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ExecutiveSummary

Theadjacentpaperon European LED Market Evolution and Policy Impaassbeen initiated by the
DanishEnergy AgencgndCLASQ & 9 dzNR LJS | yThetwhiR @iNidd ¥err&port has been
performed by/ [ ! {Eurépbaan Programmand by the consultancy company Enepigno.The
purpose of this work i® updatesome of thefindings published in a Review Study of Stage 6 of
European Commission (EC) regulatim244/2009. In updating those earlier findings with new
data, tis papeihas three objectives:

1) Provide new information on the evolution of priceslaght Emitting DiodeLED lamps
2) Provide new energy savings estimates associated with Stage 6 scenarios
3) Evaluate the prevalence of dimmers and if it presents a barrier to Stage 6

The main conclusions in the report are given below withssreferencego the findings presented
in this report

Evolution ofPrice andQuality in the LEDLamp Market
LED lampsavebecome much more affordablehanwasprojected in the LightingEurope
forecastincludedin the June 2013 Review Stud@urrent (2014) pricing of LED lamps tested
by PremiumLightand national testing in Austria, Denmark and Swefitemd that half of the
LED lamps are achievipgce points expected i2020, 2022, 2024 and 202&e Section
2.1). This 10 year acceleration in affordabilityldfD lamps available today franajor
European manufacturers offer consumg@yback periods of letkan a 1 year in sockets
used 3 hours per day (see Section 2A0)of the LEDampsincludedinii K A & NifsdJ2 NI Q &
study have been testely accreditedightinglaboratories.

Shapegsize and light qualityare acceptable Concerns about sizeveight,and quality of
light, including correlated colour temperature and colour rendering indexe been shown
to be addressed iboth a Danish studyand Swedish test repoft These studies falished in
2014 have found LED lamps that meet the shape, size and light opfdliytungsten
filamentlamps they are replacing (s#ige two reports available on line).

Consumer and professional lighting companies switchit§EA a global retailer
specialising in household furnishingmnounced they will only sell LED lamps starting in
2016. Ercy a professional luminaire manufacturennouncedhat from January 2015 they
will only suppluminairesthat useLEDas the light source

Yabs [ { { ¢! DO9INAL REBCQRR&Yiew study on th&age 6 requirements of Commission Regulation (EC) No
HNnNKHDAAN DY VIDGEIor thé Buropean Commissi®elft/Brussels, 14 June 2013
2Availability of nordirectional LED replacement lamps, Energy piano & AF Lighting02®17, for Danish Energy Agency
% Test Report, Clear, NorDirectional LED Lamps: A test reparépared for the European Commission and the
Consultation Forum on the performance of clear LED lamps in the European Market in the third quarter of 2014; Swedish
Energy Agency, Belgian Federal Ministry for Health, Food Chain Safety and Envir@inA&Pral eceee; 19 Nov 2014

IKEA announced that customers will only be able to buy LED lamps by 2016, and they intend to install large numbers of
LED lamps in their stores and warehoudésk to press release
® Architectural luminaire maker Erco, one of the oldest companies in the business and brand of choice for museums and
galleries around the world, has go@80%LED in all of their nearly,@0 luminaires and light sourcdsnk to article


http://www.ledsmagazine.com/articles/iif/2012/10/ikea-stores-will-only-sell-led-lighting-by-2016.html
http://luxreview.com/news/560/erco-s-new-year-s-resolution-from-now-on-nothing-but-led
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EnergySaving ScenariosRelated to Stage 6
Significant energy savings for Europae electricity savings anchrbon dioxideCQ)
emissions reduction associated with keeping Stage 6 in 2016 are signiG@zampared with
0KS / 2YYA&AA2Y Qa LINEKekpiag Stage®20lbvwouldbverateh S| NJ RSt |
year period from 2016 through 20Z&ve an additional 3TWh of electricity; nearlyequal
to5SY Yl NJ Qa (doadjeleétricity goyfsdmpfiorg with savingson electricity bills of
approximatelye 6 Billion Euro. If Stage 6n 2016were to beshifted torequire A-class to
avoid any Rlasshalogenlamps entering the European market, the savings would@®e
t2K Y2NB (KIFy GKS 22N YWASHaNA RSy KidvovielbiRy¢dR (dek f
the scenariosn Section 3.5, and Annex.A)

Risk of Bclass Halogens entering the markds-class halogens are stilVailablefor
purchase in France, Germany, the Netherlaaddthe UK, andch non-Europearwholesaler
hasbeen identifiedoffering Bclass omnidirectiondampsfrom whichlamp suppliersould
outsource production. If Blass halogetamps expand their share dhe Europeammarket
significantlyat Stage 6, itouldeliminate half of theexpected energyavings between 2016
and 2026 (See Sectiorb3Scenap 2and Scenari®).

Dimmer Compatibility
Dimmer compatibility isnot a problem for well-designed LED LampBhe Swedish test
report found thattwo out of thefive dimmable LED Lampssted werecompatible with
both trailingedge and leadingdge dimmersandthe others dimmed on one or the o#ér
(see Section 4).

Thisresearchindicatesthat relative to the schedule presented in the June 2013 Review Sidgh

gra | 1Se& AyLdzi (G2 (GKS [/ 2 YYLiBEDIshdooGeieady® L2 & 2 7F
consumers from both a technological and affordability point of view. Through the use of LED

lighting, significanenergy savings and benefitsll accrue to European households and the Union.

During 2014, the LED market has started to become a mass markkthis willcontinue todevelop

between now and September 2016, the start of Stage 6 in EC No 244k2@08ncourage European
policy-makers toreviewthis new and updated evidence when taking into considerationdtigcal

guestiors concerningStageb.
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1 Introduction

In June 2013 e European Commission publishedextensiveechnical studyprepared by

consultants (VHK/VIT@) reviewthe feasibility of keeping in placbe Ecodesign regulatory

measure EC No 244/2009 adopted in 2009 for-doadional householdamps(hereafter referred

G2 I a K SRedeWdsy&@R@ntmMwasis ofhis study, and in conjunction withriput from

other stakeholders, the Commission proposed a-ar delay to the final stage of the European
regulationonnoARRA NBOG A2y f K2dzZaSK2f R fA3IKGAYIZ NBEFSNNBR

The 2013 Review Study estimated the energy savings potential associated with Stage 6, based on
estimates of the installed stock ofcandescent antalogen lamps in Europtn late 2014, the
International Energy Agency (IEBnergy Efficient Engse Equipment (4Bapping and

Benchmarking Annex published an update to its-diectional, householdamp report forEuropé€,
providing nondirectional household lamp sales data on 7 major European Mer8tates

representing nearly half of the total EU population. This updeis based oiGfK sales datin these
countries and it was found that sales of mainsltage halogen lamps were considbly higher than
were predictedn the June 2013 Review Studihus, ibecame clear that in order for policy makers

to make an informed decision on whether to keep, amend or delay Stafjf&@No 244/2009,an

update to the price progression and the energy savings associated with Stage 6 would be necessary.
It is hoped that thisstudyon the evolution of LED technology across Europe will prove useful to
policy makersn makinga decisionregardng Stage 6.

Thisreport presentsupdated price information for LEDs in the Europesarket, as well asixnew
scenariosdr Sage 6 andassociatecenergy savingimmer compatibility of LED lamsfs also
addressed. Theeport is structuredas follows:

Chapter 1. Introdution ¢ this chapter provideshe background and motivation for the study

Chapter 2 Rapid Evolution of. ED Lamp Pricesthis chapter conducts a pricing survey of LED
lamps This survey isompared to theprice/performanceforecastin the June 2013 Review Study.
The lamps included in this survey were testedh®yAustrian Energy Agencthe IEE Premiutnight
Programmethe Swedish Energy Agenayd the Danish Technical University (DTU).

Chapter 3.Update to Energy Savings Calculations and Scenaribss chapter establishes a new

stodk estimate for 2016 based arcenty publishedGfK sales datéor 7 mapr European countries

and provides an update to the estimate of the energy savings potential associated with Stage 6 that
was originally published ithhe June 2013 Review Study.

