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CILJI IN VSEBINA POSVETOVANJ V PREJSNJIH LETIH /
Letos skuSamo Ze devetnajsto leto zapored s strokovno obravnavo svetlobne tehnike priblizati to
problematiko javnosti. Osnovne teme na dosedanijih posvetovanijih so bile:

RAZSVETLJAVA '92 -
RAZSVETLJAVA '93 -
RAZSVETLJAVA '94 -
RAZSVETLJAVA'95 -
RAZSVETLJAVA '96 -
RAZSVETLJAVA'97 -
RAZSVETLJAVA '98 -
RAZSVETLJAVA'99 -
RAZSVETLJAVA 2000 -
RAZSVETLJAVA 2001 -
RAZSVETLJAVA 2002 -
RAZSVETLJAVA 2003 -
RAZSVETLJAVA 2004 -
RAZSVETLJAVA 2005 -
RAZSVETLJAVA 2006 -
RAZSVETLJAVA 2007 -
RAZSVETLJAVA 2008 -
RAZSVETLJAVA 2009 -
RAZSVETLJAVA 2010 -

Ve svetlobe ob manjsi porabi energije

Energijsko optimiranje razsvetljave

VzdrZzevanje razsvetljave in ekoloski problemi

Energijska u€inkovitost v sistemih za notranjo in zunanjo razsvetljavo
Meritve v svetlobni tehniki kot funkcija u€inkovite rabe energije
Razsvetljava in energija

Svetila in svetlobna tehnika

Razsvetljava prodajnih prostorov

Novosti v zunanji razsvetljavi

Razsvetljava ambientov

Svetloba in okolje

Ucinkovita kombinacija umetne in dnevne svetlobe

Ucinkovita kombinacija umetne in dnevne svetlobe

Svetloba in okolje

Razsvetljava delovnih mest

Svetloba in arhitektura, Zunanja razsvetljava

Zdruzeno posvetovanje z BALKAN LIGHT

Skupno posvetovanje s Hrvatskim drustvom za razsvetljavo / HDR
LED tehnologije in standardizacija

S posvetovanjem je seznanjen Centralni urad Mednarodne komisije za razsvetljavo — CIE.

OBJECTIVES THROUGH THE YEARS
The basic topics of the symposia in particular have been the following:

LIGHTING ENGINEERING '92
LIGHTING ENGINEERING '93
LIGHTING ENGINEERING '94
LIGHTING ENGINEERING '95
LIGHTING ENGINEERING '96
LIGHTING ENGINEERING '97
LIGHTING ENGINEERING '98
LIGHTING ENGINEERING '99
LIGHTING ENGINEERING 2000
LIGHTING ENGINEERING 2001
LIGHTING ENGINEERING 2002
LIGHTING ENGINEERING 2003
LIGHTING ENGINEERING 2004
LIGHTING ENGINEERING 2005
LIGHTING ENGINEERING 2006
LIGHTING ENGINEERING 2007
LIGHTING ENGINEERING 2008
LIGHTING ENGINEERING 2009
LIGHTING ENGINEERING 2010

More Light with Less Energy Consumption

Energy optimised Lighting

Maintenance and Environmental Problems

Energy Efficiency in Building and Public Lighting Systems
Lighting Engineering and Energy Efficiency

Lighting and Energy

Lights and Lighting

Retail Lighting

Outdoor Lighting

Ambience Lighting

Light and Environment

Effective Combination of Artificial Lighting with Daylight
Effective Combination of Artificial Lighting with Daylight
Light and Environment

Lighting of Work Places

Light and Architecture, Outdoor Lighting

Joint Conference with BALKAN LIGHT

Joint Conference with Croatian lighting Association
LED technologies and standardisation

The symposium has been noted by the International Commission on lllumination — CIE.
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MOZNOSTI VARCEVANJA ELEKTRICNE ENERGIJE PRI CESTNI
RAZSVETLJAVI

Pravilna cestna razsvetljava igra odlo€ilno vlogo pri varnosti v cestnem prometu. Obstaja
ve¢ kriterijev s katerimi lahko opiSdemo kvalitetho izvedeno javno razsvetljavo.
Najpomembnejsi kriterij je zagotovo zagotavljanje predpisanih svetlobno tehnic¢nih
parametrov glede na kategorizacijo ceste. Drugi najpomembnejSi kriterij postaja v zadnjih
Casih vpradanje potrodnje elektriCcne energije za obratovanje javne razsvetljave. Zdruziti
funkcionalno razsvetljavo s parametri varéne razsvetljave je tema, s katero se ukvarja vsak
dan vec lastnikov in upravljavcev javne razsvetljave.

Kriterije kvalitetne cestne razsvetljave z upoStevanjem veljavne zakonodaje lahko dosezete
le na nacin, da za osvetlitev objektov izberete ulinkovite LED svetilke. Z izborom ustrezne
LED svetilke in strokovno usposobljenostjo za izraCun objektov cestne razsvetljave lahko
zadostite zahtevanim predpisom. Pri tem je smiselno predvideti tudi sistem regulacije
svetlobnega toka, ki nam Se dodatno omogo€a zmanjSanje stroSkov elektricne energije v
povpreCju za 25%. Potrebno je poudariti, da brez ustreznih simulacijskih izracunov z
upostevanjem geometrije in kategorizacije ceste kvalitetne razsvetljave cest ni mogoce
zgraditi. V praksi se velikokrat sreCamo s projekti, ko se na obstojeci instalaciji zamenjajo
samo svetilke. Tudi v tak3nih primerih je potrebno preuciti vse moznosti za optimalno
razsvetljavo. V skrajnih primerih so potrebni tudi posegi na pritrditvah svetilk ali pa celo
premik stojnih mest.

Prikazan je primer dobre prakse iz ob&ine ZreCe, kjer so na republidki cesti zamenijali sicer
u€inkovite natrijeve svetilke mo€i 250W z nasimi LED svetilkami moc&i 120W. Kljub temu, da
so izpolnjene vse zahteve kvalitetne razsvetljave se je poraba elektriCne energije zmanjSala
za 55%. Glede na dejstvo, da naslednjih 15 let niso potrebni vzdrZzevalni posegi (menjava
sijalk) je takSna investicija ve¢ kot upravicena.

Slika §t. 1 — ZrecCe, republiSka cesta osvetljena z LED svetilkami proizvajalca GRAH Automotive
Za dodatne informacije smo vam na voljo.

GRAH Automotive d.o.o.

Mestni trg 5b

3210 Slovenske Konjice

Tel.: 082 801 424

Fax: 082 801 402

Web: http://www.grahlighting.eu/
e-mail: info@grah-automotive.si
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From a Tiny Twist Grows a Full Revolution.

The GE Infusion™ LED Module is more than ﬂgﬁ le, it's built for the future. As LED 0 ogy advances, you can twist in newer generations
of the Infusion module without replacing fixtures. And with a full line of lumen packages up to 3500, multiple color temperatures, and CRI
and dimming options, the energy efficient LED module paves the way for a revolution in lighting design.

Explore the GE Infusion LED Module, luminaire options and a variety of applications online at www.gelighting.com/infusion

imagination at work ©2011 GE
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Deux Pieces C
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Deux Pieces F

Deux Pieces T

Deux Pieces C

Deux Pieces S

5 letno jamstvo

Deux Pieces

visoko u€inkovit LED reflektor, edinstven dizajn

Deux-pieces je energijsko visoko ucinkovit, profesionalen LED reflektor.
Prepoznaven, iz¢iS¢en dizajn je zreduciran na dva enaka volumna.
Osvetljuje natancno, brez IR in UV sevanj ter z iziemno kvaliteto
reprodukcije barv. Omogoca izbiro med tremi razliénimi snopi ter ustrezno
temperaturo bele svetlobe. Minimalistiéni dizajn, dolgo delovanje brez
potrebnega vzdrzevanja, vrhunski materiali ter visoka kakovost proizvoda
bodo nedvomno pritegnili vaSo pozornost.

E : Intra lighting

www.intra-lighting.com
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RESITEV ZA PRIHRANEK
ENERGIJE IN VZDRZEVAN.JE
SVETLOTEHNICNIH ZNACILNOSTI

Svetilka Acciaio Quattro je znacilna predstavnica
profesionalne linije Acciaio Beghelli Njene svetlotehnicne
karakteristike ji omogocajo, da jo lahko namestimo namesto
tradicionalnih industrijskih zarometov — HighBay, za izboljsanje
ucinkovitosti sistema razsvetjave pri varcevanju z energijo

in stalnosti izvedbe.

AI:I:IAIII Prinranek energije

N takojsen
poNoven vzig

ZASEDA MINIMALNI PROSTOR,

KAR OMOGOGA TRANSPORT

Z VIUGARA

MNamescena svetilka zaseda malo
prostora po visini v primerjavi

7 industrijskimi Zarometi — »lonci«, kar
predstavija prednost za transportne
poti in prenos bremen.

lighting

MTS International d.o.o.

Perhavéeva ul. 15c
2000 Maribor, Slovenija
tel.: +386 2 661 2701
fax.: +386 2 661 2841
e-mail: mts.international@siol.net
http: www.mtsi.si
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Bommel: ”Are we Prepared to Lighting the Two Tousand Twenties?” R-1

Wout van Bommel

ARE WE PREPARED TO LIGHT THE 2020TIES?

Abstract

The review is structured around four questions, all related to the general
question: "Are we, lighting professionals, ready for lighting the 2020ties?"

Question 1: Do we, lighting professionals, have the right focus in
product development? From a society point of view, sustainability and in
that context energy friendly, long life product and application design is
important. The lighting industry has to focus more on total waste free
products as defined in cradle to cradle design. Futuristic products like solar
road surfaces, translucent concrete and OLED windows, can further
increase both the quality and energy efficiency of future lighting
installations.

Question 2: Do we, lighting professionals, use the right basic
information? Good glare restriction in solid state lighting requires
innovative optical designs. Here a totally new glare evaluation system is
needed as the present glare restriction systems for indoor lighting, road
lighting and sports lighting have been developed for lighting conditions
totally different from solid state lighting conditions. In fixed road lighting,
especially for motorway lighting we base our concepts on visibility of objects
but that concept looses importance because of developments in car systems
themselves, even leading to intelligent, thinking cars. For lighting in built-up
areas, instead of the luminance concept of road lighting a more three-
dimensional concept is needed.

Question 3: Do we, lighting professionals, provide the users with the
right information? The changeover to solid state lighting may be slow
downed because for solid state lighting often wrong data are supplied, thus
disappointing new users in their expectations.

Question 4: Do we, lighting professionals, address the right public?

Most recommendations and standards on lighting quality are based on
people of around 30 years old. With growing age, eyesight deteriorates. It is
therefore essential that in lighting recommendations special sections are
going to be incorporated on the special needs of the elderly.

Posvetovanje “Razsvetljava 2011” stran 1



R-1 “Uvodno vabljeno predavanje / Invited paper”

Are we prepared to light the 2020ties?

Smo pripravljeni za razsvetljavo v 2020tih?

Are we, lighting professionals, ready for it?
Smo mi, strokovnjaki na podrocju razsvetljave, pripravljeni?

Right focus in product development?

prave izdelke

* Do we have the right focus in product development? N _
Ali razvijamo prave izdelke? Sustainability Trajnost
—Life time
Energy design
+ Do we have the right basic information? S Qplkoranieza
Ali imamo prave osnovne informacije? emnaen(lgéalepombo Zivlenjsko dobo
g m
+ Do we provide the users with the right information?
Ali uporabnikom posredujemo prave informacije? =
+ Do we address the right public?
Ali se obratamo na pravo publiko? 2010 Time

Non traditional products
Ne-tradicionalni izdelek

Right focus in product development?
prave izdelke

Intelligent solar road surface with LEDs

Waste design Oblikovanje za manj odpadkov
Inteligentna solarna cestna obloga z LED diodami

Cradle to Cradle
design

kS
[

= W =\

Incorporating waste in
the internal structure

2010 Time
Source: Solar Roadways (USA)

stran 2 “Lighting Engineering 2011”



Bommel: ”Are we Prepared to Lighting the Two Tousand Twenties?”

Non traditional products

Non traditional products
Ne-tradicionalni izdelek

Ne-tradicionalni izdelek

Translucent concrete Presevni beton Transparent OLED window Prozorno OLED okno

Source: www.litracon.hu Source: Philips
www.luccon.com

Source: RIOE
www.andreasbittis.de

Are we, lighting professionals, ready for it?

Do we have right basic information?
Smo mi, strokovnjaki na podrocju razsvetljave, pripravljeni?

prave osnovne informacije?

Glare concept valid for LEDs?
. T R § e Ali koncept bles¢anja velja za LED diode?
O AV ul - Nt 10CUS PIOUL CIOU [S10194
* Road lighting:
Tl: based on field tests 1930-1965

Holladay, Stiles, de Boer, Schreuder, Adrian, Fisher, Sérensen

+ Do we have the right basic information?
Ali imamo prave oshovne informacije?

Do we have right basic information?

Do we have right basic information?
prave osnovne informacije?

prave osnovne informacije?

Glare concept valid for LEDs? Glare concept valid for LEDs?

Ali koncept ble$¢anja velja za LED diode?
Ali koncept bleS¢anja velja za LED diode?

* Road lighting:
TI: based on field tests 1930-1965 T

~aced on field teete 19030-19065
)yased on tield tests 1950-19609
Holladay, Stiles, de Boer, Schreuder, Adrian, Fisher, Sérensen S B S

* Indoor lighting: * Indoor lighting:
UGR: 1950-1960

UGR: 1950-1960
Luckiesh, Hopkinson, Guth, Sollner, Bodmann, Fischer Luckiesh, Hopkinson, Guth, Sollner, Bo

» Qutdoor Sports lighting:
GR: 1980-ties

van Bommel, Tekelenburg

Posvetovanje “Razsvetljava 2011~ stran 3
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Do we have right basic information?
prave osnovne informacije?

Glare concept valid for LEDs?
Ali koncept bles¢anja velja za LED diode?
* Road lighting: h
TI: based on field tests 1930-1965

Holladay, Stiles, de Boer, Schreuder, Adrian, Fisher, Sérensen

* Indoor lighting:
UGR: 1950-1960

Luckiesh, Hopkinson, Guth, Sollner, Bodmann, Fischer

* Outdoor Sports lighting:
GR: 1980-ties

van Bommel, Tekelenburg

Do we have right basic information?

prave osnovne informacije?

Luminance concept of road lighting? Koncept svetlosti za cestno razsvetljavo?
VISIbI]Ity of objects Vidljivost ovire

The thinking car

Razmisljujo¢ avto

My car predicts

what other cars

% are going to do

drugi avtomobili

* Road lighting:
TI: based on field tests 1930-1965

No mirror optics
Ne-zrcalna optika

L_ No point sources
Ne-tockovni vir

No point clusters
Ne-tockovno polje

Luckiesh, Hopkinson, Guth, Sollner, Bodmann, Fischer

» Qutdoor Sports lighting:
GR: 1980-ties

van Bommel, Tekelenburg

2 Moj avto predvideva, kaj bodo naredili

Do we have right basic information?
prave osnovne informacije?

Glare concept valid for LEDs?
Ali koncept ble$¢anja velja za LED diode?

Holladay, Stiles, de Boer, Schreuder, Adrian, Fisher, Sérensen

+ Indoor lighting: New
UGR: 1950-1960 — glare concept
needed

IR night vision assistance

V|S|b|||ty of objects Vidljivost ovire

source: Mercedes, Audi

Do we have right basic information?
prave osnovne informacije?

Luminance concept in built-up areas?
Koncept svetlosti v pozidanih podro¢jih?

T
T

A

b
-

1
Wl
o

P24
o

L}
H
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Do we have right basic information?
prave osnovne informacije?

Luminance concept in built-up areas?

Koncept svetlosti v pozidanih podrogjin?

Do we have right basic information?
prave osnovne informacije?

Luminance concept in built-up areas?
More planes !l ve¢ povrsin I!

New 3-dimensional concept needed
Potreben je nov 3-dimenzionalni koncept

Provide right information of products?
prave informacije

Label of LIE lamp lazni iuéi

bought 29 August 2009 in DiY

Stroomverbruik / Cons

ymation

RN 1,209

200 Im 200 Im
165 Im/W  ~ factor 3 too high

Do we have right basic information?
prave osnovne informacije?

Luminance concept in built-up areas?

Are we, lighting professionals, ready for it?
Smo mi, strokovnjaki na podrocju razsvetljave, pripravljeni?

» Do we provide the users with the right information?
Ali uporabnikom posredujemo prave informacije?

Provide right information of designs?
prave informacije

Road 7 m wide (L,, = 1,0 cd/m?, good uniformity and glare restriction)

HPS LED

source: Pentti Hautala

Posvetovanje “Razsvetljava 2011~

stran 5
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Provide right information of designs? Provide right press information?

Zagotoviti prave informacije za javnost? Zagotoviti prave informacije za javnost?

LED lamps and health?

s ssunasenniCUWS - |11
Ledlicht heeft LED light has a negative effect
nadelig effect aniahiet
op nachtrust
Blauwig licht ostregeR de biologische klok Bluish light disrupts the biological clock

LED razsvetljava ima negativni u¢inek na
noéni pocitek

Modra svetloba moti bioloko uro

source: Penti Hautala

LED lamps and health

LED zarnice in zdravje

GLS

A (nm)

LED lamps and health LED lamps and health

LED 2700K
LED 4000K
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Bommel: ”Are we Prepared to Lighting the Two Tousand Twenties?” R-1

Provide right press information?

Zagotoviti prave informacije za javnost

LED lamps and health

Total biological dose ceiotna bicloska doza

134
%
100 )
0
GLS LED LED
2700K 4000K
Are we, lighting professionals, ready for it? The elderly
Smo mi, strokovnjaki na podroéju razsvetljave, pripravljeni? Starejéi
Do we have the right focus in product development?
Do we have the right basic background information?

Do we provide the users \

vith the right information?

* Do we address the right public?
Ali se obratamo na pravo publiko?

Eye lens and age The elderly

Ocesne lece in starost Starejsi

Blue vision loss Izguba vida v modrem podrogju

Eye
transmission
25 47 60 65yr/25yr

70 82 91

source: Lerman

Posvetovanje “Razsvetljava 2011~ stran 7
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The elderly

Starejsi

Blue vision loss Izguba vida v modrem podrogju

Mesopic vision in road lighting Mezopski vid in cestna razsvetljava

Claude Monet 1899 Claude Monet 1922
Japanese bridge Japanese bridge

Are we prepared to light the 2020ties?

Smo pripravljeni za razsvetljavo v 2020tih?

YES
if ..

Da, ce

+ We are a little more honest
Mi smo nekoliko bolj posteni

» Do a little more lighting application research
Delajte nekaj ve¢ raziskav na podro¢ju razsvetljave

» Think a little more about the elderly
Mislite nekoliko bolj na starejse

Author’s address

Wout van Bommel

Van Bommel Lighting Consultant, Netherlands
wout@woutvanbommel.eu
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Stockmar: ”LED and the European Standard EN 13201 “Road Lighting”” R-2

Axel Stockmar

LED AND THE EUROPEAN STANDARD EN 13201 “ROAD

LIGHTING”

Abstract

In 2003 the European Standard EN 13201 on road lighting has been
published in three parts dealing with the ‘performance requirements’ (part
2), the ‘calculation of performance’ (part 3), and the ‘methods of measuring
lighting performance’ (part 4). In addition a Technical Report was published
describing the ‘selection of lighting classes’ (part 1) in 2004. In more recent
years the introduction of LED road lighting installations has raised concern
about the suitability of the current recommendations regarding some
particular properties of this new light source.

The current revision of the European Standard EN 13201 (started in
2009 and expected to be finalized by end of 2012) will take into account the
challenges caused by LED road lighting installations.

In part 2 on ‘performance requirements’ the definition of the surround
ratio has to be re-considered and the concept may need to be extended also
to other lighting classes than those for motorized traffic. The validity of the
threshold increment method for the evaluation of glare has to be checked.

In part 3 on ‘calculation of performance’ the extension of the current
format of the tabular representation of the road surface reflection properties
seems necessary to suit e.g. the application of low mounting height LED
lighting systems. A denser grid of calculation points could help to identify
visually insufficient uniformities caused by inappropriate light intensity
distributions.

In part 4 on ‘measurements’ new recommendations on uncertainties
have to be introduced, in particular concerning the spectral responses when
comparing conventional with LED lighting systems.

Posvetovanje “Razsvetljava 2011” stran 9
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Standardization Bodies and
Lighting Societies - the Lighting Network

LUX

EUROPA

AFNOR
BSI
DIN

CEN TC 169 Light and Lighting (2011) D|

WG1 Basic Terms and Criteria (EN 12665)

WG2 Lighting of Work Places (EN 12464-1/2, EN 13032-2)
WG3 Emergency Lighting (EN 1838, EN 13032-3)

WG4 Sports Lighting (EN 12193)

WG5 Road Lighting (EN 13201:2003)

WG6 Tunnel Lighting (CR 14380, EN 16276)

WG7 Photometry (EN 13032-1)

WG8 Photobiology (EN 14255)

WG9 Energy Performance of Buildings - Energy Requirements
for Lighting (EN 15193)

WG10 Performance of Optical Materials for Luminaires

WG11 Daylight

WG12 TC169/226 JWG Road Lighting (EN 13201:2013)
WG13 Effect of Light on Human Beings

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 2

ackmar LIGHTING ENGINEERING 2011, Nova Gorica 3

The seven CIE Divisions (2011) d
(International Commission on Illumination)
e Div. I Vision & Colour
¢ Div. II Physical Measurement of Light and Radiation
* Div. III Interior Environment and Lighting Design
¢ Div. IV Lighting and Signalling for Transport
* Div. V Exterior and other Lighting Applications
e Div. VI Photo-biology and Photo-chemistry

* Div. VIII Image Technology

A, Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 4

CEN TR/EN 13201:2003 Road Lighting D|

* TR 13201-1 Road lighting - Part 1: "Selection of lighting
classes”, (2004)

« EN 13201-2 Road lighting - Part 2: “Performance
requirements”, (2003)

* EN 13201-3 Road lighting - Part 3: “Calculation of
performance”, (2003)

* EN 13201-4 Road lighting - Part 4: "Methods of measuring
lighting performance”, (2003)

A Stockmar LIGHTING ENGINEERING 2011, Nova Gorica

CEN TR/EN 13201:2013 Road Lighting

a

« TR 13201-1 Road lighting - Part 1: “Selection of lighting
classes”, (2013)

« EN 13201-2 Road lighting - Part 2: “"Performance
requirements”, (2013)

« EN 13201-3 Road lighting - Part 3: "Calculation of
performance”, (2013)

« EN 13201-4 Road lighting - Part 4; "Methods of measuring
lighting performance”, (2013)

« EN 13201-5 Road lighting - Part 5: “Energy efficiency
requirements”, (2013)

A, Stockmar LIGHTING ENGINEERING 2011, Nows Gorica I3

@

CEN TR 13201-1:2004 Road lighting -

Part 1: , Selection of
lighting classes™

&, Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 7
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Stockmar: ”LED and the European Standard EN 13201 “Road Lighting””

R-2

Grouping of Lighting Situations,
CEN TR 13201-1:2004

0]

Selection of lighting situation,
base parameters CEN TR 13201-1:2004

a

Influencing factors used to classify
a lighting situation (A, B, C, D, E)
for an area under consideration

(base parameters)

* Typical speed of main user:
>60 km/h (A), 60 ..
walking speed (E)

.30 km/h (B), 30 ...

+ Type of main user, other allowed user, and excluded user:
Motorised traffic (M), Slow moving vehicles (S),
Cyclists (C), Pedestrians (P)

5 km/h (C, D),

TYP'Call speed Main user Other allowed user | Situation
of main user
Al
> 60 km/h M s A2
5CP A3
M, S s, P Bl
30 ... 60 km/h
M, S, C P B2
5. 30 km/h C P €1
D1
M, P
S, C D2
5 .. 30 km/h
M, C S, P D3
M,S,C,P D4
E1
Walking speed P
M, S, P E2

A. Stockmar

LIGHTING ENGINEERING 2011, Nova Gorica

A. Stockmar

LIGHTING ENGINEERING 2011, Nova Gorica

Traffic use

Traffic flow of vehicles per day (A,B)

< 7000 / 7000 to 15000

15000 to 25000 / > 25000
Traffic flow of cyclists (C,0) Normal / High
Traffic flow of pedestrians (D,E) Normal /High

Difficulty of navigational task (

Hormal / Higher than normal

Parked vehicles

(A.B.D)

Mot present / Present

Facial recagnition (C,0.E)

Unnecessary | Necessary

Crime risk (C,0,E)

Normal / Higher than normal

Environment and
external influences

Complexlty of visual field (A,B,D)

Normal / Higher than normal

Law / Medium / High

Dry / Wet

A. Stockmar

LIGHTING ENGINEERING 2011, Nova Gorica

Part 1: ,Selection of
lighting classes™

A, Stockmar

LIGHTING ENGINEERING 2011, Nova Gorica

Lighting Situations, Examples (I) D Lighting Situations, Examples (II) D
Typical speed Other Typical speed Other
of Main user I d E; I of Main user allowed Situation Examples
main user user main user user
Al Motorways D1 Motorway rest areas
M, P Parking areas,
Rural roads, s bz bus stations
> 60 km/h M s A2 with or without separate Residential street
cyclepath and/or footwa 5..30 km/h esidentia’ streets,
Yo ep ¥ M, C s P p3 usually with footway
5,CP A3 Distribution roads
Residential streets,
Main streets, M. s ¢ P D4 usually without footway
M, S C,P B1 connecting roads, -
Pedestrian areas,
30... 60 km/h collector roads E1 shopping areas,
Main streets, footways
M, S, C P B2 connecting roads,
collector roads Walking speed P . .
Pedestrian and shopping
M, S, C E2 areas with restricted
5..30km/h c P c1 Cyclepaths, footways access for other users
A, Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 10 A, Stackmar LIGHTING ENGINEERING 2011, Nova Gorica 11
Specific Parameters to be Considered
(Lighting Situations A, B, C, D, E)
Parameter Options Selected
Separation of carrlageways (A Yes / Non
Type of junctions (A) Interchange / Intersection
Interchange spacing, distance between bridges () > 3km / <=3 km
Geometry Intersection denity (4.0) < 3 Intersections / km
>= 3 Intersections / km
CEN TR 13201-1:2013 Road lighting -
Geometric measures for traffic calming (8,C,0) Wes { No

Posvetovanje “Razsvetljava 2011”
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R-2 "Uvodno predavanije / Invited paper”
Adaptive Road Lighting D Lighting Classes in CIE 115:2010 .
Adaptive road lighting is defined as lighting provided
where and when it is needed dependent on There are three different sets of lighting classes
different variable conditions, such as speed, in CIE publication 115:2010 from which appropriate
traffic volume and/or composition, ambient lighting quality criteria / requirements
luminances, weather etc. can be selected:
M Lighting classes for motorized traffic
NOTE {CIE 115:2010): C Lighting classes for conflict areas
Changes of the average lighting level should not affect P Liahti | f dedii
the other quality criteria more than prescribed in the "gIINg Classesir pecestrian
system of lighting classes. and low speed traffic areas
A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 14 A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 15

Parameters for the Selection of a Lighting
Class M for Motorized Traffic (CIE 115:2010)

a

Parameters for the Selection of a Lighting
Class M for Motorized Traffic (example)

Qa

Parameter Options Weighting Value Wv | wv selected Parameter Options Weighting Value WV | WV selected
ery high 1 Very high i 1
Speed High 0.5 Speed High [
Moderate 0 Moderate 0
Very high T Very high 1 1
Tigh a5 ragh o5
Traffic volume Moderate Traffic volume Moderate
Lom I Low s
Very Low 1 Very Low i
Wixod. high percentage of rar TtorEed B Mixod. high porcentage of no motrized 3
Traffic Mixed f Traffic composition Mixed 1
Motorized only [] Motorized only 0 o
v of No 1 of No i
carriageways Yes [] carriageways Yes 0 0
density — - Interssction density —— & N
Parked vehicles :'::Lw — Parked vehicles :';S:L':m[ = N
High 1 High 1
Ambient luminance Moderate 0 Amblent luminance Moderate 0 o
Low -1 Low -1
Visual guidance, Poor 05 visual guidance, Poar 0.5
traffic control Moderate o good o traffic contral Moderate or good o 0
Sum of Weighting N N Sum of Weighting
Values swv Number of Lighting Class M = 6 - SWV Values SWV =2
A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 16 A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 17
Parameters for the Selection of a Lighting .
. . o Conflict Areas (CIE 115:2010)
Class M for Motorized Traffic (modified example)
Parameter Options Weighting Value WV wv lected . -
— ks i = Conflict areas occur whenever vehicle streams
Speed o = intersect each other or run into areas frequented by
— — pedestrians, cyclists, or other road users, or when
ig X
TrafMc volume Loder o L the existing road is connected to a stretch with
R 2 - substandard geometry, such as a reduced number
Wixer, high percentage of nan motorized >
Traffic composition Mixed 1 of lanes or a reduced lane or road width.
Matonzed nn!y 0 [
Separation of No 1
carriageways Yes [] [ ” - _
. Toan 3 For conflict areas luminance is the recommended
ntersection density e 3 o
rarked vetioies T o B design criterion. However, where viewing distances
Figh 3 are short and other factors prevent the use of the
Ambient luminance Maderate o o & & & & .
Low 1 luminance criteria, illuminance may be used on a part
Toudanee, Foor s y h . .
et coneral TR 5 o of the conflict area, or the entire area if the luminance
Number of Lighting Class M = 6 - swy | "5 weshtna swv=o criteria cannot be applied to the whole area.
PR — Lo TING ENGINEEAING 2015, vovs Gors " A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 1
« . . . »
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Stockmar: ”LED and the European Standard EN 13201 “Road Lighting””

Parameters for the Selection of a Lighting
Class C for Conflict Areas (CIE 115:2010)

Parameters for the Selection of a Lighting
Class C for Conflict Areas (example)

Parameter Options Weighting Value WV [ WV selected Parameter Options Weighting Value WV | wv selected
Very high ] Very high 5
Figh 2 Tiigh >
Speed Woderate 1 Spesd Moderste 1 1
Low 0 Low o
Very high i Very high 1
High 0.5 High 0.5 0.5
Traffic volume Moderate [ Traffic valume Moderate a
Low 0.5 Low -0.5
Very Low T Very Low T
Mixed, high percentage of non-motorized 2 Mixed, high percentage of non-matorized 2
Traffic composition Mixed 1 Traffic composition Miced 1 1
Motorized only o Motarized only 0
of i T of o i :
carriageways Yes o carriageways Yes 0
Toan T Tah T
Ambient luminance Moderate [] Ambient luminance Moderate o 0
Tow ) Low N
Visual guidance / Poor. 0.5 visual guidance / Poor 0.5 0.5
| Traffic control Hoderate or good 0 Traffic control Moderate or good [
Sum of Weighting o e Sum of Weighting _
(b swv Number of Lighting Class C = 6 - SWV vaes swv =a
A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 20 A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 21
M and C Lighting Classes of Comparable Parameters for the Selection of a Lighting
Lighting Level (CIE 115:2010) Class P for Pedestrian Areas (CIE 115:2010)
Lighting class M M1 | M2 | M3 | M4 | M5 | M6 Parameter options Weighting Value [y selected
" Low 1
Average luminance Speed T —
g 2.0 1y 1.0 | 0.75 | 0.50 | 0.30 — —
Lin cd/m2 Very high T
FHigh 0.5
o Traffic volume Moderste 0
Lighting class C co c1 c2 c3 c4 cs5 Low 0.5
Very Tow 5
AVerage illuminance Pedestrians, cyclists and motorized traffic 2
’ 50 30 20 15 10 | 7.5 Pedestrians and motorized traffic T
E in Ix for q, = 0.05 cd/m?/Ix Traffic composition Pedestrians and cyclists only 1
Cyclists oniy 0
Lighting class € co | c1 | €2 | c3|ca|cs — —
Parked vehicles N -
ot present []
Average illuminance Tigh T
. 50 30 20 15 10 7.5 Ambient luminance Moderate 0
E in Ix for q, = 0.07 cd/m?/Ix Tow T
aciat reconnition | NecEssary ‘Additional requirements
Lighting class C c1 c2 c3 ca c5 . Not necessary No additional reguirements

Sum of Welghting

Average illuminance 10 20 15 10 75 Values swv
E in Ix for q, = 0.09 cd/m?2/Ix .
A Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 22 A. Stackmar LIGHTING ENGINEERING 2011, Nova Gorica 23

Parameters for the Selection of a Lighting
Class P for Pedestrian Areas (example)

@

Parameter options Weighting Value | wy selected

T 1

Speed Very low (walking speed) [ o
Very high T
High 0.5

Traffic volume Moderate
Low o5 05 . .
— EN 13201-2 Road lighting -
Pedestiiant, cychsts and molarzed trafe 2 2
Pedest i . w

Traffic oo ;i Part 2: ,,Performance requirements
Cyclists [
Pedestrians only ('
Present o5 s

Parked vehicles Mot present 0
Figh T

Ambient luminance Moderate [] o
Tow

Facial recognition Necessary Additional requirements

9 Not necessary No additional requirements
N . f h
Number of Lighting Class P = 6 — swv | Smveshting | syy-»
. Stackmar IGHTING ENGINEERING 2011, Nova Gorica 2 . Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 25

Posvetovanje “Razsvetljava 2011”
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a

ME Series of Lighting Classes,
EN 13201-2:2003
Class cha;rl:z u, U, TIDA')" SR
ME1 2.0 0.4 0.7 10 0.5
ME2 1.5 0.4 0.7 10 0.5
ME3a 0.7 0.5
ME3b 1.0 0.4 0.6 15 0.5
ME3c 0.5 0.5
ME4a 0.6 0.5
ME4b 075 04 0.5 v 0.5
MES 0.5 0.35 0.4 is 0.5
ME6 0.3 0.35 0.4 15

M Series of Lighting Classes, u
EN 13201-2:2013
Class c':;;"_:z u, U, Ti/:‘" EIR
M1 2.0 0.40 0.70 10 0.30
M2 15 0.40 0.70 10 0.30
ME3a 0.30
M3b 1.0 0.40 0.60 15 0.30
ME3c 0.30
Mda 0.60 0.30
ME4b 0.7 0:40 15 0.30
M5 0.50 035 0.40 15 0.30
M6 0.30 0.35 0.40 20 0.30

P T— 9 £ ti £ d CE Series of Lighting Classes,
ritical luminaire spacing as function of spee EN 13201-2:2003
80
70 Class E., inIx U, = Ein / Eay
f=0.5Hz
60 CED 50 0.4
E
2 %0 CE1 30 0.4
2
& 40
g e CE2 20 0.4
£ 30
E CE3 15 0.4
20
| 1 o CE4 10 0.4
10 —// f=4.0Hz
| ; =80 Hz
0 CES5 7.5 0.4
[ 10 20 30 40 50 60 70 80 90 100 110 120
speed (km/h)
A. Stockmar LIGHTING ENGINEERING 2011, Nova Gonca 28 A, Stockmar IGHTING ENGINEERING 2011, Mova Gorica 29
C Series of Lighting Classes . .
EN 1320122013 C Lighting Classes (CIE 115:2010)
Threshold increment
| Average Unif ity of TLin % *
Class E,, in Ix U, = En/ Eay LIGHTING | illuminance over | uotiiy o8 [——rmt-
CLASS whole of used high and Low and
surface E in Ix U, (E) moderate very low
d
co 50 0.40 cpecd spee:
co 50 0.40 10 15
c1 30 0.40
Cc1 30 0.40 10 15
c2 20 0.40 c2 20 0.40 10 20
c3 15 0.40 Cc3 15 0.40 10 20
c4 10 0.40 15 25
c4 10 0.40 cs 7.5 0.40 15 25
cs 7.5 0.40 * Applicable where visual tasks usually considered for the lighting of
) ) roads for motorized traffic (M classes) are of importance
Lighting requirements for conflict areas
A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 30 A. Stockmar LIGHTING ENGINEERING 2011, Mova Gorica 31
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S Series of Lighting Classes,
EN 13201-2:2003

0

Class E., inlx E,.in in Ix
S1 15 5
52 10 3
S3 7.5 1.5
sS4 5 1
S5 3 0.6
56 2 0.6
S7 ---

To provide for uniformity, the actual value of the maintained
average illuminance may not exceed 1.5 times the minimum E_,
value indicated for the class !

P Series of Lighting Classes,
EN 13201-2:2013

O

Class E,. inlx Enin in Ix
P1 15 3.0
P2 10 2.0
P3 7.5 1.5
P4 5.0 1.0
P5 3.0 0.60
P6 2.0 0.40

To provide for uniformity, the actual value of the maintained
average illuminance may not exceed 1.5 times the minimum E_,
value indicated for the class !

A, Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 32

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 33

Lighting Requirements for P Lighting Classes
(Pedestrian/Low Speed Areas, CIE 115:2010)

Time dependent Selection of Lighting Classes
P for Pedestrian Area (example)

a

Pparameter Options Weighting Values WV selected
wv at, | at, | at, | at,

Tow T
Speed Very Tow [walking speed) o ol ololo

Very high T 1

High [ 05 [ o5
Traffic volume Moderate

Low 05 05

Very Tow )

Pedestnant, cychets and motonzed trafie > )

Pedestrians and motorized trafhc 1 T I Y
Traffic composition Pedestrians and cycists enly i

Cydists only ]

Pedestrians ool 0

Present 0.5 050505
Parked vehicles Mot present o @

High T
Ambient luminance Moderate [ 0 o o

N 1
Facial recognition LI bt S i ek
o saditonal X lx x| x
Sum of Weightin
Values SWV =

Class P = 6 - SWV P3| P5 ( P4 | P5

Additional requirement
Average Minimum Threshold if facial recognition is necessary
LIGHTING hungontal ‘hcnz‘ontal Increment Minimum Minimum semi-
CLASS illuminance | illuminance N vertical eylindrical
in | E inlx | Tlin% * |  ver cyling
Er in Ix min illuminance illuminance
Ey min in Ix E.c,min in 1%
P1 15 3.0 20 5.0 3.0
P2 10 2.0 25 3.0 2.0
P3 7.5 1.5 25 2.5 1.5
P4 5.0 1.0 30 1.5 1.0
PS 3.0 0.6 30 1.0 0.6
13 2.0 0.4 35 0.6 0.4
* Applicable where visual tasks usually considered for the lighting of roads for
motorized traffic (M classes) and conflict areas (C classes) are of importance
To provide for uniformity the actual value of the maintained average
iluminance may not exceed 1.5 times the value indicated for the class.
A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 3

A, Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 35

Lighting Requirements for P Lighting Classes
(Pedestrians/Low Speed Areas, CIE 115:2010)

Q

Threshold Increment as Function of
Adaptation Luminance

Additional requirement 40
Average Minimum Threshold if facial recognition is necessary s ReoAs
LIGHTING | herizontal | horizontal : :
: “ B Inerement Minimum Minimum semi- R=0:38
CLASS |I\um|na‘nce |Hummal}€€ Tin % * vertical cylindrical 3
Ey in Ix Eqnin in Ix illuminance illuminance £ R=0.30
Emin i1 I Evc i 10 I i
5 R=025
P1 15 3.0 20 5.0 3.0 £
£ R=020
P2 10 2.0 25 3.0 2.0 1., R e aEN
5 =
P3 7.5 15 25 25 15 H V/ neee
P4 5.0 10 30 15 10 * R=0.40
P o o 20 1o 06 i /_’_______——"__R‘“s
e
P& 2.0 0.4 35 0.6 0.4 0
00 05 10 15 20 25 30 35 40 45 50
* Applicable where visual tasks usually considered for the lighting of roads for Sdaplation hwnianscs (cdiw)
motorized traffic (M classes) and conflict areas (C classes) are of importance Constant Ratios R of Veiling Luminance
To provide for uniformity the actual value of the maintained average to/Adaptation Luminance
illuminance may not exceed 1.5 times the value indicated for the class P
A, Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 36 A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 37
F—t H »
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Glare Evaluation (I),
EN 13201-2, Annex A (informative)

+ Table A.1: Luminous intensity classes, from which a
class can be chosen to meet appropriate requirements
for the restriction of disability glare and/or the
control of obtrusive light

* Table A.2: Glare index classes, from which a class can
be chosen to meet appropriate requirements for the
restriction of discomfort glare

®

Glare Evaluation (II),
EN 13201-2, Annex A (informative)

a

Maximum luminous intensity in cd/klm
Class at 70° and at 80° and 2t 90° and Other requirements
above #) above above 2)
G1 200 50 None
G2 150 30 None
G3 100 20 None
G4 500 100 10 Luminous intensities
G5 350 100 10 above 95° to be zero
Luminous intensities
G6 350 100 <1 above 90° to be zero

a) Any direction forming the specified angle from the downward
vertical, with the luminaire installed for use.

No absolute values, critical for LED installations !

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica

38

A, Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 39

EN 13201-3 Road lighting -
Part 3: ,,Calculation of performance"

O

Photometric Quantities to be calculated,
EN 13201-3:2003

@]

* Horizontal (E,), vertical (E,), hemispherical (E;.) and semi-
cylindrical (E..) illuminances as maintained values

* Road surface luminances (L,) as maintained values

¢ Overall (U,) and longitudinal (U;) uniformities

* Threshold increments (TI) as initial values

* Surround ratios (SR)

A Stockmar LIGHTING ENGINEERING 2011, Nova Gorica

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica a1

Photometric Quantities to be calculated,
EN 13201-3:2013

O

Mathematical and other Conventions (I),
EN 13201-3:2003/2013

a

« Horizontal (E,), vertical (E,), hemispherical (E;.) and semi-
cylindrical (E,.) illuminances as maintained values

* Road surface luminances (L,) as maintained values

¢ Overall (U,) and longitudinal (U,) uniformities

* Threshold increments (TI) as initial values

¢ Edge Illuminance Ratio (EIR)

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica

+ Luminaires are regarded as point sources of light
= Validity of inverse square law

» The road surface is flat and level and has uniform
reflection properties over the area considered,
(standard r-tables)

* Light reflected from the surrounds and interreflected
light is disregarded as well as obstruction to the light
from luminaires by tress and other objects

* Atmospheric absorption is zero

4. Stockmar LIGHTING ENGINEERING 2011, Nowa Gorica 43
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Mathematical and other Conventions (II),
EN 13201-3:2003

®

Interpolation of luminous intensity distribution:
linear if AC <5° and Ay < 2.5°, else quadratic

Interpolation of r-table quadratic as far as possible
(see CIE 140:2000)

* Observer (line of sight 1° below the horizontal) in the
centre line of each lane for the calculation of L, U,, U,
and TI

+ All luminaires within the boundary of the standard
r-table to be included in the calculation (12H in front,
5H towards observer and to the sides)

Mathematical and other Conventions (II),
EN 13201-3:2013

®

« Interpolation of luminous intensity distribution:
always linear for AC < 5° and Ay < 2.59,
Note: The angular spacings should be reduced in case of

luminous intensity distributions with great variations (LED).

+ Interpolation of r-table always linear

* Observer (line of sight 1° below the horizontal) in the centre
line of each lane for the calculation of L, U,, U, and TI

« All luminaires within the boundary of the (standard)
r-table to be included in the calculation

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica a4

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica a5

Mathematical and other Conventions (III),
EN 13201-3:2003/2013

®

Position of Calculation Points per Lane,
EN 13201-3:2003/2013

* Length of calculation field is equal to luminaire spacing S

* Number of calculation points along calculation field:
S=30m=N=10,S>30m=5S/N=3m

« Width of calculation field W is equal to the width of the
carriageway

* For the calculation of road surface luminances 3 calculation
points per lane across, otherwise
Wz45m=>n=3,W>45m=W/n=15m

The number of calculation points is not sufficient to show
non-uniformities caused by luminous intensity distributions
with great variations (LED).

