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1. Abstract

Experimentally collected data of electric energy consumption for domestic lighting in
Serbia is presented and analysed in this paper. Measurement has been done on the City
of Nis representative sample. Measuring devices for experimental evaluation of the
residential lighting consumption have been developed. Devices were placed close to the
electric light sources in each location of the representative sample, in order to store time of
the electric light source state changing in their internal memories (eeprom). According to
the measured results a statistical analysis is presented.

2. Introduction

Lighting is present in every household and represents a considerable share of the electric
energy consumption in the residential sector. Most people are not aware that many types
of traditional lamps they use have very low efficiency and that installing more energy
efficient lamps, could save large amount of energy and money. Considering the potential
for saving energy, reducing pollution and preventing climate change many projects have
been realised in the last fifteen years [1 - 5]. These studies have resulted in a number of
polices and programmes adopted to reduce lighting consumption [6, 7].

One of the studies is Domestic Efficient Lighting (DELight) [1] which incorporated data on
domestic lighting all over Europe, focusing on European Union, with in-depth analysis of
three countries: Germany, Sweden and UK. Beside the analysis of electric energy
consumption for residential lighting the research has also been done on potential energy
savings from changing incandescent bulbs with compact fluorescent lamps (CFLs). The
investigation, reported by International Energy Agency (IEA), has shown that lighting in the
residential sector consumed 811 TWh of total electric energy in 2005. This amounts to
about 31% of total lighting electric energy consumption and 20% of total electric energy
consumption in the residential sector [4]. In the EU-15 Member States the lighting
consumption, as share of the total residential electric energy consumption, ranges
between 8% and 23% (if water and space heating are excluded from residential electric
energy consumption) [3]. On the other hand the average consumption per household in
EU ranges from 300 kWh/month (Portugal) to 1143 kWh/month (Sweden) [3]. Compared
to EU countries average consumption per household in Serbia is 400 kWh [8].

In order to determine lighting electric energy consumption of residential sector in Serbia
measuring devices for experimental evaluation have been developed. Devices were
positioned close to each luminaire of the representative sample, in order to store time of
the electric light source state changing in their internal memories (eeprom). Analysing



experimentally collected data daily duration of lamp operating time as well as number of
switching on/off operations for each location are obtained. Based on the obtained results
and total ELSs wattage it has been estimated which part of total electric energy
consumption is consumed by ELSs. Finally, optimal selection of CFLs for different
locations is proposed, and potential energy savings from changing the incandescent bulbs
with CFLs is estimated.

3. Methodology

In order to measure electric energy consumption for residential lighting, small, simple and
cheap measurement units were developed. The measuring unit, shown in Fig. 1, contains
microcontroller PIC12F675, eeprom 24LC128, battery, phototransistor LTR-4206,
oscillator 32.768kHz, resistors and capacitors. Phototransistor with narrow sensitivity
diagram is used in order to obtain valid data of switching on/off of the ELS and avoid
wrong measurements due to presence of daylighting. Sensitivity diagram of the
phototransistor is shown in Fig. 2.

Measuring devices are positioned close to luminaires in that way to avoid actuating device
by daylight. Examples of measuring devices positions are shown on Fig. 3.
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Fig. 2: Relative sensitivity diagram of phototransistor



Fig. 3: Examples of positions of the measuring devices

4. Results

A measurement has been performed in seven residential places located in surroundings of
the downtown of the City of Ni§, the second largest city in the Republic of Serbia, with total
of 51 measuring places. Measuring devices have collected data between May and August,
period when daylight is present the most, which should be considered in the analysis. It is
planed to continue with measurements and to cover all four seasons during the year in
order to have more precise picture of lighting consumption. During the measuring period
Sunrise was between 4:52 am and 5:22 am, while Sunset was between 7:55 pm and 8:17
pm.

Measuring units are placed in living room, bedrooms, children rooms, kitchen, dining room,

bathroom, toilette and hallway.

In living room two cases are considered:

I General lighting (ceiling mounted) and additional lighting (torchiere, lamp) is
installed;

Il Only general lighting is installed.

Total number of considered luminaires and number of different ELS types for each location
are shown in Table 1. Table 1 also contains average wattage per location for each ELS
type as well as wattage range.

Table 1. Number of luminaires with ELS type and wattage by location.

