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The lighting industry is going
through a revolution and as we
have witnessed in a few short
years, LED technology has now
leapt ahead. LED luminaires are
no longer tucked away providing
accent lighting in dark corners, LEDs
are now a practical option for a wide
range of applications.

Offering high light flows, excellent
economy, and a typical lifespan of
between 50,000 and 70,000 hours, LEDs
are here to stay. It’s time to do the sums
and find out how you can best benefit from
the new technologies available.
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Unaderstanding LED technology

Consistency is critical
It’s critical that users get a consistent quality of light from their light source.

The light source within an LED is a semi conductor. The nature of the process by which
semi-conductors are made leads to wide variations in colour temperature between different
LEDs. Manufacturers sort their products into bins according to their colour temperature
performance. The fewer bins your LEDs come from, the more consistent the light you will get
from them.

Another issue to be considered is the degree of deviation in colour temperature in the
product. This is known as chromaticity, and is measured in MacAdam ellipses. The MacAdam
system ranks colour quality on a scale of O to 10. At the higher end of the scale you can see
clear differences in certain applications, particularly when lighting a white surface or when an
LED strip is near a white wall. It is recommended that LEDs for indoor applications should be
below MacAdam 5 SDCM

100% LOR - Absolute Photometry

Absolute photometry is the method of measurement described

in the American standard LM79 for luminaires with an LED as a
source of light. Due to the lack of an approved European standard,
LM79 is being widely adopted by companies in countries that lack
their own standard.

The standard refers to absolute output from the fixture rather than
the traditional relative method of measuring lamps alone, and then
comparing the output figure to the output of the lamps when it

is within the luminaire. Therefore, the luminaire under test will be
shown to have an LOR of 100%.

The reason you cannot measure an LED or an array of LED in
isolation as you would a conventional source is due to the fact that
the LEDs need to be mounted on a material, which will determine
the operating temperature of the LEDs. The operating temperature
will contribute to the output of the luminaire.

7 Zhaga

Whitecroft Lighting Ltd, as part of the Fagerhult Group of
Companies is one of the founding members of Zhaga. Zhaga is an
industry-wide cooperation between companies aimed at enabling
the interchangeability of LED light sources made by different
manufacturers. Interchangeability is achieved by defining interfaces
for a variety of application-specific light engines.

Establishing the life of an LED Luminaire

A well-designed LED luminaire made with high quality parts

and rigorously tested thermally to ensure the LEDs, electronic
components and drivers are not thermally stressed will have a
lifespan of 50,000 to 70,000 hours. That is equivalent to 15 - 20
years in a building lit for 9 hours a day. Unlike conventional lighting,
an LED does not fail suddenly as it burns out. Instead, the light
flow reduces over time, with the end of the luminaire’s lifespan
defined as the point at which this reduction reaches 70% of the
original output. As with any electronic item, there will of course be
the occasional failure.
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Zhaga specifications cover the physical dimensions, as well as

the photometric, electrical and thermal behavior of LED light
engines. The introduction of Zhaga specifications is an ongoing
process and as such there will be a number of compliant and non-
compliant LED modules in the lighting industry.
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defining fluorescent lamp life

Lamp Life

Typical Lamp Life Life
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ighting quality

Colour Temperature

Lamp Colour (°K)

Colour Rendering Index (Ra) Typical Lamp CRI Figures




lampPs fluorescent

Standard Lamps

T5 Linear Fluorescent - Ra85

Long Life Lamps

T5 Linear Fluorescent Long Life - Ra85

Ra>90 Lamps

T5 Linear F - Ra91-93 (d dent on

colour temperature)