60m S

1 ... Edge of lane, 2 ... Last luminaire,
3 ... Field of calculation, 4 ... Centre line of lane, 5 ... First luminaire,
6 ... Observation direction, 7 ... Observer's longitudinal position

A. Stackmar LIGHTING ENGINEERING 2011, Nova Gorica 26

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 47

Calculation of Threshold Increment (I),
DIN EN 13201-3:2003/2013

a

* Observer in the centre line of each lane

* Observer's eye at a height of 1.5 m above road level

* First observer longitudinally at a distance of
2.75 « ( H - 1.5 ) meters in front of the calculation
field ( H ... Mounting height )

* Luminaires above a screening plane, which is inclined at
20° to the horizontal, are excluded from the calculation

« Calculation is repeated with the with the observer
moved forward in increments of S/ N

A, Stockmar LIGHTING ENGINEERING 2011, Nova Gorica ag

Calculation of Threshold Increment (II),
DIN EN 13201-3:2003

®

* Summation is performed for the first luminaire in the
direction of observation and the luminaires beyond,
up to a distance of 500 m in each luminaire row,
using Fry's formula with (1.5° <= 0 <=60°)

* Summation can be stopped, when a luminaire in that
row gives a contribution to the veiling luminance which
is less than 2% of the total veiling luminance of the
preceding luminaires in that row

¢ Constant k in TI calculation formula is age dependent,
k = 10 for a 23 years old observer

A. Stackmar LIGHTING ENGINEERING 2011, Nova Gorica 29
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Calculation of Threshold Increment (II),
DIN EN 13201-3:2013

Calculation of Threshold Increment (III),
DIN EN 13201-3:2003/2013

¢ Summation is performed for the first luminaire in the
direction of observation and the luminaires beyond,
up to a distance of 500 m in each luminaire row,
using Fry's formula with (1.5° <= 6 <=60°)

Constant k in TI calculation formula is age dependent,
k = 10 for a 23 years old observer

A. Stockmar

LIGHTING ENGINEERING 2011, Nova Gorica 50

50

40

20

Constant k of Tl cakulation formula

0
10 20 30 40 50 60 70 80 20

age/ years

Constant k of TI calculation formula as function of age

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 51

Calculation of Surround Ratio (I),
DIN EN 13201-3:2003

The Surround Ratio (SR) is the ratio of the average
horizontal illuminance on two strips of equal width
adjacent to the edges of the carriageway,

and lying off the carriageway ( E; + E;),

to the average horizontal illuminance on two strips of
equal width adjacent to the edges of the carriageway,

and lying on the carriageway ( E;, + E; )

Calculation of Surround Ratio (II),
EN 13201-3:2003

S S B S S
. 4 '

: 0 L0
B [T R

SR=(E,+E,)/ (E,+E;)

5 ... Luminaire, 6 ... Edge of carriageway,
7 ... Obstruction, W, ... Width of strip,
[figure 16 b) from EN 13201-3]

A. Stockmar

LIGHTING ENGINEERING 2011, Nowa Gorica 52

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 53

Calculation of Edge Illuminance Ratio (I),
DIN EN 13201-3:2013

* The Edge Illuminance Ratio (EIR) is defined as the average
horizontal illuminance on two longitudinal strips of equal
width each adjacent to the two edges of the carriageway,
and lying off the carriageway ( E,, E; ), divided by the
average horizontal illuminance on two longitudinal strips of
equal width each adjacent to the edges of the carriageway,

but lying on the carriageway ( E,, E; )

Calculation of Edge Illuminance Ratio (II),
EN 13201-3:2013

7 o
6. NN q
6, L
il i oy =
/ ) L

g
Q. S s O
\ o

EIR=E, /E, , EIR=E, /E,

5 ... Luminaire, 6 ... Edge of carriageway,
7 ... Obstruction, W, ... Width of strip,
[figure 16 b) from EN 13201-3]

A Stockmar

LIGHTING ENGINEERING 2011, Nova Gerica

A. Stackmar

LIGHTING ENGINEERING 2011, Nova Gorica
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Calculation and Results,
DIN EN 13201-3:2003

@]

Calculation and Results,
DIN EN 13201-3:2013

« Average luminance, overall uniformity, and threshold increment
have to be calculated for each observer position (in the centre line
of each lane) considering the total width of the carriageway

« Longitudinal uniformity is calculated for the centre line of each lane

« As result is regarded the lowest average luminance (maintained
value), the lowest overall uniformity, and the lowest longitudinal
uniformity (calculated for the different observer positions)

« As result is regarded the highest threshold increment (initial value)
calculated for the different observer positions

+ Average luminance, overall uniformity, and threshold increment

have to be calculated for each observer position (in the centre line
of each lane) considering the total width of the carriageway

« Longitudinal uniformity is calculated for the centre line of each lane

« As result is regarded the lowest average luminance (maintained
value), the lowest overall uniformity, and the lowest longitudinal
uniformity (calculated for the different observer positions)

« Asresult is regarded the highest threshold increment (initial value)
calculated for the different observer positions, the method has not
been validated yet for LED installations

» Asresult is regarded the lowest of the two edge illuminance ratios

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 56

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 57

Photometric Quantities to be measured,
EN 13201-4:2003

EN 13201-4 Road lighting -

Part 4: ,Methods of measuring
lighting performance™

* Horizontal E, and vertical E, illuminances; requiring
photometer head for measurement of planar illuminances

+ Hemispherical E,, and semi-cylindrical E,_illuminances;

requiring special purpose build photometer head

* Road surface luminances L,; requiring luminance meter with

suitable performance

A Stackmar LIGHTING ENGINEERING 2011, Nova Gorica 58

A, Stockmar LIGHTING ENGINEERING 2011, Nova Garica 59

Photometric Quantities to be measured,
EN 13201-4:2013

Non-photometric Measurements,
EN 13201-4:2003/2013

Q

* Horizontal E, and vertical E, illuminances; requiring
photometer head for measurement of planar illuminances,

also using dynamic measurement systems

¢ Hemispherical E,; and semi-cylindrical E, illuminances;
requiring special purpose build photometer head

* Road surface luminances L; requiring luminance meter with
suitable performance, also using dynamic measurement

systems including imaging devices

« Geometric data; height of columns, length of outreach,
orientation, tilt, and rotation in application of luminaires

* Electric tension of supply; preferably using a recording
voltmeter

+* Ambient temperature; at a height of 1.0 m above
ground level at 30 minutes intervals

A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 60

4. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 61
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Example of Test Report Format,
EN 13201-4:2003/2013
* General test information
* Geometric data
* Road surface data . .
o EN 13201-5 Road lighting -
* Lamp and luminaire data
+ Electricity supply data Part 5: ,Energy efficiency
‘ N requirements”
* Environmental conditions
* Condition of installation
* Measuring instruments
* Measurement grid
A. Stackmar LIGHTING ENGINEERING 2011, Nova Gorica 62 A. Stackmar LIGHTING ENGINEERING 2011, Nova Gorica 63
prEN 13201-5 ,Road Lighting - prEN 13201-5 ,Road Lighting - D
Energy Efficiency Requirements™ Energy Efficiency Requirements™
L, in TIin SLin . i
Class cd/m2 u, u, % SR W/cd/m* Class E,, inIx U,=E_,./E., W?IL)c:v'an
ME1 2.0 0.40 0.70 10 0.50 1 CEO 50 0.40 0.07
ME2 1.5 0.40 0.70 10 0.50 1
ME3a 0.70 0.50 1 CE1 30 0.40 0.07
ME3b 1.0 0.40 0.60 15 0.50 1 CE2 20 0.40 0.07
ME3c 0.50 0.50 1
ME4a 0.60 0.50 1 CE3 15 0.40 0.07
0.75 0.40 15
ME4b 0.50 0.50 1 CE4 10 0.40 0.07
MES 0.50 0.35 0.40 15 0.50 1
CES 7.5 0.40 0.07
ME6 0.30 0.35 0.40 15 --- 1
EN 13201-2: Table of ME lighting classes with additional column EN 13201-2: Table of CE lighting classes with additional column
.Street Lighting Energy Efficiency Criterion Luminance based" ,Street Lighting Energy Efficiency Criterion Illuminance based"
A, Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 64 A. Stockmar LIGHTING ENGINEERING 2011, Nova Gorica 65

prEN 13201-5 ,,Road Lighting -
Energy Efficiency Requirements™

@]

Energy Labelling System for
Road Lighting (Dutch Proposal, 2008)

o

Class E, inlx E.in in Ix Wf:ll;(}nml

S1 15 5.0 0.2

s2 10 3.0 0.2

S3 7.5 1.5 0.2

S4 5.0 1.0 0.2

S5 3.0 0.60 0.2

S6 2.0 0.60 0.2

S7 - - -
EN 13201-2: Table of S lighting classes with additional column
Street Lighting Energy Efficiency Criterion Illuminance based"

A Stockmar LIGHTING ENGINEERING 2011, Nova 56

Energy Label SLyorm I W/IX/m?2 SLy,, I W/ed/m2/m?2
A 0,01 (0,005-0,014) 0,15 (0,075-0,224)
B 0,02 (0,015-0,024) 0,30 (0,225-0,374)
c 0,03 (0,025-0,034) 0,45 (0,375-0,524)
D 0,04 (0,035-0,044) 0,60 (0,525-0,674)
E 0,05 (0,045-0,054) 0,75 (0,675-0,824)
F 0,06 (0,055-0,064) 0,90 (0,825-0,974)
G 0,07 (0,065-0,074) 1,05 (0,975-1,124)

Energy label as function of SL values, in relation to the
normative values of the corresponding lighting class

Reference: Energle Labeling Openbare Veriichtung, Senter Novem, Amersfoort 2008

A, Stockmar

LIGHTING ENGINEERING 2011, Nova Gorica
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Eino Tetri

INEFFICIENT LAMPS WILL BE PHASED OUT FROM EUROPEAN
MARKET — WHAT ARE THE ALTERNATIVES

Abstract

Currently, there is a global trend to phase out inefficient light sources
from the market through legislation and voluntary measures. Two EU
regulations for lighting equipment entered into force in April 2009 and they
will result in gradual phasing out of e.g. incandescent, mercury and certain
inefficient fluorescent and HID lamps from the EU market. This paper
discusses the replacement of incandescent lamps and mercury lamps with
LED retrofit lamps and LED luminaires.

Povzetek

Prica smo globalnemu trendu ukinjanja neucinkovitih svetlobnih virov s
pomocjo zakonodaje in prostovoljnih aktivnosti. Leta 2009 sta stopila v
veljavo dva evropska dokumenta, ki urejata podrocje naprav za razsvetljavo,
in ki bosta povzrocila postopen umik Zarnic, visokotlacnih Zivosrebrovih
sijalk in nekaterih manj ucinkovitih fluorescencnih in visokotlacnih sijalk z
evropskega trga. Ta prispevek obravnava zamenjavo Zarnic (z Zarilno nitko)
in visokotlacnih zivosrebrovih sijalk z nadomestnimi LED svetlobnimi viri in
svetilkami.

1. Introduction

Lighting is a large and rapidly growing source of energy demand and greenhouse gas
emissions. At the same time the savings potential of lighting energy is high even with the current
technology and there are new energy efficient technologies coming on the market.

Currently, more than 33 billion lamps operate worldwide consuming annually more than 2 650
TWh of energy, which is 19% of the global electricity consumption. The total lighting-related
carbon dioxide (CO2) emissions were estimated to be 1900 million tons in 2005, which was about
7% of the total global CO2 emissions from consumption and flaring of fossil fuels. The global
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electricity consumption for lighting is distributed approximately 28% to the residential sector,
48% to the service sector, 16% to the industrial sector, and 8% to street and other lighting. In the
industrialized countries, national electricity consumption for lighting ranges from 5% to 15%, on
the other hand, in developing countries the value can be even higher than 80% of the total
electricity usage. [1 [2] [3]

It is foreseen that LEDs will revolutionise the lighting practices and market in the near future.
The long lifetime, colour mixing possibility, spectrum, design flexibility and small size, easy
control and dimming are the benefits of LEDs. For LEDs huge technological development is
expected to continue. In the luminaire design key issues are heat dissipation and design of external
optics.

2. EU Regulation

Directive 2005/32/EC of the European Parliament and of the Council of July 6th 2005
established a framework for the setting of ecodesign requirements for energy-using products [4].
A recast of the directive was adopted on 21 October 2009 (Ecodesign Directive 2009/125/EC) [5].
The directive promotes environmentally conscious product design (ecodesign) and contributes to
sustainable development by increasing energy efficiency and the level of environmental
protection. Ecodesign means the integration of environmental aspects in product design with the
aim of improving the environmental performance of the product throughout its life cycle. The
Ecodesign directive also increases the security of the energy supply at the same time.

The Ecodesign directive is a product directive and has a direct consequence on the CE
marking of the new products. Before a product covered by implementing measures is placed on
the market, a CE conformity marking shall be affixed. A declaration of the conformity shall be
issued whereby the manufacturer or its authorised representative ensures and declares that the
product complies with all relevant provisions of the applicable implementing measure.

Lighting products have been selected as one of the priority product groups in the Ecodesign
directive. Preparatory studies have been prepared for street, office and residential lighting
products. The outcome of these studies is two regulations in force and one under construction.
The two implementing measures have been published in form of Commission Regulations and
entered into force on the 13th of April 2009 in all Member States. [6] [7]

Regulation 244/2009 sets requirements for non-directional lamps typically used in households:
incandescent lamps, halogen lamps, compact fluorescent lamps with integrated ballast and LED-
lamps with E27-base. The following lamps are exempted from the Regulation: (a) non-white
lamps (chromaticity coordinates limits defined); (b) directional lamps; (c) lamps having a
luminous flux below 60 lumens or above 12 000 lumens; (d) UV- lamps (limits are defined); (e)
fluorescent lamps without integrated ballast; (f) high-intensity discharge lamps; (g) incandescent
lamps with E14/E27/B22/B15 caps, with a voltage equal to or below 60 volts and without
integrated transformer in Stages 1-5. Table 1 shows how the regulation will affect the lamp
market.

Regulation 245/2009 sets requirements for fluorescent lamps without ballasts, for high
intensity discharge lamps and for ballasts and luminaires able to operate such lamps. The main
practical effect of the regulation is that it will phase out mercury lamps from the market after
April 2015. Regulation gives minimum luminous efficacy values with different power. For
instance, 125 W mercury lamps should have an efficacy of 70 Im/W. Typical value for mercury
lamp is around 50 Im/W.
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Table 1 Regulation 244/2009 on Non-directional household lamps.

Date Requirement Practical effect
(energy classes)
Ubtil 31.8.2009 ABCDEFG

Phase out of incandescent
From 1.9.2009 A and halogen lamps
Clear lamps

g Requi t
& Scope equiremen Practical effect
o | Date (energy classes)
® > 950 Im A B Phase out of
1 (1.9.2
9.2009 others A B 100 W
® > 725Im A B Phase out of
2 11.9.201
9.2010 others A B 75 W
® > 450 Im A B Phase out of
3 11.9.2011
others A B 60 W
Phase out of 15 W, 25 W
4 11.9.2012|(® > 60 Im A B and 40 W
5 |1.0.2013|RaSINg qualtly | i
requirements
Special cap
6 |1.9.2016 |halogen 5 Low ﬁ::&gﬁaﬁ?:gg r:: Zsenon
Fortherest [A B 9 P

3. Efficiency of a lighting system

The total lighting energy used depends in addition of the used equipments (LED/lamps,
current source/ballasts and external optics/luminaires) also on the lighting design and the
illuminated space itself. The efficiency of the lamps can be defined as luminous efficacy (Im/W),
the ballast losses define the efficiency of the ballast and lumen output ratio the efficiency of the
luminaire. In indoor lighting the design has an effect on the position of the luminaires (related to
working desk), the illuminance and luminance distribution. Also the room has an effect on the
final lighting outcome since part of the light comes to the working desk through reflections.
Ultimate example of this is indirect lighting in which all of the light is reflected through ceiling
and walls to horizontal surfaces. The shape of the room, height (luminaire distance from
horizontal plane) and the colors of the surfaces (reflectances) together with the luminous intensity
distribution of the luminaire have an effect on illuminances on the working planes.

Reducing the wattage of installed lighting system represents only one part of the energy
saving opportunity; another part is to minimize the use of those loads using right control system.
This involves the application of occupancy sensors, (automatic) switching and dimming according
to the availability of daylight (constant illuminance control).

4. Outdoor lighting

With conventional lighting systems the efficacy (Im/W) of a lamp and luminaire is dependent
on the power. The higher the power, the higher the efficacy. We measured different discharge
lamps in luminaires, so the value includes ballast losses and optics (reflector and the protective
cover). With high pressure sodium lamps the efficacy was between 46 and 74 Im/W, with power
50 W and 100 W, respectively. With metal halide lamps 49 to 64 Im/W, power 50 W and 100 W.
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Induction lamp 45 to 56 Im/W, power 55 W and 85 W. With LED luminaires there is no
relationship between luminous efficacy and power. The lowest and highest efficacies were
measured with the highest power. The luminous efficacies were between 40 Im/W and 73 Im/W,
the nominal power of both luminaires was 150 W and the measured luminous fluxes were 7879
Im and 10 960 Im. With a measured 50 W LED luminaire the efficacy was 70 Im/W.

Mercury lamps do not need an external starter and the used conventional magnetic ballast is
very robust. Therefore old installations can be 40 years old or even older than that. Unfortunately
the optical materials can be worn-out. We measured an old 125 W mercury lamp luminaire and
find out that the luminous efficacy of the luminaire was only 3 Im/W. When the lamp was
changed, but no other maintenance was done (like cleaning), the efficacy was raised to 7 Im/W.

5. Alternatives for incandescent lamps

Incandescent lamps can be replaced with E27-base compact fluorescent lamps with internal
ballast (CFLi), LED-lamps or halogen lamps. CFLis can be pear shape (look-a-like), tubular or
spiral.

LED-lamps with E27-base are just coming on the market, but there are already few
alternatives on the market. LED dies are used with direct current and the lamp base includes
necessary current source, Fig. 1.

Figure 1. CFLi and LED lamps.

After 1.9.2016 most of the lamps, including halogen lamps with E27 base, have to be in
energy class B (Table 1). This may be achievable when the lamp base includes transformer and
the light bulb itself is operating with low voltage DC. Characteristics of incandescent lamps are
compared with CFLis and LED-lamps in Table 2.

stran 24 “Lighting Engineering 2011”



Tetri: ’Inefficient Lamps will be Phased out from European Market — What are the Alternatives”  R-3

Table 2. Comparison of the characteristics of lamp types usable in households.

Incandescent CH LED-lamp
Costs
Lamp price cheap moderate expensive
Energy costs high low low
Luminous efficacy 12 Im/W 60 Im/W 40 Im/W
Lamp life ~ 1000 h 5000 - 15 000 h ? (even 50 000 h)
pear shape,
Size small tubular, heat sink weighty
spiral
Ballast not needed integrated integrated
Ambient temperature
Hot no effect no big effect lamp life shortened,
light output decreased
Cold no effect light output reduced light output increased
Switching cycle not much effect lamp life shortens no effect
Switch on immediately 1-2s immediately
Warming up immediately 30 s-2 min (60 %) immediately
Dimming . o_nlyspecial lamps o_nlyspecial lamps
easywith voltage  dimmable dimmable
Voltage effect on luminous not much effect not much effect

fluxand lamp life

CFLis contain 2-5 mg mercury and therefore they are hazardous waste after the lamp has been
used and the mercury should be recycled. The electricity production can cause some mercury
emissions as well. In Finland this was estimated to be 3.9 pg/kWh. Lamp life of CFLi can be 10
000 hours. If 60 W incandescent lamps are burned the same time, the electricity consumption
would be 600 kWh and related mercury emissions would be 2.3 mg. LED-lamps do not contain
mercury and because of the low energy consumption, the mercury emissions caused by the usage
of the lamp are reduced when compared to incandescent lamps.

The European Lamp Companies Federation has published environmental impact assessment
of lamps on their webpage. According to that 90% of the energy is consumed during the
operation. In other phases, energy is consumed as follows: resource 4%, production 5% and
transport 3%, and disposal releases 2% [8]

In Figure 2 are luminous fluxes vs. luminous efficacies of different lamp types. Vertical lines
show the luminous fluxes of 15 W, 40 W, 60 W, 75 W and 100 W incandescent lamps. CFLis
were more energy efficient with their luminous efficacy ranging between 50 and 70 Im/W. The
luminous efficacy of the LED-lamps is near 40 Im/W. However, there is one LED-lamp, whose
luminous efficacy was 63 Im/W, lamp power was 2 W and the luminous flux 130 Im, thus
corresponding to a luminous flux of a 15 W incandescent lamp.
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Figure 2 Luminous efficacy of different lamps.

The initial luminous flux was measured after 100 h burning hours and the lumen depreciation
was measured after 1000 hours. With look-a-like CFLis the lumen depreciation was ranging
between 8 to 14% after 1000 burning hours. With tubular or spiral the depreciation was smaller
ranging from 2 to 7%. With LED-lamps the luminous flux was even increased during burning
hours with some lamps. With 4 lamp types it was increased 1 to 3% and with one lamp type it was
the same and with another lamp type it was decreased 1%

In indoor lighting the recommendation for colour rendering index is more than 80. Colour
rendering indexes (Ra) of CFLis were between 80 and 90. With LED-lamps there was more
variation, most of the lamps had colour rendering between 75 and 85, but there were two lamps,
which had Ra 55 and 65.

Correlated colour temperature of incandescent lamp is 2700 K and light is yellowish, white
light is 3000 K and cool white 4000 K, daylight lamps have usually CCT 5000 K or 6500 K. All
the measured CFLis had CCT between 2500 and 3000 K. Colour temperature is thus quite similar
to incandescent lamps. With LED-lamps CCT was about 2700 K, but one lamp had CCT 3500 K
and one 6900 K.

The light distribution curve of different lamps can be quite different, for instance incandescent
lamps radiate their light in every direction (solid angle 4rx), while some LED-lamps have opening
angle of 120° or narrower. The effect of luminaire is on one hand direct the light where it is
needed and on the other hand provide shield from glare. In households luminaires there is
normally not a reflective material to direct the light and sometimes the lumen output from the
luminaire can be modest. Luminous intensity distribution curve was measured with goniometer
from lamps and when lamps were mounted in luminaire. Conclusions were that LED-lamps are
especially suitable for luminaires that provide task lighting like table lamps. Tubular CFLis give
most of the luminous flux to vertical surfaces (when lamp base up). Spiral and look-a-like CFLis
have luminous intensity distribution more similar to incandescent lamps.

Islam compared the illumination provided by incandescent lamps to CFLis. According to his
results, it was possible to replace a 60 W incandescent lamp with a 15 W CFL.i for task lighting.
Though the lamp manufactures claim that 11 W CFLs are able to replace the 60 W incandescent
lamps, in most cases they fail to yield the same level of illuminance as the 60 W incandescent
lamps. One thing should be considered about CFLs while replacing incandescent lamps that the
performance of CFLs is position sensitive. The tubular CFLs perform better when they are placed
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horizontally than when they are placed vertically. On the other hand, look-alike or spiral type
CFLs perform better when they are placed vertically than when they are placed horizontally. [9]

The starting time is defined as the time needed, after the supply voltage is switched on, for the
lamp to start fully and remain alight. Lamp warm-up time for CFLs is the time needed for the
lamp after start-up to emit 60% of its stabilized luminous flux according to Regulation 244/2009
[6]. The limit with CFLs are 2,0 s for starting and 60 s for warm-up time. If the mercury is in form
of amalgam, the slower warming up is allowed. With amalgam lamps the warm-up time limit is
120 s. Amalgam is used in some lamps, because it makes the luminous flux more stable despite of
the ambient temperature. Amalgam lamps keep the luminous flux more stable both in cold and
warm conditions.

With LED-lamps the starting is immediate and the light is instantly also 100 %. In fact, the
luminous flux decreases a little when the lamp warms thus increasing the junction temperature of
the LED die. According to measurements the luminous flux od LED lamps dropped 4 — 21% from
the maximum value. When lamps were mounted in closed luminaire, the drop was about 20%
higher compared to lamps burned in open air.

With CFLs the starting time was 0.88 s on average, the range was 0.02 s-1.8 s. All lamps were
within the limits given in the regulation. The average of the warm up time was 38 s, all but one
being less than 60 s. The warm-up time of the “slow” lamp was 102 s.

6. Conclusions

Residential lighting is mostly based on incandescent lamps and therefore the energy
consumption is high. Incandescent lamps are inefficient light sources, only 5 to 10% of the input
electricity is converted to light. The energy savings possibilities when replacing incandescent
lamps is high and the phase out of incandescent lamps from EU market will lead to increase of
energy-efficiency in residential lighting. Estimated annual energy savings are 37 TWh by 2020.
[10]

The luminous efficacy of incandescent lamps is about 12 Im/W, the average luminous efficacy
of CFLis was 60 Im/W and of LED-lamps 40 Im/W. In the future the Im/W —value of LED-lamps
will be increased significantly. Recently Cree has announced to achieved 231 Im/W in lab
condition with single die (CCT 4500 K, 350 mA pulse, room temperature) [11] and Osram has
announced that they will bring on the market in the beginning of 2012 14 W retrofit lamp with
1055 Im and lamp life 30 000 hours. The retail price will be about 50 euros [12].

At the moment the price of CFLi and LED-lamps is higher than the price of incandescent
lamps, but the total costs including energy costs are lower with CFLis and also with LED-lamps
in most cases. Thus the consumer wins when (s)he replaces the more than century old
incandescent lamp with a modern CFLi or LED-lamp.
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Stefan Nowy, Thorsten Gerloff, Armin Sperling

ORGANIC LIGHT-EMITTING DIODES AS LIGHT SOURCES

Abstract

Organic light-emitting diodes (OLEDs) are solid-state light sources
using thin films of organic compounds. Being in principle uniform surface
light sources, OLEDs allow entirely new, fascinating lighting possibilities,
such as luminescent ceilings or windows. OLEDs can be fabricated on
different substrates, usually on glass, but also on, e.g., thin metal or plastic
foils, which can be flexible. These novel light sources are already
commercially available from different manufacturers.

After showing the basic working mechanism of OLEDs, | will focus on
PTB's efforts on fully optical characterization of OLEDs. This includes
angular dependent chromaticity measurements, luminance distribution, and
lifetime measurements. The development of an OLED standard at PTB was a
first step for establishing transfer standards for OLED measurements.

Povzetek

Organske svetlece diode (OLED) so polprevodniski svetlobni viri na
osnovi tankofilmnih organskih spojin. V osnovi so to uniformirani ploskovni
viri in zato dopuscajo popolnoma nove moznosti razsvetljave, kot npr.
svetlobna okna ali stropove. OLED svetlobne vire lahko proizvajamo na
razlicnih osnovah, obicajno je to steklo, lahko pa je osnova tudi upogljiva z
uporabo tanke plasti kovine ali plasticne folije. Taksni inovativni svetlobni
viri so ze komercialno dostopni.

V prispevku bo prikazan osnovni princip delovanja OLED in trud PTB,
da bi OLED svetlobnim virom dodal potrebne opticne lastnosti. To vkljucuje
meritev kotno odvisne barvnosti, porazdelitve svetlosti oz. svetilnosti in
Zivljenjske dobe izdelkov. Razvoj standarda za OLED na PTB je bil prvi
korak k vzpostavitvi standardov za meritve OLED svetlobnih virov.
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Mihaela Krevh

TRAJNOSTNI RAZVOJ IN NOVE LED TEHNOLOGIJE
ravnotezje med okoljem, energijo in kvaliteto svetlobe

Abstract

Sustainable lighting solutions means future orientated solutions by
keeping the balance between environmental, economic and social aspect.
For the user such a solution means low energy consumption and less CO2
emissions, lower maintenance costs and quality of light in accordance with
the needs, which allows healthy, safe work and well-being. CO2 emissions
caused by lighting are very high and in the professional lighting area there
is extremely high potential for optimal use of natural resources.

Povzetek

Trajnostno orientirane svetlobne resitve so v prihodnost orientirane
resitve, ki vzdrzujejo ravnoteZje med okoljskim, ekonomskim in socioloskim
vidikom. Za uporabnika pomeni taksna resitev nizko porabo elektricne
energije in manj emisij CO2, niZje strosSke vzdrzevanja ter kakovostno
svetlobo v skladu s potrebami, ki omogoca uporabniku zdravo in varno
opraviljanje dela ter dobro pocutje. Emisije CO2 zaradi razsvetljave so zelo
visoke in v profesionalni razsvetljavi je izredno visok potencial za optimalno
rabo naravnih virov.

1. Uvod

K temeljitemu razmisleku o proizvodnji in porabi elektricne energije nas (na zalost) silijo
tragicni dogodki v zadnjih letih, povezani z naravnimi katastrofami in spremembami klimatskih
razmer.

Posamezniki in podjetja vse bolj tezijo k energetsko ucinkovitim investicijam,

razsvetljava pa igra pri tem pomembno vlogo, saj je 19% elektriéne energije proizvedene na
celem svetu, porabljeno za razsvetljavo.

2. Trajnostni razvoj in arhitektura

Objekt arhitekta Daniela Libeskinda (slika zgoraj), tako imenovana Libeskind Villa, postavlja
v smislu trajnostnega razvoja nove standarde v arhitekturi. Libeskind je uporabil za objekt
najboljse materiale, kar zadeva trajnostni razvoj. Tudi za najmanj$e elemente, vgrajene na primer
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v kopalnici ali na vratih, se je preudil ta vidik. To pomeni, da imajo vsi izdelki okoljevarstvene
deklaracije z nizkimi vrednostmi onesnazevanja okolja, sama konstrukcija zgradbe pa je tudi
izdelana po nacelu ¢im vecje energetske ucinkovitosti. Uporabniku ponuja bivanje v taksni
zgradbi nizke stroske ter visok nivo bivanjske kulture.

Projekti kot je Libeskind Villa so v zadnjih letih v centru pozornosti saj je trajnost, predvsem
zaradi podnebnih sprememb in onesnazevanja okolja, vse bolj integrirana tudi v arhitekturo.
Vedno ve¢ se gradi stavb, ki so certificirane z gradbenimi okoljevarstvenimi standardi, kot so
mednarodni standardi LEED, BREEAM,... nekatere drzave pa So razvile povsem svoje, posebne
standarde. Na tovrstno gradnjo vpliva tudi cilj, ki ga je zadala EU, kjer je do leta 2020 potrebno
obc¢utno zmanj$ati emisije toplogrednih plinov.

Konstrukcija stavb je en del trajnostne gradnje. Prav tako so pomembni okolju prijazni in
energetsko uéinkoviti vsi ostali gradbeni elementi, ki so vgrajeni v stavbi. Eden izmed teh so tudi
svetilke in z njimi povezane trajnostne svetlobne resitve.

Trend uporabe energetsko ucinkovitih in trajnostnih svetlobnih resitev pomeni predvsem za
nacrtovalce zahtevne in zapletene projekte, kar je izziv za vse nas, ki pri tak$nih projektih
sodelujemo.

3. Ravnotezje med okoljem, ekonomijo in socialnim vidikom

Beseda trajnost je bila omenjena ze v zacetku 18.stoletja na podro¢ju gozdarstva. Trajnost je
pomenila, da se lahko poseka zgolj toliko povrsine gozda, kolikor dreves lahko zraste na novo.
Vedno mora biti dovolj dreves, ki zapolnijo prostor dreves ki so bila posekana. Pomeni, da je
moral gozd tudi v prihodnosti nuditi okoljske, ekonomske in socioloske funkcije.

Society

Kaj pa pomeni trajnostno orientirana svetlobna resitev?

stran 32 “Lighting Engineering 2011”



Krevh: ”’Trajnostni razvoj in nove LED tehnologije” R-5

Kadar govorimo o trajnostnem razvoju na podro¢ju razsvetljave, je potrebno upostevati
naslednje vidike:

— Okoljski vidik pomeni manjSo porabo energije in manjSo produkcijo CO2. To lahko
dosezemo s preudarno uporabo surovin s podaljSano zivljenjsko dobo vgrajenih
elementov, zavestno izrabo virov ter zmanjSevanje odpadkov.

— Ekonomski vidik pomeni niZje stroske energije ter nizje stroske vzdrzevanja; na primer pri
menjavi sijalk.

— O socialnem podro¢ju govorimo, kadar lahko uporabnik zaradi boljse kakovosti
razsvetljave svoje delo opravlja varneje in bolj zdravo in se pri tem dobro pocuti, npr.
zaradi dobre vidljivosti in zaradi svetlobe v skladu s potrebami.

4. Emisije, ki jih povzro¢a razsvetljava

Energijska poraba v EU: deleZi na leto

Zasebna
gospodinjstva
Drugo 20 %
86 %

o

Razsvetljava
14 %

Profesionalna

razsvetljava
80 %

Vir: Mednarodna agencija za energijo, komisija EU

V profesionalni razsvetljavi je izredno visok potencial za optimalno rabo naravnih virov.
Delez svetovno proizvedene elektriéne energije, ki se porabi za razsvetljavo je 19%, v Evropi
14%. V poslovnih zgradbah, odvisno od vgrajene opreme, dosega vrednost do 30%. Za 75%
razsvetljave v poslovnih in industrijskih zgradbah v Evropi velja, da je trenutno neucinkovita.
80% moznosti prihrankov elektri¢ne energije je na profesionalnem podrocju.

V letu 2005 je bilo na svetovnem nivoju porabljenih 2.650 TWh ali 1.900 milijonov ton CO2
emisij. Do leta 2030 se pricakuje 4.250 TWh ali 3.000 milijonov ton CO2, ¢e na podroc¢ju
razsvetljave ne pride do tehnolskih izboljsav.

Koliko emisij CO2 proizvedejo proizvodi, ki jih dnevno uporabljamo?
Kosarica jagod, uvozenih iz Spanije 442g, skodelica kave 59g, zavoj toaletnega papirja 250g*.

GWP (Global Warming potential) ali potencial globalnega segrevanja je relativno merilo, koliko toplote
toplogrednih plinov preide v atmosfero. Vsi plini se primerjajo s CO2. Potencial globalnega segrevanja se

racuna za dolocen c¢asovni interval, obicajno za 20, 100 ali 500 let. GWP je izrazen kot faktor ogljikovega
dioksida (GWP standardiziran na 1).

Na primer, 20 let GWP metana je 72, kar pomeni, c¢e bi enako tezo metana in ogljikovega dioksida spustili v
atmosfero, bo metan spustil v ozradje 72-krat vec toplote kot ogljikov dioksid v naslednjih 20 letih.

*Navedene koli¢ine se od proizvajalca do proizvajalca spreminjajo, saj je vpliv faktorjev na proizvod precej
kompleksen.
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Koliko CO2 emisij predstavlja ena svetilka?
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Svetilka Aero Il Hybrid, proizvajalca Zumtobel, proizvede v celotnem zivjlenjskem ciklusu
2100kg CO2. Do teh rezultatov pridemo z uporabo ra¢unskega modela za celoten zivljenjski
ciklus produkta ki uposteva vse stopnje zivljenjskega ciklusa.

V vseh stopnjah (surovine, proizvodnja, transport, uporaba, reciklaza) predstavlja najvecji
vpliv emisij; kar 92% v delovanju svetilke.

h ZUMTOBEL

42977293 ABROR SIWH5 LED 228W EVG WH ASQ1000.> _

sppicatons. gt
iwive s, w) ey whbe o) My e of s Segmkaty 4 Fe
Pl ey

o Broucpo Fe e ey f Fo pradut
™

mpac -
it 0 e st Pt Caboginy Fdes (PCH) o Lrvoviors. g, ciemrmrs
1172 ok w0 accou e Sevebogrmend of GO peE 19004 The Lie-
ek accode ' EN 120 14340, The descebed prodket

Comacaon Fraduets Orgarvsation [£00)

| Semmary of Environmental Product Duclaration
50 6M S0 14035 20 pefN 15488

greng Gmem

|  Commcson oaun Orpradton £00) )
| e | )

| vy o 2o RCQ

Rezultat ocene zivljenjskega cilklusa je razviden iz okoljske deklaracije produkta
(Environmental Product Declaration).

Za izdelavo te deklaracije je potrebno izmeriti koli¢ino emisij za celoten zivljenjski ciklus
svetilke; od uporabe surovin, proizvodnje, transporta, faze uporabe do reciklaze. Nekako od
zibelke do groba.

Postopek je potrjen s strani ISO 14025 standarda. Ta standard zahteva vnaprej dolocena
pravila. Postopek za izdelavo tovrstnih deklaracij za svetilke smo zaceli v Zumtoblu, kajti pred
tem standard ni zajemal pravil za svetilke, sijalke in komponente. Tako smo skupaj z ECO
organizacijo izdelali pravila. Gre za neodvisno ECO organizacijo, rezultate je preverila tudi
neodvisna organizacija IBU / Institut Bauen und Umwelt

Vsi proizvajalci svetilk, ki zelijo izdelati tovrstne certifikate za svoje svetilke po 1SO 14025
standardu, morajo tem pravilom slediti in na ta nacin so rezultati med seboj primerljivi.
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Prednost za kupca je transparentnost, proizvajalec pa lahko izmeri vpliv na okolje na stopnji
produkta in na ta nacin izboljsuje produkt ze v fazi razvoja.

5. 0Od osnovnih surovin do reciklaze

Zumtobel daje prednost materialom, ki se dajo reciklirati, na primer aluminij, ki se lahko
reciklira do 90% in jeklo do 80%. Izbira tudi na primer dobavitelje, ki so v bliZini proizvodnih
obratov. Tudi zmanjsanje kompleksnosti proizvodov ter uporaba kablov brez halogena pripomore
k okolju prijaznim rezultatom.

Vsi Zumtoblovi proizvodni obrati imajo pridobljen 1SO standard 14.001, ki zadeva varstvo
okolja. V skladu z okoljevarstvenim programom se delo v proizvodnji nenehno nadgrajuje, kot na
primer potopek barvanja, ki ga je zamenjala metoda prasnega premaza. Prednost tega postopka je
Vv manjsi porabi energije in uporabi doloc¢enih lakov. Poleg tega se je tudi zaradi delu
prijaznejSemu okolju znizala fluktuacija zaposlenih na tem oddelku (manj hrupa, boljsa kvaliteta
zraka).

V proizvodnem obratu v Nem¢iji smo zamenjali razsvetljavo in tako prihranili 50% energije,
uporabljamo dnevno svetlobo, tla z dobro refleksijo in fotovoltaiko na strehi.

Transport proizvodov je ze nekaj let organiziran na nacin dvojnega natovarjanja, kar pomeni
dvakrat ve¢ dostavljenih produktov z eno voznjo. Ce je le mozno je transport organiziran z
zeleznico.

Through light, we care.
Sustainability Report 2010/11 of the Zumitobel Group

Zumtobel je na nivoju celotne skupine Zumtobel Group letos izdal ze drugo Porocilo o
trajnostnem razvoju; izdaja porocila je predvidena na dve leti.

6. Holisti¢ni pristop k trajnostnemu razvoju

Deklaracije o produktih, ki so okolju prijazni so zgolj en del, en pogled na trajnostni razvoj.
Te deklaracije so produktno orientirane in imajo doloCene omejitve, saj ne upostevajo
ucinkovitosti in kvalitete svetilk.

Pri premisljeni integraciji visoko ucinkovitih svetlobnih virov (LED) v konstrukcijo svetilke,
lahko dosezemo visoko ucinkovite produkte (Zumtobel Panos Infinity 771m/W), z uporabo
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kvalitetnih materialov pa je zivljenjska doba svetilke/ svetlobne resitve precej daljsa v primerjavi
s konvencionalnimi reSitvami (LED vs fluroscentni, halogenski svetlobni viri). To pomeni za
uporabnika nizje stroske energije ter nizje stroske vzdrzevanja. Svetlobna resitev, ki vkljucuje Se
krmiljenje razsvetljave v odnosu na dnevno svetlobo je lahko v nekaterih primerih energetsko
najbolj varcna resitev.

Poraba energije in amortizacijska doba ter s tem vpliv na okolje je izmerljivo. Trajnostno
orientirane svetlobne reSitve pa vkljucujejo tudi socioloski, ergonomski vidik. Potrebno je
poudariti, da se mnogokrat pri trajnostnih svetlobnih reSitvah pozablja na kakovost razsvetljave.
Ce bi primerjali rezultate prej omenjene deklaracije svetilke Aeroll Hybrid z rastersko svetilko
Mirel, bi bila rezultata emisij primerljiva. Glede na to, da sodijo rasterske svetilke med uc¢inkovite
svetilke, bi bila tudi poraba energije v nekaterih primerih primerljiva z drugimi resitvami. Toda
razmisliti je potrebno kaksno reSitev ponuja uporabniku svetlobna resitev z rasterskimi svetilkami
v ergonomskem smislu!? Bles¢anje pod doloc¢enim kotom, vidni svetlobni vir, ostre sence,...

Uporaba naprednih tehnologij, kot je na primer kombinacija mikroprizmaticne optike ali
optike z mikro leCami v kombinaciji z LED tehnologijo, poleg visokega izkoristka svetilke in
nizje porabe elektri¢ne energije ponuja uporabniku kakovostno svetlobo, ki ima mocan vpliv na
poCutje in zdravje posameznika (ergonomija). Uporaba LED tehnologij »Stable white« in
»Tunable white« ki zajema celoten barvni spekter brez izstopajocih Spic posameznih valovnih
dolzin ter barvno reprodukcijo 90 ali ve¢ pri razli¢nih temperaturah barve (od 2700 do 6500K),
povecuje uporabniku udobje in zmanjSuje potrebo po naprezanju oCi. Poleg tega lahko s t.i.
tunable white tehnologijo s spreminjanjem barvne temperature simuliramo dnevno svetlobo ter
sledimo ¢lovekovemu bioritmu.

V podjetju Zumtobel se Ze nekaj let uporablja izracun t.i. ergonomskega faktorja, ki bi naj bil
dodatno merilo v svetlobni resitvi, usmerjeni v trajnostni razvoj. Razprave, po katerih kriterijih
izdelati enotne »ergonomske meritve, jih pretvoriti v stevilke ali diagrame, pa so zaenkrat v teku
pri mednarodnih organizacijah.

7. Predstavitev realiziranih trajnostnih svetlobnih resitev

Douglas drogerija, Frankenthal (D)
Spar, Dunaj in Murau (A) — pridobljen zlat OGNI certifikat

Ve¢ na: http://www.zumtobel.com/com/en/press_lightingsolutions_f.htm

Avtorjev naslov:

Mihaela KREVH, u.d.i.a.
Zumtobel Licht GmbH

1220 Wien, Donau-City Strasse 1
Avstrija

Tel.: +43 (0) 258 26 01-82852
Fax: +43 (0) 258 26 01-982852

Elektronski naslov: mihaela.krevh@zumtobel.com
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Andy Davies, Mihael Garibaldi

INFUSION™ LED MODULS

FUTURE-PROOFED MODULAR LIGHTING SYSTEM USING LED LIGHTING
TECHNOLOGY IN RETAIL LIGHTING

GE Lighting’s latest Infusion™ LED modules allow merchandisers and lighting
designers to create dramatic, attention-grabbing retail displays by selecting from a full
range of light output and colour temperature options. Ideal for spotlighting, downlighting
and track/accent lighting.

The GE Infusion™ LED module is a game-changing platform, designed to open up new
possibilities for the use of long-lasting, controllable, low maintenance LED solutions in retail,
gallery and other environments where the quality of light is critical to the customer/visitor
experience.

LED technology is becoming established in many professional lighting applications. However,
designers remain reticent about specifying LED everywhere in their schemes, with one critical
reason being the difficulty in servicing and upgrading the luminaires. GE Lighting are addressing
this problem with a new module that allows luminaires to be maintained or upgraded — by making
the module replaceable with a simple twist fit.

The easy interchangeability has other benefits too. One Infusion™ luminaire will accept a
complete range of LED modules. This overcomes the inflexibility of integrated luminaires, giving
merchandisers the ability to vary colour temperatures, beam angles and light packages by simply
swapping modules.

“Exchanging modules is just a twist fit; this mates the module with the housing and provides
all necessary thermal, electrical and mechanical connectivity. Plus, the energy efficiency is
superb: When embodied in an efficient luminaire design Infusion LED modules can be even more
efficient than many HID solutions. They can also be dimmed as well as instantly lit and restriked”

In 2011 GE introduces a full range of Infusion™ LED modules, with retail displays
demonstrating modules with 1100, 1500, 2000 and 3000 lumens, in colour temperatures 2700K,
3000K and 4000K. GE is the first manufacturer to offer this range of lumen packages and colour
temperatures in a fully-replaceable module with a common size.

GE also introduces the ‘Infusion Ultra’ version, where high colour rendering (930 colour) is
combined with 2-step colour consistency for premium light quality applications.

LED MODULARNI I1ZVIRI SVETLOBE PRIHODNOST V RAZSVETLJAVI
PRODAJNIH POVRSIN IN 1ZLOZB

Najnovejsi GE Lighting Infusion™ LED moduli omogocajo trgovcem in oblikovalcem
razsvetljave ustvariti dramati¢ne, pozornost vzbujajoce izloZbe z izbiro svetlobnega ucinka
in barve svetlobe iz celotnega niza moZnosti. So idealna reSitev za akcentno razsvetljavo in
downlighting.
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GE Infusion™ LED modul spreminja pravila igre, odpira nove moznosti pri uporabi
dolgotrajnih, nadzorovanih, preprostih za vzdrzevanje LED reSitev v maloprodaji, galerijah in
ostalih okoljih , kjer je kakovost svetlobe klju¢na za izkuSnjo obiskovalca.

LED tehnologija se uveljavlja v osvetljevanju, vendar pa ostajajo oblikovalci zadrzani pri
specificiranju LED izvirov svetlobe v nalrtu razsvetljave zaradi kriticnega argumenta, da
nastopajo tezave pri servisiranju in nadgradnji svetilke. GE Lighting se je lotil omenjenega
problema z novim modulom, ki dovoljuje vzdrzevanje in nadgradnjo svetilk - modul je mozno
zamenjati s preprostim obratom in klikom.

Enostavna zamenljivost ima tudi druge predosti. Posamezna Infusion™ svetilka sprejme
kompleten asortiment LED modulov. To prekasa nefleksibilnost integriranih svetilk, saj daje
uporabnikom moznost menjavanja barv svetlobe, Sirine svetlobnih snopov in svetilnosti s
preprosto zamenjavo modulov.”

Povezava modulov z obratom in klikom (“twist fit”’) zdruzuje modul z ohi§jem in nudi vse
potrebne termicne, elektri¢ne in mehanske povezave ob odli¢ni energijski uc¢inkovitosti. Vgrajen
v ulinkovito svetilko je lahko Infusion LED modul ufinkovitejSi od S$tevilnih reSitev z
visokotlacnimi sijalkami. Prav tako pa se jih lahko zatemni in omogocajo tudi takojsnji topli vzig.

V 2011 GE uvaja celoten izbor Infusion™ LED modulov, za akcentno osvetlitev v trgovinah,
ki bodo na voljo s svetlobnim tokom 1100, 1500, 2000 in 3000 lumni in barvami svetlobe 2700K,
3000K in 4000K. GE je prvi proizvajalec, ki nudi tako raznoliko paleto svetlobnega toka in barv
svetlobe s popolnoma zamenljivimi izviri svetlobe enake velikosti.

GE predstavlja tudi razli¢ico ‘Infusion Ultra’, kjer je visok indeks barvne vidnosti (barva 930)
zdruzen z 2-stopenjsko barvno konsistentnostjo za visoko zahtevne svetlobne aplikacije.

