéni tyCinkami). Bézné se vSak
pouzivaji pfistroje kalibrované pro fotopické (Cipkové)
vidéni V(). Hodi se jesté doplnéni poznamky poznamkou,
Ze v dnesni svété, podléhajicim environmentalismu, se
objevuje na Slovensku az odvazna vyhlaska [1],
predbihajici dobu. V ni je pro méfeni ruSivych Gcink( svétla
predepsano, ze se bude provadét pristroji uréenymi pro
méfeni v oblasti fotopického vidéni s pomérnou spektralni
svételnou Gcinnosti V(A).

Porovnani osv étlovacich soustav

Zajimavé je porovnani osvétlovacich soustav vypoétem
optimalizovanych na maximalni roztec¢e, tedy minimalni
pocet osvétlovacich prvkd, minimalni spotfebu a minimalni
provozni i investiéni naklady. Vysledky jsou uvedeny v
tabulkdch 1a, 1b. Soustavy jsou navrzeny pro dva
predstavitele svételnych tfid s malymi naroky. Fotometrické
Udaje byly ziskany od prodavact svitidel pro indukéni
zdroje. Pro vysokotlaké sodikové vybojky bylo v navrhu
pocitano se svitidly pfedniho vyrobce. U indukénich zdroju
bylo limitni zajiSténi rovhomérnosti. Napf. pro CE5 by bylo
mozné pfi jejim zanedbani dosahnout rozteCe 24 m.
Udrzovaci ¢initel pro indukéni zdroje byl zvolen 0,63; pro
sodikové vybojky 0,8. Sitka komunikace 6 m a vyska
svitidel 8 m nad vozovkou.

.Tajemstvi“ vyhodnosti svitidel s klasickou vybojkou
spociva v jiz popsané Siroké kfivce svitivosti (viz obr. 2 a
obr. 3).

Tab 1a. Porovnani pro t Fidu osv étleni ME6

TFida osvétleni ME6

Svételny zdroj 1Z 80OW VSV 70W
Rozte¢ (m) 28 36
Pocet (ks/km) 36 28
Cena svitidla (K&/ks) 2 167 3500
Cena zdroje (KE&/ks) 2708 173
Investice 175 500 102 844
Pfikon (W) (1Z predfadnik = 0 W??!!) 80 83
Doba provozu (hod/rok) 4100 4100
Spotreba (kWh/rok/km) 11 808 9528
Cena el. en. (2,80 K&/kwWh) 2,80 2,80
Naklady na energii (K&/rok) 33062 26 680
Zivot (h) 60 000 20 000
Pocet vyhorelych sv. zdrojl 2,5 57
Vymeéna zdroju prace 200 200
Vymeéna zdroji (K&/rok) 7 154 2141
Udrzba 3% investic (K&/rok) 5265 3085
Provoz/rok 45 481 31 906
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Tab 1b. Porovnani prot Fidu osv étleni CE5

TFida osvétleni CE5

Svételny zdroj 1Z 80W VSV 70W
Rozte¢ (m) 21 42
Pocet (ks/km) 48 24
Cena svitidla (K&/ks) 2167 3500
Cena zdroje (K&/ks) 2708 173
Investice 234 000 88 152
Ptikon (W) (1Z predfadnik = 0 W??!!) 80 83
Doba provozu (hod/rok) 4100 4100
Spotfeba (kWh/rok/km) 15744 8 167
Cena el. en. (2,80 K&/kwh) 2,80 2,80
Naklady na energii (K&/rok) 44 083 22 868
Zivot (h) 60 000 20 000
Pocet vyhorelych sv. zdroju 3,3 4,9
Vymeéna zdroja prace 200 200
Vymeéna zdroja (K&/rok) 9538 1835
Udrzba 3% investic (K&/rok) 7020 2645
Provoz/rok 60 641 27 348

Z tabulek je zjevna naprosta nevyhodnost indukénich
zdrojl pro béZné situace. Soustavy stémito zdroji jsou
drazSi. A to i pfes to, Zze nebyly do vypoctu zahrnuty
stozary, jejich osazeni, prace, které by cenu ,indukce” dale
zvySily. Soustavy s indukénimi zdroji jsou také energeticky
prostfedky. Rovnéz nemalé penize vyda nesStastny maijitel
nékteré z uvedenych osvétlovacich soustav i za vyménu
svételnych zdroju ,téméf nesmrtelnych” (i to se Ize dodist).
Samozfejmé, ze se jich vyméni menSi polet — tfeba
v pfipadé ME6 je nutné vyménit vice nez dvojnasobny
pocet klasickych vybojek. OvSem jejich cena je
nesrovnatelné nizsi. Ale i v pfipadé, Ze jsem uvazoval
s cenou prace 200 K¢, tak jsou roéni naklady na vyménu
méneé nez tfetinové. Aby naklady na vyménu ospravedinily
vySSi provozni naklady, tak by cena prace vynalozené na
vyménu jednoho zdroje musela byt 4 350 K&. Je pro mne
nepredstavitelna situace, kterd by musela nastat, aby
naklady dosahly takové vySe. Snad provazochodec
pfekonéavajici mofskou Uzinu mezi Charybdou a Scyllou ©.

Aby byla néjaka investice vyhodn4, tak je nutné aby se
zaplatila v prabéhu nékolika let. V oblasti vefejného
osvétleni Ize za pfijatelnou povazovat dobu nejvySe osmi
let. Napfiklad pro tfidu osvétleni ME6, ktera je pro ,indukci®
pfiznivéjsi, to znamena, Ze provozni naklady by mély byt
nejméné o (175 500b - 102 844)/8 = 9 082 K& nizsi, nez
provozni naklady pro .klasiku”. Tedy pfiblizné 31 906 -
9082 =22824 K& Ve sluteénosti jsou zhruba dvakrat

VySSi.

Pro tfidu osvétleni CE5 jsou vysledky jesté vyraznéji v
neprospéch indukénich zdrojd.

Aby byla soustava s indukénimi zdroji vyhodna, tak by
musela vyznamné klesnout jeji pofizovaci cena, zejména
cena nahradnich zdroji. Naopak by musel byt pfi vyméné
vyhorelych svételnych zdroji vysoky podil velmi obtizné,
tedy drahé, prace. Pak by snad bylo pfijatelné to, Ze by

Ekologie

Nemohu ponechat stranou své oblibené téma -
ekologické aspekty osvétlovani.

Prodavaci indukénich svételnych zdroji pisi, jak jsou
pfikladné ohleduplni k zivotnimu prostfedi. Sta¢i vSak
nahlédnout do tabulky 1 a je zfejmé, Ze skutecnost bude
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ponékud jina. Jen na kilometrovém Useku ulice osvétlované
na stupen osvétleni ME6 indukénimi zdroji bude roéné
prosviceno nejméné o 2 280 kWh vic nez v soustavé
klasické. To je témérf o &tvrtinu vySSi spotfeba. Zduraziuji,
Ze nejméné. ProtoZe soustavu s vysokotlakymi sodikovymi
vybojkami lze regulovat, zatim co indukéni soustavu
regulovat nelze. Pak by to nebyla ¢tvrtina, ale docela dobie
je mozné, ze by to byl narist spotfeby o polovinu i vic. U
tfidy CE by byl rozdil je§t¢ mnohem vyraznéjsi. Navic se
obavam, Ze Gdaj o spotfebé 80W se u indukéniho zdroje
vztahuje jen ke svételnému zdroji a nezahrnuje ztraty
v napdjeci ¢asti.

ZvySena spotfeba elektrické energie znamena
v dusledku zatizeni zivotniho prostfedi. Nemam na mysli
emise kysliéniku uhli¢itého, ale skute¢né znecisténi, které je
relativné vysoké u tepelnych elektraren, a téméf zadné u
elektraren pseudoekology odmitanych, totiz jadernych.

Pokud jde o COy, tak si dovoluji pronést kacifsky nazor,
Ze jeho omezovani je Skodlivé, protoze jde o vyznamny
plyn, ktery podporuje rlst rostlin. A v souéasné dobé, kdy je
vyrazné omezena produkce obilovin na Ukor Zluté
pachnouci fepky, kdy je v Somalsku hladomor, tak je kazdy
prispévek ke zvySeni produkce vitan. Pokud vSak nékdo
v environmentalismus véfi, tak pak ma o jeden divod vic
nez ostatni k odmitnuti induk&nich zdroj.

Samoziejmé, Ze i indukéni svételné zdroje obsahuji
Skodlivé latky, samoziejmé Ze obsahuji i rtut. V letaku
prodejct se doctete, Ze indukéni zdroje pouzivaji ,malgam®,
rozuméj amalgam, v mnozstvi mensim nez &tvrt miligramu.
Z toho pak dedukuji, Ze mnozZstvi rtuti je 0,1 mg a indukéni
zdroj je pak 1050x SetrnéjSi k zivotnimu prostfedi nez
vysokotlaké sodikova vybojka. Dedukce je lehce krkolomna,
protoze, jak uz je u nesolidnich prodavacu zvykem,
srovnava nesrovnatelné. Hokynafi svétlem tvrdi, Ze
v sodikové vybojce je 15 mg rtuti, skute¢nost, pro
srovnatelné pfikony je asi tfetinova ~5 mg. DalSi rozvaha
pokracuje tim, Ze ,indukce" vydrzi 100 000 hodin a ,sodik"
pouze asi 14 000. Ani jedno neni v pofadku. Samozfejmé,
Ze i s korektnimi &isly bude ,indukce* vyhravat. Pfipustme,
Ze ma trojnasobnou zivotnost. Pak proti 0,1 mg stoji
»sodikovych" 3 x 5 = 15 mg, coz je 150x vic (tedy sedmina
hokynafi proklamovaného mnozsvti). Cislo vypadajici
désivé. V dusledku by byl vyznamny jen tehdy, kdyby se v
néjaké malé lokalité soustredil odpad z vybojek bez dalsiho
oSetfeni. Pokud se v3ak lidé budou chovat ekologicky, ted
myslim opravdu ekologicky, tak budou vyhofelé zdroje
odevzdavat ke kvalifikované recyklaci, jak jim ostatné
uklada zékon. Z tohoto pohledu jsou UGvahy o0 mnozstvi rtuti
zbyte¢né nadhodnocené. Z pohledu ochrany Zivotniho
energie v pfipadé osvétlovacich soustav s indukénimi
zdroji.
pfipadné realizace opévované soustavy. Ztabulky je
zfejmé, Ze i pro nejméné nevyhodnou tfidu osvétleni ME6
je zapotfebi o osm svitidel vic. To je o tfetinu. V pfipadé
komunikace CE5 to je dvojnasobek, o sto procent vic. To
znamena o stejné procento vice vyrobenych svitidel,
svételnych zdroju, stozard, betonovych zékladu atd. Je to
nadvyroba, ktera v disledku neni ni¢im ospravedinitelna.
Nadvyroba, ktera v dusledku poskozuje Zivotni prostfedi (a
opét nemyslim na kysliénik uhligéity — ponechme ho
environmentalistim).

A konec¢né i nemoznost stmivani je po,érné zavaznym
handicapem pro indukéni zdroje. Opét potencialné vyssi
spotfeba elektrické energie nez u klasickych svitidel. U
nich, téch klasickych, Ize zavést regulaci i velice jednodusSe,
napfiklad pfepinanim odbocky na tlumivce nizkoztratového
predfadniku.
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MozZnosti pouziti induk €nich zdroj G

Vybojové indukéni svételné zdroje Ize pouzit jen ve
velice specifickych pfipadech. Pfedevsim tam, kde je velice
nakladné nebo obtizné provadét vyménu svételnych zdroju.
V interiérech to budou vysoké haly, pfipadné plavecké
stadiony. Ve venkovnim osvétleni to mohou byt tunely, kde
je jakékoliv omezeni dopravy rizikovy faktor (spiSe faktor
dopravu zdrzujici). Jinym mistem by mohly byt majaky.
VS8echny uvedené pfipady, jak v interiérech, tak v
exteriérech, vSak musi byt ekonomicky pfijatelné. Indukéni
zdroje jsou, alespori na naSem trhu, velmi drahé, pfi nizké
Gginnosti  osvétlovacich soustav i energeticky naroéné.
Jejich dlouhy Zivot je do zna¢né miry relativni, protoZe ho
pfekonaji napf. zafivky nesouci oznaceni XXT se servisni
dobou Zivota 75 tisic hodin (90% zdroju ke
provozuschopnych).

Zvlastni pozornost je tfeba vénovat indukénim vybojkam
se zavitem E27 nebo E40. Ty maji v sobé integrovanou
i elektroniku potfebnou k jejich provozovani. DU0véfivy
zakaznik vyradi z ¢innosti stavajici predfadnik klasického
svitidla a misto vybojky, pro které je svitidlo konstruovano,
pouzije ,zazracné asporny“ indukéni zdroj. Prvnich
disledkd si nevSimne. Zcela jisté poklesne vyzafovany
svételny tok, protoze nejspiS pouzije (na radu prodejce)
zdroj s (vyrazné) nizSim pfikonem. V ,bilém* svétle
podlehne klamu, Ze je svétla vic. Ono ho i vic mozna bude,
ale jen pod svitidlem. Ve vétSi vzdalenosti bude svétla
mnohem méné nez byvalo. Nelze opominout ani to, Ze
takovym zasahem ztraci svitidlo prohlaSeni o shodé,
protoZe velmi pravdépodobné nebylo homologovano pro
takovy svételny zdroj. Vlastné se pak nesmi vibec
provozovat. Ze automaticky ztraci zaruku je zcela ziejmé.

Poznamka na zavér. PFi psani textu jsem netusil, Ze tato
pfednaska bude zafazena do sekce vnitfni osvétleni a
elektro. To jsem zjistil aZz pozdéji. To vysvétluje, pro€ jsem
se v tomto textu zaméfil pfedevSim na vefejné osvétleni.
Obecnéa sdéleni v textu vSak maji obecnou platnost. Bez
ohledu na misto umisténi svitidla s indukénim svételnym
zdrojem. Specifika vnitfniho osvétleni se vynasnazim
rozvinout pfi Ustni prezentaci.
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Ekologie osv étlovacich soustav

Abstrakt: Porovnani soustav s plochym sklem a vypouklou misou nejen z pohledu produkce ruSivého svétla, ale i z hlediska investi¢nich a
provoznich nakladd, energetické narocnosti a materialové nadprodukce. Text se zabyva i Nafizenim Komise (ES) ¢. 245/2009 a nekorektnimi
praktikami ekologickych aktivist — zejména metodou El Alamo pouZzivanou k manipulaci s verejnym minénim.

Kliéova slova: ekologie, environmentalismus, osvétleni

Uvod

Pokud se hovofi o ekologii osvétlovacich soustav, pak
kazdého nejprve napadne ,svételné znecisténi*. OvSem to
zdaleka neni Uplny pohled na environmentalni aspekty
osvétlovani.

Také zalezi odkud se nahlizi. Tak tfeba obchodnici
zafazuji svitici diody mezi ekologické zdroje. To proto, Ze
neobsahuji rtut. OvSem velice zajimavé je, jak se na tyto
svételné zdroje divaji ekologicti aktivisté rekrutujici se z fad
hvézdarl. Jiz nyni zacali volat, Ze svitici diody svym
Sirokym barevnym spektrem ohrozuji zivoty noé¢niho hmyzu
a Skodi i fléfe. Proto je pry zadouci setrvat u sodikovych
vybojek (nejlépe nizkotlakych). To pry proto, ze sodikové
svétlo nepfilaka hmyz. Obavam se, Ze je duvod znacéné
prizemné&jsi. Caru sodiku, pfipadné rtuti, totiZ Ize snadno ze
spektra odfiltrovat. Pokud se astronom nezabyva pravé
spektrografii (coZz asi mezi amatéry nebude jediny), tak mu
razem obloha potemni. Kdyz odfiltruje celé spektrum LED,
nezbude v okularu ani jedna hvézdi¢ka. Proto jsou z
pohledu hvézdaru svitici diody neekologické.

Pokusim se v nasledujicim textu o korektni pohled na
ekologické aspekty osvétleni.

,PIn & clon én&" svitidla
Termin ,pIné clonénd" svitidla svételna technika nezna,
V pojeti ekologickych aktivistll to jsou svitidla, ktera
nevyzarfuji do horniho poloprostoru zadné svétlo. Jako
typické predstavitele uvadi svitidla uzavifena plochym
sklem. Takova svitidla také oznacuji za svitidla ekologicka.
Vlastnosti ,ekologjckych svitidel jsem jiz mnohokrat
rozebral (viz napf. [1]). Proto se zde omezim jen na vycet
jejich vlastnosti (plati i v pfipadé, Ze by se pouzilo
antireflexni sklo) ve srovnani s ,klasickymi“ svitidly:

1. Pro vétSi uhly od normaly skla dochazi pfi prdchodu
svétla k v&tsim ztratam. Cést svétla se také odrazi zpét
do svitidla, takze dochazi ke ztratam, tedy ke snizeni
ucinnosti.

2. Ztéhoz dlvodu jako v predeSlém odstavci je svitivost
pro vétsi uhly od normaly menSi nez u obdobného
svitidla s vypouklou (nebo vydutou? ©) misou.

““““““ vyrobni
technologii jsou ,ekologicka" svitidla drazsi. Pokud je
jejich cena srovnatelna, nebo stejnd, jako u klasickych
svitidel, tak se jednd jen o obchodni politiku
dodavatele, ktery si za cenu nizSi marze vylepSuje
kadrovy profil do zelené barvy.

4. Protoze jejich viditelnost z boku je zna¢né omezena,
pak takové svitidlo ma horSi schopnost tzv. optického
vedeni fidice.

5. ProtoZze se svitidla s plochym sklem obvykle li§i od
klasickych pouze uzavérem optické ¢asti, tak je zfejmé,
Ze vtakovém svitidle jsou horSi tepelné poméry (byt
samoziejmé predpisim vyhovujici). Dusledkem je
rychlejsi starnuti svitidla i svételnych zdroja.
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Z uvedeného plynou nékteré zajimavé zavéry. PredevSim

to, Ze je tfeba takova svitidla umistovat v menSich roztecich

a na niz8i stozary, aby se doséhlo stejného osvétleni

komunikace co do mnozstvi i co do kvality — tedy

rovnomérnosti osveétleni. Pokud se umisti ve stejné

geometrii jako by se umistila ,klasicka"“ svitidla, pak se musi

osadit svételnym zdrojem s vyS$Sim svételnym tokem.

Dlsledky uvedenych skute¢nosti je z pohledu ekologie

nesmirné zajimavy. Ekologické" soustavy mohou ve

srovnani s ,klasickymi:

1. Produkovat vétSi mnozstvi rusivého svétla emitovaného
k obloze (i do jinych nezadoucich mist).

2. Vice oslhovat

3. Byt vySSi energetickou zatézi, to prakticky vzdy.

4. Byt pfic¢inou nezadouci nadprodukce prvk( osvétlovaci
soustavy, také prakticky vzdy.

Rusivé sv étlo

Tvrzeni, Ze soustavy s ,plné clonénymi“ svitidly mohou
byt vétSim zdrojem svétla vyzareného do nezadoucich mist,
je celkem snadno vysvétlitelné.

Jiz bylo uvedeno, Ze téchto svitidel je zapotfebi vétsi
poCet nebo se musi osadit svételnymi zdroji s vétSim
svételnym tokem. Toto svétlo je sice sméFovano pouze do
dolniho poloprostoru, avSak zcela samozfejmé se odrazi od
ploch, které svitidlo obklopuji. Od vozovky, chodniku,
fasad... ,Klasické" svitidlo ¢ast svétla vyzafi pfimo k obloze.
Ostatni svétlo se samozfejmé také po odrazech dostava do
horniho poloprostoru. ProtoZze vSak tato svitidla maji lepSi
Gcinnost i Cinitel vyuziti, tak se muze stat, ze mnozstvi
odrazeného a pfimého svétla od celé soustavy bude nizsi
nez kvantum nezadouciho svétla ,ekologické" soustavy.
Vice v dalSi kapitole (Energeticka zatéz a nadprodukce).

Soustrava s plochymi skly maze i vice oslfiovat. Byt to
zni pfekvapivé. Opét je to o geometrii nebo nutnosti pouzit
svételné zdroje s vySSim svételnym tokem. V pfFipadé
pouziti stejné vykonnych svételnych zdrojii nastava to, ze
v zorném poli se objevi jejich vétsSi pocet v méné pfiznivych
pozicich (nize a blize u sebe). To mize samoziejmé
zpUsobit vySSi osInéni. U vykonngjSich svételnych zdroju je
ddvod nasnadé.

.Ekologickd" soustava tedy mu(ze byt jiz prvotné
neekologicka. Jeji smysl omezit nezadouci Gginky svétla se
miji ucinkem. At z pohledu omezeni mnoZzstvi nezadouciho
svétla, tak z pohledu osInéni.

Energeticka zat éz a nadprodukce
Prvotni narast energetické zatéze je vyvolan vysSSim
pocétem nebo pfikonem svitidel ,ekologické” soustavy.
OvSem pfipadny vétSi pocet svitidel neznamena vyssi
spotfebu energie jen pfi provozu, ale i pfi jejich vyrobé. Je
nutné vyrobit vice Zeleza na vétSi pocet svitidel a sloupd,
vice betonu na vétSi pocet zakladu, vice kabelu, svételnych
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zdrojl... to v8e znamena vysSi zatéz zivotniho prostredi.
Pokud pfijmeme hru na CO, tak se musime zajimat o to,
kolik se ho vyprodukuje navic!

Neni bez zajimavosti ukazat, jak I1ze manipulovat s Gisly
pokud jde o prosazovani pseudoekologickych zajmu.
Trochu pfedbiham — ekologickym praktikam se vénuji az
v zavéru tohoto textu.

Zkusil jsem se dopidit kolik kg CO, se vyprodukuje pfi
vyrobé elektrické energie. V. pojednani [2] jsem se
dozvédél, ze:

-Pramérna uhelna elektrarna pro ziskani energie 1GJ

tedy 277,7 kWh vyprodukuje 99 kg CO2...“.

Hbité jsem podélil 99 kilogramd pocétem vyrobenych
kilowatthodin a domnival se, Ze na jednu kilowatthodinu se
vyprodukuje 99/277,7 = 0,357 kg CO,. Chyba. Cti kazdého
aktivisty je cisla co nejvice nafouknout — v tomto pfipadé
umné zamontoval Gc¢innost elektrarny — pokraduiji v citaci:

.---kdy Uéinnost vyroby elektfiny se pohybuje kolem

35%, je tak pfA vyrobé 1kWh elektrické energie

vyprodukovano 1,021 kg CO,."

Environmentalista tedy podéli mnoZstvi Skodliviny
vyprodukované elektrarnou (o ucinnosti 35%) jesté jednou
jeji GCinnosti. A tak jsou emise témér trojnasobné oproti
skuteénosti (mimochodem - kazdy gram je aktivistovy
dobry: 99/277,7/0,35=1,019... tady dokonce dva).

Budu se drzet realnych ¢&isel. V tabulce 1 je porovnani
pro pfipad, Ze pfi vyrobé jedné kilowatthodiny vznikne 0,357
kg CO,. (Jiny typ elektrarny produkuje jiné mnoZzstvi, bylo
by presnéjSi pouzit primérné emise vdaném staté —
nemam je k dispozici, zkusim se je do prezentace najit)
Porovnal jsem osvétlovaci soustavy, které byly pocitany pro
skuteénou situaci. Pocet klasickych svitidel byl 26,
.ekologickych* bylo o dvé vic. Pokud by se podobna
soustava navrhovala na zelené louce, pak by rozdil byl
nejspise jesté vyssi; ,ekologickych® svitidel maze byt az o
tfetinu vice nez svitidel s vypouklym difuzorem. V tomto
pfipadé je mensi rozdil zpusoben nutnosti pFizplsobit se

tvaru vozovky, prechodim, kfizovatkdm, zastavkam
méstské dopravy atd. (narlst jen o 7,7%).
Tab 1. Emise CO, spojené se zfizenim a provozem

osv étlovacich soustav

Soustava typu JKlasicka“ jekologicka“

Pocet (ks) 26 28
Vaha sloupu (kg) 50 50
Vaha celkem (kg) 1300 1400
Emise CO, () (1,8t CO/t oceli) 2,34 2,52
Pikon svitidel - 83 W/ks (kwh) 2,16 2,32
Doba provozu (hod./rok) 4100 4100
Roéni spotfeba (kWh/rok) 8 848 9512
Emise CO, (0,36 kg/kwh) (t) 3,19 3,42

Z tabulky je zfejmé, Ze ,ekologickd“ soustava je
puvodcem vySSich emisi kysliéniku uhli¢itého jiz pfi svém
budovani. Pfitom neni zapocitana skute¢nost, Ze pfeprava
vétSiho mnozstvi materialu, i jeho montaz, rovnéz prispéje k
vySSim emisim. Také pfi provozu je ,ekologickd" soustava
vétS§im producentem ,zlovéstného“ plynu. Pro dvakrat
zapocitanou u¢innost by to bylo samozfejmé vic. Ale
z hlediska porovnani dvou soustav je nakonec lhostejné,
kolik CO, se vyprodukuje na vyrobé jedné tuny Zeleza &i
kilowatthodiny. VZdy se na postaveni rozsahlejSi soustavy
uvolni vétSi mnozstvi onoho plynu, vzdy bude mit takova
soustava i vySSi spotfebu, tedy i vyS$Si produkci zminéného.
Uvedena disla by v pfipadé stavby na zelené louce byla
jesté znacné vzrostla v neprospéch ,ekologickych” svitidel.
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Neméné pozoruhodné bylo i stanoveni mnozstvi svétla
vyzareného k obloze. Od obou soustav totiz bylo prakticky
stejné (tabulka 2). Od ,ekologické” je vyzareno k obloze jen
0 0,6% svétla méné nez od soustavy s vypouklymi difuzory.
Kdyby bylo jen o jedno svitidlo s plochym sklem vice byla

by k noénimu prostfedi SetrnéjSi ekology odmitana

soustava.

Tab 2. Svétlo vyza fené na oblohu
Soustava typu .Klasickd" ,ekologicka“
Jedno svitidlo (kim) 1,17 1,08
Soustava (klm) 30,42 30,24
Soustava (%) 100 99,4

Jen upozornim, Ze vsouladu stvrzenim ekologickych

nez ,klasické“. Pro soustavu uz to nemusi byt pravda.

Zajimalo by mé&, co by environmentalista oznacil za vétsi
zlo. Zda nepatrné vySSi jas oblohy nebo stejné nepatrné
vyS8i produkci kysliéniku uhli¢itého (obé v Fadu jednotek
procent). Pro astronomického aktivistu je volba jasna — pro
ného je samoziejmé SkodlivéjSi svétlo. Pro aktivistu
odpovédel opacné, ale preci jen kolegialita v boji...

Mimochodem, pokud bude produkce ,zkazonosného*
plynu jina, nez jakou jsem zvolil, stadle bude ,ekologicka“
soustava o uvedené procento ,zhoubnéjsi“. Pomoci mlze
jaderna energetika, pseudoekology tak zatracovana. V této
souvislosti neni bez zajimavosti, ze pokud se provede
rozbor vlivu zdroju energie pomoci analyzy zivotniho cyklu
LCA (Life Cycle Assessment) [4], tak fotovoltaika je zdrojem
vice neZz dvojnasobného mnozstvi CO, (39 t/GWh) ve
srovnani s jadrem (17 t/GWh). Napfiklad u jadernych
elektraren, které maji zanedbatelné emise béhem provozu,
hodnoti metoda LCA emise vypousténé béhem dobyvani a
obohacovani uranu, béhem vystavby elektrarny, ukladani &i
prepracovani pouzitého paliva i béhem odstaveni elektrarny
z provozu a jeji likvidace. Obavam se, Ze v pfipadé
rozmarim pocasi podléhajicim energetickym zdrojim
nejsou zapocitany emise produkované stoprocentni
zalohou, ktera musi byt v pfipadé existence obnovitelnych
zdroju stale k dispozici. Necham stranou ,pomluvy”, ze
na vyrobu elektraren, vyuzivajicich  princip
obnovitelnych zdrojl, se vynaloZi vice energie, nez ji
vyrobené jsou sto vyprodukovat. Ale to bude jisté jen
oskliva pomluva.

Reseni

PFi navrhu osvétlovaci soustavy je spravny postup
takovy (ba i ekologicky spravny), ze se provede navrh jak
se svitidly s plochym sklem, tak s , klasickymi“. Oba
predstavitelé budou samoziejmé ze stejné ligy. Tedy stejné
kvalitni. Rekl bych, Ze podminkou nutnou je to, aby byly od
stejného vyrobce a ze stejné fady. Jen to je zarukou, ze se
bude srovnavat srovnatelné.

U kvalitativné rovnocennych soustav se pak vyhodnoti

jejich vliv na noéni prostfedi i mnoZstvi emisi. Jen tak Ize
rozhodnout, jaka soustava bude Setrnéjsi. A pak je jesté
nutné, za jakou cenu se dosahne toho kterého feSeni, za
jakou cenu se ta ktera soustava bude provozovat. Jen tak
Ize usoudit jakou soustavu zvolit.
Navrh musi samozfejmé vypracovat kvalifikovany odbornik.
Tim je svételny technik, nikoli samozvany ,expert* z fad
environmentalistd. At uz je ovéncen v libovolném mnoZzstvi
cenami a diplomy od sobé rovnych. Ono je vibec obtizné
rozpoznat kdo je odbornik a kdo tlachal. Ur¢itym varovanim
bude, kdyz nékdo sam prohlasuje, Ze odbornikem je.
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Ekologické pohledy odjinud

Pseudoekologie je predevsim politika. TakZze se nemohu
vyhnout ani politickym dokumentim dotykajicim se ruSivych
Gcinka svétla.
[3], které se zabyva nejen zalezitostmi energeticky
Uspornych svételnych zdrojli, svitidel a predfadnikd, ale
v pfiloze VIII se pravi: ,Podil svétla vyzarfovaného optimalné
nainstalovanym svitidlem a dosahujiciho nad horizont by
mél byt omezen na“ (viz tab. 3):

Tab. 3. Orienta €ni hodnoty maximalniho podilu sv ételného
toku (ULOR); oproti originalu dopln  én pfikon odpovidajicich
vysokotlakych sodikovych vybojek

vodorovnou rovinu u vSech tfid osvétleni a pro libovolny
svételny tok zdroje vySSi nez 1%."

Trida Svételny tok ..
osvétleni zdroje (yklm) Pfikon (W) | ULOR (%)
ME, MEW vSechny VSechny 3
12<9 P>100 5 :
CE, 8,55p<12 P= 100 10 X X
SESENA 335055 20. 70 15 Obr. 1. Svitidlo s podilem svételného toku ULOR = 0,4%; ULR =
P<3,3 P<50 20 0.5%

V tabulce je uveden nejvySe pfipustny podil svételného
toku, ktery je vyzarovan nad vodorovnou rovinu (ULOR).
Plati pro svitidla ur¢ena pro vefejné osvétleni. Déleni je
podle tfid osvétleni uvedenych v evropskych normach fady
CSN EN 13201. Tabulka je pozoruhodna. Jsou to
pozadavky prekvapivé umiméné a odliSné od naroku
ekologickych aktivistd. Nikde ani sllivka o tom, Ze svitidla
musi byt ,plné clonénd“, tedy svitici vyhradné jen do
dolniho poloprostoru. Ufednici nepoZaduiji, aby byl podil
svételného toku do horniho poloprostoru nulovy. Na jednu
stranu jsou tedy pozadavky zasadné mirnéjSi (a tedy
i rozumnéjsi), na druhou stranu pfFisné;jsi, protoze uvedené
hodnoty plati bez ohledu na tfidy Zivotniho prostfedi znamé
z jinych predpisd, napt. CSN EN 12464-2.

Pozoruhodné je i to, Ze nafizeni hovofi o optimalné
nainstalovaném svitidle. CoZ nelze interpretovat tak, ze
musi byt upevnéno, aby vystupni otvor svitidla byl
vodorovné, jak dusledné pozaduji bojovnici za temné nebe.
Velice ¢asto Ize dosahnout mnohem vyssiho Cinitele vyuZiti,
a tedy UsporngjSiho a noc¢ni prostfedi méné rusSiciho
osvétleni, se svitidly vyklonénymi o maly ahel.

Omezeni pro svitidla s malymi svételnymi zdroji neni na
misté, protoZe i ta naleznou uplatnéni. Jsou situace, kdy je
tfeba osvétlit také prostor nad horizontem, napfiklad praceli
vyznamnych objektl. Pfiloha se sice zabyva pouze
vefejnym osvétlenim, ale vpfipadé uazkych ulicek
v historickém jadru mésta mulze svitidlo soucéasné
osvétlovat fasadu i komunikaci. Ani ¢eSti environmentalisté
nepozadovali clonéni u svitidel s malym svételnym tokem —
byla vzata na milost svitidla, ktera: ,,...obsahuji jen svételné
zdroje, jejichz svételny tok neprfekracduje 1500 lumend,
pokud souhrnny tok ze svitidel umisténych v libovolné
oblasti o poloméru dva metry neprekro¢i smérem nahoru
hodnotu 2250 lumend“. Nezbyva, nez oddélit osvétleni
komunikace od osvétleni objektl. Pak je pfipustné cokoliv.

V Nafizeni se Ize déle docist: ,V oblastech, kde hrozi
svételné znecisténi, neni maximalni podil svétla
dosahujictho nad horizont u vSech silniénich tfid a
svételnych vykonu vysSi nez 1 %.“ Predpis je preloZen
trochu kostrbaté a pouZziva ,zazitou" terminologii; mozna se
dopustil prekladatel chyby. Ale podstatnéjsi je to, Ze jde
opét o zcela nejasné prohlasSeni, které bude zdrojem svaru.
V principu ,svételné znecisténi* hrozi vSude. Autofi patrné
mysleli pfipady, kdy by nezadouci svétlo ohrozovalo
néjakou ¢innost (astronomicka pozorovani) nebo prostredi
(pfirodni rezervace se svétloplachou faunou). Stastn&jsi
formulace by asi byla: ,V oblastech, kde je Zadouci omezit
rusivé svétlo, neni maximalni podil svétla vyzafeného nad
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Ani tento poZadavek nebrani pouziti kvalitnich svitidel
pro osvétlovani komunikaci, protoze ta podmince vyhovuji
(Obr. 1). Pfitom minimalni mnozstvi svétla pfimo
smeérovaného do horniho poloprostoru je bohaté vyvazeno
lepSi distribuci svétla, coz v disledku znamena snizeni
celkového pfikonu i vyzareného svétla ze svitidel oproti
varianté s ,ekologickymi* svitidly s plochym sklem, tedy
svitidly sviticimi jen do dolniho poloprostoru (a aktivisty
ddrazné pozadovana).

Velmi dulezité je dalSi sdéleni nafizeni, které se
objevuje dokonce i s korektnim oznacenim ,rusivé svétlo“.
Zni takto: ,Svitidla jsou konstruovana tak, aby bylo v
maximalni mozné mife zabranéno vyzafovani ruSivého
svétla. Jakékoli vylepSeni svitidla, jehoz cilem je vyzafovani
ruSivého svétla snizit, vSak nesmi byt na Ukor celkové
energetické Ucinnosti zarizeni, pro néz je uréeno.”

Jak bylo vtomto textu zminéno, svitidla s plochym
sklem maji ,nizSi celkovou energetickou uc¢innost zafizeni*.
Je jich zapotfebi v osvétlovaci soustavé obvykle vic, nebo
musi byt svySSim pfikonem (svételnym tokem), nez
v pfipadé pouziti svitidel s klasickou vypouklou misou.
Porovnaval jsem cca 3 000 svitidel v obou variantach. Ve
vSech pfipadech bylo  klasické" svitidlo energeticky

G¢innéjSi. Jedna z dvojic je na obr. 2. Svitidlo s plochym
sklem ma Gc¢innost 65,5%; ,neekologické” 78,3. To druhé
vyzafuje do horniho poloprostoru pfimo ULOR = 0,4%
svételného toku zdroje (nebo ULR = 0,5% svételného toku
vyzareného svitidlem). Ze to druhé je velmi pravdépodobné
skute¢né ekologické, byt ma ,bachraty” kryt, je zfejmé jiz
z porovnani uvedenych ¢isel.

Obr. 2. Svitidlo ,ekologické” (vlevo) a ,klasické” (vpravo)

Pozadavek Nafizeni je tedy prekvapivym vitézstvim
rozumu nad tlaky pseudoekologl. Ono prohlaSeni totiz
znamena, Ze nejsou zadouci Upravy, které by sice u
jednotlivych svitidel snizili vyzafovani nezadouciho svétla,
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avSak soucasné zhorSily G¢innost (Iépe by bylo Cdinitel
vyuziti) t&chto svitidel.

Pouzivani svitidel s plochym sklem je tedy v rozporu
s Nafizenim. Zel, cela pasaZ vénovana vlastnostem svitidel
je jen informativni. Ale ukazuje kam by mélo sméfovat
rozumné feSeni omezujici nezadouci ucinky svétla.

Ekologie osv étlovani v mediich

Mluvit o ,svételném znecisténi“ je stejné maddni jako
alarmistické hovory o klimatickych zménach. V poslednich
letech se Sifi neuvéfitelné mnoZstvi ¢lankd a televiznich &i
rozhlasovych pofadll o tom, Ze svétlo zpUsobuje rakovinu,
obezitu, infarkty, mozkové pfihody.

Ma to svoiji pfiginu. Ta se jmenuje El Alamo.

El Alamo je metoda pouzivana ekologickymi aktivisty na
celém svété. Nejen témi bojujicimi za temné nebe, ale ve
vSech ,ekologickych” oblastech. Vychazi z pfibéhu, ktery se
odehral v texaské pevnosti El Alamo ve &tyficatych létech
19. stoleti. Tam hrstka vojak( vzdorovala presile. Aby
oklamala Utoéniky, tak kazdy z bojovnikl ménil neustale
svoji pozici a stfilel z riznych mist. Navenek to pasobilo tak,
Ze obrancu je mnohem vice nez ve skute¢nosti bylo.

Obranci ElI Alamo presile podlehli, ale jejich taktika
v ekologicko-aktivistickém kabatku nejednou oklamala
verejnost. Aktivisté po dohodé prebiraji texty jediného
autora — nebo nékolika mala. Materialy vydavaji za sva dila.
Navenek to plsobi tak, Ze ,odbornikd” je mnohem vice nez
jich ve skute¢nosti je. Vzbuzuje to dojem, Ze o néjakém
problému hovofi jednotné velké mnozstvi ,odbornik{“.
Skuteéné odborniky pak oznadéuji za nekvalifikované,
neznalé. Kdyz to nestaci, tak za podplacené (v nasem
pfipadé svétlarskou lobby).

Obr. 3. Pevnost El Alamo

A média? Redaktofi nepfizvou do ,ekologickych” diskusi
oponenty z fad skute€¢nych znalcu dané problematiky. Na
verejnopravni televizi jsou k vidéni ,vyvazené" porady, kdy
pozvany astronom diskutuje s hvézdarem a v pfimém
prenosu jim sekunduje astrofyzik. Pfitom vSichni zasvécené
hovofi o medicing, biologii, svételné technice... Néjak se
v tom ,zapomin&“ na to, Ze by bylo dobré se poptat Iékafe,
biologa, svételného technika...

Ma to svoji pfiCinu. Ta se jmenuje vySe nakladu,
sledovanost.

Odbornici nejsou zadouci, mohli by posluchace
presvédgit o tom, Ze skutecnost je jina, dokonce neni ani
katastroficka. A koho by to zajimalo? V disledku by klesl
naklad novin, ¢asopisu, sledovanost pofadu... to vSak
znamena mensi mnozstvi inzerentd, niZsi pfijmy tiskovych
magnatl a nasledné nizsi platy redaktord. Tak pro¢ psat o
vécech korektné&? Zadny prospéch z toho neplyne.
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Kdyz se zazrakem povede dojit ke korektnimu ¢&lanku,
ktery se nehoni za senzaci, tak z ného dokadze zruény
Lhovinar (skute¢ni novinafi jsou také na vymfeni) udélat
bulvar. Marna je autorizace textu. Dodateénym vloZenim
podtitulku nebo grafickymi Gpravami se zcela zméni smysl
pronasenych vét.

Jen vzacné je dopfano sluchu kacifim ztabora
svételnych technikll. KdyZz pominu medialné zajimava
obdobi po schvéaleni Zakona o ovzdusi vroce 2002 a
vypinani Liberecka v roce 2009, tak jim bylo naslouchano
jen mizivé. Jednou za rok, za dva. Pfitom nékteré z
rozhovor( byly dodateéné ,pretvofeny” jiz popsanym
LZruénym“ zasahem redaktora.
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Uspory energie ve vazb & na EN 15232:2007

Abstract. Evropskd norma EN 15232:2007 cleni budovy do Ctyr trid, v zdvislosti na jejich energetické efektivité. Z toho ovSem nutné vyplyvd nezbytnd minimdlini

V referdtu jsou uvedeny funkcni oblasti majici vyznamny vliv na spotfebu energie a poZadavky na zpusoby jejich ovidddni a ndsledné i na vybaveni fidicimi systémy
takovymi, aby tuto spotiebu bylo mozné optimalizovat, tedy aby byla vyloucena zbytecnd spotreba energie.

Keywords: Uspory energie v budovéach, tfidy budov, vazby pFi fizeni funkci budov, smart grid.

1 Uvod
Chceme stavét komeréni nebo polyfunkéni objekt,

budovu statni spravy, zdravotnicky nebo Skolsky objekt atd.

a nevime, jakou instalaci ma byt naSe stavba vybavena.
Uvédomujeme si, Ze budova musi byt dostate¢né
zabezpecena proti nadmérnym tepelnym ztratam. AvSak
malokdy bereme v Uvahu mnohdy az neuvéfitelné vysoky
potencial Uspor provoznich nakladl v objektu vybaveném
systémovou instalaci, ve srovnani s objektem se shodnymi
funkénimi oblastmi, ale systémové nepropojenymi.

Dlouhodobymi testy bylo zjiSténo, Ze objekt piné
vybaveny potfebnym technologickym vybavenim, se
systémove vytvorenymi vazbami pro jejich Fizeni, ma
v primeéru o 40% nizSi spotfebu energie, nez shodné
vybaveny objekt, avSak bez zminénych systémovych
vazeb.

K rozhodovani o vyuzitém feSeni budovy mame
nyni vyznamného pomocnika — evropskou normu
EN15232:2007 [1], které& tfidi objekty do &ty kategorii,
podle energetické naro¢nosti. Chceme-li tedy provozovat
energeticky co nejuaspornéjsi objekt, bezpodmine¢né musi
byt vybaven vSemi prostfedky, které se podili na snizovani
energetické naro¢nosti. Pfitom jejich fizeni musi byt
zaloZeno na vzdjemné koordinaci jednotlivych ¢innosti.

2 Co pfFinaSi evropska norma

Na zakladé CE direktivy 2002/91/EG byla
v technickém vyboru TC247 evropské normalizace CEN
vypracovana zminéna norma. Vysledkem téchto praci byla
kategorizace budov s roz¢lenénim do Ctyr tfid (A az D),
v zavislosti na funkcionalité v nich pouzitych
automatiza¢nich systému, pouzitych pro fizeni téch funkci
budov, které svym zpusobem ¢&innosti mohou vyznamné
ovliviiovat jejich celkovou energetickou naro€nost.

Trida A: Vysoce efektivni automatizace provozu mistnosti
se vzaj & spolupi jicimi aplikaénimi oblastmi

Tida B: Optimalizovana ieseni pro kazdy tkol s
¢astecnou spolupraci mezi aplikaénimi oblastmi

Trida C: Standardni automatizace provozu mistnosti

Tiida D: Bez automatizace provozu mistnosti,
energeticky neefektivni

A
B
Obr. 1: Ttidy budov podle energetické naro¢nosti

Souhrnné pozadavky na objekty jednotlivych
energetickych tfid podle EN15232:2007 jsou uvedeny na
obrazku 1. Pfiklady vybaveni fidicimi systémy funkci [4],
majicich podstatny vliv na spotfebu energie, véetné
pozadavkul na jejich vzajemnou spolupraci, Ize nalézt
v tabulce 1.
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Za jednoznacéné energeticky nejuspornéjsi Ize tedy
povazovat budovy, které jsou vybaveny vSemi funkcemi,
s jejich provazanym fizenim odpovidajicim poZzadavkim pro
tfidu A. A Uspory budou jesté vysSi, bude-li budova
vybavena zdvojenou fasadou. llustra¢ni fotografie takovéto
budovy je na obrazku 2. Zaluzie umist&né v prostoru mezi
fasadami zajisti za vSech okolnosti potfebné stinéni, navic i
s vazbami na Fizeni spotfeby tepla. Pfitom mohou byt
pouZity Zaluzie méné robustni, tedy levnéjsi. Neni totiz
nutna jejich ochrana pred Gginky nepfiznivych
povétrnostnich vlivll (ochrana pred silnym vétrem apod.).
Kromé toho, odpadni teplo hromadici se v prostoru mezi
fasadami, tedy teplo vyzarované z budovy a také sluneéni
teplo odrazené od lamel zaluzii, Ize vyuzivat napf. k ohfevu
uzitkové vody a dale tak zvySit energetickou efektivitu
budovy.

Obr. 2: Budova s celosklenénou zdvojenou fasadou (Print
Akademie Heidelberg)
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Tabulka 1 : Vybavenost budov podle zafazeni do energetickych tfid

Ttida objektu Zakladni pozadavky na vybavenost

Minimalni vybavenost diléimi systémy

Vysoce efektivni automatizace provozu
A mistnosti se vzajemné spolupracujicimi

funkénimi oblastmi

Provéazané individualni fizeni teploty v mistnostech

Vazba fizeni teploty v mistnostech na pfitomnost

Zavislé fizeni zdroju tepla a teploty pratokového
média

Rizeni na stalou osvétlenost s vazbou na denni
svétlo

Rizeni osvétleni ve vazbé na pfitomnost

Elektricky ovladané stinéni venkovnimi zaluziemi

Rizeni Zaluzii a osvétleni ve vazbé na topent,

klimatizaci a ventilaci

Optimalizované feSeni pro kazdou
B funkéni oblast s ¢aste€nym provazanim

diléich systéma

Individualni fizeni teploty v mistnostech

Rizeni zdroja tepla a teploty pratokového média
podle venkovni teploty

Rizeni osvétleni ve vazbé na pfitomnost

Elektricky ovladané stinéni venkovnimi zaluziemi

Rizeni Zaluzii a osvétleni ve vazbé na topent,

klimatizaci a ventilaci

C Standardni automatizace funkci

v mistnostech

Centralni fizeni teploty v mistnostech

Rizeni zdrojt tepla a teploty pritokového média
podle venkovni teploty

Manuélné spinané a stmivané osveétleni

Manualné ovladané Zaluziové elektrické pohony
s centralni funkci svinuti

Jednoduchéa automaticka ochrana proti oslnéni

primym slune€nim svétlem

Bez automatizace fizeni funkci
D Vv mistnostech

Energeticky nelsporné

Vytapéni bez regulace
Pevné nastavena teplota pratokového média
Manualné ovladané osvétleni

PFipadné elektricky ovliadané stinici prostredky

pouze s manuélnim ovladdanim

3 Priklady p finos G vzajemnych vazeb p fFi Fizeni rtznych
funk €nich oblasti

K vyraznym Usporam energie na osvétlovani
dospéjeme, pokud namisto manualniho fizeni vyuzijeme
automatickou regulaci na stalou osvétlenost, nejlépe
s vazbou na pfitomnost osob ve sledovaném prostoru.

OvSem jiz pouhou vymeénou dosud v hojné mife
pouzivanych klasickych pfedfadnikud (tlumivek)
v zéfivkovych svitidlech a jejich nahrazenim predfadniky
elektronickymi (pro regulaci na stalou osvétlenost vSak ve
verzi umoznujici stmivani), dosdhneme energetickych
uspor kolem 30%. Nejméné tak velka je totiz energeticka
ztrata na zminénych tlumivkach, poéitana z celkového
pfikonu svitidel a ménici se v teplo. Proto také v nékterych
objektech, uvedenych do provozu prfed deseti a vice lety, jiz
probéhla potfebna obnova svitidel. NapF. ve velkém
supermarketu s celotydennim provozem, v dobé od 7:00h
do 22:00h, bylo dosazeno velmi kratké navratnosti investic
vynaloZzenych na naznacenou vymeénu predfadnikd.
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Usporami energie se vynaloZené naklady uhradily za méné
nez 4 mésice.

DalSich az asi 40% energie na osvétlovani Ize
uSetfit regulaci na stalou osvétlenost s vazbou na pfirozené
venkovni osvétleni. OvSem vazba na pfitomnost mize
pfinést jesté dalSi Uspory. Budeme vychazet z chovani
primérného Evropana pfi ovladani osvétleni v komerénich
a podobnych objektech. Takovato osoba pfi pfichodu do
zaméstnani, na zac¢atku pracovni doby, obvykle uvede do
provozu svitidla ve své kancelafi, aniz by brala do Gvahy
okamzité podminky dané intenzitou pfirozeného
venkovniho osvétleni. Jedna-li se pouze o manualné
spinané osvétleni, v mistnosti se sviti ¢asto po cely den na
plny vykon. Nékdy se stava, Ze pfi odchodu ani nebudou
svitidla vypnuta a osvétleni zGstane v ¢innosti po celou
nasledujici noc nebo dokonce po cely vikend.

Budou-li vSak prostory vybaveny vazbou na
pritomnost osob, osvétleni bude v ¢innosti pouze po dobu,
po kterou je nékdo v regulované mistnosti. Takto Ize i
v prostorach s regulaci na stalou osvétlenost dosahnout
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pfidavnych Uspor energie na osvétlovani az kolem 10%.
PouZzité ovladaci prvky pfitom dovoli uzivatelskou zménu
nastaveni Urovné intenzity vnitfniho osvétleni. Ve své
mistnosti si tak osazenstvo mdZe upravit zakladni nastaveni
podle svych potfeb.

Snad nejvyznamnéjSiho pfinosu se dosahuje
automatickym rezimem fizeni provozu lamelovych zaluzii
ve vazbé na hospodafreni s teplem. V zavislosti na
sluneénim svitu jsou lamely zaluzii nataéeny automaticky
tak, aby maximum slune¢niho tepla bylo odrazeno do
vnitiniho prostoru pfi spolupraci s topenim a do venkovniho
prostoru pfi spolupraci s chlazenim. Lamely se pfitom
nataci tak, aby sluneéni svétlo nezplsobilo osInéni osob
uvnitf objektu. Takovéto vyuziti bezplatné energie ze
slunec¢niho zareni pfinasi az 14% Usporu nakupované
tepelné energie pro vytapéni a dokonce az 30% Uspor pfi
spolupraci s chlazenim.

To ovSem neni vSechno. Je mozné uSetfit jesté
dalSich az 8% tepelné energie, kdyz Fizeni jeji spotfeby
propojime i se sledovanim pfitomnosti osob.

Pokud neni zajiSténa vazba na pfitomnost, je
spotfeba tepla fizena pouze na zakladé ¢asovych
programd. To znamena, ze pred zaCatkem pracovni doby
bude teplota ve vSech regulaénich smyckach nastavena na
komfortni hodnotu (napf. 22<C pro topeni nebo 25T pro
chlazeni), po skonéeni pracovni doby nejdfive na
pohotovostni teplotu (napf. 19C/28<C) a pozd &ji na no¢ni
Uspornou hodnotu (17°C/31<C). Ve dnech pracovniho vo Ina
bude regulace probihat celodenné na hodnoty stanovené
pro Usporny nocni provoz.

Podle prazkumu, uskute¢néného pred nékolika
lety, az 30% kancelafi je v pracovni dobé neobsazenych, at
jiz z davodu pracovnich cest, dovolenych, nemoci a
z dalSich pfi¢in. To znamena, Ze po celou pracovni dobu
jsou i zcela neobsazené mistnosti zbyteéné
vytapény/chlazeny na komfortni teplotu a dochazi
k neodiivodnéné nadmérné spotfebé tepelné energie.
Budou-li vSak mistnosti vybaveny i snimaci pfitomnosti,
¢asovym programem mohou byt vSechny sledované
prostory uvadény pouze do pohotovostniho rezimu (v
naSem pfikladé 19C/28<C). Snima &e pfitomnosti, ihned po
pfichodu osob, zajisti pfepnuti na komfortni rezim
(22C/25<C). Aby nedochéazelo ke zbyte ¢nému pFepinani
mezi komfortnim a pohotovostnim rezimem pfi
kratkodobych odchodech z kancelafe béhem pracovni
doby, muze byt parametricky nastaveno ¢asové zpozdéni
pro prepnuti do pohotovostniho rezimu (napf. 30 minut).

V objektech, v nichz je ventilace zajiSténa
oteviranim oken, je potfebné zabranit zbyte¢nému plytvani
tepelnou energii zablokovanim ¢innosti vytapéni/chlazeni
po celou dobu vétrani. U&elem tohoto opatfeni je také to,
aby okna nebyla dlouhodobé, nékdy i celodenné oteviena.
Zablokovanim ¢innosti zdrojl tepla v mistnosti s otevienymi
okny se zabrani tomu, aby do nich bylo sou¢asné v az
extrémnim mnozstvi dodavano teplo, nasledné vypousténé
okny do venkovniho prostoru. Pro zajisténi dobré tepelné
pohody tedy vétrani bude muset byt pouze kratkodobé,
avSak intenzivni.

K zajisténi naznaceného blokovani postaci okna
vybavit jazy¢kovymi magnetickymi kontakty, pfipojenymi
k binarnim vstuplm. Bude tomu tak v pfipadé, Ze okenni
kontakty nejsou soucasti systému zabezpeceni. Budou tedy
zapojeny k pfivodnim svorkam binarnich vstupt.

Pokud tyto kontakty budou souéasti plastové
ochrany objektu, bude vhodné vyuzit vzdy jednu z6nu pro
vSechna okna v jedné mistnosti. O stavu z6ny potom budou
predavany informace na sbérnici fidiciho systému
prostfednictvim bezpotencialového kontaktu, pfipojeného
ke vhodnému binarnimu vstupu.
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Nejen vSechny funkce, jimiz maji byt vybaveny
objekty energetickych tfid A i B, ale i mnohé dalsi funkce,
jakymi jsou zabezpecovaci systémy, pozZarni systémy,
audio a video soustavy a mnohé dalSi funkéni oblasti, I1ze
jednodus$e ovladat spoleénym, mezinarodné
normalizovanym systémem KNX [2].

KNX systém, zaloZeny na vzajemné komunikaci
pristrojl, pfipojenych ke spole¢né shérnici, tvorené
kroucenym stinénym dvouvodi¢em nebo silovym vedenim
anebo také bezdratovym prenosem, je jedinym celosvétové
normalizovanym systémem podle souboru evropskych
norem EN 50090 a celosvétovych norem ISO/IEC 14543.
Systém je decentralizovany (jeho kazdy uc¢astnik je
vybaven fidicim mikroprocesorem a pamétmi, v nichz je
nainstalovan jemu pfislusny aplika¢ni program. Principialné
Ize fici, Ze po sbérnici (bus) mezi sebou komunikuji
snimace (sensors) a akéni €leny (actuators). Pfitom Udaje
ziskavané nebo mérené jednim snima¢em mohou slouzit
celé Ffadé Gcelt — neni potfebné vyuzivat nékolik snimaca
obdobného typu pro fizeni nékolika funkci. PFikladem je
snimag¢ pfitomnosti, ktery bude zajiStovat spinani osvétleni
v mistnosti na zakladé pfitomnosti osob, ve stejné
zavislosti, avSak s jinymi parametry bude odesilat pfikazy
k pfepinani rezima (mode) topeni a chlazeni. Kromé toho
bude pfedavat i informace o pfitomnosti osob pro ucely
evidence nebo pro zabezpedeni objektu. Provazani celé
fady funkénich oblasti do spole¢ného systému vyrazné
zjednodusuje a ve svych dlsledcich i snizuje naklady na
pofizeni i provoz naro¢ného technického vybaveni
modernich budov. MiZeme uvést dalSi pfiklad: v rodinném
domé, pfi aktivaci elektronického systému zabezpeceni,
bude automaticky vydan pfikaz k vypnuti vSech svitidel,
ktera jsme napfiklad opomenutim ponechali rozsvicena,

k vypnuti vybranych zasuvkovych okruh(, k pfepnuti
systému vytapéni do Usporného rezimu, k nastaveni zZaluzii
do prfedem uréené polohy. MiiZe byt také aktivovan
program pro nepfitomnost, tedy spinani funkci, které pro
vnéjsiho pozorovatele znamenaji pfitomnost osob

v objektu. Systém KNX prosté umozriuje uzivateli co
nejjednodussi ovladani vSech funkci se zabezpecenim
optimalniho vyuzivani energie, se zamezenim jeji spotfeby
tam, kde to pravé neni zapotfebi. UmoZzriuje i centralni
prehled o stavu vSech funkci v objektu, s moznosti jejich
ovladani a servisu i prostfednictvim vzdalenych pfistupt —
napf. internetem.

4 Souéasny stavv Ceské republice

BohuZzel, podstatna ¢ast dosud realizovanych
komer¢nich objektd, byt po architektonické strance mnohdy
velice dobfe zpracovanych, byla realizovana sice s fidicimi
systémy pro ovladani jednotlivych funkénich oblasti, avSak
bez moznosti jejich vzajemné spoluprace. Kazdy z téchto
fidicich systému byl projektovan a dodavan zcela nezavisle
na ostatnich systémech, takze mnohdy i ovladaci prvky
k nim jsou ve spole¢nych prostorech v rliznych designech,
odliSnych i od vytvarného FeSeni krytd silovych a
sdélovacich zasuvek. Mnohaleté zkuSenosti ukazuji, Zze jen
velice pozvolna se rozSifuje pocet developer(, ktefi dbaji
také na energetickou efektivitu jimi dodavanych staveb.

Podle toho také mizeme sledovat, ze vétSinu
téchto staveb bychom mohli zafadit nejvySe do tfidy C, ale
jelikoz jen zfidkakdy jsou vybavovany venkovnimi
lamelovymi zaluziemi, které jsou schopny uréitym
zplsobem snizit energetickou naro¢nost budov, bude se
spiSe jednat o objekty zafaditelné az do tfidy D.
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Obr. 3: Energeticky Gsporna budova Ceské pojistovny v Praze

Ov3em nesmime opomenout, Ze i v Ceské
republice existuji investofi, ktefi skute¢né dbaji na Uspory
energie a jejichz objekty Ize bez jakychkoliv diskusi zaradit
do tfidy A. Za v&echny si pfipomefime objekt Ceské
pojistovny v Praze [3], jehoz vnéjSi vzhled je na obrazku 3.
Vycislené Uspory energie, oproti pouziti vzajemné
nespolupracujicich systémda, jsou kolem 60%. Tento
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komplex budov byl proto nominovan v mezinarodni soutézi
KNX Award 2010 jako stavba energeticky Usporna.

5 Zavér

Z naznacenych pfiklad( vyplyva, ze s KNX systémovou
instalaci Ize skute¢né dosahnout az neuvéfitelné vysokého
snizeni spotfeby energie v objektu, ve srovnani s klasickou,
funkéné shodné vybavenou instalaci.
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Using digital photos for quality assessment of vari
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able traffic
signs

Abstract. This paper deals with properties of specialized measuring instrument for assessment of quality of variable traffic sign panels. The device is
based on analysis of luminance of single light points of the traffic sign matrix. Because the number of these points can grow into thousands, the
visual analysis of extremely bright pixels is practically impossible. This device is able to evaluate number of statistic values and to provide very
objective data for the panel producer about the whole quality of panel settings and therefore it enables eventual compensation of single sources

excitation.

Keywords: Variable Traffic Sign, Luminance meter, Digital Photography.

Introduction

In the year 2011 there was developed and produced in
two pieces prototype series new type of measuring device
for assessment of quality of variable traffic signs. The
device is based on analysis of digital photograph and it
evaluates the Iluminance and RGB coordinates of
processed signals from the matrix of light emitting diodes
that form the traffic sign. In the real operation it is quite
difficult to ensure appropriate luminance and its uniform
distribution in the whole field of sign and the visual
conditions for the employees are hard at this type of work.
The produced device performs the analysis objectively and
performs the complex statistics over all lighting points. From
acquired data it is possible to localize the points that do not
achieve required parameters and they have to be revised.
Digital photograph brings in this case another application
that corresponds with lighting technology, however not
directly with general lighting. Still, while working on this
project, there was achieved new knowledge, which can be
used in lighting technology, e.g. at evaluation of extreme
luminance from point sources like LED or HID.

Motivation

Motivation for creation of the device can be
demonstrated in following figure. There are presented cuts
of two types of panels that were used at the testing of
device function. The left picture shows the panel with 64x80
pixels, each of them is formed with LED of white and red,
eventually orange colour (only white channel was on). The
right picture shows the panel of 48x48 pixels, each of them
is formed with 3 LEDs of basic colours RGB (Red, Green,
Blue).
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 EEENENEENENEN] EFaY TIETVY
Figure 1. Cuts of images of sign panels

Sequential measurement of these panels with 10240,
eventually 6912 LEDs with conventional instruments would
be very long, but also very difficult for the staff that would
perform the measurement, because it would be necessary
to measure sequentially the luminance of each LED. When
using created measuring device the measurement takes a
time of seconds, following processing of data takes,
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depending on used computer, maximally several minutes.
The result of measurement provides the detection of
defective LEDs and also the values of absolute luminance,
eventually luminance that is related to its surroundings or to
the whole panel (to all LED sources). These values can be
consequently used for balancing the luminance of single
LEDs with electronic regulation, so the panel glows
homogeneously without visible contrast. Homogeneity of
luminance influences significantly the reception of displayed
figures.

Device components

Basic components of measuring device are the camera
with corresponding lens, set of attenuation filters and the
computer with specialized software that performs the
analysis of data acquired from camera. Other accessories
consist of tripod for stable fixture of camera, related to light
panels, set of cables and others.

Fixed lenght

e

y

VTS panel Digital camera

Control unit,
laptop with
software

Figure 2. Components of measuring device

The whole device was designed with the intention, that it
could be composed from commonly available components.
But it is necessary to keep on mind the required function
and notice the accuracy of acquired values. For image
capturing was used professional camera Nikon D90 with
Nikkor lens. Basic requirement for the camera stands
besides given optical and mechanical parameters in
possibility of capturing photos in RAW format, so we can
obtain the data directly from the sensor. This is necessary
to achieve sufficient accuracy of following processing.
During the transformation of images into standard JPEG of
PNG format, there is performed number of operations,
which practically make impossible to transfer the measured
data to corresponding luminance values. Other camera
requirement is the possibility of operating the image
capturing from the computer with available software
interface. That enables, that the operating software can set
required parameters of camera for given type of
measurement and transfer the captured image directly into
the computer. So there is not necessary the staff interaction
into the measurement process anymore.

Because of high values of light panel luminance it is
necessary to use the attenuation filters. Without them the
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images would be saturated even with maximum aperture
ratio, which would make impossible to acquire correct
luminance values. Also it is impossible to use short times of
shutter, because the panels are operated with multiplex.
With short time of shutter would be captured only some
segments of display. It is necessary, that the exposure time
has to cover minimally several complete periods of
multiplex. Two neutral filters with attenuation of 1:64 and
1:1000 are supplied with the device as accessories.

Key part of the measuring device is the software that
enables operating of camera and also the data evaluation,
its storage and output of measurement in the form of
protocol. Function of this program is described in following
chapters.

Principle of evaluation

The input of the algorithm, that performs the luminance
analysis of the displaying panel, is, as it was presented, the
image captured with the camera. Here it is necessary to
present some properties of these images. Displaying panel
is geometrically deformed in the image. Even when the
LEDs are fixed in regular matrix, their regular location in
obtained image cannot be supposed. Deformation is
caused by optical properties of the lens and also by
distance of camera from measured object. For correct
measurement the optical axis between the middle of panel
and camera should be preserved and even minimal
aberration from this axis can cause significant deformation.
In the figure 3 there is presented a visualization of result of
algorithm part that is determined for localization of light
pixels. There can be seen, that the whole matrix is rotated.
Also there can be seen perspective deformation, i.e. single
lines of rows and columns are not completely parallel.

B
Figure 3. Visualization of LED localization

At the panels with RGB elements there is necessary to
perform the evaluation of every colour element. It could be
supposed, that with using of RGB sensor it would be
captured in every colour element of the picture an image of
LED with corresponding colour. It is not so, because the
spectrum of LED does not correspond exactly with the
sensitivity of camera sensors. This phenomenon is
demonstrated in figure 4, where is on left a source image of
one point of the panel and also values of R, G, B channels
of the image. So it is necessary to perform the filtration of
values of all colour channels, so there can be correctly
recognized colours of LEDs in their current position. Similar
problem has to be solved at the panel with white, red and
orange colour. Data has to be decomposed into these
channels.

Figure 4. Diffraction of LED colours in the sensor

Light 2011, Prague, Czech Republic

Whole evaluation of the Iuminance analysis is
decomposed into three basic steps. First step is the
localization of single LED. Required output is the area in
source image, where are located LEDs (list of pixels). Other
part stands in determination of their real position in the
panel, i.e. index of row and column of current LED. As soon
as the locations of light points are known, their luminance
can be determined. For that we can use the calibration
functions, which were obtained during laboratory
measurement of used camera properties, lens and filters.
Because every single camera has its own characteristic
properties, there is necessary an individual calibration of
every device. Last step is processing of results. In the figure
5 there is a block diagram of the algorithm.

| Sign 3 Color ; LED
localization separation localization _
S ] ‘ 3
: v S
- Luminance ) o
(m— calculation Processing of results

Figure 5. Diagram of algorithm function

In the source image is at first found the area, where is
captured the image of the sign. In following steps it is not
necessary to process the parts of image without useful
data. Following block performs diffraction of colours into
colour channels that involve only values of corresponding
LED colours. Next step is the localization of LED in single
colour channels. For all pixels assigned to each LED there
is performed a transformation of values of source image
into luminance with the calibration function in the block
“Luminance calculation.” The result is one value for each
LED. These values together with real positions are
processed in last block into the form of statistics, graphs
and protocol.

Application

Measuring application is designed for easiest use as
possible with a view to repeated measurement. It has a
form of guide. The operator has to walk through all steps,
which are necessary for performing a measurement.
Measurements of each panel can be different depending on
its physical dimensions, displayed image, luminance and
other parameters. Because of that the program enables
saving of measuring setup profiles. First step of the guide is
choosing a profile followed by image capturing. Obtained
image is automatically loaded to the program and followed
by performing of analysis. In the figure 6 there is shown the
state of the application after finding single LEDs and
calculation of their luminance. Positions can be checked in
the source image that is filled in with circles around each
found LED. Values of luminance are presented in the table,
which is disposed to correspond with the disposure of the
panel. In the table there can be viewed absolute values of
luminance, or relative values related to all or just neighbor
LEDs with the same colour.

49



T TST - Traffic Sign Tester - [Analyza] FExX

TST Soubor Napovida - A%

we | cum | ow> | puevs | uem |

. nstea | scutrn | Kamentare |

@ odnota
€ Lokslnirelationi hadhata
 absolutini hodhota

Crelesi24 119 9
Criesizs 148 E
Crclesize 174 9
Crclesiz7 202 9

B
R
[ Tl
R
R
R stz s
R
R
R
R
R
%

o |n |

B I+ s [s =
1,0897994C 06, 601 89815 08, 67079431 76, 2512817 101, 760101589,
2 86,4306.286084, 2734756485, 0623016299,0914154( 67,3805 18774,
100, 07403 93, 38662556 60, 0646591195, 75624084 50, 49257655 104, 135 169595, ¥
< ]

Crelesizs 257 s

Crelesias 367 %

Figure 5. Look of the application

In the image and also in the table it is possible to
highlight extreme values of luminance. So the operator has
a quick overview about measurement results and can
eventually revise some parameters and repeat the
measurement.

Figure 6. Example of extreme values highlighting

Also there are available windows for evaluation of
values histogram and distribution of luminance in current
row and column of the light panel. With these windows the
homogeneity of luminance of whole panel or its part can be
evaluated. In figure 7 there is example of content of
histogram window, where is viewed cumulative histogram of
relative luminance values of the whole panel. Sharper this
curve, the homogeneity of the panel gets better.
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Figure 7. Histogram window

All values evaluated in the program, luminance,
histograms, and others can be exported into format, which
is usable in any table processor or other software. So it
would be possible to use the measured data e.g. for
calibration of displaying panel. Final output of the program
is the protocol involving the review of all measurement
results. Here are also presented basic statistic data for
every colour channel. On the basis of defined limits there
are listed the LEDs that do not achieve required parameters
in the protocol.
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Calibration

Calibration of the camera has several levels. It was
necessary to obtain calibration functions for all types of LED
sources, i.e. RGB, warm white and cool white LED.
Calibration involves also the properties of device from the
view of setting correct values of aperture and exposure
time, which are not completely identical with metadata of
captured image. Other part of the calibration deals with
additional filters, which enlarge the range of measurable
luminance. However the detailed description is not a goal of
this paper. Calibration process is one of the most difficult
parts of the device completion and without correct
calibration file it is impossible to assess the panels.

Conclusion

Designed and produced device was tested in real
conditions and the client uses the device at the process of
quality management of produced panels. The idea of
simplification ~of human work, objectification of
measurement results and their accurate documentation was
achieved. Within solving this project there were checked
new algorithms for digital photographs processing,
especially new approaches to evaluation of multiple local
luminance sources and their statistics. Thanks to statistical
evaluation it is easily possible to asses the quality of panel
and achieve higher quality of products, then they were
without objective checkout. The device removes key
problem of the whole assessment process, which was
subjective perception of the user and also impossibility of
high contrast processing by naked eye. Also a quantitative
volume of processed data is several times better, than by
using only human observer. Time demands are also much
lesser.
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LED Spectra and Melatonin Suppression Action Function

Abstract. In this article the effect of more than forty light sources on melatonin production is presented. As is already known, melatonin is an
extremely important hormone. Irregular cycles of melatonin concentration may also lead to various medical conditions. We found that the
monochromatic sources with light in the yellow part of the visible spectrum (low pressure sodium (SOX) and Amber LED) have the least influence on
melatonin production. The biggest established influence has LED with a high correlated colour temperature.

