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GOALS

> a good understanding of various pieces of this

PAR 38 - Cree

mnology and the impact of using it
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A NEW REVOLUTION!

member Polaroid and Kodak?
1stry 1s changing

vorried!
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D lighting is now define by:
Solid-State Lighting (SSL)

nductors convert electricity into light

believe the maximum achievable light output
D devices is 160-230 Im/W

|
‘2005,

....................
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e U.S. Department of Energy (DOE) 1s the lead federal agency
or all research, development, and commercialization efforts
systematically accelerate this groundbreaking

Sl0c

Act of 2005

\ DOE Share AF;F;"“""‘
- are
R&D $350 m || OLED $40.6 million - $15.6 million

DOE Share
Q00 PHOTONICS

S0 520 540 S60 580 5100
tfolio, February 2010

Applicant
Share

$31.4 million
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Background Info

Ighting fixtures market $94 billion (for 2010)

lighting sales were $636 million (12% of high-
lighting industry - $5.3 billion)

Lamp type Annual need Life Existing
(billion of units) | (year) | (billion of units)

Incandescent 11.5 1 11.5
Halogen 0.8 2 1.6
Fluorescent 3.2 5 16.0
Compact fluo 0.6 5 3.0
HID 0.2 3 0.6
Total 32.7

ing lamp quantity
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Why Solid-State Lighting?
Worldwide lighting consume 2 651 TWh yearly

1000 ; ;
400 Quads 1 Quad = 97 TWh
: 1 TWh =1 000 000 000 kWh
» . !
T Ener ;
g W 430 Quads - 94 Quads
& 100 ! e
- - Energy | 34 Quads
.-lg LYY - _--'-""‘f—.- ——i‘-'J__
E‘ Electricity < ”‘i“_,“f.r-""'"r
= ] Electricity
@ 10 lllumination |
o (assuming 20%; of electricity) lllumination :
(i ‘ 60% commercial | 6.9 Quads
o ; 26% residential
9] - 14% industrial Proiected
T , WORLD 1998 hIzEio 1008 IEESEULS.
] T T T I T | ,
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
Year Year
The case for a national program research on semiconductor lig 1999
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Background Info
ng Industry in United States

Dutdoor

Stationary
8%

Airfield lighting 0.1%

Residential Outdoor —i:| - Incandescent

Stationary
27% . - Fluorescent

commercia! | |

Industrial
14%

0 100 200 300 400
Energy Use (TWhiyr)

765 TWh

Commercial
51%

Total U.S. Primary Energy Consumption for 2001 US Lighting
Electricity for Lighting by Sector 2001 Sector &
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8 Sheet
30 Sheet

Bulletin

Ball Signal
Turn Arrow

Pedestrian

Approach
Touchdown
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Roadway

Taxiway/Runway

Number of
Installations

140,000
200,000
56.000

300,000
300,000
225.000

Iy
720

5.000
5.000
7,500
37.850,000

22,670,000

Installed
Wattage per
Installation

(W)

357
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___
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Operating
hours per
Installation
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Installation
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31.536
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Energy Use
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Background Info

A Flux 30X /10 Years

1 $ 10X /10 Years
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Challenges

tant technology update, need $$$ for R&D
ponent and interconnection for one fitting

cteristics
& power quality

LED 1n array of 5 or 10?
king among themselves

3 3
1/\1 ﬁL s ded 7% %
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Challenges

rer claims
a — “’lifetime luminaire™’
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Why Solid-State Lighting?

Long life - LEDs can provide 50,000 hours or more of life.
Reduce maintenance costs

Energy savings - The best commercial white LED lighting systems provide
more than efficacy (lumens per watt) of incandescent
lighting.

Smaller flexible light fixtures - The small size of LEDs makes them useful
for lighting tight spaces.

Colored LED - Advantageous for colored lighting applications (no filters
needed).

Better quality light output - LEDs have minimum ultraviolet and infrared
radiation.

