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Motivation for this Test Study: 
In June 2013, DG Energy published a technical study1 prepared by consultants (VHK/VITO) on the 

feasibility of keeping in place an Ecodesign regulatory measure EC No 244/2009 adopted in 2009 for 

non-directional household lamps. The regulatory measure under review is the final stage of the 

European regulation on non-directional household ƭƛƎƘǘƛƴƎΣ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ Ψ{ǘŀƎŜ сΩ. The VHK/VITO 

study included a projection of the anticipated price and performance of LED replacement lamps 

based on the best information available at that time. However, since that time the rate of innovation 

in LED products has far exceeded expectations, and the price and performance levels are exceeding 

the projections published in the VHK/VITO study. 

 

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

whether to keep, amend or delay Stage 6 of 244/2009, new evidence should be provided ς including 

test data to verify product claims. Thus, the authors designed and conducted this testing study, 

purchasing lamps from vendors across Europe and testing them ŀǘ ǘƘŜ {ǿŜŘƛǎƘ 9ƴŜǊƎȅ !ƎŜƴŎȅΩǎ 

lighting laboratory. It is hoped that these test results of LED lamps on the current European market 

will prove useful to policy makers, enabling them to make appropriate decisions with regard to Stage 

6. 
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Extended Summary 

The Swedish government, with support from the Belgian government, CLASPΩǎ 9ǳǊƻǇŜŀƴ tǊƻƎǊŀƳƳŜ 

and the European Council for an Energy Efficient Economy (eceee) are pleased to submit this report 

to the European Commission and the Consultation Forum. 

 

This study was undertaken because new LED products have been introduced into the European 

market at low prices which are claiming very high performance levels. It was deemed necessary, 

therefore, to conduct a limited market study of the products available in the current European 

market and to present this new evidence, including test report results, to the Consultation Forum. 

Supplementing this study, the Team also compiled databases of LED lamps from other publicly 

available sources, which are identified separately from the measured test results. 

 

Due to the fact that clear LED lamps were identified as an issue in the context of the Stage 6 review 

because of the ability of tungsten filaments to create a άǎǇŀǊƪƭŜέ ŜŦŦŜŎǘ ƛƴ ŎŜǊǘŀƛƴ ƭƛƎƘǘ ŦƛǘǘƛƴƎǎΣ ǘƘƛǎ 

study focuses on clear LED lamp replacements, including several ά[95 ŦƛƭŀƳŜƴǘ ƭŀƳǇǎέ ǎǳŎƘ ŀǎ ǘƘŜ 

example shown below. The study also included other clear LED lamp designs, such as those based 

around optical light guides offered by companies including IKEA, OSRAM and Philips. 

 

 
Figure ES-1. Example of an AC Mains-Voltage Non-Directional LED Filament Lamp 

 

Samples of ten units of each of eighteen different lamps were purchased from on-line retailers in 

Belgium, France, Germany, the Netherlands, Sweden, and the United Kingdom. Seventeen of those 

lamps were LED and one sample set was a mains-voltage halogen lamp for comparison. The prices 

paid for all the lamps purchased, including taxes, were normalised to the cost in Euros per 500 

lumens of light output using currency exchange rates at the time of purchase.2 These normalised 

prices for the LED lamps ranged from ϵсΦмс ǘƻ ϵнуΦпн per 500 lumens (including VAT). The halogen 

lamps purchased had a price ƻŦ ϵнΦнф ǇŜǊ рлл ƭǳƳŜƴs. 

 

                                                      
2
 This normalised level of light output was selected to be consistent with the way the price progression of LED lamps was 
ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ WǳƴŜ нлмо ŎƻƴǎǳƭǘŀƴǘΩǎ ǊŜǇƻǊǘΣ ǘƛǘƭŜŘ άb5[{ {¢!D9 с w9±L9² - FINAL REPORT - Review study on the stage 
6 requirements oŦ /ƻƳƳƛǎǎƛƻƴ wŜƎǳƭŀǘƛƻƴ ό9/ύ bƻ нппκнллфέΣ ōȅ ±IY όǇƭύκ ±L¢h ŦƻǊ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΦ 
Delft/Brussels, 14 June 2013. 
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This study also found a wide range of average efficacy values for the clear LED lamps tested, ranging 

from 62.7 lumens per watt (about the same as a compact fluorescent lamp) to 121.4 lumens per 

watt ς ƴŜŀǊƭȅ ǘǿƛŎŜ ŀǎ ŜŦŦƛŎƛŜƴǘ ŀǎ ǘƘŜ ƭƻǿŜǎǘ [95 ƭŀƳǇΦ ¢ƘŜ ƘŀƭƻƎŜƴ ƭŀƳǇΩǎ ŀǾŜǊŀƎŜ ŜŦŦƛŎŀŎȅ ǿŀǎ 

12.8 lm/W, meaning that for the same light output, it will consume ten times more electricity than 

ǘƘŜ ǎŀƳǇƭŜ ŀǾŜǊŀƎŜ ƻŦ ǘƻŘŀȅΩǎ ōŜǎǘ performing LED lamp. And, within the sample of ten LED lamps 

that averaged 121.4 lm/W, one unit had a measured efficacy of 131.5 lm/W. 

 

Exceeding the Price and Performance Projection 

In June 2013, the Commission circulated a technical report3 by VHK/VITO, a team of European 

consultants who are recognised experts on lighting products. In that technical report, VHK/VITO 

projected LED lamp efficacy and price in the EU from 2012 to 2030. For convenience and reference, 

ŀƴ ƛƳŀƎŜ ƻŦ ¢ŀōƭŜ н ŦǊƻƳ ǘƘŜ ŎƻƴǎǳƭǘŀƴǘΩǎ ǊŜǾƛŜǿ ǊŜǇƻǊǘ ƛǎ ǊŜǇǊƻŘuced below. This table presents the 

expected projection of efficacy (in lumens per watt) and price (in Euro including VAT per 500 lumens 

of light) that was expected at that time (June 2013).   

 

 
 

This projection was then compared to the new test results that were generated under this study, 

providing price and performance information on LED lamps available in 2014. The test results found 

that the price and performance of mains voltage (MV) LED retrofit lamps had progressed at a much 

faster pace than was expected in June 2013. 

 

The following figure shows the price and efficacy projections from the above Table 2 from the 

VHK/VITO report as vertical lines, drawn from the two axes of price (X-axis) and efficacy (Y-axis). In 

that same graph, we have then superimposed red dots presenting the price (including VAT) and 

performance of the LED lamps purchased in August/September 2014 and tested. The efficacy values 

shown are averages of the sample (n=10) of each model of clear LED lamp and the one halogen 

lamp. The figure has inverted scales, meaning the efficacy improves and price is lower as the 

products move toward the origin (0,0). Although it was measured, the halogen lamp is noted but is 

off the scale of the graph due to its low efficacy compared to the LED lamps. 

 

                                                      
3
 άb5[{ {¢!D9 с w9±L9² - FINAL REPORT - Review study on the stage 6 requirements of Commission Regulation (EC) No 
нппκнллфέΣ ōȅ ±IY όǇƭύ/ VITO for the European Commission. Delft/Brussels, 14 June 2013. 
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Figure ES-2. Example of MV LED Non-Directional Retrofit Clear LED Lamps: Projections made in 

2013 on price/performance ratio vs. real 2014 values 

 

The figure shows that approximately 50% of the LED lamps purchased and tested for this study 

already exceed the anticipated 2016 price and performance levels and one model available on the 

European market in 2014 already exceeds the anticipated 2018 level on efficacy and the 2020 level 

on price. Thus, the market of LED lamps in Europe is moving much faster than was previously 

expected4, with many models available today are several years ahead of projected price and 

performance levels in the VHK/VITO report (see Chapter 5).  

