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What's the status of LEDs today?

4 )

LEDs
are not ? ?
<3

The truth is
somewhere in
between ...
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Today's Topics

« Standards and test procedures
« ENERGY STAR for SSL

 How are real products performing?
— CALIPER testing results
— GATEWAY demonstrations
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DOE SSL Program Strategy

Guiding technology advances from
laboratory to marketplace
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Key Standards
and Test Methods

« ANSI C78.377-2008 Specifications for the Chromaticity
of SSL Products for Electric Lamps

 IESNA LM-79-2008 Approved Method for the Electrical

and Photometric Measurements of Solid-State Lighting
Products

 IESNA LM-80-2008 Approved Method for Measuring
Lumen Maintenance of LED Light Sources
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ANS| C78.377 Scope

« “...specify the range of

chromaticities recommended for
general lighting with solid state
lighting (SSL) products...”

« “ ..LED-based SSL products with
control electronics and heat
sinks incorporated ... those
devices that require only AC
mains power or a DC voltage
power supply to operate...”

« " ..covers fixtures incorporating
light sources as well as
integrated LED lamps...”

ANSI NEMA ANSLG C78.377-2008

American National Standard

for electric lamps—

Specifications for the
Chromaticity of Solid State
Lighting Products
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CIE 1931 x,y Chromaticity Diagram
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LM-79-08 Scope

& [lyminating
* ..."LED-based SSL products |
with control electronics and T pnomen Messumenss
heat sinks incorporated, [...] poducts

devices that require only AC
mains power or a DC voltage
power supply to operate.”
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LM-79-08

* Methods for measuring:
— Total luminous flux
— Electrical power

— Luminous intensity distribution
— Chromaticity
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LI\/I 79-08 report examples
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LM-80-08 Scope

* “[...] methods of measurement of lumen
maintenance of sources including LED
packages, arrays and modules only.”

« “[...] does not provide guidance or make
any recommendation regarding
predictive estimations or extrapolation for
lumen maintenance determined from ...
actual measurements.” YO

12
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LM-80-08

e Minimum 6000 hours of device
operation

» Operation at three different case
temperatures S Approvod Mothod for

Measuring Lumen Maintenance of

— 55°C, 85°C, and one other temp e S
selected by manufacturer

 Drive current held constant

* Ambient temp within -5°C of case
temp

* Humidity < 65 RH throughout test -
period S

« Chromaticity measurements

IES LM-80-08

13
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LM-80 — Current situation

* LED device manufacturers do in-house testing
* LM-80 published Sep 08 with last-minute
changes

« Manufacturers transitioning to full alignment
with LM-80

— New test chambers
— Starting test cycles

« 6000 hours takes at least 8.3 months

14
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Standards in development — or
still needed...

 TM-21 — Extrapolation methodology for
lumen maintenance data

* Light engine test procedure

* Reliabllity tests for luminaires and
integral lamps

* Dimming standard

16
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Scope and Basic Approach

* LED systems for “white light” general
illumination

« Both commercial and residential
« Key metric: Luminaire efficacy
* Two categories:
— Category A: prescriptive specifications
for near-term lighting applications

— Category B: performance specification
for all applications (long-term)

ENERGY STAR

18
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Why a staged approach?

* Ensure energy savings ENERGY STAR
— Take advantage of LED directionality

« Avoid user disappointment in early
LED products

« Learn from past experience

S 2\

19
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Category A Applications - Residential

* Undercabinet kitchen

* Portable desk task

» Ceiling mounted w/diffuser

« Surface, pendant, recessed downlights
» Cove lighting

« Surface mounted with directional heads
» Qutdoor porch, path, step, post-top

20
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Category A Applications — Non-residential

» Undercabinet shelf-mounted task

* Portable desk task

* Surface, pendant, recessed downlights
 Wall wash luminaires

» Qutdoor bollards

21
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Example: Undercabinet shelf-mounted task lights

 Minimum Light Output

— 125 lumens per lineal foot
 Zonal Lumen Density

— Min. 60% in 0-60° zone

— Min. 25% in 60-90° zone
 Luminaire Efficacy

— 229 Im/W

e CCTs:
— 2700 - 5000K

180 165 150 135

NV IR
17X~ \ X
’/M \

]

\
|

Min. 25%

Min. 60%

15 30

105

15

45

22
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Life/lumen maintenance requirements

* Hours to 70% lumen maintenance L.,
* Indoor residential: min 25,000 hours

e Qutdoor and all non-residential: min
35,000 hours

23
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Qualification Process

* LM-79 luminaire photometric report

« LM-80 lumen maintenance data for LEDs
used in luminaire

* Luminaire In situ temperature verification

24
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In Situ Testing Requirement

 Life (lumen maintenance) determined by In
situ temperature measurements of:

— Module, Array or “Light Engine”
— Power Supply/Driver

* Testing may be conducted at the same time
as UL 1598.