Durable - LEDs have no filament to break and can withstand vibrations.
Intrinsically safe - LED systems are low voltage and are generally cool to the
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Definitions

ight Emitting Diode (LED) refers to a pn junction semiconductor

ED package refers to an assembly of one or more LEDSs, including the mounting
Ibstrate, encapsulant, phosphor if applicable, electrical connections, and possibly
stical components along with thermal and mechanical interfaces

ED array or module refers to several LED packages that may be assembled on a
ymmon substrate or wiring board (possibly with additional optical components and
echanical, thermal, or electrical interfaces) to be connected to the LED driver.

ED driver refers to a power source with integral control circuitry designed to operate
1 LED package or module or lamp.

ED luminaire refers to the complete lighting unit, intended to be directly connected
 an electrical branch circuit.

ED lamp

- non-integrated refers to an assembly with an ANSI standardized base but without
a built-in LED driver. Non-integrated LED lamps are designed for connection to
LED luminaires.

- Integrated refers to an assembly that is integrated with an LED driver and has an
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Today
fght Emitting Diode (LED) is a semi-conductor

LED die

| | Bond wire

Cathode Yvyvyy
Heatsink Slug

1“—\\ Heat flow

High Power LED
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Reactor

nufacturing Substrate _
o « haigh pressure

proccss G =B ——p * high temperature

: + vapor density variations

INar Process,

e you build /

series of flat Epitaxial Wafer an Wafer processing

s by <D soun  -Photolithography

sition or — ug® -Etching

ve them by -Contact deposition

ng back Packaglng -Dicing

-Die attach

-Wire bonding .
-Phosphor application) 3‘1
-Encapsulation ~

http://apps].eere.energy.gov/buildings/publications/pdfs/ssl.
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Snell law

and Optics

Secondary optic - 10 to 15% losses of flux

’,— Escape Cone/

’(ﬂ— Lscape Cone
. Air
Air Low Refractive ingdex
Low Refrative index

RN

NS

Semicancuctar matarial

High Refrective lndex

dex /,,_ Escape Cone

natarial
dex

Semiconductor material
High Refractive indiex

Figure 2 - TIR in a rectangular LED die
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hotometry
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T O d a Kelvin Eul_mf Temperature Scale
y 10,000 |

12, 000K - Bl Shiy

Color Temperature (CCT) oo
he color appearance of a :j:‘ T rommrseo e s

ent +4500 & 5700 K “™ T i

(14) — 14 wavelengths
blue) LED systems.

lors evenly span
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Today

Eye sensitivity

Scotopic vision is the R
™ Light-

vision of the eye under , — adapted

low light conditions sensitivity

Dark -
Photopic vision is the — — adapted
) sensitivity
sion of the eye under
it conditions

ity
it
J

Relative sensitiv
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Today I
ral Power Distribution

o
[
00 350 A0 45 500 §5) 600 650 700 750

elength A1 + phosphor larger wavelength A2 WT WWWWW :h ;;
et, coupled with one several phosphors o

Green LED
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Today

maintenance

as declined to 70% of initial lumens (L.70)
for LED’s used for decorative purposes.

age, arrays & modules (6000 hrs-

of LED Lumen
ED Life’’ is under
80 test at multiple
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Jumen maintenance

Today

Typical Lumen Maintenance Valuas for Various Light Sources
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= = =400W Metal Halide

was s+ A7V CFL
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see;  Adapted from Bullpugh, JO, 2003, Lighdng Answars: LED Lighting Systems, Troy, WY, Mational Lighting

Froduct Informaton Program, Lighting Research Center, Rensselaer Polytechnic | nstifute,

p—

1 r 0 BN [ ]
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Typical Types of LED Packages

Printed Circutt Beard (Substrata)

Standard Chip-On-Board (COB)

Gakd Wire
LED Chip

Epcngy Do Lens

Printed Ciraule Board (Substrate)

Thermally Optimized

Reflective Layer Phyasphorus-Dioped Epoxy WQ/
_ Bue-Ermitting LED Chip
Anode ' @,
Teder = ’ -
—-—

I |-
Prited Circult Board (Substrate) \

Recessed Die

Epcogy Diome Lens

Cathoda |
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Today
Four Layers Construction MCPCB - example

Thermal Electrical
Vias Vias

Top Layer ——pm
e —
Layerd ——
Layer4d —— o
Bottom Layer —jm

W | Thermally
Conductive

Pre-Preq

—uf—— Metal Base
From COFAN PCB

= Single side SMT with Metal Base

+ Surface Mounting on Top Layer

« All Connectivities are being done
on Layer 2 & 3. EMI on Layer 4
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Today 3}

al resistance %%/

Designated Temperature
(a) Test Point

)
g a

1 LED-2 LED-3 LED4 LED-3

R8yc ' REue 'REsec "ROue  REe
(N T N -
Rizc.s
)
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Today

hermal management is so important?

