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Introduction

This Version 5.0 revision to the SSL Technical Requirements is the first of a series of specifications designed to
improve the quality of light produced by high performing, energy efficient commercial lighting by establishing
requirements and reporting standards for quality of light and connectivity capabilities of listed products. This
draft of Technical Requirements V5.0 lays the groundwork to capture and promote continuing advances and
innovation in human-centric lighting characteristics such as color performance, flicker, glare, and light
distribution, as well as increase the controls functionality of installed energy efficient technology so that
maximum energy savings and user benefits are realized.

Quality of light encompasses the characteristics of lighting that impact productivity, performance, comfort,
mood, safety, health, and wellbeing. The DLC’s proposed lighting controllability requirements support additional
energy savings while promoting better quality of light for people living and working in the built environment.
V5’s phased approach to incorporating quality of light metrics on the QPL will help ensure only high-quality
products are listed, superior performing products can be differentiated, and additional energy savings are
realized.

Goals of this Version

The efficacy of listed products increases by an average of
10.8%, and up to 23% for some categories of lighting.

Virtually all listed indoor luminaires and retrofit kits are
dimmable, providing increased energy savings and more
user satisfaction.

V5.0 color quality requirements help provide people the
lighting they want with more color consistency over time.

Lighting decision makers can use DLC Premium
classification to have better confidence in the glare
performance of listed products.
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Draft 2 Revision Summary

To develop the V5.0 second draft, the DLC received and considered over 1,000 comments from 46 organizations
made up of manufacturers, utilities, testing labs, lighting designers, nonprofit organizations, and interested
individuals. Additionally, each DLC topic team considered feedback gathered from in-depth discussion sessions
with stakeholders during the annual DLC Stakeholder Meeting, held in St. Louis, Missouri on April 1-3, 2019.

While Draft 1 laid out the DLC’s broad vision for improving the quality of light and controllability of products on
the SSL QPL, Draft 2 focuses on implementing these requirements on a timeline that aligns with industry
development cycles and current research. Metrics and capabilities that do not appear in Draft 2 may still appear
in future DLC specifications as deemed appropriate.

V4.4 Requirements Not Addressed in Draft 2

This document describes additions to the current SSL Technical Requirements. Any technical requirements not
addressed explicitly within the document will not change with V5.0, and V4.4 requirements will apply. Please see
the DLC website for the V4.4 Technical Requirements.

Manufacturer and Industry Implementation Guidance

The Manufacturer and Industry Guidance section of this draft provides information on how the V5.0
requirements will be applied to the SSL QPL. Manufacturers who may wish to update their product listings or
others interested in how V5.0 will be implemented should consult this section for information about:

e Submitting product and private label applications under V5.0
e Required product testing under the V5.0 requirements

e Transition timelines and grace periods for V4.4 products

e Updating V4.4 products to qualify under V5.0

e Updating family groupings to meet V5.0

Testing and Reporting Guidance for Manufacturers

V5.0 adds additional testing requirements for qualifying products. An example of what the typical required
testing and reporting for a family of products will look like under V5.0 is provided in the Manufacturer and
Industry Implementation Guidance section. Specific testing and reporting requirements for each of the Technical
Requirements can be found in the corresponding sections of the draft.

Energy Efficiency Administrators’ Program Guidance

With the final release of the V5.0 Technical Requirements, program guidance materials will be made available to
energy efficiency programs to provide explanations of new metrics, benefits to customers and trade allies, and
timelines for transitioning to the new requirements.
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Draft Technical Requirements:
Efficacy

SSL V5.0 Efficacy Update

Feedback Received and Key Changes from Draft 1

The DLC received 94 comments on Draft 1 Efficacy Testing and Reporting Requirements during the first
comment period. After careful consideration of the both stakeholder feedback and implementation
considerations, modifications were made within Draft 2 as described in this section. The bullets below
describe general themes of the feedback received and sub-bullets describe how the DLC incorporated
those changes into Draft 2:

e Quality of light considerations
o Comments reiterated the need for efficacy increases that consider the accompanying
quality of light requirements, such as spectral quality and glare. A main objective of the
V5.0 efficacy increase is a balance of energy savings and the ability of DLC listed
products to provide high spectral quality and proper glare control and the DLC believes
the proposed efficacy levels support this objective.

¢ Include allowances to efficacy to account for tradeoffs with quality of light
o With Draft 2, the DLC is proposing allowances for improved spectral quality and glare
control. Please see the Draft Technical Requirements: Allowances for more detailed
information.

Draft Testing and Reporting Requirements

This draft of the SSL V5.0 proposal includes efficacy changes for Standard and Premium products as
shown in Table 1. These requirements represent a DLC Standard classified product-weighted average?
increase to efficacy of 10.8%, and up to 23%? over Version 4.4.

In addition to updated minimum efficacy requirements, Table 1 includes a new General Application for
Low-Bay luminaires. This change is made to better align low-bay luminaire requirements with linear
ambient products, which are similar in terms of form, function, and application. This change to separate
low-bay from high-bay allows for a slight (5 Im/W) decrease in efficacy for low-bay products and a
separate glare threshold to be established (falling between high-bay and linear ambient) for the related
allowance and Premium requirements. More information on DLC Premium and Allowances is included
later in the document.

1 The product-weighted average is calculated by weighting the efficacy increase by the number of products in each General
Application, i.e. General Applications with higher numbers of products will have more of an impact on the efficacy increase, QPL
wide.

2 Interior Directional luminaires propose to be increased from 65 lumens per Watt to 80 lumens per Watt; a 23.1% increase.
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Table 1: Draft Efficacy Requirements for DLC Standard and DLC Premium Designations

Minimum Efficacy (Im/W)

Category AGeIf\erta?I L hl:/l(l)m:w:n(l ) DLC Standard DLC Premium
st e Va.4 V5.0 Va4 V5.0
Low Output 250-5,000 90 105 110 120
o Mid Output 5,000-10,000 95 105 115 120
Outdoor Luminaires -
High Output 10,000-30,000 100 105 120 120
Very High Output 230,000 100 105 120 120
Interior Directional 2250 65 80 90 95
Case Lighting >50 Im/ft 80 95 125 110
L Troffer 21,500 100 110 125 125
Indoor Luminaires - -
Linear Ambient >375 Im/ft 105 115 130 130
High-Bay >10,000 105 120 130 135
Low-Bay 5,000 (<10,000) n/a 115 n/a 130
Low Output 250-5,000 90 105 110 120
L Mid Output 5,000-10,000 95 105 115 120
Outdoor Retrofit Kit -
High Output 210,000 100 105 120 120
Very High Output 230,000 100 105 120 120
Troffer 21,500 100 110 125 125
o Linear Ambient >375 Im/ft 105 115 130 130
Indoor Retrofit Kit High-Bay >10,000 105 120 130 135
Low-Bay 5,000 (<10,000) n/a 115 n/a 130
2’ T8 Lamps Bare lamp: 800 Bare lamp: 110 Bare lamp: 120
3’ T8 Lamps Bare lamp: 1,200 Bare lamp: 110 Bare lamp: 120
. 4’ T8 Lamps Bare lamp: 1,600 Bare lamp: 110 Bare lamp: 120
Linear IF.{epIacement 4’ TS5 Lamps Bare lamp: 1,600 Bare lamp: 110 Bare lamp: 120 n/a n/a
amps 4’ T5HO Lamps Bare lamp: 3,200 Bare lamp: 110 Bare lamp: 120
8’ T8 Lamps Bare lamp: 3,200 Bare lamp: 110 Bare lamp: 120
U-Bend Lamps Bare lamp: 1,400 Bare lamp: 110 Bare lamp: 120
Outdoor: Low Output In luminaire: 250-5,000 In luminaire: 90 In luminaire: 105
Mogul Screw-Base Outdoor: Mid Output In luminaire: 5,000-10,000 In luminaire: 90 In luminaire: 105
(E39) Outdoor: High Output In luminaire: 10,000-30,000 In luminaire: 95 In luminaire: 105 n/a nfa
Replacements Outdoor: V. High o o .
for HID Lamps Output In luminaire: 230,000 In luminaire: 95 In luminaire: 105
High-Bay In luminaire: 25,000 In luminaire: 100 In luminaire: 120
Vertically-Mounted In luminaire: Bare lamp: In luminaire: Bare In luminaire: Bare
Four Pin-Base Lamps 575 (1-lamp) 675 65 lamp: 75 75 lamp: 85
Replacement Lamps | Horizontally-Mounted In luminaire: Bare lamp: In luminaire: Bare In luminaire: Bare n/a n/a
for CFLs Lamps 800 (2-lamp) 675 65 lamp: 75 75 lamp: 85
2G11 Base Lamps Bare lamp: 1,900 Bare lamp: 110 Bare lamp: 120
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Draft Technical Requirements:
Quality of Light

In Draft 2 of SSL V5.0, a product’s quality of light is evaluated in the aspects of spectral quality, light
distribution and glare, and flicker.

Spectral Quality

Feedback Received and Key Changes from Draft 1

The DLC received 262 comments on the Draft 1 Spectral Quality Testing and Reporting Requirements
during the first comment period. After careful consideration of both stakeholder feedback and
implementation considerations, modifications were made within Draft 2 as described in this section. The
bullets below describe general themes of the feedback received and sub-bullets describe how the DLC
incorporated those changes into Draft 2.

e Testing burden associated with reporting of additional metrics
o Optional reporting and testing for Angular Color Uniformity has been removed

o Required reporting and testing for Consistency (of Chromaticity) has been removed

e Application specific requirements for outdoor
o Draft 2 proposes specific requirements for outdoor and high-bay lighting

e Confusion associated with proposed tiers and their relationship to allowances and Premium
o Proposed tiers have been eliminated from Standard qualification to eliminate
complexity
o Draft 2 proposes efficacy allowances for products that demonstrate greater color quality
to accommodate the tradeoff between efficacy and color rendition

o Draft 2 proposes stricter color maintenance and chromaticity binning requirements for
Premium qualification

e Uncertainty and lack of consensus around circadian metrics

o Draft 2 removes any considerations not specifically related to color quality, e.g.
circadian considerations

Draft Testing and Reporting Requirements

The Draft 2 Spectral Quality Testing and Reporting Requirements for all SSL products are as shown in
Table 2 for DLC Standard classification and Table 3 for DLC Premium Classification.
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Table 2: Draft Testing and Reporting Requirements for Spectral Quality (DLC Standard)

Metric
and/or
Application

Current V4.4
Requirements

V5.0 Draft Requirements

QPL Listing

Method of
Measurement/
Evaluation

Chromaticity

Products shall
exhibit chromaticity
consistent with at
least one of the
basic, nominal, 7-

Products shall exhibit
chromaticity consistent with at
least one of the basic or

CCT and Duv for
parent
products that
are from LM-79
test reports will
be listed as
Tested Data.

ANSI/IES LM-79
ANSI C78.377-2017
(See Draft Additional

(CCT & Dw) step quadrangle extended nominal, 7-step Reporting Guidelines
CCTs <5000 K quadrangle CCTs from 2200K — Nominal CCT for required
(indoor) and CCT < | 6500K for child information)
5700 K (outdoor & products will be
high bay) listed as
Reported Data.
Indoor, except high-bay:
Option 1 - ANSI/IES TM-30-18: All color
rendition
°  IBinE metrics for
CRI(CIE 13.3-1995): | » IESRg>89 T
Ra = 80 (indoor) o -12% < IES Resh1 £ +23% products that ANSI/IES LM-79
Option 2 - CIE 13.3-1995: are from LM-79 |  ANSI/IES TM-30-18
e R.280 et e il CIE 13.3-1995
Color e R920 be listed as (See Draft Additional
Rendition Outdoor and high-bay: e B Reporting Guidelines
Option 1 - ANSI/IES TM-30-18: for required
CRI (CIE 13.3-1995): | ® IESR¢270 All C?!Or information)
Ra = 65 (outdoor) e IESR;289 renc!ltlon
R.>70 (highbay) | e -18% <IES Resm < +23% metrics for
Option 2 - CIE 13.3-1995: child products
e R.,>70 will be listed as
e Ro>-40 Reported Data.
Indoor, except high-bay:
Chromaticity shift from 1,000-
hour measurement to 6,000-
hour measurement shall be
within a linear distance of
0.004 (Au'v' <0.004) on the CIE Color
Color 1976 (u', v') chromaticity maintenance ANSI/IES LM-80,

Maintenance

None

diagram.

