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Federation of Nationa! Mamyfachierers Association for
Loamiraires and Efecirarechnical Components for
Laminaires in the Ewropean Union

2011:

= ...Biological effects of light are basically known
since the 1960s....

= ...This clearly proved the synchronization of the
nhuman internal clock by the natural 24 hour
rhythm of daylight and night...

= ...bright light therapy (BLT) to cure Seasonal
Affective Disorder (SAD)...
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Statement of the EU-COST Action ES 1204 LoNNe (Loss of the night network)

How can our society use artificial light at night in a way that is sustainable, healthy, and socially acceptable? The European
Union's Cooperation in Science and Technology (COST) Action ES1204 has brought together experts from such fields as
lighting engineering, biology, ecology, health, city planning, law, physics, astronomy and statistics to answer this question.
The Action is now beginning the third of its four years. After intensive study of current lighting practice and scientific
literature, our group presents what we view as the current scientific consensus regarding best practices for night lighting.

There is now a large body of evidence demonstrating unintended negative consequences of artificial light at night. The most
alarming problems are (1) the impact on the human circadian system, which is linked to significant adverse consequences on
sleep, performance and health, and (2) the disruption of ecosystems through illumination with different temporal patterns and
much higher levels than existed when life evolved.

Recommendation 1: Reduction of upward directed light

Overhead lamps intended for public or private outdoor area lighting should never emit light directly above the horizontal and
should emit as little light as possible at shallow downward angles. Upward light provides no benefit and light at shallow angles
causes glare that reduces visibility.

This could be accomplished by restricting allowed area lighting using a luminous intensity classification method similar to that
defined in the European Standard EN 13201-2, but with a general requirement of no direct "uplight" (i.e. ULOR=0 for all classes).

Recommendation 2: Avoidance of blue light in outdoor lighting

There are several reasons to avoid blue light in outdoor lighting. (1) The circadian system of mammals is most sensitive to blue
light. (2) Blue light is more glaring, especially for older individuals. (3) On clear nights, blue photons are more likely to be
scattered by the atmosphere and returned to Earth as skyglow. For these reasons, it is our view that lamps used for outdoor
area lighting should have a correlated colour temperature of 3000 K or lower. Exposure to bright light — and particularly light
below a wavelength of 500nm (blue) — should be avoided to the greatest practical degree during the evening and night.

Recommendation 3: Evaluation of lighting levels

We recommend that the illuminance levels in standards like the European Standard EN 13201 and the ANSI/IES RP-8 be re-
evaluated and that a scientific justification be provided for each of the recommended lighting levels.

Much of the lighting infrastructure in Europe provides an illuminance that is considerably below that recommended by EN
13201. Indeed, there are longstanding examples of European cities that intentionally use street lighting levels substantially
below those specified in the standard but that nevertheless successfully address public safety. Furthermore, the energy and CO,
emissions associated with outdoor lighting would increase dramatically if even the minimum limits recommended by the
standard were adopted in all European countries.

Conclusion

25-Jun-16
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Lessons Learned: Davis, CA LED
Streetlight Retrofit

LIGHTING 101 ~ ENVIRONMENT ~ SUSTAINABILITY STATISTICS RESOURCES ~ PART

After the city staff reviewed of available options, it was determined

| that the 4,000K CCT color temperature and the perceived increased
DAVIS, CALED STR . . P . .
RETROFIT brightness of fixtures were the primary causes of the negative public
reaction. Several remedial actions were considered, but ultimately in
Davis, CALED Streetl = October 2014, the decision was made to replace 650 of the already

Project Overview: The Cityof Davisisle jnstalled fixtures in residential areas and all remaining LED fixtures
nia and has a population of approximately

University of California at Davis. In January of 2014, the Davis city
council approved plans to upgrade 2,600 90-watt HPS cobra-style
streetlights to LED fixtures. The city was motivated by plans to save

approximately $150,000 annually in energy and mainte - = . Sat e
iR TS The ity S e he approximate cost of the modification was $325,000, which in
luded losses by the contractor due to the delay, additional labor

and the new fixtures.

1 1 Wy 1
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June 14, 2016

AMA Adopts Community Guidance to Reduce the Harmful Human and
Environmental Effects of High Intensity Street Lighting

For immediate release:
June 14, 2016

CHICAGO - Strong arguments exist for overhauling the lighting systems on U.S. roadways with light emitting diodes
(LED), but conversions to improper LED technology can have adverse consequences. In response, physicians at the
Annual Meeting of the American Medical Association (AMA) today adopted guidance for communities on selecting

among LED lighting options to minimize potential harmful human and environmental effects.