 

European Market ς Eroding Energy Savings under 244/2009 ? 

Ecodesign regulation EC No 244/2009 bifurcated the incandescent lighting market into frosted and 

clear lamps, and set different energy-efficiency 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 mains-voltage halogen lamp (which is less efficient 

than a CFL). There was a concern in 2009 that the market may simply migrate toward mains-voltage 

halogen lamps from both frosted and clear incandescent lamp installations, by-passing compact 

fluorescent lamps and not capturing cost-effective energy savings. 

 

The IEA 4E Mapping & Benchmarking Annex published an update to their domestic lighting market 

study in September 2014, 5 based on GfK lamp sales data for Europe.6 The mains-voltage 

                                                      
4
 The rate of change has taken many by surprise; on 6 November, while drafting this report, OSRAM announced that its 
/9h ²ƻƭŦƎŀƴƎ 5ŜƘŜƴ ǿŀǎ ǎǘŜǇǇƛƴƎ Řƻǿƴ ƛƴ ǇŀǊǘ ōŜŎŀǳǎŜ ƘŜ ƘŀŘ άǳƴŘŜǊŜǎǘƛƳŀǘed the pace of an industry shift from 
traditional light bulbs to light-ŜƳƛǘǘƛƴƎ ŘƛƻŘŜǎέΦ  http://www.bloomberg.com/news/2014-11-05/osram-names-berlien-
new-ceo-from-2015-after-earnings-target-cut.html  
5
 IEA Mapping and Benchmarking report ς Domestic Lighting Update, September 2014. See: 

http://mappingandbenchmarking.iea-4e.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, mains-voltage halogen, single-ended self-ballasted CFL and retrofit-LED lamp data are 

reproduced below. These data show that integrally ballasted CFL sales peaked in 2010 and have 

been in decline across Europe ever since. In fact, CFL sales in 2013 are lower than they were in 2007, 

prior to the adoption of regulation EC No 244/2009. Meanwhile, sales of mains voltage halogen 

lamps have grown by 477% over that same time period.  

 

These sales data seem to indicate that the non-directional household lamp regulation has failed to 

move frosted incandescent toward sales of CFLs, and instead has simply moved both clear and 

frosted incandescent lamp users to halogen lamps.7  

 

 
Figure ES-3. Shipments of Non-Directional Mains-Voltage Lamps in Europe, 2007-2013 

 

The sales market in 2013 contrasts sharply with the forecasts prepared in 2009 for άhǇǘƛƻƴ н /ƭŜŀǊ . 

{ƭƻǿέ (the policy scenario that most closely resembles the regulatory option selected by the 

Commission in EC No 244/2009). In that market forecast, the Commission had expected CFL sales to 

be 4 times larger than mains voltage halogen lamps in 2013.8 The fact that actual CFL sales are one 

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

39 TWh of electricity savings from EC No 244/2009. 

 

                                                                                                                                                                     
6
 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, France, Germany, Great Britain, Italy and the 
Netherlands. 
7
 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 European market 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 projection in Annexe 8-6: Main economic and environmental data for the 
ǎŎŜƴŀǊƛƻ άhǇǘƛƻƴ н /ƭŜŀǊ . {ƭƻǿέΦ 
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Furthermore, frosted incandescent lamp sales were assumed to be nearly three-quarters of sales in 

2007 (clear incandescent was approximately one-quarter of sales).9 Although a transition from 

frosted incandescent to CFL was deemed cost effective for households10, most frosted lamp sockets 

would not seem to have migrated to CFLs (clear halogen lamp sales were 4 times greater than CFLs 

in 2013). This would mean, the decision to keep clear mains voltage halogen lamps in the market has 

slowed the market adoption of energy-efficient lighting and undermined the expected energy 

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 sales of clear mains voltage halogen 

lamp sales in Europe from 2016 to 201811 could further delay the introduction of energy-efficient 

lighting into Europe. 

 

Supplementary Databases for Comparison 

In parallel with the laboratory tests on the procured samples of lamps, additional research was 

conducted on published databases and sources of data. Data were gathered from five different 

sources, only importing omni-directional, general lighting service lamps (both clear and frosted).  

There are 1808 models in the databases (more information in section 2.1.1), 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 data, focused on a view between 2 and 12 

Watts and 0 to 1200 lumens. 

 

 
Figure ES-4. Comparison of Test Data (2014) with Public Databases of LED Lamps (2012-2014) 

 

                                                      
9
 Final report, Lot 19: Domestic lighting prepared by VITO for European Commission, 2009/ETE/R/069; October 2009. 

Annexe 8-6: Main economic and environmental daǘŀ ŦƻǊ ǘƘŜ ǎŎŜƴŀǊƛƻ άhǇǘƛƻƴ н /ƭŜŀǊ . {ƭƻǿέΦ 
10

 Full Impact Assessment, Commission Staff Working Document, on ecodesign requirements for nondirectional household 
ƭŀƳǇǎΣ муΦоΦнллфΦ vǳƻǘŜ ƻƴ ǇŀƎŜ мсΥ άLƴ ǘƘŜ ŦǊƻǎǘŜŘ ƭŀƳǇǎ ŎŀǘŜƎƻǊȅΣ ǘƘŜ ŀƴŀƭȅǎƛǎ Ƙŀǎ ǎƘƻǿƴ ǘƘŀǘ it is cost-effective to only 
ŀƭƭƻǿ Ŏƭŀǎǎ ! ƭŜǾŜƭ ƭŀƳǇǎ όҐ /C[ǎύΦέ 
11

 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 been published on the WTO website under the 
following reference: G/TBT/N/EU/248 and can be found here (click 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 

dataset which 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 energy-efficient LEDs. Furthermore, the LED filament lamps seem to be new models, just 

ŜƳŜǊƎƛƴƎ ƻƴǘƻ ǘƘŜ ƳŀǊƪŜǘ ƛƴ ǾƻƭǳƳŜ ǘƘƛǎ ȅŜŀǊΣ ŀƴŘ ǎƻ ǘƘŜ ŘŀǘŀōŀǎŜǎ ŘƻƴΩǘ ȅŜǘ ǊŜŦƭŜŎǘ ǘƘƻǎŜ ƳƻŘŜƭǎΦ  

 

Six Key Questions 

Finally, as stated in the email announcement informing the Commission and Consultation Forum 

about this study, the authors have attempted to address six key questions that constitute the 

principal outcomes of this work. These questions and answers are discussed in Chapter 6 of this 

report, with very brief summary answers given below: 

 

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

A:  The data for LED Lamps tested in this study have exceeded the expected progression of LED 

technology published in the VHK/VITO Report. The table below presents the comparison between 

an estimate of the VHK/VITO Report forecast and the sample average from lamps purchased in 

August/September 2014.  

 

Table ES-1. Current Price and Efficacy of Mains-Voltage Retrofit LED Replacement Lamps 

Source of estimate 
Price (Euro) per 500 

lumens of light in 2014 

Efficacy (lumens per watt) 

in 2014 

VHK/VITO Report (June 2013)* ϵмпΦлл κ рлл ƭǳƳŜƴ 76 lm/W 

Test data average, this study ϵмнΦрн κ рлл ƭǳƳŜƴ 98 lm/W 

Difference, test data average in 2014 

compared with VHK/VITO projected 
11 percent lower 29 percent higher 

* 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 on efficacy compared to a linearly-

interpolated estimate from the VHK/VITO Technical Report.  See section 5.9 for discussion on 

these estimates. 

 

Q: Do they give an aesthetic pleasant light? 