) Efficacy Heat Loss (%)
Source Efﬁ-::;:ncy (lumens/ ﬁ\
(%) watts) | Radiation Euwn:t\?n nduction
Incandescent 2 15 =14 5 \ 5
Fluorescent 15 90 40 40 20
High
Intensity 20 100 90 o5 o5
Discharge
LED o o ( HD)

Heat conduction comparison o

Tyco Electronics — Applica
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Today

Vhy thermal management 1s so important?

160
140

": %_
100

&0

&0

Relative Light outout{%]

10
20

0

I I I | I |
Pl 40 &0 80 100 120

Juncation Temperature,T [°C ]

Seoul Semiconductor

RED

GREEN
BLUE
WHITE
AMEER
CYAN
ROYALBLUE
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Today

Vhy thermal management is so important?

Useful Life of High Brightness White LEDs
at Different Operating Temperatures

100% :
+ — o T reaen = 63°C
3\ 90% S—— L
5 T e = 74°C T |
S | 80% — e _ S
:5 70%

-/ 60%

50%

1000 10000 100000
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Today

al management 1s so important?
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1ver and topologies
of standard DC to DC power supplies

SEaaie

N1 M2

Resonant converter for LEDs

F

converter

Buck boost converter

converter




IESALC
NEW JERSEY 2010

er and dimming method

icity shifts of under two types of dimming,
current reduction (DC) and

dulation (PWM) L
( 0 5)2 N Dimming Schemes - LED System
) CIE - 1976
RGB DC Current PC White DC Current
R 10.5mA 35mA
0.48 -
PC White PWM
0.46 -
— 4-step MacAdam Ellipse =4 PC White - OC Curent -=-PC White - PWM
-+ RGB - DC Current -o-RGB - PWM
0.44 + ; "4 ! |
0.15 0.17 001,9 0.21 0.23




IESALC
NEW JERSEY 2010

r and efficiency

loss (W)

If efficiency goes from 95%
to 85%, heat is increase by a
factor of 3.3

Lifetime (thousands of hours)
127
107

87

% 86% 87% 88% 89% 90% 91% 92% 93%

Efficiency 67

- loss vs. efficiency of a 150W LED driver 47

27

7 85% B6% B87% B88% 89% 90% 91% 92% 93%

Efficiency
50W LED driver
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river and reliability

i

The Bathtub Curve

Hypothetical Failure Rate versus Time

-------------------- End of Life Wear-Out
’ Increasing Failure Rate

nfant Maortality x
Decreasing Failure Rate

Mormal Life (Useful Life)
Low "Constant” Failure Rate

Time

Reliability and MTBF Overview

Scott Speaks Vicor Reliability Engineering

MTBF = Total Time/ Failures

Capacitor
a) Temperature
b) Ripple current

ILx=KkelLOoe®?2 (Ts-Ta)/10

o Lx = lifetime

Lo = lifetime tested in standard condition
» K = factor RMS ripple current

* Ts = rated case temperature

* Ta = operating case temperature

Temperature rise of 10°C reduce
lifetime by 50%
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Today

lver concept
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river and integration

e of embedded passives integrated circuit

Power switches Microchip

Integrated core

Inductor
windings

Capacitive
layers

Integrated resistors

Integrated capacitors

Philips Research Laboratories Aa



IESALC
NEW JERSEY 2010

Today

iver - Power Factor & Harmonics

| C82.77 — Harmonic Emission Limits — Related Power Quality
ents for Lighting Equipment

1al indoor & roadway

> 90%, Maximum harmonic 32% of I, + max of:

34 harmonic 30% , Individual harmonics>11% 7% ,

5t 21th, ) 30%

upling IEEE 519-1992

ded Practices and Requirements for
wer Systems

nce Specification — PF > 90%,

important impact on
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Today

Devices for Outdoor and Standards

2005) - Recommended Practice for 000" Ao 3 Impales
ing Electronic Equipment 8000 - (20 kV, 10 kA)

tage Surge Suppressors oo} \

. 4000
Recommended Practice for & | / 3k
Power Circults S T

Surge current (A)

0 20 40 60
Time (us)

1.2 X 5ps (V)

 branch circuts H f‘"}}"""{._i’d v ermea nes 0.5pu5 X 100 KHZ 8 X 2ops (A)
o recaptatie SN lanchcrouts % - Servcssntrance VOLTAGE RING WAVE COMEINATION WAVE
! indaor sanvice pansis . CAT. LEVEL (KV) CURRENT (A) CURRENT (KA)
H Al Low 2 70 —
. : O A2 Medlum 3 130 —
' A3 High 6 200 —
B1 Low 2 170 1
. Bz Medium 4 330 2
' High 6 500 3
: : ] ) Cl  Low 6 — 3
el h i C2  Medium 10 — 5
; E L L L LR C3 High 20 — 10
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Today

rotection Devices
ggen LED and keeps strings lighted if a single LED fail

— Over voltage, current and temperature
protection device
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T, A. EDISON.

[oda
Pater
1 B

~

’ ."

Junction (so

ray \ Simplicity, no longer exist!

LED package h
\ Behaviour of LED Systems
Connector

mection and susceptibility

Pin connec tions

R
Driver/SMPS
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dards
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Standards

IEC

[ Cmm |

|

| ITE |1 NEMA

618 |i| saAE

USA

IESMNA

uL |l

5 s i S L i B B - - il PR
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Standards

C78.377-2008, Specifications for the Chromaticity of Solid-State Lighting

ent

0, Guideline for the Application of General [llumination (White) LED
008, Approved Method for the Electrical and Photometric Testing

ng Devices

proved Method for Measuring Lumen Depreciation of LED
, Nomenclature and Definitions for [lluminating

1ons for Solid-State Lighting Sub-Assembly

r Incandescent Replacement—Best

for General I[llumination
) Equipment for Use in
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Standards

nd material under development
orking Group — SSL Light Sources

ng Group — SSL Drivers

r Estimation of LED Lumen Depreciation as a

d for the Measurements of High Power

tegrated Lamp” Measurements

rrays, or Systems
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Energy Efficiency &
Renewable Energy

Solid-State Lighting

Market=-Eased Programs | Ulsmg LEOS | Infprmaton Resmunpes. | Fmamcial Dpportuniies
: : saatch
Eaarch Help MWore Saarch Cplang
ZERE Irfornmahon Covher

Frograma and Orifoss

-State Lighting Porttolio
Ity are
coalerate advances in solid-state lighting
smerging technology that promises Lo

v alter hghiling in Lhe fulure.

RED Projects »
*+ Project Portfolio
. Ll.L'JJ:I.I.lﬂ.tIE e L=l

Maberals Posted from the

Philzd=ghia Markst ]rltr_'-'::__-.“tlurl
yiorkshop and Street Lighting

ting technology offers as much pokential

gy and enhance the quality of ouw If'llpl-:_r:'?:'-' A
onments, contnbubmg bo ow nabon’'s Marker-Based Progqrams ¥ o T _
fimate change solutions. » 5SS Quality Advocabes Lol "ﬂn':'m_"':EE Plans for Cansumer
« CALIPER Program Educstion Campsign on Lighting
raut the energy-saving potential {PDFE 72 » Standards Development 1I:1.|.‘Jr'.‘:‘\-_l.':--;n'F 0
y Hf =2, 148
s Adobe Beadar. a Technical Information o ) .
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Strategic
Directions

Photon Science: X-
Rays for Discovery
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Environmental
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Matter and Force in the
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Energy Efficiency and
Sustainable Energy