GE Lighting

Infusion LED Module
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LED modules bring profitability to

all

COEM luminaire manufacturer

'FFAbiIit!.r to offer a truly sustainable,
reliable, highly valued luminaire
solution with LED technology that is
always current

Lessinventory, lower development
\ and retooling costs

I"F[}ffnaera range of luminaires that can be
zold =eparately from module, with
follow-on upgradeability

Lessinventory, stock a single type of
light engineforuseacross many

y luminaire brands

Lighting Designer

’!-_Abilitl_.rt::r specify a large numberof N Irf—l::ﬂn replace modules at s pecified
luminaire brands knowingthat they intervals duringinstallation, taking
can be upgradedin future, adding advantage of LED efficiency increases
value to projects and saving more energy
Reliable light enginesthatcan be Reliable light engines thatcan be
replaced mean lessafter-sales replaced mean lessdismuption in facility
support needed

b N

~,

"y

@ gt of wark

REVENUE - COSTS = PROFITS
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Connection with a Simple Twist
Repeatable, Replaceable....RELIABLE

\" THERMAL interface
S

Front View
| MECHANICAL

connectors

LED array

Spring-ribs ELECTRICAL contacts

COPTICAL intarfzce

3 critical interfaces connectedin a single action

Single module size for 4 Packages

4 ™ hYE N ™

&,

M1000 series

=)

M1500 series

M2000 series

M3000 series

850-11001m
7 LEDs
15W
F00maA

\

1400-17501m
11 LEDs
23W

T00mA

1700-22001m
14 LEDs
J0W
144

2800-353001m
22 LEDs
46W
1.44

@ FTgErarLa ok wak
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Colour, CRI, Life

Colou CCT (K)
rcode

CRI

Colour Lumen Life [LT0)
consistency part- packages
to-part

{Macadam Ellipse
steps)

Infusion < 4 Step ) | 20,000
(=250) (Equivalent to 1800, 3000 | hours
330 3000 35V Ceramic 10040, (all types)
Metal Halide) 16040,
2000, 3200
&40 4000 1100,
1?5{!
ZZ{H} 3500
Infusion | 930 3000 Excellen | = 2 Step 850, 1400,
Ultra 1 (90) (Worlds ¢ 1?1}0, 2504}
consistentcolour

Replicating the light quality of traditional

technologies with the benefits of LED

Case Study: Infusion LED vs HID
Global Hospitality Chain

30% energy reduction

with increased

average illuminance

S0W CAM-TC Doanignae - adun Geam
L0W CA-TC Donriighan = Wide Gaam << MW LN

ms—-mm

1300 e LED nduion Donnipraw 337 - Madiu Gean
+000 I LD laion Sonrighan W07 - Wide Gaam 4« W T

[122¢ ww | [038s xw
292% Energy Reductin

Posvetovanje “Razsvetljava 2011”

stran 41



R-6 "LED tehnologije / LED Technologies”

Case Study: Infusion LED vs CFL
UK Leisure Chain — Downlight Retrofit

d 0z

Existing 2 x 26W CFL Solution PFUDGSE_d LED Solution
Total fitting watts: 72W Total fitting watts: 27W
lluminance: 250 lux llluminance: 300 lux

Wattage load in store: 1.5kW Wattage load in store: 570W
62% Reduction in energy load vs CF

“Lignting design mased on main@ined llluminance (lumen malmensnce Bciored In)

Infusion Optical Accessories

B

M1000 +

M1500 o oW W

M2000 o

M3000 oW
Size (DxH) 'gg* 75 % 40
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Tool-free optic attachment

LED Module and optic are The optic is placedin the ;l't?e oztci’c 'coqnectsto
supplied separately groove on the module i AT

simpleclockwise twist

@ Frognation ot work

Infusion Complementary Partners

In addition to development of our own modules and
accessories, GE has also been working with a set of
COMPLEMENTARY PARTNERS for Infusion

COMPLEMENTARY PARTNERS are other companies,
usually well-known in the lighting industry, who are able to
offer their own products to OEMs to complement GEs Infusion
modules

At present we have partners identified for LED drivers (5
partners), thermal management solutions (4 partners, and
custom development of optics (4 pariners)

@ et o wid:
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Infusion Optics
Complementary Partners

Equipped with technical data on GE Infusion modules and
able to offer custom optic design service to OEMs

Hanz-lorg
ACL-Lichttecknik GmbH Schurng hi.schuriz. NS reflekior com wove reflekbor. com
Alu-Luar REne Kaiser kazen@slun-uxarde wwnve 3luc-lunar de
Khatod Lorenzo Vasta _vasta i@ khatod. com wownve khated com
vPruzki@siskmann refiektoren-  www siskmann-refiektoren-
Siekmann Jorg von Pruski  gmbh. de gmbh.de

Infusion Drivers

Complementary Partners

« Modules are constant current rated at 700maA (M1000/M1500) and 1.4A
(M2000/MA3000)

« GE is working with partner companies, listed below

« Approved list of drivers includes options for DALI, DMX, 0-10V, phase
dimming and active cooling auxiliary outputs

eEmEmE | O\ [ 53

living energy
SUconiEct EmmE ETomEn EU contact Ramon Sigarinl EU confact MASE FRzpatrick
Emmalighieching com rskgarniroElivngenaTgya0m KR kst o0m

rvard TCI

ENGINEERIRG PLC

11 - '
£U contact Michael McDonnell = :’:'fflimfﬁg_'_’ﬁr"m“'

MichasimiBnEnandeang. co.uk
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Infusion Thermal Management
Complementary Partners

i R i R
SU NON SEEMNUVEMNTIX
EU contact Fnoebe Wang EU contact  Francols Jasgle
Phocne wanqyeoncn it fzsgiefauenth com
X =eatshis & Fans RN Heglslks & Synihellc Jets )
i i
B - '
AVC Journce
Glonal Contact Jefl Huang Ghonal Comtact: Clagon AleaEnder
JE LGNS COMLET == mesllqhiing com
L Hetshis & Fam L vigrsalool Hestsiks )

@ rageraytann of wark:

Infusion Toolkit

Comprehensive supportfor users and designers

Photometric files (IES and LDT)

3D CAD files (IGS, STP etc)

Application guide with support for luminaire designers and users of
Infusion

Sales presentation

Latest approved driver list

Generic driver specifications (for OEMs wishing to source/develop own)

Details of some commercially available cooling solutions
Ray files for optic designers
Additional technical guidance for OEMs from GE engineers

:_ﬁ-_E.J mageration ot waork
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www.gelighting.com/eulled

Authors’ addresses
Andy Davies

Senior Product Manager, LED Lamps &
Systems EMEA
GE Lighting

The Houghton Centre

Salthouse Road, Brackmills, Northampton
NN4 7EX

UK

GE Lighting Services Ltd

T: +44 7787 562576

E: andrew.davies2@ge.com
www.gelighting.com/eu/led

Mihael Garibaldi

Sales Manager, Slovenija, Croatia, BIH
GE Lighting

Tacenska 114a
1000 Ljubljana
Slovenija

T: +386 1 5304366
E: mihaelg@lighting.si
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Di Lecce:” Real Case Histories and Experiences in Street Lighting Telecontrol...” R-7

Paolo Di Lecce

REAL CASE HISTORIES AND EXPERIENCES IN STREET
LIGHTING TELECONTROL, REGULATION AND ENERGY SAVINGS

STREET LIGHTING CONTROL
AND DIMMING:
TECHNOLOGIES, EXPERIENCES

The ltalian Experience

Razsvetljava 2011
October 6th and Tth, 2011

Nova Gorica

Paolo Di Lecce

Electrical Engineer

Managing Director ReverberiEnstec arl

Memberof AIDI ( Halian Aszociationof Lighting ) Board and Executive Committes

LRI

|
? REVERBERI ENETEC OPERATES EXCLUSIVELY IN

LIGHTING CONTROL and PHOTOVOLTAICS

» Elettronica Reverberni foundad in 1282
Italian, almost 30 year experience in Lighting Controls, 20030 machines produced

s Intelux founded in 1575

Swiss, active since 35 years, high technological competence, S0 wnits
produced.

MMM Elettronica Reverberni and Intelu bought by Merloni Progetti, part of Meroni Group —
Indesit Company
203 Management Buy Out of Elettronica Reverberi

Average yearhy growth rate in the last & years: 13%.

@% of turnower in R&D

Some References | onhy some of those with more than 100 lamps controlled }
Highweay [talian company: 420 tunnels and remote control softaarns

300 machines (approsx 1000 lamps ) remotehy controlied for Israel Road Authority

And many maore Brescia, Reggie, Brno, Cannes, Bergamo, Rome, Dubai
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| :
’ Some Slovenia
projects

Tunnel Karavanke .Dimming during
daytime. N.15 Intelux 3.7 KVA

Gorje Municipality : dimming complete
system. Some streets with Power
Controllers, others with Point-to-Point, all controlled Maestro.

RAZCEP DRAGUCOVA cross. 2x Intelux SEC NG11 QIR16A

1

, Sassari Municipality: 1999! s

» 45 power controllers were installed and 21
switchboard were remote monitored

» Plant power: 616 KW
» Energy yearly cost: about 300.000 EUR/year

» At the end of 2000 30% of energy saving was
achieved, that is about 100.000 EUR/year

» GREENLIGHTU.E. program: SAS3SARI was the
published project for ltaly. Article on “Le Monde”

Sassari Experience I

» 2 control centers installed by the Companies who manage the
maintenance

» Radio Modem remote control. Alarms:
= Mo voltage incoming
= Circuit breaker tripping for each outgiong line
= Door opening check
= SMS to available personnel indicating type and location of
alarm
» RESULTS: average intervention time reduced from 24h to G0
minutes: reduction of maintenance costs by 20%
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I :
D Light when needed I

Alternating
switch off

Full light

Flux reduction

» Switch off was used since the ‘70s, not allowed now

’ Lighting Standards I

+ When traffic flow is less than 50% of peak value, categaory
can be reduced by 1 2> 25% dimming

= When traffic flow less than 25% of peak value, index can be
reduced by 2 2 50% dimming

+  Unifomity must be maintained

«  Applies time dependent variables such as traffic flow in the
selection of adaptive lighting levels.

= CEN JWG revision of CEN 13201:2003

? Light Pollution Regional Laws s

“Lighting installations must be provided with devices
capable of reducing energy consumption by a minimum
of 30% after 23.00 in winter and after 24.00 in summer”

Dimming is the most effective solution to minimise light
pollution since most of dispersed light is reflected from
road surfaces | assuming that luminaires are directed to
the ground!)
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Tunnel lighting standards
CIE 88

Entrance arealuminance has
to be controlled according to
Veil or L20 luminance outside.

* The best solution is to dim
Entrance luminance

* The system could be made by
2 sensors and a controlunit

* We have supplied several
hundreds oftunnels
controlling both HID lamps
and LED

* We supplied the first control
systems for LED in entrance
areaone yearago and the
first permanent control for
LED 4 years ago: technology
is moving forward quickly!

|
D Whatis possible for Street g
and Tunnel Lighting?

Reduction of energy consumption up to 35%
CO2 emission reduction
Lighting pollution reduction

Extension of lamp and accessories life is
another benefit: why ? =

|
? Lamp Mortality Study m

Study of the effects of mains supply variation on lamp
mortality

= Large descrepancy found between data quoted by lamp
manufacturers and actual data from the field

= Main reason was found to be upward variations in
supply voltage

= Major reductions in mortality rates were achieved using
voltage stabilisers, but the same concept applies to
Electronic Ballasts as well
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|
D Extension of Lamp Life mmms

100 T —
A c
o B0
E’ B
i
g &0
i
40
4] 4 8 12 16 20 24
Hours of oparation (x 1,000}

A Upper limit without controller B; Lower Bmif without controller € With controller

|
, Ballasts

Electronic Dimmable Ballast (EB)

Fully controlled by LPC (Power Line Carrier
Communication), or by RF (Zigbee ), eventhough an
external antenna and a special luminaire is required

Bi-Power Ballast

Fully controlled by LPC or RF via volt-free contacts
Maximum power reduction is 35% for HPS

Ballasts need control

R

.. I
& communication Lighting Paint
= S P__—f Control

U O [

« Individual lamp
contral and
manitaring

- -
v L= « PowerLine Carrier
o Pt or RF
[ «  Communication
speedis slow but
sufficient

« Mo supplemertary
cables require

* Max direct distance

1km comparedto
100m of RF

communication
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' Ballast Monitoring & Control I—————

Lighting Point Sentinel (LPS)
Installed closetothe lamp for menitering voltage,
current, active power, working time & lamp on/off

Lighting Point Controller (LPC)

Same functionality as LPS but with on/off controland
dimming of electronic ballast

Suitable for scene setting

LPM

The controlunit | installed in the Feeder
Pillar/Control Panel, that comunicates with
each LPS/LPC in PLC mode and with
GSM/GPRS with Maestro Software

Lighting point controller LPL for LED luminaires

»LPL can control LED luminaires. it has same functions like LPS module, plus a PWM or
0-10 Vdc output, to controllight level

HP00 ( to be installed inside the luminaire ) or IP6S
»Optcoupled output option
»*Can be co-designed with luminaire manufactures

' Power Controllers: ]
The Technology

« Voltage stabilizer and dimmer
- Efficiency: 98%

« No maintenance cost

+-1%

« \oltage stabilization to lamps §

« Three phase independent e
control

» Booster control or AWI
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, Bergamo Province I

[— i = Inter Urban Axis Road

diiaitode & Geemme . * Installation beganin 2004
1,767 Lighting Points
250Wi400W

Telecontrello, telesoryeglianea ¢ telegestione degli implanti

clettrich stradali delta Provincia di Bergamo

« 17 Power Control Panels
ciw Remote Monitoring

60 PowerLine Carrier
Lighting Point Sentinel
Modules

« Later expandedto 50
Power Controllers and
2000 lamps individually
monitored

P Bergamo Province
Operating Costs

Consumption| C pticn
Before Actual Saving Saving
PLANT KWh KWh € %
Al Svincole da Ex 5.5, 470 Cumo TEA23 425 SATEST| 38T
A1, Svincole di Curne verse commerciale T0.506 23883 4555.22)  38.200%
AL Swincola Trevials / Cumo Via Brianbaa 63622 40.588] 4.583,19 365.90%
|41, Svincols Rotaboria Trevioks / Cumasss B7.584 sa008)  4msdse|  3mm0
A1 Via San Bernarding 43,847 26,845 3008.72] IT.T0%
|Calciana - Rotatoria O 13,681 11.242 1.269.40]  4510%
Calciana - Rotatoria B 13.487 2831 111015 4zz0%
Calciana - Rotatoria & 14,643 10538 11s011]  4180%
Ex S5 498 - Rotatoria Cove 14483 7088 B00.41)  3290%
Ex 5.5. 470 dir - Retatoria Dalmine 13,363 §.758 H89.11)  30.60%
5.P. 157 | 5.P. 166 Mapalio 7.401 3.423 385.56]  31.60%
[Ex 5.5, 671/ 5.P. 46 Ponle Nossa 7.572 2.976 338,05  28.20%
[ Totals for 2006 | 2364827 | 1271605 [et14558960] 3500% |
|
? B gaMI0 POV N
Maintenance Savings
2003 2004 2005 2006

|Lamp 150 250w 5.HP. 574 814 o4 20

[Batiast Replacement 238 182 35 12

Ignitor Replacement 200 08 19 0

Capacilor Replatement 6 25 3 0

Intesrventions a7 18 i 1

Energy Saving + Maintenance Intervention Reduction
Major reduction in the number of interventions
Original target of 30% cost savings exceeded

Light pollution reduction in accordance with Lombardy Law
17/2000
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? Reggio Emilia
Energy Saving Project

Reggio Emiio: veduto of Piozza Son Prospero ¢ Abside del Duvomo

? Reggio Emilia

. ) I
Energy Saving Project
« £14M Tender for Energy Saving & Maintenance

Management of Public Lighting. Traffic Lights and Energy

Services 2006 - 2014 awarded to GESTA s.p.a.

= Infarmation:
- Total number of luminaires-29 585
- 750 publiclighting supply points
- Total active load— 6.660 kW
« Action Plan:
- Useofvoltage regulators on loads = 10KW
- Use of centralised auto-management system forreal
time failure detection and maintenance management
- Generation of on-map geo-referenced data for
lanterns and distribution equipment
- Replecement of absaolete mercury lanterns
- Upagrade of traffic lights to LED type

' Reggio Emilia

27
OODRDAMGE —
ot B 50

P LA I e e R — B LI SO
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|
’ Reggio Emilia [ ——
Energy Saving Project

e AE
I -
N R | [ i PR “Tryaies
el
S !
= | Bemm

[ T T e T % M a—
| § 3 G een el 4T T e T

e Savings range from 15% - 35% depending on conditions. Average savings 28%
e Return on investement : 3 years

The Via Emilia, built for the Roman Army is still in the news for conquests of a different kind for
its citizens!

LIGHT DIMMING IN 13 ITALIAN MUNICIPALITIES: RESULTS OF 9 YEARS OF
EXPERIENCE AND REMOTE CONTROL BENEFITS

[
, Reverberi Experience m

» From 1999 to 2003 Reverberi Enetec signed 20
Energy Performance Contracts: supply, installation
and maintenance of Power Controllers. Payment is
done in several years according to actual energy
saving

» 350 Power Controllers have been installed and
monitored, from the North to the South of ltaly
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9 Some Contracts and Results s

Actual energy
Municipality Contract date | Years saving %
Arzachena Feb 2003 5 35,0
Berchidda May 2002 6 30,3
Casarano Nov 2001 5 27,5
Cascina Jun 2002 6,5 315
Corato May 2003 8 28,9
Erchie Apr 2001 7,7 30,2
Francavilla Oct 2002 75 31,0
Latiano Mar 2003 6,5 29,9
Nuraminis Oct 2002 i 28,3
Oristano Dec 2002 6,5 333
Sestri Levante Dec 2002 7 28,6
Stilo Dec 1999 6 30,2
Tempio Pausania Dec 2001 6 2%, %)
Average Savings 30.0 % |

D Contract Management ps

Actual energy
Municipality Contract date | Years saving %
Arzachena Feb 2003 5 35,0
Berchidda May 2002 6 30,3
Casarano Nov 2001 5 2005
Cascina Jun 2002 6,5 2115
Corato May 2003 8 28,9
Erchie Apr 2001 G 30,2
Francavilla Oct 2002 7.5 31,0
Latiano Mar 2003 6,5 29,9
Nuraminis Oct 2002 1 28,3
Oristano Dec 2002 6,5 33,3
Sestri Levante Dec 2002 7 28,6
Stilo Dec 1999 6 30,2
Tempio Pausania Dec 2001 6 25,8
Average Savings 30.0 % |

stran 56

“Lighting Engineering 2011”



Di Lecce:” Real Case Histories and Experiences in Street Lighting Telecontrol...” R-7

|
’ Why the different results? I

1. Type of lamp, SHP vs MV

2. 3upply voltage

3. Astro clock presence

4. Condition of installation ( earth leakage, voltage drop )

5. Constant monitoring and rapidity of reaction, therefore
remate contral

Control Center: power factor,
neutral displ.

./ LEM - [Grafici] e (8] x|
I Cpdioni =12] %]
R 5 T Dal  [07/11/2003 ~ ETICHETTE | [ Stampa Tutto | =
[Cosi = A iz 5] apriics | Stampa | Escl

IEEE T T INEEEEE

— CosfiR — Cosfi S — Costi T

Impianto 0034 CosfiR S T 07/11/2003 - 12/11/2003

1,000

0}

04

0,

A ]
3
Id
L
|
|
|
|

0034 Zona Industriale Casarano - 0 [CHIAMATA [ ALLARME
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|
9 Control Center

 LEM - [Grafici] eI
i 9pzon =18 x]

IT s ,T Dal  [2208/2008 =]  ENCHETTE | [ Stempa Tutto | =
Coneris 2 N P T APPLITA Stampa ESCI

eEndee L ERE &4

— Conerts R — Cenertz S Correrta T

Impianto 0019 Corrente R S T 22/09/2003 - 27/09/2003
a0 T

0 ||
00— H I | 4t
4000 |
2000 1
sopo 1L L
P A
25000 1————

20000 1————

22000 1————

20000 1————

18000
16000 1————
190001

GEEzaRERE

0019 vin di Quartn 15 Cascina - 0 T [ [crmmaTA [ALARME B

Market Overview I

» Many ESCO projects: private companies invest on
energy saving to have long term maintenance
contracts

» Benefits for Municipalities: renovation without
investment

» Critical point: definition of the project; banks

» Obligation to use Dimming equipment in new
installations: stable and consolidated market

» Obligation to use dimming in Tunnels

» All customers concermned since 10 years: Cities,
towns, highways, railways, etc.

Author’s address

Paolo Di Lecce

Electrical Engineer

Managing Director Reverberi Enetec srl

Member of AIDI ( Italian Association of Lighting ) Board and Executive Committee
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Zdravko Krajacic¢

LEP — LIGHT EMMITED PLASMA

October 4, 2011

Introduction to Solic
Lighting

www.LUXIM.com
Copyright LUXIM Corporation

LUXIM"
History of Solid State Plasma Lighting

1890s Nikola Tesla demonstrates
electrode-less coupling of
power to lamps

1990s Fusion Lighting and DOE
develop a High Intensity
sulphur lamp

2000s LUXIM Corporation develops
a compact Solid State High
Intensity light source

2008 Next stage of adoption

LIFI°
www.LUXIM.com
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LUXIM"

LIFI Positioning

HIGH LUMENS

, A
. (z j
1 |U
"TT"V“:
) LIFI
o Energy efficiency
OLD < Low Maintenance
Controls
Incandescent SSL/LED \Design
1 X
v
LOW LUMENS
LlFl@ www.LUXIM.com 3

LUXIM"®
LIFI Provides Excellent Color AND
Efficiency
LIF

<
2 oy
o Q
v 75
o -
[ (@)] T—
o — ’mgi: %
© L \_j;i‘/
O 50
o
]
=
20
=
o
—
. | - | >
Low s Medlum80 High 120Very High
Efficiency (Lumens/Watt)
Ll F l “ www.LUXIM.com 4
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LUXIM®

Light Output Comparison

20,000 fixture lumens

5 C’ Trraaaaaas
D b/ 9993933533303
"QN\ 2 %2 % % % % 8% 3 8 8
A7) ” M
\' ‘\T;- 2999393938333
S PiY 4 299293333333
\'/ L [‘5/ ? 99 9 93 9 3% 3 9% 9
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1. Power plant footprint calculation uses factor of 0.012mg Hg emitted/kWh, 2. pg denotes picograms
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LUXIM"

Roadway Value Calculation

Avg Power - Watts

Daily Usage - Hours

Total KW-Hr

Tons of CO,/Year

S/kW-hr

Yearly Electricity Cost - $
Replacement Cycle - Hrs
Lamp Replacement Cost - $
Yearly Replacement Cost - $
Total Cost-$

Annual $ Savings

annual CO2 Savings - Tons
Juung| COs 29AILUB2 - Jou2

LIFI

Parameter ______| Unit_|Wetal Halide| LIFI-STA-41 | Savings |

Operating Costs

Avg Power - Watts Watts 460
Energy Cost S/Yr 261
P a y b a C k Maintenance Cost S/Yr 44
Operating Cost S/Yr 305

Capital Costs and Payback

Fixture Cost S 400
Installation Cost S 100
Utility Rebate S 0
Incremental Cost/Pole S 0
Payback Yrs -
Carbon Dixoide Emissions Tons/Yr 1.57
Assumptions

Replacement Parts S 50
Replacement Labor S 70
Replacement Cycle Hrs 12000
Annual Usage Hrs 4368
Energy Rate $/kWHr 0.13
Utility Rebate $/Peak kW 100
Utility Rebate S/kWHrs/Yr 0.07
Carbon Intensity lbs/kWHr 1.565

Installation Summary m“

Number of Poles # 400
Capital Cost S 0
Operating Cost/Year S/Yr 121,955
Payback Period Yrs -

Carbon Dioxide Emissions Tons/Yr 629

Ll F l ® Average Luminance Ft-Cd 2.1

Color Quality CRI 25

www.LUXIM.com

275
156
15
171

o]

4368
0.13
100
0.07
1.565

LIFI-STA-41

400

129,974
68,403

376

N W
gw

Benefit
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LUXIM"

Project case - replacement with and without dimming

TSHO TSHO
Full Power Hi/Lo
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Oerating Cost per Fstore -5 [N | I IGRN ISR | 165 128
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Total operating Cost - § I IS ISR [ s S 575 ss613
Annual $ savings I R N s M 63,307 82,605
Cost per Fsture -5 1 a40
tily Rebate - § I I I S S 7 7

Total Installation Cost - § I | [ . e 197258
Payback - years [ | | [ 239

LIFI®
www.LUXIM.com

LUXIM"
LIFI Intrinsic Advantage: Spectrum

CMH LIFI

Representative Spectral Power Distribution of MasterColor® 3K Lamps

100

Wavelength—nanometers

e Application specific full color spectrums tailored:
— Outdoor Street and Area (5000-6000)
- Specialty (Instrumentation and Display) (6500-9000K)
- Indoor and Retail (3200K)

LIFI®
www.LUXIM.com
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LIFI Intrinsic Advantage: Directional

Superior light control:

- Higher fixture
efficiency

- Better uniformity and
distribution

- Compact fixtures

LIFI Intrinsic Advantage: Electrode Free

A. Dimming/Reduced Power Operation
¢ No arc flicker electrode tips
* No tungsten sputter (wall darkening)

e Dimming extends life of LIFI source &
electronics

B. Eliminate Mechanical Failures
¢ No glass to metal seal

¢ No reaction of fill to tungsten
electrodes

C. Rapid Start and Re-Strike

Across the road
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LiFi® STA 41: Sample Applications (400-1000W)

Signage Industrial Aquarium
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Matej Bucinel, Matej Kobav, Grega Bizjak, Nina Kacjan Marsi¢, Dominik Vodnik

LED RAZSVETLJAVA ZA GOJENJE RASTLIN

Abstract

This article shows the development of the prototype luminaire (light)
with LEDs intended for growing plants. The development was based on the
analysis of the characteristics of the luminaire with 400 W high pressure
sodium lamp (HPS). Based on (gathered) made measurements and
calculations, we chose three of the most suitable types of LEDs and
constructed the luminaire. This luminaire with LEDs could be a good
alternative for the luminaries with HPS lamps used for green houses,
because they use less electrical energy and the quality of light is better. We
got some interesting results which indicate that LEDs will soon prove to be a
better alternative as HPS lamps even in the field of plant-growing lights.

Povzetek

Vsebina ¢lanka podaja opis razvoja in izdelave LED svetilke za gojenje
rastlin. Razvoj svetilke je temeljil na analizi in meritvah karakteristik 400 W
visokotlacne natrijeve sijalke, ki je trenutno najbolj uporabljen vir svetlobe
za dosvetljevanje v rastlinjakih. Glede na meritve in izracune potrebne
svetlobe smo izbrali najbolj ustrezne LED diode ter skonstruirali LED
svetilko. Le-ta naj bi bila ustrezna alternativa (primerna zamenjava)
visokotlacnim natrijevim sijalkam za gojenje rastlin, vendar naj bi imela
kvalitetnejso svetlobo in manjso porabo elektricne energije. Dobili smo
zanimive rezultate, ki kazejo na to, da bodo tudi na tem podrocju
razsvetljave LED diode hitro izpodrinile ostale svetlobne vire.

1. Uvod

Zaradi podnebnih sprememb, ki vedno pogosteje povzrocajo naravne katastrofe naprimer
poplave, suse, nevihte s toco in s tem nastanek velikih Skod na kmetijskih povrsSinah, se ljudje
vedno pogosteje zatekamo k obdelovanju in pridelovanju hrane pod pokritimi povr§inami. Ker pa
pride v teh zavarovanih prostorih do zmanjSanja (ponekod tudi do popolne odsotnosti) son¢ne
svetlobe in s tem do pomanjkanja svetlobe za normalno rast in razvoj rastlin, je nujno potrebno
dosvetljevanje.

Trenutno se za dosvetljevanje najveC uporablja visokotlacne natrijeve (v nadaljevanju VT Na)
sijalke, vendar se s hitrim napredkom tehnologije vedno bolj uveljavljajo viri na principu
visokosvetilnih LED diod. LED tehnologija se je izkazala za zelo primerno, ki z majhno porabo
elektri¢ne energije in veliko ucinkovitostjo doseze dobre rezultate.
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2. Primerjava tehnologij

LED diode so polprevodniski elementi, ki pri prevajanju toka skozi zaporno plast oddajajo
svetlobo. Svetloba nastane, ko elektron preide iz prevodnega pasu v valencni pas. Pri dolo¢enih
prevodnikih se pri tem sprosti toplota (Si), pri drugih pa svetloba (GaAs, GaP,..) (Slika 1). LED
diode torej delujejo na principu elektroluminescence, ki jo povzro¢i tok nabitih delcev skozi
polprevodnik. Kineti¢na energija nabitih delcev se porabi za vzbujanje atomov oziroma molekul v
snovi v vi§ja energijska stanja, pri prehodu nazaj v prvotno stanje pa ti delci oddajo foton
svetlobe. Danes so na trzi§¢u monokromatske LED diode in LED diode z belo svetlobo. Ceprav
so za razsvetljavo zanimive predvsem slednje, pa so za razsvetljavo za gojenje rastlin
monokromatske LED diode boljsa izbira.

+|1'
||
/7
p-spoj + n-spoj
OAC O Om g 0p® ® o
OO O O ; e o o.

vrzel ° ¢ elektron

@ o000 0O® Prevodni pas
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Slika 1. Prikaz delovanja LED diode.

Valenéni pas

Lastnosti monokromatskih LED diod:

e monokromatska svetloba,
e 7Zivljenjska doba do 100.000 ur,
e clektriéna mo¢ med 0,12 W in 15 W,

e majhne in varne vzbujalne napetosti 2-4 V.

VT Na sijalke delujejo na principu razelektritve v plinu. Elektroni se pri prehodu skozenj
zaletavajo v atome plina in pri tem izbijajo druge elektrone na visje oble. Ko se ti elektroni vrnejo
nazaj na svojo orbito, oddajo odve¢no energijo v obliki fotona svetlobe (Slika 2).

elektroda  steklena cev, v kateri gori oblok —\

ey

kovinski halogenidi in pare

—()—l—

izmeniéna napetost predstikalna naprava

Slika 2. Diagram VT Na sijalke.
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Lastnosti:

e Crtni spekter svetlobe,

o izKoristki 95-150 Im/W,

e Zivljenjska doba do 24.000 ur,

e moc¢ido 1000 W,

e indeks barvnega videza (Ra) 20-65 %.

3. Prednostiin slabosti LED diod v primerjavi z VT Na sijalkami

Barva: monokromatske LED diode lahko sevajo skoraj poljubno barvo svetlobe in to brez
uporabe barvnih filtrov. Barva svetlobe je doloc¢ena z energijo vrzeli polprevodnika, ki je odvisna
od uporabljenega materiala polprevodnika. Pri VT Na sijalki je barva svetlobe izrazito rumena,
spekter pa je odvisen od mesanice plina v gorilniku. Z dolocenimi dodatki je sicer mozno
nekoliko povecati modri in rdeci del spektra, vendar Se vedno prevladuje rumeni del s
karakteristicnima natrijevama spektralnima ¢rtama.

Zivljenjska doba: Zivljenjska doba monokromatskih LED diod je do nekje 100.000 ur. V tem
Casu izsevana mo¢ pade na 90 % zacetne vrednosti. Degradacijo pn spoja v LED diodi in s tem
skrajSanje zivljenjske dobe povzrocata predvsem prevelik tok in posledi€no previsoka
temperatura. Najveckrat se zaradi degradacije pn spoja postopno niza izsevana moc¢ in s tem
izkoristek, redkeje pa pride do nenadne odpovedi. Zivljenjska doba VT Na sijalke je danes okoli
24.000 ur. V tem casu lahko pri¢akujemo zmanjsanje svetlobnega toka na okoli 70 % nazivne
vrednosti ali celo odpoved sijalke.

Priklju¢na elektri¢cna mo¢: LED diode imajo majhna priklju¢no elektricno moc¢. Delovna
napetost LED diod je med 1.7 V in 5.5V, obratujejo pa pri toku med 1 mA pa vse do nekaj A. Z
zaporedno in/ali vzporedno vezavo ve¢ LED diod je mozno sestaviti svetilko s prakti¢no poljubno
elektricno mocjo. Pri VT Na sijalkah pa smo glede priklju¢ne elektricne moc¢i omejeni na
standardne moci v ponudbi proizvajalcev.

Varnost: Ker je napetost na LED diodi majhna, je zelo zmanjSana moznost poskodb pri
morebitnem napa¢nem rokovanju. Poleg tega LED diode ne vsebujejo nevarnih snovi, kot je na
primer zivo srebro, ki ga najdemo v VT Na sijalkah.

Usmerjenost in jakost svetlobe: LED diode imajo obi¢ajno majhen zorni kot svetlobe in zato
razmeroma veliko svetilnost v vzdolzni osi. Zaradi tega je mogoce svetilko z ustrezno kotno
porazdelitvijo svetilnosti skonstruirati z ustreznim usmerjanjem posameznih LED diod. Na drugi
strani imajo VT Na sijalke zelo neusmerjeno porazdelitev svetilnosti in je potrebno v svetilki
uporabiti ustrezno oblikovan reflektor.

Svetlobni spekter: Razen belih LED z S$irokim barvnim spektrom imajo LED diode
monokromatski spekter. V primeru uporabe za gojenje rastlin je tak svetlobni spekter LED diod
prednost, saj za gojenje rastlin ne potrebujemo svetlobe v celotnem vidnem spektru tako kot za
delovanje ¢loveskega vida. Spekter VT Na sijalk zajema celotno podroc¢je vidne svetlobe in sega
tudi v UV in IR podrocje.

Temperaturna odvisnost: Delovanje LED diod je zelo odvisno od temperature okolice. Pri
viSanju temperature se visa tok skozi pn spoj, kar povzroci Se dodatno segrevanje diode in s tem
ponovno naras¢anje toka. To pa vodi v temperaturno nestabilnost, zmanjSevanje izsevane moci in
skrajSanje zivljenjske dobe. Zato je za ustrezno delovanju visokosvetilnih LED diod nujno
potrebno uporabiti hladilno telo, da vzdrzuje temperaturo pn spoja ¢im bliZe temperaturi okolice.

Posvetovanje “Razsvetljava 2011” stran 69



R-9 "Tehnologije v razsvetljavi / Lighting Technologies”

Pri VT Na sijalkah posebna hladilna telesa za vzdrzevanje delavne temperature v normalnih
pogojih niso potrebna.

Tokovno napetostna karakteristika: LED diode morajo biti napajane z napetostjo vec¢jo od
kolenske (pragovne) napetosti in s tokom, ki je manjsi od maksimalne dovoljene vrednosti. Ker je
tok eksponentno odvisen od napetosti Ze majhna sprememba napetosti lahko povzroci veliko
spremembo toka, zato je nujna uporaba tokovno stabiliziranih predstikalnih naprav. Pri VT Na
sijalki za omejitev toka lahko uporabimo navadno dusilko.

Polariteta: Da LED diode svetijo je potreben elektri¢ni tok preko pn spoja, iz p plasti proti n
plasti. Ce jo napajamo v nasprotni smeri in je priklju¢ena napetost majhna (majhni so tudi tokovi),
deluje dioda kot omejilnik napetosti. Ce pa prikljudena napetost naraste preko zaporne napetosti,
naraste tudi tok in povzro¢i unicenje diode. LED diode zato napajamo z enosmernim virom
napetosti oziroma toka. Pri VT Na sijalkah smer toka skozi sijalko ni pomembna in lahko
uporabimo napetost omrezne frekvence.

4. Pomen svetlobe za rastline

Svetloba je zelo pomembna za rastline, saj je njihov glavni vir energije. Potrebna je za
uravnavanje rasti in razvoja ter v primeru prevec¢ ali premalo svetlobe deluje kot stresni dejavnik.
Svetloba vpliva na sintezo klorofila, stimulira razvoj listov, inhibira rast stebla v visino in
stimulira razvoj koreninskega sistema. UCinki svetlobe na rastline so odvisni od spektralne sestave
ter jakosti in trajanja sevanja.

Fotosintetsko aktivna svetloba PhAR (photosynthetic active radiation) prakticno zajema
podrocje celotne vidne svetlobe (od nekje 400 in do 700 nm valovne dolZine), vendar vse valovne
dolzine ne vplivajo enako na fotosintezo v rastlinah. Kot lahko vidimo na Sliki 3 sta za
fotosintezo predvsem pomembna modri del spektra med 400 nm in 450 nm in rdeci del spektra pri
650 nm valovne dolzine. Absorpcija svetlobe poteka s pomocjo pigmentov, ki se nahajajo v
klorofilu (listno barvilo). Poznamo ve¢ vrst rastlinskih pigmentov:

e Klorofil a je potreben za absorpcijo svetlobe v modrem ter rde¢em delu spektra in
pretvorbo energije fotonov v energijo elektronov;

e Klorofil b pomaga pri absorpciji v modrem in rde¢em delu spektra;

e Kkarotenoidi so v pomo¢ pri absorpciji svetlobe v modrem delu spektra in adaptaciji
kloroplasta na svetlobno okolje.

Jakost sevanja v navedenih podro¢jih (modrem in rde¢em) vpliva na rast in razvoj rastlin.
Zadostna koli¢ina svetlobe ustreznih valovnih dolzin pomeni zdrave in neizdolZzene rastline z
dobro razvitim koreninskim sistemom. Potrebna koli¢ina svetlobe je razlicna od rastline do
rastline (heliofiti, skiofiti ali polskiofiti). Kot lahko razberemo iz Slike 3 rastline absorbirajo
svetlobo preteZzno v modrem in rde¢em delu spektra. 1z tega sledi, da je dosvetljevanje z modro in
rdeCo svetlobo dovolj za uspeSen razvoj rastlin. Uporaba monokromatskih virov svetlobe torej
lahko zmanjSa porabo elektricne energije v primerjavi z uporabo svetlobnih virov s Sirokim
spektrom svetlobe, saj svetlobe drugih valovnih dolzin (zeleno, rumeno) za uspesno rast rastlin ne
potrebujemo.
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Slika 3. Fotosintetski absorpcijski specter pri doloceni valovni dolzini.

Poznamo dva nacina dosvetljevanja in sicer kontinuirano ter pulzno. V prvem primeru rastline
dosvetljujemo neprekinjeno nekaj ur in nato sledi obdobje teme. V drugem primeru pa rastline
dosvetljujemo s pulzirajoco svetlobo (hitro vklapljanje in izklapljanje svetlobnega vira), kar je
zelo lahko izvesti z LED diodami precej teZje a z drugimi svetlobnimi viri. U¢inek na rastline je v
obeh primerih enak, le da je poraba elektricne energije v primeru uporabe pulzirajoce svetlobe Se
nekoliko nizja.

5. LED svetilka za razsvetljavo rastlin

Izracun potrebnega Stevila LED diod.

Da bi zmanjsali priklju¢no moc¢ svetilke z LED diodami, smo se odlocili, da bomo uporabili
samo LED diode, ki svetijo v podro¢ju valovnih dolzin, ki imajo pri rastlinah najvecji
fotosintetski ucinek, torej v podro¢ju modre in rdece svetlobe. Zaradi ustrezne primerjave smo pri
tem zeleli doseci enak fotosintetski u¢inek, kot ga ima svetilka z 400 W VT Na sijalko, ki smo jo
tudi uporabili za primerjavo med testiranjem. Torej je bilo potrebno v svetilko namestiti toliko
LED diod, da je bila izsevana mo¢ v izbranem podroc¢ju valovnih dolzin enaka izsevani moci
svetilke z VT Na sijalko. Izbrane so bile tri razlicne LED diode s karakteristiénimi valovnimi
dolzinami pri 455 nm (modra), 625 nm (rdeca 1) in 660 nm (rdeca 2). Ker LED diode sevajo
skoraj vso svetlobo v podro¢ju 20 nm okoli karakteristi¢éne valovne dolZine (peak wavelength +
10 nm) smo za izracun potrebne izsevane energije uporabili v Tabeli 1 navedena podrocja
valovnih dolzin. V izraCunu je bil upostevan sevalni izkoristek LED diod pri obratovalni
temperaturi 60 °C (sevalni izkoristek LED diod namre¢ z viSanjem temperature pada).
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Tabela 1. Prikaz izra¢una potrebnih LED diod.

Barva LED diode modra rdeca (1) rdeca (2)
Karakteristi¢na valovna dolzina [nm] 455 625 660
Izbrano podrocje valovnih dolzin za izracun | 445-465 615-635 650-670

izsevane mo¢i pri 400 W VT Na sijalki [nm]

Izsevana mo¢ v izbranem podroc¢ju valovnih | 1,64 22,4 10,9
dolzin pri 400 W VT Na sijalki [W]

Izsevana mo¢ LED diode pri sobni | 0,45; 100 % 0,8; 100 % 0,75; 100 %
temperaturi 25 °C [W]

Izsevana mo¢ oz. izkoristek LED diode pri | 0,414; 92 % 0,56; 85 % 0,64; 85 %
temperaturi obratovanja 60 °C [W]

Potrebno Stevilo LED diod 4 40 17

Ker so prva testiranja pokazala, da je obratovalna temperatura LED diod vecja od
predvidenih 60 °C zaradi Cesar je izkoristek in s tem izsevana mo¢ LED diod manjSa, smo v
kon¢ni verziji uporabili 9 LED diod modre barve, 75 LED diod rdece barve 1 in 19 LED
diod rdece barve 2.

Izdelava testne svetilke za gojenje rastlin z LED diodami je potekala v Laboratoriju za
razsvetljavo in fotometrijo na Fakulteti za elektrotehniko Univerze v Ljubljani. Poleg samih LED
diod smo za izdelavo svetilke uporabili tudi ustrezno hladilno telo, ki sluzi za oporo in ¢im boljse
odvajanje toplote od diod v okolico. Ker visokosvetilne LED diode, ki smo jih uporabili za
izdelavo svetilke, obratujejo pri tokovih do 1,5 A se brez primernega hlajenja lahko zelo hitro
uni¢ijo. Sama konstrukcija testne svetilke je zelo preprosta in je prikazana na Sliki 4.

&
°
3
i
£e

Slika 4. LED panel pri vezavi kontaktov. Slika 5. LED panel med obratovanjem.
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6. Rezultati gojenja solate

Kot testna rastlina je bila izbrana solata (Lactuca sativa var. Capitata L.) sorte »Lyra«. Za
potrebe primerjave sta bila v rastlinjaku pripravljena dva gojitvena prostora, ki sta bila lo¢ena z,
za svetlobo neprepustno, pregrado. Enega smo osvetlili s testno svetilko z LED diodami, drugega
pa s klasi¢no svetilko za rastlinjake, ki je bila opremljena z VT Na sijalko mo¢i 400 W. Izvedene
so bile tri isto¢asne primerjalne setve solate. Pri vsaki setvi smo zasejali 160 semen solat na
platoju za gojenje sadik. Rastline vsake setve smo ustrezno zalivali in prostor prezracevali, da je
bila temperatura ustrezna (povprecna temperatura okoli 17°C). Poskus smo opravljali od
09.03.2011 ko smo solato posejali, po 10 dneh so rastline vzklile in 01.04. smo jih polozili pod
svetlobo sijalk, kjer so ostale do 22.04. ko smo priceli z meritvami. [z vsake setvene plosc¢e smo
naklju¢no izbrali 10 sadik in jih stehtali in premerili. Rezultati, ki so na kratko predstavljeni v
Tabeli 2 so pokazali, da je solata v vseh treh setvenih ploS¢ah bolje uspevala pod svetilko z LED
diodami. Kot lahko vidimo iz podatkov v tabeli so bile rastline pod svetilko z LED diodami manj
izdolzene, imele so ve¢jo maso, vecji koreninski del in vecjo povrsino listov. 1z Slik 6 in 7 se vidi,
da je bila razlika med enimi in drugimi sadikami o€itna ze na pogled, potrdile pa so jo tudi
meritve.

Iz podatkov v Tabeli 3 lahko vidimo, da je cena svetilke z LED diodami sicer precej veéja od
cene svetilke z VT Na sijalko, vendar pa zaradi manjSe priklju¢ne moci in posledi¢no majse
porabe energije v 10 letih s tako svetilko vseeno dosezemo okoli 500 EUR prihranka. Ce pri tem

upostevamo tudi boljSe rezultate pri gojenju rastlin je »prihranek« Se ustrezno vecji.

Tabela 2. Rezime rezultatov gojenja solate.

LED panel VT Na sijalka
Svetlobni Spekter ( ZW ) p” 463 nm = 0,077 463 nm > 0,026
valovni dolini (nm). 570 nm > 0,023 570 nm - 0,133
598 nm - 0,034 598 nm - 0,160
620 nm - 0,119 620 nm > 0,064
645 nm - 0,429 645 nm - 0,040
660 nm - 0,189 660 nm - 0,083
Fotosintetska svetloba- | 100 cm = 73,46 100 cm - 63,59
v.  uxmol
povprecje (25) 170 cm = 41,49

170 cm > 17,45

Temperatura-povprecje (°C)

80cm > 19,14

80cm = 19,24

160 cm =>17,71

160 cm =>17,43

Visina-povprecje (cm)

Nadzemni del = 12,18

Nadzemni del = 13,97

Podzemni del = 6,98

Podzemni del = 6,73

Skupaj = 19,16

Skupaj = 20,71

Masa-povprecje (g)

Nadzemni del = 2,56

Nadzemni del = 1,80

Podzemni del = 0,75

Podzemni del = 0,29

Skupaj = 3,13

Skupaj = 2,09

Stevilo razvitih listov (n) 5-6 5-6
SPAD meritve-povprecje 17,63 13,67
Povriina-povpreéje (mm?®) 93509,09 70647,43
Skupni stroski (€/10 let) 1714,93 2229,60
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Tabela 3. Izracun porabe elektri¢ne energije in stroSek svetil za obdobje delovanja 10 let.

LED VT Na
Nabavna cena svetilk [€] 979,09 130
Mo¢ [W] 75 400
Zivljenjska doba sijalke [h] > 100,000 24,000
Cas obratovanja 14/10 [h] 5,110h/leto 5.110h/leto
Stevilo potrebnih sijalk 1 (10 let) 2 (10 let)
Skupna porabljena elektricna energija [kWh] 3832,5 20,440
Celotni stroski nakupa sijalk [€] 979,09 260
Cena porabljene ele. energije [0,09€/kWh] 421,57 2248,4
Skupaj 1400,66 2508,4
Prihranek 1107,74 0

Slika 6. Prikaz vpliva svetlobe na rast rastlin, LED panel (levo) in VT Na sijalka (desno).

Slika 7. Prikaz nadzemnega in podzemnega dela, LED panel (levo) in VT Na sijalka (desno).
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7. Zakljuéek

S preizkusom smo zeleli dokazati, da lahko uporaba svetilk z LED diodami zmanj$a porabo
elektri¢ne energije tudi na drugih podro¢jih in ne samo pri notranji in zunanji razsvetljavi. Pri tem
smo zeleli doseci enake pogoje za rast rastlin kot jih danes zagotavljajo VT Na sijalke, ki se v te
namene najve¢ uporabljajo. Vendar, kot lahko vidimo iz Slik 6 in 7, smo uspeli pod svetilko z
LED diodami ustvariti celo boljSe pogoje, saj je solata zrasla lepsa in boljsa, medtem ko je solata,
ki je rasla pod VT Na sijalko blede barve, izdolZena in s slabim koreninskim sistemom. To, kar je
bilo videti ze na pogled so potrdile tudi meritve, katerih rezultati so zbrani v Tabeli 2. Seveda smo
pri tem dosegli tudi ustrezen prihranek pri porabi elektri¢ne energije, svetilka z LED diodami pa
se je pokazala tudi kot ekonomsko opravicena. Pri tem smo v izracunu ekonomske upravic¢enosti
pri LED diodah upostevali padec svetlobnega toka za 30 % v zivljenjski dobi 50.000 ur, Ceprav
nam proizvajalec zatrjuje ve¢ kot 100.000 ur delovanja s padcem svetlobnega toka samo 10 % pri
temperaturi delovanja 110 °C.
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Katja Malovrh Rebec, Marta Klanjsek Gunde, Matej B. Kobav, Grega Bizjak

VPLIV SVETLECIH DIOD NA TVORJENJE MELATONINA IN
POSKODBE MREZNICE

Povzetek

Poleg opticnih ucinkov, zaradi katerih se z vidom lahko orientiramo v
prostoru, ima svetloba tudi razlicne fotobioloske ucinke. Analizirali smo
tiste, ki nastanejo na mreznici ocesa zaradi svetlobe belih LED svetil brez
sekundarne optike. Moznost fotokemijskih poskodb mreznice smo vrednotili z
B-faktorjem, ucinek na tvorbo melatonina, t.i. neslikovno zaznavo, pa z M-
faktorjem. Pri tem smo upostevali znana aktivacijska spektra za oba pojava
in podatke o prepustnosti ocesa v odvisnosti od starosti ¢loveka. Rezultati
kazejo, da s starostjio oba faktorja hitro padata, zaradi prekrivanja obeh
aktivacijskih spektrov pa sta med seboj povezana. Svetloba z visjo korelirano
barvno temperaturo CCT ima praviloma visje vrednosti obeh faktorjev.
Vendar ta relacija ni enolicna, saj obstajajo svetila z enako CCT in
razlicnimi vrednostmi faktorjev, kar je Se posebej izrazito pri M-faktorju. Z
uporabo B- in M-faktorjev je mogoce vrednotiti fotobioloske ucinke LED
svetil v oceh.

Abstract

Lighting and optical effects enable us to orientate ourselves in space;
moreover it has the potential to evoke different photo-biological effects. We
analyzed those that occur in the retina and are provoked by white LED
without secondary optics. The possibility of photochemical retinal damage
was evaluated by B-factor and (the non-visual) effect on the production of
hormone melatonin was evaluated with M-factor. We took into consideration
both known action spectra as well as transmission of human eye depended
on the aging factor. The results show that both factors decrease rapidly with
human aging and that both factors are interrelated due to the overlapping
spectra of activation curves. Lighting with higher correlated color
temperature CCT has generally higher values for both factors. However, this
relationship is not reliable for there are samples with the same CCT and
different B and M factor values. B-and M-factors provide practical
evaluation of some photo-biological effects of LED lighting in human eyes.

1. Uvod

Svetlobe ne potrebujemo le za gledanje, ampak je pomembna tudi za normalno delovanje
telesa. Tukaj se omejimo le na tiste efekte, kjer svetloba vstopa preko odprtih o¢i in se detektira
na mreznici. Na o€esni mrezZnici se poleg Cutnic za slikovno zaznavo (palcke in ¢epki) nahajajo
tudi Cutnice za zaznavanje opti¢nih sevanj, ki ne prispevajo k tvorjenju slike o na$i okolici v

Posvetovanje “Razsvetljava 2011” stran 77



R-10 "Tehnologije v razsvetljavi / Lighting Technologies”

mozganih. [Berson, 2003] Zaznava svetlobe, ki poteka preko teh celic - svetlobno obcutljivih
ganglijskih celic - uravnava izlo¢anje hormona melatonin, s tem pa posredno vpliva na pomembne
procese v ¢loveskem telesu, kot je vzdrzevanje dnevno-no¢nega ritma, sposobnost koncentracije
in pomnjenja, tvorjenje drugih hormonov (predvsem spolnih) itd [Spaninger et al., 2009], [Pauley,
2004]. Hormonsko neravnovesje lahko vodi v vejo obolevnost za razli¢nimi vrstami raka.
[Kvaskoff and Weinstein, 2010] Za zaznavo svetlobe preko ganglijskih celic na mreZnici se
uporablja izraz neslikovna zaznava. Tako kot ¢epki in paliCice, imajo tudi svetlobno obcutljive
ganglijske celice spektralno odvisno obcutljivost. Vrhova ¢epkov in pali¢ic sta v obmocju zelene
svetlobe (505 in 555 nm), svetlobno obcutljive ganglijske celice pa imajo vrh obcutljivosti v
modrem delu spektra (460-480 nm) [Brainard et al., 2001] [Thapan et al., 2001]. To pomeni, da
so za neslikovno zaznavo potrebni fotoni z vecjo energijo kot za slikovno zaznavo.