High-intensity LED lighting designs emit a large amount of blue light that appears white to the naked eye and create
worse nighttime glare than conventional lighting. Discomfort and disability from intense, blue-rich LED lighting can
decrease visual acuity and safety, resulting in concerns and creating a road hazard.

In addition to its impact on drivers, blue-rich LED streetlights operate at a wavelength that most adversely suppresses
melatonin during night. It is estimated that white LED lamps have five times greater impact on circadian sleep rhythms
than conventional street lamps. Recent large surveys found that brighter residential nighttime lighting is associated
with reduced sleep times, dissatisfaction with sleep quality, excessive sleepiness, impaired daytime functioning and

obesity.

American Medical Association (AMA)

1 1 Wy 1
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American Medical Association (AMA)

The detrimental effects of high-intensity LED lighting are not limited to humans. Excessive outdoor lighting disrupts
many species that need a dark environment. For instance, poorly designed LED lighting disorients some bird, insect,

turtle and fish species, and U.S. national parks have adopted optimal lighting designs and practices that minimize the
effects of light pollution on the environment.

Recognizing the detrimental effects of poorly-designed, high-intensity LED lighting, the AMA encourages communities
to minimize and control blue-rich environmental lighting by using the lowest emission of blue light possible to reduce
glare. The AMA recommends an intensity threshold for optimal LED lighting that minimizes blue-rich light. The AMA

also recommends all LED lighting should be properly shielded to minimize glare and detrimental human health and
environmental effects, and consideration should be given to utilize the ability of LED lighting to be dimmed for
off-peak time periods.

25.Jun-16 DINQ10" NI'N YT - T7 MIRN2 0'/n 11
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MNOON N8D

e 1962 First red LED (GaAs) 0,1 Im/W

« 1965 LED (GaAs/AlAs)

e 1968 Green LED (GaAsP)

« 1988 Blue and UV LED (GaN)

« 1990 High brightness LED blue (InGaN)
« 1994 High brightness LED red - (AllnGaP)
« 1997 First white LED (Nichia)

« 2007 Cool white LED 100 lm/W
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"M IN0ON" - CCT
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Correlated Color Temperature, CCT :IESNA Definition: the absolute temperature
of a blackbody whose chromaticity most nearly resembles that of the light

source.

The color temperature of a light source is the temperature of an ideal black-body
radiator that radiates light of comparable hue to that of the light source.

Color temperature is a characteristic of visible light , expressed in Kelvin,

Color temperatures over 5,000K are called cool colors (bluish white), while lower
color temperatures (2,700-3,000 K) are called warm colors

1,100°K
5,000°K

15,000°K

i 2,500°K
b )} 1,900°K

WIKIPEDIA
N K -

e Exzvrbopedia

ab)
DMNXA vy
N2 VN
N2 N
2"21

"Warm"” gray "Cool" gray
Mixed with 6% yellow. Mixed with 6% blue.

25-Jun-16

DINQ10" NI'R 1" T - T7 NMIXRNA DIPN

16


https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Black_body
https://en.wikipedia.org/wiki/Black_body
https://en.wikipedia.org/wiki/Black_body
https://en.wikipedia.org/wiki/Black_body
https://en.wikipedia.org/wiki/Hue
https://en.wikipedia.org/wiki/Visible_light
https://en.wikipedia.org/wiki/Kelvin

"M IN0ON" - CCT

correlated
Color
temperature

DINQ10" NA'R Y"'T - T7 NIKNA DN 17

25-Jun-16



"1121 NN2" - Ra-CRI - yax

A color rendering index (CRI, CIERa ) is a

Test colours
quantitative measure of the ability of a light source to
- - - . R, Qld rose . Fs Turguoise .
reveal the colors of various objects faithfully in
comparison with an ideal or natural light source, Rz | Mustard yellow . Rs | Skyblue .
defined by the International Commission on Ra | velowegreen [ | R | violet [ ]

llumination (CIE) as follows:
R, Light green . Fa | Lilac

Additional test colours with saturated colours

Effect of an illuminant on the color appearance of objects by
conscious or subconscious comparison with their color

appearance under a reference flluminant s | Red . Rz | Blue .
! Fio el low Fia Skin tone
)
Q Ry Green . R, Leaf green .
w‘{;‘:
&
Gewon
> Red
DECODER G %
&
Objects as selective reflectors. W’;K}['EDI A

Thee Frox Exznbopedia
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R96, method [edi)