Initial Lumens @25C

Wattage r\ll-ominal Cap 2700K, 3000K, Life to 50% Life t0 10% Initial Lumens @ 25C Life to 50% Life t0 10% Initial Lumens @ 25C Life to 50% Life t0 10%
ength 3500K, 4000K Fail 3H cycle | Fail 3H cycle 3000K, 4000K Fail 3H cycle | Fail 3H cycle 4000K Fail 3H cycle | Fail 3H cycle
14W HE 549 G5
21W HE 849 G5
24W HO 549 G5
28W HE 1149 G5
35W HE 1449 G5
39W HO 849 G5
49W HO 1449 G5
54W HO 1149 e
80W HO 1449 G5
Philips - MASTER TLS Also available in 500K (initial lumens are lower) Philips - MASTER TL5 High Output Xtra Philips - MASTER TL5 High Output 90 De Luxe
Also available in 6800K
T5 ECO Linear Fluorescent - Ra85
Wattage r\ll-ominal Cap Initial Lumens @25C Life to 50% Life t0 10%
ength 3000K, 3500K, 4000K Fail 3H cycle | Fail 3H cycle
18W HE 549 G5
19W HE 849 G5
20W HO 549 G5
25W HE 1149 G5
32W HE 1449 G5
34W HO 849 G5
45W HO 1449 G5
50W HO 1149 G5
73W HO 1449 G5
Philips - MASTER TL5 Eco Not all colour temp available
Also available in 500K (initial lumens are lower)
T8 Tri Linear F - Ra85 T8 Tri Linear F Long Life - Rag85 T8 Tri Linear F - Ra91-93
( on colour
Electronic Ballast - Preheat Electronic Ballast - Preheat temperature) Electronic Ballast - Preheat
Wattage Nominal cap '“i“;;'o'b"'('t‘;ggﬁz‘sc Lifeto50% | Lifeto10% Initial Lumens @ 25C | Lifeto50% | Lifeto10% Initial Lumens @ 25C | Life to 50% | Life to 10%
Length 3500K, 4000K Fail 3H cycle | Fail 3H cycle 3000K, 4000K Fail 3H cycle | Fail 3H cycle 3000K, 4000K, 53000K | Fail 3H cycle | Fail 3H cycle
36W 1199 G138
58W 1500 G13
70w 1764 G138
Philips - MASTER TL-D Super 80 Philips - MASTER TL-D Xtra 4000K only for 70W Philips - MASTER TL-D 90 De Luxe
Also available in 500K (initial lumens are lower) Also available in 6500K (initial lumens are lower) Also available in 6500K (initial lumens are lower)
TC-L Compact - Ra80/Ra82 (d dent on TC-L Compact Long Life - Ra80/Ra82 (dependent on TC-L Compact - Ra90
colour ) colour P )
Electronic Ballast - Preheat Electronic Ballast - Preheat Electronic Ballast - Preheat
Wattage Nominal cap '"i“;)'o';,‘:(",‘gggo@é"’c Lifeto50% | Lifeto10% Initial Lumens @25C | Lifeto50% | Life to10% Initial Lumens @ 25C | Life to 50% | Life to 10%
Length 4000K, 6500K Fail 3H cycle | Fail 3H cycle 3000K, 4000K Fail 3H cycle | Fail 3H cycle 3000K, 5300K Fail 3H cycle | Fail 3H cycle
36W 410 2G11
40w 535 2G11
B55W 535 2G11
Philips - MASTER PL-L 4 Pin Not all colour temp available 4000K only for 40W Philips - MASTER PL-L 90 De Luxe 4 Pin
Philips - MASTER PL-L Xtra 4 Pin
TC-D Compact 4 Pin - Rag82 TC-D Compact 4 Pin Long Life - Ra82
Electronic Ballast - Preheat Electronic Ballast - Preheat
Wattage Nominal Cap Initiza;olaug:gzo@}ffc Lifeto50% | Life to 10% Initial Lumens @ 25C | Lifeto50% | Life to 10%
Length 4000K Fail 3H cycle | Fail 3H cycle 3000K, 4000K Fail 3H cycle | Fail 3H cycle
13W 131 G24g-1
18W 143 G24g-2
26W 164 G249-3

Philips - MASTER PL-C 4 Pin

398 Technical
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lampPs fluorescent

Standard Lamps Long Life Lamps

PLR-ECO - Ra82

Electronic Ballast - Preheat

Wattage Nominal Cal Initial Lumens @25C Life to 50% Life to 10%
9 Length P 3000K & 4000K Fail 3H cycle | Fail 3H cycle
14W 100 GR14g-1
17W 122 GR14g-1