Chapter 4 Light Dimmer Circuits in Europethis chapter provides a discusa on dimmers in
Europe, based on market research done previously byrttedligent Energy Europe (IEE)
PremiumLight programme

®4b5 [ { { ¢! DOINAL RERCQRReYiew study on th&age 6 requirements of Commission Regulat(EC) No
HONKHNANGES o0& 1Y O6LX Ok xL¢h FT2NJ GKS 9dz2NRLISIY /2YYAdarzyod !
"IEA Mapping and Benchmarking repgidomestic Lighting Update, September 2014. See:
http://mappingandbenchmarking.iede.org/shared_files/643/download



http://mappingandbenchmarking.iea-4e.org/shared_files/643/download
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2 Rapid Evolution of LED Lamp Prices

2.1 LED Lamp Prices in Europe

TheJune 2013 Review Stugyovidedaforecast of the LED efacy (Im/W) and price (Euro incl.
value added taXVAT per 500lumen[Iim] light output) for the period 2012 to 2030. The efficacy
projection was adoptedrom a 2013 CLASP publicaflevhichitself was based on US Department of
9y SNH@& Qa a dz iRiah i Seid St Lhihg¥ilg Be price projection were provided
by Lighting Europe up to 2020 and extrapolated to 2030 by VHK/VITO.

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 (300 Im lamp) up to 2020 LightingEurope; 2021-2030 prices, extrapolation VHK )

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

pricein€ | 180 || 100 90 | 85 | 80 | 75 | 7.0 | 65 | 60 | 55 | 50 || 25

Figure2-1. LED Price and Performance Forecast fritie June 201Review Study

The test report on clear, nedirectional LED lamps prepared by Swedish Energy Agency, Belgian
Federal Ministry for Health, Food Chain Safety and Environr@e®SP and ecédeund that the

price and performance of approximately 50% of thainsvoltage LED lamps purchased and tested

in 2014 already exceeded the projected 2016 price and performance levels in the JurRe204\B

Study One model even exceeded the anticipated 2018 level on efficacy and the 2020 level on price.
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Figure2-2. LED Price and Performance for 2014 Clear LED Lamps Plotted Agwaijesttions from
the June 2013 Review Study

84 9 dzNP LI&dIregttiondl2ayhips market model, version 1.1 (Microsoft Excel workbook); Pernille Schiellerup, Marie Baton
and Michael Scholand, CLASP Europe; 14 May 2013, Bréisa & ¢

°Test Report, Clear, NorDirectional LED Lamps: A test report prepared for the European Commission and the
Consultation Forum on the performance of clear LED lamps in the European Market in the third quarter of 2014. By:
Swedish Energy Agency, Belgian Federal Mirfistridealth, Food Chain Safety and Environment, CLASP and eceee, 19
November 2014yperlinkto PDF of report



https://www.energimyndigheten.se/Global/F%C3%B6retag/Ekodesign/Produktgrupper/Belysning/Report%20on%20Testing%20of%20Clear%20LED%20lamps%20v5%205.pdf
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This studyseeks to give an update on the price and technology evolution of LEDs in Europe. The
approach was to gathewuerent prices and performance data f&@® LED lamproductstested by
lighting laboratories involved ithe IEEPremiumLight projecthe AustrianEnergy Agency (AE&)d
the Danish Technical Univers{DTU) For eaclproduct, a sanple of 35 lampswastested. The

lamps rangdfrom 660 to 1660 lumens, which can replaceID Watt incandescent lamps.

The table below presents the results with a comparison to the price projectiontiierdune 2013
Review Study (thtable shown abovén Figure2-1). For68%of the products shown, the current
price level is ahead of the progression publishethenJune 2013 Review Stud¥r half of the
products the current price level is-31 years aheadt shauld be noted the table covelLED lamps
that can replace incandescent lamp ranging from 25W to 100W.

Table2-1. Actual Prices for LED Lamps Tested by PremiumLight, AEA and DTU Photonic

Brand Model Measured | Price per Pric.e in 2013| Actual pri-ce
Lumens 500 Im Review Study| Acceleration

Posco LED | 9W 715 € 00 2025
Osram LED Superstar Classic A 1¢ 880 € no 2025 11 years ahead
IKEA Ledera 13Wjimmable 1032 €e no 2025
Verbatim LED Classic 9,5W 888 € 3PP 2024
IKEA Ledare 10 W 597 E po 2024 10 years ahead
IKEA Led @rcular 16Wdimmable 1026 €5.78 2024
Osram 10wWdimmable 874 e Cco 2022

— 8 years ahead
Philips LED 13W 1076 €6.25 2022
Philips Master LEDbulb 12W 768 € 16 @ 2020 6 years ahead
Soft IED LED Gluhfaden Birne 6W 673 €E TO 2020 6 years ahead
Megaman LED Classic BV 1665 €8.33 2018 4 years ahead
GE LED Energy Smart 10W 660 €E yo 2017 3 years ahead
XAVAX LED Lampe 11\immable 794 € o 2016 2 years ahead
Panasonic | LDAHV10L27CGE®WL 895 € MO ( 2014
Osram 6W dimmable 493 € MO 2014 _
Verbatim | 4W 260 e mnd 2014 On time
Luxinia LED| SunFlux 11Wimmable 828 € B0c g 2014
Megaman 10W 696 €16.31 2014
OSRAM LED Star Classic B 4W 264 € HMJC 2012 2 years behind

All lamps included in Table-2 were testedas mentioned above andere of good quality.The
process of testingsglecting, procuring, testing and documeniitakes time and therefoe all
lamps in Table-2 were at leastone year oldIf the most recent versions oflampshad been
included the efficacy would have been higher and the price per 500viiould have beeriower.

For example, PremiumLight published test results f8uaflux E27 7.5W LED lamp in July 2014. This
lamp provided 470 Im63 Im/W, 2700 K, Ra 98nd 270° light distributionAyear later, ths product

is about to be taken off the market and is being replaced by a new product that costs less and offers
a 50% improvement in efficacy. The new specificatioritfiemew lamp fromSunFlux is 5W, 45|
90 Im/W, 2700K, Ra>3hd 360°light distribution Tested products that are about to be takentbé
market are not included inable 2-1.
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At the Strategies in Ligurope2013conference a representative of Philips Lightffigeported that

LED technolgy had reached point by the middle of 2013 where the quality, size and shape of LED

retrofit lamps would be acceptable to consumefsirthermore, Philips Lightirexpected thathe

on-going reduction in LED lamp prices would start to enaidssmarketLED penetration in Europe

startingat the end of 2014. The results presented in this paper, including the findings from the

lo2@S GlFLotSsE aK2g GKIFG tKAfALAQ FT2NBOlIad gla O2N

In January 2015, Danish consumers were able to buy LED lamps providinondQ$ af light for

2yte 9)/lweRH @At ALJA ONF YR [95 f I Wilhgo6knkoi K ntn Y F
9! wemMo®Hn O0y20SY 2yS @SINJ 32 GKS LINAROS F2NJ (KE
development, coupled with market moves by companies like K& indicative of the fact that

the LED market is becoming an affordable mass market for European conswitietsenefits for

households, energy security and the environment.

_ = e
r\ = "-h = 3 PHILIPS LED PHILIPS
LED paere til LYSKILDER
ekstra } O TR
goid wail

pris

Figure2-3. LED Lamp®r sale inthree different largechain stores irDenmark

Similar price reduction as shown above for Denmark can be found around in EU. Hguacuzies
a sample of lamps for sale in seven EU countries:

' Megaman brand LED lamp with 8iinensfor9 ! wey ®dpp F2NJ 41t S Ay CAyft
1 Philips brand LED lampwighn ¢ Y T @fddlad jnWeecth®epublic. This is the same

as sold in Denmark (see Figure®d o6dzi F2NJ I LINAROS YdzOK. KA IKSNJI
Below you can see the same lamp iseven €0KIS | LISNJ Ay DSNX I ye& F2NJ 9! v
[ 95 fFYL)I 6A0K @mUK. £ Y F2NJ 9! wey ®H

t KAfALA ON}YYyR [95 f I Oitwsaeinitdly. mnpp Y F2NI 9! we-
OSRAMrand LED lampwith nc fY F2NJ 9! weTt®dpp F2NJ artS Ay |
Philips brand LED lammpiithmnp p Y 95ZcNdaer tanbaydinthe Italian shop

Fo2@S0 FYR 6AGK Y ntn FT2N)J 9! wepdnd F2NJ al S
f Philips brand LED lampwighnc Y F2NJ 9! wecdodp F2NJ &l tS Ay D

= =4 =4 =

19| ED Market Transformation: Managing the Second Phase, Annetta Kelso, Senior Marketing Manager OEM Channel
Europe, Philips Lighting, and the Netherlands

" [KEA announced that customers will only be able to buy LED lamps by 2016, yaidehd to install large numbers of
LED lamps in their stores and warehoug@gk here for the article.



http://www.ledsmagazine.com/articles/iif/2012/10/ikea-stores-will-only-sell-led-lighting-by-2016.html
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Figure2-4. LED Lamps for sale in Czdé®épublic, Finland, Germany, Italy, Latvia, Spamd UK

When the perspectivehiftsto the marke outside of Europgit seems that Europe is actuabghind
the development ofLED marketin both Japan and USA.

