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Presentation Topics

= Terminology & Fundamentals

= Technology Alternatives

CANDELAS
7 ~
7T\ | UMINOUS FLUX
LUMENS REFLECTED FOOTCANDLES
FOOTLAMBERTS

( LUMINANCE )
5 ( BRIGHTNESS )
CANDLE ] POWER

NITS (cd/m?)
LUX (metric)

FOOTCANDLES
[( ILLUMINANCE )|

D.H. Lighting Solutions




SCN Presentation

| Candie
1 Surface Area\\\j\\;_ Powver

1 1 Square >D
| Foot 2 4

] j;’
L s

il ! Distance
|__1 Foot From Candle _

December 9, 2009

FC = Im/ft?
LUX = Im/m?
1FC=~10 LUX

How We See “Light”

Lumens or Light Source
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Illuminating Engineering =3
Society of North America .

= Founded in 1906 to establish scientific
lighting recommendations and to
disseminate this information.

Mission Statement: “To advance
knowledge and disseminate information
for the improvement of the lighted
environment to the benefit of society’.

= Works with such entities as ASHRAE,

ANSI and OSHA. The recognized
authority on lighting in North America.

Recommended Practices

= jlluminance / Footcandles

Uniformity Ratios

= Luminaire Types

= Aiming Angles

= Color

D.H. Lighting Solutions 3
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www.ncqlp.org

IESNA RP-8 Recommended Practice

llluminance
Pavement Classification Uniformity Ratio
Road and Area Rl R2and R3 R4 (Eavo t0 Emin)
Classification
Freeway Class A 6 9 8 3to1
Freeway Class B 4 6 5
Commercial 10 14 13
Expressway Intermediate 8 12 10 3to1
Residential 6 9 8
Commercial 12 17 15
Major Intermediate 9 13 1 3to1
Residential 6 9 8
Commercial 8 10
Collector Intermediate 6 8
Residential 4 6 5
Commercial 6 9 8
Local Intermediate 5 7 6 6to1
Residential 3 4 4

D.H. Lighting Solutions 4
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Horizontal Footcandles

SO|pUB2}004 [BIILBA

Horizontal Vs Vertical
Footcandles Footcandles

1,000 watt MH

50,000 Candelas Distance = 168°

y

75’ Pole | ©9=67.5°

X

150° Distance

Vertical / Maximum FC = Cd = 1.8 FC
DZ

Horizontal FC = Cd X Cosine @ = 0.7 FC
D2

“Inverse Square Law”

PONT SOURCE .. __
| CANDLE \FC_——-

lgFe

e 3FT.

Fig, 1-10, Representation of Light Flow
Measurement,
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Uniformity / Uniformity Ratio

= Even Distribution of Light throughout
the space

= Maximum / Min (sportslighting)
= Average / Min (most lighting projects)
= Example: 4 :1 Uniformity Ratio
Avg 1.0 FC
Min 0.25 FC

December 9, 2009

Parking Lot Uniformity Example

Approximate
Cost $4,000

1,000 Watt
Luminaire

Approximate
Cost $4,000

1,000 Watt
Luminaire

==
O—0

(4) 250 Watt
Luminaires

I Approximate
Cost $15,000
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Chromaticity /

Correlated Color Temperature (CCT)

Color or Hue of the luminous flux
produced by a light source. Lower
number values are “warm” colors,
while higher values are “cool” colors.

Color Rendering Index (CRI)

The light source’s ability to make
colors of things appear correctly,
based on a scale of 0 to 100,

with 100 being the best (sun light).

December 9, 2009

Color
Color
Color

Black-Body

adrato

400 40
\ |

CHROMATICITY - CCT

&5 6000K Daylight
-5000K Mercury
-4100K Cool White
-4000K Metal Halide

- 3000K Warm White
- 2900K Halogen
“EP2700K  Incandescent
-2200K HPS
-1000K Candle

Degrees
Kelvin

-

il {0 730
| \ [

Cool coloron a
warm background.