Outdoor and high-bay:
Chromaticity shift from 1,000-
hour measurement to 6,000
hours shall be within a linear
distance of 0.007 (Au'v' <
0.007) on the CIE 1976 (u', V')
chromaticity diagram.

information will

not be listed on

the QPL at this
time.

and/or
IES LM-84-14
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Table 3: Additional Draft Testing and Reporting Requirements for Spectral Quality (DLC Premium)

Metric
and/or
Application

Current V4.4 . Method of
. V5.0 Draft Premium .
Premium X QPL Listing Measurement/
. Requirements .
Requirements Evaluation

Products shall
exhibit chromaticity

Indoor, except high-bay:
Products shall exhibit

CCT and Duw for
parent products

ANSI/IES LM-79

Chromaticity shift from
1,000-hour measurement
to 6,000 hours shall be
within a linear distance of
0.004 (Au'v' £0.004) on the
CIE 1976 (u', V')
chromaticity diagram.

the QPL at this
time.

consistent with at chromaticity consistent } i ANSI C78.377-2017
least one of the with at least one of the will be listed as (See Draft
Chromaticity | basic, nominal, 7- | pasic or extended nominal, Tested Data. Additional
(CCT & Dw) step quadrangle 4-step quadrangle CCTs Nominal CCT for Reporting
CCTs <5000 K from 2200 K — 6500 K. child products will Guidelines for
(indoor) and CCT < be listed as required
5700 K (outdoor & | All other products: Reported Data. information)
high bay) Same as V5.0 Standard
Indoor, except high-bay:
Chromaticity shift from
1,000-hour measurement
to 6,000-hour
measurement shall be
within a linear distance of Color
0.002 (Au'v' £0.002) on the .
Color CIE 1976 (u', V') . rpa'nter.'ance.” ANSI/IES LM-80,
Maintenance None chromaticity diagram. n ;)Lma:_tl;)ndw and/or
Outdoor and high-bay: not be fisted on IES LM-84-14

Test Report and Implementation Requirements: DLC Standard

This section describes the test reports that will be required to qualify families of products to the DLC SSL
QPL under the Standard classification.

Color Rendition and Chromaticity (CCT & D)

The DLC has several pathways for demonstrating color rendition and chromaticity compliance,

depending on the level of product-variation complexity.

e For product families that offer one or more CCT option(s) and one color rendition option:

o A full LM-79/color report must be provided at the lowest and highest CCT options

offered and shall conform to the Draft Additional Reporting Guidelines.

= The color rendition option must meet or exceed either the IES TM-30-18 color
rendition requirements or the CIE 13.3.-1995 color rendition requirements for
both the highest and lowest CCTs, however both must be reported.
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= The chromaticity coordinates must fall within at least one of the basic or
extended nominal, 7-step quadrangle CCTs from 2200 K — 6500 K as defined by
ANSI C78.377-2017.

e For product families that offer one or more color rendition option(s) and one CCT option:
o Afull LM-79/color report must be provided at the minimum color rendition option for
the CCT option offered and shall conform to the Draft Additional Reporting Guidelines.

=  The minimum color rendition option must meet or exceed either the IES TM-30-
18 color rendition requirements or the CIE 13.3-1995 color rendition
requirements, however both must be reported.

= The chromaticity coordinates must fall within at least one of the basic or
extended nominal, 7-step quadrangle CCTs from 2200 K — 6500 K as defined by
ANSI C78.377-2017.

¢ For product families that offer one or more color rendition option(s) and more than one CCT
option:

o Afull LM-79/color report must be provided for the lowest and highest CCT options
offered, at the minimum color rendition option and shall conform to the Draft
Additional Reporting Guidelines.

=  The minimum color rendition option must meet either the IES TM-30-18 color
rendition requirements or the CIE 13.3-1995 color rendition requirements for
both the highest and lowest CCTs.

= The chromaticity coordinates must fall within at least one of the basic or
extended nominal, 7-step quadrangle CCTs from 2200 K — 6500 K as defined by
ANSI C78.377-2017.

o Please note that the DLC also requires that testing be conducted on the worst-case
efficacy variation, which is likely the combination of lowest CCT and highest color
rendition.

Color Maintenance

The DLC has two pathways for demonstrating DLC Standard color maintenance compliance.

e Color Maintenance Option 1:
o An LM-80 report for the LED package/module/array used within the product must be
provided and must include chromaticity data for at least 1000-hour and 6000-hour time
intervals.

e Color Maintenance Option 2:
o Luminaire-level performance data that follow LM-84 test procedures for the product
must be provided and must include chromaticity data for at least 1000-hour and 6000-
hour time intervals.
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Test Report and Implementation Requirements: DLC Premium

This section describes the test reports required to qualify families of products to the DLC SSL QPL under
the Premium classification.

Color Rendition and Chromaticity (CCT & D)

e Afull LM-79/color report for each CCT at the minimum color rendition option, with full LM-
79/color reports for each additional color rendition option at the lowest CCT, shall be provided
and conform to the Draft Additional Reporting Guidelines.

e All color rendition options must meet either the IES TM-30-18 color rendition requirements or
the CIE 13.3-1995 color rendition requirements described in Table 2.

e All variations of CCT offered must fall within at least one of the basic, flexible, or extended
nominal, 4-step (indoor products only, except high-bay) quadrangles, or 7-step (outdoor and
high-bay products only) quadrangles from 2200 K to 6500 K as defined by ANSI C78.377-2017.

e For example, if a product family consists of two color rendition options (e.g. CRI Ra=80, R9=0
and CRI Ra=90, R9=50) and four CCT options (e.g. 2700K, 3500K, 4000K, and 5000K), and all
variations are to be qualified to DLC Premium, a minimum of five LM-79 test reports must be
provided. That is, one test for each CCT at the minimum color rendition option, and one test at
the lowest CCT for the higher color rendition option.

e Please note that the DLC also requires that testing be conducted on the worst-case efficacy
variation (likely the combination of lowest CCT and highest color rendition) which is likely
covered by a test required to meet spectral quality requirements.

Color Maintenance

The DLC has two pathways for demonstrating DLC Premium color maintenance compliance, both of
which are identical to the Standard color maintenance compliance pathways.

Interactions with other DLC Policies

For Color-Tunable (white-tunable and warm-dimming) products and/or Dimmable and Field Adjustable

Light Output (FALO) products, additional clarifications on meeting the Spectral Quality requirements are
provided below.

e Testing and reporting requirements for chromaticity (CCT & Dw), color rendition, and color
maintenance are applicable to color-tunable products, unless specifically excluded per the
Color-Tunable policy. For parent products in a family grouping application, the chromaticity (CCT
& Dw) and color rendition at the CCT setting required by the Color-Tunable policy will be listed
on the QPL under the Tested Data section. For child products, reporting of CCT and color
rendition is required at the worst-case efficacy setting, and all information will be listed as
Reported Data. Duw Will not be listed for child products.

o Color maintenance will be evaluated for each LED within a product that uses separate
LM-80 data.

DRAFT 2: DLC SSL Technical Requirements Version 5.0 Page 11
Released for comment September 30, 2019


https://www.designlights.org/solid-state-lighting/testing-reporting-requirements/color-tunable-products/
https://www.designlights.org/solid-state-lighting/testing-reporting-requirements/dimmable-field-adjustable-products/
https://www.designlights.org/solid-state-lighting/testing-reporting-requirements/dimmable-field-adjustable-products/

151
152
153
154
155
156
157
158
159
160
161
162
163

164

165
166

167
168

o Color-Tunable products that intend to qualify as DLC Premium shall be required to test
and report at the CCT settings designated per the Color-Tunable policy, i.e. at the
highest, lowest, and mid-point CCT settings.

o White-Tunable products are not required to meet the chromaticity requirements as
described in V5.0.

e Testing and reporting requirements for chromaticity (CCT & Dw), color rendition, and color
maintenance are applicable to Dimmable/FALO products, and are evaluated at the highest light
output setting. For parent products in a family grouping application, chromaticity (CCT & Dw) and
color rendition will be listed on the QPL under the Tested Data section. For child products,
reporting of CCT and color rendition is required, and all information will be listed as Reported
Data.

o Dimmable/FALO products will not be evaluated for chromaticity (CCT & Dw), color
rendition, or color maintenance at dimmed output settings.

Key Questions: Spectral Quality

1. What additional information, education, or other considerations should the DLC prepare or
address to support the V5.0 spectral quality requirements?

Please provide your responses to these key questions in the Excel-based SSL V5.0 Comment Form, under
the Spectral Quality tab.
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Light Distribution and Glare

Feedback Received and Key Changes from Draft 1

The DLC received 233 comments on Draft 1 Light Distribution and Glare Testing and Reporting
Requirements during the first comment period. After careful assessment of stakeholder feedback and
implementation considerations, modifications were made within Draft 2 as described in this section. The
bullets below describe general themes of the feedback received and sub-bullets describe how the DLC
incorporated those changes into Draft 2:

e Testing burden associated with reporting of performance metrics

o Light distribution and glare requirements are simplified and combined into one section.

o Testing requirements are reduced to allow some reporting of rated and scaled data in
place of tested data.

o .ies files must be submitted only for the product with the highest nominal output of
each optical variation in a product family, not for every product.

o No additional reporting of distribution plots, beam angles or field angles is required.

o Zonal lumen distribution (ZLD) and spacing criteria (SC) for child products in a family
grouping application are required to be reported but may be based on the applicant’s
calculations instead of test reports.

o BUG ratings for outdoor products are required to be reported on the application form
by the applicants. BUG ratings of a single product application and the parent products in
a family grouping application will be verified using the submitted .ies files and listed as
Tested Data; BUG ratings of child products will be listed as Reported Data on the QPL.

e Application-specific requirements, Allowances, and Premium

o Toaddress concerns about misuse and misinterpretation of glare metrics, no glare
information will be listed on the QPL for either Standard or Premium products.

o Standard products are not required to meet any glare control requirements (Unified
Glare Rating or UGR).

o  Premium products for certain indoor General Applications must meet a UGR threshold
to demonstrate acceptable glare control performance. (However, the UGR values will
not be listed on the QPL.)

o Optional reporting of a low glare rating can unlock efficacy allowances for indoor
products under certain General Applications when meeting a UGR threshold to
demonstrate superior glare control.

Draft Testing and Reporting Requirements

The Draft 2 Light Distribution and Glare Testing and Reporting Requirements for all SSL products are
shown in Table 4 for DLC Standard classification. The DLC has proposed use of the UGR metric for DLC
Premium products, but not for Standard products. The Unified Glare Rating (UGR) is defined in CIE 117-
1995 as a metric for evaluating glare performance of certain products in the indoor category. It can be
determined for luminaires using the procedure described in CIE 190-2010. The UGR metric has been
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widely used in Europe and other regions and has been updated recently in CIE 232-2019 for luminaires
with non-uniform source luminance, such as LEDs. The DLC has proposed a measured approach in
introducing this metric with V5.0 to apply only to products seeking DLC Premium classification and for
providing efficacy allowances for products designed specifically for applications demanding low glare.
Table 5 is an excerpt of the Premium requirements that are related to glare (see the DLC Premium
section and Table 11 for the complete requirements).

Table 4: Draft Testing and Reporting Requirements for Distribution (DLC Standard)

V5.0 Draft Requirements

listed under the Reported
Data section.

Metric and/or | Current V4.4 Method of
Data Set Requirements | Threshol Reported QPL Listing Evaluation
d
ZLD and SC for parent A;\lrS’:{}I:i’l;tl\,/lf;m
products that are from E\dditional
Zonal Lumen - ZLD & SC LM-79 test reports will be .
. Specific Identical . Reporting
Distributions . for each listed under the Tested e
. Requirements to V4.4 . Guidelines, and
(ZLD) & Spacing product Data section. ZLD & SC for
. for each PUD . . values produced
Criteria (SC) child products will be .
. by photometric
listed under the Reported .
Data section analysis from
' tested .ies files.
BUG ratings for parent
Backlight products that are ;
. ! generated by the DLC BUG rating
Uplight, and : - enerated per IES
BUG using tested photometric | 8 perits
Glare (BUG) S TM-15-11 and
ratings for | data will be listed under dieer e
Outdoor n/a None each the Tested Data section. Addendum A for
luminaires and product BUG ratings for child w
outdoor retrofit products are reported by | Y58 Ium|n_a|re
kits only the applicants and will be photometric data

Zonal Lumen Distribution and Spacing Criteria

SSL products whose PUD falls under the general category of indoor luminaires, indoor retrofit kits,

outdoor luminaires and outdoor retrofit kits must meet the zonal lumen distribution (ZLD) and spacing

criteria (SC) requirements, as currently required in V4.4. For a single product application and the parent

products in a family grouping application, ZLD and SC shall be reported in accordance with the ZLD and

SC data documented in the submitted LM-79 test report. For child products in a family grouping

application, ZLD and SC shall be reported on the application form and may be calculated from the parent

product’s photometric data based on the manufacturer’s own calculation method.