Location No. Incandescent CFL Halogen
wattage No. |wattage| No. |wattage
Living room | - ceiling 112 (100-150)
Living room | - additional lamp 58 (40-75) 1 24 1 100
Living room Il 160 (120-200)
Bedroom - dressing room 74 (50-100) 1 50

Children room 128 (40-200)
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Kitchen 105 (75-150) 1 20
Dining room 180 (180) 3 21
Bathroom 85 (60-100)
Toilette - WC 83 (75-100)
Hallway 89 (40-120)




Table 2. Number of switching on/off and daily duration of lamp operating time

Daily number of switching Daily operating time

Location operations hours:min
Range Average Range Average

Living room | — ceiling 0.5-3.8 1.9 0:30 — 0:55 0:37
Living room | -additional lamp 0.6-4.2 1.7 0:20 — 2:55 1:50
Living room |l 21-26 2.4 3:30-4:10 4:00
Bedroom -dressing room 22-58 3.6 0:22 -1:30 0:43
Children room 0.7-6.7 3.2 0:20 — 3:20 1:10
Kitchen 27-77 4.4 0:30 — 0:54 2:10
Dining room 0.7-26 1.7 1:10 — 1:40 1:20
Bathroom — Toilette 12-19.3 15.3 1:25 - 5:50 3:10
Toilette 6-10.7 7.7 0:40 — 3:30 1:37
Hallway 16-114 4.8 0:30 — 6:00 2:00

Table 3. Number of locations by daily lamp operating time

Duration <1h 1h-2h 2h-3h 3h-4h 4h-5h |>5h

Number of measuring locations 19 15 6 7 1 3

Daily number of switching on/off operations and daily operating time of ELSs for each
location are shown in Table 2. Table 3 shows ranges of daily operating time and
appropriate number of locations for each range.

Average installed wattage of all luminaires is 705 W per household. During the peak
demand period (between 8 pm and 10 pm) average operating wattage is 135 W (113 W —
185 W) what is around 20% of total installed lighting power. For representative sample
average electric energy consumption of household was 440 kWh per month for the
considered period. Average monthly lighting electric energy consumption was 47 kWh.

5. Conclusions

As it can be seen from Table 2, the greatest number of switching on/off operations is
noticed in bathrooms and toilets while the longest average daily operating time is noticed
in living rooms, bathroom, kitchen and hallway. Long operating time in hallways and
bathrooms is due to low presence of daylight in those premises.

Out of 51 luminaires on which measurement has been performed daily usage of four
luminaires is longer then 4 hours, while on seven places it is between 3 and 4 hours.

Based on measured data the lighting consumption per household is 10.75% as share of
the total residential electric energy consumption of 440kWh. This percentage is less then
in other EU countries, but great presence of daylight during the period of measurement
should be considered.

Taking into consideration installed lighting wattage per household as well as consumer’s
habits to use mainly CFL of 20W, with additional change of two incandescent ELSs by
CFLs installed wattage will be reduced for about 20%. The same benefit (of about 20 %)
will be in lighting electric energy by randomly changing incandescent ELSs by CFLs, which
is benefit of 100 kWh annually per household. Annual energy saving that would be
achieved by substituting two ELSs per household is estimated to be 260 GWh considering
that Republic of Serbia consists of 2.6 million households [9]. Taking into account that
during the peak demand period (between 8 pm and 10 pm) average operating wattage per
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household is 135 W, it can be concluded that the power demand in the same period would
be less for about 70 MW on the Republic level by random substitution of two CFLs per
household. These benefits would be greater if the selection of the locations for ELS
substitution is done properly.

Acknowledgement: Authors would like to acknowledge Department of Lighting Engineering
of the Technical University llmenau as well as LiTG e.V. (Deutsche Lichttechnische
Gesellschaft) whose support made possible presentation of this manuscript at the Lux
Junior 2007, Dornfeld, Germany. Authors also thank the MS of the Republic of Serbia.

6. REFERENCES

[11 Environmental Change Unit: Domestic Efficient Lighting (DELight), Final report, Energy and
Environment Programme, University of Oxford, UK, 1998

[2] Pop F. Beu D, Calin C.: “Promoting actions for lighting energy efficiency and saving in
residential buildings in Romania“ EEDAL ’06 21-23 June 2006, pp. 1347-1357, London, UK

[3] Bertoldi P., Atanasiu B.: Residential lighting consumption and saving potential in the enlarged
EU, EEDAL ’06 21-23 June 2006, p.p. EU 545-560, London, UK

[4] Waide P.: Residential lighting energy use: An in-depth global assessment of lighting service,
energy consumption, savings potentials, policies and impacts, EEDAL '06 21-23 June 2006,
pp. 657-671, London, UK

[5] AGO Greenlight Australia: A Strategy for Improving the Efficiency of Lighting in Australia
2005-2015 Australian Greenhouse Office, ISBN 1 920840 85 0, Canberra.

[6] European Commission. Commission Directive 98/11/EC of 27 January 1998 implementing,
Council Directive 92/75/EEC with regard to energy labelling of household lamps, Official
Journal L71, 10.03.1998, pp. 01-08.

[7] Directive 2000/55/EC of the European Parliament and of the Council of 18 September 2000
on energy efficiency requirements for ballasts for fluorescent lighting

[8] Public Enterprise "Electric power industry of Serbia”, available at:
http://www.eps.co.yu/slike/onama/prosecnapotrosnja.gif

[9] Statistical office of the republic of Serbia, Annual electric energy consumption per household
available at: http://webrzs.statserb.sr.gov.yu/axd/en/index.php



	Inhalt


<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