Warm color on a
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=

4100K “Cool” T8 3500K “Neutral” T8

Specialty Halogen

4100K “Cool” CFL
Vs
2700K “Warm” CFL

5500K “Cool” LED

Effects of Color Temperature

4100K “Cool” Induction

Vs
2200K “Warm” HPS

3000K “Warm” LED
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AQUEOUS

DECREAS
PUPIL

CILIARY
MUSCLE

CILIARY MUSCLE
WEAKENING

FLOATERS CAUSE

SCATTERING IN THE
VITREOUS HUMOR
OF THE LIGHT

BEFORE IT CAN

OPTIC
NERVE

The Aging Eye

The Aging Eye

= Can’t reshape the lens enough to see close
objects (“arms aren’t long enough anymore”).

= Can misidentify deep shadows as solid objects.
Needs ~3 X the illuminance.

Needs ~2.5 X the contrast.

= [s ~3.5 X as sensitive to glare.

Takes longer to adapt to low light levels.

Needs higher temperature (CCT) lighting in
order to compensate for the yellowing Lens.

Old Luminaire Classification System

1. Full Gutoft o light at or above 907 EXAMPLES OF FULL-CUTOFF
- Full Cutof o POLE-MOUNTED AND
ot BUILDING-MOUNTED LUMINAIRES.

\ THE LAMP IS COMPLETELY RECESSED

- lola <10 percent INTO THE LUMINAIRE, AND THE LENS
of rtod lumons A 1S FLAT. NO LIGHT IS PRODUCED
=Y ABOVE THE HORIZONTAL.

Shratediomer EXAMPLES OF CUTOFF
2. Cutoff POLE-MOUNTED AND

o BUILDING-MOUNTED LUMINAIRES.
K’“" THE LAMP IS COMPLETELY RECESSED
Candola <10 percent E LEN:

INTO THE LUMINAIRE, BUT THI S
of ratedlumers SAGS / CURVES DOWNWARD,
UP TO 2.5% OF THE LIGHT IS
° PRODUCED ABOVE THE HORIZONTAL.
of Iedlém“
i
3. Semicutoff ™ e EXAMPLES OF SEMI-CUTOFF
— 90° _ POLE-MOUNTED AND
80° BUILDING-MOUNTED LUMINAIRES.
kc:mm <20 percent THE LAMP VISIBLY PROTRUDES DOWN-
“of rated lumens. 'WARD INTO A SAG / CURVED LENS.

UP TO 5.0% OF THE LIGHT IS
PRODUCED ABOVE THE HORIZONTAL.

4. Noncutoft - EXAMPLES OF NON-CUTOFF
e 90° o intonsity fints POLE-MOUNTED AND
R BUILDING-MOUNTED LUMINAIRES,
v THE LAMP IS SUBSTANTIALLY EXPOSED.
LITTLE OR NO ATTEMPT IS MADE TO
CONTROL THE LIGHT PRODUCED
4 ABOVE THE HORIZONTAL.

D.H. Lighting Solutions 11
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180° New

UH Luminaire
Classification

System
100 = 100 (“LCS”|”BUG")

90° UL 90°
30° BVH 7
BH :
60°
BM
300 <Y
180"
- BUG/LCS
90°
o Rating System
o
el 60
3 Y
o 30
3acklight, which creates light trespass onto adjacent sites. The B rating takes
into account the amount of ligwht in the BL, BM, BH and BVH zones,
which are direction of the luminaire OPPOSITE from the area intended
to be lighted.

Uplight, which causes artificial sky glow. Lower uplight (zone UL) causes the
most sky glow and negatively affects professional and academic astronomy.
Upper uplight (UH) is mostly energy waste. The U rating accounts the
amount of light into the upper hemisphere with greater concern for the
lower uplight angles in UL.