BUG (Backlight, Uplight, and Glare) Rating

SSL products in the Outdoor and Outdoor Retrofit Kit categories must report the 6-character BUG

values. Applicability to future Specialty PUDs will be determined on a case-by-case basis. The following

PUDs are exempt from BUG reporting requirements:
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e Landscape/Accent Flood and Spot Luminaires

e Architectural Flood and Spot Luminaires

e Specialty: Wall Grazing/Slicing

e Specialty: Hazardous Flood and Spot Luminaires
e Specialty: Soffit Lighting

e Specialty: Sports Flood

e Specialty: Natatorium Lighting

e Specialty: Tunnel Lighting

The representation of a BUG Rating is similar to the example: B2 U0 G2. BUG rating is determined based
on the method described in IES TM-15-11 Luminaire Classification System for Outdoor Luminaires and
the Addendum A for IES TM-15-11: Backlight, Uplight, and Glare (BUG) Ratings. For a single product
application and the parent products in a family grouping application, BUG rating will be generated by

the DLC reviewer using the photometric data from the submitted LM-79 test report. For child products
in a family grouping application, BUG rating shall be reported on the application form and may be
calculated from the parent product’s photometric data based on the manufacturer’s own calculation
method as long as the procedures in IES TM-15-11 and the Addendum A for IES TM-15-11 are followed.

Glare Performance Metric for Indoor Products

Glare performance requirements are not specified in SSL V5.0 for Standard classification products due to
the lack of a familiar and well-understood metric in the U.S. market. The Unified Glare Rating (UGR)
defined in CIE 117-1995" is a metric for evaluating glare performance of certain products in the indoor
category. It has been widely used in Europe and other regions and has been updated recently in CIE 232-
20193 for luminaires with non-uniform source luminance, such as LEDs. In V5.0, UGR requirements are
only specified for products seeking DLC Premium classification and for providing efficacy allowances for

Premium or Standard classification products designed specifically for applications demanding low glare.
Table 5 is an excerpt of the Premium requirements that are related to glare (see the DLC Premium
section and Table 11 for the complete requirements). The DLC may consider adopting a reporting
approach similar to BUG ratings for outdoor products and requiring Standard classification products to
report their UGR values, without imposing thresholds, in later versions of the SSL Technical
Requirements.

3 CIE 232-2019 Discomfort Caused by Glare from Luminaires with a Non-Uniform Source Luminance
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Table 5: Additional Draft Testing and Reporting Requirements for Glare (DLC Premium)

v4.4
Metric Premium Draft V5.0 Premium Requirements
Requirements

QPL Method of
Listing Evaluation

Troffer and Linear Ambient: UGR < 19

Low-Bay: UGR < 22 UGR Room dimension: X
High-Bay: UGR < 25 =4H,Y=8H

All other products: nfa values will i i
Glare None - p e / ot be Spau'ng to height
(Note: Linear-Style Retrofit Kits for 2x2, 1x4, published ratio (S/H): 1
and 2x4 Luminaires and Retrofit Kits for Direct | |\ QPL Reflectances:
Linear Ambient Luminaires are not eligible for 70/50/20%

Premium qualification at this time.)

Test Report and Implementation Requirements: DLC Standard

This section describes the test reports that will be required to qualify products to the DLC SSL QPL under
the Standard classification.

e A full LM-79/distribution report shall be provided for each unique optical and distribution
pattern at the highest light output and shall conform to the Draft Additional Reporting
Guidelines.

e Zonal lumen distribution (ZLD), spacing criteria (SC) and BUG ratings (outdoor products only) of
a single product application or parent products in a family grouping application will be verified
using the .ies files associated with the LM-79 test reports.

e For all child products in a family grouping application where LM-79 test reports are not required,
rated data, including ZLD, SC and BUG rating (outdoor products only), shall be reported on the
application form.

Test Report and Implementation Requirements: DLC Premium

This section describes the test reports that will be required to qualify products to the DLC SSL QPL under
the Premium classification.

e For asingle product application,

1) a full LM-79/distribution report per the Draft Additional Reporting Guidelines for the
product tested at the maximum light output and the .ies file based on the LM-79 test
data,

2) indicate on the application form which UGR bin* that the product’s Corrected UGR value
falls in.

e For a family grouping application,
1) a full LM-79/distribution report per the Draft Additional Reporting Guidelines for the
products that have the highest total lumen output for each optical variation within the

4The UGR bins on the application form are 10-13, 13-16, 16-19, 19-22, 22-25, where the lower bound of the bins are inclusive
and the upper bound of the bins are exclusive.
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family, regardless of color properties, for which the applicant is seeking the Premium
classification designation tested at the maximum light output and the .ies file based on
the LM-79 test data,

2) indicate on the application form which UGR bin that the product’s Corrected UGR value
falls in.

Interactions with other DLC Policies

For Field Adjustable Light Distribution (FALD) products, additional clarifications on meeting the Light

Distribution and Glare requirements are provided below.

Testing and reporting requirements for zonal lumen distributions (ZLD) and spacing criteria (SC)
are applicable to FALD products. For parent products in a family grouping application, ZLD and
SC at the light distribution setting designated, per the FALD policy, for meeting the ZLD
requirements will be listed on the QPL under the Tested Data section. For child products,
reporting of ZLD and SC is exempted, and no ZLD and SC information will be listed as Reported
Data on the QPL.

Testing and reporting requirements for BUG ratings are applicable to FALD products in the
Outdoor and Outdoor Retrofit Kit Categories, except for the exempted PUDs. For parent
products in a family grouping application, BUG ratings at the light distribution setting
designated, per the FALD policy, for meeting the ZLD requirements will be listed on the QPL
under the Tested Data section. For child products, reporting of BUG rating is exempted, and no
BUG rating will be listed as Reported Data on the QPL.

Testing and reporting requirements for UGR are applicable to FALD products seeking Premium
classification. The UGR values shall meet the threshold at the light distribution setting
designated, per the FALD policy, for meeting the ZLD requirements of the PUD, for which the
product is seeking qualification.

Testing and reporting requirements for UGR are not applicable to FALD products seeking
efficacy allowances. FALD products are currently not eligible for efficacy allowances.

Key Questions: Light Distribution and Glare

1.

What are the potential issues and challenges to require reporting and listing of ZLD, SC and BUG
ratings (outdoor products only) for all products that the DLC should consider?

What additional information, education or other considerations should the DLC incorporate into
V5.0 to prepare for broadening the glare metric reporting requirement (without specific
thresholds) in V5.1 to include Standard products?

Please provide your responses to these key questions in the Excel-based SSL V5.0 Comment Form, under

the Light Distribution and Glare tab.
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Flicker

Feedback Received and Key Changes from Draft 1

The DLC received 112 comments on Draft 1 Flicker Testing and Reporting Requirements during the first
comment period. After careful consideration of both stakeholder feedback and implementation
considerations, modifications were made within Draft 2 as described in this section. The bullets below
cover general themes of the feedback received and sub-bullets describe how the DLC incorporated
those changes into Draft 2:

e Testing burden associated with luminaire-level testing
o Draft 2 proposes to limit flicker testing to a single member of a product family.

o Draft 2 proposes testing for flicker at full light output and 20% of full light output and
eliminates the requirement of testing at minimum light output, as proposed in Draft 1.

o The DLC understands that a single member of a product family may not be
representative of that family, so flicker information (test data or dimmers used) will not
be published on the QPL at this time.

e Uncertainty and lack of consensus around flicker metrics and thresholds
o The DLC heard from many stakeholders that advocated for the various flicker metrics
and thresholds. The intent of testing for four metrics is to address flicker without bias
toward one set of metrics over another, and the metrics required have not changed
from Draft 1. However, the DLC has determined that there is not enough data to
support setting a threshold at this time and has decided to collect data on the various
flicker metrics and contribute to research on appropriate flicker thresholds.

e Interactions between dimmers and drivers need to be carefully considered
o Due to the large number of variations and wide array of controls and light source
combinations, Draft 2 proposes that the DLC require listing of the dimmer used during
flicker testing, with no requirements pertaining to the dimmer.

e Application specific requirements

O Some commenters noted that flicker requirements vary by application type. Because
the DLC is not proposing required thresholds in Draft 2, there are no application specific
requirements.
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Draft Testing and Reporting Requirements

The draft Flicker Testing and Reporting Requirements for all SSL products are as shown in Table 6.
Sample reporting tables are shown in Table 7 and Table 8.

Table 6: Draft Testing and Reporting Requirements for Flicker

V4.4

Metric .
Requirements

Draft V5.0

Requirements QPL Listing

Method of Evaluation

Short Term Flicker
(Pst)
Stroboscopic

Visibility Measure
(SVm)

n/a

Percent Flicker

Flicker Index

Report values at
100% and for
dimmable
products, also test
at 20% of light
output

Flicker information
will not be listed
on the QPL at this
time.

ANSI/IES LM-xx-19
Approved Method:
Measuring Optical
Waveforms for use in
Temporal Light Artifact
(TLA) Calculations °

Test Report and Implementation Requirements

For the member of a product family with the lowest nominal light output (likely the combination of

lowest CCT and highest color rendition) the flicker metrics shall be reported using the format displayed

in Table 7 (this table will be included in the updated Application Form.) The reported values of all

metrics shall be the highest value measured during testing. Waveform data shall be submitted in CSV

format to support the reported values. The type of dimming and dimmer used in testing shall be

reported.

Table 7: Sample Reporting Table for Flicker Testing and QPL Listing

Metric

Value at 100% Light Output

Value at 20% Light Output

Fundamental Frequency

Short Term Flicker (Pst)

Stroboscopic Visibility Measure (SVM)

Percent flicker; unfiltered

Percent flicker; 1,000 Hz cut-off

Percent flicker; 400 Hz cut-off

Percent flicker; 200 Hz cut-off

Percent flicker; 90 Hz cut-off

Percent flicker; 40 Hz cut-off

Flicker Index

5 ANSI/IES LM-xx-19 Approved Method: Measuring Optical Waveforms for use in Temporal Light Artifact (TLA) Calculations has

yet to be published but is expected in late 2019.
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Table 8: Dimmer Reporting Template for Flicker Testing

Dimmer Used in Testing [Manufacturer, make, and model number]

Dimmer Type Options include: 0-10V, DALI, DMX, Zigbee, Bluetooth, Wi-Fi, Phase-cut, Proprietary, Other

Interactions with other DLC Policies
For Field Adjustable Light Output (FALO), Color Tunable, and DC/PoE products, additional clarifications

on meeting the Flicker requirements are provided below.

A FALO product might be installed at lower light output than its highest capable output from the
factory, so 20% of highest light output would not represent the flicker performance at 20%
when installed. The DLC understands this and maintains the requirement to test flicker at 20% of
maximum full light output.

In Color Tunable products, individual primaries could range from 0 - 100% output when color
tuning and impacts to flicker may result. Both the flicker policy proposal and bullet #6 in the
Color Tuning policy require testing of the product in the family with the lowest light output. This
common testing point should standardize testing across products.

Flicker performance may vary based on whether a product is used as a direct PoE powered
device (PD) or an indirect satellite of a PD. DC/PoE products should test for flicker as they are
tested for LM-79 (whether direct or indirect; either is fine).

Key Questions: Flicker

1.

Should the DLC specify that flicker testing at dimmed states be done at 20% of maximum light
output or 20% of dimming signal? If the former, will manufacturers and testing laboratories be
able to clearly define the testing point that delivers 20% light output?

Please provide your responses to these key questions in the Excel-based SSL V5.0 Comment Form, under
the Flicker tab.
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Draft Technical Requirements:

Controllability

Controllability

Feedback Received and Key Changes from Draft 1

The DLC received 95 comments on the Draft 1 Controllability Testing and Reporting Requirements

during the first comment period. After careful consideration of both stakeholder feedback and

implementation considerations, modifications were made within Draft 2 as described in this section. The

bullets below describe general themes of the feedback received and sub-bullets describe how the DLC

incorporated those changes into Draft 2:

o A dimming requirement for outdoor and lamp General Applications would add cost and
complexity to products for a capability that is unlikely to be used

O

The DLC heard from many stakeholders that outdoor and lamp products are rarely
dimmed in the field. A clear majority of the products listed on the QPL within these
General Applications are not dimmable. Upgrading all products to become dimmable
would increase cost and complexity without delivering value to all customers. To
address this concern, the DLC has removed outdoor and lamp General Applications from
the dimming capability requirement. Indoor luminaires and retrofit kits must be
continuously dimmable. Any product pursuing DLC Premium designation must also be
continuously dimmable.

o Integral controls reporting needs more clarity

O

Stakeholders were generally supportive of the additional reporting requirements for
integral controls but expressed concern about the specific options that will be available
and the manner in which these options will be reported on the QPL. To address these
concerns, the DLC has defined the list of integral control options that will be available to
manufacturers during product application process.
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Draft Testing and Reporting Requirements
The draft Controllability Testing and Reporting Requirements for all SSL products are as shown in Table

9.

