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Colors save energy

John Rooymans

+




Where we come from

Leading developer
of LED applications
for general lighting

@ 2NI RQa Y2ai
lighting applications (> 65
lumen / Watt on lamp
level)

oDimmable products in
Home & Commercial
applications

olow cost and easy to use
solutions for offgrid Solar
LED applications

wlargeted, energy saving
spectra for Outdoor and
Greenhouse segment

Founded in 2005 by
Gemex
(technology) and
Tendris (capital &
organization)

c«Mission: help to reduce
global CO2 emissions by
offering marketdriven,
energyefficient LED
lighting solutions

«Rewarding, not penalizing
sustainablédehaviour
create a win/win for all

Started market entry
in late 2006 with a
Retrofit product
(Pharox 1) and
expanded into
Outdoor and
Greenhouse in 2007
and Solar in 2009

oOffices in Netherlands, US
China, Singapore and
South Africa




Awards,

Partners and Endorsers

( AINTON
FOU \mn()\'

**4&*

WORLD
ECONOMIC
FQRUM

N

] NATIONALE o

POSTCODE

MLOTERIJUM

WORLD FINANCE

Clinton Climate
Initiative:
Preferred supplier

WEF:
Technology Pioneer
2009 Award

World Bank:
Lighting Africa 2009
Award (Solar LED)

Fast Company: 2010
Top 10 oOmost
consumer goods
compani eso
Dutch Postcode Lottery:
Mass roll out of 2,5 million
Pharox lamps

2010 World Finance
OBest
cleantech company"

!

¢l

Former President Bill Clinton, USA

with the Pharox in 2007

m

. P
Former Prime Minister Tony Blair,
UK with the Pharox in 2009

Western

FIFA South Africa010

= B'?Ad"‘% SYEpfficial

Offset CO2 emission holder

U2 singer Bono and TNT CEO
t SGSNI . I 11SNJ

Sir Richard Branson
promoting the Pharox on TV

Duth Prime Minister
Balkenende, Netherlands wit
Pharox in 2009


http://www.fastcompany.com/

Business units

£ Home & Public

Commercial S Lighting

Lemnis Public Lighting “t‘

| Greenhouse Solar
Lighting ,. | Lighting

Sty
Lemnis Solar Lighting 5@
"y




We live by
standards but
are they right?

Standards

The standard
for sound is
decibels but

~ sounds 80 dB

of a classic

concert, a

hard -rock -
concert or a
departing jet
all the same?

The standard
for light is
lumen . Is all
light the
same?




Spectral dlstrlbutlon serves the eye

The human eye can function
from dark to the brightest
Intensity. The eye can sense a
factor of roughly one billion
(109) apart. Its a very dynamic
system.

However, photo metrics are
defined by static metrics.
Variable spectral power
distribution under changing light
Intensities allow better control of
vision like the tone control with
music of varying loudness.




A new vision on light

A The human eye
perceives light
differently under
varying intensities or
color

A A lux meter does not
show that

A Vision and sight is not
the same under
composed colors

A LEDs allow spectral
combinations for
optimal vision

A Science is questioning

the lumen standard

OOur resul ts
power and pupil size

indicate that photopic
luminous efficacy is

an inadequate metric

measuri n:q

Sam Berman, D.
Jewett, B. Benson,

by which to judge the e
Lawrence Berkeley Natione
efficacy of indoor Laboratory

|IIum|nayono

wavelength (nm)

Source: http://adsabs.harvard.edu/abs/20090ptEL...5..265J




Faculteit Electrical Engineering Faculteit Industrial Design

View of TU/e, TU/delft

/ Technische Universiteit
T U e Eindhoven

University of Technology
Met LED lampen is het mogelijk het kleurspectrum van de lichtbron af te
stemmen op de wisselende eigenschappen van het menselijk oog onder
verschillende omstandigheden, de wensen van klanten en op de specifieke eisen
voor bepaalde toepassingen, zoals verlichting thuis, kantoor en
werkruimteverlichting, (mesopische) straatveriichting, gewasspecifieke verlichting

van kassen om de groei van planten te bevorderen, verlichting gericht op
stimulering van alg groei en vele andere toepassingen.

De brede introductie van deze mooie technologie in de markt vereist een
herbezinning van de wijze waarop de prestaties van deze lichtbronnen worden

gepresenteerd en bewaakt. De kwaliteit en prestaties van deze lichtbronnen zijn
namelijk niet aan te geven met de klassieke, gloeilampverbonden maat voor
lichtopbrengst als effectief beschikbare lichtsterkte op de werkvlakken (lux), de
geproduceerde lichtstroom (Lumen) en met een levensduur, die wordt uitgedrukt
in het minimaal aantal uren dat de bron met lichtbehoud licht geeft.

Z
Prof.dr.ir. Ton Backx, P;o(rfr.i/r;ga’r’nout Brombacher,
decaan groepSleider BPD

LEDs allow tuning of the light
spectrum to the condition of
the human eye under
varying light conditions
Indoor and outdoor, light to
grow plants and for
production of algae and
many other applications.