Poleg omenjenih neslikovnih vplivov, ki uravnavajo tvorbo nekaterih hormonov v telesu, je
pomemben aspekt tudi varnost svetil. PoSkodbe vidnih organov so, zaradi kompleksne sestave
oc¢esa, predmet intenzivnih raziskav in novih odkritij. Dolgo je veljalo, da je nevarna le premoc¢na
obsevanost o¢esa, ki povzroca termi¢ne poskodbe; kasneje pa se je pokazalo, da tudi svetloba z
manjSo svetlostjo, vendar v specifi¢nih delih spektra, lahko mo¢no in trajno poskoduje ¢lovesko
oko. Vzrok za to so fotokemijske spremembe, ki jih svetloba povzro¢i na mreznici. [Ham et al.,
1976] Na tak nacin je nevarna zlasti modra svetloba. Potencialna nevarnost je najveja pri
valovnih dolzinah med 400 in 500 nm. [Delori et al., 2005] [Norren and Gorgels, 2011] Nekaj
sprememb tkiva se po dolocenem casu regenerira, vecina pa je nepovratnih. Med najbolj
poznanimi je fotokemijskimi poSkodbami je fotoreitinitis. Ta prevladuje nad termi¢no vzbujenim
mehanizmom podobne poskodbe, kadar je ¢as osvetlitve daljsi od 10 s. Ta spoznanja so vodila do
priporoc¢il za fotobiolosko varnost nekoherentnih virov svetlobe [CIE, 2002], najviSje dopustne
vrednosti izpostavljenosti pa so uvedene tudi v zakonodajo [2006/25/EC, 2006] [Uredba, 2010].
Ti dokumenti urejajo zlasti varnost delavcev pri uporabi svetil z visoko svetlostjo, vezani pa so na
delovno okolje in urejajo dopustne meje obsevanosti tekom enega delovnega dne (8 urni
delavnik). Vendar ne vemo, kaksni so efekti svetlobe z manjso intenziteto, saj se $kodljivi u¢inki z
leti najverjetneje v znatni meri akumulirajo. [Figueiro et al., 2008] Predvideva se namre¢, da tudi
majhne koli¢ine lahko pripeljejo do trajnih, resnih poskodb. [Roberts, 2011] [Margrain et al.,
2004] Primer taks$nih obolenj oci je na primer (delna) slepota zaradi starostne degeneracije makule
(AMD - age related macular degeneration). [Margrain et al., 2004]

Za opis spektralne sestave svetlobe se navadno uporabljata enosteviléna parametra, korelirana
barvna temperatura (Corelated color temperature - CCT) in indeks barvnega videza (Color
renedering index - CRI). Problem obeh parametrov je to, da sta enosteviléna in ne moreta popisati
spektralnih posebnosti svetlobe. CCT pove, katero ¢rno telo seva najbolj podobno svetlobo;
vendar je svetloba sodobnih svetil zelo razlicna od sevanja ¢rnega telesa. CRI upoSteva le
slikovno zaznavo - torej delovanje ¢epkov in paliic za razmeroma majhen nabor barvnih
vzorcev: Dologen ja na osnovi povprec¢nih sprememb barv teh vzorcev zaradi osvetlitve s testirano
svetlobo; zato uposteva le velikosti barvnih razlik ne pa tudi smeri teh sprememb v barvnem
prostoru [Gunde et al., 2009]. Za opredelitev neslikovnih udinkov svetlobe in moznosti za
fotokemijske poskodbe mreznice $e ni opredeljen noben parameter.

Pri raziskovanju vlivov svetle¢ih diod kot svetlobnih virov prihodnosti [Lister, 2004] [Khan
and Abas, 2011], je bistveno poznavanje izvora spektralne porazdelitve opti¢nega sevanja, ki ga
oddajajo. Vecina svetlecih diod, ki jih sreCamo za namene splos$ne razsvetljave, so zasnovane kot
modra LED (torej substrat GaN ali InGaN), prevlecena z luminiscenéno snovjo (Ce>* : YAG), ki
ima vrh v rumenem delu spektra. V spektru takega svetila sta dva izrazita vrhova, med njima pa
minimum. Tak$no svetlobo Cutnice fotopskega videnja, Cepki, zaznajo kot belo. S spremembo
LED substrata in kombinacijo luminiscen¢nih snovi lahko do dolo¢ene mere spreminjamo tudi
polozaj obeh vrhov. Z manipuliranjem viSine in Sirine vrhov vplivamo na spektralno porazdelitev
in s tem na CCT in CRI svetlobe. [Shur and Zukauskas, 2005] [Dawson, 2010]
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Upostevati pa moramo $e en pomemben parameter. Svetloba na mreznico pade skozi ¢lovesko
oko, ki je sestavljeno iz posameznih delov z razli¢no prepustnostjo. Skozi rozenico svetloba pade
na leCo, nadaljuje v notranjost ocesa, kjer je steklovina in kon¢a na mreznici, ki je zadnji del
o¢esa. [Sliney, 2002] Cutnice na mreZnici pretvorijo fotone v elektri¢ne impulze, ki potujejo v
mozgane, Kjer dejansko tvorimo sliko (oziroma se predajo informacije - na primer signali za
zacetek ali zaustavitev tvorbe hormonov). Zaznava svetlobe se torej odvija na mreznici, kjer pa ni
mogoce neposredno meriti osvetljenosti in dogodkov, ki jih to povzroc¢a. Vse meritve so bile
opravljene na sprednji strani oCesa - rozenici - podatki pa so bili ratunsko pretvorjeni na pogoje,
ki naj bi vladali na mreznici. Ker se s starostjo prepustnost ofesa zmanjSuje, je za enak efekt na
mreznici pri razli¢no starih opazovalcih potrebna razli¢na koli¢ina svetlobe.

Vprasanja ucinkov modre svetlobe so postala zanimiva tudi zato, ker svetila po svoji
spektralni sestavi z razvojem postajajo vedno bolj in bolj modra. Od Zarnic na zarilno nitko, preko
fluo sijalk in do danas$njih svetle¢ih diod za splosno razsvetljavo se je vecala tudi koli¢ina modre
svetlobe. Vzporedno z vefanjem svetlobnega izkoristka svetil (Im/W), se je razvilo tudi
poglobljeno znanje o drugih uc¢inkih svetlobe. Zdruzeno znanje lahko v bodoce prinese resitve,
kjer bodo svetlobni viri energetsko uc¢inkoviti, hkrati pa bodo njihovi uc¢inki tudi v fotobioloSkem
smislu predvideni in zazeleni. Ker je delez modre svetlobe pri belih LED svetilih ve¢ji kot pri
drugih svetlobnih virih, je potrebno ta svetila obravnavati tudi s stali$¢a neslikovne zaznave in
fotokemijskih poskodb mreznice. Zato je vedno vecja pozornost raziskovalcev usmerjena v ucinke
teh svetil. [Behar-Cohen et al., 2011] Veliko se tudi razpravlja o dinami¢ni oziroma »pametni«
razsvetljavi, ki bi imela spektralno porazdelitev odvisno od ¢asa tekom dneva in potreb ljudi.
[Shur and Zukauskas, 2005] Pri uresniditvi takega cilja pa je LED razsvetljava nedvomno
nepogresljiva, saj lahko uresnici take Zelje. [Schubert and Kim, 2005]

Nasa raziskava se osredoto¢a na velikost fotobioloskih ucéinkov svetlobe belih LED svetil
(fotokemijske poskodbe in neslikovna zaznava) in na odvisnost teh vplivov od starosti
opazovalca.

2. Eksperimentalni del
2.1. Meritve

Izmerili smo spektralno porazdelitev 17 vzorcev belih LED svetil brez sekundarne optike.
Meritve smo opravili v temni sobi pri sobni temperaturi na fotometricni klopi s pomocjo
spektroradiometra Jeti Specbos 1200. Merilno obmocje je bilo med 380 in 780 nm. Svetila smo
napajali z enosmernim tokom 350 mA v zveznem nacinu (brez impulzov). Vzorci so bili z dvema
vijakoma pritrjeni na Sestkotni hladilni podstavek iz aluminija. S prevodno pasto je bil zagotovljen
dober termicni stik s hladilnim podstavkom. Razdaljo med vzorcem in merilnikom smo
spreminjali tako, da smo dobili enako osvetljenost detektorja na spektroradiometru.

Na podlagi meritev smo oblikovali 3 skupine LED vzorcev - 3 tipe bele svetlobe: tople LED,
nevtralne LED in hladne LED. Skupine smo oblikovali skladno s kriteriji iz literature. [Behar-
Cohen et al., 2011] Spektri merjenih vzorcev kazejo, da vsa svetila delujejo na principu modra
dioda prevlecena z luminiscen¢no snovjo (blue LED — yellow phosphor). Tako svetlobo ¢lovesko
oko vidi kot belo, to¢en odtenek pa je odvisen od modrega diodnega vrha in od koli¢ine in tipa
dodanih luminiscenénih snovi. Merjene spektre smo normalizirali na 500 Ix. Prikazani so na
slikah 1-3.
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Slika 1: Spektri LED svetil, normirani na 500 Ix, skupina hladno bele (CCT > 4.500 K).
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Slika 2: Spektri LED svetil, normirani na 500 Ix, nevtralno bele (3500 K < CCT < 4500 K).
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Slika 3: Spektri LED svetil, normirani na 500 Ix, skupina toplo bele (CCT < 3500 K).

V skupini hladnih LED (CCT > 4.500 K) imajo vsi vzorci modri vrh izrazito vi§ji od
luminiscen¢nega, v skupini tople LED (CCT < 3.500 K) pa ravno obratno. Za nadaljnje izracune
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nas je zanimala predvsem vsebnost modre svetlobe v spektrih (high energy visible light - HEV
light), zato smo dolocili obmocja, kje se pojavi levi (LED) vrh, desni (luminiscen¢ni) vrh in
minimum med njima (slika 4).

Valovna dolzina(nm)

Slika 4: Spektri analiziranih LED svetil, normirani na 500 Ix, (1) LED vrh, (2) vrh zaradi
luminiscen¢nih snovi, (3) srednji minimum

LED vrh izmerjenih vzorcev je med 445 in 461 nm, torej se pomika na obmoc¢ju 16 nm. Desni,
luminiscenc¢ni vrh je med 551 in 636 nm, to je v razponu 85 nm. Minimum med obema vrhovoma
je med 474 in 506 nm, to je na obmocju 32 nm. Mesto in viSina vrhov vplivajo na CCT in na CRI.
Barvna temperatura vzorcev je od 2.694 K pa vse do preko 6.000 K, kjer sta se pojavila 2 vzorca,
eden s 28.437 K in drugi s 17.456 K. Ti dve vrednosti v okviru metodologije preracuna CCT nista
regularni. [Mahr et al., 1969]

2.2. lzradun fotobioloskih ucdinkov

Iz izmerjenih spektralnih porazdelitev LED vzorcev in znanih aktivacijskih krivulj smo
preracunali dva faktorja, ki vrednotita fotobioloSko varnost svetil: faktor nevarnosti modre
svetlobe ter faktor tvorbe melatonina.

Nevarnost modre svetlobe se ocenjuje v skladu z dokumentom FotobioloSka varnost svetil in
svetlobnih sistemov [CIE, 2002]. Aktivacijska krivulja nevarnosti modre svetlobe B(Z) ima vrh
pri 440 nm v globoko modrem delu spektra in se nanaSa na fotokemijske poskodbe mreznice.
Tako poskodovana mreznica mo¢no poslabsa vid in/ali pripelje celo do slepote. Za ocenjevanje
stopnje nevarnosti modre svetlobe se uveljavljala B faktor. [Behar-Cohen et al., 2011], ki ga
izraCunamo z enacbo:

Y1S(DB(A)AA

B==5S0m @

Kjer je B(A) spekter nevarnosti modre svetlobe (slika 5), S(1) pa spektralna porazdelitev
osvetljenosti mreznice. B-faktor pove delez svetlobe, ki povzroc¢a fotokemijske poskodbe
mreZnice, v celotnem spektru analizirane svetlobe.

Odziv ganglijskih celic na mreznici, ki so obcutljive na svetlobo in uravnavajo izloCanje
hormona melatonin, opisemo s aktivacijskim spektrom melanopsina, M(4) (slika 5). Po analogiji z

Posvetovanje “Razsvetljava 2011” stran 81



R-10 "Tehnologije v razsvetljavi / Lighting Technologies”

B-faktorjem smo izracunali tudi M-faktor. Z njim opisemo delez svetlobe, ki vpliva na tvorbo
hormona melatonin:

_ YiS(AMA) AL
M= %1 S(D)AL 2

Kjer je M(A) aktivacijski spekter zaviranja tvorbe melatonina (slika 5).

Slika 5 prikazuje aktivacijski spekter za fotokemijske poskodbe mreznice (nevarnost modre
svetlobe) B(4) in aktivacijski spekter melanopsina M(A), ki sta osnova za nadaljnje izraune. Za
primerjavo je dodan tudi spekter fotopskega videnja V(A), ki je osnova za preracun fizioloSkih (Ix)
v radioloske koli¢ine (W/m?). Kot je razvidno iz slike, se vrhovi teh funkcij precej razlikujejo,
oblike pa imajo podobne.

1,00 D
0,90 - VA"

0,80 ff T -
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Slika 5: Primerjava funkcij fotopskega videnja (povpreéna ob¢utljivost ¢epkov) — V(A),
obcutljivost vezana na nevarnost modre svetlobe (poskodbe mreznice) — B(A4), ter obéutljivost
ganglijskih celic v mreznici, ki uravnavajo izlo¢anje hormona melatonin — M(4).

Pri izracunu spektralne osvetljenosti mreznice upostevamo tudi spreminjaje vidnega organa
zaradi starosti. Bistveno se spremeni predvsem spektralna prepustnost lece, ki z leti rumeni.
Zaradi tega se njena prepustnost najmoc¢neje zmanjsuje za modro svetlobo [Kessel et al., 2010].
Prepustnost lece cloveskega ocCesa za vidno svetlobo v odvisnosti od starosti kaze slika 6.
Donatorji le¢ v tej raziskavi so imeli tudi specifi¢ne lastnosti (62 letnik je imel na primer diabetes,
kar je najverjetnejsi razlog za precej slabso prepustnost lece). Na spreminjanje prepustnosti lece
lahko vplivajo tudi Stevilni drugi faktorji, na primer siva mrena, zamenjava za umetno leco. Ti
ucinki Se niso ovrednoteni.

100,00

46let
21let

18let

---73let

Prepustnost (%)

——76le

CIE

400 450 500 550 600 650 700 750

Valovna dolina (nm)

Slika 6: Spreminjanje prepustnosti lee ¢love$kega oCesa (zaradi spreminjanja lece) z leti [Kessel
et al., 2010] [CIE, 2009]
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Aktivacijski spektri za tvorbo melatonina M(A) so bili izmerjeni in patentirani na rozenici
[Brainard et al., 2001], [Thapan et al., 2001]). Da bi lahko pravilno uporabili enacbo 2, je treba ta
spekter prestaviti na mreznico. Premik smo izvedli s pomo¢jo prepustnosti o¢esa, kar obravnava
standard CIE v pripravi [CIE, 2009] ter s pomo¢jo podatkov o odvisnosti prepustnostih le¢ od
starosti (slika 6). Po istem principu smo premaknili tudi krivuljo B(4) (nevarnost modre svetlobe)
za uporabo v enacbi 1. V izracunu B- in M-faktorjev v odvisnosti od starosti smo B(4) in M(1) v
enacbah (1) in (2) pomnozili s-prepustnostjo oCesa za razlicne starosti opazovalca (slika 6). Pri
spreminjanju prepustnosti ocesa smo upostevali spreminjanje prepustnosti leCe s staranjem, ker
ima slednja najvecja vlogo. Na ta nacin smo dobili efektivne aktivacijske krivulje, ki se
spreminjajo s prepustnostjo ocesa, torej s starostjo opazovalca. Pri tem predpostavimo, da se
obcutljivost Cutnic na mreznici z leti ne spreminja oziroma da lahko efekte staranja opiSemo le s
spremembami lece, vse ostale pa zanemarimo. Ker v literaturi ni podatkov o vplivu starosti na
obcutljivost Cutnic na mreznici, je taka predpostavka nujna. Primer efektivnih krivulj za
obcutljivost ganglijskih celic pri razlicnih starostih opazovalca prikazuje slika 7. Poleg
prepustnosti le¢, ki so prikazane na sliki 6, je prikazana tudi efektivna obcutljivost za spektralno
prepustnost lece, kot jo navaja CIE dokument (v pripravi) [CIE, 2009].

uplivajo na

obéutliivost ganglikih celic, ki
mileatonin

sprodéanje hormona

Relativna

Slika 7: Spreminjanje efektivne obcutljivosti ganglijskih celic s starostjo opazovalca.

Mejni ¢asi dopustne dnevne obsevanosti (8 ur), ki jih dolo¢a zakonodaja z vidika varnosti pred
fotokemijskimi poSkodbami, so doloceni z najvecjo dopustno efektivno sevnostjo Lg:

Ly = o 2. B(2) - da 3)
kjer je €2 prostorski kot merjenja spektralne obsevanosti. Za osvetlitve pri zornem kotu nad 11 mrad,
ki so daljse od 10000 s (2,78 h) je najve&ja dopustna efektivna sevnost 100 W/m?sr. [2006/25/EC,
2006] [Uredba, 2010] Izracuni kazejo, da je vrednost Lg za svetilke, ki se uporabljajo za simulacijo
son¢ne svetlobe, na razdalji 6 cm od vira le nekaj procentov najveéje dopustne vrednost. [Gunde et al.,
2010] Podobne rezultate dajejo tudi izracuni za LED svetila. To pomeni, da LED svetila nikakor ne
zapadejo uredbi o zasciti delavcev pred Skodljivimi u€inki nekoherentnih sevanj. Vendar se moramo
zavedati, da se ta nanasa na poSkodbe mreznice, ki se ne akumulirajo in da je predpostavljeno, da se
vse druge poskodbe regenerirajo do naslednjega delovnega dne.

Pri izraCunu Casa osvetljevanja, ki je potreben za zaustavitev tvorbe melatonina (tmax) Pri
posameznem vzorcu svetlobnega vira s spektralno porazdelitvijo S(A) smo uporabili mejno
izpostavljenost (dozo) 112 J/cm? [Schulmeister et al., 2003]. Tako SMO tyay izradunali z enatbo:

112 J/cm?
='—780 fem (4)

S(A)-M(A)-dA

tmax
f380
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Premik aktivacijske krivulje za spros¢anje melatonina smo iz rozenice na mreznico izvedli s
pomocjo CIE priporoéila v pripravi. [CIE, 2009]

3. Rezultati

Za vse spektre LED svetil smo izrac¢unali B- in M-faktorje. Rezultati so predstavljeni na slikah
8-11.

03
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Slika 8: B-faktor v odvisnosti od starosti opazovalca za hladna, nevtralna in topla LED svetila.

Iz slike 8 je razvidno, da se B-faktor z leti eksponentno zmanjsuje. Znotraj istega vzorca LED
je ta efekt lahko tudi ve¢ kot 2 kraten. Razlike med posameznimi LED vzorci v vrednosti B-

faktorja so pri isti starosti opazovalca lahko tudi za ve¢ kot 3 kratne, v okviru iste skupine LED
svetil pa do 2 kratne.

Pokaze se, da CCT ni prevec¢ natancen faktor za napovedovanje nevarnosti modre svetlobe. Na
grafu 8 so vzorci razporejeni po vrsti od visokih CCT (na vrhu) proti nizkim. Krivulje temu redu
ne sledijo. Rezultate s slike 8 lahko pogledamo tudi v odvisnosti od CCT; to prikazuje slika 9, kjer
smo zaradi vecje preglednosti izpustili 2 vzorca z ekstremno visokim CCT, 28.437 K in 17.456 K.
B-faktor sicer priblizno linearno naraséa s CCT, vendar obstajajo LED vzorci z enako CCT in

razli¢nim B-faktorjem (npr. okoli 3100 K). To pomeni, da med CCT in B-faktorjem ni enoli¢ne
zveze.
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Slika 9: Spreminjanje B-faktorja v odvisnosti od korelirane barvne temperature (CCT) za
opazovalce razli¢nih starosti (glej legendo).

Slika 10 prikazuje M-faktor v odvisnosti od starosti za vse vzorce LED svetil. Podobne
zakljucke kot za nevarnost modre svetlobe (B-faktor) lahko potegnemo tudi za tvorbo melatonina.

Z leti se vpliv na tvorbo melatonina eksponentno zmanjsSuje, ker na mreZnico (zaradi filtracije z
leco) pade manj modre svetlobe.
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Slika 10: Spreminjanje M-faktorja za svetlobo hladnih, nevtralnih in toplih LED svetil v odvisnosti
od starosti opazovalca.
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Tudi pri spremljanju M-faktorja zasledimo, da LED svetila z enakim CCT nimajo nujno
enakih M-faktorjev; efekt je precej vecji kot pri B-faktorju (slika 11). Tudi na sliki 11 smo izvzeli
dve najhladnejsi LED zaradi boljse preglednosti rezultatov. Svetila z zelo razlicnimi CCT imajo
lahko tudi enake M-faktorje (npr. G3a s CCT = 3320 K in G2e s CCT = 3975 K). Vecji CCT ne
pomeni nujno tudi vecjega M-faktorja (npr. Glc s CCT = 6382 K ima man;jsi M-faktor od
»toplejse« G1d s CCT = 6246 K). To pomeni, da CCT ne more dovolj dobro opredeliti vpliva
svetlobe na tvorbo melatonina. Kot je razvidno iz slike 11, pri istem CCT vzorca naletimo na
vrednost M-faktorja, ki je lahko ve¢ kot 2-kratna, pomembno je torej tudi upostevanje starosti
uporabnikov.

0,15

M faktor

005 |-

2600 3100 3600 4100 4600 5100 5600 6100 6600

CCT(K)

Slika 11: Spreminjanje M-faktorja v odvisnosti od korelirane barvne temperature (CCT) hladnih,
nevtralnih in toplih LED svetil za razli¢ne starosti opazovalca.

Za prakti¢no rabo so zelo zanimivi Casi, Ki so potrebni za zaustavitev tvorbe hormona
melatonin. Za analizirane vzorce LED svetil smo jih izracunali s pomo¢jo enacbe (4). Prakti¢en
primer uporabnosti teh rezultatov si lahko predstavljamo, ¢e na primer ponoci vstanemo in gremo
na straniS¢e ob prizgani luci. V tabeli 1 so Casi, ki so potrebni za zaustavitev tvorbe melatonina za
vzorce LED svetil pri 500,100 in 20 1x. Ti Casi se z veCanjem osvetljenosti zelo hitro krajsajo. Pri
500 Ix so 1-3 min, pri 100 Ix med 3-13 min, pri 20 Ix pa 13-65 min. Povezanost ¢asov in CCT
naceloma obstaja. Vzorci iz skupine tople LED imajo daljse Case, kot vzorci iz skupine hladne
LED. Natan¢nejs$i vpogled v ¢ase pa (podobno kot pri preracunu B in M faktorja) kaze, da CCT ne
napove nujno odziva (v tabeli bi morali Casi rasti od vrha navzdol, vendar se na dolocenih mestih
red porusi). Te izraCune smo primerjali s podatki, ki jih je za razli¢ne luci pred leti dolocila druga
raziskovalna skupina [Schulmeister et al., 2003] (Tabela 2). Ti rezultati kaZzejo, da so Casi
osvetlitve, ki so potrebni za zaustavitev tvorbe melatonina, najkrajsi za LED svetila. Nasi rezultati
so primerljivi z njihovimi (glej High-output LED in white LED).
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Tabela 1: Casi (v min), potrebni za zaustavitev tvorbe melatonina pri razli¢nih osvetljenostih
rozenice za obravnavane vzorce LED svetil.

Vzorec CCT [K] 500 Ix 100 Ix 20 Ix
Gla 28437 1 min 3 min 13 min
Glb 17456 1 min 3 min 14 min
Glc 6382 1 min 5 min 24 min
Gld 6246 1 min 4 min 22 min
Gle 5692 1 min 6 min 29 min
Gi1f 5560 1 min 6 min 28 min
G2a 4429 1 min 7 min 35 min
G2b 4129 1 min 7 min 34 min
G2c 4091 2 min 8 min 38 min
G2d 4086 1 min 7 min 34 min
G2e 3975 2 min 10 min 49 min
G3a 3320 2 min 9 min 43 min
G3b 3252 2 min 10 min 50 min
G3c 3063 2 min 10 min 51 min
G3d 3058 2 min 10 min 52 min
G3e 3033 2 min 11 min 55 min
G3f 2694 3 min 13 min 65 min

Tabela 2: Casi, potrebni za zaustavitev tvorbe melatonina, pri razli¢nih osvetljenostih roZenice za
razli¢ne tipe svetlobnih virov [Schulmeister et al., 2003]

500 lux 100 lux 201ux
it 80h 37 min| 403h 05 min| 2015h 27 min
Phiips TLD 36Wired |47, 57 min| 237h 17 min |_1186h 28 min
Philips dark- 3h 42 min 18h 30 min 92h 33 min
roomlamp red 2h 50 min 14h 12 min 71h 04 min
Philips TLD 33 min 2h 45 min 13h 45 min
36Wi/yellow 21 min 1h 47 min 8h 55 min
Candle 13 m?n 66 m@n 5h 30 mfn
10 min 52 min 4h 24 min
Philips Ecotone 58W 8 min 43 min 3h 38 min
(827) 6 min 31 min 2h 35 min
Philips TLD-S 58W 8 min 41 min 3h 28 min
(29) 5 min 27 min 2h 17 min
Osram Incandescent 7 min 39 min 3h 18 min
Light bulb 60W 5 min 29 min 2h 28 min
Osram Halost. 20W 7 min 35 min 2h 59 min
(Qu.Tungsten Halo) 5 min 27 min 2h 19 min
Philips TLD 6 min 30 min 2h 31 min
36W/green 4 min 24 min 2h 04 min
Philips TLD-Standard 4 min 24 min 2h 03 min
58W (25) 3 min 16 min 1h 24 min
Philips TLD-Standard 4 min 23 min 1h 56 min
58W (33) 3 min 17 min 1h 25 min
Philips TLD-Deluxe 4 min 22 min 1h 50 min
90 58W (940) 3 min 16 min 81 min
Philips TLD-Deluxe 3 min 15 min 75 min
90 58W (950) 2 min 11 min 55 min
High-Output LED 2 min 13 min 64 min
white 1 min 9 min 49 min

4. Zakljucki

Pokazali smo primer izracuna dveh faktorjev, s katerima lahko vrednotimo fotobioloske
ucinke svetil. Prvi opredeljuje nevarnost modre svetlobe za fotokemijske poskodbe mreznice (B-
faktor), drugi pa vpliv svetlobe na receptorje v svetlobno obcutljivih ganglijskih celicah, ki
uravnavajo tvorbo hormona melatonin — M-faktor. Natan¢neje povedano, ta dva faktorja povesta
koli¢ino svetlobe z izbranim fotobioloskim u¢inkom v celotnem spektru svetila. S pomoc¢jo znanih
aktivacijskih spektrov smo analizirali svetlobe 17 vzorcev belih LED svetil brez sekundarne
optike. Rezultati kazejo, da imajo hladna LED svetila ve¢je B- in M-faktorje od nevtralnih, te pa
vec¢inoma vecje od toplih. Vendar pa faktorja nista enolicno povezana z vrednostjo korelirane
barvne temperature CCT, saj obstajajo LED svetila z enako barvno temperaturo in znatno
razliénimi vrednostmi obeh faktorjev, zlasti M-faktorja. Obstajajo tudi svetila z zelo razli¢nimi

Posvetovanje “Razsvetljava 2011” stran 87



R-10 "Tehnologije v razsvetljavi / Lighting Technologies”

vrednostmi CCT a enakimi M-faktorji. To potrjuje neustreznost CCT pri vrednotenju velikosti
fotobioloskih u¢inkov LED svetil.

Medtem ko za B-faktor zelimo, da je vedno ¢im manjsi, je v doloCenih primerih potreben
majhen M-faktor (na primer za svetila v prostorih, kjer ne Zelimo prekinjene tvorbe hormona
melatonin), za nekatere uporabe pa je zazeleno, da je ¢im ve¢ji. Svetila z vi§jim M-faktorjem
omogocajo ve¢jo budnost ponoci, vecjo zbranost pri intenzivnem delu v pisarni, ucinkovitejSo
foto-terapijo. Ta se uporablja za zdravljenje depresije, pri potovanju ¢ez ve¢ ¢asovnih pasov, za
stimulacijo v drzavah, kjer so noci zelo dolge itd. S svetili z vi§jim M-faktorjem lahko dosezemo
vegje udinke foto-terapije z manj energije. Ce govorimo o cestni razsvetljavi in Zelimo, da so
ponoci vozniki budni (se jim melatonin ¢im manj sprosca), mora biti M-faktor svetila ¢im visji.

Efekta, ki jih opisujeta B- in M-faktor, sta med seboj povezana, ker se aktivacijski krivulji
B(4) in M(4) med seboj mo¢no prekrivata. Zato imajo svetila z velikim M-faktorjem tudi velik B-
faktor. To pomeni, da intenzivne fototerapije povecCujejo moznosti fotokemijskih poskodb
mreznice. To velja v primeru, da so efekti fotokemijskih reakcij kumulativni, njihova regeneracija
pa je premajhna. Vendar te dileme Se niso raz¢iscene in so predmet sodobnih raziskav na podrocju
fotobioloskih in fotokemijskih znanosti.

S starostjo ima svetloba vedno manjSo moznost za fotokemijske poskodbe mreznice, ker se
veliko modre svetlobe absorbira na vedno bolj rumeni le¢i. Vsi polimeri (leCa v oCesu je
biopolimer) na svetlobi rumenijo zaradi strukturnih sprememb snovi, ki jih povzrocajo fotoni z
dovolj veliko energijo. Pri teh procesih je modra svetloba bolj u¢inkovita od rdece. Rumenenje
ocesne leCe je torej naraven pojav. Rezultati kazejo, da z vecjo starostjo lee odfiltrirajo vedno
vedji delez modre svetlobe, zato B- in M-faktorja hitro padata. To pomeni, da je vpliv svetlobe na
poskodbe mreznice in na tvorbo melatonina pri starejSih opazovalcih manjsi kot pri mlajsih, pa
Ceprav je osvetljenost rozenice enaka. Nekatere bolezni (npr. sladkorna in drugi vzroki za dodatno
rumenenje lece) to razliko Se povecajo, ker je taka leca Se bolj rumena. Kot kaze, pa bo CIE
standardizirala prepustnost ocesa, ki je po starosti bistveno mlaj$i od danasnjega povprecnega
prebivalca. Ce drZijo Ze objavljeni literaturi podatki o odvisnosti prepustnosti lee od starosti, ima
predlagani CIE opazovalec leco, ki ustreza starosti bistveno pod 18 let. [Kessel et al., 2010] Vsi
preracuni s CIE-priporoceno prepustnostjo lece bodo torej dobro veljali le za mladino.

Ce svetlobo uporabljamo za uravnavanje tvorbe melatonina na primer pri fototerapiji, svetimo
direktno v o€i, u€inkovitost terapije pa lahko Se povecamo z uporabo snovi za maksimalno
odprtost zenic. Tako sta bila dolocena tudi aktivacijska spektra B(4)in M(4). V vsakodnevni
praksi praviloma ne gledamo direktno v svetilo, ampak v o¢i prihaja svetloba, ki se odbija od
povrsin v okolici. Odbita svetloba ima v sploSnem drugacno spektralno porazdelitev kot svetloba,
ki jo oddajajo luci. Velika vecina povrSin dolocen del modre svetlobe absorbira, zato pricakujemo,
da efekt odbite svetlobe na B- in M-faktor ni zanemarljiv. Treba je upostevati tudi oZenje zenic in
faktor zaprtih vek oz. mezikanje. Veliko ljudi nosi kontaktne leCe ali ocala, kar prav tako lahko
spremeni spektralno porazdelitev svetlobe, ki pade na mreznico. Potrebno je tudi poudariti, da so
bile nase meritve izvedene na LED svetilih brez sekundarne optike. Vplive vseh teh dejavnikov
nameravamo raziskati v bodoce.

Za nadaljnji razvoj LED svetil in njihovo uporabo v razsvetljavi bi utegnilo biti zanimivo, kje
je optimalno mesto LED vrha in pa vrha, ki ga povzro¢i luminiscen¢na snov ter kolik$no je
najugodnejse razmerje njunih intenzitet. Za zdaj proizvajalci iS¢ejo odgovor na to vprasanje v ¢im
vi§ji vrednosti CRI in manj§ih CCT vrednostih; tako so izdelali LED svetila z izrazito visokim
CRI. Dejstvo pa je, da drugih ucinkov Se ne obravnavajo. NasSa raziskava kaze, da bi lahko
razmeroma enostavno ovrednotili tudi fotobioloSke ucinke svetil. Skupni podatki: CRI, CCT, B-
faktor in M-faktor, dajejo celovitejSo informacijo o lastnostih svetlobe.
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Ales Filipi¢

TRAJNOSTNA REKONSTRUKCIJA OSVETLITVE VOZISCA NA
OBJEKTU TITOV MOST V MARIBORU

Povzetek

Na glavnem vhodu v mestno obc¢ino Maribor, na Titovem mostu, smo
zastarelo neucinkovito razsvetljavo zamenjali z novo na osnovi vrhunske
tehnologije LED.

Nova resitev uposteva smernice trajnostne energetike in je maksimalno
fleksibilna in prilagodljiva za vse izzive prihodnosti ter okolju in ljudem
prijazna v vseh pogledih.

Ob povisanju nivojev osvetlitve, zagotaviljanju vrhunske enakomernosti
svetlosti preko 0,7 in s tem zagotovljenega povisanja prometne varnosti je
prikljucna moc glede na stanje pred rekonstrukcijo znizana na samo 35%.

Abstract

On the main entrance to the Municipality of Maribor, on the Bridge
Titov most, we changed old inefficient Luminaries with new ones based on
state of the art LED technology.

New solution fulfills guidelines for Sustainable Energetics, is maximal
flexible for all challenges in the future and is environment and people
friendly in any aspect.

With higher illumination levels and provided excellent uniformity of over
0,7 the road safety is maximized with only 35% energy consumption,
compared to value before reconstruction.
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Rekonstrukcija Titovega mosta v Mariboru

V sodelovanju s podjetjem Nigrad d.d. smo poleti 2011 izvedli rekonstrukcijo osvetlitve cestis¢a

Titovega mosta v Mariboru

Cilj:

Zastarelo  neucCinkovito  razsvetljavo
zamenjati z novo.

Nova razsvetljava naj zagotovi
boljse svetlobnotehni¢ne rezultate in bo

maksimalno energetsko ucinkovita ter
okolju in Iljudem prijazna v vseh
pogledih.

Resitev naj uposteva smernice trajnostne
enrgetike in  naj bo maksimalno
fleksibilna in prilagodljiva v prihodnosti.
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R 1.2 Osvetlitev pred rekonstrukcijo:
1-4 @ B A Svetilke Elektrokovina CT 6866-2150N,
| Q‘zﬂ_} 2 x HSE 150W, z ravnim steklom
AR starost => 25 let
S ET) e 2 L . . . -
TS aly Prikljuéna mo¢ svetilk pri polni modi:
2x176 W =352 W
j R V reduciranem rezimu deluje 1 sijalka:
| 176 W
"1 2 s AT E o
! & ‘ ( R ‘ Montazna vigina: cca. 11 m
- - - — . | Razmak: cca. med 32 in 36 m
CT. CT.5. {5 i i cr.8 ol -

Light Sources

Dir ions (mm)
Lamp Type and Waltege (W)
= == a .
Type ofLumlnalie ':7 B HP Sodium Lamp | HP Metal Halide Lamp ‘ Circuits
Lamps | Mercury A 8 [¢] 2] By
Lamp” | Oyoid | Tubular | Ovoid | Tubulsr
CT 6856-2250 NT = = 250 - - K
CT6856-2250 MT - - = = 250 K
CT68568-2400NT - - 400 - - K
T8856-2400 MT - - _ _ 400
| ~2150N - 150 - ~ = - .
=hi, o - = = — T
CT6886-2250N - 250 - = - K
CT6866~2250 M - - - 250 - K
CT 68866-2400 400 - - - - I K
CT68686-2400N - 400 - - - K
CT6866-2400 M = - - 400 - K

Uporabili smo svetilke Streetlight 10 midi LED s paktom
upravljanja Plus s Stevilnimi naprednimi funkcijami:

* vrhunsko svetlobno tehniko,

¢ ucinkovitim termi¢nim managementom,

* modularnim “eko” konceptom konstrukcije,
* maksimalno ucinkovitostjo,

® inteligentnim upravljanjem.
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Posodobljen Titov most je tudi podnevi sodoben in prijazen
pozdrav vsem obiskovalcem mestne ob¢ine Maribor
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1. Geometrija objekta

h=cca.11m

A
[ L | A
T U L S
s o
Q o]
=N
™ =
3 3
. m A 4
A 4
cca. 33.3m
< - >
Cesta 4 =
Izracun projekta
Povzetek, Cesta
Pregled rezultatov, Cesta
::f";Q “%\“{?
b
h
l‘fhl ru }_ b :I_ u-
Podatki o svetilki
Proizvajalec :
Tipska oznaka : Streetlight 10 midi na kandelabru
Ime svetilke : Streetlight 10 midi na kandelabru
Sijalke :2x32LED nw /5000 Im
Profil ceste . z dvosmernim prometom Vnos svetilk - obojestransko
Sirina vozisca (b): 14.40m Visina svetlobnega vira  (h): 11.00 m
Stevilo voznih pasov 14 Razdalja med kandelabri (a): 33.00 m
Cestna obloga "R3 Razmak do ceste (u): 3.80m
qo :0.08 Nagib svetilke (3). 0.00°
Promet po desni Faktor vzdrZevanja 1094
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Izradun projekta

Svetlost
Pozicija opazovalca 1 - x=-60.00m, y=1.80m, z=1.50m
Srednja 21.54 cd/m2 (ME2 min. 1.5)
U0 (Min/Srednja) -0.75 (ME2 min. 0.4)
Pozicija opazovalca 2 - x=-60.00m, y=5.40m, z=1.50m
Srednja 21.54 cd/m2  (ME2 min. 1.5)
U0 (Min/Srednja) -0.75 (ME2 min. 0.4)
Pozicija opazovalca 3 - x=93.00m, y=9.00m, z=1.50m
Srednja 21.54 cd/m2  (ME2 min. 1.5)
U0 (Min/Srednja) -0.75 (ME2 min. 0.4)
Pozicija opazovalca 4 - x=93.00m, y=12.60m, z=1.50m
Srednja 2 1.54 cd/m2  (MEZ2 min. 1.5)
U0 (Min/Srednja) -0.75 (ME2 min. 0.4)
Vzdolzna enakomernost
Ul (B1: x=-60.00, y = 1.80, z = 1.50) 0.77 (ME2 min. 0.7)
Ul (B2: x =-60.00, y = 5.40, z= 1.50) :0.78 (ME2 min. 0.7)
Ul (B3: x =93.00,y =9.00, z=1.50) :0.78 (ME2 min. 0.7)
Ul (B4: x =93.00,y=12.60, z= 1.50) - 0.77 (ME2 min. 0.7)
Blescanje / sijavost okolja
Tl (B2: y=5.40m) 6% (ME2 maks. 10)
SR :0.67 (ME2 min. 0.5)
stran 96

“Lighting Engineering 2011”



x99

Filipi¢:”Trajnostna rekonstrukcija osvetlitve vozi$¢a na objektu Titov most v Mariboru” R-11

Meritve osvetljenosti

Na izbranem odseku smo s podjetjem Nigrad izvedli meritve osvetlitve pred in po
rekonstrukeciji.

Meritve pred rekonstrukcijo:
23.5.2011 ob cca. 22:00, Ta = 16°C

Meritve po rekonstrukciji:
10.8.2011 ob cca. 21:30, Ta = 15°C

h=cca.11m

cca. 33,3m

>

o tocka meritve
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Meritve osvetljenosti

novo staro novo staro novo staro
A
2 19,60 O 4,19 18,74 O 5,01 20,100 6,79
o
S R - _—— -
o 1 x25 |
3 16,90 0 4,34 16,14 © 6,36 18,36 O 10,92
v
- 16,690465 — 13,94 O577 — 21,99 O 13,73
- 10560 464 — 10.56 O7.63 — 17,70 O 16,09
x 2,3 x 1,4 x 1,1
< >
cca. 33,3m

O tocke meritve, v Ix

Dosegli smo bistveno vije nivoje in enakomernosti osvetlitve. NajboljSe rezultate smo dosegli na
najbolj kriti¢nih to¢kah — na najbolj oddaljenih tockah od pozicije svetilk (4,7x vi§ji nivo).

Svetlobo smo kljub popolnoma horizontalnem polozaju svetilk poslali “Siroko in naprej” na cesto v
smereh, kjer svetlobo najbolj potrebujemo.

Najmanj svetlobe potrebujemo pod svetilko!

Z niZjimi kandelabri (cca. 9 m v konkretnem primeru) bi bili rezultati Se boljSi. Trend sodobnih
inStalacij z ucinkovito svetlobno tehniko je nizanje montaznih viSin svetilk in s tem tudi nizanje
strodkov, povezanih s kandelabri in vzdrZzevanjem.
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Izra¢un prihranka energije
. . Stevilo
Streetlight 10 LED plus NOVO STANJE 1 svetilka svetilk: 12
povpre€na
povpre€ne letne ure prikljuéna kWh na kWh na KWh na
delovanja dnevno nivo mo€ (w) dan ure/leto leto kWh na dan leto
5,0 35% 48 0,24 1.825,0 88 2,88 1.051
1,0 50% 68 0,07 365,0 25 0,82 298
4.5 100% 141 0,63 1.642,5 232 7,61 2779
10,5 skupaj | Povr. 50k ur 0,94 38325 344 4.128 35%
Stevilo
CT 2x150W STARO STANJE 1 svetilka svetilk: 12
povpretne letne ure prikljuéna kWh na kWh na kWh na
delovanja dnevno nivo mot (w) dan ure/leto leto kWh na dan leto
50 100% 352 1,76 1.825,0 642 21,12 7.709
50% (izklop 1
55 sijalke) 176 0,97 2.007,5 353 11,62 4.240
10,5 skupaj 2,73 3.8325 996 11.949 100%
8 o o
® x47 x37 10
TR %39 | =25 |77 1,7
3 o o [}
A 38 *24 *18
T T

Prihranek

65%

Razlika staro/novo:

Ob poviSanju nivojev osvetlitve,

cca. 33,3m

zagotavljanju

vrhunske enakomernosti svetlosti in s tem poviSanja
varnosti je prikljutna mo¢ glede na stanje pred

rekonstrukcijo znizana za kar 65%.

Na samo 12 svetilkkah smo uspeli znizati porabo

energije za kar 7,8 MWh v enem letu.

Uredba o mejnih vrednostih svetlobnega onesnazenja okolja, 5. ¢len
(ciline vrednosti za razsvetljavo cest in javnih povrsin)

(1) Letna poraba elektrike vseh svetilk, ki so na obmod&ju posamezne obgine vgrajene v razsvetljavo
obcinskih cest in razsvetljavo javnih povrSin, ki jih ob&ina upravlja, izraunana na prebivalca s
stalnim ali zaGasnim prebivali§€em v tej obCini, ne sme presegati ciljne vrednosti 44,5 kwWh.
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Opis uporabljenih tehnologij in rezultati

Uporabljene tehnologie:

vrhunska svetlobna tehnika,

ucinkovit termi¢ni management,

modularnim “eko” koncept konstrukcije,
maksimalna ucinkovitost in inteligentno upravljanje.

Streetlight 10 midi plus, tehniéni podatki

® Priklop na omrezno napetost: 220...240V AC 50/60Hz (po SIST IEC 60038:2010)

® Ohisje, prirobnica in pokrov svetilke v celoti iz tlacno ulitega aluminija (ALSi12(CU)), vse
prasno polakirano z zas¢itno kovinsko sivo barvo DB702S,

¢ Zascitna stopnja I1P66, svetlobnotehni¢ni modul IP 66 (mozZnost zamenjave)

® Zascitni razred Il (priklop brez ozemljitve in s tem povezanega obveznega preskusanja )
® Priklju¢na mo¢ na polnem nivoju: 111 — 159 W (celotno obmogje: 14 -159 W)

¢ Svetlobni tok neto: Izvedba Plus serijsko: 8800 Im; (na objektu Titov most 10000 Im)

¢ Barva svetlobe LED: nevtralno bela svetloba

® Svetlobni izkoristek (neto iz svetilke): 77.9 Im/W pri 100% pri Ta 10° C

® Nagib svetilke: -15° , -10° ,-5° ,0° ,5° , 10° , 15°

® Montaza: direktni natik (60/76mm), s strani (42,60mm)

® Masa: 11,4 kg

® Priporo¢ena viSina montaze: 7-10m (na objektu Titov most cca. 11 m)
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Svetlobna tehnika

Vrhunske svetlobnotehniéne lastnosti zagotavlja patentiran “V” opticni
sistem LED

»3-conska fasetirana optika LED*
0%

mercury

ER
MERCUQ
5019

~,

Reflektor z visoko definicijo
High Definiton Reflector (HD-R)

Usmerja svetlobo asimetri¢no na cesto. Ob
pravokotnem pogledu v modul svetleCe
diode LED niso direktno vidne.

Cona 1: za izjemno Sirino sevanja in s
tem velike razmake med svetilkami
ter z minimalnim bleS€anjem v smeri
pogleda voznika

Cona 2: za enakomerno in  homogeno
osvetlitev v osrednjih conah ter z
minimalnim bleS€anjem v smeri
pogleda voznika

Cona 3: za obmogje direktno pod svetilko in
okolico (SR)
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1. Svetlobna tehnika

Bles¢anje iz svetilk LED z odprtimi
diodami ali LED z le€ami

LED svetilke z oprtimi diodami ali z diodami
z leGami so za cestno razsvetljavo lahko
nevarne. Individualne  svetle  tocke
proizvajajo ekstremno visoke svetlosti in ob
direktnem pogledu v svetilko povzrocajo
prekomerno ble$€anje. Ta nevarnost se bo
z razvojem mocnejSih diod v prihodnosti e
stopnjevala.

Brez blesc¢anja zaradi reflektorja HD-R v
Streetlight 10

Fasete reflektorja z visoko definicijo
razstavijo svetlobo LED v mnozino manjsih
svetlobnih to¢k brez bleS¢anja. Visoke
svetosti posameznih LED ustvarijo veliko
svetlo povrSino, ki svetlobo usmerja na cesto
Rezultat: izjemno ugodne vrednosti TI
(relativni porast praga zaznavanja)

~
( >

Valovito ukrivljen stelobnotehniéni pokrov
High Definiton Cover (HD-C)

Zagotavlja maksimalno S$irino sevanje svetlobe
svetilke in s tem omogoca velike razmake med
svetilkami.

