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Learning Objectives 
 A Guide to LED Lighting Basics  

1.  Cri1cal	  differences	  between	  LED	  and	  tradi1onal	  
light	  sources	  

2.  How	  to	  dis1nguish	  good	  from	  poor	  SSL	  products	  
and	  applica1ons	  

3.  The	  role	  of	  thermal	  management	  in	  successful	  
solid-‐state	  ligh1ng	  applica1ons	  

4.  Rela1onship	  between	  life	  and	  cost	  for	  LED	  
products	  
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Course Outline 

1.  Introduc1on	  –	  Why	  should	  I	  care	  about	  LEDs?	  
2.  Life1me	  and	  Cost	  –	  A	  cri1cal	  rela1onship	  for	  LEDs	  
3.  What's	  Different	  –	  LED	  technology	  as	  compared	  to	  

tradi1onal	  light	  sources	  
4.  Technology	  Limita1ons	  –	  Characteris1cs	  to	  be	  aware	  of	  

with	  solid-‐state	  ligh1ng	  
5.  Standards	  –	  The	  need	  for	  new	  metrics	  

	   	   	   	   	  Break	  

6.  Applica1ons	  –	  What	  are	  the	  good	  ones?	  
7.  LED	  Products	  –	  Where	  to	  turn	  for	  guidance	  
8.  Items	  of	  Importance	  to	  Building	  Owners/Facility	  Mgrs	  
9.  Final	  Thoughts	  –	  Some	  general	  rules	  
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Introduction 

•  By	  2030	  the	  US	  Department	  of	  Energy	  has	  es1mated	  that	  LED	  
technology	  has	  the	  poten1al	  to	  produce	  yearly	  energy	  savings	  of	  
190	  terawaR-‐hours	  
–  Equivalent	  of	  24	  large	  (1,000	  MW)	  power	  plants	  
–  Reduc1on	  of	  25%	  of	  present	  energy	  consump1on	  for	  ligh1ng	  
–  Equates	  to	  approximately	  $15	  billion	  savings	  in	  today’s	  dollars	  
–  Greenhouse	  gas	  emissions	  reduced	  by	  31.4	  million	  metric	  tons	  of	  carbon	  

•  Spanning	  2010	  –	  2030,	  the	  cumula1ve	  energy	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
savings	  are	  es1mated	  to	  total	  approximately	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1,488	  terawaR-‐hours	  
–  Represen1ng	  approximately	  $120	  billion	  at	  today’s	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

energy	  prices	  	  
–  Over	  that	  same	  1me	  period,	  greenhouse	  gas	  emissions	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

would	  be	  reduced	  by	  246	  million	  metric	  tons	  

Why	  Should	  I	  Care	  About	  LEDs?	  

Data	  Source:	  DOE	  2010	  SSL	  R&D	  MYPP	  	  

quads 

Source:	  	  hRp://apps1.eere.energy.gov/buildings/publica1ons/pdfs/ssl/ssl_energy-‐savings-‐report_10-‐30.pdf	  
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Introduction 

LEDs	  are	  like	  no	  other	  conven1onal	  ligh1ng	  source	  
	  

+ 	  Poten1ally	  longest1	  life	  of	  any	  ligh1ng	  sources	  
+ 	  Very	  high	  energy	  efficiency	  
+ 	  Small	  size	  and	  instant	  on	  allows	  new	  applica1ons	  
+ 	  Produces	  color	  light	  directly	  without	  filtering	  
+ 	  Integrates	  will	  with	  other	  semiconductor	  electronic	  elements	  
-‐ 	  Thermal	  management	  requirements	  
-‐ 	  Cost	  
-‐  New	  technology	  brings	  unfamiliar	  issues	  to	  architects,	  ligh1ng	  designers,	  

building	  owners	  and	  facili1es	  managers	  

	  

Why	  Should	  I	  Care	  About	  LEDs?	  

=	  

1Note:  Some manufacturers have introduced products claiming long 
lifetimes:  fluorescent tubes (40,000 hours); induction (100,000 hours) 
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Source:	  	  	  Vrinda	  
Bhandarkar	  	  

Strategies	  Unlimited	  Other	  
17%	  

Mobile	  
41%	  

Signs	  &	  Displays	  
17%	  

Automo=ve	  
12%	  

Signals	  
1%	  

General	  
Illumina=on	  

12%	  

High	  Flux	  LED	  Marketplace	  $$	  (2009)	  

Background – LEDs Market Segments 

Introduction 
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Introduction 

The	  Ligh1ng	  Market	  –	  Types	  of	  lamps	  in	  use	  
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Introduction 

Ben	  Franklin	  Bridge	  
Philadelphia	   Boeing	  787	  

Dreamliner	  

Los	  Angeles	  Airport	  

Applications – Color changing 
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Introduction 

Hard	  Rock	  Hotel	  
Las	  Vegas	  

Full	  Moon	  Tower	  
Tainjan,	  China	  

“Water	  Cube”	  
Beijing	  China	  

Five	  Boats	  
Duisburg,	  Germany	  

Applications – Architectural 
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Introduction 

Aus1n,	  TX	  
Toronto,	  Canada	  

Source	  LED	  Magazine	  

Source	  US	  DOE	  

Source	  BetaLED	  

Ann	  Arbor,	  MI	  
Raleigh,	  NC	  

Applications – Street and Area Lighting 
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Introduction 

•  They	  don’t	  produce	  any	  heat	  
•  They	  last	  forever	  
•  Anyone	  who	  isn’t	  installing	  LED-‐based	  products	  
everywhere	  is	  foolish	  

•  There	  is	  a	  conspiracy	  to	  limit	  the	  use	  of	  LEDs	  
•  There	  is	  a	  conspiracy	  to	  force	  the	  use	  of	  LEDs	  
•  They	  don’t	  work	  
•  They	  are	  too	  expensive	  

What	  have	  you	  heard	  about	  LEDs?	  
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Introduction 

•  They	  do	  produce	  heat	  –	  just	  not	  as	  much	  
•  They	  don’t	  last	  forever	  –	  just	  longer	  than	  other	  sources	  
•  Anyone	  who	  isn’t	  considering	  installing	  LED-‐based	  
products	  for	  some	  applica1ons	  is	  foolish	  

•  They	  don’t	  work	  if	  misapplied	  
•  They	  are	  expensive	  but	  costs	  con1nue	  to	  drop	  
•  There	  is	  a	  conspiracy	  by	  physicists	  to	  force	  the	  metric	  
system	  on	  everyone	  but	  that	  has	  nothing	  to	  do	  with	  
LEDs	  

What	  is	  the	  truth	  about	  LEDs?	  
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Introduction 

What	  is	  an	  LED?	  

LED	  Chip	  

Gold	  Wire	  

Cathode	  

Anode	  

Reflector	  Cup	   Epoxy	  Lens	  

Silicon	  
Submount	  

Cathode	  

Outer	  Package	   Gold	  Wire	  

LED	  Chip	  

Lens	  

Heatsink	  

The	  heatsink	  is	  what	  allows	  
the	  high	  flux	  LED	  to	  
generate	  much	  
more	  light	  

An LED (Light Emitting Diode) consists of a 
chip of semiconducting material treated to 
create a structure called a p-n (positive-
negative) junction 

Diagram of a 5mm LED 

Diagram of a high flux LED 
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Physics	  of	  LEDs	  –	  Some	  atomic	  physics	  

Electrons	  “orbit”	  around	  the	  
nucleus	  and	  can	  be	  in	  either	  their	  
“ground”	  (lowest	  energy)	  state	  or	  
“excited”	  (higher	  energy)	  states.	  	  
To	  get	  the	  electron	  in	  an	  excited	  
state	  requires	  input	  of	  energy.	  

The	  electrons	  form	  “shells”	  around	  
the	  nucleus,	  typically	  with	  8	  
electrons	  per	  shell.	  	  These	  shells	  
give	  rise	  the	  Periodic	  Table.	  	  The	  
outer	  shell	  is	  called	  the	  valence	  
band.	  	  As	  an	  example	  all	  elements	  in	  
Column	  V	  have	  5	  electrons	  in	  their	  
outer	  valence	  shell.	  

Introduction 
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3e 

4e 

4e 
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4e 

4e 

4e 

4e 

3e 

Base 
Structure 

P Doped 
Structure 

N Doped 
Structure 

free 
electrons 

free 
holes 

Physics	  of	  LEDs	  –	  Semiconductor	  “doping”	  

Introduction 
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Group IIA Group IIIA Group IVA 
 

Group VA 
 

Group VIA 
5                   
B           

Boron   
10.811 

6                    
C         

Carbon 
12.0107 

7 
N          

Nitrogen 
14.006 

8 
O          

Oxygen 
14.006 

13                  
Al           

Aluminum 
126.981 

14                    
Si         

Silicon 
28.0955 

15                   
P          

Phosphorus 
30.973 

16                   
S              

Sulfur     
32.065 

30                  
Ze           

Zinc        
65.38 

31                  
Ga           

Gallium 
69.723 

32                    
Ge         

Germaniu
m 72.61 

33                  
As          

Arsenic 
74.921 

34                  
Se          

Selenium 
78.96 

48                  
Cd          

Cadmium 
112.411 

49                  
In          

Indium 
114.818 

50                    
Sn                
Tin     

118.710 

51                   
Sb          

Antimony 
121.760 

52                   
Te          

Tellurium 
127.60 

AlInGaP	  

AlInGaN	  

	  	   Transition Elements 
	  	   Other Metals 
	  	   Metaliods 
	  	   Other non metals 

AlInGaP	  

AlInGaN	  

Introduction 
Physics	  of	  LEDs	  –	  What	  are	  LEDs	  made	  of	  
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Ev	  -‐	  Top	  of	  Valence	  Band	  	  

Ec	  -‐	  BoRom	  of	  Conduc1on	  Band	  

EgAlInGaP	  
EgInGaN	  

Electron	   Hole	   Photon	  

Smaller bandgap è Lower energy è Longer wavelength photon è Red 

Larger bandgap è Higher energy è Shorter wavelength photon è Blue 

Source:	  	  Ian	  Ferguson,	  NC	  University	  

How	  does	  the	  LED	  make	  light?	  
Bandgaps	  –	  Different	  gaps,	  different	  colors	  

Introduction 
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electron	  

hole	  

photon	  

Introduction 

How	  does	  the	  LED	  make	  light?	  
Some1mes	  it	  works	  –	  Radia1ve	  Recombina1on	  
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How	  does	  the	  LED	  make	  light?	  
Some1mes	  it	  doesn’t	  –	  Non-‐radia1ve	  Recombina1on	  

Creates	  heat	  instead	  of	  light	  

Introduction 

electron	  
hole	  

photon	  
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Courtesy Ron Bonne 
Philips Lumileds 

LED wafer fabrication facility 

Introduction 
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Introduction 

How	  Do	  You	  Make	  a	  White	  LED?	  

Downconver=ng	  Phosphor	  
• Blue	  LED	  +	  YAG	  	  Cool	  White	  
• Blue	  LED	  +	  YAG	  +	  Other	  phosphor	  (red,	  green,	  etc.)	  Warm	  White	  
• UV	  LED	  +	  Red	  phosphor	  +	  Green	  phosphor	  +	  Blue	  phosphor	  

	  

InGaN	  Die	  

Phosphor	  	  

Conven1on	  Coa1ng	  

Conformal	  Coa1ng	  
400	   450	   500	   550	   600	   650	   700	   750	  

Wavelength	  

Cool	  White	  LED	  Spectra	  

Blue Die 

Yellow Phosphor 
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Introduction 
	  
	  
Due	  to	  the	  high	  Index	  of	  Refrac1on	  of	  the	  semiconductor	  
(ns)	  as	  compared	  to	  the	  dome	  material	  (ne),	  
by	  Snell’s	  law,	  photons	  exi1ng	  the	  ac1ve	  layer	  at	  
angles	  greater	  than	  the	  escape	  cone	  angle	  θc	  
will	  be	  reflected	  back	  into	  the	  semiconductor	  
and	  will	  not	  exit	  the	  device.	  
	  
	  
Many	  approaches	  have	  been	  explored	  to	  improve	  extrac1on	  efficiency.	  	  Some	  
device	  manufacturers	  cut	  the	  sides	  of	  the	  chips	  to	  provide	  beRer	  exit	  angles	  and	  
extract	  more	  light	  while	  others	  rough	  the	  surfaces	  of	  the	  chips	  to	  create	  op1cal	  
interfaces	  which	  can	  improve	  the	  overall	  light	  extrac1on.	  	  A	  third	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
approach	  is	  to	  use	  what	  are	  known	  as	  photonic	  crystals	  to	  reduce	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
certain	  propaga1on	  modes	  (reflected)	  and	  increase	  others	  (exi1ng).	  

ns 

ne 

Active layer 

Absorbing substrate 

θc 

Source:  Lumileds 

How	  Do	  You	  Get	  the	  Light	  Out	  of	  an	  LED?	  

This	  gives	  rise	  to	  LED’s	  high	  direc=onality	  



©2011	  LED	  Transforma1ons,	  LLC	   24	  

Course Outline 

1.  Introduc1on	  –	  Why	  should	  I	  care	  about	  LEDs?	  
2.  Life1me	  and	  Cost	  –	  A	  cri1cal	  rela1onship	  for	  LEDs	  
3.  What's	  Different	  –	  LED	  technology	  as	  compared	  to	  

tradi1onal	  light	  sources	  
4.  Technology	  Limita1ons	  –	  Characteris1cs	  to	  be	  aware	  of	  

with	  solid-‐state	  ligh1ng	  
5.  Standards	  –	  The	  need	  for	  new	  metrics	  

	   	   	   	   	  Break	  

6.  Applica1ons	  –	  What	  are	  the	  good	  ones?	  
7.  LED	  Products	  –	  Where	  to	  turn	  for	  guidance	  
8.  Items	  of	  Importance	  to	  Building	  Owners/Facility	  Mgrs	  
9.  Final	  Thoughts	  –	  Some	  general	  rules	  
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LED 
 

 100,000 hrs 

LED 
 

25,000 hrs 

LED 
50,000 hrs 

 LED 
 

,000 hrs 

LED 
 

5,000 hrs 

 LED 
 
10,000 hrs 

Lifetime/Cost 

Long	  Life1mes	  
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Lifetime/Cost 

•  108	  HP	  engine	  capable	  of	  105	  mph	  (approximately)	  
•  1.6L	  Ecotec	  4	  cylinder	  engine	  w	  5	  speed	  manual	  transmission	  
•  Auxiliary	  audio	  input	  jack	  
•  Cloth	  reclining	  bucket	  seats	  
•  5-‐passenger	  sea1ng	  
•  OnStar®	  for	  the	  first	  six	  months	  
•  Oil-‐Life	  Monitor	  
•  Tire	  Pressure	  Monitor	  
•  14"	  steel	  wheels	  
•  60/40	  split-‐folding	  rear	  seats	  fold	  down	  independently	  

Chevrolet	  2011	  
Aveo	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

$11,225	  

An	  Automo1ve	  Example	  –	  The	  low	  end	  
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Lifetime/Cost 

•  638	  HP	  engine	  capable	  of	  205	  mph	  
•  6.2L	  supercharged	  V8	  engine	  with	  6	  speed	  manual	  transmission	  
•  Bluetooth®	  wireless	  technology	  for	  select	  phones	  
•  Heated	  Sport	  seats	  with	  power	  adjustable	  lumbar	  support	  
•  Power	  passenger	  seat	  
•  OnStar®	  for	  the	  first	  six	  months	  
•  Memory	  Package	  
•  Universal	  Home	  Remote	  transmiRer	  
•  Carbon-‐ceramic	  brake	  rotors	  capable	  of	  opera1ng	  at	  1,000	  OC	  
•  Bose®	  seven-‐speaker	  sound	  system	  with	  naviga1on	  
•  SiriusXM	  Satellite	  Radio	  with	  one-‐year	  subscrip1on	  
•  Power-‐telescoping	  steering	  column	  
•  Custom	  Leather-‐Wrapped	  Interior	  Package	  
•  Luggage	  shade	  and	  cargo	  net	  
•  Build	  your	  own	  engine	  op1on	  ($5,800)	  
•  Delivery	  of	  car	  at	  Na1onal	  CorveRe	  Museum	  in	  Bowling	  Green,	  KY	  
•  427	  hood	  emblem	  
•  Two-‐day	  high	  performance	  driving	  school	  experience	  

Chevrolet	  2011	  
ZR1	  3ZR	  Corve[e	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

$121,700	  

An	  Automo1ve	  Example	  –	  The	  high	  end	  
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Lifetime/Cost 

•  60	  WaRs	  
•  800	  lumens	  

Incandescent	  
800	  lumen	  Light	  

Bulb	  
$0.50	  

A	  Ligh1ng	  Example	  –	  The	  low	  end	  
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Lifetime/Cost 

•  13	  WaRs	  
•  800	  lumens	  

Compact	  
Fluorescent	  	  
800	  lumen	  
Light	  Bulb	  
$3.00	  

Payback	  as	  compared	  to	  	  
an	  incandescent	  lamp	  is	  
about	  480	  hours	  based	  
on	  the	  average	  US	  u=lity	  
rate	  of	  $0.1109/kW-‐hr	  

A	  Ligh1ng	  Example	  –	  The	  midrange	  
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Lifetime/Cost 

•  12	  WaRs	  
•  800	  lumens	  

Solid-‐state	  	  
800	  lumen	  
Light	  Bulb	  
$25.00	  

Economics	  works	  only	  if	  
life=me	  /	  maintenance	  is	  

considered	  

A	  Ligh1ng	  Example	  –	  The	  high	  end	  

Ignoring	  maintenance,	  
payback	  as	  compared	  to	  	  a	  

CFL	  would	  be	  about	  
198,400	  hours	  based	  on	  the	  
average	  US	  u=lity	  rate	  of	  

$0.1109/kW-‐hr	  
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Lifetime/Cost 

Cost	  Comparison	  –	  Various	  light	  sources	  

1	  DOE	  SSL	  R&D	  Mul1-‐Year	  Program	  Plan	  (March	  2011/Updated	  May	  2011)	  	  
2	  LED	  Transforma1ons	  

Source	  Type	   Cost	  per	  
kilolumen	  

Incandescent	  (60W)1	   $0.50	  	  	  
Fluorescent	  (32W	  T8	  w/ballast)1	   $4.00	  	  	  
Compact	  Fluorescent	  (13W)1	   $2.00	  	  	  
Compact	  Fluorescent	  (13W	  -‐	  dimmable)1	   $10.00	  	  	  
HPS	  (100W)2	   $1.25	  	  	  
Metal	  Halide	  (100W)2	   $3.15	  	  	  
LED	  (dimmable	  replacement	  for	  60W)1	   $50.00	  	  	  
OLED	  Panel1	   $2,560.00	  	  	  
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Lifetime/Cost 

•  Tradi1onal	  light	  sources	  fail	  catastrophically	  due	  to	  	  
electrodes	  which	  weaken	  or	  become	  contaminated	  and	  
eventually	  fail,	  causing	  the	  lamp	  to	  stop	  working	  

•  LEDs	  rarely	  fail	  catastrophically	  
–  Light	  output	  gradually	  decreases	  over	  
	  opera1ng	  1me	  

–  End	  of	  life	  is	  typically	  defined	  to	  be	  when	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
light	  output	  reaches	  70%	  of	  ini1al	  value	  
§  Raises	  issue	  for	  designers	  –	  how	  to	  warn	  users	  that	  product	  has	  exceeded	  
end-‐of-‐life	  and	  is	  producing	  less	  light	  than	  the	  applica1on	  may	  require	  

–  Life1me	  highly	  dependent	  on	  temperature	  (ambient	  and	  
	  device	  as	  well	  as	  opera1ng	  current	  

Long	  Life1mes	  
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Opera=ng	  Time	  

To
ta
l	  C
os
t	  

LED	  Source	  
Tradi1onal	  Source	  

{ LED	  
Savings	  

The	  longer	  the	  life	  difference,	  
the	  greater	  the	  savings	  for	  the	  

LED	  light	  source	  

Where	  are	  the	  savings	  for	  LED	  ligh1ng?	  

