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Lesson 1: Testing Costs

Rigorous testing requirements adopted in the early
days of SSL industry development were necessary to
counter exaggerated claims of performance by some
manufacturers, but they eventually led to unreasonably
high testing costs
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Lesson 1: Testing Costs - UPDATE

e Near 2,000 products
qualified as family
members to date

e Has already saved ~$S600k

in testing costs

Ll'i.l.'-‘ h.t -
Ofacts

= Manufacturers will self-define family groupings
+ Definitions will be publicly available online with listings
+ At a minimum, the descriptions must include;
« Characteristics shared by products in the family
+ Characleristics that vary among products in the family

= At least one product in each family must include a
complete LM-79 report.

* Manufacturers will submit their method for deriving

performance of related products in a family.

Family Grouping Summary

Manufacturer reactions:

“...family grouping is fairly
hassle free. We like and prefer
your [...] grouping method [...].
Cost savings is huge.”

“...allowed us to list
configurations, mostly CCT, that
we otherwise wouldn’t have
bothered to list.

“As far as cost savings, | don't
think we save any money
because we would test our
products to LM-79 regardless.”
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Lesson 2: Lifetime

Despite the promise of long life, there is no standard
way to rate the lifetime and reliability of LED products
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Lesson 2: Lifetime - UPDATE

e LED Systems Reliability Consortium 3 edition “LED
Luminaire Lifetime: Recommendations for Testing and
Reporting”

e ANSI C82 developing LED driver robustness test procedure

Most-Observed LED System Failures

Times Referenced
i} 1 2 3 4 5 [ 7 1]

Power/driver components

LED failures (shorts, connections, board)
hioisture ingress, cormaosion

Power guality (surge, noise, etc.)
Materials-related lumean depreciation

Materials-related color shift

LED color shift

Sensors
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Lesson 3: Product families

Specifiers prefer complete families of products, but the rapid
evolution of LED technology presents a challenge to manufacturers
in creating and maintaining complete product lines

e —
Image:
»F 3 7 »F
Product Number: 16151 16135 15134
Namea: SOPARZOHALIRSSP10TL 120  39PARZIOHALWFLSODL J9PARZ0OHALMNFL2ZSDL
104/ CS 1/SKU 120V 10/CS I/SKU 120v 10/CS 1/SKU
Select For New Comparison:
Detai - 7]
Abbrev. With Packaging Info. SOPARZOHALIRSSP10TL 120  3S9PARIZIOHALWFLSODL SI9PARI0OHALMNFLZSDL
10/CS 1/5KU 120% 10/C5 I/5KU 120V 10/C5 1/5KU
Approx. Lumens 930 520 520
Average Rated Life (hr) 4500 3000 3000
Base E26 Medium E26 Medium E26 Madium
‘ Beam Angle (deg) i0 50 25
| Beam Type 5P WFL FL
Bulb PARZ0 PARZO PARZO
H Centerbeam Candlepower [cp) 10600 600 1600
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Lesson 3: Product families - UPDATE

e Families of specification-

grade fixtures and lamps n .
are becoming more Q
available N

e Still need better availability Finelite
of families with different NGL Indoor 2014
. Families |
fixed output levels |
— e.g., 500, 1000, 2000 lumens
Beam e
Angle 8
15°
10°,12°,15° s ¢
10°, 25° -\
25:[! q_uu L
40° Acuity Brands —

Mark Architectural Lighting
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Lesson 4: Color quality

The range of color quality available with LED-based
products and the limitations of existing color metrics
may confuse users
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Lesson 4: Color quality - UPDATE

e |ES Color Metric Task
Group

— TM in balloting now

— Will recommend metrics to
use for more complete
description of color
rendering

e NGL judges say color
“much improved” and
“almost a non-issue”

e CArequires 90+ CRI for
LED replacement lamps
receiving utility rebates

10

F =
BEST IN CLASS
> Winner
e d
Finelite
Judges said:

“nice color rendition with clean field”
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Lesson 4: Color quality - UPDATE
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Lesson 5: Color stability

The color delivered by some LEDs shifts over time,
enough to negatively impact adoption in some
applications

5750 HOUR LAMP
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Lesson 5: Color stability - UPDATE

e A few manufacturers o m’ﬂfﬂo

now offer warranties P

A "% Yenr Color Comislercy and Lumen Mainierarcs 'Wemanty™ shall only
oonfirmed in writing by Xicalo scoording 1o the ismms slaled harsin This wamenty,

L]
for color shift L T L I
January 1 H‘IJNHDIWH o il owinireid By such Termd of Sake

™t

2, PRODUCT WARRANTY

e |ES PIF on color stability et e 1, P e s Xt s o

spacfied i Produc datnereets and in Uss wih B uminaire [hemmally valcaled by
Kicato as provided below, he Product will, for a penod of B years afler insiallation bl
Fod mong tham B years and 3 monihs. afier the shipmend date of the Froduct. conlom

— Should lead to a TM for B o e o 1 conpres oo s e v g o
projecting color shift SR e e W s 7 SO e P8
over time 5 Year No Color Shift Warranty ﬁmﬁirw-:::m
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Lesson 6: Flicker

Some LED:s flicker noticeably, which may negatively
impact adoption in some applications
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Lesson 6: Flicker - UPDATE

e |EEE PAR1789
committee 100%
Recommended Practice
in balloting and review

10%

e Article, “Designing to
Mitigate the Effects of
Flicker in LED Lighting”

— Brad Lehman and Arnold i

100 1,000

Wilkins SRt

Modulation (%)

— |EEE Power Electronics
Magazine, Sep 2014
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Lesson 7: Glare

LEDs can cause glare, which may negatively impact
adoption in some applications

:|L1'

16 Www.Sssl.energy.gov ENERGy



Lesson 7: Glare - UPDATE

e NGL judges have noted
improvements but glare
remains their #1

complalnt NGL Indoor 2014
° Industry is ta kmg this Noted for glare control
SeriOUS|y Focal Point

— Diffusing lenses ’

— Edge lit designs

— Other optics that reduce
spot luminance and
reduce contrast of LED
to background

Acuity Brands - Peerless

uuuuuuuu Energy Efficiency &
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Lesson 8: Dimming

Achieving high-quality dimming performance with
LED lamps is difficult, but improving

Switched Qutput-
High En

Light Output

Low End --1

e —————————————
\— High End

Off --

Source: Modified from NEMA SSL-6
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Dead Travel
LowEnd = o "trea ;
Dead Travel
MNon-monotonic Dimming
I
— I
! :\
Up/Down Asymmetr
Pop Off p/ y Y
Dimmer Setting
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Lesson 8: Dimming - UPDATE

e NEMA SSL-7A
compliant products
beginning to appear
on market

 NEMA SSL-7B in
progress

e CALIPER tested PAR38
LED lamps:

— Some achieve high
qguality dimming,
almost identical to
incandescent

19

* Larga paddle switch with a captive linear-slice

* HEDw Technaology: Advanced Lufrons dimming

® LiLs Listed to control:

— Halogen |
— Incandascent !
= | ow-end adjustment to accommodate a wide range

Divas 250 W C-Le Dimmer Wallbox Controls

e 1 CALH

Divaes 250 W C+Le Dimmer

Dimmer for CFL, LED, Halogen, and
Incandescent dimmable bulbs.

Features

dimmer for a standard designer wallplate opening

circuitry dasigned Tor compalibility with most high
afficacy hight bulbs
— Select

it keval

— Dirnmable compact fluorescent (CFL) with [ with shdar
integrated ballast

— Dimmakbile LED with integrated driver

— Lutron Hi-lumnes A-Serles LTE LED Driver

of bulbs \‘\
Swiich on

= 100% fackony lasied o selecied

= NEMA SE1-7A Type 2 Compliant I preset light

kevel), and of

Application Requirements
* Wallplata 5ok saparabaly

= When dimming CFLs or LEDs, only buibs marked

or rated as DIMMABLE may be used,

= For a list of compatible DMMABLE CFLs

and LEDs please visit www.lutron.comddimeciled,
For questions cal 1.800.523.9486.

