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Energy performance of lighting systems

Abstract. For a number of years, the attention has been drawn to the issue of energy saving not only in the field of lighting, but also in many other
areas. A crucial moment in the process of dealing with this issue was the opening of the discussions on global warming. One of the effects of this
discussion is that the pressure on a fast introduction of new technologies, procedures and new legislation, which would result in reducing energy
performance of outdoor as well as indoor lighting systems, has been increasing. This paper deals with the relationship between the technical
parameters of illumination and the energy performance of lighting and describes possible trends in achieving energy efficient lighting systems.

Streszczenie. Od wielu lat przywigzuje sie duzg uwage do zagadnien efektywnos$ci energetycznej, nie tylko w zakresie o$wietlenia, ale takze wielu
innych dziedzinach. Istotnym momentem w tej dyskusji byto wigczenie tematyki globalnego ocieplenia. Efektem tych dyskusji jest wzmozenie dziatan
w kierunku szybkiego wdrazania nowych technologii, opracowania nowych regulacji prawnych, co ma w zatozeniu skutkowac poprawg efektywnosci
energetycznej zewnetrznych i wewnetrznych urzgdzen oswietleniowych. W artykule poruszono zagadnienie wspofzalezno$ci cech o$wietlenia i
charakterystyki energetycznej os$wietlenia oraz trendy uzyskiwania o$wietlenia wydajnego energetycznie. (Charakterystyka energetyczna

systemoéw oswietleniowych).
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Introduction

Energy performance of various types of buildings - office,
industrial, healthcare, educational and other buildings - is a
widely discussed issue at different levels. The solution of
energy performance of lighting systems of these buildings is
also a part of these discussions. The basis is provided by the
newly drafted standard CSN EN 15 193 Energy performance
of buildings — Energy requirements for lighting and by
technical national standards TNI 73 0327.

The lighting design of an interior as well as outdoor space
is primarily determined by its use. The aim of the lighting
design is to create suitable lighting conditions for a particular
visual activity (e.g. reading, writing, metal cutting, surgery,
etc.) A number of specialized studies and scientific
experiments were realized in order to determine what
illumination conditions are sufficient for a particular visual
activity. Based on the statistical evaluation of their results, the
technical parametric values were determined for the various
visual activities, which then became a part of national and
international standards. It is important to mention that the
current technical parameters of illumination specified in the
standards and recommendations do not represent the
optimum values, but the compromise between economic
capacity of the society and the optimum visual conditions [1].
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Fig. 1 The results of a research focusing on the subjective
illuminance level assessment in interiors illuminated with fluorescent
lamps showing the percentage of people's satisfaction depending on
the illuminance level.

The optimum values of technical parameters of
illumination are distinctly higher in comparison with the
standard values. Figure 1 shows the results of some of the
experiments focusing on illuminance level assessment in an
interior space where people performed common office tasks.
While the recommended standard values of illuminance for

these visual activities are around 500 Ix, the optimum values
are around 2 000 Ix.

lllumination and its charcter

Technical parameters of illumination are not the only
aspects important for lighting design. There are other aspects
to consider in order insuring a functional quality lighting
solution:
= Visual aspect — relates to the visual design of the
illumined space, i.e. the atmosphere created by the light and
the design of the lighting system, i.e. visual application of
lighting in space.
= Technical aspect of illumination — the selection of
technical parameters of illumination according to the purpose
and use of the space. These parameters primarily take into
consideration physiological and security requirements, but
also psychological requirements. In recent years, biological
requirements have also become relevant.
= Operational aspect — includes energy performance of
lighting system, its operation and maintenance as well as
issues related to the investment and operational cost.
= Aspect of external influences — this aspect is connected
with the fact that lighting can, apart from its primary function,
produce side effects which may negatively influence the
space itself, objects placed inside the space, or the adjacent
space. This includes for example the control of UV radiation
when illuminating sensitive objects in museums and galleries,
dazzling of users in the adjacent space, etc.

