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Key issues —
Testing
Standards and regulations
Controls

LED lighting/controls advantages
Applications

Retrofit solutions

Cost of Ownership

What's next?







| EDs are semi-cono



red LEDs

1970’s—1980’s Green LEDs, Wz
» 0.1 lumens

« 1990’s (Nakamura@Nichia)
» 1 lumen

« 2000+
» 10-100 lumens J

« 2015
» 100 lumens/watt

. 2015 *
» >300 I/W — Cree R&D |



Progression of lighting

Incandescent  Mercury Fluorescent Infrared Metal GaN* High-Power
Vapor LED Halide LED LED

1880 1900 1920 1940 1960 1980 2000 /
Advantages:  Significant improvement in energy efficiency (40% - 90%)

Reduction in heat radiation

Longevity — low maintenance

No hazardous materials — 100% recyclable
Improved illumination — CFLs in cans?

No short-term lumen loss

Lighting where you want it (lensing), when you want |
No “on/off” issues

No UV

oe]plife]y



What i1s an LED?

Electrical Model

An LED Is an electrical

l ltorward device (diode) that emits
(Floctrons) light when there is an
: L electrical signal across it.
¢visible . .
(Photons) It is a DC device (preferably

constant current)

PN-Junction

Courtesy of Lumileds
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Controlled environment
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Red LED
Blue LED
GaP window layer

AlGalnP active

InGaP buffer GaN buffer
GaAs substrate '

Saphire substrate

Bare substrate

VOILA!

+ enclosure
>
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Separate the die

Package the die
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The LED Package provides:
» Protection for the LED die from the outside environment
« Conductive path to carry heat away from the LEDdie
« Refractive index matching from the LED die to air



Product appearance

Product appearance
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The LEDs | have seen are mostly blue-ish



RGB
red, green, blue

Additive mixing of
light sources



Color Temperature

Heating a “black-body”

CIE Chromaticity Diagram




Color Binning

ANSI_NEMA_ANSLG C78.377-2008

CIE 1931 (x, y) diagram

MacAdam ellipses
(DOE-CFLs)

O llluminant A
A lluminant D65

Planckian locus

026 028 030 0.32 0.34 036 038 0.40 042 044 046 048 0.50 0.52
X

ANSI / NEMA have defined color ranges for SSL product.



Color Binning

AMSI 1/4th quadrant bin structure for LXM7-PVW40 emitter

Figure 28. LUXEON Rebel AMS Ldch quadrant bin vtructers {LXMT-PW4D emitcer onby).







What about how things look?



WHAT IS CRI??7?

“The color rendering index (CRI), is a measure of the ability of a light source to reproduce
the colors of various objects being lit by the source (100 is the best CRI).”

P .
Sunlght {100
W filament incardescent ight 100




Name Appr. Munsell Appearance under daylight Swatch
TCS01|75R6/M4 Light greyish red
02 /5Y6/4 Dark greyish yellow
503 5 GY 6/8 Strong yellow green
25G6/6 Moderate yellowish green

05 10 BG 6/4 Light bluish green

6 5PB6/8 Light blue
25P6/8 Light violet
10 P 6/8 Light reddish purple
45R 413 Strong red

5Y 810 Strong yellow
45G5/8 Strong green
TCS12 3PB 311 Strong blue
TCS13 5 YR 8/4 Light yellowish pink (skin)

TCS14 |5 GY 4/4 Moderate olive green (leaf)

TCS15 1 YR 6/M4 Asian skin

The lack of saturated colors in the current CRI definition has driven artificially low values for SSL. NIST is in
the process of creating a new Color Rendering Standard which will be called a Color Quality Scale (CQS).


http://physics.nist.gov/Divisions/Div844/facilities/vision/color.html
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They get hot, but its different



Light
(~25%)

Conduction (~75%)

convection (~90%)



Temperature Gradient

Temperature Gradient
e Heat Sink Temp. e Heat Sink Temp.
e 69.20 Max e 58.18 Max

e 68.89 Avg e 56.78 Avg

e 68.55 Min e 54.73 Min

s
S

Considerations

e Theoretical vs. Reality

e Optimization and Iteration
e Experience



Thermal Design

Typical Light Output Characteristics Over Temperature ConSide rations
Cool-White, Neutral-White and Warm-White at Test Current ° Pe r fo r m a n Ce A m b i e n t

e Rated Ambient

e Extreme Ambient
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Useful Life of High Brightness White LEDs
at Different Operating Temperatures




How do you get the seal of approval?