Table 9: Controllability Testing and Reporting Requirements

. V4.4 Draft V5.0 o Method of
Metric . . QPL Listing oG
Requirements Requirements Evaluation
Indoor luminaires and Product
retrofit kits, excluding 1 Dlmmlng capability: specification sheet
Required case lighting and specialty continuous, step, must clearly
reporting of .hazardm./s: _ 5 ;::ee of identify dimming
Dimming dimming Continuous dimming ' conﬁnuous capability and
capability for all capability required. S range of
roducts dimming (if continuous
P All other products: applicable): Below dimmine (if
Required reporting of 10%, Above 10%. imming (i
dimming capability. applicable)
All i
produc.ts are required Product
to report integral control | 1. Integral control e
. . . specification sheet
. capability. Products with capability: yes, no
Optional . . must clearly
. integral controls must 2. Type of integral . .
reporting of - " . * identify the types
. provide additional detail controls .
integral controls recarding the tvpe of (if applicable) of integral controls
Integral capability g gt | yp PP available.
Controls (Yes/No); controfs.
Rep_or’gr:cg * Options include: Occupancy/Vacancy Sensing, Daylight Sensing,
requwe_: or Multifunction Sensing (Occupancy + Daylight), High-end Trim, LLLC, Energy
Premium. Monitoring, Traffic Sensing, Exterior Photocell, Networked Replacement
Lamp
Multiple selections are permitted
N Product
1. Communication e
. . specification sheet
All products listed as type: wired,
. . . must clearly
dimmable are required to wireless, none . .
. L identify the
report the control signal | 2. Dimming protocol .
. communication
communication type and *k L
L . type and dimming
dimming protocol. (for continuously .
Controls None dimmable products) protocol (if
Compatibility applicable)
** Wired options include: 0-10V, DALI, DMX, Power Signal / Phase-cut,
Proprietary, Other Wired
** Wireless options include: Zigbee, Bluetooth, Wi-Fi, Proprietary, Other
Wireless
Multiple selections are permitted

6 Controllability capabilities are based on manufacturer claims; performance is not verified by DLC.
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Dimming

All products must report the dimming capability. Dimming capabilities are defined in the section
Definitions: Controllability.

Indoor products must be capable of continuous dimming, excluding case lighting and any
“specialty” primary use designation intended for a hazardous location.

Dimming capability must be demonstrated via the product specification sheet that the product
can dim according to an external communications signal, internal control sensing signal, or
modulation of the power signal (i.e. phase-cut dimming).

All products pursuing the DLC Premium designation must be capable of continuous dimming.

The DLC does not issue requirements around dimming control protocol (0-10V, DALI, etc.) for
the dimming capability requirement. The act of dimming itself is the focus of this requirement.

Integral Controls

Reporting of “Yes/No” about integral controls availability is required for all products.

If “Yes”, products must provide more detail on a set of integral control types as defined in Table
10. These integral control types will not be evaluated against any standards and will be treated
as manufacturer-reported assertions of capability validated with references on the product
specification sheet.

Multiple selections of integral control types will be permitted. Integral control types will be

displayed within a single searchable field on the QPL. Product model number wild carding and
bracketing of products will be allowed as is currently permissible under SSL V4.4.

Controls Compatibility

Reporting of the control communication type (wired, wireless, none) and the dimming protocol
(if applicable) for all products is required.

The QPL may include free-form fields for manufacturers to note SKU variants or other useful
information to readers interested in a specific capability.

Multiple selections of dimming protocol will be permitted. Dimming protocols will be displayed
within a single searchable field on the QPL. Wild carding within product model numbers will be
allowed.

Test Report and Implementation Requirements

Given the rapidly-evolving technical capabilities represented by the proposed controllability
requirements, the DLC review staff will not evaluate any of these claims against test standards.
Reviewers will rely on manufacturer claims represented directly on the product specification
sheet. Specification sheets will need to have explicit declaration of a capability, along with any
ordering information (i.e. SKU variants) that are associated to the specific capability or attribute.
Terminology that will be acceptable for indicating specific product capabilities on the product
specification sheet is shown below in Table 10.
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e The DLC will closely monitor its member programs’ experience with using QPL controllability

details for products and will use Surveillance Testing procedures to address any concerns about
Controllability performance claims not matching QPL or market available data.

Table 10: Integral Control Type Descriptions

Integral Control
Types

Definition

Acceptable Terms on the
Product Spec Sheet

Occupancy/Vacancy
Sensing

The capability to affect the operation of lighting
equipment based upon detecting the presence or
absence of people in a space or exterior environment.

Occupancy Sensor, Vacancy
Sensor, Motion Sensor,
Exterior Motion Sensor

Daylight Sensing

The capability to automatically affect the operation of
lighting or other equipment based on the amount of
daylight and/or ambient light that is present in a space,
area.

Daylight Sensor, Daylight
Harvesting, Daylight
Dimming, Daylight Response

Multifunction
Sensing (Occupancy

A combination sensor that provides both occupancy
sensing and daylight sensing.

Multifunction Sensor,
Dual/Combination Sensor,
Occupancy/Vacancy/Motion

+ Daylight) ]
Sensor + Daylight Sensor
The capability to set the maximum light output to a less-
) ) than-maximum state of an individual luminaire/lamp at High-end trim, task tuning,
High-End Trim . . . S . . .
the time of installation or commissioning. High-end trim | tuning
must be field reconfigurable.
Integrated/embedded
networked lighting control,
The capability to have a networked occupancy sensor, luminaire-level lighting
LLLC ambient light sensor, and high-end trim installed for each | control, LLLC. The LLLC must

luminaire/kit/lamp, and directly integrated or embedded
into the form factor during the manufacturing process.

be a DLC qualified system
and the system name must
be shown on the product
specification sheet.

Energy Monitoring

The capability of a system to report the energy
consumption of a luminaire/lamp

Power/Energy Monitoring,
Power/Energy Metering,
Power/Energy Measurement.

Traffic Sensing

The capability to affect the operation of lighting or other
equipment based upon detecting the presence or
absence of moving vehicles in an area.

Traffic Sensor, Adaptive
Traffic Sensor

Exterior Photocell

The capability to automatically affect the operation of
lighting or other equipment based on the amount of
daylight and/or ambient light that is present in an
exterior environment.

Photocell, Daylight Sensor,
Dusk-to-Dawn

Networked
Replacement Lamp

A linear, mogul screw-base, or four pin-base replacement
lamp that includes all the following controllability
features built into the lamp: continuous dimming;
wireless communication; high-end trim; and individual
addressability. Some networked replacement lamps may
also incorporate integrated sensors such as
occupancy/vacancy sensing.

Networked, Smart,
Intelligent, Connected,
Advanced, NLC
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Key Questions: Controllability

1. The DLC intends to list and display products with integral controls in the same manner as SSL
V4.4, where product model number wild carding and product bracketing is permissible.
Information about integral control types may be searchable and filterable on the QPL. Is there a
need to identify product model numbers that represent specific integral control capabilities?

2. If a manufacturer indicates that a product has integral LLLC, should manufacturers report (and
the SSL QPL display) the model name of the associated LLLC product(s)?

3. Are there any other commonly used dimming protocols that should be listed?

Please provide your responses to these key questions in the Excel-based SSL V5.0 Comment Form, under
the Controllability tab.
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Draft Technical Requirements:
DLC Premium

Feedback Received and Key Changes from Draft 1

DLC Premium requirements were not defined in Draft 1. Stakeholders were asked to comment on the
DLC Premium concept as part of the section titled “Other Topics Under Consideration”. The DLC
received comments on DLC Premium directly from 12 different organizations, and many other
commenters referenced DLC Premium within their feedback on other topic areas. Following the
Stakeholder Meeting, the DLC engaged in research and outreach to utilities and manufacturers about
their perceptions and desires for DLC Premium. After careful consideration of both stakeholder feedback
and implementation considerations, DLC Premium has been proposed within Draft 2 as described in this
section.

Draft Testing and Reporting Requirements

DLC Premium under V5.0 is a higher-performance classification for luminaires and retrofit kits. The
Premium classification is intended to promote products that can achieve higher energy savings while
delivering quality of light and controllability performance that exceeds DLC Standard requirements.
Products submitted to the DLC Premium classification must meet more stringent efficacy, quality of
light, and controllability requirements as outlined in Table 11. Only luminaires and retrofit kits are
eligible for qualification under DLC Premium.

The following PUDs are not eligible to qualify for the DLC Premium classification at this time:
Replacement lamps, Linear-Style Retrofit Kits for 2x2, 1x4, and 2x4 Luminaires, Retrofit Kits for Direct
Linear Ambient Luminaires and luminaire products with a Primary Use designated as “Specialty”.

Table 11: DLC Premium Testing and Reporting Requirements

Metric V4.4 Premium Draft V5.0 Premium QPL Method of
Requirements Requirements* Listing Evaluation
Premium efficacy
requirements vary by
. General Appllc§t|0n. The +15 lumens per wa'tt Same as Same as V5.0
Efficacy product-weighted over V5.0 Standard efficacy V5.0
. . Standard
average is +22 lumens requirements Standard
per watt over V4.4
Standard efficacy.
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Metric

V4.4 Premium
Requirements

Draft V5.0 Premium
Requirements*

QPL
Listing

Method of
Evaluation

Chromaticity
(CCT & Dw)

None

Indoor, except High-Bay:
Products shall exhibit
chromaticity consistent with
at least one of the basic or
extended nominal, 4-step
quadrangle CCTs from
2200K — 6500K
All other products:
Same as V5.0 Standard

Same as
V5.0
Standard

Same as V5.0
Standard

Color
Maintenance

None

Indoor, except high-bay:
Chromaticity shift from 1000-
hour measurement to 6,000
hours shall be within a linear
distance of 0.002 (Au'v' <
0.002) on the CIE 1976 (u', V')
chromaticity diagram.

Outdoor and high-bay:
Chromaticity shift from 1000-
hour measurement to 6,000
hours shall be within a linear
distance of 0.004 (Au'v' <
0.004) on the CIE 1976 (u', V')
chromaticity diagram.

Same as
V5.0
Standard

Same as V5.0
Standard

Glare

None

Troffer and Linear Ambient:
UGR< 19
Low-Bay: UGR < 22
High-Bay: UGR < 25
All other products: n/a
(Note: Linear-Style Retrofit
Kits for 2x2, 1x4, and 2x4
Luminaires, and Retrofit Kits
for Direct Linear Ambient
Luminaires are not eligible
for Premium qualification)

UGR values
will not be
published
on the QPL

Room dimension: X
=4H,Y =8H
Spacing to height
ratio (S/H): 1
Reflectances:
70/50/20%

Controllability

Products are required to
report integral controls
capability.

All products must be
capable of continuous
dimming.

(note: integral control
reporting is no longer a
Premium requirement since
it is required of all products)

Same as
V5.0
Standard

Same as V5.0
Standard

Lumen
Maintenance

Products are required to
pass Loo > 36,000 hours.
This requirement is in
addition to the L7 >
50,000 hours
requirement of the DLC
Standard classification.

No change.
(Note new LM-80 / TM-21
guidance. See Additional
Reporting Guidelines: IES
TM-21-11 and its
Addendum B)

Same as
V4.4/V5.0
Standard

Same as V4.4/V5.0
Standard
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Metric V4.4 Premium Draft V5.0 Premium QPL Method of
Requirements Requirements* Listing Evaluation
(1) Laboratory test
report indicating the
measured
temperature from
Driver -the TMPyps; (2) A
picture of the TMPys
ISTMT | ion: (3) Dri
) TMPps < driver operating values will ocation; (3) Driver
Driver ISTMT I No change. manufacturer
temp specification not be .
. documentation
published indicating the
on the QPL . g
maximum case
temperature for
which the driver is
designed to last
>50,000 hours.

479 * For any metric not listed in Table 11, V5.0 Standard requirements apply.

480 Test Report and Implementation Requirements

481 If a manufacturer seeks qualification of its products to the DLC Premium classification, it must provide all
482  the necessary testing to demonstrate that the product(s) meet the higher classification’s additional

483 requirements in addition to meeting all base V5.0 Standard requirements. Topic-specific details are

484  described below.

485  Color Rendition and Chromaticity (CCT & D)

486 e Afull LM-79/color report for each CCT at the minimum color rendition option, with full LM-
487 79/color reports for each additional color rendition option at the lowest CCT, shall be provided
488 and conform to the Draft Additional Reporting Guidelines.
489 e All color rendition options must meet either the IES TM-30-18 color rendition requirements or
490 the CIE 13.3-1995 color rendition requirements described in Table 2.
491 e All variations of CCT offered must fall within at least one of the basic, flexible, or extended
492 nominal, 4-step (indoor products only, except high-bay) quadrangles, or 7-step (outdoor and
493 high-bay products only) quadrangles from 2200 K to 6500 K as defined by ANSI C78.377-2017.
494 e For example, if a product family consists of two color rendition options (e.g. CRI Ra=80, R9=0
495 and CRI Ra=90, R9=50) and four CCT options (e.g. 2700K, 3500K, 4000K, and 5000K), and all
496 variations are to be qualified to DLC Premium, a minimum of five LM-79 test reports must be
497 provided. That is, one test for each CCT at the minimum color rendition option, and one test at
498 the lowest CCT for the higher color rendition option.
499 e Please note that the DLC also requires that testing be conducted on the worst-case efficacy
500 variation (likely the combination of lowest CCT and highest color rendition) which is likely
501 covered by a test required to meet spectral quality requirements.
502
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Color Maintenance

The DLC has two pathways for demonstrating DLC Premium color maintenance compliance, both of
which are identical to the Standard color maintenance compliance pathways.

