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1.0 EXECUTIVE SUMMARY 
 
This report has been adopted for general release to assist customer evaluation. The Marl Test 
Laboratory was requested by the Marl Marketing and Sales Departments to investigate the 
sourcing and selection of a suitable MR16 LED lamp to meet and exceed customer expectations 
of professional markets in the UK.   
 
The report details a preselected range of 9 samples proactively sourced by the Marl Purchasing 
Department from global supply chain partners.  The report details the device selected for active 
promotion and supply, whilst the configuration of the report allows customers to see comparative 
performance and test data against the devices not selected.  Readers should note that the 
samples are identified numerically 1 – 9 with No.7 being selected for active promotion.  
 
2.0 CONVENTIONAL MR16 LIGHT SOURCES  
 
For background information; a conventional MR16 lamp operates at ranges from 10W to 50W, 
and their light output ranges from 150 lumens (lm) to 800lm and beam angles ranging from 7 to 
60 degrees. Typical halogen MR16 lamps, thus, provide an efficacy of about 15 lumens per watt 
(lm/W), or a luminous efficiency of 15%. A typical 35W 30° beam angle MR16 has an average 
illuminance (LUX) per watt of 70 at 0.5m. They have an average life expectancy of 2,000hrs 
compared to 20,000hrs+ from the LED versions and have a colour temperature of 3000K (warm 
white) and a colour rendering index greater than 95. The maximum apparent power of the LED 
products evaluated was 6.6VA (~4.5W) with the average being 4.8VA (~3.2W) which represents 
a significant power saving over the conventional lamp. The LED lamps evaluated would be 
suitable to replace a conventional 10W or 20W halogen lamp (although two are capable of 
replacing a 35W halogen lamp). However, a 50W+ halogen would have significantly higher 
lumen output over the LED MR16s. 
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3.0 TEMPERATURE EFFECTS 

The temperature of the filament capsule of MR16 lamps rises to at least 260°C (500°F) to 
maintain the halogen regenerative cycle during operation. Obviously, these temperatures can be 
dangerous if the capsule comes in contact with skin or flammable materials. The heat produced 
by the lamps has to be accounted for when considering using them in heat-sensitive 
applications. Higher wattage MR16 lamps cannot be installed into an enclosed/recessed space 
without suitable fire protection, although applications suspending the lamps on tracks in free air 
would be ok.  

           
4.0 LED ILLUMINANCE, LIGHT QUALITY AND BEAM ANGLE T ESTING 
 
Each product was operated from a 12Vac, 50Hz voltage source and the beam angle was 
recorded using a template sheet for direct comparison between samples. The illuminance was 
taken from a reference height of 0.5m both central to the beam and at a set distance of 0.25m 
either side. The light beams were also projected onto a white screen to analyse the light quality 
and for direct comparison. These measurements were used to calculate the lux per watt of the 
units. The results are given in the table below. 
 
4.1 TABLE 1 – LIGHT TEST RESULT TABLE 
 

 
Sample 

No 

Active 
Power 

(W) 

 
LUX 
LH 

Max 
LUX 
@ 

0.5m 

 
LUX 
RH 

 
AVG 
LUX 

 
Lux/ 

W 

Colour 
Temp 

(K) 

Main 
Beam 
Angle 

AVG 
LUX/ 

W 

Energy 
Cost/ 
2000 
Hrs*  

1 3.9 600 1200 400 733 132 4000 30 132 1.08 
2 3.6 300 2100 350 917 177 5500 30 177 1.01 
3 3.4 500 2300 500 1100 224 5500 30 224 0.96 
4 3.4 400 4800 350 1850 376 5500 25 376 0.96 
5 3.3 150 2000 200 783 168 6500 30 168 0.92 
6 3.4 250 1800 200 750 152 5500 30 152 0.96 
7 4.6 600 6000 400 2333 351 5500 50 351 1.30 
8 2.4 150 2900 300 1117 324 5500 30 324 0.68 
9 2.3 200 2000 200 800 241 6000 30 241 0.65 

10** 35 500 6700 500 2567 73 2900 30 73 9.80 
* Energy cost based on 14p/KWh 
** Sample 10 is a conventional 35W MR16 Halogen 
NB: Sample No. 7 highlighted for active promotion 
 
It can be seen that sample 1 has the lowest illuminance of all the products; this is because it is a 
warm white LED and has a diffused plastic lens. However, it does provide a warmer light output 
than the other samples, has reduced glare and produces a unified beam profile (see images 
below) which is similar to a conventional MR16.   
 
Sample 7 provides the highest illuminance figure but also operates at the highest power. It 
utilises three 3W CREE LEDs which gives it the highest light output but also results in it being 
the most expensive product. 
 
