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Today’s Presentation

e Basic Lighting Principals
e Design Criteria and Standards
e New Technologies




Lighting

Principals




Basic Terminology

Lumen

IIluminance (Lux/fc) — Vertical / Horizontal
Luminance

Uniformity Ratio

Light Loss Factor sl

Electromagnetic Spectrum -~

Wavelength
(in nanometers or 10 *meter)

380 400 500 600 700
Violet  Blue Green  Yellow Red

Visible Light




The Correlated Color Temperature Scale

The color appearance of various light sources can be defired In terms
of color temperature, maasured in “degrees” Kelvin (K,
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HPS Metal Halide
High Pressure Sodium Metal Halide

Object Detection Visual Clarity




Lighting Design
Criteria and

Standards




Standards

e Most Cities lighting standards are dated
which creates issues

e Good Ref documents exist (TAC/IESNA)
to base standards and City policies on

e Lighting is not a simple science (Too
much cookie cutter design)
e New Technologies are developed so

quickly difficult for industry standards
to keep up (ie; LED’s)
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Road Pedestrian 52 natic Ratio ‘

Type Activity natio

Freeway - =06 =35 =60 =03
Partial Lighting

of Interchange -- =06 =35 =60 =03

On-Ramps/
Off-Ramps
High =10 =30 =50 =03
Expressway- Medium =08 =30 = 50 =03
Highway

Low =06 =35 =60 =l

High =12 =30 =50 =03

Arterial Medium =09 =30 = h0 =03

Low =06 =3b =60 =03

High =08 =30 =50 =04

Collector Medium =06 =35 =60 =04

Low =04 =40 =80 =04

High =06 =60 = 10.0 =04

Local/Alleyway Medium =05 =6.0 =100 =04

Low =03 =60 =100 =04




Sidewalk Lighting

Maintained Average-to Minimum
Average - Minimum Maintained
Horizontal Horizontal Vertical
llluminance (lux) | Uniformity Ratio | llluminance (lux)

Pedestrian
Activity

=10.0




Recommendations and Discussion
Roadways and Sidewalks
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Sidewalk lighting levels can be misleading as the reflective properties of the
sidewalks and buildings can impact the overall brightness and ones visibility.
Ones visibility can be improved by the very light building finishes which reflect

light much better than dark finishes.




Intersection Lighting

Average Maintained llluminance at Average-
Pavement by Pedestrian Conflict (lux) to-Minimum

Uniformit
Roadway Classification High | Medium | ng::)nv

Artorial/Artoral “
ArterialCollector | 200 | 20 | 150 | =30 |

Arterial/Local
Expressway-Highway/Arterial | 310 | 250 | 180 | =30 |

Expressway-H!ghway/ 28.0 210 =30
Expressway-Highway/
biprosswayHghwey/Collstor | %0 | @0 | w0 | =0
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Intersection Calculation Example

LUMINAIRE POLE (TYPICAL)

INTERSECTION
HORIZONTAL
ILLUMINANCE

CROSSWALK (TYPICAL)

17 21 25 27 25 21 20 20

N-B TRAVEL DIRECTION

VERTICAL
MEASUREMENTS
DIRECTION

CROSSWALK VERTICAL
ILLUMINANCE (TYPICAL
FOR ALL CROSSWALKS)

OUTPUT RESULTS

MAINTAINED
AVERAGE

INTERSECTION
HORIZONTAL ILLUMINANCE

W-B VERTICAL ILLUMINANCE
ON CROSSWALK

E-B VERTICAL ILLUMINANCE 22.0 lux
ON CROSSWALK

N-B VERTICAL ILLUMINANCE 22.2 lux
ON CROSSWALK

S-B VERTICAL ILLUMINANCE
ON CROSSWALK

UNIFORMITY
RATIO
(AVG.MMIN.)