Glare

The Premium glare requirements are only applicable to luminaires and integrated retrofit kits within the
eligible General Applications, namely, Troffers, Linear Ambient, Low-Bay and High-Bay with luminous
distribution that is either laterally symmetric in all planes’ or quadrantally symmetric®. (Note: Linear-
Style Retrofit Kits for 2x2, 1x4, and 2x4 Luminaires and Retrofit Kits for Direct Linear Ambient Luminaires
are not eligible for Premium qualification at this time.) Applications must include the following
additional materials:

e For asingle product application:

1) A full LM-79/distribution report per Draft Additional Reporting Guidelines for the
product tested at the maximum light output and the .ies file based on the LM-79 test
data

2) Indicate on the application form which UGR bin® that the product’s Corrected UGR value
falls in

e For a family grouping application:

1) A full LM-79/distribution report per Draft Additional Reporting Guidelines for the
products that have the highest total lumen output for each optical variation within the
family, regardless of color properties, for which the applicant is seeking the Premium
classification designation tested at the maximum light output and the .ies file based on
the LM-79 test data

2) Indicate on the application form which UGR bin that the product’s Corrected UGR value
falls in

Qualification for Premium is verified by the application reviewer using the Corrected UGR table
generated from the submitted .ies file. If the values in the UGR table for the glare evaluation reference
condition (room dimension: X = 4H, Y = 8H; spacing to height ratio: 1; reflectances: 70/50/20%) meet the
requirements in Table 11, both viewed lengthwise and crosswise, the product, or family of products in
the case of family grouping applications, qualifies for the DLC Premium classification. In the case of a
family grouping application, all products of the same optical variations as the submitted luminaires
within the family automatically qualify for the Premium designation.

7 A luminaire or integrated retrofit kit has the same candela value across all horizontal angles at a given vertical angle. In this
case, only the luminous intensity value at 0° horizontal angle is listed for each vertical angle in the .ies file.

8 A luminaire or integrated retrofit kit has a luminous distribution that is symmetric in each quadrant. In this case, only the
luminous intensity values between 0° and 90° horizontal angle are listed for each vertical angle in the .ies file.

® The UGR bins on the application form are 10-13, 13-16, 16-19, 19-22, 22-25, where the lower bound of the bins are inclusive
and the upper bound of the bins are exclusive.
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Interactions with other DLC Policies

For Field Adjustable Light Distribution (FALD) products seeking Premium classification, the UGR value
shall meet the threshold at the light distribution setting designated, per the FALD policy, for meeting the
ZLD requirements of the PUD, for which the product is seeking qualification.

Key Questions: DLC Premium

1. Do the proposed requirements for V5.0 DLC Premium strike the right balance between efficacy,
quality, and controllability?

2. Some retrofit kit PUDs are not eligible for Premium, since their glare performance is dependent
on the optics of the housing and cannot be fairly evaluated using the proposed metric. Should
this restriction apply to all retrofit kits?

Please provide your responses to these key questions in the Excel-based SSL V5.0 Comment Form, under
the DLC Premium tab.
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547 Draft Technical Requirements:
sS4 Allowances
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549  As with previous versions of the DLC Technical Requirements, the V5.0 revision includes increases in
550  minimum efficacy thresholds. Additionally, V5.0 more intentionally considers the trade-offs between
551  efficacy and quality of light. The DLC recognizes that quality must go hand-in-hand with efficacy if long-
552 term energy savings are to be realized. The DLC also recognizes the risk of products that achieve higher

553 efficacy at the expense of quality factors that can leave customers unsatisfied and/or negatively impact
554 human health or wellbeing. The DLC is incorporating quality requirements to ensure that the QPL

555 includes a balance of products that provide good quality of light, while at the same time saving energy
556  through high efficacy and controllability.

557  The DLC efficacy requirements are not intended to drive market development or customer choice away
558 from features that contribute to the overall quality of light or the quality of the lighting for a particular
559 space. As such, the DLC will grant allowances to efficacy requirements, applicable to both tested and
560 reported performance values.

561 A summary of allowances included in Version 5.0 can be seen in Table 12. Allowances are cumulative up
562  to a maximum allowance of 15%. For example, a 2700K product that exhibits superior Color Rendition
563 may utilize a maximum allowance of 10%, whereas a 2700K, Low Glare product that exhibits superior
564  color rendition may utilize a maximum allowance of 15%, to be applied to the efficacy requirement for
565  the Category and General Application to which the product is applying. Additionally, a product may take
566  advantage of an efficacy allowance in conjunction with the luminaire efficacy tolerance, as stated in

567  Table 13. In this situation, the allowance would be applied first, and then the tolerance.
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Table 12: Allowances to Efficacy under Version 5.0

Feature General Performance Metric Allowance | Allowance
Application under V4.4 | under V5.0
All < 3000K -3% None
CCT
All < 2700K -5% -5%
Option 1 - ANSI/IES TM-30-18:
e |ESRf275
o IESRg292
-5% -5%
g o 7% <IES Reshi < +19% ° 0
exclu”dir‘:m;'ﬁ | Option 2 - CIE 13.3-1995:
bag 8" | e R,>90andRo250
U ANSI/IES TM-30-18:
Color o IESRi>78
oo - - [)
Rendition e IESR;>95 n/a 10%
® -1%<IES Resh1 £ +15%
Option 1 - ANSI/IES TM-30-18:
e |ESRf270
Outdoor and >
: o IESRg289 o/ 5o
high-bay o -12% < IES Resh1 £ +23%
Option 2 - CIE 13.3-1995:
e R;>280andRy=0
UGR <16
at the glare evaluation reference condition of
Troffer and e Room dimension: X =4H, Y = 8H
Linear Ambient e Spacing to height ratio (S/H): 1
Luminaires and . 0
( e Reflectances: 70/50/20% n/a 10%
Integrated . .
. (Note: Linear-Style Retrofit Kits for 2x2, 1x4,
Retrofit Kits
only) and 2x4 Luminaires and Retrofit Kits for Direct
Y Linear Ambient Luminaires are not eligible for
efficacy allowances at this time.)
Glare UGR< 19
Low-Bay at the glare evaluation reference condition of
(Luminaires e Room dimension: X =4H, Y = 8H n/a -10%
only) e Spacing to height ratio (S/H): 1
e Reflectances: 70/50/20%
UGR < 22
High-Bay at the glare evaluation reference condition of
(Luminaires e Room dimension: X = 4H, Y = 8H n/a -10%
only) e Spacing to height ratio (S/H): 1
e Reflectances: 70/50/20%
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Efficacy Allowances: Spectral Quality

To enable a qualification pathway for luminaires designed for applications that demand higher level
color rendition and to recognize the tradeoff between efficacy and color rendition, efficacy allowances
are provided for products with improved color rendition that meet all other QPL criteria. Recognizing
the tradeoff between CCT and efficacy, efficacy allowances are also provided for products with CCT
<2700 K.

To qualify for efficacy allowances, the applications must include the following additional materials.

e A full LM-79/color report for the worst-case efficacy variation must be provided for each color
rendition option and shall conform to the Draft Additional Reporting Guidelines. Typically, this
could be the lowest CCT option.

o All color rendition options must meet either the IES TM-30-18 color rendition threshold
or the CIE 13.3-1995 color rendition threshold detailed in the adopted allowances table.

e All variations of CCT offered must fall within at least one of the basic or extended nominal, 4-
step (indoor products only, except high-bay) quadrangles, or 7-step (outdoor products only, and
high-bay) quadrangles from 2200 K — 6500 K as defined by ANSI C78.377-2017.

Efficacy Allowances: Glare

Recognizing that luminaires and retrofit kits for applications demanding low glare are often designed at
the expense of efficacy, allowances are provided for products with low glare design that meet all other
QPL criteria. The allowances are currently only provided for luminaires and integrated retrofit kits within
the General Applications of Troffers, Linear Ambient, Low-Bay and High-Bay with luminous distribution
that is either laterally symmetric in all planes'® or quadrantally symmetric'®.

To qualify for the efficacy allowances, the applications must include the following additional materials:

e For asingle product application:

1) A full LM-79/distribution report per the Draft Additional Reporting Guidelines for the
product tested at the maximum light output and the .ies file based on the LM-79 test
data

2) Indicate on the application form which UGR bin'? that the product’s Corrected UGR
value falls in

e For a family grouping application:
1) A full LM-79/distribution report per the Draft Additional Reporting Guidelines for the
product that has the highest total lumen output for each optical variation within the

10 A luminaire or integrated retrofit kit has the same candela value across all horizontal angles at a given vertical angle. In this
case, only the luminous intensity value at 0° horizontal angle is listed for each vertical angle in the .ies file.

11 A luminaire or integrated retrofit kit has a luminous distribution that is symmetric in each quadrant. In this case, only the
luminous intensity values between 0° and 90° horizontal angles are listed for each vertical angle in the .ies file.

12 The UGR bins on the application form are 10-13, 13-16, 16-19, 19-22, where the lower bound of the bins are inclusive and the
upper bound of the bins are exclusive.
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family, regardless of color properties, for which the applicant is seeking allowances
tested at the maximum light output and the .ies file based on the LM-79 test data

2) Indicate on the application form which UGR bin that the product’s Corrected UGR value
falls in

The product’s qualification for efficacy allowances is verified by the application reviewer using the
Corrected UGR table generated from the submitted .ies file. If the values in the UGR table for the glare
evaluation reference condition (room dimension: X = 4H, Y = 8H; spacing to height ratio: 1; reflectances:
70/50/20%) meet the requirements in Table 12, both viewed lengthwise and crosswise, the product
qualifies for the allowances. In the case of a family grouping application, all products of the same optical
variations as the submitted luminaires within the family automatically qualify for the allowances.

Interactions with other DLC Policies

Field Adjustable Light Distribution (FALD) products are not eligible for efficacy allowances, and therefore
the testing and reporting requirements for UGR are not applicable to FALD products.
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Draft Technical Requirements:
Tolerances

The DLC accepts measurement tolerances to all metrics listed in the Technical Requirements. For zonal
lumen tolerances specific to each Primary Use designation, please refer to the DLC website.

Table 13: Tolerances under Version 5.0

Performance Metric V4.4 Tolerance V5.0 Tolerance
Light Output +10% +10%
Luminaire Efficacy -3% -3%
Allowable CCT Defined by ANSI Defined by ANSI C78.377-2017+

C78.377-2015%

All reported color rendition metrics, except IES Resh1: -1
Minimum Color . point

. -2 points Ra
Rendering
IES Reshi: -1%
Au'v': + 0.0004 points

Data must be collected within a +48-hour window of both

Color Maintenance n/a
the “1000 hour measurement point” and the “6000 hour
measurement point”, with a At > 5000 hours.

UGR n/a +1.0

Power Factor -3% n/a

Total Harmonic

. . +5% n/a
Distortion
Beam Angle (TLEDs only) | n/a -5°

+t ANSI C78.377-2017 also referred to for Duv, Au'v', and (x,y) chromaticity coordinates tolerances for indoor categories.

For performance metrics that are a nominal value, a tolerance is a percentage of the required value. For
example, for a minimum efficacy requirement of 110 Im/W with a -3% tolerance, the functional
requirement is 106.7 Im/W (i.e. 110 x 97% = 106.7).

Tolerances are intended to account for all testing variation, rounding, and significant digits. The
requirement values and tolerances will be interpreted by DLC review staff as exact requirements. While
test labs will be expected to follow the requirements of their accreditation and relevant test standards,
DLC staff will not employ additional “rounding” to interpret values below the absolute thresholds as
passing. For example, if a luminaire is required to have an efficacy of 110 Im/W, then with then efficacy
tolerance of -3%, any value for efficacy less than 106.70000... will be interpreted as a failing value. It is
an applicant’s responsibility to check all data presented in an application before submission to ensure
compliance with the DLC requirements.
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Draft Technical Requirements:
Total Harmonic Distortion & Power Factor

In order to balance the new requirements with the DLC’s effort to minimize testing burden, this draft
proposes to remove the total harmonic distortion (THD) and power factor (PF) requirements for listing
on the QPL.