Computational
Science and
Hetworking

Biological Sciences for
Energy Research

Publicafons

BERKELEY LAB

LAWRENCE BERKELEY NATIONAL LABORATORY

- Newsroom ;| Careers ; Doing Business | Education

‘i-_.._
Tk

8 1\
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Topic/Subject Areas ¥

T
o

Products/Serviced

Employee Locator | Index | Site Map

Advancing the effective use of light
for society and the environment

=28y > Optical Technology Division > Optical Sen:

heme | about us | newsroom | publicatiens | search: |

Research Areas

Educational Opportunities

0 sH

LEDs

15 being developed at N WICH Input rram ch

LEDs (light-
emitting
diodes) are
SEMi-
conductors
that convert

electricity
Scientific gtahght,d
Divisions Once use

Just as

indicator lights for electronics, LEDs have
evolved inta @ majar lighting technology that
may change the future of general illumination.
LEDs are highly regarded far their long life.
energy efficiency. non-toxicity, durability. and
flexibility. et as a fairly new and rapidhy
changing lighting technolegy. much research
is still needed in arder to fully realize the
energy and cost savings potential of LEDs.

Energy Efficiency and Sustai

There's enough power in an hour's worth
of global sunlight to supply an entire year's
waorth of human energy demands with no
carbon emissions to exacerbate global
warmning. But until we are able to make full
and effective use of this bounty, energy
efficiency remains the most readily
available means of reducing our
dependence on foreign oil.

educational pregrams to enhance this
technology. overcome harriers to effective
use. and help it to gain acceptance for
Energy efficiency general illumination purposes.
Downleoad the LRC Solid-State Lighting

Contrary to popular belief, the terms
Program brochure

“energy efiiciency” and “energy conservation™ are not s

he Solid-State Lighting Program at the LRC

Related Programs

# 3olid-State Lighting - Improving, using LEDs
# Light & Health - Visual, circadian systems

Education Programs

Lighting Education Online is an interactive, Internet-kased
educaticn program for building, design, and facility
management professionals whao want to learn more
about light and lighting. Available courses include:

& Lighting Terminolegy (free of charge)
& Lighting Technelogy
& Residential Lighting

The LED Lighting Inztitute i5 a three-day, hands-on
workshop for people who wantto learn more about this
quickly evelving lighting technalogy in a small-class
setting.

Projects

Lighting Supermarket Freezers with LEDs - Afield
study investigating the use of white LED lighting inside
supermarket freezers, including energy comparisons
with flucrescent, sales analyses, and shopper
preferences.

LED=: Saving Energy in Retail Display Windows - A

figld etiidv nicinna | EMNe ac ~alored harcrkoronnd linhtinn
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Applications
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Appl|Cat|OnS 7 Watts LED = 25W A19

Incandescent Bulb

esidential and commercial building e
| PHI[IFS

AnceriLED

Lamp replacement

.'i' ENERGY STAR® Program Requirements for Luminaires

Eligibility Criteria — Version 1.0, DRAFT 2

ENERGY STAR

Mote: This specification replaces the ENERGY STAR Residential Light Fixtures and Sclid State Lighting Luminaires specifications.
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Applications

SO0

Will create 96 shadow lines
Not good for task light
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Applications

etail area (7 years cycle!)
- Heat (IR)
1scoloration
atibility
Ice

WattageAdjust” !_
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Applications

ow-profile in elevators

er temperature, more efficient, better light control, lower

neight of cabin, ...
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Applications

langar & industrial 1nstallation
ﬂckness, weight, dust accumulation?

-
L“u"lﬁi“t“‘\“\ 195
i 49.53]
_—-f R T_:_ = ;f.ﬂjm
N -
S et
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Applications

master - Appleton
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Applications
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Applications e [ ew
lumens 2413
. Efficacy | 55.3 Im/W
\rchitectural =
- Outdoor fitting
Polar Candela Distribution
Ced 208
QO OC":'Cd ?50
40 000cd
AP
60 000cd
80 00Ccd 45°
{100 000cd aata
fglel 150 are L M NS
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Applications

arking

_ Debris accumulation

- Dual driver option
rge protection

s paacer through me debnie

ydredom which chanrea the

the rdpmn of tha Gimizaime
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Applications

.oadway

4 Lamp source compatibility LED arrays model

LED Roadway Lighting
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~864 Red Medium Intensity Beacon
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Applications

1 lighting

L, Wind Direction, Approach Light, Edge Light,
nt (higher power!)