Ini1al	  Fixture	  Cost	  
Energy	  Costs	  
Replacement	  and	  
maintenance	  costs	  
(source	  +	  labor)	  

Breakeven1	  (3X’s	  longer	  life)	  

4	  X’s	  longer	  life	  

5	  X’s	  longer	  life	  

1	  Note:	  breakeven	  is	  a	  
func1on	  of	  a	  number	  

of	  parameters	  

Lifetime/Cost 

Why	  do	  We	  Care?	  	  –	  Longer	  life	  =	  greater	  payback	  
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However	  there	  are	  other	  parts	  of	  the	  ligh1ng	  system	  besides	  the	  
LED	  devices	  themselves	  that	  can	  fail	  or	  require	  maintenance	  

	  

•  Driver	  and	  Control	  Electronics	  (including	  dimmers,	  energy	  
management	  systems)	  –	  component	  failures,	  lightning	  strikes	  
and	  other	  electrical	  transients	  

•  Op1cs	  –	  yellowing,	  cracking,	  voids,	  dirt	  buildup	  
•  Heat	  sinks	  –bird	  droppings,	  insect	  nests	  
•  Housings	  –	  mechanical	  stress,	  water	  intrusion,	  connectors	  

How	  easy	  is	  it	  to	  repair/replace	  damaged	  components?	  

LED	  Economics	  

Lifetime/Cost 
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Luminaire	  Life1me	  –	  A	  Luminaire	  is	  a	  System	  

Controller	  

Driver	  

LED	  source	  

Op=cs	  

Thermal	  	  
Management	  

The	  failure	  of	  any	  one	  
component	  can	  cause	  
the	  en1re	  system	  to	  
stop	  func1oning	  

Luminaire	  designers	  make	  
trade-‐offs	  among	  the	  
components,	  depending	  on	  
the	  desired	  performance	  
criteria	  –	  for	  example	  the	  	  
number	  of	  LEDs	  ($$$)	  versus	  
drive	  current	  (life1me)	  

Lifetime/Cost 
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Reliability	  –	  Depends	  on	  the	  driver	  as	  well	  

Two	  examples	  of	  failures	  caused	  by	  the	  driver	  

Lifetime/Cost 

Stop	  &	  Shop,	  Raritan,	  NJ	  –	  6	  weeks	   City	  Center,	  Las	  Vegas	  –	  5	  months	  

Not quite 50,000 hours! 
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Driver/Power	  Supply	  
52%	  

Control	  	  
Circuitry	  

7%	  

LED	  Devices	  
10%	  

Housing	  
31%	  

Luminaire	  Failures	  

Data	  Source:	  	  Appalachian	  Ligh1ng	  Systems,	  Inc.	  

Sample	  of	  5200	  units	  
running	  for	  6000	  hours	  

The	  ligh1ng	  industry	  has	  put	  the	  emphasis	  on	  the	  LED	  device	  
performance	  and	  is	  only	  now	  recognizing	  that	  there	  are	  other	  
cri1cal	  components	  which	  contribute	  to	  decreased	  life1me	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Reliability	  –	  What	  is	  the	  weakest	  link?	  

Lifetime/Cost 



©2011	  LED	  Transforma1ons,	  LLC	   38	  

LED	  luminaires	  are	  systems…	  
From	  the	  original	  DOE	  Gateway	  Report:	  
“At	  the	  prevailing	  average	  nigh|me	  temperature	  
in	  Minneapolis,	  the	  manufacturer	  projects	  that	  
the	  luminaires	  would	  need	  to	  operate	  for	  several	  
decades	  to	  reach	  this	  level	  of	  lumen	  deprecia1on	  
[70%	  of	  original	  lumen	  output],	  es1ma1ng	  only	  
about	  a	  12%	  loss	  a�er	  20	  years.”	  
	  

From	  a	  recent	  interim	  DOE	  Report:	  
“Con1nuing	  decrease	  detected	  in	  average	  
illumina1on	  on	  the	  ground,	  roughly	  12%	  from	  
ini1al	  a�er	  a	  few	  [15]	  months.”	  
	  
	  

	  
ssl.energy.gov	  

Lifetime/Cost 

Measuring	  LED	  Life1me	  –	  What	  else	  can	  go	  wrong?	  
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Reasons	  for	  decrease	  had	  nothing	  to	  do	  
with	  the	  performance	  of	  the	  LEDs	  used:	  
	  

Reason	  #1:	  	  “Earlier	  design	  used	  an	  op1cal	  gel	  to	  
fill	  void	  between	  LED	  lens	  and	  proprietary	  nano-‐
op&c.	  	  Over	  1me,	  a	  bubble	  forms	  in	  the	  gel	  that	  
causes	  step	  change	  in	  both	  lumen	  distribu1on	  and	  
output.	  	  The	  measured	  op1cal	  gel	  impact	  on	  these	  
two	  samples	  corresponds	  to	  6.6%	  and	  7.4%	  
reduc1ons	  in	  total	  lumen	  output.”	  

	  

Reason	  #2:	  	  Dirt	  Deprecia1on	  
	  
	  
	  
	  
	  

	  

Light Bar (Initial) 

Light Bar (after 54 weeks of 
temperature cycling) 

Would translate to a 9 
year lifetime to due dirt 

depreciation alone! 
ssl.energy.gov	  

Lifetime/Cost 

Measuring	  LED	  Life1me	  –	  What	  else	  can	  go	  wrong?	  
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Course Outline 

1.  Introduc1on	  –	  Why	  should	  I	  care	  about	  LEDs?	  
2.  Life1me	  and	  Cost	  –	  A	  cri1cal	  rela1onship	  for	  LEDs	  
3.  What's	  Different	  –	  LED	  technology	  as	  compared	  to	  

tradi1onal	  light	  sources	  
4.  Technology	  Limita1ons	  –	  Characteris1cs	  to	  be	  aware	  of	  

with	  solid-‐state	  ligh1ng	  
5.  Standards	  –	  The	  need	  for	  new	  metrics	  

	   	   	   	   	  Break	  

6.  Applica1ons	  –	  What	  are	  the	  good	  ones?	  
7.  LED	  Products	  –	  Where	  to	  turn	  for	  guidance	  
8.  Items	  of	  Importance	  to	  Building	  Owners/Facility	  Mgrs	  
9.  Final	  Thoughts	  –	  Some	  general	  rules	  
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What's Different 

Poten1ally	  Highest	  Energy	  Efficiency	  
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What’s Different 

Small	  Size	  

T5 Fluorescent 
1350 lumens 

75W PAR 38 Halogen 
1100 lumens 

75W Incandescent 
1200 lumens 

Cree MP-L LED 
1200 lumens 

Source:	  	  Cree	  
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What’s Different 

•  For	  color	  ligh1ng	  applica1ons,	  tradi1onal	  light	  sources	  use	  
energy	  to	  create	  white	  light	  which	  then	  is	  filtered	  to	  create	  
the	  desired	  color.	  	  The	  energy	  used	  to	  create	  the	  other	  colors	  
is	  wasted	  

•  LED	  light	  sources	  create	  the	  color	  directly	  leading	  to	  greatly	  
improved	  energy	  efficiency	  

Direct	  Color	  Crea1on	  

Energy In 
Light  

 

Source 

Energy In 
LED  
Light  

Source 
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Why	  do	  we	  need	  drivers	  in	  the	  first	  place?	  
•  LEDs	  are	  non-‐linear	  devices	  (If	  	  vs.	  Vf)	  with	  a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
forward	  voltage	  that	  is	  temperature	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
dependent	  –	  light	  output	  is	  best	  controlled	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
by	  regula1ng	  current	  

•  LEDs	  are	  diodes	  and	  therefore	  will	  only	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
operate	  when	  current	  flows	  in	  one	  direc1on	  

•  LEDs	  are	  low	  voltage	  devices	  (with	  typical	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
forward	  voltages	  ranging	  from	  2.8	  –	  3.5	  V).	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
They	  require	  some	  minimum	  condi1oning	  and/or	  protec1on	  

•  The	  light	  source	  that	  LEDs	  replace	  with	  the	  greatest	  improvement	  in	  
efficacy	  (incandescent)	  are	  purely	  resis1ve	  loads	  with	  a	  Power	  Factor	  
equal	  to	  1	  –	  therefore	  it	  is	  desirable	  for	  the	  driver	  circuitry	  to	  provide	  a	  
power	  factor	  as	  close	  as	  possible	  to	  1	  

•  Drivers	  also	  need	  to	  control	  harmonic	  current	  effects	  on	  the	  mains	  

What’s Different 

Drivers	  –	  Basics	  

Source:  Philips Lumileds data sheet 
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The	  life1me	  of	  the	  driver	  affects	  the	  life1me	  of	  the	  luminaire	  
	  

Drivers	  are	  like	  any	  other	  electronic	  power	  supply	  with	  their	  
performance	  and	  reliability	  a	  func1on	  of:	  
•  The	  environment	  in	  which	  they	  operate	  
•  The	  quality	  of	  the	  components	  used	  

–  Electroly1c	  capacitors	  –	  age	  due	  to	  drying	  out	  of	  electroly1c	  
–  FETs,	  rec1fiers,	  etc.	  which	  can	  be	  stressed	  by	  heat	  and	  vibra1on	  
–  Other	  components	  which	  are	  affected	  by	  heat,	  moisture,	  shock	  and	  
vibra1on	  

•  The	  skill	  and	  care	  with	  which	  they	  are	  designed	  and	  built	  
•  The	  stress	  to	  which	  they	  are	  subjected	  in	  the	  field	  

Drivers	  come	  in	  many	  different	  shapes	  and	  sizes	  –	  o�en	  they	  are	  
about	  the	  same	  size	  as	  a	  fluorescent	  ballast	  

What’s Different 

Drivers	  –	  A	  fundamental	  point	  
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Driver	  Efficiency	  –	  ra1o	  of	  the	  output	  power	  to	  the	  input	  power	  
•  Typical	  efficiencies	  range	  from	  75%	  to	  90%	  for	  SMPS	  

–  Losses	  due	  to	  switching,	  resistances,	  transformers,	  etc.	  
–  Driver	  should	  not	  draw	  power	  if	  load	  is	  turned	  off	  (Energy	  Star	  

requirement)	  
Power	  factor	  –	  real	  vs.	  apparent	  (consumed	  +	  stored)	  power	  

–  Low	  power	  factor	  results	  in	  excess	  power	  delivery	  
–  Power	  factor	  defined	  as	  
	  	   	  	  	  	  	  Real	  Power	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  WaRs	  
	  	   	  Apparent	  Power	  	  	  	  	  	  	  	  Volts	  x	  Amps	  	  

–  Some	  U1li1es	  are	  concerned	  about	  PF	  as	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
low	  PF	  can	  result	  in	  addi1onal	  power	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
transmission	  losses	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

PF = ≤  1 

Driver	  Characteris1cs	  –	  Efficiency	  

What’s Different 

= 

Power returned 
to source 
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Culture	  Clash	  –	  Not	  the	  first	  1me	  

What’s Different 
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What’s Different 

LEDs	  follow	  a	  development	  rule	  known	  as	  Haitz’s	  Law	  

Rate	  of	  Development	  

Source:	  	  Roland	  Haitz	  &	  Lumileds	  
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That	  is	  $10.37	  in	  
today’s	  dollars	  
or	  about	  $0.05/

lumen	  

Ad	  from	  1891	  for	  Edison	  lamps	  

Also	  note	  that	  
life1me	  has	  only	  
improved	  about	  
66%	  in	  110	  years!	  

Obsolescence	  –	  O�en	  driven	  by	  economics	  

What’s Different 
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The	  tradi1onal	  ligh1ng	  industry	  moves	  at	  a	  rela1vely	  slow	  pace	  
with	  styles	  changing	  regularly,	  but	  technology	  remaining	  
rela1vely	  constant	  

	  

The	  semiconductor	  industry	  moves	  at	  a	  rapid	  rate	  with	  
components	  changing	  constantly.	  	  It	  is	  the	  epitome	  of	  the	  
“disposable”	  society	  

	  
	  
	  
	  

In	  the	  Solid-‐State	  Ligh=ng	  world,	  these	  two	  cultures	  clash	  head-‐
on	  with	  major	  implica=ons	  for	  both	  

Culture	  Clash	  –	  Change	  

(1971)	  	  	  	  	  	  4	  bit	  	  	  	  	  	  	  	  	  	  8	  bit	  	  	  	  	  	  	  	  	  16	  bit	  	  	  	  	  	  	  32	  bit	  	  	  	  	  	  	  	  64	  bit	  	  	  	  	  (1991)	  	  	  	  	  	  	  	  	  	  	  

What’s Different 
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Architectural	  products	  may	  be	  installed	  for	  20	  years	  or	  more	  
•  Will	  the	  LED	  luminaire	  last	  that	  long?	  

–  Don’t	  ignore	  mechanical	  finishes	  (rust,	  stress	  cracks,	  etc.)	  

•  What	  maintenance	  is	  required	  to	  insure	  a	  20+	  year	  life?	  
–  For	  example,	  replacing	  a	  yellowed	  lens	  cover	  

•  How	  easy	  is	  it	  to	  replace	  components	  that	  fail?	  
–  The	  integrated	  driver	  that	  made	  the	  product	  less	  expensive	  to	  

purchase	  may	  make	  it	  more	  expensive	  to	  repair	  

•  If	  replacement	  components	  exist,	  	  how	  long	  will	  they	  be	  
available?	  

•  When	  refurbished,	  will	  the	  luminaire	  perform	  the	  same	  (CCT,	  
light	  output,	  light	  distribu1on,	  etc.)?	  