[T
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©
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©
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From the data collected for qualification since first collecting these metrics in 2012, the power quality of
SSL products has been fairly consistent and reliable. As such, the DLC believes that removing these
638  requirements is an appropriate tradeoff in asking for more testing around the quality of light.

639 Table 14: Proposed Removal of Power Quality Requirements
Metric Current V4.4 Requirements Draft V5.0 Requirement Method of Evaluation
THD <20% none n/a
PF >0.9 none n/a
640
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Draft Technical Requirements:
Reference Housings

The DLC offered a number of “Other Topics Under Consideration” for comment in Draft 1. One of the
topics that received substantial comment and priority was the DLC’s use of testing in reference housings
for various types of eligible lamps and retrofit kits.

Feedback Received and Key Changes from Draft 1

The DLC received comments from 13 organizations regarding the lamp and retrofit kit policy. Combined
with previous commentary gathered on this topic and outreach conducted while investigating
alternative approaches for assessing performance, several key themes emerged from the feedback:

e Many stakeholders view the requirement to test in reference housings as adding burden to the
application process. This is due to the fact that the testing is generally DLC-specific, and not
already being conducted for other purposes, or that can be repurposed for additional value
elsewhere.

e Linear replacement lamps (TLEDs) performance is well established.

o Ingeneral, there was less concern expressed about additional burden from use of
reference housing testing for retrofit kits or other lamp categories (Screw-base
Replacements for HID Lamps, and Four Pin-Base Replacement Lamps for CFLs) and
there are legitimate concerns about how the performance of lamps and retrofit kits will
be affected by the luminaires they are eventually installed within.

e Several of the approved reference housings are no longer in production or are not readily
commercially available, creating a logistical barrier to conducting the necessary testing.

e There is variability among the existing list of reference housings, resulting in the potential for
significantly different performance assessments between products, and the possibility of gaming
the requirements.

Additionally, the DLC notes that the current reference housing policy creates complications in the
surveillance testing program, particularly when the housing originally used in the application process
is discontinued or otherwise unavailable to the surveillance testing laboratory.

Consideration of the feedback received led to proposal of the following policy revisions to the
reference-housing testing policy:

Linear Replacement Lamps (TLEDs and 2G11-base CFLEDs)

Linear Replacement Lamps (TLEDs) are the dominant product categories discussed in the feedback DLC
received on the reference housing policies. TLED products and market acceptance has evolved
significantly since DLC first introduced this category. While there are still concerns about performance,
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the most common feedback has been that TLEDs are an increasingly mature technology, with more

standardization of design and less variability in performance than when the category was established.

With this in mind, the DLC proposes to eliminate the requirements for testing TLEDs and 2G11-base

replacement lamps for CFLs in reference housings as part of V5.0. These requirements will be replaced

that ISTMTs have been conducted in an appropriate thermal environment.

Test Report and Implementation Requirements

The proposed requirements for linear replacement lamps under V5.0 will be as follows:

Table 15: Linear Replacement Lamp Technical Requirements

with specific distribution requirements, and in place of reference housing testing, optical performance
will be assessed through a goniophotometer testing evaluation of the lamps directly, as well as ensuring

TLED General Initial Light .
L. & Bare-lamp Efficacy Bare-lamp Beam Angle*
Application Output
Two-foot Lamps, T8 .
>800 Im >120 Im/W > 160
Replacements
Three-foot L , T8
ree-foot tamps >1,200 Im > 120 Im/W > 160°
Replacements
Four-Foot L , T8
ourroot tamps >1,600 Im > 120 Im/W > 160°
Replacements
Four-Foot L , T5
ourroot tamps >1,600 Im > 120 Im/W > 160°
Replacements
Four-Foot L ”
ourroot Lamps >3,200 Im > 120 Im/W > 160°
T5HO Replacements
Eight-Foot Lamps, T8 .
>3,200 Im >120 Im/W > 160
Replacements
U-bend Lamps, T8 .
>1,400 Im >120 Im/W > 160
Replacements
2G11 Replacement .
>1,900 Im >120 Im/W > 160

Lamps

Performance requirements for these products are otherwise as described in sections above (for color,

etc.).

Submitters will be required to provide a full LM-79/distribution (goniophotometer) test for each optical

variation (including lens variations) of a lamp product and shall conform to Draft Additional Reporting

Guidelines, at the highest nominal light output, and associated IES file, for purposes of evaluating the

beam angle. For the DLC’s purposes, the definition of beam angle for linear replacement lamps will be as

follows:

e *Beam Angle —the angle between the two opposite directions in which the average intensity is
50% of the center beam intensity as measured in the azimuthal plane perpendicular to and at

the center of the TLED lamp axis.
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Figure 1: TLED Beam Angle Definition

Additionally, all TLED products (including child products) will be required to report their beam angle in
the scaled/reported values on the application form, in the same manner that is required for the Zonal
Lumen Distribution fields in other luminaire and retrofit kit categories.

All categories above will be required to conduct in-situ temperature measurement testing (ISTMT) in the
most restrictive thermal environment the product is rated for, per its safety certifications (e.g. UL/CSA
1993). ISTMTs will be reviewed to ensure the safety standard is referenced, and the apparatus used is
specifically noted/described in the test report. TM-21 projections will use this thermal measurement in
conjunction with the provided LM-80 data to evaluate lumen maintenance and compliance with L70
requirements.

Other Categories (Retrofit Kits, MogLEDs, and Four Pin-Base
Replacement Lamps for CFLs)

For non-TLED and 2G11 categories, the DLC proposes to continue using reference housing testing as a
necessary evaluation of the performance of these products in a typical end use. However, to address the
issues of availability of reference housings and inconsistency in performance between housings (and
therefore between products applying for qualification), the DLC proposes restricting the allowable
housings used for testing to a single reference housing. The policy revision and list of housings indicated
below is intended to create a simpler policy and a more level playing field, while specifying commonly-
used and readily-available housings wherever possible. The DLC does not endorse any particular
manufacturer associated with this housing selection. These models were selected based on research on
availability and analytics on common housings used during DLC qualification.

Category/Primary Use Reference Housing

Retrofit Kits for Pole/Arm-Mounted Area and Roadway
Luminaires; Mogul-screw base (E39) Replacement Lamps for GE M250R2
Pole/Arm-Mounted Area and Roadway Luminaires
Retrofit Kits for Large Pole/Arm-Mounted Area and Roadway
Luminaires

GE M400R2
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Retrofit Kits for Decorative Area Luminaires; Mogul-screw base
(E39) Replacement Lamps for Decorative Area Luminaires

King Luminaire K400 Series

Retrofit Kits for Full-Cutoff Wall-Mounted Area Luminaires

Lithonia TWF1 100S

Mogul Screw-base (E39) Replacement Lamps for Full-Cutoff
Wall-Mounted Area Luminaires

Lithonia TWF2

Retrofit Kits for Parking Garage Luminaires; Mogul-screw base
(E39) Replacement Lamps for Parking Garage Luminaires

Lithonia KACM Series Fixture

Retrofit Kits for Fuel Pump Canopy Luminaires; Mogul-screw
base (E39) Replacement Lamps for Fuel Pump Canopy
Luminaires

LSI Scottsdale Series Fixture

Retrofit Kits for 2x2 Luminaires; 2G11-base CFLEDs

Lithonia 2GT8 lensed 2X2

Retrofit Kits for 1x4 Luminaires

Lithonia GT8 lensed 1X4

Retrofit Kits for 2x4 Luminaires

Lithonia 2GT8 lensed 2X4

Retrofit Kits for Direct Linear Ambient Luminaires

Lithonia C2 32 MVOLT GEB10IS

Retrofit Kits for High-bay Luminaires; Mogul-screw base (E39)
Replacement Lamps for High-Bay Luminaires

Lithonia THD 400S A15 TB (HID-
style)
Lithonia MS5HB (Fluorescent-style)

Retrofit Kits for Low-bay Luminaires; Mogul-screw base (E39)
Replacement Lamps for Low-Bay Luminaires

Lithonia TGR 175MP A125 TB
SCWA (HID-style)
Lithonia L Series (Fluorescent-
style)

G24q/GX24q CFLED Replacement Lamps

Prescolite LF6CFH 218 EB LCFH WT
(horizontally-mounted)
Prescolite LF6CFV 32 EB LCFHV WT
(vertically-mounted)

Performance requirements for these products remain otherwise as described in sections above (for light

output, efficacy, color, etc.).

Key Questions: Reference Housings

1. For the TLED categories, does the proposed performance requirement for beam angle
sufficiently address optical performance concerns? If not, what additional parameters and

thresholds would you propose?

a. Is-5% an appropriate testing tolerance for this threshold value?

2. Forthe non-TLED categories, does the selected reference housing represent a typical housing
for that application? If not, please describe why that housing is problematic, and what other

luminaire housing you would propose in place?

Please provide your responses to these key questions in the Excel-based SSL V5.0 Comment Form, under

the Reference Housings tab.
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Draft Additional Reporting Guidelines
Required for Submitted LM-79, LM-80, and
TM-21 Reports

The DLC has proposed new requirements as part of V5.0 that will require complete information be
included in LM-79 test reports that may not have been required in the past. Additionally, the DLC is
proposing new compliance requirements related to TM-21 and its Addendum B to address concerns
around projected lumen maintenance claims and current DLC provisions. This section specifies
additional reporting guidelines required for all submitted LM-79, LM-80, and TM-21 reports. Testing
reports that do not include this information will not be accepted.

Additional Reporting Guidelines: IES LM-79 (-08 and -19 versions)

SSL products or family groupings shall be tested according to the guidelines in specified ANSI/IES
Lighting Measurement (LM) documents. Test reports generated by a test lab with NVLAP accreditation
will be accepted only if all optical and electrical performance are tested and documented as described
below.

Test reports that require color performance information (generally expected to be from testing in an
integrating sphere, though gonio-spectroradiometer testing is also acceptable) do not require
distribution performance information. These color-specific test reports are generally referred to within
this V5.0 policy as “full LM-79/color reports” and shall include the following at minimum:

e Electrical characteristics (Wattage, input voltage)

e Total luminous flux

e Efficacy

e  Chromaticity ((x,y), (u,v) and (u’,v"))

e CCT and Duv

e ANSI/IES TM-30-18 Full Report and CIE 13.3-1995 complete Color Rendering Index Detail

e Accompanying .SPDX document (IES TM-27) with spectral power distribution data from 380-780
nm in 1nm increments

Test reports that require distribution performance information (generally expected to be from testing
with a goniophotometer) do not require color performance information. These distribution-specific test
reports are generally referred to within this V5.0 policy as “full LM-79/distribution reports” and shall
include the following at minimum:

e Electrical characteristics (Wattage, input voltage)

e Luminous intensity distribution (Candela array)

e .ies file (ANSI/IES LM-63-02(R2008)) using Type C photometry with luminous intensity
distribution data in a resolution of 5 degree or less vertical and 15 degree or less for horizontal
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planes. The width, length and height fields in the .ies file must pertinently reflect the luminous
dimensions of the product’s luminous opening.

Please note that test reports containing only a partial set of LM-79 metrics, for example, an integrating
sphere test report without luminous flux reported, will not be accepted.

Additional Reporting Guidelines: IES TM-21-11 and its Addendum B

SSL products or family groupings shall project long term lumen maintenance according to the guidelines
in specified ANSI/IES TM documents and current addenda. Long term lumen maintenance projections
will be accepted only if fully compliant with TM-21-11 and its Addendum B. This shall include, but is not
limited to, the following:

e Luminous flux data collection and selection (section 4.3)
e Data used for the curve-fit (section 5.2.3)

e Temperature data interpolation (section 6.0)

e Limit for Extrapolation (section 6.5)

Please note that TM-21 projections not fully compliant with Addendum B revisions, for example, one
drawing from an LM-80 report not adhering to the even interval provisions, will not be accepted. Also
note that a complete and accurate copy of the June 18, 2018 version of the ENERGY STAR TM-21
calculator will be required for submission, and will suffice in meeting the above requirements.

Additionally, and consistent with the above, under V5.0, the DLC will eliminate the provisions for
complying with lumen maintenance requirements for projection end points < 50,000 hours, as is listed in
the current “Table 7”, per V4.0. Therefore, LM-80 sets will need to be sufficient for projecting to 50,000
hours via TM-21 rules alone in order to demonstrate compliance with the L70 lumen maintenance
requirement, and products with LM-80 sets insufficient to do so will be ineligible for qualification. To
clarify, projections shall not extend beyond 6 times the test duration for 20 or more samples (5.5 times
for 10 to 19 samples). For example, LM-80 sets used to project to 50,000 hours will be required to
demonstrate a test duration of > 8,333.33 hours for 20 or more samples. 6,000 hours of test data will no
longer be accepted.

