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@ 33 billion lamps operate every day

@ 3 140 TWh electricity consumed per annum (inc. losses)

@ 16%-19% of worldwide electricity production v 12% France
@ 3% of primary energy used every year for lighting v 9% Germany

Urban .
Tertiary 8% Sustainable Development

48% Indlt.é’s;r'ial Full production of FR + IT
‘o

200 billion Euros per annum (Europe)

v 21% USA ——
v 34% Tunisia
v 86% Tanzania

*raplace L G = Actual situation
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@ 1 890 million fonnes of CO, per year
@ 80 tonnes Hg-contaminated wastes
Residential collected in France every week

(Mils, RL-5, 2003) 28% @ Light pollution of skies
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1.2% growth/annum

(2030)...
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@ 6.5 billion people live on earth (200 > ?.gé)illllionsiz(gogg))
@ 1.5 billi ithout tion t id (2003 =3 1.0 billion (203
illion without connection to AT (2003) e

5 billion people use 2 650 TWh par year
Average energy used for lighting: 430 kWh/person/annum

W L
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Average 680 kWh/person/annum §
for 7 billion people in 2030
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Energy (MWh/person/annum)
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148 Wiies 609 person (/)
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Laplace

Luminous efficacy:M
Absorbed power
780nm
x [PAVQ)dA
1) = —360mm b

(Im/W)
@ Incadescent lamps 12-14
@ High efficacy halogen lamps 20-25
@ Compact fluorescent lamp 65
@ Linear Fluorescent lamp (T5) 110
@ Ceramic metal halide lamp 70-150
@ Sodium low-pressure lamp 200
@ White LED (@ 25°C) 130
@ Firefly 180

Radiati
Energetic Efficacy:M
Absorbed power

[ P(ar
=2
P,
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@ Linear Fluorescent lamp 20-25%
@ Incandescent lamp 2- 5%
@ White LED 30-40%
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Celour Temperature (T,,)

The colour temperature of a source is given by
the surface temperature of a black body
producing light with similar colour appearance.

A "warm" light corresponds to a color temperature

below 3300 K.

From 5000 K, a light source is referred as "cold”

light.
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Indicates the ability of a light source to reproduce the colours

with fidelity compared to a reference white light.

Sodium Vapour Lamp ~ 200 Im/W

100 = IRC maximum. 0 < IRC < 100

0 = No colour visible.

A variation of 5 points is perceptible by humans

Part
The legacy technology:
Discharge Lamps
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Power
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Electrical power injected in a plasma...

Radiation (UV, vis, IR)

Heat (other than IR)

..Is Turn into radiation and heat by the plasma

5213 w—

@ CEETE O resim

ul

——

Discharge
lamps

—

With
electrodes

—

Electrode
less

MR 5213 m—

——

) r - 1 B r y T - 1
Low High . Dielectric Molecular
“ pressure L presgur-e L Inductive ]L Barrier ]L Radiators }
I
r T - 1 ) I . I . 1
FIuorescenT] L CFL ] L Sodium ] L N}ﬂ‘fgr)'y L Sodium ‘ L Halide ]

Y

[ Integral ‘ [ Pin-based }

Lumiére ’. ﬁ
& Matiére

L

|

=)

Ceramic

|

o NP enseeirr: @)

mvensire
sobisusen




Lumiére a. ﬁ
& Matiére

UMR 5213

Low pressure lamps

© Fluorescent Tubes (FL)
© Compact Fluorescent Lamps (CFL)
© Low Pressure Sedium (LPS)

;4 34

0 NP EnseeiHT: [@)

Injected Power
490 w

Positive Column

Electrodes 6 W

34 W
- uv
8%_ 2414/ N
I =
Q|
AY
Heat | Vis. |
148 W|9.2 W
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Heat Visible Light
3o w mwow
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Emitting material: Hg (7 mTorr)
Phosphor Buffer gas: Ar (3 Torr)

Light

Electrode
Losses

Injected power
Tube Wall Ballast Losses 490w

Energetic efficacy
~25 %

0 CEERY @)
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Laplace Existing technologies

Diametre 38 Diametre 26 mm
amefre 55 mm Efficacité lumineuse = 80 a 95 Im/W
Luminous Efficacy = 40 - 65 Im/W Ballast EM ou Eln

MagnetBallast EM .
Hallophosphates Hallophosphates ou triphosphores ‘:"