Keywords: Melatonin suppression, LED, Human biorhythm

Introduction

Many articles have appeared in public recently,
discussing the influence of light colour on melatonin
production and related health problems of people. In one of
these articles [1], it is written that the blue light spectrum is
the one that most effectively terminates melatonin
production in humans. Later in this article, the author refers
to the statements of the »Dark sky society« and says that
lack of melatonin during sleep increases the likelihood of
breast cancer, prostate cancer and colon cancer and
causes circadian rhythm disorders (biorhythm), which may
also be the cause for insomnia, depression, obesity and
type Il diabetes.

We decided to examine the influence of light colour, i.e.

light spectrum of specific commercial light sources on
melatonin production, since in such articles and on the
basis of the mentioned arguments, many have often written
about potentially hazardous light sources.
As a basis for determining the impact of light spectrum on
melatonin production, we took the activation curve, which is
defined by the U.S. patent U.S. 7,678,140 B2 [2]. Based on
this curve, it is possible to calculate the amount of influence
of individual light spectrum on melatonin suppression.

Background of the problem

People are so well-adjusted and accustomed to light,
that most of the time in our everyday life we do not realize
how important it is. Only when there is not enough light and
therefore we have difficulty performing different visual tasks
or orientate in relation to surroundings, we become aware
of its importance.

Human body detects more than 90% of all information
from environment through vision and that is why light is so
important to us. But light is not important to living beings
only because of the image information that it brings, but
also because of the so-called non-image effects. We
receive visual information via the receptors that have long
been known: cones and rods, our body receives non-image
information through the so-called "third receptor.”

The third photoreceptor or light-sensitive retinal ganglion
cells contain photopigment melanopsin and send
information about light through the retinohypothalamic tract
to suprachiasmatic nucleus (SCN), located in the
hypothalamus. Alternating cycles of light and darkness,
entering the mammalian body through the eye, affect the
functioning of the SCN and consequently cause the cyclic
secretion of melatonin from the pineal gland. Virtually in all
species, the levels of melatonin are high at night and low
during the daytime (Fig. 1). Therefore, this hormone is also
often called the sleep hormone.
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Fig. 1. Concentration of melatonin and cortisol in the daily cycle of
human (48 hours)

Human biorhythm is regulated by hormones. In this
respect, the most important hormones are melatonin and
cortisol. Cortisol affects many functions in our body, and it
also affects metabolism and immune function among other
things. The concentration of cortisol is highest in the
morning, when we are busiest and also under stress. This
hormone is often called the stress hormone.

Production of hormones is "synchronized" with the light
a man is exposed to every day. If the human eye does not
receive adequate amounts and the corresponding colours
of light at the appropriate moment, there might come to
biorhythm desynchronization, which is initially reflected as
insomnia, fatigue, and moodiness and later can also be
reflected as chronic illnesses.

Melatonin is a hormone characteristic of man. It is
produced in the pineal gland, which is located in the centre
of the brain, but outside the blood-brain barrier. Melatonin
participates in the cycle of sleep-awake so that it causes
drowsiness and reduced body temperature. Nevertheless,
the central nervous system (especially suprachiasmatic
nucleus) is the one that regulates the daily cycle of the
paracrine and endocrine systems.

It is known that melatonin also prevents DNA damage
caused by carcinogens in all mammals, by halting the
underlying mechanisms, which cause cancer.

The activation curve

By establishing the activation curve of melatonin, the
basis was given upon which we can determine the influence
of external factors on melatonin production and,
consequently, the circadian rhythm. The patent-protected
curve (Fig. 2) describes the impact of spectral composition
of light on reducing melatonin production. The curve has its
peak at 464 nm. In Fig. 2, the results of studies of melatonin
concentration in the exposure to eight wavelengths are
shown with full points (440 nm, 460 nm, 480 nm, 505 nm,
530 nm, 555 nm, 575 nm and 600 nm). The studies were
conducted with 72 healthy people. The estimated value for
light wavelength of 420 nm is shown with incomplete circle.
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The curve shows the best sensitivity fit of retinaldehyde
photopigments (vitamin A1), which have a maximum
spectral sensitivity at 464 nm [3]. The correlation coefficient
of this photopigment sensitivity and reduction of melatonin
production is extremely high (R2 =0.91).
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Wavelength[nm]

Fig. 2. Action spectrum for melatonin suppression

The graph shows that the sensitivity of the third
photoreceptor, which affects the functioning of the pineal
gland, is different from the spectral sensitivity of the human
eye for visual perception of surroundings (cones and rods).
The data on the impact of eight light wavelengths to inhibit
melatonin production fit very nicely to the spectral sensitivity
of vitamin Al opsin. The sensitivity of this opsin is the
largest in the range of the light spectrum of wavelengths
between 446 and 477 nm of light and with this light opsin
has the strongest circadian influence on melatonin
production. According to the obtained data we can conclude
that the newly discovered photopigment in the eye is
primarily responsible for melatonin regulation. This is why
melatonin regulation is separated from the visual (image)
perception of the surroundings with cones (the highest
sensitivity of cones is at 555 nm) and rods (maximum
sensitivity at 509 nm).

It is known that high levels of lighting (2.500 — 12.000 Ix)
[4, 5] are used for the treatment of winter depression, and
elimination of sleep disorders and circadian problems.
Although these therapeutic levels of lighting are successful,
some patients complain of side effects. The most famous
are glare, fatigue, photophobia, visual discomfort and
headache. Given the knowledge of the activation curve of
reducing melatonin production, the situation for patients
with "light therapy" could be greatly improved. Through
personalized therapeutic equipment (selection of the
appropriate wavelength), it is possible to greatly reduce the
levels of lighting, thereby increasing patient comfort.

In the same way, with the selection of appropriate light
sources and thus the spectral composition of light, other
applications may be optimized, for example architectural
and street applications. The best use of light in the external
lighting would be the one which would have emphasized
spectrum in the region, where the human eye sensitivity in
mesopic vision is the highest and truncated spectrum in the
region, where the biggest impact in reducing melatonin
production is. If we manage to produce corresponding light
sources, spurious and reflected light would not adversely
affect melatonin production and we would actually be able
to sleep in lit rooms.

Light sources in interior and exterior lighting

Various light sources are used for both indoor and
outdoor lighting devices. Fluorescent lighting is mostly used
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for interior lighting of commercial buildings. High-pressure
mercury (HP Hg) lamp was mostly used for factory halls
and sports facilities (gyms) in the past, while today metal
halogen lamps are used instead. Until recently, an ordinary
lightbulb was mainly used in households, but it is recently
being replaced by compact fluorescent lamps (CFL) and
other more efficient energy sources. When it comes to
exterior lighting in old installations, in most cases we
encounter a high pressure mercury lamp (HP Hg), but the
installations made in recent years, however, were mostly
carried out using high pressure sodium (HP Na) lamps.

Over the past few years, we can observe how light
emitting diodes (LED) are put in effect in all areas.
According to some announcements, they should solve
almost all problems with lighting in the future. First LED
appeared around 1962, but were used only for signalling,
since the radiated light flux was very small and only in the
red part of the spectrum. Only in recent years a powerful
white LED has been developed, which is also useful in
lighting devices. The development of LEDs is irrepressible
and current light efficiency under laboratory conditions is
more than encouraging. However, luminous efficiency of
LEDs, which are currently on the market in products
(lamps), already competes with the light efficiency of high-
quality fluorescent lamps. Of course, there are also LED
advantages and disadvantages. The main advantage of
LEDs is oriented light flux, which is so easily focused on the
desired area. The main weaknesses are small area of
lighting because of those high values of brightness (glare)
and inefficient cooling, which is extremely important for
maintaining light flux and life span. Today, LEDs with blue
chip are mainly used for lighting, which is coated with a
luminescent phosphor. Phosphor converts a part of radiated
blue light into a wide spectral curve with a peak in the
yellow part of the spectrum. A mixture of yellow and blue
light is detected by the human eye as white light. This is
also by far the most common way to generate white light
using LEDs. It is precisely because of the blue chip that
emits blue light in the visible part of the spectrum that LEDs
are potentially dangerous for melatonin production.

Table 1. Light sources and correlated colour temperatures

[Source [ccT [K]] Source [CCT [K] Source [CCT [K] Source [CCT [K]

[ HALO [ 2726 | LED1 | 1782 Fluo1 | 2555 CMH 1 | 3064
LED 2 | 2488 Fluo 2 | 2600 CMH 2 | 3026
LED 3 | 2770 Fluo 3 | 2640 CMH3 | 4127
LED 4 | 3060 Fluo 4 | 2645 “Xenon” | 4411
LED5 | 3062 Fluo5 | 2687 LP Na | 1760
LED 6 | 3083 Fluo6 | 2717 HP Na 1| 1924
LED 7 | 3084 Fluo7 | 2791 HP Na 2| 2090
LED 8 | 3255 Fluo 8 | 2839 HP Hg | 3693
LED9 | 3313 Fluo9 | 3765 ML 4035
LED 10 | 3776 Fluo 10 | 3906 Moon | 4629
LED 11 | 3783 Fluo 11 | 3913
LED 12 | 3834
LED 13 | 4056
LED 14 | 4075
LED 15 | 4097
LED 16 | 4593
LED 17 | 5394
LED 18 | 5501
LED 19 | 5742
LED 20 | 6240
LED 21 | 6358
LED 22 | 8768
LED 23 | 9584

To study the impact of light sources on inhibition of
melatonin production, we tried to include as many light
sources as possible. We measured the spectral content in
the visible part of the spectrum between 380 nm and 780
nm of each of these sources. We performed measurements
of a halogen lamp, twenty three light emitting diodes, eleven
fluorescent lamp, three metal halogen lamps, two high
pressure sodium (HPS) lamps, a "Xenon" car lighting
headlight, low pressure sodium lamp (LPS), a high pressure
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mercury lamp (HP Hg) and a lamp for mixed light. For
comparison, we also measured the spectrum of the moon.
All spectra were measured with spectroradiometer Jeti
specbos 1200. From the measured light spectrum for each
source, we also calculated the correlated colour
temperature (CCT - correlated colour temperature).

Light sources and correlated colour temperatures are
given in the Table 1 and shown in the Fig. 3.
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Fig. 3. Light sources and correlated colour temperatures

As can be seen in Fig. 3, the range of LED correlated
colour temperatures is very strong, as values of 1782 K up
to almost 10,000 K appear. With fluorescent lamps,
measurements were performed only on samples with
correlated colour temperatures between 3000 K and 4000
K, since these are most frequently used. With other
sources, the measured correlated colour temperatures are
between 1760 K with the low pressure sodium lamp, and up
to 4629 K with the moon.

Measured spectra

The spectrum of all light sources was measured at the
same lighting value, which was achieved by varying the
distance between the source and the sensor on the
photometric bench. In the case of the moon spectrum
measurements, the measured value was calculated to the
same lighting value as in other sources. The moon
spectrum was measured on a clear night, when the moon
was full and there were no other light sources in the
surrounding area.
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Fig 4. Measured spectra of some light emitting diodes
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Some light sources spectra are shown in Fig. 4 - 6. The
spectral content of halogen lamps and the activation curve
for inhibiting melatonin production are also shown in all
figures for comparison.
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Calculation of light source influence on inhibition of
melatonin production

For each measured spectrum we have used the
activation curve to calculate the activation dose. This
means, that we have multiplied the measured value for
each of the wavelengths in the spectrum of the source by
the value of the activation curve relative to the same
wavelength.
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This is how we got the modified spectra. Some are shown
in Fig. 7 - 9. The modified spectrum of halogen lamps and
the activation curve for inhibiting melatonin production are
also shown in all figures for comparison.

In order to determine the impact of each light source or

its spectrum on inhibition of melatonin production, it is
necessary to calculate the activation dose, which
represents the integral of the modified spectrum over the
entire field of visible light (380 nm - 780 nm), i.e. the surface
image of the modified spectrum.
To facilitate comparison, we linked the size of activation
dose relative to activation dose of halogen lamps. Thus, the
halogen bulb has 100% size of activation dose, and the
doses of other light sources are properly calculated. The
results of this analysis are shown in the table 2 and in the
figure 12. Among all light sources, two stand out, which
have very small activation dose, which is not surprising. In
fact, we expected that the monochromatic sources of light in
the yellow part of the visible spectrum (LP Sodium lamp and
Amber LED lamp) had very little impact on melatonin
production. Measurements only confirmed that the impact of
these two sources on melatonin production is negligible and
in fact correspond ideally to the wishes we wrote at the end
of the third chapter. It was also expected that HPS lamps to
have little impact on melatonin production. The
measurements lived up to this expectation as well, for the
impact of these lamps is about 5 times lower than the
impact of the halogen bulb.
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Table 2. Relative influence of individual light sources on inhibition
of melatonin production

Source Inﬂl[:)/ea?ce Source Inﬂti/eo?oe Source Inﬂti/eo?oe Source Inﬂl[iz?ce

HALO 100 LED 1 0.7 Fluo 1 61,8 MH 1 106,2
LED 2 48.6 Fluo 2 72,5 MH 2 101,4
LED 3 87.3 Fluo 3 78,3 MH 3 183,4
LED4 | 102.7 Fluo 4 74,7 Xenon | 1775
LED5 | 107.8 Fluo 5 75,3 LP Na 15
LED 6 109.3 Fluo 6 80,7 HPNal| 20,6
LED 7 110.0 Fluo 7 80,9 HPNa2| 31,1
LED 8 113.7 Fluo 8 91,2 HP Hg 133,8
LED9 | 1275 Fluo9 | 149,0 ML 124,0
LED 10 | 96.7 Fluo 10 | 141,0 Moon 182,9
LED11 | 94.7 Fluo11 | 139,6
LED 12 | 102.7
LED 13 | 162.7
LED 14 | 149.6
LED 15 | 163.0
LED 16 | 174.3
LED 17 | 184.9
LED 18 | 1915
LED 19 | 216.5
LED 20 | 253.4
LED 21 | 236.7
LED 22 | 292.4
LED 23 | 333.7
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Fig. 9: the relative influence of individual light sources on inhibition
of melatonin production

From the graph in Fig. 10 we can see that the impact on
inhibition of melatonin production almost linearly increases
by increasing the CCT and for all types of light sources (Fig.
10). The monochromatic source (LPS and Amber LED)
have the least impact, while the LED with the highest CCT
has the biggest impact (9584 K). What is also interesting is
the fact that all fluorescent lamps marked X30 (530, 830 or
930) have less impact on melatonin production than a
halogen bulb.
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Fig. 10. Relative impact on the inhibition of melatonin production by
comparison with correlated colour temperatures

Conclusion

In this study we found that the light sources, which have
a low impact on melatonin production, but still emit light in
the part of the spectrum that corresponds to mesopic vision,
exist. However, we must not forget that both these sources
are practically monochromatic and do not allow for colour
detection of surroundings. Amber LED as well as LPS lamp
has the top of the spectrum at 590 nm, i.e. outside the
activation range of vitamin A1 Opsin. The sensitivity of this
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one at the wavelengths above 550 nm is less than 5% of
the maximum value at 464 nm. LEDs which have
emphasized blue spectrum or have little luminescent
phosphor inhibit melatonin production the most. The blue
LED, which is the basis for most modern white LEDs, has
the tip of the spectrum between 450 and 460 nm, i.e. just in
the area of maximum spectral sensitivity of vitamin Al
Opsin. Therefore, such diodes have up to 300% greater
negative impact on melatonin production than a halogen
lamp. If we compare the LP Na lamp and the LED lamp with
the correlated colour temperature of 9584 K, we would find
that the LED lamp has even 225 times greater effect on
inhibition of melatonin secretion.
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How Energy Efficient is Road Lighting Practice in Slovenia

Abstract. Road lighting practice is different from country to country. In some countries like in Slovenia not only the standards like EN 13201 form the
base for Road lighting design but also some other legislation. To protect the living premises from the light trespassing, to reduce the energy used for
outdoor lighting and also to limit the influence of the outdoor lighting installations on environment protecting so the nocturnal animals and dark sky
the Slovenian Government adopted a Decree on Limit Values due to Light Pollution of Environment. The Decree, which was adopted in 2007, sets
rather high limits not only on protection of environment but also on energy consumption for road lighting. In contrary to the standards which are only
recommended the Decree is compulsory. To be able to evaluate the needed changes in road lighting practice first the current state of road lighting
installations were checked. As it is described in paper, the state of the road lighting in Slovenia is not very good. For example: still a lot of high
pressure mercury lamps with high nominal power are in use. To be able to evaluate the possible energy savings and to estimate how rigorous the
limits set by the Decree are, many different studies and test installations were made. The results, which will be presented in a paper show, that with
the use of the practice based on the European standards and with the use of state of the art luminaires and light sources significant savings - more

than 30 % - can be achieved.

Keywords: Road Lighting, Energy Efficiency

Introduction

The purpose of road lighting is to make people, vehicles
and objects on the road visible without causing discomfort
to the driver. Around 30% of the all the road accidents occur
during the dark hours. Further, the accident risk is around
1.5 ... 3 times greater during the night than during the day
time. However, the traffic during the dark hours is around
30% of the daily traffic. Generally, road lighting reduces the
accidents by approximately 30% [1]. On the other hand,
road lighting is also a large consumer of electrical energy.
According to available data around 1.3% of the total
produced electrical energy is used for road lighting in
European Union (EU) [2]. To reduce the energy use in
lighting, the European Parliament and the European
Commission adopted different Directives and Commission
Regulations in this field. For the similar reason the Decree
on Limit Values due to Light Pollution of Environment [15]
was adopted in Slovenia.

According to the Slovenian regulations for road planning
[3], [4] the road lighting needs to be installed on roads in
settlements (urban areas), on brunches and crossroads of
major roads outside the settlements, on bus stops, on
pedestrian crossings and on sidewalks near them, on gas
stations, rest areas and parking lots. The main purpose of
the lighting is to assure traffic safety for the road users as
well as to decrease the crime rate in residential areas.

The total length of roads in Slovenia is 38.500 km, of
which 4800 km are state owned and the rest belongs to
municipalities. The length of the illuminated roads is not
known but it is estimated that there are approximately
200.000 road lighting luminaires installed in Slovenia. The
road lighting outside the settlements is in competence of
State (Slovenian Road Agency) and for the one in the urban
areas the Municipalities needs to take care of. That includes
also the financing of maintenance and energy costs. After
the independence of Slovenia in 1991, a large number of
new and rather small municipalities were established. As
their budget is not very high and there are a lot of problems
they need to take care of, the road lighting was mostly put
behind. The installations in city municipalities are newer but
in many rural municipalities very old installations with high
pressure mercury lamps are not only still in use, but also
represent the majority. Consequently, the average energy
use for road lighting in Slovenia is rather high. According to
data collected in 2008 [5], the annual electrical energy for
lighting the roads is 165.2 GWh or more than 84 kWh per
capita. Taking into account that average CO, emission for
production of electrical energy in Slovenia is 530 g
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CO2/kWh [6], the contribution of road lighting to the green
house emissions is 87 600 tons of CO..

Recommendations, laws and practices for road lighting
design

Road lighting design, practices and recommendations
vary in detail from one country to another. Road lighting
design, calculations and measurements in Europe are
based on technical report EN 13201:1 [7] and the standards
EN 13201:2-4 [8], [9], [10] prepared by the European
Committee for Standardization (CEN). The
recommendations of the standard EN 13201:2-4 have been
interpreted in different manners in different countries.

The planning of road lighting is mostly done by the
electrical engineers and based on the Recommendations
for road lighting published by Slovenian Road Agency and
Lighting Engineering Society of Slovenia [11]. The
recommendations are based on European standard EN
13201, CIE documents concerning road lighting and some
modern standards for road lighting from other countries.
The use of recommendations as well as the use of adopted
EU standard SIST (Slovenian Institute for Standardization)
EN 13201:2-4 is not mandatory. The lighting classes listed
in recommendations [11] are very similar to the ones in CIE
115:2010 [12] or EN 13201 [8]. The main classes are M for
roads mainly used for motorized traffic, P for pedestrian
areas and C for conflict areas. From 6 basic M classes
(Table 1) two (M3 and M4) are additionally divided into
M3a, M3b, M3c and M4a, M4b but the changes are only in
longitudinal uniformity UL.

In the annex C of the recommendations also MEW
classes (from 1 to 5) are listed for which the requests
include the minimal values for UO for wet surface. These
classes are listed only informatively and remarked as used
only in climatic areas where roads are wet most of the time.
They are not intended for use in Slovenia.

According to the measurements [13], [14] most of recent
projects are in line with EN 13201 which is not the case with
older installations. Where high pressure mercury lamps
(HPM) are still in use, the values of luminances or
illuminances are mostly too low although the uniformity is
good. Measurements show luminance below 0.5 cd/m2 on
roads of classes M4 or even M3. On the other hand, where
old luminaires with HPM lamps were replaced by new ones
with high pressure sodium (HPS) lamps, the values of
luminances or illuminances are mostly too high. They can
reach more than two times the recommended value.
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Measurements show up to 1.9 cd/m2 on roads of M3 and
M4 classes.

Table 1. Requirements for M lighting classes from Slovenian
recommendations.

Luminance of the road g:ﬁ? L|gg;|ng
surface of the carriageway Y .
Class glare surroundings
Lm uo ul TI SR
cd/m2, min min % max min
min
M1 2.0 0.4 0.7 10 0.5
M2 15 0.4 0.7 10 0.5
M3a 1.0 0.4 0.7 15 0.5
M3b 1.0 0.4 0.6 15 0.5
M3c 1.0 0.4 0.5 15 0.5
M4a 0.75 0.4 0.6 15 0.5
M4b 0.75 0.4 0.5 15 0.5
M5 0.5 0.35 0.4 15 0.5
M6 0.3 0.35 0.4 15 -

In year 2007, the Government of Slovenia adopted a
Decree on Limit Values due to Light Pollution of
Environment [15]. The aim of the decree is to protect the
living premises from the light trespassing, to reduce the
energy used for outdoor lighting and also to limit the
influence of the outdoor lighting installations on environment
protecting so the nocturnal animals and dark sky. In the
field of public street lighting, the decree regulates maximum
allowed electrical energy consumption per capita and per
year. The allowed per capita amount of energy consumption
for street lighting managed by municipalities is yearly
44.5 kWh and additional 5.5 kWh are allowed for lighting of
state roads and motorways. Besides that, only the properly
mounted luminaires with ULOR (Upward Light Output Ratio)
equal zero are allowed. The exceptions are luminaires used
in areas protected as cultural monuments (e.g. old city
centres), where ULOR<5% is allowed if power of the lamp
is less than 20 W and if the illuminance on the ground is
less than 2 Ix. Also, luminaires which are part of the
protected cultural monuments (e.g. old bridges) are allowed
if the power of the lamp is less than 20 W. The decree
demands that the energy consumption needs to be adapted
and all inappropriate luminaires need to be replaced by the
end of 2016.

Energy consumption by used lighting technology

Outdoor lighting consumes a lot of energy and many of
the major highways and residential streets are illuminated.
The road lighting luminaires are long lasting and therefore
many luminaires use old, outdated and inefficient
technology. Also, different practices are used to select the
luminaires.

As part of the former Yugoslavia, Slovenia had well
developed lighting industry. The main producer of the road
luminaires was Elektrokovina (later bought by Siteco). The
most popular luminaire for road lighting was model CD and
for the pedestrian areas mostly models UD and UE were
used. CD luminaires were originally equipped with one high
pressure mercury (HPM) lamp of 250 W or 400 W. There
are still a lot of these luminaires along Slovenian roads but
most of the ones, placed along state roads, were later
refurbished with high pressure sodium (HPS) lamps with
150 W or 250 W. UD and UE models were originally
equipped with two 125 W HPM lamps and just few of them
were later refurbished with 70 W HPS lamps. More recent
road lighting luminaire from the same company is model CX
which comes in two sizes and is mostly used with HPS
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lamps. Most of the road lighting installations built in the last
15 years are made using these luminaires. In the years
before the decree was adopted, also luminaires with
compact fluorescent lamps (CFL) like Altra and Axial from
Schréder or Philips FGS became very popular for
pedestrian areas.

In some cities the municipalities renewed the road
lighting during past years so modern and economic
luminaires are currently in use. The light sources are mostly
HPS lamps for roads and CFL lamps for residential and
pedestrian areas. In such city-municipalities the average
energy consumption per capita is usually around the limit of
44.5 kWh/capita set in the decree.

But in many (rural) municipalities rather old luminaires
are still in use. Some are even older than 40 years.
Although some of these old luminaires are equipped with
HPS lamps, in most of them HPM lamps are still in use. For
lighting of major roads mostly luminaires with HPM or HPS
lamps with high electrical power of 400 W or 250 W are
used. For lighting of streets in residential areas smaller
luminaires are used and are mostly equipped with one or
two HPM lamps with electrical power of 125 W.

In all older luminaires as well as in many new ones with
HPS lamps electromagnetic ballasts are used. Electronic
ballasts are mostly used with CFL lamps and where
dimming is planed.

Table 2. Lamp numbers, energy consumption and greenhouse gas
emissions of Ljubljana and Medvode in Slovenia.

Ljubljana Medvode
number of residents 276.091 15.068
number of lamps 33.237 1.280
number of HPM lamps 1.074 (3%) 234 (18%)
15.407 o
number of HPS lamps (46%) 778 (61%)
number of MH lamps 2.537 (8%) 6 (0%)
14.219 o
number of CFL lamps (43%) 262 (21%)
installed electrical power of road
lighting, kw 3.824 320
annual burning hours of lamps 4.000 4.000
annual energy consumption of
road lighting, GWh 15.3 13
annual emission of CO2, t 8.114 678
electricity price, €/kWh 0,108 0,113

To show the differences, some data for two
municipalities are listed in the Table 2. Ljubljana is a capital
of Slovenia and Medvode is a small town with rather large
rural background.

Both cities are trying to reduce the energy consumption
in last years by replacing the old luminaires with new ones.
On roads the luminaires with HPS lamps are used but for
pedestrian areas a white light is preferred so metal halide
(MH) lamps or compact fluorescent (CFL) lamps are used.
As can be seen from the data in Ljubljana, very few HPM
lamps are still in use. In Medvode, the process of
replacement is slower although in last two years 185 new
lamps (36 W CFL lamps) were installed instead of older,
mostly HPM lamps reducing so the electrical power of street
lighting by 33.5 kW.
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Experiences with modern and efficient technology in
street lighting

The Ecodesign Directive will phase out inefficient high
pressure mercury lamps used in road lighting by the end of
2015. Energy efficient lighting technologies that could
reduce energy consumption already exist and efficient
solutions in Slovenia are already in use.

In Slovenia already years ago, in many luminaires high
pressure mercury (HPM) lamps were replaced with high
pressure sodium (HPS) lamps together with ballasts along
major (state) roads. Although the achieved energy savings
were considerable the main reason for the replacement was
to achieve better lighting conditions. After the energy prices
become higher, some municipalities found out that with the
investment in road lighting considerable savings in energy
(and money) can be achieved. The typical example is city
Celje, where with replacement of all 4080 luminaires the
energy consumption was reduced from 3706.7 MWh down
to 1801.7 MWh [16]. Other possibilities were also
considered and used by some municipalities like:

* replacement of HPM lamps with hybrid HPS lamps

where replacement of ballast is not needed;

e replacement of residential area luminaires with

HPM lamps with luminaires using CFLs.

After the adoption of the Decree on Limit Values due to
Light Pollution of Environment the municipalities are forced
to replace the old luminaires with new ones as the old ones
do not comply with the requirements of the decree
anymore. For the road lighting, practically only luminaires
with HPS lamps are used and for the street lighting in
residential areas luminaires with CFL lamps, but also with
metal halide (MH) lamps are used. In last year also some
luminaires with LEDs were installed.

In most cases the municipalities just replace the old
luminaires with new ones on the same poles. As indicated
in examples from Ljubljana and Medvode, HPS and CFL
lamps are mostly used. Beside this option some
municipalities also try to reduce the energy consumption
with measures like:

e reduction of voltage and so also the reduction of
energy used,;

e use of two-step regulation ballasts to reduce the
luminance and power consumption in night time;

< switching off the lighting in night time.

One possibility is also introduction of control systems.
This option was considered in last year in some of
Slovenian city municipalities and at least in Ljubljana some
test installations are already in operation. But we can
expect that regulation of luminous flux (dimming) will not be
widely used in Slovenia. Due to Decree municipalities need
to change practically all the luminaires in next years and
due to lack of funds the luminaires are changed on one to
one basis. With new luminaires old installations are still in
use and in most cases they do not enable use of control
systems or even a step reduction of luminous flux in a night
time.

As most of the saving measures bring also better
lighting conditions, they are well accepted by the citizens.
There were some complaints about yellowish light and poor
colour rendering after replacement of HPM with HPS lamps.
That is why for the residential areas now mostly the CFL
and MH lamps are used. There were no complaints of using
luminous flux reduction in night hours as practically nobody
noticed that. On the other hand, there were rather large
complaints on switching off the lighting in night hours so this
measure, although it brings large energy savings, will
probably not be widely used in Slovenia.
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Possibilities to save energy in street lighting

In Slovenia, already before the adoption of the Decree
on Limit Values due to Light Pollution of Environment, some
municipalities realized that with the investments in the
modernization of road lighting the cost for the electrical
energy can be significantly reduced. And with the adoption
of the decree, the municipalities are practically forced to
modernize the road lighting and so to reduce the energy
consumption. As the main obstacle in many municipalities is
the lack of investment funds they are trying to finance the
investments through the achieved savings.

The amount of electrical energy, which municipality can
save bringing the road lighting in accordance with the
requirements of the decree is dependent of the state of the
lighting and saving measures already taken by municipality
before the decree was accepted. The practice shows that
the energy consumption can be reduced by 10% to 50%.
Taking into account the present energy consumption for
road lighting in Slovenian municipalities, we calculate that
around 58.6 GWh or 35.4% yearly can be saved which
represents 31 058 t of CO; less each year.

Conclusions

From the described results of the research one can see
that the old installations with high pressure mercury lamps
are still in use to great extend in Slovenia. For new
installations mainly high pressure sodium lamps are used
but also first installations of LED luminaires are in operation.
Because of the Decree municipalities in Slovenia will have
to replace old luminaires with new more efficient ones in the
next years. Experiences show that with the replacement of
luminaires with high pressure mercury lamps and luminaires
that do not meet the requirements of the Decree,
approximately 30% of the electrical energy used for road
lighting will be saved.

We believe that the obtained results can also, to some
extent, be use for the whole European Union. For recent
road lighting installations up to date technology is used in all
countries which means luminaires with high pressure
sodium lamps but also some testing LED installations as
well as testing installations of lighting control systems. The
same can be stated also for state of the old installations. All
over the EU still a large number of old luminaires with high
pressure mercury lamps are in use. And due to the ban on
this light source, it will need to be replaced in the next
years. That means that the estimated energy saving
potential of 30% can also be used for whole EU.
Modernization of road lighting would thus reduce the use of
electrical energy in EU by 10.500 GWh yearly which means
also 4.7 Mt less of CO, emissions each year.
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Calculation of electrical energy use for lighting according to EN

15193

Abstract. Lighting is one of the main energy consumers in public buildings. About 50 % of electric energy or 30 % of all energy in public buildings is
used for lighting. The required energy for lighting should therefore also be stated in the Energy Performance Certificate for buildings. This
information can help the owner or manager of the building to understand the importance of energy efficient lighting and to stimulate them to plan
proper lighting installations in new buildings and to renovate lighting installations in old buildings thus reducing energy consumption. The energy
needed for lighting should be calculated in accordance with the European standard EN 15193.

Keywords: energy management; certificate for buildings; energy consumption; European standard EN 15193.

1. Introduction

On the 16" of December 2002 European Union adopted
a Directive on Energy Performance of Buildings, abbr.
EPDB [2]. The Directive EPDB aims to accelerate
improvements in energy performance of buildings taking
into account climate diversity in the EU, demand for
residential comfort and cost efficiency.
Energy certification of buildings in our country (Slovenia) on
the basis of EPDB has been decreed as mandatory by the
amendment of Energy Act [7].
Part of the total energy consumption in buildings is also the
energy used for lighting. In order to facilitate the calculation
of this energy, a Standard SIST EN 15193:2007 (The
Standard) was formed [1].
This Standard was formed to establish a procedure for the
assessment of energy needed for lighting in buildings, and it
provides a methodology for the numerical indicator of
energy efficiency in buildings. With proper standard lighting
in buildings the procedure that is designed in accordance
with the scheme and good practice is essential. The
Standard outlines techniques for separate metering of
lighting’s energy consumption providing real-time feedback
(control) on the lighting’s efficiency. Fig. 1 shows the
process of determining electricity consumption for lighting in
buildings.

H Lighting Energy Requirements I

Metered
Comprehensive method Quick method
Y A
Refined data Default Metered
Annual based
Monthly based Data Method
Hourly based Annual based Any period

Fig. 1. The process of determining energy consumption for lighting

The Standard specifies the calculation methodology for
estimating the amount of energy used for interior lighting in
buildings, and numeric energy indicator for lighting that is
used for certification purposes. Methodology for calculation
can be used for existing buildings, new ones, and buildings
intended for reconstruction. The Standard classifies
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buildings in the following categories: offices, education
facilities, hospitals, hotels, restaurants, sports facilities,
retails, services and factories. Fig. 1 shows that electricity
consumption can be measured or calculated.

When designing and installing lighting in Slovenia we have
to follow Regulations on energy efficiency in buildings (slo.
Pravilnik o uéinkoviti rabi energije v stavbah) PURES 2010
[3] and technical guideline (TSG-1-004). The technical
guideline TSG-1-004 [4] dictates that the power density of
lights for education facilities and for scientific work has to be
13 W/m?. In our case, the power density of lights is 11,43
wim?.

One of the main and important indicators of electricity
consumption in buildings is the indicator LENI, which shows
electricity consumption in KWh/m? per year. The standard
describes a fast and comprehensive method of calculating
electricity consumption in buildings. Calculation based on
the fast method gives us the highest values compared with
other methods, while a comprehensive method gives us
slightly lower values. Electricity consumption can also be
calculated using other methods. One of the methods is the
calculation where we have to determine necessary factors
based on experiences and a method in which we consider
the impact of external light to the interior lighting. This
method gave the lowest values, because the impact of
external light to interior lighting is very strong.

Calculations of electricity consumption in a laboratory at the
Faculty of Electrical Engineering in Ljubljana were carried
out. At the Faculty there are two identical laboratories.
Laboratory 2 has automatic lighting control, while laboratory
1 does not. Laboratory 2 has a built-in control, which
depending on the external day light properly adjusts
functioning of internal lighting. Calculated values will then
be compared with the pre-measured values.

2. Description of premises

At the Faculty of Electrical Engineering in Ljubljana we
can find different premises used for different activities
(research facilities, lecture room, employee’s offices). The
working hours of most researchers are flexible. Most of
them start at 7 o'clock in the morning and leave at 15:00.
The first person to arrive usually turns on all the lighting.
Unfortunately, employees do not have enough awareness,
and have the lights on even when there is enough daylight.
In order to prevent further electricity consumption for
lighting, there was a monitoring of electricity consumption
for lighting carried out in laboratories 1 and 2. The
laboratories are 7 meters long, 4 meters high, and 3,6
meters wide (laboratory 1 and laboratory 2 are identical).
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Working tables are placed along the length of the wall. The
window represents the entire back wall with 1 meter
parapet.

mrv— r—
ROOM 1
@] -
Lo &
ITEEE—

Fig. 2. Layout of the Laboratory

In the laboratory there are four 36W T8 fluorescent lamps
with conventional electrical ballast. Lighting in the room is
divided into two groups. In the first group there are lamps
positioned near the window, and in the other group there
are lamps positioned closer to the inner wall. Employees
can turn on the first or the second group of lighting
separately. [6]
3. Calculation based on the Standard SIST EN
15193:2007

First of all, the electricity consumption on the premises
was calculated based on the Standard. The Standard EN
15193:2007 [1] provides the calculation of Lighting Energy
Numeric Indicator - LENI which is used for certification
purposes and is very useful for designing lighting control
systems:

(D] LENI
where

A is total usable floor area [m2]

W is total annual energy used for lighting, where

=W/A  [kWh/m?year]

) W=W, +W, [KWhiyear]
equals the sum of the W annual energy demand and Wp
parasitic energy (emergency lighting and standby mode of
emergency lighting).

Quick method:

When using the quick method for estimating the energy
used for lighting in typical buildings, we use an equation 2.
Variable W depends on the installed lighting power P, and
on factors Fp, Fc and Fo.

Estimated energy usage for lighting W which is necessary
to fulfill the purpose of lighting in a building is determined by
the following equation:

+
A3) WL — z I:?J:C(tDFOFD tN FO) [kVVh/ year]
1000
where,
- P, istotal installed lighting power in premises A [W],
- Fc s factor of constant lighting,
- tp  daily use, operating hours throughout the day [h],
- Fo is afactor dependent on occupancy,
- Fp is afactor of lighting usage,
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-ty is time in use without daylight,
without daylight [h].

operating hours

Determining electricity consumption with the quick method,
we get higher LENI values than with the more accurate
comprehensive method.

Consumptlon of parasitic energy can be joined by adding 1
kWh/m /year for emergency lighting and 2-5 kWh/mZ/year
for automated lighting control.

At the qmck method LENI is determined with the equation 4
[kWh/m year]

) LEN = FCFl)\l(tDFOFD +tNFO) +1+ qity _(tD +tN)]
100 t,

where,

- Pn installed lighting power in the building 0N/m2),

-ty standard time of the year (8760 h).

Table 1: Calculation of the consumption with the quick method

Quick method: needed factors for calculation

Area of the room (laboratory) [m7] 25,2
Number of lamps 4
Power of each lamp [W] 72
Installed lighting power P, [W] 345,6*
Factor of constant lighting Fc 1
Hours in use tp [h] 1800
Occupancy Fo 1
Factor of lighting usage Fp 1
Operating hours without daylight ty [h] 200
Quick method

Electricity needed W [KWhlyear] 691,2
LENI [kWh/m®year] | 32,287

*installed capacity x 1,2

The needed values in Table 1 were retrieved from Appendix
F of the Standard [1]. Rated lamp power is multiplied by 1,2
due to the ballast.

Comprehensive method:

The comprehensive method allows a more accurate
determination of energy needed for lighting at different
times of the year. An example can be made on a yearly or
monthly basis. When applying the comprehensive method
for calculating energy needed for lighting we use equation 5
for the required period t.

(5) W =W, +W,, [kV\lh]

This method can be used for any period and for any
location, provided that it is possible to predict total daily
occupancy and quantity of daylight. Wy, is calculated
according to equation 6, Wp; according to equation 7:

P F.(t,FoFy +tyFo)
6 W . = nc\'p’o'p "o K\Wh
t —(t, +t,) [(+(P.t
— P.[t, ( N)] (Rfe) o
where
- Ppc is installed power of the control equipment in

premises
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- Pem is installed power for charging batteries for
emergency lighting

- te is time of charging.

The sum of W (equation 6) and Wp; (equation 7) shows
the needed electricity for lighting (W) in a given period.

Table 2: Calculation of consumption using the comprehensive
method

Comprehensive method: needed factors for calculation

Area of the room (laboratory) [m?] 25,2
Number of lamps 4
Power of each lamp W] 72
Installed lighting power P, P, [W] 345,6*
Factor of constant lighting Fc Fc 0,95
Hours in use tp to [h] 1800
Occupancy Fo Fo 1
Factor of lighting usage Fp Fp 0,3064
Operating hours without daylight ty tn [h] 200
Comprehensive method

Electricity needed W, [kWhlyear] 246,74
LENI [kWh/m®year] | 9,7912

*installed capacity x 1,2

The comprehensive method gives us slightly lower values
due to the strong influence of daylight. Because of this the
factor of lighting usage Fp is low (Fp = 0,3064). If there is no
presence of daylight Fp = 1. Necessary values are
calculated using the Standard Appendix C [1].

4. Other ways of calculating power consumption

As a third example of calculation, power consumption
was calculated using a method where the characteristics of
the Standard were not taken into account. Electricity
consumption was calculated based on experiences and
actual data. With this calculation approximate operating
hours of lighting a day and occupancy of the premises are
very important. On this basis we can calculate the
approximate electricity consumption for the chosen
laboratory. Based on assumptions we can speculate that
this laboratory has lighting turned on at least 8 hours a day.
In the Lab there are four lamps installed with 2x36 W T8
fluorescent tubes. Values required for the calculation are in
table 3.

Table 3: Calculation of consumption with own method

Lighting operating time [h/day] 8 10
Electricity needed W [kWhlyear] 622,08 | 777,6
LENI [kWh/m’year] | 24,686 | 30,86

Electricity consumption in the laboratory was also
calculated using a fourth method by taking into account the
impact of daylight to the interior lighting. When using this
method the impact of daylight was carefully considered. We
took into account the values of daylight stated for the city of
Ljubljana. There is more light when the sun is highest in the
sky. Therefore there is more available daylight in the
summer than in the winter. The amount of light of course
varies also with the time of day and reaches its maximum
around noon. As can be seen from Fig. 3, in Slovenia
(precisely in Ljubljana), the maximum illuminance in open
area in July is just over 76.000 lux. In winter these values are
much lower, for example, in January they do not exceed 25.000
lux.
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Success in designing high quality visual environment can
be determined fairly well already at the stage of modeling in
artificial conditions or with computer simulations. Mostly it is
used for determining illumination that has to reach minimum
requirements. Requirements for lighting or the daylight
factor are determined depending on the activity happening
on the premises. Due to daylight dynamics, illumination at a
certain place and its absolute value in lux constantly
changes, so we use a rate of daylight, as shown in equation
8 as the indicator of illuminance:

(8 DF = 5><100%
EZ

where

- DF daylight factor,

- En internal illuminance,

- E; external illuminance.

The daylight factor gives the ratio between the luminosity
inside the premises (E,) and horizontal illumination outdoors
(E2), which would be measured in the same place at the
same time if there would not be a laboratory. The factor of
daylight (DF) can be calculated with the geometry of the
premises and the surrounding environment, and the
properties of walls and windows, but it can also be
determined through measurements. We usually make
calculations for a number of different points within the
premises, while it is necessary to consider light losses on
the glazing. With the help of the relative daylight factor it is
possible, with known or assumed illuminance outdoors, to
determine the lighting and uniformity of lighting inside the
laboratory. To calculate the illuminance in the laboratory
(En) it is necessary to determine a horizontal illuminance
outdoors (Ez) (Fig. 3) and multiply it with the factor of
daylight (DF). In the selected points we calculate the factor
of daylight. The daylight factor value decreases by
increasing distance from the window.

Daylight factor
T T

2t : : i

. ; : . . . ‘
a 1 2 3 4 =1 B 7

Distance from the window r [ml]

Fig. 4: Dependence of the DF on the distance from the window
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Fig. 4 shows a decreasing ratio of daylight in dependence
with the distance from the window.

To calculate the impact of daylight on the interior lighting we
need the data of the average lighting under the first and the
second line of lamps. We got this average value using the
simulation program Dialux. The average value of
illuminance in the working area under the first and the
second line of lamps is 480 lux (Fig. 5).
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Fig. 5: Average illuminance at the working area

In the Laboratory it is necessary to keep the constant
lighting at 500 lux [5]. Based on the calculated daylight
factors and illuminance outdoor, we can calculate daylight
illuminance at line 1 and 2. When illuminance is higher than
500 lux usage of artificial lighting is not necessary. But
when illuminance at a certain spot is lower than 500 lux it is
necessary to increase illuminance using artificial lighting.
Based on the lighting values we can calculate the power
needed for each line of lamps. Furthermore, with this data
we can then calculate the electricity consumed in case of
conventional use of artificial lighting. With hourly savings,
daily and consequently monthly energy savings can be
calculated. We calculated electricity consumption for each
21% day in the month and multiplied the result with the
number of working days in one month. Final consumption is
the sum of calculated monthly values of -electricity
consumption.

Table 3: Calculation of consumption with the impact of daylight

Operating time [h/day] 8 10
Electricity needed W [kWhlyear] 45,56 57,4
LENI [KWh/m’year] 1,8 2,28

Calculated electricity consumption is low due to the fact that
we have very strong impact of daylight. Because of the
strong impact of daylight, interior lighting is turned off most
of the time.

5. Comparison of the results

As can be seen from the article, electricity consumption
in the laboratories was calculated using four methods. The
values were compared with those obtained through
measurements, so that we can get a clear picture of which
method is closest to the actual measured values.
Occupancy of the two laboratories is different because of
different workdays. According to measurements, we see
that the first laboratory has lighting turned on 8 hours a day,
while the other laboratory 10 hours a day. The measured
value in the first laboratory is 460 kWh, and in the second
laboratory 223 kWh. Consumption in the second laboratory
is lower due to the automated regulation of lighting.
Although lighting is turned on for 10 hours in the second
laboratory, the consumption is still lower. If we compare the
calculated values with the measured ones, we see that the
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highest value was calculated using the quick method of
calculating electricity consumption, i.e. 691,2 kWh/year. Our
own method gave the second highest result with 622,08
kWh/year. The comprehensive method gives us the closest
values of 246,74 kWh/year due to the strong influence of
daylight. The lowest value is obtained by applying the
method of daylight impact to the interior lighting. Due to
large glass surfaces, daylight influences interior lighting
very strongly even when using this method. Considering the
strong presence of daylight, the calculated value by this
method is 45,56 kWh/year. Calculated and measured
values are shown in Table 5:

Table 4: Comparison of the calculated and measured values

Method Consumption | Consumption
8h/day 10h/day
[kWhlyear] [kWhlyear]
Quick method 691,2 898,5
Comprehensive method 246,74 307,01
Own method 622,08 777,6
Method of daylight impact to the 45,56 57,4
interior lighting
Measured value without 460 /
automatic control
Measured value with manual / 223
control

6. Conclusion

According to the calculated values we can conclude that
the closest values are calculated using the comprehensive
method provided by the Standard [1]. It can be seen from
the comparison of the results that the calculated values
deviate from the measured values table 5. Therefore we
can conclude that calculation based on the Standard gives
approximate values. The Standard assumes that the
lighting is not in use throughout the whole workday. The
measured values in our case refer to an entire working day
including 8 to 10 hours of lighting use per day.
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Abstract. The paper publishes the idea, design and implementation of experimental laboratory designed for measuring electrical parameters of
discharges of various light sources types. The laboratory is designed and used as a key element for a practical explanation and understanding
complex physical processes in the plasma of electrical discharges. The pillar of these tutorials is to show the waveform of VA characteristics of the
type light discharges such as glow lamp, fluorescent lamp, energy saving lamp, high pressure and low pressure discharge lamps. To better
understand the physical nature of elementary processes in plasma discharges are performed practical measurements on real light sources.
The paper publishes the results of the grant project FRVS-1031/2011: Innovation of subject Plasma Physics.

Keywords: plasma physics, light source, discharge

Introduction

Plasma, often called the fourth state of matter, is an
ionized gas with extremely interesting and useful properties.
One of the most important plasma properties is the
emission of light. Photons in a plasma can be produced
either by electron impact excitation of atoms or by
recombination of charged particles.

Plasma find applications in many fields of research,
technology and industry, for example: industrial and
extractive metallurgy, surface treatments such as thermal
spraying (coating), etching in microelectronics, metal cutting
and just fluorescent/luminescent lamps. We are interested
primarily gas discharge lamps including glow and arc
discharge lamps.

The gas discharge lamp is a light source that generates
light by creating an electrical discharge through ionized gas.
Typically, these lamps use noble gases such as argon,
neon, krypton and xenon, or a mixture of these gasses.
Many lamps are also filled with additional gases like sodium
and mercury, while some others have metal halide
additives.

When power is applied to the lamp, an electrical field is
generated in the tube. This field accelerates free electrons
in the ionized gas. The electrons collide with the gas and
metal atoms. Some electrons orbiting around these atoms
are excited by the collision to a higher energy state. When
the electron of the excited atom returns to its previous
energy state, it releases energy in the form of photon. This
light can be anything between IR, visible or UV radiation.
Some lamps have a fluorescent coating on the inside of the
lamp to convert the UV radiation into visible light.

Some tubes contain some source of beta radiation to
start ionization of the gas inside. in these tubes, glow
discharge around the cathode is minimized, in favour of a
so called positive column, filling the tube, for example neon
lamps.

There are many types of arc discharge lamps depending
on the pressure of the filler material. We can divided them
into 2 basic types: slow pressure and high pressure
discharge lamps.

Low pressure discharge lamps

Low-pressure lamps have working pressure much less
than atmospheric pressure.

Fluorescent lamps, the most common lamp in office
lighting and many other applications, produces up to 100
lumens per watt
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Low pressure sodium lamps, the most efficient gas-
discharge lamp type, producing up to 200 lumens per watt,
but at the expense of very poor color rendering. The almost
monochromatic yellow light is only acceptable for street
lighting and similar applications.

. dimples filled
with sodium

. outer bulb
{vacuum}

“i~—__discharge tube
{glass)

{[ -~ indium oxide

film
| 1 ———
: Sﬁl
| if e
4 S
il =
1 =y
| _‘%,‘ I (e i,
Wé/ prefocus ”El :“:
" lamp base | i |

=

(a) (b}

Fig.1. Low-pressure sodium lamp. (a) Lamp structure. (b) Structure
of electrode consisting of coiled tungsten wire

High pressure discharge lamps

High-pressure lamps have a discharge that takes place
in gas under slightly less to greater than atmospheric
pressure. For example, a high pressure sodium lamp has
an arc tube under 100 to 200 torr pressure, about 14% to
28% of atmospheric pressure; some automotive HID
headlamps have up to 50 bar or fifty times atmospheric
pressure.

Metal halide lamps produce almost white light, and
attain 100 lumen per watt light output. Applications include
indoor lighting of high buildings, parking lots, shops, sport
terrains.

High pressure sodium lamps, producing up to 150
lumens per watt. These lamps produce a broader light
spectrum than the low pressure sodium lamps. Also used
for street lighting, and for artificial photo-assimilation for
growing plants
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High pressure mercury-vapor lamps. This lamp type is
the oldest high pressure lamp type, being replaced in most
applications by the metal halide lamp and the high pressure
sodium lamp.
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Fig.2. High-pressure sodium lamp and components

A more detailed description of these and other types of
light sources, including theoretical analysis is contained in
the study materials or literature [1, 2, 3, 4, 5, 6, 7, 8, 9].

The laboratory

The aim of the laboratory is to show the principles of
functionality and behavior of selected light sources based
on discharges in gases using prepared type laboratory
exercises and practical measurements. The prepared
laboratory is designed as universal and can also classify
other types of light sources or electrical loads. The
laboratory design is practically illustrated in Figure 3,
principal arrangement is shown in Figure 4.

Fig. 3. The laboratory arrangement
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Fig. 4. The block diagram of the measuring workplace
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The basic workplace includes regulatory power
autotransformer with control range 0-230V/20A. Another
part consists of block of voltage and current measurement
taking by the light source as an appliance. The output of
this part is adapted for connecting blocks of various light
sources including their individual electrical components.
Measurement of individual light sources is then based on
the measurement of time courses of significant light source
signals and they are the voltage and current from the
source, the discharge voltage or the stabilizing element
voltage or other impedance in the circuit. Measuring system
(oscilloscope 4ch, 100MHz, 1Gs/S, +PC) is powered by
isolation transformers to ensure the safety and the
possibility of a higher variability of measurements. The
prepared laboratory provides a wide range of testing and
measuring not only the number of light sources and up to a
total power 230V/20A. There were prepared following type
measurement for own teaching and laboratory exercises.

a) measurement of the linear fluorescent tube

b) measurement of the mercury discharge lamp

¢) measurement of the energy-saving lamp

d) measurement of glow-discharge tube

Individual measurements on these type light sources are
somewhat different. The basic aim is practically to verify the
theoretical knowledge and show time courses of arc voltage
and current which varies for each light type due to the more
or less different characters of electrical discharges that are
characteristic for each type. Very well evident are influence
and importance of stabilizing elements in the circuit also
emphasized by these measurement.

In principle, these type tasks summarized in the
following chapters, where the practical implementation of a
light element and the block, diagram of functional
connection, time course of voltage and current signal to
power. The prepared type tasks are described and
illustrated in the following part.

Task 1: Measurement of the linear fluorescent lamps

The first task includes measurements on standard linear
fluorescent lamp in connection with the reactor and starter.
There were used a linear tube Philips TL-D 18W/33-640,
reactor Layrton BFL18/23. The arrangement of a block with
this light source is shown in the following Figure 5. Voltage
is evaluated primarily on the tube discharge with discharge
current, depending on supply voltage.

Fig. 5. The arrangement of block for measurement on the linear
fluorescent lamp
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Ch1: Ua=50V/div; Ch2: la=1A; tdiv = 5ms
(measuring for supply 230V)

Fig. 6. Waveform of voltage and current

Tasks 2: Measurement on the mercury discharge lamps
The second characteristic task is based on the high-
pressure mercury discharge lamp for outdoor lighting. There
were used a mercury discharge lamp Philips HPL-N250 and
reactor Layrton 250. The arrangement of a block with this
light source is shown in the following Figure7. There was
evaluated the voltage in the light source including circuit
with the current. Fundamental importance of this
measurement is to observe the gradual development of
discharge depending on the evolution of arc voltage. [8]

Fig. 7. The arrangement of block for measurement on the mercury
discharge lamp

Ch1: Ua=50V/div ; Ch2: la= 5A/div ; tdiv = 5ms
(measuring for supply 230V, time 15 min. after start)

Fig. 8. Waveform of voltage and current mercury tube
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Tasks 3 : Measurement on the energy-saving lamps

Another part is focused an explanation and
measurement on the modern compact energy-saving lamps
which are currently available in a diverse range of types,
power, performance and other parameters, see in Figure 9.
The important part is the explanation of the concept design
of the discharge tube and of the system stabilization using
the installed electronic ballast.

Fig. 9. The type discharge
lamp

lamp and parts of the energy-saving

The block for measurements on these type modern light
sources is shown below in figure 10. The measurement is
realized in terms of analysis of voltage and current taking by
light source and of voltage conditions on the actual
discharge in the energy-saving lamp tube.

Fig. 10. The arrangement of block for measurement on the energy-
saving lamp

The time course of arc voltage behind ballast on the
discharge tube of the type energy-saving lamp with
parameters 11W, 600L, 230V/50Hz, E27, 2700K, and
lifetime 6000 cycles is shown in the following Figure 11.
Measurement of discharge parameters, arc voltage and
current on the individual light sources is also accompanied
by luminous flux measurement. Obtained time courses of
the arc parameters are evaluated. [7]
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Ch1: Ua=50V/div; tdiv= 50 ms
(measuring for supply 230V)

Fig. 11. Arc voltage on the energy-saving lamp tube

Conclusion

The paper presents the design and implementation
prepared laboratory tasks aimed at understanding of
behavior of typical light sources that are based on the
principles of action of electrical discharges in gases.
Laboratory tasks are used for subject plasma physics and
technology, which practically complete interpretation of the
theory of physical processes in the plasma discharges of
certain types. In terms of of electrical engineering, technical
use of light sources is a fundamental VA characteristic.
Therefore, the laboratory task are focused primarily on
analysis of the VA characteristics. The prepared laboratory
can be further expanded to measure on the other light
sources. During the construction of the laboratory was the
emphasis on the high transparency, connection,
arrangement and design of individual elements, especially
discharge light sources.
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Volt-Ampere characteristics of the electric arc — D
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teaching of the subject Plasma physics

Abstract. DC and AC electric arc is undoubtedly the basis for all technical applications of plasma physics. The resulting behaviour of these electric
arcs, which virtually can be located in many technical modifications, it can very well affect and evaluated based on static and dynamic Volt-Ampere
characteristics. The resulting values of arc voltage and current are significantly influenced by many parameters. The aim of this workplace is within
an exercise to enable students to simulate of the arc and verification of sub-factors which determine the resulting volt-ampere characteristics of the
arc. The paper publishes the results of the grant project FRVS-1031/2011 entitled: Innovation of plasma physics.

Keywords: electric arc, volt-ampere characteristic, plasma physics.

Introduction

The principle of the electric arc is known since 1812,
when it was discovered by British scientist Humphry Davy.
It is the electric current in high temperature gas, which
consists of electrons and ions. This principle was not
applied because it needed a powerful energy source,
mainly due to the cost of this solution.

Electric Arc

The electric arc is an electrical discharge in a gas, which
consists of a core and a cover. The core is made up of
plasma (ionized gas) and its temperature is higher than the
temperature of the cover. A high core temperature is given
of high current flowing through the arc discharge path. The
electric arc can be used e.g. for welding and melting
materials. Conversely, in other applications, we are trying to
prevent formation an electric arc, e.g. in the contact
systems. Depending on supply source and current, the
electric arc can be divided into DC and AC.

Generation of Electric Arc

The electric arc is caused by ionization of the
elementary particles in the gases. The ionization can be
occur by several ways, such as collision ionization of
electrons, atoms and molecules, photoionization, ionization
of elementary particles in mutual collision, ionization in
mutual collision of gas particles with ions, and thermal
ionization of gases. For example, that by the circuit flowing
electrical current, arises an electrical arc between two
electrodes, by galvanic connection (i.e. short circuit) of
electrodes and then disconnecting them. By delaying
electrodes leads to ionization of the environment (i.e.,
between the electrodes is created conductive path - electric
arc).

The Anode and Cathode Area

The electric arc is characterized by non-linear resistance
in electric circuit. The voltage on the anode and cathode is
constant, the voltage change can be considered only on the
body of the arc. Distribution of arc potential is shown in Fig.
1.

The biggest loss of the arc voltage is on the anode and
cathode, the smaller value is on the body of the arc. This
nonlinearity of the potential distribution is given by the
different conductivity in these parts, which means non-
uniformity of the electric field gradient. While the resistance
of electrodes arc area is large, the resistance of the arc
column is small. With increasing arc length is increased the
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voltage on the body arc and then is needed increasing of
the demands on power supply.

Cathode Anode
s 2:9
- ~
7 Plasma of Arc ;/:
e s
&

E U
©
>
U,
\_V_} H—J
d d

Kk a

Fig. 1 Distribution of potential in the electric arc [1]

If we use electrode made of material with a low boiling
temperature, then on the cathode arises cathode spot. The
current density in this area is considerably higher than in
the vicinity of the cathode surface and reaches the value of
the laboratory set up to 2900 A-mm? The body of electric
arc follows the cathode and anode. The anode spot has the
density of the arc to 400 A-mm?. Using so-called
thermoelectric emission are electrons transported from the
cathode to the anode.

2700 Afmm? )
— 200 - 400 Afmm’

= s ionized column 4 +

aureole

Fig. 2 Length of arc delimiting the electrode [1]
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Characteristics of the Electric Arc

A general characteristic of stationary discharges is
shown in Fig. 3. Stationary electric discharges are divided
by value of current flowing through the plasma discharge on
dark discharge, glow discharge and arc. A characteristic of
electric discharge is a function of discharge parameters and
the environment in which it is located.

10“
0’ +
=T
ol TOWNSEND | &
Ll DISCHARGE | €
T 102 | 8
I
; PR
L NORMAL ANOMALOUS
GLOW GLOW
DISCHARGE DISCHARGE
] 1 1 1 1 1 1 1 1 T
0% o2 o pf w0t wt w2 w0 w0 1wt
—=1[a]

Fig. 3 General characteristic of stationary discharges [1]

Characteristics of arc we distinguish according to
voltage changes in time to static and dynamic.
Characteristics show dependence the voltage on electrodes
and current flowing through the electric discharge.

Static Characteristics

Static characteristic shows the dependence of voltage
on the electrodes of the arc to current flowing through
electric arc. The characteristic consists of two parts, namely
the decreasing, which is characterized by a small current,
and from part called increasing, which is characterized by
high value of current.

Ayrton, who was dealing with description of the static
characteristics, set the equation:
+4-1
Yf : )

where: Ugp is voltage on the arc; a, B, y, 0 are constants
dependent on the type and pressure of gas, where burns
the electric arc and on the size and shape of the electrodes;
Parameter | is the arc length, | is the current flowing through
arc. Resulting characteristics from the Ayrton equation are
shown in Fig. 4. There it is valid for the electric arc burning
in air between carbon electrodes with a length of the arc
several millimetres.

Upp=a+f-1+

70
60
le=8 mm
\
\\
— 50+ 5\ \
2 ['\\
- 3 N\
2.\ N\
N\ A\N
O N N
40+ 1\ \\ <
N
N
393 10 20 30
— /(A

Fig. 4 Characteristics of the arc by Ayrton [1]
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Because the arc characteristics depend on the material
of electrode, the equation was later modified.
Generalization of the equation by Nottingham is based on
the Ayrton equation and has the form:
y+&-1

" '
where the exponent n depends on the anode material.

When high current flows through the arc and the arc
length is sufficient, the constant a can be neglected. The
voltage is therefore directly proportional to the length of the
arc. And there is valid the equation:

Up=B-1 . 3)

If we consider the simple scheme of DC circuit, where
burn the arc between contacts of switches, then Fig. 5
shows the parameters of this circuit (volt-ampere

Upy=a+f-1+ (2)

characteristic).

U0=f( | ), |=constant

u

Is la l1 i

Fig. 5 Graphical representation of parameters of the DC circuit

From Fig. 5 can be seen that point A corresponds to the
steady state arc. By contrast, in point B, we talk about the
unstable state arc. If we reduce value of the current below
point B, we invoke the lack of voltage and the current will
start to reduce his value to zero, so the arc is extinguished.
Increasing the value of the current above the value B
means a state surplus of voltage and then the current has
tends to further increase above the value point A.

Standing burning of arc is achieved by including the
serial stabilizing resistor.

Dynamic Characteristics

When the current have a time changes in the monitored
time interval then we are talking about dynamic
characteristics of the electric arc. Due to the rapid changes
values of current can be seen a different course of the static
characteristic against the dynamic characteristic. As shown
in Fig. 6, there are two stable points. The transition between
them is happening along the curves 1 and 2, but not along
the curve showing the static characteristic. This hysteresis
can be explained by the difference number of charge
carriers in discharge column of both stable points.

Due to the increasing value of current occurs to
increasing the voltage drop on the arc because the arc
resistance with increasing current cannot decrease. Excess
energy intensifies the ionization processes. In contrast,
when reducing value of the current, a new state requires
degree of ionization is lower than that is in any given time
available. The conductivity is therefore adequate to higher
current against the actual value of the current at the
moment; therefore the dynamic characteristic is under static
characteristic.

69



0

Fig. 6 Dynamic characteristic of electric arc

Picture Fig. 7 shows that the voltage is while formation
arc greater than the voltage for corresponding current at arc
extinction. From process of AC current is obvious that the
arc goes out at zero current, i.e. each half period. After
ignition of the arc the voltage does not drop together with
mains voltage, but voltage decreases the value of the
voltage drop on the (stabilization) resistor.

E
I

Fig. 7 The voltage and current in AC arc

After the ignition of the electric arc is necessary that the
voltage on the electrodes was sufficient to cover losses in
the discharge, and also was sufficient to increase the
ionization in the discharge path.

Electrode Material and Influence on the Electric Arc

Parameters of the electric arc are from the perspective
electrodes determined by used material and its shape. The
choice of material has affects to the anode and cathode
voltage drop; it has affects to the temperature and shape of
the arc and the VA characteristic of the arc. The smallest
arc voltage is e.g. for material Ag 12V, Cu 13 V, Al 14V, Au
15V, etc.

The temperature of the anode is greater than the
temperature of the cathode, because the anode voltage
drop is greater than cathode voltage drop (the electrons,
which travel from the cathode transmits their kinetic energy
to anode).
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Laboratory workplace and tasks

The aim of the laboratory workplace and individual tasks
is to review the basic theoretical knowledge of the electric
arc and practically demonstrate its physical nature,
behaviour and properties. For this purpose was prepared
measuring workplace, which consists of the several parts.

The basic part of this measuring workplace consists of
electrode system for self-burning and testing of electric arc
on various types of materials and electrodes. This system
allows the assembly of electrodes of different shapes and
sizes. There were prepared two supporting electrode
systems, one for measuring the electric discharges and
arcs of large currents up to 500 A, the second one for
measuring discharges at low currents up to 5A. The
implementation of these electrode systems is shown on
following figure.

Fig. 8 Electrode systems for measuring the discharges with large
currents up to 500 A and low currents upto 5 A

The next important part of the measuring workplace
consists of system for measuring time during the arc
parameters. This system consists of the data-logger, 4-
channel USB oscilloscope 60 MHz, 200 MS/s. The
measurement and recording time during the arc
parameters, is performed using current clamp probe CA203
(range 200 A / 2000 A) and differential voltage probe HZ100
(600 V, 20:1, 200:1, 30 MHz). Using these measuring
transducers is also performed galvanic separation of the
measuring system from power supply circuit arc. The
design and block arrangement of the measuring workplace
is shown on the following figures.

Fig. 9 Arc Measuring system and parts

Variable Block of Electrode system

measurements block

power source

230v DC/AC
50Hz
— @&
chi chi

transformer [oZele]e] Ua(t) Ia(t)
I p=Ing) (N USB digital osciloscope

-— 60MHz, 200MS/s, 4ch,
230v
50Hz

—

Fig. 10 Block diagram of testing and measuring system

PC dataloger

Svétlo 2011, Praha, Ceska republika



For simulations and measurements of arc discharges
are prepared various types of power sources, which
encompass wide range of electric arcs, both DC and AC.
These sources which are different in design and method of
stabilizing the current and electric discharge. These sources
are mainly designated as a power sources for welding.

- Source n.1 — Jackle G550 (75 V, 550 A) DC source

- Source n.2 — Nordica 181 (48 V, 55 V — 160 V) AC source
- Source n.3 — TechnolPlasma54 (400V, 7 —40A) Invertor

- Source n.4 — Neon transformer (230V / 10kV / 100 mA)

Using the said laboratory workplace, measurement
systems and power supplies we can test electrical
discharges in a wide range of arc parameters, especially
arc voltage and current. For own teaching and students'
knowledge is very important follow-up analysis of the power
supply system, which is when these measurements very
well transparent. The following part briefly presents
examples of the type of simulations of electric arcs and
method of measuring arc parameters.

Measurement 1: Measurement of DC arc

This measurement is focused on the demonstration and
measuring parameters of the DC arc. Measurement is
carried out at different electrodes materials (Fe, Cu, Al,
YellowBrass, and others), various work currents (lss up to
500 A) and various electrode distances (d = 0 - 5 cm).
Using these measurements is presented virtually
knowledge referred in the

importance of theoretical
introduction of this paper.

Fig. 11 Electrodes system and various electrodes for measuring on
the DC electric arc

The following figures present the type of measurement
performed on iron electrodes at a distance of 5 mm, arc
parameters U, =35V, la= 119 A, during power from a DC
source Jackle G550 (transformer with controlled rectifier ).

Fig. 12 DC arc, Fe-electrodes,Ld =5mm,U,=35V, l,=119 A
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Fig. 13 Waveforms of the arc voltage and current
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VA characteristic for Fe electrods
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Fig. 14 VA characteristic measured on the Fe electrodes (d=5mm)

Measurement 2: Measurement of AC arc

Another measurement is the measurement on the AC
electric arc, which is characterized by a dynamic
characteristic and by the process of re-ignition after the arc
current passes through zero current, as stated in the
introduction of this paper. A short demonstration of the type
of measurement present the following figures, where stated
the type of measurement on the AC arc, together with a
time record of arc parameters. (supply Neontransformer)

ch1: Ua (kv) 1kV/di (
ch2: la (mA) 500mAYdiv ‘

| |
ol LA et (TN
\ \ |

Fig. 15 Measuring on the AC arc (U, =500 V, I, = 150 mA)

Conclusion

This paper briefly presents prepared laboratory tasks,
which are focused on simulation and measurement of the
electrical arc as the light sources. Tasks are designed for
practical exercises and verify theoretical principles in the
subject of Plasma physics. The main objective of these
subject is a practical introduction to real electric arcs and
discharges. Detail of this issue is described in works [1], [2]
and [3].
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Vyhodnocovani osv étleni p fechod u pro chodce

pomoci jasové analyzy

Abstrakt. Pro zvySeni bezpeénosti uzivateld pfechodd pro chodce, jsou pouzivana nejriznéjsi svitidla. Svitidla nejenom osvétluji konfliktni oblast,
ale jsou také pouZzivana k signalizaci nebezpeci v okolnim prostoru. Jde o vizualni informace, které vnimame okem. Lidské oko predevsim rozliSuje

kontrasty jasd.

V tomto prispévku se zabyvam jasovymi poméry mezi osvétlovanym chodcem a jeho okolim. Porovnavam vysledky z jasovych analyz

nékolika typd prechodd pro chodce s pouZitim rdznych typd svitidel.

Kliéova slova: p fechod pro chodce, jasovéa analyza, konfliktni oblast

Uvod

Pro jasovou analyzu jsem si vybral nékolik typu
pfechodl pro chodce. Jde o pfechody v mésté Ostrava a
okoli. Pfechody byly osvétlovany tfemi typy svitidel. Prvni
typ je svétlometové svitidlo. Jako druhy typ jsem si vybral
svitidlo sloupkového typu a posledni typ je svitidlo uliéni
s asymetrickou optikou. Prvni typ svitidla jsem
v analyzovaném prostoru vyménil za svitidlo s boéni
asymetrii a s nizS§im pfikonem podrobil porovnavaci jasové
analyze.

Svétlometové svitidlo
Posuzovana konfliktni oblast se nachazi na ulici Doktora
Malého. Pfechod pro chodce je umistén pfed kruhovym
objezdem a jednu ¢ast tohoto prechodu tvofi prejezdova
¢ast cyklostezky. Prechod pro chodce osvétluje svitidlo
MACH1 ASYM 250W.

, vefejné osv étleni.

