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Motivation for this TestStudy:
InJune2013, DG Energyublished aechnical studyprepared by consultant®/HK/VIT®on the

feasibility ofkeeping in place an Ecodesign regulatory mea&@eNo 244/2008dopted in 2009 for
non-directional household lampdhe regulatory measure under review is the final stage of the
Europearregulation onnon-directionalhouseholdf A A K G Ay 33> NS F.9neNBKR/ITO2 | a W{
studyincluded a projection athe anticipated price and perforance ofLED replacement lansp

basedon the best information available at that timelowever,since that timethe rate ofinnovation

in LED producteasfar exceeded expectationandthe price andperformance levelsire exceeding

the projections publishedh the VHK/VITO study.

In this context, it became clear that in order for policy makers make an informed degision

whether to keep, amend or delay Stage 6 of 244/20@8y evidenceshould be provided including

test datato verify product claimsThusthe authors designed and conducted thistiag study,

purchasingamps from vendors across Europe destingtneml ¢ G KS { 46SRAAK 9y SNHE?
lighting laboratorylt is hoped thathese test result®f LED lampsn the current Europeamarket

will prove useful tgpolicy makersenablingthem to makeappropriatedecisions with regard t&tage

6.
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ExtendedSummary

The Swedish government, with support from the Belgian govent, CLASPA 9 dzZNR LISy t NRB 3|
andthe European Council for an Energy Efficient Economy (eceepleaised to submit this report
to the European Commissi@mnd theConsultation Forum.

This study was undertaken because nedDproductshavebeen introducednto the European
marketat low prices which are claimingry high peformance levelsit was deemed necessary,
therefore, to conduct dimited marketstudy of the products availabla the current European
marketand to presenthis newevidence, including test report results, the Consultation Forum.
Supplementing thistudy, the Team also compiled databases of LED lampsaittoen publicly
available sourcesvhich areidentified separately from the measure@st results.

Due to the &ct that clear LED lamps were identified as an issue in the contéx Stage Geview

because of the ability of tungsten filamentstocreaté & LJ- NJ f S¢ SFFSOG Ay OSNI I
studyfocuseson clear LED lamp replacemenitscludingsevald [ 95 FAf | YSy G fF YLAE
exampleshownbelow. The study also included other clear LED lamp dessyie, as thoséased

around optical light guides offered lmpmpanies includintKEA, OSRAM and Philips.

Figure ES. Example ofitn ACMains-VoltageNon-Directional LED Filament Lamp

Samples of temnits of each ofeighteendifferent lampswere purchasedrom ontline retailers in
Belgium, France, Germany, the Netherlands, Sweden, and the United Kingdoemteerof those
lamps were LED and one sample set was a mailtage halogen lamfor comparisonThe pices
paid forall thelampspurchased, includingaxes were normalisedto the cost in Euros pes00
lumens of lightoutput using currency exchange rates bettime of purchas@ Thesenormalised
pricesfor the LED lampsanged frome ¢ ® mecH ylig@n 500 lumengincludingVAT) The halogen
lampspurchased had apric@ ¥ e HdH g LSSNI pnn f dzySy

2This normalised level of light output was selected to be consistent with the way the price progression of LED lamps was
LNBESYGSR Ay GKS WdzyS wnmo 02y & dAFINALRERPDRReMBM SRidyDrrthe §tagé f SR a b 5 |
Grequirementsd / 2YYA&A&A2Yy wS3IdA FGA2Y 69/ 0 b2 HnnkHANDEZ o6& 1Y O
Delft/Brussels, 14 June 2013.
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Thisstudy also found a wide range averageefficacy values fothe clear LEDamps tested, ranging

from 62.7 lumens per watiabout the same aa compact fluorescenamp) to 121.4 lumens per

wattcy SF NI & GogAO0S a STFFAOASYG la GKS t26SadGd [95 f
12.8Im/W, meaning that for tle same light output, it will consume ten timasore electricity than

GKS &l YLX S | @S NerfAr®ing EDarip2ARd, Withirthe Saf@ledf ten LEDlamps

that averagedL21.4Im/W, one unithad a measured efficacy #81.5 Im/W.

Exceeding thé’rice and Performance Projection

In June 2013, the Commission circulated a technical répgryHK/VITO, a team Bluropean

consultants who are recognised expertslminting products In that technical report, VHK/VITO

projected LED lamp efficacy andqarin the EU from 2012 to 203Bor convenience and reference,

Fy AYF3S 2F ¢+FotS w FTNRY (i KubedebwyThidibblgresdniSie NS GA S ¢
expectedprojection of efficacy (in lumens per watt) and price (in Euro including VAT pdu®@ns

of light)that was expected ahat time (June 2013)

Table 2. MV LED retrofit lamp, efficacy and price projections EU 2012-2025§
(sources: for efficacy CLASP 2013, based on US DoE MYPP projections, for EU lamp consumer prices
incl. VAT (500 Im lamp) up to 2020 LightingEurope; 2021-2030 prices, extrapolation VHK )

Year 2012 | | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | | 2030
ALY 58 93 99 105 | 112 | 118 | 125 | 130 | 134 | 138 | 142 169

pricein€ | 180|100 | 90 | 85 | 80 | 7.5 | 70 | 65 | 60 | 55 | 50 || 253

This projection was then compared to the new tessults that were generated under this stydy
providingprice andperformance information on LED lamps available in 20bé. test results found
that the price and performance ofiains voltageNIV) LED retrofit lampsad progressedat a much
faster pace than was expectéa June 2013

Thefollowing figureshowsthe price andefficacyprojectionsfrom the aboveTable 2from the
VHK/VITO repoms vertical lines, drawn from the two axes of priceafi6) and efficacy {axis). In
that same graph, we have then superimposed dotspresenting the pricgincluding VATand
performance of the LEBmps purchased in August/Septenm#014 and testedThe efficacy values
shown ae averages of the sampl@=10) ofeach model otlear LED lamand the one halogen
lamp. The figure hagverted scales, meaning thedficacy improves and price is lower as the
products move toward the origi(0,0). Although it was measured, the halogen lammoi®d but is
off the scale ofltte graph due to its low efficacy comparedthe@ LED lamps