Forte sensibilité a la température ambiante
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E 0.80
Dlamé‘rr‘e 16 mm £ 017550 15.0 250 35.0 450 55.0
Efficacité lumineuse = 95 a 105 Im/W ) " Ambiont tomporaturo (C) }
Ballast Eln
Triphosphores L o 7
l" . . é
Eclairage intérieur
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b o Spectum & Colour

«Cool White» (6000 i

«Neutral White» (5000 K)

UW per 5 nm per |m—

300 400 500 600 700 Afnm] —

«Warm White» (4000 K)

O, 022 20, 26,,28,,80,32 34,

«Ultra Warm White» (3000 K)
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*Slow warm-up

Sensitive to ambient temperature
«Sensitive to mains voltage variation
«Sensitive to ON/OFF cycling
*Contains mercury

0

Application: Indoor Lighting

1200

V4

1000
~#—Global CFL Sales

~#—CFL Production in China

2
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1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Year
ALI

Millions of Units
2
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@ Luminous efficacy affected
@ Lifespan affected

@ Warm-up time affected

@ Dimming is complex

ra
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150000

u 10x 10000

Dimming m

———
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light bulb CFL

equivalent

UMR 5213

Standard Integral @ Power can't be used as indicator

@ Luminous flux is just an indicator

AW, 5 8W
fow @® Human eye is sensitive to brightness nor
= aw = to flux neither to illuminance
Standard q
flant bulb . LOOCKFT_“ke A clear incandescent lamp is 150-200
25w W times brighter than a CFL with the
O o same luminous flux
— 65 W 15
= 100W - 20W

Proposed equivalence: 1 : 4

10 WCFL 2 40 W Incand.
15W CFL & 60 W Incand.
25 W CFL » 100 W Incand.

0 P enseein: [@ReEed |
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@ Power: 18 - 180 W

@ Lum. Efficacy: 98 - 200 Im/W
@ Energetic Effic.: 40%

@ Life span: 12 000 - 14 000 h
@ CRI: N/A

@T,: 1700 - 1800 K

@ Warm-up time: 15 min

DECLINING MARKET

exemp

SOX 36W ﬁ {
RoHS
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Application: road lighting

E

[mW / (m? . 5nm . 1000 lux)] ——
- - ~
g 8 8 2

S

300 40 500 600 0 A

Distribution spectrale MASTER SOX-E 36W
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High Pressure lamps

© Mercury High Intensity Discharge lamp (HID)

© High Pressure Sedium lamp (SHP)
© Metal Halide lamps (MHL)
): Q"
RoHS
L L ks @ TEEm O

DECLINING MARKET - Forbidden in 2014

Quartz Current
Burner

g

[mW / (m? . 5nm . 1000 lux)]—

300 400 500 600 700 Afnm]—

Distribution spectrale de la lampe BTC Riviéra 250W
(Lampe MAZDA ECLAIRAGE)

Socket

@ Power: 50 - 400 W

@ Lum. Efficacy: 25 - 50 Im/W
@ CRI: 15 - 60

@ T_: 3000 - 5500 K

a Life Span: 7000-20000 h Integrated 8 o
’ i Z reflector (PAR) black” light
Lumiére
REVS QrEmmO
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@, Getter

|
Alumina
Current | | burner
leaders
b3 Bulb
g —
¢ |
Z T |
3 {
(D)
Socket

@ Power: 35 - 1000 W

Street
Lighting

@ CRI: 30 - 65
@ T_: 2000 - 2300 K
elLi

.5nm . 1000 lux)] —=

LMWV / (m*

@ Lum. Efficacy: 55 - 120 Im/W

fe span: 7000-25000 h
@ Warm-up lag: 3 - 5 min

Ukarsa | 300 400 500 600 700 A[nm]
Distribution spectrale de la 250W
%’f @ @i

Spectrum broadening increases with pressur

Light turns to “white” and

P=1Pa CRI increases
Luminous efficacy decreases -~
90 White HPS
= ©
P=15 kPa 80
70
50 e High CRI - HPS
& 50
(3]
P=65 kPa 40
30
0 o o@o®@® o Standard HPS
" 10
01 i e ewmeoeeo  LPS
0 50 100 150 200
Luminous efficacy (Im/W)
Lumiére
L hmﬁ O CE=mm O nim
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Outdoor/sport Lighting

(Sili@a tub@)

UMR 5213

@ Power: 50 - 2000 W

Current A e e CRI 65-93
Burner Leaders 3700 - 6 100 K
thps! MASTER MHN-LA e Ll‘Fe span: 4 000 - 8000 h
@ ; @ Warm-up lag: 5-10 min
10
Philips: MASTER MHN-SA i .