Vertical Illumination

e It was found that in Switzerland, a level
of 40 vertical Ix was used in all
crosswalks.

e This level reduced nighttime vehicle to
pedestrian crashes by 66%.
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ock Crosswalk Lightin

WESTBOUND
VERTICAL
ILLUMINANCE

G
et o
oRE

Arrows Indlcate directlon of measurements

W=B VERTICAL
ILLUMINANCE

E-B VERTICAL
ILLUMINANCE

#— LUMINAIRE POLE (TYPICAL)

EASTBOUND
—{ VERTICAL
ILLUMINANGE
‘— CROSSWALK

MAINTAINED
AVERAGE

41,1 lux

41,1 lux




Roundabouts




Roundabo

400W HPS FLAT GLASS LUMINAIRE
ON A 9m DAVIT POLE (TYPICAL)

PEDESTRIAN CROSSWALK (TYPICAL)

SIDEWALK (TYPICAL) ———

RAISED ISLAND (TYPICAL)

MAINTAINED HORIZONTAL ILLUMINATION
CALCULATION ZONE
NTS

STATISTICS
Description Symbol avg Max Min Max/Min Avg/Min

Inbound 1 (Vertical) + 43 lux 47 lux 35 lux 1.3:1 121

Outbound 2 (Vertical) ~ + 41 lux 48 lux 32 lux 1.5:1 1.3:1

»
3

Inbound 2 (Vertical) + 40 lux 45 lux 33 lux
Outbound 3 (Vertical)  + 41 lux 46 lux 33 lux
Outbound 1 (Vertical) + 41 lux 47 lux 31 lux
Inbound 2 (Vertical) + 41 lux 44 lux 34 lux

Outbound 4 (Vertical)  + 40 lux 46 lux 30 lux

Roundabout (Horizontal) + 42 lux 82 lux 14 lux

\
INBOUND1 AND OUTBOUND 1
Inbound 4 (Vertical) + 40 lux 45 lux 34 lux 3 2: MAINTAINED VERTICAL ILLUMINATION CALCULATION ZONES (TYPICAL;

.T.S.







LED’s

« Mostly pilot and demonstration projects.

* Los Angeles- 30,000 lights installed, 130,000 to go
- Largest in deployment in US

* Nova Scotia Pilot Project — 1,100 lights — Maybe
the largest in Canada

« Department of Energy — US
 NRCAN (Natural Resources Canada) — Canada
« BC Hydro - BC
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Products

LRL Satellite Series Cobra Head




Issues

Cost - Better quality LED street lights can be over $1,000 whereas a typical
cobra head luminaire is typically around $200.

Light Loss Factor - LED luminaires have varying heat management systems
which are a function of thermodynamics (not a typical lighting designers
background). The higher the junction temperature, the higher its light loss
factor. IESNA LM-80 reports defines a test method to define the rate of loss of
output over time at different junction temperatures. This is key as it is used
to define the light loss factor applied to the design

Standardization - LED roadway luminaires are relatively new to the market
and as such their is a lack of proven specifications. Products vary in design
and optics.

Lack of Proven Long Term Performance - As LED roadway luminaires are new
to the industry, long term performance has not been confirmed. This leads to

some level of risk to the owner.
@D

Flat rate lighting — Utility must develop flat rates for LED’s




Calculations

Many wattage and distributions exist so to
optimize benefits and provide the required
levels computer lighting calculations must
be undertaken.

Today’s computer lighting design software

is easy to use however a qualified electrical

engineer or lighting designer should do the
calculations, not the supplier.
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LED

Roacay Wattage Nummber of

Total Wattages

(]
Energy
Used Per A OS Hxtures
Replacerment| Fixture Savings Replaced C a- l C u l a t 1 O n S
Fixture




Results

An energy savings of will be gained from retrofitting the 1100
existing cobra head luminaires with the LRL Satellite luminaires.

Halifax, Nova Scotia (Robie St) - 55% Energy Savings

g B

LED Roadway Lighting

— v M High Pressure
-~ [ Sodium (HPS)










Before and After Pictures of Program
Fc.:4.31
Ave./Min.:2.40
Max./Min: 54

BEFORE (200 W HPS)
6t Street Bridge over Los Angeles River




Before and After Pictures of Program

Fc:348
Ave /Min_: 1.63

AFTER (LED)
6th Street Bridge over Los Angeles River




Before and After Pictures
Fc.: 0.68 Fc.: 046

Ave /Min_: 1360 Ave /Min_: 2.42
Max_/Min.: 54.80 Max_/Min.: 4.32

BEFORE (100 W HPS)

La Mirada Ave. — Seward St. to Wilcox Ave. AFTER (LED)




Before and After Pictures of Program

Fc.: 256
Ave_e’Min_: 233

wiiem,

Max /Mih_- 5.35 | ¥
Ll | g i1 .

[ e

BEFORE (310 W HPS)

Fc:1.42
Ave./Min_: 1.80
Max /Min_: 3.30

AFTER (LED)

Hoover St. — 32nd St. to 30t St.