A: The LED lamps tested in this study were found to have CCT values that were around 2700K to 

2900K, which is consistent with the baseline technology they seek to replace (i.e., incandescent 

and halogen). The CRI value for most LED lamps exceeded 80 CRI (with a few exceptions, where 

the CRI was measured at 79). Two of the LED lamps tested had CRIs values ƛƴ ǘƘŜ флΩǎ (IKEA and 

vosLED). The flicker index 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 resemblance to the halogen reference lamp (see Annex B). Thus, it would appear that the 

LED Lamps can meet the optical requirements of luminaires currently using halogen lamps. For all 

of these reasons, it would appear that these clear LED lamps do offer consumers an aesthetic, 

pleasant light. And, a limited review of website comments was conducted (see section 2.2.6), 

which indicated the early-adopters of LED filament lamps are satisfied. 
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Q:  !ǊŜ ǘƘŜ άŘƛƳƳŀōƭŜέ ƭŀƳǇǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ƭŜŀŘƛƴƎ ŜŘƎŜ ŀƴŘ ǘǊŀƛƭƛƴƎ ŜŘƎŜ dimmers? 

A:  Although these two dimmers do not represent all dimmers in Europe, they do represent two of 

the most common types found in the market. Five of the LED lamps purchased for this study were 

ƳŀǊƪŜǘŜŘ ŀǎ ΨŘƛƳƳŀōƭŜΩΦ Of these, two of those lamps were able to be dimmed on both dimmers 

(#6 IKEA, #13 Star Trading). The other three lamps had issues with one of the dimmers.  Lamp #5 

from LED Connection was not compatible with the leading edge dimmer and Lamps #14 from 

OSRAM and #15 from Philips were not compatible with the trailing edge dimmer. Overall, the 

results indicate that the industry is working on better LED drivers to make them compatible with 

the main types in Europe, and there are still be some manufacturing / quality control issues to 

work out in production. 

 

Q:  Do these lamps meet the LED quality requirements in EU No 1194/2012? 

A:  In order to ensure that the manufacturers of these new high-performance, low-cost LED lamps 

are not sacrificing light quality aspects that are important to European consumers, the Swedish 

9ƴŜǊƎȅ !ƎŜƴŎȅΩǎ ǘŜǎǘ ƭŀōƻǊŀǘƻǊȅ ŀƭǎƻ ŎƻƴŘǳŎǘŜŘ ǘŜǎǘǎ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǿƘŜǘƘŜǊ ǘƘŜ ƭŀƳǇǎ ŎƻƳǇƭƛŜŘ 

with the quality requirements for LED lamps under EU No 1194/201212 (see Chapter 5). The 

sample size (n=10) was not sufficiently large for market surveillance testing, therefore the 

findings should only be taken as indicative as to whether these lamps would meet the 

requirements. Furthermore, all of the test are not complete (some require 6000 hours of data), 

for most of those that are dƻƴŜ ǘƘŜ ŀƴǎǿŜǊ ƛǎ ΨȅŜǎΩΣ the new LED lamps do meet the quality 

requirements of EU No 1194/2012: 

 

ω Lamp survival factor at 6000 h - tests are on-going 

ω Lumen maintenance at 6000 h ς tests are on-going 

ω Number of switching cycles before failure ς yes, tested for all lamps; no failures in LED, but 

one failure in a halogen lamp. 

ω Starting time ς yes, all LED lamps passed 

ω Lamp warm-up time to 95% - yes, all LED lamps passed 

ω Premature failure rate at 1000 h ς not complete yet; but is being tested and so far, all but 

one LED lamp (#11 LED24.cc) passed the test 

ω Colour rendering index ς yes, tested and all LED lamps met the minimum requirement with 

ǘǿƻ ƳƻŘŜƭǎ ōŜƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ŀƭƭƻǿŀōƭŜ ǘƻƭŜǊŀƴŎŜ ŀƴŘ ǘǿƻ ƳƻŘŜƭǎ ƛƴ ǘƘŜ флΩǎΦ 

ω Colour consistency ς yes, tested and most LED lamps met the six MacAdam step 

requirement; #9 (Panasonic) and #17 (Calex) exceeded this requirement. 

ω Lamp Power Factor ς yes, tested and all lamps met the requirements with many exceeding 

them. 

 

Overall, the LED lamps were all found to be compliant with the ecodesign requirements under 

1194/2012, except a few models exceeded the six MacAdam13 step limit 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  ecodesign requirements for directional lamps, light emitting diode lamps and 
related equipment.  
EN link: http://eur -lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:342:0001:0022:EN:PDF  
13

 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 performed exceptionally well yet some importers omitted energy labels and 

one had developed their own energy label with an A+++ class (which does not exist in EU 

874/2012) 14. This labelling violation was reported to the UK NMO. 

 

Q:  Are LED filament lamps reliable products for consumers? 

A:  To assess reliability, the lamps were subjected to a switching-cycle test and an operational test 

which is on-going, but so far has completed 200 hours of testing. In the future, the Team 

collaborating on this study intends to publish additional test information on reliability at 3000 

hours and 6000 hours. All the LED lamps finished the switching cycle test successfully (one 

halogen lamp in the sample of ten failed the switching cycle test). While 3 of the 170 LED lamps 

tested were defective and did not operate out of the box (and thus could have been returned for 

a refund / replacement).  Two individual LED lamps sold by ccLED (both sample #11) failed during 

the burn-in.  Lamp #12 had one unit fail during measurements, but all the other LED lamps so far 

have not have problems.15 The longer-hour lifetime testing is continuing in parallel with the 

publication of this report.  The data gathered so far, show a mixed picture with LED filament 

lamps complying with switching-cycle tests, but one model showing premature failure above the 

Ecodesign threshold.  This doesnΩǘ ƳŜŀƴ [95 ŦƛƭŀƳŜƴǘ ƭŀƳǇǎ ŀǊŜ ǿƻǊǎŜ ǘƘŀƴ ƻǘƘŜǊ ƭŀƳǇǎΤ ǘƘŜ 

halogen lamp had difficulties in the switching-cycle test.  For the consumer, the early failures 

should not pose a big problem, where they are covered by commercial or legal minimum product 

warranties. 

 

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 2008, 16 ƛǘ ƘŀǎƴΩt been a popular 

LED lamp type 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 designs have simplified 

the electronic drivers and the optics, resulting in an energy-efficient lamp which exceeds the 

price and performance that was envisaged in the VHK/VITO report. More specifically, the retail 

LED lamp price of these LED filament lamps is approximately 11 % lower than the forecast and 

efficacy is 29 % betterΦ DƛǾŜƴ ǘƘŀǘ ǘƘŜ ŎƻƴǎǳƭǘŀƴǘΩǎ WǳƴŜ нлмо ǊŜǇƻǊǘ ǿŀǎ ǘƘŜ ōŀǎƛǎ ŦƻǊ ǘƘŜ 

/ƻƳƳƛǎǎƛƻƴΩǎ ǊŜŎŜƴǘ ǇǊƻǇƻǎŀƭ ǘƻ ŘŜƭŀȅ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ {ǘŀƎŜ с ƻŦ 9/ bƻ нппκнллф ōȅ н 

years,17 that proposed amendment would now seem to be redundant because the technological 

progress of LED lamps has exceeded expectations. Already now LED filament lamps are available 

that can replace many halogen applications. 

