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1 INTRODUCTION

This volume of the TRM contains the deemed savings for residential measures that have been
approved for use in Texas by the Public Utility Commission of Texas (PUCT). This volume
includes instructions regarding various savings calculators and reference sources of the
information. TRM v4.0 serves as a centralized source of deemed savings values. Where
appropriate, Measurement and Verification (M&V) methods by measure category are noted for
informational purposes only regarding the basis of projected and claimed savings.

Table 1-1 provides an overview of the residential measures contained within this Program Year
(PY) 2018 TRM 5.0 Volume 2 and the types of deemed savings estimates available for each
one. There are five types of deemed savings estimates identified:

¢ Point estimates that provided a single deemed savings value correspond to a single
measure or type of technology

¢ Deemed saving tables that provide energy and peak savings as a function of size,
capacity, building type, efficiency level, or other inputs

e Savings algorithms that require specified primary inputs that must be gathered on site
and the identification of default inputs where primary data could not be collected. In
many cases, these algorithms are provided as references to deemed savings tables,
point estimates, or calculator explanations.

e Calculators are used by different utilities and implementers to calculate energy savings
for different measures. In many cases, there are several different calculators available
for a single measure. Sometimes their background calculators are similar, and in other
cases, estimates can vary greatly between each calculator.

¢ M&V methods are also used for some measures to calculate savings in the event that
standard equipment is not used, or the specified building types do not apply. For some
of these measures, both a simplified M&V approach and a full M&V approach may be
allowed by the utility. M&V methods as a source of claimed and projected savings are
noted for informational purposes only.

Table 1-1: Residential Deemed Savings by Measure Category

Deemed

Measure Mea_sur_e Ffomt Savings Savmgs Calcu- M&V 5.0 Update
Category Description |Estimates Algorithm | lator
Tables
Standard
Compact B B X B B Updated useful life
Fluorescent estimates.
o Lamps
Lighting )
Specialty
Compact Updated useful life
— — X — — ;
Fluorescent estimates.
Lamps
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Heat Pump

Measure Measure Savings | Calcu-
Category Description |Estimates lator UL B
ENERGY
STAR® Updated useful life
Omni- - X - — | estimates. Included
Directional language to deem EUL.
LED Lamps
ENERGY
STAR®
Specialty _ X _ _ Updated useful life
and estimates.
Directional
LED Lamps
Air
Conditioner or -
- X - - No revision.
Heat Pump
Tune-up
Removed PY2017 option
to use energy and
demand adjustment
factors in combination
with algorithm
Duct
Efficiency _ X _ X methodol_ogy from TRM
Improvement v3.1. Optlon added for
alternative approach to
bypass the need to
complete leakage testing
in forthcoming guidance
memo
Updated energy savings
to use TMY3
HVAC temperature bin hours.
Updated demand
savings for compliance
. with current peak
contral Al - - ~ — definition. Added 12.44
SEER baseline savings
tables previously
referencing earlier
version of TRM. Added
savings for system
downsizing.
Updated peak
coincidence factors for
compliance with current
Ground Source B X B _ Texas peak definition.

Single coincidence factor
replaced with individual
factors for each climate
zone.

Residential Measures
Introduction
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Measure Measure . Savings | Calcu-

Category Description |Estimates lator UL B

Switched to air
conditioner capacity and
EIR curve coefficients for
estimated heat pump
cooling savings. Updated
energy savings to use
TMY3 temperature bin
hours. Updated demand
savings for compliance

Central Heat with current peak

Pump definition. Added 12.44
SEER and 6.8 HSPF
baseline savings tables
previously referencing
earlier version of TRM.
Updated baseline to
include replacing air
conditioners with gas
heat. Added savings for
system downsizing

Updated peak
coincidence factors for
compliance with current

Room Air Texas peak definition.

Conditioner Single coincidence factor
replaced with individual
factors for each climate
zone.