The character of illumination in a space can differ not only
according to the intended use of the space but also according
to the role played by the physiological, psychological or
biological requirements of its users. lllumination of a space
where the main focus is on physiological aspects is based on
the technical parameters of illumination specified in the
standards. The example of this is the illumination of an office
space, industrial buildings etc. lllumination which is primarily
based on psychological aspects serves to create specific light
atmosphere in the space and is usually a part of the artistic
solution of the interior design. This type of illumination is
typical for public cultural space such as theatres, cinemas,
restaurants, etc. Fairly complex subjective nature of such
illumination does not make a simplified objective specification
of current technical parameters of illumination possible.
llumination determined by the biological aspects of the users
does not primarily focus only on creating an environment for
a specific visual task, but uses the illumination to influence
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the human biological system. This type of design is based on
other than visual requirements, and the energy performance
of such lighting systems is higher than that of common
lighting systems.

When designing and assessing lighting systems, energy
performance of lighting is only a secondary aspect which can
be defined as follows: the required technical parameters of
illumination should be satisfied in the most energy efficient
manner. Requirements for lower energy performance of
lighting cannot in any case be superior to the lighting
requirements.

Energy performance of lighting

The approach to the issue of energy performance of
lighting varies depending on whether we are assessing
energy performance of a designed, eventually a newly
realized building or the energy performance of an already
existing building.

In case of a new building, the installed power of the
lighting system is known, however, it is necessary to
determine the operation time and the real operational power
based on the information on the nature of the building
operation, (i.e. standard operation). This simply means that
the power consumption is estimated.

In case of already existing buildings, the energy
performance of lighting can be determined from the
measured values of power consumption. However, due to the
fact that in most cases the measurement of power
consumption of lighting system is not separate, the share of
power consumption for lighting must be estimated (figure 2).
Then, based on the installed load and the nature of building
operation, it is necessary to try to determine the utilization of
the power of the lighting system within a certain period of
time, for example year.

In both cases, one works with estimated values. When
looking for energy saving measures and determining their
returnability, it is necessary to determine the inaccuracy of
this estimate. In order to have the possibility to assess the
energy performance of lighting objectively in the future, it is
necessary to ensure a direct measurement of the power
consumption for the lighting system (figure 3). Should the
information on the utilization of different parts of a lighting
system be required, it is necessary to use control lighting
systems which are able to record the power consumption of
the whole lighting system as well as individual lighting fittings
(figure 4). For a more objective assessment of the energy
performance of already existing buildings, sets of statistical
data on the utilization and character of operation in various
types of buildings are to be produced, which describe the
behaviour of the users from the point of view of lighting
control.

Power consumption for lighting
20%

Total power consumption
without lighting

80%
Fig. 2. An example of an estimate of energy performance of artificial
lighting specified as the proportion from the total consumption of the
building during a certain period of time (e.g. a year).

There are two problematic issues connected with the
assessment of energy performance of lighting systems: One,
a lighting system does not necessarily have to be utilized
according to standard conditions and the power consumption
can be far lower than the prescribed standard values [2].
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Fig. 3. An example of detailed processing of results of power
consumption measurement for artificial lighting per month within one
year period of testing.
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Fig. 4 An example of a detailed graph showing the results of the real
power P, (W) of a selected lighting fitting which is a part of a tested
lighting system.

This, however, does not rule out the possibility that the
installed power of the lighting system can be distinctly higher
than the prescribed standard values [2], [3]. If the behaviour
of users changed, the standard values of the specific power
consumption for lighting would be exceeded. A question
therefore arises whether a possible proposal of energy saving
measures, which may or may not become relevant
depending on the behaviour of the users, has any
significance. The other problematic issue is the complexity of
separating the real operational power for lighting and the
operation time of lighting fittings. A selection of effective
energy saving measures depends on this information. If
these information are not ascertained with sufficient
accuracy, the inaccuracy rate when determining the efficiency
and returnability of the proposed energy saving measures
increases.