Getter

@ Lum. Efficacy: 54 - 120 Im/W

Ll 0 4 ™ Nwm]—=

Bulb
Socket Low Life Span
Limited colour sfobulny
Philips: MASTER White CDO-TT 100W E40
Lumiére , i
‘ ' & Matiére 0 @

Current
leaders

Getter

Alumina
Burner

UV blocking

Socket bulb

GE constantcolor « NumeLiTe »
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City and Indoor Lighting

@ Power: 20 - 400 W
@ Lum. Efficacy: 70 -150 Im/W
e CRI 86 - 95
3000 - 4500 K
“lb span: 7000-16000 h
@ Warm-up lag: 3-5 min
@ Controlled Dimming possible

Spectral Power Distribution 4200 K

70
60
50
40
30
20

10
0
380 430 480 530 580 630 680 730
Wavelength (nm)

mW/nm/1im

0 INP ENSEEIHT @'%E
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Part
The new technology:
Light Emitting Diodes

Lumiére ’ ["i
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Discovering electrolulinescence 1907
15t coloured LED 1962

1st white LED 1995
Lighting applications 2000

Discover current conducting polymers1977
@1/ 1s* OLED (thin film) 1987
-/ Ay Lighting applications2010

Chemistry 2000

Lumiére ’ ["i
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Dome enh epoxy
Semiconducteur

Cathode

Connecteurs

=_

Connecteur

e
Dissipateur de

chaleur

™ ——Lentille Plastique

Encapsulation
~ ensilicone

Semiconducteur
InGaN
“Flip chip"

\_—" soudure de
- connexion

Substrat en Si
avec protection ESD
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LED

s advantages

Wy oreen. sz

5 enough?

ison Opto S0W
Power = 50W
Colour = White
- Lumens = 1800 Im
L4 CCT=6500 K
v
Robust

@ NP EnseeiHT: [@)
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Energy

j E=Ec+7K@m))

fivy

hvy

|
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Wave vector k

AE pyyy = 1.8k, T
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1. Colour mixing (RGB or more)

iy
iére
&

—
um

Matiére

@ An LED is nearly monochromatic
Q Spectral width is very small

Q The colour changes with junction

OGN O
AEREnE
35

riele;

A
LT

i)

e,

LNy |20, 3p SUIAISUES

o

0 NP EnseeiHT: [@)

white light (1)

@ Limited gamut

@ Unacceptable colour temperature
@ Low Colour Rendering Index (CRT)
@ Tmportant optical losses

@ Non-intuitive control

0 NP EnseeiHT: [@)
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Substrat Substrat

Lumiére a ﬁ
& Matiére

023
0.24
025
026

027

UMR 5213

2. Mixing Blue + Yellow

@ Low conversion efficacy

@ Yellow "Hallo" effect

@ Bad CRI (at least with B-Y mixing)
@ Unpleasant colour temperature

400 500 600 700 800
Wavelength (nm)

0 NP EnseeiHT: [@)

100

80

60

40

Intensité lumineuse relative

20

UMR 5213

3. UV-LED + Phosphors

400 450 500 550 600 650 700 750 800 @ Low UV power
Longueur d'onde (nm)

Lumiére a ﬁ
& Matiére

Ta=25C rA4r4T
L ek & Eek 3
—
[ 2 o o
—V_ D vlele I
/\\ F’DSD
1/
i NINABN
\ VN
- A;ﬂs e |———— . ;
ﬁ \_’f Jamm @ Colour is depending on phosphor
N @ Nice CRI
RN @ Moderate efficacy
N
Z @ UV solarisation of plastic parts

0 NP EnseeiHT: [@)
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276 Im/
@ 350
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Laboratory Records:

CREE Mqrch 2012

Wh

$150

$0

2000

2001

2002 2003

2004

2005 2006 2007 2008 2009 2010 2011

UMR 5213

Average Im/IW pkg
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250

-
wn
[=]

Luminous efficacy (Im/W)

8

w
(=

g

2010

2015

=—Color-Mixed Cool
=== pc¢-LED Cool
—Color-mixed Warm
- nC-LED Warm

= Qual Data Warm

e Qual Data Cool

2020 2025

UMR 5213
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Energie relative

£

E 10f

+ T, is modified
8 08 NCN

o 06

U) 04

Phosphorescence

02

" " " " 1 "
300 400 500 600 700 800
Longueur d'onde (nm)

Electric parameters

T T T

—~ sk Red LED LS 3 I 3
< GaPAs / GaAs T=300K

€ =L

S ofF i

= JRRAE J00AE NRE !