	  

What’s Different 

Culture	  Clash	  –	  Obsolescence	  
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Time	  frames	  for	  Ligh1ng	  Specifiers	  and	  Architects	  bidding	  major	  
jobs	  can	  be	  2	  to	  3	  years	  from	  bid	  to	  actual	  purchase	  of	  luminaire	  
products	  for	  installa1on	  
	  

•  Price	  will	  probably	  not	  be	  an	  issue	  since	  LED-‐based	  products	  
historically	  decrease	  in	  price	  each	  year	  by	  25%	  or	  more	  

•  Availability	  could	  be	  an	  issue	  since	  LED	  devices	  are	  in	  a	  
constant	  state	  of	  change	  
–  Many	  small	  solid-‐state	  ligh1ng	  companies	  with	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

liRle	  or	  no	  track	  record	  will	  be	  at	  a	  major	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
disadvantage	  

Early 20th century light fixture 

Culture	  Clash	  –	  Obsolescence	  

What’s Different 

Source:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Scot	  Hinson	  
Modeliving	  



©2011	  LED	  Transforma1ons,	  LLC	   53	  

A	  1942	  Magazine	  ad	  for	  General	  Electric	  
fluorescent	  lamps	  

A	  2007	  news	  release	  from	  a	  ligh1ng	  
magazine	  on	  an	  improved	  fluorescent	  
lamp	  

Obsolescence	  –	  Some	  things	  don’t	  change	  

What’s Different 
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What’s Different 

Obsolescence	  –	  And	  some	  things	  do	  

The	  same	  manufacturer’s	  web	  site	  
from	  March	  2010	  discon1nuing	  
that	  same	  line	  of	  LED	  devices	  

Manufacturer’s	  web	  site	  from	  
February	  2006	  showing	  the	  addi1on	  
of	  a	  new	  line	  of	  LED	  devices	  
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Tradi1onal	  Lamp	  Suppliers	  

•  Sylvania	  

•  Philips	  

•  GE	  

LED	  Suppliers	  
•  Osram	  
•  Lumileds	  
•  Cree	  
•  Bridgelux	  
•  Nichia	  
•  Seoul	  Semiconductor	  
•  Toshiba	  
•  Sharp	  
•  Toyota	  Gosei	  
•  Edison	  Opto	  
•  and	  many	  more…	  

What’s Different 

New	  Names	  &	  Shapes	  in	  Ligh1ng	  
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One	  issue	  where	  the	  cultures	  can	  agree	  is	  that	  a	  need	  exists	  for	  
standardiza1on	  where/when	  possible	  in	  sources	  and	  components	  
•  Computer	  industry	  suffered	  from	  this	  issue	  

–  Opera1ng	  Systems	  (Windows	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
versus	  Apple	  versus	  Linux)	  

–  Storage	  Media	  	  

•  Movie	  Industry	  has	  gone	  through	  the	  same	  issue	  twice	  over	  the	  
last	  20	  years	  
–  Beta	  versus	  VHS	  tape	  formats	  
–  BluRay	  versus	  HD-‐DVD	  high	  defini1on	  DVD	  formats	  

•  Standardiza1on	  efforts	  must	  be	  1med	  correctly,	  so	  as	  to	  not	  
s1fle	  innova1on	  

Compa1bility	  

What’s Different 
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Course Outline 

1.  Introduc1on	  –	  Why	  should	  I	  care	  about	  LEDs?	  
2.  Life1me	  and	  Cost	  –	  A	  cri1cal	  rela1onship	  for	  LEDs	  
3.  What's	  Different	  –	  LED	  technology	  as	  compared	  to	  

tradi1onal	  light	  sources	  
4.  Technology	  Limita1ons	  –	  Characteris1cs	  to	  be	  aware	  of	  

with	  solid-‐state	  ligh1ng	  
5.  Standards	  –	  The	  need	  for	  new	  metrics	  

	   	   	   	   	  Break	  

6.  Applica1ons	  –	  What	  are	  the	  good	  ones?	  
7.  LED	  Products	  –	  Where	  to	  turn	  for	  guidance	  
8.  Items	  of	  Importance	  to	  Building	  Owners/Facility	  Mgrs	  
9.  Final	  Thoughts	  –	  Some	  general	  rules	  
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Technology Limitations 

Radiated	  Heat	  
Comes	  out	  the	  front	  

Incandescent	  Fixture	  
Conducted	  Heat	  

Comes	  out	  the	  back	  

LED	  Fixture	  

Thermal	  Management	  –	  Where	  the	  heat	  goes	  
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Technology Limitations 

	  
	  
	  
	  
	  
	  

	  
	  
A	  fixture	  using	  a	  60W	  incandescent	  light	  bulb	  produces	  900	  lumens1	  of	  light	  and	  must	  
dissipate	  3	  wa[s	  of	  heat	  via	  conduc1on	  
	  

A	  fixture	  using	  LEDs	  as	  the	  light	  source	  would	  require	  9	  LEDs	  to	  achieve	  the	  same	  900	  
lumens1.	  	  The	  input	  power	  to	  the	  fixture	  would	  be	  (assuming	  a	  Vf	  of	  3.2V	  and	  current	  
of	  312mA)	  

	   	  Power 	  =	  	  	  	  	  9	  x	  3.2V	  x	  312mA	  	  =	  	  9.0W	  	  
The	  fixture	  would	  need	  to	  conduct	  8.1	  wa[s	  of	  heat	  (9W	  x	  90%)	  
	  

1	  Ignoring	  luminaire	  efficiencies	  

	  

Thermal	  Management	  –	  Incandescent	  versus	  LED	  luminaires	  

Source	   Efficacy	  	  	  	  	  	  	  	  	  
(lm/W)	  

Heat	  Loss	  (%)	  
Radia=on	   Convec=on	   Conduc=on	  

Incandescent	   15	   90	   5	   5	  
Fluorescent	   95	   40	   40	   20	  
HID	   120	   90	   5	   5	  
LED	   100	   5	   5	   90	  
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Technology Limitations 

	  

Heat	  flow	  can	  be	  modeled	  by	  analogy	  to	  an	  electrical	  circuit	  where:	  
	  	  

	  Q	  (heat	  flow)	  is	  analogous	  to	  electrical	  current	  and	  indicates	  the	  power	  dissipated	  
	  T	  (temperatures)	  is	  analogous	  to	  voltage	  
	  Rθ	  (thermal	  resistance	  in	  OC/W)	  is	  analogous	  to	  electrical	  resistance	  and	  
	  Heat	  sources	  are	  represented	  to	  current	  sources/sinks	  

	  

In	  the	  simple	  model	  below,	  a	  semiconductor	  device	  is	  aRached	  directly	  to	  a	  heat	  sink	  which	  is	  
exposed	  to	  the	  ambient	  air.	  	  Semiconductor	  manufacturers	  supply	  the	  thermal	  resistance	  value	  Rθ	  j-‐c	  	  
between	  the	  junc1on	  and	  the	  case	  of	  the	  device.	  	  Similarly	  thermal	  adhesive	  and	  heat	  sink	  
manufacturers	  supply	  the	  case-‐to-‐heat	  sink	  Rθ	  c-‐h	  	  and	  heat	  sink-‐to-‐ambient	  Rθ	  h-‐a	  thermal	  
resistances.	  
	  
	  
	  
	  
For	  this	  case	  the	  total	  power	  dissipated,	  Q	  is	  related	  by	  
	  

	  (Tj	  –	  Ta)	  	  	  	  	  =	  	  	  	  	  Q	  	  x	  	  (Rθ	  j-‐c	  	  +	  Rθ	  c-‐h	  	  +	  Rθ	  h-‐a	  )	  
	  

	  where	  Tj	  is	  the	  junc1on	  temperature	  of	  the	  semiconductor	  device	  and	  Ta	  is	  the	  ambient	  air	  
temperature.	  	  For	  reference	  Tc	  is	  the	  case	  temperature	  of	  the	  semiconductor	  device	  and	  Th	  
	  is	  the	  heat	  sink	  temperature.	  	  

	  
	  
	  

Tj	   Tc	   Th	   Ta	  Rθ	  j-‐c	   Rθ	  c-‐h	   Rθ	  h-‐a	  

Q	  

Semiconductor	  
Device	  

Heat	  Sink	  

Thermal	  Calcula1ons	  –	  Thermal	  Resistance	  (Rθ)	  

Thermal	  Adhesive	  
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LED	  Life1me	  with	  ambient	  temperature	  of	  55Oc	  is	  148,000	  hours 

LED	  Life1me	  with	  ambient	  temperature	  of	  85Oc	  is	  67,000	  hours 

Source:	  	  Lumileds	  

Effect	  of	  Heat	  on	  Life1me	  

Technology Limitations 
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Technology Limitations 

The	  MR-‐16	  is	  designed	  to	  create	  air	  flow	  
over	  the	  slots	  or	  fins	  along	  its	  shell	  

A	  number	  of	  MR-‐16s	  were	  installed	  in	  a	  
luminaire	  made	  of	  aluminum	  housings.	  	  
The	  luminaire	  was	  installed	  under	  a	  glass	  
atrium	  in	  a	  part	  of	  the	  world	  which	  
receives	  a	  considerable	  amount	  of	  sun.	  

The	  result—major	  failures	  within	  a	  couple	  of	  weeks	  of	  installa1on	  

How	  would	  this	  fixture	  work?	  

Would	  this	  one	  work	  any	  be[er?	  

Thermal	  Management	  –	  What	  is	  wrong	  with	  this	  picture?	  
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Technology Limitations 

Luminaire	  Orienta1on	  Can	  Effect	  Life1me	  

100% effective 

85% effective 

70% effective 

60% effective 

LM-‐79	  tes1ng	  standard	  
requires	  the	  luminaire	  be	  
tested	  in	  the	  orienta1on	  in	  
which	  it	  will	  be	  mounted	  

Luminaire	  manufacturers	  
must	  take	  desired	  
orienta1ons	  into	  account	  
when	  designing	  thermal	  
management	  system	  for	  
products	  
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Technology Limitations 

Flux versus temperature
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Thermal	  Considera1ons	  –	  Effect	  on	  light	  output	  
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Technology Limitations 

Data	  courtesy	  Ian	  Ferguson,	  UNC	  

Thermal	  Calcula1ons	  –	  LED	  efficiency	  as	  a	  func1on	  of	  input	  power	  
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Heat	  Sinks	  
Metal	  Core	  PCBs	  

Heat	  Pipes	  

Thermoelectric	  
Coolers	  (Pel1er)	  

Piezo	  fans	  

Thermal	  Devices	  –	  Many	  choices	  

Technology Limitations 
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Sintered	  metal	  or	  V-‐grooves	  

HOT	  END	  
Heat	  in	  

COLD	  END	  
Heat	  out	  

Hot	  water	  vapor	  

Cold	  water	  

Technology Limitations 

Thermal	  Devices	  –	  How	  do	  heat	  pipes	  work?	  



©2011	  LED	  Transforma1ons,	  LLC	   68	  

Technology Limitations 

	  

•  Luminaire	  manufacturers	  are	  not	  used	  to	  dealing	  with	  the	  
same	  level	  of	  complexity	  for	  this	  issue	  
–  Historically,	  most	  of	  their	  heat	  goes	  out	  the	  front	  of	  the	  luminaire	  
–  Industry	  is	  not	  familiar	  with	  heat	  pipes,	  MCPCBs,	  heat	  sinks,	  etc.	  
–  Some	  manufacturers	  don’t	  even	  know	  they	  need	  to	  worry	  about	  it!	  

•  Consequently,	  Architects	  and	  Ligh1ng	  Designers	  do	  

•  Installers	  are	  not	  familiar	  with	  these	  issues	  for	  the	  same	  
reason	  
–  Installing	  products	  where	  they	  shouldn’t	  go	  

•  Another	  example	  of	  the	  two	  different	  worlds	  colliding 	  	  

Thermal	  Calcula1ons	  –	  Problems	  with	  thermal	  management	  
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Technology Limitations 

97.8%	  	  
Drop	  

1000	  hours	  

84.1%	  	  
Drop	  

96.9%	  	  
Drop	  

Ini=al	  

Color	  Matching	  /	  Color	  Shi�	  

Particularly in linear wall wash 
applications, this lack of color 
consistency is non acceptable 

White	  is	  white	  is	  white?	   Is	  blue?	  
Supplier	  quality	  and	  tes1ng	  is	  cri1cal	  to	  successful	  projects	  

Source:	  	  Cree	  
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Technology Limitations 

97.8%	  	  
Drop	  

1000	  hours	  

84.1%	  	  
Drop	  

96.9%	  	  
Drop	  

Ini=al	  

Color	  Matching	  /	  Color	  Shi�	  

What	  causes	  this	  shi�	  from	  white	  to	  blue?	  	  Phosphor	  
degrades	  faster	  than	  the	  blue	  die	  over	  1me	  shi�ing	  light	  
output	  to	  blue	  

Source:	  	  Cree	  
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Overall	  effect	  is	  to	  shin	  CCT	  
	  higher	  (toward	  blue)	  
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•  Binning	  is	  a	  sor1ng	  process	  used	  by	  the	  LED	  device	  
manufacturers	  to	  allow	  them	  to	  sell	  all	  of	  the	  product	  they	  
produce	  

•  Three	  parameters	  are	  typically	  binned	  
–  Flux	  output	  
–  Color	  
–  Forward	  voltage	  (Vf)	  

•  Each	  die	  is	  measured	  individually	  and	  product	  is	  sold	  in	  reels	  
of	  iden1cally	  binned	  components	  

•  Bins	  vary	  by	  manufacturer	  

What	  is	  Binning?	  

Technology Limitations 
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Two	  wafers	  in	  the	  same	  batch	  with	  the	  following	  results	  

	  
1	  

2	  

3	  

4	  5	  

6	  

7	  

8	  

9	  

A	  temperature	  difference	  of	  only	  1oC	  in	  a	  reactor	  
with	  opera1ng	  temperature	  of	  1050oC	  can	  greatly	  
affect	  emission	  wavelength	  of	  the	  resul1ng	  dies	  

	  	  

λ	  (in	  nm)	   Vf	  (in	  V)	   Output	  (in	  mW)	  

A	   B	   A	   B	   A	   B	  

1	   465	   465	   3.57	   3.62	   2.27	   2.37	  

2	   464	   463	   3.54	   3.62	   2.03	   2.05	  

3	   461	   456	   3.5	   3.53	   1.66	   2.05	  

4	   461	   463	   3.42	   3.47	   1.48	   1.49	  

5	   458	   451	   3.29	   3.39	   0.64	   1.16	  

6	   462	   466	   3.46	   3.46	   1.73	   1.36	  

7	   463	   463	   3.52	   3.55	   2.25	   1.8	  

8	   464	   463	   3.56	   3.6	   2.13	   1.83	  

9	   464	   465	   3.53	   3.56	   1.77	   1.36	  

Technology Limitations 

Why	  do	  Manufacturers	  Bin?	  

Source:  Data from Ian Ferguson, UNC 
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Color Bins 

Voltage (Vf) Bins 

Flux Bins 

Bin	  Choices	  –	  Example	  from	  one	  manufacturer	  

Technology Limitations 
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Amber, red-orange and red only 

Color Bins 

Voltage (Vf) Bins 

Flux Bins 

Bin	  Choices	  –	  Example	  from	  second	  manufacturer	  

Technology Limitations 
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In	  1943	  David	  MacAdam	  analyzed	  the	  color	  differences	  of	  closely	  

spaced	  points	  in	  the	  chroma1city	  diagram.	  	  He	  found	  that	  any	  two	  
points	  must	  have	  a	  minimum	  
	  geometrical	  distance	  to	  yield	  a	  
	  	  percep1ble	  difference	  in	  color.	  

Dividing	  the	  area	  of	  the	  chroma1city	  	  
	  diagram	  by	  the	  average	  area	  of	  a	  
	  MacAdam	  ellipse,	  shows	  that	  humans	  
	  can	  discern	  approximately	  50,000	  
	  dis1nct	  chroma1ci1es.	  	  If	  varia1ons	  in	  
	  luminance	  are	  taken	  into	  account,	  this	  
	  number	  increases	  to	  greater	  than	  106.	   Plot	  for	  test	  subject	  PGN	  

Ellipses	  shown	  10	  1mes	  actual	  size	  

How	  Color	  Bins	  are	  Defined	  –	  MacAdam	  Ellipses	  

Technology Limitations 
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Technology Limitations 

Color	  Binning	  

Source:	  	  Lumileds	  

Customers	  purchasing	  the	  
widest	  range	  of	  bins	  get	  the	  
lowest	  prices.	  	  It	  then	  
becomes	  their	  responsibility	  
to	  produce	  consistent	  color	  
products.	  

At	  least	  one	  manufacturer	  
with	  a	  mul1-‐chip	  product	  is	  
mix/matching	  within	  the	  
device	  to	  provide	  consistent	  
color.	  

Source:	  	  Cree	  
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Spectra	  of	  the	  8	  (14)	  
color	  standards	  used	  
for	  calcula1ng	  CRI	  

Measuring	  Color	  –	  What	  is	  Color	  Rendering	  Index?	  

CRI	  is	  a	  calculated	  value	  based	  on	  the	  difference	  in	  chroma1city	  of	  a	  series	  of	  8	  (or	  14)	  
different	  colors	  (CIE	  Color	  Space)	  when	  illuminated	  with	  a	  reference	  light	  source	  versus	  
a	  test	  subject	  light	  source.	  
It	  is	  a	  measure	  of	  a	  light	  
source’s	  ability	  to	  show	  
colors	  realis1cally	  as	  
compared	  to	  familiar	  
sources	  (e.g.	  an	  
incandescent	  bulb	  or	  the	  
sun)	  

Technology Limitations 
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•  None	  of	  the	  reflec1ve	  samples	  used	  to	  calculate	  Ra	  are	  highly	  
saturated	  
–  Poor	  rendering	  of	  saturated	  colors	  even	  with	  high	  Ra	  

•  Method	  of	  calcula1ng	  Ra	  creates	  problems	  
–  Simple	  averaging	  of	  test	  samples	  can	  result	  in	  high	  Ra	  even	  if	  the	  

source	  renders	  one	  or	  two	  colors	  poorly	  –	  LEDs	  are	  especially	  
suscep1ble	  to	  this	  problem	  due	  to	  their	  peaked	  spectra	  

–  Op1mizing	  lamp	  spectra	  can	  increase	  Ra	  yet	  s1ll	  yield	  poor	  color	  
rendering	  due	  to	  low	  chroma1c	  satura1on	  and	  too	  few	  samples	  used	  

•  All	  devia1ons	  of	  object	  color	  appearance	  are	  considered	  
equal	  
–  In	  prac1ce,	  increases	  in	  chroma1c	  satura1on	  observed	  with	  certain	  

sources	  is	  considered	  desirable	  since	  they	  can	  enhance	  perceived	  
brightness	  and	  provide	  beRer	  visual	  clarity	  

Measuring	  Color	  –	  What	  is	  wrong	  with	  CRI?	  

Technology Limitations 
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	  	   Ra	   R1	   R2	   R3	   R4	   R5	   R6	   R7	   R8	   R9	   R10	   R11	   R12	   R13	   R14	  

Fluorescent	  Cool	  White	   64	   56	   77	   90	   57	   59	   67	   74	   33	   -‐84	   45	   46	   54	   60	   94	  

Fluorescent	  Warm	  White	   51	   42	   70	   90	   38	   41	   54	   65	   11	   -‐111	   31	   18	   25	   47	   94	  

Metal	  Halide	   67	   59	   84	   88	   63	   67	   84	   67	   21	   -‐113	   69	   63	   78	   67	   92	  

Mercury	  (Clear)	   18	   -‐9	   32	   51	   7	   8	   8	   47	   -‐4	   -‐299	   -‐58	   -‐17	   -‐21	   1	   70	  

High	  Pressure	  Sodium	   24	   15	   66	   55	   -‐5	   14	   56	   37	   -‐45	   -‐197	   46	   -‐29	   34	   21	   71	  

Tungsten	  Halogen	   100	   100	   100	   100	   100	   100	   99	   100	   100	   100	   99	   100	   100	   100	   100	  

CRI values for some typical light sources: 

Notice that for Metal Halide, even though its overall CRI (Ra) is 67, it 
has an R9 value of -113 which can produce poor renderings with deep 
red objects (e.g. human skin tones). 

