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New Street Lighting
Opportunities

Sustainable Cities
Network

Opportunities
and Challenges       

Don Happ
D.H. Lighting Solutions

Presentation Topics

Terminology & Fundamentals

Technology Alternatives

LUMINOUS FLUX

REFLECTED FOOTCANDLES

LUX (metric)

NITS (cd/m2)
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FC = lm/ft2

LUX = lm/m2

1 FC = ~10 LUX

How We See “Light”

Light Source

Decoder

Lumens  or 
Candelas

Reflector

Luminance
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REFLECTED FOOTCANDLES

LUX (metric)

NITS (cd/m2)

Illuminating Engineering 
Society of North America

Founded in 1906 to establish scientific 
lighting recommendations and to 
disseminate this information.
Mi i St t t “T dMission 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

illuminance / Footcandles

Uniformity Ratiosy

Luminaire Types

Aiming Angles

Color
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www.ncqlp.orgq p g

IESNA RP-8 Recommended Practice
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Vertical Fo

Horizontal Footcandles

ootcandles

Horizontal        Vs     Vertical             
Footcandles                Footcandles

1,000 watt MH
50,000 Candelas Distance = 168’

75’ Pole

150’ Distance

Horizontal FC  =  Cd X  Cosine Ø  =  0.7 FC
D2

Ø = 67.5°

Vertical / Maximum FC  =  Cd =  1.8 FC
D2

X

“Inverse Square Law”“Inverse Square Law”
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Uniformity / Uniformity Ratio

Even Distribution of Light throughout 
the space
Maximum / Min (sportslighting)Maximum / Min  (sportslighting)
Average / Min  (most lighting projects)
Example:      4 : 1  Uniformity Ratio

Avg  1.0  FC
Min  0.25  FC

Parking Lot Uniformity Example

Approximate
Cost  $4,000

1,000 Watt
Luminaire

Approximate
Cost  $4,000

1,000 Watt
Luminaire

Approximate
Cost  $15,000

(4) 250 Watt
Luminaires
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Color
Color
Color

Color
Color
Color

Visible Light
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Chromaticity /
Correlated Color Temperature (CCT)

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

Color Rendering Index  (CRI)
The light source’s ability to make The light source’s ability to make 
colors of things appear correctly, colors of things appear correctly, 
based on a scale of 0 to 100, based on a scale of 0 to 100, 
with with 100 being the best (sun light).100 being the best (sun light).

Color -- 6000K 6000K 
-- 5000K5000K
-- 4100K4100K
-- 4000K4000K
-- 3000K3000K
-- 2900K2900K
-- 2700K2700K

DaylightDaylight
MercuryMercury
Cool WhiteCool White
Metal HalideMetal Halide
Warm WhiteWarm White
HalogenHalogen
IncandescentIncandescent

Color
Color

CHROMATICITY  - CCT

Warm Warm 
C l d Li htC l d Li ht

Cool Colored Cool Colored 
Light SourceLight Source

Black-Body

LED -----------

LED -----------

-- 2200K2200K
-- 1000K1000K

HPSHPS
CandleCandle

Degrees 
Kelvin

Colored Light Colored Light 
SourceSource

y
Radiator
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4100K “Cool” T8            3500K “Neutral” T8

Effects of Color Temperature

4100K “Cool” Induction
Vs

2200K “Warm” HPS

5500K “Cool” LED               3000K “Warm” LED

4100K “Cool” CFL
Vs

2700K “Warm” CFL

2200K “Warm” HPS

Specialty Halogen



SCN Presentation December 9, 2009

D.H. Lighting Solutions 10

Daytime Vs. Nighttime Vision
3.0 Ref. LUX
0.3 Ref .FC

0.001 Ref. LUX
0.0001 Ref. FC
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YELLOWING & YELLOWING & 
HARDENINGHARDENING

REDUCES &           REDUCES &           
SCATTERS THE LIGHTSCATTERS THE LIGHT

DECREASED DECREASED 

The Aging Eye

SCATTERS THE LIGHTSCATTERS THE LIGHT

CILIARY  MUSCLE CILIARY  MUSCLE 
WEAKENINGWEAKENING

PUPIL  SIZEPUPIL  SIZE
FLOATERS  CAUSE FLOATERS  CAUSE 

SCATTERING IN THE SCATTERING IN THE 

OF THE LIGHT OF THE LIGHT 
BEFORE IT CAN BEFORE IT CAN 

REACH THE FOVEAREACH THE FOVEA

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 illuminanceNeeds 3 X  the illuminance.
Needs ~2.5 X  the contrast.
Is ~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
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New 
Luminaire 

Classification 
System 

(“LCS” / ”BUG”)

BUG / LCS 
Rating System

BUG / LCS 
Rating System
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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

“Fitted Target Efficiency” System

FTE results are
expressed in standard efficacy

terms of lumens per watt.
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FTE 
Calculator

https://www.energystar.gov/index.cfm?c=revisions.ssl_luminaires

Recent 
Manufacturer 

Example

Luminaire Distribution Types
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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.

Photometric Study for a Collector Roadway 
with LED Luminaires
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Presentation Topics

Terminology & Fundamentals

Technology Alternatives

Street Lighting Technologies
InductionHID  

(HPS, LPS, & MH)

Fluorescent LED

Photovoltaic 
(Solar)
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HID Light Sources

High 

Pressure 

Sodium

Mercury 

Vapor
Sodium

Metal

Halide

Low 

Pressure 

Sodium

Mercury Vapor

Arizona State Law

ARS 49-1104
Effective January 1, 2011.