 
  

                                                      
14

 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 link: http://eur -lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012R0874&from=EN  
15

 The verification procedure in Annex IV of EU/1194/2012 has a tolerance of maximum 1 failure out of every 20 lamps. 
16

 Tevaja Lighting Corporation, China.  See: http://www.tevaja.com/?page_id=11  
17

 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 been published on the WTO website under the 
following reference: G/TBT/N/EU/248 and can be found here (click on this link) 

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012R0874&from=EN
http://www.tevaja.com/?page_id=11
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


Testing of Clear LED Lamps 

11 

 

Table of Contents 
 

EXTENDED SUMMARY .................................................................................................................. 3 

1 INTRODUCTION ................................................................................................................. 15 

2 MARKET AND TECHNOLOGY ASSESSMENT .......................................................................... 17 
2.1 EUROPEAN LAMP MARKET ............................................................................................................. 17 

2.1.1 COMPARISON OF EUROPE WITH OTHER DATABASES .................................................................... 19 
2.2 MARKETING LED LAMPS ............................................................................................................... 21 

2.2.1 LAMP 2 ς MAPLIN ά[95 FILAMENTέ /  A15QF .......................................................................... 21 
2.2.2 LAMP 5 - LED CONNECTION ά/LASSIC LED BLUBέ...................................................................... 22 
2.2.3 LAMP 6 ς IKEA LEDARE LED LAMP .......................................................................................... 23 
2.2.4 LAMP 15 ς PHILIPS CLEAR LED LAMP ...................................................................................... 23 
2.2.5 LAMP 17 ς CALEX ά[95 FILAMENT D[{έ ................................................................................. 24 

2.3 LED FILAMENT TECHNOLOGY ......................................................................................................... 24 

3 LAMPS PURCHASED AND TESTS CONDUCTED ...................................................................... 30 
3.1 LAMP SELECTION AND PROCUREMENT ............................................................................................. 30 
3.2 TEST LABORATORY ........................................................................................................................ 32 
3.3 TESTS CONDUCTED ....................................................................................................................... 32 

4 TEST RESULTS .................................................................................................................... 35 
4.1 WHOLESALE LIGHTING MS-B22-6W-OMNI ................................................................................... 35 
4.2 UK LED STANDARD BULB .............................................................................................................. 36 
4.3 OSRAM HALOGEN CLASSIC A ECO .................................................................................................. 37 
4.4 LIGHTING EVER ά[95 FILAMENT BULBέ ........................................................................................... 38 
4.5 LED CONNECTION ά/LASSIC LED BULBέ........................................................................................... 39 
4.6 IKEA ά[95!w9έ /  602.553.62 .................................................................................................... 40 
4.7 VOSLED LIGHT BULB CLEAR, 5.5W ................................................................................................. 41 
4.8 LED CONNECTION FILAMENT LAMP ................................................................................................. 42 
4.9 PANASONIC άbOSTALGIC CLEARέ LED LAMP .................................................................................... 43 
4.10 NCC-LICHT /  LED FILAMENT .......................................................................................................... 44 
4.11 LED24.CC /  E27 LED GLÜHFADEN BIRNE ........................................................................................ 45 
4.12 STAR TRADING DIRECT - LED FILAMENT LAMPA E27 NR. 338-71 ........................................................ 46 
4.13 STAR TRADING LED FILAMENT LAMPA CANDELABRA SHAPE ................................................................. 47 
4.14 OSRAM PARATHOM CLASSIC A ADV 10W 827 ............................................................................. 48 
4.15 PHILIPS ά/LEAR LED BULBέ - GLS 6W A60 827 CLEAR ..................................................................... 49 
4.16 LED LAMPEN DIRECT, 4 WATT POLARIS ........................................................................................... 50 
4.17 CALEX LED FILAMENT GLS ............................................................................................................ 51 
4.18 SEGULA ....................................................................................................................................... 52 

5 DISCUSSION OF TEST RESULTS ............................................................................................ 53 
5.1 POWER CONSUMPTION ................................................................................................................. 53 
5.2 LIGHT OUTPUT ............................................................................................................................. 54 
5.3 EFFICACY ..................................................................................................................................... 55 
5.4 CORRELATED COLOUR TEMPERATURE .............................................................................................. 56 
5.5 COLOUR RENDERING INDEX ............................................................................................................ 57 
5.6 LAMP WEIGHT AND DIMENSIONS .................................................................................................... 57 
5.7 LAMPS AND HEAT ......................................................................................................................... 59 
5.8 EU NO 1194/2012 PERFORMANCE REQUIREMENTS ......................................................................... 59 
5.9 PRICE AND EFFICACY IN 2014 ......................................................................................................... 61 



Testing of Clear LED Lamps 

12 

6 KEY QUESTION EXAMINATION AND DISCUSSION ................................................................ 63 
6.1 WHAT IS THE CURRENT COST AND PERFORMANCE OF CLEAR LED LAMPS? .............................................. 63 
6.2 DO THEY GIVE AN AESTHETIC PLEASANT LIGHT? .................................................................................. 64 
6.3 ARE THE άDIMMABLEέ LAMPS COMPATIBLE WITH LEADING EDGE AND TRAILING EDGE DIMMERS? .............. 64 
6.4 DO THESE LAMPS MEET THE LED QUALITY REQUIREMENTS IN EU NO 1194/2012? ................................ 65 
6.5 ARE LED FILAMENT LAMPS RELIABLE PRODUCTS FOR CONSUMERS? ...................................................... 66 
6.6 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? ................................................................................... 68 

ANNEX A. ANNOUNCEMENT TO STAKEHOLDERS OF THIS STUDY ................................................. 69 

ANNEX B. DETAILED TEST RESULTS OF THE STUDY ....................................................................... 72 

 

 
 

List of Tables 
TABLE ES-1. CURRENT PRICE AND EFFICACY OF MAINS-VOLTAGE RETROFIT LED REPLACEMENT LAMPS .......... 8 

TABLE 3-1. LAMPS PURCHASED FOR TESTING AND SOME OF THE PERFORMANCE CHARACTERISTICS CLAIMED ON 

THE WEBSITES ....................................................................................................................... 31 

TABLE 4-1. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #1 ........................................................ 35 

TABLE 4-2. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #2 ........................................................ 36 

TABLE 4-3. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #3 ........................................................ 37 

TABLE 4-4. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #4 ........................................................ 38 

TABLE 4-5. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #5 ........................................................ 39 

TABLE 4-6. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #6 ........................................................ 40 

TABLE 4-7. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #7 ........................................................ 41 

TABLE 4-8. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #8 ........................................................ 42 

TABLE 4-9. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #9 ........................................................ 43 

TABLE 4-10. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #10 .................................................... 44 

TABLE 4-11. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #11 .................................................... 45 

TABLE 4-12. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #12 .................................................... 46 

TABLE 4-13. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #13 .................................................... 47 

TABLE 4-14. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #14 .................................................... 48 

TABLE 4-15. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #15 .................................................... 49 

TABLE 4-16. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #16 .................................................... 50 

TABLE 4-17. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #17 .................................................... 51 

TABLE 4-18. SUMMARY OF TEST RESULTS FOR SAMPLE OF LAMP #18 .................................................... 52 

TABLE 5-1. UNOFFICIAL QUALITY CHECK (SAMPLE SIZE ONLY 10 UNITS) FOR LED LAMPS UNDER TEST .......... 61 

TABLE 6-1. CURRENT PRICE AND EFFICACY OF MAINS-VOLTAGE RETROFIT LED REPLACEMENT LAMPS ......... 64 

TABLE 6-2. DIMMER COMPATIBILITY CHECK FOR FIVE άDIMMABLEέ LED LAMPS ...................................... 65 

TABLE 6-3. LED LAMP CONSUMER RELIABILITY TEST RESULTS ............................................................... 67 

  



Testing of Clear LED Lamps 

13 

 
 
 