Option added for
alternative approach to
bypass the need to

Air Infiltration - X - - X .
complete leakage testing
in forthcoming guidance
memo

Celllng_ - X - - - No revision.

Insulation

o Incorporated alternative
Building Attic _ X _ _ _ savings path that
Envelope Encapsulation includes savings for

infiltration reduction

Made explicit allowance

Wall Insulation - X — - - . .
for cellulose insulation.
Floor Added explicit reference
. - X - - - . .
Insulation to mini-split technology
ENERGY Added explicit reference
STAR® h X h h ~ | to mini-split technolo
Windows P 9y
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Measure Measure . Savings | Calcu-

Category Description |Estimates lator UL B

Added explicit reference
to mini-split technology.
Added provision for Low

Solar Screens - X - - - Income and Hard-to-
Reach customers cooled
by room air conditioners
to claim savings.

Faucet

— - X - - No revision.
Aerators

Low-Flow

Showerheads - - X - - No revision.

Water Heater
Pipe - - X - - No revision.
Insulation

Water Heater
Tank - - X - - No revision.
Insulation

Domestic

Water Water Heater

Heating Installation—
Electric
Tankless and
Fuel
Substitution

— - X — — No revision.

Heat Pump

Water Heater - X - - - No revision.

Water Heater
Replacement—
Solar Water
Heating

- X - - - No revision.

Showerhead

Temperature

Sensitive -- -- X -- -- TRM v5.0 origin.
Restrictor

Valve

Tub Spout

and

Showerhead

Temperature -- -- X -- -- | TRM v5.0 origin.
Sensitive

Restrictor

Valve
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Measure
Category

Appliances

Appliance
Recycling

Measure
Description

ENERGY

STAR® Ceiling

Fans

ENERGY
STAR®
Clothes
Washer

ENERGY
STAR®
Dishwasher

ENERGY
STAR®
Refrigerator

ENERGY
STAR® Pool
Pumps

Refrigerator/
Freezer
Recycling

Residential Measures

Introduction

Estimates

SEVIIS

Calcu-
lator

M&V

5.0 Update

No revision.

Updated baseline IMEF
to reflect changes in
Federal Standard.
Updated Front Load
Washer IMEF to reflect
changes in ENERGY
STAR Specification.
Added baseline for
compact units to reflect
Federal Standard for
compact washers.

No revision.

No revision.

TRM v5.0 origin.

No revision.
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2 RESIDENTIAL MEASURES

2.1 RESIDENTIAL: LIGHTING

2.1.1 Standard Compact Fluorescent Lamps Measure Overview
TRM Measure ID: R-LT-CF
Market Sector: Residential
Measure Category: Lighting

Applicable Building Types: Single-family, duplex and triplex; Multifamily;
Manufactured

Fuels Affected: Electricity

Decision/Action Type(s): Retrofit

Program Delivery Type(s): Prescriptive and Direct Install
Deemed Savings Type: Deemed Savings Values (Lookup Tables)

Savings Methodology: Engineering Algorithms and Estimates.

Measure Description

This measure provides a method for calculating savings for replacement of an incandescent
lamp with a standard CFL in residential applications.

A standard lamp is also called a general service lamp. General service lamps are
omnidirectional bulbs that are A, BT, P, PS, S, or T shape bulbs (as defined by the ANSI
Standard Lamp Shapes). These lamps are not globe, bullet, candle, flood, reflector, or
decorative-shaped (B, BA, C, CA, DC, F, G, R, BR, ER, MR, MRX, or PAR shapes). These
bulbs do encompass both twist/spiral and A-lamp shaped CFLs.

Please see www.lightingfacts.com/Library/Content/EISA for more information on general service
lamps and CFLs.

Eligibility Criteria

Customer eligibility to be awarded these deemed savings is at the discretion of the utility for
different program and customer types. See program-specific manuals to determine customer
eligibility.