Technology Limitations 

Measuring	  Color	  –	  What	  is	  wrong	  with	  CRI?	  
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•  New	  Color	  Samples	  chosen	  
–  Highest	  chroma	  
–  Even	  hue	  spacing	  
–  Commercially	  available	  

•  New	  calcula1on	  method	  using	  RMS	  
–  ensure	  that	  large	  hue	  shi�s	  of	  any	  sample	  have	  notable	  influence	  on	  the	  

value	  of	  CQS	  

•  Scale	  factors	  used	  for	  standard	  sources	  with	  extreme	  CCT	  
•  Log	  factor	  used	  to	  remove	  nega1ve	  values	  
•  Work	  is	  ongoing	  at	  NIST	  to	  finalize	  CQS	  as	  a	  new	  standard	  

	  

Measuring	  Color	  –	  Color	  Quality	  Scale	  could	  be	  an	  improvement	  

(1/15) x ∑Δ Ei 
2 Σ √ ΔERMS  

i	  =	  1	  
=

i	  =	  15	  

Source:  Davis & Ohno, NIST 

Technology Limitations 
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Course Outline 

1.  Introduc1on	  –	  Why	  should	  I	  care	  about	  LEDs?	  
2.  Life1me	  and	  Cost	  –	  A	  cri1cal	  rela1onship	  for	  LEDs	  
3.  What's	  Different	  –	  LED	  technology	  as	  compared	  to	  

tradi1onal	  light	  sources	  
4.  Technology	  Limita1ons	  –	  Characteris1cs	  to	  be	  aware	  of	  

with	  solid-‐state	  ligh1ng	  
5.  Standards	  –	  The	  need	  for	  new	  metrics	  

	   	   	   	   	  Break	  

6.  Applica1ons	  –	  What	  are	  the	  good	  ones?	  
7.  LED	  Products	  –	  Where	  to	  turn	  for	  guidance	  
8.  Items	  of	  Importance	  to	  Building	  Owners/Facility	  Mgrs	  
9.  Final	  Thoughts	  –	  Some	  general	  rules	  
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Standards 

If	  only	  choosing	  solid-‐state	  
luminaires	  was	  this	  simple…	  

What	  Everyone	  Wants	  –	  The	  ul1mate	  solu1on	  
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Standards 

•  LM-‐79-‐08	  	  	  	  Approved	  Method:	  	  Electrical	  and	  
	  Photometric	  Measurements	  of	  Solid-‐State	  
	  Ligh&ng	  Products	  

–  Describes	  tes1ng	  procedure	  for	  evalua1ng	  light	  
	  distribu1on	  from	  LED-‐based	  luminaires	  

	  

•  LM-‐80-‐08	  	  	  	  Approved	  Method	  for	  Measuring	  
	  Lumen	  Deprecia&on	  of	  LED	  Light	  Sources	  

–  Describes	  tes1ng	  procedure	  for	  measuring	  lumen	  
	  deprecia1on	  of	  LED	  devices	  

–  Does	  not	  describe	  how	  to	  evaluate	  data	  taken	  	  

•  ANSI	  C78.377-‐2008	  Specifica&ons	  for	  the	  Chroma&city	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
of	  Solid-‐State	  Ligh&ng	  Products	  for	  Electric	  Lamps	  	  
–  Describes	  binning	  structure	  to	  specify	  LED	  device	  colors	  

Standards	  
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Data	  output:	  
	  

•  Spa1al	  Lumen	  Distribu1on	  

•  Total	  Luminous	  Flux	  

•  Zonal	  Lumen	  Sums	  

•  IES	  format	  file	  

•  Spa1al	  Color	  Uniformity	  

IESNA	  LM-‐79-‐08	  –	  Goniophotometer	  Method	  

Standards 

Measurement made using absolute photometry 
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Data	  output:	  

•  Total	  Luminous	  Flux	  

•  Spectral	  Power	  Distribu1on	  
•  Chroma1city	  Coordinates	  

•  CRI	  
•  CCT	  

IESNA	  LM-‐79-‐08	  –	  Integra1ng	  Sphere	  Method	  

Standards 

Electrical measurements of input voltage, 
current and power are reported as well as 
part of the LM-79 test report 
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Type A Goniometer 
(fixed horizontally) 

Type B Goniometer 
(fixed vertically) 

Detector 

Detector or 
movable mirror 

Type C Goniometer 
(movable detector) 

Reference:  IES Lighting Handbook (9th Edition) 

IESNA	  LM-‐79-‐08	  –	  Types	  of	  goniometers	  

Standards 
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General description of 
luminaire under test {

{

{	  

Description of test equipment 
used to make measurements 

Should have two signatures to 
insure proper QA procedures 

Make sure model number 
matches what is being purchased 

Source:	  	  Design	  Lights	  Consor1um	  

IESNA	  LM-‐79-‐08	  –	  Dissec1ng	  a	  report	  

Standards 
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Fixture efficacy 

Spacing criteria for lighting designers 

Output intensity as a function of angle 

Description of the luminaire 
components (e.g. # of LEDs, 
driver used, etc. 

{

Graphical depiction of 
intensity distribution 

Data taken with a moving 
mirror goniophotometer  

Source:	  	  Design	  Lights	  Consor1um	  

IESNA	  LM-‐79-‐08	  –	  Dissec1ng	  a	  report	  

Standards 



©2011	  LED	  Transforma1ons,	  LLC	   89	  

Note:  zonal lumens sums 
provides the amount of lumens 
within a specified angular region. 

Data taken with a moving 
mirror goniophotometer  

Luminous intensity distribution 
data can be used to evaluate 
other lighting metrics of SSL 
product performance.  For 
example, although Center Beam 
Candle power (CBCP) and Beam 
Angle are often not included in 
LM-79 reports, they can be 
approximated from tabular 
intensity data   

Detailed luminous 
 intensity distribution 

Zonal 
 lumen 
sums 

Source:	  	  Design	  Lights	  Consor1um	  

IESNA	  LM-‐79-‐08	  –	  Dissec1ng	  a	  report	  

Standards 
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Coefficients of utilization 
tables are used by lighting 
designers to describe the 
optical properties of room 

surfaces (floors, ceilings and 
walls). 

Data taken with a moving 
mirror goniophotometer  

Source:	  	  Design	  Lights	  Consor1um	  

IESNA	  LM-‐79-‐08	  –	  Dissec1ng	  a	  report	  

Standards 
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Data taken with an integrating 
sphere and spectroradiometer 

Total luminaire flux output (lumens) 

Color coordinates x,y (CIE 
1931) and u’,v’ (CIE 1976) 

CRI (Color Rendering Index)   & 
CCT (Correlated Color Temperature) 

System (luminaire) efficacy 

Spectral radiant power as 
a function of wavelength 

expressed in mW/nm 
(milliwatts/nanometer)  

Source:	  	  Design	  Lights	  Consor1um	  

IESNA	  LM-‐79-‐08	  –	  Dissec1ng	  a	  report	  

Standards 
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Data taken with an integrating 
sphere and spectroradiometer 

Spectral power distribution from 
previous graph in table form 

Source:	  	  Design	  Lights	  Consor1um	  

IESNA	  LM-‐79-‐08	  –	  Dissec1ng	  a	  report	  

Standards 
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Data taken with an integrating 
sphere and spectroradiometer 

Graph showing where the 
luminaire light output falls with 
respect to the blackbody curve.  
Products which fall too far from 
the curve can appear to have a 
“pink” or “green” tint. 

Note:  For luminaires with non-uniform 
spectral distribution, all chromaticity 
values are averaged over two vertical 
planes and a non-uniformity of 
chromaticity, Δu’v’ is determined as the 
maximum coordinate deviation on the 
CIE diagram. 

Source:	  	  Design	  Lights	  Consor1um	  

IESNA	  LM-‐79-‐08	  –	  Dissec1ng	  a	  report	  

Standards 
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•  The	  LM-‐79	  “Only”	  report	  –	  the	  only	  luminaire	  that	  will	  ever	  
achieve	  this	  performance	  is	  locked	  up	  in	  an	  engineering	  
department	  closet	  somewhere	  
–  Do	  a	  small	  pilot	  run	  with	  off-‐the-‐shelf	  components	  before	  commi|ng	  to	  

a	  large	  project,	  par1cularly	  with	  a	  new	  manufacturer	  or	  supplier	  

•  The	  LM-‐79	  “Redacted”	  report	  –	  LM-‐79	  reports	  don’t	  have	  large	  
black	  blocks	  in	  the	  report	  anywhere,	  par1cularly	  where	  efficacy,	  
CCT	  or	  CRI	  numbers	  usually	  go	  
–  Check	  with	  the	  tes1ng	  lab	  to	  verify	  results	  

•  The	  LM-‐79	  “Improved”	  report	  –	  Photoshop	  is	  a	  wonderful	  
ligh1ng	  tool	  that	  can	  greatly	  improve	  a	  product’s	  performance.	  
–  Check	  with	  the	  tes1ng	  lab	  to	  verify	  results	  

IESNA	  LM-‐79-‐08	  –	  Manufacturer’s	  reputa1on	  is	  extremely	  important	  

Standards 
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•  Publica1on	  took	  almost	  a	  year	  longer	  than	  expected	  due	  to	  
disagreements	  among	  stakeholders	  

•  Tes1ng	  for	  a	  minimum	  of	  6000	  hours	  
•  Lumen	  deprecia1on	  of	  devices,	  not	  the	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

luminaires	  
•  Measurements	  made	  at	  specific	  drive	  currents	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

and	  three	  different	  case	  temperatures	  
–  55OC,	  85OC	  and	  manufacturer’s	  choice	  for	  third	  temperature	  

•  Does	  not	  specify	  how	  to	  extrapolate	  LED	  life1me	  

IESNA	  LM-‐80-‐08	  –	  Measuring	  lumen	  deprecia1on	  

Standards 
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CALiPER	  Round	  10	  data,	  www.ssl.energy.gov/caliper.html	  
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Measuring	  LED	  Life1me	  –	  Variability	  in	  early	  performance	  

Standards 
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•  It	  is	  difficult	  to	  predict	  the	  long	  term	  performance	  of	  a	  device	  
with	  only	  early	  life1me	  data	  

6,000	  Hours	  
of	  data	  

34,800	  Hours	  
of	  data	  

10,600	  Hours	  
of	  data	  

Almost 3.5 X’s longer 
predicted lifetime than 
the 6,000 hour results   Source:	  	  Cree	  

Standards 

Measuring	  LED	  Life1me	  –	  This	  variability	  can	  dras1cally	  effect	  results	  	  
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Standards 
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One	  set	  of	  LM-‐80	  data	  
Two	  different	  curves	  
Two	  different	  life1mes	  

Lumen	  Maintenance	  versus	  Hours	  
A	  par1cular	  LED	  at	  85OC	  

Problem	  -‐	  There	  is	  no	  
method	  given	  to	  
connect	  the	  dots	  

Standards	  –	  “Tested”	  to	  LM-‐80	  
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Standards 

Standards	  –	  TM-‐21	  the	  missing	  part	  of	  LM-‐80	  
• LM-‐79-‐08	  	  	  	  Approved	  Method:	  	  Electrical	  and	  
Photometric	  Measurements	  of	  Solid-‐State	  
Ligh&ng	  Products	  

	  –	   	  Describes	  tes1ng	  procedure	  for	  evalua1ng	  light	  
	  distribu1on	  from	  LED-‐based	  luminaires 

• LM-‐80-‐08	  	  	  	  Approved	  Method	  for	  Measuring	  
Lumen	  Deprecia&on	  of	  LED	  Light	  Sources	  

–	  	  Describes	  tes1ng	  procedure	  for	  measuring	  lumen	  
	  deprecia1on	  of	  LED	  devices	  

–  Does	  not	  describe	  how	  to	  evaluate	  data	  taken	  	  

• ANSI	  C78.377-‐2008	  	  	  A	  Specifica&ons	  for	  the	  Chroma&city	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  of	  
Solid-‐State	  Ligh&ng	  Products	  for	  Electric	  Lamps	  

	  –	   	  Describes	  binning	  structure	  to	  specify	  LED	  device	  colors 

• TM-‐21-‐11	  	  	  	  Projec&ng	  Long	  Term	  Lumen	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Maintenance	  of	  LED	  Light	  Sources	  

–	  	  Provides	  an	  approved	  method	  for	  es1ma1ng	  the	  	  light	  loss	  over	  
1me	  for	  an	  LED	  
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Standards 

•  Ini1al	  data	  variability	  (i.e.,	  “hump”)	  is	  difficult	  
for	  models	  to	  evaluate	  (0-‐1000	  hr).	  	  Later	  
data	  exhibits	  more	  characteris1c	  decay	  curve	  
of	  interest	  
–  Non-‐chip	  decay	  (encapsulant,	  etc.)	  occurs	  early	  

and	  with	  varying	  effects	  on	  decay	  curve	  
–  Later	  decay	  is	  chip-‐driven	  and	  rela1vely	  consistent	  

with	  exponen1al	  curve	  
–  Verifica1on	  with	  long	  dura1on	  data	  sets	  (>10,000	  

hr)	  shows	  beRer	  model	  to	  reality	  fit	  with	  with	  last	  
5000	  hours	  of	  10,000	  hour	  data	  

	  	  

•  For	  6,000	  (LM-‐80	  minimum)	  and	  up	  to	  
10,000	  hours	  of	  data	  use	  the	  last	  5,000	  
hours;	  	  

•  For	  >	  10,000	  hours	  use	  the	  last	  ½	  of	  the	  
collected	  data	  

The	  Fix	  for	  LM-‐80	  –	  TM-‐21	  	  

Material courtesy Erik Richman, PNNL 
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•  Purpose	  is	  to	  specify	  the	  range	  of	  chroma1ci1es	  
recommended	  for	  general	  ligh1ng	  with	  Solid	  State	  Ligh1ng	  
products	  

•  Ensure	  that	  white	  light	  chroma1ci1es	  can	  be	  communicated	  
to	  consumers	  

•  Control	  circuitry	  and	  heat	  sinks	  incorporated	  in	  product	  
•  Both	  fixtures	  incorpora1ng	  light	  sources	  as	  well	  as	  integrated	  

LED	  lamps	  
•  Indoor	  ligh1ng	  applica1ons	  only	  
•  Products	  that	  inten1onally	  produce	  1nted	  or	  colored	  light	  not	  

included	  

ANSI	  C78.377-‐2008	  –	  Chroma1city	  Standards	  

Standards 
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ANSI	  C78.377-‐2008	  –	  Chroma1city	  Standards	  

Specifies	  8	  different	  
standard	  color	  bins	  
for	  LEDs,	  based	  on	  a	  
7-‐step	  MacAdam	  
ellipse	  

Source:  ANSI C78.377-2008 

But	  as	  we	  have	  
previously	  seen,	  this	  
s1ll	  leaves	  a	  very	  
wide	  range	  in	  each	  
“bin”	  which	  is	  not	  
acceptable	  in	  many	  
ligh1ng	  applica1ons	  

Standards 
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“Spectrally	  Enhanced	  Ligh1ng”	  –	  Scotopic	  or	  photopic	  response?	  
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Standards	  use	  only	  photopic	  
response,	  but	  based	  on	  actual	  
ligh1ng	  environments,	  should	  

measurements	  really	  be	  a	  mixture	  
of	  the	  two	  curves?	  

Scotopic / Photopic Eye Response Curves 

Standards 
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•  White	  LEDs	  tend	  to	  be	  more	  efficient	  at	  higher	  CCT	  –	  cool	  white	  
devices	  typically	  have	  higher	  efficacies	  than	  warm	  white	  

•  For	  the	  same	  amount	  of	  light	  output	  (measured	  with	  a	  standard	  
illuminance	  meter),	  light	  sources	  with	  a	  higher	  CCT	  can	  have	  
been	  reported	  in	  some	  field	  surveys	  as	  appearing	  brighter	  in	  
outdoor	  environments	  than	  those	  with	  lower	  CCT	  	  
–  Poten1al	  energy	  savings	  because	  more	  efficient	  (higher	  CCT)	  LEDs	  

can	  be	  used,	  and	  the	  actual	  light	  output	  of	  the	  higher	  CCT	  source	  
can	  be	  decreased,	  while	  maintaining	  equivalent	  perceived	  
brightness	  

•  This	  has	  caused	  major	  discussions	  in	  the	  ligh=ng	  industry,	  
par=cularly	  with	  respect	  to	  LED	  outdoor	  street/area	  ligh=ng	  
–  The	  IES	  standards	  are	  s1ll	  based	  on	  photometric	  measurements	  

alone	  
–  Luminaire	  manufacturers	  publishing	  the	  S/P	  ra1o	  (scotopic/

photopic)	  

Spectrally	  Enhanced	  Ligh1ng	  –	  Why	  is	  this	  important	  for	  LEDs?	  