Tab.1 Vyhodnoceni

Zapnuté Vypnuté
prechodové svitidlo prechodové svitidlo
L |-min I—max L |—min I—max
(cdin?) (cd/n?) (cd/n?) (cdin?) (cd/n?) (cd/n?)
1 | Chodec| 2,39 0,39 10,87| 0,70 0,14 2,18
2 | Pozadi 0,52 0,14 2,94 0,58 0,14 2.5
3 | Fechod 2,11 0,42 4,09 0,46 0,26 1,7
Kontrast (-) 3,60 0,32

Svitidlo sloupkového typu

Pfechod pro chodce kfizi ulici 28.Fijna. Je zde pouZito
svitidlo MACH1 ASYM 250W a sloupkové svitidlo THORN
Orus 70W.

Obr.2 Jasova analyza

72

Obr.4 Jasova analyza
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Tab.2 Vyhodnoceni

Zapnuté Vypnuté
ptechodové svitidlo ptechodové svitidlo
L Lm\n Lmax L Lm\n Lmax
(cdin?) (cd/nt?) (cd/nt?) (cdin?) (cd/n?) (cd/nt?)
1 | Chodec | 5,05 1,13 19,31 | 1,87 0,58 6,04
2 | Pozadi 3,03 0,62 139,3 3,12 0,64 174,1
3 | Rrechod| 3,59 1,17 16,37 2,37 0,75 9,90
Kontrast (-) 0,67 -0,40

Svitidlo uli €niho typu

Posuzovanéa konfliktni oblast se nachéazi vobci Celadna
v okrese Frydek — Mistek. Kruhovy objezd je na okraji obce
v blizkosti kostela a Zelezni¢ni stanice. Kruhovy objezd tvofi
pouze jeden jizdni pruh. Osvétlovaci soustava prechodu
pro chodce je tvofena uli¢nimi svitidly THORN Civic Peco

150W umisténymi vzdy vpravo v kazdém jizdnim pruhu.

Obr.8 Jasova analyza

Tab.4 Vyhodnoceni

Obr.5. Fotografie pfechodu

Zapnuté Vypnuté
ptechodové svitidlo prechodové svitidlo
L Lm\n Lmax L Lm\n Lmax
(cdin?) (cd/n?) (cd/n?) (cdin?) (cd/n?) (cdin?)
1| Chodec| 251 0,06 11,57| 0,52 0,03 7,96
2 | Pozadi 0,49 0,02 6,12 0,4% 0,01 7,
3 | Prechod| 2,24 0,16 6,23 0,63 0,1p 1,3
Kontrast (-) 4,12 0,15

Obr.6 Jasova analyza

Tab.3 Vyhodnoceni

Zapnuté Vypnuté
ptechodové svitidlo prechodové svitidlo
I— I—mm Lmax L I—mm Lmax
(cdin?) (cd/n?) (cd/n?) (cdin?) (cd/n?) (cd/n?)
1| Chodec| 287 052 | 12,10| 1,16 0,29 4,85
2 | Pozadi 1,22 0,15 4,70 1,09 0,08 5,45
3 | Rechod| 3,93 1,66 8,16 1,26 0,31 2,74
Kontrast (-) 1,35 0,06
Porovnani svitidel s r Gznou charakteristikou vyza Fovani

PFi posouzeni prvni konfliktni oblasti bylo pouzito svitidlo,
které mélo distribuci svételného toku pouze dopFednou.
Toto svitidlo po podrobeni analyze bylo demontovano a
nahrazeno svitidlem THORN Areaflood A/A 150W.

Light 2011, Prague, Czech Republic

Zaver

Z tabulek je zfejmé, ze kazdé z analyzovanych svitidel
zvySuje kontrast mezi svislou plochou chodce a jeho
pozadim.

Nejmensi kontrast byl zaznamenan u pouziti sloupkového
svitidla. Vyhodou tohoto typu osvétleni je to, Ze neni tfeba
instalovat vysoké sloupy ¢&i hluboké zaklady pro sloupy.
Toto svitidlo se hodi spiSe do center mést, kde uli¢ni
osvétleni dostate¢né osvétli chodce a samotné sloupkové
svitidlo zvyrazni pfechod zvySenim jasu na prechodu a
jinou barvou svétla.

U svitidla uliéniho si miZzeme povSimnout téméf nulového
kontrastu pfi vypnuti pfechodového svitidla. Pouzitim
svitidla se zvySil pozitivni kontrast a chodec je tak lépe
rozeznatelny.

PFfi pouziti svétlometu je vhodné pouzit optiku s boéni
asymetrii. PFi pouziti svitidla s niz§im pfikonem, ale
s asymetrickou bo¢ni optikou jsme zachovali stejné

svételné parametry jako u svitidla pavodniho (vykonéjsiho).
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Soué€asnost a budoucnost sv  ételné techniky

Abstrakt

Dulezitym aspektem pro vyvoj jakéhokoliv oboru lidské ¢innosti, véetné svételné techniky, je jeho vyznam a postaveni ve spolecnosti. To zasadné
ovlivriuje kvalitu, rozsah i rychlost uplatnéni novych podnétd a inovaci, které se v daném oboru objevuji a také to, jak jsou tyto inovace pfjimany
laickou i odbornou verejnosti. Budoucnost svételné techniky je vedle postaveni ve spolecnosti uréovana také vyvojem, ktery je u tohoto oboru
charakteristicky Sirokym zabérem a probihd v ridznych, casto velmi odliSnych, oblastech jako je napfiklad oblast technickych prostredkd, vyzkum
zrakového viemu, nové pristupy pfi navrzich osvétleni nebo vliv svétla na okolni prostredi.
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Vyznam a vyklad sv étla

Svétlo jako energie je vedle vody, vzduchu a pldy jednou
ze zéakladnich slozek pfirodniho prostfedi, nezbytnych pro
Zivot ¢lovéka na Zemi. Svétlo uréuje, jak nas svét vnimame,
jak jej zakouSime, konkretizuje tvary, povrchy i barvy,
vytvari nas subjektivni vjem okolniho prostfedi a stava se
spoleénym jazykem pro jeho popis. Svétlo a svételné
podminky provazeji ¢lovéka v pribéhu celého vyvoje a
ovlivnily nejen jeho duchovni, kulturni a mentalni vyvoj, ale
meély také vyznamny vliv na jeho fyziologicky a biologicky
VYVOj.

Clovék se v prib&hu svého, stovky tisic let trvajiciho vyvoje
adaptoval na podminky okolniho prostfedi, aby prezil.
V ramci tohoto procesu adaptace se u ¢lovéka vyvinulo pét
zakladnich smysla; zrak, sluch, hmat, ¢ich a chut, které
Clovéku zprostfedkovavaji informace o okolnim prostredi.
Vzhledem ktomu, Ze zrakem ¢lovék ziskava pres 80%
téchto informaci, patfi zrak mezi nejddlezitejSi smyslové
organy. Moznym vysvétlenim pro¢ svétlo jako médium ma
pro c¢lovéka takovou informaéni kapacitu vychazi
pravdépodobné z jeho vlastnosti, dlouhodobého pusobeni a
pfitomnosti dané tzv. atmosférickymi okny (obr. 1).
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Obr. 1 Optické a radiové atmosférické okno ve spektru

elektromagnetického zareni

Prirodni svételné podminky, ve kterych se ¢lovék vyvijel,
maji dvé zakladni faze; den a noc. Den se vyznaluje
dynamickym svételnym prostfedim s hladinou osvétlenosti
ménici se od desitek luxd do stovek tisic luxt, s teplotou
chromati¢nosti od 2000 Kdo 20000 K asmérovymi
vlastnostmi, které se méni od rovnomérné rozptyleného
osvétleni az po osvétleni s vyraznou pfevahou smérové
slozky. Vzhledem ktomu, Ze zdrojem denniho svétla je
Slunce, kolem kterého naSe planeta obihd, liSi se denni
svételné podminky i jejich rozsahy jak z pohledu
geografického, tj. podle zemépisné polohy, tak z pohledu
¢asového, tj. podle ro¢niho obdobi. Noc se vyznacuje velmi
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nizkymi hladinami osvétlenosti, které se pohybuji v rozsahu
od tisicin do nékolika desetin luxu. Hlavnim zdrojem
pfirodniho svétla v noci je Mésic odrazejici slunec¢ni zareni.
Zrakovy organ clovéka se témto podminkam postupné
pfizpUsobil tim, Ze se u néj vyvinuly dva zakladni typy
svétlogivnych bunék; &ipky a tydinky. Cipky se uplatfiuji
prevazneé v prabéhu dne, umoznuji vnimani barev a dovoluji
pfizpGsobeni zraku velkému rozsahu adaptacnich jasu.
Ty€inky se uplatfuji pfevazné v prabéhu noci, maji vyrazné
vysSi citlivost nez ¢&ipky, ale neumoziuji barevné vidéni
(obr. 2).

Svétlo pro c¢lovéka znamena nejen pfijem vizualnich
informaci, ale ma i mimovizudlni G¢inky. Pravidelné stfidani
dne a noci se v prabéhu vyvoje stalo zakladnim impulsem,
podle kterého se fidi biologické pochody v lidském téle.
Stfidani dne a noci predstavuje pro lidsky organismus
biologické hodiny, které lidsky organismus ve dne aktivuji a
v noci utlumuji. Informace o svételnych podminkach, podle
kterych se Fidi biologické pochody v lidském téle, jsou

predavany prostfednictvim tfetiho typu fotoreceptoru
v sitnici lidského oka (obr. 2).
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Obr. 2 Prabéhy pomérné spektralni citlivosti receptort v sitnici
lidského oka

=V (lambda)

V prubéhu svého vyvoje se ¢lovék snazil usnadnit si svij
Zivot a chranit se pfed nepfiznivymi vlivy vnéjSiho prostfedi.
To ho postupné vedlo k budovani obydli a jejich sdruzovani
do sidelnich celkll od malych vesnic az po velké méstské
aglomerace. Tento proces byl doprovazen také zmeénami
svételnych podminek, ve kterych ¢&lovék Zzil. Tyto zmény
byly zpocatku malé a nevyznamné, ale s nastupem
prumyslové revoluce a vyuzivanim elektrickych svételnych
zdrojii se stavaly stale vyrazngjsimi. Clovék jednak zagal
vyznamnou ¢ast dne travit ve vnitfnich prostorech s
podstatné nizSimi hladinami osvétlenosti v porovnani
s podminkami ve venkovnim prostfedi a jednak zacal ve
velké mife vyuzivat umélé osvétleni v pribéhu noéni doby i
ve venkovnim prostfedi. Nelze vyloucit, Ze zminéné zmeény
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pavodniho pfirozeného svételného prostfedi, by mohly mit
uréity vliv na zdravi ¢lovéka. Proto se v sou¢asné dobé fada
odbornych studii zaméfuje na otazky, zda je mozné nalézt
minimalni hladinu osvétlenosti a dobu po kterou ma byt
¢lovék jejimu plsobeni vystaven v pribéhu dne (z hlediska
aktivni faze) a podobné maximalni osvétlenost a dobu jejiho
Ucinku v prabéhu noci (z hlediska faze utlumu organismu)

1.

S vyvojem technickych prostfedkd pro osvétleni vnitfnich i
venkovnich prostor(, se postupné vyvijel pohled na to, co je
svétlo a jak svételné podminky souviseji se zrakovym
viemem. Prvni snahy o popis svétla se objevuji ve starych
indickych textech a o néco pozdéji v literatufe antického
Recka. Pomérné znaéné UGsili o pochopeni a vysvétleni
podstaty svétla pak probihalo kontinualné od 16. stoleti az
po soucasnost, od prvnich teorii o vinové a c&asticové
povaze svétla az po nejnovéjSi teorii kvantové
elektrodynamiky.

Tento prfevazné fyzikalni ,objektivni* popis bylo tfeba spoijit
se ,subjektivnim“ zrakovym vnimanim, pro které neni
rozhodujici podstata svétla, ale prostorové rozlozeni
svételnych toku. Pocatky procesu propojeni fyzikalnich
vlastnosti svétla s vlastnostmi zraku je mozné zasadit do
19. stoleti, nicméné zlomovym okamzikem byl vznik nového
oboru, svételné techniky zacatkem 20. stoleti. V ramci
tohoto oboru se zacaly podrobné zkoumat vznik a vlastnosti
zrakového vjemu, definovat svételné technické veliginy,
zkoumat spektralni vlastnosti zareni, vytvaret vypocetni a
méFici postupy. Na zakladé vysledk( fady vyzkum( se
zacaly postupné vytvaret doporuceni a normy, jak konkrétni
prostory, respektive mista ur€itych zrakovych ¢innosti
osvétlovat. Vznik svételné techniky jako védniho oboru tak
umoznil zménit pfistup k navrhim osvétleni od disté
intuitivniho k pfedem promyslenému procesu.

V priibéhu vyvoje techniky osvétlovani se neustéle objevuje
otazka, jak ma vypadat ,spravné osvétleni, které v daném
prostoru zajisti zrakovou pohodu uZivatel(, tedy takové
svételné prostiedi, ve kterém c¢lovék nejen dobfe vidi a
rozliSuje, ale také se dobre citi. Pfi hledani zminéného
~Spravného osvétleni* Ize vyjit z pfirozenych svételnych
podminek, ve kterych se ¢€lovék vyvijel. Tato vaha ma své
opodstatnéni, pokud sledujeme vazbu mezi svételnymi
podminkami, biologickym systémem ¢&lovéka a mezi
celkovym vjemem prostredi, ve kterém se ¢lovék nachazi.
Pokud vSak analyzujeme vztah mezi svételnymi
podminkami a konkrétni zrakovou d&innosti, nemusi byt
tento pfistup jiz tak jednoznacny, jelikoz typ a naro¢nost
zrakovych ¢innosti se v pribéhu lidského vyvoje znaéné
ménily. Ztohoto pohledu se jako odliSné jevi zrakové
¢innosti pfi jizdé motorovym vozidlem v noénim mésté a
nalezli bychom jesté fadu dalSich pfikladu.

Soucasné postaveni sv ételné techniky

Postaveni a role svételné techniky v sou¢asné spole¢nosti
neodrazi dualezitost svétla jako zakladni slozky zivotniho
prostfedi. Pro laickou vefejnost je osvétleni, resp. svételna
technika, pomérné tézce uchopitelnym oborem. Bézny
Clovék chéape, ze dobré osvétleni pracovisté je dllezitym
pozadavkem, ktery je tfeba zajistit, aby se predeSlo
zdravotnim problémdm se zrakem. Nicméné takové
vnimani problému ma ve vétsiné pripadl pouze deklarativni
charakter a Clovék si bezprostfedné neuvédomuje
zavaznost tohoto problému. Vefejnost si pod pojmem
osvétleni zpravidla nepfedstavuje osvétleny prostor,
vytvofené svételné prostfedi a jeho atmosféru, protoze
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takovato predstava je pomérné slozita. VétSinou se pojem
osvétleni redukuje pouze na svitidla a svételné zdroje.
Osvétlit dany prostor, tak bézny ¢lovék chape jako vybér
svitidel a svételnych zdroja, pficemz nejéastéjSimi kritérii pfi
tomto vybéru jsou vzhled, pfikon, cena, pfipadné
energeticka naro¢nost svitidla nebo svételného zdroje.

V ramci ¢innosti, kde by se na profesionalni Urovni mélo
navrhovat osvétleni vnitfnich i venkovnich prostorl, tedy
v projekéni praxi, je postaveni svételné techniky rovnéz
vyrazné omezeno. Navrh=osvétleni nepfedstavuje v ramci
projektové dokumentace samostatny oddil, ale v Ceské
republice je zahrnut pod projekt silnoproudych
elektroinstalaci. Takto se ,navrh osvétleni i na
profesionalni Grovni ve vétSiné pfipadu chape jen jako
vybér a rozmisténi svitidel, pfi dodrzeni normami
pozadovanych parametrd. Vedle projekéni praxe ovliviiuje
stav kvality realizovanych osvétlovacich soustav jejich
kontrola, kterd vSak v soucasné dobé vétSinou rovnéz
neodpovida vyznamu svétla pro ¢lovéka.

Zdrojem profesionalnich informaci o svételné technice jsou
védecké, odborné a vzdélavaci instituce. Vysledky jejich
odborné ¢innosti ovliviuji stav poznani vtomto oboru.
Pozitivnim momentem vtéto oblasti je v soucasnosti
informacni propojeni mezi témito institucemi v riiznych
zemich, které umoZfiuje lepSi spolupraci i koordinaci
vyzkumu, vyvoje i odborné ¢innosti. Vrcholovou instituci,
kterou lze povazovat za uzlovy bod nebo koordinaéni
centrum je Mezinarodni komise pro osvétlovani (CIE). Jeji
¢innost je organizovana v 7 divizich, ve kterych probiha
hlavni odborna ¢&innost v ramci technickych komisi. Tyto
komise zpracovavaji fadu dokumentd a doporuceni.
Vzhledem k tomu, Ze ¢&leny komisi jsou odbornici z celého
svéta, maji tyto dokumenty vysokou kvalitativni Uroveri.
Proto zpravidla slouzi jako podklad pro vytvareni norem na
narodni i mezinarodni drovni. Organizace odbornych
instituci se v jednotlivych zemich lisi.

Nezanedbatelnou okolnosti ovliviujici postaveni a vnimani
svételné techniky je role vyrobnich obchodnich firem. Tyto
firmy vyrabéji a prodavaji technicka zafizeni, jako jsou
svitidla, svételné zdroje a fidici systémy osvétleni, tedy
zakladni prostfedky slouzici krealizaci osvétlovacich
soustav. Ovliviiuji stav v oblasti svételné techniky nejen
kvalitou vyroby, ale i cenovou politikou a marketingovymi
strategiemi. Jednim z negativnich jevl, ktery je v sou€asné
dobé velice vyrazny je tendenéni zaméfeni a nizka
vypovidaci hodnota Sifenych informaci, a to nejen o
vlastnich vyrobcich, ale i osvétlovani obecné. Tyto
informace tvofi prevazujici ¢ast informaci o svételné
technice a vyznamné tak, hlavé u bézné verejnosti, ovliviiuji
pohled na tento obor.

Budoucnost sv ételné techniky

Rozhodujicim momentem pro posilovani role svételné
techniky ve spole¢nosti je odborna a védecka c&innost.
Vzhledem  ktomu, Ze  svételnd technika ma
multidisciplinarni charakter je pro jeji vyvoj dalezity rozvoj
poznani v fadé odliSnych, ¢asto velmi vzdalenych oborech.
Z tohoto pohledu mezi nejsledovanéjsi témata v poslednich
letech patfi:

¢ mimovizualni U¢inky svétla na ¢lovéka;

* mezopické vidéni;

» vedlejSi ucinky osvétlent;

e energeticka naro¢nost osvétlenti;

»  komplexni FeSeni vnitfniho osvétleni objektu;
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«  koncepéni feSeni venkovniho osvétleni mést;
« nové technické prostfedky (svételné zdroje,
svitidla, Fidici systémy).

V sitnici lidského oka se vedle fotoreceptortl (Cipka a
ty€inek), které ve viemovych polich sitnice
zprostfedkovavaji pfijem a prvni zpracovani informaci o
okolnim prostfedi pfinasSenych svétlem, nachazi jesté treti
typ fotoreceptorli, oznacovany jako ,Cidla cirkadianniho
cyklu® a objeveny v roce 2002. Orientaéni pradbéh pomérné
spektralni citlivosti zminéného tfetiho typu fotoreceptort je
spolu s pomérnou spektralni citlivosti zraku normalniho
fotometrického pozorovatele pfi dennim - fotopickém [kfivka
V(N)] a pfi noénim — skotopickém vidéni [kfivka V' (A)]
znazornén na obr.1. V organismu ¢lovéka pfedstavuje treti
typ fotoreceptor(l ¢idla centralnich biologickych hodin, coz
jsou supraschiasmatickd jadra tvofend nepatrnymi
kulickami u mista kfizeni nervovych svazk( vystupujicich
zlevého a zpravého oka. Na zakladé informaci o
svételnych podminkach reguluji biologické hodiny fadu
pochodd v lidském téle. Hlavnim synchronizatorem je
periodické stfidani svétla a tmy, tj. zakladni cirkadianni
cyklus [11]. ZjednoduSené lze fFici, Ze pfi vysokych
hladinach osvétlenosti, které se bézné vyskytuji v pribéhu
dne ve venkovnim prostfedi, dochazi k blokaci vylu¢ovani
hormonu melatoninu a k vy$si produkci hormonu kortizolu,
coZz nasledné vede k aktivaci organismu. Naopak pfi
poklesu osvétlenosti pod uréitou Urover dojde k produkci
hormonu melatoninu a komezeni tvorby kortizolu,
v dusledku ¢ehoz dochazi k atlumu (viz obr.3). Dulezité je,
Ze centralni biologické hodiny Fidi i periferni hodiny
jednotlivych organt, zejména plic, ledvin, srdce a slinivky.
Proto jsou zmény v aktivit¢ lidského organismu
doprovazeny i zménami teploty, krevniho tlaku, srdeéniho
rytmu atd.

// \.\ ,”—‘-"\\ l/‘—\\ P ,—"‘"-._‘\
OTtizo| e N\ 4 v\ N # \ Y
N \ Y \ |
¥ \J NF AV}
melatonin iy X )
/’ \ \ / '\ A
/ \ X & \ I\
# \ J\ # N\
" \ ; Nt N / '
telesna . #* ~y ’," o ! 4
teplota ™ e
| J
] 12 18 2% 6 2 18 24 6

Obr. 3 Typicky denni rytmus télesné teploty, hladiny melatoninu a
kortizonu a také stupnice lidské aktivity podle pfirozeného 24
hodinového cykly svétlo-tma

Vyzkum v této oblasti je dllezity hlavné z pohledu lidského
zdravi. Predpoklada se, Ze vyznamné a dlouhodobé
naruSeni pravidelného pfirozeného rytmu  stfidani
svételnych podminek, a tim i pravidelného stfidani stavu
klidu a aktivity, mdze vyvolat fadu zdravotnich problémua.
Vysledky sou¢asnych vyzkumu nejsou v takové fazi, aby je
jiz bylo mozné aplikovat v praxi. Nicméné v souc¢asnych
normach jsou jiz uvedeny prvni zminky o existenci tohoto
aspektu osvétleni [2,4]. V ramci mezinarodni komise pro
osvétlovani se zminéné problematice vénuji odbornici
v technickych komisich TC 6-62 a TC 6.-63 v ramci divize 6.

V dneSni svételné technické praxi se pfi navrzich i
kontrolach svételného prostfedi vychazi z podminek
denniho vidéni, pfi kterém se pouziva spektralni citlivost
zraku pro fotopické vidéni [kfivka V(A)]. Tento pfistup
umoznuje s dostate¢nou presnosti popsat svételné
podminky pfi vysokych hladinach jasu, které se vyskytuji v
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prubéhu dne. PFi snizovani celkové Grovné jasu se
postupné zacéina spektralni citlivost zraku posouvat ke
krat§im vinovym délkam a zrak zaéina pracovat v tzv.
mezopické oblasti. V odborné literatufe se uvadi, zZe
k takovym situacim dochazi pfi poklesu adapta¢niho jasu
priblizné pod 3 cd/m?. S dalsim poklesem jasu se spektralni
citivost zraku pfiblizi az ke krajni situaci skotopického
(no¢niho) vidéni [kfivka V'(A\)]. PFi hodnoceni prace zraku
v mezopickych podminkach aplikaci vypoltd a méfeni
uréenych pouze pro fotopické situace vznika Fada
nepfesnosti, popfipadé chyb. Vysledky dosavadnich
vyzkumi zaméfenych na stanoveni prubéhu pomérné
spektralni citlivosti zraku v mezopické oblasti jsou shrnuty
vnové vydané publikaci CIE [5]. Pro SirSi praktickou
aplikaci popsané metody je tfeba jeSté provést fadu ovéreni
v realnych podminkach. Aplikace problematiky
mezopického vidéni do praxe sebou pfindSi moznost
optimalizace osvétlovacich soustav z pohledu energetické
naroénosti, zrakového vykonu i bezpecénosti. Nejvétsi
vyuziti takto zpfesnéného popisu se tyka hlavné oblasti
vefejného osvétleni a nouzového osvétleni.

Pfi navrhu osvétleni se vprvni fadé sleduje otazka
osvétleni konkrétniho zrakového uUkolu nebo prostoru.
Nicméné osvétlovaci soustava mulze pfi svém provozu
vykazovat vedlejsi U€inky, které mohou ovliviiovat jak
prostor, ve kterém je umisténa, tak prostory okolni. Tyto
Gginky mohou byt rdzné povahy. Mohou ovliviovat kvalitu
vnitfniho prostfedi nebo mohou plsobit na uzivatele,
predméty ¢i zafizeni, nachazejicich se v téchto prostorech.
Pokud maji tyto UcCinky rusSivy charakter, je tfeba, je omezit
na pfijatelnou miru nebo UpIné odstranit. Mezi vedlejSi
ucinky osvétleni a osvétlovacich soustav patfi:

« tepelné zatiZeni prostoru;
¢ akustické ruseni;

¢ elektromagnetické rusent;
¢ UV alR zéafeni;

« ruSivé svétlo (VIZ).

Tepelné zatizeni muze zpusobovat problémy hlavé
v menSich prostorech, napfiklad ve vystavnich vitrinach,
kde muze ovlivnit vnitfni klimatické podminky a vést
k poSkozeni predmétl nebo prehfivani predfadnych
pfistroju svitidel. Problémy mohou vznikat také napfiklad u
kompaktnich zarivek nebo kompaktnich LED
s integrovanym predradnikem, instalovanych v uzavienych
svitidlech s malym vnitfnim prostorem. V takovém pfipadé
muze dojit k pfehfivani predfadnikd a k jejich rychlému
zniCeni.  Akustické  ruSeni, zpusobené  napfiklad
predfadnymi pfistroji svitidel maze negativné ovliviiovat
prostfedi koncertnich sélu, uéeben hudebnich Skol,
televiznich a nahravacich studii apod. Elektromagnetické
ruSeni, zpusobené svitidly mize ovliviiovat citlivé pfistroje
napfiklad v nemocnicich, védeckych laboratofi apod.
Problematika sUV a IR zafenim vznikd hlavné pfi
osvétlovani vystavnich prostorld, kde se vystavuji citlivé
exponaty, které mohou mit velkou historickou hodnotu. U
téchto citlivych exponatt dochazi pfi ozafovani UV paprsky
k degradaci zpusobené fotochemickou reakci, kterd se
projevuje zménou barevnych a mechanickych vlastnosti
material(l. IR zafeni mdze vyvolat mechanické poskozeni u
predmétu slozenych z material(i rGzné tepelné roztaznosti.
Této problematice se vénuje publikace CIE [6] a v ramci
CEN se pfipravuje nova norma [7]. Pravdépodobné
nejznameéjSim vedlejSim Gc¢inkem osvétleni je tzv. svételné
znecisténi, resp. ruSivé svétlo ve venkovnim osvétleni.
V souéasné dobé se tento problém feSi pouze ve
venkovnich prostorech. Problematika je jiz zahrnuta
v sou¢asnych normach tykajici se venkovniho osvétleni
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[2,8]. Vramci mezinarodni komise pro osvétlovani se
zminénymi otazkami zabyvaji divize 4 (TC 4.21) a divize 5
(TC 5.28). Nicméné problém svételného znegisténi se
vsoucasné dobé objevuje i vinteriérech, zvlasté
v administrativnich budovéach s otevienymi
velkoprostorovymi kancelafemi, kde mohou svitidla, ktera
principialné patfi do jiné, ale pevné neoddélené Cc&asti
prostoru, zplisobovat oslnéni v jiné &asti prostoru. Resenf
vedlejSich nezadoucich G¢inkG urcité Casti osvétlovaci
soustavy, zvySuje celkovou kvalitu navrhu osvétleni,
eliminuje problémy, které mohou neo¢ekavané vzniknout po
zahajeni provozu osvétlovaci soustavy a v nékterych
pfipadech maze vést ke sniZzeni energetické naro¢nosti.

Hospodarné vyuzivani energii a snizovani energetické

V oblasti osvétleni se tlak na hospodarngjsi vyuzivani
elektrické energie projevuje ve dvou Urovnich; na drovni
technickych zafizeni a na Grovni samotného projektu.

e Principem feSeni energetické hospodarnosti na
urovni technickych zafizeni je zamezit prodeji
nehospodarnych vyrobkd. Tento princip je v rdmci
EU legislativné ukotven v dokumentech Evropské
komise tykajici se tzv. ekodesignu [9,10].

e Principem feSeni energetické hospodarnosti na
urovni projektu, je energeticky hospodarny navrh
osvétleni, ktery souvisi nejen s pouzitim vhodnych
energeticky U¢innych zafizeni, ale také s dobou
vyuziti a spravnou volbou svételné technickych.
ReSeni energetické hospodarnosti na Grovni
projektu  wvyustiio v  komplexni  hodnoceni
energetické naro¢nosti budov, které se promitlo do
narodnich i mezinarodnich norem. Pro energetiky
hospodarné feSeni jednotlivych technologickych
¢asti budov, mezi nimi i pro osvétleni, jsou

zpracovany samostatné normy [4]. V ramci
venkovniho osvétleni se pracuje vramci CEN na
hodnoceni energetické naro¢nosti vefejného
osvétleni.

DalSim z ddlezitych témat sou¢asné svételné techniky je
komplexni navrh osvétleni v ramci interiéru budov, ktery
zahrnuje spole¢ny postup pfi feSeni denniho a umélého
osvétleni. V souéasné dobé se dosud denni a umélé
osvétleni navrhuje oddélené, coZz neumoznuje nebo ztéZuje
optimalni vyuziti obou zdroju svétla. PFistupy, které se pfi
navrzich obou soustav pouzivaji, jsou odlisSné a vystupy
z obou navrhli se jen slozit¢ kombinuji. Denni svétlo je
pfirozenou soucasti pfirodniho prostfedi a neni tfeba jej
slozité a narocné vyrabét. Proto by jeho vyuziti méla byt
vénovana Vvétsi pozornost, nez je tomu v souéasné praxi.
Vedle toho by integralni soucasti feSeni osvétleni mélo byt
také nouzové osvétleni a zplsob ovladani, popfipadé Fizeni
osvétlovacich soustav. Takovyto pfistup by umoznoval
nejen zkvalitnit svételné prostfedi v budovach, ale také
optimalizovat jak energetickou naro¢nost osvétleni, tak
investiéni i provozni naklady.

Koncepéni  feSeni  venkovniho  osvétleni  vychazi
z podobného principu jako komplexni FeSeni osvétleni
v budovach. V tomto pfipadé jde o navrh osvétleni celého
mésta, pfipadné jeho ¢asti, ktery bere v Gvahu nejen otazku
svételné technickych parametrd, ale principialné vychazi
z vizualni podoby mésta ve vecernich a no¢nich hodinach.
Vzhledem ktomu, Ze se pfi komplexnim pfistupu bere
v Uvahu Ffada oblasti, které vefejné osvétleni ovliviiuje nebo
naopak je jimi ovliviiovano, umozZzruje tento pFistup:
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» celkové zlepSeni kvality no¢niho prostfedi mést a
obci, véetné zvySeni bezpecénosti provozu;

e U¢inné feSeni ovladani a fFizeni osvétlovaci
soustavy;

e optimalizaci spotfeby elektrické energie;

e  pfijeti dlouhodobé strategie pro obnovu a rozvoj
verejného osvétleni;

»  prijeti zasad pro feSeni problematiky rusivého
svétla apod.

V souCasné dobé se této problematice vénuje CIE v ramci
divize 5 (TC 5-21).

Vyvoj samotnych technickych prostfedkd probiha v fadé
oblasti. Velmi intenzivni vyvoj zaznamenavame v oblasti
svételnych zdroji (obr. 4). Pfi tom se sleduje nékolik
zakladnich parametri. Pravdépodobné nejsledovanéjSim
parametrem je mérny vykon, ktery pfinasi informaci o
Gcinnosti pfemeény energie elektrické na svételnou. DalSim
parametrem je spektralni slozeni vyzafovaného svétla,
které uréuje nejen jeho barevné vlastnosti a ovliviiuje kvalitu
viemu barev ve svétle daného zdroje, ale souvisi také
s jeho mérnym vykonem. Mezi dllezité parametry patfi také
doba zivota zdroje.
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Obr. 4 Vyvoj mérnych vykonG n (Im/W) u bézné pouzivanych
svételnych zdroji pro vSeobecné osvétlovani

V poslednich letech se bouflivé rozvijeji polovodi¢ové
svételné zdroje, a to jak svételné diody (LED), tak i
organické svételné diody (OLED). Zatimco svételné diody
se postupné prosazuji ve stale vétSim okruhu aplika¢nich
oblasti a v sou€asné dobé dosahuji mérnych vykon( pres
130 Im/W, jsou organické svételné diody zatim stale jeSté
ve fazi vyzkumu a vyvoje. Svételné diody jsou vzhledem ke
svému charakteru vyzarovani vhodné pro smérova svitidla,
u organickych svételnych diod, Ize pfedpokladat uplatnéni
pro celkové osvétleni prostoru. PolovodiCové svételné
zdroje velmi vyrazné ovliviuji vyvoj svitidel, u kterych je
tfeba velmi peclivé FeSit nejen opticky systém, ale také
teplotni poméry a chlazeni. Urgity vyvoj lze sledovat
v oblasti bezelektrodovych svételnych zdroji (nizkotlakych i
vysokotlakych), které se vyznacuji dlouhou dobou Zivota a
kvalitnim spektralnim sloZzenim, nicméné jejich mérny vykon
se pohybuje na drovni béznych elektrodovych vybojovych
zdroj, tj. okolo 100 Im/W.

U svitidel je velkd pozornost vénovana optickym systémam.
V nedavné dobé Fady vyrobcl inovovala svitidla
s reflektorovymi optickymi systémy. Velka pozornost je v
dnesni dobé vénovana optickym prvkam, které vyuzivaji
lomu svételnych paprskid (mikroprismatické kryty, optické
6ocky, holografické prvky). Od vyvoje novych technickych
zafizeni Ize tedy v budoucnu obecné ocekavat zlepSeni
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sledovanych parametrd a efektivngjsi vyuziti elektrické
energie pro osvétlovani.

Zaveér
ReSeni témat z oblasti svételné techniky ma velky
potencial, ktery vsobé zahrnuje zkvalitnéni Zivotniho

prostfedi, a to nejen z hlediska zrakového vnimani, ale
z pohledu celkového zdravotniho stavu, zlepSeni
bezpecnosti, omezeni vedlejSich G¢inkd osveétlovacich
soustav i hospodarnéjSiho vyuziti elektrické energie pro
osvétlovani. Nicméné feSeni uvedenych témat a nasledna
aplikace vysledkll vyzkumd v praxi zdsadné zavisi na
postaveni svételné techniky ve spole¢nosti, které
v soucasné dobé neodpovida vyznamu svétla pro ¢lovéka.
Pro zménu postaveni svételné techniky ve spole¢nosti je
treba zacit fesit nékolik klicovych témat:

1. Osvéta

Prvnim Ukolem, kterého se musi ujmout odborné instituce
na narodni i mezinarodni Urovni je jasné, srozumitelné a
jednoduse popsat vyznam svétla pro ¢&lovéka. Tyto
informace by mély byt rozSifeny prostfednictvim odborné
verejnosti mezi laickou vefejnost, projektanty i zaméstnance
statni spravy. Na to by méla navazat dalSi osvéta v oblasti
osvétleni, kterd& by méla byt pojata tak, aby byla
jednoducha, srozumitelna a pfijatelna pro béznou vefejnost.
Jak jiz bylo zminéno, v souc¢asné dobé& pochéazi vétSina
informaci o svételné technice z marketingovych kampani
obchodnich firem a tyto informace jsou zpravidla nekvalitni,
neuplné a zejména marketingové zamérené.

2. Profesionalni praxe

Pro zlepSeni Urovné osvétleni ve vnitfnich i venkovnich
prostorech je tfeba, aby doSlo ke zménam v projekéni praxi.
Pokud nebude oboru osvétleni vyélenén v ramci projektu
odpovidajici prostor nelze oéekavat vyrazné zlepSeni kvality
osvétlovacich soustav a hospodarnosti osvétleni. Navrh
osvétleni jinak zlGstane redukovan na vybér typu a
rozmisténi svitidel a na dodrZeni normativnich ukazatel( a
jen tézko bude mozné napftiklad aplikovat komplexni feSeni
osvétleni budov, ¢i koncepéni feSeni venkovniho osvétleni
meést a obci.
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3. Védeckéa a odborné ¢innost

Zakladem pro kvalitni osvétu a vychovu profesiondalnich
projektantli z oblasti svételné techniky je kvalitni odborna
zakladna ve formé odbornych organizaci, vzdélavacich
zafizeni a védeckych instituci. Vzhledem k tomu, Ze obor
svételné techniky je oborem malym, je tfeba, aby v rdmci
jednotlivych zemi byla ¢&innost téchto instituci efektivné
organizovdna a aby byla napojena na mezinarodni
organizace.

Literatura

[1] Light at Night: The Latest Science, 2010 DOE
Solid-State Lighting Market Introduction
Workshop, Philadelphia, July 20-22, 2010,
www.ssl.energy.gov/philidelphia2010 materials.ht

ml

[21 CSN EN 12464-1 Svétlo a osvétleni — Osvétleni
pracovnich prostord — Céast 1: Vnitfni pracovni
prostory

[3] CSN EN 12464-2 Svétlo a osvétleni — Osvétleni
pracovnich prostord — Cast 2: Venkovni pracovni
prostory

[4] CSN EN 15193 Energeticka naroénost budov —
Energetické pozadavky na osvétleni

[5] CIE 191-2010: Recommended System for Mesopic
Photometry Based on Visual Performance

[6] CIE 157-2004: Control of Damage to Museum
Objects by Optical Radiation

[7] prEN 16163 Conservation of cultural property —
Exhibition lighting of cultural property

[8] CSN EN 12193 Svétlo a osvétleni — Osvétleni
sportovist

[9] Nafizeni komice (ES) ¢. 244/2009

[10]Nafizeni komice (ES) ¢. 245/2009

[11]IlInerova H.: Vliv osvétleni na ¢lovéka, jeho
biorytmy a synchronizace. Institut pro dalsi
vzdélavani pracovniku ve zdravotnictvi, Brno2006

Authors: prof. ing. Jifi Habel, DrSc., Ing. Petr Zak, Ph.D., Ceské
vysoké ucéeni technické v Praze,Technikca 2, 166 27, Praha, Czech

Republic, e-mail: habel@fel.cvut.cz

Svétlo 2011, Praha, Ceska republika



Ing. Frantiek KRAS NAN, PhD., Ing. Matej JANIK

Slovenska technicka univerzita v Bratislave, Fakulta elektrotechniky a informatiky

Metodika merania nidzového osvetlenia

Abstrakt. Z hladiska bezpeénosti ma nidzové osvetlenie nezastupite/ny vyznam. Jeho Glohou je v pripade vypadku napéajania hlavného osvetlenia
zabezpecit' bezpecné opustenie priestorov, zamedzenie vzniku paniky, zniZenie rizika Urazu pripadne nevyhnutné dokoncenie c¢innosti. PoZiadavky,
ktoré musi nidzové osvetlenie spifiat, st uvedené v EN 1838. Akym spdsobom vSak merat nidzové osvetlenie a ako overit, & st pozadované
parametre splnené? Ciefom prispevku je prezentovat' metodiku merania umozriujicu hodnotenie nidzového osvetlenia v stlade s EN 1838.

Kru€ové slova: nudzové osvetlenie, meranie nidzového osvetlenia, svietidla pre nidzové osvetlenie,

Uvod

Nie je tomu tak davno, ked sa clovek nebal napit
zo studni¢ky v lese, ked sa deti po celodennom Santeni
vratili domov zdravé i napriek tomu, Ze ich rodi¢ia nevedeli
kedykolvek skontrolovat mobilnym telefénom, ked vrcholom
bezpecnosti bol zapnuty pas v aute... Ako plynie ¢as, meni
sa aj svet. Hoci ludia su ti isti, maju svoje sny, tazby,
priatelstva, lasky, akosi stale viac vSak myslia
na bezpec¢nost, na svoje zdravie, ochranu a snazia sa
minimalizovat akékolvek zname rizika. No a rovnakd ulohu
ma aj nudzové osvetlenie. Musi zabezpedit dostatoénu
viditelnost a tym bezpecénost os6b v pripade vypadku
napajacej sustavy normalneho osvetlenia.

Poziadavky na nadzové osvetlenie

Poziadavky na nudzové osvetlenie uvadza predovSetkym
EN 1838 [1]. Je v nej definované, kde sa nudzové
osvetlenie musi realizovat a aké parametre musi spifiat.
Norma deli nidzové osvetlenie na Unikové nudzové
osvetlenie a Nahradné osvetlenie.

Nadzové osvetlenie

Unikové ntidzové Nahradné osvetlenie

osvetlenie

Osvetlenie otvoreného
priestranstva
(protipanikové osv.)

Nudzové osvetlenie
Unikovych ciest

Osvetlenie priestorov
s vysoko rizikovymi
éinnostami

Obr.1. Rozdelenie nidzového osvetlenia

Ugelom nudzového osvetlenia dnikovych ciest je umoZznit
bezpecny Unik z priestoru vytvorenim vhodnych podmienok
viditelnosti, nasmerovat osoby do Unikovych ciest
a na ur¢ené miesta, zabezpe it viditelnost a pouzitelnost
poziarnych a bezpecnostnych zariadeni.

Ucelom osvetlenia otvoreného priestranstva (protipanikové
osvetlenie) je znizit pravdepodobnost vzniku paniky,
umoznit bezpeény pohyb os6b smerom k Gnikovym cestam
vytvorenim vhodnych podmienok viditelnosti
a nasmerovanim.

Ugelom _ osvetlenia _ priestorov__s vysoko _rizikovymi
ginnostami je prispiet k bezpecnosti osbb zapojenych
do potencialne nebezpeéného priestoru alebo situacie
aumoznit im riadne zastavenie cinnosti, aby sa vytvorili
podmienky na bezpecénost ostatnych oséb.

Light 2011, Prague, Czech Republic

Svietidla pre nudzové osvetlenie sa umiestiuju pri kazdych
vchodovych dverach a na miestach kde je potrebné
zvyraznit potencidlne nebezpedenstvo alebo bezpeénostné
zariadenie, napriklad:

- Pri v8etkych dverach pouzivanych v stave nudze,

-V blizkosti (rozumie sa do 2 m) schodisk,

-V blizkosti kazdej zmeny Urovne,

-V blizkosti nudzovych vychodov a bezpeénostnych
znaciek,

- Pri kaZzdej zmene smeru,

- Na krizovatkach chodieb,

-V blizkosti kazdého kone¢ného vychodu,

-V blizkosti kazdého miesta prvej pomoci,

-V blizkosti kazdého poziarneho zariadenia a hlasi¢a
poziaru.

Obr.2. Priklad rozmiestnenia svietidiel nidzového osvetlenia

Nudzové osvetlenie tnikovych ciest
Pri nidzovom osvetleni anikovych ciest sa pozaduji najma:

minimalna intenzita osvetlenia kdekolvek v osi Unikovej
cesty Emin =2 1 Ix.

minimalna intenzita osvetlenia v stredovom péase
so Sirkou aspofi 1/2 Sirky unikovej cesty Emin = 0,5 Ix,
rovnomernost definovana ako pomer maximalnej
a minimalnej osvetlenosti v osi Unikovej cesty menej ako
40:1,

index podania farieb Ra = 40,

€as trvania unikového osvetlenia = 1 h,

intenzita osvetlenia musi dosiahnut minimalne 50%
do 5 s a100% do 60 s poZadovanych hodn6t.
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Obr.4. Pozadovana rovnomernost osvetlenia tnikovych ciest

Nudzové osvetlenie otvoreného priestranstva

Pri nadzovom osvetleni otvoreného priestranstva su
poziadavky na osvetlenie takmer rovnaké ako pri osvetleni
unikovych ciest. Rozdiel je iba v tom, Ze sa hodnoti
vodorovna osvetlenost celého priestoru okrem 0.5 m
od obvodu miestnosti.
Vodorovna osvetlenost
minimalne Emin 2 0,5 Ix.

na Grovni podlahy ma byt

Meranie nidzového osvetlenia

Prvorada poZiadavka pre meranie nadzového osvetlenia je
zabezpecit overeny luxmeter, ktory dokdze meraf
osvetlenost aj na Urovni desatin luxu. Intenzity osvetlenia
uvedené v STN EN 1838 su minimalne osvetlenosti, ktoré
je potrebné dosiahnut’ kedykolvek v priebehu ¢asu trvania
nadzového osvetlenia ktory je minimalne 1 h, ale realne,
najma pri velkych objektoch méze byt aj niekolko hodin.

Intenzita osvetlenia sa vSak pri nddzovom osvetleni
v priebehu svietenia meni. Velkost tejto zmeny zavisi
od druhu pouzitych svetelnych zdrojov (ziarivky, kompaktné
Ziarivky, LED, Ziarovky a pod.), od spOsobu napajania
(NiCd alebo NiMH akumulatory zabudované v svietidlach,
napajanie z centralnej akumulatorovne, meni¢ v kombinacii
s dieselagregatom a pod.). Priebeh svetelného toku
nadzového svietidla s 9W kompaktnou Ziarivkou
a akumulatorom NiCd 4,8V/2,1 Ah vidno na nasledovnom
obrazku.
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Obr.5. Zmena svetelného toku nidzového svietidla pocas svietenia
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Ak ma meranie preukazat splnenie poziadaviek normy STN
EN 1838, bolo by potrebné kompletné meranie v celom
objekte vykonat presne v ¢ase 1 h po vypadku napajania,
ani skor, ani neskor. To vSak technicky nie je mozné.

Preto navrhujeme pre meranie nidzového osvetlenia volit
nasledovnu metodiku.

Metodika merania nadzového osvetlenia

Pre objektivne meranie nidzového osvetlenia odpori¢ame
pouZitie dvoch rovnakych luxmetrov s moznostou pripojenia
na pocitaé. Kazdy luxmeter je pripojeny na samostatny
notebook, pri¢om jeden bude slizit ako porovnavaci a bude
umiestneny pocas celého merania na jednom mieste
v blizkosti vybraného nudzového svietidla a druhy bude
slozit na samotné meranie nddzového osvetlenia.

Oba pocitate musia mat zosynchronizovany ¢as a pouZzity
software musi su¢asne s nameranou hodnotou osvetlenosti
zaznamenavat aj aktualny ¢as.

Obr.6. Luxmeter prepojitelny s po¢itatom

Meraci  program  porovnavacieho luxmetra  bude
zaznamenavat namerané hodnoty osvetlenosti kontinualne
v intervale napr. 1 s poc¢as celého Casu, po ktory ma byt
funkéné nuadzové osvetlenie. Z nameranych Udajov sa
potom vykresli priebeh zmeny svetelného toku svietidiel
pre nidzové osvetlenie.

Takto namerané (daje sa nasledne prepocitajl
na percentualne vyjadrenie, pricom ako 100% sa bude brat
najnizSia z nasledujucich troch hodnét:

v ¢ase
osvetlenia

namerana
nudzového

a) intenzita osvetlenia
t =5 s po nabehu
vynasobena dvomi,

b) intenzita osvetlenia namerana v ¢aset = 60 s,

c) intenzita osvetlenia na konci minimalneho ¢asu,
po ktory ma byt funkéné nidzové osvetlenie (napr.
1 hodina).

Nudzové osvetlenie Unikovych ciest alebo otvorenych
priestranstiev sa m6ze merat ihned po nadbehu nidzového
osvetlenia druhym luxmetrom. Je vhodné vykonat merania
vo vSetkych poZadovanych priestoroch v ¢ase, pokial je
eSte funkéné nudzové osvetlenie (napriklad do 1 hodiny).
V opaénom pripade by bolo potrebné nechat akumulatory
znovu nabit na pInG kapacitu a v meraniach pokracovat
napriklad az na nasledujici der.
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Ku kazdej nameranej hodnote osvetlenosti je potrebné
zaznamenat aj aktualny ¢as, kedy bolo meranie vykonané
(na to sluzi druhy notebook s vhodnym programom).

Po dokonéeni merania sa namerané data zoboch
notebookov ~ zosynchronizujd  aintenzita  osvetlenia
namerana druhym luxmetrom v jednotlivych priestoroch sa
vynasobi prisluSnou percentualnou hodnotou z priebehu

poklesu svetelného toku nameraného porovnavacim
luxmetrom.
Takto prepoéitané hodnoty je mozné porovnat

s poziadavkami normy STN EN 1838.

Pouzitim tejto metodiky je mozné ziskat objektivne vysledky
Zmerania  nudzového  osvetlenia a  garantovat,
Ze osvetlenie vyhovuje pozadovanym parametrom.

Mo6zZe nastat situacia, Ze osvetlovacia slstava nudzového
osvetlenia je tvorend kombinaciou réznych druhov
svetelnych zdrojov, napriklad LED a kompaktnych Ziariviek,
ako je tomu na nasledovnom obrazku.

Obr.6. Nudzové osvetlenie kombinaciou Ziariviek a LED.

V takom pripade je vhodné fotonku porovnavacieho
luxmetra umiestnit v blizkosti svetelného zdroja ktorého
svetelny tok sa v ¢ase meni viac (v tomto pripade by to boli
kompaktné Ziarivky), alebo vykonat meranie
s porovnavacim  luxmetrom umiestnenym v blizkosti
kazdého druhu svetelného zdroja samostatne. Treba vSak
pocitat, Ze takéto meranie moze trvat aj niekolko dni,
pretoZze pred spustenim kazdého porovnavacieho merania
je potrebné nabit akumulatory na plni kapacitu.

Zaver

Uvedenym spdsobom bolo na Slovensku vykonanych uz
niekolko merani sdstav nudzového osvetlenia. A hoci je
meranie naroénejSie na technické vybavenie, vysledkom
pouzitia uvedenej metodiky je moznost garantovania suladu
s poziadavkami predpisov, ¢o by v inom pripade mohlo byt
problematické.

Light 2011, Prague, Czech Republic
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LED svitidla pro ve fejné osv étleni

Abstrakt. LED svitidla pro verejné osvétleni — fenomén poslednich nékolika malo let, vitany i zatracovany. Odborna verejnost s velkymi nadéjemi
vzhliZi k tomuto svételnému zdroji pravem jako ke svételnému zdroji nedaleké budoucnosti.

Vzéjemné porovnani stavajiciho, jiz desitky let vyuzivaného verejného osvétleni s vysokotlakymi sodikovymi vybojkami a nové nastupujicich
LED svitidel je tkolem pilotnich projekt, které se postupné objevuiji po celém tzemi CR. V Praze 5 byl 11. listopadu 2009 slavnostné zahajen jeden
z nejrozséahlejsich pilotnich projektd v CR, ktery prinesl velice zajimavé poznatky. LED svitidla byla podrobena vstupnimu laboratornimu méfeni na
katedre elektroenergetiky CVUT, nazoriim pfitomnych obéand, dale probéznému terénnimu méfeni a v neposledni fadé i pravidelné kontrole
funkénosti.

V ramci laboratorniho méfeni na katedre elektroenergetiky CVUT se provedlo u viech typi pouZitych svitidel podrobné méreni fotometrickych a

elektrickych vlastnosti.

Soucésti projektu byla i vefejna anketa — prace seznamuje s nejzajimavéjSimi zavéry.
Jedny z nejzajimavéjSich vysledkd pro provozovatele verejného osvétleni prinesly pravidelné kontroly funkénosti, které odhalily slabé misto LED

svitidel.

Kliéova slova: LED svitidla, méFfeni LED svitidel, funkénost

Uvod

Uspory el.energie jsou v poslednich letech sklofiovany
ve vSech padech a proto neni divu, Ze nejen Cesky trh je
zaplavovan rliznymi vyrobky slibujici mnohdy az nevidané
Uspory. LED svitidla mezi tyto vyrobky bezesporu patfi.
Propagac¢ni materialy jednotlivych vyrobkd slibuji razné
navratnosti  vloZzenych investi¢nich  prostfedkd. S
predlozenou kalkulaci seznamujici s velmi rychlou
navratnosti je potfeba se seznamit a pfipadné prohlédnout
jeji pravdivost. Jednim z parametra téchto kalkulaci je
bezudrzbovost, tedy nulové provozni naklady po dobu
zZivotnosti LED svitidla, ktera se pohybuje od 15 do 25 let.
Provéfeni LED svitidel v realném provozu byl impulsem k
realizaci jednoho z nejrozsahlejSich pilotnich projektd LED
svitidel na tzemi CR a to v Praze 5 Smichové, ktery byl
slavnostné rozsvicen 11. listopadu 2009.

Vybéru LED svitidel pro pilotni projekt se zG¢astnilo
celkem 48 firem z celého svéta. Pro instalaci LED svitidel
bylo v zavéru vybrano celkem 6 spolecnosti, jejichz LED
svitidla rozzafila 7 ulic. Cilem pilotniho projektu bylo
provéreni vSech LED svitidel jak v laboratofi, tak i v readlném
provozu.

Stavajici stav a navrh LED svitidel

Pro kazdou komunikaci bylo na zakladé dodanych
kfivek svitivosti k LED svitidlim provedeno porovnani
pavodni soustavy vefejného osvétleni s vysokotlakymi
sodikovymi vybojkami s nové navrhovanymi LED svitidly.

Tab 1. Porovnani navrhovanych LED svitidel se stavajicimi svitidly
s vysokotlakymi sodikovymi vybojkami

PGvodni sodikové Primérna Nové LED Primérna

svitidlo Pfikon |osvétlenost/jas |svitidlo PFikon |osvétlenost/jas
SCHREDER MC12 64/ 051  [cd/m2] A 106| 0.5 [cd/m2]
SCHREDER MC2 83 0.6 [cd/m2] B 141| 0.5 [cd/m2]
MARS 83 0.8 [cd/m2] [¢ 118| 0.75 [cd/m2]
SCHREDER MC2 116 1.17  [cd/m2] D 109.5| 1.23 [cd/m2]
SIDONIA 71 35/12.8 [Ix] E 22.312.5 [Ix]
SIDONIA Z1 35/ 3.7 [Ix] F 72.217.5 [Ix]
SIDONIA Z1 64 9.6 [Ix] B 47.2| 9.0 [Ix]

Laboratorni m éfeni

Laboratorni méfeni LED svitidel bylo provedeno na
katedfe elektroenergetiky CVUT pod vedenim Prof. Ing.
Jifiho Habela, DrSc. Obsahem laboratornino méfeni byla
analyza fotometrickych parametrd, méreni spektralnich a
elektrickych vlastnosti. V ramci laboratorniho méfeni bylo
zméfeno i svitidlo H, které vSak nebylo instalovano
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z divodu nesplnéni pozadované osvétlenosti pro vybranou
komunikaci.

Analyza fotometrickych udajl svitidel se tykala
hodnoceni rozlozeni svételného toku svitidel s vyuzitim
charakteristickych svitivosti a pasmovych toka. Vstupni
Udaje pro tuto analyzu byly pfevzaty z dodanych podklad
(fotometrickych kfivek) od vyrobce.

Tab 2. Charakteristické svitivosti posuzovanych svitidel

ozn.| lows l700 sv lgo° sv lso sv Imaxsv | Crmax | Ymax | TTida

| (cd/kim) | (cd/kim) | (cd/Kim) | (cd/kim) | cd/kim) | (%) | (9| P G

207 751 199 45,0 893 30 65 D6 G1
144 428 140 24,4 513 25 65 D6 G2
45 434 118 0,0 451 45 72 D5 G2

A 173 297 117 1.2 397 5 50 D5 G2
B 172 271 113 14 392 5 50 D5 G2
Cc 287 287 194 47,0 337 15 54 D5 G1
D 330 1225 71 0,1 1637 15 66 D6 G3
E 178 958 11 10,5 931 5 71 D6 G3
F
G
H

Tab 3. Podily svételnych tokd do dolniho a horniho poloprostoru a
zaclenéni posuzovanych svitidel do system BUG

ozn. | @, (m) | ©p (Im) (‘Iﬁ:) E(’o'/;? L(’o'/;')? B|U| G
A | 5053 | 5053 | 0 | 100% | 0% | B2 | U1| G2
B | 6011 | 6011 | 0 | 100% | 0% | B2 | U1 | G2
C | 8400 | 8318 | 82 | 99.0% | 1.0% | B2 | U3 | G2
D | 6413 | 6413 | 0, |100,0%| 0.0% | Bi | U1 | G
E | 1080 | 1078 | 2.2 | 998% | 0.2% | BI | U1 | GO
F | 6716 | 6542 | 174 | 97,4% | 2.6% | Bl | U3 | G2
G | 3206 | 3188 |18.4] 99.4% | 06% | Bl | U2| Gi
H | 12300 | 12300 | 0 |100,0% | 0.0% | B4 | U2 | G2

Pro hodnoceni spektralnich vlastnosti svételnych diod
(LED) posuzovanych svitidel bylo zméfeno podrobné
spektralni rozlozeni zafivého toku v rozsahu vinovych délek
od 380 nm do 780 nm. Z vysledkd méfeni byly vypocéteny
nahradni teploty chromatiénosti, vS8eobecné indexy podani
barev a svételné toky pro r(izné adaptaéni podminky
(fotopické, mezopické, skotopické vidéni).

Svétlo 2011, Praha, Ceska republika



Tab 4. Soufadnice x,y, nahradni teploty chromati¢nosti Te, a

zapnuti, pfi nabéhu, v ustaleném stavu a pfi kolisani
napajeciho napéti.

U Peak [V]
4037 Udivatel CYUT FEL Projekt: 8GE_Mé&feni: Modul Transient Veligina: U Peak [V]

- x=-166
300,0-] /\. /’\ /f 053
2000 / \‘ / \,\ /
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00— / \ / \
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: [ Y i \ /
-300.0-] ‘[./ LI o
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| Peak [A]
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26712
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Obr.2. Vyznaceni okamziku zapnuti na sinusovém prabéhu
napéajeciho napéti a pfiklad prdbéhu proudového narazu pfi zapnuti

Tab 6. Hodnoty jmenovitych (In) a zapinacich (l.ap) proudd

vSeobecny index podani barev R, vyzafovaného svétla

osuzovanych svitidel

Ozn. X y Ten (K) R. (-)
A 0,35 | 0,37 4 959 F2
B 0,34 | 0,36 5100 72
C 0,31 0,31 6872 73
D 0,32 | 0,35 6012 69
E 0,42 | 0,37 3088 93
F 0,38 | 0,38 3 901 81
G 0,30 | 0,31 7478 80
H 0,33 | 0,34 5690 69
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Obr.1. Diagram chromati¢nosti v soustavé XYZ s vyznacenim bodU
chromati¢nosti vyzafovaného svétla posuzovanych svitidel

Tab 5. Svételné toky pro rGzné adapta¢ni podminky zraku
pozorovatele u sledovanych svitidel a u svitidla s vysokotlakou
sodikovou vybojkoul50W

sledovanych svitidel

Ozn. Tim (A) Lap (A | Toapllim (=) | tasr (ms)
A 05 24,0 495 2,0
B 0,7 24,4 36,8 2,0
c 05 24,3 459 2,5
D 05 22,0 451 2,0
E 0,1 05 45 2,0
F 0,3 24,0 743 2,0
G 0,2 0,4 1,9 1,0
H 0,9 24,0 26,1 2,0

PFi ustalovani parametrt svitidel se sledovaly ¢inny pfikon,
teplota na chladi¢i, svételny tok a mérny vykon svitidla.

Zmény  sledovanych

veli¢in

v pribéhu

svételného toku jsou zfejmé z obr. 3 az 6.

ustalovani

106%

105%

NoGni Mezopické vidéni Denni
vidéni vidéni »
Ozn. D5/ Dgy Ten
Dy D svi=05 | P svi=03| P svi=01 Dy - (K)
(Im) (Im) (Im) (Im) (Im)
A 8848 5306 5912 7226 5053 1,75 4959
B 10669 6312 7033 8656 6011 1,77 5100
C 17079 8904 10248 13104 8400 2,03 6872
D 12306 6738 7700 9690 6417 1,92 6012
E 1548 1112 1199 1367 1080 1,43 3088
F 10654 6985 7656 9100 6716 1,59 3901
G 7262 3430 4008 5322 3206 2,27 7478
H 24577 13038 15129 19016 12300 2,00 5694
| 8943 14550 13050 10560 15 000 0,60 1823
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Z vySe uvedené tabulky je patrné, Ze lepSi vnimani
bilého svétla se projevuje pouze do jast 0,3-0,5 cd/m2.
V méné osvétlenych lokalitach (pod 0,5 cd/m2) je pfinos
bilého svétla ve zvySeni bezpeénosti osvétleného prostoru.

V ramci rozboru elektrickych parametri se vénovala
pozornost obvyklym provoznim stavim, a to okamziku

Light 2011, Prague, Czech Republic

Obr.3. Prabéhy procentualnich zmén ¢inného prikonu po zapnuti
sledovanych svitidel
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Obr.4. Praibéhy teploty na chladi¢i pfi nabéhu sledovanych svitidel
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Obr.5. Prabéhy procentuélnich zmén toku po zapnuti sledovanych
svitidel
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Obr.6. Prabéhy procentualnich zmén mérného vykonu svitidla po
zapnuti sledovanych svitidel

Tab 7. Hodnoty el.veli€in v ustadleném stavu

ozn. | Im(A) | P(W) | Q(Var) | cose(-) | () | THDI(%)
A | 049 | 101 | -4900 | 0935 | 0901 <252
B | 066 | 142 -59 0952 | 0928 | <2175
c | 053 | 118 -30 0975 | 0968 | <1075
D | 049 | 111 -28 0983 | 0970 | <1520
E | 011 | 23 11 0914 | 0901 | <1180
F | 032 | 73 14 0985 | 0983 | <345
G | 022 | 47 -14 0971 | 0957 | <163
H | 092 | 204 -54 0972 | 0967 | <101
84

Terénni m éfeni

Na laboratorni méfeni logicky navazalo i méfeni LED
svitidel za provozu, které bude probihat az do konce roku
2011. Cilem meéfeni bylo sledovani ¢asové proménlivosti
vybranych parametr. Celkem bylo v obdobi od 19.4.2010
do 25.8.2011 provedeno 5 méfeni.

Prvnim parametrem je zména svételného toku. Pro
vylouéeni vlivu pfipadné vyrobni vady dvou sousednich
LED svitidel v ramci dlouhodobého méfeni bylo zvoleno
méfeni osvétlenosti v podélné ose celé komunikace. Pro
vérohodnost méfeni byly méfici body v podélné ose vSech
komunikaci trvale oznac¢eny. Vysledné hodnoty osvétlenosti
byly pfepocteny podle pribéhu svételného toku v zavislosti
na teploté chladi¢e LED svitidla z laboratornich vysledka.

Tab 8. Hodnoty prdmérné osvétlenosti v ose komunikace

svitidlo 1 2 3 4 5
A 7.9 8.1 7.6 6.2 7.6
B 13.8 13.4 13.3 12.9 13.3
C 19.3 18.6 18.9 171 16.3
D 31.9 31.9 30.3 271.7 255
Dreg) 21.9 24.6 243 22.9 21.9
E 12.5 11.5 12.3 12.3)-
F 11.7 12.1 12.8 11.6 11.4
G 24.9 22.8 23.4 23.0 221

U svitidel C, D a G je patrny pokles namérenych hodnot.
ZvySe uvedenych pramérnych osvétlenosti v ose
komunikace nelze zatim ¢&init zavazné zavéry z davodu
kratké provozni doby (dosud odsviceno 7400 hodin).
Druhym parametrem bylo ovéfeni teploty chromati¢nosti
v zavislosti na ¢ase. Z vysledki mérfeni a pfi jisté mife
odchylky meéfeni lze prozatim konstatovat, ze teplota
chromati¢nosti se vyznamné neméni.

Tab 9. Hodnoty teploty chromati€nosti

svitidlo 1 2 3 4 5
A 4697, 4631) 4548| 4533| 4625
B 3136] 3152 3233] 3211| 3174
C 6395/ 6344 6021 6185 6236
D 5760 5395/ 5705, 5663 5620
E 3231 3129] 3139 3581 -
F 3920| 3972 3860 3952| 3763
G 6261 6199 6312 6200 6248

Pfi méfeni obou parametrd bylo zajiSténo vylouceni
vlivu externich svételnych zdroja, které maji pfimy vliv na
vysledné parametry. | pfes veSkera opatfeni je vS8ak nutno
s chybou méreni poditat.

PFi poslednim méfeni vykazovala svitidla E vySSi
poruchovost, a proto nebylo méfeni realizovano.

Verejna anketa

Soucasti slavnostniho rozsviceni pilotniho projektu byla
i vefejna anketa. Ugastnici slavnostniho rozsviceni z fad
odbornik( i laické vefejnosti odpovidali na 11 otazek
tykajicich se této zasadni zmény - prechodu od
vysokotlakych sodikovych vybojek k LED svitidlam, které
nabizeji rozmanitéjsi svételné podminky.

Svétlo 2011, Praha, Ceska republika



Tab 10. Vysledky verejné ankety vénované LED svitidlim

Podlé vySe uvedenych vysledkd vefejné ankety je
ziejmé, Ze nové vefejné osvétleni sLED svitidly je
verejnosti pfijato kladné.

Kontroly funk énosti

Velice zajimavym a v uréité mife i nejvice ocekavanym
vysledkem byla funkénost LED svitidel. Kontrola vSech LED
svitidel je soucasti pravidelné noéni kontroly vefejného
osvétleni. Vysledky kontrol jsou zpracovany v nize uvedené
tabulce, kde jsou kromé pravidelnych kontrol zaznamenany
i kontroly mimoradné (Z = zavada, V = vymeéna svitidla).

Light 2011, Prague, Czech Republic

Otazka Moznosti vysledek
vyrazné zlepsila 48.7% Tab 11. Vysledky kontroly funkénosti
rozhodné nezlepsila 14.1% = = 3 =
1. Viditelnost z poniedu fidice se bonekud zZiepsiia 25 T Zavady na svitidlech Vymény svitidel
neumim posoudit 11.5% sl8(g9|2 212 d| oSl 2| | « 5
nezlepdila 2 6% Jlo|d|m|e|m|~|d gl < = | = L
vyrazné ziepsila 57 0% siitidlo | i |an | B RIS R B8 S| 5| 5 RS
rozhodné nezlepsila 17.1%
2_Viditelnost z pohledu chodce se ponékud Zlepsila 21 5% Al z Z 2 \ il
neumim posoudit 1.9% A2 \ 1
neziepsia 2.5% A3 \vi 1l
mnohem snadné&ji 52.3%
mnohem obtiznéji 9.8% A4 v 1
3. Rozpoznavate obliCeje protijdoucich ponékud snadnéji 26.8% Bl Z Z 2 V il
osob nezménilo se 7.2% B2 Z | 2 Z 3 v 1
ponékud obtiznéji 2.6%
neumim posoudit 26% B3 v 1
mnohem méné 350% B4 Z Z 3 v 1l
mnohem vice 15.0% c15 Z 1
4. Mate pocit, Ze vam nove osvetieni ponékud méné 10.4%
odpoutava pozornost? nezménilo se 20.0% D9 z 1
ponékud vice 6.3% E2 Z|Z [ Vi1l
neumim posoudit 6.3% E3 z |z B
DFlis svétlé 216% = 7 7 AN e T
5. Mate pocit, Ze jsou nyni komunikace: negmlm.posoudl.t 17.6%
tak jak mi vyhovuje 54.9% E8 Fd Z | Z |
pfilis tmave 50% E11 z |z B
mnohem méné 381%
mnohem vice 13.5% E12 21212 Z 2|26 |V 1
6. Domnivate se, Ze se na komunikaci pondkud ménd 27 7% E13 2| z [
vytvareji tmava mista nezménilo se 11.6% E14 Z 1
ponékud vice 5.2%
neumim posoudit 52% E17 z |1
rozhodné zlepsila 59.5% F6 Z|1Z2| 2 3
rozhodné zhorsila 7.0%
7. Zlepila nova LED svitidla celkovy trochu zlepila 29 goy } . o B )
vzhled okoli eATEnEe 6.3% _Vysledky funkénosti jiz po roce provozu__prlnesly velice
trochu zhorsila 2.5% zajimaveé vysledky v podobé vétsSiho poctu zjisténych zavad
neumim posoudit 2.5% (pohaslé, zéasti nebo zcela nesvitici LED svitidlo). V
rozhodné ano 55.6% A A X ;
8_ Dali byste pfi zvazeni viech uvedenych et e (vjruhjsfn roce provozu se tyto zavady z'aca'llyvprVOJev'qvat
okolnosti novym LED svitididm pred T 25,59 Castéji, a protc').bylo pfistoupeno k'celkove vymene svitidel
p[jvodn[mi? neumim posoudit 5.5% A, B akE (SVltldla E ]SOU Objednana k Vymene). DrUhOU
spise ne 5.9% zajimavosti je skute¢nost, ze LED svitidlo v ramci kontroly
rozhodne plijemine 4&’{? funkénosti vykazovalo nestabilni funkénost, tj. pfi nékterych
= Splise neprijemne o z san rat P v oe
9. Jak na vas plsobi bila barva nového e L Ve kontrolach svitidla nesvitila a poté opét svitila. Tento stav
osvétleni? rozhodné nepfijemné | 55% funk&nosti e prgkazzilpy a!e e Ve[|C,e problematicky
neutrainé 2 4% dokazovatelny pfi pfipadnych jednani s dodavateli
neumim posoudit 2.4% (zkuSenost pri reklamaci LED svitidel). Ukazuje se, ze
b navzdory obavdm o samotné LED bude poruchovosti
Spise nove pio) 9 v v z v syt . z
10. Jaké osvétieni je vam prijemn&ai - to spie pivodni ) postizena pfedfadna cast svitidla — elektronické
plivodni nebo nové? rozhodné nové LED | 14.4% predradniky.
necitim Zadny rozdil 3.8%
neumim posoudit 38% Zaver
prhadnc ano 483-33;5 LED svitidla pro vefejné osvétleni jsou zajisté svitidly
Spise ne ] 3 . - . . ” ~ v s ~
11 Méte pocit. e jsou nové osvétiena Spﬁée o gy nedaleké vb_u,dovucnostl. K jej_lc_h masivnimu rozswenl”vsak
mista bezpetnéjsi nez byla dive? rozhodné ne 1.9% uplyne urcity Cas, kdy se jejich kva“tfa bude provéfovat
necitim zadny rozdil | 50% pravé v obdobnych pilotnich projektech. Vysledky
neumim posoudit 5.0% z pilotnich  projektd pfinesou vyrobcam velmi cenné

informace, které povedou ke zkvalitnéni LED svitidel.