Introduction of this beautiful technology requires a review of the
guality and performance since they can not properly be expressed

N - t-hies ot ays s Gy

Ol nhcandescent O Usl

available light (Lux), the produced flux (Lumen) and lifetime




Vision with rods and cones (S/P ratio)

A The human eye contains rods and
cones.

I Rods are highly effective at low light
levels (dawn, night).

I Cones are effective in daylight.

I Under varying conditions the eye
response Is very dynamically with
different sensitivities at varying spectral
compositions.

A The Photometric standards are static
and based on use of the cones only at
a peak sensitivity of 555 nm.

A At low light levels the eye also uses rods
with a high sensitivity at 507 nm.

A The S/P ratio indicates for a lamp how
much more the efficient a lamp Is under
night vision conditions than the
photopic standard.

Lemnis
developed
lamps with S/P
ratios up to 4
and
incorporated
S/P knowledge
in all lamps
produced, also
domestic and
office lamps




The S/P ratio

ILLUMINANCE AND VISUAL FUNCTION

- STARLESS  FULL MOON INDOOR,  SUNNY
llumination level L NIGHT NIGHT LIGHTING DAY PHOTOFLASH

Luminance (log Cdfmz}k - 4 -2 0 2 4 g 5
Pupil diameter (mm)p 7.1 6.6 5.3 4.0 2.4 2.0 2.0 2.0

Retinal lluminance 5 E : 1.1 2.6 4.5 6.5 3.5 =+ photopic

4

(log Trolands) -4.0 -2.1 -0.22 070 -+ scotopic

CONES

Active photoreceptors F‘-.bDS

MESOPIC

Vision mode P : : : :
ESCDTQP[E EF'HDT:DF'IE

Mo color vision,
poor acuity

Color perception/acuity +——» Gnod calor vision/acuity

lighting Best acuity Eve damage

outdoor  work risk
home

S/P ratio stands for how much we see with the rods and how much we
see with our cones. Lumen metrics relate to cone vision only.




Spectra of lamps - INDOOR

Spectral Iimadance [Wim-zina] [~

Lumiled, Nichia, Osram white
LED 6000K

Eye-sensitivity curve for the cones =
photopic light

The eye -sensitivity curve for

photopic light is the measurement
0l ined for CRI

Lemnis LED 2800K CRI 94

W eo o0 v W0 #o o W0 o W Wo W0 & 0 o W M e 2 W e
weshrgeh (m)




Special Power Distribution - INDOOR

e 00 SetedeeeEa g tinidu st ry oal E- D
Lm 300 Observe the different spectral power
LW 42 distribution for warm white lamps at 2800K

and having >80 Im/W

CRI measurement is based
on photopic light

400 450 S00 550 600 650 700
Wavelength (nm)

CCT 2895K v Lx = 0.4446 y|= 0.3970

L 569,5

Lemnis spectrum s ; T L 2hiet
CRI > 94 2 *TEEE

1.0 = 22.0mW/nm gw Lemnis RPB light source ‘




Something fundamentally wrong!

Light directives and sténdards are based on Photopic
lumen

This is a serious problem because our eyes behave totally
different at night than during daytime.

To benefit of the high sensitivity of the rods light should
have the right spectral composition at different intensities.
The goal is more sight with less light.

Studies show that the ratio between Scotopic  (night) en
Photopic (day) vision, the so called S/P ratio, is a base
which can be used to multiply the lumen with to express

the real light perception.

White leds are based on blue chips with 3P or 4P
phosphors to convert the blue light into white light with a
peak at 555 nm. In outdoor and most interior lighting the
maximal eye sensitivity is shifted towards 505 nm. Industrial
leds produce the lowest output at that wavelength.

Lumens =

(42}

8

8 perwall

Photopic vision
(light adapted)

Sodium

Wavelength (nm)

night vision
eye sensitivity

curve of
standard white
indystry Led
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The tone control of light and CRI impact
- OUTDOOR

540 565
o+ Lemnis spectrum /7,

e
-

Fadart P (uwhe)

Photopic curve

;
-
i
:
g
2
Fooor
B

\
HE .

T
$ 500 600
wavelength (nanometers)

0 0 o =
Waekog® (rm)

CRI U ints TN i
Lemnis spectral power dsitribution streetlight ¢ me{g’f?,,‘;aiu‘i?,g Al Cone sensitivity log normalized




Tone control of colors also Works Indoor
As does tone control of music at high volume

TR ) g b v e g
e, e =W .
e L e | ”
s L i 4
%

CRI 82 12x36W CRI 29 6x36W
Fluorescent i Streetlight

=







Schiphol airport

A Real green light with high S/P ratio
Improve vision and color recognition with
60% energy saving.

88 W sodium lamps (background) are replaced
by 36W Lemnis LED lamps (foreground)