Philips - MASTER PL-R Eco 4 Pin

TC-T Compact - Ra82 TC-T Compact Long Life - Rag82
Electronic Ballast - Preheat Electronic Ballast - Preheat
Wattage Nominal ca Initia) Lumens 925C | Lifeto50% | Lifeto10% Initial Lumens @25C | Lifeto50% | Life to10%
9 Length P 40bOK ’ Fail 3H cycle | Fail 3H cycle 3000K, 4000K Fail 3H cycle | Fail 3H cycle
18W 112 GX24g-2
26W 127 GX249-3
32w 139 GX24g-3
42W 161 GX24q-4
57TW 198 GX24g-5
Philips - MASTER PL-T 4 Pin Philips - MASTER PL-T Xtra 4 Pin
TC-S Compact - Ra82
Electronic Ballast - Preheat
. Initial Lumens @25C . .
Wattage Nominal Cap 2700K, 3000K, Life to 50% Llfe t0 10%
Length 4000K Fail 3H cycle | Fail 3H cycle
5W 89 2G7
W 119 2G7
11w 280 2G7
Philips - MASTER PL-S 4 Pin
T5 Circular - Ra85
Nominal Initial Lumens @25C Life to 50% Life to 10%
Wattage Length Cap 3000K, 4000K Fail 3H cycle | Fail 3H cycle
40w 305 2GX13
B55W 305 2GX13
60w 379 2GX13
Philips - MASTER TL5 Circular
2D T5 Compact Square - Ra82
Nominal Initial Lumens @25C .
Wattage Length Cap 2700K, 3000K Rated Life
28W 204 GR10g-4
38W 204 GR10g-4
55W 206 GR10g-4
GE 2D® watt-miser - 28W, 38W and Biax (2D) - 55W
*3K only

Technical
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lamPS HID and tungsten halogen

Standard Lamps

Philips - MASTER City White CDO-ET Plus (70W,
100W, 150W) & MASTER HPI Plus (250 & 400W)

*Also available in 6700K

HQI-TS
Nominal " Colour Temp Colour .
Wattage Length Cap Luminous Flux Rendering Rated Life
70w 118 R7s
150W 135 R7s
GE Arcstream® double ended UVC *Also available in 3000K
CDM-TD Double Ended
Nominal " Colour Temp Colour Life to Life to
Wattage Length Cap Luminous Flux (K) Rendering 50% Fail 20% Fail
oW 120 RX7s
150W 138 RX7s
Philips - MASTER Colour CDM-TD Also available in 3000K
CDM-T
Nominal " Colour Temp Colour Life to Life to
Wattage Length Cap Luminous Flux Rendering 50% Fail 20% Fail
35W 103 G12
70w 108 G12
150W 110 G12
Philips - MASTER Colour CDM-T Also available in 3000K
CDM-Tm Mini
Nominal " Colour Temp Colour Life to Life to
Wattage Length Cap Luminous Flux (K) Rendering 50% Fail 20% Fail
20W 52 PGJ5
35W 52 PGJ5
Philips - MASTER Colour CDM-Tm Mini
SON-E
Nominal . Colour Temp Colour Life to Life to
Wattage Length Cap Luminous Flux () Rendering | 50% Fail 209% Fail
70w 156 E27
150W 227 E40
Philips - SON (70W) & SON Comfort (150W)
SON-T
Nominal . Colour Temp Colour Life to Life to
Wattage Length Cap Luminous Flux Rendering |  50% Fail 20% Fail
50W 156 E27
70w 156 E27
150W 210 E40
250W 257 E40
400W 283 E40
Philips - MASTER SON-T PIA Plus
SDW-T (White SON)
Nominal . Colour Temp Colour Life to Life to
Wattage Length Cap Luminous Flux ) Rendering |  50% Fail 20% Fail
100W 149 PG12-1
Philips - MASTER SDW-T
240V Halogen
Nominal . Colour Temp Colour .
Wattage Length Cap Luminous Flux Rendering Life
Osram - Halolux Ceram Eco
Tungsten Halogen Double Ended
Nominal . Colour Temp Colour .
Wattage Length Cap Luminous Flux ) Rendering Life
330W 119 R7s

GE - Halogen Linear

400
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HQI-E Master HPI Plus HQI-T/CDO-TT
Wattage Nominal Cal Initial Lumens @25C Colour Temp Colour Life to Life to Nominal Caj Lumens Colour Colour Life to Life to
9 Length P 2800K, 2900K (K) Rendering 50% Fail 20% Fail Length P @ 25C Temp (K) | Rendering | 50% Fail | 20% Fail

70w 156 E27 156 E27
100W 186 E40

150W 227 E40 21 E40
250W 226 E40 257 E40
400W 284 E40 286 E40

Philips - MASTER City White CDO- TT (150W & 250W) & MASTER HPI-T Plus (400W)