Ukrivljenost pokrova odpravlja negativni efekt loma
svetlobe pri svetilkah z ravnim steklom, ki ob
prehodu svetlobe pod kotom smer zarka usmeri

ukrivljenem
svetlobnotehniénem
pokrovu je lom
svetlobe minimalen

Lom svetlobe ori svetilkah z ravnim steklom

snob svetlobe

ravno steklo

svetlobe
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cd/kim L1800 | _Qaeze_r 040 ' 27090 ! Imax: 632 cd/klm

110° 150° 140° 120° 110° 100°

90° 1

90°

20° :

f

'
70° b
50° ‘

80°

70°

60°

30° 20° 10° 0 10° 20° 30° 40° 50°

Polarni diagram jasno prikazuje,
da je najmanj svetlobe usmerjene
pod svetilko. NajveC svetlobe gre v

Zelenih smereh na cesto, kjer Svetilke so na voljo tudi v asimetri¢nih izvedbah za
potrebujemo najvec svetlobe. osvetljevanje prehodov za pesce, za enakomerno,
asimetri¢no porazdelitvijo v desno ali v levo,

ter v manjSi izvedbi mini:

s specialnim opti¢nim sistemom za osvetljevanje
kolesarskih stez in ozjih poti in v izvedbi za
direkten priklop na nizkovoltno napetost (primerno
za sisteme na solarno ali vetrno energijo)

sy ¥ '
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2. Termi€éni management

Princip konvekcije

Zaradi upostevanja fizikalnega principa
konvekcije je poviSana temperatura, ki jo
proizvedejo LED, optimalno oddana v
prostor. N ‘ 4

Zaradi razlike v zranem pritisku pride do e
premikanja zraka: pri tem hladnejsi zrak s 1
spodnje strani doteka na ohiSje. Del
zratnega toka se pomika stransko ob
ohi§ju, preostali del pa skozi osrednje
namescene odprtine v ohisju.

Dvigajoc€i zracni tok prevzema in odvaja
toploto navzgor in dovaja hladen zrak s
spodnje strani.

Hladilna rebra

Hladilna rebra na ohiSju povecujejo
povrsino in izboljSujejo izmenjavo toplote.
Oblikovana so tako, da se listie he more
zatakniti med njih. PloS€ato ohiSje iz
aluminijeve litine omogo¢a samocistilno
funkcijo — dez bo odplaknil vse prasne
delce.

Hladilne odprtine

Edinstven hladilni sistem svetilk Streetlight
10 midi: vertikalne zracne odprtine
zagotavljajo konstanten pretok in hkrati
prepreCuje kopiCenje toplote.

Individualni moduli LED so pritrjeni v
ohisju, za&¢iteni pred vremenskimi vplivi.
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Temperaturna zascita

Je sistem, ki neprestano nadzoruje temperaturo vsakega modula LED in
pogonske elektronike. Ob pojavu poviSane temperature se svetlobni nivo in mo¢
samodejno zniZata na nivo, ki svetilki omogoc&a ohlajevanje.

Po dosegu varnega temperaturnega obmocja se mo¢ in svetlobni tok povrneta
na izhodiscni nivo.

Ta funkcija ima izklju¢no zas$¢itni namen za zagotavljanje dolge navedene
obratovalne dobe kljub nepredvidenemu obratovanju (na primer pri

nenamernemu vklopu ¢ez dan pri zelo visokih temperaturah ali direkthemu
sevanju sonca na delujoco svetilko).

Med obratovanjem v pri¢akovanih pogojih delovanja se temperatura v svetilki
nahaja globoko v varnem temperaturnem obmocju delovanja.

Vse svetilke za tehni¢no cestno razsvetljavo LED Siteco so opremljene z
opisano temperaturno zascito..

TEX® membranskimi  sistemi
izenaCevanje zratnega pritiska.

na elemente v notranjosti.

Za&citna stopnja celotne svetilke IP66 je

ohranjena.

zraCnega pritiska v modulu.
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OhiSje svetilke in svetlobnotehnicni
moduli LED so opremljeni z GORE-

Zagotavljajo “dihanje” in ventilacijo
notranjosti ter s tem odpravljajo
negativne posledice dodatnih pritiskov

Pogled na modul LED z
zgornje strani, kjer je vidna
membrana za izenalevanje
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3. Modularna “eco” konstrukcija svetilke

Svetlobnotehni¢ni moduli LED in pogonska elektronika so
modularno names¢eni in omogocajo enostavno zamenjavo.

Posamezne komponente so na voljo kot rezervni deli.

Svetilka Modul LED Modul LED Modul LED
generacija 1 generacija 2 generacija 3 generacija 4

& &£

1. _ 'OIL’

2010 2015 2020 2025 2030 2035 2040 2045

Zagotovljeno je posodabljanje svetilke v prihodnosti z vedno najucinkovitejSo
tehnologijo brez potrebe po zamenjavi celotne svetilke.
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Na Spletni Strani iteco Sistemi, d.o.0.: Software - Microsoft Internet Explorer provided by olding Gm
,SlteCO,Si SO na VOI]O @ - http:p’,iwww‘slteco.s\fs|,iservlsp’down\oad,isoftware.html
programi za upravljanje Fle Edt View Favortes Tooks Help Links [ Siteco Sistemi, d 0.0, ISKALNIK IZDELKGY I Activies I Opportunities  f
. W % - Slteco Sistemi, d.0.0.: So... % B8 Siteco Sistemi, d.o.0.: Zunan... -
razsvetljave z napravo LAACT = =
SerV|ce BOX In pOSOdObItve S i Te c o Domow Izdelki Reference Servis Svetloba Podjetie Kontakt Belezka &
programske opreme svetilk e
LED (flrmware) — Madgradnja naprave Service Box

Publikacije
Relesse notes

Software

S tem bo mozno aktualizirati
svetilke tudi z dodatnimi _

.. . . . Orodja za projektiranje
funkcijami v prihodnosti. Vratang ptrosenn

izdelkov

Pogoji za narocanje in
prodajo

Architainment Suite

Servis kupcem

Kakovost Config.SBC

Release notes

Firmware

Edinstven ekoloski design za trajnostni razvoj

Varovanje materialov:
Ob zamenjavi modula LED kar 90% svetilke
ostane na kandelabru v obliki ohi§ja in nosilca
elektri¢nih komponent. Noben drug ponudnik na
trgu ne ponuja tako ekoloske resitve. Ohranitev
materialov pomeni tudi izvrstno ohranjanje
vrednosti za upravljavce razsvetljave.

00¥

mercury

10+

Ob zamenjavi modula Streetlight 10 LED
zamenjamo le 10% svetilke. Zamenjavo vitkega in
zelo lahkega modula izvedemo v nekaj hitrih
korakih.

Fleksibilne komponente:
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4. Uéinkovitost in inteligentno upravljanje

NajuéinkovitejSa metoda za zatemnjevanje cestnih svetilk LED je zatemnjevanje z zniZevanjem
elektricnega toka skozi LED (DC-dimming), ki niza termi¢no obremenitev diod LED, kar ugodno
vpliva na delovanje in vi§a u€inkovitost celotnega sistema svetilke.

Vse svetilke za tehni¢no cestno razsvetljavo LED Siteco za zatemnjevanje uporabljajo metodo DC-
dimming.

tok A\ DC-dimming

—>

cas

Manj u€inkovita metoda za zatemnjevanje cestne razsvetljave LED je pulzno-Sirinska modulacija
(PWM/ Pulse Width Modulation), s katero ob nespremenjeni napetosti in toku, svetle¢o diodo zelo
hitro vklapljamo in izklapljamo (osciliranje). Svetlost zaznavamo kot povpre¢no vrednost med
vklju€enim in izkljuenim stanjem svetleCe diode. Metoda PWM je primerna za RGB aplikacije
(reklamne table, barvni poudarki).

Ob tem, da je manj ucinkovita od zatemnjevanja toka, lahko metoda PWM povzroci stroboskopske
efekte in tezave ob snemanju npr. varnostnih kamer ali kamer v vozilih, ki bodo v prihodnosti vedno
bolj prisotne.

tok A PWM
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Primerjava porabe energije v reduciranem rezimu

Visokotla¢ne “klasi¢ne” sijalke Streetlight 10 LED midi, plus
(HST) - redukcija s preklopnikom metoda znizevanja toka LED Siteco (DC-dimming)

100% T
100%
75% 1
50% 1
50%
25% 1
15%
0% -
polna moé redukcija polnamo¢ redukcija1 redukcija 2
Henergija Osvetlobni tok Henergija  Osvetlobni tok

Na prikazanih grafih vidimo, da so z metodo zatemnjevanja z zniZevanjem toka skozi LED (DC-
dimming) prihranki energiji vecji od nivoja oddajanja svetlobe. Tako znasa pri svetlobnem toku 50%
poraba energije le priblizno 45%.

Sposobnost zatemnjenega delovanja LED razsvetljave brez izgub - celo z dodatnimi prihranki, je
razlog, da je uporaba LED razsvetljave brez uporabe zatemnjevanja izjemno neracionalna in okolju
neprijazna odlocitev in je v nasprotju s smernicami za trajnostni razvoj.
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Casovno-odvisno upravljanje svetlobnega toka/constant luminous
flux control

Je mikroprocesorsko krmiljen elektronski sistem, ki svetlobni tok ves ¢&as
obratovalne (zivljenjske) dobe zadrzuje na konstantnem nivoju, s tem ko pojav
padanja svetlobnega toka zaradi staranja (degradacije) permanentno prilagaja z
ustrezno regulacijo. S tem zagotavlja optimalno porabo energije, niza strosSke
porabe energije in podaljSuje obratovalno dobo LED zaradi niZje temperaturne
obremenitve.

Izhodni neto svetlobni tok iz svetilke —"neto” svetloba iz svetilke - pa ostaja
konstantna ves Cas koristne obratovalne dobe 50.000 ur. Seveda bo tudi po tem
Casu svetilka Se delovala — zaCel pa se bo proces padanja svetlobnega toka.

W

Svetlobni tok

w

MocC

Moc, svetlobni tok

* = | MF LSF X  LMF

Maintenance Factor / \Lamp _Lumen Maintenance Lamp Survival Factor / Luminaire
faktor vzdrzevanja Factor / faktor pojemanja prezivetveni faktor sijalk Maintenace Factor /
svetlobnega toka sijalke faktor vzdrzevanja

\ svetilke
S funkcijo \ MF @ 0.98 x 0.96

Zagotavljanje konstantnega svetlobnega toka

Interval cCiSenja: N leta / zaScitna stopnja: IP66 / stopnja
umazanije: nizka

Brez funkcije
: MF

Zagotavljanje konstantnega svetlobnega toka

= 0.83 (+11%!)

Interval ciS€enja: 4 leta / zaScitna stopnja: IP66 / stopnja
umazanije: nizka

Pri izvedbah svetilk brez funkcije zagotavljanja konstantnega svetlobnega toka mora
projektant razsvetljave padanje osvetljenosti upoStevati in tako uporabiti ustrezno visji faktor
vzdrzevanja. Prisiljen je uporabiti danes povsem neprimerno, zastarelo in energijsko potratno
metodo “preprojektiranja” razsvetljave, saj mora zagotoviti dolo€en nivo osvetlitve ves €as
obratovalne dobe instalacije.

Funkcije zagotavljanja konstantnega svetlobnega toka svetilk zagotavlja velike prihranke
energije!
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Fleksibilna nastavitev parametrov svetlobnega toka

S fiksno povezavo izvedbe svetilke na dolo€eno fiksno mo¢ konvencionalnih sijalk (npr. 70W,
100W, 150W) le redko dosezemo optimalno izracunane vrednosti projekta. V takem primeru je
treba uporabiti naslednjo vi§jo mo¢ svetilke, projekt mora zato biti »preosvetljen«, energija je s tem
potratno zapravljena.

Z moznostjo natanénega fleksibilnega doziranja svetlobne toka vsake posamezne svetilke
lahko nivoje osvetlitve natanéno prilagodimo izradunanim rezultatom posameznega projekta.
Mozno je nastaviti svetlobni tok vklopnega nivoja delovanja in dveh nivojev stopenj polno¢ne
redukcije razsvetljave.

10N0A  ==g==N\laksimalni nivo

=TNivo vklopa

=T Stopniaredukciie 1

=T Stopniaredukciie 2

Poljubna nastavitev nivoja vklopa 1504 =

. - . — Minimalni nivo
in dveh stopen;j redukcije

0%

Delovanje svetilk na poljubno prilagojen nivo reduciranega reZima delovanja lahko proZimo tudi z
obi€¢ajnim dodatnim krmilnim vodom 230V, kot je to ustaljena metoda pri obstoje€ih sistemih
cestne razsvetljave s klasi¢nimi svetlobnimi viri.

Vsaka svetilka za tehni¢no cestno razsvetljavo Siteco LED ima dodan kontakt za prikljucitev
morebitnega krmilnega voda za prozenje redukcije. Pri osnovnih izvedbah svetilk »basic« je ta
nivo fiksno nastavljen na 50% svetlobnega toka.

Svetilke za tehni€no cestno razsvetljavo Siteco LED brez moZnosti zatemnjevanja sploh ni v
ponudbi svetilk Siteco. Razlog temu je zavezanost podjetja Siteco k varovanju okolja in proizvodniji
izdelkov izklju€no za trajnostni razvoj.
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Casovno-odvisno samodejno upravljanje svetlobnega toka

Svetilke za cestno razsvetljavo Siteco s paketom upravljanja »Plus« ponujajo moznost
samodejnega zatemnjevanja svetlobe in s tem izdatnega prihranka energije v poznih
noc¢nih urah tudi brez zunanjih sistemov daljinskega upravljanja in nadzora.

Glede na povprecne vklopne Case preteklih 5 noCi svetilke izraCunajo umetni (navidezni)
polno¢ni ¢as. Uporabnik lahko definira ¢ase aktiviranja (pred in po navideznem polno€nem
Casu) enega ali dveh nivojev reduciranega rezima na poljuben in prilagodljiv nivo

reduciranega delovanja.

Zaradi neprestane aktualizacije no¢nih ur delovanja se svetilke samodejno prilagajajo na
letne €ase in z njimi povezane spreminjajoCe se Case delovanja razsvetljave.

L Bh % @ * Ay
2 qu S = =
3 SgA . LA
l ' § ¢ Time on N
l l L Poweron
Level Time A redt Time B real
1 Loal1 Time A red, Time B rea2
1 LeveIZ-
n tnlhu Time
Redukcija Redukcija
Razsvetljava:
Redukcija Redukcija azsvetljava:
S programskim paketom Siteco Service Box o .
Architainment Tool enostavno upravliamo z vsemi £ napravo za konfiguriranje Siteco® Service
. . . . . . . Box vse parametre prenasamo na svetilke.
nastavitvami svetilk tudi preko racunalnika in te
nastavitve prenasamo ali kopiramo med svetilkami.
r@ Siteco Service Box Architainment Tool g@j
File Device ImportfExport Language Help
PowerOnLevel Reductionievel1 ReductionLevei2 Selected Device: SL10_Mini
100% 50% 35% °
= [= |* S1TecCo
9% 5% 7%
50% 50%
25% 25%
54 [izr
Reduction Mode
" Reduction Off
¢ Reduction at Signal OV z
" Reduction at Signal 230 =
(' Reduction by Timer a Time on
4] _ o teagt | |
TimeAredi 3h 0 min
[« o |
TimeBredl 4h 20min 3
- m"ﬂ‘““ Time & 2] B2 [~
[«] I I
TimeAredz 2h 15min 1= dadion
[TEE o
TimeBredz Th 25min T
o il freuzan e twkan fema o
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Programiran rezim samodejnega zatemnjevanja na objektu

Preklop na 50% ob cca. 22:45

(2 h pred navideznim srednjim no&nim ¢asom 0:45)
Preklop na 35% ob cca. 23:15

(1,5 h pred navideznim srednjim no¢nim ¢asom 0:45)

Preklop na 50% ob cca. 4:15

(3,5 h po navideznem srednjem no&nem ¢asu 0:45)
Preklop na 100% ob cca. 4:45

(4 h po navideznem srednjem no¢nem Casu 0:45)

Prikljuéna mo¢ svetilke na objektu:
nivo: zacCetek delovanja:  ocena po 50.000 urah: povpreéno ves ¢as obratovalne dobe:
100% 126 W 157 W 141 W
50% 63 W 73 W 68 W
35% 45 W 52 W 48 W
100% 50%
W 4993Hz 27/05/11 09:49 ) 5001 He 2710511 09:50  W100% § \A/ 4999z 27/08/11 0351 Im'cé
O 27/05/11 09:48:49 ® 10 x O 22705/ 09:48:49

360
w +126.8 PF +0.996 18

W 000000

VAR + 101 DPF +0.997

VARh  £0000000
+0000000 Tan  -0.080 \’_/
va 127.3

-1
Vah 0000001 -360

<t= 50ms Vi= +319 = +0

@ & @™ B | RMS THD CF W&

it
o
Q -

fiiid

PF +0.979
DPF +0.980

VARh  £0000000
40000001 Tan -0.201

VA 63.7
VAh 0000004

@I NGl
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Digitalni komunikacijski vmesnik SDI

Svetilke s paketom upravljanja PLUS je mozno prikljuéiti na razli¢ne
standardizirane sisteme upravljanja preko vmesnika SDI (Siteco
Digital Interface).

~ Ol

Preko tega vmesnika je mogoce upravljanje s svetilkami tudi iz @
centralnega nadzornega sistema (preklapljanje in zatemnjevanje =
glede na trenutne potrebe). Preko vmesnika SDI izvajamo tudi
konfiguriranje svetilk z napravo Siteco® Service Box.

Z ustrezno konfiguracijo je mogoca integracija sodobnega
standardiziranega digitalnega vmesnika DALI preko katerega je
mogocCe svetilke priklju€iti na praktino vse sodobne sisteme
upravljanja cestne razsvetljave (Zi¢ne, brezzic¢ne), senzorike ali za
integracijo v sisteme upravljanja zgradb (BMS).

Zastarel analogni vmesnik s krmiljenjem brez moZnosti prenosa
povratne informacije o stanju naprave 1-10V ni predviden.

DALI — Digital Adressable Lighting Interface
je standardni digitalni protokol upravljanja razsvetljave, definiran v
standardu IEC 60929.

. . Z napravo Siteco® Service Box
Siteco ® Service Box aktiviramo, nastavljamo, kopiramo, shranjujemo,

prenasamo, ...
vse Zelene parametre svetilk LED paketa PLUS

siTeco
SITECO LIGHT CONTROL

V svetilki je predvideno dovolj prostora za vgradnjo
razli¢nih sistemov daljinskega upravljanja in senzorjev
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Kazalnik ucéinkovitosti Sleec
Street Lighting Energy Efficiency Calculation (SLEEC- Draft EN13201-5)
CT 2x150W STARO STANJE - . pred rekonstrukciio
Svetlobnotehniéni razred ME4 (L sr = 0.5 cd/m?). &irina ceste 14 4m. nivo 100%
Svetilka s klasiéno nredstikalno nanravo x
SL= Ps = 352W = 1,448 Wicd/m?m?
L*S*Wr 0,5cd/m?+33,3¢14,4 presega dovoljeni faktor SLEEC
za 44,8%
PS= prikliuéna mo¢ si (siialke in

Streetliaht 10 midiLED plus NOVO STANJE — po rekonstrukciii

Svetlobnotehniéni razred ME2 (Lsr = 1.5 cd/m?). $irina ceste 14.4m. nivo 100%

Svetilka Streetliaht 10 | FD midi nlus /
Zacdetek (0 ur) = 126 W =0,175 W/cd/m?*m?

1,5cd/m**33,3*14,4
_— faktor SLEEC je izrazito pod 1,0
Konec (50.000 ur) = 157W =0,218 W/cd/m?/m?

1,5cd/m?*33,3*14,4

Faktor SLEEC izracéunan pri polni moéi sveti

Z zatemnjevanjem LED bo faktor SLEEC Se ugodnej

Priporogila potencialnim investitorjem v cestno razsvetljavo z LED
Prepricajte se da:

¢ svetilke uporabljajo ustrezen opti¢ni sistem usmerjanja svetlobe,

® svetilke ne uporabljajo »odprtih« LED ali le¢ (da niso vidne individualne »to¢ke« LED)

® da svetilke na blesc€ijo udelezencem v prometu (zagotavljajo ugodne vrednosti Tl),

® so svetilke modularno grajene in omogocajo posodabljanje notranjin komponent (hardware/software),

® je skupna uginkovitost svetilke ustrezna (npr. podatek o u€inkovitosti samih LED v svetilki ne zado$¢a),
® da svetilke uporabljajo sistem za zagotavljanje konstantnega svetlobnega toka ves ¢as obratovanja,

¢ ugodno reSen termi¢ni management svetilk,

® imajo svetilke samocistilno funkcijo in sisteme za izenacevanje zranega pritiska,

® da svetilke uporabljajo sistem zatemnjevanja (svetilke LED brez zatemnjevanja niso primerne),

® da je mozno samodejno zatemnjevanje svetilk tudi brez kompleksnega nadzornega sistema,

® da je sistem zatemnjevanja maksimalno ucinkovit in uporablja metodo DC dimming,

® da sistem zatemnjevanja ne uporablja metode PWM, ki lahko povzro¢a stroboskopske efekte,

® da je mozno doziranje potrebnih nivojev osvetljevanja,

® svetilke razumejo sodobne dvosmerne digitalne protokole sistemov daljinskega upravljanja razsvetljave,
¢ svetilke delujejo na standardizirano napetost 230V (kar veleva tudi SIST IEC 60038:2010),

® so svetilke izdelane v ZR 1l (priklop brez ozemljitve in s tem povezanega obveznega preskusanja),

¢ so svetilke izdelane na nacin in iz materialov, ki omogoc¢ajo recikliranje (da niso “zalite” za 1-x uporabo),

¢ so svetilke izdelek uveljavljenega proizvajalca z bogatimi izkusnjami na vseh povezanih podrodgjih.

Ik.

Si!
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Fotografije objekta po rekonstrukciji.

Author’s address
Ales Filipi¢, Siteco Sistemi, d.o.0., AN OSRAM BUSINESS
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Marko Kos, Grega Bizjak

IZRACUN PORABE ELEKTRICNE ENERGIJE ZA RAZSVETLJAVA
V SKLADU S STANDARDOM SIST EN 15193

Povzetek

Razsvetljava je ena glavnih porabnikov energije v javnih stavbah.
Priblizno 50% elektricne energije ali 30% vse energije v javnih stavbah se
porabi za razsvetljavo. Potrebno energijo za razsvetljavo je potrebno tudi
navesti v energetskih izkaznicah. Te informacije lahko pomagajo
upravljavcu ali lastniku objekta, da razumejo pomen energetsko ucinkovite
razsvetljave in jih spodbudi k nacrtno pravilni namestitvi razsvetljave v
novih stavbah in za obnovo razsvetljave v starih stavbah s cimer se zmanjsa
poraba energije v stavbah. Energija potrebna za razsvetljavo se izracuna v
skladu z Evropskim standardom za razsvetljavo SIST EN 15193. Primer
izracuna elektricne energije za razsvetljavo smo izvedli za laboratorij
tlorisne povrsine 25,2 m?, ki se nahaja na Fakulteti za elektrotehniko v
Ljubljani.

1. Introduction

Evropska unija je 16. decembra 2002 sprejela Direktivo o energetski uéinkovitosti stavb
(2002/91/EC) (angl.: Directive on Energy Performance of Buildings, s kratico EPBD) [2]. Namen
direktive EPDB je pospesiti izboljSanje energetske ucinkovitosti stavb ob upostevanju klimatskih
raznolikosti v EU, zahtev po bivalnem ugodju in stroskovne u¢inkovitosti.

Obvezno Energetsko certificiranje stavb je pri nas na podlagi direktive EPDB predpisala
novela Energetskega zakona (EZ) [6].

Del skupne porabljene energije, ki se porabi v stavbah je tudi energija, ki se porabi za
razsvetljavo. Z namenom lazjega izracuna tega dela energije je bil izdelan standard SIST EN
15193:2007 [1]. Ta standard je bil zasnovan za vzpostavitev postopka za oceno potrebne energije
za razsvetljavo v zgradbah in poda metodologijo za numeri¢ni indikator energijske u¢inkovitosti v
zgradbah. Ob pravilni standardni razsvetljavi v stavbah je bistvenega pomena postopek, ki je
nacrtovan in names¢en v skladu z shemo in z dobro prakso razsvetljave. Standard daje nasvete o
tehnikah za loceno merjenje porabe energije za razsvetljavo, ki da redne povratne informacije
(kontrolo) o u¢inkovitosti razsvetljave. Slika 1 prikazuje postopek ugotavljanja porabe elektri¢ne
energije za razsvetljavo v stavbah. Standard dolo¢a metodologijo izraCuna za oceno koli¢ine
energije, ki se uporablja za notranjo osvetlitev stavbe in numeri¢ni indikator energije za
razsvetljavo, ki se uporablja za namen certificiranja. Metodologijo izra¢una lahko uporabimo za
obstojece stavbe, nove stavbe in stavbe, ki S0 namenjene za obnovo.
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H Potrebna energija za razsvetljavo I

Izradun Merjenje
Celovita metoda Hitra metoda
A, A A,
Realni podatki Standardni podatki Merjena metoda
letna osnova i
mesecna osnova v katerem koli
Na letni osnovi obdobju
urna osnova

Slika 1: Postopek ugotavljanja porabe energije za razsvetljavo

V standardu so stavbe razvrS¢ene v naslednje kategorije: pisarne, stavbe namenjene
izobrazevanju, bolnisnice, hoteli, restavracije, Sportne povrSine, trgovine na drobno, storitvene
dejavnosti ter tovarne. 1z slike 1 je razvidno, da lahko porabo elektri¢ne energije izmerimo ali jo
izraunamo.

Pri projektiranju in inStalaciji razsvetljave za posamezen prostor v Sloveniji moramo
upostevati Pravilnik o uinkoviti rabi energije v stavbah PURES 2010 [3] ter tehni¢no smernico
(TSG-1-004). Tehni¢na smernica TSG-1-004 [4] nam narekuje, da mora biti gostota moci svetilk
za stavbe namenjene izobraZevanju in za znanstveno raziskovalno delo 13 W/m?. V nasem
primeru je gostota mo¢i svetilk 11,43 W/m®.

Eden glavnih in pomembnih kazalnikov porabe elektri¢ne energije v stavbah je kazalec LENI,
ki podaja porabo elektriéne energije v kWh/m?leto. Standard opisuje hitro in celovito metodo
izracuna porabe elektricne energije v zgradbah. Izraun po hitri metodi nam da najvi§je vrednosti
v primerjavi z drugimi metodami, med tem ko dobimo po celoviti metodi nekoliko manjse
vrednosti. Porabo elektriéne energije lahko izra¢unamo $e z drugimi metodami. Ena od metod je
izraCun pri kateri dolocimo potrebne faktorje glede na izkusnje ter z metodo pri kateri upostevamo
vpliv dnevne svetlobe na notranjo osvetljenost. Z zadnjo metodo smo dobil najmanjse vrednosti,
saj je vpliv dnevne svetlobe na notranjo osvetljenost zelo mocan.

Porabo elektricne energije sem izracunal za primer laboratorija, ki se nahaja na fakulteti za
elektrotehniko v Ljubljani. Na omenjeni lokaciji se nahajata dva identicna laboratorija.
Laboratorij 2 ima izvedeno avtomatsko regulacijo razsvetljave, medtem ko laboratorij 1 nima
izvedene avtomatske regulacije razsvetljave. Laboratorij 2 ima vgrajeno regulacijo, ki glede na
zunanjo dnevno svetlobo ustrezno korigira delovanje notranje razsvetljave. Dobljene vrednosti, ki
jih dobimo pri izra¢unu bomo lahko primerjal z Ze izmerjenimi vrednostmi.

2. Opis prostora

Na fakulteti za elektrotehniko v Ljubljani lahko najdemo razli¢ne prostore, ki so namenjeni
razlicnim dejavnostim (prostori za raziskovanje, predavanja, prostori za zaposlene). Delavni Cas je
za vecCina raziskovalcev fleksibilen. Vecina jih prihaja na fakulteto ob 7:00 zjutraj in odhaja ob
15:00. Prvi, ki pride na delavno mesto ponavadi prizge celotno razsvetljavo. Na zalost zaposleni
nimajo dovolj zavesti, da imajo razsvetljavo prizgano tudi v ¢asu, ko je zunaj na voljo dovolj
dnevne svetlobe. Da bi se preprecila nadaljnja poraba elektricne energije za razsvetljavo se je v
laboratoriju 1 in 2 izvajal monitoring porabe elektri¢ne energije za razsvetljavo. Laboratorij meri
vV dolzino 7 m, v viS§ino 4 m in Sirino 3,6 m (oba laboratorija sta identicna). Delavne mize so
postavljene po dolZini ob stene. Okno predstavlja celotno zadnjo steno z 1 m parapeda.
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Slika 2: Tloris laboratorija

V prostoru so namescene 4 svetilke 2x36 W T8 fluorescentne sijalke z klasi¢no predstikalno
napravo. (laboratorij 1 ima elektronsko predstikalno napravo). Razsvetljava v prostoru je
razdeljena v dve skupini. V prvi skupini sta zdruzeni svetilki, ki sta namesceni blizu okna in v
drugi skupini sta svetilki, ki sta namesceni blizje notranji steni. Zaposleni lahko prizgejo prvo in
drugo skupino razsvetljave lo¢eno.

3. lzra€un po standardu SIST EN 15193:2007

Najprej smo izracunali porabo elektri¢ne energije za omenjeni prostor po standardu. Standard
EN 15193:2007 [1] predvidi izracun energijskega svetlobnega numericnega indikatorja (Lighting
Energy Numeric Indicator) LENI, ki se uporabi za namen certificiranja in je zelo uporaben za
oblikovanje razsvetljavnega kontrolnega sistema:

(1) LENI = W/A [kWh/m?leto]
Kjer je,
A je skupna uporabna tlorisna povrina prostora [m?],

W je skupna letna porabljena energija za razsvetljavo, ki je
2 W =W, + Wp [kWh/leto]
enaka vsoti W, predvideni letni energiji za razsvetljavo in Wp parazitski energiji (zasilna
razsvetljava in stanje pripravljenosti zasilne razsvetljave).
Hitra metoda:

Ko uporabimo hitro metodo za oceno energije za razsvetljavo za tipicne vrste stavb se
uporablja enacba 2. Clen W|_je odvisen od instalirane moci razsvetljave P, in od faktorjev Fp, Fc
in Fo.

Ocena energije za razsvetljavo W\, ki je potrebna za izpolnitev funkcije osvetlitve in namena
stavbe se doloci po naslednji enacbi:

w, =3 FaFeloFoPo tuFo) 1y jeto]
(3) 1000

Kjer je,

Pn je celotna instalirana mo¢ za razsvetljavo v obravnavanem prostoru A [W],
Fc je faktor konstantne osvetljenosti,

to dnevni Cas uporabe, obratovalne ure skozi dan [h],
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Fo je faktor odvisen od zasedenosti,
Fo je faktor uporabe razsvetljave,
tn je Cas uporabe brez dnevne svetlobe, obratovalne ure brez dnevne svetlobe [h].

Z dolocitvijo porabe elektricne energije z hitro metodo dobimo visje LENI vrednosti, kot z
natanc¢nejsSo celovito metodo.

Porabo parazitske energije W, lahko zdruzimo z dodajanjem 1 kWh/m?/leto za zasilno
razsvetljavo in 2-5 kWh/m?/leto za avtomatsko kontrolo razsvetljave.

Za hitro metodo se kazalec LENI dolo¢i po ena¢bi 4 [kWh/m?leto]

F.P (tDFOFD+tNFO)+1+5[ty_(to+tN)]

(4) LENl =-—&-X
1000 t,
Kjer je,
Pn je namesGena instalirana mo¢ razsvetljave v stavbi (W/m?),

ty je standardni letni ¢as (8760 h).

Tabela 1: Izracun porabe z hitro metodo

Hitra metoda: potrebni faktorji za izracun

Povrsina prostora (laboratorija) [m?] 25,2
Stevilo svetilk 4
Moc¢ vsake svetilke W] 72*
InStalirana mo¢ svetilk v prostoru (W] 345,6
Pn

Faktor konstantne osvetljenosti Fc 1
Poletni ¢as uporabe tp [h] 1800
Zasedenost Fo 1
Faktor uporabe razsvetljave Fp 1
Cas uporabe brez dnevne [h] 200
svetlobe ty

Hitra metoda

Potrebna elektri€na energija W [kWh/leto] 691,2
LENI [KWh/m®leto] | 27,42

*nazivna moc svetilke se pomnozi z 1,2

Potrebne vrednosti v tabeli 1 sem dobil v prilogi F standarda [1]. Nazivna mo¢ svetilke se
pomnozi z 1,2 zaradi predstikalne naprave.

Celovita metoda:

Celovita metoda omogoca natan¢nejSo dolocitev ocene potrebne energije za razsvetljavo v
razlicnih obdobjih. Primer lahko vzamemo za letno ali mesecno obdobje. Pri uporabi celovitega
nacina izracuna potrebne energije za razsvetljavo se uporabi enacba 5 za zahtevano obdobje t.

() W, =W, +W,, [kwh]

To metodo se lahko uporablja za katerokoli obdobje in za katerokoli lokacijo pod pogojem, da
Je mozno celotno oceno dnevne zasedenosti in dnevne svetlobe napovedati. Clen Wy se izracuna
po enacbi 6, ¢len Wp; se izracuna po enacbi 7:

PF.(t,F,F, +t,F
WL,t:Z c(Dlgog N o) [kWh]
(6)
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PC
WP,IZZ :

[ty - (tD +tN ):| + (Pemte

@) 1000
Kjer je,

Poc  je inStalirana mo€ za naprave za kontrolo v sobi ali v prostoru,
Pem  je inStalirana moc¢ za polnjenje akumulatorjev za zasilno razsvetljavo v prostoru,

te je €as polnjenja zasilne razsvetljave.

) [n)

Vsota ¢lenov Wi ; (enac¢ba 6) in Wp; (enacba 7) nam da potrebno elektrino energijo za
razsvetljavo (W;) v dolo¢enem obdobju.

Tabela 2: Izraun porabe z celovito metodo

Celovita metoda: potrebni faktorji za izraun

Povrsina prostora (laboratorija) [m2] 25,2
Stevilo svetilk 4
Moc¢ vsake svetilke W] 72*
InStalirana mo¢ svetilk v prostoru Pn [W] 345,6
Faktor konstantne osvetljenosti Fc 0,95
Poletni ¢as uporabe tp [h] 1800
Zasedenost Fo 1
Faktor uporabe razsvetljave Fp 0,3064
Cas uporabe brez dnevne svetlobe tn [h] 200
Celovita metoda

Potrebna elektri€na energija Wt [kWh/leto] 246,74
LENI [KWh/m°leto] | 9,7912

*nazivna mo¢ svetilke se pomnozi z 1,2

Pri celoviti metodi dobimo nekoliko manjSe vrednosti zaradi mocnega vpliva dnevne svetlobe.
Zaradi tega je faktor uporabe razsvetljave Fp majhen (Fp = 0,3064). Ce ni prisotnosti dnevne

svetlobe je Fp = 1. Potrebne vrednosti se izracuna s pomoc¢jo standarda priloga C [1].

4. Druge moznosti izraGuna porabe elektricne energije

Kot tretji primer smo izracunali porabo elektri¢ne energije z metodo, kjer nismo upostevali
karakteristike standarda. Porabo elektri€ne energije smo izracunali na podlagi izkuSenj ter
dejanskih podatkov. Pri tem izracunu je zelo pomemben priblizen ¢as delovanja razsvetljave na
dan ter zasedenost prostora. Na podlagi tega lahko izra¢unamo priblizno porabo elektri¢ne
energije za izbran laboratorij. Na podlagi predvidevanj lahko sklepamo, da ima ta laboratorij
prizgano razsvetljavo vsaj 8 ur na dan. Laboratorij ima instalirane $tiri svetilke, ki vsebujejo po
2x36 W T8 fluoresc. sijalke. Potrebne vrednosti, ki jih potrebujem za izracun prikazuje tabela 3.

Tabela 3: Izraun porabe z lastno metodo

Delovanje razsvetljave [h/dan] 8 10
Potrebna elektricna energija W [kWh/leto] 622,08 777,6
LENI [kWh/m®leto] 24,686 30,86
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Porabo elektricne energije za omenjeni laboratorij smo izracunali Se s Cetrto metodo in sicer z
upostevanjem vpliva dnevne svetlobe na notranjo osvetljenost. Pri tej metodi sem natan¢no
uposteval vpliv dnevne svetlobe. Uposteval sem vrednosti dnevne svetlobe, ki so podane za mesto
Ljubljana. Casovno gledano je svetlobe najveg, ko je sonce najvi§je na nebu. Zaradi tega je poleti
razpoloZljive dnevne svetlobe ve¢ kot pozimi. Koli¢ina svetlobe se seveda spreminja tudi z uro
dneva in doseZe priblizno opoldne svoj maksimum. Kot lahko vidimo iz slike 3, v Sloveniji
(to¢neje v Ljubljani) doseze maksimalna vrednost osvetljenosti na prostem nekaj cez 76000 Ix, in
sicer v mesecu juliju. Pozimi so te vrednosti precej manj$e in na primer januarja ne presegajo
25000 Ix.

|Iso-kix lines

Hour

I L I L I L I I I I I
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month Copyright S¥tel-Lipht

Slika 3: Osvetljenost Ljubljane

Uspesnost pri nacrtovanju kakovostnega vizualnega okolja se da dokaj dobro ugotavljati ze v
fazi oblikovanja na modelih pod umetnim nebom ali z ra¢unalniskimi simulacijami. Predvsem gre
za dolocanje osvetljenosti, ki morajo zadostiti minimalnim zahtevam. Zahteve po osvetljenosti
oziroma koli¢niku dnevne svetlobe so dolocene glede na dejavnost, ki se v prostoru odvija. Zaradi
dinamike dnevne svetlobe se osvetljenost na izbranem mestu, torej absolutna vrednost v lux-ih
nenehno spreminja, zato se kot pokazatelj osvetljenosti na posameznem mestu uporablja koli¢nik
dneven svetlobe (FDS), ki je podan z enacbo 8:

FDS = E x100%

() E,

Kjer je,
- FDS koli¢nik dnevne svetlobe,
- E, osvetljenost v prostoru,
- E, osvetljenost na prostem.

Koli¢nik dnevne svetlobe podaja razmerje med osvetljenostjo v prostoru (E;,) in horizontalno
osvetljenostjo na prostem (E,), ki bi jo izmerili na istem mestu in ob istem ¢asu, ¢e laboratorija ne
bi bilo. Koli¢nik dneven svetlobe je mozno dolociti ratunsko na podlagi geometrije prostora in
okolice ter lastnosti sten in oken, lahko pa ga dolo¢imo tudi s pomocjo meritev. Obicajno se
podaja oziroma izraCunava za ve¢ razlicnih toCk znotraj prostora, pri tem pa je potrebno
upostevati tudi izgube svetlobe na zasteklitvi. S pomocjo relativno podanega koli¢nika dnevne
svetlobe je potem iz znane ali predpostavljene osvetljenosti na prostem mogoce dolociti
osvetljenost in enakomernost osvetljenosti v prostoru laboratorija. Za izracun osvetljenosti v
laboratoriju (E;) je potrebno najprej doloéiti iz slike 3 horizontalno osvetljenost na prostem (Ez) in
jo pomnotiti s koliénikom dnevne svetlobe (FDS).
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Slika 4: Odvisnost FDS od oddaljenosti od okna Slika 5: Prikaz povpre¢nih osvetljenosti na
delavni povrsini
V izbranih tockah se izracuna koli¢nik dnevne svetlobe. Vrednost faktorja dnevne svetlobe
pada z vecCanjem oddaljenosti od okna. Slika 4 prikazuje padanje kolicnika dnevne svetlobe z
oddaljenostjo od okna.

Za izracun vpliva dnevne svetlobe na notranjo osvetlitev potrebujemo povprecno osvetlitev
pod prvo in drugo linijo svetilk. To povpre¢no vrednost smo dobili s pomocjo simulacije v
programu Dialux. Povpre¢na vrednost osvetlitve na delavni povrSini pod prvo in drugo linijo
svetilk znasa 480 lux, kar prikazuje slika 5.

V prostoru laboratorija je potrebno vzdrzevati konstantno osvetlitev 500 Ix [S]. Na podlagi
izracunanih koli¢nikov dnevne svetlobe ter zunanje osvetljenosti lahko izracunamo osvetljenost z
dnevno svetlobo v tocki 1 in v tocki 2. V kolikor je osvetljenost vecja od 500 Ix, uporaba umetne
razsvetljave ni potrebna. Ce pa je osvetljenost v to¢ki manjsa od 500 Ix, je potrebno osvetljenost
dvigniti s pomoc¢jo umetne razsvetljave. Glede na vrednost osvetljenosti lahko izracunamo, s koliksno
mocjo mora delati posamezen niz umetne razsvetljave. 1z tega podatka pa lahko izratunamo porabo
elektricne energije, ki bi jo porabili z klasi¢no reSitvijo umetne razsvetljave. Na podlagi izraCunanih
urnih prihrankov se lahko izracuna dnevni in posledi¢no tudi mese¢ni prihranek elektri¢ne energije.
Porabo elektri¢ne energije smo izracunali za vsak 21. dan v mesecu in dobljeno vrednost pomnozili z
Stevilom delavnih dni v mesecu. Kon¢no porabo dobimo z vsoto izraCunanih mesecnih vrednosti
porabe elektricne energije.

Tabela 4: Izracun porabe z upostevanje vpliva dnevne svetlobe

Delovanje razsvetljave [h/dan] 8 10
Potrebna elektricna [kwWh/leto] 120 | 57,4
energija W

LENI [KWh/m?leto] | 1,8 | 2,28

Izracunana vredno porabe elektricne energije je majhna, saj imamo zelo mocan vpliv dnevne
svetlobe. Zaradi moc¢nega vpliva dnevne svetlobe je razsvetljava vecino ¢asa izklopljena.

5. Primerjava rezultatov

Kot se vidi iz napisanega smo porabo elektricne energije na izbranem modelu laboratorija
izracunal s Stirimi metodami. Dobljene vrednosti smo primerjali z izmerjenimi vrednostmi, tako, da
smo dobili jasno sliko katera metoda se najbolj pribliza dejanskim izmerjenim vrednostim. Zasedenost
teh dveh laboratorijev je razli¢na zaradi razlicnega delavnika. Glede na meritve vidimo, da ima prvi
laboratorij razsvetljavo prizgano 8 ur na dan med tem ko ima drugi laboratorij prizgano razsvetljavo
10 ur na dan. Izmerjena vrednost prvega laboratorija znasa 460 kWh in izmerjena vrednost drugega
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laboratorija znaSa 223 kWh. Poraba drugega laboratorija je manjSa zaradi avtomatske regulacije
razsvetljave. Ceprav je v drugem laboratoriju razsvetljava prizgana 10 ur je poraba $e vedno manjsa.
Ce primerjam izratunane vrednosti z izmerjenimi vrednostmi vidimo, da je najblizja izra¢unana
vrednost, ki sem jo dobil z celovito metodo izracuna porabe elektricne energije 246,74 kWh/leto. Hitra
metoda izraCuna nam da najvisje vrednosti in sicer 622,08 kWh/leto. NajmanjSe vrednosti dobimo z
metodo vpliva dnevne svetlobe na notranjo osvetljenost. Zaradi velikih steklenih povrsin tudi pri tej
metodi dnevna svetloba zelo mo¢no vpliva na notranjo osvetljenost. Zaradi moc¢ne prisotnosti dnevne
svetlobe znasa izracunana vrednost po tej metodi 120 kWh/leto. Dobljene izra¢unane in izmerjene
vrednosti so prikazane v tabeli 5.

Tabela 5: Primerjava izraCunanih vrednosti z izmerjenimi

Metoda izraCuna Poraba 8h/dan Poraba 10h/dan
[KWh/leto] [kWh/leto]

Hitra metoda 691,2 898,5

Celovita metoda 246,74 307,01

Lastna metoda 622,08 777,6

Metoda upostevanja dnevne svetlobe 120 57,4

Izmerjena vrednost brez regulacije 460 /

Izmerjena vrednost z regulacijo / 223

6. Zakljuéek

Glede na dobljene izracunane vrednosti lahko zaklju¢imo, da dobim najblizje izracunane
vrednosti z celovito metodo, ki jo predpisuje standard. V izracunu smo predpostavili, da ni
prisotnega sencenja na okenske povrSine. V izracunu vpliva dnevne svetlobe na notranjo
osvetlitev nismo upoStevali spreminjanje vremena (obla¢no vreme, delno obla¢no). Predpostavili
smo, da so vsi delavni dnevi sonéni.

Iz primerjave rezultatov vidimo, da izracunane vrednosti delno odstopajo od izmerjenih
vrednosti. Iz tega lahko sklepamo, da izra€un po celoviti metodi da dokaj to€ne vrednosti.
Izmerjene vrednosti v nasem primeru se nanasajo na celoten delavnik od 8 do 10 ur uporabe
razsvetljave na dan.
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Mitja Prelovsek

PROJEKT 'Z VARCNO RAZSVETLJAVO DO PRIHRANKOV IN CIS]’EGA
OKOLJA' V OKVIRU INSTRUMENTA ZA PREDPRISTOPNO POMOC (IPA)

1. Uvod

Povzetek

V okviru Instrumenta za predpristopno pomoc poteka projekt 'Z varcno
razsvetljavo do prihrankov in cistega okolja' pri katerem sodelujejo Obcine
Krsko (vodilni partner), Jastrebarsko in Zapresici ter Univerza v Ljubljani,
Lokalna energetska agencija Ptuj, Lokalna energetska agencija Dolenjska —
Posavje — Bela krajina ter REGEA. Cilji projekta so preuciti stanje javne
razsvetljave v Sloveniji in Hrvaski ter pripraviti ustrezno dokumentacijo, ki
bo omogocila celostni pristop k urejanju problematike javne razsvetljave in
svetlobnega onesnazevanja v cezmejnih obmocij Republike Slovenije in
Republike Hrvaske.

Abstract

Project ‘Sustainable public lighting as a way to savings in energy costs
and clean environment’ is part of Instrument of Pre-Accession Assistance
programme. The partners collaborating on the project are Municipalities of
Krsko (leading partner), Jastrebarsko and Zapresici, University of
Ljubljana, Local energy agency Ptuj, Local energy agency Dolenjska —
Posavje — Bela krajina and REGEA.The goals of the project are a
comprehensive analysis of the state of public lighting in Slovenia and
Croatia,preparation of documentation that will present a basis for the
renovation of public lighting both as part of this project as well as in the
future.

Projekt 'Z varéno razsvetljavo do prihrankov in &istega okolja' (akronim: Var&uj/Stedi) je
projekt v okviru Instrumenta za predpristopno pomo¢ ali IPA (Instrument for pre-accession
assistance). Instrument predpristopne pomoci je nov pravni in finan¢ni instrument Evropske unije,
ki je nadomestil vrsto programov in finan¢nih instrumentov Skupnosti, namenjenih predpristopni
pomoci drzavam kandidatkam ali potencialnim kandidatkam. IPA zajema pet podrocij:

1. pomo¢ pri prehodu in krepitvi institucij;
2. Cezmejno sodelovanje (z drzavami ¢lanicami EU in drugimi drzavami, ki izpolnjujejo

pogoje IPA);

3. regionalni razvoj (promet, okolje in gospodarski razvoj);
4. cloveski viri (krepitev ¢loveskega kapitala in boj proti izkljucenosti);
5. razvoj podezelja.