In Japan, a LED mass market appear@®ir?, where LED sales constituted 40% of sales of lighting
saurces? In 2013, LED luminaire saliesJaparwere approximately60% ofnational luminaire

sales. Since the start of 2012he Japan has installét8 million LED lampsnationwide, which
represents 30% of all bulbs sold in Japawer that period According to thdnstitute of Energy
Economics in Japanygching all of Japa®@ lighting to LEDs would save about 92.2 terawatt hours of
electricity, 9 percent of Jap&total annual consumptiordiroshi Amano, who shared last y&ar

Nobel Prize for physicstatedthat Japan could cut annual electric spending by as much as 1 trillion
yen ($8.4 billion) within five years by using more LEDs.

Inthe USAthe mass marketor LED retrofit lampappearedaround 2013 when CREBnounced
60W and 40W equivalent dimmable quality LED lamps for retail prices atd®88di0000 9 | we y dy p 0

2 presentation by the JapaneSgrategic Council on SSL at the IEA 4E SSL Annex Expert meeting in Seoul, Korea in
September 2013.

'3 presentation by the Japanese Strategic Council on SSL at the IEA 4E SSL Annex Expert meeting in Delft, The Netherlands,
April 2014

14 http://www.bloomberg.com/news/articles/201502-26/humblelight-bulb-helpsjapanill-nuclearenergygap
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¢ see Figure &. Currentprices arenow US¥.00-10.00°6 9 ! w e8:88) +and can bfound even
lower when combined with aelectric utility rebate scheme (e.g., US$2[97, we Hinbc o
Connecticut in April 2013).
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Figure2-6 shows an example @ new generation of LED lampstering the European markeThis
technology has considerahbiygher performanceéhan halogenand payback timgare becoming
shorter. By September 2016 we will even have taken one more step in improved performance.

Figure2-6. Example of the new generation LEIDament lamps with very high performance
The lamp in Figure-@ provides:
9 Shape and size like an incandesdealbgen; direct mainsoltage screwn replacement

1 360°light distributionthrough clear glass envelope (i.e., sparkle effectéatainlight
fixtures)

> Current (viewed 25 January 2015) pricing of Cree LED lamps at Home Depot in the USA. To view the Home Depot ads for
Cree lampsglick on this linkandclick on this link
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120 Im/W (ten times better than incandescdampsand two times better than CFL)
Warmwhite light- 2700 K same as incandescéhialogenlamps

High colour endering, CRRa > 90

Long lifetimeg 15,000 hours (7 times longer than halogen)

= =4 =4 =4

2.2 Payback Period for Consumers

Lowerpriced LED lampaffer consumershorter payback periodshich will triggethigher market
penetration and energy savingbBakingwo LED leps fromTable2-1 with light output levels that
are comparable to a 60W incdescent / 52W halogen lampnd one LED Lamp from the Swedish
Testing stud} with approximately the same light output,simple payback periogas calculatd.
These calculations ashownin the following two tables, the first fdight socketoperated 3 hours
per day and the second for sockets operated 1 hour per day.

LEDBL: Osram, LED Superstar Classic A 60 advancedMé€iWhk
LEDB2: Verbatim, LED Classic @/3Veblink
LED3: Osram PARATHOM Classic A ADV 10\W\V@dtink

Table2-2. SimplePayback Period for CFL and LED lamps compared to Halogen, 3 Hours/Day

. . . Cost per Electrici Simple
Wattage | Daily Use | Efficacy ([Light Outpuf P Energy Usg . v P

Lamp Type Lamp Price Payback
(Watts) (hours/day) |(lumens/Watt)[ (lumens) 60€0 (KWhyr) 6 € K 13 K {years)

Halogen 52 3 15 780 1.50 56.9 0.20

CFL 15 3 55 825 3.00 16.4 0.20 0.19
LED-1 9.8 3 90 880 8.39 10.7 0.20 0.75
LED-2 9.5 3 93 888 9.27 10.4 0.20 0.83
LED-3 9.6 3 90 863 9.85 10.5 0.20 0.90

Table2-3. Simple Payback Period for CFL and LED lamps compared to Halogears/Day

. . . Cost per Electrici Simple
Wattage | Daily Use | Efficacy |Light Outputf P Energy Use . v P

Lamp Type Lamp Price Payback
(Watts) (hours/day) |(lumens/Watt) (lumens) 6€e0 (KWhtyr) 6 e k114 K gyears)

Halogen 52 1 15 780 1.50 19.0 0.20

CFL 15 1 55 825 3.00 5.5 0.20 0.56
LED-1 9.8 1 90 880 8.39 3.6 0.20 2.24
LED-2 9.5 1 93 888 9.27 3.5 0.20 2.50
LED-3 9.6 1 90 863 9.85 3.5 0.20 2.70

The payback for these three LED lamps atenrprices is less than one year in sockets operated 3
hours per dayand approximatel®.5 years for sockets operated 1 hour per day. After that,
consumers can enjoy many years of savings, as these same lamps claim to have operating lives of
20,000 hoursequal to approximatel20 years at 3 hours per day or 60 years at 1 hour per day.

YIlEEwasi F 1 SY FTNRY (KS MSBtRdportGlear?NorDiiektiSnald BDzRMpY: A test report prepared

for the European Commission and the Consultation Forum on the performance of clear LED lamps in the European Market
in the third quarter of 2014 By: Swedish Energy Agency, Belgian Federal Ministry for Health, Food Chain Safety and
Environment, CLASP and eceee, 19 November B@pdrlink to PDF of report
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https://geizhals.at/osram-led-superstar-classic-a-60-adv-10w-827-e27-dimmbar-911222-a1088097.html
http://swizzbox.com/verbatim-led-lamp-e27-9-5w-60w-warm-white-860-lm.html?utm_source=pricerunner&utm_medium=cpc&utm_campaign=pricerunner
http://www.led-centrum.de/LED-Leuchtmittel/Gluehlampen-Kerzenform/e27-birnen/4052899913820.html
https://www.energimyndigheten.se/Global/F%C3%B6retag/Ekodesign/Produktgrupper/Belysning/Report%20on%20Testing%20of%20Clear%20LED%20lamps%20v5%205.pdf
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3 Update to Energy Savings Calculations and Scenarios

In the June 2013 Review StdgwHK/VITQrepared an estimate of the main®ltage halogen sales
and stock for the Elds well agwo scenarios thatlepicted the savings potential, one abolishing
Stage 6 and onkeeping Stage 6n this chapter, we follow the same methodolagged in their
calculation put with an updated installed stock oincandescent antialogen lampso reflectthe
European GfK salesitapublished by theEA 4BVlapping andBenchmarking Annexlew scenarios
are assesdl, including a one and two year deltmyStage 6as well aswo scenarios for keeping
Stage 6 in 201@-classas in the current regulatin and arupgrade to Aclass

This chaptebeginswith backgroundnformation about constructing thecenariof energy for
lighting.

3.1 VHKNITO Review Study on Stage 6

As part of the review of EZ14/2009, the European Commission contractéddK/VITQo conduct a
review study on the feasibility of StageTahis resultedn areportissued in June 201(8alledthe
GWdzy S Hnmo wS @A S gproyidindziRe best ikfgfmaliok AvailabieatLtBatNiFEdat
analysidgncludedestimates of the halogeshipments and calculations of energy savifiggwo
different scenarios:

SC1Z Abolishing Stage 6 requirements
SC2 Keeping Stage 6 requirements

These two scenarios relied on calculating the energy consumed by the estimated installed stock of
mainsvoltage halogen lamps in 2016, the effective year of Stage 6. Whether the Commission kept
Stage 6n 2016, orabolished ifwas calculated against that estimated installed stock of halogen
lamps.Thefigure below is a screecapture of the table appearing the June 2013Review Study
60ttt SR a¢lofS cé¢ ,whefethdmardolegy usedho airiteStsidl LJ2 NI 0
estimate of halogens in 2016skown.