Keys to Deployment

Good specifications — Not all product equal. Product vary
in quality and optical performance

Products selection — Select based on performance

Color Temperature — Trend towards lower color
temperature. Suggest 4000K.

Warranty — Trend to 10 years

Thermo management — Junction temperature




Adaptive Lighting




What is Adaptive Lighting?

“The ability to vary lighting
levels to suit activity levels.”

Technology has been the barrier to varying street lighting levels.
Today’s wireless technologies make it possible
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Potential Benefits of an Adaptive
Street Lighting System:

e Reduced Energy Consumption

e Obtrusive Light Reduction

e Power Consumption Monitoring
e Streamlined Asset Management
e Alerts of wire theft




How Can One Vary Light Levels?

Road and Pedestrian Conflict Pavement Classification ) . .
Area [Miniemurr Marinksined Aimrage Yaluesy Uniformity Veiling
Ratio Luminance

Road Pedestrian R1 R2 & R3 R4 Ratio

Conflict Area il Ecnin I, 1
lusdfic luxifc lux/fe Eoe/ Em il

Freeway Class A 6.0/06 | 9.0/09 | 8008
Freeway Class B 4.0/0.4 B.0M6 5.0/0.5
High 10.011.0 | 140/1.4 | 13.01.3
Medium 8.0/0.8 | 12.0/1.2 | 10.0/1.0
R Low 6.0/06 | 9.008 | 8.0/08

High 12012 | 17.01.7 | 15.01.5

Majm%y Medium 9.0/09 | 13.01.3 | 11.011
Low 6.0/06 | 9008 | 8008
High 8.0/08 | 12.01.2 | 10.011.0
Medium 6.0/06 | 9009 | 8.0/08
Low 4.0/04 | 6006 | 5005
High 6.0/06 | 9009 | 8008
Medium 50005 | 7.007 | 6006
Low 3.0003 | 40004 | 4004

Expressway

Collector

Potential for Dimming of 1/3 to 1/2 Based on IESNA Pedestrian Conflict Levels

M




The Big Picture

Why vary lighting levels in off peak periods?

[t has been estimate 64 million street lights exist
in North America. Estimated power consumed in
a year would be approximately S1billion kWh.
Just imagine 20% reduction in off peak hours.




Adaptive Lighting (new term):




Adaptive Street Lighting System -
Potential Energy Savings

Application

Advantages

Reduce Lumen Output of
Lamps to Maintained Levels

* Energy Savings
e Obtrusive Light Reduction

Reduce levels on over
lighted roads to levels
required

e Potential Energy Savings
e Obtrusive Light Reduction

Match Lumen Output to
Variable Pedestrian Activity
Levels

e Significant Energy Savings
e Obtrusive Light Reduction




Adaptive Street Lighting System

Self Configuring and Wireless Communication Field Data
Self Healing Network Between Luminaires

Collector
; |~\ \

M

Sirseilight lslligenss
ATaptivelLlightingkoystem

Luminaire Database Downloaded to Handheld Field PC

3 Lumen 1Q°s
Wireless Handheld | oo 1 Identified by -
PC Communicates | i GPS Coordinates 0
with Individual  SSESCESET =
Lumen I19's

Maintenance
Personnel
Dizpatched

Asset Management Reports

Connection to Internet

Central Data
Collector

|

Internet Connection

Customer PC
Connects to
Server via
Browser
Interface




Adaptive Street Lighting System
Overview




E Lamps

(Induction)




E Lamps (Induction):

A. Phosphor Coating
B. Plastic Housing
C. Electron/lon Plasma
D. Induction Coil

E. Electronics




E Lamps (Induction)

e Advantages include instant start (hot or cold),
excellent color, minimal color shiftt over the life
of the lamp, super long life, reduced
maintenance

Disadvantages include very high cost, large lamp
size limiting retrofit options, limited number of
wattages and voltages available, and lamps will
require special disposal as they contain mercury
vapor.

@




Solar Lighting




Solar Lighting

Very High cost
Battery technology

Not enough output to
properly light a road

Long Term Future




Electronic Ballasts




Electronic Ballasts

e Replaces traditional magnetic type

e Emerging technology — Limited number of wattages
e [mprove efficiency (10% to 20%)

e Can improve color and lamp life

Beware of this technology as to date

we have found a high failure rate

In roadway applications (ref tests
By BC Hydro and City of Oakland)




Copy of this presentation can be
downloaded from DMD web site:

- www.dmdeng.com
* Go to learning
center

Q& A