Energy saving strategy

In order to choose the right strategy when proposing
energy saving measures, one can start from the basic
relationship represented by the power consumption for
lighting for a certain period of time, e.g. a year:
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W=P, -t
P (kWh/year)

where: P, - average operation power of lighting fittings (kW),

ty- operation time (hour/year)

It is obvious from this relationship that the strategy for
achieving power consumption savings in case of lighting can
be based on the search for savings in operational power or in
the operation time of the lighting system, possibly also in
combining both parameters. Energy saving measures can be
based on the following strategies:

= selection of a lighting system;
selection of technical equipments;
control of lighting system design;
use of daylight;
monitoring of the presence of people;
use of time modes;

The assessment of energy performance of lighting makes
sense provided the lighting and therefore also the technical
parameters of illumination in a particular space correspond to
the purpose and the use of that space. In the design phase,
the protocols containing calculations of technical parameters
provide the basic information about the parameters of
illumination. In case of already realized buildings, such
information can be found in the protocols on the
measurement of illuminance levels drafted by an authorized
body.

Selection of a lighting system

Lighting system for artificial illumination is a set of devices
(lighting fittings, light sources, control gears, lighting control
systems and accessories) which primarily serve to the
creation of the required light environment. Lighting systems
can be distinguished according to the type of device used
and its characteristics. The type as well as the characteristics
of a lighting system influences its energy performance. There
are three basic types of lighting systems used when
implementing the general lighting which is based on the
physiological requirements of the users: general lighting,
localized lighting and combined lighting (general + local
lighting).

The utilization options of the individual types of lighting
systems depend on the application area and the features of
the space which is to be illuminated. A general lighting
system has the highest energy performance whereas the
combined lighting system the lowest. A general lighting
system ensures the required horizontal illuminance with the
prescribed equal distribution of light into the entire space. The
required illuminance is in this case the prescribed illuminance
for the most demanding visual task performed in the space.
The design of a localized lighting system is based on the
division of the space into zones. Zones are functionally
defined sections of space which vary in the nature and
intensity of the visual activity performed in those sections
(figure 5). Each functionally defined section is to be
accurately described in relation to the visual activity and
required technical parameters of illumination. One of the
supporting parameters that can make the division into zones
easier is the distribution of the daylight in the space. An
example of the application of the division into zones is an
open-plan office the space of which can be divided into two
type zones: working zones and communication zones. A
combined lighting system is a combination of the general or
localized lighting system and the local lighting. The combined
lighting system is the most energy efficient system of lighting.
This system is mostly used in spaces with a relatively small
number of working zones in a large area, or in a space where
high levels of illuminance are required due to the visual task

performed there. Figure 5 shows an example of an open
space office with an area of 20 x 6 m. The required
illuminance of 500 Ix in the working zone can be reached
through the application of a general lighting system
(varianta), a localized lighting system (variant b) or a
combined lighting system (variant c). Merely from the simple
assessment of the illuminated zone areas and the required
iluminance levels one can ascertain that the energy
performance of the combined lighting system is about half in
comparison with the general lighting system.

llluminance

1 A e
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1 el

variant b)
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zone 5

Fig. 5 An example of the floor plan of a open space office and its
possible division into functionally defined zones:

Variant a) — general lighting system;

Variant b) — localized lighting system;

Variant c) — combined lighting system.

Energy performance of these options is in the following ratio: 100% :
80% : 48%.

In terms of the nature of illumination, the lighting systems
can be divided into direct, direct/indirect or indirect. With
regard to the satisfaction of quantitative parameters, the
direct lighting is the most energy efficient; the indirect lighting
is the least energy-efficient. When considering the selection
or changes of the nature of illumination, it is important to
consider its influence on the visual appearance of the
illuminated space and qualitative parameters of illumination.

Selection of technical equipments

Basic technical equipments which form a lighting system
and influence energy performance of lighting are light
sources, control gears, lighting fittings and lighting control
systems.