These savings values rely on usage patterns specific to indoor applications, and therefore
should not be applied to outdoor lighting. However, this should not be construed to restrict
upstream lighting programs, through which customers purchase efficient lighting products in-

2-1
Residential: Lighting Texas Technical Reference Manual, Vol. 2
Standard CFLs October 9, 2017


http://www.lightingfacts.com/Library/Content/EISA

store. Future versions of this document may provide savings specific to outdoor and/or
upstream applications.

Baseline Condition

The baseline is assumed to be the Energy Independence and Security Act of 2007 (EISA)-
mandated maximum wattage for a general service or standard incandescent or halogen lamp
(see Table 2-1). Baseline wattages should be adjusted as EISA regulations dictate higher
efficiency standards. The second tier of EISA 2007 (EISA Tier 2) regulation goes into effect
beginning January 2020. At that time, general service lamps must comply with a 45 lumen-per-
watt efficacy standard. However, due to expected lamp replacement schedules, as well as
retailer sell-through of existing lighting stock, the 1% Tier EISA baseline will be retained until
2021 when the 2™ Tier EISA baseline will be applied.* Nevertheless, incentivized lamps
installed in 2020 will be awarded savings against the 2" Tier EISA baseline since this will be the
standard in effect at the time of installation.

Table 2-1: ENERGY STAR® Standard CFLs—EISA Baselines?

Incan_descent Effective Dates
Minimum | Maximum E\?vtgt\{glgegt 15t Tier EISA 2nd Tier EISA For 2" Tier
2007 Standards*
310 749 40 29 12 1/1/2020
750 1,049 60 43 20 1/1/2020
1,050 1,489 75 53 28 1/1/2020
1,490 2,600 100 72 45 1/1/2020

*While 2" Tier EISA standards are effective beginning in 2020, 1%t Tier EISA baselines will be used until 2021.

1 This is consistent with the one-year lag applied in the Arkansas TRM Version 4.0 to new standards
effective before July 1 of a given year. Arkansas Technical Reference Manual, Version 4.0. Prepared
for the Arkansas Public Service Commission. Approved in Docket 10-100-R. Section Il — Protocol E.
Page 48. http://www.apscservices.info/EEInfo/TRM4.pdf.

2 In new ENERGY STAR® lighting standards effective September 2014, lumen bins associated with
incandescent wattages have been assigned that do not align with those set out in EISA 2007. Due to
the likelihood of continuing sell-through of existing ENERGY STAR® lighting and the on-going use of
the EISA bin definitions, this TRM maintains the EISA lumen bins for assigning baseline wattage.
Future iterations of the Texas TRM, however, may incorporate these new ENERGY STAR® lumen bins
for baseline wattage estimates.

3 Wattages developed using the 45 lumens-per-watt standard for the midpoint of the provided lumen
range.
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High-Efficiency Condition

New CFLs must be standard (general service) ENERGY STAR® -qualified CFLs as outlined in
the latest ENERGY STAR® specification.* These CFLs are designed to replace incandescent
lamps of the following ANSI Standard Lamp Shape: A, BT, P, PS, S and T.® These lamps have
medium screw or pin bases, are designed for light output between 310 and 2600 lumens, and
are capable of operating at a voltage range at least partially within 110 and 130 volts.®

See the ENERGY STAR® website for more information on the specification in effect:
http://www.energystar.gov/products/certified-products/detail/light-bulbs.

Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Wattage reduction is defined as the difference between the wattage of a standard baseline lamp
according to EISA 2007 (see Table 2-1) and the wattage of a comparable CFL. A CFL is
considered comparable to the baseline lamp if they are aligned on the lumen output ranges set
out in EISA 2007.