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

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

• Descendant of MV

• Balanced white light

• Position sensitivePosition sensitive

• Moderate life

• Good efficacy

• Poor lumen maint.

• Poor color shift

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.
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Advances In 
Metal Halide 
Technology

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

50w - 250w  
standard    

Metal Halide             
OR  

Mercury Vapor
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Kirlin, Targetti, Lumca, LAM, Delray, SPI,    
US Pole, Lumec, Schreder, Spaulding, 

DesignPlan, Stonco, and Exceline.

58

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



SCN Presentation December 9, 2009

D.H. Lighting Solutions 21

High Pressure Sodium

• Designed from scratch

• Yellow-white light

L lif• Long-life

• High efficacy

• Good lumen maint.

• No color shift

• “Cycles” at EOL

Low Pressure Sodium

• Originated in Europe

• Deep-yellow,

h ti li htmono-chromatic light

• Long-life

• Highest efficacy

• Best lumen maint.

• Astronomer preferred
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LPS Luminaire

LPS
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During the Aug 2003 OutageDuring the Aug 2003 Outage The Night after the OutageThe Night after the Outage

Electrodeless Induction Lighting

Philips

GE 
“Genura”

Sylvania 
“I ”Philips 

“QL”
y

“Icetron”
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ORIGINAL LIGHTING CONCEPT
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Custom Luminaires with QL System

ANGLED VIEW OF SAMPLE BRIDGE SECTION

Induction / Electrodeless
Parking Lot and Roadway Luminaires

Developed in partnership with LBL
Energy and maintenance savings
Bi-Level
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Induction Performance Comparisons

Induction Performance Comparisons

Columbia Lighting

Orion Energy Systems

Fluorescent (T5HO)

gy y
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Photovoltaic (Solar)

Carmanah 
Technologies

Solar King S.O.L.

What is an LED?
A Light Emitting Diode (LED) is a type of SolidA Light Emitting Diode (LED) is a type of Solid--State State 
Lighting device Lighting device that uses that uses semisemi--conducting materials conducting materials 
to convert electricity into light.to convert electricity into light.
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LEDs Are Inherently Directional

LEDs Are Inherently Colored

IndiumIndium--Gallium Phosphide CompoundsGallium Phosphide Compounds

Gallium Nitride CompoundsGallium Nitride Compounds

Creating The “White” LED
White White 

Phosphor Phosphor 
CoatingCoating

Combine Combine 
Red/Green/BlueRed/Green/Blue

XX
“Dichroic” “Dichroic” 
Phosphor Phosphor 
CoatingCoating

XX
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RGB LEDs Are A
Discontinuous Light Source

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

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

~2/3 ~2/3 the efficiency of CFL, the efficiency of CFL, and               and               
1/2 that of linear1/2 that of linear fluorescentfluorescent

White LED Efficiency

~1/2 that of  linear ~1/2 that of  linear fluorescent.fluorescent.

Efficiency and life Efficiency and life are are permanently      permanently      
reduced by excessive heat.reduced by excessive heat.

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



SCN Presentation December 9, 2009

D.H. Lighting Solutions 31

LED System Components
LED                 

with Optics

LED      
Assembly

Heat Sink

Driver 
(Transformer)

Fixture 
Housing

LED
Coverage 
Pattern

65° - 75° 50° - 65° 0° - 50°
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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)

Require independent testing or documented 
verification (including IES photometric files).
Remember, most jurisdictions require a UL listing.

An example of   
poor Thermal 
Management,         
or poor “Binning”.

LED Color Inconsistency

These are two of    
the several reasons 
why some LED 
luminaires are half 
the cost of others.
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LEDs can range from 16 – 92 
CRI, and the same color of     
lamp (CCT) may look different 
from each manufacturer.
The International Dark-Sky 

Association (IDA) has issued

CRI and Color Temperature (CCT)

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.

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

LED

Currently about 60 LPW getting out of the luminaire.
DOE “Bright Tomorrow Lighting Competition”
• CRI >= 90
• $10,000,000

o A Lamp:  >=   900 lumens, >=   90 LPW, <= 10 watts

• $5,000,000
o PAR38:  >= 1,350 lumens, >= 123 LPW, <= 11 watts

Exterior LED 
luminaires should     
be heat tested to       

at least 40° C.
Beta LED

20 – 120 WATTS

GE LIGHTING SYSTEMS
85 – 214 WATTS
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The Theory Behind LED Outdoor Lighting

Examples of LED Roadway Luminaires     
(60 – 80 LPW)

Lumec Roadstar
40 – 180 WATTS

GE Roadway

Lighting Science
NYC Streetlight
61 – 106 WATTS

Examples of LED Roadway Luminaires     
(60 – 80 LPW)

LED Roadway Lighting
Satellite

22 – 240 WATTS
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LED
Bi-Level Parking Lot Luminaires

Energy & maintenance savings
Beta LED

GARDCO -- Radiant

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

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.

DOE CALiPER PROGRAM



SCN Presentation December 9, 2009

D.H. Lighting Solutions 36

DOE “Fact Sheets”

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

DOE “Lighting Facts” Labels

City of
Scottsdale 
Main Street

LED Lighting
ProjectProject
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City of Scottsdale Main Street

City of Scottsdale Main Street

City of Scottsdale Main Street
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New Street Lighting
Opportunities

Sustainable Cities
Network

Opportunities
and Challenges       

Don Happ
D.H. Lighting Solutions
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