Standards 
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Spectrally	  Enhanced	  Ligh1ng	  –	  Mesopic	  region	  response?	  
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Scotopic	  Response	  V’(λ)	  

Photopic	  Response	  V(λ)	  

Vm(λ)	  =	  (1	  –	  x)	  V’(λ)	  	  +	  	  x	  V(λ)	  

X	  is	  a	  func1on	  of	  the	  light	  intensity	  with	  at	  least	  
two	  different	  views	  of	  how	  it	  should	  be	  related.	  	  
The	  solid	  lines	  are	  from	  the	  CIE	  (MOVE)	  and	  
doRed	  lines	  are	  from	  LRC	  (Rea).	  	  Blue	  lines	  are	  
for	  sources	  with	  high	  radiant	  power	  in	  the	  
short	  wavelengths	  and	  yellow	  for	  sources	  with	  
low	  radiant	  power	  in	  the	  short	  wavelengths	  

Standards 
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Standards 

Pilot,	  Pilot,	  Pilot	  
•  Without	  a	  proven	  means	  of	  predic1ng	  long-‐term	  performance	  

of	  LED	  products	  (not	  just	  the	  LED	  devices),	  running	  pilot	  
programs	  offers	  some	  means	  of	  reducing	  the	  risk	  

•  Examples	  of	  issues	  from	  DOE’s	  Gateway	  program	  
–  I35	  Bridge	  –	  op1c	  coupling	  issue	  
–  San	  Francisco	  Street	  –	  cut-‐off	  was	  too	  sharp	  for	  residents	  
–  Intercon1nental	  Hotel	  –	  flickering	  due	  to	  dimming	  circuit	  incompa1bility	  
–  FDR	  Drive	  –	  failures	  included	  flickering	  as	  well	  as	  simple	  water	  intrusion	  
–  Wal-‐Mart	  –	  management	  not	  sa1sfied	  with	  performance	  on	  asphalt	  lots	  
–  Nike	  –	  false	  triggering	  increased	  propor1onally	  to	  wind	  speed	  

Other	  than	  Standards	  –	  Ways	  to	  reduce	  risk	  
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Break	  
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Standards 
	  
	  

Underwriters	  Laboratories,	  one	  of	  the	  major	  safety	  lis1ng	  agencies	  in	  the	  
United	  States,	  has	  spent	  considerable	  effort	  trying	  to	  understand	  how	  to	  
evaluate	  and	  list	  LED	  equipment	  and	  LED-‐based	  luminaires.	  

•  Originally	  LED	  luminaires	  were	  tested	  under	  1598	  as	  incandescent	  lamps	  
•  New	  8750	  Outline	  of	  Inves1ga1on	  “Light	  Emi|ng	  Diode	  (LED)	  Light	  

Sources	  for	  Use	  in	  Ligh1ng	  Products”	  was	  issued	  in	  January	  2007	  
•  Converted	  to	  Standard	  8750	  “Light	  Emi|ng	  Diode	  (LED)	  Equipment	  for	  

Use	  in	  Ligh1ng	  Products”	  was	  issued	  in	  November	  2009	  
•  LED	  drivers	  are	  covered	  by	  UL	  8750,	  but	  can	  also	  be	  listed	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

(as	  appropriate)	  under:	  
–  	  UL	  1012	  –	  Power	  units	  other	  than	  Class	  2	  
–  UL	  1310	  –	  Class	  2	  Power	  units	  
–  UL	  61950-‐1	  –	  The	  Standard	  for	  Informa1on	  Technology	  Equipment	  

	   	   	  	  	  Part	  1:	  General	  Requirements,	  UL	  60950-‐1	  

•  UL	  8750	  requirements	  supplement	  exis1ng	  end-‐product	  requirements	  

Standards	  –	  Agency	  Lis1ngs	  (US)	  
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Standards 

•  From	  previous	  discussion	  LED	  devices	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
have	  highly	  direc1onal	  light	  output	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
unlike	  conven1onal	  light	  sources	  	  

	  

•  In	  direc1onal	  fixtures	  such	  as	  
	  downlights,	  this	  results	  in	  much	  
	  less	  wasted	  light	  trapped	  in	  the	  fixture	  

LED	  Light	  Output	  –	  “Equivalent”	  to	  conven1onal	  sources?	  
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Standards 

Defini1ons	  
•  Corresponding	  or	  virtually	  iden1cal,	  especially	  in	  effect	  or	  

func1on	  
•  A	  state	  of	  being	  essen1ally	  equal	  
•  Like	  in	  significa1on	  or	  import	  
•  A	  person	  or	  thing	  equal	  to	  another	  in	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

value	  or	  measure	  or	  force	  or	  effect	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
or	  significance	  etc.	  

	  

The	  Word	  “Equivalent”	  

Are	  these	  two	  balconies	  equivalent?	  
Maybe	  not	  
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Standards 

The	  Word	  “Equivalent”	  
Incandescent	  lamp	  light	  output	  can	  be	  accurately	  conveyed	  by	  lis1ng	  the	  lamp’s	  power	  (waRage)	  

LED-‐based	  lamps	  do	  not	  show	  the	  same	  linear	  rela1onship	  due	  to	  the	  differences	  in	  device	  efficacy	  

Source:	  	  LED	  Transforma1ons	  
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The confusion and misinformation resulting                                                      
from the use of this “equivalent” approach                                                                          
makes having useful standards more critical 

Standards 

Since	  LED	  technology	  is	  different	  from	  most	  other	  light	  sources,	  the	  
industry	  feels	  it	  necessary	  to	  sell	  LED	  products	  by	  talking	  about	  
“equivalency”	  

•  Do	  manufacturers	  compare	  150W	  incandescent	  lamps	  to	  4’	  T8	  
fluorescent	  tubes?	  

•  Do	  ligh1ng	  designers	  specify	  landscape	  walkway	  lights	  based	  on	  what	  
frac1on	  of	  a	  400W	  Metal	  Halide	  the	  light	  puts	  out?	  

•  Or	  how	  about	  this	  for	  specifying	  the	  output	  of	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
a	  HID	  highbay….	  

Equivalence	  –	  Defining	  the	  term	  
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2x4 parabolic louver 
Fluorescent T8 
 
0.92 LLD 
0.95 LDD 
0.88 BF (n/a) 
 
0.65 W/ft2 

25 fc (average) 
1.9 max/min 

Source:	  	  Tuenge	  &	  Myer,	  DOE	  PNNL	  

The	  Word	  “Equivalent”	  –	  Fluorescent	  replacements	  

Standards 
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2x4 parabolic louver 
LED Replacements 
 
0.70 LLD 
0.95 LDD 
1.00 BF 
 
0.44 W/ft2 

10 fc (average) 
2.3 max/min 

Source:	  	  Tuenge	  &	  Myer,	  DOE	  PNNL	  

The	  Word	  “Equivalent”	  –	  Fluorescent	  replacements	  

Standards 
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60 W Incandescent (800 lumens) 

12 W LED (800 lumens) 

8 W LED (430 lumens) 

13 W CFL (820 lumens) 

Note	  the	  
lack	  of	  

downward	  
light	  	  

The	  Word	  “Equivalent”	  –	  LED	  vs.	  conven1onal	  sources	  

Standards 
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Evidently there is a new standard for the light output of 
a 60W incandescent lamp (which previously put out 

around 800 lumens) 

Obviously photons from 
LED must be more 

visible than those from 
incandescent sources 

so you need less 

Standards 

The	  Word	  “Equivalent”	  –	  Of	  course	  you	  can	  just	  lie!	  
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Standards 

Energy	  Saving	  Concept:	  
	  

•  Replace	  every	  150W	  incandescent	  lamp	  with	  a	  75W	  lamp	  
–  Energy	  savings	  will	  be	  50%	  
–  Cost	  will	  be	  about	  $1.00	  per	  lamp	  

•  Replace	  every	  100W	  incandescent	  lamp	  with	  a	  60W	  lamp	  
–  Energy	  savings	  will	  be	  40%	  
–  Cost	  will	  be	  about	  $1.00	  per	  lamp	  

•  For	  even	  more	  energy	  savings,	  unscrew	  the	  lamp!	  

Marke1ng	  Phrases	  –	  “Comparable	  to	  what?”	  
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An	  example	  of	  “equivalent”	  –	  MR-‐16	  

•  Dozens	  of	  manufacturers	  are	  offering	  LED	  replacements	  for	  halogen	  MR-‐16	  lamps.	  
•  Many	  of	  these	  claim	  to	  be	  “equivalent”	  to	  35W	  or	  50W	  halogen	  lamps.	  However...	  
	  
“In	  CALiPER	  tes&ng	  to	  date,	  the	  performance	  of	  LED	  MR16	  replacement	  lamps	  varied	  greatly.	  Power	  usage	  for	  the	  LED	  
replacements	  is	  considerably	  lower	  than	  for	  halogen	  MR16	  lamps.	  However,	  light	  output	  and	  intensity	  for	  the	  tested	  LED	  
products	  falls	  significantly	  short	  of	  the	  halogen	  benchmark	  levels,	  limi&ng	  the	  usefulness	  of	  LED	  MR16	  lamps	  as	  a	  one-‐for-‐one	  
replacement	  in	  typical	  highligh&ng	  and	  accent	  applica&ons.”	  	  	  	  	  	  	  	  	   	   	  	  Source:	  	  CALiPER	  Benchmark	  Report	  Nov.	  
2008	  
	  
	  

	  

Standards 
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What	  happens	  when	  you	  dim	  an	  incandescent	  lamp?	  
–  Intensity	  of	  light	  is	  reduced	  
–  Color	  shi�s	  more	  to	  the	  red	  side	  of	  the	  spectrum	  as	  the	  
lamp	  filament	  runs	  cooler	  

–  Efficacy	  drops	  

What	  happens	  when	  you	  dim	  an	  LED	  replacement	  
lamp?	  
–  Depends	  on	  the	  dimmer	  and	  method	  of	  dimming	  
–  Color	  stays	  consistent	  
–  Efficacy	  stays	  constant	  or	  may	  even	  increase	  
–  It	  may	  not	  work	  at	  all!	  

Dimming	  –	  What	  do	  we	  expect	  to	  occur?	  

Standards 
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Energy	  savings	  	  =	  100%	  

Standards 

Dimming	  and	  Energy	  Savings	  –	  It	  is	  a	  s1ll	  a	  maRer	  of	  economics	  
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One	  method	  is	  to	  simply	  reduce	  the	  current	  going	  to	  the	  LEDs.	  
This	  is	  called	  ‘linear’	  or	  ‘analog’	  or	  ‘CCR’	  	  (constant	  current	  
reduc1on)	  dimming	  

	  

Light	  output	  is	  a	  func1on	  of	  the	  forward	  current	  
	  

Note	  that	  eye	  response	  is	  not	  a	  linear	  func1on.	  	  Reducing	  the	  
light	  output	  by	  50%	  will	  not	  result	  in	  the	  human	  observer	  
seeing	  a	  50%	  reduc1on.	  

Dimming	  –	  How	  to	  dim	  LEDs?	  

Standards 
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A	  second	  method	  consists	  of	  rapidly	  turning	  the	  LED	  on	  and	  off.	  	  
The	  longer	  the	  total	  off	  period,	  the	  dimmer	  the	  light	  appears.	  
The	  faster	  the	  on/off	  cycle	  rate,	  or	  PWM	  frequency,	  the	  less	  
likely	  flicker	  will	  be	  perceived.	  	  This	  is	  called	  pulse-‐width	  
modula1on	  	  (PWM)	  dimming.	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
Light	  output	  is	  directly	  propor1onal	  to	  the	  on	  1me.	  

Dimming	  –	  How	  to	  dim	  LEDs?	  

Standards 

0%	  

20%	  

40%	  

60%	  

80%	  

100%	  

120%	  

0	   20	   40	   60	   80	   100	  
Time (in msec) 
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50%	  Duty	  Cycle	  

0%	  

20%	  

40%	  

60%	  

80%	  

100%	  

120%	  

0	   20	   40	   60	   80	   100	  
Time (in msec) 

Average	  level	  

25%	  Duty	  Cycle	  
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Standards 

•  Because	  LED	  systems	  work	  differently	  from	  those	  of	  
incandescent	  lamps,	  dimming	  is	  o�en	  an	  issue	  

•  LED	  drivers	  must	  be	  designed	  to	  be	  compa1ble	  
	  with	  line-‐voltage	  dimmers	  (of	  which	  there	  are	  many	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
types)	  

–   	  Many	  line-‐voltage	  products	  not	  compa1ble	  (like	  CFLs)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  with	  certain	  dimmers	  	  

–  	   Many	  low	  voltage	  LED	  systems	  with	  certain	  step-‐down	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  transformers	  are	  not	  compa1ble	  with	  certain	  

	   	  dimmers	  
•  One	  dimmer	  manufacturer	  provides	  a	  matrix	  
	  showing	  compa1bility	  and	  func1onality	  with	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
various	  manufacturers’	  luminaires/or	  drivers	  

Dimming	  Issues	  –	  Poten1al	  Problems	  
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At	  lower	  frequencies	  (typically	  3	  –	  70	  Hz),	  it	  can	  be	  a	  health	  hazard	  
to	  people	  with	  photosensi1vity	  (0.025%	  of	  the	  popula1on)	  
possibly	  resul1ng	  in	  epilep1c	  seizures.	  	  The	  response	  	  depends	  
on	  the	  following	  characteris1cs	  

•  Brightness	  of	  light	  
•  Contrast	  with	  background	  illumina1on	  
•  Percentage	  of	  the	  re1na	  receiving	  the	  	  

	  s1mula1on	  
–  More	  sensi1ve	  in	  the	  central	  vision	  

•  Wavelength	  of	  light	  

	  
	  

	  

Source:  Draft of IEEE PAR1789 

Dimming	  Issues	  –	  Danger	  of	  flicker	  

Standards 
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There	  are	  a	  number	  of	  different	  types	  of	  ligh1ng	  controls,	  each	  with	  its	  own	  
advantages	  and	  disadvantages	  

•  Power	  line	  or	  Phase-‐cut	  
–  Leading	  edge	  or	  Forward	  Phase	  

§  Largest	  (by	  far)	  installed	  base	  
§  Historically	  designed	  for	  incandescent	  sources	  
§  Works	  fine	  with	  sources	  on	  magne1c	  low	  voltage	  transformers	  

–  Trailing	  edge	  or	  Reverse	  Phase	  
§  Much	  smaller	  installed	  base	  
§  Historically	  designed	  for	  sources	  on	  electronic	  low	  voltage	  transformers	  
§  Nearly	  always	  requires	  a	  neutral	  wire	  

–  When	  using	  this	  type	  of	  control	  
•  Make	  sure	  product	  conforms	  to	  exis1ng	  standards	  
•  Verify	  compa1bility	  with	  manufacturers	  

•  0	  –	  10	  V	  (Three	  Wire)	  
–  Separate	  control	  and	  power	  signals	  
–  Precise,	  less	  prone	  to	  noise,	  but	  requires	  3rd	  wire	  

•  DALI	  Digital	  Control	  
•  DMX	  512	  Digital	  Control	  

Other	  Ligh1ng	  Controls	  –	  Types	  of	  ligh1ng	  control	  

Perceived	  versus	  actual	  dimming	  level	  

Standards 
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Course Outline 

1.  Introduc1on	  –	  Why	  should	  I	  care	  about	  LEDs?	  
2.  Life1me	  and	  Cost	  –	  A	  cri1cal	  rela1onship	  for	  LEDs	  
3.  What's	  Different	  –	  LED	  technology	  as	  compared	  to	  

tradi1onal	  light	  sources	  
4.  Technology	  Limita1ons	  –	  Characteris1cs	  to	  be	  aware	  of	  

with	  solid-‐state	  ligh1ng	  
5.  Standards	  –	  The	  need	  for	  new	  metrics	  

	   	   	   	   	  Break	  

6.  Applica1ons	  –	  What	  are	  the	  good	  ones?	  
7.  LED	  Products	  –	  Where	  to	  turn	  for	  guidance	  
8.  Items	  of	  Importance	  to	  Building	  Owners/Facility	  Mgrs	  
9.  Final	  Thoughts	  –	  Some	  general	  rules	  
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Applications 

Outdoors	  –	  Temperature	  and	  Street	  &	  Area	  Ligh1ng	  

-‐15.0	  

-‐10.0	  

-‐5.0	  

0.0	  
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10.0	  

15.0	  
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30.0	  
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s	  C
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si
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Average	  Daily	  Minimum	  Temperature	  

ME	  
NJ	  
FL	  
TX	  
CA	  
WA	  
HI	  
AK	  

Data	  from	  1971	  thru	  2000	  

Source:  NOAA 

Average nighttime 
temperature is 
well within 
reasonable 
limits for LEDs 

Units typically do 
not operate 
during daylight 
hours 
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Applications 

Cold	  Areas	  –	  Cold	  Storage	  &	  Freezer	  Cases	  
Source:  GreenLight Initiative 

Light	  output	  and	  
power	  consump1on	  
increase	  slightly	  at	  
lower	  temperatures	  

Source:  Lumileds Unlike	  fluorescent	  sources	  which	  produce	  
less	  light	  at	  lower	  temperatures	  
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Applications 

Which	  of	  these	  two	  devices	  looks	  more	  likely	  to	  survive	  a	  vandal	  
aRack	  in	  a	  school	  or	  prison?	  