Autor: Ing. Jifi Skala, ELTODO-CITELUM, s.r.o., Novodvorska
1010/14, Praha 4, Ceska Republika, e-mail:skalaj@eltodo.cz
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Racionalizace ve ve fejném osv étleni v Ostrav é

Abstract.

Optimization of public lighting is a common interest of owners of lighting systems in cities. This article presents how energy savings

for street lightings are organized in Ostrava.

Keywords: public lighting, modernization, rationali zation.

Uvod

Pokud se fekne slovo racionalizace, slovnik cizich slov nam
fekne, Ze je to: “vyuziti rozumové metody, rozumové
zdGvodnéna organizace; zvySeni hospodarnosti; dodate¢né
oduvodnovani plvodné jinych motiva”.

Také ve vefejném osvétleni (dale VO) toto slovo znamena,
udélat takova opatfeni, aby byly snizeny naklady na provoz
a udrzbu osvétlovacich soustav. Dulezitym ukolem spravy
vefejného osvétleni je mit dobrou pasportizaci VO ve
mésté, uméni odborné posoudit stav osvétlovaci soustavy,
mit pfipraven nejen plan bézné preventivni Udrzby, ale
i poZadavky na modernizace a obnovy soustav VO.

V Ostravé spravu, provoz a udrzbu VO provadi organizace
Ostravské komunikace, a.s. na zakladé celoro¢ni
objednavky  odboru  dopravy  magistratu.  Obnova
(rekonstrukce) VO je provadéna dle jednotlivych staveb
vrozsahu schvaleného investiéniho rozpoétu mésta,
zajistuje investi¢ni odbor magistratu. Modernizace soustav
VO, vétSinou vyménou svitidel, je provadéna vramci
preventivni idrzby VO z provoznich prostredku.

Pozadavek na vysi prostfedk( predklada Sprava VO pro
provoz a Udrzbu. Pozadavky na rekonstrukce a doplnéni
VO jsou zpracovany investiénim odborem ve spolupraci
s odborem dopravy a spravou VO. Skute¢nda vyse
investi¢nich i provoznich naklad je dana rozhodnutim rady
a zastupitelstva statutarniho mésta Ostravy.

Vyvoj ve fejného osv étleni od roku 1998 do roku 2011

V roce 1998 byla sjednocena sprava VO ve mésté, kterou
byla povéfena méstska spole¢nost Ostravské komunikace,
a.s. Modernizaci soustav vramci Uspor el. energie byla
neustale vénovana velka pozornost, coz se projevilo na
zméné skladby pouzivanych zdroju i svitidel VO. Dle
tabulky 1 — vyvoj zakladnich parametri VO a dale tabulky 2
— spotfeba el. energie je zfejmé, ze v poslednich 13 letech
podstatné klesl instalovany pfikon na jedno svitidlo
(svételny bod) a tento trend neustale pokracuje.

Tabulka 1 Ostrava - vyvoj zakladnich parametrd VO

Sledovany Gcsj 1998 2000 2003 2005 2008 2010
Déka osvétiovanych komunikadi (kim) 1470 1480 1486 149% 1504 1553
Podet sviteinych mist (ks) 33078 | 3600 | 35050 | 3563 | 3650 | 3BO®
Poget svéteinych bod (ks) 35800 | 36112 | 3767 | 38283 | 30208 | 4080
Instalovany pifkon VO (KW) 5752 | 475 | 470 | 4760 | 465 | 449
Irst. prikon na 1 sv. misto 1739 1415 1355 106 1275 1183
Inst. piikon na 1 sv. bod - svitidio 1603 1317 1261 1243 187 101
Podet zapirecich bodi s elekroméy (ks) 5040 | 5700 | 70 | 5670 | 5650 5540
Cellové délka vederi VO (km) 1975 1982 1989 1999 2011 2037
ztoho:  kabelové veden (km) 1284 1288 1293 1308 1318 1352
venkovni veder (kim) 691 634 6%5 601 693 685
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Tabulka 2 VO - spotfeba el. energie

Celkova pocet Inst. pfikon

Rok spotieba el. svételnych bodu na svitidlo
energie [KWh] [ks] [W/ks]

1998 24 158 400 35890 160
2000 19 665 589 36 112 132
2003 20 026 867 37 675 126
2005 19 642 215 38 283 124
2008 19 521 957 39298 119
2010 19 270 068 40 860 110

Vefrejné osv étleni k pololeti roku 2011

K 31.05.2011 byla dle pasportizace VO tato struktura
svitidel se zdroji — vysokotlaké sodikové vybojky 400 W,
250w, 150w, 100W, 70 W, 50 W. Nové jsou od roku
2011 zavadéna moderni svitidla se zdroji LED.

Svitidla s vybojkami 400 W jsou ojedinéla, uzitd pouze pro
architekturni osvétleni vyznamnych staveb ve mésté. Také
zdroje 250 W jsou pouzivany predevSim pro architekturni
osvétleni, nasvétleni pfechodd pro chodce a k osvétleni
vysokofrekventovanych ~ komunikaci s velkou  Sifkou
komunikace a vysokym zatfidénim dle CSN EN 13 201-2
Osvétleni pozemnich komunikaci, Cast 2 — PoZadavky.
Jedna se pouze o 1,8% z celkového poctu svitidel. Nejvétsi
procento zastoupeni svételnych zdrojd - 50,7% je
vysokotlakych sodikovych vybojek 70 W.

Tabulka 3 VO — skladba svitidel dle zdroji na komunikacich

Skladba svitidel VO se zdroji 2010
RUZNA - mimo zékladni svitidla VO 1530
50 W 412
70W 20901
100 W 9816
150 W 7 466
250 W 735
400 W 0
Pi (kW) - jen VO na komunikacich 4362,5
Inst. pfikon na 1 km osvétlované
komunikace (kW/km) 2,81

V roce 2010 byl proveden vyzkum vefejného osvétleni
(SEVEN, Stfedisko pro efektivni vyuZivani energie, 0.p.s.).
Byl zaméfen na vSechny obce a mésta v Ceské republice.
Vyzkumu se zG&astnilo pfes 350 obci ze vech kraju CR
a vSech velikosti.

Svétlo 2011, Praha, Ceska republika



Bylo sledovano: CR Ostrava
Pram. pfikon 1 sv. bodu 123,0 W 110,21 W
Prim. naklady el.energie na

1 sv. bod 1 300,00 K& 1 081,60 K&
Pram. celk. naklady Gdrzby na

1 sv. bod 2 600,00 K& 1731,00 K&

Z vySe uvedenych hodnot vyplyva, Ze Ostrava v poslednich
letech podstatné snizila instalovany pfikon na svételny bod.
V pfistim obdobi je prioritou zrekonstruovat soustavy,
jejichz podpéry — stozary jsou jiz za dobou svého Zivota
a samozfejmé nadale provadét modernizace, predevSim
s vyuzitim novych technologii jak svitidel, tak moZnosti
regulace vefejného osvétleni. Vramci modernizaci
aracionalizaci od roku 1998 byla podstatné snizena
energetickd naro¢nost osvétlovacich soustav na uUzemi
mésta Ostravy a snizeny naklady na Gdrzbu. V sou¢asnosti
jsou prioritou modernizace soustav VO a hlavné jejich
rekonstrukce z divodu stari podpér a rozvod VO. Stozary
za hranici své Zivotnosti vroce 2011 tvofi cca 18%
z celkového poctu stozarll VO, coz je 11,6% z celkového
poctu svételnych mist (podpéry VO jak ve spravé VO, tak
jinych majiteld).

Jak probihaly racionalizace

V letech 2006 — 2010 bylo na zakladé svét. tech. vypoctl
a technickych dokumentaci v ramci preventivni udrzby VO
zmodernizovano 47 oblasti s 4 479 ks svitidel, u nichZ doslo
ke snizeni inst. pfikonu na jedno svitidlo.

Tabulka 4 Snizeni inst. prikonu

Pocet sitidel kK modernizaci 4 479 ks
Novy pocet svitidel véetné doplnéni 4 518 ks
Puavodni inst. prikon 623 kW
Novy inst. pfikon 487 kW
Puavodni inst. pfikon na 1 svitidlo 139,21 W
Novy inst. pfikon na 1 svitidlo 107,9 W

Presto, Ze instalovany pfikon na jeden svételny bod klesl
pouze o 14,6%, je vynalozZzena el. energie vyuzita mnohem
hospodarnégji, jsou dosvétlena mista, kde bylo nedostate¢né
osvétleni a naopak nahrazena malo G¢inna svitidla.

Dale byly provedeny racionalizace oblasti, kde sice nebylo
dosazeno poklesu inst. pfikonu na jedno svitidlo, ale na
svételné misto. Napf. nahrazenim 30 let starych svitidel
SiStellar/6 x 250 W na sedmi frekventovanych kfizovatkach
mésta Ostravy za nékolikaramenné vylozniky s modernimi
svitidly se dosahlo Uspory 49% instalovaného pfikonu, coz
pfedstavuje ro¢ni Usporu za el. energii 140 tis. K& véetné
DPH (cenova hladina 2011).

Nemalé Uspory el. energie bylo dosazeno pfi modernizacich
architekturniho nasvétleni ve mésté — kostel Sv. Vaclava,
chrdm BoZského Spasitele v MOb Moravska Ostrava,
kostel Sv. Pavla ve Vitkovicich aj.

Modernizace soustav VO — LED technologie

V souc€asnosti je velky rozmach ve vyrobé LED zdroju
svétla. V Ostravé jsme pfistoupili, kromé& nékolika
ovéfovacich pilotnich projektd (pocet LED svitidel cca
10 ks), k modernizaci ucelené oblasti. Pouzitim 150 ks LED
svitidel renomovaného vyrobce je energeticka bilance
navrhovaného feSeni niz§i o cca 65%. Navratnost v podobé
energetickych Uspor a Gspor na prostou vyménu zdroju je
vypocétena na 4,75 let. V Usporach jsou zahrnuty naklady
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spojené snutnou vyménou jiz zastaralych puavodnich
svitidel, ktera byla za dobou svého Zivota, za nova sodikova
a snutnymi provoznimi naklady spojenymi s vyménami
sodikovych zdroja. Z vySe uvedeného vyplyva, ze za dalsi
10,25 roku dojde k Uspofe nakladd na provoz osvétlovaci
soustavy dané oblasti cca 1,9 mil. KE bez DPH.

PFfi modernizaci soustavy VO neni mozno ménit geometrii
stavajici soustavy. Je nutno vybirat svitidla LED tak, aby
piné vyhovovala poZadavkim na zachovani &i zvySeni
stavajicich hodnot osvétleni komunikace pfi snizeni
instalovaného pfikonu soustavy.

Na zakladé provedenych svételné technickych vypodtu
a porovnani cenovych relaci LED svitidel je doporu¢eno
v Ostravé pouzivat v nejblizSich letech LED svitidla pro
komunikace tfidy S6, S5 a S4.

Regulace p fikonu osv étlovacich soustav

DalSi moznosti Uspor el. energie je zavedeni regulace
pfikonu osvétlovacich soustav. V Ostravé se nyni pocita
s regulaci hlavné u soustav s vétSimi pfikony svitidel (tfidy
osvétleni ME...), které maji pfed sebou dobu Zivota
minimalné 5 let. Nasazeni regulace je zasadni rozhodnuti
s velkym dopadem na vysSi pocatecni investice, zejména
vSak k dosaZeni ocekavaného a hlavné dlouhodobého
ekonomického pfinosu. Regulaci je mozno realizovat az po
dikladné anylyze vhodnych mist regulace, vylouceni
z regulace dopravné nebezpecnych mist aj.

V Ostravé je individualni regulace pouzita celkem u 400
svitidel, ktera byla osazena vletech 2008 az 2009
v méstském obvodé Slezskd Ostrava. Roéni Uspora
el. energie ¢ini 43 MWh, 103 tis. K¢ véetné DPH v cenové
hladiné 2011.

Centralni regulace byla ve vétSi mife nasazena v 90-tych
letech, kdy se na trhu objevily prvni tuzemské vyrobky,
protoZe zahraniéni vyrobky byly nabizeny za pfili§ vysoké
ceny, které znemozriovaly dosazeni rozumné navratnosti.
Tuzemské vyrobky v prvnich letech pfinesly oéekavané
uspory, pozdéji vSak zacaly byt pFili§ nakladné z hlediska
vlastni Gdrzby. Z tohoto divodu byly po vy€erpani Zivotnosti
odstranény bez néahrady. V souCasné dobé je v Ostravé
centralni regulace zkuSebné instalovana u 2 kusu
rozvadécu. Jedna se o vyrobky s dobrymi tuzemskymi
referencemi, provéfené dlouhodobym provozem v jinych
méstech. Uspory jsou vygisleny na 23 MWh/rok, coZ pfi
cenach el. energie roku 2011 ¢&ini 55 tis. K& ro¢né.

Zaver

| nadale jsou v Ostravé pfipravovany postupy racionalizaci
a modernizaci osvétlovacich soustav. Budoucnost zavisi na
politickych rozhodnutich, jak bude postupovat vlastnik
zafizeni VO, statutarni mésto Ostrava. Sprava VO i my
projektanti umime tento problém feSit technicky, ale
ekonomickou ¢ast problematiky VO feSi majitel.
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Optimalizace sv ételné a tepelné pohody interiéru budov

Abstrakt:. Svételn& a tepelna pohoda patfi k zakladnim faktordm ovlivriujici vnitmi prostfedi budov. Spravny navrh zaskleni a stinéni okna
znamend vzdy urcity kompromis mezi svételnou a tepelnou pohodou mistnosti. Pfispévek se zaméruje na posouzeni vlivu riznych typd
osvetlovacich systémd, zaskleni a stinicich prostfedkd na denni osvétleni a proslunéni interiérd budov a zaroveri zhodnocuje vliv na

zabranéni prfehfivani mistnosti v letnim obdobi..
X
X

Kliéova slova: svételnd pohoda, denni osvétleni, proslunéni obytnych budov, tepeln& stabilita mistnosti.

Uvod

Dostatek svétla ovliviiuje naSi naladu, vykonnost i
produktivitu prace. Celkové pusobi pozitivné na lidskou
psychiku. NaruSeni svételného denniho rytmu je pro lidsky
organismus nebezpe¢né a muze byt ipfi¢inou riznych
onemocnéni. Podobné tepelna pohoda v interiéru pasobi na
spokojenost ¢lovéka a zasadnim zplsobem ovliviiuje
fyziologické procesy lidského téla a jeho psychicky stav.

Pfispévek wuvadi na konkrétnich pfipadech vliv
nékterych zasadnich factorll na svételnou a tepelnou
pohodu interiéru a také upozorfiuje na nutnost hledani
ur€ittho kompromisu pro zajiSténi optimalniho stavu
vnitiniho prostredi.

Svételna pohoda vnit ¥niho prost fedi

Dosazeni optimalni svételné pohody v interiéru podle
nasi legislativy znamena zajiSténi dostate€ného mnozstvi
pfimého sluneéniho zafeni i oblohového zafeni v mistnosti.
Minimalni pozadavky pro obé slozky denniho svétla v
interiéru  jsou predepsany pfislusnymi legislativnimi
predpisy  (stavebni zakon, vyhlaSky, normy). OvSem
splnéni jednoho pozadavku neznamena vzdy automaticky i
splnéni druhého. Kazdy pozadavek ovliviiuje fada faktor(,
které se podili na vyslednych hodnotach posuzovanych
veligin.

Proto je nezbytné v pfipadech, kdy se hodnoti oba
pozadavky najednou, coz plati napf. pro obytné budovy,
nezanedbat ani jeden z nich. Pokud rozebereme hlavni
faktory ovliviujici denni svétlo v interiéru, pak:

1) pfimé sluneéni zareni je ovlivnéno:

e  Orientaci oken na svétovou stranu,

. rozméry okna,

e stinénim okna vlastni konstrukci posuzovaného

objektu (balkény, lodzie, arkyfe),

e stinénim okna okolni zastavbou.

2) oblohové zareni je ovlivnéno:

e rozméry okna,

. svételnymi vlastnostmi okna,

e odrazivymi vlastnostmi interiéru a exteriéru,

e stinénim okna vlastni konstrukci posuzovaného

objektu (balkény, lodzie, arkyre)

e stinénim okna okolni zastavbou.

Zaméfme se na faktory, které jsou spoleéné pro obé slozky
zarfeni a tim je stinéni okna vlastni konstrukci a pfipadnou
okolni zastavbou.

V tabulce 1 je porovnano 5 variant riznych Urovnich
stinéni okna v obytné mistnosti v bytovém domé s ohledem
na snizeni osvétlenosti denniho svétla a pfimého
sluneéniho zafeni. Hodnocené varianty:

A) mistnost bez stinéni,

B) mistnost stinéna pouze arkyfem
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C) mistnost stinéna lodzii (hloubka lodzie 1,2 m),

D) mistnost stinéna lodzii a arkyfem,

E) mistnost stinéna lodzii, arkyfem a okolni
zastavbou.

Tab. 1. Vliv zastinéni interiéru mistnosti na denni osvétleni a
proslunéni

varia | D; D, Dm Snizeni Doba Snizeni
nta [%] | [%] | [%] | osvétl.v | proslun. | proslun.
% v min. Vv %
A 27 | 28 | 28 - 259 -
B 2,6 | 2,7 | 2,7 3,6 230 11,2
C 18 120 |19 32,0 223 13,9
D 1,8 120 | 19 32,0 197 23,9
E 1,2 | 14 | 1,3 53,6 121 53,3

Pro vypocet byla vybrana obytnd mistnost ve 2. NP
bytového domu (postaveny v roce 1977), kde se vyskytuji
vSechny uvedené varianty zastinéni. Vypocty byly
provedeny programem WDLS a SunLis (Astra Zlin).
Vypoctové modely hodnoceného bytového domu jsou
uvedeny naobr. 1 a 2.

Z uvedenych vysledkl je patrny , Ze vliv lodzie a arkyfe
muZze vyrazné ovlivnit svételnou pohodu. V tomto
posuzovaném pfipadé nedoSlo vlivem zastinéni k
nedodrZzeni normovych poZadavkd. Mistnost vyhovi na
denni osvétleni i proslunéni.

Pozadavky na denni osvétleni v obytné budové jsou
splnény tehdy, pokud vyhovi denni osvétleni ve vSech
obytnych mistnostech bytu. Byt je dostate¢né proslunén, je-
li soucet podlahovych ploch jeho proslunénych obytnych
mistnosti roven nejméné jedné tfetiné souctu podlahovych
ploch vSech jeho obytnych mistnosti.

Obr. 1 Vypoctovy model situace v programu SunLis
V soucasné vystavbé novych bytovych domi se ¢asto

objevuji pfipady, kdy projektanti ve snaze splnit pozadavky
investora, navrhuji pfedsazené konstrukce velkych rozméra
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a to jiz maze znamenat problém s dodrzenim pozadavk( na
svételnou pohodu. Podobné se setkavame i s projekty, kde
ve snaze umistit na podlazi maximalni pocet bytovych
jednotek (dle prani investora) jsou napf. byty orientovany s
okny pouze na sever. CoZz znamena samoziejmé
nedodrzeni pozadavk( na proslunéni bytu.

Obr.2. Vypoctovy model situace v programu WDLS

Uvedme si dalSi pfiklad posouzeni vlivu velikosti
pfedsazené kontrukce na svételnou pohodu interiéru. Na
obr. 3 je vypoctovy model obytné mistnosti s vylozenym
balkénem a lodzii. Mistnost je svymi okny orientovana na
zapad. Obytna mistnost byla hodnocena na denni osvétleni
a proslunéni pro nékolik variant FeSeni predsazené
konstrukce. V tab. 2 je uveden vliv zmény Sitky vertikalni
stény lodzie (od 2 do 4 m) na denni osvétleni a proslunéni
interiéru. V tab. 3 je uveden vliv délky vyloZeni balkénové
konstrukce (od 4 do 2 m) na denni osvétleni a proslunéni
interiéru.

Obr.3. Vypoctovy model posuzované mistnosti v programu WDLS

Tab. 2 Vliv Sifky lodZie na svételnou pohodu interiéru

Sitka D: D, Dm Doba
lodzie v [%] [%] [%] proslunéni
m v min.
2,0 0,9 1,0 1,0 89
2,5 0,9 0,9 0,9 89
3,0 0,8 0,9 0,9 89
4,0 0,8 0,9 0,9 89
Tab. 3 Vliv délky vyloZeni balkénu na svételnou pohodu
Délka D, D, D Doba
vylozeni [%] [%] [%] proslunéni
balkénu v v min.
m
4,0 0,9 1,0 1,0 89
35 0,9 1,0 1,0 100
3,0 1,0 1,0 1,0 114
2,5 1,0 11 1,1 129
2,0 1,2 1,5 1,4 146

Z uvedenych vysledkl je zifejmé, ze nejhorSich parametr(
bude dosazeno pfi 4m vylozeni balkonové desky a 4m Sifce
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lodzie. Zatimco denni osvétleni vyhovi v minimalnich
hodnotach, pozadovany limit na proslunéni nebude
dodrzen. Vypocet byl proveden za predpokladu velké
plochy proskleni v obvodové sténé (8,2 m?).

Tepelna pohoda vnit niho prost fedi budov

Tepelnd pohoda vnitfniho prostfedi budov se podle
nasSich legislativnich pfedpist hodnoti pomoci tepelné
stability mistnosti v zimnim a letnim obdobi. Zaméfme se
na letni obdobi, kdy zakladnim kritériem pro hodnoceni jsou
dvé veli¢iny — nejvysSi denni vzestup teploty vzduchu v
mistnosti a nejvysSi teplota vzduchu v mistnosti. Pro
zajiSténi pozadavkd na tepelnou pohodu v lété je pro
nevyrobni budovy stanovena maximalni hodnota teploty
vzduchu v mistnosti 27°C.

Tepelnou pohodu mistnosti v 1été ovliviiuje podobné jako
svételnou pohodu fada faktor(:

« orientace okna mistnosti ke svétovym stranam,

o rozméry okna,

« tepelné vlastnosti okna,

¢ akumulaéni vlastnosti neprlsvitnych konstrukci,

e stinéni okna clonicimi prostfedky,

« stinéni okna vlastni konstrukci posuzovaného

objektu (balkény, lodzie, arkyie),

e stinéni okna okolni zastavbou.

V pfipadé navrhu novostavby budovy jsme schopni tyto
faktory ovlivnit, v pfipadé stavajici budovy je nutné hledat
dodate¢né moznosti pro zabranéni prehfivani mistnosti v
1été.

NejCastéjSim FeSenim je volba protisluneénich clon
(zaluzie, rolety), méné Gastym feSenim je Uprava zaskleni
protisluneénimi foliemi. V obou pfipadech vSak plati, ze
omezeni tepelné propustnosti zaskleni, znamena zaroven
omezeni i svételné propustnosti. A tady, zvlasté v pfipadé
pouziti folii, je nutné vénovat zvySenou pozornost pfi vybéru
vhodného typu clony, protoze nelze v zajmu zlepSeni
jednoho pozadavku na kvalitu vnitfniho prostfedi, omezit
pozZadavek jiny.

V nasledujicim pfikladu je posouzen vliv rliznych
protisluneénich opatfeni na tepelnou a svételnou pohodu v
kanceléfi. V tabulce 4 jsou uvedeny parametry pavodniho

zaskleni (izolaéni dvojsklo) a zaskleni s clonicimi
prostfedky.
Tab. 4 Prametry zaskleni a clonicich prostfedku
Zaskleni a Celkové PFimo OdraZené | Pohlcena
clonéni propusténd | pfenesena | tepelna tepelna
tepelna tepelna energie energie
energie energie
[l [l [l [l
Jednoduché 0,85 0,08
sklo
Izolaéni 0,76 0,08
dvojsklo
Sklo 0,42 0,35 0,31 0,34
s interiérovou
termoizola¢ni
f6liit NSN60
Sklo 0,55 0,42 0,61 0,25
s exteriérovou
protisluneéni
folif Silver
50XT
Venkovni 0,12
Zaluzie

Pfi vybéru vhodnych typu clonicich prostfedkd byl
proveden teoreticky vypocet na tepelnou stabilitu mistnosti
v lété a zaroven na denni osvétleni v zimnim obdobi. Na
zékladé vypoctenych vysledkd byly zvoleny vySe uvedené
typy félii a nasledné byla provedena dodate¢na Uprava
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oken ve dvou stejné velkych kancelafich (obr.4). V tabulce
5 jsou uvedeny vypocteny minimalni hodnoty ¢initele denni
osvétlenosti uvnitf kancelafi pro ruzné varianty Uprav
zaskleni.

Tab. 5 Denni osvétleni mistnosti s vybranymi clonicimi prostfedky

Varianty Dhmin Dminn D (stdl) | Vyhod.
(%] (%] (%]

Puvodni 2,4 15 4,7 vyhovuje

stav

Vnitfni 15 15 3,0 vyhovuje

okenni

folie

Venkovni 1,3 15 2,6 vyhovuje

okenni pouze ve

folie funkéné
vymezené
casti

Snizenim svételné propustnosti skla diky vybranym
okennim féliim doslo ke zhorSeni svételné pohody vnitfniho
prostfedi az o 45,8%. Pozadavek na minimalni hodnotu
ginitele denni osvétlenosti nebyl v piipadé venkovni félie
dodrzen v celé mistnosti, ale jen ve funkéné vymezené
¢asti. Pokud pracovni misto se nachazi ve funkéné
vymezené ¢asti, povazuje se denni osvétleni v mistnosti za
vyhovujici.

V zimnim obdobi bylo provedeno i orientaéni méreni
osvétlenosti v hodnocenych mistnostech v  Udrovni
vodorovné srovnavaci roviny 850 mm. V tabulce 6 jsou
uvedeny vysledky méreni. Kontrolni bod uvedeny v tabulce
byl umistén v misté pracovniho stolu.

Tab. 6 Vysledky orientaéniho méfeni luxmetrem

Mistno | Varianty | Den | Osvétle | Osvétle | Cinitel denni
st nost nost osvétlenosti
v kontro | venkov
Inim ni
bodé
E [Ix] En[Ix] D [%]
LP Pavodni | 10.1 105 2225 4,7
H505/2 stav .
LPH Vnitini 10.1 57 2225 2,6
506/2 okenni
félie
LP Venkovni | 10.1 42 2225 1,9
H507/2 | okenni
folie

Vysledky méfeni osvétlenosti a vypoctena hodnota Cinitele
denni osvétlenosti se pfiblizuji vypoctenym teoretickym
hodnotam.

Obr. 4 Instalace vybranych folif
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Porovnani klasickych a polovodi

Abstratkt

Petr ZAK, Ji ¥i Habel
CTU Faculty of Electrical Engineering, Prague, CZ

¢ovych sv ételnych zdroj G
Vv praxi

Ddlezitou charakteristikou dneSni doby je velmi rychly rozvoj v oblasti technologickych procesd,ovlivriujicim rychlost zavadeni vysledkd vyzkumu a
vyvoje do bézné praxe. Rychlost vyvoje novych vyrobkd v oblasti svételné techniky pfindsi oddéleni ddlezitych technickych Gdajd od prostého
marketingového popisu. Trh je zaplaven velkym mnozZstvim vyrobkd, na které nejsou zékaznici pfipraveni a u kterych schéazeji informace, které by
umozriovaly posoudit, zda je dany vyrobek pro urcity typ pouZiti vhodny. Pfispévek pfinasi informace o souc¢asném stavu v oblasti polovodi¢ovych
zdrojd a porovnava technické parametry svitidel pro LED a pro klasické svételné zdroje ve vybranych aplikacnich oblastech.

Kliéova slova: LED, OLED, downlight, spotlight

Svételné zdroje LED a OLED

Prvnim polovodi¢ovym svételnym zdrojem, ktery se jiz
v oblasti vSeobecného osvétlovani zacal pouZivat, jsou
svételné diody (LED). Svételné diody jsou v principu
bodové zdroje svétla, vhodné hlavné pro smeérové
osvétleni. Po nékolika letech rychlého technologického
vyvoje, kdy byla oblast svételnych diod pomérné
neprehlednd, se zacala v prlibéhu poslednich tfi let stavat
CitelngjSi. Je to dano jednak postupné pfijimanou
standardizaci a také zavedenim svételnych diod 1 W (350
mA) do nabidky vétSiny hlavnich vyrobcu (obr. 1).

Q \'&v

Obr. 1 Priklady svételnych diod 1W, 350mA ; zleva: XP-G (Cree),
Rebel ES (Philips Lumileds), Golden dragon (Osram)

«

Mérny vykon svételnych diod, jako jeden z ukazatel( jejich
vyvoje, vyznamné roste kazdy rok a v letoSnim roce dosahl
hodnoty 146 Im/W. Dokladem rychlého vyvoje je zprava
firmy Cree z kvétna tohoto roku, ve které se uvadi, ze se
v laboratornich podminkach podafilo dosahnout mérného
vykonu 231 Im/W (AW, 350mA, 4500 K) [1]. Mérné vykony
vybranych bilych LED jsou uvedeny v tabulce 1.

Tab. 1 Parametry vybranych typt svételnych diod 1 W (350 mA)

Parametry
Ba[va Vyrobce P
svétla Ra (- v
W) | @(m) | 7(m/wW)
Cree 65 0.98 143 146
. Nichia 1.05 140 133
chladn® I Gsram x | 112 | 130 116
Philips 70 1.00 135 135
Seoul Sem. 73 1.16 113 98
Cree 75 0.98 133 135
Neutralné | Osram 70 1.12 108 96
bila Philips 65 1.00 130 130
Seoul Sem. 80 1.16 98 85
Cree 80 0.98 112 114
Nichia 83 1.05 120 114
Teple bila | Osram 82 1.12 94 84
Philips 90 1.00 81 81
Seoul Sem. 80 1.16 90 78

Vyvoj technickych parametr(i svételnych diod v pfedchozich
letech puvodné ukazoval na vyznamnou zavislost mérného
vykonu na nahradni teploté chromati¢nosti vyzafovaného

Light 2011, Prague, Czech Republic

svétla. Na obr. 2 je odhad vyvoje mérného vykonu
svételnych diod uvadény ve zpravé Ministerstva energetiky
USA (DOE) na zac¢atku roku 2009. Vysledky dalSich
vyzkum( a teoretickych praci publikovanych v pribéhu let
2009 a 2010, zaméfené na teoretické maximum svételného
Gcinku zéareni a prakticky dosazitelnou hodnotu mérného
vykonu, vSak ukazaly, Ze zminéna maxima mérnych vykonu
svételnych diod sraznymi teplotami chromati¢nosti
vyzafovaného svétla se pfi aplikaci modernich vyrobnich
technologii nemuseji vyznamné lisit [2]. Na vysledky téchto
vyzkumu reagovaly prognézy vyvoje (obr. 3).

300 ;
2501
; 1t
: 3 -
200 e b = T
: -~
: -
%‘ | - :
= i D ' "
:E/ 150 7 ”/
= Ve ' ,.4" :
100--- 7%~ /8- / - oo een
_/' | Laboratorni vyroba - chladné bila
T 2 o % | |=== Sériova vyroba - chladné bila
50 j/ | |===Sériova vyroba - teple bila
;- : Max. mérny vykon - chladné bila
- | |=== Max. mémy vykon - teple bila
0+ . ;
2005 2010 2015 2020

rok

Obr. 2 Progndza vyvoj mérného vykonu LED 1W, 350 mA
s chladné a teple bily barevny ténem; rok 2009 [3]
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Obr. 3 Progndza vyvoj mérného vykonu LED 1W, 350 mA
s chladné a teple bily barevny ténem; rok 20010 [4]

Ukazuje se, Ze ani vSeobecny index podani barev nemusi
mit vyrazné&jsi vliv na mérny vykon. V tab. 4 jsou uvedeny
teoretické maximalni a prakticky dosaZzitelné hodnoty
mérnych vykonu pro svételné diody vyzartujici bilé svétlo,
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vytvarené michanim tfi zakladnich barevnych slozek
(RGB). Prakticky dosazitelna hodnota mérného vykonu,
souvisejici s U¢innosti premény elektrické energie na
zafivou, odpovida 67% teoretické hodnoty [4].

Tab. 2 Teoretické a prakticky dosazitelné mérné vykony u LED
v zavislosti na teploté chromati¢nosti a indexu podani barev [4].

Teoreticka hodnota Prakticky dosazitelna
Ten n (Im/W) hodnota n (Im/W)
() Ra () Rs ()

70 80 90 70 80 90
2700 433 424 416 290 284 279
4100 408 399 390 261 267 261
6500 366 358 349 245 240 234

Udaje v tabulce 2 ukazuji, Ze pfi teplotach chromatiénosti
vyzafovaného svétla v rozsahu od 2 700 K do 6 500 K se
hodnoty prakticky dosazitelnych mérnych vykonl pfi
stejném indexu podani barev neli§i o vice nez 15%. Pfi
zménach indexu podani barev v rozsahu od 70 do 90 se
hodnoty prakticky dosazitelnych mérnych vykon( pfi stejné
teploté chromati¢nosti neliSi o vice nez 5%. Ziskava-li se
bilé svétlo svételnych diod transformaci zafeni z oblasti
kratSich vinovych délek do oblasti delSich vinovych délek s
vyuzitim luminoforu, odhaduje se, Ze dosazitelna hodnota
mérného vykonu se bude pohybovat okolo 250 Im/W [4].

Tab. 3 Parametry vybranych modulti LED (3 000 K)

Modul | Vyrobce Typ Ra(-) | P (Im) | P (W) | n (IM/W)
1000 Philips Fortimo 80 1100 12 92
Im (_Jree_ LMR4 90 1000 15 67
Tridonic | Stark DLE | 90 1100 14 74
Philips Fortimo 80 2000 24 83
2000 | Osram | PrevaLED | 90 2100 25 84
Im Cree LMH6 90 2000 27 74
Tridonic | Stark DLE | 90 2000 27 73
Philips Fortimo 80 3000 44 68
3000 Osram | PrevaLED | 90 3000 39 77
Im Cree LMH6 90 2900 37 78
Tridonic | Stark DLE | 90 3000 41 73

Nabidka plvodnich svételnych diod 1W (350 mA) se
v sou¢asné dobé rozsifila o typy 2W (700mA). Vedle
svételnych diod 1 W a 2 W, u kterych se jednotkové
svételné toky pohybuji od 100 Im do 280 Im, se nabidka
vyrobcl v poslednich dvou letech rozsifila o LED moduly
(obr. 4), které sdruzuji nékolik diod a maji vyrazné vyssi
svételné toky (1000 Im, 2000 Im, 3000 Im). LED moduly se
snadnéji pouzivaji ve svitidlech a jejich novy zplsob
oznaovani a by mohl byt zatatkem prechodu od
identifikace svételnych zdroja pomoci pfikonu k identifikaci
pomoci svételného toku (tab. 3).

—

N Y/
r ~ (fBaBo\
BO00E
: agoon )
“ E0E

I "

Obr. 4 Pfiklady modultl LED
Druhym zastupcem polovodi¢ovych svételnych zdroji jsou

tzv. organické svételné diody (OLED). Zatimco svételné
diody predstavuji bodové zdroje svétla, v pFipadé
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organickych svételnych diod jde o ploSné zdroje svétla.
Organické svételné diody jsou v soucasné dobé stale jesté
ve fazi vyzkumu a vyvoje. Rada firem jiz nabizi sady
testovacich vzorkd, ale pravdépodobné jedinym sériovym
vyrobkem je vsoucasné dobé svételny zdroj Orbeos
(Osram). Pfechod od vyvojové faze k sériové vyrohé Ize
ocCekavat v prlbéhu letosniho a pfistiho roku, kdy fada
firem oznamila otevieni novych vyrobnich zavodu.

Vyuziti LED pro venkovni a vnitfni aplikace je odliSné
v souvislosti s tim, Ze u stavajicich svételnych diod jsou
spektralni vlastnosti LED svazany s mérnym vykonem. Se
sniZujici se teplotou chromati¢nosti (T¢p) a zvySujicim se
indexem podani barev (R.) klesa mérny vykon (n).
Vzhledem ktomu, Ze se ve vétSiné vnitfnich aplikaci
pozaduje, aby index podani barev byl minimalné 80, a
barevny tén se zpravidla voli vrozsahu od teplé po
neutralné bilou, maji svételné diody vyuzitelné pro interiéry
mensi mérny vykon v porovnani s LED pro exteriéry. PFi
srovnavani svitidel se svételnymi diodami a béznymi
svételnymi zdroji je tfeba zohlednit uréité zpozdéni mezi
uvedenim LED do sériové vyroby a aplikaci ve svitidlech.

Vnitini LED svitidla

Mezi prvnimi aplikacemi, kde se svételné diody zacaly
pouzivat ve vnitfnich prostorech, bylo nouzové, orientaéni a
dekoraéni osvétleni, tedy oblasti, kde se bud pozaduji nizké
urovné osvétleni, nebo kde primarnim Géelem svitidel neni
osvétleni uréitého prostoru nebo plochy (orientace,
dekorace). DalSi aplikaéni oblasti bylo mistni osvétleni, kde
se osvétlovany povrch nebo pfedmét nachazeji v blizké
vzdalenosti od svitidla. V ramci tohoto pouziti se vyvinuly
linearni pevné a pruzné LED moduly s moznosti vytvareni
linearni svitici prvky libovolné délky.

DalSimi typy svitidel, kde se zaginaji LED nové uplatfiovat,
jsou smeérova svitidla rdzného konstrukéniho provedeni
(podhledova, stropni, listova), kde se vyuziva jejich bodovy
charakter a smérové vyzarovani. NejbéznéjSimi klasickymi
svételnymi zdroji ve smérovych svitidlech jsou halogenové
zarovky o pfikonu od 20 do 100 W a halogenidové vybojky
o pfikonu od 20 do 150 W. Vtabulce 4 je uvedeno
porovnani smérovych liStovych svitidel evropskych vyrobct.
Pro porovnani byla zvolena smérova svitidla se stfedné
Sirokym svazkem (20° - 409 se zdroji s teplotou
chromati¢nosti 3000 K. Tabulka 4 ukazuje, Ze v sou¢asné
dobé jsou jiz bézné dostupna smérova listova LED svitidla,
ktera z pohledu svételné toku odpovidaji svitidlim pro
halogenové zarovky 35 W az 50 W. Vyuziti svételného toku
ve stfedné Sirokém svételném svazku je pfitom u LED a
konvenénich svételnych zdroju podobné. Mérny vykon
systému (svételny zdroj + pfedfadnik) je u LED svitidel dvoj
az tfi nasobny. Nejnové;si typy téchto LED svitidel (A6, A7)
maji svételné toky, srovnatelné s halogenidovymi vybojkami
20 W, nicméné mérny vykon systému svitidla
s halogenidovymi vybojkami je vy$Si nez u svitidel s LED.

DalSimi pomérné rozSifenymi typy svitidel, ve kterych se
zacaly uplatiovat LED, jsou pfima svitidla pro celkové
osveétleni (tzv. downlight). V téchto svitidlech se jako
svételné zdroje nejCastéji pouzivaji kompaktni zafivky,
pfipadné u svitidel pro rozlehlejSi nebo vySSi prostory
halogenidové vybojky. Pro kompaktni zafivky neni tento typ
svitidla pfili§ vhodny, jelikoz vyznamna ¢ast svételného toku
je vyzafovana do stisnéného prostoru mezi zdroj a reflektor
a jeho vyuziti neni, hlavné u dobfe clonénych svitidel, pfilis
vysoké. Proto se u¢innost téchto typl svitidel s dobrym
clonénim (UGR~19) pro kompaktni zafivky pohybuje, podle
kvality optického systému, v rozsahu od 40% do 60%.
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Tab. 4 Porovnani parametr(i vybranych typ smérovych svitidel
spotlight (20* 409 s LED (3 000 K) a klasickymi s vételnymi zdroji.

Zdroj Vzorek P ss (W) D ep (IM) Nsys (IM/W)
Al 17 870 51
A2 16 983 61
A3 17 1000 59
LED A4 32 1100 34
A5 44 1120 25
A6 28 1747 62
A7 44 1958 45
HAL B 55 1180 21
HIT C 23 1700 74

Pouziti svételnych diod vtéchto svitidlech je z pohledu
jejich rozméru a charakteru vyzafovani logické. Uginnost
téchto svitidel osazenych LED se pak pohybuje v rozsahu
od 90% do 95%. Porovnani vybranych typl pfimych
clonénych svitidel sleSténym reflektorem (UGR~19)
osazené LED (4000K) a kompaktnimi Zarovkami je
uvedeno vtabulce 5. Svitidla pro svételné diody byly
rozdéleny podle svételného toku do tfi vykonovych skupin
(2000 / 2000 / 3000 Im). U clonénych pfimych svitidel pro
kompaktni zafivky (UGR ~19) byly zvoleny typy s takovym
vystupni svételnym tokem, ktery pfiblizné odpovidal
zvolenym vykonovym skupinam. Pfi vybéru byla zvolena
svitidla pro kompaktni zafivky s provozni Gcinnosti 60%.
Z porovnani mérnych vykonl je zfejmé, Ze soucasna
svitidla typu downlight pro svételné diody maji v priiméru o
40% (resp. 60%) menSi pfikon oproti svitidlim pro
kompaktni zafivky pfi srovnatelném vystupnim svételném
toku a ucinnosti svitidla 60% (resp. 40%). V soucasné dobé
se svitidla downlight pro kompaktni zafivky vyrabéji az do
pfikonu 2x42 W. V takovémto vykonovém stupni se svitidla
s LED v sou¢asné dobé nevyrabéji.

Tab. 5 Porovnani parametr(i vybranych typQ pfimych svitidel, tzv.
downlight (UGR~19), s LED (4 000K) a kompaktnimi zafivkami

Vykonova Svitidla pro LED (4 000 K)
skupina Vzorek D, (IM) Py W) | nw (IM/W)
Al 814 17 49
A2 1187 18 66
1000 Im A3 980 18 54 62
A4 1231 15 82
A5 1078 18 60
A6 1840 26 71
A7 1889 27 70
2000 Im A8 2074 32 65 66
A9 2124 34 63
Al10 1960 31 63
All 2760 47 58
Al12 2596 36 72
3000 Im A13 2810 49 57 | °
Al4 2529 27 94
Vykonova Svitidlo pro kompaktni zafivky (h = 60%)
skupina Vzorek D, (Im) Ps (W) Nsv (IM/W)
1000 Im 26W 1080 28 39
2000 Im 2x26W 2160 60 36
3000 Im 2x32W 2880 72 40

Venkovni LED svitidla

Ve venkovnim prostfedi se svételné diody zacaly pouZivat
podobné jako v interiérech nejprve pro orientacni a
dekoraéni Gcely. DalSim krokem bylo jejich vyuziti ve
svitidlech a svétlometech pro architektonické osvétleni
konstrukénich detailll a architektonickych prvkl. Priblizné
v poslednich dvou letech se zaéinaji pouZzivat ve svitidlech
pro vefejné osvétleni. Pro porovnani situace v této aplikaéni
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oblasti jsou pouzity vysledky z pilotniho projektu vefejného
osvétleni ulice Zborovské v Pisku. Souéasti pilotniho
projektu byl Gsek komunikace o délce 700 m. Puvodni
osvétlovaci soustavu, jejiz stafi bylo vétsi nez 15 let, tvofila
svitidla pro sodikové vybojky 150 W. Tato svitidla byla
vramci pilotniho projektu nahrazena svitidly pro svételné
diody 84 x 1W (Golden dragon plus, Osram). Nova svitidla
byla osazena do stejnych poloh jako plvodni svitidla.
Hodnoty technickych parametri puvodnich i novych svitidel
byly ovéfeny ve svételné technické laboratofi na CVUT FEL
v Praze. Porovnani svételné technickych parametrii bylo
provedeno na zakladé méfeni osvétlenosti na Useku
komunikace 30 x 6,5 m v siti kontrolnich bodl 1 x 1 m.
V ramci probihajiciho pilotniho projektu se 2 x ro¢né
provadi kontrolni méreni. Vysledky naméfenych hodnot
jsou uvedeny v tabulce 6. Na zakladé vysledka méreni i
kontrolnich vypoc&tl je mozné fici, ze v oblasti vefejného
osvétleni v sou¢asné dobé existuji na trhu svitidla, kterymi
Ize pfi nahradé starSich typ( silniénich svitidel pro sodikové
vybojky uSetfit okolo 30% elektrické energie. Svételné
technické parametry modernich kvalitnich uliénich LED
svitidel pfiblizné odpovidaji parametrim kvalitnich svitidel
pro vybojové zdroje stejného prikonu.

Tab. 6 Souhrnné vysledky svételné technickych vypoctl a méreni

Svételn & technické parametry
Osvétlovaci soustava Eo Em r
) G )
CSN EN 13201 (ME4b) X 10 0,4
Ovérovaci vypo cet
Svitidla LED | 209 | 136 | 04
Méreni
Svitidla HST X 11,8 0,5
Svitidla LED, 900 h 22,7 X 0,5
Svitidla LED, 4100 h, 20,4 X 0,5

Zaveér

Vyvoj v oblasti polovodi¢ovych svételnych zdroju bude jesté
intenzivné neékolik let pokracovat a svételné diody i
organické svételné diody budou pronikat do stale vétSiho
poctu aplikaénich oblasti. Vzhledem k tomu, ze
polovodi¢ové zdroje budou s nejvétSi pravdépodobnosti
svételnymi zdroji s nejvétSim mérnym vykonem, nejdelSi
dobou zivota, velmi dobrymi spektralnimi vlastnostmi a
snadnou regulaci, bude obtizné najit konkre¢ni vyhody,
které by podpofily existenci jinych svételnych zdroju. Jiz
v dnesni dobé se konkurenéni vyhody zGzily téméf jen na
cenu a velikost svételného toku koncentrovaného do
malého prostoru.
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Selected problems of workplaces lighting in situ c

onditions

Abstract. The article deals with the workplaces lighting in the phase of building operation. In introductory part, there are mentioned risks, which
affect the quality of lighting in various stages of life cycle of building — the workplace. There are examples of modelling and measurement of lighting

intensity in the work area while shading by one’s own body part.

Keywords: workplace, lighting, operation, shading.

Introduction — description of the risks

The issue of quality of lighting in the workplaces during
the operation is a part of the whole life cycle of lighting of
building interiors. A number of changes occur during
individual cycles from planning the function of building to
renovation. These changes affect important parameter — the
value of maintained lighting intensity E", or daylight factor
D in the workplace. Impact of shading of the light sources
by person and its characteristics will be the subject of
evaluation from many risks mentioned in Fig.1, which affect
the light-technical parameters.

workplace
project changes in planning
realization of lighting
source

compliance

workplace project withthe

—lighting design project
b conditions
<
af operation changes of
lighting sources :
= ar:llilctaly‘gm. reallzatmr - R
- windows. construction with the
b/ operation changes of construction
workplace lay out ‘ and project
conditions

¢/ operation changes of
working tasks.

d/ human characteristics.
e/ operation system
lighting source

f/ maintainance of
lighting source

g/ interaction between a-f

workplace
operation

workplace
liquidation —
sanitation

Fig.1 — Life cycle of the lighting systems in the workplaces

The mentioned risks describe changes in the operation to
the designed solution. They can be divided into [1]:
« Planned changes with a positive contribution to the
quality of lighting,
« Planned changes with negative result — they do not
improve the quality of lighting,
e Unplanned changes with a positive contribution to
the quality of lighting,
e Unplanned changes with negative result — they do
not improve the quality of lighting.
If there is no improvement and achievement of minimum
standard requirements, the renovation of lighting systems,
which take into account ecology-energy savings, is
necessary. [2]
The differences achieved between projected E4 and actual
detected values E, in comparison to the minimum standard
requirements on the artificial lighting intensity in the
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workplaces En" can be expressed for individual stages of
life cycle by relations:

(1) AE = (En - Eq)
(2) AE=(En-Eo)

(3) AE:(ZEm,' Ed' Eo)

where:

AE - deficit, or increase of difference of lighting intensity
value between required and planned or measured values
(Ix) in the workplace,

En’ - maintained lighting in the workplace according to [2],
(1),

Eq - designed lighting in the workplace (Ix),

E, - lighting in the workplace detected by measurement (Ix)

Similarly, it is possible to express also values for daylight
by the value D — daylight factor by similar relations.
In case of positive values AE, it is possible to analyse the
causes of breaching prescribed parameters of lighting
according to points a) — g) in Fig.1.
Differences between measured and planned values within
the design stage are given by the fact that modelling is not
realized in details — with the impact of interior workplace
equipment and person in the given workplace. In the stage
of real working activity, lighting values are reduced
depending on the characteristics of person (body size,
leaning of body) and his/her working position during
operation.

Characteristics of person and their impact on the v alue
of daylight factor D and intensity of artificial li ghting E ,
in the workplaces

In the ergonomic system, person is the weakest element
and he/she often deteriorates lighting working conditions on
his/her own. An example is:
a/ modelling of workplace without interior equipment and
people in it (design stage) for daylight (Fig. 2 - 4) or artificial
lighting (Fig. 5 — 6).
b/ shading of the lighting in the workplace by one’s own
body (operation stage) - its different for right-handed and
left-handed people.

Evaluation of shading of the lighting by person in
design stage

Tablel: Changes of the daylight factor value in the workplace
depending on the degree of modelling

accuracy

The degree of modelling accuracy min.D | med.D | max.D | Uniformity
(%) | (%) (%) of lighting
1. construction model 1.2 2.8 11,5 0,101
2. model with interior equipment 05 |19 106 [0,078
3. model with interior equipment and 06 |25 11,8 0,047
waorkers
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Fig. 2 : modelling of daylight in the office — 1st construction model

Fig.3 : modelling of daylight in the office — 2nd model with interior
equipment

Fig.4: modelling of daylight in the office — 3rd model with interior
equipment and workers (software WDLS 4.1).

Modelling for the 3rd stage of accuracy with workers points
out allocation of isopod and reduction of zone with minimum
required value of 1,5% in the work area in the height of 0,85
m. Impact of shading by person is also reflected in the
designing of artificial lighting (Figure 5-6).

Modelling of daily and artificial lighting in the presence of
person and the degree of accuracy of the results depends
on the used software and its capabilities for modelling the
real position of person (also with upper arms).
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Fig.5: Modelling of artificial lighting (software Dialux) — 2nd model
with interior equipment [4]

Fig. 6: Modelling of artificial lighting (software Dialux) — 2nd model
with interior equipment and students [4]

Evaluation of shading of the lighting by person in t he

operation phase

Measurements of light intensity on the workplace in situ
were carried out in school area in different classrooms. An
example is the computer classroom — Fig. 7, 8.

Fig. 7 — View of the computer classroom

Table 2: Measured values of associated lighting [4]

Place of measurement according to the

Figure 8 (Ix)

PC1 PC2 tabula Eo
Measurement in an 210 217 224 504
empty room E,
Measurement in the 195 201 210 460
presence of students
(shading) E,
Reduction of value 15 Ix 16 Ix 14 Ix 44 Ix
AE (%) 7,14% 7,37% 6,25% 8,7%
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DO - additional lighting
PC — computer
1 - 4 — place of measurement

Fig. 8 — View of the computer classroom

Measurement of daily lighting in relation to the lighting hole
and shading by hand during writing is documented on the
difference of left-handed and right-handed people
(laterality). Statistically, the number of left-handers is about
10% of the population in a stable location of work areas,
where the light shines from the right site; there occurs
deterioration of light conditions for right-handed people.

Fig. 9: Shading by one’s own hand while writing

| table |
’:| desk desk
i
windows
|
|
desk desk

Fig.10: Diagram of the measuring points 1 — 4 in the classroom for
the daily lighting
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Fig.11: Measurement of lighting of work area for right-handed and
left-handed people

Table 3: Measured values of daily lighting [5]

Do (%) Place of measurement according to the

Figure 10

1 2 3 4
Person — right- 11,9 4,58 4,28 8,62
handed D,
Person — left- 8,23 3,18 2,28 4,18
handed Do
Reduction of 3,67 1,4 2,0 4,44
value A D, (%) 30,8% 30,56% | 46,72% | 51,5%
Table 4: Measured values of artificial lighting [5]
Eo Place of measurement according

to the Figure 10
1 4

Person —right-handed | 342 165
Eo
Person — left-handed 186 110
E
Reduction of value A 156 55
E (Ix) 45,6% 33,3%
Conclusion

The need for more detailed modelling of lighting in
workplaces follows the fact that it is necessary to include
not only static elements of interior or their variation in the
model, but also time-varying (dynamic) model elements —
people in the interior, their movements. The rate of
inaccuracy of the model may affect the error during
operation measurements. The difference of measured
values in the same workplace without and with the
presence of person represents the difference of at least 6%
- reduction in values in situ conditions with person. In the
replacement of right-handed person for left-handed person
in the workplace when daylight comes from the left site,
there is also reduction from other measurements at least 24
% depending also on the distance from the window. These
values are only from presented examples, statistical
evaluation would be more correct. [6] Proper design of
lighting holes or sources of light must take into account:

a/ all elements of the interior with their characteristics,

b/ the possibilities of changes — flexibility of work,

¢/ individual characteristics of person while working —
shading by one’s own body to the place of work task, the
angle of the leaning of trunk as well as head of person in
relation to the location of light sources, shading by hands
while working (left-handed, right-handed) in relation to the
light source depending on the size of person — his/her
shading area (hair).

d/ number of people in the workplace.

Design of lighting should therefore forecast the possibilities
of reducing lighting by shading with interior elements and
person in assumed operation.
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Abstract. The paper introduces the area of energy audit of street lighting, its essentials according to the Czech legal regulations and main parts.

Keywords: street lighting, energy audit, energy consumption

Introduction

In general, energy audit of lighting systems inspects the
lighting systems and surveys the lighting facilities to
determine levels of output, provide lighting system analysis,
and specify energy consumption, the possible reduction or
optimisation. Energy audit of street lighting represents the
energy audit of street lighting systems. The energy audit of
street lighting surveys the whole street lighting system
including the economical aspects and provide possible
measures for improving the system.

The structure of the energy audit used for this paper is
consistent with Czech legislation. The Czech energy audit
legislation is united, sophisticated and unique in the depth
of provided details in comparison to other countries. The
Czech energy audit has to comply with the requirements of
the decree no. 213/2001 [1]. This decree determines not
only the format but also for whom it is mandatory. Energy
audit according to this legislation could be performed only
by certified auditors.

Energy audit of street lighting

The structure of the report on energy audit is as follows:
identification data, description of the initial state, evaluation
of the initial state, proposal of energy savings measures
and grouping of measures into project options, economic
evaluation, environmental impact evaluation, conclusion of
the audit, recommendation of the selected project option for
realization.

The initial state

The description of the initial state of street lighting
system should contain the main subject of the audit, thus
the global characterization and description of the street
lighting system and the local specificity. The supplier of the

electrical energy is stated and there should be
comprehensive description of the energy distribution
(cables, distribution boards, circuit breakers, etc.),

luminaires and poles.

Evaluation of the initial state

In the terms of the evaluation of the initial state, there is
the total consumption and costs of the street lighting for the
last few years (usually 3 years). The baseline consumption
is then set which is crucial for the assessment and setting
the measures. The check measurement of the illuminance
and/or luminance also should be carried out. The
assessment includes the luminaires, used technologies,
expediency of the Iluminaires, polls and electrical
equipment. This part contains the conclusions of previous
audit reports and other reports.
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Energy savings measures

After the assessment of the initial state of the street
lighting system is done, the energy savings measures are
created. Usually, they are grouped in three groups: no-cost
measures (i.e. revision of the tariff rate), low-cost measures
(i.e. more accurate switching) and high-cost measures
(reconstruction, replacement of the luminaires). There could
be several measures; they usually form 2 project options.
Every project option has its own savings potential
(expressed in kWh, costs, etc.).

Economic evaluation

The economic evaluation figures out the payback period
and internal rate of return. This is crucial for proposed
project options. The energy auditor puts his decision
concerning economic evaluation and the street lighting
systems owner possibilities. The final decision is, of course,
made by the owner.

Environmental impact evaluation

The environmental impact evaluation is mandatory part
of the Czech energy audits. However, concerning the street
lighting, only conversion of electrical consumption to the
given emissions coefficients is done (according to the State
Environmental Fund of the Czech Republic).

Energy audit outputs

There are some mandatory parts in energy audit
outputs. Firstly, there is a summary of the evaluation of the
initial state. Secondly, the auditor has to present the saving
potential and recommendation of the project option with
appropriate explanation. Finally, the record list with
identification data and output form has to be stated.

Conclusions

The energy audit of street lighting is advisable for the
assessment of the state of street lighting system and for the
quantification of energy savings. The energy audit is the
economical expression of the saving and upgrading
projects. The energy audit of street lighting is especially
advisable for old bad-maintenanced systems.
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Assessment of disability glarein traffic

Abstract. Speed of vehicles running on roads is high and even small dazzle of driver may cause decreased vision, temporary blindness, or
extension of reaction time and ultimately may cause an accident. The aim was to determine, if this glare rating systems are applicable in evaluation
disability glare and, if not, what modifications are necessary to adjust the scale or calculation formulas.
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Introduction

Topic of glare on the roads has long been a topic of
research. The concept of glare is now divided into two basic
categories. The first category is discomfort glare. There is
still no precise definition for discomfort glare because this
kind of glare is dependent on many factors such as mood or
fatigue, and does not depend directly from the lamp. The
second category is disability glare. There are many possible
sources of glare in traffic situations. Glare can be caused by
street lightning, direct glare from the vehicle headlamps or
indirect glare via inside and outside mirrors. There are
several different methods for assessment of disability and
discomfort glare, but not every method is suitable for every
application. Method for evaluation of glare will be described
later in this article. The aim of this article is clearly separate
discomfort glare from disability glare

Definitions of glare

In International Lighting Vocabulary is the concept of
glare divided into two groups. First group is Disability glare,
defined as “glare that impairs the vision of objects without
necessarily causing discomfort”. Second group is
Discomfort glare, defined as “glare that causes discomfort
without necessarily impairing the vision of objects”.

When we want to make precise definition of disability
glare, we have to use other definition as in International
Lighting Vocabulary. Disability glare can be defined as the
masking effect caused by light scattered in the ocular media
which produces a veiling luminance over the field of view.
The magnitude of this depends on the illuminance on the
driver’'s eye from the luminaires and the angles at which
they are seen. This kind of glare is absolutely unacceptable
for the situations in traffic because of speed of cars and
relatively long recovery time of the human eye after
exposure to a glare source [1].

Nowadays we use many different definitions of
discomfort glare but there is no precise one. In general we
can say that this kind of glare doesn't causes decreased
vision, but just makes us to feel uncomfortable. Discomfort
glare has the same physical configuration as disability
glare, but it produces another type of effect. Discomfort
glare can by generally associated with bright light sources
(road lighting), which attack our attention and catch our
gaze. It is just the subjective impression of discomfort and is
a function of several factors: the observer's line-of-sight
angle with respect to the glare source, the amount of
illumination from the glare source and the brightness of the
surrounding field to which the subject is adapted. Some
research has shown that this kind of glare is based more on
emotional state of the observer than on the light source
itself. It depends on the mood, age, emotions and fatigue of
driver.®> For the evaluation of discomfort glare we usually
use these methods: Glare Control Mark (renamed from
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Glare Mark Evaluation), Cumulative brightness Evaluation
(CBE) and Schmidt-Clausen and Bindels's Equation.

Equivalent veiling luminance

In the mid-1920s researcher Holladay made first
guantitative measurements of disability glare by using the
then recently introduced equivalent veil technique.
Holladay's results, later modified by Stiles and Crawford
and by Adrian and Bhanju [2], could be summarized by the
equation:

_KIE

(l) l—eq — Hzglare

where: Leq - equivalent veiling luminance, k — glare
coefficient, Egare — glare illuminance upon the eye, 6 — glare
angle

The most interesting aspect of this disability glare
formula is the relationship between Leq and Egare,
suggesting of course that the equivalent light veil is a very
real light veil due to entropic light scatter. It is very important
to say that this mathematical formula is valid just for angles
between 1°and 30° Adjusted relationship for larger angles
will be mentioned later in this article.

Figure 1: The equivalent veiling luminance caused by one light
source®

Glare coefficient k is an age dependent coefficient
(increases with age). This number is very often roughly set
to be 10 but this can be misleading. In equation (2) we can
see exact mathematical formula for evaluation of glare
coefficient:

4
2 k=10 1+(AGEJ
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As we can see in Figure 2, determining the glare
coefficient to be 10 is incorrect especially for older people.

k/AGE
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Figure 2: Dependence of glare coefficient k by age of observer

When we want to calculate equivalent veiling luminance
with a full range validity domain 0,1°< 8 < 100° we have to
make some changes in equations 1 and 2. It has been
discovered that at large glare angles is equivalent veiling
luminance also dependent on the eye pigmentation and we
have to add a new variable to mathematical formula.
Practical tests showed that at large glare angles light blue
eyes are more sensitive on disability glare.

Another change that we need to do is an adjustment of
the equation for very small angles (from 0,1°to 1°). We
have to supplement 1/8° to Age-adjusted Stiles-Holladay
equation [1].

The final state is expressed in the equation 3 also called
CIE General Disability Glare equation:

L 4
(3) = :1—2+ 1+[—AGEJ *
Eyare 6 62.5
L general
% + O%P} +0.025p

where: p — eye pigmentation factor (ranges from O for black
eyes, via 0,5 for brown eyes, up to 1 for light blue eyes and
1,2 for very light blue eyes)

That was discovered by researcher Adrian that impact of
multiple glare sources can by evaluated as the sum of all
veiling luminance from each glare source [4]. This
mathematical formula is shown in equation 4:

) Legr = 2 Leaty

where: Legrotal — total equivalent veiling luminance, Leqq) —
equivalent veiling luminance from i-th glare source

Issues around equivalent veiling Iluminance are
complicated but summary of these problems is described in
conclusion of this article.

The calculation of glare using equivalent veiling
luminance method is very closely related with another
method for calculation of disability glare called Threshold
Increment Evaluation. In North America, a disability glare
limit is used based on the veiling luminance whereas Tl is
used in rest of the word.
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Threshold Increment Evaluation TI

Threshold increment is a measure of the loss of visibility
caused by the disability glare from the road lighting
luminaires. Tl evaluation method is related to road safety.
Relationship between Tl and road safety is unknown but
there is a known relationship between visual performance
and road safety. Tl represents the impact of the glare
source on the threshold of an object. In other words, it
represents how much brighter, in percent, an object must
be in order to be seen in the same conditions with a glare
source present as compared to one without a glare source
present [4].

For calculation of Threshold Increment we usually use
one of two equations, mentioned in CIE Technical report
31-1976 [5]:

®) Tl = Alg, -AL, 100%
AL,

In this equation is relative threshold increment TI
expressed as the difference of the threshold algi under
glare condition and its value without glare alo related to alo.
The relative increment may also be calculated in good
approximation by the formula:

- Leq 0,
(6) TI ‘65["LOT %

AV

where: Lay — average luminance of the road surface in
range 0,05 cd/m? < Lav <5 cd/m?

Average luminance of the road surface represents
minimum value to be maintained throughout the life of the
installation. This value depends on the light distribution of
the luminaries, the luminous flux of the lamps, the geometry
of the installation and on the reflection properties of the
road surface. It is very important to note that calculated
values should take account of luminaire and lamp
maintenance factors. Calculation programs such as
Calculux use modified mathematical formulas by
maintenance factor. Equation 7 is valid for Lay < 5 and
equation 8 is valid for Lay > 5.

MF %8 1,

AV

®) T =95F——3

where: MF — maintenance factor used for calculation of
average luminance

The longitudinal position of the observer at which the TI
will be maximum, is dependent upon the screening angle of
the vehicle’s roof. This angle has been standardized by the
CEN at 20 degrees above the horizontal. Threshold
increment is evaluated only for luminaries within this angle.
This method is valid only where the observer is located in
the median plane through the lanterns parallel to the road
axis (Co plane) [5]. In Figure 3 we can see standardized
position of the observer.
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Figure 3: Standardized position of the observer

The Threshold Increment method is evaluated as a
percentage. For the better visibility we need lower level of
Threshold Increment. CIE states that threshold increments
lower than 2 can be neglected. For the illustration we can
use for evaluation following table [5].

Table 1. Verbal assessment of the various levels Tl

TI (%) Verbal assessment
> 20 Bad

10 Moderate
<10 Good

In the 1995 was released technical CIE 115-1995 report
named “Recommendations for the lighting of roads for
motor and pedestrian traffic”. In this technical report are
different types of roads classified into lighting classes taking
into account number of factors [6]. A brief overview of these
factors is processed in following table.

Table 2. Lighting Classes for different road types (CIE 115-1995)

Lighting

Class Description of road

1. High speed roads with separate carriageways,
motorways, express roads with high traffic density and
M1 complexity of road layout

2. High speed roads, dual carriageway roads with poor
traffic control and separation of different types of road
user

1. High speed roads with separate carriageways,
motorways, express roads with medium traffic density
M2 and complexity of road layout

2. High speed roads, dual carriageway roads, with good
traffic control and separation of different types of road
user and important urban traffic routes, radial roads,
district distributor roads with poor traffic control and
separation of different types of road user

1. High speed roads with separate carriageways,
motorways, express roads with LOW traffic density and
M3 complexity of road layout

2. Important urban traffic routes, radial roads, district
distributor roads with good traffic control and separation
of different types of road user

1. Less important roads, residential major access roads
with poor traffic control and separation of different types
M4 of road user

1. Less important roads, residential major access roads
with good traffic control and separation of different types
M5 of road user
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On the basis of data in Table 2, there were assigned
limit values of threshold increment (TI) and maintained road
surface luminance (Lay) to each lighting class.

Table 3. Lighting requirements for motor traffic (CIE 115-1995)

Lav (cd.m™) TI (%)
Lighting class Minimum Maximum

Maintained Initial
M1 2,00 10
M2 1,50 10
M3 1,00 10
M4 0,75 15
M5 0,50 15

Visibility Level Concept VL

Research of VL started in the USA and nowadays is
used as a criterion in American Roadway Lighting Standars.
In the rest of the word is not this concept used so much as
in USA but CIE suggests Visibility Concept as annex in the
technical report 115-1995. There was several target
visibility models but the most common was proposed by
Adrian in 1989 and is called “Small Target Visibility” (STV).
The idea of target visibility models in road lighting is to
characterize a lighting installation in terms of how well a
small target on the road can be detected by a driver at a
distance where the driver uses to pick up information [7].

As we can see VL describes driver's ability to see an
object more or less easy. This ability depends on several
factors: the contrast of the object’s surface luminance with
the luminance of the background, the adaptation of the eye
relative to that object, the magnitude of glare, the transient
adaptation as a result of eye fixation, the visual complexity
of the background and motion dynamics, the colour, size,
and shape of the object, the age and visual characteristics
of the motorist [6]. It is very important to note that the
luminance of the target can by greater than the background
(positive contrast) or vice versa (negative contrast). For
both cases, a minimal luminance difference is needed to
perceive the target with a certain probability level [8].

When we want to calculate VL, we must first to define
characteristics of the target and observer. Standardized
observer can by define by ANSI-IESNA-RP-8-00 (there is
no information about observer in CIE 115-1995) as 60 years
old person and observation time was established at 0.2
second. Standardized target is 18 cm x 18 cm flat square
target at a distance of 83.07 from the observer. The target
reflects light in a Lambertian manner with a reflectance of
50 % (in CIE 115-1995 — 20 % diffuse reflectance) [9].

Visibility level model is based on the formula:

(9) VL - ALa(:tual
AL[hreshold

where: VL — visibility level (it has no dimensions, indicates
how much the contrast of the target is above threshold
contrast), alacwa — real difference on luminance between
the target and its background, alineshod — luminance
difference needed between a target of a certain angular
size and its background for the target to by just visible

It is not possible to show whole calculation of VL due to
the scope of this article, but | will try at least to show basic
formulas for evaluation of individual variables. Whole
procedure of VL calculation can be found in Annex A of
ANSI-IESNA-RP-8-00.
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Calculation of alacwal is quite simple. It is just difference
between luminance of the target and the background
luminance:

(10) Al =L —L

where: L; — the target luminance, L, — the background
luminance

Calculation of altreshod IS more problematic. This
evaluation was made by Adrian from empirical equation:

(11)
2
Jo a(a, L)+t
Alyesnog =K==+ Jo| g/ Uk, LAF
a t,

where: k - factor for the probability of perception (k=2.6 for
100% probability), ® - luminous flux function, L - luminance
function, a(a,Ls) - parameter depending on size of target
and background luminance, ty - observation time (0.2s due
to RP-8-00), F¢p - correction factor, AF - age factor

Functions @ and L have been derived from Adrian’s,
Aulhorn’s and Blackwell’'s data and can be calculated
depending on the luminance level L;. Correction factor Fcp
is sometimes also called contrast polarity factor and is used
to obtain the difference between AL for positive and
negative contrast (for positive contrast F¢,=1). Calculation of
Fep is showed in equations 12. It is important to note that
contrast polarity factor is calculate only if the target is darker
than the background.

a2 FlaL )=1—%
' pozt=2
@)  B=06(L,)°""**
(14) L,=L +L,
(15)
2
AL, =26 g +4/L M

where: L, - adaptation luminance, Lv - veiling luminance
(equation 1), m - coefficient depending on the L,, a - arctan
(target size / distance observer to target) x 60

Last unknown variable in equation 11 is age factor AF.
This age factor can calculated by equation 16 for people
aged between 23 and 64. ANSI-IESNA-RP-8-00 states that
standard observer is 60 years old so this formula is
sufficient. When we need to modify this formula for older
people than 60 years old then we must use equation 17
acceptable to persons aged between 64 and 75.