Glare, which can be annoying or visually disabling. The G rating takes into
account the amount of frontlight in the FH and FVH zones as well as BH
and BVH zones.

fers [ o[ [ @ | o ]w]e

Lo e Too | 2w [ o | st | or BUG/LCS
e Rating System

3acklight, which creates ligh trespass onto adjacent sces. The B raing takes
into account the amount of ligwht in the BL, BM, BH and BVH zones,

which are direction of the luminaire OPPOSITE from the area intended

1o belighted.
. Uplight, which cause arcificial sky glow: Lowir uplight (zone UL causes the

Custie ypes (Type V. TypeV Square) e e Saan
Soldangle | S0 | G | 62 | &3 | &4 | G Upper uplight (UH) s mostly cnergy waste. The U rating accouns the

amount of light into the pper hemisphere with greater concern for the

lower uplight anglsin UL.
BvH | 10 375 70 | >7s0
EOERENERERENETRY e e
account the amount of frondightinthe FH and FVH zones as wellas BH
BH | o0 | 1800 | 5000 | 7500 | 12000 | >12000 BV ons
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“Fitted Target Efficiency” System

= Developed by DOE as part of Energy Star
program.

= Was developed to in order to quantify the
performance of pole-mounted luminaires more
accurately than was available from existing metrics.

= Based upon two key assumptions:
Relatively rectangular distribution patterns cover most
areas more efficiently than overlapping rounded patterns.
A luminaire’s approximate area of coverage can be
defined as the area illuminated in conformance with
IESNA-recommended uniformity ratios.

“Fitted Target Efficiency” System

Wasted

Overitt
/ —Underiit

circul istributions of equal area

“Fitted Target Efficiency” System

- (flux in uniform pool) (percentage of rectangular target covered by uniform pool)

(luminaire input power)
FTE results are
expressed in standard efficacy
terms of lumens per watt.

|ENERGY STAR Draft — July 01, 2009
Minimum Fitted Target Efficacy (FTE) for
Outdoor Pols Area and y Luminai
Shielded Unshielded
(< 1.5 MH house-side) (2 1.5 MH house-side)
Low Output High Output Low Output High Output
< 9,500 lumens 29,500 lumens < 13,300 lumens > 13,300 lumens
37 Im/W 48 Im/W 53 Im/W 70 Im/W

D.H. Lighting Solutions 13
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T FTE Calculator™
0

— FTE
Calculator

o
st ssme

https://www.energystar.gov/index.cfm?c=revisions.ssl_luminaires
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Series 42 LED Light Engine
Recent

Candiepower Distribution Curves

PHOTOMETRICS

C Manufacturer
Example

oo (=

LED & ELECTRICAL PERFORMANCE®

Photopic® Scotopic®
LED Drive Luminaire Luminaire
LED IES BUG? Energy  Current Input Luminail Lumens_  Luminaire Lumens
Quantity  Type Rating Star FTE? (mA)  Power (W)  Lumens PerWatt’  Lumens PerWatt
2 2 B1-U1-G1 44 350 52 2,888 56 6,065 17
4 2 B1-U1-G1 38 525 76 3,745 49 7,865 105
2 3 B1-U0-G1 2 350 52 2,739 53 5,752 m
2 3 B1-U0-G1 37 525 76 3,542 47 7,438 98
1 Standard CRI i 2 75. Universal input voltage (120-277) drivrs, operating on 50-60 Hz are standard. Totalsystem efficiency (i, luminaire lumens divided by tot
All models feature THD < 20% and power factor > 90%. © Based on a scotopic/photopic adjustment factor of 2.1 @ &
2BUG is an acronym for backlight, uplight, and glare. The Reengineering of Lighting Photometry, Lawrence Berkel
3FTE s an acronym for fitted target fficiency. lumens are the standard basisfor most IES gudelines. Howe
4 Based on actual output of test luminaire (see ITL test reports 62801, 62802, 62799 & 62800). colleagues have suggested that scotopic lumens are a more

Luminaire Distribution Types

[ =—8—— ] 1 g

TFFEI TFFEI

! TYFEY

(il [l

TFFEIN TFFEMN

TYPE Il

D.H. Lighting Solutions
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Luminaire Photometry

= Graphical and numerical representation of a
luminaire’s light distribution.