List of Figures 
FIGURE ES-1. EXAMPLE OF AN AC MAINS-VOLTAGE NON-DIRECTIONAL LED FILAMENT LAMP ..................... 3 

FIGURE ES-2. EXAMPLE OF MV LED NON-DIRECTIONAL RETROFIT CLEAR LED LAMPS: PROJECTIONS MADE IN 

2013 ON PRICE/PERFORMANCE RATIO VS. REAL 2014 VALUES ......................................................... 5 

FIGURE ES-3. SHIPMENTS OF NON-DIRECTIONAL MAINS-VOLTAGE LAMPS IN EUROPE, 2007-2013 ............. 6 

FIGURE ES-4. COMPARISON OF TEST DATA (2014) WITH PUBLIC DATABASES OF LED LAMPS (2012-2014) .. 7 

FIGURE 2-1. GFK SHIPMENT ESTIMATE OF NON-DIRECTIONAL MAINS-VOLTAGE LAMPS , 2007-2013 

(AUSTRIA, BELGIUM, FRANCE, GERMANY, GREAT BRITAIN, ITALY AND THE NETHERLANDS) ................. 18 

FIGURE 2-2. LOT 19 IMPACT ASSESSMENT SHIPMENTS PROJECTION OF NON-DIRECTIONAL MAINS-VOLTAGE 

LAMPS FOR EUROPE, 2007-2013 ........................................................................................... 19 

FIGURE 2-3. COMPARISON OF TEST DATA (2014) WITH PUBLIC DATABASES OF LED LAMPS (2012-2014) .. 20 

FIGURE 2-4. CLOSE-UP PHOTOGRAPH OF LED FILAMENTS FROM LED CONNECTION (UK) 8W LAMP ............ 25 

FIGURE 2-5. CUT-AWAY VIEW OF LED FILAMENT ON TRANSPARENT SUBSTRATE ........................................ 26 

FIGURE 2-6. DIMENSIONED (MM) DIAGRAM OF LED FILAMENT AND CLOSE-UP PHOTOGRAPH ...................... 27 

FIGURE 2-7. EXAMPLE OF AN LED FILAMENT SPECIFICATION FROM THE RUNLITE CATALOGUE (2014) .......... 27 

FIGURE 2-8. ILLUSTRATION OF A SIMPLE BRIDGE RECTIFIER USED IN DRIVING SOME OF THESE LAMPS .............. 28 

FIGURE 3-1. MAP OF EUROPE SHOWING COUNTRIES WHERE LED LAMPS WERE PROCURED ......................... 30 

FIGURE 5-1. POWER CONSUMPTION DISTRIBUTION OF LAMP MODELS TESTED (WATTS) ........................... 53 

FIGURE 5-2. DISTRIBUTION OF LIGHT OUTPUT LAMP MODELS TESTED (LUMENS) ..................................... 54 

FIGURE 5-3. DISTRIBUTION OF EFFICACY MEASUREMENTS FOR LAMP MODELS TESTED (LUMENS/WATT) ...... 55 

FIGURE 5-4. DISTRIBUTION OF CCT MEASUREMENTS FOR LAMP MODELS TESTED (K) ............................... 56 

FIGURE 5-5. DISTRIBUTION OF COLOUR RENDERING INDEX FOR LAMP MODELS TESTED (RA) ...................... 57 

FIGURE 5-6. WEIGHT OF THE LAMPS TESTED, COMPARED TO AN INCANDESCENT LAMP ............................... 58 

FIGURE 5-7. LENGTH AND WIDTH OF THE LAMPS TESTED, COMPARED TO AN INCANDESCENT LAMP .............. 58 

FIGURE 5-8. MAXIMUM SURFACE TEMPERATURE OF THE LAMPS WHILE IN STEADY-STATE OPERATION ............ 59 

FIGURE 6-1. EXAMPLE OF MV LED NON-DIRECTIONAL RETROFIT CLEAR LED LAMPS: PROJECTIONS MADE IN 

2013 ON PRICE/PERFORMANCE RATIO VS. REAL 2014 VALUES ....................................................... 63 

  



Testing of Clear LED Lamps 

14 

 

Acronyms and Abbreviations 
 
4E Energy Efficient End-use Equipment (IEA Annex) 

AC Alternating Current 

ANSI American National Standards Institute 

CCT Correlated Colour Temperature 

CEM Clean Energy Ministerial 

CFL Compact Fluorescent Lamp 

CLASP Collaborative Labelling and Appliance Standards Program 

CO2 Carbon Dioxide 

CRI Colour Rendering Index 

DC Direct Current 

DG Directorate General 

EC European Commission 

EU European Union 

IEA International Energy Agency 

kg kilogram 

LED Light Emitting Diode 

lm Lumens 

MEPS Minimum Energy Performance Standards 

MRSP Manufacturer Recommended Sales Price 

OEM Original Equipment Manufacturer 

PCB Printed Circuit Board 

R09 a measure of saturated red (colour rendering) 

R&D Research and Development 

REACH Registration, Evaluation, Authorisation and Restriction of Chemicals 

RoHS Regulation on Hazardous Substances 

UK United Kingdom 

UNEP United Nations Environment Programme 

US United States / United States of America 

V Voltage 

VHK Van Holsteijn en Kemna B.V. 

VAT Value Added Tax 

W Watts 

  



Testing of Clear LED Lamps 

15 

1 Introduction 

On Monday, 15 September, Bram Soenen of the Belgian Ministry for Health, Food Chain Safety and 

the Environment circulated an email to all the stakeholders of the 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ 

Consultation Forum for non-directional household lamps to inform them of this study.  This email 

highlighted the fact that LED technology has continued to evolve at a very rapid pace, with the 

recent introduction of ŎƻƳǇŜǘƛǘƛǾŜƭȅ ǇǊƛŎŜŘ όғмлϵύ ά[95 ŦƛƭŀƳŜƴǘέ ŎƭŜŀǊ ƴƻƴ-directional lamps into 

the European market.  Several of these lamps claimed to have very high efficacies ς and if those 

performance values are correct, then the actual product performance will have exceeded the 

anticipated rate of price and performance improvement ǳǎŜŘ ŀǎ ŀ ōŀǎƛǎ ŦƻǊ 5D 9ƴŜǊƎȅΩǎ proposal on 

the treatment of Stage 6 of EC No 244/2009. A copy of the 15 September email and the two-page 

attachment informing stakeholders about the study can be found in Annex A of this report. 

 
This study provides a market snap-shot of clear LED lamps on the European market from August 

2014, looking at their measured price and performance.  The objective of the study is to examine the 

following key questions: 

 
ω ²Ƙŀǘ ŀǊŜ ǘƘŜ ŎǳǊǊŜƴǘ Ŏƻǎǘ όƭǳƳŜƴκϵύ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ όƭƳκ²ύ ƻŦ ŎƭŜŀǊ [95 ƭŀƳǇǎΚ 

ω Do they give an aesthetic pleasant light (warm white, high CRI, no flicker)? 

ω !ǊŜ ǘƘŜ άŘƛƳƳŀōƭŜέ ƭŀƳǇǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ƭŜŀŘƛƴƎ ŜŘƎŜ ŀƴŘ ǘǊŀƛƭƛƴƎ ŜŘƎŜ ŘƛƳƳŜǊǎΚ 

ω Do these lamps meet the LED quality requirements in EU No 1194/2012? 

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

ω 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? 

 
This report is structured as follows: 
 

Chapter 1. Introduction ς this chapter provides an overview and context for the test study 

and this report. 

 

Chapter 2. Market and Technology Assessment ς provides an overview of the European lamp 

market including data from the recent IEA 4E Mapping & Benchmarking Annex report. This 

chapter includes information on how LED filament and other clear lamps are being marketed 

in Europe and some information on the consumer response. This chapter also includes some 

information about LED filament technology. 