Energy Savings

Annual energy (kWh) and summer peak demand (kW) savings must be calculated separately for
two time periods:

1. First Tier EISA Baseline = 2021—installation year =5 years

2. Theremaining time in the EUL period

For the first tier EISA baseline period:

(Wbase,FT - Wpost)

AkWh = XHOUXISRXIEF,
1000 E
Equation 1
For the remaining time in the EUL period, use the second tier EISA baseline:
W, - W,
AkWh = (Woasesr = Wyost) XHOUXISRXIEF
1000
Equation 2
4 http://www.energystar.gov/products/certified-products/detail/light-bulbs.
5 https://www.energystar.gov/sites/default/fileslENERGY%20STAR%20Lamps%20V1%201
Specification.pdf.
6 http://lightingfacts.com/Library/Content/EISA.
2-3
Residential: Lighting Texas Technical Reference Manual, Vol. 2

Standard CFLs October 9, 2017


http://www.energystar.gov/products/certified-products/detail/light-bulbs
http://www.energystar.gov/products/certified-products/detail/light-bulbs
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V1%201_Specification.pdf
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V1%201_Specification.pdf
http://lightingfacts.com/Library/Content/EISA

Annual energy (kWh) savings are calculated by weighting the EISA first and second tier savings
by the EISA first tier period and the remainder of the EUL period, as outlined in Volume 3,
Appendix D of this document.’

Where:

Wbase,FT

First-tier EISA baseline wattage corresponding with the lumen
output of the purchased CFL lamp for the year
purchased/installed. First tier EISA baseline lamp wattage
provided in Table 2-1 under the column “Incandescent Equivalent
1% Tier EISA 2007” (if unknown, see Table 2-2 for 1 Tier EISA
2007default wattages).

Table 2-2: ENERGY STAR® Standard CFLs—Default Equivalent Wattages if Lumen Output

Unknown

Wattage Range of Installed CFL8 7-10 W 9-14 W | 18-20W | 15-26 W

If Unknown: Default Installed CFL Wattage® 9w 13w 19w 24 W
1st Tier EISA 2007 Default Baseline 29 W 43 W 53 W 72 W
2" Tier EISA 2007 Default Baseline 12w 20 W 28 W 45 W
Whase st = Second-tier EISA baseline wattage corresponding with the lumen

Wpost

HOU

IEF,

output of the purchased CFL lamp for the year
purchased/installed. Second tier EISA baseline lamp wattage
provided in Table 2-1 under the column “Incandescent Equivalent
2" Tier EISA 2007 (if unknown, see Table 2-2 for 2™ Tier EISA
2007default wattages)

Actual wattage of CFL purchased/installed

Average hours of use per year = 803 hours (calculated based on
an average daily usage of 2.2 hours per day*°)

Interactive Effects Factor to account for cooling energy savings
and heating energy penalties associated with lighting power
reductions (see Table 2-3)

7 While this appendix addresses early retirement installations, it is applicable to scenarios in which the
baseline changes over the lifetime of the measure. For the purposes of this appendix, savings claimed
against the Tier 1 EISA baseline may be treated as early retirement savings, and savings claimed
against the Tier 2 EISA baseline may be treated as replace-on-burnout savings.

8 Wattage ranges from ENERGY STAR® light bulb savings calculator. Updated October 2016. Accessed
December 22, 2016. http://www.energystar.gov/products/certified-products/detail/light-bulbs.

9 ENERGY STAR® Certified Light Bulbs. https://www.energystar.gov/productfinder/download/certified-
light-bulbs/. Accessed December 22, 2016. Mean wattages of omnidirectional, general purpose
replacement CFL lamps by incandescent wattage equivalent.

10 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source:
Evaluation of 2008 Texas ‘Make Your Mark’ Statewide CFL Program Report. Frontier Associates. June

2009.

Residential: Lighting
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ISR = In-Service Rate, the percentage of incentivized units that are
installed and in use (rather than removed, stored, or burnt out) to
account for units incentivized but not operating = 0.97

Table 2-3: ENERGY STAR® Standard CFLs—Interactive Effects Factor for Cooling Energy Savings
and Heating Energy Penalties??