%6b5 [ { { ¢! DOS9INAL REBCGRR&Yi2w study on the stage 6 requirements of Commission Regulation (EC) No
HNnnkHDANNGE I VIDCEfor the BiropeadfCommission. Delft/Brussels, 14 June 2013.
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Figure EQ. Example oMV LED NoiDirectional RetrofitClearLEDLamps: Projections made in
2013 on price/performance ratio vs. real 2014 values

The figure shows thapproximately 50% of the LE&Mpspurchased and tested for this study
already exceed thanticipated2016 price and performance lew&nd one model availablen the
European market in 201dlreadyexceeds thanticipated2018level on efficacy and the 2020 level
on price Thus the market of LED lamps in Europe is movinghfaster than was previously
expected, with many models availabteday are severalyeas ahead of projected price and
performance levelin the VHK/VITO repofsee Chapter 5)

European Market Eroding Energy Savings under 244/2009

Ecodesign regulation EC No 244/2009 bifurcated the incandescent lighting market into frosted and
clearlamps, and set different energgfficiency requirements for frosted and clear replacement

lamps. Frosted incandescent lamps were moved to the efficiency of a compact fluorescent lamp and
clear lamps were moved to the efficiency of a mariage halogendmp (which idess efficient

than a CFL)Ihere was a concein 2009that the market may simply migrate ward mainsvoltage
halogen lamps from both frosted and clear incandescent lamsgallatiors, bypassing compact
fluorescentlamps and not capturingosteffective energy savings

The IEA 4E Mapping & Benchmarking Annex published an update tdahastic lighting market
studyin September 2014 based orGfK lamp sales data f&urope® The mainssoltage

* Therate of change has takemanyby surprise on 6 November, whildrafting this report, OSRAM announceut its

/ 9h 22t F3FLy3 5SKSy ¢l a adSLILAYI Rathgpack ¢f anlidldusy shiftSr@m dza S KS KI |
traditional light bulbs to ligh8 Y A (i i A y ShttpRiwvawsbBémbeby.com/news/201411-050sram-namesberlien
new-ceofrom-2015after-earningstarget-cut.html

°IEA Mapping and Benchmarking repgidomestic Lighting Update, September 2014. See:
http://mappingandbenchmarking.ie@e.org/shared_files/609/download



http://www.bloomberg.com/news/2014-11-05/osram-names-berlien-new-ceo-from-2015-after-earnings-target-cut.html
http://www.bloomberg.com/news/2014-11-05/osram-names-berlien-new-ceo-from-2015-after-earnings-target-cut.html
http://mappingandbenchmarking.iea-4e.org/shared_files/609/download
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incandescent, maingoltage halogen, singlended seHlballasted CFL and retrofitED lamp data are
reproduced belowThesedata show that integrally ballasted CFL sgleaked in 2010 and have
been in declinecross Europever sinceln fact,CFL sales in 20H58e lower than they were in 2007,
prior to the adoption of regulation EC No 244/2009. Meairtglsales of mains voltage halogen
lampshave grown by 477% over that same time period.

These sales dateem to indicate that th@on-directional household lampegulation hadailed to
move frosed incandescent towardales of CFLs, and instead kisplymovedboth clear and
frostedincandescentamp usergo halogen lampé.

Figure ES. Shipments of NofDirectional MainsVoltage Lamps in Europe, 202013

Thesalesmarket in 2013 contrasts sharply with tferecastsprepared in 2009ord h LJGA 2y W [ £ S|
{ t 2(e&policy €enariothat most closely resembles the regulatory optieglected by the

Commissionn EC No 244/2009)n that market forecast, the Comrsienhad expected CFL sales to

be 4 times larger than mains voltage halogen lamps in 301®: fact thaactualCFL sales are one

guarter of halogen sales in 2013 means that the European market is not on track to deliver the

39 TWh of electricity savingsom EC No 244/2009.

® These data can be found in the figure on page 5 of the IEA M&B Annex Domestic Lighting Report, September 2014. The
countries represented in these GfK shipment estimate are Austria, Belgium, Francen@e@Gneat Britain, Italy and the
Netherlands.

! Halogen lamps are approximately 20% more efficient than incandescent lamps while CFLs are approximately 400% more
efficient. Thus, the decision to allow mains voltage halogen lamps to remain on the Europeat has significantly

reduced the anticipated energy savings from this policy measure.

8 Final report, Lot 19: Domestic lighting prepared by VITO for European Commission DGTREN unit D3, Andras Toth,
2009/ETE/R/069; October 2009. See shipments projedticAnnexe &: Main economic and environmental data for the
AO0SYINR2 ahLIWiAz2y W [ ESENI. {f26¢0
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Furthermore, frosted incandescent lamp sales were assumed to be nearlydbeeters of sales in

2007 (clear incandescent was approximately-oparter of salesy.Although a transition from

frosted incandescent to CFL was deemed effective for householdg most frosted lamp sockets

would not seem to have migrated to CFLs (clear halogen lamp sales were grteatsthan CFLs

in 2013). This would mean, the decision to keep clear mains voltage halogen lamps in the market has
slowed the market adoption of energgfficient lighting and undermined thexpectedenergy

savings. Given this new information about how the market seems to have responded to the policy
measures (i.e., rejecting CFL lamps), the proposal to extend the saleaiofmains voltage halogen

lamp sales in Europe from 2016 to 264&uld further delay the introduction of energpfficient

lighting into Europe.

Supplementary Databases for Comparison

In parallel with the laboratory tests on the procured samplekofps, additional research was
conducted on published databases and sources of.daata were gathered from five different
sources only importingomni-directional, geneal lighting service lampoth clear and frosted)
There are 1808 models in the ddiases (moreinformation in section 2.1)l some of which will be
duplicated across the three US databases. Most of the performance data in the database is self
reported. The figure below shows a scatterplot of the ddtagused on a viewetween 2 andl2
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Figure E&. Comparison of Test Data (2014) with Public Databases of LED LampsZQ04p

° Final report, Lot 19: Domestic lighting prepared by VITO for European Commission, 2009/ETE/R/069; October 2009.