 

Chapter 3. Lamps Purchased and Tests Conducted ς provides information about the lamps 

that were ǎŜƭŜŎǘŜŘΣ ǘƘŜ ǘŜǎǘ ƭŀōƻǊŀǘƻǊȅ όǘƘŜ {ǿŜŘƛǎƘ 9ƴŜǊƎȅ !ƎŜƴŎȅΩǎ lighting test 

laboratory) and the tests conducted. 

 

Chapter 4. Test Results ς presentation of test results for each individual lamp model and a 

comparison between the different models.  It should be noted that not all the planned 

testing is complete at this time, therefore updates to these findings will be provided in the 

future as new data becomes available. 
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Chapter 5. Discussion of Test Results ς compares the test results of the different lamps, 

looking at the differences in performance ς both averages and minimum and maximum 

values. 

 

Chapter 6. Key Question Examination and Discussion ς the key questions mentioned above 

and included in the original email 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 4, due to the fact that some of the lifetime tests require 6000 hours (i.e., 

approximately 8 months) to complete, the authors are intending to publish updated test results on 

this sample of test lamps in the future. Like this study, any future updates will be provided to the 

Commission and the Consultation Forum, and posted in the public domain. 
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2 Market and Technology Assessment 

This chapter provides information about the lamps that were selected for testing and their claimed 

performance levels. It includes photographs of the lamps as well as information about where the 

lamps were sourced and the prices paid. It also contains information about this new technology 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ά[95 ŦƛƭŀƳŜƴǘέ ƭŀƳǇǎ. 

 

2.1 European Lamp Market 

Ecodesign regulation EC No 244/2009 bifurcated the incandescent lighting market into frosted and 

clear lamps, and set different energy efficiency requirements for frosted and clear replacement 

lamps. The intention of the policy measure was that frosted incandescent lamps would be replaced 

with compact fluorescent lamps (A-class energy label) and clear incandescent lamps would be 

replaced by mains-voltage halogen lamps (D-class energy label). Then, in September 2016, the final 

stage of 244/2009 would phase out mains-voltage halogen lamps in favour of B-class halogen lamps, 

which are no longer available on the European market. Therefore, Stage 6 is being interpreted as a 

phasing out of mains voltage halogen lamps in favour of LED lamps, of which there are models on 

the market in 2014 in the A, A+ and A++ classes. 

 

In a recent publication, the IEA 4E Mapping & Benchmarking Annex published an update to their 

domestic lighting market study, including Europe.18 They published an update in September 2014, 

which includes GfK sales data for Europe. Some of that data is reproduced below, only including the 

mains-voltage incandescent and replacement lamps ς namely mains voltage halogen, integrally 

ballasted CFL and LED lamps. The data shows that CFL sales peaked in 2010 and have been in decline 

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

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 non-directional household lamp regulation has failed to 

advance sales of CFLs, and instead has simply moved the European non-directional household 

lighting market from incandescent to halogen lamps.19  

 

                                                      
18

 IEA Mapping and Benchmarking report ς Domestic Lighting Update, September 2014. See: 
http://mappingandbenchmarking.iea-4e.org/shared_files/609/download 
19

 Halogen lamps are approximately 20% more efficient than incandescent lamps while CFLs are approximately 400% more 
efficient.  Thus, the allowance made for halogen mains voltage clear lamps has become a loop-hole that has undermined 
the original regulation and wiped out the anticipated savings. 

http://mappingandbenchmarking.iea-4e.org/shared_files/609/download
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Figure 2-1. GfK shipment estimate of Non-Directional Mains-Voltage Lamps , 2007-2013 (Austria, 

Belgium, France, Germany, Great Britain, Italy and the Netherlands) 

 

¢ƘŜ ŀŎǘǳŀƭ ƳŀǊƪŜǘ ƛƴ нлмо ŎƻƴǘǊŀǎǘǎ ǎƘŀǊǇƭȅ ǿƛǘƘ ǘƘŜ ƳŀǊƪŜǘ ŦƻǊŜŎŀǎǘǎ ǇǊŜǇŀǊŜŘ ƛƴ нллф ŦƻǊ άhǇǘƛƻƴ 

н /ƭŜŀǊ . {ƭƻǿέ όǘƘŜ ǎŎŜƴŀǊƛƻ ǎŜƭŜŎǘŜŘ ōȅ ǘƘŜ /ƻƳƳƛǎǎƛƻƴ ŦƻǊ ǊŜƎǳƭŀǘƛƻƴ 9/ bƻ н44/2009, see Figure 

2-2 below), which had expected CFL sales to be 4 times larger than mains voltage halogen lamps in 

2013.20 The fact that actual CFL sales are one quarter of halogen sales in 2013 (see Figure 2-1 above) 

would mean that the European market is not on track to deliver the anticipated 39 TWh of electricity 

savings in 2020 from EC No 244/2009. When 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 projection (Figure 

2-2) and GfK lamp shipment data (Figure 2-1) is notable. 

 

                                                      
20

 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 projection in Annexe 8-6: Main economic and environmental data for the 
ǎŎŜƴŀǊƛƻ άhǇǘƛƻƴ н /ƭŜŀǊ . {ƭƻǿέΦ 
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Figure 2-2. Lot 19 Impact Assessment Shipments Projection of Non-Directional Mains-Voltage 

Lamps for Europe, 2007-2013 

 

Furthermore, frosted incandescent lamp sales were estimated to be nearly three-quarters of sales in 

2007 (clear incandescent was approximately one-quarter of sales).21 Although a transition from 

frosted incandescent to CFL was deemed cost effective for households22, most frosted lamp sockets 

would not seem to have migrated to CFLs (clear halogen lamp sales were 4 times larger than CFLs in 

2013). This would mean, the decision to keep clear mains voltage halogen lamps in the market has 

slowed the market adoption of energy-efficient lighting and undermined the energy 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 sales of clear mains voltage halogen lamp sales in 

Europe from 2016 to 201823 could further delay the introduction of energy-efficient 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 on published 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 self-reported, published and tested results thus 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: 

                                                      
21

 Final report, Lot 19: Domestic lighting prepared by VITO for European Commission, 2009/ETE/R/069; October 2009. 
Annexe 8-сΥ aŀƛƴ ŜŎƻƴƻƳƛŎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Řŀǘŀ ŦƻǊ ǘƘŜ ǎŎŜƴŀǊƛƻ άhǇǘƛƻƴ н /ƭŜŀǊ . {ƭƻǿέΦ 
22

 Full Impact Assessment, Commission Staff Working Document, on ecodesign requirements for nondirectional household 
ƭŀƳǇǎΣ муΦоΦнллфΦ vǳƻǘŜ ƻƴ ǇŀƎŜ мсΥ άLƴ ǘƘŜ ŦǊƻǎǘŜŘ ƭŀƳǇǎ ŎŀǘŜƎƻǊȅΣ ǘƘŜ ŀƴŀƭȅǎƛǎ Ƙŀǎ ǎƘƻǿƴ ǘƘŀǘ ƛǘ ƛǎ Ŏƻǎǘ-effective to only 
ŀƭƭƻǿ Ŏƭŀǎǎ ! ƭŜǾŜƭ ƭŀƳǇǎ όҐ /C[ǎύΦέ 
23

 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 been published on the WTO website under the 
following reference: G/TBT/N/EU/248 and can be found here (click 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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¶ Olino Database (NL): http://www.olino.org/   

¶ LED benchmark (AU): http://www.ledbenchmark.com  

¶ LightingFacts (US): http://www.lightingfacts.com/Products  

¶ ENERGY STAR (US): http://www.energystar.gov/  

¶ California (US): http://www.appliances.energy.ca.gov/  

 