Key Questions: Additional Reporting Guidelines

1. What are the potential issues and challenges you see in requiring test report alignment with
current versions of IES LM-79 and LM-807? (For example, requiring all submitted LM-79 test
reports be LM-79-19 test reports and no longer accepting, for example, LM-79-08 test reports).
Are there specific concerns with this proposal? What current versions of IES Standards are there
specific concerns and challenges for?

2. What are the potential issues and challenges you see in requiring alignment with Addendum B
for TM-21-11 and the specific TM-21 calculator version?

Please provide your responses to these key questions in the Excel-based SSL V5.0 Comment Form, under
the Additional Reporting Guidelines tab.
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Manufacturer and Industry
Implementation Guidance

This guidance section is provided for stakeholders to understand how the V5.0 requirements will take
effect and to offer information for manufacturers who may wish to update their product listings during
the upcoming grace period.

In this guidance section, all of the dates which correspond to grace periods, deadlines, and milestones
are represented as a variable where “T” is the date on which the final Technical Requirements are
released and “T+x” represents a date that is ‘x’ months after the release date. For example, if the final
Technical Requirements are released on January 1, 2020, then “T” can be interpreted as January and
“T+3” can be interpreted as April 1, 2020. Actual dates will be published with the final V5.0 Technical
Requirements.

Implementation Timeline and Grace Periods

The DLC recognizes that the V5.0 Technical Requirements may result in a need to perform new testing
and/or product design changes. A reasonable grace period has been planned to allow manufacturers
time to comply with the new requirements. Products qualified under V4.4 will remain active on the
QPL for a period of 12 months from the release of the final V5.0 Technical Requirements.

In an effort to provide a reasonable and manageable transition process for manufacturers, the DLC has
established multiple update/transition paths that manufacturers may choose to follow. There will be
two grace periods established to allow time for transition.

e First, there will be a 12-month grace period to allow manufacturers to take the necessary action
to meet the new V5.0 Efficacy and Dimming and Glare (where applicable) requirements and
submit any update materials required.

e Second, there will be an additional 6-month grace period (a total of 18 months from the release
of the V5.0 Technical Requirements) to submit any additional required testing or reporting
information required for the V5.0 Technical Requirements.
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t+15mo  t+18mo

4.4 to 5.0 Transition Applications Accepted

‘ Deadline for submitting Deadline for
“Performance” updates submitting other
for 4.4 to 5.0 updates for 4.4 to
5.0

Each of the grace periods will have a submission deadline as noted. The DLC will ensure that submissions
received before those dates are processed prior to the ends of each grace period. At the end of each
grace period, the DLC will remove any product that does not yet comply with the criteria required at
each milestone.

At T+12mo, products that do not meet the V5.0 Efficacy, Dimming, and Glare requirements will be
removed from the QPL and will no longer be considered qualified.

At T+18mo, products that do not meet the complete set of V5.0 testing and reporting requirements will
be removed from the QPL and no longer be considered qualified.

Manufacturers will have the option to either complete a full update within the first 12-month grace
period or process any required updates as separate steps within the two applicable grace periods, e.g.
efficacy, dimming and glare (if applicable) update first, followed by a separate submission of additional
data.

As with previous de-listings, products not meeting the new V5.0 requirements will still be searchable
using the “Include De-Listed Products” feature of the DLC search page.

Analysis and individual outreach to manufacturers regarding which of their products may not meet V5.0
efficacy levels will take place in the first 3 months after release of the final Technical Requirements.
Though the DLC will strive to notify manufacturers as part of this effort, manufacturers are expected to
understand their product listings and submit updates as needed (see below for additional guidance on
updates).

A summary of this implementation timeline is provided below.
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Table 16: Summary of V5.0 Implementation Timeline

Milestone Date(s)
Final V5.0 Technical Requirements Announced T
Last date to submit products for qualification under V4.4 Technical Requirements T+3 months

Analysis of listings, individual outreach to manufacturers

T —>T+3 months

Products not meeting V5.0 Efficacy and Dimming requirements removed from QPL

T+12 months

Products not meeting complete V5.0 requirements removed from QPL

T+18 months

OEM Products

New Product Qualification Applications Submitted After Release of V5.0

Manufacturers may choose to submit products for qualification and listing under the new V5.0

requirements immediately upon release of the final V5.0 Technical Requirements.

The DLC recognizes that products may be under development or testing with the intent to qualify under

V4.4 at the time of this announcement. To accommodate these products, manufacturers may continue

to submit products for qualification and listing on the QPL under the V4.4 Technical Requirements for

T+3mo.

V5.0 Applications
Required for New
V5.0 Applications Qualifications
Accepted for New (4.4 Applications No
Qualifications Longer Accepted)

4.4 Apps Still Accepted

5.0 Apps Accepted

Final V5.0
Requirements
Released

All submissions received on and after T+3mo will be evaluated against the V5.0 requirements. Any

products submitted under V4.4 between T and T+3mo must be updated to meet the V5.0 requirements

by the end of the transition periods outlined in the transition timeline below.
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An example of the typical required testing and reporting for a family of products is provided below

based on the latest draft Technical Requirements. Specific testing and reporting requirements for each

of the Technical Requirements can be found in the corresponding sections of this V5.0 draft.

Table 17: Example of typical required testing and reporting for a family of products

Criterion

Which Model(s)

Test Required

Minimum Light Output

Worst Case Light Output

Minimum Efficacy

Worst Case Efficacy

Max CCT Highest CCT in Family
Min CCT Lowest CCT in Family
Mlnlmu.m Color Lowest CRI in Family

Rendering

Chromaticity

Lowest CCT at Lowest CRI,
Highest CCT at Lowest CRI

LM-79 (complete test
report which includes
color and spectral
data), Accompanying
.SPDX document

Minimum L70 Lumen ISTMT at Worst Case Thermal Conditions of LED, ISTMT

Maintenance LM-80 for single LED package/module/array as LM-80/LM-84
required for Lumen Maintenance Projection TM-21/TM-28

Color Maintenance LM-80 for single LED package/module/array that LM-80/LM-84

is evaluated for Color Shift

Flicker Data
(Pst, SVM, Flicker Index,
Percent Flicker)

Lowest Nominal Light Output

LM-xx-19s at 100%
light output
LM-xx-19s at 20% light
output

Driver ISTMT (Premium)

Worst cast Driver Temperature for each unique
driver

ISTMT

Zonal Lumen
Distribution

Each unique optical and distribution pattern at
the highest output.

Tested IES file

BUG rating (outdoor
only)

Each unique optical and distribution pattern at
the highest output.

Tested IES file

Impacts to Currently Qualified Products

As noted above, products that do not meet the complete set of V5.0 requirements will be de-listed from

the active QPL on T+12mo or T+18mo as appropriate. The DLC recognizes that products often undergo

revisions to improve performance. The DLC also understands that for large family groups, parts of the

group may meet the new requirements, while other parts may not. De-listing of products will be based

on the tested performance information DLC has on file regarding any given product or product family,

including test data in the original application and any additional test data provided to update the listing

since its original qualification.

As in previous revisions of the Technical Requirements, the DLC will perform analysis and individual

outreach to manufacturers regarding which of their products may not meet V5.0 efficacy levels.

Manufacturers will be notified of the qualification impacts of each of their currently qualified

products based on the new V5.0 efficacy requirements only. This analysis will not include a review of
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any other V5.0 Technical Requirements criteria, impact of any new Allowances, or any previously
submitted test reports or information that were not reviewed as part of the original application review
process.

If the data provided in the application of a product or product family and represented on the QPL does
not demonstrate that a product meets the new V5.0 efficacy and dimming requirements, manufacturers
will need to update their products during the first 12-month grace period to avoid de-listing. Update
applications will be processed under normal review timelines and should be submitted by T+9mo to
ensure processing prior to the T+12mo transition date.

Manufacturers may choose to update only efficacy, dimming and glare if applicable during the first 12-
month period or provide all of the required testing and reporting to meet the complete set of V5.0
Technical Requirements. Guidance on updating products submitted through specific application types is
provided below.

If the data provided in the original application of a product or product family and represented on the
QPL demonstrate that a product already meets the new V5.0 efficacy and dimming requirements, the
product must still be updated to meet glare requirements if they are applicable. All products must still
be updated to meet the rest of the new V5.0 Technical Requirements within the 18-month grace period
to avoid de-listing.

Transition Process: Update Application Guidance and Expectations

Updating Products Originally Submitted Through Standard or Family Grouping
Applications

In order to transition products from their current listing status to V5.0, manufacturers will need to
submit a V5.0 Transition Application through the DLC Application Portal. This will be a different form
than used for a new or update application. The information manufacturers must provide with the
application will vary depending on the pathway they are taking to update their listings.

All previously qualified products are subject to the V5.0 Testing and Reporting Requirements as
described above. Consistent with previous revisions to the Technical Requirements, changes in design
that result in changes in product performance must be described and substantiated with appropriate
testing based on the change(s). A transition example appears below to help manufacturers understand
and prepare for the transition.

A manufacturer may wish to “re-bracket” a currently qualified product family because — although the
performance has not changed — some members of the original family group meet the V5.0 Technical
Requirements. In this case, the new worst-case members of the group must be identified, and
appropriate testing will be necessary.
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In preparation for the release of the final V5.0 Technical Requirements, more detailed documentation
will be provided to help manufacturers understand the specific steps involved in transitioning their
products based on several common scenarios. As with any update, new test reports that are reviewed
during the transition will be subject to application review fees.

Transition Example:

Consider a small family of outdoor area lighting products (product line “ABC”) that are currently
qualified as Standard classification and will not meet the V5.0 Efficacy Requirements. The family
consists of two light outputs/wattages (“P1” and “P2”), two optical distributions (“T3” and “T4”),
and two CCTs (4000K and 5000K). The product comes only in one CRI (Ra of 70 nominal) and is
dimmable. A summary of the performance information for this product family, at the time it
was originally qualified, is:

Table 1: Original Performance of Example Group

Model Light Output Wattage Efficacy
ABC-P1-T3-4000K 10,500 105 100.00
ABC-P1-T3-5000K 10,600 105 100.95
ABC-P1-T4-4000K 10,700 105 101.90
ABC-P1-T4-5000K 10,802 105 102.88
ABC-P2-T3-4000K 15,500 160 96.88
ABC-P2-T3-5000K 15,650 160 97.81
ABC-P2-T4-4000K 15,800 160 98.75
ABC-P2-T4-5000K 15,953 160 99.71

(Worst-case efficacy product highlighted for clarity.)

This family of products is currently listed on the DLC QPL and is qualified to the V4.4 Technical
Requirements.

This family of products, as originally tested and submitted, and currently listed on the DLC QPL,
does not meet the V5.0 requirements. Foremost, this group does not meet the V5.0 efficacy
requirements, as the tested (parent) products in the original submission do not meet the new
5.0 efficacy levels. Therefore, in order for any of the products in this group to remain on the DLC
QPL once the transition periods are complete, the manufacturer would be required to take
action with a transition application to the DLC. The manufacturer may choose to do this in one
of two ways:

Option 1: Update Only Necessary Information in Phase 1

To remain qualified, at a minimum a manufacturer would be required to provide new
information regarding worst-case efficacy performance.

Most commonly, a product will have improved performance since the time of original
qualification. In the case at hand, if the product group now performs 10% better than it
originally did, a new LM-79 test on ABC-P2-T3-4000K demonstrating, along with new scaled
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performance values for the remainder of the products in the group, would be sufficient for the

products to remain qualified at the end of the 12-month transition.

Table 2: Updated Performance of Example Group; Worst-case Efficacy Product Highlighted

Model Light Output Wattage Efficacy
ABC-P1-T3-4000K 10,500 94.5 111.11
ABC-P1-T3-5000K 10,600 94.5 112.17
ABC-P1-T4-4000K 10,700 94.5 113.23
ABC-P1-T4-5000K 10,802 94.5 114.31
ABC-P2-T3-4000K 15,500 144 107.64
ABC-P2-T3-5000K 15,650 144 108.68
ABC-P2-T4-4000K 15,800 144 109.72
ABC-P2-T4-5000K 15,953 144 110.78

Alternatively, if a product has not improved in efficacy performance, any products within the

group that happen to meet the new requirements could maintain qualification by having the

new worst-case-product that meets the requirements tested, to provide a new bracketing

parent:

Table 3: Original Performance of Example Group; New Worst-case-that-meets highlighted; note

only passing due to tolerances

Model Light Output Wattage Efficacy
ABC-P1-T3-4000K 10,500 105 100.00
ABC-P1-T3-5000K 10,600 105 100.95
ABC-P1-T4-4000K 10,700 105 101.90
ABC-P1-T4-5000K 10,802 105 102.88
ABC-P2-T3-4000K 15,500 160 96.88
ABC-P2-T3-5000K 15,650 160 97.81
ABC-P2-T4-4000K 15,800 160 98.75
ABC-P2-T4-5000K 15,953 160 99.71

In this example, both ABCP1-T4-4000K (new tested product), and ABC-123-T4-5000K (which is

bracketed by the 4000K product), would remain qualified.