Vandal	  Prone	  Areas	  –	  Small	  size	  helps	  

LED	  Emergency	  Light	   Tradi1onal	  Emergency	  Light	  

Again	  taking	  
advantage	  of	  
LED’s	  small	  size	  
and	  direc1onality	  

Source:	  	  Dual-‐Lite	  
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Applications 

With	  no	  filament	  or	  electrodes	  to	  break,	  LEDs	  offer	  significant	  
improvement	  over	  conven1onal	  light	  sources	  in	  high	  vibra1on	  
and	  shock	  environments	  

Vibra1on	  Resistance	  –	  Less	  chance	  of	  catastrophic	  failure	  

Interior	  of	  the	  Boeing	  787	  Dreamliner	  

Wing1p	  light	  of	  an	  Eclipse	  VLJ	  

Source:	  	  LED	  Transforma1ons	  
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Applications 

Source	  Cree	  

Downlight	  –	  Good	  	  

LED	  	  948W	  

Incandescent	  5,135	  W	  

LED	  (2	  Years	  Later)	  

Friendly’s	  Restaurant,	  Wes�ield	  MA	  

Makes	  use	  of	  direc=onality	  
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Applications 

Good	  Ones	  –	  Freezer	  Cases	  

Fluorescent	  	  	  	  	  	  LED	  
Albertson’s	  Grocery,	  Eugene	  OR	  

Stop	  ‘n	  Shop,	  Raritan	  NJ	  

Albertson’s	  results	  are	  part	  of	  a	  Gateway	  demonstra1on	  program	  available	  at:	  
hRp://apps1.eere.energy.gov/buildings/publica1ons/pdfs/ssl/gateway_freezer-‐case.pdf	  

LEDs	  performance	  improves	  	  
at	  lower	  temperatures	  

ssl.energy.gov	  

Source:	  	  LED	  Transforma1ons	  

Gateway	  Report	  
October	  2009	  
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•  Street	  and	  Roadway	  Ligh1ng	  
–  Oakland,	  	  CA	  
–  San	  Francisco,	  	  CA	  
–  Minneapolis,	  MN	  

•  Walkway	  Ligh1ng	  
–  Atlan1c	  City,	  	  NJ	  

•  Parking	  Lots	  and	  Garages	  
–  West	  Sacramento,	  CA	  
–  Portland,	  	  OR	  

HPS 

Phase	  III	  LED	  

Phase	  II	  LED	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Luminaire	  Type
Initial	  

Investment
Incremental	  

Cost
Annual	  
Savings

Simple	  
Payback	  
(Years)

Initial	  
Investment

Incremental	  
Cost

Annual	  
Savings

Simple	  
Payback	  
(Years)

$346.00 $0
Phase	  II	  LED	  (vs.	  HPS	  with	  Spot) $833.00 $487.00 $42 11.6 $833 $833 $42 19.8
Phase	  II	  LED	  (vs.	  HPS	  with	  Group) $833 $487 $33 14.9 $833 $833 $33 25.5
Phase	  III	  LED	  (vs.	  HPS	  with	  Spot) $605 $259 $52 5 $605 $605 $52 11.6
Phase	  III	  LED	  (vs.	  HPS	  with	  Group) $605 $259 $43 6.1 $605 $605 $43 14.2

New	  Construction Retrofit

HPS

Street	  and	  Area	  Ligh1ng	  –	  Some	  Demonstra1on	  Programs	  

Applications 

ssl.energy.gov	  

Gateway	  Report	  
Phase	  II	  January	  2008	  

Phase	  III	  November	  2008	  
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•  Street	  and	  Roadway	  Ligh1ng	  
–  Oakland,	  	  CA	  
–  San	  Francisco,	  	  CA	  
–  Minneapolis,	  MN	  

•  Walkway	  Ligh1ng	  
–  Atlan1c	  City,	  	  NJ	  

•  Parking	  Lots	  and	  Garages	  
–  West	  Sacramento,	  CA	  
–  Portland,	  	  OR	  

	  	   New	  Construc=on	   Retrofit	  

Luminaire	   Simple	  Payback	  
(Years)	   15-‐Year	  NPV	   Simple	  Payback	  

(Years)	   15-‐Year	  NPV	  

Mfg	  1	   6.3	   $306.72	   10.8	   $99.72	  

Mfg	  2	   13.3	   -‐$16.09	   18.1	   -‐$223.09	  

Mfg	  3	   3.7	   $512.32	   7.4	   $305.34	  

Mfg	  4	   15.3	   -‐$96.43	   20.4	   -‐$303.43	  

HP Sodium LED Mfg. 1 

Street	  and	  Area	  Ligh1ng	  –	  Some	  Demonstra1on	  Programs	  

Applications 

ssl.energy.gov	  

Gateway	  Report	  
December	  2008	  
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Source:	  	  PG&E	  Emerging	  Technologies	  

Street	  and	  Area	  Ligh1ng	  –	  San	  Francisco	  Street	  Demonstra1on	  

Four	  city	  blocks	  were	  chosen	  and	  the	  HPS	  sources	  replaced	  with	  
different	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
manufacturer’s	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
LED	  products.	  
This	  is	  the	  view	  
originally	  with	  
high	  pressure	  
sodium	  

HPS	  

Applications 

ssl.energy.gov	  
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LEDs	  for	  Street	  and	  Area	  –	  San	  Francisco	  Street	  Demonstra1on	  

Source:	  	  PG&E	  Emerging	  Technologies	  

LED	  

The	  same	  view	  with	  LED	  fixtures	  

Applications 

ssl.energy.gov	  
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•  Will	  users	  accept	  the	  sharp	  cut-‐off	  that	  
LED	  sources	  can	  provide	  (e.g.	  street	  
lights,	  sidewalks;	  lampshades)?	  

•  Be	  cau1ous	  of	  light	  emiRed	  between	  	  	  
80O	  and	  90O	  –	  Contributes	  to	  disability	  
and	  discomfort	  glare	  

•  Is	  the	  environment	  over	  lit?	  
–  How	  much	  is	  spec	  and	  how	  much	  
habit?	  

•  How	  important	  is	  uniformity?	  
•  What	  effect	  does	  CCT	  have	  on	  

percep1on	  of	  brightness?	  

Be	  Careful	  What	  you	  ask	  for	  –	  You	  might	  get	  it	  

PG&E	  Emerging	  Technologies	  

Cut-off Extremes 

LED	  Transforma1ons,	  LLC	  

Applications 
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Applications 

Parking	  Lot	  (Manchester,	  NH)	  

Parking	  Lots	  –	  Demonstra1on	  

LED	   HPS	  

LED	  

ssl.energy.gov	  

Gateway	  Report	  
June	  2010	  



©2011	  LED	  Transforma1ons,	  LLC	   139	  

Applications 

15%	  energy	  
savings	  over	  
previous	  HPS	  

Source:	  	  Eric	  Haugaard,	  Ruud	  Ligh1ng	  

Source:	  	  Photonics	  Industry	  and	  
Technology	  Development	  Associa1on	  

Bridge	  Ligh1ng	  –	  Good	  	  

Makes	  use	  of	  direc=onality	   Gateway	  Report	  
August	  2009	  
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Applications 

LED	  Replaced	  400W	  MH	  at	  Cold	  Storage	  Facili=es	  
-‐90%	  Ligh1ng	  Energy	  Saved	  With	  Mo1on	  Sensors	  
-‐Eliminated	  High	  Cost	  Maintenance	  
-‐Improved	  Visual	  Acuity	  on	  Racks	  	  

LED	  Cove	  Ligh=ng	  In	  Resort	  Casino	  
-‐30%	  Energy	  Saved	  vs.	  Proposed	  Neon	  
-‐No	  Mercury,	  Recyclable	  =	  Green	  Value	  for	  Hotel	  

Makes	  use	  of	  small	  form	  factor	  

Cove	  Ligh1ng	  –	  Good	  	  

Source:	  	  GreenLight	  Ini1a1ve	  
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Led	  Downlights	  Used	  in	  Hotel	  Lobby	  
-‐30%	  Energy	  Saved	  over	  CFL	  
-‐BeRer	  Uniformity	  
-‐Fully	  Dimmable	  

Directionality helps 
in downlight  applications 

Source:	  	  GreenLight	  Ini1a1ve	  

Good	  Ones	  –	  Indoor	  Commercial	  Downlights	  

Applications 
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Applications 

Task	  Lights	  /	  Bollards	  –	  Good	  	  

Makes	  use	  of	  direc=onality	  
and	  small	  form	  factor	  

Source:	  	  Philips	  Gardco	  

Source:	  	  Lightscape	  Concepts	  &	  Design	  

Source	  Luximo	  
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•  For	  the	  Home	  
–  Downlights/Recessed	  Cans	  
–  Floor	  or	  Table	  Lamps	  
–  Wall	  Sconces	  
–  Night	  Lights	  

•  Key	  Benefits	  and	  Limita1ons	  
–  High	  costs	  of	  fixtures,	  less	  1me	  of	  

use	  than	  Commercial	  Interiors	  
and	  savings	  are	  usually	  during	  
off-‐peak	  hours.	  

–  LEDs	  are	  less	  efficient	  at	  warm	  
colors	  (<3500K)	  than	  at	  cool	  
colors	  (>4100K).	  

	  

LEDs	  for	  Residen1al	  Interiors	  –	  Overview	  

Applications 
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Lamp	  
Watts

Unit	  Cost Hrs/Day Annual	  
kWh

Electricity	  	  
Cost/Yr

Replacement	  
Lamp	  

Cost/year

Annual	  
Operating	  

Cost

LED	  
Payback

LED	  Fixture 10 $140.00 4 14.6 $0.11 -‐-‐ $1.61 -‐-‐
Halogen	  (Low	  Level) 60 $80.00 4 87.6 $0.11 $6.12 $15.76 4.2
Halogen	  (High	  Level) 105 $80.00 4 153.3 $0.11 $6.12 $22.96 2.8
LED	  Module	  (LR-‐6) 12 $95.00 3 13.1 $0.11 -‐-‐ $1.45 -‐-‐

BR30 65 $3.50 3 71.2 $0.11 3.5 $11.33 9.6
PAR38 75 $3.50 3 82.1 $0.11 $3.50 $12.53 8.6

Source:	  	  ssl.energy.gov/gatewaydemos.html	  

LEDs	  for	  Residen1al	  Interiors	  –	  Payback	  Es1mates	  

Applications 

Gateway	  Report	  
October	  2008	  
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LEDs	  for	  Residen1al	  Interiors	  –	  Undercounter	  

Source:	  	  Kichler	  Ligh1ng	  

CSL	  -‐	  Crea1ve	  Systems	  Ligh1ng	  

Applications 
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LEDs	  for	  Residen1al	  Interiors	  –	  Downlights	  

Source:	  	  Cree	  

Downlights	  make	  excellent	  use	  
of	  the	  direc1onality	  of	  LEDs	  

Applications 
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LEDs	  for	  Residen1al	  Interiors	  –	  Downlights	  

NC State University Student Housing 

Source:	  	  Cree	  

Applications 
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•  Reflector	  Lamps	  
–  PARs	  
–  Floods	  
–  MR16s	  

•  Incandescent	  
–  Standard	  A-‐lamp	  
–  Decora1ve	  lamps	  

•  Fluorescent	  Tubes	  
•  Key	  Benefits	  and	  Limita1ons	  

–  Long	  life	  and	  high	  efficiency	  
–  No	  mercury	  
–  Lamp	  envelope	  of	  replaced	  technology	  limits	  the	  design	  of	  the	  LED	  system	  (i.e.	  

Heatsinks,	  op1cs,	  total	  output,	  etc.)	  

	  

LED	  Replacement	  Lamps	  –	  Many	  types	  

Applications 
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Applications 

Makes	  use	  of	  small	  
form	  factor	  and	  high	  
efficacy	  

Wide	  range	  of	  product	  
performance	  available,	  
from	  good	  to	  poor	  

Good	  Ones	  &	  Bad	  Ones	  –	  Incandescent	  replacement	  lamps	  
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Applications 

Good	  Ones	  &	  Bad	  Ones	  –	  Incandescent	  replacement	  lamps	  

60	  W	  incandescent	  

Un1l	  recently,	  LED	  replacement	  lamps	  did	  not	  match	  the	  
lumen	  output	  of	  the	  incandescent	  lamps	  they	  are	  to	  replace	  

Source:	  	  Brodrick,	  L	  Prize	  Update,	  Ligh�air	  2010	  



©2011	  LED	  Transforma1ons,	  LLC	   151	  

Good	  Ones	  &	  Bad	  Ones	  –	  Incandescent	  replacement	  lamps	  

Applications 

Source:	  	  Philips	  web	  site	  

Wednesday, August 3, 2011 (for immediate 
release): 
 
Washington, D.C.  – The U.S. Department of 
Energy today announced that Philips Lighting 
North America has won the 60-watt replacement 
bulb category of the Bright Tomorrow Lighting 
Prize (L Prize) competition.  The Department of 
Energy’s L Prize challenged the lighting industry 
to develop high performance, energy-saving 
replacements for conventional light bulbs that 
will save American consumers and businesses 
money.   
 

Submitted in 2009, the Philips LED bulb successfully 
completed 18 months of intensive field, lab, and product 
testing to meet the rigorous requirements of the L Prize 
competition – ensuring that performance, quality, lifetime, 
cost, and availability meet expectations for widespread 
adoption and mass manufacturing.  If every 60-watt 
incandescent bulb in the U.S. was replaced with the 10-watt 
L Prize winner, the nation would save about 35 terawatt-
hours of electricity or $3.9 billion in one year and avoid 20 
million metric tons of carbon emissions.   
 

	  	  

L	  Prize	  
Requirement	  

Philips	  Result	  
(average	  for	  	  	  	  	  	  	  	  	  	  	  	  
200	  units)	  

	  Luminous	  flux	  (lumens)	   >	  900	  lm	   910	  lm	  

	  WaRage	  (W)	   ≤	  10	  W	   9.7	  W	  

	  Efficacy	  (lm/W)	   >	  90	  lm/W	   93.4	  lm/W	  

	  Correlated	  color	  temperature	  (CCT)	   2700	  –	  3000	  K	   2727	  K	  

	  Color	  rendering	  index	  (CRI)	   >	  90	   93	  

Source:	  	  DOE	  LPrize	  FAQs	  

And	  the	  winner	  is…	  
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Good	  Ones	  &	  Bad	  Ones	  –	  Low	  waRage	  MR-‐16s	  (<20W)	  

Applications 

Hotel	  recep1on	  area	  
San	  Francisco	  CA	  

Source:	  	  LED	  Transforma1ons	  
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Applications 

High	  Power	  MR-‐16s	  –	  Not	  So	  Good	  	  

Halogen versus LED-based MR-16 test results 
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Applications 

Things	  to	  watch	  out	  for:	  
	  

l  CCT	  of	  halogen	  is	  typically	  2800-‐3100K.	  	  LED	  CCT	  ranges	  from	  2800	  to	  7000K.	  
l  WaRage	  of	  LED	  product	  ranges	  from	  1W	  to	  10W.	  
l  Efficacy	  is	  generally	  higher,	  but	  total	  lumens	  is	  much	  lower.	  
l  Apples	  to	  oranges.	  Need	  to	  compare	  beam	  angle	  and	  candela	  ra1ngs!!	  
l  Life1me	  claims	  do	  not	  match	  warranty.	  How	  does	  a	  product	  rated	  for	  50k	  hours	  	  

	  only	  come	  with	  a	  ONE	  year	  warranty?	  
l  Voltage	  compa1bility:	  Some	  products	  only	  work	  on	  AC	  or	  DC,	  or	  put	  out	  more	  light	  
at	  DC	  than	  AC.	  

l  Transformer	  and	  dimmer	  compa1bility:	  many	  products	  don’t	  dim,	  dim	  poorly,	  and/
or	  won’t	  work	  at	  all	  with	  certain	  types	  of	  electronic	  transformers.	  Read	  the	  fine	  
print!”	  

l  Thermal	  issues:	  Output	  and/or	  life1me	  may	  degrade	  severely	  in	  enclosed	  fixtures!	  
l  Cost	  is	  10	  1mes	  or	  more	  higher	  than	  a	  halogen	  equivalent.	  

Not	  so	  Good	  Ones	  –	  High	  waRage	  MR-‐16	  (>20W)	  
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Applications 

Lamp	  performance	  highly	  dependent	  on	  applica1on/environment	  

Enclosures	  –	  Can	  have	  major	  effect	  on	  lamp	  performance	  

Open	  environment	  –	  Tj	  =	  79.1OC	   Closed	  environment	  –	  Tj	  =	  97.4OC	  

Higher	  temperature	  results	  in	  lower	  light	  output	  and	  shorter	  life	  

Source:	  	  Michael	  Poplawski,	  PNNL	  
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In	  general	  solar	  powered	  luminaires	  are	  an	  
excellent	  applica1on	  for	  SSL	  technology	  
since	  LEDs	  are	  low	  voltage	  DC	  devices.	  

What	  makes	  most	  LED	  walkway	  ligh1ng	  
products	  unsa1sfactory	  is	  the	  use	  of	  low	  
output	  5mm-‐type	  LEDs.	  	  A	  7W	  
tradi1onal	  incandescent	  bulb	  typically	  	  	  	  

	  puts	  out	  about	  18	  lumens	  
	  versus	  the	  small	  LED	  which	  
	  may	  put	  out	  around	  3	  lumens.	  