In terms of energy efficiency of the conversion of electric
power into luminous flux, light sources are assessed by
luminous efficacy n (Im/W — lumen per Watt). To asses
energy efficiency of a group of light sources with its own
reflector which are used for spotlight illumination for example
in exhibitions or commercial spaces, it is not the luminous
efficacy, but rather axial luminous intensity and the beam that
are important. Technical parameters used to describe the
light sources are stated for defined environment conditions,
and their measurement is done outside the lighting fitting.
When the lighting fitting is under operation, the parameters of
some light sources change, for example due to the heat
(fluorescent lamp). Some types of light sources may require a
control gear which ensure the start and stable operation of
the light source or adjust power supply voltage or current.
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Control gears can be divided into electronic and
electromagnetic according to their structure. In terms of
energy, the electric ballasts are described with wattage
losses Pz (W). Wattage of the light sources is usually
specified without the losses in the control gear. Therefore,
when comparing the energy performance of various types of
light sources, it is necessary to take into consideration not
only the wattage of the actual light source but also the
wattage of all electrical devices required for the operation of
the tested light source.

Lighting fittings are technical devices, which by optical
elements filter or change luminous flux from one or more light
sources. Apart from light sources, lighting fittings contain all
parts necessary for the installation and protection of light
sources, possibly subcircuits, including devices required for
their connection to the supply network. The efficiency of
lighting fittings nsv (%) is important in terms of their energy
efficiency assessment. It specifies the ratio of output
luminous flux of the lighting fitting and the luminous flux of the
sources measured under given conditions outside the lighting
fitting. Another important parameter is the lighting distribution
of the Iluminous flux. This parameter is described with
photometric curves which show the distribution of the
luminous flux radiated from the lighting fitting into the space.
When assessing energy performance of technical equipment
for a specific purpose, it is desirable to assess the complete
lighting fitting. Luminous efficacy of the lighting fitting LER
(Im/W) [4] can be of certain help. It is defined as the ratio of
output luminous flux (Im) to the power consumption (W) of the
lighting fitting.

Fig. 6 An example of illumination of a open space office by a general
lighting system with recessed lighting fittings.

Similarly, the entire lighting systems can be assessed by
their luminous efficacy (Im/W) which is defined as the ratio of
luminous flux (Im) emitted by all lighting fittings of the lighting
system to their total power input (W). lllustration 6 shows the
lighting of a large-space office with recessed lighting fittings.
Energy performance of such lighting system which uses
various types of recessed louvered lighting fittings is specified
in table 1. The first variant uses 4x18 W lighting fittings with
electromagnetic control gear, variant 2 and 3, lighting fittings
with electric control gear for 4x14 W, or 2x28 W fluorescent
tubes.

Table 1 Energy performance of lighting in an open-space office
(figure 6) with the same illuminance level for various types of lighting
fittings.

lighting number P; pi , ‘fz

fitting (pcs) (W) (W/m°?) (W/m*/100Ix)
4x18 W 27 2376 20 3,7
4x14 W 27 1755 15 2,7
2x28 W 21 1300 10 2

When using lighting control systems for smooth regulation
of lighting, the luminous efficacy of the lighting system
decreases (Im/W). It is caused by the fact that the

interdependency between the output luminous flux and the
power consumption is not linear. Should the luminous flux be
dramatically decreased with help of regulation under the level
of 20% of the maximum value, the decrease in the luminous
efficacy is so significant that the long-time operation of the
lighting system set in this way is wasteful in terms of energy
efficiency.

Control of lighting systems design

At the beginning of the lighting system operation, the
resulting illuminance levels on a working plane or in places of
visual task are always higher then the standard levels. The
main reason for this is that the required parameters must be
satisfied during the entire lifetime of the lighting system. Due
to the fact that lighting systems depreciate due to the
decrease in luminous flux of light sources, pollution of the
lighting fittings and the decrease of the wall reflectance
factor, the dimensions of the lighting systems must be
overrated. To further justify higher parametric values of the
lighting system, it is important to mention the fact that the light
sources and lighting fittings are sold in certain product lines
according to their power. This makes it almost impossible to
reach the exact technical parameters of lighting. However,
the closest higher power level of a particular device should be
selected. There are types of spaces with flexible dispositional
arrangement, for example, open space offices where various
space units with various sizes can be created. An open
space office can be for example rearranged into a number of
cell offices and the other way around. In such space, the
lighting systems should be designed to suit the worst
scenarios. Should the spatial arrangement differ from the
worst scenarios, the values of the technical parameters of
lighting increase and therefore the dimension of the lighting
system is further overrated. This over dimensioning of the
lighting system can be eliminated by using dimmable lighting
fittings connected to the lighting control system which is able
to balance the constant decrease in luminous flux caused by
depreciation of the lighting system through gradual increase
of power input of the lighting fittings, or enables the setting of
the luminous flux according to the current dispositional
arrangement of the space.