Table3-1. June 2013 Review Study Methodolofpyr Calculating Stock of Halogens in 2016

Table 6. MV-HL sales and stock EU 2009-2016, in million units

ex-GLS free for | MV-HL sales MV-HL discarded
Year MV-HL retrofit 66% EU industry | MV-HL stock after 4 years
2009 163 163 163
2010 191 191 354
2011 162 162 516
2012 234 234 750
2013 380 543 1130 163
2014 220 411 1350 191
2015 162 1350 162
2016 234 1350 234

Y4bs [ { { ¢! DSINAL RERPCGRR&Yi2w study on th&age 6 requirements of Commission Regulation (EC) No

HONKHNNGES o0& 1Y O6LX Ok xL¢h FT2NIJIN&BI39 dzNRLISIY [/ 2YYAAaA2yd

18 bid.
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This methodology was based on the assumption that CFLs would represent the main replacement
for frosted incandescent lampémiting the sales volume of mains voltaggogen lampsThe

difference between the twecenarios presented in the June 2013 Review Study was 9.4TWh
additional savings 2020 fromSC23keep Stage 6 in 2018)n a cumulative basigthen compared

with abolishing Stage @he ReviewStudy estimatedhe electricity savings over 10 yedrsm

keeping Stage 6 in 2016 be 43.2TWh Based orthe June 2013 Review Studpd otherinput from
stakeholdersthe Commissioproposeda two yeardelayto the implementation of Stage.&

3.2 New Datac IEA 4E Mapping & Benchmarking

In September 2014, the I EMapping and Benchmarking Anngdblished a report that updated
all their shipment information on the European lighting maxased on GfK lamp sales d&tdhis
report includedsalesestimates for 7 major economies (i.Austria, Belgium, France, Geainy,
Great Britain, Italy and the Netherlandsnd covered the following technaj@s which also fall
under EQ44/2009: mains/oltage incandescent, main®ltage halogen, singlended seHballasted
CFL and retrofiLED lamps. The data inclubigales irthese countries from 2007 through 2013.

The data indicate that integrally ballasted CFL sales peaked in 2010 and have been iredecline
since Actual CFL sales in 2013 are lower than they were in 2007 for Enespearmarkets, prior

to the adoptionof regulation EQ44/2009.In contrast,over that time period, sales of mains voltage
halogen lamps have grown by 47 7Btgure 31 compare the GfK sales estimatasthe expected
shipments published iBO0F*, when the regulation was adoptedhe contrastis clearly visiblethe
anticipated switch to CRHh 2012 after implementation dbtage 5 of 244/2009 did not occumstead
the market has selected halogen lanfp3his is despite the fact that replacing frosted incandescent
with CFL was deemed cost effiee for most householdd The GfK data show thatear halogen

lamp sales were 4 times larger than CFLs k82Md CFL sales Ysadecrease duringthe period

when incandescent was phased out

95 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 been published on the WTO website under the
following reference: G/TBT/N/EU/248Veb link to the draft regulation

% |EA Mapping and Benchmarking repgibomestic Lighting Update, September 2004eb link to the report The GfK

data can be found ongge 5 of the IEA M&B Annex Domestic Lighting Report, September 2014.

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

Annexe& Y al Ay SO2y2YAO YR Sy @ANRYHSYIGIHNIREF G({lIf ZFRN® G KS aOSyl N

21t was decided not to use the shipment estimates published in the draft Task 2 of Lot 8/9/19 &perinnex B.

2 Full Impact Assessment, Commission Staff Working Document, on ecodesign requirementsdioect@mnal household

lampg My dodHnnpd vdz2zdiS 2y LI IS mcY aLy (KS 7T NéfectivStRonly | Y LA
Ftt2g Otlaa ! tS8S@St tFYLA oI [/ C[aovdé
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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
http://mappingandbenchmarking.iea-4e.org/shared_files/643/download
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(a) 2009 Projection of Shipmerfts (b) Actual Sales Data from GfK

Figure3-1. Comparison of Shipments of Nebirectional MainsVoltage Lamps (2002013)

Given thisubstantial(and unanticipatedjnarketshift, the energy savings estimates presented in
the June 201Review Studyeededto be revisitedn the light of this new datalhe GfK data show a
market situationquite different from what was expected when the jmyl was adoptedThere are

still manyincandescent lamplkeing soldand mainsvoltage halogen lamps have suapted the
expected CFL sales.

3.3 Methodology for Revised EU Shipment Estimate

GfK estimates that the lamp shipment data they provided for this fex@od representspn

average 70% ofthe overalllightingmarket inthe seven countries covered in tlyears reported,

including40% in Belgium and Netherland®% in Austria and Germany a8o in Fance, Great

Britain and ItalyThe populations oftheé T O2dzy i NAS& ¢SNB YdzZ GALX ASR 0
market coverage percentages in order to calculate the total number of pepgtgroximately 233.5
millioncO2 SNBR o6& DFYQa RIGF onnmHO® Ly 2NRSNI G2 Ol
the European lighting market represented in the GfK data, the total EU population of 505.6 million

(2012) was used to calculate a multiplier of 2.165 (= 233.5/505.6), and this multiplier was then used

to scaleup the GfK sales data to the total EU.

A condadjustment to the GfK data was madtteorder to ensurehat the correct lamp typesvere
usedin the updated energy savings model. The GfK sales datirigle-ended mains voltage

K I f 2p8ishe€d inthe IEA 4BMapping and Benchmarkingnnex repor did not exclusively
represent nordirectional household lampgdhis groupgontainedboth non-directionalhousehold
lamps as well agdirectional lamps (e.g., MR6 lamps with a GU10 basd)hereforeGfKlamp sales
dataof singleended mains voltage halogdor one of the Member Statasere used to estimatehe
proportion of directionalto nofrRA NB OUG A 2y I £ | YSLJaR SARA (YK AAYY &l K22 € Ydal ATyS3
category It was found that thegroportions wereone-third directional lamps and twthirds non
directional. This proportion was then used t@ducethe EUwide scaled GfK salestddrom the IEA
4E Mapping and Benchmarking Annex refayrone third to arrive at an estimate of the single
ended mainsvoltage nondirectional household lamps for the EU

The figure below provideB T Y Qa Ay Ol yRSA0OSYyd | yRadsted@rISy €1 YL &

populationanddirectional singleendedlamps.These halogen sales are then projected forward,
assuming the 2013 GfK estimate represents a 1pe@k in demand anthat shipmentssoonstart to
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decline under a business as usual scenario (i.e., how the market is expected to behave if there is no
Stage 6)Shipments peak around480 million units in 2015 and start to decline thereafter as LED
alternatives become morand nore costcompetitive.This graph also shows incandescent sales
reported in GfK, which are presumed to decline rapidly as this technology is phased out and market
surveillance authoritiesvork to ensurecompliance with the regulatian

900
o\
GfK Data usiness as Usua MV Halogen, NDLS

~ (projection)
o 700
_...:_;_ \ ——Incandescent
T 600
[}
3 k
& 500
£
3 \
% 400
E’ \
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E \
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100

2007 2012 2017 2022

Figure3-2. NDLSncandescent and/V HalogenSalesDatafor All EU Business as Usual

These shipments of incandescent and MV halogen lamps are used to calculate a new installed stock
of tungstenfilamentbased lampsnii the Euopean market in 2016The methodology followed in
preparingthis stock estimate isonsistent with tle methodlogyused in the 2013 Review Study

halogen lamps have an average lifetime of 2000 hamtheaverage operation time i$00 hours

of use per yar (i.e., 1.4 hours / dayhe halogen lamps thisst in the stock for an average of 4

years before beingeplaced The same methodology is applied to the sales of incandescent lamps,
which are assumed to have an average lifetim&@30 hours and 333 hws of use per year (i.e., 1
hour/day), such thathey last an averagef@ years in the stock modelable3-2 presents the new
estimate of the installed stock aficandescent antialogen lampsicross Europe in 2016