Makes use of small form 
factor and high efficacy 

Good	  Ones	  &	  Bad	  Ones	  –	  Solar	  Powered	  Walkway	  Lights	  

Applications 
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Applications 

What	  makes	  this	  category	  controversial?	  
•  Efficacy	  of	  tradi1onal	  fluorescent	  tubes	  are	  on	  a	  par	  with	  present	  LED	  

technology	  –	  about	  100	  lumens/WaR	  
•  Fluorescent	  tube	  cost	  is	  much	  less	  that	  that	  of	  LEDs	  	  

–  $0.0008/lumen	  (linear	  fluorescent)	  	  
–  $0.014/lumen	  (LED	  device)	  

•  Overall	  energy	  efficiency	  is	  highly	  dependent	  on	  the	  fixture	  in	  which	  the	  
LED	  replacement	  tube	  is	  used	  

•  Much	  of	  the	  LED	  replacement	  tube	  tes1ng	  lags	  the	  average	  performance	  
of	  current	  product	  offerings	  

•  Varia1ons	  in	  wiring	  configura1on	  requirements	  for	  products	  currently	  on	  
the	  market,	  some	  of	  which	  have	  recently	  been	  determined	  to	  be	  unsafe	  
by	  CSA,	  and	  as	  a	  result	  not	  eligible	  for	  CSA	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
lis1ng	  

Controversial	  Ones	  –	  LED	  linear	  fluorescent	  replacements	  
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Applications 

Fluorescent	  Replacements	  –	  Depends	  	  

2x2 parabolic 
Fluorescent T8U 
 
0.92 LLD 
0.95 LDD 
0.94 BF (n/a) 
 
0.64 W/ft2 

20 fc (average) 
2.5 max/min 

Source:	  	  Tuenge	  &	  Myer,	  DOE	  PNNL	  
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Applications 

Fluorescent	  Replacements	  –	  Depends	  	  

2x2 lensed 
Integral LED 
 
0.70 LLD 
0.95 LDD 
1.00 BF  
 
0.45 W/ft2 

17 fc (average) 
2.6 max/min 

Source:	  	  Tuenge	  &	  Myer,	  DOE	  PNNL	  
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In	   this	   case,	   from	   about	  
18,000	   hours	   on,	   the	   LED	  
produces	   less	   light	   than	  
any	   of	   the	   fluorescent	  
tubes	  

Controversial	  Ones	  –	  Lamp	  lumen	  deprecia1on	  comparison	  

Applications 
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•  Replacing	  a	  low	  efficacy	  light	  source	  
–  Incandescent	  
–  Halogen	  

•  Replacing	  a	  fixture	  type	  with	  low	  op1cal	  efficiency	  
–  Downlights	  
–  Exterior	  bollards	  
–  Louvered	  products	  
–  Other	  direc1onal	  fixtures	  

•  As	  device	  efficacy	  increases	  and	  costs	  come	  down,	  this	  list	  will	  
expand	  to	  encompass	  most	  tradi1onal	  ligh1ng	  sources	  

What	  Makes	  a	  Good	  Applica1on	  –	  Based	  on	  current	  device	  efficacy	  

Applications 
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Course Outline 

1.  Introduc1on	  –	  Why	  should	  I	  care	  about	  LEDs?	  
2.  Life1me	  and	  Cost	  –	  A	  cri1cal	  rela1onship	  for	  LEDs	  
3.  What's	  Different	  –	  LED	  technology	  as	  compared	  to	  

tradi1onal	  light	  sources	  
4.  Technology	  Limita1ons	  –	  Characteris1cs	  to	  be	  aware	  of	  

with	  solid-‐state	  ligh1ng	  
5.  Standards	  –	  The	  need	  for	  new	  metrics	  

	   	   	   	   	  Break	  

6.  Applica1ons	  –	  What	  are	  the	  good	  ones?	  
7.  LED	  Guidance	  –	  Where	  to	  turn	  for	  help	  
8.  Items	  of	  Importance	  to	  Building	  Owners/Facility	  Mgrs	  
9.  Final	  Thoughts	  –	  Some	  general	  rules	  
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LED Guidance  

The	  DOE	  CALiPER	  program	  supports	  tes1ng	  of	  a	  wide	  array	  of	  
SSL	  products	  available	  for	  general	  illumina1on,	  using	  industry-‐
approved	  test	  procedures.	  	  CALiPER	  test	  results:	  	  
•  Guide	  DOE	  planning	  for	  SSL	  R&D	  and	  market	  introduc1on	  ac1vi1es,	  

including	  ENERGY	  STAR®	  program	  planning	  	  
•  Support	  DOE	  GATEWAY	  demonstra1ons	  and	  technology	  procurement	  

ac1vi1es	  	  
•  Provide	  objec1ve	  product	  performance	  informa1on	  to	  the	  public	  in	  the	  

early	  years,	  helping	  buyers	  and	  specifiers	  have	  confidence	  that	  new	  SSL	  
products	  will	  perform	  as	  claimed	  	  

•  Guide	  the	  development,	  refinement,	  and	  adop1on	  of	  credible,	  
standardized	  test	  procedures	  and	  measurements	  for	  SSL	  products	  	  

One	  Way	  to	  Determine	  What’s	  Good	  -‐	  CALiPER	  

ssl.energy.gov	  
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•  Dozens	  of	  manufacturers	  are	  offering	  LED	  replacements	  for	  
halogen	  MR-‐16	  lamps.	  

•  Many	  of	  these	  claim	  to	  be	  “equivalent”	  to	  35W	  or	  50W	  
halogen	  lamps.	  However...	  

“In	  CALiPER	  tes&ng	  to	  date,	  the	  performance	  of	  LED	  
MR16	  replacement	  lamps	  varied	  greatly.	  Power	  
usage	  for	  the	  LED	  replacements	  is	  considerably	  lower	  
than	  for	  halogen	  MR16	  lamps.	  However,	  light	  output	  
and	  intensity	  for	  the	  tested	  LED	  products	  falls	  
significantly	  short	  of	  the	  halogen	  benchmark	  levels,	  
limi&ng	  the	  usefulness	  of	  LED	  MR16	  lamps	  as	  a	  	  
one-‐for-‐one	  replacement	  in	  typical	  highligh&ng	  
and	  accent	  applica&ons.”	  

	  Source:	  	  CALiPER	  Benchmark	  Report	  Nov.	  2008	  

CALiPER	  –	  MR-‐16	  Example	  	  

ssl.energy.gov	  
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3	  -‐	  165	  

CALiPER	  –	  Replacement	  Lamps	  	  

LED Guidance  

Results	  from	  Round	  9	  CALiPER	  
tes1ng	  (October	  2009)	  show	  
that	  a	  large	  number	  of	  LED	  
product	  manufacturers	  are	  
s1ll	  not	  providing	  accurate	  
performance	  data	  

CALiPER	  results	  are	  available	  at:	  
hRp://www1.eere.energy.gov/buildings/ssl/caliper.html	  

ssl.energy.gov	  
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Ligh1ng	  Facts	  Label	  
Clear Representation of 
 

•   Light Output 
•   Power 
•   Efficacy 
•   Color 
   -  CRI 
   -  CCT 
 

Results verified by third 
party testing using LM-79 
testing methods 

ssl.energy.gov	  

Ligh1ng	  Facts	  Label	  –	  From	  DOE	  	  
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A	  slightly	  different	  label	  borrowing	  from	  the	  DOE	  version	  has	  
been	  designed	  by	  the	  Federal	  Trade	  Commission	  to	  be	  placed	  on	  
all	  new	  medium	  screw	  base	  lamps.	  	  Samples	  are	  shown	  below.	  

Ligh1ng	  Facts	  Label	  –	  From	  Federal	  Trade	  Commission	  	  

Front	  Label	  
Back	  Label	  

Back	  Label	  
(lamps	  containing	  mercury)	  

Labeling	  takes	  effect	  January	  2012	  

ssl.energy.gov	  
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Highlights	  of	  Luminaire	  Criteria	  (V1.0)	  
•  Energy	  Star	  is	  a	  voluntary	  criteria	  
•  Indoor	  luminaires	  shall	  have	  a	  minimum	  CRI	  of	  Ra>80	  	  
•  Requires	  zero	  off-‐state	  power	  draw	  for	  the	  fixture;	  if	  controlled	  then	  <	  1W	  
•  Lumen	  Maintenance:	  

—  Residen1al	  –	  25k	  hrs	  Indoor,	  35k	  hrs	  Outdoor	  
—  Commercial	  –	  35k	  hrs	  commercial	  	  

•  Power	  Factor:	  	  Products	  drawing	  less	  than/equal	  to	  5W	  require	  PF	  >	  0.5;	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Products	  drawing	  >	  5W	  require	  PF	  >	  0.7	  (residen1al),	  PF	  >	  0.9	  (commercial)	  

•  ENERGY	  STAR	  qualifica1on	  is	  not	  automa1cally	  granted	  for	  the	  life	  of	  a	  
product	  model	  	  

•  	  CCT	  shall	  be	  within	  one	  of	  the	  following	  groups:	  	  2700K,	  3000K,	  3500K,	  
4000K,	  5000K	  (commercial	  only)	  and	  within	  the	  ANSI	  C78-‐377-‐2008	  
chroma1city	  quadrangles	  

•  EPA	  is	  pursuing	  a	  technology-‐neutral	  criteria.	  	  These	  criteria	  take	  effect	  
April	  1,	  2012	  

	  

(Dropped	  4500K,	  5700K	  and	  6500K)	  

(Was	  Ra>75)	  

(Was	  <	  0.5W)	  

Red	  indicates	  present	  SSL	  Criteria	  (V1.3)	  

PF	  >	  0.5	  not	  previous	  included	  

Energy	  Star	  –	  SSL	  Luminaires	  

LED Guidance  
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•  Criteria	  was	  published	  December	  3,	  2009	  and	  became	  
effec1ve	  August	  10,	  2010	  

•  Scope	  
–  Omnidirec1onal	  replacement	  lamps	  
–  Direc1onal	  replacement	  lamps	  
–  Decora1ve	  lamps	  
–  Non-‐standard	  lamps	  	  
–  ANSI	  lamp	  bases	  

•  Not	  included	  in	  standard	  
–  Linear	  fluorescent	  replacement	  lamps	  
–  HIS	  replacement	  lamps	  

•  EPA	  has	  released	  a	  dra�	  of	  their	  technology-‐neutral	  
replacement	  criteria,	  planned	  for	  release	  in	  spring	  2012	  

Removal	  postponed	  1/19/11	  
removed	  11/15/10	  

LED Guidance  

Energy	  Star	  –	  Integral	  LED	  lamp	  requirements	  
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The	  Next	  Genera1on	  Luminaires™	  (NGL)	  Solid	  State	  Ligh1ng	  
(SSL)	  Design	  Compe11on	  was	  created	  to	  recognize	  and	  promote	  
excellence	  in	  the	  design	  of	  energy-‐efficient	  LED	  commercial	  
ligh1ng	  luminaires	  	  

ssl.energy.gov	  

NanoLED	  (Accent	  Light)	  
by	  USAI	  

Equo	  LED	  	  (Desk	  Lamp)	  	  	  	  	  	  	  	  	  	  
by	  Knocept	  Technologies,	  Inc	  

eW	  Burst	  Powercore	  
(Facade	  Ligh&ng)	  
by	  Philips	  Color	  Kine1cs	  

fraq&r™	  (Cove	  light)	  
	  by	  The	  Ligh1ng	  Quo1ent	  

Next	  Genera1on	  Luminaires™	  -‐	  2010	  Best	  in	  class	  winners	  

LED Guidance  
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Design	  Pro	  LED	  Broad	  Roof	  
LED	  Path	  &	  Spread	  Light	  

Kichler	  Ligh&ng	  

Aero	  4-‐Head	  Fixed	  Trackcope	  LED	  
Designers	  Fountain	  	  

ULTRA	  RT4	  
	  Osram	  Sylvania	  

H4	  LED	  4-‐inch	  
Adjustable	  Gimbal	  
Cooper	  Ligh&ng	  

Bernie	  Chairside	  Reading	  	  Lamp	  
Holtkö[er	  Interna&onal,	  Inc	  

CR4	  Downlight	  
Cree	  Ligh&ng	  

Versa1le	  Area	  /	  Wall	  Light	  
Lithonia	  Ligh&ng	  

Ligh1ng	  for	  Tomorrow	  -‐	  2011	  LED	  winners	  

LED Guidance  

ssl.energy.gov	  
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Gateway	  Program	  –	  Demonstra1ons	  in	  Various	  Applica1ons	  

Freezer	  Case	  Ligh1ng	  
Albertsons,	  Eugene	  OR	  

Raley’s	  Supermarket	  	  
West	  Sacramento,	  CA	  

Street	  Ligh1ng	  
Oakland,	  CA	  

Downlights	  Lane	  City	  Tour	  of	  Homes	  
Eugene,	  OR	  	  

FAA	  Research	  Center	  
Atlan1c	  City,	  NJ	  

Demonstrations showcase high-performance LED products for general illumination 
in a variety of commercial and residential applications. Results provide real-world 
experience and data on                                                                                                   
state-of-the-art solid-state                                                                                                            
lighting (SSL) product                                                                                                                             
performance and cost                                                                                                                                     
effectiveness. 

ssl.energy.gov	  
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To	  leverage	  the	  efforts	  of	  mul1ple	  ci1es	  pursuing	  evalua1ons	  of	  
LED	  street	  ligh1ng	  products,	  DOE	  has	  formed	  the	  Municipal	  Solid-‐
State	  Street	  Ligh1ng	  Consor1um.	  The	  Consor1um	  will	  collect,	  
analyze,	  and	  share	  technical	  informa1on	  and	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
experiences	  related	  to	  LED	  street	  ligh1ng	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
demonstra1ons,	  and	  will	  also	  provide	  a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
consistent	  resource	  for	  evalua1ng	  new	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
products	  on	  the	  market	  intended	  for	  street	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
and	  area	  ligh1ng	  applica1ons.	  	  	  	  

Municipal	  Solid-‐State	  Street	  Ligh1ng	  Consor1um	  

ssl.energy.gov	  
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Third-‐party	  test	  results	  
•  Don’t	  just	  take	  the	  luminaire	  manufacturer’s	  word	  
•  Reputable	  photometric	  test	  labs	  

–  DOE	  cer1fied	  for	  CALiPER	  tes1ng	  
–  NVLAP	  cer1fied	  for	  LM-‐79	  tes1ng	  

Warranty	  Policy	  
•  Is	  there	  a	  wriRen	  end-‐of-‐life	  policy?	  How	  will	  spares	  be	  made	  

available?	  
•  Do	  all	  system	  components	  from	  SSL	  manufacturers	  have	  a	  

warranty	  and	  labor	  to	  fix/replace?	  
•  How	  long	  is	  the	  warranty?	  What	  exactly	  is	  covered?	  

And	  Finally…	  
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Course Outline 

1.  Introduc1on	  –	  Why	  should	  I	  care	  about	  LEDs?	  
2.  Life1me	  and	  Cost	  –	  A	  cri1cal	  rela1onship	  for	  LEDs	  
3.  What's	  Different	  –	  LED	  technology	  as	  compared	  to	  

tradi1onal	  light	  sources	  
4.  Technology	  Limita1ons	  –	  Characteris1cs	  to	  be	  aware	  of	  

with	  solid-‐state	  ligh1ng	  
5.  Standards	  –	  The	  need	  for	  new	  metrics	  

	   	   	   	   	  Break	  

6.  Applica1ons	  –	  What	  are	  the	  good	  ones?	  
7.  LED	  Products	  –	  Where	  to	  turn	  for	  guidance	  
8.  Items	  of	  Importance	  to	  Building	  Owners/Facility	  Mgrs	  
9.  Final	  Thoughts	  –	  Some	  general	  rules	  
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Building Owners/ 
Facility Managers 

Fi�y-‐thousand	  hours	  sounds	  nice,	  but…	  
•  LED	  products	  are	  specified	  in	  large	  part	  due	  to	  expecta1ons	  of	  

greatly	  increased	  hours	  or	  more	  of	  life1me	  as	  compared	  to	  
conven1onal	  sources	  

•  How	  to	  insure	  those	  expecta1ons	  are	  met:	  
–  Know	  what	  LEDs	  your	  supplier	  uses,	  and	  whether	  those	  LEDs	  have	  had	  

LM-‐80	  tes1ng	  
–  Run	  pilot	  programs	  before	  commi|ng	  to	  large	  projects	  
–  Know	  your	  supplier	  	  
–  Be	  highly	  skep1cal	  of	  any	  expecta1on	  derived	  solely	  from	  the	  life1me	  

promise	  of	  the	  component	  LEDs	  
–  Does	  the	  life1me	  promise	  make	  sense	  when	  compared	  to	  the	  warranty?	  
–  Evaluate	  ability	  to	  replace	  components	  in	  the	  field,	  e.g.	  drivers	  

Items	  of	  Importance	  -‐	  Reliability	  
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Building Owners/ 
Facility Managers 

It	  doesn’t	  save	  energy	  if	  you	  can’t	  get	  it	  
•  Ligh1ng	  is	  typically	  ordered	  late	  in	  the	  construc1on	  process.	  	  

Backorder	  status	  because	  vendor	  builds	  in	  batches	  or	  ships	  
quarterly	  from	  overseas	  does	  not	  help.	  

•  As	  more	  LED-‐based	  products	  become	  available,	  this	  should	  be	  
less	  of	  an	  issue	  

Items	  of	  Importance	  -‐	  Availability	  

Quantity Catalog	  Number Description Ship	  Status Unit	  Price Total

5 DL	  -‐	  2700-‐6-‐120 LED	  Downlight	  (2700K),	  6"	  120VAC BACKORDERED $119.95 $599.75
15 DL	  -‐	  3000-‐8-‐120 LED	  Downlight	  (3000K),	  8"	  120VAC BACKORDERED $139.95 $2,099.25
50 CL	  -‐	  3000-‐1-‐24 LED	  Cove	  Light	  (3000K),	  1',	  24VDC BACKORDERED $45.00 $2,250.00
10 WW	  -‐	  3500-‐5-‐120 Wall	  Wash	  (3500K),	  120VAC BACKORDERED $279.00 $2,790.00
15 DL	  -‐	  3000-‐6-‐120 LED	  Downlight	  (3000K),	  8"	  120VAC BACKORDERED $139.00 $2,085.00

$0.00
$0.00

$9,824.00Total	  for	  this	  order
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Building Owners/ 
Facility Managers 

Color	  changes	  can	  be	  a	  major	  issue	  
Is	  an	  issue	  due	  to	  binning	  which	  occurs	  with	  LED	  produc1on	  as	  

well	  as	  color	  shi�	  due	  to	  phosphor/die	  changes	  over	  1me	  
•  Unit	  to	  unit	  
•  Purchase	  to	  purchase	  
	  

Items	  of	  Importance	  –	  Color	  consistency	  

97.8%	  	  
Drop	  

1000	  hours	  

84.1%	  	  
Drop	  

96.9%	  	  
Drop	  

Ini=al	  
Source:	  	  Cree	  



©2011	  LED	  Transforma1ons,	  LLC	   179	  

Building Owners/ 
Facility Managers 

A	  few	  mark-‐ups	  along	  the	  way	  
•  ROI	  dependent	  of	  end	  user	  cost	  

–  Distribu1on	  chain	  markups	  can	  have	  a	  major	  effect	  on	  cost	  to	  building	  
owners,	  par1cularly	  for	  higher	  cost	  LED-‐based	  products	  

•  U1lity	  rebates	  can	  make	  a	  major	  difference	  in	  ROI	  
–  Some	  u1li1es	  reluctant	  to	  provide	  rebates	  due	  to	  uncertainty	  in	  

expected	  life1me	  and	  luminaire	  efficiency	  performance	  
–  Energy	  Star	  ra1ngs	  provide	  some	  assurance	  to	  u1li1es	  
–  Other	  review	  bodies	  such	  as	  Design	  Lights	  Consor1um	  

	  

Items	  of	  Importance	  -‐	  Cost	  

Mfg’s 
Rep 

Electrical 
Distributor 

Electrical 
Contractor 

General 
Contractor 

End User/  
Building Owner 

Luminaire 
Manufac. 

