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Spectrally Enhanced Lighting




SPECTRALLY ENHANCED LIGHTING

>
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APPLICATIONS - LIGHTING RETROFIT
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APPLICATIONS - LIGHTING RETROFIT
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APPLICATIONS - NEW CONSTRUCTION
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NATURAL ADVANTAGE OF DAYLIGHT SPECTRUM

>
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SPECTRALLY ENHANCED LIGHTING
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SPECTRALLY ENHANCED LIGHTING

And increased brightness
perception

Pupil
Opening

Your Eye

Smaller pupils,

Peripheral photoreceptors are
more highly activated, leading

\/




CAN WE USE SPECTRUM IN LIGHTING?

> Pupils get smaller, spaces seem brighter, and we see
more clearly...

> Pupils get smaller, spaces seem brighter, and we see
more clearly...
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WE CAN USE SPECTRUM IN LIGHTING!

YES

“Spectrally Enhanced Lighting”
(S.E.L.)
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Light .
ight Source Enfiances Vistiall’Response

SmallerPupils

Increased Vistal Acuity: IRCreasedr BrgtAEss PErCEPLIon

Reduce Light Level — Save Energyg

EqualtVisual Acuity.
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INTERIOR LIGHT LEVELS - BASED ON VISUAL ACUITY

Light Levels for “Common
Tasks” increase to
> low contrast, small size improve visual acuity for

tasks

IES Recommendations
are “Photopic” and do

> high contrast, small size :
not consider spectrum.

> low contrast, large size

What does this mean to
Do you See? lighting design?

> high contrast, large size
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STANDARD LIGHTING MEASUREMENT

This ignores the influence of the peripheral
photoreceptors that take in lighting from the rest

of the real Field of View
2° Field
of View

This is less
than 1/10 of 1%
of the natural
Field of View!

17 August 2010 © 2010 THE LIGHTING PARTNERSHIP, INC. 14



SCIENCE OF SPECTRALLY ENHANCED LIGHTING
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S/P VALUES

S/P Ratios of Various Lamps

7500°K Fluorescentlamp D 47
Sun + Sky (CIE D65 lluminant) P47
Early Sulfur lamp 232

s ————
DaylightFluorescent 222
6500°K Fluorescent(RE865) %Z-M

5000°K Fluorescent(RE850) 196

4100°KFluorescent(RE841) *1&

"
% 4100°K Fluorescent(RE741) m 154
g Quartz Halogen (~3200° K) 15
3 Metal Halide (Sodium/Scandium) *]149
Cool White Fluorescent mﬂ% The S/P Value:
CTEREREER Y & > Is a property of the lamp
White Hgh Pressure Sodium (50W) 1.14
Warr Wb Foorescant ] > Is independent of light level
Clear Mercury Vapor 08 > You can get this value from
High Pressure Sodium (S0W) 062 lamp manufacturers
High Pressure Sodium (35W) 04
Low Pressure Sodium 023
0 05 1 SlPk%tio 2 25 5
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THE CONCEPT OF VISUAL EFFECTIVENESS

For Visual Acuity,

Visually Effective Illuminance:

VEE = P x (S/P)-7%

(= Photopic Value x S/P Value)

Does Not
Apply under
200 Ix

17 August 2010

A
VEE @

1 Lamp S/P 100 Ix
850 1.95 646

835 1.41 523

830 1.29 488
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THE CONCEPT OF VISUAL EFFECTIVENESS

Step 3:

The new photopic illuminance is
the point where the Visual
Effectiveness value intersects the
VE/E slope of the new light
source.

< Lighting Calculations can now
be performed with this as the
target illuminance - with equal

visual acuity for paper tasks.
Does Not Apply under
200 Ix
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THE CONCEPT OF VISUAL EFFECTIVENESS

Simply lowering the
illuminance reduces Visual
Effectiveness.

Difference in
Visual Ability

In order to maintain
equivalent visual ability,
spectral benefit is necessary.