MCB ratings

Approximate maximum quality of high frequency ballast Approximate max quantity of discharge lamps controllable by type
controllable by type 3/type C MCB’s 6/type C MCB’s
Ballast Rating (Watts) Lamp Type C10 MCB C16 MCB Lamp Power and Type C10 MCB C16 MCB C20 MCB
Linear Fluorescent HID
1x14 T5 (HE) 29 48 20W CDM-TM 28 45
2x14 T5 (HE) 29 48 35W CDM-T 28 45
3x14 T5 (HE) 29 48 50W SON 19 31 39
4x14 T5 (HE) 29 48 70W SON & HQl 12 18 23
1 x21 T5 (HE) 29 48 150W SON & HQl 7 11 14
2 x21 T5 (HE) 29 48 250W SON & HQI 5 7 9
1x24 T5 (HO) 29 48 400W SON & HQl 3 4 5
2x24 T5 (HO) 12 20 (Data based on 240V 50Hz, luminaires fitted with compensation capacitor)
1x28 T5 (HE) 29 48
2x28 T5 (HE) 29 48
e 5 (HE) o o Approximate max quantity of LED luminaires controllable by type 6/
2x35 T5 (HE) 29 48 type C MCB’s (Please refer to website for a complete list of all LED
1x36 T8 29 48 luminaires)
2 x 36 T8 29 48
1x39 T5 (HO) 29 48 o Qty Per MCB Type
5 %39 T5 (HO) 12 20 Luminaire Product Code 10A 16A
Type C Type C
1x49 T8 (HO) 29 48 Mirage LED MLAT1XXX + MLH25W 11 19
2x49 T5 (HO) 12 20 MLAT1XXXX + MLY25W 29 48
1x54 T5 (HO) 29 48 MLA20XXXX + MLH25W 11 19
2 x 54 T5 (HO) 12 20 MLA20XXXX + MLY25W 29 48
1x58 T8 29 48 MLABOXXXX + MLH50W 12 20
2% 58 T8 12 20 MLAZOXXXX + MLY50W 12 20
1x70 T8 29 48 Life M LMBY14KP 14 22
LM12Y34KP 14 22
2x70 8 12 20 Foil LED FPA848Y40S 21 34
1x80 T8 (HO) 29 48 FPA848Y80S 10 17
2x80 T5 (HO) 12 20 ACF LED ALH114K 21 34
 — ALH124K 21 34
Compact Fluorescent ALH134K 21 34
1x13 TC-D 29 48 AR o o
2x13 TC-D 29 48 ﬁt:;gji 18 1;
e o - - Stilleto LED STLLH114K 21 34
1x17 PLR 29 48 STLLH124K 21 34
2x17 PLR 29 48 STLLH134K 21 34
1x18 TC-D/L/T 29 48 STLLH154K 10 17
2x18 TC-D/L/T 29 48 STLLH164K 10 17
1x22 T5 Circular 29 48 STLLH174K 10 17
1 %26 TC-D/T 29 48 Horizon LED HRLO3K 50 80
2x26 TC-DIT 12 20 e v -
1x28 oD o9 48 HRL104K 50 80
HRL134K 50 80
1x32 TC-D 29 48 Centurion LED CL703KXXX 50 80
1x36 TC-L 29 48 CLI03KXXX 50 80
2 x 36 TC-L 12 20 CL8O4KXXX 50 80
1x38 2D 29 48 CL1104KXXX 50 80
1 x40 TC-L 29 48 Concert S 500 CNBSOOXXXXXX Not Available 48
2% 40 TC-L 12 20 Concert S 1000 CN1TO00XXXXXX Not Available 48
1 %42 TC-D 29 48 Concert M CNHXXXXXXX 50 80
1x55 TC-L 9 48 Echo LED EC280-H154KG 25 40
EC280-H404KG 25 40
2x55 TC-L 12 20 PowerBay CX PCXAHBKC 12 18

This table is provided for general guidance only. If specific advice is required, please contact Technical Support for ballast characteristics. This information
should then be relayed to the MCB manufacturers for advice on suitable breaker types.
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testing

Photometry Integrating Sphere

Calorimeter Thermal Testing



ingress protection (IP)




celling compatibility matrix
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