Table3-2. DenmarkCLASP Updated Stock Model (based on 20013 GfK sales data)

Incandesent | MCandesent | ndesent | MV-Halogen MV-HL
Year Sales discarded Stock Sales discarded MV-HLSock
after 3years (NDLS) after 4 years

(units) (millionlamps) | (million lamps)| (million lamps)| (million lamps)| (million lamps)| (million lamps)
2009 741 99

2010 520 141

2011 501 199

2012 319 741 1,340 287

2013 123 520 944 376 99 1,004
2014 83 501 526 465 141 1,328
2015 65 319 271 485 199 1,613
2016 54 123 202 464 287 1,789
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Table 3-2 shows that the update of the sales of mawtageincandescent andalogen lamps
based on 2002013 GfK data results in a higher estimate of the installed stotkgstenfilament-
based lamps in 201@Vith this new sales data, it would appear that there are approxima&diylion
incandescent and halogen sockets in Europe, whereaduhe 2013 Review Stubdgd estimated

1.3 billion.Due to this higher installed base of inefficidighting in Europe, it should be noted that

anypolicymeasuresapplied tonon-directional household lamps would have an evgneaterimpact
on theresultingenergy savings.

3.4 ECNo 244/2009 Stage @B-class or Aclas®

EC egulationN0244/2009 establiskd six stages of requirements, five of which are already
completed.Stage @s scheduled taake effect on 1 September 2016 and will phasg mains

voltage clear halogen lampB-€las3 by requiring all clear glass ndirectional household lamps to
achieve B-class™ Although commonly referred to in theedial a |

& LIS 1 A y dabariio habgen lamphiecalsw-voltage, infraredreflective coatinghalogen
technology can achiev&-class

It was recently learned tha-classlamps are still offered for sale in Europe and are advertised by

companies in Chinasee the table below and associated hyperlinks.

Table3-3. Evidence of Blasshalogensin Europe androm non-Europeanwholesalers*

Retailer

Lamp

Weblink

www.energylightbulbs.co.uk

PhilipsMaster Classic 20W ECO Boost Energ
Saving GLS:dkss Halogen; £3.99

Click on this link

www.amazon.co.uk
Strictly Lamps

Philips 20w ECO Master ClassicdBahlalogen
Energy Saving;-8ass Halogen; £3.99

Click on this link

www.confort-electrigue.fr

Philips Ampoule MASTER Classic 30W E27
230V;Bcf Fa& | 62 3SY T €H

Click on this link

www.amazon.de

Philips 18158 620 Im MasterClassic Halogen
30WE27230V;-BE  aa € MHDGDD

Click on this link

www.elvvs.dk

Philips MasterClassic 30W E27 230¢aBs
eEMc Onp

Click on this link

Otherwholesale
Manufacturer:

Qianhui Lighting Electrical
Appliance Co.

Lowvoltage halogen lamp
Sparkling, crisp light

50% energy saving

Higher luminous efficacy
Voltage: 20-240V (E27 base)
Lifetime: 2000 hours

CCT: 2,800K

Standard Light Bulb Halogen Energy PRO Bulb Lumen Output
(GLS) (Globe-G45) (LAD)

Click on this link

Note: minimum

order 1000 pieces.

* Note that while the validity of the claim of@ass for these wholesalers has not been tested.

#EC No 244/2009, Annex II, Section 1, Table 1: Clear lamps SRauyees; "

measured light output.
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http://www.energylightbulbs.co.uk/
http://www.energylightbulbs.co.uk/products/philips-master-classic-20w-eco-boost-energy-saving-gls
http://www.amazon.co.uk/
http://www.amazon.co.uk/Philips-Master-Classic-Candle-Halogen/dp/B008QYT42M
http://www.confort-electrique.fr/
http://www.confort-electrique.fr/ampoule-master-classic-30w-e27-a55-230v-p-7214.html
http://www.amazon.de/
http://www.amazon.de/Philips-18158-MASTERCLASSIC-Halogen-230V/dp/B001GFH74U/ref=aag_m_pw_dp?ie=UTF8&m=A2RVW4R2BH2YCC
http://www.elvvs.dk/
http://www.elvvs.dk/p/philips-masterclassic-30w-e27-230v-klar-standardd-84951/
http://qianhui.gmc.globalmarket.com/products/details/higher-efficacy-energy-pro-bulb-halogen-lamp-with-e26-or-e27-base-94804.html
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Thuswhen Stage 6 takes effecequiring Bclass, there is the possibility that the market could
experience avidespread introduction of Blasshalogenlamps even thoughall the analysisand
discussios surrounding Stage t date has focused on whether LED lamps will be ready.

Lamp manufacturing in the past was often done by the major brand names, but now there has been
a trend toward contract manufaaring and branding(i.e.,outsourcingthe manufacturing. It is in

this context that the discovery of at least onen-Europearwholesde manufacturer is of concern. If
aretailer, importeror lamp manufacturer in Europgantsto import Bclass halogeramps,there

would be little capital investment compared to commissioning their own manufacturing line, as the
companycould simply outsourc¢he lampmanufacturing Therefore a more widespread

introduction of Bclass halogen lampsp®ssible

ECNo0 244/2009 split the incandescent lighting market into frosted and clear lamps with different
energyefficiency requirements for these two categories. The intention of this policy measure was
that frosted incandescent lamps would be replaced by compact fluoresammps (CFLs, whicte
A-class) and clear incandescent lamps would be replaced by maliiage haloge lamps (Eclass),
with these lamps being phased out at Stage 6.

Recital20 of the regulation (EQ®lo 244/2009) read¥ ¢ !  dfiBigZmieSsare shoulthke particular

note of the evolution of sales of special purpose lamp types so as to verify that they are not used for
general lighting purposes, of the development of new technologies such as LEDs and of the

feasibility of establishing energy efficietdyS |j dzZA NBYSy da |4 GKS wIQ Oflaa
Commission Directive 98/11/EC of 27 January 1998 implementing Council Directive 92/75 with

NEIFNR (2 SySNHe fLo6StftAyd 2F K2daSK2tR I YLA 06a

The review completed in 2014 by the Commissj@md whichthe June 2013 Review Studiasa

part of ¢ is intended to satisfy the requirements Becital20. Recital20 doesnot contemplate a

delay to Stage 6, but rather whethercdasswas warranted in place of-8ass Recital20 specifically

mentions LED technolggs one of the unknown variables that could be a driver behind the decision

to establish Aclassas theStage Gequirement.However,thed 2 YYA A3 A 2y Q& LINRP LR &I € F
Stage 6o an Aclass, but instead delays the onset efIBss lamp technologypif two years.

In the next subsection, we present some scenarios that look at the energy sasswgated with
Stage 6, based on the new baseline derived from the aforementioned GfK data. These scenarios
considemaintainingStage 6with a B-class requiement, Stage @vith an Aclass requirementand
postponing Stage By one or two years
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3.5 Energy Savin§cenarios
For the calculations presented in this section, tbkowingsixscenariosare considered

Table3-4. Description of Energy Saving Scenarios Considered in this Paper

Scenario ShortTitle Description

SC1 Abolish Stage 6| Assumes Stage 6 is abolished and no further regulatory action taken to ad
the market for energyefficient nondirectional lusehold lamps. Market
evolves gradually to LED over time.

SC2 Keep Stage 6; | Assumes Stage 6 takes effect in September 2016866 of replacement
keepB-class sockets switch td3-class halogensThe other 50% is apportioned between
CFL/alternatives (usg the same proportionasin the June 2013 Review
Study®) and LED lamps.

SC3 Keep Stage 6, | Assumes Stage 6 takes effect in September 2016 andhthienumrequirement
move to Aclass | changes to Alass The market shifts according to the sarié-L/alternéives
technology mixasin the June 2013 RevieStudy”

SC4 Delay Stage 6 | Assumes Stagei$ delayed one year t8eptember 2017 and the requirement
to 2017; move | changes to Alass; the market shifts according to the same mix technologie
to A-class usedin the June 2013 RevieStudy

SG* Delay Stage 6 | Assumes Stage 6 takes effect in SeptembeB201 40% of replacement

to 2018;keep sockets switch td3-class halogensThe other 60% is apportioned between
B-class CFL/alternatives (using the same profams as in the June 2013 Review Stug
and LED lamps.