= g

LED Gresn Threshold Lamp
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Applications

1ighting — Signs and various possibilities
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Applications
ings that LED brought in airfield lighting?

Solar Elevated Runway
Guard Light - Carmanah
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Applications
)ther things that LED (will) brought 1n airfield lighting?

- How connection behave with lower current?

- Traditionally, 1 amp or less & under 10C temperature rise is consider a
signal. Contacts often use gold to reduce resistance.

- i
;’, 11.’1_
j‘;’

side
view

- . top
" contact view
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ating — what 1f ?

For this one?

lumens
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Photometry
LRP3RAG2-20D4D [TLTest61719
“ Intensity (Candlepower) Summary
0’// \ BNGLE  MENCP
0" 4000
& 5 344
o9 15 699
" 25" 5
35" 0
45° 0
J ; - 55" (]
. o &5 0
; 75" 0
= ' \? - s o
;LIGHTING 1470 lumens ‘ “ Zonal I:.mmSumlary
OPAR/HIRIFL25 130V AT 120 6000 hours 1 20500-(% 88% lumens x
633 ours -30" 500 100%
PAR 38 — 88 watts . - a0°
470 36 watts dimmable )
oo . . o°-90" 500 a
100 hrs Green Lighting LED
watts
amp With GU-24

att)
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11111

yang Airport Lighting Equipment
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Signaling +—— —— Lighting

10,000 High Flux General
| i 5 White Lighting Lighting
! i E (2010°s)
Low-Medium l
Flux i
White Lighting Specialty

L BE Traffic lights (2000's) ecia
; i (2000's) Lighting

T Automotive (1990°s)
- i H
TN .
1 Outdoor TVs (1990°s)
'R Outdoor displays {1980°s) | i
0.01 Indicators (1970"s)
0.001
Red Yellow Green EBlue White
Colors
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Metric 2010 | 2012
ize Efficacy-Comimercial

. 3 * 73 2 2
White (Im/W, 25 C) H 134 L L3 43
nal Efficiency 87% 89% 02% 05% 08%

86% 87% 89% 02% 96%

ency of Driver

- 31% 33% 87% 019 06%
ency of Fixture ° 0 0 0 0

tant luminaire efficiency 61% 64% 71% 80% 00%
naire Efficacy- Commercial
White (lm/V

Summary of LED Luminaire [

69 86 121 172 219
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Optics
0.9 +—

Assembly
w 0.8 —— _
S Driver
o
E m Mechanical/Thermal
S
E mLED Packages L
5
c
[1+]
=
]
=
o
o

2015 2020
ost Track

Solid-State Lighting
dmap July 2010
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D replacement

SOCKET

PrRiIMARY BoOoDYy

THERMAL PLATE

RouTinG PCB

GAP PAD

B LOCATIOMN SeEcoNDARY DOPTIC

CoONKMECTOR

LAMBERTIAN OPTIC

DusT COGvER LENS

Cutaway drawing of an example lamp showing various ele
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Ceiling-Based EMerge System Schematic:

, open standard for room-
| DC Microgrids in
mercial buildings

inate 120V AC to 24V DC ol
er conversion (15% loss!) /
Copyrig

2000 EMargo Allanaz. Al righbs reserdoed,

25777 Suspended Ceiling Grid
Voltage Lighting Systems

ow voltage power supply operating at 30 V (42.4 V peak) or less



IESALC
NEW JERSEY 2010

Conclusion

SL could potentially reduce lighting
by 1/3 - the annual equivalent to

billion (in today’s dollars)
att power plants
lent to 47 million cars
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“’According to the world bank,
24% of the urban population and
67% of the rural population in
developing countries are without
electricity today”’

Is the LED a possible solution?

andescent bulb converted to a fuel-
d lamp. Ghana marketplace
Photo credit: Rick Wilk).
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To land safe.