$100 $110 $145 $180 $215 

100% 10% 30-100+% 15-25% 10-20% 

$50 
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Building Owners/ 
Facility Managers 

High	  but	  coming	  down	  
•  Maintenance	  is	  s1ll	  an	  necessary	  part	  of	  facili1es	  services	  

even	  with	  high	  life1me	  LED-‐based	  products	  
–  Replacement	  of	  luminaire	  components	  

•  Drivers	  and	  control	  circuitry	  can	  fail	  prior	  to	  end	  of	  life	  for	  the	  LEDs	  
•  Lenses	  can	  yellow,	  covers	  crack,	  waterproof	  seals	  become	  briRle,	  etc.	  
•  Higher	  level(s)	  of	  protec1on	  from	  transient	  events	  (e.g.	  voltage	  surge,	  
ligh1ng)	  may	  be	  required	  to	  match/ensure	  rated	  life1me	  

–  Cleaning	  
•  Dirt	  will	  s1ll	  collect	  on	  surfaces	  no	  maRer	  what	  light	  source	  is	  in	  the	  
luminaire,	  adding	  to	  lumen	  deprecia1on	  

•  Dust,	  grease,	  etc.	  will	  collect	  on	  heat	  sink	  surfaces	  reducing	  the	  thermal	  
efficiency	  of	  the	  luminaire	  and	  shortening	  its	  life	  if	  not	  maintained	  

	  

Items	  of	  Importance	  -‐	  Cost	  
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Building Owners/ 
Facility Managers 

One	  of	  the	  main	  reasons	  LEDs	  are	  considered	  in	  the	  first	  place	  
•  Import	  aspect	  of	  LEED	  cer1fica1on	  

–  Ligh1ng	  consumes	  about	  22%	  of	  the	  total	  electricity	  used	  in	  the	  US1	  

•  “Green”	  building	  requirements	  
–  Corpora1ons	  that	  are	  environmentally	  sensi1ve	  and	  consider	  it	  part	  of	  

their	  social	  responsibility	  

•  High	  tech	  image	  important	  to	  some	  owners	  
–  Can	  create	  problems	  when	  owners	  insist	  on	  applica1ons	  which	  are	  

presently	  ques1onable	  for	  LED	  technology	  
–  Par1cular	  problem	  when	  funds	  other	  than	  owner/occupier	  (e.g.	  ARRA)	  

are	  being	  spent	  

•  Federal,	  state	  and	  local	  requirements	  (e.g.	  Title	  24	  in	  CA)	  

Items	  of	  Importance	  –	  Energy	  Savings	  

1	  Source:	  DOE	  	  U.S.	  Ligh1ng	  Market	  Characteriza1on	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Volume	  I:	  Na1onal	  Ligh1ng	  Inventory	  and	  Energy	  Consump1on	  Es1mate	  (Sept	  02)	  
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•  Most	  u1li1es	  will	  not	  provide	  rebates	  unless	  the	  product	  is	  
ENERGY	  STAR	  qualified.	  	  They	  are	  concerned	  about:	  
–  Accuracy	  of	  performance	  specifica1ons	  
–  Reliability	  and	  life	  expectancy	  of	  product	  

•  Creates	  problems	  with	  products	  such	  as	  LED	  T8	  replacements	  
which	  are	  not	  currently	  covered	  by	  any	  ENERGY	  STAR	  program	  
–  Alterna1ve	  is	  a	  lis1ng	  by	  a	  u1lity	  consor1um	  such	  as	  DesignLights	  

Consor1um:	  	  hRp://www.designlights.org/	  

Items	  of	  Importance	  –	  Rebates	  &	  U1li1es	  

Building Owners/ 
Facility Managers 
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Source:	  	  2010	  ENERGY	  STAR®	  Summary	  of	  Ligh1ng	  Programs	  By	  Energy	  Efficiency	  Program	  Sponsors	  (Revised	  5/10)	  

Items	  of	  Importance	  –	  Rebates	  &	  Energy	  Star	  

Building Owners/ 
Facility Managers 
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Source:	  	  2010	  ENERGY	  STAR®	  Summary	  of	  Ligh1ng	  Programs	  By	  Energy	  Efficiency	  Program	  Sponsors	  (Revised	  5/10)	  

Items	  of	  Importance	  –	  Rebates	  &	  Energy	  Star	  

Building Owners/ 
Facility Managers 
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Source:	  	  2010	  ENERGY	  STAR®	  Summary	  of	  Ligh1ng	  Programs	  By	  Energy	  Efficiency	  Program	  Sponsors	  (Revised	  5/10)	  

Items	  of	  Importance	  –	  Rebates	  &	  Energy	  Star	  

Building Owners/ 
Facility Managers 
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Source:	  	  2010	  ENERGY	  STAR®	  Summary	  of	  Ligh1ng	  Programs	  By	  Energy	  Efficiency	  Program	  Sponsors	  (Revised	  5/10)	  

Items	  of	  Importance	  –	  Rebates	  &	  Energy	  Star	  

Building Owners/ 
Facility Managers 
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Building Owners/ 
Facility Managers 

GVEA	  Rebates	  
•  Provides	  rebates	  to	  commercial	  members	  of	  up	  to	  $20,000	  
•  Submit	  proposal	  to	  GVEA	  for	  considera1on;	  	  rebate	  amount	  

1ed	  directly	  to	  reduced	  load	  or	  demand	  	  
•  Covers	  cost	  of	  products	  and	  their	  installa1on	  
•  Customer	  must	  contribute	  2	  years’	  an1cipated	  electric	  bill	  

savings	  toward	  project	  cost	  
•  Rebates	  up	  to	  $1,000/kW	  or	  50%	  of	  project	  cost	  
•  Pre	  and	  post	  power	  consump1on	  measurements	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

will	  be	  conducted	  to	  determine	  rebate	  amount	  

Items	  of	  Importance	  –	  Rebates	  &	  Energy	  Star	  

www.gvea.com/images/pdf/BusinessSenseProposalForms.pdf	  
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Building Owners/ 
Facility Managers 

How	  is	  failure	  defined	  and	  who	  is	  on	  the	  hook	  if	  it	  fails?	  
•  Determine	  exactly	  what	  is	  covered	  

–  Light	  output	  
–  Color	  shi�	  
–  Power	  draw	  
–  Component	  failures	  (e.g.	  drivers,	  lenses,	  heat	  sinks)	  

•  What	  does	  the	  warranty	  cover?	  
–  Replacement	  luminaire	  only	  
–  Replacement	  luminaire	  and	  labor	  to	  remove/reinstall	  

•  Does	  the	  warranty	  sufficiently	  support	  the	  life1me	  claim?	  
•  Will	  the	  supplier	  s1ll	  be	  in	  business	  to	  honor	  the	  warranty?	  

Items	  of	  Importance	  –	  Warranty	  	  
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Building Owners/ 
Facility Managers 

Some	  extra	  parts	  come	  in	  handy	  
•  Building	  renova1ons	  on	  10	  to	  20	  year	  cycles	  

–  Ligh1ng	  fixtures	  typically	  available	  for	  many	  years	  
–  Fixtures	  components	  can	  be	  replaced	  (e.g.	  lenses,	  ballasts,	  lamps,	  etc.)	  

•  Owners	  expect	  to	  be	  able	  to	  replace	  fixtures	  over	  this	  period	  
–  Same	  style	  
–  Same	  color	  
–  Same	  light	  output	  

•  Inventory	  
–  Balancing	  inventory	  costs	  versus	  availability	  of	  product	  
–  Backorders	  and	  obsolescence	  
–  Space	  is	  an	  issue	  since	  luminaires	  are	  typically	  larger	  than	  lamps	  

Items	  of	  Importance	  –	  Spares	  
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Course Outline 

1.  Introduc1on	  –	  Why	  should	  I	  care	  about	  LEDs?	  
2.  Life1me	  and	  Cost	  –	  A	  cri1cal	  rela1onship	  for	  LEDs	  
3.  What's	  Different	  –	  LED	  technology	  as	  compared	  to	  

tradi1onal	  light	  sources	  
4.  Technology	  Limita1ons	  –	  Characteris1cs	  to	  be	  aware	  of	  

with	  solid-‐state	  ligh1ng	  
5.  Standards	  –	  The	  need	  for	  new	  metrics	  

	   	   	   	   	  Break	  

6.  Applica1ons	  –	  What	  are	  the	  good	  ones?	  
7.  LED	  Products	  –	  Where	  to	  turn	  for	  guidance	  
8.  Items	  of	  Importance	  to	  Building	  Owners/Facility	  Mgrs	  
9.  Final	  Thoughts	  –	  Some	  general	  rules	  
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Final Thoughts 

If	  you	  are	  a	  Ligh1ng	  Designer,	  Architect,	  U1lity,	  Municipality,	  etc.	  
•  You	  and	  others	  in	  your	  firm	  need	  to	  become	  familiar	  with	  these	  issues	  if	  
you	  (or	  they)	  are	  not	  presently	  up	  to	  date	  

•  You	  should	  evaluate	  whether	  your	  supplier	  has	  addressed	  these	  issues	  
adequately	  

•  If	  they	  are	  new	  to	  you:	  
–  Find	  someone	  who	  is	  familiar	  with	  them	  and	  work	  with	  or	  hire	  them	  
–  Review	  literature	  available	  at	  DOE-‐SSL	  web	  site	  www.ssl.energy.gov	  	  as	  well	  as	  
various	  manufacturers’	  web	  sites	  

–  Link	  up	  with	  some	  of	  the	  many	  groups	  involved	  in	  the	  solid-‐state	  ligh1ng	  
marketplace	  

•  Expect	  to	  hear	  conflic1ng	  viewpoints	  and	  strong	  opinions	  
–  Be	  prepared	  to	  have	  to	  re-‐specify	  a	  product	  during	  actual	  construc1on	  
phase,	  and	  recover	  the	  cost	  of	  your	  1me	  

From	  the	  Specifier’s	  Side	  
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Final Thoughts 

Luminaire	  Manufacturers	  should	  provide	  a	  complete	  product:	  
	  

•  Quality	  of	  white	  light	  including	  color	  rendering,	  color	  temperature,	  
radia1on	  paRern,	  etc.	  	  Applica1ons	  where	  the	  end-‐user	  must	  seRle	  
will	  be	  unsa1sfactory	  no	  maRer	  what	  “benefits”	  the	  product	  provides	  

•  Consistency	  of	  light	  from	  fixture	  to	  fixture	  over	  temperature.	  	  In	  
general,	  it	  is	  what	  the	  end-‐user	  is	  accustom	  to	  and	  expects	  

•  Accurate	  life1me	  reliability	  es1mates	  –	  it	  is	  a	  fundamental	  premise	  of	  
Solid-‐State	  Ligh1ng	  and	  one	  of	  the	  things	  that	  jus1fy	  the	  higher	  cost	  

•  Support	  in	  volume;	  Device	  manufacturers	  promise	  a	  lot—the	  ques1on	  
is	  whether	  or	  not	  they	  can	  deliver	  

•  Educa1on	  of	  the	  customers	  including	  applica1on	  engineering—so	  that	  
they	  are	  applying	  the	  technology	  correctly	  to	  appropriate	  
environments	  

•  Define/Iden1fy	  successor	  paths	  to	  discon1nued	  products	  

From	  the	  Supplier’s	  Side	  
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Final Thoughts 

1. 	  Temperature	  range	  specifica1on	  for	  opera1on	  
	   	  How	  does	  that	  compare	  with	  the	  maximum	  junc1on	  temperature	  for	  
	  the	  LEDs	  used	  in	  the	  product?	  

	  

2. 	  Luminaire	  manufacturer	  
	  -‐ 	  How	  long	  has	  the	  manufacturer	  been	  in	  business?	  	  What	  business?	  
	  -‐ 	  Does	  the	  firm	  use	  brand	  name	  LEDs?	  
	  -‐ 	  Were	  the	  LEDs	  tested	  to	  LM-‐80?	  

	  

3.	  	  Warranty	  
	  -‐ 	  Life	  expectancy	  of	  product	  (Energy	  Star	  requires	  at	  least	  a	  3-‐year	  	  	  
	  warranty)	  

	  -‐ 	  What	  replacement	  costs	  are	  covered	  (e.g.	  installa1on	  labor,	  shipping,	  etc.)	  
	  -‐ 	  What	  performance	  elements	  are	  warranted	  (e.g.	  CCT	  shi�,	  lumen	  output,	  
	  luminaire	  efficiency,	  etc.)	  

From	  the	  User’s	  Side	  
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Final Thoughts 

4.	  	  Power	  Issues	  
	  -‐ 	  Power	  Factor	  
	  -‐ 	  Off-‐state	  power	  consump1on	  (Energy	  Star	  requires	  <	  0.5W)	  
	  -‐ 	  Is	  the	  unit	  dimmable?	  	  With	  what	  controllers?	  
	  -‐	   	  Step-‐down	  transformer	  compa1bility	  for	  low-‐voltage	  retrofit	  products	  	  

	  

5.	  	  Does	  it	  have	  a	  UL	  /	  ETL	  /	  CSA	  /	  applicable	  safety	  mark?	  
	  

6.	  	  Chroma1city	  
	  -‐ 	  Shi�	  over	  1me/temperature	  
	  -‐ 	  Varia1on	  from	  fixture	  to	  fixture	  

	  

7.	  	  Luminaire	  performance	  
	  -‐ 	  Fixture	  efficiency	  (in	  lumens/WaR)	  
	  -‐ 	  Delivered	  lumens	  (not	  just	  LED	  device	  performance)	  
	  -‐ 	  IES	  files	  
	  -‐ 	  LM-‐79	  test	  results	  from	  approved	  third	  party	  laboratory	  
	  -‐ 	  Lumen	  maintenance	  

From	  the	  User’s	  Side	  
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Final Thoughts 

Do	  not	  underes1mate	  the	  use	  and	  prac1cal	  applica1on	  of	  simple	  
COMMON	  SENSE	  

	  

•  If	  it	  seems	  too	  good	  to	  be	  true,	  it	  probably	  is	  

•  If	  you	  can’t	  understand	  how	  a	  product	  could	  do	  “that,”	  there	  
is	  a	  high	  likelihood	  that	  it	  probably	  “doesn’t”	  

•  If	  nobody	  else’s	  product	  does	  “that”	  maybe	  this	  product	  does	  
not	  do	  it	  either	  

	  
Which	  lamp	  would	  perform	  beRer?	  

A	  Simple	  Sugges1on	  
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Final Thoughts 

Where	  are	  LED-‐Based	  Products	  Appropriate?	  
•  Outdoor	  area	  &	  street	  ligh1ng	  
•  Downligh1ng	  
•  Task	  ligh1ng	  
•  Display	  ligh1ng	  
•  Cove	  ligh1ng	  
•  “Architainment”	  environments	  
•  Other	  applica1ons	  that	  make	  use	  of	  LED’s	  unique	  aRributes	  

–  Small	  size	  
–  Direc1onality	  
–  Low	  temperature	  performance	  
–  Improved	  secondary	  op1cs	  performance	  due	  to	  die	  size	  

Source:	  	  Kelly	  Gordon,	  PNNL	  
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Final Thoughts 

•  Think	  of	  how	  the	  microprocessor	  has	  changed	  the	  world	  over	  
the	  last	  30	  years.	  

•  The	  ligh1ng	  world	  is	  about	  to	  undergo	  a	  change	  not	  seen	  
since	  the	  inven1on	  of	  the	  incandescent	  lamp,	  and	  driven	  by	  
that	  same	  semi-‐conductor	  industry.	  

Are	  you	  going	  to	  be	  ready	  for	  it?	  

A	  Lesson	  From	  History	  
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Final Thoughts 

The	  Department	  of	  Energy	  offers	  a	  number	  of	  useful	  program	  to	  
insure	  that	  quality	  products	  are	  available	  to	  the	  public	  and	  to	  
further	  the	  adop1on	  of	  efficient	  LED	  ligh1ng	  
•  SSL	  Quality	  Advocates	  
•  Gateway	  Demonstra1on	  Program	  
•  CALiPER	  
•  Ligh1ng	  for	  Tomorrow	  
•  Next	  Genera1on	  Luminaires	  
•  Municipal	  Consor1um	  on	  LED	  Street	  Lights	  
•  Technical	  Informa1on	  Network	  for	  Solid-‐State	  Ligh1ng	  
•  DOE	  Funded	  R&D	  Programs	  

DOE	  Resources	  

ssl.energy.gov	  
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Ques1ons?	  
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Thank	  You	  
	  

Contact	  Informa1on:	  
	  

Dr.	  John	  (Jack)	  W.	  Curran 	   	   	  US	  Department	  of	  Energy	  
President	  LED	  Transforma1ons,	  LLC	   	  www.ssl.energy.gov	  	  
PO	  Box	  224	  
Stanton,	  NJ	  	  08885	  
(908)	  437-‐6007	  
jcurran@ledtransforma1ons.com	  
www.ledtransforma1ons.com	  	  
	  

	  
	  