S JE T=77K |

o 4 T

5

S 2f i~

C

1 1 1 1 1 1 1

wf

e
& Matiére

Intensity

Lifespcm Current (mA)

50,000

\‘— LUXEON K2 at 350mA
LUXEON K2 at 700mA

‘Other Power LED at w\ |
Other Power LED at 750mA L"’"m\”"‘z““
Other Power LED st 1A LUXEON K2 at 1.54
\\1 w
160 170 180 190 200

80 % 100 110 120 130 140 150

Junction temperature(°C)

8
g

Lifespan (h) N
8 8
g 8

§

B Heat HVisible WIR

Lumiére a. ﬁ
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For evacuating conducted heat a sink in need

@ CEETE O resim
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LED
It

Current

LED
Efficacy

Lumiére

LED Module Optics

¥

Optical losses

Junction Temperature

Thermal Management

130 Im/W

; 8-15% wmmmd 10-30%

—)

UMR 5213

Ballast

Luminaire

¥

Photometry losses

Ballast losses

5-20%

0 P enseein: [@ReEed |

)  5-10%

Luminous Efficacy (Im/W)

Lumiére

UMR 5213
Maximurm
Number of Products Z:::mnmc
9 a3 62 73 77 84 87 wedian
100 i;"‘:‘(:nvnlrlc
90 +
30 + _
70 A
60 + .
1 52
- o =
0 | [
30 A 29 32
20 1 18
10 A
0 T T . . § .
2006 2007 2008 2009 2010 2011 2012
Purchase Year

0 P enseein: [@ReEed |
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guality is a majer concerm!

UMR 5213
NAME OF PUBLICATION PLACE OF PUBLICATION DATE OF PUBLICATION
FINANCIAL CHRONICLE NEW DELHI 28.JULY 2014

Poor quality imports give India
abad experience of LED lamps

S SHYAMALA
Chennai

LED techology is consid-
d forward in

lighting but low-cost and in-
ferior-quality - imported
products are severely harm- ;
ing the i i - .
"u‘fp;&’;f"“z‘ > "‘d‘;’ The huge reliance
india needs to urgently 2

formalise product standards on LED imporis as
and boostlocal production to 5
ol Bt ey v{gll as fmpshed
&

e e lighting products
lot of bad experience be- is a crifical

cause of poor Chinese im-
ports. Industry players

D e challenge for Indid
e

i 'BULLISH MARKET:
e o revenus ofove 1423 millonin 2012
i i facturers association) have  The growinginterest in en-  critical challenge for India, tomers will buy more when'
*Bad system integration been pushing for BIS stan- ergy-efiicient technology, as insufficient demand is  there is enough supply. The
B h | t dards for LED) prodicts. _ green bl the c ac-  critical inflection point may
Earlier, CFLs took thatroute  to reduce energy bills have  turers. come when prices go down
*Bad thermal managemen and it helped curb sales of lentmomentum forthe B2B  Government agencies further,” says Raj

Rajesh Koc-
. . poor-quality goods. We and B2C LED market in  such as the ministry for re- ghsgplemdentoleSVA. the
*Low quality passive components should nevable enerayand e lhingbrand of Usha e

on LEDs,” said Arun Gupta,  Gupta said Indian con- reau of energy efficiency

anaging director of NTL  sumers have bumt their fin-  have been trying to raise “For example, an LED
iri 1 1 Electronics, a Noida-based heap import- benefits of lamp now costs Rs 500. The
#Bad wiring & electrical hazard risks e e e TS e
B cog_‘xdmg !8 ﬁl & Sul- fai.lu:esélluvz been high and,  distributing free solar LED  to be affordable for the mass-
H H H livan, the LED lighting in-  hence, the adoption contin-  lanterns in some villages. es. LEDs will then achieve
*Unacceptable harmonic distortion dusty i India eamedev. uesiobelow “ltis chickenaitbess he erpecied swowih In
Enuﬂgs ofnv;rsmiﬁ million e huge reliance on story. Manufacturers will India,” Kocchar said.
: : . in2012 and it is expected to  LED imports as well as fin-  produce locally when there shyamalaseetharaman
#Photo-colorimetric pr0b|emS & flicker reach $1.2 billion in 2018. ished lighting productsisa s enough demand; cus- @mydigitalfc.com
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LMR" Light Made Right Contact