25



ENERGY STAR SSL

. UL 1598 Environments

gy
Covered
f/ff/.fff ,-"./L-"/é

5:/// 2t En\rere;:l 7
Ceiling
gw ﬁ Surface
%/ Ceiling
Pendant

Under-Cabinet
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Temperature Measurement Point (TMP)

* Manufacturer designated TMP correlating
to LM-80 test report or power supply
warranty
— Module/Array

 Solder Joint Temperature T,

« Case Temperature T,
* Board Temperature T,

— Power Supply
« Case Temperature T,
» Could also be T, for integral Power Supplies

27
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Lumen Maintenance Qualification

* Option 1: Component Performance

— Applicable if:
* Module/Array has a current LM-80 test report
* Module/Array has a designated TMP
 TMP is accessible for in situ measurement

— Otherwise manufacturer must use Option 2
* Option 2: Luminaire Performance

— Entire luminaire LM-79 tested at 0 and
6000 hours

28
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Lumen Maintenance “Passing” Criteria

A luminaire passes the L, threshold (= 25,000
hours for indoor residential and = 35,000 for all
others) ...

— if the in situ measured drive current is the same or
lower

AND

— if the in situ measured TMP for the
device/module/array is the same or lower

... than the LM-80 test report provided for the
device/module/array.

29
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ENERGY STAR SSL Qualified

Kichler Design Pro Undercabinet

30
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ENERGY STAR SSL Qualified

ENERGY STAR

Cree Lighting LR6 Downlight
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ENERGY STAR SSL Qualified

Cooper Halo Downlight

32
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ENERGY STAR SSL Qualified

ENERGY STAR

Kichler Adjustable Rail Lights

33
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ENERGY STAR SSL

Possible additions to Category A
» QOutdoor area and roadway h
« Outdoor area decorative

» Qutdoor wall packs .JN\-

 Parking garage luminaires ENERGY STAR

34
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Integral LED Lamps — Draft Criteria

Published Jan 16, 2009
Comments due Feb 27, 2009
2" round of comments
Includes:

— Omni-directional (A type)

— Directional (MR,PAR type) ENERGY STAR

— Decorative (candelabra type)
— Lamps using ANSI bases

35
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Key Issues for Industry Feedback

* Dimming

* Non-standard lamp forms

» Low-voltage MR-16 replacements
 Reliability testing

36
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Directional Lamp Draft Requirements

* Applies to ANSI lamps: PAR3S
BR,ER,K MR,PAR.R -

* Applies to diameters: MR16, PAR16,
PAR20, PAR30S, PAR30L, PAR38

* 45 Im/W

 PAR and MR16 center beam intensity:
based on statistical analysis of
iIncandescent/halogen lamps

* Min. lumens = target wattage x 10

37
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CBCP vs. Beam Angle

8000

6000 = SSL Measured

+ Halogen 20W
Ratings

4000 Halogen 20W

Measured

— Power (Halogen

2000 20W Ratings)

— Expon. (Halogen
20W Ratings)

Center Beam Candlepower
(cd)

0 10 20 30 40 50 60 70

Beam Angle (Degrees)
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Statistical Analysis of Incan/Halogen —
Tool for Determining Min. CBCP

. .7 |+ Inputs: target beam

3 o angle & wattage
s i | e Output: Min. required
g1 LAt CBCP

L7~ " ||+ Min. required CBCP is

L L L
6.0 7.0 &.0 9.0

Log CBCP Predicted P=.0001 2 O- beIOW prediCted
R5g=0.88 RMSE=0.3415 Value Of mOdel

39
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How are real products performing?

» CALIPER Testing

« GATEWAY Demonstrations

40



SSL Luminaires and Replacement Lamps

« Lots of marketing hype, but where do we get the truth?
— Which products are good? Which products aren’t?
— How do they compare to what we know?
— How do we avoid the early negative CFL experience?