S® Delay Stage 6 | Assumes Stage 6 takes effect in September 2018 and the requirement cha
to 2018; move | to A-class; the market shifts according to the same mix technologies used i
to Aclass June 2013 RevieBtudy.

*ScenaribA & AYUSYRSR (2 NBLINBaSyid GKS al@Aay3a aoOSyl NR2 | :
proposal to delay Stage 6 atdBass by 2 years.

In Annex A to this reporsixtables are presented which provide the actualkcgdtions for these
scenarios. As much as possible, these calculations follow the math@dologyand use the same
assumptions as the tables publishedhe June 2013 Review Studihisincludes, for example, the
operating hours, waages, lamp lifetimedED lamp efficaciemd natural replacement rates

Based on this analysBigure3-3 presents the cumulative electricity consumption over ten years for

the nearly2 billion sockets that Wil be operatingmainsvoltagenon-directionalhalogenand

incandescentamps in 2016Scenaridrepresentsi KS / 2 YY A & & A 2 tpv@year HaNpdtJ2 & I £ 2
B-class.

% The mix of technologies includes 75% CFLs (9W); 25% G9-+adapter (40W); 25% special purpose GLS (54W); weighted

average of 27W

®tis important to note that although the June 2013 Review Sdlidynot contemplate an increase in label class in their

W1 SSL) {GF3S ¢ &a0Syl NA2QI (dasSadNhePDdidind dahsidér Arglfss BrfpF iBthar A St & | 4 &
calculations. This scenario is the closest comparable scenario to that dbitte 2013 Review Study.
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350

= Scenario 1: Abolish Stage 6
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Figure3-3. Cumulative Energy Consumption, 10 Years, Five Scenarios

The table lelow provides theannualelectricitysavings relative to Scenarioile(, abolish Stage 6).
The bottom of the tablesums together those annual figures, giving tuenulative electricity and
CQ savings over the tegearanalysigeriod.

Table3-5. Electricity Savings frorstage 6 Scenariasompared to Scenario 1 (SC1)

SC2 SC3 SC4 SG S®
Year 2016 & 2016 & 2017 & 2018 & 2018 &
50%B-class A-class A-class 40% Bclass A-class
Units (Twh) (Twh) (Twh) (TWh) (Twh)
2016 - - - - -
2017 4.2 57 - - -
2018 6.2 9.1 34 - -
2019 7.1 115 5.8 1.2 2.0
2020 7.9 13.8 8.1 2.3 3.8
2021 6.4 12.3 10.9 3.9 6.2
2022 5.8 11.4 10.0 4.6 9.2
2023 55 10.7 9.3 3.8 8.3
2024 54 10.3 8.9 34 7.8
2025 5.2 10.1 8.7 3.3 7.5
2026 54 10.3 8.9 35 7.6
Total (TWh) 59.0 105.3 73.9 26.1 52.4
Total CQ)*’ 20.6 36.8 25.9 9.1 18.3

*’The C@emissions are presented in megannes of C@savings derived from the electricity savings and
using the same Gntensity factor that wasised in the June 2013 Review Study (0859 CQ/kWh).

19



European LED Market Evolution and Policy Impacts

Over the ten year period 2018026 the resultof these modelling scenarios are as follows

1. The highest level adnergyconsumption is S1,whichcontemplates abolishing Stage 6.

2. SC2zepresentsa situation where Rlass halogens are introduced into the European market
in 2016 whichroughlyhalves the energy savings of SC3, achievigShTWh of savings.

3. The most efficient scenario is SC3 (Stage2016with A-clasg. SC3 will yieldd TWh of
electricity savings compared t&$ ovetthe 10 year analysis period

4. SC4 presents the savings associated with a one year delay of Stage 6, which Gaptis
and thus a further 2 TWh of electricity avings compared to $C

5. SGreflectshe/ 2 YYA &aA 2y Q& LINE L2aad Btlasg|@mps. Thisisghe 8 ST NJ RS
least attractive option in terms of energy savings, with R&TWh,roughly half of an A
class in 2018 (8¢

6. SC6 considers a two year delsy/proposed by the Commission, however this scenario
assumes shifts the market todass, so there are nodass lamps in the market. Compared
to SC1, this scenario results in approximateB2h of electricity savings over the 10 year
analysis period.

Comparingi KS / 2 YY A & & A 25)idxke regiNaBondfaady in placégC2), the two year
delay at Bclass wilincreaseenergy consumption across Europedpproximately 3 TWhover the
ten-yearanalysis periodt KA & NI LINE & S y (i ébillion BusdihigHeryelediriSity Billate ¢ ®
anl SNI 3S St SOGNAOAGE LINAOS 2F e€enduHnk|2 KD

3.6 Discussion on Energy Savings Scenarios

Three of theenergy savingcenarios considered in the previous section evaluate the policy option
where Stage 6 is upaded fran B-class to Aclass.A-class is the normal rating for CFL lamps and is
the minimum class for LED lampmost LEDs are A+ class and some are now A++.

Taken in combination with the current market information presented in section 3.4, the scenarios
indicae that there is risk associated with maintainistgge 6 at a Blass level as it could result in

the introduction of Bclass lamps in Europe and undermine the energy savings potentlgs 6.

The following are some of the issues that policy makerg wiah toconsiderwhen discussin§age

6:

1) There is a riskf a more widespread and quick introduction®ftlass halogen lampe the
European markebased on suisuppliers aleady capale of producing these products:
class halogen lamps are still doh the UK FranceGermanyand elsewhere in Europ8y
establishing Alass as the requiremerdt Stage 6the European market will bessured of a
shift toward CFL and LED technolagyaranteeinghe energy savings and removing the risk
to companies imesting in LED products that their investments may be undermiaektast
for several years

2) Given the highethan-expected sales of mainsltage halogerandthe persistence of
incandescent lamps in the European markké energy savingto datefrom the
implementation ofregulationECNo 244/2009have been lower than weranticipatedby
the Impact Assessmenhn upgrading of Stageté A-classcould help to offset some othe
lost energy savingsxperiencedso far, and put Européackon anefficient-lightingtrack
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3) Theactualdiscussionn the Consultation Forum has beaboutwhether LEDampswill be
ready for Stage 6Lhis aspectvasalready evident from the material presented in the June
2013 Review Studyhich focused onhe readiness oEED tehnology.A study provided by
the Danish Energigencyin February 2012 showed examples of LERmpswhich are
available for nearly afiriginal nondirectional GLS anhlogen applicationsA testing study
provided by the Swedish government in Novembet£° has independently verified the
quality and performance of many LED lamps availabfe2nR [E@dpéan market, and life
testing isongoings dzS (2 G KS ¥ ID@ihndiokyledsily inchiRvies3a@s madst9
are A+ and some A++$tage 6vould be strongerand more appropriatef it was set at A
class. It would provide more certainty to manufacturers and retailers, and eliminate the risk
of a Bclass product introductionThis upgrading of Stage 6 would also be iast with

Recital 20 from ENo 244/2009 whichsuggestedhati KS / 2 YYA a4 adA 2y Qa NBOA S,

regulation in 2014 shoul® 2 y & th&&Wlogment of new technologies such as LEDs and
2T GKS TSI aAroAaftAaide 2F SalloftAakKAyIdsSySNBEL

4) Chapter 2 othis study shows that LED lamp prices are wnl@greasing to a mucimore
affordablelevel offeringconsumers very short payback periods followed/egrs of savings.

28Availability of nordirectional LED replacement lamps, Energy piano and AF LightingD2@%74 Study done for Danish
Energy Agency.

# Test Report, Clear, NorDirectional LED Lamps: A test report prepared for the European Commission and the
Consultation Forum on the perforance of clear LED lamps in the European Market in the third quarter of 2014. By:
Swedish Energy Agency, Belgian Federal Ministry for Health, Food Chain Safety and Environment, CLASP and eceee, 19
November 2014yperlink to PDF of report
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4 DimmerCompatibility and Consumer Acceptancekurope

4.1 Dimmers in Europe

Theideahatml y & RAYYSNE |yR O2y(iNRBfa RSaA3IySR FT2NI AyO
and CFlampsis often mentioned as a potential barrier to greater LED market penetration in

Europe To quantify this barrietthe IEEPremiumLighproject conducteda comprehasive market

surveyin 2012which included detailed mapping of dimmeasd controls in the different rooms of

the home2 Twelve European countries participated, representative of 80% of the households

across the EUlhe survey was limited to answers frorstatistical sample of 50Bouseholds in each
country.