Annexe 8: Main economic and environmentalild F2NJ §KS &a0Sy I NA2 ahLIiAz2y W /fSFN .
=] Impact Assessment, Commission Staff Working Document, on ecodesign requirements for nondirectional household
flYLAZ mydodunndd vd2iS 2y LI IS mcY d4aLy itiskSteffedi oordyR € | Y LI
Ftt2g OtlFaa ! tS8S@St tFYLA oI [/ C[aovdé

5 November 2014, Commission issued an email which stated the following: EU TBT notification concerning the Draft
Commission Regulation amending Regulation (EC) No 244/2009 has now béshgulion the WTO website under the

following reference: G/TBT/N/EU/248 and can be found helie on this link


http://ec.europa.eu/enterprise/tbt/en/search/?tbtaction=search.detail&Country_ID=EU&num=248&dspLang=en&basdatedeb=19/10/2014&basdatefin=27/11/2014&baspays=&basnotifnum=&basnotifnum2=&bastypepays=ANY&baskeywords
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The Swedish Test Data, prepared for this report, tend toward the higher efficacy models in the
datasetwhich includes LED lamps from 2012 to 2014. The test data from this study tends to be more
efficient because they were all purchased in the last few months and thus are using the most recent
and energyefficient LEB. Furthermore, the LED filament lampseeto be new models, just
SYSNHAYy3 2yG2 GKS YINJSG Ay @2fdzyS GKAa &Sk NE

Six Key Questions

Finally,as stated in the email announcement informing the Commission and Consultation Forum
about this studythe authors have attempted to addresx &ey questions thatonstitute the

principal outcomes of this workthese questions and awers are discussed in Chap6eof this

report, with very brief summary answeggvenbelow:

Q: What is the current costnd performance of clear LED lamps?

A: The data fol.ED Lamps tested in this stutgveexceeded the expected progression of LED
technology publishedhithe VHK/VIT@Report The table below presents the comparison between
an estimate of the VHK/VITReport forecast and the sample average from lamps purchased in
August/September 2014.

Table ES. Current Price and Efficacy of MaiWwoltageRetrofit LED Replacement Lamps

: Price (Euro) per 500 | Efficacy (lumens per watt
Source of estimate L .

lumens of lght in 2014 in 2014
VHK/VITO Report (June 2013)* emMmndnn K p 76 Im/W
Test data averagehis study €E MH®PpH K p 98 Im/W
Difference test data average in 201+ .

. g . 11 percent lower 29 percent higher

compared with VHK/VITO projecteq

* The VHK/VITO report did not provide actual values for 2014, therefore the figures shown in this table are
derived from linear interpolation between the 2012 and 2016 values.

The values are 11% lower on price and 29 percent higher araejficompared to a linearly
interpolated estimate from the VHK/VITO Technical Report. See section 5.9 for discussion on
these estimates.

: Do they give an aesthetic pleasant light?

: The LED lamps tested in this study were found to have CCT valuastieaaround 270Bto
2900K, which is consistent with the baseline technolibgy seek to replacé.e., incandescent
and halogen)The CRI value for most LED lamps exceeded 80 CRI (with a few exceptions, where
the CRI was measured at)79wo of the LELamps testechadCRIwvaluesh y (i KIKREAGmIQ &
vosLED)The flickeindex and percent flicker of the lamps were measured and many lamps had
no flicker. The lamps were also tested for their light distribution pattern, and there was a very
good resemblace to the halogen reference lamp (see Annex B). Thus, it would appear that the
LED Lamps can meet the optical requirements of luminaine®ntly using halogen lampBsor all
of these reasons, it would appear that these clear LED lamps do offer consamaesthetic,
pleasant lightAnd, a limited review of website comments was conducted (see section 2.2.6),
which indicated the earkadopters of LED filament lamps are satisfied.

> O
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Q' NB (KS AGRAYYIo6fSé¢ fFyYLaA O2YLN Wimddrs8 6AGK f Sl RA)
A: Althoughthese two dimmers do not represent all dimmers in Europe, they do represent two of
the most common types found in the mark&iveof the LED lamps purchased for this study were
YIN] SGSR | 3f tNeBewo ¥fithosk IGr@pgvere able to be dimmed on both dimmers
(#6 IKEA, #13 Star Tradinghe other three lamps had issues with one of the dimmers. Lamp #5
from LED Connection was not compatible with the leading edge dimmer and Lavhfser#
OSRAM and #&lfrom Philips were nbcompatible with the trailing edge dimme©verall, the
results indicate that the industrig working orbetter LED drivers tmake themcompatiblewith
the main types in Europ@nd there arestill be some manufacturing / quality control issues to
work out in production

: Do these lamps meet the LED quality requirements in EU No 1194/20127
. In order to ensure that the manufacturers of these new Rigitformance, lowcost LED lamps
are not sacrificing light quality aspects that are important to [peem consumers, the Swedish
9y SNHe ! 3Syo0eqQa (Sad flro2NIG2NE fa2 O2yRdzOGSR
with the quality requirements for LED lamps under EU No 1194/3(4€e Chapte5).The
sample size (n=10) was not sufficignargefor market surveillance testing, therefore the
findings should only be taken as indicative as to whether these lamps would meet the
requirements. Furthermoreall of the test are not complete (some require 6000 hours of data),
for most ofthose thatare@ yS G KS | ythethSWNEDadps dbandel Squality
requirementsof EU No 1194/2012

> O

w Lamp survival factort&000 h- tests are orgoing

w Lumen maintenance at 6000g¢tests are oRgoing

w Number of switching cycles before failurges,testedfor all lamps; no failures in LED, but
one failure in a halogen lamp.

w Sarting time¢ yes, all LED lamps passed

Lamp warrup time to 95% yes, all LED lamps passed

w Premature failure rate at 1000tinot complete yet; but is beinggpstedand ® far, all but
one LED lamp (#I1ED24.ccpassed the test

w Colour rendering indeg yes, testecand all LED lamps met the minimum requirement with
G2 Y2RSta 0SAy3a gAGKAY GKS Fft2é6l0ftS (2t SNI

w Colour consistency yes,testedand most LED lamps metelsix MacAdam step
requirement;#9 (Panasonicind #.7 (Calexexceededhis requirement.

w Lamp Power Factayyes, testedand all lamps met the requirements with many exceeding
them.