*= Some DIMMABLE CFLs and LEDS require a

rhinimum number of bulbs for proper oparation. For
detalls and a list of bulbs, please visit
wwwutroncomidimciled.
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Normalized Mean Output

Lesson 8: Dimming - UPDATE

100% + === Halogen

® Switched (All Products)
80% +
60% +

40% +

20% +

i i i i i i i i I
L] L] L

Dimmer Qutput (V)

CALIPER Report 20.2 Dimming, Flicker, and Power
Quality Characteristics of LED PAR38 Lamps, March 2014
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Lesson 9: Interoperability

Greater interoperability of lighting control components
and more sensible specifications of lighting control
systems are required to maximize the energy savings
delivered by LED-based sources

Lighting Control on
Wi-Fi network Example: ZigBee Light Link
to Ethernet
Gateway

21 www.ssl.energy.gov ENERGY



Lesson 9: Interoperability - UPDATE

e |ndustry consortia
actively working on
interoperability
— TALQ - outdoor
— TCLA —indoor

TALQ

Consortium

e ANSI| C137 Lighting THE r:Dm:'4EfﬁEDﬁHlt_aljpl-ﬂnsﬂra_L_Hﬁ_hj{:E_
Systems committee
recently launched by

NEMA ANSI

American National Standards Institute

|l it Energy Efficiency &
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Lesson 10: Serviceability

Lack of LED product serviceability and
interchangeability has created market adoption

barriers in certain sectors

Energy Efficiency &
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Lesson 10: Serviceability - UPDATE

e NGL recognized several products for serviceability

e Zhaga standards for 7 different LED light engine form

factors so far; 3 more in development
— 174 products certified so far

Examples of NGL .
Indoor 2014
Products noted for Book 2 holder

serviceability

H.E. Williams Book 3 module

24

Book 4 module
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Lesson 11: Existing infrastructure

Existing lighting
infrastructure limits
the full potential of
SSL; more effort is
needed to open the
doors to new lighting
systems and form
factors

www.ssl.energy.gov
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Lesson 11: Existing infrastructure - UPDATE

e New innovative form
factors

e New controls approaches
— Wireless
— Networked
— Luminaire integrated
SEeNSsors Blackjack Lighting
e New power distribution
approaches
— Low-voltage, DC power

— Can be combined with
control/communication

— Power over Ethernet
(PoE), other approaches

GE Lighting

Energy Efficiency &
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Lesson 11: Existing infrastructure - UPDATE

Power LED

l

PoE & LNK/ACT Status 24 x Gigabit 802.3at PoE Ports

Example of low-voltage LED commercial

lighting combined with control/communication Example of IEEE 802.3at compliant PoE switch

Example of outdoor wireless
controller

Example of DC powered ceiling system

Energy Efficiency &
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Lesson 12: Qualification programs

Programs that provide
ways to identify quality
LED products have helped
support market adoption

TR
ELﬁ/\:ﬁh'tlrig facts

ENERGY STAR

www.ssl.energy.gov ENERGY e
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Lesson 12: Qualification programs -

NGL: key resource for
designers & specifiers

— Nearly 400 luminaires
evaluated to date

DLC

— more than 60,000
commercial lighting
products listed

LED Lighting Facts
— more than 20,000
products listed

Energy Star

— nearly 2,000 LED lamps
and more than 5,000
LED fixtures

Units Installed
(Millions)

UPDATE

Total LED Products Added to Lighting Facts vs
LED Installations by Year
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Thank You

Kelly Gordon
PNNL
kelly.gordon@pnnl.gov

Get the SSL Lessons Learned report at:
www.ssl.energy.gov
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