e and understand characteristics of
olid State Lighting
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Thank you

Richard.larivee@videotron.ca
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Background info

LIGHTING MAJORS IN 2010 Vs. KopAk IN 1980s

Kodak 1980s GE / Philips / Osram 2010
Market Posithon Dominant Dominant
Dominant profit driver | Consumable fim replacement Replacement domand
Low cost film from Japanese Pricing pressure from low cost
Current Key challenge i ki e
Technological change | Film camera 0 digilal cameTa incandascent 1o solid state lighting

New capabilities
| neaded

Pregent with many firms outside the

Impact of technology
on business

Fragant with many firms outsidea ihe

Commercialization
REci<lelpi-1:]

Key misses

ngusiry + need 1o buld inhouse  Lindustry » need 1o busid in-house |

Replacement demand ehminaled gmﬂﬂ t:lwm "fihnﬂnate
Technological response | Spent bilions in 10 years Investing in LED technalogy

Dragged its feel 2

Myopic view of the future ?
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Background info
y Usage in Canada

1al/Institutional Energy Use by Purpose, 2006 Residential Energy Use by End-Use, 2006

39-:: o

@ Space heating

@ Space heating
@ Auxiliary equipment

® Lighting

Space cooling

® Water heating

Annliances

| Lighting
Water heating

o Space cooling
Aviliase motors

Total: 1347 P
374,2 TWh

Street lighting

Total: 1092.5 P
303,5 TWh
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Background info

Incandescent — General service 15
Halogen - Reflector 25
Fluorescent - T5 95
Fluorescent - T8 - less than 4 ft 66
Fluorescent - T8 - 4 ft 83
Fluorescent - Compact - Plug-in 60
Fluorescent - Compact - Screw-in - reflector 55
Metal Halide 60
LED - cool White 4000K 75

High Pressure Sodium 100
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Background info
e the Future of Lighting?
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Background info

Year LED
Efficiency

(Im/W)
2002 30
2005 4(]
20
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)proximate Cost Breakdown for LED Luminaire in 2009

Mechanical
Thermal

30%

Optics
5%

Assembly
5%

Q|
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Today
iallenges of luminous flux & density of LED
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Today
icity & binning structure

CIE chromaticity o

LUXEON Rebel White Binning
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IESALC

1000

Lumens -Ih-ul
=

Today

connected

LED1 LED3 LEDS
.:/’/’ ._:/"/' > I A7
LEDZ2 LED4 LEDG
A A A
>} >} >

| { P as heat

AR

LED Characteristic

500 mA
LED Current {I;)

-
40V DC Power Supply

Series and parallel circuit

I.|.
+|| |
DC Power Supply

rie LED GE Lighting
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Revenues ($M)

Outlook — LED Lighting Market

APPLICATION SEGMENTS

m Replacement Lamp

2008 — 2013
16,000
14.000
12,000
10,000
8.000 l
6,000 - ——
4 000
2 000 i E E — —
== | e
2007 2008 200¢ 2C10 2011 2012 2013
o Safety/Security m Consumer Portable g Architectural
o Entertairment m Retail & Refrigerated Dispaly o Commercial & Industrial
m Off-Grid O Residential m Outdoor
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menr > | Energy Efficiency &
Renewable Energy

Solid-State Lighting

R&D Projects W/ S10TS-ELELREGNIED S8 Using LEDs | Information Resources | Financial Opportunities | Home
Market-Based Programs T
ates = Print ble Version = EERE Information Center
- - - - Programs and Offices
am Solid-State Lightin¢ GATEWAY Demonstrations ?
DOE GATEWAY Demonstratiol smhssssmee'yinh -

velopment = performance LED products for general illumination in a

variety of commercial and residential applications.

Demonstration results provide real-world experience

and data on state-of-the-art solid-state lighting (S5L)

product performance and cost effectiveness. These

ns results connect DOE technology procurement efforts
with large-volume purchasers and provide buyers with
reliable data on product performance.

yrmation

The -SEW Bridge in

sortium Results . . .
DOE shares the results of completed GATEWAY Minneapalis, Minnesota,
Eiti d tration projects, publishing detailed reports and features LED roadway
titions gmcns praj ' P g . P lighting on the main span,
briefs on completed projects. The reports include offering DOE the
analysis of data collected, projected energy savings, opportunity to study the
payback analysis, and user feedback. use of LED lighting in a

highly challenaging
environment over the
course of three years.