Performance

LMR" Performance Specifications
yo*

Light Output and Power-used-to-Light efficiency +LED junction temparature s only S2.C
+IPCHS™ board tamparature s nly 72°C

I LI Temporaiuros measurad on hour atar Swching o the LR bulo
 Anoma L s w

The very cool operating temperatures of LMR™ bulbs o

LMR™'s 100-watt LED light is a new standard for ensures reliabilty of ts LED diodes and driver
brightness. An 83 lumens/watt power ratio is a new resulting in extended longevity of the LMR™ bulb. ’
standard for retro-fitlighting.

P> RO for Exclusive Rights Owner Q @0
. B

Diffuser High Qualty Polymer

|10 surtace Mounted 1W LEDs, 120 0 130 ImW_
LED Diodes (Golor Temp = 5000°K, Junciion Temp = 92°G*, +1 5%

11um Copper, 65ym Alunina, 1 50mm Aluminum
IPCHS Metal Core Board | g lincer Y CHs Tomp - 72:C- o 5%

Heat Sink omp aftr 1 oporaRan Z68°C, +-5% LMR" Light Made Right
100-Watt Bulo

Performance 12 W LED (83 Im/W):
996 Im

J
404 Im

100 W Inc. | 14 1m/W): 1400 Im «——m missing
ne femp (M K (40% error...)

10put 11010 240 volts, Quiput 30V, 350 0 380mA.

Lumiére : i
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Blue Light Actinic Impaired visual Photosensitive
Hazard Ultraviolet performance epilepsy

| Photobiologica fllck?r
Biological

I H
e— Effects

Headaches

N\

Infrared Near- ©
Radiation ultraviolet

\3 N\

Eye strain Malaise

Lumiére ﬁ
” 0 8 enseeirr: [N
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Some LEDs have luminance

05 -
80000
60000 \
. 1
#0000 Mandrmum perrrissitleexposure. t 1
b5 104305 "
0 20000 \ + 1 \ \
400nm 500nm 600nm 700nm . i e —
Bposuretme (9)

higher than 106 cd/m?...
(Sun: 1.6x10° cd/m?)

anses Q

single-die bl

Ly (W Radiant flux of 0.5 W

160000

distance from th thi sour

01 i 10 100 1000 10000

\l( ; ' : - ,.-- ~ a. :-v-. ‘
Npee” Light Qualiity - Flieker

18 brands (CFL, LED bulbs & LED spots) have been
evaluated

Brand Number

amiere *
INP ENSEEIHT 700
ww‘,m O TE=ER O

LED

7 brands on 18 have excesswe fllcker (>20%)

|

" Flickercanbe .

j— ED
LED

= virtually z

= usmg hlgh quali

D spo

i " "

10,0 20,0 30,0 40,0 50,0 60,1 90,0 100,0 .)
“

Flicker Amplitude (%)
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OLEDs -
Orgaiie Light Emitting Diedes

Algy

‘ Small molecules &‘:ﬁ‘{.i l 3 g@‘@‘g
7
&2

Cathode
(metal) —
Organic
layer(s) I = . Polymers m ’(%
Anode /4 PPV Polyfluorene
(ITO)
Substrate””
Organic layer thickness ~100 nm
’ Applied voltage ~10 V
, Electric field ~10° V/cm
Light
REEIH QIEER O
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Wikt Is an OL

An OLED is a Light Emitting Diode based on organic semi-conductors

|
£ -
@ Tnorganic semi-conductor junction @ Organic semi-conductor stack
@ ACrectifier character due to PN junction @ ACrectifier character due to work function
@ Excitons (e-holes) are delocalised in the difference between the two electrodes used
crystal: Energy bands for the carrier injection
@ Electrical mobility decreases with temperature | | @ Excitons (e-holes) are localized to single
@ Doping is necessary for getting free carriers molecule
@ Hetero-structures are limited due to crystal @ Electrical mobility increases with temperature
mesh mismatch but stays very low
@ Almost monochromatic emission linked to the @ Doping is not necessary for getting free
energy gap carriers: they are injected from electrodes
@ Structures choices are almost unlimited 0
=) @ Large emission covering visible spectrum Ty
[ (molecular bands, mixing...) =
- (@]
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a5
5 double bonds, 10 % electrons

\

\l PR NN
|

|

I

|

Bathochromic
&

Hyperchromic

a4
4 double bonds, 8 7 electrons

B NN
-
3 double bonds, 6 7 electrons.

