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For More Information
Please contact:
• Victor Roberts
• Roberts Research & Consulting, Inc.
• 3 Garrison Road, Burnt Hills, NY 12027
• vic25@robertsresearchinc.com

Don’t forget to fill out and drop off your 
session evaluations!
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Lamp-Type Definitions
• LED

– Light Emitting Diode
• Solid state device that converts electrical power 

into [visible] light

• Conventional light sources
– Incandescent lamps, including halogen 
– Fluorescent lamps linear & compact
– HID lamps metal halide, high pressure 

sodium and high pressure mercury 
– Low pressure sodium lamps
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Lamp Performance Definitions 
• Efficacy – Light Output divided by Power 

Input
– Measured in Lumens/Watt

• Lumen Maintenance
– Percentage of initial light left after a certain 

number of operating hours
• CCT Correlated Color Temperature

– Temperature of blackbody with color that best 
matches the light source
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Lamp Performance Definitions 
• Rated Life – Conventional Light Sources

– Time when 50% of a large sample of 
conventional lamps have failed

• Rated Life – LEDs
– Time to reach specified lumen maintenance

• L70 – 70% of initial lighting output

The LED life definition directly impacts Mean output
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Why Consider LEDs?
• Use the latest light source
• Be in fashion
• Respond to a customer request 
• Support development of a new technology 

even if it is not yet “better”
• Save energy
• Save energy and get a reasonable return 

on your investment
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Where Do LEDs Save Energy?
• Colored lamps

– Traffic signals & signage
• Replacing incandescent lamps
• Low lumen applications

– Flashlights, task lamps, etc. 
• Directional applications

– Downlights (recessed can fixtures)
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Why LEDs Shine in Low Lumen 
Applications

• Minimum practical light output
– Fluorescent   300 lumens
– Metal Halide  1000 to 1600 lumens
– LEDs No practical lower limit

• Efficacy of conventional light sources 
drops at low lumen and power levels

• Cost of LEDs increase with lumen output
– Cost of conventional sources essentially 

independent of light output
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Efficacy vs. Light Output
• Incandescent

– 100-watt, 750 hr 17.1 lm/W
– 25-watt, 1500 hr 10.4 lm/W

• Fluorescent
– High performance 32-watt T8 109 lm/W
– 5-watt CFL 53 lm/W

• Metal Halide
– 400-watt metal halide 105 lm/W
– 32-watt metal halide 75 lm/W
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Cost of Light Sources

• 40 to 100-watt incandescent lamps sell for 
same price, about $0.50

• 175 to 400-watt metal halide lamps sell for 
about $25.00
– 100-watt metal halide costs a bit more

• LEDs come in low lumen packages
– 100 to 200 lumens per chip or less
– More light requires more silicon area $$
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Where do LEDs Not Yet Save 
Energy?

• Replacing linear fluorescent lamps
– High performance T8 lamp, ballast and two-

lamp luminaire would have luminaire efficacy
of 88 lm/W.

• CALiPER data shows 63 lm/W luminaire efficacy 
for “typical” T8 lamp, ballast and parabolic troffer

– Best LED luminaire has luminaire efficacy of 
57 lm/W (based on CALiPER data)

• Replacing most metal halide lamps
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Evaluating LED Efficacy
• Ignore LED ads and press releases
• Use the DOE’s CALiPER program for 

reliable data on existing products
• Use data from LED data sheets

– Use data matched to the CCT you need
– Always correct for junction temperature
– Use Minimum data for guaranteed results
– Watch out for “made up” definitions

• “Equivalent lumens”
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LED Junction Temperature
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• LED data is taken with 
junction at 25ºC

• LED junction operates 
well above 25ºC in 99.9% 
of applications

• LED performance data 
must be corrected using 
curves supplied by 
“better” LED 
manufacturers 



August 3-6, 2008

Victor Roberts

Warning Signs
• Comparison of LED systems with “typical”

or even “can be as bad as” conventional 
systems

• Comparison of new LED systems with old, 
existing lighting systems

New, state-of-the art LED systems should 
be compared with the best available 

conventional technology systems
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Warning Signs
• Comparison of LED system with low 

output conventional system
– Acquisition cost of conventional systems is 

not a strong function of light output
• 40, 60, 75 and 100-watt incandescent lamps all 

sell for the same price
• 175-watt to 400-watt metal halide lamps have 

same cost
– Cost of LED-based system rises dramatically 

with light output.
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Factors Not LED-Specific
• Lower light level
• High CCT

– Scotopic Lumens or so-called “pupil lumens”
• Alternate beam patterns

– Tighter
– Broader 

All can be achieved with conventional technology, 
often at higher efficacy and lower cost.
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LED Life
• LEDs do not fail abruptly
• Their output slowly decreases over time

– Same as conventional light sources
• LED life is defined by a specific decrease in light 

output
– L70 Life for 30% reduction in initial light

• Good fluorescent lamps have less than 10% 
drop in light output over life
– Which gives them higher Mean output for same Initial 

output
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LED Application Issues
• LED cost much higher than incandescent

– Limits use in residential applications in spite 
of much higher efficacy and longer life

• LED waste power must be removed by 
conduction to heat sink
– Conventional light sources radiate waste 

power and operate in free air
– Heat sink size limits LED-based lamp output 

in some applications. 
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LED-Based MR16 Lamp

• Lamina Sōl™ MR16/LED 12-Volt
– 8 watts
– 200 lm @ 2700K - 3500K, 300 lm @ 3950K - 6500K

Finned 
Heat Sink
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LED Street Lamp Conundrum 
• This is a directional application, but …

– Also a high lumen application High cost
– Replacing high efficacy conventional sources

• Many do use less energy, but …
– Many are very high CCT
– Most produce less light
– Some have narrow beam patterns
– I have not yet found any that are more efficient

“It’s not about footcandles, it’s about feelings”
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Current Status of LEDs
• Higher efficacy than:

– Colored lamps
– Incandescent lamps
– Low lumen CFLs

• Lower efficacy than:
– Most CFLs, except in directional applications
– Most linear fluorescent lamps
– Most metal halide lamps

• Much more expensive per lumen
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Where to Use LEDs Now
• Replace any colored lamp
• Low lumen applications

– Task lamps, night lights, etc. 
• Directional applications

– Incandescent reflector lamps
• But total light limited by need to remove heat

– CFL downlights
• But only the very best LED-based lamp is more 

efficient than a CFL reflector
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For More Information
Please contact:
• Victor Roberts
• Roberts Research & Consulting, Inc.
• 3 Garrison Road, Burnt Hills, NY 12027
• vic25@robertsresearchinc.com

Don’t forget to fill out and drop off your 
session evaluations!
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