€

Overal] the LED lamps were &tlundto be compliant with theecodesign requirements under
1194/2012 excepta few modelexceeded thesix MacAdart? steplimit and one premature

12 Commission Regulation (EU) No 1194/2012 of 12 December 2012 implementing Directive 2009/125/EC of the European
Parliament and of the Council with regard to ecodesé@uirements for directional lamps, light emitting diode lamps and
related equipment.

EN linkhttp://eur -lex.europa.eu/LexUriServ/LexUriServ.do?uri=0Ji123%2:0001:0022:EN:PDF

3 The six step Macadam requirement comes from ecodesign regulation EU No 1194/2012: when a light source is measured
from multiple directions, all measurements x, y coordinates should be grouped within a 6 step Macadam ellipse.



http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:342:0001:0022:EN:PDF
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failure. The lamps perforrad exceptionally well yet some importeasnitted energy labels and
one had developed themwn energy label with an A+++ class (which does not exist in EU
874/2012)". Thislabelling violation was reported to the UK NMO

: Are LED filament lamps reliable products for consumers?

: To assess reliability, the lamps were subjected to a switgtycle test and an operational test
which is orgoing, but so far has complet@®0 hoursof testing In the future,the Team
collaborating on this study intends fmublish additional test informatioon reliability at 00
hours and 6000 hourg\ll the LED lamps finished the switching cycle test successfully (one
halogen lamp in the sample of ten failed the switching cycle téghjle 3 of the 170 LED lamps
tested were defective and did not operate out of the box (and thus could have been retfoned
arefund / replacement). Two individual LED lamps sold by ccLED (both sample #11) failed during
the burrtin. Lamp #12 had one unit fail during measurements, bluthe other LEDampsso far
havenot have problems?® The longethour lifetimetestingis continuing in parallel with the
publication of this report.The data gathered so fashow a mixed picture withED filament
lampscomplying with switchingycle tests, but one model showing premature failure above the
Ecodesign thresholdThis does®@ i YSIFy [ 95 FAtFYSyd flYLA | NB 42
halogenlamp haddifficulties in the switchingycle test. For the consumethe early failures
should not pose a big problerwherethey are covered by commercial or legainimum product
warranties

> O

Q: What trends in price and performance of LED filament lamps have been observed in the last two
years and what is expected in the future?
A: Although LED filament technology was originally developed in 2088) &bkea ¥ dpular
LED lamp ty until more recently, in 2014. The performance of LED filament lamps is linked to
the performance of LEDs themselves, which it is shown in Chapter 2 are simply mounted in a
chain under the phosphor coating of the filament. These emerging lamp designsihrplidied
the electronic drivers and the optics, resulting in an enegfiicient lamp which exceeds the
price and performance that wasnvisaged in th& HK/VITO report. More specificalthe retail
LED lamp pricef these LED filament lampsapproximatelyl1 % lowethan the forecastand
efficacy i29 % betted DA @Sy GKIF G (GKS O2yadzZ GFydQa WdzyS wni
I 2YYA&aaAz2yQa NBOSyld LINRLRalt G2 RSftlFre GKS AYLI .
years!’ that proposedamendment would now seem to be redundant becatise technological
progress of LED lamps has exceeédgplectationsAlready now LED filament lamps are available
that can replace many halogen applications.

4 Commission Delegated Regulation (EU) No 874/2012 of 12 July 2012 supplementing Directive 2010/30/EU of the
European Parliament and of the Council with regard to energy labelling of electrical lamps and luminaires;

EN linkhttp://eur -lex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:32012R0874&from=EN

1> The verification procedure in Annex IV of EU/1194/2012 has a tolerance of maxirfailore out of every 20amps

16Tevaja Lightin@orporation, China. Seéttp://www.tevaja.com/?page_id=11

"5 November 2014, Commission issued an email which stated the following: EU TBT notification concerning the Draft
Commssion Regulation amending Regulation (EC) No 244/2009 has now been published on the WTO website under the
following reference: G/TBT/N/EU/248 and can be found helie on this link

10
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1 Introduction

OnMonday, 15 September, Bram Soerdihe Belgian Ministry for Health, Food Chain Safety and

the Environmentirculated an email to all the stakeholders of @@zNR LISy / 2YYA a4 aA2y Qa
Consultation Faum for nondirectionalhousehold lamps to inform them of this study. This email

highlighted thefact that LED technology has continued to evolve at a very rapid patbethe

recent introduction0f02 YLISGA GA @St & LINKAOSR 6Gdirectiomallampdnt® 5 FA € | Y !
the European market. Several of these lamps @dito havevery high effiaciesq and f those

performance valuesra correct, then theactual productperformance will have exceeded the

anticipated rate oprice and performancenprovementdza SR | & | 06 | apgraposdioA NJ 5D 9y
the treatment of Stage 6 of EC No 244/208Q:0py ofthe 15 Septembeemail and the twepage
attachmentinforming stakeholders about the study can be found in AnnekthAis report

This study provides a market snapot of clear LED lamps on the European market from August
2014, looking at theimeasuredprice and performanceThe objective of the study i® examine the
following key questions:

2 KFG FNB GKS OdNNByid 0O02aid o6fdzyYSykeov | yR LISNF:
Do they give an aesthetic pleasant light (warm white, high CRI, no ¥icker
I NB GKS GRAYYIFIOofSéE fFYLA O2YLI GA0ES AGK €SI
Do these lamps meet the LED quality requirements in EU No 1194/2012?

Are LED filament lamps reliable products for consumers? (i.e., failure rate, switching test)

€ &€ &€ € € €

Whattrends in price and performance of LED filament lamps have been observed in the last
two years and what is expected in the future?