The surveyoundthat there is a very limited use ebntrols in European households, as indicated by
these findings

1 55% have no dimers and 30% have2.dimmers;
1 85% use no movement sensors for autatic cantrol and 10% have-2 sensors; and
1 65% use no outdoor daylight senséos automatic controland 25% have-2 sensors.

Below is shown the distribution for each country on numbers of dimmers, the number of households
per country and the calculatin usedto determine thetotal distribution for all 12 countries.

Table 41. PremiumLight mapping of use of dimmers in 12 EU countries which together cover 80%
of the households in EU

Czech
Austria Republic Denmark Finland France Germany Traly Latvia Portugal Spain Sweden UK
None| 48% 73% 49% 63% 63% 48% 63% 64% 69% 64% 43% 54%
1-2 39% 22% 34% 30% 27% 42% 29% 16% 24% 25% 37% 32%
3-4 11% 4% 10% 5% 5% 8% 6% 4% 5% 7% 14% 12%
5-6 1% 1% 3% 1% 2% 2% 1% 2% 1% 2% 4% 1% |
7 or more 1% 0% 2% 1% 2% 1% 1% 1% 1% 1% 3% 1% ‘
Answers 495 493 1000 490 482 505 480 500 498 483 489 476 ‘
Household
mio 3.7 4,4 2,6 2,7 33,6 40,5 28,9 0,9 39 17,2 5 26,5 169,9
Czech
DIMMers| et ‘ Republc | Denmark | Finland ‘ France ‘ Germany ‘ Ttaly ‘ Latvia ‘ Portugal | Spain ‘ Sweden | UK TOTAL
15 2.152.727 1.459.229 1.341.813 1.198.469 13.802.490 25.262.376 12.372.813  215.600 1.397.892 6.570.186 2.776.074 12.860.294| 81.409.963
3,5 1.438.389  655.984 949.025 501.429 6.343.568 11.789.109 6.532.604 117.725 657.831 4.486.957 2.433.538 10.716.912 46.623.570
55 246667  196.349  473.879  181.837 4.217.427 3.969.802 1.986.875 121.115 172.289 2.154.451 1.012.270 1.837.185 16.570.146
10 224,242 89.249  430.799  275.510 5.576.763  2.405.941 3.010.417 111668 391.566 1.068.323 1.329.243 1.670.168 16.583.891
TOTAL  4.062.525 2.400.811 3.195.517 2.157.245 20.940.249 43.427.228 23.902.708  566.108 2.619.578 14.279.917 7.551.125

27.084.559 | 161.187.570

According to Eurostathe EUhas approximatelit 99 million households A simple scalep
calculationfrom the 170million householdgepresented in the PremiumLight survéiie 12

countries) to all EU gives a total use of b@8ion dimmers in EUand an average use 095
dimmersper household.

Thus, it appearthat the incompatibility of LED and CFL lamps with dimmers and controls designed
for incandescent lamps &limited problemas many LED lamps are compatible with dimmers and it
is only a fraction of these consumers who may have to replace their dimmer(s) nétlv dimmer

when they shift from using tungsten filament lamps to LED or CFL.

4.2 How large is the dimmer compatibility barrier in Europe?

This is an issue that requires furthessearchhowever it is already clear that there are LED lamps
which will operatecorrectly on the most common types of dimmers found in Europe today. In the

% Assessment of the initial situation in the participating countries, PremiumLight, IEE/11/941/SI2.61&84ek, IKofod,
Energy piano, 20186-30
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Swedish testing study; LEDamps that were | 6 St f SR lware prdRured ahid edted Q

These ED lamps were tested on both a leading edge dimmer (ELKO 400GLI) and atigéing

dimmer (ELKO 315GLE). Although these two dimmers do not represent all dimmers in Europe, they
do represent two of the most common types found in the marHéte table below presents the
compatibility findings of these lamp / dimmer combinations.

Tade4-1® S5AYYSNI / 2YLI GAO0AtAGE / KSO]l FT2NJ CAGS AGRAYYL!

e
#5 |[ 95 [/ 2yySOlA2y &/ fl aaa No Yes
#6 LY9! &[ 95! w2é K cnHDpp Yes Yes
#13 | Star Trading LED filament lampa candelabra shag Yes Yes
#14 | OsramPARATHOM Classic A ADV 10W 827 Yes No
#15 |t KAT A LA &/ {GEF 6W Ap09837 Clealzt Yes No

IEC and CENELEC are both looking into standardisation for LED dimdhailger controlsbut
members of the Committees have indicated that this could take years due to intellectual property
issues associated with the various dimming approaches used in the circuits.

One solutiorto the compatibility issue that iseing deeloped at this time involves the introduction

2F WIRFLIGAGS OANDdZAGQ RSGSOGA2Yy aeadaSvya GKFG Syl
circuit is installed, and to operate correctly in that application. In other wordsgthestion of

whether LED Iaps are compatiblevith the existing dimmer stock has do with the quality of the

dimmer circuit used in the LED lamp. Manufacturers of LED#hegstore choose to install

intelligent LED drivers which can detect adhpt to an installed dimmeBuch mtegrated Circuit

(IC) solutionhave beerpromoted by companies like Cirrus Logic, Marvell and iWatt since early 2012

3233 These dimmable drivers were (and are) programmed to recognise the characteristics of the

connected dimmer and select a compatiblesogting mode. It may be worth considering a

NEBIljdZA NSYSyid 2y YIFydzFlF OGdzZNBENBE K2 YIFN] SO GKSANI LI
adaptive LED drivers.

4.3 US testing of Dimme€haracteristicof 14 LED A lamps and 4 dimmers

The guestion of LEDs hegicompatible on household dimmers has also been investigated in the
United States, with positive findings for LED lanijpe US Department of Energy published a
CAIPER report (Dec. 204)hat focused ontesting14 LED Aype lampsoperating onfour different
phasecut dimmers.

#Test Report, Clear, NorDirectional LED Lamps: A test report prepared for the European Commission and the
Consultation Forum on the performance of clear LED lamps in the European Market in the third quarter &fr2pared

by: Swedish Energy Agency; Belgian Federal Ministry for Health, Food Chain Safety and Environment; CLASR18nd eceee
November 2014

32 Marvell and iWatthttp://www.ledsmagazine.com/articles/2012/02/marvelieadlinesled-driver-ic-exhibitsat-sil. html

% cirrus Logic:http://www.ledsmagazine.com/articles/2012/03/cirruwqgicentersled-driver-ic-marketlineartech-and
power-integration-announcements.html

% CALIPER Retalil Study 3.1: Dimming, Flicker, and Power Quality Charaatéti&lesA lamps, Dec 2014
http://energy.gov/sites/prod/files/2015/01/f19/caliper_retaiktudy 31.pdf
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TheDOEstudydiscussesnany of the known compatibility issues between LED lamps and ghase
dimmers, including induced or increased flickmrt found theseonly present themselves in certain
circumstancesThe report concluds:

24

1 The e of phasecut dimmeswill change the performance of any type of lighting system

even when the dimmer is set to full outputhis variation was more significant at lower
control settings than at higher settings for all four evaluated dimmielS lamps tended to
have higher relative light output compared to the incandescent and halogen benchatark
the same dimmer output signal

The choice of dimmer can make a differenEeeminimum output light level achieved by a
phasecut dimmed LED lamplis Fdzy Ol A2y 2F 620K GKS I YLIQa
dimmer being used to control it. Consumers (and specifiers) may have a hard time
distinguishing betteperforming lamps from one another; at this time, physical
experimentation is likely the [ evaluation tool.