Does Not Apply under
200 Ix
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OPTIMAL DESIGN: ILLUMINANCE + SPECTRUM

Combines visual benefits from light level AND spectrum

Better Vision

. Bright High CCT
Erergy (1000 1x)
Savings
400 Ix l -+ 5000K I
T 3001
3500K
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S.E.L. ENERGY SAVINGS

Mean Equiv.
Lumens S/P Visual Energy
Lamp (Catalog) Value Efficacy Savings

850 3rd 2860 1.95 4815

F32T8 730 2650 1.19 3035 37%
F32T8 735 2650 1.3 3252

F32T8 830 2nd 2800 1.29 3415 29%
F32T8 830 3rd 2950 1.29 3598 25%
F32T8 835 2nd 2800 1.41 3661 24%
F32T8 741 2650 1.56 3749 22%
F32T8 835 3rd 2950 1.41 3857 20%
F32T8 841 2nd 2800 1.62 4079 15%
F32T8 841 3rd 2950 1.62 4298 11%
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S.E.L. ENERGY SAVINGS

EOL
EEEDR Lumen EOL Energy
Lamp Tech Maint Efficacy Savings

850 3rd EE IS 92% 145
F34T12WW Mag RS 78% 45 69%
F34T12CW Mag RS 78% 60 59%
F32T8 730 SE IS 90% 82 44%
F32T8 735 SE IS 90% 88
F32T8 830 2nd SE IS 92% 94 35%
F32T8 830 3rd SE IS 92% 99 329%
F32T8 835 2nd SE IS 92% 31%
F32T8 741 SE IS 90% 30%
F32T8 835 3rd SE IS 92% 27%
F32T8 841 2nd SE IS 92% 23%
F32T8 841 3rd SE IS 92% 18%
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S.E.L AND TAX INCENTIVE

Existing LPD's
& S.E.L.

US Lighting Market
Characterization 2001
Space Type Max. tax

Existing S.E.L. Code incentive -
40%

Max Tax Incentive

ASHRAE 90.1 - 2001

Office 1.8 1.3
Warehouse/Storage 1.4 1.2
Education 1.8 1.5
Service 1.7 1.5
Public Assembly 1.4 1.4
Health Care 1.7 1.6
Retail 1.9 : 1.9
Public Order 1.3 1.3
Food Sales 1.9 1.8
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STEP-BY-STEP APPROACH

Step 1:

e Assess Existing Light Level (Retrofit):
e |s the existing lighting too dim, too bright, or just right?
e Determine Light Adjustment Factor (LAF)

Step 2:
e Determine existing lamp/ballast Lumens (EL):
e Existing Lumens = #Lamps x Lumens/Lamp x BF.

Step 3: ( s/ P ).78

e Calculate Target Lumens = LAF x EL x

/ I:)( proposed )

(Remember, S/P is just a number!)
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STEP-BY-STEP APPROACH

Step 4:
e Select Lamp/Ballast combination that yield Target Lumens
e Trade-off between lamp lumens and ballast factor
e Try several variations with high efficiency lamps and
Premium electronic ballast.
e VERY IMPORTANT:
e Choose only lamps and ballasts that are compatible:
e Some low-wattage lamps can be finicky!

Step 5:
e Confirm new light level meets IES Minimum Recommendation
e Confirm with IES Category Recommendation
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TESTING SEL IN REAL APPLICATIONS

2001: 7 Buildings, 300,000 square feet

> Informal study using 850 lamps: NO objections to the
color of the lighting, even with lowered light levels.

2004 UCOP Study: Occupant Acceptance

> Formal Study. Compared 850 vs. 835; Demonstrated
Occupant acceptance of 850 under lower light level.

2006 Field Study: Economics Validation

> 3 Buildings completely retrofit with 850 lamps and
standard ballasts; demonstrated equal occupant
satisfaction between pre-retrofit lighting and SEL.
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2006 STUDY

Similarities of Pre-Retrofit Conditions:

Building A > Parabolic Luminaires

» Mixed Private & Open Offices

> Mixed Daylit & non-Daylit Areas
>

(735, T12)

Over 100 Full-time Workers

Building B
(730, T8)

Differences of Pre-Retrofit Conditions:

> Lamp Color
> Lamp & Ballast Technology

Building C > Energy Savings Potential
(741, T8)
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2006 STUDY

vV V¥V VY VY

The math behind Spectrally Enhanced Lighting works,
and building occupants are equally satisfied with the
new color of light.
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PARABOLIC TO INDIRECT/DIRECT CONVERSION
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THE S.E.L. 850 LAMP — WHO'S USING IT?

A\ 4
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S.E.L. AND THE IES
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CURRENT STATUS WITH IES
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UPCOMING IES PS-02-10
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USING S.E.L. IN COMPLIANCE WITH IES PS-02-10
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HOW TO USE S.E.L. AND MEET IES

RECOMMENDATIONS

Light Levels for
“Common Tasks”

> As long as the end
result is at least the
minimum value, S.E.L.
> can be used and meets
IES criteria.
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CONCLUSIONS
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