Use of daylight

lllumination of the space as well as the place of visual
task is not assessed according to whether it is done by
artificial light or daylight. Therefore, a well designed daylight
illumination of the space enables to reduce the requirements
for the operation period of the artificial lighting systems. If
there is a sufficient daylight in the designed space, there
could be significant energy savings thanks to monitoring
daylight illumination levels by a lighting control system.
Information processed by light sensors helps reduce the
operation time of the artificial lighting system, or its power, so
that it would not produce light at the time of sufficient daylight
illumination. Based on information from the sensors, the
lighting system can be regulated by step or by a continuous
regulation of the output luminous flux. The selection of the
right regulation method depend on the the type light sources
used, and determines how technically demanding and costly
the proposed energy saving measures are going to be.

Monitoring the presence of people

A number of working spaces and working places are not
used during all working hours. Often the lighting system
remains in operation although the workers are not present. If
the user of the room is not in, there is no reason why the
lighting system should remain in operation. Movement
sensors are used to monitor the presence of people in the
room. Based on information processed by these sensors, the
respective lighting fittings, lighting systems or their parts are
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switched on or off, eventually, their power may be limited.
Monitoring the presence and monitoring the absence of
people are the basic techniques for this energy saving
measure. [2].

Use of time modes

Lighting systems perform its main function only during a
certain part of the day. After the period of operation finishes,
they no longer perform their function and it is possible to
switch them off, or switch them into another mode in which
they have a different function. Time controls are there to
make sure the lighting system operates only during a defined
period of time, or possibly switches automatically into another
operational mode. Depending on their settings, these time
controls can regulate the lighting system through a simple
switch on/switch off function, or, they can be a part of a
lighting control system which - based on information from the
time controls - switches on the pre-set lighting scenarios. An
example of such system is shop window, where a lighting
system is used for promotion of products. Their function is
performed up to a certain hour, for example, up to midnight.
After that, the effect of lighting as a means of promotion is
very little, therefore, it is possible to switch it off or switch it
over to a limited mode, which may serve security purposes.

Conclusion

The intention of the authors of this paper was to point out
the somewhat complex issues of assessing energy
performance of buildings with regard to the design of effective
lighting systems. It draws the attention not only to the
importance of selecting energy efficient, and at the same
time, technically efficient light sources and lighting fittings, but
also to the significance of the utilisation time analysis of
lighting systems and the use of daylight in particular interiors.

REFERENCES

[1] Habel J. a kol. Svételna technika a osvétlovani, FCC Public,
1995

[21 CSN EN 15193 Energeticka naro¢nost budov — Energetické
pozadavky na osvétleni

[3] TNI 73 0327 Energeticka naroCnost budov - Energetické
pozadavky na osvétleni, inor 2009

[4] National Electrical Manufacturers Association. 1993. Procedure
for determining luminaire efficacy ratings for fluorescent
luminaires, NEMA LE 5-1993. Rev. 1995. Washington, D.C.:
National Electrical Manufacturers Association

Authors: prof. Ing. Jifi Habel, DrSc., Czech Technical University in
Prague, Faculty of Electrical Engineering, Technicka 2, 160 00
Praha 6, E-mail: habel@fel.cvut.cz Ing. Petr Zak Ph.D., Czech
Technical University in Prague, Faculty of Electrical Engineering,
Technicka 2, 160 00 Praha 6, E-mail: zak@etna.cz

24 PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 4/2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