Only omni-directional, general lighting service lamps (both clear and frosted) 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 the data, zoomed-in to 

between 2 and 12 Watts and 0 to 1200 lumens. The test data from this study are included in the 

ǇƭƻǘΣ ŀǎ ȅŜƭƭƻǿ ŎƛǊŎƭŜǎ όƭŀōŜƭƭŜŘ ά{ǿŜŘŜƴ ¢Ŝǎǘ 5ŀǘŀέ ƛƴ ǘƘŜ ŦƛƎǳǊŜ ƭŜƎŜƴŘύΦ 

 

 
Figure 2-3. Comparison of Test Data (2014) with Public Databases of LED Lamps (2012-2014) 

 

The Swedish Test Data, prepared for this report, tend toward the higher efficacy models in the 

dataset which 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 energy-efficient LEDs. Furthermore, the LED filament lamps seem to be new models, just 

ŜƳŜǊƎƛƴƎ ƻƴǘƻ ǘƘŜ ƳŀǊƪŜǘ ƛƴ ǾƻƭǳƳŜ ǘƘƛǎ ȅŜŀǊΣ ŀƴŘ ǎƻ ǘƘŜ ŘŀǘŀōŀǎŜǎ ŘƻƴΩǘ ȅŜǘ ǊŜŦƭŜŎǘ ǘƘƻǎŜ ƳƻŘŜƭǎΦ  

 

The data ƎŀǘƘŜǊŜŘ ŦǊƻƳ ǘƘŜǎŜ ŦƛǾŜ ǇǳōƭƛŎ Řŀǘŀ ǎƻǳǊŎŜǎ ŜƛǘƘŜǊ ŘƛŘƴΩǘ ƛƴŎƭǳŘŜ ǇǊƛŎŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻǊ ƛǘ 

was only available for a few models, therefore no meaningful comparison could be made on price. 

 
 

http://www.olino.org/
http://www.ledbenchmark.com/
http://www.lightingfacts.com/Products
http://www.energystar.gov/
http://www.appliances.energy.ca.gov/
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2.2 Marketing LED Lamps 

This section of the report provides some screen captures of the LED lamps from the websites where 

they were purchased.  The marketing information is provided to show the performance attributes 

which are being emphasised when promoting these lamps in the market such as low power 

consumption, long service life, beam angle, correlated colour temperature and colour rendering 

index, and lumen output. 

 

2.2.1 Lamp 2 ς aŀǇƭƛƴ ά[95 ŦƛƭŀƳŜƴǘέ κ !мрvC 

The following is a screen capture of the claimed performance characteristics of aŀǇƭƛƴΩǎ ǎƛȄ ǿŀǘǘ LED 

filament lamp which was purchased from Maplin in the UK. 
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2.2.2 Lamp 5 - [95 /ƻƴƴŜŎǘƛƻƴ ά/ƭŀǎǎƛŎ [95 ōƭǳōέ 

The following is a screen capture of the claimed performance characteristics of the [95 /ƻƴƴŜŎǘƛƻƴΩǎ 

six watt LED filament lamp which was purchased from LED Connection in the UK. 
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2.2.3 Lamp 6 ς IKEA Ledare LED lamp 

The following is a screen capture of the claimed performance characteristics of the IKEA Ledare lamp 

that was purchased at the Edmonton (UK) IKEA store. 

 

 
 

2.2.4 Lamp 15 ς Philips Clear LED Lamp 

The following is a screen capture from the press release of the Philips Clear LED lamp. Please note 

that the retail price quoted in the Philips press release is lower than the retail price paid for this lamp 

when it was purchased for this testing study.  ό¢ƘŜ ǇǊƛŎŜ ǇŀƛŘ ǿŀǎ ϵмпΦфо.) 
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2.2.5 Lamp 17 ς /ŀƭŜȄ ά[95 CƛƭŀƳŜƴǘ D[{έ 

The following is a screen capture of the claimed performance characteristics of the Calex LED 
filament lamp which was purchased from ELV in Belgium. 
 
 
 
 

 

 
 
 
 

2.3 LED Filament Technology 

An LED filament lamp is a retrofittable, mains-voltage replacement lamp that uses LEDs as its light-

emitting filaments. These filaments are designed so that light is produced uniformly and evenly, 

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

maximise the light emission pattern in all directions (see polar plots in Chapter 4). The resulting 

product ǊŜǎŜƳōƭŜǎ ƭƛƎƘǘ ŜƳƛǎǎƛƻƴ ǇŀǘǘŜǊƴǎ ŀƴŘ ƻǇǘƛŎŀƭ όΨǎǇŀǊƪƭŜΩύ ŜŦŦŜŎǘǎ ƴƻǊƳŀƭƭȅ ŀǘǘǊƛōǳǘŜŘ to 

traditional incandescent and halogen (tungsten) filament lamps. 

 

The figure below is a close-up photograph taken of one of the lamps tested in this study. This 

particular lamp had 8 LED filaments contained within the glass bulb. Each of these filaments 

consumes approximately 1 watt of power, thus this lamp is about an 8 watt LED lamp. And the 

filaments are typically operating around 110 lumens per watt, thus this lamp will have approximately 

an 880 lumen output. 
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Figure 2-4. Close-up photograph of LED filaments from LED Connection (UK) 8W lamp 

 
According to one manufacturerΩǎ ǿŜōǎƛǘŜ, the filament LED lamp was first produced by the Japanese 

lighting company, Ushio in 2008. 24 The original design bent the tube into a U-shape and used six 

filaments to duplicate the appearance of incandescent bulbs, with 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 

ŎǊŜŀǘƛƴƎ ǘƘŜ ΨǎǇŀǊƪƭŜΩ optical effect where light from these sources interacts with cut glass and 

crystal in decorative and ornamental lighting fixtures. As described in the vosLED 2014 product 

ŎŀǘŀƭƻƎǳŜΣ DŜǊƘŀǊŘ [ƛŜōǎŎƘŜǊΣ aŀƴŀƎƛƴƎ 5ƛǊŜŎǘƻǊ ƻŦ Ǿƻǎ[95 ǎŀȅǎ ά¢ƘŜ 9Řƛǎƻƴ ōǳƭō ƛǎ ŀ truly great 

design: an almost perfect point light source that can be adapted to any lighting situation with the 

ǳǎŜ ƻŦ ƭŀƳǇ ǎƘŀŘŜǎΦ  !ƴŘ ƴƻǿ ƛǘΩǎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ǘƻƻ ς Edison would be delighted with the new 

Ǿƻǎ[95 ōǳƭōǎΗέ25  

 
Companies adapted and improved upon the original 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, 

enabling a greater light output from each filament.26 The photo below shows a cut-view of one of 

                                                      
24

 Tevaja Lighting corporation, China.  See: http://www.tevaja.com/?page_id=11  
25

 VOSLED Kompromisslos Besser, vosLED Glühbirnen Light bulbs, 2014 Catalogue. Plauen, Germany. www.vosla.com 
website visited 5 September 2014. 
26

 Tevaja Lighting corporation, China.  See: http://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 forward voltage.  

http://www.tevaja.com/?page_id=11
http://www.vosla.com/
http://www.tevaja.com/?page_id=11
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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, emitting a blue light, and they are 

connected in series on a transparent substrate before the whole assembly is coated in phosphor.  

Light is emitted out the front and back of the LEDs, enhancing the luminous flux and efficacy.  The 

photo below shows a cut-away view of an LED filament, with the arrangement of LEDs in series. 