Projekt Varduj/Stedi se osredotoéa na razvoj trajnostne javne razsvetljave in zmanj$anje
svetlobnega onesnazevanja v Spodnjeposavski, Podravski regiji v Sloveniji ter Zagrebski zupaniji
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na Hrvaskem in poskusa s pomocjo temeljite analize stanja javne razsvetljave ter zakonodajnih
omejitev v Sloveniji in Hrvaski ter pilotskih projektov prenove javne razsvetljave raziskati
optimalen pristop k prenovi javne razsvetljave v bolj trajnostno smer.

2. Opis projekta

Projekt Varduj/Stedi poteka od aprila 2011 do aprila 2013, pri njem pa sodeluje sedem
partnerjev, od tega Stirje slovenski in trije hrvaski: Ob¢ina Krsko, ki je vodilni partner projekta,
Lokalna energetska agencija Ptuj (LEAP), Lokalna energetska agencija Dolenjska-Posavje-Bela
krajina (LEAD in Univerza v Ljubljani na slovenski strani, ter REGEA in obcine Zapresi¢ ter
Jastrebarsko na hrvaski strani. Znotraj Univerze v Ljubljani smo pri pri tem projektu udelezeni
prof. dr. Grega Bizjak univ. dipl. inz. el., as.dr. Matej Kobav univ. dipl. inz. el. ter as. Mitja
Prelovsek univ. dipl. inz. el. iz Fakultete za elektrotehniko.

V okviru projekta se bo pripravilo podrobne analize stanja tehnike javne razsvetljave na
trziS€u, stanja javne razsvetljave ter zakonodajnih ter drugih zahtev, ki vplivajo na javno
razsvetljavo v Sloveniji in Hrvaski. Hkrati bo v okviru tega projekta potekala prenova odsekov
javne razsvetljave v ob¢inah partnericah, ki bo sluzila kot pilotski projekt za nadaljno posodobitev
javne razsvetljave v obeh drzavah.

3. Cilji projekta

Splosni ¢ezmejni cilji, h katerim projekt stremi so:

e V skladu z Goetenbursko in Lizbonsko agendo ter ostalimi evropskimi in nacionalnimi
politikami prispevati k varstvu okolja, h konkurencnosti in trajnosti ¢ezmejnih obmocij
Spodnjega Posavja, Spodnjega Podravja in Zagrebske zupanije z zagotavljanjem prihrankov
energije pri javni razsvetljavi.

e ZmanjSati koncno rabo elektricne energije v javnem sektorju in posledi¢no svetlobno

onesnazevanje in stroSkov za energijo ter tako povecati sonaravni energetski razvoj.

Razviti skupne ukrepe za izboljsanje energetske ucinkovitosti javne razsvetljave.

Skupaj nadgraditi obstojece tehnologije na podrocju javne razsvetljave.

Uporabiti inovativne pristope pri zmanjSanju rabe elektri¢ne energije.

Izmenjati izku$nje, znanja, dobre prakse med strokovnjaki obmejnega obmocja

Vzpostaviti dolgoro¢no sodelovanje med slovenskimi in hrvaskimi javnimi sluzbami,

energetskimi agencijami, raziskovalnimi ustanovami in podjetji.

e Vzpostaviti meddrzavno sodelovanje pri predlogu hrvaske Uredbe o mejnih vrednostih
svetlobnega onesnazevanja.

e Vzpostaviti meddrzavni model energetskih rekonstrukcij javne razsvetljave v spomenisko
zaS¢itenih mestnih srediscih.

e Povecati turisticno privlacnost obeh mejnih podroc¢jih s trajnostno in skladno z zahtevami

varstva kulturne dedis¢ine rekonstrukcijo sistemov javne razsvetljave.

Znizati izpuste toplogrednih plinov in prispevati k izpolnjevanju Kjotskih zahtev.

Znizati negativni vpliv javne razsvetljave na zdravje ljudi in zivali.

Dvigniti okoljsko ozaveSc¢enost ciljnih skupin na ¢ezmejnem obmocju.

Ustvariti nova delovna mesta.

Specifi¢ni ¢ezmejni cilji projekta, ki se bodo izvedli v roku trajanja projekta:

e Preuciti stanje tehnike na podrocju svetilk in sijalk javne razsvetljave in razsvetljave kulturnih
spomenikov s poudarkom na barvi svetlobe, izkoristku (porabi energije na enoto osvetljenosti)
in vplivih na okolje v svetu in ¢ezmejnih regijah.
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e Analiza zakonodajnih in drugih zahtev ter zahtev za kulturno za$¢itena mestna sredisca.

e [zdelati osnutek hrvaske uredbe o mejnih vrednostih svetlobnega onesnazevanja, ki bi bil
ustrezen za postopke sprejemanj v Hrvaskem Saboru in predlog sprememb slovenske Uredbe.

e Izvesti energetski pregled sistema javne razsvetljave v KrSkem, v obcini Kidricevo, v
Jastrebarskem in Zapresicu.

o lzdelati projekt za postavitev demonstracijskih prog javne razsvetljave v ob¢ini Krsko, v mestu
Zapresic¢ in mestu Jastrebarsko.

e Postaviti demonstracijsko progo JR na ravni ene ulice na podro¢ju ob¢ine Krsko, v mestu
Zapresi¢ in mestu Jastrebarsko.

e lzvesti potrebne meritve osvetljenosti pred, med in po izvedbi demonstracijskega projekta
razsvetljave.

e Preuciti regulacijsko nadzorne sisteme in njihovo uporabnost v praksi (PCL, brezzicne,
kombinirane) in jih nadgraditi in izboljSati.

e Izdelati in natisniti Tehni¢ni priro¢nik svetilk, sijalk in regulacije JR v skladu z zahtevami
evropskega standarda v hrvaskem in slovenskem jeziku.

e [zdelati model prenosa znanja in izkuSenj na podrocju trajnostne obnove sistemov javne

razsvetljave iz Slovenije na Hrvasko.

Izvesti vsaj Sest delavnic o energetsko ucinkoviti javni razsvetljavi v Sloveniji in Hrvaski.

Izvesti ogled sistemov javne razsvetljave.

Izdelati spletno stran v povezavi s programom regulacije JR

Izdelati in distribuirati dvojezi¢ne broSure z napotki o trajnostni rekonstrukciji in obratovanju

javne razsvetljave.

o Spodbuditi sodelovanje v evropskem GREENLIGHT programu ter spodbuditi izmenjavo znanja

in izkusenj obcin in mest v obmejnem podrocju,

Ustvariti 2 nova delovna mesta za visoko strokoven kader.

4. Aktivnosti ter rezultati projekta
Aktivnosti, ki se bodo dogajale v okviru projekta lahko razdelimo v osem sklopov in sicer:

4.1. Vodenje in koordinacija projektnih aktivnosti

Vzpostavljeno dolgoro¢no sodelovanje med cezmejnimi partnerji in moznost sodelovanja tudi
po zakljuenem projektu. TesnejSa navezava stikov med Cezmejnimi obcCinami, lokalnimi
energetskimi agencijami, raziskovalno organizacijo in nevladno organizacijo. Celovito ¢ezmejno
koordiniranje, uspesno zakljucen projekt, mednarodno usklajeno delovanje in razumevanje med
partnerji.

4.2. Analiza dejanskega stanja na podrocju javne razsvetljave

Sodelovanje partnerjev pri skupni pripravi Porocila o sistemih javne razsvetljave in veljavni
zakonodaji ter skupno sodelovanje pri pripravi osnutka uredbe o mejnih vrednostih svetlobnega
onesnazevanja za Hrvasko in predlog sprememb za slovensko uredbo. Pridobljeno porocilo bo
sluzilo slovenskim in hrvaskim partnerjem kot odlicno izhodis¢e za primerjavo stanja med
drZzavami, za nadzor sistemov in za izboljSave na trenutnih sistemih javne razsvetljave.

4.3. lzdelava demonstracijskih prog javne razsvetljave

Demonstracijske proge bodo sluzile kot primer dobre prakse, v u¢ne namene in kot prenos
znanja na ciljne skupine ¢ezmejnega obmocja. Meritve in testiranja bodo izvedena v sodelovanju
partnerjev, skupaj bo narejena tudi primerjava in analiza rezultatov, kar bo pripomoglo k
izmenjavi izkuSenj in znanja na omenjenem podrocju ter do povezovanja med upravljavci
sistemov javne razsvetljave. Prispevale bodo k spodbujanju in dvigovanju okoljske zavesti in
uporabi novih tehnologij na podro¢ju javne razsvetljave. Predstavljale bodo izhodisce za bodoce
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¢ezmejno sodelovanje in projekte, ki bodo tega nadgradili. Demonstracijske proge bodo izvedene
v vseh treh sodelujocih ob¢inah.

4.4. Nadgradnja in izboljSava programskega orodja za krmiljenje in nadzor javnhe
razsvetljave

Cezmejno sodelovanje pri nadgradnji inovativnega programskega orodja — skupen razvoj in
izmenjava znanja med sodelujoCimi partnerji in skupna uporaba programa za nadzor svetilk na
obeh straneh meje. Skupno programsko orodje bo zagotavljalo podporo pri uresni¢evanju ciljev
projekta. Prispevalo bo k avtomatizaciji prizigalis¢ in daljinsko upravljanje in nadzor hrvaskih in
slovenskih sistemov javne razsvetljave, s ¢imer bomo dosegli dodaten prihranek elektricne
energije na cezmejnem obmocju.

4.5. lzdelava tehni€énega priro€nika/ kataloga

Cezmejna izmenjava podatkov in znanja ter skupna izdelava priro¢nika. Sluzil bo partnerjem
na obeh straneh meje kot ciljnim skupinam, tako bomo dvigovali usposobljenost in okoljsko
zavest ciljnih skupin na ¢ezmejnem obmocju.

4.6. Vkljuéevanje v Greenlight program

Cilj GreenLight programa je informiranje in usposabljanje javnosti in strokovnjakov, z
namenom spodbujevanja sodelovanja na projektih energetsko uéinkovite in okoljsko sprejemljive
razsvetljave.

4.7. Usposabljanje ciljnih skupin

V sodelovanju bodo izvedene tudi delavnice in strokovna ekskurzija, kar bo omogocilo
navezavo stikov in izmenjavo izkuSenj med ciljnimi skupinami (ob¢inami, upavljalci javne
razsvetljave, strokovnjaki s podro¢ja javne razsvetljave, Studenti, partnerji) iz ¢ezmejinih obmocij.
Z udelezbo na sejmih in seminarjih, bodo parterji pridobili dodatna strokovna znanja.

4.8. Informiranje in obveséanje javnosti

Skupno delovanje vseh partnerjev na tem delovnem sklopu bo potekalo skozi ves ¢as trajanja
projekta, potekala bo skupna promocija projekta, vsi partnerji bodo dodajali vsebine na internet,
skupna bo tudi priprava brosure. Cezmejno delovanje omenjenega sklopa se bo odrazalo
predvsem v izmenjavi izkuSenj, idej, povezovanju, mrezenju in navezovanju stikov med vsemi
partnerji in ciljnimi skupinami na projektu.

5. Zakljucek

Projekt ponuja moznost poglobljenega razmisleka in raziskave o trajnostnih tehnologijah in
pristopih k nacrtovanju in izvedbi sistemov javne razsvetljave. Poleg tega bo vzpostavljen model
prenosa znanja in izkuSenj na podroc¢ju trajnostne javne razsvetljave med Cezmejnimi regijami
Spodnjesavsko in Podravsko ter Zagrebsko zupanijo. Preko aktivnosti informiranja javnosti kot
naprimer organizacija delavnic za interesne skupine ter izdelava spletne strani, se bodo znanja
pridobljena v okviru projekta razsirila tudi v druge obcine in regije Slovenije in Hrvaske.
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Govorov P., Nosanov N., Romanova T., Korol O.

MODELING LIGHTING SYSTYMS ON THE BASIS OF LIGHT-
EMITTING DIODE LIGHT SOURCES

Abstract

In article psychophysiological aspects of influence of illumination and its
chromaticity on health of the person are considered. Ways of the account of
the psychosomatic factor are offered at designing and operation of lighting
installations, and also means of correction of colour and light of influence of
illumination on the person.

Povzetek

V' prispevku obravnavamo psihofizicne vplive razsvetljave in njene
barvnosti na zdravje udelezencev. Predlagani so nacini za upostevanje
psihosomatskih faktorjev pri nacrtovanju in nacinu delovanja razsvetljave,
kakor tudi nacini za korekcije vpliva razsvetljave na ljudi s pomocjo
spremembe barve in nivoja svetlobe.

1. Introduction

Now in connection with wide application of artificial illumination in all spheres of human life
the increasing urgency is got by questions of light influence of illumination on a psychosomatic
condition of the person. It demands more weighed approach to a choice of parametres and an
estimation of modes of systems of illumination.

It is known [1,4] that light influences work not only the visual analyzer, but also an organism
as a whole. Light supervises mupkanasie rhythms, mood, and accordingly, and behaviour of the
person. Therefore in lighting installations utilitarian and, especially, architecturally-art
illumination these factors not only "play" on perception of the person, complicate perception of
objects, exteriors or compositions as a whole, and on occasion and definitely influence health of
the person.

The strongest effect on a condition of the person is rendered by colour of a composition and
its dynamics. Especially brightly it has found the reflexion in installations with light-emitting
diode light sources in connection with possibility of creation special, focused on concrete
conditions and problems setroceeroBeix dynamic systems of illumination. Therefore in modern
conditions the light source should be considered not only as a source of certain length of a wave
of radiation, from the point of view of distinction and an estimation by an eye BeTocBeTOBBIX
characteristics of shined object, but also from the point of view of difficult reaction of an
organism on 1BetocBeToBhIe irritants, and also dynamics of their change. In this connection
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lighting installations cannot be considered in the form of simple set of electric networks any more,
lighting electroreceivers and 3amuTHOKOMMYTAIIMOHHOW equipments.

It demands, representation of lighting installations in the form of difficult biotechnical systems
corresponding perfection, methods and illumination means.

To the more full examined conditions there correspond the dynamic systems of artificial
illumination adapted for conditions and modes of the natural.

2. The publication analysis. A question condition

It is known [1,07] that one of factors of ability to live of the person is illumination. It is proved
that in December-January when it is not enough solar illumination, depression and grief is more
often shown. Presence testifies to importance of value of colour in ability to live processes, the
illnesses, caused by surplus of dark blue colour (tumour) - ynsrparpus, the illnesses caused by
surplus of red colour (inflammation) - uagparpus [5] and another.

The elementary example matepuanuzaruu light influence on a human body is realisation of
system a dream-wakefulness with participation of a material component — the melatonin, showing
a product smudusa, on the one hand, and result of change of information property of a light
stream, with another. So, the electromagnetic signal causing a certain picture on the screen of the
TV and the computer, can cause essential changes of psychological characteristics of the person
who is looking through either the television program, or subjecting to electromagnetic radiation
from the computer screen. The civilised person cannot leave a zone of electromagnetic influence.
We are not capable to refuse computers, radio telephones, TVs, refrigerators, electric plates and
the other technical blessings.

Precisely also light devices intertwine with "lines" in genetic "texts". By means of technical
systems it is possible and to start important protective mechanisms of our genetic device and to
enter new wave programs which will repeatedly strengthen our reserve possibilities.

The theme of psychophysiological influence nserocseroBoro spaces on the person always
interested scientists and there was central on all ceetodopmax including at a forum «an European
lighting congress — Lux Europe» [2] and incorporated conference of lighting societies of
Germany, Austria, Switzerland and the Netherlands [3]. The analysis of the proceedings given at
conferences, specifies in the big data file, concerning quality standard of the specified influence.
At the same time questions of a quantitative estimation of influence BetTocseToBoOI €nvironments
on a human body of methods and means of its correction, at the specified conferences were not
considered. In work [6] emotional reaction of the person to colour stimulus for the first time is
considered and physiological reaction of an organism to colour according to kozhno-galvanic
resistance is considered. In work [7] authors have addressed to registration of change of electric
activity of a brain under the influence of the colour, however the given researches have been
directed on revealing of interrelation of the form anexrposnuedanorpammer (33I) and colour
preference. Besides it, an extensive number of the works directed on studying of form 23T as a
result of colour armo3uu and of some diseases of a brain is known. Along with the specified
researches in scientific sources many works are devoted phototherapy and its technical realisation,
also based on 33T [8], in a number of works change of electric activity of a brain under the
influence of flashing light [9] and improvement of a psychoemotional condition is shown. In
works [10,11] questions complex cBeroueroBoro illumination influences on the person are
investigated and the model of a quantitative estimation of this influence is developed.

As experts almost healthy aged people from 20 till 60 years of man's and female floors were
involved. According to [8] higher mental functions of a brain at men and women are not identical,
and perception of colour light signals, according to [5], the big role is played by the age factor.
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Therefore division of examinees of people to sexual and age signs influences of the given factors
providing quantitative definition on psychophysiological influence uBeroceToBOro Spaces is
carried out. According to it examinees have been divided into age groups with step to 10 years,
only 8 groups, number of 23-26 persons everyone. Identical samples on a floor and age were
carried out by groups in 20-30 years, 31-40 years, 41-50 years, 51-60 years. Besides, two groups
(man's have been allocated and female) is elderly over 60 years.

The algorithm of experimental researches, provides estimation research: pulse rates; changes
pressure; indicators depending on corour characteristics of light space (characteristics of a total
vector of mixed colours, chromaticity co-ordinates (aR+bG+cB), brightness of a colour field).
Simultaneously with it estimations were investigated also: time of colour influence for the person,
age of the person, a sex of person.

Colour and light environments on the person [10] are developed by authors for a quantitative
estimation of influence mathematical models of influence of the factors set forth above on the
parametres characterising a condition of the person. For the decision of a problem they used the
composite orthogonal plan, as optimisation parametres are accepted:

Y1 — pulse rate change; Y, Y, — size change pressure accordingly; Y, =+ Y3, — values of indicators.
Varied parameters were: X; — chromaticity coordinate a; X, — chromaticity coordinate b; X;
chromaticity coordinate —c; X4— brightness of colour; Xs — time of colour influence for the person;
Xe — age of the person; X7 — sex of person.

Considering that the sex of person can accept two values, separate mathematical models are
developed for an estimation of colour influence of men and women. Colour influence was
investigated in conditions paBaosipkocTHOTrO Colour space (X4 = const) equal time of influence by
each colour spectrum (Xs = const) for achievement of as much as possible adequate dependence
of change of physiological indicators of colour loading of a field of vision.

The age of the person is not the factor for a task in view — estimations of degree of influence
of each chosen factor on a condition of the person — as for each person it is defined by concrete
value. Therefore separate mathematical models are developed for each age group.

The description of a surface of the response in investigated area is received as a result of
realisation composite orgonalnogo the plan, and in a general view model colour and light
influences for each age group of man's and female floors is received in a kind:

—_ 2 2 2
Y (X1, X2, X3) =@11X1 +aXo "+ A33X3 +a12X1 X2+ 813X1Xa+ A3XoXa+ Qg1 X1+ @o2Xo+ 8o3Xat Ago.

The developed models colour and light influences on a human body allow to define optimum
area of factorial space in which the person is in the most comfortable conditions, and also to
identify a condition of the person in the given point of factorial space. Their use opens possibility
for optimum control colour and light space on the basis of application of operated systems of
dynamic illumination.

3. System of dynamic light-emitting diode illumination.

The developed dynamic system of illumination can work with various light sources (HC)
including with light-emitting diode lamps (JIC) [2] which have optical feedback of regulation of
light temperature and brightness. It consists of power transformer T, phases L; L, Ls and neutral
wire N. A transformer neutral, and JIC/] are attached on phase a voltage of 220 V under the
scheme «a star with zero» (fig. 1).
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Feature of the considered system of illumination is possibility of regulation of colour
temperature and brightness, and also creation on their basis nuserocsetoBbix dynamic effects. The
system considers physiological influence of illumination on the person, and also degradation of
light-emitting diodes and allows to optimise corour and light parametres for all term of operation.

The problem put in work is solved because the illumination system includes the power supply
(MIT), on the basis of three-phase a regulator of capacity with target pressure 50B, DC [6], n™
quantities of groups with light-emitting diode lamps with RGB-light-emitting diodes, group
regulators of colour temperature and brightness (PLITusl) which consist of gauges colour
temperature, colour microcontrollers, with RGB-drivers LSD.

On (fig. 1) the block diagramme of the combined dynamic system of electric illumination with
light-emitting diode light sources with dynamic regulation of colour temperature and brightness
and loading balancing is represented.

On (fig. 2) device LSD;; scheme (mo03.11), on fig. 3 — the scheme of a regulator of colour
temperature and brightness (103.2) is shown.

Offered contains following blocks (figs. 1-3): 1 three-phase power supply — symmetric a
regulator of capacity (pressure) for single-phase electroreceivers with pressure on input AC/380B,
50 Hz, on an exit — DC/50B; 2, 3, n - group the light-emitting diode lamps corresponding to
groups — 2-gr.1, 3 rp.2, n - rp.n accepted ADJD-j823 with the microcontroller of colour ASSP and
the four-channel gauge of colour temperature and brightness ADJD-S371-QR999 [3,4]; 11-16,
21-26, n; - ng - light-emitting diode lamps, for example, JIC/1;6 (the first figure to an index means
group number — rp.1, the second — number of a position of a lamp — no3.6).

On fig. 2 it is shown, how an example, the device of light-emitting diode lamp JIC/1;1, others
are executed similarly; 4, 5, 6 — drivers Dg, Dg, Dg; LEDg, LEDg, LEDg accordingly: 10-
rasseivatel; JIII,3,, JIII3,, JIII, — lines of food ; JI11-Jlig, JIo1-JIos, JIn1-JIng — COMmunication lines
respective JICJ] with group ; W11-Wig, Wo1-Wae, Wi1-Wye — light streams of white colour from
respective JICJ] to gauges of colour temperature respective group ;
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> W — total light stream of all JIC/I and reflected from a ceiling, a floor, walls, the equipment,
etc .; 11’ - the integrated four-channel gauge of colour temperature ( Red, Green, Blue, White); 12/
- RGBW-optical filters four-channel; 13’ - the converted four-channel RGBW, light-pressure (or
the gauge of colour temperature of RGB-colour); 14’ - the colour microcontroller ASSP; 15’ - the
gauge of colour temperatureRGB (fig.3).

Developed works as follows. All elements of the scheme (fig. 1-3) receive a food from the
power supply 1, pressure 50B, DC. The power supply represents three-phase symmetric a
regulator of capacity for single-phase electroreceivers, which are included under Larionov's
scheme and eat from existing system 380/220B, the EXPERT, or from three-phase system 380B,
the EXPERT with the isolated neutral. Thus, the requirement for use of fourth wire N vanishes in
the first case. Because groups of electric illumination are executed similarly, in work as an
example, the group Nel and JIC/Iy; is considered.

In scheme feedback, that is a regulator of colour temperature 2, ADJD-j823 [3] into which
structure enter the integrated four-channel colour gauge 11'with RGBW-colour optical filters
12'and the gauge of colour temperature 13/, the microcontroller of colour ASSP 14'and gauge
colour temperature (3LIT) 15/(fig. 1,3) is applied three-colour optical.

By means of 3T 15" corresponding colour temperature and the law of its change for each
colour RGB is set by following pressure Ug sa., Ug san, Us sa Uw sax- In light  source
JICIy; 11 (fig. 2) different colours of light from LEDg, LEDg, LEDg accordingly 7,8, 9 mixes up
and there is white colour Wy; with the corresponding colour temperature and brightness. White
colour Wy - Wy from all JICIy; — JIC;6 and reflected from a ceiling, a floor, walls, the
equipment and another, mixes up, averaged in space of a premise and an average total light stream

EW(EW:W11+W12+W13+W14+W15+W15+WHOT+WCT+WH+W06+Wﬂp) NpUXOJUT Ha 11/ W,
passing through RGBW - optical filters, are filtered on certain average colour light streams %R,
¥G, B, =W, which arrive to corresponding RGBW gauges of colour temperature 13 / where
there is a transformation of RGBW-colour to electric signals of pressure accordingly Ug, Ug, Ug,
Uw which arrive to the converter of colour of system ASSP 14'.

The photogauge of white colour W, and accordingly, an optical filter, are intended for
brightness regulation.

At designing of system of illumination the gauge of colour temperature 11'takes place together
with the colour microcontroller 14’or separately, it becomes in such a manner that on it would get
as more than light streams from all KC the given group of light exposure taking into account
reflected light. Can be executed any volume design, for example, in the form of a circle, a cube, a
parallelepiped and others but so that placing of photogauges has been executed on all surface with
such calculation, what as on to capture total average light streams of object that is projected much
more. Therefore to placing give particular attention.

Filters of low frequencies do "averaging" of a signal of the gauge that leaves in such a manner
that constant level of pressure is transferred to the block of comparison of the controller
14'measured U,y

Mismatch signal AU=U,,,-U.,, mores on the block of algorithm of processing of colour 14/,
where are processed andarrive on ILIIM-generator block14’, with regulates storing factor ILIIM-
signal of management and drivers 4, 5, 6 JICI; corresponding channels RGB fig.2,3). After
drivers the current of management Ig, lg, Ig arrives on light-emitting diode light sources LEDkg,
LEDg, LEDg accordingly 7, 8, 9.

The system of feedback ASSP [3] will regulate the target data until there will come
dependence AU=O0. In this case U,,,=U,,,, that is on an exit from a light source constant value of
the set colour temperature and brightness depending on degradation of crystals of light-emitting
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diodes will be supported. Thus the current of RGB-light-emitting diodes will grow both service
life JICZI and systems as a whole will be continued.

It is important to remember that in process of ageing of light-emitting diodes intensity of their
luminescence decreases. Then, brightness of light-emitting diode RGB-system, will go down in
due course. In the majority of the data from literary sources gradual decrease in brightness is
admissible, not change of colour of a luminescence RGB - light-emitting diodes is admissible.
Microcircuit ASSP supervises decrease in brightness of light-emitting diode RGB-system in such
a manner that chromaticity remains to a constant (within the admission) even at reduction of as
much as possible admissible brightness.

Thus, introduction of dynamical optical system with feedback for RGB-system will allow to
improve quality of illumination in connection with possibility to establish any values of colour
temperatures and to change them under any set law.

Can easily cope nucranmmonno under the set program which considers dynamics light change
in a current of days and any annual changes, and also to adjust on increase of efficiency of work
in the end of change when fatigue of workers is felt, the colour temperature and brightness thus
raises.

It is possible to apply first of all there where there is a necessity of regulation of colour
temperature and brightness for continuous dynamic regulation of the basic lighting parametres of
system.

4. REFERENCE

[1] the reference book for designing of electric illumination. Under the editorship of G.N. Knorring. L.: Energia,
1976. — 384 p.

[2] Grosh Kauchan Present And Future Applications Of Phasse Shifters In A Large Power Transmission
Network / Kauchan Grosh // Prop Anoer Power Gons.: 55th Anan. Amer. Power Conf., Chicago 3, 1993,
Vol. 55, Pt.1 — Cchicago (3) 1993, p. 727-731.

[3] RGB digital gauges of light. The firm cataloguc Avago Technologies, 2007

[4] Kurnetsov V.G. Electromagnetic compatibility. Non-symmetry and voltage non-harmonicity / V.G.
Kuznetsov, E.G. Kurenny, A.P.Lyuty // Donetsk: Nord-Press, 2005. — 250 p.

[5] Mikhailov V.V. Modes of housing and communal power consumption / V.V. Mikhailov, M.V. Tarnizhevsky,
V.F. Timchenko // M.: Energoatomizdat, 1993. — 288 p.

[6] Markushevich N.S. Voltage quality in municipal electric networks / N.S. Markushevich, L.A. Soldatkina //
M.: Energoatomizdat, 1975. — 256 p.

[7] Michalic R. Phase-shifting Transformer With Fixed Phase Between Termime Voltage And Voltage Boost:
Tool For Transiont. Stabiling Marginenhancement / R. Michalic, P. Zunko // IEE. PProc. Generat.,
Transmiss. And Dctrib. — 1995. — 142, Ne3 —p. 257-262.

[8] Grosh Kauchan Present And Future Applications Of Phasse Shifters In A Large Power Transmission
Network / Kauchan Grosh // Prop Anoer Power Gons.: 55th Anan. Amer. Power Conf., Chicago 3, 1993,
Vol. 55, Pt.1 — Cchicago (3) 1993, p. 727-731.

[9] Govorov P.P. City lighting: look at the conception/ P.P.Govorov // Information bulletin of the AS VOU. —
2008. - #4(60). — p. 54-60.

[10] State standard of Ukraine ( IEC 61000-3-2:2004, edito 2.2, IDT) Standards of harmonic flow emission.

[11] Veksler G.S. Suppression of electromagnetic interference in electrical feed circuits / G.S. Veksler, S.V.
Nedochetov, V.V. Pilipsky // K.: Tehnika, 199. — 167 p.

Author’s addresses

Kharkov National Academy of Municipal Services
of chair Svetotehnika light sources
Revolushion 12, Kharkov, Ukraine

stran 134 “Lighting Engineering 2011”



Govorov F., et all:’Electromagnetic Compatibility Of LED Light Sources With A Network” R-15

Govorov F., Govorov V., Korol O.

ELECTROMAGNETIC COMPATIBILITY OF LIGHT-EMITTING
DIODE LIGHT SOURCES WITH A NETWORK

Abstract

Electromagnetic compatibility of light-emitting diode light sources with
a network. In article questions of electromagnetic compatibility of light-
emitting diode light sources with a power line are considered. Relationships
of cause and effect of occurrence and character of course of the higher
harmonics in lighting electric networks are investigated, the estimation of
level is given and consequences of the distortions brought by light-emitting
diode light sources in a power line are defined.

Povzetek

Prispevek obravnava elektromagnetno kompatibilnost LED svetlobnih
Virov z elektricnim omrezjem. Predstavljene so povezave med vzrocnostjo in
posledicami ter znacilnostmi smeri Sirjenja visjih harmonskih komponent v
elektricnih omrezZjih, ki vkljucujejo razsvetljavo. Podana je ocena nivoja
popacenja ter posledice, ki jih LED svetlobni viri vnasajo v elektricno
omrezje.

1. Introduction

Characteristic feature of modern power is annual growth of current consumption for needs of
illumination. Thus important feature of lighting consumers is presence in their structure of a great
number of electrical receivers with nonlinear characteristics. Moreover, the annual increase in
number and expansion of the nomenclature of lighting electrical receivers applied in a life is
invariably accompanied by occurrence of the new light sources which are an additional source of
hindrances and distortions, brought by them in a power line. In connection with an insufficient
level of scrutiny of the specified question there was a question on electromagnetic compatibility
of light-emitting diode light sources with a network, not the decision of this question within the
limits of the European Union give to the specified problem a special sharpness.

In systems of a household power consumption the great number of scientists was engaged in
questions of electromagnetic compatibility. Among them the important place is occupied with
works of the Ukrainian experts — acad. Kuznetsova V. G and Shidlovskogo A.K., prof.
Zhezhelenko 1.V. and Kurennogo E.G., etc. [1-4], and also experts from near [5, 6], and also the
far abroad [7, 8]. They give an estimation and in networks of the general using scientific and
technical and methodical bases of improvement of quality of energy are developed for the most
general, classical structure of consumers. During too time expansion of the nomenclature of
electrical receivers and occurrence of their new types and nonlinearity of their characteristics has
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demanded carrying out of the additional researches, having the purpose an estimation of modes
and level of electromagnetic compatibility of consumers with such electrical receivers.

To number such new and not investigated, from the point of view of electromagnetic
compatibility of electrical receivers the lighting electrical receivers executed on the basis of light-
emitting diode light sources concern.

2. Problem general characteristic

Now light-emitting diode light sources, owing to their high power characteristics, the
improved colour and dynamic properties, receive more and more wide application in systems of
illumination of cities. It has allowed to change today already external shape of cities, to make the
environment of stay in it more comfortable and attractive [9]. However use of light-emitting diode
light sources is interfaced to a number of the features connected with nonlinearity of their
characteristics and application as the power supply of light-emitting diodes of electronic
converters. The major feature of such devices is occurrence in a network of distortions of a
current and pressure. On a level with some deterioration of power indicators of a network, it in
much bigger degree is accompanied also by generation of hindrances transferred, both on a
network, and through atmosphere. Their presence, on the same level with decrease in service life
of the equipment and the lines eating from general tyres TP, increase in losses of capacity and pressure
in networks, as a whole reduces overall performance of networks and connected to them consumers,
complicates work electronic, a body - radio capacious and transferring equipment, communication
facilities and communications. It is connected with distribution of the higher harmonics of pressure
and a current on all network from which receive a food light sources, up to transformers TP, and
under certain conditions — and further, in a network of the higher pressure (fig. 1).
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Fig. 1 Block diagramme of systems of an electrical supply and illumination of cities
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III'B — substation of deep input; JI'B — a line of deep input; I1C — regional substation 110
(220)/10 (6) xB; TII — transformer substation 10 (6)/0.4 xB; PJI — a distributive line 10 (6) xB or
0.38 kB; OCt — power station; BOC — electric networks of an external electrical supply; PIT —
distributive substation 10 (6) xB; IIJI — a feeding line 10 (6) xB; | SAY lies — introduction
distribute tensHoe the device; UIT — the power supply; | SHOUT, 3PV — the switching centre
opened and closed, accordingly; 20, B/, 3II, In, T — lighting, impellent, converting, and
electrical technological electrical receivers; BH, CH, HH — high (110 kB and more), an average
(6, 10 xB) and low (0.38 xB) pressure, accordingly

Undoubtedly that degree of influence of light-emitting diode light sources on processes in
networks of the general using will be defined by their individual share in the general loading of a
network. Today, there where their share is not great, this influence is insignificant. However, in
case of a great number of such electrical receivers their influence can be essential. Therefore, as in
the future substantial growth of a share of the electric power spent for light-emitting diode
illumination is expected, the estimation of their electromagnetic compatibility with a network is
timely and actual.

3. Sources of distortions

According to the State Standard of Ukraine 61000-3-2:2005
(IEC 61000-3-2:2004, edito 2.2, IDT: Standards of harmonic flow emission [10]), electromagnetic
compatibility is a property of the equipment or systems to satisfactorily operate in the
electromagnetic environment and not to generate objectionable electromagnetic interference to
anything in this environment.

As it is told earlier, a source of electromagnetic hindrances (EH) in networks are elements
with nonlinear characteristics. In structure of electromagnetic hindrances of lighting electric
networks it is possible to allocate two basic groups of such sources: EH power supplies and EH
consumers.

The reason of occurrence EH of power supplies is defined by set of circuit and regime factors.
Presence EH of consumers is caused by features of power transformation in electrical receivers.

It is necessary to notice that features of occurrence and character of course EH of power
supplies have much in common and are well enough studied [11]. At the same time features of
occurrence and character of influence EH of consumers at their various types substantially differ.
For the majority of them especially traditional, deep enough and multilateral researches are
conducted. However for set of new consumers of such researches it was not spent that does
ineffective their work, and also negative impact on adjacent consumers makes. To number such
new and masnouccienoBannbix, from the point of view of EH, electrical receivers the lighting
electrical receivers executed on the basis of light-emitting diode light sources concern. Presence in
them of the electronic converter in a combination to nonlinearity of characteristics of light-
emitting diodes causes distortion of curves of pressure and a current consumed of a network and,
as consequence, course on elements of a network of the higher harmonics of a current. As light-
emitting diode light sources are carried out, as a rule, as a single whole with the power supply,
within the limits of a considered problem division of hindrances into hindrances from the power
supply and consumers is not represented expedient, and the account of the scheme of the power
supply is possible in a complex, with reference to various types of light-emitting diode light
sources.
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4. Standardization of harmonics

Value of the distortions generated by electrical receivers of housing and communal services in
a network, now, establishes a number of documents. Among them State standard of Ukraine IEC
61000-3-2-2005 (IEC 610003-3-2: 2004, editio 2.2, IDT) Standards of harmonic flow emission
[10], State standard of Ukraine 4210:2003 (UT 55103-1:1996) Electromagnetic compatibility.
Professional audio-, video- and audio-visual facilities and apparatus for controlling lighting
facilities [12], State standard of Ukraine IEC 61000-6-2:2007 (IEC 61000-6-3: 2006, IDT)
Electromagnetic compatibility. General Standards. Interference emission in housing and trade
environment and in production areas with low energy consumption [13] etc. Every standard is
adapted to specific operating conditions and specifies a permissible level of distortions caused by
a definite type of electrical receivers.

Maximum allowed value of current harmonics for lighting units of more than 25 Watt
according to State Standard of Ukraine 61000-3-2:2005

Harmonic number, n Maximum allowed value of current harmonics
in % of the basis harmonic

1 2
3 30 Aen
5 10
7 7
9 5
11 3

13<n<39 3

“For lighting units of the power less than 25 Watt
there are standardized only the values of 3dr and 5
harmonics which should not be higher than 86% and
61%, respectively, of the main harmonic current

5. Experimental researches of harmonious structure of a curve of a
current of light-emitting diode light sources

To evaluate a level of distortions caused by light-emitting diode light sources in a network and
a necessity of their record in the construction of lighting units on the base of light-emitting diode
light sources the authors performed the experimental research of curves of current consumed by
light-emitting diode light sources out of a network. Root-mean-square voltage U; and current I,
were measured with the help of the instrument of an electromagnetic system, and the form and a
harmonic composition of a network current curve i, = i, were investigated with the help of the
instrument Power monitor 3.3"

As a light-emitting diode light source light-emitting diode light sources of type SDR 27 and
SDR 27 with PDM and withour it were used. Forms of curves of a current of lamps i =i. are
resulted on fig. 2a-5a accordingly, and their harmonious structure — on fig. 2b-5b.
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The analysis of results of experimental researches testifies that level of the higher harmonics
of a curve of a current of the light device consumed from a network on the basis of a light-
emitting diode light source is on the verge of established State Standard of Ukraine limits. It
concerns, first of all, individual light devices of type SDP-27, and SDP 27( PDM) provided that
their capacity does not exceed 25 Watt. In case total capacity of light devices exceeds 25 Watt
requirements State Standard of Ukraine are more rigid also them do not maintain, practically,
almost all light devices, behind an exception unless that SDR-27 and at which they are on a limit.
The stated demands application of special measures on decrease in level of the higher harmonics
in networks with light-emitting diode light sources, in particular, if their cumulative capacity
exceeds 25 Watt.

6. CONCLUSION

1. The made analysis has allowed to establish relationships of cause and effect of occurrence
and character of course of the higher harmonics in lighting electric networks with light-
emitting diode light sources.

2. the spent experimental researches have allwed to establish that values of the higher
harmonics in networks with light-emitting diode light sources is at a marginal level and
working out of special actions for their reduction demand, in some cases.
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Andrej Orgulan, Ana Krasovec Vrhovec

NOVOSTI V STANDARDIH SIST EN 12464

Povzetek

Slovenija je ena izmed redkih drzav, v katerih je uporaba standardov za
razsvetljavo delovnih mest SIST EN 124641-1 in -2 obvezna. To je glavni
razlog, da smo se lotili prevoda teh standardov, saj je njihova uporaba
mnozicna, razen tega pa skupaj s skupino standardov za cestno in zasilno
razsvetljavo tvorijo osnovno skupino standardov za nacrtovanje razsvetljave.
Odlocitev za zacetek dela na prevodih je padel v nekoliko neroden termin,
saj je bila prenovljena verzija standarda za notranja delovna mesta zZe v
zakljucni fazi sprejemanja in s tem Zivijenjska doba prevoda zelo kratka.
Vendar smo na tak nacin dobili izhodisce, ki nam omogoca hitrejse
prevajanje posodobljenih izdaj.

V prispevku bomo predstavili osnovne znacilnosti slovenskega standarda
in spremembe, ki bodo zacele veljati Ze v naslednjih mesecih s sprejemom
prenovljenega evropskega standarda.

Abstract

Slovenia is one of the few countries, where the use of standards EN
12464-1 and -2 is obligatory. This is the main reason for translation of these
standards in Slovenian language. The translation was, because of some
circumstances, delayed and finished just a year before renewed version of
standard EN 12464-1 was confirmed.

Basic characteristics of Slovenian standard and changes in renewed
version will be presented in this paper.

1. Uvod

Slovenija je ena izmed redkih drzav, v katerih je uporaba standardov za razsvetljavo delovnih
mest SIST EN 124641-1 in -2 [1] zaradi navedbe v pravilniku o varstvu pri delu obvezna. Kljub
temu, da je standard v veljavi Ze od leta 2004, Se pred tem pa so bila na voljo Priporocila SDR za
notranjo razsvetljavo [2], ki so v veliki meri skladna s standardom, ima veliko projektantov Se
danes teZave z razumevanjem koncepta razsvetljave delovnih mest.
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To je glavni razlog, da smo se lotili prevoda teh standardov, saj je njihova uporaba mnozi¢na,
razen tega pa skupaj s skupino standardov za cestno in zasilno razsvetljavo tvorijo osnovno
skupino standardov za nacrtovanje razsvetljave.

2. Znacilnosti standarda SIST EN 12464-1

Namen tega prispevka ni detajlna razlaga standarda, saj je ta v uporabi dovolj dolgo, da bi ga
vecina morala znati tudi uporabljati, navedli bomo le nekaj znacilnosti, ki so lahko v procesu
nacrtovanja razsvetljave pomembne, vendar so mnogokrat spregledane.

Osnovna znacilnost standarda je, da so zahteve za razsvetljavo podane glede zahtevnosti vidne
naloge. Tudi kadar so zahteve podane za prostor v zgradbi, so podane glede na vrsto dogajanja ali
nalog, ki v tem prostoru lahko nastopajo.

Zahteve za kakovostno razsvetljavo so lahko:

- merljive,

- doloc¢ljive z matemati¢nimi postopki,

- nekatere pa Se danes ne moremo zanesljivo koli¢insko opredeliti ali pa

- jenjihova dolocitev prezahtevna in/ali odvisna od posameznikovih sposobnosti.

Zahteve, ki jih lahko uvrstimo v zadnji dve alineji, postajajo vse pogostejse, tudi zaradi hitrega
znanstvenega napredka na podroc¢ju svetlobne tehnike. Nekatere izmed teh zahtev so vkljucene v
prenovljeni standard EN 12464-1:2011 [3], vendar bolj kot smernice, za nekatere pa bodo delovne
skupine v CIE in CEN $ele morale najti nacin, kako jih koli¢insko ali kakovostno opredeliti [4]:

- 0osebne posebnosti povezane z vidnimi sposobnostmi posameznikov,

- vpliv spektra in koli¢ine svetlobe na Cirkadijske ritme,

- vplivi svetlobe na dobro pocutje ob daljSem bivanju v zaprtih prostorih,
- natancnejSe vrednotenje dnevne svetlobe

- vpliv svetlobnih virov z velikimi svetlostmi na psiholosko bles¢anje,

Ob ocitnih izzivih za bodoce verzije standarda ne smemo spregledati, da Ze obstoje¢ standard
iz leta 2002 predstavlja marsikomu tezave, saj zahteva ob dobrem poznavanju tehni¢ne opreme za
razsvetljavo vsaj Se:

- spoznavanje delovnih procesov,
- oblike prostorov in
- razporeditve opreme v njem.

Brez teh postopkov lahko pride do paradoksa, ko z modernimi tehni¢nimi reSitvami iz
enaindvajsetega stoletja sreCujemo resitve razsvetljave, ki spominjajo na tiste izpred ve¢ desetletij
ali so Se slabse. Do tega lahko prihaja zaradi nepoznavanja zahtev svetlobne tehnike, premalo
vloZenega ¢asa in truda, ali uporabe idejnih projektov prodajalcev opreme, brez da bi si kdo sploh
ogledal prostor, ki ga razsvetljuje.
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2.1. Primer napacéne uporabe standarda

Za primer vsaj vprasljivega razumevanja standarda lahko navedemo primer razsvetljave
industrijske hale dokaj velikih dimenzij. Ob podanih podatkih dimenzij prostora in vrste
dejavnosti, ki se v hali odvija ponudnik povzame podatke iz tabele v standardu. Za na$ primer so

podatki prikazani v tabeli 1.

Tabela 1: Primer zahtev razsvetljave za vrsto aktivnosti.

Vrsta prostora, naloga ali delo E., [IX] UGR Ra
prvi opis dela ali naloge 300 25 80
drugi opis dela ali naloge 500 25 80

Razen teh zahtev moramo upostevati Se zahtevane vrednosti enakomernosti osvetljenosti:

- vsaj 0,7 za podrocje vidne naloge,

- 0,5 za neposredno okolico

- in seveda izbrati svetilko in svetlobni vir, ki zado$¢ata razmeram v hali.

Predlagana resitev, ki jo poslje ponudnik je prikazana na sliki 1. Razsvetljava skoraj v
celotnem prostoru zadosca visjim zahtevam, le ob skrajnih robovih (3 do 4 m) je izracunana

osvetljenost nekoliko niZja in s tem pokvari zahtevano enakomernost [5].
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Slika 1: Resitev razsvetljave industrijske hale predlagana s strani prodajalca svetilk [5]

Ob pregledu rezultatov izracuna, ki jo posreduje ponudnik opazimo naslednje:

- vzdrZevana vrednost osvetljenosti zadosca, vendar je nekoliko vecja,

- enakomernosti osvetljenosti so blizu zahtevanim,

- specifi¢na priklju¢na mo¢ zados¢a zahtevam,

- izbrana je avtomatsko generirana razporeditev svetilk, Ki jo program naredi le
informativno, ob ponujenih parametrih za faktor vzdrZevanja in lastnosti povrsin v

prostoru.
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Proizvodni proces, ki se odvija v omenjenem prostoru bi zahteval vsaj popravek faktorja
vzdrzevanja razsvetljave, primernost razporeditve pa lahko ocenimo Sele, e preverimo vrsto
opreme v proizvodni hali. Na sliki 2 je prikazana osnovna shema proizvodnega stroja, ki bo
namescen v prostoru, na sliki 3 pa rezultati simulacije osvetljenosti na ustrezni povrSini ob
upostevanju lege proizvodnega stroja.

Slika 2: Simulacija razsvetljave prostora z namesceno proizvodno enoto

[m]
10
|
8
6
4
2
0

[m]

100 150 200 300 500
Osvetlienost [ix]

Slika 3: Rezultati izra¢una horizontalne osvetljenosti z upostevanjem proizvodne opreme [5]

Ob analizi rezultatov izracuna z upostevanjem opreme vidimo, da je razsvetljava popolnoma
neprimerna. Prikazan primer je mogoce ekstremen, vendar je odraz dogajanja v Sloveniji leta
2011 in kaze na zlorabo moznosti, ki nam jo ponuja sodobna programska oprema za izratune
razsvetljave ter pomanjkanje strokovnih pristopov k naértovanju razsvetljave. Primeri napacne
rabe standarda seveda niso pravilo in strokovnjaki, ki spremljajo trende na podroc¢ju tehnologije,
bodo veseli osvezene razli¢ice standarda.