This report is structured as follows:

Chapter 1. Introductioq this chapterprovides an overview and context for the testidy
and this report.

Chapter 2Market and Technology Assessmeirovidesan overview of the European lamp
marketincluding data fronthe recent IEA 4E Mapping & Benchmarking Annex repbis
chapterincludes information on how LED filament and atbkear lamps are being marketed
in Europe and some inforntian on the consumer respons&his chaptealsoincludes some
information about LED filament technology.

Chapter 3Lamps Purchased and Tests Condugteavides information about the lamps

thatwered St SOG SR GKS GSad € 02 NlghtiagNést 0 1 KS { 6 SRA
laboratory) and the tests conducted.

Chapter 4. Test Resu@ipresentation oftest results for each individual lamp model and a
comparison between the different modeldt should be noted that ot all the planned
testing is completat this time therefore updatesto these findings wilbe providedin the
future asnew data becomes available.
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Chapter 5. Discussion of Test Resutismpares the test results of the different lamps,
looking at the differences in performancgeoth averages and minimum and maximum
values.

Chapter6. Key Question Examination and Discussitie key questions mentioned above
and included in the origin&@mail message of 15 September are discussed in this chapter.
The responses to these questions constitute the outcomes and conclusions of this study.

As indicated in Chapter 4ud to the fact that some of thlifetime tests require 6000 hours.€.,
approximately 8 months) to completéhe authors aréntending to publistupdated test results on
this sample of test lamps in the future. Like this study, any future updates wilidséded to the
Commission and th€onsultation Forumand posted in the pdle domain.
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2 Market and Teclmology Assessment

This chapteprovides information about the lamps that were selecfedtestingand thar claimed
performance leveldt includes photographsf the lamps asvell as information about where the
lamps weresourced and the prices paill.alsocontains information about this netechnology
NEFSNNBER (2 & .a[ 95 FAL{IFIYSydGé fF YLA

2.1 European Lamp Market

Ecodesign regulation EC No 244/2009 bifurcated the incandescent lighting market into frosted and
clear lamps, andet different energy efficiency requirements for frosted and clear replacement
lamps.The intention of the policy measure was thadgted incandescent lampgould be replaced

with compact fluorescent lamg(Aclass energy labednd cleatincandescentampswould be

replaced bymainsvoltage halogen lamg(D-class energy labelThen, in September 2016, the final
stage of 244/2009 would phase out maivsitage halogen lamps in favour ofcBiss halogen lamps,
which are no longer available on the Europeaarket. Therefore, Stage 6 is being interpreted as a
phasing out ofnains voltagéhalogen lamps in favour of LED lamgfsiwhichthere are model®n

the market in 2014n the A, A+ and A++ class

In a recent publicationhie IEA 4E Mapping & Benchmarkifinnex published an update to their

domestic lighting market studyncludingEurope®® They published an update in September 2014,

which includes GfK sales data for Europe. Some of that data is reproduced below, only including the
mainsvoltage incandesa# and replacement lamgg namely mains voltage halogen, integrally

ballasted CFL and LED lamfise datashows that CFL sales peaked in 2848 have been in decline

ever since. In fact, CFL sales in 2013 are lower than they were in 2007, prior to tiemdd

regulation EC No 244/2009. Meanwhile, mains voltage halogen lamp sales have grown by 477% over
that same time period.

These sales data seem to indicate that the firectional household lamp regulation has failed to
advance sales of CFLs, amstéad has simply moved the Europe@m-directional household
lighting market from incandescent to halogen lanips.

BIEA Mapping and Benchmarking repqidomestic Lighting Update, September 2014. See:
http://mappingandbenchmarking.iede.org/shared_files/609/download

19 Halogen lamps are approximately 20% more efficient than incandescent lamps while CFLs are approxi@fateiprd
efficient. Thus, the allowance made for halogen mains voltage clear lamps has becoméalétiat has undermined
the original regulation and wiped out the anticipated savings.
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Figure2-1. GfK shipment estimatef Non-Directional MainsVoltage Lamps , 206Z013(Austria,
Belgium, France, Germany, Great Britain, Italy and the Netherlands
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2-2 below), which had expected CFL sales to be 4 times larger than mains voltage halogen lamps in
2013 The fact that actual CFL sales are one quarter of halogen sales ifs2@E&jure2-1 above)

would mean that the European market is not on track to deliver anéicipated39 TWh of electricity

savingsn 2020from EC No 244/2009%Vhen making a comparison between the two graphs, it is
important to focus on the relative shares of lamp types rather than the absolute numbers. This is
because the GfK shipment data is reported to represent about 70 percent of seven large EU Member

States while the 2009 lamp forecast used to calculate energy savings represents the whole EU
market. The contrast in the relative share of halogen to CFL between the 2009 projé&atjore(

2-2) and GfK lamp shipment dat&igure2-1) is notable

“Final report, Lot 19: Domestic lighting prepared by VITO forgearo Commission DGTREN unit D3, Andras Toth,

2009/ETE/R/069; October 2009. See shipments projection in Annéx&&in economic and environmental data for the
I £ SN .
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Figure2-2. Lot 19 Impact Assessment Shipmemsojectionof Non-Directional MainsVoltage
Lampsfor Europe 20072013

Furthermore, frostedncandescent lamp sales weestimatedto be nearly threequarters of sales in
2007 (clear incandescent was approximately-oparter of sales* Although a transition from

frosted incandescent to CRtasdeemed cost effectivéor household%, most frostedamp sockets
would not seem to havemigrated to CFLs (clear halogen lamp sales were 4 times larger than CFLs in
2013). Ths would meanthe decision to keep clear mains voltage halogen lamps in the market has
slowed the market adoption of energpfficientlighting and undermined the energy savinGséven

this new information about how the markeeems to haveesponded to the policy measures (i.e.,
rejecting CFL lampghe proposal to extend the sales of clear mains voltage halogen lamp sales in
Europe fom 2016 to 2018 could further delay the introduction of energsfficient lighting into