_ 2
(16) AF = M +0.99
_ 2
4y AF - \AGE-566)f . -
116.3

For evaluation of this method we have to use table in ANSI-
IESNA-RP-8-00 or in CIE 155-1995 where we can find
minimum VL values for different road classes. For the

102

illustration, there are lighting requirements for M Classes
(described in Table 2) according to CIE in the table 4. In
general we can say that minimal visibility level necessary to
guarantee traffic under good safety condition is 7.

Table 4. Visibility Level requirements (CIE 115-1995)

VL
Lighting class Minimum
Maintained

M1 7,5
M2 7,0
M3 6,0
M4 5,5
M5 5,0

Conclusion

This article was prepared as a brief overview of the
methods currently used for evaluation of disability glare in
traffic situations. At the end | have to say that any above
mentioned method is not perfect and suitable for any
situation arising in traffic.

Holladay's equivalent veiling luminance and related
threshold increment have several problems. First problem is
that scatter sources like fog, dirty widescreen or glasses are
not included into evaluation. Second very important problem
is that there is just a few practical experimental tests made
of evaluation of Leq and TI especially for large angle range.
Third problem is that evaluation formula is missing
important factors such as recovery time of human eye after
several exposures to the glare source.

Visibility level model is sophisticated and complex
evaluation method. There were made several different
studies about VL. Problem is that there are some
differences in these studies like: shape and dimension of
the target, observer’'s age and reflectance factor. So that
can be problematic to compare these studies. So the main
problem is that there is no enough practical measurements
of VL for different conditions of road, street lighting
installation and so on. There are also mall differences
between requirements in ANSI-IESNA-RP-8-00 and CIE
115-1995.
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Outdoor Lighting — Correct lighting at all times

Abstract. This paper presents the new approach of setting lighting levels for street and roadway lighting in the revised CIE 115. It also presents the
relevant findings in an on-going PhD study where the potentials in energy saving by using a totally adaptive installation are investigated. By using
Norway as an example, the total energy saving potential by implementing traffic volume and weather dependent dimming are calculated.

Keywords: Energy saving potential, adaptive lighting, new approach for road lighting control, CIE 115.

Introduction

During the last decades an increasing focus on the
damaging effects of CO2 emissions has led to a joint effort
both from public and governmental institutions to reduce the
use of electrical energy. In this aspect the CIE officially
stated at their 2007 term meeting in Beijing that “This is
possible through intelligent use of new technology and a
scientific understanding of the varied human needs for
different types of lighting in different settings” [1]. In this
aspect the CIE 115 publication (Lighting of Roads for Motor
and Pedestrian Traffic) [2] was revised to allow for the
dynamically control of lighting classes during the varying
conditions at nighttime. Aspects concerning both traffic
complexity and composition and varying weather conditions
and thereby surface conditions were introduced through a
weighing table assessment of the current design conditions.

CIE 115 — parameters for dynamical road lighting lev  els
The CIE 115 — “Lighting of roads for motor and pedestrian
traffic” [2] was revised and republished in 2010. As the
existing document gave the demand to design road lighting
installations statically according to the worst conditions on
the road, the CIE in 2003 gave the committee “TC 4-44" the
task to revise the document to allow for dynamical lighting
levels. A working group of 28 people (25 experts and 3
advisors) from all over the world worked for 5 years on
editing the document accordingly. Both in depth theoretical
discussions but also some practical research was
conducted to set a solid base for the revision.

The CIE 115 [2] is built up with lighting classes for different
classification of traffic; Motorized traffic (M), Conflict areas
(C) and Pedestrian and low speed traffic (P).

The main revision concerned the methodology to set the
correct lighting class for the roads, allowing for a dynamic
variation of the lighting levels as the dependent
dimensioning factors vary throughout the night time. To be
able to give the guiding for a dynamical lighting demand a
weighing table was established, where different varying
factors was given a weighting index. Both traffic and
weather dependent factors were included. All factors are
summed and give the resulting lighting class for these exact
conditions. As the variance can be quite large throughout
the night time there was given a maximum of control
variance of two lighting classes. While the lighting level is to
be varied, the other quality parameters (uniformity and
glare) are to be kept constant as for the highest demand
class throughout dimming periods. A specific table was
established for the three different basic lighting classes (M,
C and P).
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Example of varying lighting class according CIE 115

As an example, figure 1 shows a process of using the
weighing table for an M-class road. As it can be seen, only
looking at the traffic volume during the night time, this road
transfers from a M4-class road with a classified “Very high
traffic volume” in the evening, through “moderate” to “low” in
the late night, before it transfers to a “very high” volume
again in the morning.
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Fig.1. Example of used weighing table for M-class according to CIE
115.

Road surface luminance Threshold Surround

Lighting Dy Wet * increment ratio
Class

Layin cd-m? Uo UL Uo Tlin% SR
M1 2,0 0,40 0,70 0,15 10 0,5
M2 15 0,40 0,70 0,15 10 0,5
M3 1,0 0,40 0,60 0,15 15 0,5
M4 0,75 0,40 0,60 0,15 il 0,5
M5 0,50 0,35 0,40 0,15 15 0,5
M6 0,30 0,35 0,40 0,15 20 0,5

Fig.2. Example of resulting demands by using dynamical lighting
classes according to CIE 115.
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In these tables it is intentionally left out a more accurate
determination of the limits of categorisation, other than
saying “very high/high/low” they do not give an accurate
description of the determination of these limits. This was
done due to the fact that a moderate to low traffic volume in
some countries might indicate a very high traffic volume in
some other countries. In this respect each adapting national
organization can make their own determination of classes
for their country.

Weather dependent control

Several investigations have been done to investigate the
correct way to control the lighting levels during wet surface
conditions. But internationally the subject is not easy to
agree upon. Already starting on the definition of the term
itself; what is “wet”? Many European countries has ignored
this issue and only give demands based on dry surfaces,
while some of the northern countries i.e. Norway [3] and
Sweden [4] includes a differential uniformity demand for
respectively dry and wet surfaces. But concerning level of
lighting we do not have many guidelines to consult.

To investigate the potentials of dimming according to
weather, an investigation was done in parallel to the
mentioned revision of CIE 115. SINTEF research institute,
represented by Arve Augdal, did an investigation of snow
covered surfaces on behalf of Hafslund Net in Norway [5].

Fig.3. Example of snow covered road surface

A totally snow covered surface was measured, using
different configurations of height of installation and type of
lighting source. To compare with dry conditions the same
configurations were calculated using the standard surface
used for road lighting calculations as demanded by the
Norwegian Public Road Administration. It was found that
with the same incoming light a multiplier factor of as high as
5,9 (results varied from 4,6-5,9) could be used for scaling
the respective reflected light represented by luminance
levels.

Fig.4. Example of a CCD based luminance measurement of a snow
covered surface
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Off course freshly fallen white snow will not be present for
long, when exposed for motorized traffic. But the same
study showed that on a ploughed and freshly sanded road
the multiplying factor was still in the range of 3,5- 4 times
the comparable dry conditions.

Fig.5. Example of a snow covered road freshly ploughed and
sanded

Traffic volume dependent control

To design a road lighting installation according to the
“worst” conditions, in most situations the installation will give
too much light in large periods of the night time. Using a
“city access road” in Norway as an example, a normal traffic
pattern would give a “rush hour” peak between 7:30-9:30 in
the morning, and 15:30-17:30 in the evening. With regard to
figure 1 a categorising of these periods as “very high” traffic
volume, would lead to this specific road being classified for
worst conditions a maximum of 4*365 = 1460 hours/year.

Fig.6. Example of a highly lit road designed for high traffic volume,
but without traffic in the night time.

Using the geographical position of the capital of Norway as
an example, only 385 of these hours are during the dark
period of the day. Resulting that of the approximately 4200
hours of the year that there is a need for artificial lighting at
this geographical position, there is a need for the maximum
output only for 385 hours, or just below 10 % of the
installations burning hours. And this is only considering the
traffic volume!

Other weather conditions

The above calculated potentials would be wise to consider
not as a given fact rather an indication of the possible
potentials. If a more thorough classification is done and this
is implemented for direct road lighting control, several other
control parameters have to be included. Earlier in this article
the conditions during “wet” surface were discussed. Another
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difficult condition is when the vision is obstructed by i.e. fog.
If a fully automated installation should be deployed actions
would have to be taken to ensure that acceptable lighting
levels were provided also during these conditions.

If real time automated luminance measurements should be
deployed for the control of lighting levels, then both wet and
foggy conditions would lead to a decreased flux output from
the luminaires. The foggy conditions would “fool” the
measurement taken 60 m away, in most situations giving a
too high luminance, because it would be the lighted fog
being measured instead of the road surface (see fig 7).

Fig.7. Example of foggy conditions

For the wet conditions the amount of water on the surface
would influence the result of the measurements. A totally
covered surface would in many situations give a higher
luminance then the comparable dry conditions, but the
surface would transform into a specular surface, giving bad
uniformity. A partial wet surface, as shown in figure 8, would
still give the approximately same resulting luminance as the
dry surface, but the uniformity would be poor.

Fig.8. Example of wet conditions giving bad uniformity

Energy saving potentials

As the previous text indicates a large set of assumptions
has to be taken for a theoretical potential can be estimated.
As an example in this chapter, the theoretical potential of
Norway is presented.

The current lighting of Norwegian roads can be divided into
categories of “responsible road keeper”. Divided into
governmental, county and municipality controlled fig. 9.
shows their annually electrical consumption for lighting the
roads today [6].
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258

County Municipal

Fig.9. Yearly electrical consumption for road lighting in Norway,
divided by category of responsible road keeper.

Traffic dependent

Further on we have to assume the varying traffic volumes
and thereby the need for lighting levels during the night
time, in this case based on the road lighting classes.

T
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Figure 10 Traffic dependent control, lighting class M3

[
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Figure 11 Traffic dependent control, lighting class M4

[
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Figure 12 Traffic dependent control, lighting class M5

In order to make an estimate of the present energy saving
potentials also an assumption of the lighting class must be
made. For sake of simplification the assumption is made
that all national primary roads are M3 lighting class roads,
all county roads are M4 lighting class and all municipal
roads are M5 lighting class.
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Weather dependent

An on-going PhD study has done a thorough investigation
of meteorological data using the geographical location of
the capitol of Norway, Oslo, as an example [7]. This
investigation has also included an investigation of varying
switching times based on logging of real time varying
luminance’s during a long period. The conclusions from this

Time for switch on/off

Switch on delay after sunset [min]
Switch off delay after sunrise [min]

study are summed in figures 13-15.
Wet
34
34

Figure 13 Summed burning offset for test site

Average level of light

Stabile values in [cd/m2]
Suggested dimming [%]

Figure 14 Averaged control parameters for test site

Figure 15 Summed burning hours for test site, weather dependent
control

Total energy saving potential of Norway

Using the assumptions outlined above a potential of
implementing weather and traffic dependent control scheme
can be derived. As this would be dependent on the
possibility of dimming the luminaires dynamically, the
decisions on what kind of lighting source is used, would
give a large difference in the resulting energy savings. If a
standard High Pressure Sodium lighting source is used, a
reduction from 100 % to 50 % lighting output would only
give a 30 % energy reduction. If a LED light source were
used, one could for this exercise assume a 50 % energy
reduction. This difference could be quite essential when
evaluating the potential energy savings.
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Figure 16 energy saving potential of Norway by weather and traffic
volume dependent dimming

All the assumptions listed above lead to a conclusion that
by implementing weather and traffic volume dependent
dimming of all Norway's road lighting installations a
reduction of 34 % could be done if we base the calculation
on existing High Pressure sodium lamps, if all luminaires
had been LED-based then an additional 17 % energy
saving would be gained due to the more linear luminous
efficacy when dimming.

(The paper is not suggesting that this should be done,
merely stating the potential that lay in doing these actions).
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Planning and design process of road lighting

Abstract: Implementation of road lighting requires usually three plans of different level. They have their own goals and accuracy. Road lighting
aspects must be considered in all stages of road design, and it is also related to land-use planning.

Key words: road keeping, lighting policy, feasibility, planning process

Lighting in road keeping

Traffic routes are important part of community, network
for movements and transportation. They are significant
factors in land-use planning, and their functional classes
define grounds for road and street lighting. The whole field
of activities and relation between the main parts are shown
in table 1.

Table 1. Lighting in the processes of land use and road keeping

LAND USE ROADS LIGHTING
. Road network Feasibility
Regional plan
plan study
Master plan Pre!lmlnqry Pre!lmlna_lry
engineering engineering
Final Final
Local plan . . . .
engineering engineering

Planning and design process of road lighting is long-
lasting. Figure 2 describes what will happen during road
policy, design, construction and maintenance. Half of the
coming costs will be determined due to the functional class
and standard of the road, and 40 % during the different
stages of design. 90 % of costs will be accumulated during
construction and maintenance.

Figure 1. Origin of costs
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Feasibility study of outdoor lighting
Aim
In the feasibility study of lighting the long-term (>15 a)
objectives and program of the road and street lighting in
built-up areas, towns or urban areas are described.
Its aim is to:
—coordinate the lighting of the whole area so that it
forms a logical whole
— specify streets and areas where the more specific or
detailed urban lighting is needed.
— help the programming and decision-making
—be a basis and control method of subsequent plans
— present the principles of the adaptive lighting and the
intelligent control.

Working-Out

The feasibility study of lighting is worked out on the
basis of the present situation and the development plan of
the road network.

The planning begins by checking the present road and
street lighting.

On the basis of traffic safety investigations, traffic
volume data and the functional classes indicated by the
development plan for the road and street network new
traffic routes as well as the need for improving the present
lighting are investigated. The lighting classes and lighting
arrangements of roads and streets are defined by means of
the methods and principles described in the national code
of practice for road lighting.

Projects are put in the order of priority by taking into
account the installation and maintenance costs as well as
the resources that are allocated each year.

The principles of the adaptive lighting are defined.

The feasibility study of lighting is worked out in co-
operation with the town or municipality and the Highway
Administration. Each part must consider the plan and
accept it as the basis of further design.

The next step is the following-up of the feasibility study.
It is important to check that the general principles of the
plan are preserved and also that plan is still current (e.g.
luminaires, lamps, construction and improvement projects).

Contents
The feasibility study consists of the following documents
e.g.
— Description

= starting points
= objectives
= lighting principles and urban landscape
= lighting types
= performance requirements
= lighting equipment
= next stages of design
= construction and rehabilitation
= maintenance
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= treatment and approval
= follow-up and updating

— Drawings
= present state of lighting: light sources
= present state of lighting: age structure
= lighting strategy on the urban landscape
= lighting types
= lighting classes

Preliminary engineering of lighting
This type of plan is needed for a restricted and specific
area of a town, city or community. Preliminary engineering
will be worked out mainly due to environmental reasons and
for city beautification in accordance with the aspects
described in the national code of practice for road lighting
Design process of final engineering can be applied.
Contents of plan vary depending on the object, but includes
at least:
— description
—map showing principles for location of columns and
luminaires
—illustrations and cross-sections of lighted surfaces,
facades, buildings, statues, trees, parks etc.
— perspective pictures and photomontages
—general drawings of equipment

Final engineering of road lighting
Aim

The final engineering of lighting is a plan which is based
on the feasibility study or on the preliminary engineering or
some other similar study. The final engineering is worked
out separately for each road. It is the main document of
installation and describes the final result of the work. It is
also the basic document of the activity planning.

Before the design is started one must make sure that
the project is necessary. The grounds and objectives of the
project are to be considered. The decision to work out a
plan is made on the basis of these, the previous design
stage and a possible agreement on lighting.

Working out
This process comprises of five different technical
sectors:
— public participation (authorities, other designers and
bodies interested in)
—highway engineering
—lighting engineering
— electrical engineering
— construction and maintenance

The final engineering consists of four different sub-
stages, the result of which is an intermediate goal or
decision:

1. Commencement of design

After the ground and objectives have been given basic
information regarding the lighting is obtained from other
plans or from the present road:

—maps, longitudinal and cross-sections

—drainage plan

— plans for cables and equipment

—route guidance plan

—general drawings of bridges

—data on present lighting

—data on transformer stations and the supply of

electricity
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After getting acquainted with the material plan of activity
can be worked out.

Because the whole planning procedure is rather long the
preliminary engineering is checked so that it is up-to-
date or corresponding, short examination is worked out.

2. Site investigations and principal solutions
A creative sub-stage of the final engineering at the
beginning of which the main solutions are defined:
—lighting class
— lighting arrangements
— luminaires and lamps
— columns and foundations
— electrical distribution devices

By means of the above main solutions alternatives are
worked out for comparison. A lighting technical
dimensioning is made for each one of the alternatives.
Considering the other parts of the road e.g. footpaths
and cycle ways, traffic signs, signal control etc. the
alternatives that are equal from the viewpoint of lighting
performance are compared by means of cost
calculation. Then the final choice is made.

3. Design of structures
A routine sub-stage of the final engineering. At this
stage the plan for the other parts of the road are dealt
with and the columns and luminaires are adjusted:

—firstly, the columns are placed at the obligatory
points i.e. close to the intersections, bridges, cables,
pipes, culverts, manholes etc.

—then the placing is continued on the free road
sections so that the spacing is as close to the
theoretical value as possible

—the foundations are chosen

The electro-technical measuring and design is made
simultaneously:
—the cable and its cross-sections determined
—voltage decrease
—zero conditions
— selectivity of protection

4. Finishing and treatment of the plans

If lighting is a part of the legal highway plan which must
be treated in accordance with the Road Act, and there
has been accepted requests to revise the highway plan,
the finishing of the final engineering of road lighting is
continued:

— comparison to the other part of the road

—working drawings are made and drawn fair

—levels are calculated

—tables are made ( columns, conduits, traffic signs

etc.)

—typical drawings are chosen

— specification is written

—the bill of quantities is completed

— statements of relevant authorities

—documents for the invitation of tenders are made

—the final engineering is compiled

—the design material is documented

The final engineering of lighting, which is based on the
highway plan, may be approved to by the local office of
Road Administration.

The final engineering of lighting must also be sent to the
local electricity distribution utility for inspection.
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Contents
The final engineering for lighting consists of following

parts:

— special specification

—general map 1:10 000-1:20 000

—design map 1:1 000-1:2 000

—typical cross-sections 1:100-1:200

— lists of columns and foundations

— lists of conduits

— lighting drawings of bridges 1:100-1:200

— list of traffic signs

—grouping table for loading

—main schemes of electric distribution boards

— special drawings

—typical drawings

—general specification
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Use of direct and indirect components of solar radi

ation in
photovoltaics

Abstract. The electrical power of photovoltaic systems depends on the power of solar radiation incident on the active parts of the system
(photovoltaic panels). The incident solar radiation consists of direct and indirect component which is caused by actual weather conditions. Due to the
receiving characteristics of the solar panels it could be more efficient to turn the panels directly to the sun while the direct component of solar
radiation dominates. The solar concentrators for photovoltaics are based on concentrating the direct solar radiation. This paper should describe the
ratio of direct and indirect component of solar radiation in different weather conditions.

Keywords: direct solar radiation, radiation scattering, photovoltaic system, solar concentrator.

Introduction

One of the most important renewable energy sources is
the Sun, radiating a part of its energy towards Earth. The
entire spectrum of electromagnetic radiation, including
shortwave radiation, X-ray, ultraviolet, visible light and
longer infrared wavelengths comes to Earth from the Sun.
Part of the solar radiation, especially radiation visible by the
human eye (called light), can be converted into electricity
using the photoelectric effect. This transformation takes
place in photovoltaic systems, using mainly silicon
photocells.

Solar radiation incident on the surface of the photocell is
composed of direct and indirect components (Fig. 1).
Indirect component of light rises by scattering of solar
radiation in the atmosphere or by reflecting from
surrounding surfaces. Indirect component of solar radiation
consists of nonparallel beam of light which dominates in
conditions of cloudy weather, when the direct component of
solar radiation is suppressed. A direct component of solar
radiation consists of beam of parallel rays and prevails in
cloudless weather, when the indirect radiation component
becomes insignificant. The ratio of indirect and direct
components of solar radiation is presented to be 1:10 when
the weather is cloudless [1]. A similar ratio characterizes the
electrical power of photovoltaic systems with overcast skies
and within the cloudless weather.

scattering in
atmosphere

Fig.1. Originating of direct and indirect solar radiation

To project photovoltaic systems it is very important to
know what the direction of the light incident on the solar
cells is. The aim of this research is to analyze the direction
and intensity of light reaching the earth's surface in various
weather conditions.
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Types of photovoltaic systems

In photovoltaics, there are several options for mounting
solar panels.

Photovoltaic panels of common solar systems are
installed fixedly with its normal inclined to the direction of
averaged maximum of solar radiation intensity. Because the
sun reaches various ascensions during day and various
declinations during year, the direct solar radiation comes to
fixed solar systems with not always the best angle of
incidence. When direct solar radiation strikes a fixed panel
with a direction very different from the ideal, a large part of
the radiation could be reflected from the panel. In situations
like this, the indirect component of solar radiation could
participate on the electrical power output more than the
direct component of radiation.

Advanced solar systems could be equipped with system
for swiveling to the sun. This allows them better use of
direct solar radiation incident on solar panels at different
times of day and year. Conversely these adjustable
systems could generate less power than equivalent fixed
systems in conditions when the indirect component of solar
radiation prevails over the direct component.

In order for a better exploitation of solar systems, it is
necessary to analyze the composition of the solar radiation
incident on them by different positions of the sun and
different weather conditions.

Light measurements

For research on the composition of radiation incident on
the solar panel is necessary to determine what part of
irradiation of solar panel is the result of direct radiation and
what part of irradiation is the result of indirect radiation.
Because solar panels are working primarily in the area of
visible light, it is possible instead of using radiometric
quantities (e.g. irradiation) to work with photometric
quantities (e.g. illuminance).

Assuming that solar panel is mostly flat area, it could be
substituted by planar luxmeter cell with cosine receiving
characteristic. Calculation of illuminance of the flat area is
shown in equation (1).

A
M Ep = [cosBll, [@Q,
0

where: Ep, — illuminance of the plane p at the point P, § —
angle between the normal of the plane p and the direction of
incident radiation, L, — luminance from the direction defined
by angles » and & (see fig. 2), ,-— solid angle.
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Normal of
the photocell

Fig.2. llluminance of the plane calculation [2]

The solid angle determines directions of incoming light. _ | s
It could be divided to solid angle ©; from which come \ L
indirect light and solid angle Q4 from which come direct %
light. Analogically the indirect E; and direct Eq part of
illuminance of the plane could be measured by delimiting
the according solid angle.
There are several significant values of illuminance in  Fig.4. llluminance Es of the plane inclined to south
photovoltaics:
a) llluminance of the horizontal plane Ej ¢) llluminance Ey of the plane whose normal inclines to
En represents total illuminance of Earth surface at the sun (see fig. 5)
defined time (see fig. 3)

Normal of
the photocell

Normal of
the photocell

Fig.5. llluminance Ey of the plane inclined to the sun
Fig.3. llluminance E;, of the horizontal plane
When measuring the illuminance En of the plane
b) Illluminance Es of the plane whose normal inclines to  inclined to the sun a shield can be used to shade the sun or
averaged maximum of solar radiation intensity (in  a shading tube to eliminate indirect light. With a shield
Czech Rep. generally to the south with declination indirect illuminance Eni is measured and with a shading
45°above horizon) — it represents the plane of fixed tube direct illuminance Eng is measured (see fig. 6).
placed solar systems (see fig. 4)
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Measurements sample
A few measurements of significant values of illuminance
(see above) have been done as a part of this research. The

summary of measurements is shown in table 1.

Table 1. Sample measurements of illuminance of photocell

Date 25.7.2011 25.7.2011 25.7.2011
Time 9:33 11:45 13:09
Weather Cloudless Partly cloudy Partly cloudy
En (KIX) 67.2 101.4 90.9
En (kIx) 91.5 131.7 106.2
Ena (kIX) 77.6 87.3 62.3
Eni (kIx) 13.9 44.3 43.9
Es (kIx) 44.6 113.7 100.8

Measured values confirm some significant knowledge:

- Within cloudless weather, horizontal illuminance Ep
is higher than illuminance Es of the plane inclined
to south while the sun reaches low ascensions
(early morning, late evening); fixed solar systems
inclined to the south are limited at these times

- llluminance En of the plane inclined to the sun is

always the highest
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- Direct illuminance Eng ranks the main portion of
the illuminance Ey of the plane inclined to the sun
until cloudy weather

Summary

Fixed solar systems inclined to the south cannot always
use maximum of solar radiation. If ascension of the sun is
low (early morning, late evening), illuminance Ey of the
plane inclined to sun is higher than illuminance Es of the
plane inclined to south. Advanced solar systems with
swiveling to the sun could use more solar energy within
cloudless weather than fixed solar systems. In some
weather conditions horizontal illuminance E; could be
higher than illuminance Es of the plane inclined to south.

Further research will be set to project a device to
measure above suggested significant values of illuminance
to do particular analysis of radiation incident on solar
systems.
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The influence of measured spectral band-pass width on
calculation of colorimetric parameters of color objects

Abstract. Tristimulus values XYZ are fundamental to colorimetry and are used in the industry for such things as color specification, color matching
and shade sorting. The CIE proposes methods on how XYZ are to be calculated. In this article methods for computing optimum weighing tables for
any illuminant and observer combination are compared. A comprehensive set of 1-nm reflectance functions based on BCRA CCSI| ceramic tile set
was used for evaluation calculated colorimetric parameters. We have investigated the colorimetric differences caused by using the different methods
for computing optimum weighing tables are important in case of fluorescent light sources. As further result we found that by using 1nm tables is
possible to obtain high precision of tristimulus values calculation based on cubic spline interpolation of 10 nm reflectance data.

Keywords: colorimetry, tristimulus values, color matching functions.

Introduction

The CIE (Committee Internationale de I|'Eclairage) in
1931 adopted the color matching experiment with the three
monochromatic beams resulting in the three matching
functions denoted asX;,¥;.,Z;. By using the color
matching functions, light stimuli having any spectral power

distribution can be specified for color by three values:
780

X =k [®,%,d]
360
780
D vk o,y
360
780
Z=k [®,2,d]
360
Where ®, is the spectral distribution of light stimulus and k
is a normalizing constant. These integrated values are
called Tristimulus values. For light sources and displays, ®,
is given in quantities such as spectral irradiance and
spectral radiance. If @, is given in an absolute unit and
k=683 Im/W is chosen, Y yields an absolute photometric
quantity such as illuminance or luminance.
For object colors, @, is given by

(2) q)/] = E/] .ﬁ/]
Where B, is the spectral reflectance or radiance factor of
the object, E, is the (relative) spectral irradiance of the

illumination, and a normalizing constant is computed based
on following equation:

780
k=100/ [E,y,dA
360

®)

Even through the CIE defined the tristimulus values XYZ as
integrals of the continuous functions ®,, X;,y, andZz,,

analytical expressions for most of these functions are not
available. In 1983, CIE technical committee TC-1.3
Colorimetry recommended that the definition of the CIE
tristimulus values should be based on numerical rather than
analytical integration and that the integration should be
carried out by numerical summation at wavelength intervals
AA=1 nm.
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Numerical estimation of colorimetric integrals is an
important problem and appears in many applications.
Hence calculating tristimulus values using Eqg. (4) is
straightforward provided that the reflectance values at 1-nm
intervals are known over the full range of wavelengths.

However, they are rarely available in practice, since
reflectance values are typically measured by a
spectrophotometer at an interval much larger than 1 nm
such as AA= 10, or even 20 nm, and often over a smaller
wavelength range than 360 to 830 nm.

The CIE has never provided precise guidelines as to how
tristimulus values should be calculated in these cases, and
various discrepant methods have been used. Hence it is
possible to obtain significantly different tristimulus values
from the same set of spectral data. The differences are
normally quite small, but can be important and introduce
errors that are completely avoidable.

A typical reflectance spectrophotometer measuring at 10-
nm intervals uses a bandwidth of about 10 nm rather than
monochromatic light. Thus if £, has a maximum value at a
particular wavelength, the measured value will be some sort
of average of this maximum value and the lower values
from neighboring wavelengths. The measured value will be
lower than the true value, and the same is true for any part
of the reflectance curve that is convex in shape. The
reverse applies for parts of the curve that are concave. The
error is known as the band pass error [1].

Methods for Correcting Band pass Error

The Stearns and Stearns’ Method. This method can be
used for light sources as well as for object color [2]. This
method, referred to as the S-S method, was developed as
an analytical solution of the relationship between the true
spectral values and the neighboring points of measured
values, with the spectral distribution within the instrument
band pass modeled as quadratic with wavelength.

General expression of S-S method is written in Eq. (5):
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® Ryp=C1Ry-1+C-Rn*CirRnn

where Rs is true spectral radiance, R is measured spectral
radiance and c; are corrections coefficients. Values of this
coefficients are:

Co=1.2
(6) c1=-0.1
C+1= -0.1

Thus Eq. (5) is known as “Stearns correction” and values in
Eq. (6) became the “Stearns coefficients” [3].

The Venable Method. Venable showed that for a
symmetrical triangular band pass with its half-peak
bandwidth equal to the measurement interval (this is
thought to represent the most common situation
encountered in practice) — Fig. 1, the corrected value Rs is
given by following “Venable coefficients” [4]:

co=1.166
(7 c.1=-0.083
c+1=-0.083
A Half height width
o
[7}]
c
o
[oX
0
) -
m -
, >
Next shorter ~ Nominal Next longer
wavelength  wavelength  wavelength
i Ai A1

Fig.1. Symmetrical triangular band pass

Fairman [5] found that the Venable correction out-performs
the Stearns correction for continuous illuminants at 10 nm
intervals (A, C, D50, D55, D65 and D75), but that the
opposite is true for fluorescent illuminants at 10 nm (F2, F7
and F11). He also found that the Venable correction
outperforms the Stearns correction at 20-nm intervals for all
the illuminants tested. Therefore, a mixed strategy was
proposed, i.e., the Venable weighing tables were
recommended for 20-nm interval data for all illuminants,
while for 10-nm interval data the Venable weighing tables
were recommended for continuous illuminants and the
Stearns tables for fluorescent illuminants [1].

Deep description of mentioned and other methods for
correcting band pass error is discussed in article [6].

Materials and methods
For comparison of different method of weighting factors
calculations accuracy BCRA CCSIlI ceramic tiles were used,
at standard conditions 22°C and 60% of relative humidity.
Spectral reflectance factors were measured by using of two
reflectance spectrophotometers:
e Datacolor International DC3890 — measured
band pass 20 nm, wavelength range than 400
to 700 nm
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« Datacolor International SF600 — measured
bandpass 10 nm, wavelength range than 400
to 700 nm

¢ Shimadzu UV 3101 PC — measured bandpass
1 nm, wavelength range than 360 to 830 nm.

For a sample under a particular illuminant and observer,
three sets of tristimulus values were obtained by using the
1-nm, 10-nm, and 20-nm weighting tables. In case of 10 nm
band pass where two methods of weighting tables
calculation compared. The example of weighting functions
calculated for illuminant A and Flland trichromatic function

¥, at 10 nm band pass shows Fig. 2 and Fig. 3:

—x NONE
—x VENABLE
—x STEARNS

Response

340 330 400 40| 440 960 480 590 520 540 S30 'S80 690 620 640 660 630 700 730 780 760 7}

Wavelength [nm]

Fig.2. Weighting functions y for F11 illuminant at bandpass
10nm
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L |—y STEARNS| ||
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s I
LR e —— 7

340 30 40 430 | 440 | 460 480 | 00 saNJs40
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Fig.3. Weighting functions y for F11 illuminant at bandpass 10nm

Results

Our calculations confirm Fairman investigations and
show that main problem in computing correct trichromatic
values of measured samples are focused on fluorescent
illuminants. Fig. 3 shows that fluorescent illuminants needs
for better performance more over weighted character in
comparison to continuous illuminants as for example
illuminant A, which is shown on Fig.2.

The CIE color coordinates x,y are shown in Fig.4 where
is visible great difference between corrected and
uncorrected data in case of perfect reflecting diffuser. Color
difference between Stearns and Venable method for perfect
reflecting diffuser is only 0.005698 units in CIELAB color
space. Nevertheless it is necessary to understand, that both
methods were optimized for perfect reflecting diffuser (ideal
white). If we will compute color difference between both
methods for different color samples we will see that this
value it is not constant, but color dependent.
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Fig.4. Colorimetric data of perfect white diffuse in CIE x,y diagram
obtained based on different method of tristimulus values calculation
under F11 illuminant — band pass 10 nm

In Tab. 1 are shown CIE color coordinates for 12 BCRA
CCS Il ceramic tiles, where is visible that error of computed
data increase with color purity and brightness of measured
samples.

Table 1. The CIE tristimulus values XYZ of 12 BCRA ceramic tiles
under illuminant F11 at 10 nm band pass

Venable Stearns-Stearns
Tile X Y Z X Y Z dE
Black 4.46 4.32 294 | 446 | 4.32 | 2.94 |0.041
White 92.85 | 89.54 | 57.53 | 92.87 | 89.55 | 57.63 | 0.112
PaleGrey | 64.34 | 62.08 | 40.45 | 64.36 | 62.08 | 40.52 | 0.104
MidGrey | 29.65 | 28.61 | 18.60 | 29.66 | 28.61 | 18.63 | 0.081
DeepGrey | 8.97 8.69 5.62 | 8.97 | 8.69 | 5.63 | 0.057
Pink 20.34 | 15.82 | 9.47 |20.37|15.85| 9.50 | 0.063
Red 24.45 | 16.50 | 5.23 |24.51|16.54| 5.24 |0.072
Orange 53.89 | 37.92 6.45 | 54.02 | 38.05| 6.46|0.170
Yellow 69.62 | 66.85 6.98 | 69.63 | 66.82 | 6.91|0.294
Green 19.30| 23.34| 10.47|19.28|23.30| 10.43 | 0.107
Cyan 18.82| 20.86| 28.25|18.81|20.86 | 28.31|0.114
Blue 5.85 5.23 7.27| 5.86| 5.23| 7.30|0.128
Discussion

Following this knowledge we try to compare other
possible solution, which allows precise calculation of
trichromatic values based on interpolation of 10nm band
pass data of color object. It is well known that spectral
shape of reflectance factor of colored object has continuous
and relatively smooth character. Therefore for precise
calculation is possible to use interpolation methods. Long
debates were conducted in CIE technical committees how
to interpolate reflectance spectra measured at wavelength
intervals larger than 1 nm to the required 1nm interval data.
Linear, Lagrange and cubic spline interpolation methods
were under discussion, but to our best knowledge only
theoretical discussions were conducted, without checking
how large the difference is if the three methods are
compared.

In early days of CIE colorimetry linear interpolation was
the general practice, later the Lagrange (polynomial) and
cubic spline interpolation methods became favored [7].

On Fig.5 are shown results for different interpolation
methods on selected part reflectance spectrum of BCRA
CCS Il Green ceramic tile. Following this comparison is
possible to recommend simple cubic spline interpolation,
which allows obtaining precise colorimetric data for present
day standard reflectance spectrophotometers with 10nm
band pass.
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Fig.5. Spectral reflectance curve of BCRA CCS Il Green ceramic
tile, original sampled at every full nanometer, and 10 nm sampled
spectrum interpolated to 1 nm using linear, Lagrange and cubic
spline interpolation method

Conclusion

In this article were presented results of different methods of
tristimulus values calculation, colorimetric parameters. Our
experiments have proven the correctness of the statement
formulated in the newest CIE recommendation on
colorimetry [8] that “for smoothly varying functions, for most
practical purposes a bandwidth and measurement interval
of 5 nm may be used. The use of bandwidths of 10 nm, or
20 nm is not recommended; it can lead to considerable loss
of accuracy, and if applied, should be checked on typical
spectra.”

Most of present spectrophotometers allow using real
measured band pass bellow 3nm, nevertheless measured
data are recomputed to 10nm interval. Based on our
investigations it is possible to recommend replacement of
present day software by new one, which will use for
computing of colorimetric parameters narrower band pass.
In other cases is possible to use cubic spline interpolation of
10nm data set as alternative method.
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Summary of present knowledge about mesopic vision

Abstract. This paper is an introduction to the theory of mesopic vision, from physiological specifics of the vision apparatus, to final calculations of the
technical lighting quantities in mesopic adaptation conditions. Practical uses of mesopic photometry with actual examples using new LED light

sources are discussed.

Keywords: mesopic vision, mesopic photometry

Introduction

Mesopic vision is typically a function of both of the
photosensitive sensors in eye, those being rods and cones.
The ranges of sensitivity of mesopic adaptations can be
described by real-life situations like night time driving,
emergency lighting, lighting security and crime-prevention
purposes etc. The range of mesopic adaptations is from
0,001 ¢/m? to 10 c/m?, although this definition could be
easily disputed.

System for mesopic photometry

It is not possible to define the ranges of mesopic vision
precisely, because different research teams use different
ranges. Because of their need to be able to use different
starting conditions, different teams defined these conditions
differently.

To define those can be itself a daunting task. A typical
result is a compromise between two different approaches to
the given problem, which lies in actual lighting conditions.
The design of visual performance based systems for
mesopic photometry which are able to describe the
behavior and response of the human eye in the conditions
of mesopic visions with sufficient accuracy depends
precisely on the starting conditions.

As an example we can discuss the parameter of the size
of the field of vision. If the observed object is in the axis of
view and doesn't take an angle larger than 1° the light
information stimulates fovea, the central part of the retina
containing cones only. This means the rods, much more
sensitive to light, will get no light information due to their
position. The decision to make then is between assuming
worse conditions when the observed object is in axis, or
should the off-axis view be included too? That would mean
a disadvantage for the computational model in situations
(axis view only) more difficult for the eye, meaning a bigger
likelihood of the model giving the wrong result. This problem
is discussed and a solution is offered in relevant spectral
sensitivity function of the eye (Boyce, 2003).

Another parameter of the design of the starting
conditions is the measuring system itself. Is measuring
done by comparing of illuminations levels of the target, or is
it by recognition time or by recognition threshold?

All of these questions and many more were discussed
and solved during the development of mesopic systems.
The technical report from CIE Recommended system for
mesopic photometry based on visual performance 191:2010
introduces 4 mesopic systems (USP, MOVE, MES1, MES2)
and gives out recommendations for MES2
Intermediate-system for calculating mesopic luminance
levels.

Important part of calculating mesopic values by mesopic
system is P/S ratio. S/P ratio is definite ratio of scotopic to
photopic luminous output from the light source. If are values
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of S/P ratio of light source are bigger than 1, then this light
source is produced more luminous output in range of short
wavelength of radiance. If values of S/P ratio are smaller
then 1, this light source is produces more luminous output
in range of long wavelength of radiance.

Example of use MES2 intermediate-system

We discuss an example of use of the MES2 system and
a comparison of computed photopic and mesopic values in
real life situations.

As an example we can use a road traffic lighting
accomplished by high pressure sodium (HPS) lamps whose
S/P ratio is 0.68. The average road surface luminance
measured by a device whose sensor is calibrated for
measurements in photopic conditions is 0,222 c/m?. This
would be the luminance observed by cones only, but in
mesopic vision conditions the rods are at play as well. The
MES?2 system allows us to compute the cooperation of both
photoreceptors and find out that the subjective observed
luminance is 0,197 c¢/m®. The lighting conditions are thus
worse than measured by the device. If the average road
surface luminance value was still 0,222 ¢/m? and LED light
sources were used, using the MES2 system our resulting
subjective observed value is 0,244 c/m?.

Slightly more interesting is the use of MES2 for
illuminance computations. For a road classified as S4 in
alternative and additional lighting classes the required
horizontal illuminance averaged over a road area is 5 Ix.

Let us assume this requirement is meant for 5 Ix
subjective value observed in mesopic vision. What is the
required photopic illuminance value measurable by a
measuring device equipped by a chip again calibrated for
the photopic curve? The answer is in table 1.

Table 1. The parameters of the sensor

Photopic
illumination Photopic computed illumination [IX]
[1X]
HPS LED Induction lamp
5 5,78 4,35 4,11

The table shows that to get a mesopic impression of 5
Ix, using HPS one must get a photopic value of 5,78 Ix,
whereas using a LED source only 4,35 Ix satisfies.

This should be very interesting topic for discuss about
energy savings and for design roads which are in lighting
classes were horizontal illuminance averaged over a road is
specified bellow 2 Ix were percentage difference between
sources HPS and LED are bigger.

Mesopic photometry

A solution to the problem of mesopic photometry could
be modern spectrophotometers, which besides the
spectrum can record the value of luminance and
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illuminance (in photopic values of course) as well. After
evaluating the spectral data and identifying the S/P ratio we
can relatively easily compute the percentage change of
measured photopic quantities using charts for a given
mesopic system, and so get the mesopic value for given
quantity.

The future of mesopic photometry thus probably isn't in
mesopic filters complementing existing devices, but in
programmable devices capable of processing the measured
spectrum and subsequently using defined parameters
evaluating the photopic quantities as mesopic instead.

Conclusions

Could these new methods lead to savings in public
lighting? Will they increase the comfort of drivers and other
users in lighting situations modified according to the
computations based on MES2? And what photometry will
be used to measure mesopic lighting quantities? The space
for solving these questions is wide open today and CIE
itself encourages the wide public to participate actively in
this research.
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Introduction

Daylight as any physical phenomenon subject to the
laws of physics (especially to laws of photometry) and each
method of determining the quantity and quality of daylight
must respect those laws. In this case all known methods of
calculating are equivalent and may differ only in the work
difficulty and accuracy of the calculation procedure and in
the conclusiveness of the results. Graphical methods, which
include the Daniljuk method, are relatively laborious, their
accuracy is adequate for needs of practice, but they excel in
their conclusiveness due to the possibility of easy control of
the calculation procedure and of the outcomes.

Daniljuk method is used to determine the values of
daylight factor. The method was developed in the first half
of the last century in Russia. It uses graphic tools — Daniljuk
diagrams — see Figure 1. The diagrams must be laboriously
wedge under construction drawing to obtain the values
necessary for calculation. But the work can be simplified.

Fig.1. Daniljuk diagrams

Substitution of the diagrams

The diagrams divide the sky hemisphere with two
systems of planes. Diagram for the section is based on the
beam of intersection lying in the illuminated plane parallel to
a window. Floor plan circles on the hemisphere are
ellipses. Diagram for the ground plan is based on the
mutually parallel vertical planes perpendicular to the
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window. Floor plan circles on the hemisphere are lines that
define the surface of circular sections. Everything is
arranged so that the floor space between two adjacent
circles is always 1/100 of area circular base hemisphere —
see Figure 2.
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Fig.2. Hemisphere of unit radius R =1

On the Figure 2 is a hemisphere of unit radius R = 1.
Area of the hemisphere base equals 1. Area S, (m ) is
related to the elevation angle ¢ (radians) and is indicated by
the grey surface. This area can be determined as the half of
the difference in surface area of the circle and the ellipse
with the minor semi-axis a = cos €.

@ S, = %n(l— cose)

The relationship between elevation angle and the number
n; a part of diagram for section comes from the
proportionality of the areas n1/100 = S/

@) n, = 50(1- cose)

Area Sp (m2) of the circular band marked by hatching is
associated with azimuth a in the diagram for a ground floor.

®) SD=%(20'+Sin20’)

The relationship between the azimuth deflection a from the
perpendicular to the window and the number n, of diagram
for a ground plan follows from the proportionality of the
areas ny/100 = Sp/tr
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Fig.3. Vertical section and ground floor of a room with a window

Calculation procedure

Daniljuk method can be modified so that it is sufficient
enough to measure of two angles (81 and B.) and three
distance m (m), a; (m) and a, (m) — see Figure 3. Angels (1
and 3, are defined by the horizontal line and are connected
to the top of shading obstacle (8:1) respectively to the lintel
of the window (82). Number n; is determined as

®) n, =50(cos 3, — cos3,)

Cosine of the angle ¢ is determined as

©) cose = % (cos, +cosp,)

The value of cos ¢ is applied to the relations (12) and (13).
Distance | (m) is determined as
_
7 =—
cos¢&

where m (m) is the distance from the point to the center of
thickness of a window wall. Angles ai and a; are
determined as

(8) a;, = arctan% i=12

Number n; is determined as

© N, = 0 (2a, +sin2a,) i=12
T

(10) n,=n, +n,

The value of the sky component of daylight factor is
determined by the formula

o = MM,

11
. ® 100

0.7,
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The value of the correction for the sky radiance q (-) is
obtained by substituting the cos ¢ to the formula

= g (L+ 24/1-cos? s)

The value of cos ¢ shall also be applied to determine the
direction light transmission

(12)

13 o, = 9P 2 (3-cos?¢)

Except measuring two angles and three distances the
calculation can be made in the program Excel.
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Fig.4. The calculated values of sky component daylight factor on
the floor of gym

An example of using the method

The method may be used to verify the results of
automatic calculations or to calculate atypical arrangement
of daylight, when the commercially available software can
be difficult to use. Such case is the calculation of daylight of
the gym with skylights. The Figure 5 shows a section of the
gym, which has length of 30 m and skylights. The load
bearing system is integrated in the skylights and it is also 30
m long. Figure 4 shows the calculated sky components of
daylight factor on the gym floor.
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Zavislos t’ svetelného toku zdrojov od teploty

Abstrakt. Zavislost svetelného toku kompaktnych Ziariviek od teploty je vSeobecne zndma a bola publikovana v mnohych prispevkoch. Ako je to
vSak s inymi svetelnymi zdrojmi a najma s tymi, ktoré sa pouZzivaji v exteriéroch, je uz zndme menej. SU napriklad induk¢éné vybojky, sodikové
vybojky alebo LED teplotne zavislé ? Zmeni sa ich nominalny svetelny tok, ak budd pouzité v inStalaciach s okolitou teplotou desiatky stupriov Celzia
pod nulou? A je to potrebné pri navrhu osvetlenia zoh/adnit? Prispevok prezentuje vysledky merania svetelného toku vybranych svetelnych zdrojov
v zavislosti od teploty a snazi sa dat'odpoved’na otazky, ako tito teplotn( zavislost pri navrhu osvetlenia zoh/adnit.

Kla€ové slova: svetelny zdroj, teplota okolia, meranie

Uvod

Siroka Skala svetelnych zdrojov nas niti poznat detailne
ich svetelnotechnické parametre. Parametre urCuju oblast
pouZitia a nasadenie svetelnych zdrojov do praxe.
V katalogoch najdeme zakladné vlastnosti svetelnych
zdrojov a stavy zdrojov v zavislosti od roéznych veli¢in
uvadzané v grafoch a tabulkéach. Clanok je zamerany na
meranie teplotnej zavislosti svetelnych zdrojov. Teplota
okolia v mnohych pripadoch meni svetelny tok, pri¢om
navrhnuta aplikdcia je priamo zavislA na mnozZstve
svetelného toku a zmenou teploty mdze prist k vykyvom
parametrov. V prispevku ukazeme realne merania
vybranych zdrojov, ktoré su aktualne nasadzované do
aplikacii, ako LED, indukéné a sodikové vybojky. Bude
uvedeny aj priklad teplotnej zavislosti svetelného zdroja
inStalovaného v svietidle auvedené predpoklady pre
zohladnenie pri navrhu osvetlenia.

Meranie teplotnej zavislosti svetelnych zdrojov

V kazdom svetelnom zdroji prebieha termomechanicky
dej oteplenia, ktory je mozné pocitat nahradnymi
schémami, ¢&i simulovat vo vypoc&tovych programoch typu
ANSYS apod. Reakcia svetelného zdroja, ako celku prip.
jeho komponentov na okolita teplotu je zloZitym procesom
na vypocet, prip. simulaciu, preto je vhodnou volbou
experiment s rozptylom tepl6t.
Vhodnym indikatorom svetelnych zdrojov na vplyv teploty je
svetelny tok ® [Im]. Meranie sa uskutocnilo v klimatizovanej
komore ILKA Feutron a na snimanie svetelného toku bol
pouzity luxmeter PRC Krochman Radiolux 111. Pre
meranie bol vyvinuty meraci softvér Multimeter, obr. 1,
schopny spracovavat informacie zluxmetra, multimetra
a dataloggera, kedze v suCasnosti nie je k dispozicii takto
univerzalny softvér.

s /
e o[ ] Tperabo[l o] 2 ;0 /

ol [

Obr. 1. Program Multimeter a graficky vystup programu [1]

Pre test bolo nutné zistit teplotnd zavislost snimaca
luxmetra od okolitej teploty. Snima¢ bol umiestneny
v klimatizovanej komore a bol osvetleny svetelnym zdrojom,
ktory sa nachadzal mimo komory. Tym sa predislo
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k ovplyvneniu svetelného
zavislosti.

toku zdroja pocCas zistenia
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Obr. 2. Zavislost zobrazovanej hodnoty luxmetra od teploty
prostredia sondy [1]

Z obr. 2 je vidiet, ze senzor luxmetra je absolltne nezavisly
na okolitej teplote v rozsahu -20 az 40 C, ¢o predstavovalo
interval uskutoénenych merani. Meranim sme vylugili chybu
spbsobenu okolitou teplotou na snimac.

Kompaktna ziarivka

Kompaktné Zziarivky si v suUc€asnosti nahradou za
Ziarovky, ktoré boli v Eurépskej Unii zakazané a ich prikon
sa kazdoroCne zniZzuje. Kompaktné ziarivky sU dnes
najpouzivanejSimi svetelnymi zdrojmi v domacnostiach a
obdobnych aplikaciach. Na meranie bola zvolena 13W
kompaktna Ziarivka Tungsram F83 s
externym predradnikom. Ziarivka bola merana v dvoch
polohach, paticou dole a paticou hore, nakolko prave
poloha ziarivky ma pri nizkych teplotach vyrazny vplyv na
jej svetelny tok.
Pri merani je dblezité nechat Ziarivku pri Starte dosiahnut
piny svetelny tok, tak aby emitovany svetelny tok bol
stabilizovany. Pri kazdej zmene teploty bol stanoveny cas
stabilizacie na 5 minut, aby sa svetelny zdroj prispdsobil
okolitej teplote.
Vysledky naznaduju, ze strmost rastu svetelného toku pri
polohe péticou dolu je nizSia, obr.3 a pri teplote 0 € je
svetelny tok vySSi o 24 % ako pri opa¢nej polohe patice.
Stapajice teplo vznikajuce na elektrédach ohrieva plynna
napln v banke, ¢o pri opacnej pozicii patice je vznikajuce
teplo odvedené do okolia, obr. 4.
Merané zavislosti indikujl, Zze merana ziarivka neobsahuje
amalgam india.
Pri teplote okolia 25 T ziarivka nezavisle od polohy
dosiahne 100 % svetelného toku, po prekro¢eni 25 T
nastava rozdiel v poklese svetelného toku. Pri polohe
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paticou hore sa jeho hodnota nemeni az po teplotu okolia
40 [1C, naproti tomu pri polohe paticou dole nastava pokles
az 010 %.
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Obr. 3. Zavislost svetelného toku kompaktnej Ziarivky s paticou
dole v zavislosti od teploty prostredia [1]
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Obr. 4. Zavislost svetelného toku kompaktnej Ziarivky s paticou
hore v zavislosti od teploty prostredia [1]

LED

Trend poslednych rokov v svetelnej technike LED, je
vSeobecne znamy svojou charakteristikou v zavislosti na
okolitej teplote. Pre meranie bol zvoleny LED svetelny zdroj
sintegrovanou  predradnou  elektronikou v  paétici,
oznaGovany ako retrofit. Po stabilizacii bola zmerana
teplotna zavislost, ktora potvrdila znamy fakt o LED
technolégii a to s klesajucou teplotou okolia dochadza k
rastu svetelného toku. Principialne je mozné povedat, ze
nizka okolitd teplota prispieva k ochladzovaniu P-N
prechodu, a nasledne k zlepSeniu rekombinacie nosicov.
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Obr. 5. Zavislost svetelného toku zdroja s LED od teploty
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prostredia [1]

Pri teplote -10C, obr. 5, nastal prudky pokles svetelného
toku, ¢o je pripisané teplotnému limitu predradnika.
Nahodnost javu bola vyli¢ena opakovanym meranim.

V rozsahu 15 az 40 € sa preukazala stabilna prevadz ka
svetelného toku. Celkovy narast svetelného toku pri
znizovani teploty prostredia predstavoval 12 %.

Induk énéa vybojka

Indukéné svetelné zdroje sa Coraz CastejSie vyuzivaju v
aplikaciach, ale je potrebné poznat ich vlastnosti velmi
dobre. Pre test bola zvolena indukéna vybojka Sylvania ICE
70/841 s prikonom 70W. Rovnako ako vsSetky vybojové
svetelné zdroje aj indukény zdroj potrebuje stabilizaciu 5 az
10 minudt na dosiahnutie maximalneho svetelného toku.
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Obr. 6. Zavislost svetelného toku indukénej vybojky od teploty
prostredia [1]

Graf zavislosti ma obdobny priebeh ako kompaktna ziarivka
v polohe s paticou hore, ¢o je dosledkom absencie elektréd
svetelného zdroja. Maximum svetelného toku bol
dosiahnuty okolo teplét 25 € az 30 C, obr. 6. Tat o oblast
teplot predstavuje idedlny interval pre dany svetelny zdroj.
Pri znizeni, resp. zvySeni okolitej teploty nastava pokles
toku.

Pre indukéné svetelné zdroje je znama zavislost vplyvu
teploty plynnej naplne na svetelny tok, ale aj na odoberany
vykon z distribu¢nej siete. Pridovy odber svetelného zdroja
dosahoval maximum pri hodnotach maxima svetelného
toku. Pri nizkych teplotach okolia - 20 € sa dosahu je cca
5% maximalneho svetelného toku s odberom pradu cez 50
%, obr. 7.
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Obr. 7. Zavislost pradového odberu indukénej vybojky od teploty
prostredia [1]
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Vysokotlakova sodikova vybojka

Casto vyrobcovia zdrojov uvadzaju, Ze vysokotlakové
vybojové zdroje su prakticky nezavislé na teplote okolia.
Pre meranie bola zvolena 70 W vysokotlakova vybojka
Venture HPST70W/E27. NajdolezitejSim bodom pred
meranim sodikovej vybojky je ustalenie svetelného toku po
Starte, ktoré trva az 15 minut.
Svetelny tok vrozsahu teplét -5 € az 40 € sa menil
minimalne, v rozmedzi + 5% oproti hodnote pri 25 C, ale
pri klesani teploty pod - 10 C nastal vyrazny pokl es. Pokles
svetelného toku predstavuje az 30 %.
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v svietidle, obr. 10, je priblizne do hodnoty 0 C. Nasledne
nastava pokles toku.
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Obr. 8. Zavislost svetelného toku vysokotlakovej sodikovej vybojky
od teploty prostredia [1]

Meranie teplotnej zavislosti svietidla

Podstatou merania bolo zistit aka je schopnost svietidla
odstranit vplyv teploty okolia na svetelny zdroj. Na meranie
bolo pouzité svietidlo slinearnou ziarivkou uréené na
osvetlenie komunikacii. Merané teploty boli teplota okolia a
vnutorna teplota svietidla.
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Obr. 9. Zavislost svetelného toku svietidla od teploty prostredia [1]

Pri merani sa ako hlavny problém ukazal ¢as stabilizacie
teploty po jej zmene. Teleso svietidla je tvorené masivnou
konstrukciou, o ma za nasledok pomalé ochladzovanie, t.|.
pomalé prispésobenie vnutornej teploty v svietidle.

Svetelny tok svietidla pri nizSich teplotach rastie, ¢o
spbsobuje vySSia vnutorna teplota svietidla, obr.9.
Predstavuje to velka vyhodu svietidla vzhfadom na pouzite
v exteriéroch vzime av noci. Ztoho je jasna nielen
ochranna Uloha svietidla ale aj jeho tepelna izolacia od
okolia a zlepSenie pracovnych podmienok Ziarivkového
svetelného zdroja.

Rozdiel tepl6t okolia a vnutra svietidla predstavoval 10 T,
kde svietidlo izolovalo odvod tepla zo svetelného zdroja do
okolia. Tendencia rastu svetelného toku svetelného zdroja
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Obr. 10. Zavislost svetelného toku svietidla od vnutornej teploty [1]

Zaver

Kazdy svetelnotechnicky navrh musi obsahovat
udrZiavaci ¢initel. Cielom udrziavacieho ¢initela je zohfadnit
vSetky nepriaznivé aspekty, tak aby sistava vyhovovala po
cell dobu prevadzky. Teplotny manazment sa musi v
pripade  vybranych zdrojov, napr. LED, vhodne
zakomponovat do udrziavacieho ¢initela. Pri projektovani
svetelnych suastav by sa mal brat do uavahy vplyv
teploty, volba vhodnych svietidiel a pri vypocte osvetlenosti
zvolit dostato¢nu rezervu.

Vhodnost' polohy patice kompaktnej ziarivky bude zrejma v
aplikaciach s nizkou okolitou teplotou. Kompaktné Ziarivky
bez primesy amalgamu sa javia ako nevhodné pre pouZzitie
v exteriéroch.

Exteriérové pouzitie indukénych vybojovych zdrojov je
mozné dnes vidiet. Ich inStalacia v exteriéroch pri nizkych
teplotach bez stabilizovaného prostredia v svietidle spdsobi
nielen zna¢ny Ubytok v mnozstve svetelného toku, ale aj na
vplyv prikonu svietidla.

LED svetelné zdroje su teplotne zavislé, a prostredie,
v ktorom sa nachadzaju ovplyvriuje ich pracovné vlastnosti.
Velmi doblezity je odvod tepla z P-N prechodu, a preto
projektant musi zvolit vhodné rieSenie. Katalégové hodnoty
LED po inStalacii napr. do uzavretého svietidla nie je mozné
dosiahnut, a teplota okolia méze znizit zivotnost zdroja. Pri
LED svetelnych zdrojoch ako nahradach za konvenéné
zdroje sa musi do Gvahy brat aj svietidlo, ak bolo svietidlo
navrhnuté na konvenény zdroj, tak pre LED zdroj nemusi
byt vhodné.

Vysokotlakova sodikova vybojka, ktord nema krytie, napr. v
podobe svietidla, sa stava z hladiska svetelného toku
zavislou na teplote okolia. Vyuzitie v osvetfovacich
sustavach v exteriéry spdsobi pri nizkych teplotach znizenie
toku, ¢o mbze v aplikaciach na komunikaciach viest
v extrémnych pripadoch k zmene triedy komunikacie, ¢o je
nepripustné. z hladiska poZziadaviek a noriem.

Svietidlo okrem IP poskytuje aj stabilizaciu svetelného
toku zdroja v Aiom umiestnenom a spdsobuje oneskoren(
zmenu svetelného toku. To je délezité hlavne pri extrémne
nizkych teplotach okolia ked bez tepelnej izolacie by mal
svetelny zdroj znaéne nizky az prakticky nulovy svetelny tok
oproti svojej nominalnej hodnote.

Teplota okolia predstavuje jeden z mnohych faktorov,
ktoré maju vplyv na vysledné mnozstvo svetla produkované
svetelnymi zdrojmi, ktoré sa vyuzije v aplikaciach.
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Blackout — realna hrozba nebo mytus?

Abstract. V referatu jsou popsany hlavni priginy blackoutt, s piihlidnutim ke specifickym podminkam energetické sité v CR. Na pfikladech
ze zahrani¢i jsou uvedeny nasledky blackoutl, ke kterym doslo v poslednich letech. Jsou uvedeny principy a postupy, jak je tato
problematika feSena v Ceské republice. Rovnéz jsou uvedena typicka feSeni zabezpeceni objektd kritické infrastruktury s ohledem na

provozni spolehlivost

Keywords: blackout, elektricka energie, bezpecnost, spolehlivost, porucha

BLACKOUT - termin, ktery v posledni dobé ¢&asto slySime
v souvislosti s energetickou pfenosovou soustavou. Co je to
vlastné blackout a pro¢ se o ném v poslednich letech hovofi tak
casto?

Blackout je porucha elektrické rozvodné sité, kterd je
spojena s preruSenim zasobovani rozsahlych Gzemi elektfinou.
Hlavni pficiny jsou obvykle:

. Chyby v koordinaci pfi propojeni narodnich energetickych
soustav.

. Vysokd spotfeba, vletnich mésicich vlivem stéle
rostouciho pouzivani klimatizace, v zimé pfimotopa.

. Projektovani pfenosovych siti sredundanci N+1 se
ukazuje jako nedostatecné.

. PFfenosové systémy jsou vice zatizeny, zvétSuje se prahyb
vodi¢h a moznost kontaktu s vegetaci.

. Vysoka teplota vzduchu, navic nizké pritoky a vysoka
teplota vody v fekach snizuji dostupny vykon u vodnich i
parnich elektraren.

. PFi vysokych teplotach je ( vlivem bezvétfi) minimalni
produkce vétrnych elektraren a jejich vykon je nahrazovéan
pfenosem elektfiny zjinych zdrojd, €asto na velké
vzdalenosti.

Samoziejmé jsou vyjimky, potvrzujici pravidlo. K blackoutu
muze napfiklad dojit i z pfi€in, zpGsobenych technickym stavem
sité nebo politickou situaci.

Blackout je kritick4 udalost pro celd mésta, regiony, staty,
kontinenty. Zatimco ostatnich strategickych surovin maji staty
zasoby na 90 dni, elektfinu skladovat nelze. Co se vyrobi, hned
se spotrebuje. Co se nevyrobi, nemame.

Blackouty jsou také jednou z pFicin, pro¢ neni takovy tlak na
daslednou elektrifikaci Zeleznice a pro¢ se stale pouZzivaji
dieselelektrické lokomotivy.

Blackouty ve sv été
V poslednich letech se mj. staly nasledujici blackouty:

. 20. Ginora 1998 Auckland, Novy Zéland

. 14. srpna 2003 severovychod USA a Kanada

o 23. z&fi 2003 Dansko a Svédsko

. 28. zafi 2003 Italie

«  12. &ervence 2004 Recko

. 18. srpna 2005, Bali, Indonésie

. 23. gervence 2006 Ceska republika ( k blackoutu nakonec
nedoslo diky véasnému vyhlaseni Stavu nouze)

. 8. z&fi 2006 centrum Prahy — Ceska republika ( lokalni
blackout)

. 18. fijna 2006 Vychodogesky kraj — Ceska republika (
lokalni blackout)

. 27. dubna 2007 Kolumbie

. 13.-15. fijna 2009 lokalni blackouty v celé Ceské republice

Ve vSech ( i fadé dalSich) pfipadech byly vladami
pfisluSnych statd uréeny vySetfovaci komise, které mély
analyzovat pfi¢iny blackoutl a vyvodit pfislusna opatfeni.
Vysledky vySetfovani maji fadu spole¢nych znaka:

. Ve vSech pfipadech pfenosové soustavy prenasely velké
vykony na mezi zatizitelnosti.
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. Ve vSech pfipadech ( véetné situace v ¢ervenci 2006
v Cesku) byla jednou z pfigin nezvladnuta situace pfi
propojeni soustav sousednich stata.

. Liberalizace trhu a vytvofeni jednotného kontinentalniho
trhu zménily podminky, za kterych se musi uskute¢novat
bezpec¢na dodavka elektfiny.

. Zmizelo tradi¢ni planovani vyroby a pfenosu elektrické
energie.

. Provozovatelé jednotlivych soustav jsou na sobé vice
zavisli, na druhé strané jsou pod komerénim tlakem
rostouciho pocétu odbératelu.

. Nebyla v€as rozpoznana bézna porucha ( napf. preskok
z vodi¢e vedeni na vétev stromu), takZze nebyla véas
pfijata opatfeni a doSlo ke kaskadovitému §ifeni poruchy.

. Chybély podplrné programy, jako je odhad bezpecnosti
provozu vrealném c&ase a dynamicky odhad stavu
soustavy, ktery by dispecery v€as varoval.

. Nedostatek komunikace, koordinace a ve vyméné dat
mezi provozovateli soustav.

. Jednou z pFigin vypadku v Recku bylo omezeni prostfedkd
na Udrzbu soustavy vdlsledku velkych investic do
olympiady. Ve Svédsku bylo zase jednou z pfigin
odstaveni jaderné elektrarny Barseback, které mélo
politické davody.

. Jednim z vysledkl analyz je vypracovani smérnice EU
2005/89/ES o zabezpeceni dodavky elektfiny pro
infrastrukturu, ktera plati od 28.2.2008.

PFiciny blackout G v zahrani ¢i

Tak napfiklad Kolumbie dne 27.4. 2007 zazila rozsahly
vypadek elektfiny, ktery postihl mimo jiné obchodni a
pramyslova centra po celé zemi a vyvolal dopravni chaos v
ulicich kvali nefungujicimu signalizaénimu zafizeni. Podle tfadu
vypadek zplsobila technicka zavada v jedné z hlavnich
rozvoden ( Torca) a nikoli atok levicovych povstalcu, ktefi v
minulosti asto provadéli sabotaze na ropovodech a elektrickych
zafizenich. Dodavky energie se zacaly obnovovat po nékolika
hodinach. Kolumbijska burza byla nucena na dvé a pul hodiny
zastavit kvlli vypadku obchodovani. Nefungovaly ani mobilni
telefony. "Je postizena cela zemé," fekl tehdy v rozhlasovém
vysilani prezident Alvaro Uribe. BliZe neupfesnéna zavada v
centralnim zafizeni v Torce u hlavniho mésta od dopolednich
hodin mistniho &asu (odpoledne SELC) zasahla 80 procent
zemé vcetné Bogoty. Zavada v Torce vyfadila z provozu nékolik
transmisnich linek.

Zfejmé nejznaméjsi blackout, Norteast Blackout v USA a
Kanadé vroce 2003 zacal padem nékolika stromt na VVN
vedeni. Tuto udélost operatofi nezvladli a doslo k dominovému
Sifeni poruchy. V koncovém stavu bylo od sité odpojeno 256
energetickych zdroji. DoSlo k porucham v zasobovani vodou,
zkolabovala Zelezni¢ni i leteck& doprava, telefonni sit, internet.
Jen v New Yorku byla zaznamenéno 3000 pozaru ( prevazné od
svi¢ek). Nejvice umrti vzniklo pfi dopravnich nehodach (
nefungovala svételna signalizace) a padem zlodéjd, rabujicich
v opusténych domech, ze stfechy nebo fimsy. DoSlo také
k Gmrti  vdusledku  nadychani  zplodinami  z provozu
elektrocentral.
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_VItalii byla pfi¢inou boutka, ktera vyradila linku mezi
Svycarskem a Italii. Statni spole¢nost ENEL ztratila

kontrolu nad situaci béhem 4 sekund. Tisice lidi zUstaly ve
vlacich a v metru, letecka doprava byla zruSena.

V Indonésii bylo pFi€inou pretizeni sité, néasledné
poruchy vyfadily 2700 MW zdroju. Postizeno bylo 100
miliond lidi.

Nejvaznéjsi nasledky mél zatim blackout v Aucklandu.
V tomto mésté, velikosti srovnatelném s Prahou, zaséahl
sice ,jenom*“ 1 milion obyvatel, s disledky blackoutu se ale
meésto nevyrovnalo dodnes. Zpoc¢atku jednoduch& porucha
na VN kabelu ( mésto je zdsobovano VN kabelovou siti)
vyvolala fetézec dalSich poruch na kabelech ( prakticky po

PFiéiny nouzového stavu v &ervenci 2006 v Ceské
republice

PredevSim je tfeba fici, Zze nouzovy stav, vyhlaseny
CEPS 25. &ervence 2006, nebyl typickym blackoutem ve
smyslu fatalniho dopadu na odbératele ( nékdy se pro
tento stav pouziva termin ,grayout). Zadnému spottebiteli
vCR nebyla dodavka elektfiny prerusena. Vlivem
vyhlaSenych regula¢nich stupid museli vSak velci
spotfebitelé omezit odbér. Dispedink CEPS ten den feSil
vice nez 1000 tisriovych volani.

Co se vlastné ten den stalo?

24.¢ervenec byl extrémné horky, pradmérna denni
teplota byla 27C, v 9 hodin rano byla teplota jiz 33<T.
Zatizeni sité bylo o 500 MW vySSi nez obvykle v tomto
Case.

TFi mésice pred touto udalosti, 20. kvétna 2006, bylo
pfi vichfici zdemolovano vedeni 400 kV mezi rozvodnou
Hradec ( klisova rozvodna sit¢ CEPS) a némeckym
Etzenrichtem. Toto vedeni bylo rychle nahrazeno
provizorni linkou a byla zahdjena oprava. Shodou
okolnosti pravé dne 25.Cervence probihalo prepojovani
z provizorniho vedeni na plvodni opravené.

Z dhvodd oprav a revizi byly vypnuty dalsi 4
prenosové trasy na tzemi CR.

Po 8. hodiné réano doSlo k nec¢ekanému vypnuti
rozvodny Divi¢a ve Slovinsku (disledek pozaru v blizkosti
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kazdé opravé kabelu a nasledném pfipojeni napéti doslo
k zavadé na dalSich mistech). Tento stav, kdy obchodni
centrum meésta bylo zcela mimo provoz, trval 5 tydnd !!!
Denné spotfebovaly nouzové agregaty 1 milion litrd nafty.
Za tu dobu opustila mésto velka ¢ast obyvatel, ale také
banky, univerzity,  vyznamné firmy... Drobnym
podnikatelim stat doporucil ohlasit bankrot a po zklidnéni
situace zacit znovu.

rozvodny) a nasledng knavySeni odb&ru zCR do
Rakouska. To vedlo k pretizeni jednoho z 400 kV vedeni
rozvodny Hradec a jeho vypnuti. Dominovym efektem pak
doslo k dal$im vypadkdm, &imz &ast sité v CR presla do
ostrovniho provozu.