= Aids designers in selecting the most appropriate
luminaire.

= Available electronically from the manufacturer.

= Details the light “cut-off’ angle of a luminaire.

= Some designers consider this a minimum
requirement for considering a new luminaire.

= Understand “Relative” Vs “Absolute” photometry.

IESNA:LM-63-2002
[TEST] GL-8429
[TESTLAB] XXXXXXXXXXXX
[ISSUEDATE] 12/10/2008
[MANUFAC] XXXXX:

[LUMCAT] RL-3-85LA-CW

[LUMINAIRE] FOOXXXKX
[LAMP] (1) LIGHT ARRAY OF 54 LEDS DRIVEN AT 520mA

[OTHER] DATA SHOWN IS|ABSOLUTE PHOTOMETY|AT RATED INPUT

%1733011000

o S 7.5 10 12.5 15 17.5 20 22.5 25 27.5 30 32.5 35

37 5 40 42 5 45 47.5 50 52 S 55 57 5 60 62 565 67.5 70
575 80 _82. 5100 102.5

105 107.5 110 112.5 115 117 5 120 122 5 125 127.5 130

132.5 135 137.5 140 142.5 145 147.5

1%;051;%[.’5 A58 157.3 160 162.5 165 267.5 170 172.5 175

o 5. 25 25735 A% 55 60 62.5 65 67.5 TQO.72.5 75 .77.5 80

0.00

0 O.
58.60 805 30 828.90 832 80 802.70 747.00 702.40 657.30
20.20 589.50 566.70 554.30 555.30 578.80 607.50 641.20
74.10 699.50 710.70 733.80 778.90 844.30 950.70
1034.70 1088.60 1037.60 905.30 728.20 553.30 408.00
76.80 6680 80 .00 1

=3}
13-}
ocooo
<]
°
°
]
ooo
°
o
)
Q
o
=)
]
o
Q
o

276 .5 9% $2. O 9.40 2.50 0.0

0.00 0.00 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 O. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.0 00

0 0.0 <
758.60 803.20 824.20 827.00 811.00 759.70 709.30 666.70
622 20 SRR 80 _S6G6_R0 90 _559.90 584 618

Photometric Study for a Collector Roadway
with LED Luminaires

D.H. Lighting Solutions 15
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LitePro 2026 on 9/29/2009 1145 AN

Presentation Topics

= Terminology & Fundamentals

= Technology Alternatives

(HPS, LPS, & MH)

Photovoltaic
Fluorescent (Solar)

Street Lighting Technologies

HID Induction

D.H. Lighting Solutions
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HID Light Sources

High
Mercury Pressure
Vapor | Sodium
: Low

Metal
Pressure

Halide
D Sodium

Mercury Vapor

Arizona State Law

= ARS 49-1104
Effective January 1, 2011.

“The use of mercury vapor light fixtures is
prohibited.”

“The provisions of this section shall not apply to
outdoor light systems erected prior to 1950.”

D.H. Lighting Solutions 17
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Metal Halide

* Descendant of MV
« Balanced white light

« Position sensitive

* Moderate life

» Good efficacy

* Poor lumen maint.

* Poor color shift

t
2

3

01105

Metal Halide

= Probe-Start being replaced by Pulse-Start

ARS 44-1375: Metal halide lamps & ballasts from 150 —
500 watts must be pulse-start as of January 1, 2008.

2007 Energy Independence And Security Act, effective
January 1, 2009.

Watch the in-rush current with magnetic PSMH ballasts!