In the CIE's 1991 Quadrennial Meeting, Technical Committee 1-33 (Color Rendering) was assembled to work on updating the color rendering 100 ) : b
method, as a result of which the R96; method was developed. The committee was dissolved in 1999, releasing CIE (1999}, but no firm . TCs3*
recommendations, partly due to disagreements between researchers and manufacturers ['%] TCEA*; Tcsoe
i ;.
The R96, method has a few distinguishing features-[20] 50 :
- TCS1*
« A new set of test color samples TCS5* .
i —_— ) TCs1o+ * TC58%
« Six reference illuminants: D65, D50, black bodies of 4200 K, 3450 K, 2050 K. and 2700 K. 0 | | | -
« A new chromatic adaptation transform: CIECATO4. f f « |
« Color difference evaluation in CIELAB. e | TCsat
TCS6* TCS7E
« Adaptation of all colors to DE5 (since CIELAB is well-tested under D65). 50 | i

60 -0 20 0 20 40 60
It is conventional to use the 0rigina| method:; RQGE should be e:(pII{:IIIy mentioned if used.

New test color samples |edit]

As discussed in Schanda & Sandor (2005), CIE (1999) recommends the use of a ColorChecker TCS01" | TCS02° | TCS03" | TCS04° | TCSO5" | TCS08™ | TCSO7 | TCS08™ | TCS09° | TCS10°
chart owing to the obsolescence of the original samples, of which only metameric matches

*

L | 409 61.1 816 72.0 85.7 1.7 30.0 51.0 68.7 63.9

remain 'l In addition to the eight ColorChart samples, two skin tone samples are defined
(TCS09" and TCS10"). Accordingly, the updated general CRI is averaged over ten samples,
not eight as before. Nevertheless, Hung (2002) has determined that the patches in CIE (1995) | b’ 26.3 578 803 58.9 356 -246 |-496 |-138 174 173

give better correlations for any color difference than the ColorChecker chart, whose samples -- ----- -

are not equally distributed in a uniform color space.

a | 51.0 288 -4.2 -204 |-434 | -264 |232 473 14.2 "7

WIKIPEDIA

Tl Frox Exzsubopedia
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Criticism - CRI -yax
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WIKIPEDIA
T Frax Ezzabopedia

Ohno (2006) and others have criticized CRI for not always correlating well with subjective
color rendering quality in practice, particularly for light sources with spiky emission spectra
such as fluorescent lamps or white LEDs. Another problem is that the CRI is discontinuous at
5000 K,[221 because the chromaticity of the reference moves from the Planckian locus to the
CIE daylight locus.

The color space in which the color distance is calculated (CIEUVW) is obsolete and nonuniform. Use CIELAB or CIELUV instead.

The chromatic adaptation transform used (Von Kries transform) is inadequate. Use CMCCAT2000 or CIECATO2 instead.

Calculating the arithmetic mean of the errors diminishes the contribution of any single large deviation. Two light sources with similar CRI
may perform significantly differently if one has a particularly low special CRI in a spectral band that is important for the application.
Use the root mean square deviation instead.

The metric is not perceptual; all errors are equally weighted, whereas humans favor certain errors over others. A color can be more saturated
or less saturated without a change in the numerical value of A£; while in general a saturated color is experienced as being more
attractive.

A negative CRI is difficult to interpret. Normalize the scale from 0 to 100 using the formula

The CRI cannot be calculated for light sources that do not have a CCT (non-white light).

Eight samples are not enough since manufacturers can optimize the emission spectra of their lamps to reproduce them faithfully, but
otherwise perform poorly. Use more samples (they suggest fifteen for CQS).

The samples are not saturated enough to pose difficulty for reproduction.

CRI merely measures the faithfulness of any illuminant to an ideal source with the same CCT, but the ideal source itself may not render
colors well if it has an extreme color temperature, due to a lack of energy at either short or long wavelengths (i.e., it may be
excessively blue or red). Weight the result by the ratio of the gamut area of the polygon formed by the fifteen samples in CIELAB for
6500 K to the gamut area for the test source. 6500 K is chosen for reference since it has a relatively even distribution of energy over
the visible spectrum and hence high gamut area. This normalizes the multiplication factor.