 

 
Figure 2-5. Cut-away view of LED filament on transparent substrate 

 
The LED filament designs use LED chips encapsulated on a transparent substrate27 of glass or 

synthetic sapphire, and coated with phosphor. The Tevaja Company refers to this new packaging 

technology as a άŎƘƛǇ-on-Ǝƭŀǎǎέ ŘŜǎƛƎƴΦ ¢ƘŜ ŦƛƭŀƳŜƴǘ ƻŦ Ǝƭŀǎǎ ƻǊ ǎȅƴǘƘŜǘƛŎ ǎŀǇǇƘƛǊŜ ƛǎ ǾŜǊȅ ǘƘƛƴΣ ǿƛǘƘ ŀ 

diameter of approximately 1.5mm, but with a length of approximately 30mm. The LED filament is 

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

end and encapsulating the LED part in the yellow phosphor. The following figure shows a 

dimensioned diagram of an LED filament from a product catalogue28, where 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.  See: http://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  
27

 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 metal ς although the metal will have 
obvious implications in light emission patterns. See for example: 
http://www.diytrade.com/china/pd/12716819/Patent_Product_High_power_COB_COG_EPISTAR_chips_Blue_sapphire_Le
d_filament.html  
28

 To view the catalogue, click on this link: http://ecatalog.oodii.com/26783.html  

http://harrisonled.en.alibaba.com/product/1965954604-800193353/2014_NEW_Technology_Epistar_chip_Sapphire_substrate_4W_6W_120LM_W_Warm_cool_white_Filament_clear_glass_cover_Globe_bulb_lights.html
http://harrisonled.en.alibaba.com/product/1965954604-800193353/2014_NEW_Technology_Epistar_chip_Sapphire_substrate_4W_6W_120LM_W_Warm_cool_white_Filament_clear_glass_cover_Globe_bulb_lights.html
http://harrisonled.en.alibaba.com/product/1965954604-800193353/2014_NEW_Technology_Epistar_chip_Sapphire_substrate_4W_6W_120LM_W_Warm_cool_white_Filament_clear_glass_cover_Globe_bulb_lights.html
http://www.diytrade.com/china/pd/12716819/Patent_Product_High_power_COB_COG_EPISTAR_chips_Blue_sapphire_Led_filament.html
http://www.diytrade.com/china/pd/12716819/Patent_Product_High_power_COB_COG_EPISTAR_chips_Blue_sapphire_Led_filament.html
http://ecatalog.oodii.com/26783.html
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Figure 2-6. Dimensioned (mm) diagram of LED filament and close-up photograph 

 
¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƛǎ ŀ ǎŎǊŜŜƴ ŎŀǇǘǳǊŜ ƻŦ ŀƴƻǘƘŜǊ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ŎŀǘŀƭƻƎǳŜ29 who sells the LED filaments 

as an Original Equipment Manufacturer (OEM) supplier to lamp assembly companies.  In this table, 

the LED filament is described as following the chromaticity binning requirements of the ANSI 

standard and certified by LM-80. The website states that these filaments are compliant with the 

European Regulation on Hazardous Substances (RoHS) and REACH. The filament is available in a 

number of different colour temperatures. 

 

 
 

Figure 2-7. Example of an LED filament specification from the Runlite Catalogue (2014) 

 
One approach to making different colour temperatures, such as from 2800K to 6500K, would 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 

                                                      
29

 This catalogue was accessed on 15 October 2014; see: http://www.runlite.cn/en/product-detail-145.html 

 

http://www.runlite.cn/en/product-detail-145.html
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cooler whites (e.g., 6500K), there would be a larger proportion of blue LED chips driving the 

phosphor. 

 
The design of LED filament lamps contrasts with traditional LED lamp designs in that there is no heat 

sink connected to the LED Lamp. It is thought that this is possible because of the very high efficacies 

relative to some of the traditional designs ς for 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 halving the waste heat. In order to assess this aspect in 

this test study, the operating temperature of the lamps were measured under steady-state 

performance. In this study, the highest bulb surface temperatures were found and measured for 

each lamp using an infrared camera. Compared with the halogen reference lamp, the LED lamps had 

a cooler surface temperature (see Section 5.7). 

 
Manufacturers of these LED filaments claim that they have a very long lifespan, typically ten times 

longer (20,000 hours) than halogen lamps (2,000 hours). This claim is also being tested in this study, 

up to 6,000 hours of testing which will be completed and published in May/June 2015.   

 
The driver operating the LED filaments is physically small compared to the circuits operating other 

LED lamps. In some designs tested in this study, the entire driver fit within the space of the end-cap 

of the lamp (i.e., the E27 screw base or the B22 bayonet fitting). In other designs, a very small white 

plastic housing extended up from the screw base of only about 15 mm containing the driver. Either 

way, there are substantially less electronic components with the associated environmental resource 

efficiency benefits that are associated with these simplified designs. 

 
These simple drivers appear to 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 something that 

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. 

 

 

 
Figure 2-8. Illustration of a simple bridge rectifier used in driving some of these lamps 

 
For more information on LED filament lamps, please see the following resources: 
 

¶ Product example: http://www.vosla.com/upload/downloads/kataloge/vosled-katalog-
2014b.pdf 

 

¶ Close-up examination: https://www.youtube.com/watch?v=25j2C4jq2HI 
 

                

http://www.vosla.com/upload/downloads/kataloge/vosled-katalog-2014b.pdf
http://www.vosla.com/upload/downloads/kataloge/vosled-katalog-2014b.pdf
https://www.youtube.com/watch?v=25j2C4jq2HI
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¶ Explanation on the filaments: http://www.designingwithleds.com/novel-led-packaging-adds-
filaments-retro-bulbs/ 

 

¶ LED filament lamps: https://app.box.com/s/78emee997g7ltplc5xab 
 

¶ Bridge rectifier circuits: http://en.wikipedia.org/wiki/Diode_bridge  
 

¶ Chip-on-glass packaging: www.epistar.com  
 

¶ Phosphor for LED products: http://www.intematix.com/products/led-phosphors  
 

http://www.designingwithleds.com/novel-led-packaging-adds-filaments-retro-bulbs/
http://www.designingwithleds.com/novel-led-packaging-adds-filaments-retro-bulbs/
https://app.box.com/s/78emee997g7ltplc5xab
http://en.wikipedia.org/wiki/Diode_bridge
http://www.epistar.com/
http://www.intematix.com/products/led-phosphors
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3 Lamps Purchased and Tests Conducted  

This chapter provides some information about the lighting test laboratory at the Swedish Energy 

Agency where the tests were conducted.  It also provides information on which tests were 

conducted by the lab, 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 United Kingdom.   

 

 
Figure 3-1. 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 offer ŀ ΨǎǇŀǊƪƭŜΩ ŜŦŦŜŎǘ ƛƴ ŘŜŎƻǊŀǘƛǾŜ ŦƛȄǘǳǊŜǎ ŀƴŘ ƭǳƳƛƴŀƛǊŜǎ ǎǳŎƘ ŀǎ ǘƘƻǎŜ ǿƘƛŎƘ 

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 create this effect. 

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

1) a clear 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), Wholesale Lighting (UK) and Vosla 

(DE). 

 
.ƻǘƘ ǘȅǇŜǎ ƻŦ [95 ƭŀƳǇǎ ƻŦŦŜǊ ŎƻƴǎǳƳŜǊǎ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ ŎǊŜŀǘƛƴƎ ŀ ΨǎǇŀǊƪƭŜΩ ŜŦŦŜŎǘ ǿƘŜƴ ƛƴǎǘŀƭƭŜŘ ƛƴ 

those luminaires that interact optically with the lamp. The following table is a list of all the lamps 

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

these products are presented in Chapter 4 and Annex B. 

 






















































