Note that the LM-79 test provided in either situation above will be required to be a “full LM-

79/color report”, including light output, wattage, efficacy, and a complete set of color metrics,
and will be required to have the associated .SPDX document provided. The provided LM-79 will

need to show performance in other metrics sufficient to meet V5.0 requirements across all

metrics, not just efficacy.
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If a manufacturer chose this option, they would be allowed to submit only the required LM-79
test on worst-case efficacy in Phase 1 of the transition. This submission must be received by DLC
no later than T+9 months to ensure products do not fall off the QPL at T+12 months.

In this pathway, a second transition application would be required for this group prior to the
T+15 month mark. This second transition application would be required to have all necessary
additional testing and reporting information, including light output, controllability, flicker,
distribution (goniophotometer testing), and color performance on other products (high CCT, for
example). In the event that the products chosen to demonstrate efficacy compliance in phase 1
did not meet a requirement in phase 2 (for example, R9), efficacy rebracketing would also need
to be addressed in this phase.

Option 2: Update All Necessary Metrics in One Step

At the manufacturer’s discretion during the first 12 month transition period, they may provide
the all of the additional necessary testing and reporting information to the DLC. In this case, the
transition update application would include:

e A new worst-case efficacy product LM-79 (“full LM-79/color”, including light output,
wattage, efficacy, all relevant color metrics, and the associated .SPDX Document)

e A new LM-79 on the worst-case light output product (“full LM-79/color”, including light
output, wattage, efficacy, all relevant color metrics, and the associated .SPDX
Document)

e A new LM-79 on a representative 5000K member of the group (“full LM-79/color”,
including light output, wattage, efficacy, all relevant color metrics, and the associated
.SPDX Document)

e A new LM-79 on a representative 4000K member of the group (“full LM-79/color”,
including light output, wattage, efficacy, all relevant color metrics, and the associated
.SPDX Document)

= This would likely be covered by the worst-case light output or efficacy test.
Redundant testing is not required so long as each metric is addressed. In this
example, this is covered by other testing and would not need an independent
test.

e A new LM-79 on a representative 70 CRI (Ra) member of the group (“full LM-79/color”,
including light output, wattage, efficacy, all relevant color metrics, and the associated
.SPDX Document)

= This would likely be covered by another test. Redundant testing is not required
so long as each metric is addressed. In this example, this is covered by other
testing, as there is only one nominal CRI.

e A new LM-80 for checking color maintenance

e Anew ISTMT and TM-21, if any changes in design affect lumen maintenance (new LED;
new, optics, heat sink, or electrical design)

o Two flicker tests at 100% and 20% light output for the model with lowest nominal light
output in the group
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e New goniophotometer testing, including associated IES files, for the maximum light
output product in each optical distribution

e New ZLD and BUG ratings for each product

e New information provided regarding controllability and dimming.

Allowances Considerations

During phase 1, if a product would like to remain qualified due to being able to claim a given
allowance (for example, for glare or high color rendering), in addition to worst-case efficacy
testing (LM-79), sufficient information must be provided to demonstrate that products are
eligible for the allowance(s) claimed. For example, if a product would like to claim the allowance
for UGR (glare), goniometer testing on the highest light-output version of each optical
distribution, including associated IES files, needs to be provided. This principle applies to all
allowances, including color rendering, and CCT (full LM-79/color test(s) and .SPDX document(s)
required).

Private Label Products

New Private Label Applications Submitted After Release of V5.0

Private Labelers may choose to submit applications to private label OEM products which are qualified to
the V5.0 requirements effective immediately upon release of the final V5.0 Technical Requirements. The
OEM product must be actively qualified to the complete set of V5.0 requirements before the private
label application will be processed.

The DLC recognizes that products and private label relationships may be under development or testing
intending to qualify under V4.4 at the time of this announcement. To accommodate these products,
private labelers may continue to submit for qualification and listing on the QPL for OEM products that
are currently qualified under the V4.4 Technical Requirements through T+3mo. After this date, private
label applications will only be accepted and processed for OEM products which meet the V5.0 Technical
Requirements.

New Private Label
applications only

accepted for OEM

products which are
qualified to V5.0

New PL Applications for |
4.4 products Still accepted

!

t=0 t+3mo t+18mo

Final V5.0
Requirements
Released
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Updating Products Originally Submitted Through Private Labeling Applications:

All previously-listed private labeled products must be updated to meet the V5.0 Technical Requirements
within the same published transition deadlines. Transitions of private labeled products are not
automatic. Private Labeled products that have not been updated in the manner described above to
comply with the series of V5.0 Technical Requirements will be subject to the same grace periods and de-
listed if they are not updated.

Before private labeled products can be updated, the original manufacturer’s (OEM) product must be
updated in the manner listed above to comply with the new requirements. Manufacturers with private
labeled products should work with their OEM to determine when updates to the OEM’s products have
been completed. Once the original product has been updated, either the original manufacturer or the
private labeler must submit a new application through the DLC Application Portal.

A summary of the private label grace periods is provided below:

Private Labeled products Private Labeled
that are not yet updated products that are not
to meet the V5.0 efficacy, yet updated to meet the
dimming and glare where complete V5.0 technical
applicable requirements requirements are
are delisted delisted
Final V5.0
Requirements
Released |
T=0 t+3mo t+9mo  t+12mo t+15mo  t+18mo
t 1 |
4.4 to 5.0 PL Transition Applications Accepted
|
Deadline for submitting Deadline for
"“Performance” updates submitting other
for 4.4 to 5.0 updates for 4.4 to
5.0

Impacts to Application Fees and Processing Timelines

The DLC remains considerate of the impact of the general costs associated with program participation
and is working to limit additional fee impacts that may arise as a result of the V5.0 Testing and Reporting
Requirements. The current fee model is under review and any change to application fees will be
communicated with the final V5.0 Technical Requirements.

Applications for transitions from V4.4 to V5.0 are expected to be performed within the same processing
timelines. Manufacturers will be urged to comply with the published submission deadlines and timeline
considerations in order to ensure their currently-qualified products remain active on the QPL
throughout the transition phase.

DRAFT 2: DLC SSL Technical Requirements Version 5.0 Page 52
Released for comment September 30, 2019



Definitions

[%2]
c
2
&=
€
=
@
(o]

Unless otherwise noted, the terms in this policy directly reference the definitions from the Illluminating
Engineering Society (IES) ANSI/IES RP-16-17: Nomenclature and Definitions for llluminating
Engineering®?, and, where applicable, the International Commission on lllumination (CIE) CIE S

017/E:2011 ILV: International Lighting Vocabulary**, with key deviations noted below.

Definitions: Spectral Quality

Explanations below reference the DLC’s understanding of definitions as used by the industry. In some
instances, the term “color” is used to describe chromaticity of the light emitted by the product.

e Spectral Power Distribution (SPD): Describes the power emanating from a light source as a
function of wavelength. The information can be presented graphically or as a numerical table.

e Color Rendition (of Objects): Effect of an illuminant on the color appearance of objects by
conscious or subconscious comparison with their color appearance under a reference
illuminant.

e Color of Light

o Chromaticity: The aspects specified by the chromaticity coordinates of the color. It
describes the color of the emitted light, independent of its intensity.

o Du: A signed measure of the distance from the blackbody locus in the CIE 1960 (u, v)
color space. A positive Dy, indicates that the chromaticity of the light is above the
blackbody locus (on the green side). A negative D,, means the chromaticity is below the
blackbody the blackbody locus (on the blue/pink/purple side).

o Correlated Color Temperature (CCT): The thermodynamic temperature of
a blackbody whose chromaticity most nearly resembles that of the light source.
Expressed in kelvin (K).

o Color Consistency: The initial product-to-product variation in chromaticity.

o Color Maintenance: A product’s ability to maintain a specific chromaticity over time.
This is the spectral corollary to luminous flux maintenance, which describes depreciation
in luminous flux over time.

o Angular Color Uniformity: The variance in chromaticity throughout the intended light
distribution, such as the beam angle, the angle where light intensity is 50% of the
maximum intensity.

13 ANSI/IES RP-16-17 Nomenclature and Definitions for llluminating Engineering
14 CIE S017/E:2011 ILV International Lighting Vocabulary
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Definitions: Light Distribution and Glare

Discomfort glare®® is glare that produces discomfort. It does not necessarily interfere with visual
performance or visibility.

Other definitions of discomfort glare include:

e Discomfort glare is a sensation of annoyance or pain caused by high luminance in the field of
view. Four factors are known to participate in the perception of discomfort glare: Luminance
of the glare source, Size of the glare source, Position of the source in the field of view,
Luminance of the background (10" edition of the IES Handbook, Chapter 4.10.1.)

Unified Glare Rating (UGR) is a measure of the discomfort produced by a lighting system along a
psychometric scale of discomfort.®

o The Unified Glare Rating formula is a discomfort glare likelihood assessment method
developed, published, and recommended by the CIE in 1995. The UGR formula produces a
glare rating which is a psychophysical parameter estimating the discomfort in response to
glare in a visual environment containing light sources. The practical UGR range is from 10 to
30 with most lighting systems producing values in that range. A high value indicates
[likelihood of] significant discomfort glare, while a low value indicates little likelihood of
discomfort glare.’

o The development of UGR predated the application of LEDs in general lighting, and studies
have reported that the original UGR formula tends to underestimate the discomfort
sensation provoked by the highly non-uniform source luminance from some LED luminaires.
A correction term to the original UGR formula was consequently formalized by the CIE in
2019 taking into consideration the effects of non-uniform glare sources®®. Due to the
recency of this new development, UGR in the remainder of this policy refers to the 1995
UGR formula, and the DLC will adopt UGR with the correction term in future updates when
the industry gains familiarity with it.

Uncorrected UGR table®® refers to a set of UGR values of the luminaire tested based on pre-set
room definitions and a luminous flux of 1000 lumens, as defined in CIE 190-2010. The data are
provided for 19 standard room shapes with 5 different combinations of room surface reflectance.
For application of the uncorrected UGR table, the values must be corrected to the actual luminous
flux in the luminaire.

Corrected UGR table refers to a set of UGR values presented in the same format as the uncorrected
UGR table with the same pre-set room definitions but corrected using the actual luminous flux of
the luminaire.

15 ANSI/IES RP-16-17 5.9.11.5.

16 ANSI/IES RP-16-17 Definitions and Nomenclature 5.9.11.5.8

17 CIE 117-1995 Discomfort Glare in Interior Lighting

18 CIE 232-2019 Discomfort Caused by Glare from Luminaires with a Non-Uniform Source Luminance

19 CIE 190-2010 Calculation and Presentation of Unified Glare Rating Tables for Indoor Lighting Luminaires
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e BUG Rating® is the IES Luminaire Classification System (LCS) that defines the distribution of light
from a luminaire within three primary solid angles: forward light, backlight and uplight. These are
further divided into ten secondary solid angles as described in IES TM-15-11. The BUG rating is then
determined using Addendum A for IES TM-15-11 according to a luminaire’s lumen output within the
secondary solid angle zones as defined in the document.

Definitions: Flicker

The DLC uses “flicker” as a general term to describe three categories of Temporal Light Artifacts (TLA)
that all result from the variation in light output from a light source over time. TLA is an undesired change
in visual perception induced by a light stimulus (Temporal Light Modulation, TLM) whose luminance or
spectral distribution fluctuates with time. TLA includes the following categories:

Visible Flicker (< 80Hz): Perception of visual unsteadiness for a static observer in a static
environment.

Stroboscopic Effect (80Hz — 2,000Hz): Change of motion perception for a static observer in a
non-static environment

Phantom Array Effect (also known as the Ghost effect) (80Hz — 4,000Hz): Change in perceived
shape or spatial layout of objects for a non-static observer in an otherwise static environment

Definitions: Controllability

This policy references three areas of controllability: dimming (stepped and continuous), integral
controls, and controls compatibility.

Continuous Dimming: Per NEMA LSD-64, a lighting control strategy that varies the light output
of a lighting system over a continuous range from full light output to a minimum light output
without flickering in imperceptible steps.

Stepped Dimming: A lighting control strategy that varies the light output of a lighting system in
one or more predetermined steps of greater than one percent of full output. The changes
between levels are generally perceptible.

Integral Controls: The capability to have sensing and/or control of light output based on this
sensing, installed for each lamp or luminaire and directly integrated or embedded into the lamp
or luminaire during the manufacturing process.

Controls Compatibility: The method and capability of a lighting system to receive and
implement commanded changes to the operation, dimmed state, color setting, timing, etc.

20 |ES TM-15-11 Luminaire Classification System for Outdoor Luminaires and Addendum A for IES TM-15-11: Backlight, Uplight,

and Glare (BUG) Ratings
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