Sample 4 (also with CREE LEDs) has the best overall Lux/W figure. Sample 8 and 9 have the 
lowest power consumption of all the products. Sample 8 provides 324 LUX/W and only the two 
products utilising the CREE LEDs could beat this.    
 
The average LUX level at 0.5m was found to be 2,000Lux (compared to 600Lux for the MR11 
products evaluated in LAB2337), however it was found that two of the MR16 samples gave 
much higher levels. For example, sample 4 produced 4,800Lux at 0.5m and sample 7 produced 
6,000Lux at 0.5m. Even more impressive was that sample 7 has a wider beam angle than the 
other products. These products would be suitable to replace a 35W conventional MR16. 
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Note. The Marl Aztec-16 (Electra unit) with cool white LED, wide optic and 700mA driver 
produces ~1600Lux at 0.5m operating at 6W giving a LUX/W figure of 266. 
 
The light quality of the products was generally very similar with an average colour temperature of 
5500K which is a very cool white. The only exception to this was sample 1 (~4000K) and sample 
5 (6500K). This compares to a conventional halogen of 2800K to 3200K. Cooler temperatures 
are suited to more modern buildings with hard surfaces and stainless steel or chrome fittings. 
However, they can appear quite stark when used to replace conventional halogens. Colour 
temperatures above 5500K should be ruled out as they have a blue undertone. Therefore, 
sample 5 and 9 should not be recommended.  
 
The colour rendering index (CRI) of the samples was generally acceptable at around 70 to 80 
but none of the samples could give the same colour reproduction as a conventional halogen 
which has a CRI of >95. It is generally accepted that products used in the retail sector should 
have a minimum CRI of 80. To reproduce the colours observed in a scene that is illuminated with 
an incandescent light or sun light, the light source must have a spectrum that is more or less 
constant over the visual wavelengths between about 400 nm and about 600 nm. The spectrum 
produced by a typical LED light such as the samples in this test lack intensity in the green and 
red portions of the optical spectrum. Hence, these light sources perform poorly in colour sensors. 
However, there are available LEDs on the market which have CRIs in the 90’s, but the result is 
the Lm/W is reduced.   
 
Regardless of the low CRI of the sample lamps, the white light generated was visually pleasing 
(especially in sample 1) and tended to increase the perceived saturation of most colours without 
producing objectionable hue shifts. The images below represent the beam output of each 
sample and are useful for comparing light quality: 
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The last three images show the conventional 35W MR16 and the difference in colour 
temperature is clearly warmer to the LED lamps. The images also demonstrate the loss of light 
from the rear of the conventional MR16 which is wasted light. 
 
The images below demonstrate the colour rendering and beam distribution of the samples. It can 
be seen that they are all very similar in colour reproduction and light quality. 
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Conventional 35W Halogen Lamp 
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4.2 TABLE 2 - LIGHT QUALITY RESULT TABLE 
 
The Light Quality Results table is given below: 
 

Sample 
No 

Light 
Distribution 

Colour 
Quality 

White/Purity 
(Dirty/Clean) 

Appearance on 
Background 

 
% / 100 

1 9 8 8 8 83% 
2 7 6 6 7 65% 
3 7 6 6 7 65% 
4 7 7 6 7 68% 
5 6 5 6 6 58% 
6 5 6 6 6 58% 
7 8 7 7 7 73% 
8 6 5 6 6 58% 
9 5 5 5 6 53% 

10* 9 9 8 8 85% 
* Sample 10 is a Conventional MR16 lamp 
NB: Sample No. 7 highlighted for active promotion  
 
From the results of the light quality tests the best performing lamp is sample 1 due to its warmer 
colour and excellent beam distribution. The second best performing lamp was sample 7 which 
was the only lamp to use 3 individual full optics inside the housing which produced an excellent 
light beam and transmission without losses. The sample with the worst light quality was found to 
be sample 9 which had a messy optical distribution and poor light purity and colour rendering. It 
also had blue undertones (similar to sample 5) which made it appear excessively cold.  
 
5.0 BUILD QUALITY COMPARISON 
 
Five out of the nine samples utilised the same housing design albeit with a different optic, LED 
driver and LED. Sample 4 and 7 incorporated three 3W CREE LEDs and consequently these 
produced the highest light outputs.  Each product is discussed below with regards to build 
quality: 
 
Sample 1: Overall design and finish was aesthetically one of the nicest samples, however the 
base of the housing is 15mm wider than a standard MR16 lamp which may rule it out of some 
installations. The front of the housing uses flat polished chrome with a flush diffused lens that is 
tamper resistant. The side of the housing incorporates linear fins finished in brushed chrome. 
The product incorporates 3x Nichia warm white LEDs with three individual small optics placed on 
top of the LEDs and a single flat diffused lens on the front of the housing. This allows the product 
to produce a very nice equally distributed spread of light although it is quite inefficient which is 
reflected in the LUX readings. The driver incorporates a 1.5A Addtek LED driver and makes use 
of two very large capacitors for noise filtering. The product is marked with its part number and a 
QC Pass label. It also comes packaged in a high quality green/white box with a CE marked label 
showing its model number and input voltage. This is the best packaging out of all the samples 
and it would not require any repackaging at Marl.  
 