= New ballast efficiency standards

Increased minimum efficiency ratings will likely eliminate
the use of most magnetic ballasts by the summer of 2011.

D.H. Lighting Solutions 18
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Advances In
Metal Halide
Technology

MH400/U Quartz MP350/BU/PS Quartz CDM320
Switch Start Pulse Start Pulse Start

CDM/E 210
Electronic

December 9, 2009

45w / 60w / 90w / 140w
Philips Cosmopolis

Philips CosmoWhite “standard” driver.

50w - 250w
standard e G @m0 e
Metal Halide Sy o i v v
OR [anp e som W neww  omw |
Mercury Vapor oume

Tablel: Nominal values for Philips CosmoWhite, operating in horizontal burning position on a

PHILIPS

Outdoor Lighting System Comparison

70W 100w

60W System | Cosmo | (o’ | LT

System Wattage | 67.5W 95W 128W

Mean Lumens 6,200 5,670 5,400

Mean Life (40%) | 8000 | 9,600 6,000
Compared to HPS you realize a 29% savings of 27.5 watts

Compared to Pulse MH you realize a 47% savings of 60.5 watts

CosmoPolis maximizes energy savings, while providing a superior white
light alternative that doesn’t sacrifice light quality or quantity!

CosmoPolis™ & MasterColor® Eiite systems Standard sytems

PHILIPS

D.H. Lighting Solutions
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Kirlin, Targetti, Lumca, LAM, Delray, SPI,
us I50_Ie, umec, Schreder, Spaulding,
DesignPlan, Stonco, and Exceline.
Widelite
pAvIsIonAIRE LIGHTING

ALTMAN

SISTEMAI‘UX‘CDm ‘ INSIGHT
arealighting
Acculite ¢

(IM LIGHTIN(

AMERLUX

'-_‘ LITHONIA LIGHTING'

[ ——

= COOPER Lighting
ance Bl Spectrum Lighting

Lumen Maintenance over Life

100% g
S i T e e e ADVTS
I TSHO
|

80% Q\f

QMH Electronic Ballast

60%

Lumen Output

Pulse Start MH

40%

Switch Start MH

5000 15000 25000 35000

Operating Hours

8000 hours = 40% RAL
for MH

Metal Halide General Recommendations

= Ceramic arc tubes instead of Quartz
Higher CRI
Reduced color shift

Reduced lumen depreciation (equals energy savings)

= Vertical-oriented lamp instead of Horizontal

Increased lamp life

Reduced color shift
Higher initial lumens, and reduced depreciation

Better uniformity of the illumination

D.H. Lighting Solutions 20
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High Pressure Sodium

* Designed from scratch
* Yellow-white light

* Long-life

* High efficacy

* Good lumen maint.

* No color shift

» “Cycles” at EOL

December 9, 2009

www.sylvania.com

LUMALUX PLUS® AND LUMALUX PLUS® ECO®

Non-Cycling, Lead-Free and Reduced Mercury High Pressure Sodium Lamps

Key Features & Benefits

« Average rated amp ife s 40,000 Lamp design eliminates voltage
hours™ rise (standard high pressure
— 85% survival at 24,000 hours sodium lamps may extibit volt-
age ise of 30 or 60 volts)

« Passes Federal TCLP test. Lead-
free and up to 90% less mercury
than standard HPS lamps

- 50% survival at 40,000 hours
 Over 65% longer lfe than com-
parable HPS lamps.
 Same initil lumens as a stan-
dard HPS lamp with a 15% high-
ermaintained light output at end
of rated lfe

« Leafree base allows a higher
masimum base temperalure of
250°C; 40°C higher than ANSI
specifcation for lead soldered

 Non-cycling lamps mean quicker bases

deifcalon of utages eWer g coments forstandard
repeat tips and provides less

HPS; operates on ballasts of
stress to the ignitor* lr watt
The SYLVANIA LUMALUX PLUS and LUMALUX PLUS ECO lamps P — sl wellage
incorporate the latest technology to eliminate the end-of-life b e ’Z’"’:“’:’LPS“ foEBE;  New 6 digit code showing the
cycling of HPS lamps. They remain of at end-of-lfe. LUMALUX Fe:88 ghancen month, day and year the lamp
PLUSECO lamps are constructed with lead-free welded bases and was manufactured
pass the existing Federal TCLP test.