Tento ostrovni provoz byl vSak zna¢né nesymetricky —
zUstala vném velka ¢ast zdroju a vykazoval prebytek
vykonu 1500 MW. Stejny rozdil byl ve zbyvajici ¢asti
soustavy, ale jako deficitni. Pfesto se podafilo systém
zregulovat a asi po 1 hodiné soustavu CR opét spojit.

Vlivem pretizeni sité v sousednich statech se ale
zménil objem toku energie v CR jak v severojiznim sméru,
jak i od vychodu na zapad.

Dalsi dva vypadky, zplsobené pozarem vazebni
tlumivky v rozvodné Cechy stfed a kontakt vedeni se
stromem v disledku velkého prihybu, zplsobily kolem
poledne opét vznik ostrovniho provozu, tentokrat
s diferenci vykonu 2400 MW. Zvladnout tento stav se
podafilo pouze po odpojeni nékterych elektrarenskych
blok(. Néasledné byl ve 14.00 vyhlaSen stav nouze, ale sit
se odlehéila pouze o 600 MW. Jesté v 14.45 doslo ke
vzniku dalSiho ostrovniho provozu. Pak se situace vlivem
snizeni odbéru zacala stabilizovat, stav nouze byl ukonéen
ve 23.00.

Svétlo 2011, Praha, Ceska republika



Spolehlivost VVN sit & v CR

VVN sité, provozované v CR statnim podnikem CEPS
( sité 400 a 220kV) a krajskymi distributory ( dnes v rdmci
CEZ-distribuce, PRE nebo EON), sleduji také provozni
spolehlivost. Pouzivaji parametr SEIFY ( obdoba MTBF) a
SEIDY ( obdoba MTTR). TéméfF vSude jsou Cdidla,
monitorujici stav sité. Spolehlivost se vyhodnocuje dle
normy PN333430 ( kvalita dodavky el. energie).
Spolehlivost siti 110 kV je vySSi ( okruhové usporadani)
nez siti 35/22 kV ( paprskovité usporadani).

Pokud jde o VN rozvodny, jejich spolehlivost prudce
stoupla v 90.letech zavedenim spinacich prvkG na bazi
SFe, a pozdéji vakuovych prvkd.

Struktura VVN sité vznikala ve 2.poloviné 20. stoleti, a
byla koncipovana jako ostrovni s minimalnim transferem
do okolnich statd. Zcela jina situace je dnes, kdy ¢eska
VVN sit funguje jako tranzitni a zhruba 12% vyrobené
energie vyvazime do zahrani¢i. Elektrizacni soustava je
fizena neviditelnou rukou trhu, a ,stav nouze* kdy se podle
Energetického zakona neuplatriuji sankce za nedodani
elektfiny, madze provozovatel vyhlasit prakticky kdy chce.

Skute¢nost, Ze na jedné strané statem vlastnény
vyrobce a distributor elektfiny je odpovédny za
ekonomické vysledky svym vlastnikim a stat je odpovédny
za bezpecnost obyvatel, tvofi bezpe€nostni mezeru. Tato
mezera ma byt eliminovana Integrovanym zachrannym
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V posledni dobé je jako rizikovy faktor oznaCovana instalace
stale vétSiho poctu obnovitelnych zdroju energie, predevsim
vétrnych a fotovoltaickych elektraren. Jsou to zdroje, u kterych se
vlivem zmény povétrnostni situace nahle méni objem dodavaného
vykonu a celou soustavu muZou ,rozhodit". Instalace vét§iho poctu
téchto elektraren v Némecku tak pfinaSi problémy i ceskym
energetikim, nebot CEZ &ast vyrobené elektrické energie do
Némecka vyvazi (okamzity dovoz elektfiny do Némecka muze
doséhnout hodnoty az 4000 MW).

Konkrétni dopady dlouhodobého vypadku elekt  Finy v Ceské
republice

V réamci feSeni statniho vyzkumného Ukolu 2A-1TP1/065 byly
vy&isleny nasledky dvoutydenniho vypadku ve tfech krajich ( JC,
STC a PAD). Ztraty se pohybuiji vrozmezi 15 — 22 miliard K&,
pfi¢emz zhruba polovina jsou nasledky na zdravi a Zivotech osob (
pfi vyé&isleni byla pouZita metodika Ceské pojistovny). V této &astce
nejsou uvedeny Udaje na evakuaci a zaopatfeni obyvatel, a
néklady na logistiku ( doprava pitné vody, potravin atd.).

Soucasné probiha vytipovani a projekéni pfiprava lokalnich
zdroja, které v pfipadé blackoutu mohou pracovat jako ostrovni
zdroje a zajistit alespori minimalni zasobovani regionu elektrickou
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systétmem ( 1ZS). Systém IZS vSak dnes nedisponuje
vSemi potfebnymi technickymi prostifedky.

jaka jsou hlavni rizika v provozu prenosove sité?

Koncep ¢éni rizika se tykaji predevsim sité 110 kV, jeji
udrzby a obnovy. Rada linek je na mezi Zivotnosti a jsou
na né kladeny vétsi pfenosové pozadavky, nez jaké byly
pfi jejich vystavbé. Toto se tykd nejen sité v Ceské
republice, ale i zahrani¢nich siti. Pfitom vystavba novych
linek je mozna pouze vrozmezi cca 7 mésicd, kdy to
umozni klimatické podminky.

Provozni rizika jsou disledkem snahy o maximalni
vyuziti pfenosové schopnosti sité, prakticky bez rezervy.
To vede kprovoznim rezimdm, které jsou v blizkosti
bezpec¢nostnich a spolehlivostnich mezi. Nestabilita také
vzniké pfi pfenosu energie mezi staty ve velkém objemu a
v riznych smérech. Soubéh téchto okolnosti ve spojeni
s nahodilou ,malou” poruchou pak muaze vyustit v kritické
provozni stavy. Prfenosova soustava je navrzena
sredundanci N+1, tj. jedna porucha mlze byt bez
problému eliminovana pfenosem po jiném vedeni.
Soucasné tendence bezpecénostnich analytiki vedou

k systému N+2.

Jednim z pfikladd tohoto rizika je propojeni vychodni
Casti Némecka s Bavorskem pies energetickou soustavu
CR.
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energii. Tyto zdroje musi byt vybaveny technologii pro ,start do
tmy“. Mezi tyto zdroje patfi napf. Elektrarna Opatovice, Teplarna
Trmice, Elektrarna Trebovice, ECK Kladno, Teplarna Cerveny Miyn
Brno a jiné.

Dalsi oblasti, ve které probiha intenzivni vyzkum a pfinasi jiz
praktické vysledky, je pouziti stavajicich nouzovych zdroji o
vykonech stovky kW aZ jednotky MW jako ostrovni zdroje
v mikroregionech. Pouziti standardnich elektrocentral s dieselovymi
motory neni ekonomicky realné ( u nouzového zdroje neni cena
1kWh tak kritickd, nebot jde pfedevSim o zachranu technického
zafizeni, dat, materidlu, pfipadné zdravi). Zcela jina situace je pfi
pouziti alternativnich paliv ( zejména po predpokladaném snizeni
jejich ceny) a predevsim pfi vyuziti odpadniho tepla. V kontextu
s avizovanymi problémy ¢eského teplarenstvi roste vyznam této
varianty.

Authors: Ing. Karel Kuchta, CSc., IAEE Member Phoenix-Zeppelin,
spol. s r.0., Energetické systémy, karel.kuchta@p-z.cz
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Richard KITTLER

Ustav stavebnictva a architektiry SAV, Bratislava

Hladaju sa noveé kritéria osvetlenia interiérov

Abstract. VSeobecna prax svetlotechnikov sa zaklada na koncepcii viditelnosti pracovnej uUlohy, efektivnosti prace a produktivity pri ¢o
najvhodnejSom osvetleni. Vizualne vnimanie prostredia aj vizualne prace sa ale dnes menia z detailov na vodorovnej pracovnej ploche na
pozorovanie obrazovky, na tvary, Struktiry, farebnost a iné prostredotvorné prvky interiérov. Velké halové vyrobné &i kancelarske priestory,
vystavné a komunikacné koridory s priestorovo potrebnou viditelnostou vyzaduju definovat' priestorovo distribuovani osvetlenost ¢i jasy v
Skale od celkovej pochmurnosti az po vyrazn( Groveri vnimanej vhodnosti osvetlenia (podfa Cuttla: Perceived Adequacy of lllumination —

PAI).

Aj v dennom osvetlovani sa treba odputat od rigidného kritéria Cinitela dennej osvetlenosti (Daylight Factor — DF), ktory predpoklada len
zamracenu zimnu oblohu, k adaptibilnejSim ako je denny koeficient (podfa Tregenzu: Daylight Coefficient - DC) alebo k absolitnej
osvetlenosti v luxoch za urcitych exteriérovych podmienok (typickych obléh). Z krirétii minima treba hladat celoro¢né dynamické
charakteristiky (podla Nabil a Mardaljevica: Useful daylight Illluminance — UDI) pre vycislenie Uspor a ekonomiku, pre spolupésobenie
denného a umelého osvetfovania s cielom zabezpedit kvantitu aj kvalitu svetla v interiérovom prosredi. Pri elektrickom osvetleni sa
normovali osvetlenosti na pracovnej rovine podfa viditelnosti vizualnej prace s prihliadnutim k oslneniu zraku a jasovému rozlozeniu a dnes

su Gvahy o kritériach exitancie v zrakovom prietore o¢i (podla Cuttla).

Keywords:

Uvod

Ak sledujeme hist6riu kritérii osvetlenia interiérov, tak si
musime uvedomit dve hlavné etapy, v ktorych zasadny
predel tvori prvé pouzivanie umelych elektrickych zdrojov
svetla. Zhruba do zadiatku 19-teho storocia bolo hlavnym
zdrojom osvetlovania interiérov denné svetlo predovsetkym
svetlo oblohy. Uz Vitruvius (10 BC, 1979) vroku 13
pred.n.l., ked pisal uéebnicu pre rimskych architektov,
uznaval ako kriticky stav miestd bez oblohového svetla, t.j.
kritérium dnes nazyvané ,no skyline* odkial z Urovne
pracovnej roviny nevidiet ani kasok oblohy. Az pred 250
rokmi Bouguer (1760) a Lambert (1760) zaviedli sviecku
(kandelu — cd) ako zakladnu fyzikalnu jednotku svietivosti
i ked v porovnani snou sa jas oblohy ¢i slnka priamo
nedalo merat. Preto Bouguer pouzival mnohonasobné filtre
skiel, nahradné mesaéné svetlo ainé triky pre ich
subjektivne meranie pomocou prvého tzv. Marieho (1700)
jasomera/lucimetra. Zasadny prinos pre kritéria denného
osvetlenia mali Lambertove zjednoduSujice kocepcie
jednotkového jasu oblohy a absolitnej horizontalnej
osvetlenosti vonku. Uz dnes vieme, ze aj konStantny jas
zamracCenej oblohy skutoCne existuje. Lambertove (1759)
znalosti z deskriptivnej geometrie a perspektivy ho priviedli
k predstave priestorového uhla velkoploSnych zdrojov
svetla a jeho priemetu do osvetlovanej roviny podfa cosinu
uhla dopadu (w,). Logickym vysledkom tychto Gvah bola

matematicka definicia tzv. ¢initela dennej osvetlenosti (D),
pricom pri jednotkovom jase oblohy sa exteriérova
horizontdlna osvetlenost rovnala pddorysnému kruhu
hemisféry s jednotkovym polmerom (7). Tak relativna

interérova horizontalna osvetlenost D = W, /. Tak sa stal

tento relativny &initel zakladnym kritériom denného
osvetlenia s malymi Upravami az dodnes.

Podla Cuttlea (2010) existuju tri obdobia svetlotechnickej
profesie apretoze zablda na poznatky zdenného
osvetlovania interiérov, zacina rokom 1898, ked bol
medzinarodne odsuhlaseny systém fotometrie podla navrhu
Blondela (1896). V pociatkoch elektrického osvetlovania
interiérov sa zacalo preferovat primerana osvetlenost
horizontalnej pracovnej roviny a jej rovnomernost. V tomto
prvom obdobi sa iniciativou elektropriemyslu a novych
elektroinzinierov na zadiatku 20-teho storo€ia zabudalo na
staré zasady prava na svetlo, ktoré malo dlha tradiciu pri
dennom osvetleni uz podla rimskeho prava. V stdnych
sporoch sa vyzadovala minimalna osvetlenost jej
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zdoévodnenie aj relativne  jednoduché a nazorné
dokazovanie. V tejto tématike bol uznavanym anglickym
sudnym expertom Percy Waldram (1909), ktory navrhol
vynikajucu graficki metédu zistovania exteriérového
zatienenia okien avypoctu cinitefa dennej osvetlenosti
v interiéri. Preto ho poverili, aby s expertnou komisiou zistili
tiez minimum umelého osvetlenia pre ¢&itanie textu
v interiéroch. Vysledkom po prieskume v kancelariach bol
v r.1920 navrh, Ze pre tlaceny text postacuje na ploche
jednej Stvorcovej stopy osvetlenost jednej kandely (t..
10.76 Ix). Uz davno predtym profesor oftalmologie vo
Vroclave Cohn (1883) odporucal pre Skolské interiéry 50 Ix
a ako minimum 10 Ix. Dnes sa zdaju tieto minima extrémne
nizke, no aj neskorsie podrobné vyskumy Westona (1951)
v Anglicku aj Blackwella (1952) v USA zhruba potvrdili
tak(to krajnu osvetlenost i ked pre rychlejSiu a presnejSiu
viditelnost' réznych detailov odporacéali pre normy vysSie
hodnoty. Bolo zrejmé, Ze UspeSnost &i efektivnost zrakovej
prace zavisi na configuracii a velkosti detailu, pozadovanej
rychlosti astupni presnosti, no predovSetkym na
osvetlenosti alebo jasovom kontraste medzi detailom a
jeho pozadim. Postupne naroky uzivatelov a snahy
o optimatizaciu zrakového prostredia, resp. na svetelna
pohodu v interéroch narastali, ¢o sa prejavilo aj v normach
pocas 20-teho storodia, ktoré predstavuje druhé obdobie
svetlotechnickej profesie. ZvySovanie noriem umelého
osvetlenia v jeho Casovej stalosti a rovnomernej Urovni na
pracovnej rovine bolo jednoduché pricom sa vyuZzivali aj
efektivnejSie zdroje i svietidla. Naopak dynamika denného
svetla sinka a oblohy s neusalymi dennymi, sezénnymi
arocnymi drahami slnka a so zmenami stavu atmosféry
a oblacnosti v urgitej lokalite na zemskom povrchu vytvarali
pri normovani problémy.

Normativne poZiadavky dennej osvetlenosti

Davno pred zavedenim osvetlenosti v luxoch sa ako
zakladné kvantitativne kritérium v tedrii denného svetla
zaviedla absolGtna alebo percentualna hodnota cinitela
dennej osvetlenosti podla pévodného navrhu Lamberta.
Jeho predpoklad jednotkového arovnakého jasu oblohy
dovoloval pouzivat geometrické definovanie tohto kritéria
na zéklade priestorového jasu velkoploSnych zdrojov a jeho
priemetu do osvetlovaniej roviny. Fotometricky systém sa
od doby Marciho Iucimetra zdokonaloval jednak
v subjektivnych fotometroch, no s objavom fotobuniek
(Smith, 1873, Adams a Day, 1876, resp Fitts, 1883) sa
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zacali vyrabat objektivne fotometre, najma luxmetre,
ktorymi sa dala jednoducho kontrolovat absolitna Groven
osvetlenosti. Ale aj pri dennej osvetlenosti sa pomocou
luxmetra vinteriéri avonku pod oblohou s volnym
horizontom dal pomerom oboch zaznamov v rovnakom
C¢ase dal skontrolovat ¢initel d.o., ktory musel byt nad
normou predpisanym minimom. Podmienkou ovSem bola
Uplne zamrac¢ena obloha pred 1955 s jednotkovym a potom
s gradovanym jasom podla CIE (1955). Tak mohla aj
hygienicka kontrola preverovat dodrzZiavanie noriem.

HorSie na tom bol projektant, ktory sa ¢asto v Case
navrhu stavby musel spoliehat na priblizné metody ,podia
palca“ (eSte doteraz Reinhart a LoVerso, 2010), na rdzne
tabulkové a grafické pomécky. Tak, ak bola napriklad
predpisand normou v uréitom mieste interéru minimalna
hodnota ¢.d.o. 1 %, mala sa dodrzat tato hodnota
velkostou okien pri danej hibke interiéru. Oby&ajne si ale
nik neuvedomoval, ¢&o to znamena v absolitnych
osvetlenostiach, tj. vluxoch. Tradovalo sa sice podla
nemeckych noriem DIN (1935), Ze v zime okolo deviatej
hodiny je vonku asi 3000 luxov (Hannauer, 1947), no podla
typizacie STU (1952) sa uz zavadzala ,vonkajsia
osvetlenost v zimnom zamraCenom dni medzi9. a15.
hodinou 4000 Ix“. Toto tzv. ,jmenovité (srovnavaci)
venkovni osvétleni“ prevzala aj norma pre priemyselné
budovy (CSN 1956), neskorSia kmefiova norma (CSN,
1967) vyzvihuje ako kriticki hodnotu zrovnavace;j
osvetlenosti 5000 Ix v decembri o 10. a 14. hodine. Tento
posun sulvisel s moznostami vyuzivania umelého osvetlenia
v ponurych zimnych drfioch a s predchadzania zbyto¢ného
predimenzovania okien. Mnohi si vSak hovoria, Ze sa tato
kritickd vonkajSia Urovefi meni preto, aby aj denné svetlo
stihala normy umelého osvetlenia, pretoze pri 3000 Ix
vonku a pri ¢.d.o. 1% by vnutri bolo 30 Ix, pri 4000 Ix len 40
Ix a pri 5000 Ix vonku 50 Ix vinteriéri. Malo kto si vSak
uvedomuje, Ze pri dynamike denného svetla situacia meni
denne podla obla¢nosti a zakalu atmosféry aj s lokalitou. To
znamena, ze aj pri ¢.d.o. 1 % len vrozmedzi medzi
hlavhymi mestami Europskej Unie napr. Aténami na
38%.z.8. aHelsinkami na 60%.z.8. bude vrovnakom
interiéri osvetlenost velmi odliSna. Vyplyva to so zmien
vysky slnka pretoze pri predpokladanej efektivnosti vyuzitia
extraterestrialnej horizontalnej osvetlenosti pri zamracenej
oblohe CIE (1955) s gradaciou 1:3 najc¢astejSie 10 % budu
denné chody interiérovej difiznej oblohovej osvetlenosti na
zemskom povrchu v kritickom dni 22. 12. (pri deklinacii
0 =-23.45°) prebiehat v zavislosti na vyske sinka ( )

E, =0.01(138200sin y,) =1382sin , [IX] (1)
kde pre Helsinki alebo Oslo bude

sin y, =sin60° sin(—23.45°) — cos60° cos(—23.45°) cos15°H (2a)
ale pre Atény je

sin y, =sin 38° sin(—23.45°) — cos38° cos(—23.45°) cos15°H (2b)

prisom H je hodina dfia v pravom slneénom &ase.

Oba priebehy interiérovej osvetlenosti s znazornené na
obr. 1, kde je zrejmé, Ze aj ked je zapocitana oblohova
osvetlenost bez mnohonasobnej reflexie, nebude méct
v kritickom mieste vystadit bez umelého prisvetlenia
v Helsinkach. To znamena, Ze kritérium ¢&.d.o. je velmi
relativne a podstatne viazané na zamraéenu oblohu bez
akejkolvek stopy postavenia sinka nad hustou a rozptylnou
vrstvou oblakov. Okrem toho nevyjadruje ani denné zmeny
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v arovni interiérovej osvetlenosti ani celoro¢né zmeny pri
roznych vyskach a oblohovych rozloZeniach jasu na oblohe.
Preto sa kritizuje pouzivanie ¢.d.o. a ako lepSie kritérium sa
navrhuje tzv. koeficient d.o. D, (Daylight Coefficient)

podla Tregenzu a Watersovej (1983), ktory je pomerom
celkovej interiérovej osvetlenosti (priamej aj mnohonasobne
odrazenej) v uréitom mieste interiéru ku nasobkom jasu
oblohy v urcitom jej elemente s jej uhlovou velkostou:

_ DB,
Dy» —m [] (3

kde AE, je horizontalna osvetlenost spdsobovana
oblohovym elementov s jasom L, v rozsahu vySkového
uhla y a Sirkového azimutalneho uhla ¢ véitane v3etkej
interreflexie, ktora je normalizovana L, AS,,, o je vlastne

normalova osvetlenost na ni¢im nezatienenej rovine
vystavenej jasu oblohového elementu. V podstate ide
o rozdelenie celej oblohy na velké mnozstvo malych
elementov, ktoré sa daji podla ich velkosti a jasu uvazovat
samostatne, resp. ako napln priestorového uhla okna. Tym
sa ziska vyhoda, Ze je predpoklad, Ze pri zmene jasu
oblohy sa nebude menit hodnota koeficientu D, (Littlefair,

1992). Nevyhodou je komplikovanost vypoétu a zbytoéna
namaha ak sa pouziva len jedna normativna, napr.
zamraéena obloha, pricom vysledkom je ako u ¢.d.o. len
relativny Gdaj bez jednoduchej moznosti prepoétu na
absolutnu osvetlenost v luxoch.

Vzhladom na snahu o energetickd bilanciu budov
s asporami pri vyuzivani denného svetla su potrebné
celoro¢né Udaje zmien v lokalnej svetelnej klime. Preto
Nabil a Mrdaljevic (2005) navrhuji zaviest tzv. vyuzitelnd
dennu osvetlenost (Useful Daylight Illluminance) UDI ,
ktora méa vychadzat zroénych Ilokalnych podmienok
s vyjadrenim priebehov osvetlenosti vIx. Tuto pdvodne
Mardaljevic(2001) nazval priliehavejSie ,roénymi profilmi
denného osvetlenia“ (Annual Daylighting Profiles - ADP),
ktoré pre Britaniu boli zalozené na myslienke pocitaovej
simulacie ur¢ovania osvetlenosti z viacerych typov jasovych
distribGcii na oblohe podla merani BRE vo Watforde
severne od Londyna. Medzitym podla nasho navrhu (Kittler
akol., 1997) sa vramci CIE normovalo 15 typickych
rozlozeni jasu na tzv. vSeobecnej oblohe CIE (2003), ¢o
o rok neskor prijala aj ISO (2004). Vo viacerych lokalitach
hlavne tam, kde boli CIE IDMP stanice sa vyuzivali ich
Gdaje na hladanie naj¢astejSich obléh, pomocou ktorych by
sa dal modelovat typicky referenény rok (napr. Tregenza,
1999 alebo Wittkopf a Soon, 2007). Okrem toho je
k dispozicii pre pravouhlé okna vypoétova metéda MAM
(Kittler a Darula, 2006), na zaklade ktorej je zdarma pre
prax pristupny na http://www.cadplan.com.au jednoduchy
program s nazvom MAMModeller (Roy a kol., 2007). Tento
umozfiuje pre [ubovolnd lokalitu, datum a hodinu, typ
ISO/CIE oblohy i jej zakal, pre zadané rozmery okna, jeho
zasklania a tienenia aj posudzovany element horizontalnej
pracovnej roviny rychlo vypocitat rozlozennie jasu na okne
aj osvetlenost v luxoch. Tym tiez dava podkaldy pre urenie
D,, . pre oslnenie zraku vplyvom jasov v okne a absoldtnu

osvetlenost v interiéri.

Normativne kritéria pre elektrické osvetlenie

VSetky naSe byvalé aj suCasné normy pre umelé
osvetlenie pouzivaju ako zakladné kritérium osvetlenia
interiérov absollGtnu osvetlenost horizontalnej pracovnej
roviny vluxoch podla druhov zrakovych prac. Uz
v tridsiatich rokoch 20-teho stor. v GerSunovej (1958) teorii
svetelného pola bol zarodok predstavy distriblicie svetla
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v interiéroch pomocou telies jasu a osvetlenosti (skalarna
osvetlenost) a ich smerového vektora, ktory charakterizoval
prevladajuci tok svetla. Pomer vektor/skalar definoval
vzhlad objektov pri smerovanom osvetleni, sic¢asne sa
Studovali podmienky viditelnosti  (Luckiesh, 1944).
V Anglicku Waldram (1954, 1958) propagoval projektovanie
umelého osvetlenia s dérazom na zamerné vyzdvihovanie
jasu objektov ¢&i architektonicych detailov tzv. metodou
navhru vzhladu (Designed Appearance Method).

Pretoze v niektorych Géelovych verejnych budovach (v
halach, muzeach, galériach apod.) bola horizontalna
osvetlenost neadekvatnym kritériom, v normach byvalého
SSSR (SNiP, 1971) sa zaviedla tiez priemerna cylindricka
osvetlenost, ktora priblizne modeluje skalarnu veli€inu
blizku k adaptatnému jasu pre stojacu osobu, ktora sa
pohybuje alebo otaca v interiéri. Aj eurépska navrhovana
norma (EN, 2002) pokraéuje v tejto tradicii, ked uvadza aj
kritérium cylindrickej osvetlenosti pre pracovné priestory.

Priestorovej (skalarnej) osvetlenosti sa bliZi tiez kubicka
osvetlenost, ktord navrhoval Cuttle (1997), ktora sa
v normach neujala, no niektoré pocitacové programy (ako
napr. CalcuLux) znej vychadzaju pri  vypoctoch
trojrozmernej osvetlenosti bodu v interiéri. Predpoklada sa,
Ze takymto posudzovanym bodom je oko ajeho proces
pohladu sleduju tiez metédy ,ray tracing” (sledovania luc¢a).
Iny postup je zakladom ,radiosity* metéd, ktoré su
nezavislé na pohlade pozorovatela, ale vychadzaju
z geometrickych paramentrov distriblcie zdroojov svetla
a povrchov v priestore. Nevyhodou oboch tychto metodik je
predpoklad difazne odraznych povrchov v interiéri bez
zrkadlovych odrazov.

Ashburn  (1997) prispel k projektantskej applikacii
radiosity metédy v pocitacovom programe HELIOS.
Software tohto programu podla geometrického rozloZzenia
povrchov uréuje ich odraznost a celkové rozloZenia
svetelnych tokov na vSetkych povrchoch interiéru ich
spektralnym vyzarovanim. Su¢asne sa uruje rozsah
viditelnej scény s uréitou polhou a orientaciou. Farebné
pojednanie a rozsah jasov 10 000:1 sa vyjadruje v relativnej
,odrazovej“ hodnote svetelného vyzarovania (reflected
exitance), pricom najjasnejSie zroje apovrchy sl
najvyraznejSie vo farebnej reprodukcii interiéru. Tym sa
dostdvame k najnovSiemu kritériu, ktoré navrhuje Cuttle
(2010), ktory chce zaviest priemerné svetelné vyzarovanie
interiérovych povrchov — mean room surface exitance M 4v

Im/m* ako zékladné kritérium subjektivneho hodnotenia
svetelného vzhladu interiéru, pricom udava navrhovany
rozsah pre miestnosti:

- snajnizSou rozumnou

M, =10Im/m?,

Uroviiou rozliSenia farieb

- s tmavym (pochmarnym) vzhladom M  =30Im/m?,
- snajnizSou Uroviiou pre akceptovatelne jasny vzhlad
M, =100Im/m?,

- s jasnym vzhlfadom M ¢ =300Im/m?,

- svyrazne jasnym vzhladom M, =1000Im/mZ.

Autor ukazuje relativne jednoduché meranie vlastne
vertikalnej ploSnej osvetlenosti z Grovne oka (v Im/m? ),
ktoré integruje jasy zo zrakového pola 180°Cim sa
zdoraznuje zékladny UGcel osvetlenia zabezpecit jasné
prostredie apredist tmavym anudnym inteiérom, c¢o
nezabezpec€ujua normy horizontalnej osvetlenosti pracovnej
roviny.
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Zaver

Celkove mozno konStatovat, ze vzhladom na ustaleny
charakter umelého osvetlovania aznaénd premenlivost
a dynamiku denného osvetlenia sa historicky ich kritéria
znacne rozchadzaji. No v st¢asnosti vzhladom na &asté
ich spolupbsobenie aj potreby energetickych bilancii
auspor je potrebny jednotny  systém  navrhu
a posudzovania s ujednotenim metriky a kritérii
dostato¢nosti aj kvality. Napriek znac¢nému historickému
acivilizatnému pokroku je rieSenie noriem a kritérii
v nedohladne. Zaiste prvym krokom tohto zjednotenia by
malo byt ustalenie ekonomicky vyhodného spolupdsobenia
denného aumelého osvetlenia pre zabezpedenie
osvetlenosti zrakovych prac pri normou stanovenych
podmienkach. Potom sa bude dat zvolit primerané
parametre a kritéria pre vypocet aj kvalitativne hodnotenie
ameranie rozloZzenia jasov v celych miestnostiach
v celoroénych priebehoch pri variantdch spolupdsobenia
zékladnych zdrojov svetla.
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Indoor lighting — Energy Friendly Installations

Abstract.

The paper gives a quick introduction to European norm EN 15193 “Energy Performance for Buildings — Requirements for Lighting”. It introduces and
explains the influences of the different parameters to the annual energy consumption of the installation. More in detail, based on full scale
implementation and on site metering, the different implemented measures and technologies and their respective influences is illustrated. The case
study is the 17.000 head office building of Norconsult, Norway, witch over the past three years have implemented Energy Efficiency measures.

Keywords: Indoor lighting, energy efficiency, EN 15193, LENI

Introduction

The focus on energy labelling of products to influence the
public to buy energy friendly products, has moved on
towards energy labelling of buildings. The Directive on
energy performance of buildings (EPBD) [1] gives an
incentive for all countries to give better guidelines and
premises for energy friendly installations. For lighting the
European Norm 15193 (Energy Performance of Buildings —
Requirements for Lighting) has been published by the CEN
as a guide for calculating the use of energy for lighting in
buildings. By use of this standard the use of electrical power
for lighting are estimated through stated standard
parameters. But still it is allowed for more thorough
investigations and measurements to adjust these
assumptions. And, as experience shows, a more thorough
investigation normally reveals a lower consumption, and
hence a “better” energy class if used in this respect.

EN-15193 Method of calculation

The European norm is given the name “Energy
Performance for Buildings — Requirements for Lighting” [2].
It describes in detail the procedure for calculating the
annual energy consumption. By introducing the LENI -
Lighting Energy Numeric Indicator - it also in a simple way
illustrate energy performance of the installation.

The normative part of the publication goes into detail in how
to calculate the consumption, while the annexes, witch are
only informative, gives examples on several measures to
improve the performance.

The norm gives three options; quick or comprehensive
calculation method, or energy metering. For most practical
applications, the comprehensive calculation method
(commonly on hour or monthly basis) is recommended.

I Lighting Energy Requirements I
& ¢ Metered
Comprehensive Quick method
method method
‘ Any period
Real data Standard
data
Annual based Annual based
Monthly based
Hourly based
Common calculation methodology
Dependency factors t, Fe, Fp, Fo. A

Fig.1. Calculation methods according to EN-15193.
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To set up the calculation, the specific parameters of the
building must be found; floor and window areas,
geographical orientation of the facades, operation hours
etc. Then the specific lighting parameters must be found,;

e Installed power consumption

e Parasitic power consumption
Based on the above data, the annual
consumption can be found.

theoretical

LENI - the performance indicator is highly dependent on
several additional factors influencing the energy
consumption, given a dynamic installation;

e tp, tnOperating hours ( day and night)

¢ Fc Constant illuminance regulation

*  Fp Daylight utilization

¢« Fo Occupancy situation
The LENI is expressed in annually consumption of KWh/m?.

In the annex, i.e. the table for occupancy factors for several

standardised  switching methods can be found:
Table D.1 — Fo¢ values

Systems without automatic presence or absence detection Foc
Manual On/Off Switch 1.00
Manual On/Off Switch

+ additional automatic sweeping extinction signal 0.95
Systems with automatic presence and/or absence detection Foc
{Auto On / Dimmed 0.95
{Aute On / Auto Off 0.90
Manual On / Dimmed 0.90
Manual On / Auto Off 0.80

Fig.2. Recommended values for switching modes.

But any metered valued if validated can be applied for the
given area. The complete table (F.1) summarizes standard
values for the individual factors.

Annex F
finformative)

Benchmark values and lighting design criteria
Table F.1— Bench mark default value

n e cteiliminance
[EIEY

W = A 3

[EIE

g

Fig.3. Lighting design criteria - Benchmark default values.
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Real time project — Norconsult office building

From 2007 and onwards Norconsult AS has conducted an
Energy Efficiency project at the head office building in
Norway (17 000 square meters). Among the measures, the
lighting installation has been focused. Both office lighting
and general corridor lighting (LED) has been refurbished
and new control equipment as well as control strategies,
have been implemented.

The project was also supported by the National Energy
Efficiency fund of Norway, Enova SF, as a “Lighthouse”
project [3] .

The project covers following main measures undertaken:
¢ Renovation of building automation
¢« New luminaries (T5) in the offices, garage
¢ New luminaries (LED) in corridors, canteen
¢ New luminaries (LED) in toilets, occupancy
«  Energy recovery for data server installations
«  Several minor measures(i.e new pumps etc)

The total energy savings, 35 %, was calculated according to
in-depth dynamically calculations. The main saving
potentials were found to be 1) electricity for ventilation fans,
2) lighting installation, beside 3) cooling purposes (both AC
and data). The total heating consumption was found not to
change at all, as it balances between decreased
consumption as a result of improved automation and
increased demand during wintertime due to less heating
from the lighting installation.

Highest savings rate obtained in the garage

The garage is located in the basement of the building, over
two floors. The original installation was continuously on
100%, even during weekends. By full retrofit of 2x58W into
1x49W and introduction of occupancy detection, the
reduction was tremendous. The calculated LENI values for
the old and new installations was respectively 16 and 3
(KWh/m? -year).

Total car parking January 2006 - July 2011

250 1 bt

300

Car Parking

- /W
1

— Monday 08.11.2010 153 kwhid
—— Monday 01.08.2011 125 kwhid

Mandag 27.07.2011 104 kWh/d
— Monday 09.01.2006 367 kWh/d

| vy

o \/

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Fig.5. Development of consumption before and after
implementation, all different Mondays.

As llustrated in the figure above, the baseline situation
performed a relatively constant consumption (incl. some
loads independent of lighting). After implementation there
are differences also between “normal” days (1th of August)
and holidays (27th of July) besides the changes over the
working/non-working hours.

Going more into details, also differences between the
weekdays occurs. One can observe that on Fridays the
people leave the office earlier than during weekdays. During
weekends, sometimes only the upper floor is active due to
people present.

Car parking Garage weekdays

— Monday 10.11.2000
— Friday 13.11.2000

8 Saturday 14.11.2009
Sunday 15.11.2009

AN
NSV

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Fig.6. Energy performances for individual weekdays.
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Fig.4. Development of consumption before, during, and after
implementation.

Looking at the changes only related to lighting, the
consumption is down 75%. Several operational strategies
have been tested out, resulting in fixed dimmed level at
10% (as minimum even during night). The four zones are
individually dimmed after 10 minutes inactivity.

Light 2011, Prague, Czech Republic

Fig.7. Lighting design for car parking in basement, lower level.
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Constant illumination, a difficult task

In the private/individual offices (approx. 600 rooms) the new
2x28W luminaires replaced the old 1x58W. The installed
power is almost the same, but the lighting quality improved
quite a lot. The old control system was based on manual
centralized on in the morning and automatic off in the
evening, with possibilities to request for additional period
(one hour each time). The calculated LENI values for the
two installations was respectively 22 and 6 (kWh/m2 -year).

The new luminaires are equipped with occupancy and
constant illumination functions integrated into the luminaire.
Due to delivery errors, implementation was delayed. When
later implementing the constant illumination function
detector initiated the dimming to start to early, leading to too
low illuminance levels at the working place, and hence had
to be set out of operation.

Based on occupancy detection only, during week 42, the
below comparison could illustrate the saving potentials
without constant illumination detection.

Consumption kWh/h for 10 cell-offices - Week 42 — Controlled by clock
16 — Local pancy control
14 [ \/
12
1
£ o
B
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| I
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o
S S S & & & G
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Fig.8. Energy performances for individual weekdays.

The graph clearly illustrates the situation. Most of the time,
the offices are not in use. The occupant is then either
working other places in the building, working outside the
premises (consultancy activities) or working from home.

The lunch-period can easily be seen most days, as well as
the rather low occupancy during the weekend.

Do not forget cleaning

Luminance metering done before and after cleaning (the
upper shadings of the luminaires) show from 3-17%
reduction of lighting levels measured at the occupant’s
desk.

Fig.9. Luminance levels, private/individual offices.
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Dimmable LED’s in corridors

In the corridors dimmable LED luminaires were installed.
The main idea was to reduce the output after working
hours. Based on some testing, the output is now also
slightly reduced during daytime according to daylight levels.
During “outside working hours”, the LED is dimmed 80 %.
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Fig.10. Colour rendering performance of LED luminaries.

The Ra index of a LED is not easy to compare with the
fluorescents lamp, but it is quite good, also when dimmed.
But, the Ra9 index is poor and goes down from low 49 to 36
when dimmed. The overall performance is very satisfying.

In the toilets the LED is either on/off, based on occupancy
detection. The rapid 100 % output performance of the LED
is the background for adapting this strategy.

It is not easy to perform metering of only lighting, as the
circuits in most cases are mixed. The hourly consumption of
the electricity to the whole building covers basic
consumption to server installations (approx. 40 kW), PC’s
and other office machines, canteen, lighting etc. The
heating, cooling, ventilation and the consumption in the car-
park is metered separately.

Main Electricity Supply

140000

120000

m 2010
02011
100000
80000
60000 +

40000

20000
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Fig.11. Development in electricity consumption, case study.
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The above figure illustrates that there are some minor
electricity consumption for heating purposes. But one can
also clearly see that the reduction set off from Jan/Feb as
the occupancy detection is implemented over this period.

In February and April, the respective winter and Easter
holidays gives an immediate reduction due to occupancy
detection. This is also the situation in July. During
wintertime the reduction of electricity had to be
compensated with additional district heating, while during
early spring and late summer cooling should be avoided for
a longer period.

More in details the consumption based on hourly metering
shows the change of behavior and or working hours also
can be seen directly from the consumption graphs below.

Hourly consumption, kWhih

300
20 /
200

. M

— Saturday 24.03:2007
— Wednesday 11.04.2007
Friday 13.04.2007

Earth Hour 26.03.2011

— Wednesday 06.04.2011
| — Friday 08.04.2011

12 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24

Fig.12. Development in electricity consumption, weekdays.

Due to occupancy detection the reduction is approximately
20-25%, and yields much higher values than recommended
in the appendix of the EN-15193.

EN-15193 consequences

As the in the appendix of EN -15193 is only informative, the
given values for the most influencing factors are only
recommendations for any calculation. If the given
installation can obtain higher values, than recommended,
this should also affect the calculation. EN-15193 allows also
performing metering; hence the metered values for the
factors should also be suitable. This will again, if as in
Norway, also influence the LENI value and finally the
energy certificate.

The large saving potentials as documented in this project
may not directly be transferred to other office buildings. The
savings is high due to high number of private/individual
offices. Also the poor “baseline” situation must be
considered, and gave huge savings in this case. Even so,
the savings in the garage could be even higher, but is due
to safety reason not utilized fully.

There are still other untapped potentials, and these will be
developed over the coming years. The last updated saving
figures indicate a result between 35-40% overall reduction
in consumption, higher than first calculated.

Light 2011, Prague, Czech Republic

Discussions

The values set for the most important factors of the EN-
15193 are crucial for the calculated energy consumption. In
many practical cases, the theoretical and practical values
may differ quite much. In the case of high divergence, the
EN-15193 opens up for metered values. In the cases
outlined in this paper, this is the situation. By utilizing real
values for i.e the occupancy factor, the LENI value will
change dramatically. When utilizing advanced
management systems, not only the occupancy factor but
also daylight factor and “time of operation (day and night)
may differ a lot. To perform investigations may not only
result in a better certificate rating, but also in a better
understanding of the performance of the building. This
would trigger introduction of additional energy saving
measures.

The informative part of the EN-15193 should, based on the
case presented in this article, as well as other similar cases
be revised according to a more dynamic approach for
setting the values. Also dimming strategies for non-constant
illumination installations should be derived. Further case
studies to document the several aspects should be initiated
ahead of such a revision.

Conclusions
By combining energy efficiency measures where both
electricity savings from modern lighting installati ons

and control systems and where at the same time
heating/cooling measures are implemented, the energ vy
performance of the building can be improved quite
substional.

The EN-15193 also illustrates huge differences in th e
LENI values for similar installations utilising vari ous
new and old technology. By verifying metered values of
reduced consumption based on new automatic control
systems, the overall LENI value can be improved, bot h
theoretically and in real operation. This may in ma ny
cases lead to a higher class for the building
performance certificate, as well as valuable energy cost
reductions for the owner.

Hence the EN-15139 should be revised to incorporate in
a better way the possibilities of new lighting cont rol
technology.
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Parameterisation of daylight exterior conditions

Abstract. Natural light has played an important role in human life. It influences health and wellbeing of occupants in building interiors. To simulate
daylighting and energy performance of buildings it is necessary to know daylight conditions during various situations that can occur during the day.
There are several procedures for determining daylight conditions in different locations. Because natural light changes continually the various
methods based on parameterisation of daylight variables were published. The quantitative and qualitative exterior daylight characteristics and their

parameterisation are discussed in this paper.

Keywords: Daylighting, daylight conditions, parameterisation, daylight availability

Introduction

The daylight climate with its year-round changes can be
determined at an arbitrary location by many local
influences, such as movements of air masses, atmospheric
optical properties, cloudiness, geographical longitude and
local topography. Daylight conditions in Slovakia are
characteristic for the European temperate climate and
especially for the Central European zone, [1]. Cloudy and
overcast skies occur mainly during the winter period. Due to
low solar altitudes also lower levels of exterior illuminances
are available. Daily illuminance courses during spring and
autumn periods are characterised by similar illuminance
levels and their time changes, [2]. The highest levels of
global illuminances occur during summer months. Overcast
skies with low illuminance can be expected scarcely, mainly
during rainy days or their parts. There are a lot of days with
fast-moving clouds on the sky vault which cover and
uncover the sun disk in short intervals. This causes the
dynamic daylight conditions on the ground, [3]. Results of
long-term measurements show us that two of the equal
daily global and diffuse illuminance courses have not been
found in the Bratislava CIE IDMP database.

To describe daylight conditions in a location some
specific characteristics based on measured data can be
applied, [4 - 7]. There are two dominant basic approaches:

- the recalculation of broadband data from radiative

measurements to photometric data;

- the processing of photometric measurements.

When radiative data is used for determination of
photometric variables then it is important to consider some
of error due to unit conversion and different daylight
conditions. This error can be very high during dynamic
situations [8]. Only photometric data and variables should
be applied in photometric studies and calculations.

In dependence on the purposes and tasks the
instantaneous data or averaged values calculated for
various intervals are used.

Both global and diffuse illuminance are generally
measured at CIE IDMP stations. The instantaneous 1-
minute data or 5-minute averages are available for various
studies and evaluations. Walkenhorst et al. in [9] and
Darula and Kittler in [10] showed that average values are
very sensitive to the length of the selected interval and
eliminate the variability of daylighting.

Parameterisation of illuminances

The horizontal global Gv and diffuse Dv illuminances are
commonly measured at CIE IDMP stations. If direct solar
illuminance Pv is not measured then its value is calculated
as difference between global and diffuse values.
Availabilities of all components are very often calculated as
daily or monthly occurrences using statistical
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characteristics. Two examples of the occurrence of the
horizontal global and diffuse illuminance measured in
Bratislava in 1995 are presented in Fig. 1 and Fig. 2.
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Fig. 1. Cumulative distributions of monthly horizontal global
illuminance.
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Fig. 2. Cumulative distributions of monthly horizontal diffuse
illuminance.

Liu and Jordan in [11] proposed the dimensionless
parameters kt and kd to be used for the interrelationship of
solar radiation components as follows:

(1) kt=GelEe

and
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(2) kd = De/Ge

where: Ge — global horizontal irradiance, De — diffuse

horizontal irradiance, Ee - extraterrestrial horizontal
irradiance.
Original parameters kt and kd were proposed for

evaluation of hourly irradiances. In Fig. 3 a relation between
radiation components measured in Bratislava during July
1996 is documented. When sunshine criterion Pel > 120
WM™ and instantaneous data are applied then the ratio of
Pe/Ee = 0,1 is working as the separator between sunny and
sunless situations. The Pel expresses direct solar
irradiance on the perpendicular plane to sun beams.
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Fig. 3. Separation of sunny and sunless situation in kd/kt diagram,
Bratislava 5-minute data, July 1996.

The interrelation of all three basic components Gv, Dv
and Pv can be normalised to the corresponding
extraterrestrial value Ev. Fig. 4 shows the same data base
used in Fig. 3 but now the illuminance values were applied
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Fig. 4. Presentation of daylight situations in a PDG diagram

Light 2011, Prague, Czech Republic

in a PDG diagram. The advantage of the PDG diagram is in
the direct presentation of the sunlight PvEv and skylight
Dv/Ev efficiencies while the their sum Gv/Ev can be read on
the diagonally placed scale and Dv/Gv on the radial lines.

Changes of daylight conditions during various days or
months can be illustratively presented in the PDG diagram
as shown in Fig. 4 and Fig. 5.
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Fig. 5. Presentations of daylight situations under very bright skies
during selected days.

Black dots presenting overcast skies in Fig. 4 are placed
on the left site, close the y-axis, in the area bordered by
PviEv < 0,05 and 0 < DV/Ev < 0,6. The more efficiency
situations are situated more to the left and to the upper part
of this diagram. An example of identification of very bright
skies is presented in Fig. 5. Because the atmosphere is
very turbid in this case the symbols are slightly shifted down
and limited by Pv/Ev = 0,6.

Parameterisation of the zenith luminance

The parameter Lz/Dv is very important and can be used
for classification of sky type luminance distributions. Its daily
dependence on the solar altitude during homogeneous
situations is continual without significant fluctuations as is
shown in Fig. 6. During a densely overcast day a constant
trend of Lz/Dv values is registered.

0,6 T T T T 0,6

Bratislava, 11" November 1995

Lz/Dv
Dv/Ev or PV/Ev

PV/Ev

0,0 T T T 0.0
5 10 15 20 25

Solar altitude in deg

Fig. 6. Trends of LzDv and DV/Ev ratios during a densely overcast
and rainy day
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Cloudy days are characteristic by changes of sunny and
sunless periods. Frequency and length of these periods
determine the dynamics of exterior illuminance levels during
these days. Also Dv/Ev, Pv/Ev, GV/Ev and Lz/Dv sequences
with high variability of consecutive values can be identified.
An example of morning and afternoon day courses of the
Lz/Dv, DV/Ev and PV/Ev ratios is documented in Fig. 7. The
sunless situation is documented during the morning in this
selected November day. Courses of LzDv and Dv/Ev
continually change due to changes of the cloud layer. The
situations with frequent changes of sun illuminance levels
were found in the afternoon. The sensitivity of Lz/Dv and
Dv/Ev parameters to PV/Ev changes is lower and therefore
an evident trend cannot be observed during this dynamic
situation.
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Fig. 7. Changes of Lz/Dv, DvV/Ev and Pv/Ev ratios during a cloudy
day.

The sunny and sunless situations can be selected also
by the Lz/Dv parameter. Because global illuminance Gv
comprises both Dv and Pv components the ratio of Gv/Ev
covers all occurring daylight situations. When the relation
between Lz/Dv and GV/Ev is plotted the efficiency of daylight
can be studied, as shown in Fig. 8. Low values of Gv/Ev
indicate skies with higher thickness of could layer or skies
with very high atmospheric turbidity. High values of Gv/Ev
suggest occurrence of sunny situations with lower
atmospheric turbidity.

—tr r rrr T 111117
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GvV/Ev

Fig. 8. Grouping of prevailing sky types, Bratislava July 1996
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Parameterisation of atmospheric turbidity

Linke turbidity factor T, is a basic parameter describing
broadband attenuation of sun radiation penetrating the
atmosphere. If this attenuation is expressed in the visible
range of radiation the luminous turbidity factor Tv can be
determined. Similarly to the above descriptions also this
parameter can be applied in the study of the optical
properties of the atmosphere during situations when the sun
is shining. It was found [12], that a dependence of T, in the
De/Ge exists. Value of De/Ge = 1 in Fig. 9 indicates overcast
skies. During this situation instantaneous or 5-minute
average data of measurements cover a very wide range of
T in this figure, probably due to the sun shining
occasionally. Towards the lower values of De/Ge the range
of T_ is shorter because of very high probability of
occurrence of clear homogeneous skies. Results in Fig. 9
show possibility clustering of T, after cloud ratio CR.
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Fig. 9. Relation between Linke turbidity factor T, and the Cloud ratio
CR.

Conclusions

Studies of general interrelations of daylight variables,
daylight climate parameters or daylight availability in any
locality require processing of huge databases of
measurements. To better understand the influences of
atmospheric properties, sunheight and cloudiness on the
illuminance variability, the appropriate methods for their
evaluation and presentation should be chosen. The
discussion about possibilities of study of photometric
variables shows that the type and quality of data and the
purpose of their processing play the cardinal role. Because
extraterrestrial illuminance can be calculated simply the
parameterisation to this value is helpful and in daylight
studies very effective.
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Meranie svetelnotechnickych a elektrickych parametr
linearnej ziarivky pri pouziti roznych typov predra
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Abstract. Clanok sa zaobera meranim svetelnotechnickych a elektrickych parametrov Ziarivkového osvetlenia pri poZiti réznych typov predradnikov.
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Introduction
Svetelné zdroje v interiéroch, okrem teplotnych,

potrebuji pre svoju ¢innost predradné pristroje. U

vybojovych svetelnych zdrojov (napr. linearne a kompaktné

Ziarivky) je predradnik nevyhnutnou st€astou. Pocas dihej

doby existencie vybojovych zdrojov sa najCastejSie

pouzivali indukéné predradniky, aj ked ich rozmery,
hmotnost a velkost energetickych strat pri napajani zo siete

s frekvenciou 50 Hz prinasali mnozstvo problémov. S

rozvojom elektroniky sa objavili vhodné menice frekvencie,

ktoré sa stali zakladom elektronickych predradnikov
pracujucich s vysokou frekvenciou. V ¢lanku je uvedeny
postup avysledky merani prevadzkovych parametrov

Ziarivkového  osvetlenia  pouzitim  réznych  typov

predradnikov.

Pre porovnanie jednotlivych spdsobov prevadzky linearnych

zZiariviek boli vykonané merania Standardnej MASTER TL-D

18W / 840 trojpasmovej linearnej ziarivky (dalej len 18W

trubica) v zapojeni s:

- s elektromagnetickym predradnikom bez kompenzéacie
(pouzita timivka znacky PHILIPS — BTA 118 kategorie
EEI=C) —obr. 1,

- s elektronickym predradnikom bez stmievania (pouzity
predradnik znacky ELT — BE 136-2 kategérie EEI=A3) —
obr. 2,

- s digitalnym stmievatelnym DALI predradnikom (pouzity
predradnik znacky PHILIPS — HF-R TD 118 kategorie
EEI=A1) — obr. 3.

Obr.1. Timivka PHILIPS — BTA 118 kategoérie EEI=C
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Obr.3. Predradnik PHILIPS — HF-R TD 118 kategoérie EEI=A1
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Porovnanie prevadzky linearnej ziarivky s rdznymi
zapalovacimi zariadeniami

Elektrické vlastnosti jednotlivych elektrickych obvodov
boli merané pomocou meracieho pristroja 434 FLUKE —
POWER QUALITY ANALYZER (v.¢. DM9060002). Boli
merané nasledovné parametre:

- okamzité napatie U [V],

- okamzity prikon P [W],

- okamzity zdanlivy vykon S [VA],
- okamzity jalovy vykon Q [Var],

- power factor,

- COSs @,

- charakter zataze.

Priebeh merania bol nasledovny. Kazdé zo zapojeni
trubice boli vzdy samostatne pripojené na meracie okruhy
analyzatora kvality elektrickej energie. Na pristroji bolo
nastavené meranie jednofazového uzemneného obvodu.
Na primarnej strane predradnikov boli pripevnené pradové
a napatové okruhy a kontakty meracieho pristroja. Samotny
predradnik bol potom uvedeny do prevadzky na sietovom
napati 230V 50Hz. Pri elektromagnetickom obvode
s timivkou BTA 118 bol zopnuty obvod a po ustaleni (cca 5
min.) boli odmerané spominané parametre. Rovnako sa
postupovalo aj pri elektronickom predradniku BE 136-2.
Tieto zariadenia maju len dva rezimy prevadzky — zapnuty
(100 %) / vypnuty (0 %). Naproti tomu predradnik HF-R TD
118 je digitdlny DALI plynulo regulovatefny predradnik.
V spolupraci s ovladanim cez pripojeny pocita¢ bol tento
predradnik uvedeny do prevadzky na pint 100 % intenzitu.
Postupne sa potom intenzita zniZzovala stale o 10 % nizSie
aZz po hodnotu 10 %. Nasledne sa zmensil krok zniZovania
na 2 % atymto krokom sa pri merani intenzita postupne
znizovala az do stavu 0 %. Namerané a vypocitané
vysledky su uvedené v Tab.l a porovnané s Chybal
Nenalezen zdroj odkaz (..

Tab. 1 Namerané a prepocitané hodnoty pre porovnanie prevadzky
18W trubice s réznymi predradnikmi

BE
elektronicky
predradnik

434 FLUKE (v £ DM9060002)
POWER QUALITY ANALYZER
EXTECH EasyViewTM 33
(v£060901984)
LIGHT METER

BTA118 HFR
tmivka typu stmievatefny predradnik typu "A1"

Regulacny stupeit 0% [ 100% | 0% [ 100% | 100% [ 30% [ 80% [ 70% [ 60% | 50% [ 40% [ 30% [ 20% [ 10% [ 8% | 6% [ 4% [ 2% [ 1%

E(x) | 0.0 [13150] 0.0 [1527,0[12230]1191,0] 1059.0] 9110| 7710[ 644 5] 504,0|386,7| 2633 126.0] 92.2 | 63.1 [ 35.4 | 203 [ 124

(%) | 0% | 108% | 0% | 425% | 100% | O7% | 87% | 74% [63% |53% | 41% | 32% | 22% |10% | 8% | 5% | 3% | 2% | 1%

ie | UWV) |2236] 2235|2238 2238 | 223.4 | 223.8| 2235 6|223.7| 2235 223,4 2222 | 22182220 5] 2237|2234

n | Pow [ 0.0 [284 | 00 | 169 [ 149 [ 146 | 120 [112] 97 [ 8573 [ 81 |49 [35 |32 [32 313032

P (%) | 0% [191% | 0% | 113% | 100% | 98% | 87% | 75% | 65% | 57% | 49% | 41% | 33% | 24% | 22% | 21% | 21% | 20% | 22%

n | sova [ 00 [733 [ 00 | 201 | 168 [ 166 | 150 [133] 119 [108] 97 [ 86 | 74 [ 63 | 60 [ 60 | 60 [ 60 |61

Q(var) | 0.0 | 676 | 00 | 109 | 81 | 81 | 77 | 73 | 69 |67 | 64 | 60 | 56 | 52 | 50 | 51 | 51| 52 | 52

14) [ 000 033 [0.00] 009 [ 008 | 0,07 | 007 [0060.05 005|004 |004]003]003[003]003][003]003[003

e (@Lo| t [t e c|c]c]clelelc]ec]c]ec]ec]c]c]clec]ec

PF 038 081 [ 087 | 087 | 085 |082[ 080|077 073

Géinnik cosp 039 084 | 088 [ 088 [ 085 [084]081[079]075]071]066]056]|054[052|051] 051053

Prepogitany relativny prikon je uréeny vztahom

R oo o6 w, wi
HF-R

Pa =
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kde

Pi - namerany prikon

Puer - prikon pri regulaénom stupni 100 % predradnika
PHILIPS — HF-R TD 118

Tab. 2 EEI Klasifikdcia predradnikov podla EU smernice
2000/55/EC [2]

Typ Popis Prikon riedy EF1

svetelngho | svetelného svetelného zdroja

zdroja zdroja sowe wooko- M |A2|A3|BI|B2|C|D

frekfentny

FD-15-E-G12-261450 15W | 13.5W w 16W | 18W | 21W | 23W | 25W > 25W

FD-18-£-G13-26/600 18W 16W 105W | 19W | 21W | 24W | 26W | 28W |>28W

FO0EG1326095 | 30W 24W 165W | W | 33w | J6W | 38W | 40W > 40W
FD-JE613:261200 | 36W 2w 19w 36W | 38W | AW | 43W | 45W > 4SW

FDIBEG1326M047 | 38W 32w W J8W | 40W | 43W | 45W | 4TW ]>4TW
FDEBEGI3261500 | 5BW 50W 205W | 55W | 59W | 64W | 6TW | 70W [> TOW

FO-T0EG13261800 | TOW 60W 36w B8W | T2W | TTW | 80W | 83W |>83W

U timivky BTA 118 bol namerany prikon 28,4 W, ¢o
00,4 W presahuje Udaj uvedeny v Chyba! Nenalezen
zdroj odkaz G.2. Pravdepodobne to vSak bolo sposobené
ruSenim a kolisanim napéjacej siete. V podstate mdzeme
konsStatovat, Ze tlmivka vyhovuje uvedenej kategorii C.
U elektronického predradniku BE 136-2 bola namerana
hodnota prikonu 16,9 W, ¢o je priblizne o 4 W menej ako je
uvedené v Chyba! Nenalezen zdroj odkaz u., takze
vyhovuje svojej kategorii A3 dokonca by vyhovoval aj
kategorii A2. Pri stmievatelnom predradniku HF-R TD 118
bol namerany maximalny prikon 14,9 W. V Chyba!
Nenalezen zdroj odkaz . pre kategériu Al je uvedena
hodnota 10,5 W, ¢&o zodpoveda priblizne prikonu pri
regulécii na 65 %.

Po¢as merania sa od¢itaval aj G¢innik a power factor.
Elektricky obvod s timivkou BTA 118 bez kompenzacie
vykazoval vyrazné jalové straty. Power factor sa pohyboval
okolo hodnoty 0,39. Pouzitie velkého mnozstva svietidiel
s takymito predradnikmi by viedlo k naruSeniu kvality
dodavky elektrickej energie. Preto je bezpodmienecne
nutné takéto zariadenia kompenzovat. Aj ked vyrobcovia
uvadzaju pri elektronickych predradnikoch Géinnik vyssi ako
0,9, namerané hodnoty sa od uvedenych IiSili. A sice pri
predradniku BE 136-2 bol namerany G¢innik 0,84 a power
factor 0,81. Pri predradniku HF-R TD 118 bol namerany
Gcéinnik 0,88 a power factor 0,87. Zarover vidno (Obr.5), ze
postupnym stmievanim sa hodnota (¢innika a power
factoru dalej zhorSuje. Pri regulaénom stupni 30 % meraci
pristroj prestal vykazovat hodnoty G¢innika a power factoru.
Preto bola hodnota Gcinniku prepocitana podla
nameraného prikonu a zdanlivého vykonu.

Dalej sa pomocou certifikovaného luxmetra EXTECH
EasyViewTM 33 Light Metra (v.¢. 060901984) v jednotlivych
zapojeniach merala osvetlenost (60 cm pod stredom
rozsvietenej trubice). Toto meranie prebiehalo v no€nych
hodinach, ked mohli byt vylu¢ené iné svetelné zdroje, ktoré
by skresfovali vysledok merania. Odmerala sa samostatne
osvetlenost pri prevadzke trubice stlmivkou BTA 118,
potom s elektronickym predradnikom BE 136-2 a nakoniec
s regulovatelnym predradnikom HF-R TD 118. Podobne
ako pri merani prikonu aj pri tomto merani sa postupne
znizovala intenzita zo 100 % az na koneénych 0 %.
Z nameranych hodn6ét sa potom prepocital relativny
svetelny tok @rel [%6].

Prepocitany relativny svetelny tok je uréeny vztahom

E.
Bag =———[100 [%; IX, IX]
HF-R
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kde
Ei - namerana intenzita osvetlenia

Enr.r - intenzita osvetlenia pri regulaénom stupni 100 %

predradnika PHILIPS — HF-R TD 118

Namerané a prepocitané hodnoty si uvedené v tab. 1 a na

obr. 4 a obr. 5.

osvetlenos  meranej roviny
(%)

1600,0 osvetlenost pri BE; 15271x

1400,0

osvetlenost pri BTA; 1315Ix .
osvetlenost pri HF-R pri

max vykone; 1223/

12000

1000,0
prikon BTA; 28 4W

800,0

600,0 prikon BE; 16 9W
prikon HF-R; 14.9W

400,0

prikon zapojeného obvodu
wy

200,0

0,0+

porovnanie prevadzky BTA,BE,HF-R

Obr.4. Porovnanie prikonu a osvetlenosti pri prevadzke 18W
trubice v réznych zapojeniach

Na zaklade uvedeného mézeme konstatovat, Zze napriek
najvyssej spotrebe (28,4 W) utimivky BTA 118 tato
nezabezpecCuje najvysSSiu osvetlenost (1315 Ix). Tiez je
zrejmé, Ze najlepSi pomer svetelny vykon a prikon dosiahlo
zapojenie s elektronickym predradnikom BE 136-2, kde
sice pri vySSej spotrebe (16,9 W) bola namerana najvysSia
osvetlenost porovnavanej roviny (1527 Ix). Digitalny

regulovatelny predradnik HF-R TD 118 mal sice najnizSiu
ale aj

spotrebu energie (14,9 W),
osvetlenosti (1223 Ix).

rel.svet.tok (%)
napatie (V)
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088
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HFR
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Obr.5. Zavislost svetelného toku a G€inniku od prikonu v zavislosti
na regulacii predradnika HF-R TD 118 a napéjacieho napatia.

Rovnako mézeme konstatovat, Zze pri stmievani sa na
zaCiatku charakteristika zavislosti svetelného vykonu
k prikonu javi ako ideédlna, ¢im viac sa zniZuje regulacny
stupen tym viac sa vSak uvedena charakteristika vzdaluje
od idealnej charakteristiky v neprospech efektivnosti
zariadenia. Z uvedeného vyplyva, Ze najvySSia efektivnost
sa dosiahne pri spravhom dimenzovani osvetlovacej
sustavy, kde bude prevadzka regulovana prevazne
vrozsahu 65 % az 100 %. V pripade regulacie prevadzky
v inom rozsahu bude U¢innost regulacie klesat.
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Porovnanie dennej prevadzky 18W trubice s roznymip  redradnikmi

osvetlenos t (Ix)

okamzity prikon (W)
30 22000

20000

26
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16

1800,0
J 16000
14000
12000
10000
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00

21:00

gas (h)

—— okamzity prikon BTA —— okamzity prikon BE —+— okamzity prikon HF-R

o intenzita osvetlenia BTA © intenzita osvetlenia BE intenzita osvetlenia HF-R

denné osvetlenie pri BTA denné osvetlenie pri BE denné osvetlenie pri HF-R

—— zdruZené osvetlenie BTA ~ —— zdruZzené osvetlenie BE zdruZené osvetlenie HF-R

denné osvetlenie denné osvetlenie = = denné osvetlenie pri HF-R

Obr.6.  Porovnanie dennej prevadzky 18W trubice s r6znymi
predradnikmi v zavislosti od denného osvetlenia

Na zaver sa porovnala osvetlenost pracovnej roviny (60
cm pod stredom rozsvietenej trubice) poc¢as jedného dia
samostatne pri jednotlivych zapojeniach. Pri  merani
zapojenia s timivkou BTA 118 a elektronickym
predradnikom BE 136-2 sa merala osvetlenost v priebehu
driia v priemere v hodinovych intervaloch. Bola odmerana
hodnota zdruzeného osvetlenia, nasledne na chvifu bol
svetelny zdroj vypnuty azmerala sa hodnota denného
osvetlenia vrovnakom bode. Ak by hodnota denného
osvetlenia na sledovanej rovine presiahla hodnotu 750 Ix,
zariadenie by sa vyplo, kym sa zase denna osvetlenost
neznizi pod uvedend hodnotu. Vtom c&ase by bol
simulovany stav, Ze je dostatok denného osvetlenia na
pracovnej rovine anie je potrebné umelé osvetlenie.
Podobne sa postupovalo aj pri merani zapojenia
s predradnikom HF-R TD 118. Tu sa vSak vyuzil princip
stmievania na konStantnd hodnotu osvetlenia pouzitim
multisenzoru. Pomocou softwarového vybavenia Digidim
Toolbox bola nastavena konStantnda hladina na droveri
prevadzky trubice s maximalnou intenzitou bez vplyvu iného
svetelného zdroja. Nasledne potom poc¢as druhého dia
bola kontrolovana Uroven osvetlenosti na pracovnej rovine
(spominanych 60 cm pod stredom rozsvietenej trubice).
Pomocou PC a softwarového vybavenia bola tiez sledovana
urovernt stmievania trubice v percentach. Pri zmene
svetelného a samozrejme aj energetického vykonu svietidla
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bola odmerand osvetlenost zdruZeného osvetlenia
a podobne ako v predchadzajicich dvoch pripadoch
s kratkym preruSenim prevadzky aj hodnota denného
osvetlenia. Po preruSeni prevadzky aodmerani dennej
osvetlenosti sa trubica zapla spét na posledn( Groven pred
vypnutim. Namerané vysledky sU zapisané vtab. 1 a
graficky na Obr.6. Vtomto konkréthom pripade bola
dosiahnutd Uspora cca 41 % pri pouziti elektronického
predradnika BE 136-2 aUspora az 54 % pri pouziti
predradnika HF-R TD 118 stmievanym v zavislosti od
denného svetla [1].

Zaver

V ¢lanku je na zaklade merani uvedené porovnanie
elektrickych a svetelnotechnickych parametrov
ziarivkového osvetlenia pri  poziti réznych typov
predradnikov.

Clanok bol vypracovany v ramci projektu KEGA -

Kultirna a edukaéna grantova agentira MS SR &.
3/7122/09.
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Abstract. The aim of the study is to evaluate the effect of application of mesopic luminance model compared to currently used photopic model.
Normally, a visual 'gain’ is associated to 'white’ light. The study quantifies the difference to 'yellow’ light provided by HPS lamps. Some of the
suppliers and users tend to promote higher and higher colour temperatures in street lighting. The study also evaluates the difference in mesopic
luminance of LEDs with different colour temperatures based on the mesopic model of CIE 191.
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Introduction

The report CIE 191:2010 (Recommended System for
Mesopic Photometry Based on Visual Performance) deals
with visual task performance based approaches to mesopic
photometry, with a major aim to establish appropriate
mesopic spectral sensitivity functions. One of the most
important visual tasks and the range of visual conditions
typically are encountered in the context of night-time
driving. It is obvious to apply the recommended mesopic
model to the adaptation level (requirements) of EN 13201
(Street Lighting) standard and different light sources, like
high pressure sodium (HPS) lamps and the approaching
LEDs.

Scoop

The aim of the study is to evaluate the effect of application
of mesopic luminance model compared to currently used
photopic model. Normally, a visual 'gain’ is associated to
‘'white’ light. The study quantifies the difference to 'yellow’
light provided by HPS lamps. Some of the suppliers and
users tend to promote higher and higher colour
temperatures in street lighting. The study also evaluates the
difference in mesopic luminance of LEDs with different
colour temperatures based on the mesopic model of CIE
191.

Short introduction of CIE mesopic model recommended
by CIE No 191 for street lighting

Current photometric practice is based primarily on the

photopic spectral luminous efficiency function V(A), which
characterises the spectral sensitivity of foveal cones under
photopic lighting conditions. This approach does not take
into account of the fact that in the mesoplc region (i.e.
between about 0,001 cd.m? and 10 cd.m™, both rods and
cones in the retina may be active, Ieadlng to changes in
spectral sensitivity with changing light level. This
compromises the effective use of light under these visual
conditions where both rods and cones contribute to visual
performance. Mesopic applications include road and street
lighting. The outcome of this recommendation is based on
visual performance, not brightness matching.
The recommended system for visual performance based
mesopic photometry describes spectral luminous efficiency,
Vmes(A), as a linear combination of the photopic spectral
luminous efficiency function, V(A), and the scotopic spectral
luminous efficiency function, V’(A). It establishes a gradual
transition between these two functions in the mesopic
region and it depends on (photopic) visual adaptation
conditions:

Light 2011, Prague, Czech Republic

road lighting; mesopic luminance model; CIE; LED; HPS lamp.

M(M) [V pes = MIOV(A) + (1-m) V' (A)

1)

and

683
mes (/1

mes

o Vi) L () T2
o) (2)

where:

m is a coefficient which depends on the visual
adaptation conditions;

M(m) is a normalising function such that Vimes(A) attains
a maximum value of 1;

Vmes(Ao)  is the value of Vimes(A) at 555 nm;
Limes is the mesopic luminance;
Le(A) is the s?ectral radiance in W.m2sr.nm™

If Lmes 25,0 cd.m™, then m=1,;

If Lmes < 0,005 cd.m ,thenm =0;

The coefficient m and the mesopic luminance, Lmes Can be
calculated using an iterative approach as follows:

mp=0,5;
m,, [y, + A-m,,) [L V'(4) .
" M+ (1_ mw—l) m/'(/]o)
m, =a+bog,y(L .,)for0O<m <1 e

where

L, is the photopic luminance of the visual adaptation field,

Ls is the scotopic luminance of the visual adaptation field,
V'(Ap) = 683/1699 is the value of the scotopic spectral
luminous efficiency function at Ap=555nm,

a=0,767

b =0,3334

n is the iteration step

The CIE No 191 tested and validated its model against
other earlier models.