Europe

2.1.1 Comparison of Europe with other databases

In parallel with the laboratory tests on the procured samples of lamps, additional research was
conducted orpublished databases and sources of data that may also be included in this report to
supplement the information and evidence being submitted to the Commission and Consultation
Forum. These additional data represent gelported, published and tested resslthus they are

given a different colour in the plots to differentiate them from the performance values of the lamps
tested by the Swedish Energy Agency. The data were gathered from five different sources:

2 Einal report, Lot 19: Domestic lighting prepared by VIT@&fwopean Commission, 2009/ETE/R/069; October 2009.
Annexe& Y al Ay S02y2YAO FYR SYy@ANRBYYSyillf RFEGF FT2NJ GKS &a0Syl N
2 Full Impact Assessment, Commission Staff Working Document, on ecodesign requirements for nondirectionalchouseho
flYLAZ mydodunndd® vd2iS 2y LI IS mcY 4Ly (KS-effedioiprfiyR f I
Fftt2g OflLaa ! £S@St tlyLA oI [/ C[auvdé

5 November 2014, Commission issued an email which stated the following: EU TBT watificaterning the Draft

Commission Regulation amending Regulation (EC) No 244/2009 has now been published on the WTO website under the

following reference: G/TBT/N/EU/248 and can be found helie on this link

YLA
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Olino DatabaséNL) http://www.olino.org/
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LED benchmarf@aU) http://www.ledbenchmark.com

LightingFacts (Uttp://www.lightingfacts.com/Products

ENERGY STAR (U8&p://www.energystar.gov/

=A =4 =4 4 =4

California (UShttp://www.appliances.energy.ca.gov/

Only omnidirectional, general lighting service lam{®th clear and frostd) were imported into the

database for this study. There are 1808 models in the database, although some will be duplicated
across the three US sources. The figure below shows a scatterplot of theodataedin to
between 2 and 12 Watts and 0 to 1200rens.The test data from this study are included in the
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Figure2-3. Comparison of Test Data (2014) with Public Databases of laBip4 (20122014)
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The Swedish Test Data, prepared for this report, tend toward the higher efficacy models in the
datasetwhich includes LED lamps from 2012 to 2014. The test data from this study tends to be more
efficient becausehey were all purchased ie last few months and thus are using the most recent
and energyefficient LEB. Furthermore, the LED filament lamps seem to be new models, just
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was only available for a few models, therefore no meaningful comparison could be made on price.
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2.2 Marketing LED Lamps

This section of the report provides some sareaptures of the LED lamps from thebsites where
they were purchased. The marketing information is provided to show the performance attributes
which are being emphasised when promoting these lamps in the madadt as low power
consumption, long service life, beam angle, correlated colour temperature and colour rendering
index, and lumen output

221 Lamp2al LX Ay [ 95 FAfFYSydGé k ! mpvC

The following is a screen capture of the claimed performance characteristéict dfJf A y Q 8ED& A E
filament lamp which was purchased frdvaplin in the UK.

LED Filament
Technology GLS 662LM
Bayonet Cap (B22)

L & 6 8 & ¢ Code: A15QF

* Revolutionary LED filament technology

+ Ultra efficient, up to twice as efficient as
traditional LED

« Full glass to cap construction offers identical
appearance to traditional lamps

Product details

LED Filament Technology GLS 662LM Bayonet Cap (B22)

* Revolutionary LED filament technology

= Ultra efficient, up to twice as efficient as traditional LED

* Full glass to cap construction offers identical appearance to traditional lamps
» Perfect for open fixtures such as chandeliers and decorative fittings
* Cool running, almost no heat generated

» Bayonet Cap (B22) Fitting

= 662LM output (110/W)

= BW power consumption

* 360° beam angle

= 50,000 hour lifespan

= 2750K colour temperature

= CRI =80

* Mon dimmable

= 2 year warranty

Mot all LEDs are created equal. LED filament technology allows for a near identical appearance to
traditional incandescent lamps while delivering ultra efficient light across a 360 degree beam angle. The
traditional appearance makes these lamps ideal for use in decorative fittings such as chandeliers and

design-lead lighting.

All our LED filament bulbs are rated for 50,000 hours of life and are guaranteed for 2 years as standard.

21
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LEDconmmection-UK

Additional Information

Lumens

Power Consumption

Input Power
Awerage Life in Hrs
Base

Beam Angle
Dimension

Cutout Size
Voltage Range
Dimmable

Colour

Product Warranty

Certifications
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| 2yySOlGAz2y a/flaarod [95
The following is a screen capture of the clathperformance characteristics of thie9 5
six wattLED filament lamp which was purchased fiofD Connection in the UK.

550

Bw

AC 220-240v
40000

E27

360

60mm diameter x 108mm Length
NAA

AC 220-240v
NO

Warm White
2 Years

CE. RoHS

0f dzo ¢
| 2yySOilAz2y
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2.2.3 Lamp 6¢ IKEA Ledare LED lamp

The following is a screen capture of ttlaimedperformance characteristics of tH&EA Ledare lamp
that was purchased at the Edmonton (UK) IKEA store.

.
:u(mn: search

Welcome to IKEA United Kingdom.

Ask Anna

New Christmas| Living room | Bedroom | Bathroom Kitchens Storage Dining Children's IKEA | Textiles & Rugs  Home Office All departments

LEDARE

LED bulb E27, dimmable, globe clear

£6

T Article Number : 602.553.62
The LED light source consumes up to 85%
less energy and lasts 20 times longer than
=S4 =i incandescent bulbs. read more
M Size
v 600 Im

S Add to basket Save to list

Check stock availability at your local store.
Tottenham (Edmonton) ¥ | |0k

3 Prices and products may vary in store and online
& mnxsay

Services

A Fhanceopions

Lo [pa 30 [IEIEEA]

2.2.4 Lamp 15 Philips Clear LED Lamp

The following is a screen captuirem the press release of the Philips Clear LED l&tgase note
that the retail price quoted in the Philips pressaase is lower than the retail price paid for this lamp
when it was purchased for this testing study ¢ KS LINA OS )J AR 41 & emndpo

The clear LED 40W replacement bulb is available from July 2014 for RSP of EUR 8.99.