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Gas Heat with AC 1.06 1.13 1.17 1.15 1.12
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 0.91 1.00 1.05 111 0.97
Electric Resistance Heat with AC 0.65 0.80 0.90 1.00 0.75
Electric Resistance Heat with no AC 0.57 0.69 0.76 0.83 0.65
No heat with AC 1.06 1.13 1.17 1.15 1.12
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown?3 0.87 1.03 1.08 1.12 1.01
Upstream Lighting* 0.89 1.03 1.07 1.10 1.01

* |EF for homes with no AC are most appropriate for customers with evaporative cooling or room air
conditioners.

Demand Savings

Summer and winter demand savings are determined by applying a coincidence factor associated
with each season. Annual summer or winter peak demand (kW) savings must be calculated
separately for two time periods:

1. First Tier EISA Baseline = 2021-installation year =5 years
2. Theremaining time in the EUL period

11 Dimetrosky, S., Parkinson, K.and Lieb, N.,“Residential Lighting Evaluation Protocol — The Uniform
Methods Project: Methods for Determining Energy Efficiency Savings for Specific Measures.” January
2015. ISR for upstream programs, including storage lamps installed within four years of purchase.
http://enerqgy.govi/sites/prod/files/2015/02/f19/UMPChapter21-residential-lighting-evaluation-protocol.pdf.

12 Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing the
EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting in
an assumed efficacy for incandescents (21 Im/W), CFLs (70 Im/W), and LEDs (90 Im/W). IEF values were
calculated using the following formula: 1 + HVACsavings/Lightingsavings.

13 Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and adjusted to
exclude 16 percent outdoor lighting except for upstream defaults. Cadmus report: Cadmus. Entergy
Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy Arkansas, Inc.
March 14, 2014. Docket No. 07-082-TF.

14 |bid.
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For the first tier EISA baseline period:

(Wbase,FT - Wpost)

AkWsummer = 1000 XCFsymmer XISRXIEFp symmer
Equation 3
Whase, rr = Wpost
Y EETT R ) X CPoiter XISRXIEFs i
Equation 4
For the remaining time in the EUL period, use the second tier EISA baseline:
(Wbase,ST - Wpost)
ARWsummer = 1000 XCFsummer XISRXIEFp summer
Equation 5
(Whase,st = Whpost)
Akainter = aselooo L ><C.FwintferXISRXIEFD,wintfer
Equation 6

Annual summer or winter peak demand savings are calculated by weighting the EISA first and
second tier savings by the EISA first tier period and the remainder of the EUL period, as
outlined in Volume 3, Appendix D of this document.*®

Where:
CF = Coincidence Factor (see Table 2-4)

IEF), = Interactive Effects Factor to account for cooling demand savings
or heating demand penalties associated with lighting power
reductions (see Table 2-5)

Table 2-4: ENERGY STAR® Standard CFLs—Coincidence Factors?®
Amarillo Dallas Houston Corpus Christi El Paso
Summer 0.060 0.053 0.063 0.059 0.032
Winter 0.277 0.232 0.199 0.267 0.357

15 While this appendix addresses early retirement installations, it is applicable to scenarios in which the
baseline changes over the lifetime of the measure. For the purposes of this appendix, savings claimed
against the Tier 1 EISA baseline may be treated as early retirement savings, and savings claimed
against the Tier 2 EISA baseline may be treated as replace-on-burnout savings.