Table 1 shows the difference in % between mesopic and
photopic luminance as a function of Scotopic/photopic
lumen output (S/P) ratio. Positive values indicate higher
mesopic luminance values compared to traditional photopic
ones. It is important to declare that S/P values (here in this
table and later-on) one of the input parameters for
calculating mesopic luminance. The range of adaptation
levels of road lighting is boxed. S/P ratio cannot be used by
any means, as a direct descriptor of visual effectiveness of
a light source in mesopic adaptation levels.
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Tablel. Differences in % between mesopic and photopic
luminance as a function of Scotopic/photopic lumen output (S/P)
ratio [1]

| Lighting Class _ [ME6[ME5[ME3[ME2[MEL] |

Photopic luminance in cd-m”

IS/P 0,01‘0,o3|0,1|0,3‘0,5‘ 1 |1,5| 2 | 3 | 5

Difference in %

LPS|0,25|-75|-52 |-29|-18 (-14| 9 | 6 | 5| -2 | O

045|-55|-34(-21|-13|-10( 5| 4| -3|-2|0

HPS|065(-31|-20|-13| 8 | 6 | 4| -3 |-2]-1] 0

0o8|-12| 8| -5|-3|-3|-2|-1|-1(¢0 0

1,05 4 3 2 1 1 1 0 0 0 0

1,25 18 | 13 | 8 5 4 3 2 1 1 0

HPS lamps were used almost exclusively. Applications
engineers may be interested, how they can compare their
results of different light sources according to MES2 model
of CIE by using their currently available design softwares.
The results are summarised in the Table4. How to read
values? If 0,3 cd.m™ (photopic) luminance is required by EN
13201 and let us suppose that a design made with HPS
lamp which satisfied visual needs. However, according to
the CIE mesopic model, it provides -8% less mesopic
luminance (see Table2). This lower mesopic luminance has
to be provided by the new light source, called LED “A”. If
LED “A” gives this mesopic luminance, this is 9% higher
than its photopic luminance is. So if lighting design software

based on photopic luminance is used, 0,92:0,91 photopic
luminance is enough to provide same visual performance
as HPS did at mesopic adaptation. So a -calculated
(photopic) luminance is 0,25 cd.m™ will be ‘enough’, if LED
“A" used.
Please note that results are function of:
e The adaptation level in photopic luminance. Here,
the required luminance levels according EN 13201
were used
« The S/P ratio of the reference source. Here, the
reference source is HPS and spectral distribution
is described by S/P= 0,65
e The “test” light sources are white LEDs “A”; “B”;
“C”, which are described by their S/P ratios 1,45;
1,75; 2,05.

Table3. Calculated photopic lumen of the LED types “A”, “B” and
“C”, when their mesopic luminance is equivalent to the mesopic
luminance of the reference (HPS) light source

MH 1 45|32 22|15 9 | 7|5 | a|3]|1]o0
warm
165/ 45 |32 21|13 |10 7|5 | a| 2] 0
18557 |40 |27 |17 |13l 9|6 | 5|3 |0
LED 1505 69 |49 (32|21 |16 |12 | 8| 6| 3| 0
cool
22580 |57 38|24 19|12 9| 7|a]o0
245| 91 | 65| 43|28 | 2214|108 | 4|0
MH
iy |265(101| 73 | 49 [ 31 | 24|16 | 12| 9 | 5 | 0

Applications of CIE model for high-pressure sodium
lamp and LEDs with different colour temperature

Table 2 shows relative differences between photopic and
scotopic luminance for different commercially available light
sources. We can interpret these figures as an indicator of
change of visual performance at the given adaptation level
according to either photopic or scotopic model used. As an
example, if the adaptation level is 0,30 (photopic) cd.m-2,
the real visual performance of HPS lamp is 8% less, LED
“B” is 15% more.

Table2. Relative Differences between photopic and scotopic
luminance for different light sources

Lighting Class according to EN 13201 |ME6 [ME5 |ME3 [ME2 ME1

L, (Required level by the standard in

photopic luminance ), cd/m? O e B e

Loa (Photopic luminance of LED “A”, i
the mesopic visual performance is th
same as for HPS evaluated by MES R s S
model of CIE), cd/m?

L,s (Photopic luminance of LED “B”, iil
the mesopic visual performance is the
same as for HPS by MES2 model of]
CIE), cd/m?

0,24 0,42 10,89 |1,37 |1,87

L,c (Photopic luminance of LED “C”, if
the mesopic visual performance is the
same as for HPS evaluated by MES2)

o

,23 0,41 (0,88 (1,37 (1,86

model of CIE), cd/m?

Lighting Class according to EN

13201 MEG6 | ME5 | ME3 | ME2 | ME1

L, (Required level in photopic

luminance ), cd/m? 0,30|0,50(1,001,50|2,00

(Lmn-Lp)/Lp (Relative difference
between photopic and scotopic -8% | -6% | -4% | -3% | -2%
luminance for HPS lamp)

(Lma-Lp)/Lp (Relative difference
between photopic and scotopic 9% | 7% | 5% | 4% | 3%
luminance for LED “A”)

(Lme-Lp)/Lp (Relative difference
between photopic and scotopic
luminance for LED “B”)

15% | 12% | 8% | 6% | 5%

(Lmc-Lp)/L, (Relative difference

between photopic and scotopic 18% | 14% | 9% | 6% | 5%

luminance for LED “C")

Our currently available lighting design softwares calculate
photopic lumen, according to the valid street lighting
standard. Till recent times, results were comparable, as
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Evaluation

¢ According to MES2 model of CIE, there is a gain in
visual performance at mesopic level compared to
HPS lamps, if light source is rich in blue, like white
LEDs.

e This gain compared to HPS is about 20% for an
adaptation level corresponding lighting class ME6
of EN 13201 and around 5% for adaptation level
corresponding to lighting class ME1.

¢ The gain is hardly depends on the type of LEDs, if
S/P ratios are in realistic range.

Outlook
e It has to be underlined that mesopic model
recommended by CIE No 191 has not been
standardised yet, although preparation has been
started by CIE.
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The model has not been validated for foveal vision,
which is a small region of the retina corresponding
to what an observer is looking straight at. This
region is populated almost entirely with cones,
while the peripheral region has increasing
numbers of rods. Further research is needed to
evaluate how much the peripherical and foveal
vision effect night-time driving related visual tasks.
As night-time visual needs of pedestrian areas are
different from driving tasks, further research is
necessary for establishing model(s) for pedestrian
areas.

Light 2011, Prague, Czech Republic
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Measurement and optimization of LED driver features for automotive

applications

Abstract. This article deals with problem of control circuits for power LED supply. These circuits are used for car headlights. In article there are
described methods, how to construct this driver, and then there is a measurement of different types of power LED and their features for automotive
industry. Simultaneously the composite author aims for comparison of efficiency of driver circuits and describes their functions. In this article there is
propounded and realized driver circuit for power LED supply. This driver circuit is equipped with a special integrated circuit, which is intended direct

for this function.

Keywords: LED, light, power LED, beam, power, VISTEON, driver.

Introduction

Research and development in illuminating engineering
for automotive industry has done an expressive progress in
using semiconductor devices like LED for headlamps. It
caused many problems, which had to be solved. One of
problems was finding a suitable source of radiation based
on LED, whose features are utmost similar to conventional
sources like light bulbs. LEDs consume only one third of
energy in comparison with conventional light sources for the
same light illumination [8, 9, 17, 18]. The energy saving
plays an important role in their setting.
Power LED advantages:
 low energy consumption,
« color changes without color filters,
« long lifetime,
« tolerance to on/off switching,
 quick on switching.
Power LED disadvantages:
« higher purchase cost,
« power LED light can slant colors,
« power LEDs need cooling.

Power LED applications

Nowadays the power LEDs are usually used in luxury
cars, which use them for tail lamps, nevertheless some
automotive companies applied them in headlamps as well,
fig. 1, 2. LED implementation in Japanese and European
cars is reaching the 40% of world's sources, when the
massive setting started around year 2011. Electronic
equipment of headlamps enables various functions like
higher or lower beam, daylong lightening and adaptive
lightening. LED diodes are easily electronically switchable
than conventional lights, so that only light sources have to
be switched-on and regulated for its function [12, 15, 16,
17].

Modern headlamps with LEDs for optimal visibility in
night distribute the light so, that it adapts to road topology
and traffic situation (angle increasing and decreasing of
light beam. In this year the European Commission (EC)
legitimized obligatory DRL (Daytime Running Lights) in all
cars in all EU countries. This type of headlamps should
promptly emit the light when motor is started. Due to quick
LED development it is possible to suppose, that
conventional light bulbs become totally extinct in new cars
during 10 vyears. The advantage of LED against
conventional lights is obvious. The LEDs need only 3ms for
maximum power achieving, conventional lights need
200ms. This is great advantage for brake lights; the braking
distance is shorter about 5m at speed of 40km/h [13, 16,
17].
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i
Fig. 1: Brake lights based
on LED [8]

Fig. 2: DRL lights
application [8]

The base of second generation head lamps is light
module with LEDs. There are used very powerful diodes
Luxeon with collimators for exact light aiming. In contrast to
most of conventional light sources the LEDs with integrated
lenses systems emit the light under lower angle (10* 1509.
It enables better using its light flux for object illumination.
For different applications there is used unique optics with
different divergences of light beam, from uniform lightning of
architectural objects to special lightning of vertical areas.
However, lower efficiency and power output prevent
massive expansion into lightning area. Newly come
technologies of chip production, new constructions and
precise light beam shaping enable expressive improvement
of specific light power. New, very powerful LED modules
are based on perfect symmetry of solid-state physics and
optics. LEDs are current driven components. Because the
signal sources are usually voltage, it is necessary to convert
voltage signal to current. The convert is done by drivers.
The electronic in head lamps complicates the construction
and reduces power efficiency of head lamp. It is impossible
to make lossless electronic, the design and construction
determine losses. Losses can be high if this important thing
is not accepted. The efficiency of electronic is in range 30%
- 60% in the cheapest, hence the worst constructed head
lamps. The losses in quality products are minimal, efficiency
is above 60%, and the best products have efficiency above
80%. Switch-mode power supplies are the best for power
supply of modern electronic with higher power consumption,
because they have higher efficiency and therefore produce
less heat. They are used as AC/DC convertors, voltage
stabilizers and generators of accurate output voltage in
DC/DC convertors. The producers try to maximal integration
of all elements in one circuit in one chip. There are several
reasons, why switch-mode power supplies are used in
electronic design.

The most important are:

« weight and size saving,

« higher power efficiency,

« easier cooling.

Our goal is to describe and analyze parameters of power
LEDs and measure characteristics important for car
applications. Measure and compare driver circuit’'s
efficiency and design our driver circuit. [8, 9, 11].
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Driver design with 555 circuit

Due to license between our university and Visteon -
Autopal, Ltd. Company it is not possible to show the photos
of drivers, because same drivers have been placed in head
lamps during measurement. For comparison the driver
included circuit MAX16831 it was design circuit diagram
included circuit 555. This circuit is much known and uses
combination of analogue and digital circuit on one chip.
Timer clock 555 came many times right and is used in many
circuits and devices. This driver enables achieve only
higher voltage on output, than is input voltage. Its wiring
matches raising converter. Internal scheme designed LED
driver with circuit 555 made in Eagle application is in fig. 3
[6, 18].

Function of designed circuit

Capacitor C; is charged by input voltage through
resistors Rz and R,. As soon as it is charged to 2/3 of input
voltage, inner comparator K; of circuit 555 react, snap over,
reset inner RS flip flop circuit and it in the train of operates
inner transistor with open collector, which is brought out to
resistor Rz parallel with couple R4 and D1, which is now in
conducting direction, through these two sub-circuits the
capacitor C, will discharge. The discharge will last until a
moment, when the voltage at capacitor and on gate nr. 2 of
timer clock 555 decrease under a third of supply voltage. In
this moment comparator K of circuit 555 reacts, sets inner
RS flip flop circuit, which in output switch on transistor Ty
and switch off transistor Ts. These transistors make
sufficient current impulse for charge, discharge input
capacity of power transistor Tz and inductor L; starts
charge, discharge. After switching off of transistor T3 the
inductor does not charge. Obtained energy in inductor is
transmit in current form through a diode D, and it charges
output capacitor Cg, which then supplies a current in load.
Voltage on capacitor C6 is watched by shunt resistor, which
consist if resistors Rz and Ri4. If the voltage on the shunt
resistor reaches over 0.5V, then the voltage on output
reaches over [2, 4, 13, 18]:

+R
Uour =05V 13R 14 _
. 47000Q + 51(;49 [
05V ————=46,6V
510Q

the comparator Kia shaps over and resets circuit 555. At the
same time capacitor C, will be quick charge through switch
transistor T4, which ensures changeover of circuit 555 in
zero, whereby switches off the power transistor Ts. In this
time the timer clock is switched off and this state continue
till a time, until output voltage of capacitor Cs decreases
under 46.6V plus influence of hysteresis loop given by
resistors Rz, Ry and capacitor C4. Experimentally it was
found that the output voltage on capacitor C¢ had an
undulation around 1V due to hysteresis loop. The
undulation is necessary correct function of circuit, without
this the whole circuit will be oscillated at frequencies over
1MHz, which will cause considerable switch losses on
power transistor Ts, which will be immediately damage. The
other signal, which can switch off the timer clock 555
through comparator Kija, is signal from input PWM
conducted by diode Ds. Output power transistor Ts is
switched direct from input PWM, whose signal is first adapt
to voltage level (min. input supply voltage) needed for full
switch unipolar transistor. This adaption is solved by two
transistors Te and T7. Comparator Kig controls current size
through inductor L; and if the value is gets over:
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+R
0.25v 7" Fe 0,25y 1002 +1800
Re _ 180Q
R, 0,220
4

@ lour = =7,07A

Where: R is resistance, through which the inductor L, is
charged, it is compound of four resistors 0,22 Q. So by
above mentioned method it is reset the circuit 555, which
switch off power transistor Ts. The other signal, which can
switch off the timer clock 555 through comparator Kig, is
signal from emitter resistor Ris through diode Ds. If the load
current reaches over the value:

_025V+Up _ 0,25V +0,25V
(3 lout = =

Ris 0,47Q

=1,06A

Where: Uy is voltage of Shottky diode Ds in conducting
state. So by above mentioned method it is reset the circuit
555, which switches off the power transistor Ts. Voltage
references 0.25V and 0.5V are obtained from common
rectifier diode D3 and resistors Ri2, Rio, Ri1. It is obviously
that this method, how to obtain flip flop levels, is not ideal
and exact, nevertheless in this circuit it realizes its function.
The circuit function was verified by wiring in solder less field
and obtains very good results. The supply voltage was in
range 10V - 15V. Output voltage, which is able to achieve in
this circuit, is 46V. Maximum output current is 1A. The
circuit is driven by PWM signal with frequency 100Hz and
amplitude in range 1.8V - 12V [6].
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Fig. 3. Scheme of designed LED driver with Circuit 555

Driver design and realization with circuit MAX16831

To driver realize is used integrated circuit MAX16831 by
MAXIM company. In this part there is described function of
this circuit and circuit design. The circuit scheme of
designed and realized LED driver MAX16831 in software
EAGLE is in fig. 4.

Description of circuit MAX16831

MAX16831 is ideal for light applications, which need a
wide memory. Circuit MAX16831 is designed for high power
light systems, which need LEDs with great current
consumption and microcontroller programmability to their
economic operation. These parameters make it suitable for
car applications. It is accurately customized to head lamp
demands. MAX16831 is a current switch designed for
driving two external transistors MOSFET with N type
channel. It is used for power LEDs driving (HBLED - High
Brightness LED). MAX 16831 includes all blocks necessary
to realize a control circuit for light applications. The circuit is
driven by PWM, which oversimplifies realization of
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regulation circuit. For overrun working frequency around
50% the circuit is equipped current loop compensation.
Integrated memory EEPROM enables serial programming
from superior system. MAX16831 works in wide range of
input voltage and it is able to resistant to input voltage
variance. For fall input voltage more than 20% the circuit is
equipped UVEN. This input controls input voltage. The
circuit has heat protection. If the power loss reaches the
maximum value, the circuit interrupts operating mode and
switch off. It starts again, when the temperature falls under
set level. Synchronization can be done by inner or outer
clock. MAX16831 includes control segment, which with
external transistor MOSFET connected in series with LED,
it enables control a brightness of source. HBLED controlled
by MAX16831 are very efficient in car applications.
MAX16831 includes current source too, which is used to
control of switching MOSFET in power applications. For
control by PWM signal it can be used a wide range of
frequencies up to 2 kHz. MAX16831 circuit includes 32 pins
in thin QFN case. It is useable for temperatures in range
from -40C to 125C. Programming features enable fin e set
switch frequency, which reduces noise and electromagnetic
interferences in electronic system (EMI). Circuit MAX16831
is more universal than rival circuits, because it includes
many user interfaces [3, 4, 7, 18].

MAX16831 circuit concept

Resistances R4 and Rs and capacitor Cs and C; are
connected because of compensation and stabilization of
master circuit PWM and are recommended by
manufacturer. By resistance R; and R, we can set minimal
input voltage of circuit. Capacitor C, have to be set, to
reduce oscillation of input voltage under 100mw and secure
correct function during transition from lower into higher
level. Resistance R; is able to set required frequency of
switching fsw in interval fuiy = 125 kHz up to fuax = 600 kHz.

(4) R, = X fs10°) o]
faw

In this case is picked frequency of switching 300 kHz.
Parallel combination of resistance R; and Rg serve to set
output flow, those resistances are connected between
inputs of SNS+ and SNS-. If on those resistances will create
fall bigger than 200mV, inside comparator overturn and
send a signal into master block. Master block controls
switching of outside transistor MOSFET, which is holding
output flow in value 1 A. Value of resistance in this parallel
combination is calculated by this affinity:

_ Ugxs
%) Ryg = —(lz e ) [Q]

Voltage USNS is voltage between inputs SNS+ and
SNS-, IMAX is highest flow of coil Ly in minimal input
voltage. Between inputs CS+ and CS- is connected resistor
Re, which is monitoring flow coming thought loading test.
Inside amplifier CSA measures differential voltage on this
resistance and controls output flow into value given by this
affinity:

0,107
(6) l'lep = ? [A]

Pick of this resistance is very important; we can use him
to change output parameters. If we would increase value of
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resistance Rs, output flow would decrease and increase
output voltage. Between inputs OV and HI is connected
shunt created from resistance Rg and Rio. On this shunt is
measured output voltage in capacitor Cg, which is charging
coils L, over LED D; after turning off of transistor Ti. If
these voltages reach its maximum, controlled output
transistor T1 will switch again and output voltage is staying
the same. Transistor T, is controlled by master circuit
directly by PWM and controls output flow into loading test.
Driver is designed for function in headlights and from that
are designed its parameters. Driver has small size, only
40x40mm, because there is not much place in headlights
area. Integrated circuit MAX16831 is placed in thin QFN
box (size 5x5mm). Because of this size was recessing very
difficult. Pins are placed on down side of circuit and it's very
difficult to recess them correctly. MAXIM company is
developing new inside structures of particular circuits.
Nowadays it is at disposal successor of used integrated
circuit and it is MAX16834. This circuit use new topology
SEPIC. Working frequency of circuit is increased up to 1
MHz and supply voltage can be changed in range of 4,75 —
28 V. Modernized was done even on the box, where was
decreased number of pins on 20 and reduced size on
4xdmm. Because of those parameters will circuit
MAX16834 be used for next applications in headlights [7,
18].
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Fig 4. Inside scheme of this circuit designed and realised
LED driver with MAX16831 circuit

Measuring success level of LED drivers

In this part are shown and compared results of
measurement on two types of LED driver, which are
graphically compiled in detail. For measurement were 2
types of drivers at disposal designed for supplying power
LED. At first was measured driver from MAXIM Company
with integrated circuit MAX16831. Secondly was measured
driver from VISTEON Company. Both circuits are switches
of type buck-boost, which mean, that on output are able to
supply voltage lower or higher than is voltage on input.

Measurement

Measurement is done, for application in car industry,
especially for use in light function of headlights. In this
measurement is very important to measure heat
characteristics because of efficiency degradation depending
on higher temperatures. Scheme for connection of
measurement is shown in fig. 5.

In the first part of measurement it is measured the
influence of supply voltage change on driver efficiency. This
measurement is done due to supply voltage variance in
cars. PWM is set to maximum value 100% and in the output
it is set maximum output current 1A. Input voltage is
changed in range 9 — 16V, in which the circuit functionality
is guaranteed. Input current and output voltage is
measured, from these values is calculated the efficiency.
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In the next part of measurement the driver efficiency is
found out, where the supply voltage is 12V, constant in all
the time of measurement, and output current is changed by
PWM. The load current gradually increases by PWM and
load voltage is measured.

LED +

LED
DRIVER

PWM

Fig. 5. Wiring diagram for efficiency measurement of LED
driver

Driver efficiency from MAXIM Corporation

This driver is constructed as increasing and decreasing
converter. Supply voltage is set in range 9 — 40V and input
current is as much as 4A. In output the converter is able to
supply a current 1A and voltage 28V. The circuit can be
analog controlled, which is possible due to variable resistor
integrated in PCB, or can be digital controlled by PWM,
which enables linearly change the output current. For
change of control type in PCB is placed a jumper, which
enables analog control by installation. After junction remove
is possible to connect PWM signal to driver. PWM signal
has to be in range 3.2 — 15V and frequency 80Hz — 2kHz.
The driver is equipped by input for outer time control. The
driver with inductivity L1 reaches the peak current as much
as 8.3A limited by parallel combination of resistors R6 and
Rz, which is set by equation:

160mv
(7 I PEAK — Rﬁ—g]R? [A]

R + Ry

Input CLKOUT is determined for frequency monitoring of
oscillator, input DIM serves to connection of PWM
modulation. Driver is equipped by under voltage protection,
which reacts, if the supply voltage decreases under 8.3V.
Maximal voltage on LED is limited to 70.8V set by feedback
resistors Ry and Rjo. If the voltage increases above 70.8V,
PWM switches off and any other power does not pass
through a load. It is unsuitable connect to driver some
supply voltage without load. In state no load voltage can
achieve limit level and a device can be damaged. The
efficiency is set by relation:

®) n= % [100 [%]
1-1

U, — input voltage, |1 — input current, U, - output voltage, I, —
output current

Driver efficiency in dependence on supply voltage
change

Efficiency measurement of driver MAX16831 did not
decrease fever than 86% by supply voltage change, this
features is given by really good solved inner structure of
circuit. Inner regulators can compensate variance of input
voltage and hold output parameters to required values.
Efficiency characteristic of driver MAX16831 in dependence
on supply voltage change is in fig. 6.
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Driver efficiency in supply wltage dependence
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Fig. 6. Efficiency characteristic of driver MAX16831 in
dependence on supply voltage change

Driver efficiency in dependence on output current
change

By efficiency measurement of driver MAX16831 in
dependence on output current controlled by PWM the
average efficiency was 87.5%. These features are reached
by excellent features of switching elements, which have
minimum losses. Driver temperature did not overpass 40C
during 3 hours measurement, the test was done for load
with maximum power 20W. The efficiency characteristic of
driver MAX16831 in dependence on output current is in
figure 7.
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Fig. 7. The efficiency characteristic of driver MAX16831 in
dependence on output current

Driver efficiency from VISTEON Corporation

Driver from VISTEON Corporation is constructed as
increasing and decreasing converter too. Supply voltage is
set in range 8 — 16V and needed input current is as much
as 2A. In the output the converter is able to supply a current
700mA and voltage as much as 21V. The circuit is digital
controlled by PWM, which enables linearly change the
output current. PWM signal has to be in range 4 — 16V and
frequency 100Hz — 2kHz.

Driver efficiency in dependence on supply voltage
change

Measured efficiency of driver VISTEON by supply
voltage change had worst characteristic, than driver
MAX16831. The efficiency did not decrease fewer than
70%, which is about 20% worst result in comparison to
driver MAX16831. Efficiency characteristic of driver
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VISTEON in dependence on supply voltage change is in fig.
8.

Driver efficiency in supply woltage dependence

v [%]

Fig. 8. Efficiency characteristic of driver VISTEON in
dependence on supply voltage change

Driver efficiency in dependence on output current
change

By efficiency measurement of driver VISTEON in
dependence on output current controlled by PWM the
average efficiency was 70.6%. These worst features are
given by used components, which produce greater losses
and itself inductivity embodied considerable losses. This
circuit is a product of older development, when the
components had worst parameters than today. Driver
temperature reached 60C during 3 hours measurement.
The test was done for load with maximum power 15W. The
efficiency characteristic of driver VISTEON in dependence
on output current is in figure 9.

Driver efficiency in output current dependence

v [%]

Fig. 9. The efficiency characteristic of driver VISTEON in
dependence on output current

The efficiency measurement of both drivers was
measured on load, which was connected with one and more
power LEDs. The load consisted of 3 parallel connected
LEDs, type LXHL-MW1C. Each LED was connected with
series power resistor, 47Q, and with maximum loss power
10W.It was able to reach maximal power 20W on load.

Spectral characteristic measurement and optical power
measurement of power LEDs

As was mentioned in previous paragraphs, power LED
diodes were measured in two different driver types for head
lamps. In next paragraphs there are described parameters
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of power LEDs, i. e. spectral characteristics and optical
power of power LEDs. In tables 1 — 4 there are main
parameters of power LEDs, which are necessary for next
measurements [6, 7, 18].

Spectral characteristic measurement of power LEDs

The task was to measure a spectral behavior of power
LEDs in dependence on optical intensity. Spectral
characteristic measurement of power LEDs was done in
special dark room, where was not any ambient light. The
ambient light is called parasitic light and brings error in
measurement and noise. Visible light is electromagnetic
wave in range 380 — 780nm. Substitution and intensity of
separate wavelengths in spectrum determines general
reception and color intensity. The spectral characteristic of
white power LEDs can provide a luminous flux @ [Im],
when use a relationship:

720nm

[p(AN(A)dA,

380nm

9) ¢ = 683|—m

where: V(A) is sensitivity of human eye.

The luminous flux is the optical performance of source
of radiation in the spectral region of the human eye. The
illuminance [IxX] means, that the luminous flux of 1 Im
impinges in an area 1m?, which induces a lightning of 1 Ix.
The required features have to be known before
measurement: working current, working voltage, operating
temperature, reverse voltage for each tested power LED
and then the spectral characteristic of LED is measured in
dependence on excitation current. The current is set from 0O
to 100% with 10% step and after each step the measured
data are saved [8, 9, 10].

Table 1. The main parameters for measurement: white LED
LXHL-MW1C

Parameter Symbol Value [units]
Working current I 350 mA
Forward voltage Ue 3,42V
Wavelength A 450 nm

Table 2. The main parameters for measurement: white LED
Cree Xlamp 7090 XR-E

Parameter Symbol Value [units]
Working current I 700 mA
Forward voltage Ue 3,75V
Wavelength A 450 nm

Table 3. The main parameters for measurement: orange
LED Luxeon K2

Parameter Symbol Value [units]
Working current I 700 mA
Forward voltage Ue 34V
Wavelength A 590 nm
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Table 4. The main parameters for measurement: orange Spectral characteristic LED CREEXLAMP 7090 XR-E by 10, 50, 100% of optical intensity

LED Luxeon K2 100 ; ; ; ; ; :
100%
Parameter Symbol Value [units] % R e N

Working current I 350 mA %

70
Forward voltage Ue 295V

60
Wavelength A 627 nm

50
These types of power LEDs were used for head lamps in
cars. Other LED diode was tested for winking light and the
last diode was chosen with regard to use in tail lamps.
Nowadays, the power LED producers aim for development 20
of light sources for automotive with regard to perception of

40

Optical intensity [%)]
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. . . 10
human eye and communication between moving cars. In 1
the future, the power LEDs should do both function all a % a0 w0 =m0 w0 o T e
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Fig. 13. Measured power LED and its spectral

Spectral characteristic 3XLED LXHL-MW1C White by 10, 50, 100% of optical intensity characteristic: Luxeon K2 Orange

OF - —-L---L--
Spectral characteristic LED LUXEON K2 Red by 10, 50, 100% of optical intensity
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Fig. 14. Measured power LED and its spectral
characteristic: Luxeon K2, red
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Spectral characteristic 4xLED LUXEON K2 Red by 10, 50, 100% of optical intensity
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Fig. 15. Measured power LED and its spectral

characteristic: LED driver with circuit MAX16831 and 4x
Luxeon K2, red

Evaluation of spectral characteristic measurement of
power LEDs

The measurements confirmed an identical shape of
spectral characteristics with datasheets. In this article there
are shown spectral characteristics by 10, 50 and 100% of
optical intensity, which are proportional to excitation current.
The characteristics are measured both for itself power LED
and with driver MAX16831 (only for two LED types, fig. 10,
15). The shape of spectral characteristics did not vary in
case of module too much, but it was necessary to reduce
the integration time of spectrometer due to higher
brightness.

Measurement of power LEDs optical power

An important characteristic of the power LEDs is its
dependence of optical power on electric current, called
Watt-Ampere characteristics or the L/I characteristic. If the
electric current is gradually increasing in the forward
direction, firstly the diode shows emission, which is
characterized by low intensity in units to tens of uW. After
reaching the threshold current Ip, sudden increase of
emitted light intensity occurs. The intensity starts to
increase proportionally, because it is a linear function of
excitation current.

Measurement procedure and layout scheme

The optical desk, where optical transmitter (LED) and
detector (power meter) were placed, was used for
measurement. Detailed layout scheme is shown at fig. 16.

LED Sensor - S120

Fig. 16. Layout scheme for optical power measurement of
power LED

Optical desk Optical power meter - FM100

It is necessary to set optical emitter and detector to face
each other before measurement. To reach this condition is
recommended to put emitter and receiver as close together
as possible and set required height. Power meter must be
set at required wavelength of measured light source. The
current source was set on the value under threshold,
typically 10 mA. The optical power emitted from LED was
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measured on power meter. Increasing the current in

determined steps and recording optical power values for

every step results in showed graphs. The highest set

current can’'t cross maximal allowed LED current value,

because LED can be destroyed or its luminance can be

permanently lowered. For measurement this equipment was

used [5]:

¢ optical mounts,

e protecting glasses —-THORLABS,

e optical power meter PM130 Series Slim Profile Optical
Power Meter System,

« digital millimeter 2x,

* stabilized source TESLA BK 125,

« driver allowing current values setting for power LEDs,

* measured power LEDs.

Measurements results of power LEDs optical power

The previous types of power LEDs were measured
according to parameters written in tables 1, 2, 3, 4 again.
The measurement results of white power LED LXHL-
MW1C, can be seen in fig. 17.

Optical power in DC forward current dependence - LXHL-MW1C

20

18
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14

12

10

Ie [mA]

Fig. 17. Dependence of optical power on excitation current
for white diode LXHL-MW1C

Measurement results for white power LED Cree Xlamp
7090 XR-E, are depicted in fig. 18.

Optical power in DC forward current dependence - Cree Xlamp 7090 XR-E
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Fig. 18. Dependence of optical power on excitation current

for white diode Cree Xlamp 7090 XR-E

Measurement results for orange power LED Luxeon K2,
can be seen in fig. 19.
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Optical power in DC forward current dependence - Luxeon K2 (orange)

[ [mA]

Fig. 19. Dependence of optical power on excitation current
for orange diode Luxeon K2

Measurement results for red power LED Luxeon K2, are
shown in fig. 20.

Optical power in DC forward current dependence - Luxeon K2 (red)
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| | | | | |
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Fig. 20. Dependence of optical power on excitation current
for red diode Luxeon K2

Evaluation of measured results of optical
dependence on excitation current

Two types of power LEDs were measured for car
headlights (LXHL-MW1C, white, Cree Xlamp 7090 XR-E,
white), winking lights (Luxeon K2, orange) and taillights
(Luxeon K2, red). The optical power measurement results
shown that best properties have power LED Cree Xlamp
7090 XR-E, which reached optical power up to 153 mW.
Measuring sensor was placed 1 centimeter from radiation
source and because of this measured powers can't be
considered as total. The optical power between different
LED types can be compared from measured characteristics
and those findings can be used for the given applications.

power

Conclusion

This article was concerned with concept and realization
of master circuit for power LED. This master circuit is
designed for use in headlights of car. For this analysis,
which was measured on two types of drivers, was used
special measuring method. At first was scaled influence of
power voltage supply fluctuation on driver efficiency.
Second part of measurement was focused on changes of
output current and its influence on efficiency. Measurement
shown differences between both power LEDs drivers
implemented into cars. In the next part were measured
optical characteristics of power LEDs, which were used in
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drivers. Two control circuits were brought into the functional
state. Driver created with integrated circuit 555 was tried
also on non-soldering contact field. This driver had reached
very good parameters. Even in value of output voltage was
better than final driver. Only disadvantage of this driver was
attribute that did not allow output to reach lower voltage,
than input voltage. Main part of realized driver is circuit
MAX 16831 from MAXIM Company. This integrated circuit
contains very complicated inside structure, because of
which is able to meet all required parameters, needed for
supplying of power LEDs. Output current is controlled by
pulse-width modulation that allows controlling of voltage
level on exact value. Measurement showed that efficiency
of this driver reached up to 90%. Restriction for concept
was that it was necessary to design a driver as small as
possible, because in the headlights is not enough free
space for its placement.
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Environmental zones in the

Petr Zavada, Tomas Novak, Karel Sokansky
VSB-TU Ostrava

CR and their classification by
luminance analysis

Abstract. Object of this paper is classification different region by size of average luminance in their upper hemisphere to the environmental zones
mentioned in standards CSN EN 12464- 2. Further aim is classification of choice region to these environmental zones according to number of the
population and according to kind of house-building. There're mentioned accessible maximum of disturbing lights inside of illuminating systems in
norm CSN EN 12464 - 2. Values of obtrusive light (light pollution) are divided to the four zones and for the time pre-curfew and for the time post-
curfew. The table show values of illuminance on objects, luminaire intensity used luminaries and share of luminous flux of luminary radiated above
horizon in his working position - URL. Last two column of table include maximum values of luminance on facade of buildings and luminance on road

signs.

Keywords: environmental zones, obtrusive light, luminance analysis.

Introduction

With regard to size of obtrusive light depending on size
of agglomeration and atmospheric conditions we can class
obtrusive light to the several groups according to Standards
CSN EN 12464- 2:

- E1 represents intrinsically dark areas, such
as national parks or protected sites;

e E2 represents low district brightness areas,
such as industrial or residential rural areas;

« E3 represents medium district brightness
areas, such as industrial or residential suburbs;

« E4 represents high district brightness areas,
such as town centres and commercial areas. [1]

In larger researched regions there can offer various
zone side by side. If this is the case, didn't have would
gradate environmental zone more than one step. Also
border among zones are not leap, but gradual.

Table 1. Maximum obtrusive light permitted for exterior lighting
installations. [1]
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[ = = = ] [%2]
‘= 3 S = — c
3 ? = ? =2 2
? b7 o 3 < n
o o = o k=]
a a o a 35
m
= 2 0 2500 0 0 0 50
E2 5 1 7500 [ 500 [ 5 5 400
E3 | 10 [ 2 | 10000 [1000] 15 10 800
E4 | 25 | 5 ] 25000 [2500] 25 25 1000

¥ In case no curfew regulations are available, the higher values
shall not be exceeded and
the lower values should be taken as preferable limits.

Values of luminances on facade of buildings are moving
from 5 cd/m? (countryside , where is only public lighting)
until 25 cd/m? (urban centres and shopping areas, where is
more public lighting and advertising and next source of
light).

Light 2011, Prague, Czech Republic

Measuring and evaluation

For example was made measuring in city centre of
Ostrava on town tower. In first part was measured zenith
luminance above city centre and in second part was
measured choice housing and their facade. Measured area
includes living area, main way and urban centre with many
commercial advertisements. From these characteristic we
can city centre class to environmental zone EA4.
Measurements were performed at varying atmospheric
conditions.

Fig. 1. Luminance sky above town Ostrava — metering station was
on town tower, average luminace in zenith (region 45° above
horizon) is 0,052 cd/m?.

On next pictures (Fig. 2. , Fig. 3. and Fig. 4.) is an
example of street, where facade on church be of value
luminance more how 25 cd/m? so fall in according to table 1
to the zone E4. These great values of luminance are
incurred architectonic lighting. Luminance on facade
surrounding building is moving from 1 cd/m? to 25 cd/m?. In
this regard we can class this street to the zone E2,
alternatively E3.
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Fig. 3. Luminance map with palette for evaluation according
building facade luminance in table 1.

Fig. 4. Classical luminance map measured street.

On graph on figure 5 are introduced histograms of two
panel building and church. Histograms show count pixels
(vertical axis) of particular level luminance (horizontal axis).

600 4 — Lum1

& 400  bum2

€ /‘] \ — Lum-3
5
Z 2 00( /
ol L —/\
0 10 15 20 25 30 35
L(cd/m,)

Fig. 5. Histograms of panel building facades and facade of church.

First and second object (Lum-1 and Lum-2) has a maximum
count about 2 cd/m?, Whereas third object (Lum-3) has
maximum between 29 cd/m? and 30 cd/m® As well on the
first object we can see slight rising values over 30 cd/m?
that are produce of direct light of public lighting.
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Fig. 6. Luminance mp adapted environmental zons ccording to
Tab 1 (up) and classical luminance map (down) of three
neighbouring panel building measured from the city tower.

Second example shows various values of luminance on
three neighbouring panel building. Size of average
luminance of facade of first panel building is 0,23 cd/m?,
whereas facade of second panel building has average
luminance 0,16 cd/m? and Iumlnance facade of third panel
building has only 0,09 cd/m® Difference among average
values of luminance on facade in one zone can be about
60 %.
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Fig. 7. Histograms of luminance on facade of panel building.

Abnormalities of luminance on home facades are
incurred different position of panel building. Outside panel
house is irradiated directly with public lighting by near main
road and indirectly with reflected luminous flux from
surroundings, whereas middle houses illumine only park
lighting among houses.

Conclusion

These metering shows that in one continuous zone
(town Ostrava) can be side by side several environmental
zones. Metering of night sky luminance is possible to
quantify all region and determine so one enwronmental
zone. Luminance of night sky moves about 0,05 cd/m?
above town Ostrava. Similar values of night sky luminance
were measured in city Jablonec nad Nisou [3]. To
designation region to the environmental zones by the help
of metering night sky luminance is necessary determine
common measuring stand and conditions during measuring
so, to be possible to objectively pass judgment on
measured region.
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Lighting Quality And Energy Efficiency Is Not A Con tradiction

Abstract. The International Energy Agency (IEA) reports that 19% of electricity worldwide is used for lighting. To reduce CO, emissions, European and
international directives (e.g., the Energy Performance of Buildings Directive and the Directive on the Eco-design of Energy-Using Products) demand the
declaration and reduction of energy consumption.

Energy use is a driving force. Lighting is a consumer of electrical energy. In parallel lighting quality is of essential importance for the user.

People worldwide should be aware of the balance between human aspects and energy consumption for lighting. The quality of lighting is extremely
important in order to fulfil visual tasks, to enhance the architecture, and to support biological functions.

The measure for energy demand is LENI (Lighting Energy Numeric Indicator, in kWh/(m?2 year)), which shows the annual lighting energy required to fulfil
the illumination function and purpose in the building specifications.

The measure for lighting quality is ELI (Ergonomic Lighting Indicatior). It uses five major quality criteria —visual performance, vista (view of a scene),
visual comfort, vitality and empowerment (to influence the lighting)- which are rated on a scale from 1 (“poor”) to 5 (“excellent”). The basis is an extended
list of single aspects behind each major criteria. The spider web shows at a glance the overall lighting quality and allows to compare the requirement with
different designed or realised solutions.

Developed by the author together with the University of limenau, this takes into account the lighting requirements as stated in EN 12464, as well as ISO

8995-1, both “Lighting of Workplaces®, and helps to define the gualitative levels of a lighting solution.
The balance of energy efficiency and lighting quality can be evaluated with LENI and ELI.

Keywords: energy efficiency, lighting quality, ergonomic lighting indicator, spider web, lighting needs.

Introduction

The discussion about the climate-change is of essential
importance. The world accepts the threats, and not only
politicans like Al Gore with his movie “An inconvenient
truth” show us that we have to take action. Consequently
Nicolas Stern’s executive summary states that the benefits
of strong, early action on climate change considerably
outweigh the costs.

For this reason all over the world the use of energy and the
emission of green house gases especially of CO; shall be
reduced.

In this paper the energy demand is focussed on lighting of
professional buildings in the tertiary sector.

In Europe the Energy Performance of Buildings legislation
was issued by the European Commission in 2002 [1] and is
in force in all European countries now. Lighting is one part
of the energy used in buildings. The energy performance of

new and existing buildings has to be documented in an
obligatory energy certificate.

The measure is LENI (Lighting Energy Numeric Indicator)
in kWh/(m2 year)), which shows the annual lighting energy
required to fulfil the illumination function and purpose in the
building specifications. As there is a measure it is logical to
set benchmarks for the use of energy [2].

It is of paramount importance that a designed and installed
lighting scheme conformes to good lighting practise as laid
down in EN 12464 [3] [4]. The requirements of people are
even more. This is described by ELI (Lighting Ergonomic
Indicator). This measure was introduced to show the
multiple quality aspects of lighting at one glance [5] [6].

The standards refer to each other [2][3]. A balance of
human aspects and energy efficiency can be evaluated [7].

1. LENI (LIGHTING ENERGY NUMERIC INDICATOR): Energy EFFICI ENCY aspects

Under EU Directive 2002/91/EC “Energy performance of

buildings” [1], an energy -certificate is required which

indicates the energy consumption of a building which

includes the energy consumption for heating, air

conditioning, warm water supply, ventilation, lighting, the

building in general and the control system. The calculation

procedures for lighting are given in the standard EN 15193-

1 “Lighting energy estimation” [2].

The standard considers different aspects of energy

consumption:

a) Installed load:all installed luminaires

b) Use during the day:daylight-dependent lighting control
and occupancy control

¢) Use during the night: occupancy control

d) Use of constant illuminance: control of initial iluminance
(maintenance control)

e) Standby: parasitic power in controlled lighting
components

f) Algorithmic lighting and scene setting reduced energy
consumption of installed power

158

The total annual energy used for lighting is
Wiight = WL + W, in kWh/year

The Lighting Energy Numeric Indicator (LENI)  has been
established to show the annual lighting energy per m?
required to fulfil the illumination function and purpose in the
building specifications

LENI = % KWh/(m? year)
It is obvious that lighting energy consumption can be
influenced significantly by the use of controls.
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The standard uses the basic formula to measure and calculate the annual lighting energy for a building (W ):

WLt = S{ (P X Fo) X [(to X FoX Fp) + (tn X Fo)]¥1000 kWh

Additionally, the parasitic power for the evaluation of stand-by losses and power for emergency lighting completes the energy

calculation.

Wp.t =3 {{Ppc x [ty = (to + IN)]} + (Pem X fem)}/1000 kWh

Pn the total luminaire power in a zone
Fc constant illuminance factor

tp time where parasitic power is used
o daylight time usage
tn non-daylight time usage

Fo daylight dependency factor
Fo occupancy factor

Poc  parasitic power in a zone (which generally means standby losses)

ty standard year time (8.760 hrs)

Pemtotal installed charging power for emergency lighting luminaires in a zone

tem emergency lighting charging time

2. ELI (ergonomic lighting indicator): LIGHTING QUAL  ITY ASPECTS

The Ergonomic Lighting Indicator (ELI) uses five major
criteria to describe the overall quality of a lighting
installation. They are related to the most important human
aspects in lighting. The five criteria are:

A visual performance,

B  vista (view of a scene),

C  visual comfort,

D vitality and

E  empowerment (to influence the lighting).
They are rated on a scale from 1 (“poor”) to 5 (“excellent”)
[5] [6]. A common description of the five criteria is given in
fig. 4.
Each dimension of the scale includes several sub-criteria.
These are necessary for a reliable and repeatable
evaluation.
The method is used for the communication during a lighting
project (e.g. between an owner and a designer) [7]. Firstly
the requirements for the lighting are discussed.

Then a lighting design is worked out or even lighting is
installed. Secondly the evalution of the solution can be
done.

For both steps specific questionnaires with 38 single
criteria behind the five major criteria can be used.

The requirements can easily be compared with the
evaluation (see fig. 1. orange area — requirements, blue
area — evaluation of lighting solution). Strengths and
weaknesses of different lighting solutions were shown at a
glance.

Spider webs like this are found quite often when complex
evaluations should be made. They can be understood
easily, and this is the major advantage when they are used
in lighting for communication between a customer who
usually is a layman, and the designer, who is an expert with
a detailed knowledge about many lighting aspects.

ELI is the result of earlier investigations [8] and was
developed together with Prof Dr Christoph Schierz, ETH
Zurich, now TU limenau [9].

Fig. 1: The ELI spider web shows the evatuation of the lighting quality. The requirement is agreed with the customer (light
blue). Three possible solutions (coloured lines) may be easily compared in their overall quality.

3. EMPERICAL STUDY: OBJCTIVITY, RELIABILITY AND VAIDITY OF ELI QUESTIONAIRE

The questionnaire was examined critically in an empirical
study with the help of an item analysis and the criteria of a
classical test performance [9]. Two experimental series
were executed.

Light 2011, Prague, Czech Republic

In the first series the evidence for the questionnaire method
was tested. Based on planning documentations 22 test
persons answered the ELI questionnaire firstly for
requirements and secondly for the evaluation. The results
were examined with an item analysis and test performance
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criteria regarding objectivity, reliability and validity.
Furthermore the single questions (items) were analysed
regarding the scaling, weighting and operationalisation.

In the second series the application of the evaluation
process was tested. Problems which occur during the
process oriented workflow should be detected.

Therefore a complete project process was simulated,
observed and analysed. This experimental series was done
with two lighting designers. Both had to find out in a
dialogue with the customer what the requirements of the
project are. Afterwards they had to suggest and evaluate
together with the customer the lighting quality. The project
was a real office project and the customer was working
himself in the office.

In general, the analysis showed that the evaluation method
can almost be termed as objective and valid. The validity

could be increased with adaption of the question to the
different applications.

The second series was processed in laboratory conditions.
The results showed that the evaluation of lighting concept
can be integrated in the daily work of a lighting designer.
The approach was stated generally positive by the test
persons. Nevertheless useful statements were collected for
the further development of the Ergonomic Lighting
Indicator. The questionnaire to evaluate lighting quality is
approved as a generally admitted measure. To increase
the validity of the Ergonomic Lighting Indicator the items
and the weighting have to be adapted to different lighting
applications.

4. PRACTICAL APPLICATION OF THE ELI — LENI EVALUATION

The target of using the calculation methods of ELI and
LENI together is to increase the awareness of the
necessary balance between lighting quality and energy
efficiency. The ELI — LENI calculator (see fig. 2) shows in
simple diagrams the result of a detailed energy and quality
evaluation.

In an actual study the application of the questionnaire is
investigated with a larger number of subjects [12].

P ELI-LENI Calculatar - Zumtabel Lighting | Project 1
File Edit Insert Window Esbras 7.
dM AT KD

The four solutions show different levels of lighting quality
using different products in combination with lighting
controls (see fig. 3). The test persons (lighting designers,
electricians, architects,..) have to evaluate four real lighting
installations using the ELI questionnaires. The results will
be captured, compared and analysed regarding value and
changing of single quality criteria.
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*  General direct | =  General lighting with

General lighting | « Task area lighting

lighting MPO-optic (micro
e switched pyramid optic)
¢ dimmed

direct and diffuse direct and indirect
with  3000K and (LED + T16)

6500K Wallwasher with
Accent lighting with 17000K

Downlights Accent lighting with

Light scenes, LED Spots

Presence detection Dynamic lighting
control, daylight
control

Fig. 3: Four lighting solutions of a typical office situation were built up for a long term study to confirm the results of the

empirical study

5. Conclusion

The very important efforts to reduce energy for lighting
need a counterpoise for requirements for lighting. LENI
indicates energy efficient lighting installations and —even
more important- efficient controls are needed. The use of
daylight and absence detection is essential. The use of
controls supports the better adjustment of lighting to the
user. Lighting quality which consists of multiple aspects is
more than a simple number. Therefore a spider web is a
very helpful tool to display the five major criteria. It helps
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the designer to balance the effects of energy efficiency and
lighting quality.

In the end energy consumption is reduced and lighting
quality may even be raised.

LENI is already established in a standard. ELI shall
become part of lighting guides. In the future it may be a
general tool for the evaluation of lighting quality.

ELI and LENI shall be in an appropriate balance.
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Criteria A - Visual performance

Criteria B - Vista

Criteria C - Visual comfort

Lighting according to appropriate
standards that is nessesary to identify
and perform the visual task,

Light 2g. in representative buildings is
not onby used for vision, also for per
cipience . Light supports origntation.
The first impression is esaential for the
acceptance of a room.

In addition to the visual task light is
also neaded for the perception of
objects and surfaces.

[llominance

Uniformity of llumniance
Colour rendering

Contrast rendenng ICRF)
Limitation of reflections
Limitation of harsh shadows

Architectual concept
Expectation of the user
Orientation

Hierachy of perception
Material

Environment

Glare control (UGR)
Brightness distribution
Miodelling

Draylight

Limitation of flickering

Criteria D - Vitality

Light has a signifizant influence on the
wellbeing and actvation of a human. It
supports biological processes.

Wellbeing
Activation
Matural
Biological
Hazards

Criteria E - Empowerment

Fig. 4:

Different requirements demand to
individual influence of ighting situa-
tion, Sensors and systems can hel
to fulfil the personal expectation of a
=

Personal contral

Lighting scene

Automatic contral

Cvnamic ighting {stony board)
Flesibility

The five general lighting quality criteria and their description. In the third column are the parameters

behind each criteria. The illustrations show a way how the different criteria may be addressed. To change lighting

(1]
(2]
(3]
(4]
(5]
(6]
(7]

(8]
Bl

controls are needed.
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Measurements of Energy and Efficiency Related Parameters

in Public Lighting Networks

Abstract . Public lighting networks are typical for their specific topology and infrastructure. Optimal configuration can be established only by serious
design and sophisticated calculations. Our paper aims to focus on investigation of electrical properties of lighting networks used for roadlighting and
urban lighting. Quality of such networks are studied both theoretically and by measurements. The paper will present conclusions of measurements in
various lighting networks. Results of measurements have been used, amongst others, for current tasks of the CEN workgroup established to develop
the european norm EN 13201-5 dealing with energy efficiency aspects of public lighting, introducing the SLEEC (Street Lighting Energy Efficiency
Criterion) numerical indicator. Based upon broad practical experience with measurements of electrical parameters in public lighting networks,
methods for measurement of SLEEC have been proposed for different situations in order to verify the SLEEC value obtained by calculations. The

methods will be briefly described in the paper.

Keywords: public lighting, lighting measurement, energy efficiency, SLEEC

Introduction

Importance of energy efficiency increases rapidly. The
European Commission already adopted two ecodesign
regulations to improve the energy efficiency of household
lamps, office, street and industrial lighting products. The two
regulations lay down energy efficiency requirements which
will save close to 80 TWh by 2020 and will lead to a
reduction of about 32 million tons of CO, emissions per
year. It is known that the implemented measures alone are
not enough the reach ambitious targets of EU by 2020.
Energy savings potential on system levels are at least as
high as on product level. That is why Commission'‘s focus is
on improved measures on products, energy labeling and
introducing the Lighting System Legislation (LSL).

The process above for office lighting is backed with a
series of directives and standards. In contradiction,
highlighted steps for street lighting are not covered by
accepted EU standards [1] and verified practice of
calculation and measurement. Highlights here do not
indicate priorities, just a sign for the lack of legislation.
Those energy saving elements were targeted by the
statement from CIE (International Commission on
lllumination) during the Session in Beijing 2007, which led
to formation of Technical committees. Current works in CEN
(European Committee for Standardization) aim to develop a
system for assessment of energy efficiency of street lighting
systems as a possible framework for energy labeling of
these systems. Those missing elements are subjects of the
present paper. CIE publications [2] are essential for
preparation of EU standards and for lighting practice.

Energy savings in public lighting are studied in many
European countries. Comprehensive studies have been
performed e.g. in Slovakia and Czech republic [3]. As
continuously emphasized in CIE, energy savings must not
decrease the lighting quality and proper lighting [4] has to
remain the framework objective.

1 Derivation of the Street Lighting Energy Efficiency
Criterion (SLEEC)

For expression of energy efficiency level of public
lighting (street lighting) systems, a work name Lighting
Energy Efficiency Criterion (abbreviated as SLEEC) is
introduced. However, definition of this criterion (in fact an
indicator) is still a subject of vivid discussions. Up to now,
several less or more compatible approaches are available.
Leading approach can be defined by generalization of
various particular formulae for calculation of SLEEC, having
common philosophy. Some other approaches are briefly
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discussed in chapter 2. General formula for calculation of
SLEEC can be composed as follows:

(1) gEec= Power Demand
(Luminous Parameter) x (Relevant Area)

1. Power Demand of a lighting installation. Different
approaches may lead to usage of one of the following:

A/ Installed Power P (kW): Total input power of all
installed luminaires (including lamps, ballasts and control
gears) and other energy consuming devices (e.g. for control
or monitoring purposes) installed in electrical compartments
(poles, switchboards) within the defined relevant area.
Installed power approach is easier for calculation but does
not take into account lighting control and its benefits to
energy demand of the lighting system. For the sake of
simplicity, losses in cables can be neglected in the design
stage.

B/ Annual Power Consumption W (kWh): Suitable
switching profiles [5], light dimming [6] and other techniques
may contribute to optimize energy utilization for public
lighting. Due to seasonal changes of daylight availability, at
least one-year basis should be used for setting up the
parameter. If no dimming is applied, standard annual
operation times can be derived for different geographical
locations. However, particular local conditions or
requirements may be applied as well. If dimming systems
are to be installed, lighting levels should correspond to
lighting classes linked to the relevant area as per EN
13201-2 [1] or CIE 115 [2], differentiated for normal (full-
level) and dimmed operational regimes. Lighting designer
has to consider all assumptions and calculations perform
with the most probable switching/control diagram (examples
see on Fig. 1). The diagram must be attached to
calculations as part of the lighting project.

Power consumption approach is more complex than
installed power approach though shortcomings can be seen
in ambiguousity of results as a consequence of different
switching/control profiles used for calculations, depending
on particular lighting system. On the other hand, annual
consumption principle is used also in other schemes, as
such as LENI for assessment of energy performance of
lighting in buildings [7].

Installed power can be calculated using the formula as
follows:
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@ p= i(ni XP; )+ P
=

where
PL - rated input power of a particular luminaire type
ni - number of installed luminaires of a particular type

within the area
i, N -index and number of different luminaire types
Pci - total input power of all lighting control installed
outside of luminaires, exclusively concerning the
relevant area
In general, annual
expressed as follows:

power

consumption can be

+ Summer
—@— winter

100

123456 7 8 9 1011121314151617 1819 2021222324 hour

Fig.1. Typical daily switching profile for 50°lati tude with and without
light dimming

Assuming that in public lighting only limited number of
lighting levels is applied, following simplification of the
formula (3) can be introduced:

365 M

“) W:ZZ(Pintij)
i=1 j=1
where
tj - daily operation time of a particular lighting level
Pij - installed power expressed by formula (2) reduced
according to corresponding lighting level (NB:

reduction of luminous flux generally do not gain in
linear decrease of power)
j» M - index and number of different pre-set lighting levels

If different light levels are applied, segregation of
formula (1) to individual levels is needed. More detailed
calculations are needed in these cases:

« if more complex profiles are used to control the lighting

« if adaptive lighting systems are used (only estimations
can be performed)

e ifindividual luminaire control is used

2. Luminous Parameter is used to relate the energy
demand to lighting level of the illuminated relevant area [8,
9]. More illumination calls for higher consumption, so the
mutual ratio of the two parameters help to describe efficacy
of lighting systems similarly like luminous efficacy of lamps
is defined, though here in reciprocal expression. Luminous
parameter is strongly dependant on lighting class of the
relevant area. Design criterion is either based upon
luminance L (cd.m™) [10] or illuminance E (Ix) what
necessarily leads to split of formulae to L- and E-based
SLEEC. Besides the said, following approaches can be
identified:

A/ Normative parameter: If normative parameter is
used, result of calculation will point to overall energy
efficiency of analyzed lighting system, when common basis
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is used to compare different lighting systems under
standard conditions. Such assessment can show the quality
of designer’s effort to fulfill the desired lighting levels with
least power demand. Big difference between normative and
calculated values of a luminous parameter will lead to
worse ranks of the lighting system.

B/ Calculated parameter: In contradiction to the
previous approach it may be desired (e.g. by municipalities)
to have higher lighting levels than required by standards,
e.g. for marketing purposes. Technical standards (EN
13201-2 for instance) require only minimum levels, while
range from the upper side is open, in fact. Therefore, if
calculated parameter is used for assessment, result of
calculation will emphasize energy efficiency of technologies
incorporated (lamps, luminaires, accessories), regardless
on dimensioning of the system. Identified problems:

* In some cases, relevant area (e.g. straight road) is
required not to be solely illuminated from edge to
edge, some part of luminous flux should be used to
illuminate the proximate surrounding (requirement set
through the ,surround ratio“ parameter).

e One lighting system quite usually serves to illuminate
more than one area, for example road + sidewalks
(sometimes separated by grass strips capturing light;
such light losses exceeding required surround ratio
level cannot be effectively controlled).

e In parks, lighting is not aimed only to illuminate
footpaths but to help increase the feeling of safety and
to create pleasant lighting atmosphere e.g. by
illumination of trees from the bottom. This cannot be
considered as unuseful spill light. Similar situation is
on places where building facades have to be
illuminated to some level.

3. Relevant area A (m2) defines the density of lighting
system efficacy (energy demand over luminous parameter).
Two main typical situations can be distinguished:

A/ Straight road: This situation (Fig. 2) is typical for
luminance based systems because application of the
luminance concept requires at least a certain straight
section of road (calculation area between two consequent
poles plus 60 m braking distance before this area). This
approach can be with no limitations used for the illuminance
approach as well. Though in practice indicators relating
installed power or power per lux or cd.m? to 1 km of a road
are sometimes used, true value of this parameter is only
informative. As width of the illuminated road has significant
meaning, it cannot be neglected and tabelization of values
for different typical road widths seem to be impractical.

B/ Any closed area: This situation (Fig. 3) can only be
used for illuminance based systems. Transversal profile of
roads or lighting system geometry is not critical for this
approach. Closed area may include any number of installed
luminaires, any number of distribution boxes and any
topology of cable routes. Area to be taken into account
should be carefully calculated, depending on the
illumination task. For example, if in a park the task is only to
illuminated footpaths, total area is summed up from
particular sections of these footpaths. If aim is to illuminate
the park as a whole, total park area should be taken
(intentional dark places should be excluded).

Relevant area for the case of a straight road can be
calculated as follows:

(5) A=lxw
where

I -length of the relevant section of road
w - width of the road
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Some roads are not ideally straight but small differences
are neglectable. For general case of quasi-straight roads
with curvatures, bends and variable widths more detailed
calculations are needed, using the following formula:

© A= _[I.dw

section

If requirements to accuracy of calculations are not very
high, the following simplified formula can be used instead of
the previous two:

(7) A=nxs

where

n - number of poles installed on the relevant road section

s - typical spacing of poles in a linear (single side)
geometry

2 Analysis of efficiency of streetlighting systems

Assuming that lighting designer aims to reach required
lighting levels with minimum power consumption,
optimization of lighting design is needed. In general, results
of lighting calculation should always be higher than
minimum values prescribed by standards. Designer working
with discrete inputs (power of lamps, selection of luminaires
and optics, heights depending on available poles, spacing
usually taken e.g. in 1 m steps) should seek for minimum
difference between his result and normative requirement.
The same time, spill of luminous flux to unnecessary area
or directions should be limited as much as possible. Overall
efficiency of lighting systems can be defined as the ratio of
luminous flux necessary to fulfill the lighting function to the
total luminous flux of all lamps installed within the relevant
area.

Overall efficiency incorporates:

« Luminous efficacy of lamps: depends on lamp type and
its power; some lamp types are available in standard
and improved versions, the latter having increased
luminous flux thus better luminous efficacy. Luminous
efficacy of the light source is usually determined in
nominal (optimal) circumstances, Nevertheless, light
source at the luminaire works far from nominal. In that
case, luminous efficacy in real situation will be different
(usually smaller) than that for optimal. Typical example
is the Iluminous efficacy of LEDs given at chip
temperature of 25C and nominal current, although
chip temperature and actual current will be different in
reality. This must be taken into account, when overall
efficiency is calculated. For example of LEDs, ‘thermal
efficiency’ can be calculated, which indicates the ratio
of efficacy at nominal and real situations

« Luminous efficiency of luminaires: given by quality of
optics (e.g. high-reflectance MIRO vs. cheap diffuse
reflector) and construction of the luminaire (e.g. deep
flat-glass vs. shallow luminaires).

¢ Maintenance factor: It is multiplied from Ilumen
depreciation of the light source and the maintenance
factor of the luminaire. Lumen depreciation is a function
of the depreciation curve and designed replacement
cycle of the source. The maintenance factor of the
luminaire depends on quality of environment,
prescription of maintenance, materials and tightness of
luminaires.
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« Efficiency of ballast: in case of magnetic ballasts,
approximately 20 % of luminaire’s rated power is
consumed by ballast while for electronic ballasts this
portion can approach near towards 0
« Lighting control
Combination of all mentioned parameters result to
certain W/L or WI/E values (see Eq. (1) above). Direct
application of these parameters is an alternative approach
how to express and calculate the SLEEC. Problems with
this approach may occur, if different technologies are used
in the relevant area.

Lighting systems ranking to the highest
efficiency class should fulfill these criteria:

* Most efficient light sources for the purpose (usually
high-pressure sodium lamps)

e« Lamp versions with increased luminous flux (e.g.
PLUS or SUPER denoted versions)

« Luminaire efficiency better than 0,75

e Good luminous intensity distribution for the purpose
(well-designed and optimized optics, selectable
according to the application for some luminaire types)

* Maintenance factor not below 0,80
Note: Cleanliness of environment has significant

influence on energy consumption and efficiency of lighting
system through the maintenance factor. Moreover it is an
attribute that usually cannot be improved. Thus, ranking of
lighting systems will always comprise this property of the
installation site.

energy

3 Measurement of SLEEC in public lighting networks

In order to verify calculated values of SLEEC,
measurement is an alternative method. For new or
renovated lighting systems, SLEEC can be calculated in the
designing stage while measurement can support the first
inspection of this system, possibly together with electrical
tests of the lighting network and/or photometrical
measurements.

It is necessary to distinguish between short-term and
long-term measurements. Although for calculation method
the energy consumption parameter is preferred (see
Chapter 1), its verification requires continuous energy
monitoring during minimum one year period what is time
demanding. Other complication comes from the fact that it
is almost impossible to permanently install measuring
instruments in desired points of network or in every pole or
luminaire. Sophisticated control systems may provide this
option and “smart metering” seems to be a promising
technique, this approach is, however, out of the scope of
this paper.

For certification purposes, instantaneous measurements
based on input power can be used. For a straight road and
linear electrical line topology, the measurement scheme is
depicted on Fig. 2. In certain points where the network is
branched, electrical parameters like voltage, current and
power are to be measured. Arrows on Fig. 2 show the flow
of energy (from sources to appliances). Positive values of
current or power (P, Q, S, PF) are given to all inputs while
negative values are linked to outputs. Such a way,
remaining difference represents the parameters of the
relevant area.

Voltage shall be measured in each point as well
because voltage drop along the line impacts the real input
power of luminaires. As a consequence, input power will in
real differ from rated power and will vary from luminaire to
luminaire.

Measurements according to the scheme on Fig. 2 can
be performed on terminal blocks installed in foots of poles if

165



the network is looping through. In case of overhead lines,
connections are also easily accessible.

é’ Switchboard

Fig.2. Example of measurement diagram with relevant area as a
straight road

But if buried cables are not looping via terminal blocks in
poles and buried T-connectors are used, the method
described above is not usable. For this case there is no
practical solution up to now but the problem is identified and
solutions are sought.

If relevant area has an irregular shape, like in case of
parks, places or pedestrian zones, measurements can be
performed in a similar way as described above. Situation is
depicted on Fig. 3. Here, inputting and outputting lines are
also measured in bordering points of the relevant area.
Internal sources represented by switchboards SB1 to SBx
need to be included as well. In that case measurements
have to be performed also on output terminal blocks of
these switchboards.

Tout 1

IoulZ

Relevant Area

Fig.3. Example of measurement diagram with relevant area of an
arbitrary shape

4 Sample calculations and measurements of the
SLEEC

In-situ measurements of power quality have been
performed in a real lighting network described below in
Table 1. Comprehensive measurement of power quality
was induced by overvoltage problems [11] arising from
switching processes, investigation of harmonic distortion in
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public lighting networks [12] and related problems.
Measurements have been performed in accordance with
recommended practice [13, 14]. Purpose of measurements
was not primarily focused on SLEEC, but all necessary
parameters for SLEEC have been recorded and
measurements have been performed in accordance with
requirements described in the previous chapter.

Lighting system is renovated and original lighting project
with proper calculations is available. In comparison to
measured values, SLEEC is also calculated by means of
formulae given in Chapter 2 with these variations:

A: Power in W, normative L

B: Power in W, calculated/measured L

C: Consumption in kWh, normative/calculated L,
3900 hoursl/year (only by calculation)

D: Consumption in kWh, normative/calculated L,
2 075 hours/year on full level and 1 825 hours/year on
reduced 70 % level (only by calculation)

Table 1: Identification of the installation site

Locality (48,1N/17,7E) Galanta

Lamp type NAV-T 100 W SUPER 4Y

Lamp efficacy 100,0 Im/W

Luminaire type Schréder Sapphire
12N100PC

Luminaire efficiency 79

Luminaire’s rated power 121w

Mounting height 8m

Average spacing of poles 30m

Width of the road 6m

Length of the relevant road section | 297 m

Lighting class ME4b

Normative/Calculated/Measured 0,75 cd.m?

maintained luminance

Maintenance factor 0,73

Number of poles 9

Total rated power of luminaires 1089 W

Measured installed power of the 882 W

installation

Table 2. Calculated and measured values of SLEEC,

Variation Calculated Measured
A (W/(cd.m?.m?) 0,8148 0,6560
B (W/(cd.m”.m?% 0,8148 0,6512
C (kWh/(cd.m?*.m?) 3,177 —
E (kWh/(cd.m”.m?) 2,732 —

In the studied case, calculated value was the same as
normative and even the measured. In luminance based
systems, calculation results are often very close to the
normative requirement. Bigger differences may arise only
by conscious over dimensioning of the system by lighting
designer. As a conclusion, SLEEC, is normally not
dependant on normative or calculated luminous parameter
or the difference between them is neglectable.

As seen from table 2, SLEEC values are very small,

namely for the variations A and B if power is expressed in
kW. For this reason, values in Table 2 are shown in
W/(cd.m™?.m?). A decision will be needed on how to present
SLEEC as practical values.
Difference between calculated and measured values makes
20 %. Voltage measured on poles was 215 V (6 % voltage
drop). Other influences were not identified though
measurements have been performed in each pole.

5 Conclusions
Based on proposals and their analyses in this paper we

can conclude that:
* Power consumption approach should be preferred
against installed power. If no relevant information on
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lighting switching, control or dimming is available,
standard annual operation times can be used.

Because luminance and illuminance are different design
criteria corresponding to different lighting applications, it
is not suitable (though it is possible) to unify SLEEC for
the two. Therefore, different formulae for SLEEC, and
SLEECE have to be defined.

Both normative and calculated luminous parameters
coming to the calculation of SLEEC have their benefits
but generally usage of normative parameter can be
recommended. The other approach do not provide
pressure to decrease of overall energy demand of
lighting systems, what is the main objective of the
mandate to elaborate standard.

Definition or derivation of SLEEC directly from technical
parameters of individual components seems to be
logical but practical applications may meet with barriers.
Metering of SLEEC is important to verify the calculated
values or it can be a self standing alternative method
that can be used e.g. for commissioning of the lighting
system. Metering method is proposed in this paper for
instantaneous  performance, useful for  quick
verifications. Long term monitoring is a matter of further
works on this topic.
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Lumen Losses and LIDC Distortion due to Deposition
and Dirt Particles on High-reflectance Parts of Lum

Dionyz GASPAROVSKY !, Marek MACHA ?
Slovak University of Technology (1), OMS (2)

of Dust
inaires

Abstract . This paper aims to bring partial results of research works oriented to improvement of current approaches to the determination of lumen
depreciation for luminaires put into operation as part of the overall maintenance factor. Depreciation curves published in available documents
(namely CIE 97) are based on older investigations. Modern working environment is cleaner as it was before and this concerns industrial facilities as
like as e.g. administrative buildings (air-conditioned rooms). But lumen loss is not the main problem. It is less known that deposition of dust on
reflectors, high-reflectance parabolic louvres in particular, cause scattering of light on diffuse-acting layer of the dust and modifying this way the
spatial distribution of luminous flux, i.e. the LIDC. Then light is not sufficiently directed to desired/calculated work area and the glare effect may occur
as well. To what intent this effect may arise is a question that should be answered by this paper.

Keywords: maintenance factor, light losses, environmental conditions, lighting efficiency

Introduction

Maintenance Factor (MF) has a key importance for
designing and dimensioning of any lighting system.
Maintenance Factor is a figural expression of continuous
luminous flux losses since lighting system is put into
operation, taking into account periodical or extra
maintenance services. To cover these losses, generally for
the whole life expectacy of a lighting systems and between
maintenance cycles in particular, lighting system should be
always oversized in order to keep the minimum illuminance
(sometimes luminance) levels at the end, called therefore
.,maintained“ illuminance/luminance, prescribed by
normative documents. Thus, maintenance factor has a
strong influence to both investment and operational costs
and determines the overall efficiency of lighting systems.
Principles and methodological guidelines for calculation of
MF are laid down in the CIE 97 Publication [1] for interior
lighting systems and CIE 154 Publication [2] for outdoor
installations. MF consist of several components — Lamp
Luminous Flux Maintenance Factor (LLMF), Lamp Survival
Factor (LSF), Luminaire Maintenance Factor (LMF) and
Room Surface Maintenance Factor (RSMF). All the
components account for recoverble costs, non-recoverable
costs are not included here. First two components LLMF
and LSF are well studied and corresponding curves are
regularly provided by lamp manufacturers. The LMF factor
stil has potential for methodological improvements.
Research of LMF is dated back for several decades.
Environmental conditions, construction and materials used
for production of luminaires have changed, giving the
possibility to use higher LMF values in specific situations.