New DOE Municipal Solid-State Street
Lighting Consortium
To leverage the efforts of multiple cities pursuing
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MENT OF | Energy Efficiency &
Renewable Energy

Solid-State Lighting

M Using LEDs | Information Resources | Financial Opportunities | Home
Sean

.—
Mﬂrket'BaSBd Programs arch Help More Search Options

ates (= Printable Version = EERE Informaticn Center

- F d Offi
About the|CALIPER Program egTEmE e e
The DOE CALIPER program supports testing of a wide array of S5L products

J = available for general illumination, using industry-approved test procedures.
orts CALIPER test results:
s * Guide DOE planning for SSL R&D and market introduction activities,
ports including ENERGY STAR® program planning
taries * Support DOE GATEWAY demonstrations and technology procurement

| R activities
velapmen * Provide objective product performance information to the public in the
yrmation early years, helping buyers and specifiers have confidence that new S5SL

products will perform as claimed
* Guide the development, refinement, and adoption of credible, standardized
s test procedures and measurements for SSL products
sortium CALIPER Program Planning
Analysis of CALIPER test results and feedback from lighting manufacturers,
titions efficiency programs, and utilities guide DOE planning for the CALIPER program.
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pleted Research the Lighting Research Center to advance the effective use of energy-efficient solid-state lighting and to speed
5T Program its market acceptance.

ring About SSL _ . . . _ .
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For your next

Christmas season!
Strawberry LED

-17 Base, 5

er, 120 Volt, 20 M5 Battery-
aoe life. Powered LED
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Conclusion
ED technology (and soon PHOLED)

dimensional, flat light source, emitting diffuse light from a potentially large
tive area. Could be a flexible film.

LEDs create new lighting possibilities by enabling large area illumination
urces, panels, ceilings, walls, partitions, fabrics etc.
_~ Encapsulation

_I--

~
— 3

__— Cathode (e.g. Al)

i

~___— Organic layers > d ~ 500nm
> - Anode (ITO) J
A+ L — | |
lj_. Substrate (Glass) Layers of organic
materials
sandwiched

hetween anode and
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1Ics21 1s a voluntary association of industrial enterprises
akeholders in the field of photonics in Europe. It
ity of the leading Photonics industries and
holders along the whole economic value

e. 1,400 stakeholders of 49 countries.

t of Photonics in five industrial
1cation, Lighting and Displays,
urity
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Electronic component shortages may last

ALL THE TOP JOBS
IN FINANCE through 2011

By Georgina Prodhan

PARIS | Mon May 24, 2010 11:55am BST Bl Recommander

(Reuters) - A shortage of basic electronic 3| oion s

components that has hurt Alcatel-Lucent and Ericsson = Twe=tTn=
among others could last into the second half of 2011, Share on Linkedin
limiting manufacturers' ability to respond to improving g

demand.

vered by @FINANCIALCAREERS

Share on Facebook

MOST WATCHED . .
MOSHREAD Memory chips and other fundamental components such as resistors and Related News

1. EAbrings Hary Patter to Kinect capacitors are in short supply after their makers slashed output, fired staff. Alcatel-Lucent may

Sep 10 2010 put equipment purchases on hold or went out of business during the _SEt up services hub
2. Mokia taps Microsoft's Elop as CEO recession. Inlndl?
) ) In contrast to what happened in 2001 after the dot com crash, makers of ~ Reuters Summit-

3. Wall Street's Gordon Gekko is back ) ) UPDATE 3-Alcatel

Sat, Sep 11 2010 components for the consumer electronics, telecoms, automotive and solar  —_—

_ ) ) o CEOQ sees telco

4. Nokia taps new CEQ industries are not scrambling to meet short-term demand, risking another spend boost

Sat, Sep 112010 boom-and-bust cycle. May 21,2010
& Fashinn Week ingnires Main Strest Reuters Summit-
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