INTEGRATING SPHERE




Surge Testing

Failure Mode Analysis
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REGULATION

How do you know what you're getting is good? /



Standards

COMPLETED STANDARDS

o Completed standards, test methods and CIE/IEC counterparts
ANSI C78-377 (chromaticity’
[ES LM-79 (luminaire phn’rmuetrjc testing)
IES LM-80 (LED mndu]e lumen depreciation testing

[ES RP=1T6Atden D-tefiTmitons

CIE TC2-45 CIE 127-2007 Measurement of LEDs

CIE TC1-62 177-2007 Colour Rendering of White LED Light Sources

[EC SC 34A - TS 62504 Terms and Definitions for LEDs and LED Modules in General Lighting

L2
o [luminating

IESNA LM-80-08

Approved Method: Electrical and
Photometric Measurements
of Solid-State Lighting
Products

v
S lluminating

Approved Method: Measuring Lumen

Main f LED
IESNA LM-79-08 bk Sotras




Does not provide
— Data past 6000hrs
— Projections of life

LM 00-08 e USE TM21 standardized methods
Approved Method: Measuring Lumen . Ulmsnating ™-21-11
Maintenance of LED VR R
Light Sources
n'ohdhg Long Term
Lumen Maintenance of
LED Light Sources

IESNA LM-80-08

/



» Wafts

5 UM-79-08

Approved Method: Electrical and
Photometric Measurements
of Solid-State Lighting
Products

IESNA L M-79-08




GATEWAY

Demonstrations

L PRI/F-

\(,-

LIGHTING &3

ENERGY STAR

Technical
Information
Network

tomorrow

) lighting
- : design
= lab



lighting
facts

» “Nutrition Label” for SSL A Program of the LS. DOE

» Labeling system that aims to address the problems in Iightlng fﬂCtS
manufacturer product performance reporting as noted Y NTTTYN
by DOE's CALIPER program Watts

Lumens per Watt (Efficacy)

» Help to avoid some of the pitfalls experienced with the Color Acouracy
early introduction of CFLs

www.lightingfacts.com



DLC Formed by Northeast Energy Partnership

“Qualifies” LED products for Utilities

Rebates are available for products on QPL
(Qualified Product List)

Does not duplicate Energy Star



DLC Formed by Northwest Energy Partnership

“Qualifies” LED products for Utilities

Rebates are available for products on QPL
(Qualified Product List)

Does not duplicate Energy Star



Manual, Scheduling, Sensing







Energy Standard for
Buildings Except
Low-Rise Residential
Buildings

8 Lot

2015 e

INTERNATIONAL
CODE COUNCIL

IECC 2015

LEADERSHIP IN ENERGY & ENVIRCNMENTAL DESIGN




Dimming
* Flexible and effective way to save energy
* Greater choice of light levels

Energy Savings

e 22% in private office

* 16% in open office

* 15% in retail environment

e 8% in classroom
Lighting Controls Effectiveness Assessmerit,
ADM Associates, May 2002

41




-5 * Where lights cannot be turned C
hurting safety or security

Strategies //
* Time-based control provided through astronomic timeclocks or intelligent relgys

(distributed or centralized) /
* Local wall controls and override switches provide enhanced control oppons

in many areas are required by code




pu oJo 9y

» Complies with commercial building energy
codes requiring automatic shutoff
» Ideal applications
» smaller, enclosed spaces
» spaces that operate on an unpredictable schedule

» spaces that are intermittently occupied

43



Space Type
Private Office

Lighting Energy Savings

Demonstrated in Research or Study

Estimated as Potential

Reference

Classroom 55%

Restroom 42% An Analysis of the Energy and Cost Savings
Potential of Occupancy Sensors for Commercial
Lighting Systems, Lighting Research Center/EPA,

Conference room 23% August 2000.

Break room 15%

Open Office 15% Lighting Controls: Patterns for Design, R. A.
Rundquist Associates, Electric Power Research
Institute, 1996.

Open Office 35%

(individual fixture
control)

Canada National Research Council study ;)Or/
integrated lighting conftrols in open office, 2007




» Dual Technology
» Mounting/enclosure
» wall
» ceiling
» high bay
» Indoor/outdoor
» Power wiring
» line voltage
» low voltage

45



e Students with highest levels of daylight progressed 20-
26% faster on math and reading tests in school study

* Office workers performed 10-25% better on tests and

recall when they had the best possible view in office

study

Above data supported by Heschong Mahone studies,
1999, 2003



\J/
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time before dawn

» Part Night -
Lights on at dusk, Off/dimmed at approx. midnight

» Group Scheduling -
Ability to turn groups of fixtures on/off/dim at a desired
time

» Individual Scheduling -
Ability to turn individual fixtures on/off/dim at a desired
time




 Networked — Centralized
(relay panels)

 Networked — Distributed
(wired CAT5 or wiréless)




The sharp end of the s

But first, ....