Low Pressure Sodium

* Originated in Europe

* Deep-yellow,
mono-chromatic light

* Long-life

* Highest efficacy

* Best lumen maint.

 Astronomer preferred

D.H. Lighting Solutions
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LPS Luminaire

LPS

Pressure
Sodium

WAVELENGTH - NANOMETERS

D.H. Lighting Solutions 22
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During the Aug 2003 Outage The Night after the Outage

GE
“Genura”

Sylvania
“Icetron”

D.H. Lighting Solutions 24
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Custom Luminaires with QL System

24 CAST ALUMINIM HOOD
REVOVABLE FOR EISY
B | e RE-LAVPING (VHITE INSIDE)

b= N
b i

L (Vo s st o
| housw a0 st (1)
W/ HEA

POLE TBD

ANGLED VIEW OF SAMPLE BRIDGE SECTION

o

December 9, 2009

Induction / Electrodeless

= Parking Lot and Roadway Luminaires
Developed in partnership with LBL
Energy and maintenance savings
Bi-Level

D.H. Lighting Solutions
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Induction Performance Comparisons

EverLast® Induction Technology Compared to Beta LED Lighting

50% higher efficiency and 25% better light distribution equals unsurpassed performance

& B
Call us today for pricing 3 \ N
E z : r—

mms man oo B N
888-383-7578 B
5
PRy Moo it
Everlast® 70w Type III Cobra Beta Type III Cobra
72.0 202
5000 3200
Luminaire Efficacy Ratina (LER) 57 kL)
Advertised Distribution Type Il Type 111
IES Distribution Type III, Med. Throw Type III, Short Throw

Lumens Per Watt
Roadway Comparison: 135 ft. pole spacing; 25ft. mounting height; 24 ft. 2-lane R3 asphalt
curface

Warranty — ALapacs One siofit siond

& hor
1.08 Fc 0.65 Fc

i nce Max. 213Fc 0.96 Fc

Tlluminance Min. 0.67 Fc 0.39 Fe

Luminance Avg. 0.83 cd/m? 0.46 cd/m?

Luminance Max. 1.0/ carme 0.78 ca/m#

Luminance Min. 0.64 ca/m? 0.29 ca/m?

Induction Performance Comparisons

Roadway Photometrics

Beta Type III Cobra - 4300K

EverLast® 70w Type III Cobra

Columbia Lighting

Orion Energy Systems

Gas Station

D.H. Lighting Solutions 27
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THERMAL CHARACTERISTICS OF A FLUORESCENT LAMP

100 =  RELATIVEWATTS s s s

50

\ RELATIVE LIGHT OUTPUT
25 5

PERCENT QUTPUT & WATTS

20 40 60 80 100 120 140 160 180 200
BULB WALL TEMPERATURE DEGREES F

Photovoltaic (Solar)

Solar King Carmanah
Technologies

What is an LED?

A Light Emitting Diode (LED) is a type of Solid-State
Lighting device that uses semi-conducting materials
to convert electricity into light.