ﬂﬁﬁ?‘?{?ﬁ Feature§ of the Philips” f:lear. LED bu-lh: .
| | i « Innovative lens for sparkling (filament like) light effect
‘ / « Dimmable
o b / + Shape: AgD
’ » Lifetime: 25.000 hrs
PHILIPS « Color temperature: 2700k (warm white light)

« Lumen: 470 Im (equivalent to 40W)

+« Energy efficient and cost-zaving: §5% energy efficiency (6W input wattage: 78 lumen per
watt ratio

« Perfect light distribution (omnidirectional): = 240D
+ Ideal for homes, hospitality and retail.
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The following is a screen capture of the claimed performance characteristics of the Calex LED
filament lamp which was purchased from ELV in Belgium.

474732

Calex LED Filamant GL3-lamp 240V 6,5W B22 AGD, Clear 2700K

Cat. no. 474732 Dimmable Mee

Cap Base B22 Frequency 50/60Hz

Shape Description AGRO Voltage 240V _——
Energy Label At Wattage B,5W

Lumen Qutput 650 Lifetime 50000 hour

Hominal life time 50000 hour Colour Description Warm White

Lumen maintenance 07 Colour Temperature 2700 %K

factor at the end norm.

Number of switching 25000

life =
cycles ]

Warm up time up to 60% 1,9

of full light output Wattage x,1 W precision G 5W -

Lamp power factor 067
Starting time x,x sec 04

Colour Rending Index 24

2.3 LED Filament Technology

An LED filamernamp is a retrofittable, maingoltage replacement lamfhat uses LEDs as light-

emitting filaments.These filaments are designed so thght isproduceduniformly and evenly,

usuallyin all directions Multiple filaments are then arranged in the glass envelope in order to

maximise the light emission pattein all directions (see polar plots in Chapter#)e resulting
productNBEaSYof Sa fA3IKG SYAaairzy LI GGSNya toyR 2LIAOL
traditional incandescenand haloger(tungsten filament lamps.

The figure below is a cloag photograph taken of one ohe lamps tested in this studyhis

particular lamp had 8 LED filamentswtained within the glass bullicach of these filaments

consumes approximately 1 watt of powahusthis lamp is about an 8 watt LED larymd the

filaments are typically operating around 110 lumens per watt, thus this lamp will have approximately
an 880 lumen output.
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Figure2-4. Closeup photograph of LED filaments from LED Connection (UK) 8W lamp

According to one manufacturera ¢ Stiedilanie® LED lamp was first produced by the Japanese

lighting company, Ushio in 2008 The original design bent the tube into asbiape and used six

filaments to duplicate the appearance of incandescent bullih 3 LED chips in each of the six

filaments. When the LED filaments are operating, they resemble a concentrated small point source,

similar to an incandescent or halogen filament, thus offering a familiar and traditional look while

ONB I G Ay 3 aptic8 effativiideralliht fRM these sources intermetith cut glass and

crystal indecorative and ornamental lighting fixtureAs describeéh the vosLED 2014 product
OFGFt23dz2SY DSNKIFINR [AS0aO0OKSNE al yI 3tkulygreab A NBOG 2 NJ
design: an almost perfect point light source that can be adapted to any lighting situation with the

dzaS 2F {1l YL &aKI RSao | ¢HRlisoyl @alld BeldedghtednwiiStheléw ST F A OA S
J28[ 95%06dz2t 0 &aHE

Companiesdapted and improve upon theoriginal Ushio design, and in 2013 several products
introduced to the global lighting market by different manufacturers. For example, Tevaja Lighting
Company (China), uses a longer filament which incorporates 30 LED chips into each filament,
enablinga greatedight outputfrom each filamenf® The photo below showa cutview of one of

**Tevaja Lighting corporation, China. Setép://www.tevaja.com/?page_id=11

% \OSLED Kompromisslos Besser, vosLED Gliihbirnen Light bulbs, 2014 CBtalogueGermanyvww.vosla.com
website visited 5 September 2014.

*Tevaja Lightingorporation, China. Sebttp://www.tevaja.com/?page_id=11 also, it should be noted that
manufacturers may vary the number of LEDs in the filament to create the desired light output level and forwagd.vol
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these filaments, both with the yellow phosphor and with the phosphor removed, revealing the string
of LED die mounted on the substrate. These LEDs are GaN, graitlire light and they are
connectedin serieson a transparent substrateeforethe whole assembly is coated in phosphor.

Light is emitted out the front and back of the LEDs, enhancing the luminouantiefficacy The

photo below shows a ctaway view ofan LED filamentwith the arrangement of LEDs in series.

Figure2-5. Cutaway view of LED filament on transparent substrate

The LED filamentesignsuseLED chipsncapsulated on a transparent substrétef glass or

synthetic sapphire, and coated with phosphdheTevajaCompany refers to this new packaging
technology aad OKOA-AI  a4¢ RSaA3Iyd ¢KS FAELFIYSyd 2F 3t aa
diameter of approximately 1.5mm, butith a length of approximately 30mm. The LED filament is

formedby connecting the LEDs in series on the substrate, adding the connectional terminals at each

end and encapsulating the LED part in the yellow phosphuefollowingfigure shows a

dimensioned diagram of an LED filament from a product catafSgwéere all dimensions shown

are in millimetres.