Sample 2, 3 and 4: All these samples utilise the same housing, LED driver and optics. The 
housing is the closest representation of a halogen MR16 and would have no trouble being 
installed in any fixture or fitting. The finish of both the housing and base is polished chrome and 
has swirling cut out features to help with heat dissipation. Samples 2 and 3 use 3x 3W Helio 
LEDs from Taiwan and sample 4 uses 3x 3W XR-E CREE LEDs. The samples use a single 3-
way diffused optic which is screwed in from the front. The products have no external housing 
and come packaging in a plain white small white box with no labels, however, the boxes were 
inside a plastic bag with a label on the bag showing part number, wattage and lumen output. 
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Sample 5 and 6: These products are visually and aesthetically the worst of all the samples with 
cheap white plastic base, circular heat sinking cut-outs around housing and finished in a silver 
sprayed look finish. However, the shape and dimensions are similar to a standard MR16 
halogen. The label is plain paper printed from an ink jet and stuck onto the base with sellotape. 
The product uses a single Luxeon type LED with a single large optic held in place with a metal 
spacer glued onto the top of the housing. The optic has patterned indentations on the front and 
although being tamper proof it is visually unpleasing (as well as the light beam profile). The 
products come packaged in a medium size plain white box with label on the outside with CE 
marking, power rating, lumen output and part number. 
 
Sample 7: This product is one of the most sophisticated designs of all the samples and utilises a 
large diameter metal core PCB for placement of the 3x 3W CREE LEDs to help heat dissipation. 
The product is similar in shape to a standard MR16 although it is approx 7mm longer overall. 
The housing has a white high quality plastic base with three high quality silver transfer stickers; 
one with the CE marking, one with QC Passed and one detailing the voltage. The housing is 
finished in a sprayed silver type finish and has linear heat sink cut-outs along the length. The 
LEDs have three individual small profile optics held in place with a front spacer which is located 
with three screws. With the three CREE LEDs and high efficiency optics the product easily 
produces the highest light output and also the widest light beam. The packaging is a colourful 
green box with images of the product on the side and a table with boxes to mark what colour, 
beam angle and power rating it is. The box would be suitable for shipping with no additional 
labels as it has no manufacturer markings. 
 
Sample 8 and 9: These products use the same housing and base as samples 2, 3 and 4. 
However, they use Seoul Semi type LEDs and different driver electronics. The optic is the same 
as the other samples except instead of being diffused it is clear to help increase the light output. 
There are also no markings or labels on the products and come packaged in a small white 
cardboard box with only pen markings on to show the part number and voltage.  
 
6.0 THERMAL OPERATING TESTS 
 
All the products were connected to a 12Vac supply and left to stabilise at room temperature 
(~21°C) in free air. The surface temperatures were recorded using the FLIR Systems thermal 
imaging camera. The results are tabulated below: 
 
6.1 TABLE 3 – TEMPERATURE TEST RESULT TABLE 
 
Sample 

No 
Input 

Current 
(AC) 

 
Power 
(VA) 

 
Voltage 
(VAC) 

Maximum rear 
temperature 

(ºC) 

Maximum Front 
Temperature 

(ºC) 

Average 
Surface 

Temperature (ºC) 
1 0.450 5.4 12.0 60 52 58 
2 0.420 5.0 12.0 56 55 62 
3 0.400 4.8 12.0 55 54 61 
4 0.400 4.8 12.0 54 52 59 
5 0.380 4.6 12.0 60 54 59 
6 0.400 4.8 12.0 60 51 53 
7 0.540 6.5 12.0 61 60 65 
8 0.280 3.4 12.0 54 53 56 
9 0.270 3.2 12.0 53 52 56 

10* 2.950 35.0 12.0 152 101 90 
* Sample 10 is a Conventional MR16 lamp 
NB: Sample No. 7 highlighted for active promotion  
 
 
 
 
 



 �
 

 
 
The thermal imaging picture of the lamps in operation together is shown below. 
 

 
 
The LED lamps operated with maximum surface temperatures between 56°C to 65°C. In 
comparison, a conventional 35W halogen MR16 operates with a maximum surface temperature 
of 152°C (see images below). The maximum temperatur e on the front of the LED lamps was 
measured at 60°C whereas a conventional 35W halogen  has a front surface temperature above 
100°C.  Furthermore, there is considerably more hea t radiated out from a conventional MR16 
than there is from the LED lamps.  
 