D.H. Lighting Solutions 28



SCN Presentation

3LEDS 6LEDs
0

Light Cones Emitted by Clear anc

= 50% Intnsity = 100% Intensity Figure 5

LEDs Are Inherently Directional

December 9, 2009

icacy of Production Run -watt

Color Wavelength |~ Efficacy
(nm)

(mW)

White (5500 K) 2%

‘Warm white (3200 K) 22

Green 530 30 . .

o5 o 5 Gallium Nitride Compounds

Red 625 “

Red-Orange 617 55 Indium-Gallium Phosphide Compounds
‘Amber 590 %

Coating Coating

Creating The “White” LED

Combine

White “Dichroic”
Phosphor Phosphor  Red/Green/Blue

D.H. Lighting Solutions
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RGB LEDs Are A
Discontinuous Light Source

85-95CRI

b o’
" parcegton from
- f The Sun Nt spacaem
;-
L L Blue with Phosphor White Combination

: . {most efficient for white light)

18-60 CRI

Gaps and pesis
are percieved as

3310000 1 coior ot

efected byt -
o surtaces -
yo Sensitivity s

| ’

RGB Combination

Useful Life, Not Rated Life

All light sources reduce in light output over time, and
eventually are not considered efficient/useful -- even though
they are still generating light. The industry standard for LEDs
has been set at 70% of initial light output.

Maintenance Values for

o ) 10000 15000 200
operating tima i)

Range of Typical Rated Life

oure: Adotd o Bulloh, J0, 162 Liking A LED i Syt o, Y.

il et o o e o m (hours)* Estimated Useful Life (L,)
a et

3,004,000

8000-10,000
7:50020,000.
2000030,000

35,000.50000

White LED Efficiency

= ~3 X the efficiency of halogen
(6 watts of LED ~= 20 watts of halogen)

= ~2/3 the efficiency of CFL, and
~1/2 that of linear fluorescent.

= Efficiency and life are permanently
reduced by excessive heat.

= LED luminaires should be designed from
“scratch” in order to maximize efficiency.

D.H. Lighting Solutions 30
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LED
with Optics

December 9, 2009

LED
Assembly
Heat Sink i
' \‘1 Fixture
Housing
Driver
(Transformer) g
iSgioumen  LED
Silmnting  Coverage
Pattern

U.S. A H URALJ
LIGHTING

D.H. Lighting Solutions
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LED

= Most significant remaining issues
Quality and Color Consistency (binning)
CRI
Heat removal

Efficiency
Cost / Payback

LED

= Quality and Color Consistency (binning)
About 90% of available product is sub-standard.

Variations in initial color, and as LEDs age.
« (proper “binning” methods increase product cost)

After 100 Hours

After 1,000 Hours

Require independent testing or documented
verification (including IES photometric files).

Remember, most jurisdictions require a UL listing.

LED Color Inconsistency

An example of
poor Thermal
Management,

or poor “Binning”.

These are two of
the several reasons
why some LED
luminaires are half
the cost of others.
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CRI and Color Temperature (CCT)

= LEDs can range from 16 — 92
CRI, and the same color of
lamp (CCT) may look different ¢

from each manufacturer. i

= The International Dark-Sky ¢ '
Association (IDA) has issued '
advisories about “blue” light and
its affect on human health. They
advise against any outdoor
lighting with a CCT of > 3000K.

LED

= Efficiency
Efficiency and Photometrics should be based upon
the assembled luminaire, not the separate LED module.

Currently about 60 LPW getting out of the luminaire.
DOE “Bright Tomorrow Lighting Competition”
® CRI>=90
* $10,000,000
o AlLamp: >= 900 lumens, >= 90 LPW, <= 10 watts
*® $5,000,000
o PAR38: >= 1,350 lumens, >= 123 LPW, <= 11 watts

Exterior LED WM
luminaires should s LEDway

be heat tested to
at least 40° C.

w
Beta LED
20 - 120 WATTS

EVOLVE™ LED SERIES

AREA LIGHT
Medium Thin Profile

GE LIGHTING SYSTEMS
85- 214 WATTS
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The Theory Behind LED Outdoor Lighting
Application Efficacy — Hypothetical Data

HID: : LED: —
80 Im/W Nz 50 Im/W L2
I

50% Utilization 80% Utilization

40 Im/W Luminaire efficacy

40 Im/W Luminaire efficacy

_______________________

_______________________

Examples of LED Roadway Luminaires
(60 — 80 LPW)