Change in performance is less predictable when dimming LED lamps than when dimming
incandescent lamp4.he ability of LED lamps to maintain their efficacy while dimming
represents their most substantial performance advantage over ingsoeht lamps.
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Annex A. Electricity Consumption Scenarios Reported in Chapter

As discusseth Chapter3, thesescenarios werelesignedo be as similar as possible to those that
were prepared by VHK/VITO in thdune 2013 Review Stuthat waspublished by the Commission
Thus, these scenarios use the same assumptions for:

Lamp lifetime

Operating hours

Efficacy progression of LED

Lamp substitution technologiesnd proportional mix of technologies selected by consumers
when replacing a halogen lamp

1 GO, emissions factor

= =4 =4 =4

The table below provides a summary of gigscenarios considered.

Table Al. Description of Energy Saving Scenarios Considered in this Paper

Scenario Short Title Description

SC1 Abolish Stage 6| Assumes Stage 6 is abolished andurthir regulatory action taken to advanc
the market for energyefficient nondirectional household lamps. Market
evolves gradually to LED over time.

SC2 Keep Stage 6; | Assumes Stage 6 takes effect in September 20168846 of replacement
keepB-class sokets switch taB-class halogensThe other 50% is apportioned between
CFL/alternatives (using the same proportions as in the June 2013 Review
Study”®) and LED lamps.

SC3 Keep Stage 6, | Assumes Stage 6 takes effect in September 2016 andhthienumrequirement
move to Aclass | changes to Alass The market shifts according to the sarié-L/alternatives
technology mix ai the June 2013 Reviestudy ™

SC4 Delay Stage 6 | Assumes Stagei$ delayed one year tS8eptember 2017 and the gairement
to 2017; move | changes to Alass; the market shifts according to the same mix technologie
to Aclass used in the June 2013 Revi&tudy.

SG* Delay Stage 6 | Assumes Stage 6 takes effect in SeptembeB201 40% of replacement

to 2018;keep sockets switch td3-class halogensThe other 60% is apportioned between
B-class CFL/alternatives (using the same proportions as in the June 2013 Review §
and LED lamps.

S® Delay Stage 6 | Assumes Stage 6 takes effect in September 2018 and the requirahnanges
to 2018; move | to A-class; the market shifts according to the same mix technologies used i
to Aclass June 2013 Revietudy.

*ScenarilbA & AYUSYRSR (2 NBLINBaASYy(l GKS al @gAay3a aoSyl NmR2 |
proposal to delay Stage 6 aidBass by years.

The following tables presesithe electricity consumption from the six different Stage 6 scenarios for
each of the years shown.

% The mix of technologies includes 75% CFLs (9W); 25% G%®ra@d@W); 25% special purpose GLS (54W); weighted

average of 27W

Fitis important to note that although the June 2013 Review Study did not contemplate an increase in label class in their
W1SSLI {138 ¢ a0Syl NAR2QY (deS asMieydid ndd czisider angBlss ST iBeir A @St & | a4
calculations. This scenario is the closest comparable scenario to that of the June 2013 Review Study.
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SC1 SC2 SC3 SC4 SG S®
Year Abolish 2016 & 2016 & 2017 & 2018 & 2018 &
Stage 6 50%B-class A-class A-class 40% Bclass A-class
Unity  (TWh) (Twh) (Twh) (Twh) (Twh) (Twh)
2016 37.6 37.6 37.6 37.6 37.6 37.6
2017 37.5 33.3 31.9 375 375 375
2018 35.1 28.9 26.0 31.7 35.1 35.1
2019 31.7 24.6 201 25.9 30.4 29.7
2020 28.0 20.2 14.2 19.9 25.7 24.2
2021 24.9 18.5 12.6 14.0 21.0 18.7
2022 22.4 16.6 11.0 12.4 17.7 13.2
2023 20.0 14.5 9.4 10.8 16.3 11.7
2024 18.0 12.7 7.7 9.1 14.6 10.2
2025 16.2 11.0 6.1 7.5 12.9 8.7
2026 14.8 9.4 4.4 5.9 11.3 7.2
Total (TWh) 286.2 227.3 181.0 212.4 260.1 233.8
Total CQ)*’ 100.2 79.5 63.3 74.3 91.1 81.8

For a summary of the energy savings estimates comparing Scenarios 2 through 6 to Scenario 1,

please sedable3-5in Section 3.5 of tis report.

Inthe tables that follow, the numerical results of each of thebescenarios is presented.

Table A3. Scenario 1. Abolish Stage 6, Allow Market to Evolve Naturally (Business as Usual)

LED | MV-HL ?et?rir LED
Other LED LED power stock retro
MV-HL stock
Year retro retro retro at sales | energy stock Total
Stock energy
stock stock sales (at 500 | use (at energy
Im) 36W) e use
27W)
(munits) | (munits) | (m units) | (M units) W TWh/yr TWhlyr TWhlyr TWhlyr

2016 1,991 - - - - 37.6 - - 37.6
2017 1,986 - 6 6 5.1 375 - 0.0 375
2018 1,837 - 154 149 4.7 34.7 - 0.4 35.1
2019 1,629 - 363 209 45 30.8 - 0.9 31.7
2020 1,411 - 580 217 4.2 26.7 - 14 28.0
2021 1,224 - 767 187 4.0 23.1 - 1.7 24.9
2022 1,074 - 917 150 3.9 20.3 - 2.1 22.4
2023 937 - 1,054 137 3.7 17.7 - 2.3 20.0
2024 818 - 1,173 119 3.6 155 - 25 18.0
2025 713 - 1,279 105 3.5 135 - 2.7 16.2
2026 629 - 1,362 84 3.4 11.9 - 2.9 14.8

¥ The C@emissions are presented in megannes of C@savings derived from the electricity savingnd using the same
CQ intensity factor that was used in the June 2013 Review Study (i.e., 0.38k\ED
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Table A4. Scenario 2. Keep Stage 6 in 2016; Asst® Market Shift to Rlass

Other
HAL-B retro LED
retro stock retro
stock | energy | stock | Total

LED | MV-HL
power | stock
at energy
sales use

MV- | HAL-B | Other LED LED
Year HL retro retro retro | retro

Stock | stock | stock | stock | sales (at 500 (at energy | use energy
Im) 36W) use (at use
27W)
(m units)| (m units)| (munits) | (m units)| (m units) W TWhlyr TWhlyr TWhlyr TWhlyr TWhlyr
2016 | 1,991 - - - - - 37.6 - - - 37.6

2017 | 1,494 | 249 100 149 149 51 28.2 3.3 14 0.4 33.3

2018 | 996 498 199 299 149 | 47 18.8 6.5 2.8 0.8 28.9

2019 | 498 747 299 448 149 4.5 9.4 9.8 4.2 11 24.6

2020 | - 996 398 597 149 4.2 - 131 5.6 15 20.2
2021 | - 919 332 741 143 4.0 - 121 4.7 1.8 18.5
2022 | - 814 266 911 171 3.9 - 10.7 3.8 2.1 16.6
2023 | - 706 199 1,086 | 175 3.7 - 9.3 2.8 2.4 14.5
2024 | - 612 133 1,246 | 160 3.6 - 8.0 1.9 2.7 12.7
2025 | - 537 66 1,388 | 141 3.5 - 7.0 0.9 3.0 11.0
2026 | - 469 - 1522 | 135 3.4 - 6.2 - 3.2 9.4

Table A5. Scenario3. Keep Stage 6 in 2018)crease Requirement to Alass

LED | MV-HL ?et{‘rir LED
Other LED LED power stock retro
MV-HL stock
Year retro retro retro at sales | energy stock Total
Stock energy
stock stock sales (at 500 | use (at energy
Im) 36W) use (at use
27W)
(munits) | (munits) | (m units) | (M units) W TWhlyr TWhlyr TWhlyr TWh/yr
2016 1,991 - - - - 37.6 - - 37.6
2017 1,494 199 299 299 5.1 28.2 2.8 0.8 31.9
2018 996 398 597 299 4.7 18.8 5.6 15 26.0
2019 498 597 896 299 4.5 9.4 8.5 2.2 20.1
2020 - 797 1,195 299 4.2 - 11.3 2.9 14.2
2021 - 664 1,328 133 4.0 - 9.4 3.2 12.6
2022 - 531 1,460 133 3.9 - 7.5 35 11.0
2023 - 398 1,593 133 3.7 - 5.6 3.7 9.4
2024 - 266 1,726 133 3.6 - 3.8 4.0 7.7
2025 - 133 1,859 133 35 - 1.9 4.2 6.1
2026 - - 1,991 133 34 - - 4.4 4.4
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