1. Background

All lighting systems progressively deteriorate since the
moment they are put into operation (Fig. 1). Light losses
emerge as a consequence of the accumulation of dust and
dirt on exposed surfaces (lamps, optical parts of luminaires,
room surfaces), aging of these surfaces, lumen decay of
lamps and their mortality during operation. If this process is
not controlled, illuminance may fall to very low levels and
the systém could become very energy inefficient and
sometimes even dangerous. As the decay of illuminance is
gradual, lighting systém users may not notice the change.
But after a time it may lead to increased visual fatigue,
increase of the errors and mistakes rate and employment
accidents may appear as well.

It is necessary to estimate the extent of lumen
depreciation yet in the design phase. Lighting project has to
consider all relevant components of the maintenance factor
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MF, for a given lighting system type, environment properties
and specified maintenance plan. The maintenance factor
also depends on operational characteristics of lamps,

control gears and lighting fittings.
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Fig.1. Example of lumen depreciation of a luminaire (LMF)

Table 1. Categorization of luminaires according to CIE 97 [1]

Luminaire Typ_e O.f Description
category luminaire
A Bare batten Bare lamp luminaire
Direct-indirect luminaire without
cover
Direct-indirect luminaire with
Open top indirect reflector and closed
B housing (with optical device
natural Wallwasher (with vertical
ventilation) opening)
Wall-mounted luminaire, open
top and bottom
Open-top downlight
Recessed and surface mounted
Closed top luminaire
¢ housin?_l ted Downlight
(unventilated) Spotlight
General purpose luminaire with
Enclosed IPX2 closed covers and optics
E Dust proof IPX5 Dustproof luminaire
Free standing, pendant, wall
F Indirect (uplight) | mounted uplight with closed
bottom
Luminaire with Air handling body and optic
G forced used with air conditioning or
ventilation ventilation systems

Note: Luminaire types C, D a F are not recommended for

dirty environments
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Maintenance factor and other considerations and
requirements regarding the maintenance of indoor lighting
systems are defined in the publication [1]. The maintenance
factor MF consist of these components:

¢ Lamp Lumen Maintenance Factor (LLMF)

¢ Lamp Survival Factor (LSF) — known also as mortality or
premature fail rate

¢ Luminaire Maintenance Factor (LMF) — focus of this
paper

* Non Recoverable Loss Factor (NRLF) — not specified as
a component of MF in [1]

« Room Surface Maintenance Factor (RSMF) — not
applicable in outdoor installations

Then the maintenance factor can be calculated as the
product of all the mentioned components:

(1) MF = LLMF x LSF x LMF x RSMF

How luminaires are capable to withstand pollution, depends
on construction of luminaire (size and position of openings)
on one side and environment properties on the other side.
Luminaires are classified according to construction in
Tab. 1. Environments are classified according to cleanliness
in Tab. 2. Cleanliness categories are too general and
unambiguousity is not satisfied in practical applications. It
would be useful to have an unified and more unambiguous
classification system hooked on other technical standards
about characteristics of environments and ability of
luminaires or other electrical equipment to withstand
environmental impacts.

Table 2. Recommended inspection intervals of lighting systems for
different working environments according to CIE 97 [1]

Cleanliness :
Category Inspection Examples of workplaces
: Intervals
(Environment)
Clean rooms, semiconductor
Very Clean (VC) 3 years plants, computer centres,
clinical premises in hospitals*
Clean (C) 3 years Offices, schools, hospital
wards
Normal (N) Shops, laboratories,
2 years restaurants, shopping malls,
warehouses, workshops
Dirty (S/Z) Steelworks, woodworks,
1 year chemical plants, foundries,
welding, polishing
Note: *For hygiene control reasons more frequent

inspection may be required

Generalized CIE curves of LMF with addition of other
available data are laid down analyzes aimed to the
economics of lighting maintenance in [3].

2. Goals of research
Main goals of the R&D tasks can be listed in bullets as
follow:
« To classify environments in more details than in current
CIE Publications
 To link together different normative documents
* To determine new values of lumen depreciation of
luminaires
« To determine level and nature of changes in luminous
flux distribution from luminaires due to pollution

Unlike in the CIE 97 Publication, it is proposed to link the
environmental properties strictly with classification of
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environmental conditions as defined by international
standards IEC 60721-3 Parts 3 [5] and 4 [6]. A further link
can be established to another standard IEC 60364-5-51 [7]
on external influences. In a preparatory phase of electrical
installations project, including the lighting, external
influences should be commissionally identified and
protocoled, made known to lighting designer amongst
others. It is therefore useful to provide lumen decay curves
for luminaires for extended environmental categories
harmonized with other standards.

Other works are going on investigation of properties of
luminaires to capture and cummulate dirt and maily dust
from environment on different optical parts. Dust deposited
in narrow drains of faceted diffusers sometimes cannot be
easily removed by normal cleaning and should be
accounted for non-recoverable light losses. Dust deposited
on high-reflectance louvres cause light diffusion, i.e. change
in spatial luminous flux distribution. As a result, illuminance
distribution over workplane can significantly differ from the
calculated what may even lead to the fail of lighting
parameters when measured near the upcoming
maintenance cycle.

Focus of another research work is on determination of
environmental influences to different constructions of
luminaires (categories of luminaires according to CIE 97) in
particular selected rooms or spaces with workplaces. To
reach the stated goals, patterns of common materials used
for optical parts of luminaires are placed in different
environments. Samples will be laid to photometrical
measurement in different time periods. It is expected that
results of this part of work will help to extend the
characteristics in the respective CIE document.

3 Methodological principles of the research work
3.1 Classification of environments according to
cleanliness

Optical parts of luminaires are most often covered by
dust. Dust is a general name for solid particles with
diameter up to 500 micrometers. Dust in atmosphere is
originated from different kind of sources. Particles with
diameter up to 2 micrometers last longest on surfaces and
in atmosphere and particularly these particles are the most
harmful for health because penetrate deepest to lungs and
can cause serious respiratory diceases.

The CIE 97 document relates the LMF and required
maintenance intervals to 4 cleanliness categories which are
not described and only examples as typical representatives
of individual categories are provided (see Tab. 2). Lighting
designer has to decide to which category each room
belongs.

Lighting designer has to look for required photometric
parameters in relevant technical standards. For example,
for workplaces the norms EN 12464-1 (interior workplaces)
[8] and EN 12464-2 (exterior workplaces) [9] apply. Norms
in tabelized form provide requirements to illuminance,
uniformity of illumination and UGR/GR for most of
workplace types. It would be useful to link these tables with
the CIE 97 publication what concerns the level of
cleanliness.

For classification of environments, different influences
having impact to luminaires have to be considered.
International standard IEC 60364-5-51 [7] can be helpful.
Dust which has the most significant impact on pollution of
luminaires, is described by the AE external influence. At the
design stage of lighting systems external infuences to
individual rooms or spaces should be already known as
these are stated commissionally in the introductory stage of
the project (or during the preparatory stage). External
influences are gradually classified according to the volume
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of present dust. Ability of lighting (and other) equipment to
withstand certain concentration of dust is expressed by
means of the IP code (Ingress Protection) [10].

Properties of environment are defined also by group of
standards EN 60721 based on suspension and
sedimentation of dust (see Tab. 3). Approximate
transformation between different systems is shown in
Tab. 4.

Table 3 Suspension and sedimentation of dust as the basement for
definition of environmental classes according to international
stadards for protected (P) and not protected (N) conditions

Definition of classes according to

Class

accor- IEC 60721-3-3 (P) and IEC 60721-3-4 (N)
ding Suspension Suspension | Sedimentation

to Class of sand of dust of dust

IEC (mg/m?) (mg/m?) (mg/m?2.h)

60364-
5-51 P NP P NP P NP P NP
AE1 3S1 | 481 - 30 0,01 0,5 0,4 15
AE2 3S2 | 4S2 30 - 0,2 - 15
AE3 3S3 | 3S3 300 1000 0,4 15 15 40
AE4 3S2 | 4S2 30 300 0,2 5 15 20
AE5 3S3 | 4S3 300 1000 0,4 15 15 40
AE6 3S4 | 4S54 | 3000 | 4000 4,0 20 40 80

Class of external Sedimentation of dust according to
> IEC 60364-5-51 (mg/m /day)
influence — L

Bottom limit Top limit
AE4 10 35
AES5 35 350
AE6 350 1000

Table 4. Comparison of external influences defined by different
technical standards

Class Class Class Class
according to according to according to according to
IEC 60364-5-51 IEC 60721-3-3 IEC 60721-3-4 IEC 60529
AE1 3S1 4S1 IP OX
AE2 3S2 4S2 IP 3X
AE3 3S3 4S3 IP 4X
AE4 3S2 4S2 IP 5X
AES5 3S3 4S3 IP 6X
AEG6 354 4S54 IP 6X

3.2 Investigation of LMF curves for various optical
materials and luminaire constructions

Different materials like polycarbonate (PC), polymethyl
metacrylate (PMMA), polystyrene (PS) that are used for
optical covers or diffusers have also different adhesiveness
of dust. Structure pattern of surface is important as well.
Dust deposited in narrow drains of faceted diffusers
sometimes cannot be easily removed by normal cleaning
and should be accounted for non-recoverable light losses.
Current publications do not yet account for surface
properties of optical parts of luminaires. Surface pattern
should be, therefore, regarded besides tightness of the
optical compartment of luminaire (IP code) and construction
of luminaire. Examples of typical optical materials used for
manufacturing of luminaires in a close-up view, objected for
investigation, are shown on Fig. 2 (translucent) and Fig. 3
(reflective). Some of the samples of optical materials
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prepared for field study of LMF (see Chapter 3.3) are shown
on Fig. 4.

Lumen depreciation, however important, is not the only
factor influencing to the deviation of Iluminous flux
distribution, i.e. the shape of luminaire’s LIDC. Dust layer on
high-reflectance mirror reflectors or louvres may cause
dispersion of luminous flux, modifying the LIDC towards
cosine shape (as for diffuse surfaces). In consequence, the
flux is not directed to desired place as assumed for lighting
calculations. Additionally, glare requirements can be
violated. Best specular reflectors have technological
diffuseness about 4 % (e.g. MIRO 1 Type 4100 by Alanod),
but angular range of the reflected light cone remains still
very narrow. Layer of dust that is thick enough may cause
significant enhancement of this angular range.

_) ;'v‘ah""
Fig.2. Close-up view of the structure of different translucent
materials used in luminaires

Fig.3. Close-up view of the structure of different reflective materials
used in luminaires

This problem is not yet studied. Besides experimental
approach, theoretical description of this phenomenon is to
be ellaborated.

Investigation of LMF curves will be performed in
laboratory conditions by means of a dust chamber that
allows to prepare conditions as set by technical standards
(Tab. 3).

Fig.4. Samples of optical materials used for field investigation of
LMF

3.3 Field study of environmental pollution

In contradiction to laboratory tests as described in
Section 3.2, field study of LMF will be also performed.
Methodology is based on installation of samples of optical
materials in a sample holder similar to a luminaire. Samples
will be held in working position. Similar methodology has
been used for field studies of LMF in [4]. However,
methodology described in [4] utilizes more comprehensive
measurement box equipped with photocells and other
Sensors.

Fig. 5 shows a drawing sketch of mounting frame that
has been designed and constructed to hold several
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samples. Samples are let to capture dust and particles of
dirt in natural environment. Selection of samples has been
done with regard to the environment as it is common in real
situations. Samples are installed in positions equivalent to
luminaires in operation (mounting height, orientation of
outer side). Harvest of samples is planned in intervals
according to the application. Samples will undergo
measurement of the dust layer thickness as well as
photometric measurements.

1002 b2

tex) 08

v
88

Fig.5. Drawing sketch of the mounting frame for samples of optical
parts of luminaires (sample holder)

Mounting frame with inserted samples is depicted on
Fig. 6. Selection of samples differ for individual applications.
For example, high-reflectance aluminium sheets are not
placed in highly polluted environments where such
materials are not normally used.

In individual applications, all boundary conditions that
may have influence to results will be recorded. It comprises
e.g. pollution level of object’'s surrounding (city centre,
residential area, proximity to major roads, industrial zone
etc.), ventilation manner (natural, air-conditioning) and
others. Analyses will be completed by detailed description
of operation incl. formation, existence and influence of
pollutants.

Fig.6. Mounting frame with inserted samples

01 Joine workshop

—

02 Mechanical workshop
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05 Storage room

Fig.7. Samples installed in selected applications

Samples are placed in different natural environments of
selected typical workplaces; selection is made with respect
to EN 12464-1. First set of mounting frames is already
installed and their natural pollution is in process.

6 Conclusions

Recent R&D works are aimed to detailed analyses of
the influence of dust and dirt from environment of interior
workplaces to the depreciation and dispersion of luminous
flux from luminaires. Goal of this paper was to define
necessity of R&D tasks, to publish methodological
approaches and principles of further investigations.

R&D works are covered by research project Research
centre of light and lighting technology which started on 1st
of March 2011 with a six month delay. For this reason, only
limited results are available now as the main focus is given
to improvement of proposed methodology and first of all, to
establishment and refurbishment of new laboratories and
test rooms which, after completion, should become a status
of the national Lighting Research Centre. The project will
last four years what is enough to investigate also conditions
of natural working environments.

For investigation of the influence of dust layers
deposited on optical parts of luminaires to luminous
parameters (namely the shape of LIDC), dust chamber will
be the essential equipment. Laboratory test will be
completed by field studies. Various sets of samples are
already installed in selected environments.

It is expected that results of completed R&D works will
help lighting designers to choose the LMF component of the
maintenance factor easier. Using the protocol of external
influences as one of the available documents, designers will
be able to classify cleanliness of the environment and
accounting for other factors, to find the suitable LMF.

For objectives of the upcoming R&D project it is
essential that actually a mandate No. M/485 to establish a
workgroup under co-operation of CEN, CENELEC and
ETSI (with IEC involved as well) for standardization in the
field of fluorescent lamps, HID lamps and ballasts and
luminaires able to operate such lamps is to be decided and
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possibly accepted. This mandate relates to Directive
2009/125/EC of the European Parliament and of the
Council. The Commission requests to elaborate reliable,
accurate and reproducible standards for the targeted
products (lighting products), laying down procedures and
methods of measuring selected parameters, including
luminaire maintenance factor LMF for office lighting and
street lighting.
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Metodika hodnoceni a posuzovani osv  étleni silni €énich p Fechod (i

Abstract . V pfispévku jsou rozebirany nékteré problémy spojené s osvétlovanim silnicnich pfechodd pro chodce a moZnosti jejich

hodnoceni.

Keywords:

1. Pozor p fechazime

Pokroky ve svételné technice spojené s novymi svételnymi
zdroji, zaCaly ovliviiovat i techniku osvétlovani silni¢nich
pfechodd, presto jsou to mista, kterd maji pomérné vysoky
pocet stfetd motorovych vozidel schodci, zvlasté pak za
zhorSenych povétrnostnich podminek a hlavné v noci.

Neustéle je uvadéno a zdlrazriovano pravidlo, Ze Fidi¢ musi
chodce na prechodu vidét, nefika se vSak, Zze ho musi

rozpoznat. Doposud neni jednozna¢né definovana metodika
hodnoceni a posuzovani Grovné rozpoznatelnosti chodce na
pfechodu, i kdyz mame k disposici celou fadu modernich
fotometrickych pfistroju. Jeden z nejkriti¢téjSich pfipad(
ukazuje obrazek 1 a slogan ,pozor pfechazime* - neni
zrovna na misté.

Obr.1 — Chodci na vozovce - nejkritictéjsi situace

Mnozi si stdle neuvédomuji, jaka je slozita4 situace pfi
orientaci v prostoru, ktery neni osvétlen nebo jen z ¢asti
a fidi€ ma ziskavat potfebni vizualni informace a
skute¢nostech, nutnych pro spolehlivé a bezpecné fizeni
motorového vozidla.

Ve dne jde o celkem jednoznacnou zalezitost, Fidi¢
ziskavd  pomérné zna¢né  mnozstvi  informaci
z obklopujiciho prostfedi a umozfiuje mu odpovidajicim
zpusobem predvidat skute¢nosti pro jizdu do blizké
budoucnosti.

Obr. 2. Perspektivni pohled fidic¢e ve dne

Light 2011, Prague, Czech Republic
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3. Fyzikalni p Fistup k problematice je feSen jen zpohledu horizontalni Grovné osvétleni
V mnoha smérech Ize pfirovnat problematiku osvétlovani vlastniho pfechodu, jak ukazuji nasledujici obrazky.
silniénich prechodl k ¢isté fyzikalnimu problému, ktery

Obr. 3 — Osvétleni pfechodu pro chodce

Obr. 4 — Osvétleni pfechodu pro chodce

| zde je nutné vychéazet z realného zorného pole Neméni se, jen se zméni mista odkud je
fidi¢e, pfi jizdé ve dne, za soumraku a i v noci. zpracovavana zrakova informace.
- Zvyraznéna Cast zorného pole v horizontdaini
T a vertikalni roviné je mistem ostrého
N a piresncho videni (fovedlni vidéni).
€
|
=05
t
160 m
o
% (]

A M E
Obr.5 . — Zakladni zorné pole fidice
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Znacény posud nastal vokamziku, kdy byla
k disposici jasovd kamera ¢&i jasovy analyzator.
V takovém pfipadé zhodnotime velmi objektivné
skuteénosti, vyplyvajici z toho, Ze na pfechodu prechazi

chodec, nicméné jsou i zde pfipady, kdy neziskame
relevantni vysledky, jak ukazuje néasledujici obrazek, ve
kterém je ukazan prechod pfes vozovku v mirném
stoupani z mésta.

Obr. 6 — Posouzeni osvétleni pfechodu jasovou kamerou

4. Metodika hodnoceni

V navaznosti na zorné pole Fidi¢e, mizeme pfi uréovani
vhodné metodiky problematiku znazornit lapidarnim
obrazkem, ktery vychazi z pfedchazejicich Gvah a je
v souladu s odpovidajici rovinou, ze které ziskava fidi¢
maximum informaci. Tim je vertikalni rovina a jeji

e

ey

orientaci ztotoznime vzdy s okrajem  prechodu, pfi
posuzovani smeéru jizdy vozidla.

Chodec tak jednou bude pfechazet zprava, jednou zleva
pokazdé jde o jiné doby registrace pfechazejici osoby.

i

Obr. 7.- Schematické znazornéni prolozené vertikalni roviny

Na této vertikalni roviné je nutné pfeddefinovat urcité
vySky nad vozovkou, které hraji svoji roli pfi vidéni a
rozpoznavani prechazejicich osob. Jde o Urovné a
vzdalenosti od vozovky u

a) naslapné vrstvy,

b)  srovnavaci roviny,

c) oci sediciho Fidi¢e, ve vozidle

d) hlavy normalizovaného pfechazejiciho chodce

Tabelarné uvedené vySky v metrech hodnoceni ve
vertikalni roviné na prechodu, jsou uvedeny v tabulce. I.
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Cislo Vyska nad Diference Poznamka
bodu vozovkou
(m) (m)

HO 0,15 a)

H1 0,50 0,35

H2 0,85 0,35 b)

H3 1,20 0,35

H4 1,55 0,35 C)

H5 1,90 0,35 d)
TAB. |. Preddefinované vysSky hodnoceni drovn &
osv étleni
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K tomu G¢€elu byl vytvofena specialni méfici souprava,
ktera zajistuje spravnost naméfenych hodnot
v pfeddefinovanych vySkach hodnoceni Grovné osvétleni.

Hlavice luxmetru je odvozena od luxmetru Minolta —typ T
10. pro Urover H4 je znazornéna na obrazku 8.

Obr.8. Méfeni hladin osvétleni ve vertikalni roviné — droveri c)

Pro zvoleny silniéni pfechod, ktery budeme hodnotit a
posuzovat mame moznost ziskat pro jeden pfechod
celkem 4 hodnoatici vertikalni roviny v bodech, které jsou

definovany ze Sitky pfechodu, Sitky chodniku a dalSich
pozadavk.

V tabulce Il. jsou pfehledné uvedeny hodnotici body pro
univerzalni pfechod.

5 6 7 8 9

HO

H1

H2

H3

H4

H5

chodnik | prfechod

Délici
pruh

prechod | chodnik

TAB. Il. — Schéma m éfFicich bod 0 vertikalni roviny

Orientace vertikalnich rovin, s ohledem na zvoleny
pfechod, umoznuje provést hodnoceni Grovné osvétleni
vzdy ze dvou sméra.

smér do mésta

Zakladni smér je ten, ktery je ve sméru jizdy jeho vozidla
napr do mésta, druhy z inversni strany a naopak.

Tak ziskame celkem 4 posuzované roviny z pohledu
jedouciho fidice, tak jak to odpovida skute¢nosti.

pravy jizdni pruh

prechod
levy jizdni pruh

J smér z mésta

Obr. 7. Vertikalni roviny pro hodnoceni a posuzovani osvétleni pfechodu
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5. Vyhodnoceni

Z naméfenych hodnot ziskdme pomoci vypocetniho
programu soubor izoluxnich pribéha, které charakterizuji
prabéhy vertikalni Grovné osvétleni, jak bude ukazano pfi
prezentaci pfispévku. O optimalnich hodnotach se stale
diskutuje a ukazuje se, ze tyto Urovné, ve sméru jizdy
vozidla by mély dosahovat hodnot v naslapné vrstvé
okolo 15 Ix, ve vySce o¢i fidice vozidla okolo 20 Ix.
Pochopitelné, jako minimalni hodnoty.

6. Zaver

Dnes jiz nikdo nepochybuje o tom, Ze svétlo je Zivot,
pohoda a je zadkladem bezpeénosti- nebude tomu ani
jinak.

Jsou vSak jisté meze a ty jsou dany tim, Ze na jedné
strané plati ,pozor pfechazime“ , ale stejné tak plati |,
pfispét i osvétleni silniénich pfechodu. Smyslupiné, bez
znaénych narokd na vykony svitidel.

Do blizké budoucnosti je vSak nutné vychazet i ze
skute¢nosti, Ze nebude ve vSech pfipadech mozné
osvétlovat vSechny silni¢ni pfechody, protoze progndzy
ukazuji, Ze do roku 2020 se cena elektrické energie zvysi
i vice nez dvojnasobné.

Nebudou k tomu finanéni prostfedky a potom k feSeni
tohoto problému je mozné pfistupovat i tak, ze kazdy je
odpovédny za svoje chovani a ma povinnost ucinit vSe
pro svoji bezpe€nost. Doposud nedocenitelnou roli
v tomto sméru, hraji individualni zvyraznujici prostfedky,
finanéné nenarocné, postavené jak na odraznych
ploSkach tak i na miniaturnich svitidlech se svételnou
diodou. Ty by mohly byt vychodiskem v této slozité
situaci a pomohly by, v nejSirSim slova smyslu, zachranit
fadu lidskych Zivotd.

| tento pFispévek byl motivovan timto smérem.

Light 2011, Prague, Czech Republic
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Research of power LEDs properties for free-space

communications

Abstract. Power LEDs are very promising sources of optical radiation in these days. Their properties have led to a massive deployment in the
automotive industry. In principle, is possible to use these sources of optical radiation for information transmission. The informational-communication
systems based on the exchange of information in between vehicles (road users) and also between vehicles and infrastructure along the road
appears to be as a very important segment of the automotive industry in the future. For the reasons mentioned above, the team of authors is in the
article focused on assessing the usability of power LEDs in free-space communications with an emphasis on usable bandwidth of power LEDs and

also the suitability of link codes.

Keywords: power LEDs, link codes, intelligent transport systems, bandwidth.

Introduction

Intelligent Transport Systems (ITS) based on a vehicle
to vehicle (C2C) and vehicle to infrastructure (C2I)
connection represents the possibility of significant
improvements in the efficiency of transport systems, as well
as overall safety of all road network users. Intelligent
transport systems increase the reaction time, quality and
reliability of information provided to the driver about his
surroundings, other vehicles and all other road network
users. They allow better control, leading to greater security
and more efficient and comfortable mobility [1].

Nowadays, intensive process of communication
technologies standardization of ITS is under way. The
greatest effort is globally carried out in the ISO TC 204 WG
16 in the form of a several standards set centered under the
acronym CALM (Continuous Air Interface for Long Range
Medium). The object of these CALM standards is to provide
a standardized set of wireless interface protocols and
parameters for long and medium range, high-speed ITS
connection using one or more media, with multipoint and
network protocols and protocols of upper layer. The media
defined in the current stage of CALM development are:

e Cellular Systems: GSM/HSCSD/GPRS (2/2.5G)
and UMTS (3G),

e Infrared Communications,

e Wireless LAN (WLAN) in 5 GHz, IEEE 802.11p
(proposal of standard for ,Wireless Access in
Vehicular Environment”, WAVE),

e Wireless Systems in Band 60 GHz.

Due to the increase in the number of cars on the road
network around the world [2]:

e 1997: 600 millions,
e 2030: 1200 millions (at present),

It is obvious that the current IPv4 protocol on 3rd layer of
0S| model (2% = 4,2 millions address) will not be adequate
for planed ITS. For the reasons above, the deployment of
cooperative intelligent systems in road traffic is associated
with the implementation of IPv6 protocol (2'*® addresses
instead of 2 2).

ITS - Intelligent transport system

Properties of the physical layer and MAC sublayer
delimit usable communication technologies of ITS. Due to
the functionality of the whole system is necessary existence
of network layer above the physical layer and MAC sublayer
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that would allow "multi-hop" communication with the
geographical addressing. The network layer must provide
functions that are specific to automotive communication
systems VANET (Vehicular Ad-hoc Network) [3]. The
proposed protocol architecture is shown in Fig.1.

Active Safety Traffic Efficiency Infotainment
Application Application Application

e
g
5 IPv6
o Option Mobile IPv6é NEMO
L2
E
.. MAC/LLC MAC / LLC
IEEE 802.11p |EEE 802.11 a,b,g,n ’
1 1 Other Radio
(e.g UMTS, GPRS)
" PHY PHY
IEEE 802.11p |EEE 802.11 a,b,g,n

Fig.1. The proposed ITS protocol architecture [3].

Applications unrelated to safety will be using traditional
TCP, UDP protocols and through IPv6 network layer can
communicate with applications in other vehicles, or with
infrastructure units in C2C network. Safety applications will
primarily use the 802.11p and IEEE 1609.4 standards.

Implementation of optical free-space networks in the
automotive industry

Optical free-space communication systems in the visible
and invisible spectra currently appear as very interesting
alternative to technologies based on radio waves. The idea
is that the optical free-space communication systems held a
priority in respect of road traffic safety, if two cars traveling
behind each other exceed a critical distance between them
[4].

Usage possibility of optical free-space communication
systems in ITS, was significantly influenced by the
development of power LEDs. For LEDs to achieve
maximum performance are 3 ms enough, compared with
traditional light bulbs the value is of 200 ms. It is obvious
advantage for stop lights where this time mean saving of 5
m of stopping distance at the speed of 40 km/h. The
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possibility of using LEDs to transmit information without the
burden on surrounding electromagnetic smog and the risk
of interference is another advantage. For the reasons
mentioned above the power LEDs, which are at present
standardly used for lighting in cars, seems to be ideal tool
for the exchange of essential information between pair of
cars moving behind each other.

The exchange of relevant information between cars
(C2C) is major step in the field of road traffic safety. An
example might be when the car ,A” is transmitting to car ,B”
moving behind car ,A” information such as the abrupt
reduction of speed, speed, road condition, information from
the ESP and steering angle. This information can alert the
driver of the car by acoustic signals, light signals or in other
steps the information may be processed by independent
information management functions [5].

Currently, it is possible to capture the development of
wireless technology LTE (3GPP Long Term Evolution). This
radio technology is designed for high-speed data
transmission in mobile networks. Formally, this technology
belongs among the 3G standard, while its successor LTE
Advanced will be full 4G solution. Its theoretical downlink is
172.8 Mbps and uplink 57.6 Mbps. However, even this
highly advanced technology show theoretical delay,
approximately 25 ms, see fig.2. Therefore, the optical free-
space communication networks appears as an ideal means
of communication between cars for short distances (P2P
communications), when critical distance between them is
exceeded.

Round Trip Time

150 ms L.
100 ms -
50 ms
25 ms
2001 2005 2007 2009
Fig.2. Mutual comparison of the expected delays of radio

communications technologies.

Power LEDs and their using wireless
communication systems

For power Led using in optical wireless communication
system the most important parameter is bandwidth.
According this we can determine the dataflow between cars
in time. The estimated bit rate for the transmission of all
important information is around the value of 400 kbps [6].

By experimental measurement it was used couple of
power LEDs LXHL-LE5C (Luxeon, 555 nm) and LXHL-
LW6C (Luxeon, white LED). These LEDs have different
colors and Iluminous flux, but they are electrically
compatible (power 5W, current 700mA, same voltage).
These power LEDs are mutually compatible and for their
comparison any modifications are not needed.

The bandwidth comparison of power LED was done by
eye diagram. The eye diagram is a display of digital signal
on oscilloscope, when unbiased timing pulses are used like
clock. It causes that different data will be repeatedly
overlapped, the edges of bit periods are constant and it
shows behavior in different situations (rise and fall edge)

in optical
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The ideal situation is represented by perfect rectangles.
The changes in vertical direction mean noise, oversights
and other distortion (e. g. from driver circuit). Horizontal
shifts are caused by jitter, i. e. time deviation. The edge
slope changes with bandwidth, in ideal case they are
perpendicular (zero rise time and fall time). In the middle of
diagram it appears the shape like human eye, therefore eye
diagram, figure 3 [6].
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(set by signal-to-noise ratio)
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Fig.3. Eye diagram.

The block scheme of system for power LED modulation
is shown in figure 4.

power driver
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Fig.4. System for modulation of power LEDs.
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By experimental comparison of power LEDs LXHL-
LE5C and LXHL-LW6C 3 working currents were used:

< 1,=100 mA,
«  1p=400 mA,
e 1,=700 mA.

It was found by experimental measurement, that the
lower level of bandwidth by power LEDs is 2.2MHz.
Because the different behavior is less evident for lower
frequencies, it is shown only selected values: till now
trouble-free  1.6MHz (upper level), border 2MHz and
2.2MHz (lower level), when the eye began decay. In case
current 100mA the LEDs do not influence the available
frequency. Nevertheless it is obviously, that rise and fall
edges of LXHL-LW6C type have greater tilt, they are
slower. The voltage curves are without viewable changes. It
could be said that the difference is caused by different
reaction in the same conditions, no by driven circuit. The
situation is very similar by current increasing on 400mA
(Fig. 5).

In the left column there are curves measured on power
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LED LXHL-LE5C and in right column LXHL-LW6C (green
curve represents output optical power and yellow curve
represents voltage on power transistor). The first row
represents modulation rate 1.6 MHz, second row 2,0 MHz
and the last 2.2 MHz.

Fig.5. Eye diagrams of power LED LXHL-LE5C and LXHL-LW6C
by working current Ip = 400 mA.

Fig.6. Eye diagrams of power LED LXHL-LE5C and LXHL-LW6C
by working current I = 700 mA.

If the working point of power LED is in area of maximum
current, i. e. around 700mA (Fig. 6), it shows the
differences between LED types mostly. Around 1.6MHz it is
at first sight evident that the eye surface decreased for type
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with white light. Rise edge and fall edge slowed down, the
general reaction slowed down for green LED, fall edge is
ended sharper, the stabilization on next level is quicker. The
same situation deals for rise edges.

Conclusion

The measured graphs in form eye diagram show us that
power LEDs are able to communicate in bandwidth around
2MHz, which fulfills the conditions for bandwidth
requirement for transmission of important information
between cars. However, if the power LED is used for data
transmission, it is unacceptable any apparent impact on
primary function, i. e. lighting or highlighting of object. It
could be very disturbing if the diode brightness would
conspicuously decreases due to communication, eventually
if the brightness would notably vary due to communication.
To avoid this situation, it is necessary to optimize the used
link code.

It is a lot of basic types of link codes. If the power LED
works in states ,switch off* and ,switch on“ (logical O and 1),
many advanced codes are unusable. It is possible to use
only unipolar codes, which correspond to states realized by
diode. The power LED with suitable selected code (e. g.
Manchester code) enables the communication between
cars, when their distance is shorter than critical border
(convoy conditions). The wireless system with power LED
can increase the traffic safety.
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Light and Human Health

Abstract. The evolution of civilization is largely conditioned by the development of knowledge through the senses. Human seeing results from the
interaction of visible light and vision. These include environmental factors, which by their influence on human organism determine not only biological
but also psychological human existence. Vision is an intermediary to obtain visual information about the surrounding environment. The sight of the
benefits of information far exceeds the other senses, information obtained visually estimated at 75 to 90%.

Keywords: light and health, SAD, psychophysiological effects of light

Sight and Vision

Visual human behaviour determines the number of
factors, physical factors (light), optical properties of the eye,
neurophysiological factors (mechanisms of encoding visual
information), including previous human experience and
psychological factors. The eye is literally the part of the
brain moved on the surface of human body. Human visual
system is composed roughly of three parts: the peripheral
represented by eye, where the retina is a sensor, then the
connecting, consisting of optic nerve, chiasma, optic tractus
and mainly visual centers in the corpus geniculatum lateral,
and the highest central part consists of the visual cortex
formed brain. [1,4]

Eye Optics

The display quality of the optical system of the eye - the
cornea, anterior chamber, pupil, lens and vitreous body - is
also in case of optically normal human eye very imperfect
with different anatomical irregularities, adapting to changing
internal and external conditions and subject to aging. Even
with optimal pupil diameter, perfect accommodation and
optimum lighting is never the same image on the retina of
the object. Vision, however, has at the level of retinal nerve
special mechanisms to correct imperfections in optical
imaging. These mechanisms are based on the principle of
perceptual fields and principle of operation oculomotor
system. [1,4]

direct insertion of the muscle

ciliary body

. vitreous
iris

lens central hole

cornea

optic nerve
morning star

anterior chamber

geometric axis
retina

optical axis of the eye

choroid
media direct insertion of the muscle
scleral

Fig.1. Eyeball adult [1]

The Structure of the Retina

The retina is a very complex neural tissue formation. It
consists of 11-layers. |. neuron visual pathway consists of
pigment epithelium, a layer of photoreceptors rods and
cones. Already at this level are performed operations which
proceeds visual information. Il. neuron visual pathways
constitute the body of bipolar cells, horizontal cells,
positioned between I. and Il. neuron and amacrine cells,
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with the function of switching and reciprocal feedback
between neurons in the visual pathway. Ill. neuron consists
of the inner granular layer cells with Miller, inner plexiform
layer, ganglion cell layer, a layer of nerve fibers formed by
centripetal projections retinal ganglion cells converging into
one point, the optic nerve, which information is fed into the
subcortical and cortical brain centers. At this point there are
no photoreceptors - a blind spot. At level Ill. neurons are the
other very complex synaptic connections between different

types of cells, including feedback synapses to richly
communicate together. Photoreceptors are different
structure, functions and calculus. The central hole - the
fovea, contains an area of about 0.25 mm about 800 000
cones of the total number of 6.5 million. Their location
towards the periphery decreases sharply. Sticks in the
number of 125 million are distributed more evenly, more in
the central part of the loss to the edges of the retina. [1,4]

Photoreception

Photoreception is conversion process when the light
guantum energy is transformed to nerve impulses energy,
resulting in visual perception. The retina of the eye is
functionally complex nervous apparatus similar brain
structures. In these structures is proceeded the selection of
useful information into a form capable of transmission to
higher levels of the visual system. This process takes place
in retinal photoreceptors. By photochemical processes in
visual pigments of photoreceptors is light energy converted
into energy of nerve impulses. [1,4]

Perceptual Field

It represents the functional unit of the visual system. In
the retina there is no identity of the anatomical and
functional organization. Functional unit ofthe retina is
the perceptual field. Perceptual field is the area of retina,

from which canbe irritated one the retinal ganglion
cell, a fiber optic nerve. Location of perceptual fields
is stable, but their size dependson the intensity

of irritation on the initiative circuit size and the current state
of retinal adaptation on brightness. Diameter of the
perceptual field is consistent with a set of receptors
converge to the cell. Perceptual field is approximately
circular shape and diameter of the perceptual field is
considerably different. While in the central hole has one
photoreceptor (cone) nearly one ganglion cell in the retina
paraphoveal is the number of receptors converging to one
ganglion cell andof several hundredand in the
peripheral retina  of several thousand. It follows that the
highest resolution is in sight of the central hole, where the
average perceptual fields is minimal.

Individual perceptual fields may overlap. It acts on them
only a change of light environment, increase or decrease
the brightness. These are two antagonistic subsystems, one
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of which indicates information about the brightness and the
other on the dark, respectively low brightness. Increasing of
the brightness ofirritation in the middle ofthe
perceptual field leads to the the attenuation in the periphery
and vice versa. Only negligible part of information coming
into the retina is transferred to the highest sections, but the
most important one. To the upper sections of the visual
systemis highly specific information transmitted  like
brightness level, the differences in brightness, color,
changes in time and movement initiative, etc. [1,4]

Extraocular System

Extraocular system is functionally essential condition for
obtaining visual information. Changing the brightness of
the perceptual field at the periphery of the visual field is
the impulse for the extraocular system to jump movement
focused look ata place thatattracted attention. That
means location of the image detail into the fovea — place
with the highest resolution. Decision of extraocular system
where he will go look, depends on the previous track
movements and information that was obtained in  this
way. Also plays an importantrole inwhat has to be
identified and what information must be extracted. Eye
movements take place simultaneously and have a direct
relationship to the stereoscopic, three-dimensional vision.
[1.4]

Photo Accommodation

Focusthe imageon the retinaata distanceis
happening by accommodation. The stimulus for
accommodation is blurring the image on the retina. The
front wall ofthe eye lens protrudes when looking for
the near and flattens when looking into the distance. By this
it changesits fragility. It is always an active process
achieved by neural activity. When fixing the eyeto the
observed object there is the constant fluctuation of
accommodation around some mean value. Accommodative
range is dependent on light intensity and quality. With age
due to loss of elasticity of thelens and ciliary muscle
decreased function of the accommaodative ability of the eye
decreases. At visual work the sight accommodation
to distance can prevent visual fatigue and spasm of
accommodation. [1,4]

Photopupilar Reflex

Photopupilar reflex is a rapid response of the eye to the
changing amount of light by varying the diameter of the
pupil. Increasing illumination leads to contraction of pupils,
reducing to its dilation. Photopupilar reflex depends on the
brightness of the complaint, the default stadium of visual
adaptation, the default width of the pupil and
individual's age. To ensure this visual function is necessary
to create appropriate lighting and brightness uniformity in
the field of viewof person andto reduce rapid
transitions between significantly differing levels of lighting.
[1.4]

Adaptation to Light and Darkness

The human eye can distinguish luminance in the range
of 1:1012, ie. from about 10 to more than 10° cd.m™. This
ability is relatively fast tuning system - adaptation. Progress
in two directions - we are talking about adaptation to light
and adaptationto  darkness. The main point of the
adaptation the adaptation isthe retina with neutral
adaptation processes and photochemical processes of
pigments in the photoreceptors, less effective is
photopupilar reflex. Adaptationto  lightis faster than
adaptation to darkness. [1,4]
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Color Discrimination and Chromatic Adaptation

In the range of intensities of normal daylight (vision
photopic), the human eye distinguishes the most sensitive
wavelength of 555 nm yellow-green region. Scotopic
spectral curve of eye adaptation to low brightness is at its
peak shifted to shorter wavelengths, 504 nm, blue-
green region. The spectral curves of light sensitivity of the
human eye are approximately binomial shape quite rapidly
declining on both sides. Eye sensitivity to peripheral areas
of the visible spectrumis much lower than those of the
maxima of sensitivity. Among the scotopic region, where
the human eye perceive color, and photopic region is the
mesopic transition zone, where with progressive adaptation
is changing the luminance ratio of rods and cones. The
spectral composition of daylight varies with altitude above
the horizon of the sun.Thanks to the chromatic
adaptability eye does not perceive these fluctuations.
Seeing the color information enhances the possibilities of
vision. [1,4]

Resolution Acuity

Resolution acuity vision is the ability to distinguish two
points as two separate points. This ability is enhanced
by good lighting conditions, unlimited observation time and
distance. [1,4]

Light Sensitivity

The  minimum stimulus which ~ during the visual
adaptation to  darkness causes visual perceptionis  the
threshold sensitivity of the eye.The wupper limit

of light sensitivity of the eyein daylight vision achieves
brightness of 10 cd.m?, probably close to the brightness
of the sun. Light sensitivity to changes in these borders is
influenced by age, photopupilar reflex, sensitivity to light
and color, the influence of time of day. [1,4]

Contrast Sensitivity Vision

On the border between the object and its immediate
background forms photometric luminance contrast. With the
requirements for the differentiation of low contrast details
the requirements for lighting are increasing. In addition
to achromatic, gray contrast is also color contrast important
in practice. [1,4]

Speed of discrimination

Speed of discrimination is thetime interval for
distinguishing  and receiving visual information. It  is the
faster when more detail is observed and greater contrast
against its background. It increases with increase in
illumination. It is an important indicator of the productivity
of visual work and security work. [1,4]

View

Field of view shows aslice ofthe total space. We
call it the part that we see in the fixation of looking straight
ahead. The axis of the visual field is a straight line through
the fixation point and the center of the retina. Foveal field of
vision with a range of 0,75°from the axis of the visual field
is the area of sharpest vision. The remainder - peripheral -
with an angle of 30°is called a visual cone, where there
is orientation in space, information about the movement
area, transferring to the new vision foveal interesting point.
When binocular vision and scope of the visual field is of 60 -
90 degreesis present, the overlapping of middle part of
the field of vision is occurring, the vision and spatial
differentiation of three-dimensional objects. [1,4]
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Visibility Conditions

Visibility characterizes the dependence of the four basic
physiological functions  that interact:  resolution, light
sensitivity, contrast ~ sensitivity and  speed of visual
perception to the environmental light conditions.
Visibility criteria are: observed angular size of detail, the
level and distribution of brightness in the visual field,
observed contrast between background detail and
immediate, duration of visual perception.
Visibility affect the physical characteristics of the object,
lighting  conditions of environment,  spatial and  color
detail traits observed, glare, observer age, fatigue and
more. They determine the accuracy and capacity of
visual work. [1]

The Emergence of Biorhythms

Recurrent environmental influences such as alternation
of day andnight have done by the rotation of the
Earth around its axis leads in all living organisms to regular
changes. These changes are called biorhythms. Biorhythm
is a result of the interaction of inherited talents and
influence of the external environment. Biorhythms in living
organism occur at the level of molecules, cells, organs and
ultimately the whole organism. Oscillation is almost all the
features of biorhythms. An important featureis also
the period of biorhythms. Circadian - day period lasts 20 to
28 hours. [2]

Neural Regulation Nonvisual Effect of Light

In mammals, including human, biological clock is stored
in the brain called the hypothalamus, which controls many
basic  functionsin the body, including sleep  and
wakefulness. Regular oscillations arise in suprachiasmatic
cores. Theyare the basis ofthe circadian system
that regulates  the body's physiological  rhythm. Neural
pathways responsible for vision are anatomically separated
from the pathways responsible for the circadian regulation.

However, there isa functional connection between
them. The primary circadian pacemaker system s light.
Nerve pathway, which transmits nonvisual information
about light, continues from suprachiasmatic nucleus to the
pineal gland. There are alternating light and darkness
stimulates neural activity andthe production of
neurohormone melatonin secretion (sleep hormone). In
all mammals, including humans with its high levels of
excreted at night minimum during the day. Biorhythms
affect almost all physiological functions. [2]

systemic physiology

physical stimulation visual perception neural processes

visual cortex vision

4 thalamus circadian

iris A 1
; < septal nucleus neuroendocrine

" hypothalamus regulation

pupil —
9 midbrain

9 spinal cord

Fig.2. Simplification of neuroanatomy [1]

Biological clock synchronizer with astronomical ones
is periodic alternation of  light and darkness. Light
suppresses melatonin production. For those suppresses is
necessary more lightthan is required for vision.
Significantly phase shift the clock can only light with an
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intensity greater than 1 500 - 2 000 lux on the vertical plane
at eye level. [2]

Seasonal Affective Disorder

Seasonal affective disorder SAD has been reported in the
seasonally dependent persons who are manifested in the
autumn and winter months. This createsa seasonal
seasonal contraction and lack of sunlight. Typical symptoms
of SAD syndrome are emotional depression, anxiety,
difficulty  concentrating, decreased physical energy,
sleepiness, and impaired work ability. With the advent of
spring, symptoms usually disappear. SAD syndrome is also
exposed to people who are forced to work indoors with
insufficient daylight and have to rely solely on artificial light.
By light therapy can be achieved improving health. The
load of permanent chronobiological forced adaptation to
permanent night shifts can also contribute to some diseases
such as cardiovascular disease, gastrointestinal problems,
as well as cognitive and emotional problems. Proper lighting
strategy is a tool to ensure optimum biological circadian
stimulation and optimal vision, visual comfort, psychological
and behavioral functioning. [3]

Psychophysiological Effects of Light - Visual Comfort

Visual comfort is defined asa pleasant state
of psychophysiological needed for effective work and rest.
It's not a feeling, but the physiological state of adaptation of
the organism created by external physical factors. Priority
for visual comfortis light. It is influenced by other factors
such as noise, temperature, air flow, architectural properties
of space, color, etc. It is also closely related to fatigue,
disease and Vvisual defects. Eyesightis an important
regulator of neurophysiological activity of the central
nervous system and in this way affects the human psyche.
[1.4]

Ergonomic Criterion

Ergonomic criterion puts more stringent lighting
requirements which are required for visual comfort. For
visual performance are critical illuminance, luminance ratios
in the visual field and visual adaptation condition. The
quality of lighting decisions sense of fulfillment space with
light, directional light effects, light of light source chromacity,
color rendering, true color of the interior and details of work
subject and its surroundings. The aim ofthe light
environment is to create good conditions for work and
recreation. [1,4]

Psychophysiological Effects of Light

Among humans, there is a large variety of individual
and subjective assessment of light sensitivity. Human
psyche significantly is positively effected by the typical
characteristics of daylight, his dynamism, sustained
irregular changes during the dayin quantity and quality
of the pacemaker mechanisms of attention.
Direct solar radiations are clearly mentally activating
influence. Artificial light contrary, its monotony leadsto a
reduction in alertness, feelings of sleepiness, fatigue, and
loss of power fluctuations, reducing emergency response.
Among the short-term psychological states can sort fatigue
and discomfort. This can be both good and bad lighting
conditions.  Psychological effects  of glare are  major
individual differences. It acknowledged the influence of
color on the man and his work performance. The great
practical impact has a signaling information and meaning of
colors. In building interiors color coating surface can affect
the psyche of users. [3]
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Moznosti ve vyvoji LED svitidel

Abstrakt. Tento ¢lanek dava nahled na sou¢asné moznosti vyvoje LED svitidel. V Gvodu jsou nazna¢eny moznosti pocatku vyvoje svitidla z hlediska

pouZiti vice ¢i méné sofistikovanych komponent.

Déale soucasné poznatky tykajici se kvalitativnich i kvantitativnich vlastnosti LED, chlazeni a

moznosti elektronickych komponent. V zavérecné c¢asti ¢lanku jsou uvedeny pozadavky a normy kladené na LED svitidla, které musi byt spinény pro

vydani ES prohlaSeni o shodé a uvadéni svitidla na trh v EU.
Kliéova slova: LED svitidla, prohlaSeni o shodé, normy

Uvod

LED technologie v sou¢asnosti zaziva veliky boom. Mit
v nabidce svitidla osazena LED moduly nebo svételnymi
zdroji musi kazdy vyrobce nebo prodejce, ktery chce na
dnesnim trhu se svételnou technikou uspét. Zatimco
prodejce mGze vsadit na nékterého z dovozcl LED feSeni
ze zahrani¢i, vyrobce je, dfive ¢&i pozdéji, pfinucen
konkurenci do portfolia svych vyrobka LED néjak zafadit. At
uz pouzitim retrofitdl svételnych zdrojl- nahrad za bézné
zarovky nebo napfiklad zafivky, nebo vyvojem nového LED
svitidla. Pravé touto druhou moZnosti se tento clanek
zabyva.

Vyb ér komponent pro vyvoj svitidla

Na dnesnim trhu existuje cela fada komponent, které Ize
pro vyrobu svitidla zvolit, také podle moznosti a hloubky, do
které se chceme problematikou zabyvat. Za¢néme tedy
témi nejjednodussimi:

e VyuZiti hotovych sestav LED modul @ a zdroja - pfi
této moznosti je vyvoj svitidla nejjednodussi a kvalita
vyrobkd ve vétSiné pfipadd velmi dobra. Nevyhodou muze
byt vySSi cena a omezeny vybér a moznosti dostupnych
LED sestav a tim dana i nizSi variabilita- napfiklad nelze
pouzit na napajeni 12/24 V apod. Ze zajimavych produktd
v této oblasti uvedme napfiklad fadu Osram PrevalED,
uréenou pro interiérova svitidla, se svételnym tokem az
3000 Im. Tyto moduly maji zpétnovazebni obvod, ktery po
celou dobu Zivota svételného zdroje, tedy L70=50 000 h,
udrzuje Cinitel podani barev na velmi dobré hodnoté min.
90. Zajimava je také fada Philips Fortimo LLM, uréena
hlavné pro vefejné osvétleni, se svételnym tokem az
4500lm a R,=70. Tyto moduly udrzuji konstantni svételny
tok po celou dobu Zivota, také 50 000 hodin.

Obréazek 1: Philips Fortimo LLM- LED modul a driver

Pfi pouziti téchto produkt( je tfeba pouzit LED modul i
predfadnik stejného vyrobce. Vyhodnou je zaruéena kvalita
svétla, zaruka na pouzité komponenty a jistota dodavek i
v budoucnu.

« Pouziti LED hotovych driver G - je dal$i moznosti pfi
vyvoji LED svitidel. Drivery, kvuali VA charakteristice LED,
pracuji jako zdroje konstantniho proudu, typicky 350 nebo
700mA. Zdroje pro napajeni LED vyrabi Siroka Skala
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vyrobct napfiklad Osram OPTOTRONIC, Philips Xitanium
nebo MEANWELL. LED moduly si vtomto pfipadé vybira
sam vyrobce svitidla — ma na vybér mezi vyrobci i moduly
razné kvality a parametr(l, v pfipadé kterych je rozhodujici
binning.

Obrazek 2: Binning LED Luxeon

Binning je tfidéni LED modult po vyrobé do kategorii
podle svitivosti a nahradni teploty chromati¢nosti, popf.
dalSich parametri jako Ra, napéti apod. Problémem takto
konstruovanych svitidel je, Ze z pocatku provozu je kvalita
svétla velmi dobra (dana vybérem LED), postupem &asu
vSak klesa svételny tok i Cinitel podani barev (dano rliznymi
degradagnimi vlastnostmi). Céasteén& eliminovat vy3e
uvedené Ize vybérem dobrych vyrobct LED, jako napfiklad
CREE nebo Luxeon. V pfipadé, Ze vyrobce deklaruje u
svitidla stejné kvalitativni parametry jako u novych LED,
vystavuje se riziku reklamaci na jejich nesplnéni po ¢ase
provozu. Degradace LED modull zavisi hlavné na teploté,
a proto jeji udrzeni co nejnize ma u téchto konstrukci veliké
opodstatnéni. Déle je tfeba vhodnym zapojenim zajistit, aby
vypadek jedné LED nezplsobil nefunkénost velké c&asti
nebo dokonce celého svitidla.

e Vlastni vyroba v €etné elektronické ¢&asti - pfi této
a svitidla vyrobit pfesné na miru svym pozadavkim.
Konstrukce elektrické ¢asti je v dnesSni dobé uleh&ena
existenci kvalitnich integrovanych obvodua sdruzujicich
vsobé& vSechny funkce nutné pro napajeni LED.
Z nejvétSich vyrobcl jmenujme napfiklad MAXIM, Linear,
Texas Instruments, ON Semiconductor nebo National
Semiconductor. Vyvoj a nasledna certifikace svitidla je

&jSi. Pfi vlastnim vyvoiji
elektroniky je také nutné zajisténi jeji dlouhé Zzivotnosti,
protoze ze zkuSenosti s dosavadnimi instalacemi LED
vétSich prfikonu je zfejmé, Ze pravé elektronika se Casto
stava nejslabSim ¢lankem. Na obrazku nizZe je dobfe vidét,
Ze jen teploty elektroniky do 70C dokazi udrzet nizkou
miru selhavani. Pokles teploty o 10C pak vede ke
zdvojnasobeni doby Zivota.
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Obrazek 3: Doba Zivota el. pfedfadnikd v zavislosti na teploté

Neni nahoda, Ze uvedeny obrazek zhruba kopiruje
starnuti kondenzatorG. Tyto jsou totiz na teploté velmi
zavislé a na jejich parametrech a kvalité také zavisi
provozuschopnost celého svitidla. Pro konstrukce volime
vyhradné typy s odolnosti 105C, nejlépe zna ek Samxon,
Nichicon, Rubycon, Chemi-con nebo Panasonic. Pokud ma
kondenzator udany zivot 2 000 hodin, 50 000 hodin vydrzi
pfi provozni teploté cca 60<C. V pfipadé LED svitidel se na
otepleni elektroniky, mimo jeji vlastni tepelnou produkci,
podili také teplo produkované LED moduly, proto je nutné
méfeni teploty az pfimo ve vyvijeném svitidle v podminkach
co nejblizSim béznému provozu. Zde se dobfe uplatni
zalévaci hmoty pro elektroniku s vysokou tepelnou
vodivosti, které dobfe odvadéji teplo produkované Cipy a
velka a rovna teplosménna plocha umozni jejich pfichyceni
na plast svitidla pro optimalni odvod tepla.

Zajist éni optimalniho chlazeni

At uz vybereme kteroukoli z vySe uvedenych variant
vyvoje svitidla, nevyhneme se nutnosti vyfeSit optimalni
chlazeni. Dobré chlazeni je tfeba pro zajiSténi stabilniho
svételného toku, co jak nejmensiho Ubytku svitivosti a
dlouhého zivota LED modulGd. Pfi vypoctu otepleni
vychazime z Udaji dodanych vyrobcem LED. U chlazeni
mame na vybér z nékolika typl, volba vhodného zavisi na
pfikonu modull, rozmérech svitidla a planovaném toku
vzduchu.

susINUVENTIX

Obréazek 4: Moznosti chlazeni- membranovy, vrtulovy a pasivni

Zajimavou moznosti je vyuziti membranového chladi¢e
Nuventix, ktery nema zZadné pohyblivé &asti a slibuje méné
nez 10% vypadkl po dobu 100 tisic hodin. S vyhodou Ize
pro chlazeni pouzit i vnéjSi plast svitidla, jeho otepleni
nesmi pfesahnout pouze hodnotu udanou na svitidle, podle
toho pro jaké prostfedi a na jaky podklad je svitidlo uréeno.
Jakmile vybereme vhodné chlazeni, je tfeba ovéfit teplotni
méreni. AZ poté mizeme vypodcitat teplotu na PN pfechodu
a podle ni urcit, z Gdajd dodanych vyrobcem, dobu Zivota

svitidla.
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Obréazek 5: Vliv teploty PN pfechodu na svitivost [1]
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Navrh optického systému

V zajmu co nejvy$Siho mérného vykonu je tfeba pro
svitidlo navrhnout co nejucinnéjSi opticky systém. Pro
vysokou Gginnost je samoziejmé lepSi pouziti reflektord a
refraktor(l pred difuzory, nebo lze také vyuzit pfirozenou
vyzafovaci charakteristiku LED moduld a jejich svétlo
smeérovat jen jejich nato¢enim nebo clonénim. Pro fadu
LED ¢ipu Ize pfimo koupit hotové reflektory s zadanou
charakteristikou, pfipadné upravit stavajici svitidla pro LED
moduly. Pro vyvoj Ize vyuZit i specializovany software, pro
ovéreni je tfeba provést svételné méreni.

Je tfeba si uvédomit, Ze vysledny mérny vykon svitidla
je roven soucinu mérného vykonu LED modulu, G&innosti
napajeciho zdroje a optického systému a vSechny ¢initele
jsou stejné dulezité.

Spln éni pozadavk G norem
Po Uspé&Sném vyvoji a vyrobé vzorkl nasleduje
vyhotoveni dokumentace ke svitidlu, které vyuzijeme jako
podklady pro certifikaci i pro katalog. Abychom mohli vydat
prohlaSeni o shodé a umistit na vyrobek oznaceni CE,
musime nejdfive ovéfit, jaké normy se na naSe svitidlo
vztahuiji.
Normy vztahujici se na svételny zdroj:
+ CSN EN 62031 - Moduly LED pro v3eobecné
osvétlovani - Pozadavky na bezpecnost
Normy vztahujici se na elektronicky pfedfadnik:
«  CSN EN 61347-1 - Ovladaci zafizeni pro svételné
zdroje - VSeobecné a bezpecnostni pozadavky
« CSN EN 61347-2-13 - Ovladaci zafizeni pro
svételné zdroje - Cast 2-13: Zvlastni pozadavky
pro elektronickd ovladaci zafizeni moduld LED
napajena stfidavym nebo stejnosmérnym proudem
Normy vztahujici se na celé svitidlo
« CSN EN 60598-1 - Svitidla, V8eobecné pozadavky
a zkousky
« CSN EN 60598-2-1 - Svitidla, Zvlastni pozadavky,
Stacionarni svitidla + dalSi normy fady podle druhu
svitidla
« CSN EN 62471 -
svételnych zdroja
« CSN EN 61000-3-2 - Elektromagneticka
kompatibilita (EMC) - Meze pro emise proudu
harmonickych
« CSN EN 61000-3-3 - Elektromagneticka
kompatibilita (EMC) - Meze - Omezovani zmén
napéti, kolisani napéti a flikru v rozvodnych sitich
nizkého napéti pro zafizeni se jmenovitym
fazovym proudem <= 16 A, které neni pfedmétem
podminéného pfipojeni
« CSN EN 55015 - Meze a metody méfeni
charakteristik vysokofrekvenéniho ruseni
zplsobeného elektrickymi svitidly
« EN 61547 - Zafizeni pro vSeobecné osvétlovaci
Ucely - EMC pozadavky odolnosti
Je tfeba dodat, Ze vycet téchto norem nemusi byt tpiny,
dal$i normy se na svitidlo mohou vztahovat podle jeho typu
nebo uréeni.

Fotobiologicka bezpeénost

Zaver

Vyvoj LED svitidel, jak je z ¢lanku patrné, neni zcela
jednoduchou zalezitosti. Pokud je pojat zodpovédné,
vysledkem se stava kvalitni svitidlo, které parametry a
Zivotnosti pred¢i konkurenci neznackovych svitidel z Asie
s nevérohodnymi parametry a nejasnou Zivotnosti.
V pfipadé jednoduché konstrukce a vétsi vyroby, a tim i
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nizSich nakupnich cen, je mozné se s takovym svitidlem
prosadit na lokalnich trzich.
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Méreni a vyhodnocovani spektralnich vlastnosti odrazen

Daniel Divi§ ', Karel Sokansky *, Tomas Novak *
VSB-TU Ostrava (1)

ého
zareni od no €éni oblohy

Abstract. The obtrusive light is understood as increased luminance of the night sky. In this paper is considered the increase of luminance of the
night sky which causes sky glow that cause worse observation of stars. Public lighting is not only one of source of obtrusive light. Also windows of
apartments, advertising lighting and sports lighting belong here. The theme of this article is to determine the light sources from the measured light
spectrum and subsequent quantification of their proportion of obtrusive light. The current measurements show that the influence of high pressure
sodium lamps used in public lighting systems, to the night sky in the Czech and Slovak regions is significant.

Keywords: obtrusive light, light pollution, light spectrum, high pressure sodium lamp

Uvod

Cilem tohoto ¢lanku je zjiSténi podilu vefejného
osvétleni na celkovém svételném vyzafovaném zareni
(pfimém i odrazeném) svételnych zdroju rozptylujici se v
hornim  poloprostoru v ovzduS§i za specifickych
meteorologickych podminek (zatazeno, dést, snéZzeni,
mlha, vysoka prasnost v ovdusi apod.), kdy je toto zafeni
nejlépe viditelné a stava se teréem kritiky obyvatelstva. Tyto
klimatické podminky zpUsobuji nejvyssi jasy no¢ni oblohy, a
proto ma svételné zareni také nejvysSi ruSivy potencial.
Clanek se zaméfuje na studium vlivu vysokotlakych
sodikovych vybojek, které se nejCastéji pouzivaji ve
vefejném osvétleni. ProtoZe tyto zdroje jsou nejcastéji
pouZivané ve vefejném osvétleni, mizeme ocekavat jejich
vyznamny vliv na noéni oblohu.

Popis m éficiho vybaveni

Kompletni méfici systém se sklada ze
spektroradiometeru Jeti 1211 na Obr. 1. spole¢né s
pfenosnym pocitacem, ktery je nezbytny pro jeho ovladani.
Tento konkrétni spektroradiometr byl zvolen kvuli své
vysoké citlivosti a dlouhym integraénim ¢asim az 10 minut.
Vysoka citlivost spolu s dlouhou integraéni dobou umozriuje
vyhodnocovat i velmi nizké jasy no¢ni oblohy.

Obr. 1. Jeti 1211

Spektroradiometr miize méfit nasledujici hodnoty [1]:
= spektralni zafeni,
= jas,
=  osvétlenost,
= chromatické soufadnice x, y, u, v,
»= nahradni teplotu chromati¢nosti,
= dominantni vinovou délku,
= index podani barev.
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Spektrofotometr Jeti 1211 je specifikovan nasledujicimi

parametry:

= méfena vinova délka 350 nm — 1000 nm,

= rozliSeni vinové délky 5 nm,

=  pozorovaci Ghel 1,8°

= 0,2 cd/m® -7 000 cd/m?,

= 2Ix—50000 Ix,

= pFesnost £ 0,7 nm,

= pFesnost 2 % (1000 cd/m?, 2856 K).
Pristroj se vyuziva predevsim k méfeni spektralniho zareni
pfi posuzovani rusivého svétla. | pfi jeho vysoké citlivosti a
dlouhym integraénim ¢aslim se vyuziva na spodni hranici
svého méficiho rozsahu

Popis naSich experimentalnich m  éfeni

Méfeni spektralniho zéarfeni provadime ve méstech
obvykle ze stfech vySkovych budov, detektor musi byt
umistén nad vSemi svitidly, paklize je v méfici aparatufe na
pristroji nasazen kosinlv nastavec. Takto muze méfit
odrazenou slozku svételného =zafeni od horniho
poloprostoru. Kazdé jednotlivé méfeni je naprosto unikatni,
protoze se ¢asem méni atmosférické podminky.
Opakované méfeni Ize provést pouze za stejnych
atmosférickych podminek. Proto je nezbytné, mit pfesné
zaznamenanou situaci pfi provadéném méreni.

NaSe meéfeni jsme provadéli v Ostravé, Bratislavé a
Pardubicich. Na Obr. 2. je ukazka spektra vysokotlaké
sodikové vybojky Philips SON-T Plus 100 W, tak jak ji
udava vyrobce.

300

[UW / 5nm / lumen]—

300 400 500 600 700 Alnm]—

Obr. 2. Spektrum vysokotlaké sodikové vybojky dle vyrobce [2]

Na nésledujicim obrazku Obr.3. je ndmi zméFena stejna
vybojka. Na prvni pohled je patrné, Ze namérené hodnoty
odpovidaji katalogovym. Dale si musime uvédomit, Ze bude
nezbytné meéfit vice vysokotlakych sodikovych vybojek,
nejen od raznych vyrobc(, ale i o rGzném pfikonu, protoze
jednotlivé vybojky se v oblasti vyzafovanéno maxima A =
589 nm od sebe liSi vyzafovanym spektrem. Abychom byli
schopni provést vyhodnoceni, musime si stanovit obecnou
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vysokotlakou sodikovou vybojku a jeji vyzafované
spektrum, nebo si zajistit informace o typech a vykonech
svételnych zdroji od pfislusného spravce vefejného
osvétleni.0

25763
2550E-3—
2.506-3—
2.40E-3—
2.30E-3—

22063
21083
2,008-3-

Radiance Wi symnir]

380 ado 420 440 450 480 SO0 S30 S40 S60 SG0 BOD 620 640 660 680 700 720 740 780 780
wiavelength [nim]

Obr. 3. Spektrum mérené vysokotlaké sodikové vybojky

MozZnosti vyhodnocovani m  éreni

V ramci vyhodnocovani spekter nas nezajima konkrétni
velikost méfenych hodnot spektralni zare W/(sr*mz*nm),
protoZze zatim nejsme schopni vyhodnoceni provést
v absolutnich hodnotach. Pokud porovnavame vysledky
zraznych lokalit, vznika dalSi proménna kromé
atmosférickych podminek a to - misto méfeni. Proto
vyhodnoceni provadime relativné (pomérové) vicéi znamym
spektriim vysokotlaké sodikové vybojky.

Z terénich méfeni vime, Ze vysokotlaké sodikové
vybojky se v naméfenych spektrech projevuji silné. Toto
odpovida pfedpokladim. V soucasné dobé se snazime
z namérenych hodnot vylou¢it pravé hodnoty patfici
vysokotlaké sodikové vybojce. Data, ktera zbudou po této
matematické Upravé, dale rozpracovavame. Existuje vSak
spousta svételnych zdroju, které vyzaruji svételné zareni i
na stejnych vinovych délkach jako pravé vysokotlaka
sodikova vybojka. Mezi né patfi zejména halogenidové
vybojky, zafivky a také Zarovky se svym spojitym spektrem.

V naméfenych hodnotach se snazime identifikovat dalsi
umélé svételné zdroje viz Obr. 4, které se projevuji
v namérenych spektrech rusivého svétla.

W | vysokotlaka sodikova vybojka

Halogenidova
vybajka

Zsiruvky

N

380 nm Vinova délka nm] 780 nm

Obr. 4. Naméfena data z Bratislavy

Vysokotlaké rtutové vybojky maji hlavni podil zafeni na
vinovych délkach (404 az 407, 436, 546 a 577nm), u
halogenidovych  vybojek se vyznaduji intenzivnimi
rezonanénimi ¢arami ve viditelné oblasti spektra thalium A =
535 nm a indium A =410 nm a 451 nm. [3]

Svétlo, které méfime, je odrazené zafeni od horniho
poloprostoru, takze je zavislé na spektralnich vlastnostech
atmosféry. Nameérené spektrum vysokotlaké sodikové
vybojky v laboratornich podminkach je naproti tomu energie
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vyzafena. Nicméné se predpoklada, ze nizka oblaénost ve
viditelné oblasti odrazi neselektivné tzn. na vSech vinovych
délkach.

Navrh Metodiky

Na Obr. 5. je ukazka postupu, jak by se pfi
vyhodnocovani mohlo postupovat. Od naméfenych dat z
terénu, odedist vliv vysokotlakych sodikovych vybojek ve
spravném pomeéru. Vysledkem této operace bude spektrum
vypovidajici o dalSich svételnych zdrojich vyskytujicich se v
ruSivém svétle. Bude znama nejen jejich specifikace ale i
kvantifikace.

Naméfena data
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‘ —— Vysokotlaka sodikové vybojka 100W ‘
= Naméfené spektrum rusivého svétla z Bratislavy

e

VInova délka (nm)

Obr. 5. Porovnani spektra rusivého svétla se spektrem vysokotlaké
sodikové vybojky

Zaveér

Navrzena metoda uréovani svételnych zdroji a jejich
kvantifikace z naméfeného spektra mize byt vhodna i
k jinym G¢eliim nez jen k vyhodnocovani svételného ruseni.
Jsme teprve na zacatku a ¢eka nas jeSté spousta prace,
predevSim s uréenim koeficientl, které nam umozni

energeticky srovnat méfeni vterénu s méfenimi
provedenymi v laboratofi.

Pod ékovani

Clanek vznikl vramci projektu "Optimalizace spotfeby

elektrické energie vyuzitim modernich svételnych zdroju”
Cislo projektu SP 2011/135.
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Zdravotni Ustav se sidlem v Plzni

Denni osv étleni uvnit ¥ rekonstruovanych budov

Abstract. Prednaska se zabyva problematikou zmén denniho osvétleni uvnit/ rekonstruovanych budov.

Keywords: denni osvétleni; okna; rekonstrukce; daylight; windows; reconstruction

Rekonstrukce budov a denni osv  étleni

Souc¢asna doba preje celkovym rekonstrukcim budov.
V rdmci energetickych Uspor jsou s pouZzitim dotaci ménéna
okna, zateplovany obvodové plasté, instalovany nejrizné;jsi
vnéjsi stinici prvky, zasklivany lodzie. Fasady jsou
barevnéjsi.

Kromé nezanedbatelnych pfinosu vSak je tfeba pocitat i
S negativy.

PFed realizaci samotné rekonstrukce se neprovadi novy
vypocet & méfeni denniho osvétleni, tudiz chybi kontrola.

V pfednasce budou probrany konkrétni srovnavaci
pfiklady stavu denniho osvétleni ve vnitfnich prostorech
pfed rekonstrukci a po ni. Nebudou chyhét fotografie,
vypocty a srovnavaci hodnoceni dle platnych predpisu.
Tento prispévek uvadi pouze jeden ilustrativni pfipad.

Vymeéna oken

Pfi vyméné starych oken za nova se muzeme
spolehnout na to, Ze diky SirSim ramdm