JI1U All
No hazardous materials — 10C
Improved illumination — CFLs in cans?
No short-term lumen loss
Lighting where you want it (lensing), when you want it (controls)
No “on/off” issues
No UV




Specific areas:
Stairwells (lighting plus EXIT signs
Corridors

Lobbies

Meeting rooms

Parking areas and garages
Accent/cove lighting




STRIPS — 1X4 =

W AW

TRACKS -MR16 (5.3 or GU10) => halogen lamps => LED Ic

L @

CEILING MOUNTED FIXTURES => incandescent/CFL lamps => LED lamps (E24 ¢ 74
G24) or retrofit kit or new fixtures /

SCONCES => incandescent/CFL lamps => LED lamps (E26 and G24) or retrbfit
kit or new fixtures

CANDELABRAS => incandescent lamps => LED lamps (test the lookl!)



LED tape,

GARAGE FIXTURES — metal halide, HP sodium => LED
WALL PACKS - metal halide, HP sodium => LED lamps or new fixtures
BOLLARDS — metal halide, HP sodium => LED lamps or new fixtures

POLES — Georgia Power!

HIGH BAY- metal halide => LED lamps or new fixtures






an investment relativ
benefit (RETURN) is d|V|ded by the CO
IS result is expressed as a percentage (allows for comparison).

PAYBACK PERIOD — the length of time required to recover the cost gt

Investment. To calulate payback, you take the cost of the project ,,

divide that by the estimated annual cash flows (savings).



Xistit :
Description: Incandescer

» U

Total wattage per lamp: 65
Price per lamp: S
Number of lamps: 10
Labor cost to change lamps: 0
Days per year operation: 365
Hours per day operation: 17.95
KWHr rate: 0.10

Rated lifetfime of lamps (hrs): 2000
Expected years of operation: 0.31
Scheduled change-out period: 0.31

Total wattage per lamp:
Price per lamp:

Number of lamps:

Labor cost to change lamps:

ot/

J

16.

0

Days per year operation: 65
Hours per day operation: /.95
KWHr rate: 0.10

Rated lifetime of lamps (hrs): 40000
Expected years of gperation: 6.11
Scheduled change-out period: 0.00



\J/

Energy savings:

Change out savings: $163.79 $163.

Cost of LEDs: ($165.80)

Labor: 0

Rebates: 0

Cash flow: $358.34 $524.14 $524.14 $524.14
NPV: $2,111.35

ROI: 1273.43%

PAYBACK: 316 years = 3.8 months



WAW

* Number of lights = N,
* Number of existing bulb changes/year = Ngg
« Cost of existing bulb = EBgst
* Cost of LED fixture = LEDpst

=You can now do a simple calculation of yearly savings:
*Money saved/year = ((Wg — W gp) X Hop X 365 X Eggr X N )/1000)+ (N, X Ngg X EBog7)
*Payback period (in years) = (N, X LED.os7) / (MOney saved/year)

Additional parameters you can take into account;
- Maintenance: how much does it cost you to change bulbs? Ballasts?
- AC saving: lights contribute 20% to your AC load. Can you estimate the savings?

For halogen and incandescent payback ~1 year or less for 24hr operation
Simple ROI — savings/investment X 100. Over time use NPV/investment X 100.






Using LED lig Or SC

How? The lights oscillate at a very high fre

camera’s phone can. That allows an app to identify your exac
where the lights are.

Carrefour and Target are the largest first movers.

...................................

Carrefour Lille — 80,000 sqg ft. 1.5 miles of LED lighting



Why?
1. Very safe
2. Very fast

purelifi.com
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Iig INQg T¢

To be familiar with curren .
applications for LED lighting and confrols;
To understand the commercial viability of
LED lighting relative to existing light sources,
and to be able to to calculate a simple energy
savings analysis including payback and ROI.

J1TUIC

C. maintenance

D. cost of LED lamps or fixtures
E. operating hours

3. Name the two quality assurance accreditations

that are generally required to receive utility rebo#ese
4. Who invented the first visible LED? /

5. Which one of the following is not a wirelegg€o
technology<¢
A. ZigBee

B. WiFi
C.CATS

D. Microwave
E. Ultrasound