25.Jun-16 DIN210" NI'X YY" T - T7 NINN2 0'/n 20
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https://en.wikipedia.org/wiki/Light-emitting_diode
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https://en.wikipedia.org/wiki/Planckian_locus
https://en.wikipedia.org/wiki/Planckian_locus
https://en.wikipedia.org/wiki/Planckian_locus
https://en.wikipedia.org/wiki/Standard_illuminant#Illuminant_series_D
https://en.wikipedia.org/wiki/CIELAB
https://en.wikipedia.org/wiki/CIELUV
https://en.wikipedia.org/wiki/Von_Kries_transform
https://en.wikipedia.org/wiki/Von_Kries_transform
https://en.wikipedia.org/wiki/Von_Kries_transform
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https://en.wikipedia.org/wiki/CIECAM02#Chromatic_adaptation
https://en.wikipedia.org/wiki/CIECAM02
https://en.wikipedia.org/wiki/CIECAM02
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ISO 8995:2002(E)

640 n>'VAT7TIVL ,T8 NNN DNNVRAD

40 450 S0 S0 0 S0 T ™

CIE S 008/E-2001 Light colour 640 BASIC
— Cool White

Type of interior, task or activity Em UGRL | Ha Remarks
lux

22. Offices

Filing, copying, circulation, etc. 300 19 80

Writing, typing, reading, data 500 19 80 For VDT-work see clause 4.10.

processing

Technical drawing 750 16 80

CAD workstation 500 19 80 For VDT-work see clause 4.10.

Conference and meeting rooms 500 19 80 Lighting should be controllable.

Reception desk 300 22 80

Archives 200 25 80
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Equipment classification and

T TN | requiremnent IEC-60825
Self-ballasted LED-lamps for general IEC 62612
lighting services —

Ferformance reguirements
Self-ballasted LED-lamps for general IEC 62560
lighting services by voltage = 50 vV —
Safety specifications
LED -nmnn min'ox | LED modules for general lighting- IEC-62031
Safety specifications
LED modules for general lighting - IEC 62717
Performance requirements
TR TT — TR P . ]
LED NG9 AT nnin? Luminaire pe_rrurmance—ParH. IEC62722
General requirements
62722 "n
DC or AC supplied electronic control IEC 62384
gearfor LED modules - Performance
requirements
IESMNA Approved Guide to Mear-Field IES LM70
Fhotometry
Electrical and Photometric IES LM79
Measurements of Solid-State Lighting
Products
Measuring Lumen Maintenance of LED IES LM20
LightSources
Characterization of LED LightEngines
and LED Lamps for Electrical and IES LM82
Photometric
Froperties as a Function of
Temperature
ProjectingLong Term Lumen
I g g IES TM21-11

Maintenance of LED Light Sources

(Y11 DN

LED T1%2n

INN] NNYIAN NX NIRN? 1N
NNINN? NY2RIYN NPARND

25-Jun-16

DIX2101 NI'R Y"T - T7 NIRNA DN 31


https://www.light.org.il/Media/Default/regulations/LIST of standards  LIGHT 1-10-15.pdf

4 LED -n M2'X DMy 01PN

IES LM-70 IESNA Approved Guide to Near-Field Photometry

IES LM-79 Electrical and Photometric Measurements of Solid-State Lighting
Products

IES LM-80 Measuring Lumen Maintenance of LED Light Sources
IES TM-21 Projecting Long Term Lumen Maintenance of LED Light Sources

IES LM-82 LED Light Engines and LED Lamps for Electrical and Photometric
Properties as a Function of Temperature

IEC 62717 LED modules for general lighting - Performance requirements
IEC 62722 Luminaire performance - Part 1: General requirements
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Photobiological safety of lamps and lamp systems: Guidance on
manufacturing requirements relating to non-laser optical radiation safety
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B ;Vavelength Principle Bio-effects
ange (nm) Skin Eye
Actinic UV skin and 200-400 Erythema (sunburn) Photokeratitis
eyet Elastosis (ageing, wrinkles) Cataractogenesis
UVA eye 315-400 - Cataractogenesis
Retinal blue-lightt 300-700 = Photoretinitis
Retinal thermalf 380-1400 - Retinal burn
Infrared radiation eye 780-3000 - Corneal burn
Cataractogenesis
Thermal skin 380-3000 Skin burn -
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IES LM-70 IESNA Approved Guide to Near-Field Photometry

IES LM-79 Electrical and Photometric Measurements of Solid-State Lighting
Products

IES LM-80 Measuring Lumen Maintenance of LED Light Sources

IES TM-21 Projecting Long Term Lumen Maintenance of LED Light Sources

IES LM-82 LED Light Engines and LED Lamps for Electrical and Photometric
Properties as a Function of Temperature

IEC 62717 LED modules for general lighting - Performance requirements
IEC 62722 Luminaire performance - Part 1: General requirements
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