Shenzhen Harrison Optoelectronics Technology Co. for example, offers a filament that uses 28 LED chips on a sapphire
substrate. Seehttp://harrisonled.en.alibaba.com/product/1965954604

800193353/2014 NEW_Technology Epistar chip_Sapphire substrate 4W_ 6W_120LM_W_Warm_cool_white Filament_c
lear glass_cover_Globe bulb_lights.html

" There are several different types of mounting substrates for the LEDs in these filaments. In addition to glass and
synthetic sapphire, some manufacturers are using a ceramic substrate and others;akit@mlugh the meal will have

obvious implications in light emission patterns. See for example:

http://www.diytrade.com/china/pd/1271@19/Patent Product High power COB_COG_EPISTAR_ chips_Blue sapphire_Le
d_filament.html

%To view the catalogue, click on this litiktp:/ecatalog.oodii.com/26783.html
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40.00
0.25
1.60 = =
Figure2-6. Dimensioned (mm) diagram dfED filamentnd closeup photograph
¢tKS F2ft26Ay3 Aad || aAO0ONBSyYy O SwdenBls tBeT ED fijadant& SNI Y Iy

as an Original Equipment Manufacturer (OEM) supplier to lamp assembly companies. In this table,
the LED filament is described as following theomaticity binning requirements of the ANSI

standard and certified by L¥0. The website states that these filaments a@mpliant with the
European Regulation on Hazardous Substancdd$Rand REACH. The filamemtvigilable in a

number of different ctour temperatures.

1 LED Filament Home >> Filament >> LED Filament

led filament

Feature:

1.Chromaticity Bin by ANSI standard.

2.LM-80 certified B
3.Low thermal resistance and high light output.

4.EN 62471,ROHS and REACH compliant

5.Available in warm,neutral and cool white.

Technical Characteristics:

Luminous Flux | Efficiency | CRI CCT Forward Current | Input Voltage
Product Type . degree
Im ImAw Ra (Kelvin) mA v

FSS1-JG-CEEF-DO 110-120 160 80up| 6020-6530K
FSS1-JG-NBFF-DO 120-130 160 80up| 4060+163K

10 75-80 360°
FSS1-JG-WJDF-DO 100-110 150 80up| 2940+85K
FSS1-JG-WIDF-DO 110-120 150 80up| 2725+80K

size:38*1.6"0.7mm

Figure2-7. Example of an LED filament specification from the Runlite Catalogue (2014)

One approach to makingfterent colour temperatires, such agom 2800K to 6500Kvould be to
change the proportion of coloured LED chips mounted on the substrate of the filament. For warmer
whites (e.g., 2700K) there may be more red and amber LED chips included with the blue LEDs. For

® This catalogue was accessed on 15 October 2014hee/www.runlite.cn/en/product-detail145.html
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cooler whites (e.g., 6500K), there would be adangroportion of blue LED chips driving the
phosphot

The design of ED filamenkamps contrasts with traditional LED lamp designs in that there is no heat
sink connected to the LED Lanfgs thought that this is possible because of the very high efiésa
relative to some of the traditional desiggdor example, the most efficient LED filament is
approximately twice as efficient as the least efficient clear LED lamp tested, thus using half the watts
for the same light output and consequently halvitg waste heat. In order to assess this aspect in

this test study, theoperating temperature othe lampswere measured under steaebtate

performance.n this study, thehighestbulb surface temperatures wefeund and measured for

each lampusing an infreed camera Compared with the halogen reference lamp, the LED larmagds
acooler surface temperaturésee Section 5.7)

Manufacturers of these LED filaments claim that they have a very long lifespan, typically ten times
longer (20,000 hours) than halogeamps (2,000 hours). This claim is also being tested in this study,
up to 6,000 hours of testing which will kempleted and publisheth May/June2015.

The driver operating the LED filaments is physically small compared to thiéscaperating other
LED lampdn some designs tested in this study, the entire driver fit within the space of theand
of the lamp (i.e., the E27 screw leagr the B22 bayonet fitting)n other designs, a very small white
plastic housing extended up from the screw baery abou 15 mm containing the driveEither
way, there are substantially less electronic components withatbeociatedenvironmental resource
efficiency benefits that are associated with these simplified designs.

These simple drivers appetar be rectifying bridge circuits, where four diodes are arranged in a
bridge so that they provide the same polarity of output as the polarity of the input changes. In other
words, these simple rectifying bridges convert alternating current (AC) and into som#éthing
resembles direct current (DC). The figures below are copied from Wikipedia and show the two
possible scenarios and current pathways, where red represents the positive polarity and blue the
negative.

+
+

Figure2-8. lllustration of a simple bridge rectifier used in driving some of these lamps
For more information on LED filament lamps, please see the following resources:

1 Product examplehttp://www.vosla.com/upload/downloads/kataloge/voslekatalog
2014b.pdf

1 Closeup examinationhttps://www.youtube.com/watch?v=25j2C4jq2HI
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Explanation on the filamentsittp://www.designingwithleds.com/noveled-packagineadds
filamentsretro-bulbs/

LED fament lams: https://app.box.com/s/78emee997qg7ltplcSxab

Bridge rectifier circuitshttp://en.wikipedia.org/wiki/Diode bridge

Chipon-glasspackagingwww.epistar.com

Phosphor for LED productstp://www.intematix.com/products/ledphosphors
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3 Lamps Purchasednd Tests Conducted

Thischapter povides some informatioaboutthe lighting test laboratory at the Swedish Energy
Agencywhere the tests were conducted. It also provides information on which tests were
conducted by thdab, including electrical, light quality and other tests.

3.1 Lamp Selection and Procurement
All of the lamps purchased for this study were procured online. The map below shows the countries

from which the lamps were sourced from retailers located in Belgium, France, Germany, the
Netherlands, Sweden, and the Unit&thgdom.

Figure3-1. Map of Europe showing countries where LED lamps were procured

Due to some comments that were raised by stakeholders in 2013 about the lack of replacement
products that could offek Wa LJ NJ £ SQ STFFSOG Ay RSO2N} GAGS FAEG
incorporate refractive glass and crystal, this study sought to identify and source lamps that offered a

clear glass envelope where the LED emitting part of the light could dfsiateffect.

There were two general types of clear LED lamps on the European Market at this time:

1) aclear optical light guide, such as the lamps produced by IKEA, Philips and OSRAM and
2) LED filament lamps, such as those sold by Maplin (UK), Wholéghtsng (UK) and Vosla
(DE).

20K GeL)sa 2F [95 fFyYLlA 2FFSN)I O2yadzySNA GKS 0S8y S
those luminaires that interact optically with the lamp. The following table is a list of all the lamps

purchased for this sidy and their claimed performance attributes. The measured test results for

these products are presented in Chapter 4 and Annex B.
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