Conventional 35W MR16 Lamp Temperature Results 
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Comparison of operating temperature of conventional  35W MR16 vs. Sample 7 LED lamp 

 

 
 

During the course of the testing there were no excessive temperatures seen on the LED 
samples that would have indicated overheating from the electronics or LEDs and the lamps 
would have no problems operating for prolonged periods of time in an ambient air temperature of 
25°C. 
 
7.0 TEMPERATURE CYCLING TESTS 
 
The products were placed in the temperature chamber operating at 12.5Vac and were cycled for 
12 hours periods over a temperature range of -20°C to +100°C for 7 days. The products were 
given random checks during the test and their surface temperatures were recorded using the 
thermal imaging camera. It was observed that samples 7 and 10 operated at the highest 
temperature. The images below show the samples in operation at the two extremes of air 
temperature. 
 

    
 
During the course of the testing no products were found to drop in performance and the LEDs 
and current drawn by the samples remained consistent. However, after evaluating the products 
upon completion, all of the samples (except 1) were found to have some degradation of the 
lens/optics which showed minor signs of deformation in places although the operating of the 
optics was not affected. However, with an oven ambient air temperature rising to 100°C for 
prolonged periods this type of environment would never be seen in real life operation and it is 
recommended that the maximum ambient operating temperature be no more the 60°C.   
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8.0 RECOMMENDED PRODUCT(S) 
 
From the analysis carried out on the MR16 LED products the following table was established to 
compare the results: 
 
8.1 TABLE 4 – MR16 LED PRODUCT EVAULTION RESULTS 
 

 
Sample 

No 

 
Avg 
LUX 

 
LUX/ 

W 

Light 
Quality 
1 – 10 

Build 
Quality 
1 – 10 

 
Heat 
(°C) 

Cyclic 
Temp 
Rating 

 
Overall 
Rating 

 
 

Rank 
1 733 132 9 9 58 8 280 6 
2 917 177 6 7 62 7 258 7 
3 1100 224 7 7 61 7 224 8 
4 1850 376 7 7 59 7 501 2 
5 783 168 5 6.5 59 7 313 5 
6 750 152 5 6.5 53 7 186 9 
7 2333 351 7 8 65 7 554 1 
8 1117 324 6 7 56 7 347 4 
9 800 241 6 7 56 7 352 3 

10* 2567 70       
* Sample 10 is a Conventional 35W Halogen MR16 
NB: Sample No. 7 highlighted for active promotion 
 
The table above highlights the overall rating of each product given the average lux, lux per watt,  
light quality, build quality (including certification etc) and operating temperature. The product with 
the highest overall rating is sample 7.  
 
The overall rating was established by multiplying the wanted features and dividing by the 
unwanted features (and scaled appropriately). The product with the lowest overall rating was 
found to be sample 6 which had the lowest illuminance output and had poor light and build 
quality.  
 
If the second choice was chosen from the results, it would be sample 4 or 10. However, from a 
build quality, look, finish and light distribution the second choice product would be sample 1. The 
only disadvantage with this lamp is a wider base than a conventional MR16. This may result in 
some fitment issues in some direct replacement installations or fixtures.  
 
9.0 CONCLUSIONS 
 
From the analysis carried out on the nine MR16 samples it is recommended that product No.  7 
is selected for product launch, stocking and supply by Marl to existing and new customers. 
 
The lamp has EMC certification to low voltage lighting standards EN55015 and EN61547.  It 
scored highly in all the performance tests and has been selected because of its overall high 
quality, stability and light performance. The device has high illuminance per watt and is supplied 
with voltage, QC and CE labelling on the lamp housing.  It is also recommended to evaluate the 
warm white version of this product for installations that require a warmer colour temperature. 
Both products would be suitable of replacing 20W and 35W conventional MR16 Halogens with 
the advantages of significant energy savings, long life, low heat generation and zero 
maintenance. 
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Subject to confirmation from the results of long term testing programme, the Design Department 
are confident that this product is suitable for general defence, rail and interior architectural task 
lighting applications, although it is recommended that additional performance and reliability 
evaluation may need to be carried out for harsh environments, in terms of shock vibration and 
ingress protection, for example. 
 
10.0 HOW TO ORDER 
 
To download the datasheet please visit http://www.leds.co.uk/pdfs/SPL8638.pdf. 
 
To place an order or receive additional information please contact the sales team on: 
t: +44 (0)1229 582 430 
f: +44 (0)1229 585 155 
e: sales@marl.co.uk 
 
 
 
 
 
___________________________________ 
 
FOR MARL INTERNATIONAL LIMITED  

 
COPY TO:  QUALITY, CUSTOMER, LAB 