3. Novosti v standardu EN 12464-1:2011

Ze obstojeca verzija standarda vzpodbuja uporabo naprednih tehnoloskih resitev, in nikjer ne
omejuje resitev s podanimi predlogi, kar je sicer mnogokrat spregledana postavka. Do konca
letoSnjega leta bo stopila v veljavo prenovljena verzija standarda, ki prinasa nekaj novosti, nekaj
dodatnih moznosti in smernic:

- vzpodbuja uporabo naprav za krmiljenje in regulacijo razsvetljave;

- standard sicer predpisuje rabo elektri¢ne razsvetljave, vendar vsebuje tudi nekaj osnovnih
smernic za rabo dnevne razsvetljave in poudarja njeno pomebnost;
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- nova zahteva v standardu je za osvetljenost sten in stropov, ki prispevajo k povecani
svetlosti v prostoru in omejujejo moznosti razsvetljave izkljucno z »downlighterji«;

- definirano je podrocje ozadja, ki ga je potrebno osvetliti — pas Sirok 3 m naj bo osvetljen
vsaj s tretjino osvetljenosti neposredne okolice;

- zahtevana enakomernost osvetljenosti je odvisna od delovne in vidne naloge in je med
0,4 in 0,7, spremembe so tudi pri enakomernosti neposredne okolice. Prej$nje zahteve so
pogosto bile razumljene narobe — le redkokdaj je potrebna enakomernost 0,7 po celotnem
prostoru. Vpeljana je tudi minimalna enakomernost osvetljenosti 0,1, ki velja za
osvetljenost ozadja;

- standard vpeljuje natanc¢neje definirano mreZo tock za izracun,;

- novo priporocilo v standardu je glede cilindri¢ne osvetljenosti, ki vzpodbuja rabo dnevne
razsvetljave in dodatno omejuje rabo reflektorjev z ozkim snopom sevanja;

- po vec kot desetletju odsotnosti je ponovno vpeljano vrednotenje modeliranja v prostoru
(razmerje med cilindri¢no in horizontalno osvetljenostjo), ki je nekdaj bilo prisotno kot
razmerje med skalarjem in vektorjem osvetljenosti;

- posodobljene so omejitve za mejne vrednosti svetlosti svetilk pri razsvetljavi delovnih
mest s slikovnimi zasloni;

- vpeljana je zahteva glede energetske ucinkovitosti, kot je navedena v EN 15193;

Nastete spremembe niso edine, kar nekaj je popravkov, ki vplivajo na jasnejse definicije in
sodobnejSo rabo podatkov.

4. Zakljucki

Nekateri primeri slabe prakse nacrtovanja razsvetljave, ki sicer niso pravilo, vendar tudi niso
popolnoma osamljeni kazejo, da je prevod serije standardov EN 12464 nujno potreben. Mogoce
bo vzpodbudil ponudnike razsvetljavnih sistemov, da bodo pri nacrtovanju upostevali celoten
standard in ne le tabeliranih zahtev.

Pri prevodu je sodelovala skupina, ki skrbi tudi za prevode naslovov sprejetih evropskih
standardov, saj je tempo sprejemanja novih standardov skladen s tehnoloskim razvojem, ki je
vedno hitrejsi. Izrazoslovje je ve¢inoma povzeto po slovarju Slovenskega drustva za razsvetljavo,
le ponekod smo se odlocili za doloCene posodobitve, ki kazejo, da je tudi omenjeni slovar
potreben dopolnitev, saj nove tehnologije prihajajo s podrocij, ki niso vezana na tradicionalno
industrijo razsvetljave in imajo zato doloeni izrazi na razlicnih podroc¢jih uporabe razli¢ne
pomene.

Odlocitev za prevajanje je nerodno sovpadla s skorajSnjo prenovo standarda za razsvetljavo
notranjih delovnih mest, ki prinasa kar nekaj novosti, vendar je s prevodi postavljena osnova in
prevod prenovljenega standarda lahko pricakujemo Ze v nekaj mesecih.
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SVETLOBNE INSTALACIJE — NAVDIH ZA OBLIKOVANJE
OSVETLITVE

Ustvarjanje svetlobnih instalacij ima kar nekaj skupnega z oblikovanjem osvetlitve,
navsezadnje imamo pri obeh opraviti s svetlobo. Sicer pa gre pri svetlobnih instalacijah za
zacasne strukture, ki morajo v trenutku prevzeti in navdusiti opazovalca, medtem ko je
naloga dobrega oblikovanja osvetlitve uporabnost skozi daljsi cas — svetloba samo omogoca
uporabo prostorov, sama po sebi pa je le spremljevalni dejavnik.

Pri mojem delu je obcasno postavijanje svetlobnih instalacij odlicna moznost testiranja,
eksperimentiranja in preizkusanja idej, preko opazovanja svetlobnih efektov, ki jih lahko
popolnoma izpostavim, pa se lahko tudi veliko naucimo o svetlobi in njenih osnovnih
lastnostih. Pridobljene izkusnje in znanja potem postanejo osnova in inspiracija za nadaljnje
delo, pri projektih oblikovanja osvetlitve.

Gotovo je ena izmed najzanimivejSih lastnosti svetlobe barva in zato tudi ni
presenetljivo, da smo se prav s to lastnostjo poigrali pri prvi svetlobni instalaciji, s katero
sem imela opravka. V casu Studija na Hochschule Wismar smo v bliznjem Rostocku postavili
nekaj enotedenskih instalacij. Moja skupina je bila posebno zadovoljna z majhnim trgom, na
katerem smo s pomocjo treh metalhalogenidnih reflektorjev in barvnih filtrov prikazali
mesanje treh osnovnih barv svetlobe (rdeca, modra in zelena) v belo. Zadeva sicer ni tako
preprosta, kot se slisi, za doseganje primerno saturiranih barv je potrebno izbrati prave
filtre, reflektorji morajo imeti razlicne moci, saj moder filter pozre mnogo vec svetlobe kot
rdec, potem je potrebno ujeti pravi kot in Se in Se. Seveda n koncu sam efekt mesanja barv v
belo ni bil najbolj impresiven, vso pozornost so odnesle barvne sence v cyan, magenta in
rumeni barvi, ki jih je metal vsak objekt (ali oseba), ki je stopila pod Zzaromete.

Ne glede na to, koliko se o teoriji mesanja barv lahko naucis, se to ne more primerjati z
izkusnjo, ko v mesalnico barv stopis sam.

Rostocker Lichtwoche, 2005
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Podoben princip sem uporabila nekaj let pozneje pri instalaciji Drevo Zelja v sklopu festivala
Prostoroz. S tremi reflektorji in barvnimi filtri sem pod drevesom ob Ljubljanici ustvarila
obmocje, kjer je vsako telo metalo ve¢ raznobarvnih senc — poseben ¢arobni svet, kjer se izpolni
vsaka zelja...

=

Prostoroz, 2006 —Drevo Zelja

Uporaba barv pri oblikovanju osvetlitve je tezavnejSa naloga. Sicer je z razvojem LEDic to
tehnicno postalo otro¢je lahko in nekateri bi barvne efekte uporabljali vedno in povsod, vendar
menim, da ve€ina ambientov za tak§ne moc¢ne efekte ni primerni.
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Prostor, kjer barva dobro funkcionira pa je recimo bazenski kompleks, kot naprimer
Willnespark Lasko, kjer so barvne LEDice namescene v vodi. Poudarjeni modri in zeleni toni
asociirajo na kristalno Ciste morske globine, barvni kontrast z toplo belo osvetlitvijo okolice pa
daje vtis son¢nega poletja.

Wellnespark Lasko, pokrit bazen, 2007

Podoben projekt, ki vkljucuje barvno osvetlitev je bazen Kempinski Palace hotela v Portorozu.
Tu igra glavno vlogo blescec strop nad vodno gladino, ki je indirektno osvetljen s $tirimi barvnimi
fluo sijalkami - rde¢a, modra, zelena in bela.

Obmocje bazena je s treh strani obdano s steklom, in po obodu prostora imamo veliko dnevne
svetlobe, ki pa v globino ne seze. Podnevi je tako belo osvetljen strop tisti, ki opti¢no potegne
dnevno svetlobo v notranjost prostora, ga poveca in dvigne. Bariera med interierjem in
eksterierjem je neznatna. Ceprav bi le z rde¢o, modro in zeleno dosegli neke vrste belo, smo raje
dodali tudi belo sijalko — zaradi barvne razpoznavnosti in sploh boljse bele barve.

Ponoci pride do izraza barvna osvetlitev, Se posebej kadar so organizirane bazenske zabave.

Kempinski Palace Portoroz, 2009
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Svetloba napravi stvari vidne, lahko pa tudi sama prenasa sporo¢ilo. Ze s preprostimi orodji,
kot so gobo filtri, lahko snop svetlobe oblikujemo v preprosto podobo, sestavljeno iz svetlobe in
sence, z bolj sofisticiranimi orodji pa lahko projiciram tudi barvne podobe.

V instalaciji, tudi del festivala Prostoroz, sem projicirala podobo plavalke na obrezje
Ljubljanice. Pred 100 leti so ljudje plavali v rekah, v njih lovili ribe in rake, sedaj pa zaradi
onesnazenja to ni mogoce. S projekcijo sem Zelela opozoriti na vse dejavnosti, ki bi spet lahko
bile, Ce bi storili kaj vec¢ za CistejSe okolje.

Prostoroz 2006 — Navidezna resnicnost
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SvetleCe podobe se vedno znova pojavijo tudi pri oblikovanju osvetlitve. V wellnesparku
Lasko so naprimer presvetljene slike hkrati splosna, ambientalna in dekorativna osvetlitev
intimnih kopalnih sob z jacuzziji.

Wellnespark Lasko, wellnes, 2008

Presvetljene potiskane panele z videzom gozda smo uporabili tudi v obmoc¢ju ob bazenu —
zeleli smo ustvariti vtis naravnega okolja. Svetloba, ki prihaja iz panelov je seveda difuzna, zato
smo dodali tudi nekaj manjsih spotov — tudi v gozdu imamo mesanico difuzne svetlobe, ki jo
filtrirajo listi in direktnih son¢nih zarkov, ki najdejo pot do tal.

Posvetovanje “Razsvetljava 2011” stran 173



R-18 "Svetloba in arhitektura / Light and Architecture”

Ena najpomembnejsih lastnosti svetlobe je, da se odbija od razli¢nih povrsin — od nekaterih
bolj, od drugih manj, najbolj pa od ogledal. Ta efekt mi je bil vedno pri srcu, Ze ko sem kot otrok
brata zafrkavala s svetlobnimi zajcki. Seveda ni presenetljivo, da sem naredila inStalacijo, ki se
povsem posveca temu efektu.

V obzidanem vrticku ob krizankah (Stavba v kateri domuje Festival Ljubljana) sem postavila
pet disko krogel, vsaka osvetljena s svojim reflektorjem, vsak z drugim barvnim filtrom v toplih
odtenkih. Vsaka krogla je bila osvetljena z rahlo drugacnega kota, s tem sem dobila razli¢ne
oblike in velikosti odsevov. OkoliSke stene so bile osvetljene modro, kar je celo obmocje opticno
razsirilo - morda celo izbrisalo mejo — kot da se razteza v neskon¢nost — odsevi pa kot da lebdijo
v zraku.

Vrt je obzidan iz vseh strani, lahko se ga vidi skozi okna in vrata, vanj pa vstopijo samo
zaposleni (in poslovni partnerji) — kar omogoca postavljanje obcutljivih struktur, ki bi sicer
podlegle vandalizmu in kraji.

Instalacija je bila Se posebej uspesna, ker je delovala tudi podnevi. Sonc¢ni Zarki so se
ravnotako odbijali od steklenih krogel in risali bele zajcke po stenah. Na Zeljo Festivala Ljubljana
smo tako inStalacijo, ki je bila predvidena za dva tedna, obdrzali ¢ez celo poletje. To je sprozilo
nekaj tezav, ki se pri instalacijah sicer ne pojavljajo — nekajkrat je bilo potrebno menjati barvne
filtre, posebno modre, ki so manj obstojni, pojavila se je umazanija, sicer pa je inStalacija
prezivela.

Svetlobna gverila, 2008 - Skrivnostni vrt
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V lobiju Wellesa v Laskem sicer nimamo odsevov in blesCanja, je pa ocitno, da je nekaj
inspiracije prislo tudi iz te inStalacije.

Wellnespark Lasko, wellnes, 2008
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Odsevi so sicer v oblikovanju osvetlitve zelo pogosti, uporabljeni so naprimer v vsakem
lestencu. Podobna situacija je tudi v Kempinski Palace hotelu v Portorozu, kjer imamo v lobiju
zaveso iz kristalnih kamnov. Prozorni kamni so diskretno osvetljeni s hladno belo svetlobo, ki jih
naredi vidne in lesketajoCe. Kontrast med hladno belo osvetljenimi kamni in toplo belo
osvetljenim foyerjem daje kristalni zavesi Se veéji efekt. Ker je nad zaveso steklena streha imamo
ponoci uéinek podvojen — v steklu se zavesa zrcali in daje vtis, da sega prav do neba.

Kempinski Palace Portoroz, 2009

Svetlobne instalacije so odli¢na priloznost za eksperimentiranje, igro, ucenje in preizkusanje

.....

lahko razveseli, navdusi in ocara.

Naslov avtorja:

Marjeta Zupanci¢ Megli¢, MALD
samostojna oblikovalka osvetlitve
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Tomaz Novljan, Janez Rihtar

PLOSKI SVETLOBNI VODNIKI - GRADNIKI SVETLOBNEGA
AMBIENTA

Povzetek

Prvi primeri prenosa svetlobnih impulzov na velike razdalje z namenom
opozarjanja ali izmenjave podatkov so znani Ze iz zgodnjih obdobij cloveske
zgodovine. Danes svetlobni impulzi potujejo po svetlobnih vodnikih,
neodvisno od vremenskih razmer in drugih okoliskih motenj. Vioga take
svetlobe je lahko posredna - za prenos podatkov ali neposredna - za
osvetlitev prostora. Svetloba, ki izstopa na koncu svetlobnega vodnika je
bodisi v obliki tocke, linije ali ploskve. Svetlobo je mogoce na njeni poti po
svetlobnem vodniku tudi prestreci. S posebnimi nanosi na prozornem
vodniku majhne debeline, najpogosteje so vodniki obdelani s postopkom
tiska ali laserskega graviranja, je mogoce ustvariti povsem enakomerne ali
pa razlicno svetle ploskve, ki tako postanejo gradniki arhitekturnega
prostora in svetlobnega ambienta. Svetijo razprseno, v poljubni barvi, lahko
tudi s teksturo ali graficnimi simboli. Brez motecega blescanja.

Abstract

Usage of light impulses as a mean of warning and communication is
known from early times in human history. Nowadays light impulses travel on
the principle of total reflection between materials of differently density,
inside light guides, independently of the weather conditions and other
disturbances of the surroundings. The task of such light can be indirect — a
transmission of the data — or direct — a transmission of light with the
purpose of illumination of remote spaces or objects. A light which exits at
the end of a light guide is usually formed as a point or a line or, in our case,
as a bright surface. Light can also be intercepted on its way through a flat
light guide, using special coating. The surface of a light guide is treated
using print techniques or laser engraving. Such textures on the surface of
relatively thin sheets of glass or some other transparent material create
panels of uniform or various brightness. Such panels can take the role of the
basic elements of an architectural luminous ambience. Without disturbing
glare.

1. Uvod

Zgodovina oblikovanja in uporabe svetilk je stara skoraj toliko, kot zgodovina »umetne«
osvetlitve. Tehnoloski napredek Cloveske druzbe se je odrazal tudi v izdelovanju svetilk. Te so
sprva nudile le §ibko in nezanesljivo nadomestilo za naravno svetlobo. Zivalska mascoba,
rastlinski stenj in Skolj¢na lupina so bili osnovni elementi, iz katerih so bile sestavljene prve
svetilke. Z razvojem novih materialov in oblik za ohi§je ter novih goriv se je s¢asoma
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izboljSevala tudi koli¢ina svetlobe, ki jo je svetilka proizvajala. Kljub neprestanemu razvoju je bil
osnova za razsvetljavo Se vedno to¢koven svetlobni vir, plamen in Zarilna nitka, ki se je po potrebi
zdruzeval v obliki bodisi dekorativnih lestencev ali reflektorskih sestavov pri tehni¢nih svetilih.
Sele izum neona (1898) in fluorescentne svetlobne cevi (1937) je prvi¢ omogoéil linijsko,
neprekinjeno osvetlitev. Potreba po ¢im bolj enakomerni osvetlitvi, predvsem v delovnih
prostorih, je povzrocCila razvoj ploskovnih svetil, ki pa so v osnovi Se vedno sestavljena iz
dolocenega Stevila linijskih svetil, fluorescentnih sijalk. Za ¢im bolj enakomerno razporeditev
svetlobnega toka skrbijo posebno oblikovana zrcala, ki so lahko name$Cena za in/ali pred
svetlobnim virom ter razprSilci svetlobe (difuzorji), ki so kot neke vrste filtri nameSceni pred
svetlobnim virom in opticno zdruzijo trakove svetlobe fluorescentnih cevi v bolj ali manj
homogene svetle ploskve. lzjema so ploski elektroluminiscentni zasloni, ki pa se uporabljajo
vecinoma za oglasevanje ali oznaCevanje.

Svetloba je fizikalen fenomen. Na svoji poti po prostoru je nevidna, dokler ne »tréi« v neko
oviro in se od nje odbije. Sele takrat postane otem zaznavna. Svetlobo je danes mogoce tudi
kontrolirano transportirati na manjse ali veéje razdalje. Leta 1841 Svicar Jean Daniel Colladon v
Zenevi demonstrira prenos svetlobe po vodnem curku. Leta 1842 Francoz Jaques Babinet poroéa
o0 tem, kako je mogoce voditi svetlobo skozi vodni curek in skozi ukrivljeno stekleno cev. Leta
1880 William Wheeler patentira svetlobno cev, ki na principu popolnega odboja prenasa svetlobo
od svetlobnega izvora na zacetku cevi na drugi konec cevi. Po istem principu (odboju svetlobe na
prehodu med materiali z razlicnimi gostotami) danes deluje opticno vlakno, ki je zgolj
pomanjsana, razli¢ica svetlobne cevi. Svetloba se pod majhnimi vpadnimi koti odbija od notranjih
sten vlakna in na ta nacin s prakticno nezmanj$ano mocjo potuje do konca vlakna ali do mesta,
kjer jo namenoma prestrezemo in zato izstopi v prostor. Za prestrezanje svetlobe je dovolj
minimalen poseg na povrsini opti¢nega vlakna, ki tako deluje kot zrcalce, ki svetlobo preusmeri v
prostor. Svetlobni vodniki so lahko okroglega prereza (za tockovne svetlobne vire) ali plos¢atega
pravokotnega prereza (za linearne svetlobne vire). Seveda nudi povrSina ploskve, na kateri lahko
izstopi svetloba, ve¢ moznosti za uporabo pri oblikovanju razli¢ni svetlobnih u¢inkov v prostoru.

Slika 1: Prenos svetlobe po vodnem curku.
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2. Osnovni pojmi pri osvetlitvi arhitekturnega prostora

1. Svetloba. Je osnovna koli¢ina, »gradbeni material«, ki se ga lahko po Zelji oblikuje. Sama po
sebi je nevidna. Je elektromagnetno valovanje pa tudi tok delcev — fotonov.

2. Osvetlitev. Je postopek, proces, orodje, s katerim proizvajamo in oblikujemo svetlobo. Zato
imamo na voljo vsaj tri nacine, ki se med seboj lahko dopolnjujejo:

2.1. Samo svetilo oziroma svetilka( velja za naravno ali elektricno osvetlitev) je prvi dejavnik,
od katerega je odvisno, kaksna svetloba nastane in nato potuje skozi prostor (barvna
temperatura, mo¢ in frekvenca utripanja - pri svetilkah, ki delujejo na principu razelektritve
v plinih). Glede na vrsto svetila lahko po prostoru lahko potuje v vse smeri ali v snopu.

2.2. Ovire, na katere naleti svetloba na svoji poti skozi prostor delujejo kot drugo
najpomembnejse orodje pri oblikovanju svetlobe. Ovire svetlobo zadrzijo, hkrati pa se
le-ta od njih odbije v razliéne smeri. Svetlobni ambient, ki tako nastane je najbolj
odvisen od treh lastnosti povrsin od katerih se svetloba odbije: gladkost, barva in
velikost (oblika).

2.3. Naravna posledica ovir na poti svetlobe skozi prostor so sence. Sence sooblikujejo
svetlobni ambient in s tem celoten arhitekturni prostor. Sence pomagajo pri
tridimenzionalni percepciji oziroma pri orientaciji v prostoru.

3. Osvetljenost. Je konc¢ni rezultat osvetlitve na neki ploskvi, ki jo Zelimo napraviti svetlo.
Osvetljenost je svetlobno tehni¢na kolicina, ki ocem sama po sebi ni vidna, izmeriti jo je
mogoce z instrumenti. O¢em vidna je svetlost osvetljene ploskve, to je koli¢ina od osvetljene
povrsine odbite svetlobe.

3. Osnovni tipi svetil glede na na€in oddajanja svetlobe v arhitekturni
prostor

1. Tockovno svetilo je svetilo pri katerem je izvor svetlobe teoreti¢no tocka svetlobe, ohisje in
usmerjevalna optika pa prirejena tako, da je svetlobni snop v obliki kroznega ali elipsoidnega
stozca. Osvetljena povrsina je v obliki kroga ali elipse. Nobena dimenzija svetila ni pretirano
poudarjena. Med tockovna svetila se lahko uvrstijo navadne in halogenske zarnice,
visokotla¢ne natrijeve, zivosrebrne, metal halogene, kompaktne fluorescentne sijalke, LED.

2. Linijsko svetilo je svetilo, pri katerem ena dimenzija poudarjeno izstopa: fluorescentne
sijalke, steklene cevi, ki so polnjene z zlahtnimi plini, elektroluminiscentni trakovi, LED
razporejene v nizu (z dodanim razprsilcem svetlobe).

3. Ploskovno svetilo je svetilo, pri katerem je izvor svetlobe v obliki enakomerno svetle
ploskve razli¢nih oblik: ploski elektroluminiscentni zasloni, OLED ter oblike, kjer s
kombinacijo smiselno razporejenih toc¢kastih in linijskih svetlobnih virov za ploskim
razprSilcem svetlobe (npr. plos¢a peskanega stekla ali podobnega prosojnega materiala)
doseZemo ucinek enakomerno svetle ploskve.

Zgornja razporeditev tipov svetil oziroma njihovo zaznavanje se lahko glede na merilo
prostora oziroma oddaljenost svetila medsebojno izmenjuje. Svetilo, ki je pri razdalj npr. 5Sm Se
zaznavno kot ploskovno, je na razdalji npr. 50m zaznavno kot tockovno. Velja tudi obratno:
mreza LED tockovnih svetil se na veliki oddaljenosti opticno zlije v svetlo ploskev.
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4. Znacilnosti ploskovnih svetil z arhitekturnega vidika

Arhitekturni prostor je tridimenzionalen prostor. Sestavljajo ga medsebojno povezane ploskve
razli¢nih oblik, velikosti in usmerjenosti. Glede na uporabljene materiale in njegovo
povrsinsko obdelavo so razli¢nih barv in razli¢nih svetlosti. Tudi pri zaznavanju ploskev ima
pomembno vlogo merilo ploskve oziroma oddaljenost s katere to ploskev opazujemo.
Praviloma delujejo vecje ploskve pod enakimi svetlobnimi pogoji opticno bolj svetle kot
majhne ploskve.

Slika 2: Svetlobni vodniki prenasajo naravno svetlobo s povrsja v podzemni prostor.
postaja podzemne Zeleznice, Potsdamer Platz,Berlin, 2006.

5. Svetlobni vodniki

Svetlobo je mogoCe na podlagi totalnega odboja znotraj svetlobnega vodnika tudi
transportirati. Ob minimalnih izgubah jakosti svetlobnega toka . Pri tem morata material in oblika
svetlobnega vodnika izpolnjevati to¢no doloCene fizikalno opti¢ne zahteve. Svetloba na zacetni
tocki vstopi v svetlobni vodnik. Kjer se svetlobni vodnik konca, svetloba izstopi v prostor. Nacin
izstopa svetlobe je lahko neposreden ali prilagojen, v odvisnosti od ambientalnih zahtev. S
pomocjo opticnih priprav — le¢ in filtrov je mogoce izstopni snop svetlobe poljubno spreminjati.
Danes se na razli¢nih podrocjih uporabljajo svetlobni vodniki razlinih velikosti. Najvecji
posiljajo naravno svetlobo v podzemlje, najmanjSi se uporabljajo za poudarjanje detajlov na
modnih kreacijah .
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6. Svetilna ploséa — princip delovanja

Svetilna plosca je, gledano z arhitekturnega vidika, pravokotna plosca, ki po vsej povrSini
oddaja enakomeren svetlobni tok, oziroma ima po vsej povrSini enakomerno svetlost. Izvor
svetlobe je linijski in se nahaja na enem od robov plosce. Plosca je izdelana in stekla, akrilnega
stekla ipd. doloCene debeline in deluje kot ploski svetlobni vodnik, na znanem principu totalnega
odboja svetlobe na meji med dvemi snovmi z razli¢no gostoto. Na povrsino svetilne plosce je s
posebnim postopkom naneSen material, ki svetlobo prestreze in jo, razprSeno, preusmeri iz
svetlobnega vodnika v prostor. Rezultat je svetleCa povrSina, ki je sestavljena iz mnozice
izstopnih tock svetlobe. Tocke so lahko na povrsino svetilne plos¢e nanesene v obliki pravilnih ali
nepravilnih rastrov z razlicno gostoto, ki lahko tvorijo poljubne graficne vzorce (teksture) in
motive.

ﬁ < jzvor svetlobe - LED trak,
zaprt v ohi§ju

< plos¢at svetlobni vodnik -
plod¢a iz akrilnega stekla,
po kateri potuje svetloba

<«————— poseben povrsinski nanos
omogoca izstop svetlobe
na kateri koli tocki ploskve

Slika 3: Princip delovanja svetilne plosce.

7. Mozne arhitekturne aplikacije svetilnih plos¢
7.1. Svetilna plosca: del talne, stropne ali stenske povrsine

Upostevaje prostorski kriz in relativen polozaj opazovalca, vsak prostor sestavljajo dvojice
ploskev SPREDAJ/ZADAJ, ZGORAJ/SPODAJ in LEVO/DESNO. iz tega izhajajoce so tudi
osnovne komponente vsakega (notranjega) prostora: TLA, STENE, STROP. Glede na
arhitekturne zahteve so te povrsine razli¢no osvetljene, saj njihova zaznava psiholosko vpliva na
uporabnika tega prostora. Svetel strop praviloma prostor opticno povisa, svetle stene prostor
opticno razsirijo, preveC svetla tla lahko delujejo negotovo. Posebno pozornost je potrebno
nameniti tudi sencam, saj te uporabniku pomagajo prostor razumeti, se v njemu orientirati in se po
njemu premikati. Popolna odsotnost nasebnih ali odsebnih senc povzro¢i prostorsko
dezorientacijo. Likovno in funkcionalno kvaliteten svetlobni ambient mora biti zato sestavljen in
razlicno svetlih ploskev. Prostor mora imeti svetle in temne poudarke, ki oCesu nudijo osnovne
vizualne oporne tocke, ki tvorijo zaznavno »mrezo« arhitekturnega prostora.
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7.2. Svetilna ploséa : integralni del pohistva (omara, polica, miza, stol...)

Pohistvo je sestavni del notranje opreme prostorov. Ce tvorijo stene, tla in strop neke vrste
negativen prostor oziroma definirajo vidne meje tega prostora, tvori pohistvo in razni dodatki
elemente, ki zapolnjujejo ta prostor. Shranjevalno pohistvo (omare) je obicajno zaprto z vrati
razlicnih dimenzij, glede na notranji ustroj polic in predalov. Najbolj vsakdanja shranjevalna
omara — garderobna omara globine 60 cm - je lahko postavljena v razli¢no svetlih prostorih. V
garderobi,v spalnici, na hodniku, v kletnih prostorih, na podstresju. Glede na razli¢ne funkcije teh
prostorov je razlicna tudi njihova osvetlitev, ki pa vselej ni zadosten pogoj za ustrezno
osvetljenost notranjosti omare. Svetila plos¢a lahko v takem primeru nadomesti polico ali predal
ali pregradno steno v omari in prevzame tudi vlogo svetlobnega telesa. Ker zdruzuje razli¢ne
funkcije, odlaganje in osvetlitev, postane hibriden prostorski element.

Polica je predvsem odlagalna, v¢asih pa tudi razstavna povrsina. Zato se pojavlja predvsem v
delovnih prostorih (delavnice, pisarne, recepcije, tocilni pulti v gostinskih lokalih,...). Poleg svoje
primarne funkcije dobi polica, izdelana kot svetilna plosc¢a tudi funkcijo svetlobnega telesa, ki
osvetljuje povrSine v neposredni okolici.

Vitrina (steklo lat. = vitrum) je omara, katere vsebina je namenjena razkazovanju ozirom
razstavljanju razliénih predmetov. Nekateri predmeti glede na material, iz katerega so narejeni,
obliko, velikost, barvo, razlicne detajle, zahtevajo posebej prirejeno razprSeno in enakomerno
osvetlitev. V takih primerih je svetilna ploSca v vitrini lahko nameS¢ena od zgoraj, od spodaj, ali
s strani. Svetlobo lahko oddaja enostransko ali dvostransko, odvisno od nanosa na stekleni
povrsini oziroma od predmeta, ki naj ga osvetljuje.

7.3. Svetilna plosc¢a: zasteklitev kletnih oken in svetlobnih jaSkov

Svetlobni jaski, svetlobniki, svetlobne kupole so namenjeni dovajanju naravne, zenitalne
svetlobe v interier. Svetilna plos¢a je zaradi svoje skoraj popolne prosojnosti in prozornosti
podnevi, ko je izkljuCena, nemoteca in dopusca prehajanje zunanje svetlobe v notranji prostor,
ponoci pa, vkljucena, nadomesti naravno svetlobo.

7.4. Svetilna plosc¢a: element stopniSéne ograje

Pravilna osvetlitev stopnic je lahko zaradi razli¢nih dejavnikov, ki se v takem prostoru
pojavijo kompleksen problem. NajboljSa je osvetlitev stopnic s strani. Tako ne pride do
kontrastnih senc na nastopnih ploskvah, ki so za prostorsko zaznavo uporabnika stopnic lahko
motece, celo nevarne. Svetilne plosce, ki so, kot polnilo, integrirane v stopniS¢no ograjo,
osvetljujejo stopnice in hkrati tudi stopniSce. Z ustreznim elektronskim krmiljenjem je mogoce
doseci tudi razlicno moc¢ svetlobe ter smiselno vklapljanje in izklapljanje - v odvisnosti od
prisotnosti oziroma gibanja uporabnika stopnic ter ostalih arhitekturnih znacilnostih stopnisca.
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Slika 4: Svetilna plosca postane hibridni
element: ograja, ki varuje in sveti.

7.5. Svetilna plos¢a: predelna stena

Predelne stene ne sluzijo le za fizicno, temve¢ tudi vizualno loCevanje prostorov. Predelna
tena tako prevzame dvojno vlogo svetlobne bariere. Pri oceansko organiziranih pisarniSkih
delovnih mestih, ki so med seboj lo¢ena z nizkimi paravani lahko vklju¢ena oz. izklju¢ena
svetilna plosca oznacuje trenutno zasedenost ali nezasedenost delovnega mesta. Prevzame torej
vlogo znaka v prostoru.

7.6. Svetilna plos¢a: dekorativha/oznacevalna svetle¢a povrsina

V nekaterih ambientih, ki imajo bolj reprezentancen ali javen znacaj se pojavljajo bodisi
stenske, stopne ali talne povrSine razliénih velikosti, oblik, materialov in barv - kot likovni
elementi, ki dajo prostoru poseben poudarek in ustvarja hierarhijo prostora. Obic¢ajno so take
povrsine tudi dodatno osvetljene, svetlobno telo pa se nahaja nekje drugje. Svetilna plosca v tej
funkciji se s svetlobo napaja od znotraj, zunanji svetlobni vir ni potreben.

7.7. Svetilna plos€a (enostranska): nadstresek pri vhodu v hiso

Pri osvetljevanju vhoda v hiSo mora veljati nacelo enakopravnosti tako za obiskovalca, ki stoji
pred vrati kot za stanovalca, ki za vrati preverja kdo je pozvonil. Moc¢na svetloba od zgoraj ustvari
na obrazu ostre in neprimerne sence, horizontalno usmerjena svetloba je za obiskovalce lahko
moteCa. Svetilna plosca, ki je lahko integralni dela nadstreska, oddaja razprseno svetlobo, ki
enakomerno osvetli prostor in osebe pred vhodom.

7.8. Svetilna plosca: fasadna plosca

Fasade sodobnih poslovnih in ostalih javnih arhitekturnih objektov so pogosto oblozene s
steklenimi ploS¢ami. Bodisi kot zasteklitve okenskih odprtin, bodisi kot zgolj fasadna obloga, ki
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zrcali okolico objekta, z namenom njegove vizualne dematerializacije. V no¢nem ¢asu, omogoca
nezastrto steklo vpogled v dogajanje v osvetljeno notranjost, kar pa ni vedno zazeleno. Hkrati se
pojavi potreba po varnostni ali pa dekorativni osvetlitvi neposredne okolice stavbe. Svetilna
plosc¢a v funkciji fasadne plosce ima dvojno vlogo: zastira pogled v notranjost in hkrati osvetljuje.
Ker je plosca kot taka integralni del fasadne lupine, zanjo ne veljajo omejitve Uredbe o mejnih
vrednostih svetlobnega onesnaZevanja.

7.9. Svetilna plosca: svetilka

Ne glede na to, da svetilne plos¢e nadomes¢ajo uporabo samostojnih svetlobnih teles, tudi
same lahko postanejo svetlobno telo. Ploskim svetlobnim vodnikom razli¢nih oblik in velikosti je
mogoc¢e na poljubnem mestu dodati povrSinski nanos v razlicnih oblikah, velikostih in Stevilu.
Nanos tako preusmeri svetlobo iz notranjosti vodnika v prostor. Za razli¢ne dekorativne in
funkcionalne ucinke so lahko dodani sencniki, odsevniki, lece ipd.

8. Zakljucek

Svetlobni ambient, je poseben arhitekturni prostorski nivo, ki ga definirajo razli¢ni izvori
svetlobe ter povrSine, z vsemi materialnimi in likovnimi lastnostmi, od katerih se ta svetloba
odbija. Svetlobni ambient je pomemben gradnik arhitekturnega prostora. Omogoca zaznavanje
istega prostora na razlicne nacine: enakomeren — nezanimiv, Kontrasten, neuravnotezen,
hierarhicen itd. Svetila najrazli¢nejsih oblik in materialov so bila v zgodovini arhitekture sprva
opredeljena kot poseben, samostojen element notranje opreme zgradb ali kot samostojen element
opreme zunanjega, javnega prostora. Z razvojem tehnologije arhitekturnega osvetljevanja ter s
krizanjem, hibridizacijo, sestavnih elementov arhitekturnega prostora so nastali tudi novi izvori
svetlobe, ki niso ve¢ nujno samostojni kompozicijski elementi, ampak so postali integralen del
drugih arhitekturnih elementov notranjega in zunanjega grajenega prostora. Ploski svetlobni
vodniki, ki za prehajanje svetlobe iz notranjosti vodnika v prostor izkoris¢ajo dve dimenziji, sedaj
lahko nadomestijo posamezne dele pohiStva, notranje opreme ter stenskih, talnih in stropnih
povrsin. Z razli¢nimi povrSinski nanosi na ploske svetlobne vodnike je mogoce ustvariti povsem
enakomerno svetle povrSine ali, po potrebi, tudi manj enakomerno svetle povrsine. Svetlobo
lahko sevajo enostransko ali dvostransko. Uporabne so predvsem tam, kjer je potrebna razprSena
svetloba. Prednost svetilnih plos¢ pred svetilkami s fluorescentnimi sijalkami, pred katere so
namesceni t.i. difuzorji je predvsem v tem, da so od prvih bistveno tanjSe in da jih je mogoce
izdelati v nestandardnih dimenzijah ter jih vgraditi v razli¢ne elemente pohistva in ostale notranje
opreme prostorov. Svetilne ploSce na osnovi ploskih svetlobnih vodnikov omogocajo vsestransko
uporabo ter zasedajo mesto med »klasicno« fluorescentno tehnologijo in tehnologijo OLED, od
katere jih razlikuje predvsem robustnost, moznost izdelave v relativno velikih dimenzijah,
neobcutljivost na vremenske vplive, velika prilagodljivost zahtevam arhitekturnega oblikovanja,
relativno nizka cena izdelave in obratovanja ter dolga zZivljenjska doba.
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Simon Rankel

LED SVETILA V URBANEM PROSTORU - POMEN POZNAVANJA
TEHNOLOGIJE TER INTERDISCIPLINARNO NACRTOVANJE
URBANE OSVETLITVE ZA TRAJNOSTNO IMPLEMENTACIJO

Povzetek

LED svetila kot trenutno najbolj razvit del t.i. polprevodniskih svetil
(Solid State Lighting) zacenjajo svoj mnoZicni prodor v splosno razsvetljavo
in nadomescati starejSe tehnologije svetlobnih virov tudi v zunanji urbani
osvetlitvi. Ponujajo nam veliko moznosti za inovativno uporabo in
umescanje v prostor ter hkrati obljubljajo precejSnje zmanjsanje porabe
energije za osvetlitev. Vendar smo trenutno prica predvsem enostavni
zamenjavi starejSih svetil z novimi in vse bolj jasno postaja, da premalo
premisljena in prehitra menjava brez upoStevanja raznovrstnih na novo
nastalih parametrov ter brez ustreznih svetlobnih konceptov ne pomeni
avtomaticno tudi boljso, prijetnejso, niti bolj varcno, trajnostno oz. okolju
sprejemljivejso osvetlitev. V pricujocem clanku izpostavim vprasanje
interdisciplinarnosti novih konceptov urbanega svetlobnega nacrtovanja ter
pomen temeljitega poznavanja LED tehnologije in inovativnih pristopov pri
njeni uporabi, za namen povecanja pozitivnih in zmanjSanja negativnih
ucinkov v urbanem prostoru. Upostevanje omenjenega je lahko dobra
osnova za kvalitetno osvetlitev na osnovi polprevodniskih svetil, za boljse
Zivljenje v mestih prihodnosti.

Abstract

LED lighting, the most developed branch of Solid State Lighting, is
expanding into the general lighting field and substituting the established
light source technologies. It is also taking over in the outdoor urban lighting
field. LED lighting offers numerous possibilities for innovative
implementation in urban space and at the same time promises considerable
reduction of energy consumption for lighting. The change we are witness to
is however based mostly on the plain exchange of the lighting fixtures. It’s
becoming clear that hastily and insufficiently considered changes on this
field, regardless many of the new evolved parameters and new possible
lighting concepts, don't bring automatically better, more economical neither
more sustainable and ecologically undisputable lighting. In the present
article the question of interdisciplinarity of the new concepts of urban
lighting design is exposed and the meaning of thorough understanding of
LED lighting and innovative approaches in its employment, to maximize the
positive and minimize the adverse effects of technology on cities, is
discussed. Considering that, can be a good basis for qualitative SSL lighting
for better lives in the cities of the future.
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1. Uvod

Mesta naj bi bila v danasnjem casu osvetljena z vecjo subtilnostjo kot kadarkoli, upostevajoc
velikokrat konfliktne potrebe prebivalcev, voznikov, peScev in tudi kolesarjev. Razsvetljava v tem
primeru ni ve¢ samo funkcionalna, ampak mora biti prilagojena potrebam ljudi, tako da ne
zadoS¢a le potrebam varnosti in vidnosti, temve¢ tudi ambientu in orientaciji. Cilj je ustvariti
funkcionalno, udobno, prijetno in zanimivo osvetljeno urbano okolje, pri ¢emer naj bo njegova
osvetlitev hkrati energetsko var¢na in ucinkovita in kar se da mogocCe okoljsko sprejemljiva.
Svetloba ne vpliva le na naso vidno zmogljivost, temve¢ tudi na naSe bioloske funkcije in
Custvene odzive.

Z arhitekturnega in urbanisticnega vidika lezi konceptualna osnova urbanih svetlobnih
projektov v arhitektuni ideji “druga¢nega” no¢nega mestal. V tem primeru umetna osvetlitev
predstavlja dejansko nekak$no orodje za “ustvarjanje” in ne sluZi le razstavljanju oz. dekoraciji
tistega, kar je ze bilo zgrajeno.

Vendar pa se sodobni “urbani lighting design” sre¢uje s §tevilnimi izzivi®. Oblikovalci urbane
osvetlitve se od “lepSanja stavb” vse bolj pomikajo k ustvarjanju urbanih shem za dobrobit ljudi.
Tudi sam pristop k projektom oblikovanja zunanje urbane osvetlitve se spreminja. Svetlobni efekt
postaja manj pomemben, toliko bolj pa postaja pomembno vprasanje trajnosti, inovativnih resitev
in nizanja porabe energije.

Kako ob vsem tem ustvariti zanimivo, inovativno, kraju specificno, tudi v kulturnem
kontekstu primerno osvetljeno urbano okolje, ki bo povrh vsega Se ekonomsko upravi¢eno in bo
mestu ustvarilo tudi dodatno no¢no razpoznavnost, je umetnost in Se zdale¢ ne enostavna naloga.

Velikanski potencial in ogromne moznosti se kazejo v polprevodniski tehnologiji svetil. LED
in blizajoca se OLED tehnologija svetil za splo$no razsvetljavo obljubljata in ponujata Stevilne
prednosti na Sirokem obmod¢ju znacilnosti v primerjavi z uveljavljenimi svetlobnimi tehnologijami
ter so¢asno prinasata tudi t.i. idejo o novi “digitalni svetlobni paradigmi”. Vendar pa se pri tem
sreCujemo z velikim Stevilom novih parametrov in s tem tudi z na novo nastalimi problemi, katere
ne smemo enostavno spregledati.

Menim da z ustreznim interdisciplinarnim pristopom k urbanemu osvetljevanju ter temeljitim
poznavanjem tako dobrih kot slabih strani, ki jih omenjena sprememba prinasa, lahko bistveno
pripomoremu k smiselnemu, inovativnemu, ekolosko ¢im manj spornemu ter bolj humanisti¢no
usmerjenemu umescanju LED svetil v urbani prostor.

2. Danasnja upravi¢enost in prihodnost LED razsvetljave v urbanem
okolju

Danasnji urbani kontekst s svojo meSano arhitekturo starih in novih zgradb, ter
funkcionalnosti kot so ceste, kolesarske steze in obmocja za peSce, kli¢e k visoki stopnji
fleksibilnosti v razsvetljavi. Svetila, v katerih kot vir svetlobe sluzijo polprevodniske svetece
diode, s svojimi obljubljenimi lastnostmi: dolgo zivljenjsko dobo, visokimi izkoristki, nizkimi
vzdrzevalnimi stroski, odliéno moznostjo kontrole svetlobe in inovativnimi moznostmi izvedbe,
so torej kot nalaS¢ za tovrstno uporabo.

Napovedi za trzni delez LED svetil v zunanji razsvetljavi kazejo, da naj bi na podroc¢ju
Evrope, Azije in Severne Amerike le-ta iz priblizno 5% v letu 2010 narasel na skoraj$njih 40% v
letu 2016 in dosegel priblizno 70% do leta 20203 (slika 1).
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Slika 1: Procentualni trzni delez LED svetil glede na tip uporabe na splosnem trgu svetil v letih 2010, 2016 in
2020 skupno za podrocje Evrope, Severne Amerike in Azije; Vir: McKinsey Global Lighting Market Model

Glavne pri odlo¢anju o uporabi LED instalacij v zunanju razsvetljavi so prav drzavne
iniciative. Trenutni pritisk na drzave glede zmanjSanja ogljicnih emisij je prav zagotovo eden
izmed poglavitnih razlogov za visanje trznega deleza LED svetil tudi v segmentu zunanje
razsvetljave.

Neizpodbitno dejstvo je, da bodo LED svetila tudi v mestnem okolju iz dneva v dan bolj
prisotna. Odgovornost vseh akterjev v tej zgodbi pa je, da mora biti uporaba novih proizvodov
upravicena ne samo ekonomsko, temve¢ tudi iz vidikov mnogoStevilnih interdisciplinarnih
podrocij, katera so nujni sestavni del sodobnega urbanega osvetljevanja.

V vsej poplavi marketin§kega promoviranja LED svetil se namre¢ skriva veliko pasti. Politiki
in ekonomisti pa zelo radi uporabljajo znanstvene ugotovitve na nacin, ki ustreza njihovemu ze
izoblikovanemu prepricanju in izbirajo raziskave ali podatke, ki potrdijo njihove trditve,
zanemarijo pa tiste, ki jim nasprotujejo®. Podobno se dogaja tudi pri tehni¢nih in ostalih
znacilnostih proizvodov, ki se na trgu Sele postopoma uveljavljajo.

Ze nekaj asa se govori o tem, da naj bi bila prava vrednostna naloga LED in kasneje OLED
svetil skrita v sami spremembi od kulture Zarnic k digitalni svetlobi. Medtem ko so nekateri
zaposleni predvsem z zamenjavo obiCajnih Zarnic z LED nadomestki, se drugi ukvarjajo s
prepoznavo novih paradigem, Ki nastajajo°. Polprevodniska tehnologija svetlobe po njihovo tako
ni ve¢ del t.i. “Zarni¢ne” kulture osvetljevanja, temve¢ ponuja novi model svetlobe, t.i. “digitalno
svetlobo”, z izborom znacilnosti, ki popolnoma spremenijo razmerje med svetlobo in informacijo,
ter izkustvo kako uporabnik doZzivlja svetlobo, kako jo nadzoruje in uporablja v vsakodnevnem
zivljenju (slika 2). Kultura zarnice, dosedanja svetlobna paradigma, je bila namre¢ zgrajena ob
ideji o razsvetljavi kot objektih, svetilkah in napravah: obi¢ajno krhkih, teZkih in nepremicnih.
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“ZARNIGNA” KULTURA

“DIGITALNA” SVETLOBA

Slika 2: Sprememba "svetlobne paradigme" od Zarni¢ne k digitalni svetlobi

Ze stoletja razsvetljava oblikuje kategorijo, ki je bistveno drugaéna od npr. pohistva,
infrastrukture ali arhitekturnih elementov, kot so stene, fasade ali stropovi. Kakorkoli,
miniaturizacija, katero lahko dosezemo z LED svetili dovoljuje, da so 1ahko svetila vgrajena tudi
v materiale in arhitekturne povrSine. To je precej drugatno od kategorij, katere so ustvarile
oblikovalske stroke in ponuja nov nacin razmis$ljanja o predstavi, ki jo imamo o materialih. Ne
samo da lahko integriramo svetlobo v materiale, temve¢ lahko brez tezav organiziramo veliko
Stevilo svetlobnih to¢k v interaktivnem nacinu z racunalniskim nadzorom. To pa nas potem Ze
vodi k informacijskim ekranom in krizanju med razsvetljavo in informacijami. V primerjavi s
kulturo tehnologije Zarnic, LED svetila tako omogocajo nov niz uporab in izkustev: moznost
izkustva svetlobe v velikostnem redu teles in stavb; vnos regulacije in spreminjanje svetlobe; ter
tako omogocajo interaktivnost med uporabnikom in svetlobnim virom.