] NN

o0 155
200

T T

Wavelength (1m)
Ref.D. L Pavia, G. M. Lapman, G. S. Kriz, Introduction to Specioscopy, 2. (Saunders College Publishing, 1996), p 289
5

T aYWa

Wt

0

Palidaccrcic
DA
L7ev
cerviene PO e lensysnylen
0 [ Remscuens i

156V R

E
ENH

5
5

Band Gap (eV)

1
1.0

0.5

0.0
Ref. N. C. Greenham and R. H. Friend, Solid State Physics 49, 1 (1985) p.13: A, Monkman et al.. Phys. Rev. Lett. 6, 1358 (2001)
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@All colours are possible (no green gap)
@High colour quality (saturation)

aHigh CRI (molecular bands)

@High luminous efficacy

@lambertian intensity distribution
along lifespan

alow temperature drift

@aExcellent mechanical behaviour (Flexible, bendable...)
aExtremely light and thin

aEasy fo produce at low cost (R2R)

@low carbon footprint

aDimmable

‘Homalzed Rasponse.
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OLEDs?

\ [
J. Jacobs et al., .
STr‘ipe ®|ight IEEE IAS (2007) Sandwich — Flat dot/
R-G-B light .
st ermi ° o stripe .
Cype «—first emitter ES :’ — rcg‘} oo o PU o
. g ‘ ;Q ) ‘
+— second emitter ey N7
- Dy
7 Z 7 oy =1 .
A
= Glass substrate - Host + dopant
C. o G. Guetal., J. Appl. Phys. 86,4076 (1999)
oo glass
ost/Donor system "
YB mix ) Blue OLED
Fomaien RGB mix PEDOTPSS
dexclons & ITO
I'inferface
Down conversion & =
Colour mixing Down- { PMVA perylene orange
@ [= conversion
layers
HoMo Large spectrum
ISSUCd fl"Ol’l’\ A.R. Duggal et al.,
Appl. Phys. Lett. 80,3470 (2002)

"molecular
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UMR 5213

Matsushita Elegtric

13 x 139426

T | = %0
CErm + >
m 100x100 150x150 300x300  300x300

LG Chem Targets J r US DoE Targets

e Tw Taw oam | o
RN
Internal Quantum Efficiency

mmmm
nmmm

Lo Lumen Maintenance (1,000 hours)

Note: Projections assume CRI > 85, 2580-3710K; 10,000 Im/m" emittance.
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Luminous Efficacy (Im/W)

UMR 5213

200

150

100 o /
W Lab Panel
0 Lab Panel not qualified
~—Lab Panel Projection

50
O Lab Device
# Commercial Product
¢ Comm Product not qualified
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Year

Source: Solid-State Lighting Research and Development Multi-
Year Program Plan, DoE Report, 2013 and 2011
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OLED pillow
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" And many other applicationS..
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Yonezawa City (Japon)
OLED Café |

Courtesy J. Kido, 2009
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UMR 5213

Lighting Fair 2007
L 3N

RIOE

‘Ressarch nsttute for Organic Electroncs.

«—15cm—s

«~15cm—
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UMR 5213

2002 4104 Buiybi

Courtesy J. Kido, 2009
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Those gathered at the recent Optic & Photonics Conference in San Diego:
Life span of more than 12,000 hours and a system efficacy of 71 Im/W.
In addition, these OLED lights are completely cool to the touch
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Sir Humphry Davy =

- Electrical Discharge

.\,;4 — = ? &
It is easy with electricity
st pud Hafiilig 1o @ boils 3

Carbon arc (1813)

A\ QLofespan
@Complexity
@Reliability

Jablochkoff's candle (1870)
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1 major inconvenient :

Thomas A.

Edison

@ low efficacy

2 strong points:
@ easy to produce
@ |arge lifespan

1 visionary inventor:
@ "system" vision: from
electricity to light
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eaind Gisappeaitig (2090)

Existing Lamps (2002)
cr e Incand. 35%

9% 2%
350

;

Fluo

49%
Halogen
5%

Halogen
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World Market(2002)

CFL
4%,

HID

V 1%

Incand. 70%

@ Ts production capacity sufficient ?

@ Is the consumer ready for the market
transformation ?

@® What is the social impact ?
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