Lumec Roadstar
40 - 180 WATTS

GE Roadway

Examples of LED Roadway Luminaires
(60 — 80 LPW)

Lighting Science
NYC Streetlight
61-106 WATTS

LED Roadway Lighting
Satellite
22 - 240 WATTS
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LED

= Bi-Level Parking Lot Luminaires

Energy & maintenance savings

Beta LED

GARDCO -- Radiant

December 9, 2009

DOE CALIPER PROGRAM

Commercially Available LED Product Evaluation
and Reporting.

Specifiers “consumer reports” of LED systems.
Independently tests and provides unbiased
information on the performance of commercially-
available LED products.

The test results guide DOE planning for ENERGY
STAR and technology procurement activities, & provide
objective produce performance information to the public.

http://www1.eere.energy.gov/buildings/ssl/caliper.html

Light Output (lumens)

DOE CALIPER PROGRAM

In the latest round of CALIPER testing, 10 different MR16
replacement lamps were evaluated.

The output of most of the lamps fell well short of the
manufacturer’s claims.

All produced less light than the lowest output 20W MR16.

< Avrag Messred Limen Ot for 200 Halogen RIS Lamps

D20W Halogen MR 16}
BSSL07-17
WSSL07-53
mSSL07-59
OSSL 07-64

H
5 Tieratw
mSSL 0758 3 I
——— - fam
mSSL 0807 Measur
OSSL 0883 -
BSSL 0884 [l

WSSL 08-97 QA $ B 2 & g & P
mssL 0898 8- V“"‘{“‘p ey f'}i“’ Rt Q’Q
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DOE “Fact Sheets”

www.netl.doe.gov/ssl/publications/publications-factsheets.htm

LED Basics Building Technologies Program

LED Basics

LED technology continues to develop rapidly as a general light source.
LeD o nd light fixtures are introduced on the market

LED AppicationSaries:Using LEDs to Thi Bt Advantage.

LED Appication saries:

Using LEDs to Their Best Advantage

Thermal Management of White LEDs.

Thermal Management of White LEDs

LEDS wort b your hae ik som gt saurces, bt they doprocuce bt fct, thermal

www.netl.doe.gov/ssl/publications/publications-factsheets.htm

December 9, 2009

DOE “Lighting Facts” Labels

Light Output/Lumens Lig hti I‘Ig Factsw

Measures light output. The higher the

number,the more gt s emited. | | LED Product
Repored s Fon
LTS st
teLight Output (Lumens) 840
Watts —ewatts
Mezsures energy required o ight
the product. The lower the atiage, the [°-umens per Watt (Efficacy) 93
Tess energy used. i
Reportd s o Power (Watson LIS report. Boernaiy 87 o — I‘::II:; '(‘g::’fﬂng
Lumens per accuracy.
t/Efficacy Cdorenitn s he fectf i s gt
Measures effciency. The higher the Light Color sweiccry 2900 (Warm White) spectnum on the color agpearance fajecs.

number, the more efficient the product.
Reportedas Eficacy on 178 est reort,

— Correlated Color

Temperature (CCT)

Measures light color

700K 000K 500K 00K “Coof colrs havehigher K fampertrs (600-5500K)
Ve clors have owe o temperturs (2700-3500 K.

IESNA LM-79-2008

o , but may be o
outdoor aplcations.

e wrsorsasansnzos o— Brand & Model Number

dintegea

City of
Scottsdale

Main Street
LED Lighting
Project
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City of Scottsdale Main Street

City of Scottsdale Main Street

(- ’ — ——\)

q

PANTOETAL -

_
—

City of Scottsdale Main Street

31050, 40 CoLAR G2 DETAL)
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Sustainable Cities
Network

New Street Lighting
Opportunities
and Challenges

Don Happ f \
D.H. Lighting Solutions &Y
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