Pri nastajanju nove paradigme pa nikakor ne moremo mimo nekaterih tehtnih pomislekov. V
dandanasnji informacijski dobi je krizanje razsvetljave in informacij postalo nekaj
samoumevnega, vendar pa se znova in znova poraja vprasanje, kaj vse omenjeno sploh pomeni za
kvalitetno urbano osvetljevanje? Stalno dinami¢no osvetljene (npr. informacijske) fasade v
sredis¢u mesta lahko dobro sluzijo orientaciji v mestu in reklamam, Se zdale¢ pa niso primerne za
vsako mesto, vsak mestni del, niti za vsak mestni koncept osvetlitve. Svetlobni ki¢ in
informacijska distrakcija po mojem mnenju nimata ni¢ skupnega s trajnostnim razvojem in
prijetno osvetljenimi ubranimi okolji tudi v kulturnem kontekstu. V mestih, kjer celostni svetlobni
koncepti ne obstajajo, ze tako in tako neredko prevzame glavno vlogo komercialna in
nekoordinirana, za preprosto polepsanje mesta zlorabljena osvetlitev®. Neprimerno uporabljena
LED svetila s svojimi vsestranskimi moznostmi implementacije lahko v tem primeru stvari le Se
poslabsajo. Po drugi strani pa njihova inovativna in smiselna umestitev lahko resni¢no pripomore
k urbani svetlobni izku$nji. Poleg izkori$¢anja nestetih moznosti nove tehnologije so torej bistveni
premisljeni celostni svetlobni koncepti in ustrezno svetlobno nacrtovanje.

LED svetila v fizikalni osnovi s svojo majhnostjo in hkrati robustnostjo resda omogocajo
veliko svobode pri oblikovanju samem in celi vrsti novih aplikacij. Z njimi lahko tako
osvetljujemo tudi detajle, ki jih prej s tako natacnostjo niti nismo mogli. Veliko lazje jih lahko
integriramo v Ze obstojee urbane elemente, ne da pri tem bistveno spremenili njihov dnevni
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videz. Podnevi skriti, ponoc¢i ali podnevi po potrebi pa se potem pokazejo v povsem drugacni
podobi. V urbanem okolju so LED pionirji na tem podrocju predvsem svetila za signalizacijo,
bodisi v obliki malih svetil za opozarjanje na prehode za pesce, bodisi za poudarjanje robnikov
cest in mejnikov ali samih semaforjev in informacijskih znakov. Takoj ko prehajamo v splosno
razsvetljavo, kjer LED nadomestki temeljijo na visoko zmogljivih svete¢ih diodah, pa postajajo
stvari bolj kompleksne in potrebujejo pred implementacijo tudi preudarnejse premisleke.

Dandanes se prepogosto sreCujemo s pretiranim marketinSkim promoviranjem novih
tehnologij, katero lahko velikokrat pripelje tudi do nesmislov. Majhnost je lahko zelo pripravna
lastnost, ima pa tudi svoje pasti. Svetlobni izkoristek LED svetil se je v zadnjih letih zelo povecal
in tako dejansko iz tako reko¢ zelo majhnih “pik” dobimo ze velikanske svetilnosti, ki so bistvene
za moznost uporabe v splosni razsvetljavi. Vendar pa velike neustrezno kontrolirane jakosti
svetlobnega toka iz dimenzijsko majhnih svetlobnih virov lahko pomenijo ne samo nelagodje za
vid in tezave pri percepciji okolice (blesCanje), temve¢ lahko v obliki direktne osvetlitve
predstavljajo tudi nevarnost za clovesko oko samo (slika 3). Za zmanjSevanje motecega blescanja
se predvsem pri vecjih “povrSinskih virih” potem posluzujemo dodatnih polprepustnih materialov,
ki pa zmanj$ajo ucinkovitost in podrazijo investicijo. Velikokrat pozabljamo, da je nelagodje v
obliki bles¢anja lahko zelo motece tudi v obliki indirektne svetlobe, ¢e je le te glede na okoliSki
ambient prevec. Percepcija in celoten mehanizem vida namre¢ temeljita na principu kontrasta.

CAUTION A\|

LED Radiation

RECOMMENDED
EYE ~ Y
PROTECTION "t7 77U

DO NOT STARE INTO BEAM
Class 2 LED product

Slika 3: Problematika bles¢anja LED svetlobnih virov in vpra$anje ofesne varnosti v zunanji razsvetljavi

Svetloba je pravzaprav Cisto ¢loveski obcutek, na podoben nacin kot so zvok, okus, vonj ali
toplota. Nekaj je potrebno, da stimulira te ¢ute, v tem primeru je to elektromagnetno sevanje, ki
pade na retino ocesa. Svetlobo lahko torej dojemamo kot kombinacijo sevanja in nasega odziva
nanj. Prav zato pri svetlobnem nacrtovanju ne smemo temeljiti le na fizikalnih znacilnostih
svetlobe temve¢ moramo poznati znacilnosti delovanja ¢loveskega vida. To bi morala biti osnova
in zacetna toCka razmiSljanja tudi pri uporabi novih tehnologij svetil. Zunanja razsvetljava
predstavlja Se poseben izziv, kjer imamo opravka s t.i. mezopi¢nimi vidnimi pogoji.

Ze dolgo je znano, da obigajna fotopi¢na funkcija ob&utljivosti o¢esa V(L) ni veljavna za nizke
stopnje osvetljenosti in dejansko velja le za centralno obmodje vidnega polja’. Zadnje raziskave
pa kazejo da so spremembe v vidni zmogljivosti pod razliénimi spektralnimi porazdelitvami
svetlobnih virov bistveno vecje, kot si jih lahko razlozimo s tradicionalno teorijo. Ko se stopnja
osvetlitve zmanjSuje iz fotopi¢nih k skotopi¢nim vrednostim, pride do dobro poznanega
Purkinjevega premika in vrh spektralne obcutljivosti ocesa se premakne iz rumenega obmocja k
modro-zelenemu (Slika 4). Fotopi¢no odzivno krivuljo obi¢ajno vzamemo kot reprezentativno za
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¢epke - receptorje, ki so najbolj aktivni pri visokih vrednostih svetlobnega toka, skotopi¢na
krivulja pa prikazuje odziv pali¢nih receptorjev pri nizkih vrednostih osvetljenosti. Problem se
potem pojavi, ker ni ostro doloCene meje, kje stopnje osvetljenosti ustrezajo fotopi¢ni in kje
skotopiéni krivulji. Se ve¢, v vmesnem obmogju dejansko govorimo o mezopi¢nem obmod&iju, ki
pa je lahko precej obsezno, in kjer tezko definiramo dejansko obcutljivostno funkcijo
povprecnega Cloveskega oCesa. Spektralna porazdelitev svetlobnega vira torej v tem obmocju
bistveno vpliva na nas§ vid. Mezopi¢nemu obmocju pa dejansko ustreza situacija, s katero se
sreCujemo pri vecini no¢nega urbanega okolja.
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Slika 4: Purkinjev premik - pri nizjih stopnjah osvetljenosti se vrh spektralne ob¢utljivosti oéesa premakne k
nizjim valovnim dolzinam svetlobe, Vir: Lighting Research Center

Ob tem se pojavi problem pri umescanju LED svetil v urbani prostor, ki imajo lahko tudi sama
bistveno drugacne spektralne porazdelitve svetlobe, kot trenutno uporabljena svetila. Konkretno
povedano, svetloba iz dveh svetil s precej drugacnima spektralnima porazdelitvama svetlobe, v
tezko doloc¢ljivem mezopicnem obmocju, ima lahko bistveno drugacen vpliv na ¢loveske ocesne
receptorje, kjer primerjava na podlagi fotopi¢no podanih svetlobnih izkoristkih v 1m/W
popolnoma odpove. Za reSevanje omenjenega problema je na voljo precej razliénih metod, med
katerimi je Ze kar nekaj ¢asa znana tudi metoda dologanja lumenskih multiplikatorjev’. Tudi ta
sicer ni popolna, vendar pa omogoca ze bolj premisSljen in konkreten pristop k umescanju
raznovrstnih svetil v urbani prostor, ter je tudi konkreten opomnik, da ne moremo metati vseh
proizvodov v isti kos, in temeljiti le na najbolj opevanih parametrih.

Tu bi rad omenil Se to, da spektralna obcutljivost oc¢esa ni edini dejavnik, na katerega bi
morali biti pozorni pri nacrtovanju urbane osvetlitve v tem kontekstu. Pomembni so Se Stevilni
drugi, tudi s ¢loveskega bioloskega staliS¢a in nenazadnje tudi Custvenih vplivov, ki jih ima lahko
no¢na svetloba na ljudi. Zavedati se moramo, da o omenjenih podro¢jih kljub Stevilnim
raziskavam Se vedno precej malo natan¢no vemo. Prav zaradi tega bi moralo biti za vse, ki so
direktno udelezeni pri implementaciji novih tehnologij svetil nujno tudi spremljanje raziskav in
pridobivanje znanje iz tega podrocja. Zunanje urbano okolje, katerega uporabniki smo potem na
koncu prav vsi, je tu e posebej na udaru.

Polprevodniska tehnologija svetil se Se vedno zelo hitro razvija. Kljub temu, da se same
vrednosti viSanja svetlobnih izkoristkov samih ¢ipov in LED modulov trenutno ne dvigajo vec
tako drasti¢no kot pred neka;j leti, pa je veliko potenciala Se vedno v skupnem izkoristku LED
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svetil, ki pa je odvisen od kakovosti posameznih elementov LED sistema in optimizacije njihove
medsebojne kompatibilnosti. Prav tako je opazen bistven napredek v kvaliteti svetlobe. Kdaj je
torej tisti pravi trenutek, ko je investicija v novo tehnologijo smiselna, tako da jo ne bo ¢ez nekaj
let povozila $e precej u¢inkovitejsa in bistveno cenejsa razli¢ica. Ce se je to nesmiselno sprasevati
recimo v racunalniski industriji pa je pri investicijah v urbano osvetlitev, kjer naj bi svetila zdrzala
tudi do 10 ali 15 let, to bistveno vprasanje. Danes je “cenovni luksuz”, ki je vezan na namescanje
LED svetil v zunanji razsvetljavi, pokrit predvsem s subvencijami. Vendar te subvencije ne bodo
trajale vecno, obCine pa potrebujejo moznost in informacije, da lahko predvidijo realisticne
povracilne dobe zacetnih investicij, temeljeCe na dejanskih cenah produktov, da lahko upravicijo
LED instalacije.

Poleg nalozbene upravicenosti zacetnih investicij in racunanja povracilnih dob pa je zelo
pomembno tudi vprasanje vzdrzevanja. Kot re¢eno vsak neustrezno delujo¢ element LED sistema
lahko povzro¢i nepravilno delovanje celotnega LED svetila. Da lahko LED svetila upravicijo svoj
sloves kot dolgoziva in upravic¢ena nalozba tudi s staliS¢a vzdrzevanja (Slika 5), mora industrija
poiskati vse mozne nacine za proizvodnjo optimalno dolgoZivih, konsistentnih in zamenljivih
proizvodov. Poleg tega pa mora biti moZnost zamenjave posameznih elementov enostavna,
uCinkovita in pregledna. Tudi v tem primeru dandanes Se vedno tezko racunamo dejanske
vzdrzevalne zneske. Tu so izrednega pomena tudi najrazli¢nejse, Se zdale¢ ne v celoti izkoriScene,
moznosti inteligentne regulacije LED svetil.

80% 60% Il Energy
I] Maintenance
5 2% mm=
5 [F1 Investment
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3 15%
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S light sources

Slika 5: Primerjava v odstotkovnem delezu porabe, vzdrzevanja in zadetne investicije med konvencionalnimi
svetlobnimi viri in svetle¢imi diodami, Vir: LEDs Magazine®

Oblikovalci svetlobe nosijo torej odgovornost tudi za zagotavljanje dobre kakovosti izbrane
osvetlitve, ki bo zadosCala vsem oblikovalskim kriterijem ucinkovitosti, trajnosti, varnosti,
zmogljivosti, proracuna in estetike. Prave informacije pa so klju¢nega pomena tudi za
izobrazevanje uporabnikov oz. investitorjev.

Kljub vsem moznim prednostim novih osvetlitvenih konceptov, pa se poraja Se vprasanje
smiselnosti novih aplikacij. Navadili smo se, da LED svetila dandanes ze pogovorno predstavljajo
var¢nost pri porabi, energetske prihranke in kljub ve¢jim zafetnim investicijam zaradi dolge
predvidene Zivljenjske dobe tudi upravi¢ene in po doloCenem casu tako tudi dobickonosne
nalozbene investicije. Ce si lahko to zadnje $e razlagamo z ekonomskega stali¢a, pa veanje
Stevila LED aplikacij, katerth prej nismo poznali, bodisi zaradi varnosti, vidnosti ali novih
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interaktivnih reSitev, za lepSanje urbanega sveta; bodisi za ustvarjanje lagodnejSega zivljenja,
hkratno tudi zmanjSuje prihranek, kateri je bil prvotno tretiran kot marketinski element zamenjave
svetlobnih tehnologij®

Z veCanjem Stevila novih aplikacij, katere prej niso bile mogoce, torej zmanjSujemo ali pa celo
povsem izni¢imo zmanjSanje porabe, ki bi nastala ob le zamenjavi potratnejSih tehnologij z
var¢nejSimi novimi. Veliko nasprotnih argumentov potem trdi, da se bo v prihodnosti Stevilo
aplikacij v vsakem primeru povecevalo in da je Se dobro, da lahko v tem primeru vsaj z novimi
tehnologijami ohranimo porabo na isti ravni. Sam menim, da je to zelo slab izgovor, ker sama
poraba Se zdale¢ ni edini relevanten kriterij, v kateri niso upoStevani niti recimo pove€ani dodatni
stroski vzdrzevanja in koli¢ina odpadnih smeti zaradi elementov, ki jih nove aplikacije
potrebujejo, niti npr. morebitno povecano svetlobno onesnazenje. Tudi pri ustvarjanju
prijaznejsih, prijetnejSih in varnejSih urbanih okolij je potrebno temeljito pretehtati kako, katere in
koliko novih tehnoloskih reSitev osvetlitve je v danem Casu smiselno implementirati v urbani
prostor, da bo koné¢ni rezultat prijetno, kvalitetno, funkcionalno, vabljivo, zanimivo, v lokalno
kulturnem kontekstu primerno, nemotece in ravno prav osvetljeno urbano okolje, z manjSo skupno
porabo el. energije, manjSimi vplivi na okolje in nizjimi stroski vzdrZevanja.

3. Smernice

Veliko je govora o tem, da trajnostni pristop k narértovanju osvetlive lahko bistveno zmanjsa
kreativnost pri naértovanju. S tem se 0sebno ne strinjam in menim da prav z inovativno uporabo
nove tehnologije svetil na polprevodniski osnovi lahko ustvarimo funkcionalna, vabljivo zanimiva
in za zivljenje prijetna urbana okolja, pri ¢emer bomo hkrati zmanjsali svetlobno onesnazenje in
povecali energetsko ucinkovitost celotne osvetlitve. Res pa je da so za potrebne tudi morebitne
bistvene spremembe v sploSnem razmiSljanju in vsestransko pristopanje k vsakemu primeru
posebej.

Menim da sta za razumevanje celotnega problema umesScanja novih tehnologij osvetlitve v
urbane prostore pomembna dva temeljna vidika oz. pogleda na celotno stvar. Eden je tehnoloski,
ki pa ne objema le poznavanja tehnologije same in njene zmogljivosti, temve¢ tudi ustrezno
tehni¢no kompatibilnost delovanja posameznih elementov celotnega LED sistema; drugi pa je
konceptualno svetlobni oblikovalski urbanisti¢ni pristop, ki obravnava omenjeno tematiko s
staliS¢a najrazli¢nejSih interdiscilplinarnih tematik. Dobro razumevanje omenjenih dveh vidikov
pa potem sluzi kot osnova za kvalitetno in premisljeno uporabo le te v urbanem prostoru; torej kot
osnovni “input”za kvaliteten “urban lighting design”.

To sploSno znanje mora biti potem seveda ustrezno uporabljeno v celostnem urbanisti¢no
osvetlitvenem pristopu na konkretnem primeru, z uporabo klasi¢nih ali novih dobro utemeljenih
oblikovalskih pristopov, s poznavanjem ustreznih lastnih zgodovinsko kulturnih in socioloskih
znacilnostih posameznih mest, ter z upostevanjem ostalih vidikov kot so ekologija, svetlobno
onesnazevanje in ekonomsko trznih tezenj, Se najbolje v obliki Master Urban Lighting nacrta ali
pa v smislu celostnega svetlobnega nacrtovanja manj$ih urbanih obmocjih. Nujno je sodelovanje
oblikovalcev svetlobe, tehni¢ne stroke in urbanistov, pri ¢emer absolutno ne smemo pozabiti na
same prebivalce urbanih obmocij ter tudi na njihov odziv in mnenje.

Poudaril pa bi rad Se nekaj. Vsak znanstvenik ki nima v sebi tudi pristopa skromnosti
zacetnika, v tem svetu o katerem vemo in katerega razumemo le v zanemarljivo majhnem delu
celote, postane le administrator Se vedno zelo pomanjkljivega znanja. Kajti, vedeti ve¢, pomeni
tudi dvomiti vec. Prav tako tudi mi, akterji v obravnavani tematiki ne glede na na$ status, nikakor
ne smemo pristopati vzviSeno in vsevedno.
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4. Povzetek

V ¢lanku sem z jasnim namenom in na prvi pogled precej na hitro prehajal iz enega podrocja k
drugemu, vendar je rdeca nit povsod primerna uporaba LED tehnologije svetil v zunanjem
urbanem okolju. Na ta na¢in sem hotel poudariti kompleksnost obranvavane tematike, pri kateri je
interdisciplinarnost, prepletanje in medsebojna sinteza obravnavanega bistvenega pomena. Mnogo
preostalih problematik, ki niso ni¢ manj pomembne, se nisem niti dotaknil, ostaja torej Se mnogo
prostora za prihodnje.

Za zakljucek, bi rad izpostavil ugotovitev, da nove svetlobne tehnologije same po sebi ne
morejo biti trajnostne, ¢e niso ustrezno nacrtovane, ustrezno izbrane in premisljeno namescene.
Pri vsem tem igrajo veliko vlogo tehtno premisljeni z razlicnih podrocij utemeljeni svetlobni
oblikovalski koncepti s premiSljeno in inovativnho uporabo novih in obstoje¢ih svetlobnih
tehnologij in bolj humanisti¢nim pristopom k medsebojnemu razmerju med svetlobo, ljudmi in
prostorom.
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Mitja Prelovsek

INTERAKTIVNA OSVETLITEV V ARHITEKTURI IN URBANIH
OKOLJIH

Povzetek

Interaktivna osvetlitev je osvetlitev, ki se avtomatsko odziva na spremembe v
svojem okolju, kot naprimer lokacijo in geste uporabnikov ter tudi druge
spremenljivke v okolju. Ce je pravilno zasnovana lahko v nocni prostor vnese
nove dinamicne pripovedi, ki za razliko od ostalih dinamicnih osvetlitev, temeljo
na zgodbah, ki jim nocno okolje predstavija naravni 'habitat' in v okolje niso
vneSene zgolj na podlagi trznih in oglasevalskih vzgibov.

Abstract

Interactive lighting stands for lighting that automatically responds to
changes in its environment such as movements and gestures of the people
and other environmental variables. If designed correctly it can bring new
kind of content into night-time environment — one that perhaps has more
legitimacy to inhabit night-time spaces than typical dynamic lighting that is
usually based on the principles of advertising.

1. Whatis interactive lighting

Interactive lighting stands for lighting that dynamically responds to the changes in it's
environment. The changes can mean natural light levels or motion of people, as is quite common
today, but it can also mean the location of people or their gestures, the temperature in the
environment or the wind speed or basically anything that modern technology can detect.

The reason for using the term 'interactive' is to stress that this technology can not only allow
for a much more efficient and sustainable lighting systems, such that can already be observed in
daylight-controlled lighting, but it can also enhance the beauty of lighting. This is crucial in all the
applications where lighting plays a decorative role.

Interactive lighting has sprung from the ever developing platform of sensor technology
combined with the established lighting control standards such as DMX512 and DALLI, that allow
for digital control of a large number of fittings.

2. Main application areas

In order to understand the 'applicability’ of interactive lighting we must perhaps ask ourselves, why
is lighting control based on natural light levels and motion detection, still present in a very limited
scope of applications. These include for example office spaces, hallways, industrial buildings and
similar. 1 believe it is because in many other applications lighting plays a decorative role as well,
besides just the utilitarian function of providing sufficient lighting to the space. The lighting control
systems that currently exist in the market are focused mainly on the sustainability issues and not so
much on the attractiveness of the lighting itself. They perform best when applied to a large building
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and they are used mainly to create a number of lighting scenes which are mostly static — once you
press the button the lighting changes and until you press it again, it stays the same.

There is a whole range of applications where these dynamics do not suit the purpose. What
they have in common is that the actual users of the lighting do not have access nor the desire to
control the lighting itself. For example all of the lighting used in advertising, such as shop
windows or light boxes for advertising, falls under this category. As the users of the lighting, i.e.
the viewers of the merchandise or the message, do not control the lighting itself, the lighting is on
even when there is no one present. In these applications the use of traditional motion detection
with on/off controls would not work as it would not convey the right message to the viewers.

Other application areas include applications in architecture where lighting plays a decorative
role. The reason being is that traditional intelligent lighting controls, such as motion or daylight
based controls, rarely add aesthetical value to the lighting installation which makes them hard to
adopt in decorative lighting applications. | believe the only way to promote lighting control,
which will in effect increase the sustainability of the installation, is to elevate it with lighting
control which has aesthetical value.

3. Project examples
Advertising: Interactive showcase

At the moment we are developing an interactive lighting application in advertising. As our office
is on the ground floor we decided to showcase a couple of our projects as well as a bit of information
about our company. The reason for designing an interactive showcase is that the street our office is on
is not too busy and there is probably a significant amount of time when there is no one present. Also,
as there are a couple of companies that already have light boxes that advertise their company, we
thought that we want to do something different.

The solution that we created is a much more pleasant and ‘catching’, besides being more energy
efficient. It is a set of 6 light boxes installed next to each other. When there is no one directly in front of
them the light slowly moves from one to another in random direction, however when someone walks in
front of them, the light starts to follow them. Basically only the light box directly in front of you is
switched on, while the others slowly fade to darkness. We estimate that the showcase consumes around
80% less energy compared to the standard one where the showcase would be always switched on.

Urban lighting: Market in Grosuplje
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We were invited by architectural practice Delavnica to design lighting for Market in
Grosuplje, which is about to be renovated. The architectural team wanted the lighting to enhance
the night-time feel of the three circular benches they positioned around the square. We proposed
that lighting is installed under the benches and fades in to 100% when someone approaches and
fades to around 30% after 2 minutes of absence of people. The proposal is based on the fact that
an urban area like this market is mostly empty in night-time except for the couple of hours in the
evening. Therefore, the lighting is more sustainable, it adds an element of playfulness to the
square and also avoids the eerie feeling of brightly lit yet still empty urban spaces.

Facade lighting: MAKS Terminal 12 in Maribor

We were approached by Sadar+Vuga architects to design an innovative lighting scheme that
would enhance the night-time image of the Centre of Performing Arts in Maribor/Slovenia. We
proposed an interactive lighting design that would enhance the 'performing’ quality of the
buildings whilst promoting sustainability and overall image of the building. The lighting in the
ceiling panels lit up only when there is someone below, thus creating a dynamic play of light that
correlates to the happening in the building.

We designed an interactive star-like luminaire. The little light points flicker with a very low
output when there is no one around, but when someone approaches they slowly increase until the
flicker ranges around 90% of full output.
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Products and small scale applications: Stardust

al

4. The challenges of the present

The main challenge for implementation of interactive lighting systems is the lack of specialized
lighting control systems that would allow for a cost effective and streamlined implementation.
The reason being is that lighting control systems of today can mostly be classified into two
categories: one is the group that focuses on show lighting, such as e:cue for example. These
systems mostly use DMX512 communication protocol and often implement RGB LED fittings as
well as other technology such as motors (for rotation of the projectors), smoke machines etc. They
mostly lack the inputs for sensors, are often too expensive and have too many redundant functions
to use them for small scale or architectural lighting applications.

The other group of lighting control systems is the ones that focus on the use in residential and
office lighting, which mainly use DALI or 0-10V communication protocol. These systems often
use motion and natural light levels detection, however they lack the tools to design a constantly
evolving dynamic installation and/or use of different types of sensors or a larger number of them.

We believe that as the technology development focuses on the implementation of advanced sensor
technology into lighting control systems, we will see a rapid expansion of the number of
interactive lighting applications both in advertising as in architecture.
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Mitja Kogir, Ziva Kristl

ACTIVE CONTROL SYSTEM OF OFFICE ENVIRONMENT

Abstract

In the paper a holistic system for control of thermal, olfactory and
illuminance conditions in an occupied office is presented with special
emphasis given to the presentation of the illuminance control. The presented
system is installed in an office in the Faculty of Civil and Geodetic
Engineering in Ljubljana. llluminance conditions are achieved with the use
of daylighting (shading) and artificial illumination (lights) and coordinated
with the given external conditions in real time. Primary emphasis of the
system is on the providing of good user comfort and consequentially better
performance. Functioning of the system is illustrated through presented
experiments.

Povzetek

V Clanku je predstavijen holisticni regulacijski sistem za uravnavanje
toplotnih, vizualnih in vohalnih aspektov notranjega okolja. Glaven
poudarek je na detajlni predstavitvi strukture in delovanja regulacije
notranje osvetljenosti. Sistem je vgrajen v pisarni stavbe Fakultete za
gradbenistvo in geodezijo Univerze v Ljubljani. Osvetljenost je regulivana s
pomocjo uravnavanja dnevne svetlobe (sencemje) in umetne razsvetljave
(luci) v odvisnosti od zunanjih vremenskih danostih. Osnovni cilj
predstavljenega sistema je zagotavljanje dobrih delovnih in bivalnih pogojev
ter s tem posledicno tudi visje storilnosti uporabnikov. Delovanje sistema je
opisano s pomocjo predstavijenih eksperimentoVv.

1. Introduction

The quality of indoor environment in buildings is directly connected to the productivity and
health of occupants as well as to the energy efficiency of the building. In such a context the
providing of satisfactory internal conditions is an issue that has implications on a socio-economic
scale [1, 2] reaching beyond the scope of construction related professions. Nonetheless, the
problems concerning design and regulation of the indoor environment can be addressed directly
and efficiently on the level of the building design and management. Buildings as artificially
created objects can be split into two distinct but codependent entities — building envelope and
indoor environment. In contrast to the external environment, indoor environment for people
represents a place of control on the physiological as well as psychological level. Because these
two environments are not discrete but in constant exchange of energy, mater and information [3],
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the function of the building envelope is to enable the desired indoor conditions with regard to the
external climatic conditions. Quality indoor environment provided with the forming of an
appropriate building envelope is at the base of bioclimatic design and passive solar architecture
(PSA). Building performance can additionally be improved by correct use of installed devices
(e.g. heating and cooling systems) and especially by providing automated regulation to the
functioning of the whole building [4]. Automated control systems represent a solution to a
complex problem of balancing the user demands with external climatic conditions with respect to
the comfort and energy use criteria. The end result of such applications is in the first design of
healthy and comfortable internal environment and then low energy consumption with emphasis on
this order of achieving the goals [5].

The Integral Control system of Internal Environment (ICsIE) [4] presented in the paper
represents a holistic regulation system based on the presumptions of bioclimatic design with the
use of PSA measures. The system regulates thermal, visual and olfactory parameters of an
occupied office at the Faculty of Civil and Geodetic Engineering, University of Ljubljana in
Ljubljana, Slovenia. The regulation is achieved through the use of internal and external sensors,
which monitor the corresponding environmental conditions. The system then directs the
appropriate actuators according to user demands and current external conditions. ICSIE is
designed around a fuzzy logic and conventional PI (i.e. proportional-integral) controllers linked
into a cascade system. The priority of the ICsIE is the use of PSA measures prior to mechanical
interventions synchronised with user demands, therefore integrating user satisfaction as well as
energy efficiency into the core of the system. The paper will describe in detail the structure and
functioning of the illuminance control of the ICsIE.

2. Integral Control system of Internal Environment

Artificial living and working environments are systems that enable people to function more
efficiently and comfortably. Regardless of how advanced these environments are, they are never
separated from the natural environment, but are rather a vital part. Because indoor environment is
inseparably linked to the external climatic conditions and internal user demands, it represents a
complex system of energy, mater and information exchange. With adequate level of control and
energy input a meta-stable state of indoor conditions can be maintained and with it also the
functioning of the human society. The indoor environment can be described as a cross-section of
thermal [6], visual [6], olfactory [7], acoustic [6] and ergonomic [8] factors, which jointly form
the perception of indoor environment. The control over qualitative and quantitative aspects of
each factor is crucial in the forming of good and healthy indoor environments. Due to the
interconnection of different aspects (e.g. thermal and visual impact of solar radiation) a holistic
approach is necessary. Nonetheless, the number of factors influencing the regulation of indoor
environment can be reduced, if they are classified according to the level of their dynamics. For
instance, acoustic and ergonomic aspects can be described as relatively static and can be
successfully controlled by passive measures on the level of building envelope (e.g. sound
insulation) or space geometry (e.g. appropriate furnishing). On the other hand, visual and thermal
comfort and air quality are constantly changing with regard to the external conditions and user
behaviour. In accordance to these presumptions the ICsIE [9] is focused on the control of work
plane illuminance (daylighting and artificial illumination), thermal conditions for the heating and
cooling seasons and natural ventilation.
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Because of the dynamics of the external weather conditions and the current state of building
technology we can rightly say that the majority of interactions between external and indoor
environments will pass trough the transparent parts (i.e. windows) of the building envelope. At the
same time internal demands with regard to illumination, internal temperatures and air quality
influence the building envelope from the inside and are sometimes in stark contradiction with the
external conditions. These contradictions demand a highly flexible and responsive control system
which can be attained with correctly designed and regulated building envelope and supplemented
with installed mechanical and electrical devices. In the case of buildings the control is in the
majority of cases manual or of an ON-OFF type. Both types have proven to be inadequate in
attaining a sufficiently responsive regulation [3]. On the other hand, if an advanced control system
is applied, it is often only on the level of a single sub-system (e.g. heating control, daylight
responsive illumination) and not controlling the whole building, thus neglecting the interactions
between different parts of indoor environmental control. Traditionally, automated regulation is
achieved with the use of conventional PID (i.e. proportional-integral-derivative) or Pl controllers
which are very common in the control of industrial processes. Although such control systems are
very efficient, it can be extremely complicated to design and tune them correctly in the case of
highly complex systems, such as the regulation of indoor environment. A possible solution to this
problem is, as in the case of ICsIE, the application of hybrid regulation systems where
conventional PI controllers are used in a cascade system with fuzzy logic controllers [9, 10]. The
use of fuzzy logic controllers enables designers to apply expert knowledge about the process in
the form of IF-THEN statements that relate input variables directly to the output value of the
regulator and by doing so make the whole decision process more transparent and intuitive to the
designers. Figure 1 presents the input fuzzy sets of the illuminance control of the ICsIE with the
corresponding decision matrix.
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Figure 1: ICsIE illuminance control input fuzzy sets (ST-P, ERR) and the corresponding decision matrix. The
ST-P (i.e. set-point value) set is defined on the range from 0 to 2250 Ix while the ERR (i.e. deviation from the

The ICsIE system was designed for the control of three key aspects that constitute the basis of
a comfortable and energy efficient internal environment. The system regulates internal work plane
illuminance, thermal conditions for heating and cooling seasons and natural ventilation. In the
presented paper only the illuminance part of the ICsIE will be presented in detail. Regulation is
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Figure 2: Sensor array of the ICsIE with the basic system architecture and its actuators.

achieved with the use of an elaborate array of internal and external sensors, which monitor the
environmental conditions (Figure 2). In the external environment the following parameters are
measured: air temperature (Mgr), relative humidity (Mggry), illuminance (Mg, ), direct solar
radiation (Msg), reflected solar radiation (Mgrsg), wind speed (My), wind direction (Mwp) and
presence of precipitation (Mp). In the indoor environment the measured parameters are: air
temperature (My), relative humidity (Mgry), work plane illuminance in two work places (M,.; and
M), CO, concentration (Mco2), heating energy consumption (My) and cooling energy
consumption (Mc). The ICsIE directs the available actuators according to the set-point values of
internal parameters in relation to the current external conditions. The system prioritizes according
to the energy effectiveness of an action (e.g. shading has a priority over mechanical cooling in the
case of thermal regulation).The priority of the system is the use of passive solar architecture
measures (PSA) prior to mechanical interventions synchronized with user demands. For the
regulation of internal illumination the system can use six external venetian blinds to control
daylighting and conventional ceiling suspended office fluorescent lights as artificial illumination.
In the case of thermal regulation (heating and cooling) the ICsIE can use venetian blinds for the
regulation of solar gains, ceiling mounted low temperature radiant panels for the supply of heating
or cooling energy and automated window for night time cooling; the same window is also used for
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ventilation purposes. The process level of the system is built around a programmable logic
controller (Mitsubishi A2SHCPU(S1)) that performs all of the appropriate actions in correlation to
the defined regulation rules. Supervision of functioning and communication with the
programmable logic controller is enabled through a special interface application installed on a
standard PC.

The ICsIE was designed between 2007 and 2008 and installed in the office of the main
building of the Faculty of Civil and Geodetic Engineering in late 2008. The test office equipped
with the ICSIE is a typical cellular office with the floor space of 38.80 m? and a volume of 163.40
m?, with a western oriented window of a total glazing of 11.40 m? Considering its size the office
has a relatively large window area but a small level of occupancy (0.05 persons/m?), as there are
only two work places in it. The window of the office is segmented into six individual units, each
unit equipped with the above mentioned motorized external venetian blinds. The upper right (as
seen from the inside of the office) window is automated and is used for ventilation and passive
cooling of the office (Figure 2). Heating and cooling panels mounted to the ceiling of the office
are connected to the central heating and central cooling plant of the Faculty of Civil and Geodetic
Engineering building. The basic geometry of the office can be seen in Figure 2. During the
operation of the system in the winter of 2008/2009 preliminary experiments were executed to
eliminate defects in the design and glitches in the programming and functioning. After some
initial problems with the functioning of the actuators, the system was put into continuous
operation in spring of 2009.

3. llluminance control

In the living and working environments of continuously occupied buildings visual comfort has
a direct impact on user comfort. In buildings, light can be provided by daylighting or by artificial
light sources. For the living and for the majority of the working environments the quality and
quantity of daylight is a primary concern, as daylight influences users on the physiological as well
as psychological level. The exposure to natural light regulates circadian rhythm [11] by triggering
the melatonin suppression and the ability to concentrate [12]. Positive influence of daylight on
performance in the working environments as well as in schools was described in the studies by the
Heschong Mahoney Group [13, 14]. Similarly, the studies executed by Dogrusoy and Tureyen
[15] and Mills et al. [16] indicated many positive effects of daylighting on people. Additionally,
adequate daylighting reduces the energy consumption used by the artificial illumination [17]. Of
course, artificial illumination is necessary when daylight is not available (e.g. at night) or when
the external illumination is too low (e.g. cloudy conditions). According to the above-described
starting points, the ICsIE treats the use of daylight as a primary action with artificial illumination
as an auxiliary action when the natural illumination is inadequate. When the space is occupied,
daylighting has priority over other actions unless the system is instructed by the operator to
function differently (e.g. the system is set to thermal priority). The illumination control of the
ICsIE can be split into natural and artificial illumination parts of the control loop (Figures 3 and
4). Because dayligting has the priority status, the artificial illumination activates only when all the
possibilities for natural illumination are exhausted. Manual activation, which overrides the
automatic system, is also available. With the use of the available actuators the system regulates
the indoor work plane illuminance by keeping the measured illuminance (M,.) as close as possible
to the set-point illuminance (ST).).

For the regulation of daylight penetration externally mounted retractable venetian blinds are
installed, ensuring maximum flexibility. Each of the six blinds can be either fully retracted (e.g.
window is unobstructed) or completely extended (e.g. window is completely shaded). The control
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of the inclination of individual blades is possible only when the blind is completely extended. The
system enables the position of blades at four angles in steps of 30° from horizontal position (i.e.
0°) to vertical position (i.e. 90°) that corresponds to a completely closed blind. Each individual
blind or group of blinds can retract separately, but the blades of all the extended blinds are
regulated
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My — measured internal illuminance Tw —suspension of action (wind) Dp — deviation from ST _for retraction of blinds

Mgy —measured external illuminance To —suspension of action (movement of blinds ) Dy - deviation from ST for extension of blinds

Mw —wind speed Two - suspension of action (activation of lights) Dyp - deviation from ST for deactivation of lights
to — suspension of activation (blinds inclination) Dw —deviation from 8T for activation of lights

SET-POINT VALUES:
ST, —internal iluminance
STew — maximum allowed external illuminance for activation of lights
STw—maximum allowed wind speed for activation of blinds

dp —deviation from ST for opening of blinds
dy —deviation from ST for closing of blinds

Figure 3: Flow chart illustrating the functioning the illuminance control of the ICSIE when M,_ is smaller than
STII -
simultaneously. If the set-point indoor illuminance is not achieved with the retraction of the
blinds, the system activates artificial illumination, for which conventional suspended office lights
are used. The positioning of the blades at desired inclination is run by the main motor, which
regulates blind movements as well as the inclination of the blades. Because there is no feedback
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about the position of the blades, the system periodically resets the blades to the neutral position.
This reinitialization of blinds is executed three times a day (i.e. every 480 minutes). To avoid
damaging of the externally mounted mechanical shading devices in times of strong winds, the
ICsIE incorporates additional safeguard protocols that prevent damaging of the blinds due to
external conditions. When the measured wind speed (My) exceeds the maximum allowed wind
speed (STw), the system retracts the blinds and suspends all actions until the wind intensity
reduces to the acceptable level.

The illumination control of the ICSIE is based on the experience with the KAMRA system
[18] that was implemented on a test cell. During extensive experimentation it became obvious that
movements of the shading device have to be limited to the acceptable level. Repeated movements
of the shading devices can become disturbing to the occupants as noise and movement linked with
the functioning of the system can reduce the concentration and annoy the users. In extreme cases,
disturbing movements of parts of the automated system can result in the rejection of the whole
regulation system. In the early stages of experiments with the ICsIE we noticed that the values for
the input parameters have to be chosen carefully or they can produce disturbingly frequent
movements of the blinds. A compromise regarding system accuracy and user acceptability was
necessary; therefore, we used time delay constants and deviation limits. In general it could be held
that deviation limits affect the accuracy of the system to follow the ST,_ while time delays affect
the number of movements of blinds, although this is in some way an oversimplification as the
combination of both parameters influence the actual behaviour of the blinds. The ICsIE applies a
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Figure 4: Flow chart illustrating the functioning the illuminance control of the ICSIE when MIL is larger than
STIL.
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series of values that define acceptable deviations from the ST,.. If the M, is in the defined zone,
the system does not react. These zones or deviations are defined separately for the upper and
lower threshold levels, as lower work plane illumination is more problematic for the visual
efficiency than the higher one. In the case of the ICsIE three pairs of deviation values are used for
each individual actuator reaction. For the retraction of the blind, a value of the parameter Dp
defines the lower limit of the acceptable deviations (e.g. set-point -80 Ix). Similarly, for the
extension of the blind the parameter Dy (e.g. set-point +300 Ix) defines the upper limit of the zone
of acceptable values of the indoor illumination.

Separate values are also defined for the blade movements (dp — lower limit, dy — upper limit)
and for the activation of artificial illumination (D p — lower limit, D y — upper limit). Deviation
values can be arbitrarily set by the system operator with one restriction, i.e. that Dp must be larger
than dp and similarly Dy has to be larger than dy. This restriction is of a practical nature as the
inclination of the blades can not be regulated if the blind is retracted, but that is exactly what the
system would try to do if the dy or dp were larger than Dy or Dp. For the activation of artificial
illumination an additional restriction is also set by defining the maximum external illumination
(STei) at which lights still can be used. If the measured external illumination (Mg, ) is larger than
the defined value of STg, the artificial illumination is deactivated. In addition to the described
deviation zones the movements of the blinds and the switching of the lights are also restricted by
the time delays. For each of the actions a time interval is defined in which only one movement can
be performed. This is of great importance, because the external and consequentially the indoor
daylight levels can fluctuate very rapidly and with large amplitudes. The responsiveness of the
ICsIE is greatly dependent on the values of the described deviation parameters and time intervals.
In general, the smaller time intervals and deviation values, the more responsive (and accurate) the
system will be, but at the same time the blinds will move more frequently. The flow charts in
Figures 3 and 4 present the whole process of illumination control of the ICsSIE. The starting set-
point value of 500 Ix for the internal illumination was used according to the recommendations
defined for office work in the ISO/CIE 8995-1 [19]. The input parameters of the system that have
produced satisfactory results regarding user comfort as well as accuracy of the system are the
fO”OWing: Dp =-100 Ix, Dy = +100 Ix, dp = -50 Ix, dy = +50 Ix, Dy =-50 Ix, D\ p = +100 Ix, Tp
=300s,tp=120s, T\ p =300s.

4. Experiments

Typical operation of the ICsIE is that during week days the system is in illuminance priority
between 7:00 and 18:00. After that the system switches to a reduced regime (i.e. no illuminace
control, reduced internal temperatures control). During weekend days the system is typically in
thermal priority mode or dormant (regulation of blinds is deactivated). Figure 5 represents a
typical early spring experiment where the system was in illuminace priority mode with
deactivated artificial illumination, which means that internal illuminance was regulated strictly by
the venetian blinds. ST, was set to 500 Ix with acceptable deviation values of parameters Dy set
to +100 Ix and Dp set to -50 Ix. Deviation parameters for the rotation of the blind blades were set
symmetrical (dp = dy) to £50 Ix, while time restriction constants were set to Tp = 300 s and tp =
120 s. Weather conditions on the presented day (7" of March) were extremely sunny and stable,
which can be observed from the solar radiation (Msg) curve depicted in Figure 5. Due to the
western orientation of the office the direct solar radiation influences the internal illuminance of
the office only after the sun passes to the western part of the hemisphere. Internal illuminance was
too low during the morning hours when additional artificial illumination would be necessary to
reach the desired value of 500 Ix. After 13:00 the office was adequately daylighted until 17:00,
when the intensity of the sun dropped due to the setting of the sun. During this time the ICsIE
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successfully regulated the internal illuminance with the positioning of the blinds (POSg.) and
rotation of its blades (POSg_a). The POSg, line depicted in Figure 5 represents the movement of
six individual venetian blind units, where the value of 1000 represents all of the blinds being
retracted, while each additional step corresponds to one blind unit being extended. All of the
blinds were extended around 15:15. At this time the position of the blades (POSg.a) was
horizontal (0°). Each additional step was then executed in 30° increments. The POSg s line
depicts this rotational movement of blades where the value of POSg; o = 0 corresponds to 0° and
POSgLa = 900 corresponds to 90°. Temporary drops in the level of internal illuminance during the
movements of blinds are caused by blind movement which can be executed only with blades at
90° position.

\ 7th of March 2011
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Figure 5: lllumination control on the 7" of March 2011; the ICsIE illuminance control was active between
07:00 and 18:00, artificial illumination was turned off. The diagram depicts the following values: internal set-
point illuminance with defined deviations (ST, +Dy, ST,-Dp), internal illuminance (M,), external
illuminance divided by factor 10 (Mg, /10), direct solar radiation (Mgg), position of individual blinds (POSg.)
and inclination ob blades (POSg ).

A similar experiment conducted on the 2" of February is presented in Figure 6. Weather
conditions were sunny with thick morning fog that cleared around 11:00 (see Msr line in Figure
6). The automatic control system was active from 7:00 till 18:00. All the venetian blinds were
automatically controlled except for the one nearest to the work place which was closed manually
by users to prevent glare. The electric lighting was active and controlled by the ICsIE. Lights were
switched on at 7:00 and were active until the external illuminance (Mg, ) reached the defined
maximum allowed external illumination (STg) for the activation of lights. The STg,_ was set to
5000 Ix which was to low as the internal illuminance did not reach the desired set-point values. In
later experiments the value of STg,_ was raised. Internal illuminace reached the desired values at
roughly 11:30 while the automatic control system started extending the venetian blinds at 12:50.
The automatic control system extended the blinds relatively quickly, one after another, when the
internal horizontal illuminance exceeded 600 Ix and it managed to keep the illuminance at 500 Ix.
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In Figure 5 the movement of the blinds is depicted by the POSg, line. Between 13:20 and 16:00
three automatically controlled and one manually controlled blinds were extended, during this time
the M,_ was almost constant and equal to ST, (500 Ix). Both presented experiments illustrate the
efficiency of the ICsIE’s illuminance control, as it was successful at following the ST,_ value
accurately and with less than 4 movements of blinds in one hour when the available daylight was
high enough.

5. Conclusion

The ICsIE was designed and executed as a full scale, real time automated control system that
would be able to effectively control the living and working indoor environments of buildings. The
system is installed in an occupied office at the Faculty for Civil and Geodetic Engineering in
Ljubljana, Slovenia. The system is focused on providing greater user comfort and consequentially
in working and school environments also greater efficiency at working and learning. In the
context of user satisfaction lower energy consumption of a building is a secondary concern and
must not interfere with providing good and healthy internal environmental conditions [5].
Nevertheless, this does not mean that a building equipped with the ICSIE can be energy
inefficient, but that striving for reduction of energy consumption must be coordinated with the
goal of better indoor environmental conditions [9]. In the case of ICsIE this is achieved through
the application of bioclimatic principles and use of PSA measures to achieve simultaneous
positive effects in the field of user comfort as well as energy efficiency. ICSIE is a system that
controls the most dynamically changing aspects of indoor environment (illuminance, thermal
conditions and air quality), while acoustics and ergonomics were not controlled due to their
relatively static nature. Regulation is achieved trough the use of internal and external sensor
arrays that monitor the indoor environmental and the external climatic conditions. According to
the reference values of indoor controlled values (user demands) and the external possibilities, the
system guides the appropriate actuators to a proper state. The system is executed as a cascade
fuzzy logic/Pl control system for the regulation of heating, cooling and illuminance and as a
conventional PI controller for the regulation of natural ventilation.

The illuminace control part of the ICsIE that was described in detail in the presented paper has
been successful in following the defined set-point values of the indoor work plane illuminance.
Through experimentation the appropriate values for the deviation limits around the set-point value
and time delays have been defined. With these values properly defined, the ICsIE is able to
regulate the level of indoor illuminance with relatively few movements of the blinds (i.e. typically
approximately 5 movements in 1 hour). Low number of blind alterations is crucial as to prevent
annoyance to the users. Due to the properly selected deviation limits (Dp, Dy, dp, du, DLy, Dip)
and time constants (Tp, tp, Tip) the system was able to properly respond even in times of extreme
changes in external conditions (e.g. sudden drop in level of external illuminance du to a change in
weather — summer storms). In such situations the system gradually razed the venetian blinds and
at the end if necessary also activated the artificial illumination and therefore eliminating the
possibility of user annoyance due to the sudden change in actuator states. According to the
occupants’ feedback the ICsIE could be deemed a success, as manual interventions into the
functioning of the system were rare. The same conclusion can also be drawn from the
experimental data where good results were achived even with daylighting, which is the hardest to
control due to its unpredictable and highly dynamic nature.
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Figure 6: lllumination control on the 2" of February 2010; the ICsIE illuminance control was active between
07:00 and 18:00, artificial illumination was turned on, the ST, was set to 5000 Ix. The diagram depicts the
following values: internal set-point illuminance with defined deviations (ST, +Dy, ST, -Dp), internal
illuminance (M,.), external illuminance divided by factor 10 (Mg, /10), direct solar radiation (Msg), time when
artificial illumination was active (ART,.) and position of individual blinds (POSg,).
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