CALIPER
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Scope e

' - ety
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Hlumination

. White light

« Market-
available

CALIPER ”
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Streetlights comparison

W Lumens Im/W CCT CRI PF
SSL 1 55 @ Q @ 74 0.93
SSL 2 58 3179 6227 75  0.99
SSL 3 73 3440 47 6052 72 0.99
SSL 4 37 5210 68  0.99
SSL5 95 3105 33 3101 72 0.99
HPS 117 6540 56 2042 21 0.44
Induction 1 69 3828 55 3906 75  0.96
Induction 2 70 3398 49 4253 77 0.99

CALIPER 4
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-Same Model 0

-Similar Distribution Luminaire Efficacy
-With House-Side Shield
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SSL Downlight Performance

1800

X Round 7 SSL Fixtures, 10-
42\

¢ SSL Fixtures and

1500 Replacement Lamps 3-40W

x Incandescent BR and A-
lamps, 45-75W

x Halogen PAR38 (FL and IR)
Lamps, 50-60W

x CFLs (spiral, pin, CCFL, &
reflector), 9-43W

1200

600 e

Light Output (lumens)
O
o
o

0 10 20 30 40 50 60 70
Efficacy (lumens/Watts)
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Downlights Side-by-Side Comparison

2000

RN
(@)
o
o

1000

500

Luminaire Output (Im)

- Same Model 0
- 1" x 1" Square 0 10 20 30 40 50 60
-Volumetric Recessed Lighting

- Same Color Quality

- Similar Distribution

- SSL Initial Cost = 2 x CFL Initial Cost

Luminaire Efficacy (Im/W)
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LED Street Light Assessment - Oakland

 Emerging Technologies
Field Assessment

— Collaboration with PG&E,
DOE, City of Oakland, Beta
LED

— Basecase: 100 W HPS

— Phase 2

 November 2007

« 3-bar Beta LED Edge
— Phase 3

« July 2008
 Beta LEDWay

www.etcc-ca.com or www.ssl.energy.gov
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LED Street Light Assessment - Oakland

 Measured Power Consumption

Fixture HPS Phase 2 Phase 3
LED LED
Power (W) | 121 78 58
Savings 43 63
Percent o ;
Reduction 36% 52%

Source: PG&E Emerging Technologies Assessment
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LED Street Light Assessment - Oakland

* Lighting Performance

Fixture Avg Max Min Max
[Hlum [Hlum lllum | to Min
(fc) (fc) (fc)

HPS 1.00 3.53 0.19 [19.0:1

Phase 2 0.58 1.21 0.19 | 6.5:1

ED

Phase 3 0.50 1.21 0.19 | 6.5:1

LED

Source: PG&E Emerging Technologies Assessment

54
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Phase 2 LED Phase 3 LED

Source: PG&E Emerging Technologies Assessment
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LED Street Light Assessment - Oakland

» Customer Acceptance
— 60 households contacted
— 20 noticed the new lights
— 70% preferred LED lights

— Perceived improved visibility, overall appearance
and nighttime safety

Source: PG&E Emerging Technologies Assessment
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LED Street Light Assessment - Oakland

« Economic Performance

Retrofit Installed | Total Annual | Estimated

Scenario Cost ($) Savings Payback (yr)
($/yr)

HPS $0 $0 NA

Phase 2 LED | $833 $42 ~20

Phase 3LED | $605 $52 ~12

Source: PG&E Emerging Technologies Assessment
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Streetlight payback estimates

40 T
K
=== Phase Il (Retrofit)
35 - == Phase IlI (Retrofit)
=== ™= Phase Il (New Construction)
— 30 -
A ]
E 1 Group Replacement
g 1 Estimate: 25.5 years
7
O ] Spot Replacement
8 . Estimate: 19.8 years
> 20
m -
a
() ]
o 15 - Group: 14.2 years
e i
= Spot: 11.6 years
A 1 p y
10 1
™~ ~ _ Oroup: 6.1years
o~ Spot: 5.0 years
5 *— — — ————— —
o | T T T T T T T T T T T T T T T T T T
SO $20 $40 $60 $80 $100

Total Annual Maintenance Savings Estimate (USD)

Oakland Streetlighting Demonstration Phase Il
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LED Street Light Assessment - Oakland

* Progress in 12 Months
—Cost reduced 34%

— Energy consumption reduced by 20 W
(25%)
—Lighting performance maintained
« Same LEDs, better engineering

Source: PG&E Emerging Technologies Assessment

59



& w===s % LS. Department of Energy

CR G | -:-..-' Energy Efficiency and Renewable Energy

Questions?

Kelly Gordon
503-417-7558
kelly.gordon@pnl.gov

DOE SSL Website: www.ssl.energy.gov

Register for SSL Updates

60