16 See Volume 1, Appendix B.
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Table 2-5: ENERGY STAR® Standard CFLs—Interactive Effects Factor for Cooling Demand
Savings and Heating Demand Penalties'’

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Gas Heat with AC 1.45 1.33 1.68 1.23 1.44
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 1.27 1.28 1.19 1.23 1.37
Electric Resistance Heat with AC 1.07 1.27 1.07 1.23 1.36
Electric Resistance Heat with no AC 1.00 1.00 1.00 1.00 1.00
No heat with AC 1.45 1.33 1.68 1.23 1.44
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown?8 1.24 1.43 1.46 151 1.37
Upstream Lighting™® 1.20 1.36 1.39 1.43 1.31

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Gas Heat with AC 0.98 0.98 0.98 0.98 0.98
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 0.71 0.67 0.65 0.74 0.81
Electric Resistance Heat with AC 0.44 0.36 0.38 0.42 0.52
Electric Resistance Heat with no AC 0.44 0.36 0.38 0.42 0.52
No heat with AC 0.98 0.98 0.98 0.98 0.98
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown?° 0.75 0.80 0.83 0.85 0.81
Upstream Lighting?* 0.78 0.83 0.85 0.86 0.83

* |EF for homes with no AC are most appropriate for customers with evaporative cooling or room air conditioners.

17 Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing the
EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting
in an assumed efficacy for incandescents (21 Im/W), CFLs (70 Im/W), and LEDs (90 Im/W). IEF values
were calculated using the following formula: 1 + HVAC savings/Lightingsavings.

18 Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and adjusted
to exclude 16 percent outdoor lighting except for upstream defaults. Cadmus report: Cadmus. Entergy
Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy Arkansas, Inc.
March 14, 2014. Docket No. 07-082-TF.

19 |bid.

20 |bid.

2% |bid.
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Deemed Energy Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Deemed Summer Demand Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Deemed Winter Demand Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Claimed Peak Demand Savings

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on
peak demand savings and methodology.

Additional Calculators and Tools

This section is not applicable.

Measure Life and Lifetime Savings

The average measure life is based upon rated lamp life of the CFL. The measure life assumes
an average use of 2.2 hours per day based on blended usage for indoor/outdoor applications,
and applies a 0.85 degradation factor to indoor/outdoor CFLs. The algorithms below are
designed to provide EISA Tier 1 and EISA Tier 2 measure lives, each to be applied to the
appropriate tier of EISA savings.

EUL _ Rated LifexDF
Total = " HOU%365.25
Equation 7
EUL7ier1 = 2021 — Purchase Year
Equation 8
EUL7rierp = EUL7otqr — EULTier
Equation 9
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Where:

Rated Life = 10,000 hours, 12,000 hours, 15,000 hours, or 20,000 hours, as specified
by the manufacturer. If unknown, assume a 10,000-hour lifetime.??

DF = 0.85 degradation factor®

HOU = 2.2 hours per day*

2021 = One-year lag applied to year that EISA Tier 1 energy efficiency

standard ends

Table 2-6: ENERGY STAR® Standard CFLs—Estimated Useful Life

EISA 15t Tier
Range of Rated Assumed Rated Total Standard EISA 2" Tier
Measure Life Measure Life Measure Life Baseline Measure Life
(Hours) (Hours) (Years) Measure Life (Years)
(Years)
10,000-11,000 10,000 11 3 8
11,001-13,500 12,000 13 3 10
13,501-17,500 15,000 16 3 13
= 17,501 20,000 20* 3 17

* Measure life capped at 20 years.

Program Tracking Data and Evaluation Requirements

Primary inputs and contextual data that should be specified and tracked by the program
database to inform the evaluation and apply the savings properly are:

e Climate zone

e Number of CFLs installed

o Wattage of each installed CFL

e Lumen output of each installed CFL

e Manufacturer-rated lifetime of each installed CFL in hours

e Heating system type (gas, electric resistance, heat pump) for each home in which a CFL
is installed

e Location of installed lamp (conditioned, unconditioned, or outdoor)

22 Minimum lifetime requirement under ENERGY STAR® Lamps Specification V1.1, effective September
30, 2014. http://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V1%201
Specification.pdf.

23 ENERGY STAR® CFL Third Party Testing and Verification Off-the-Shelf CFL Performance: Batch 3. Figure 27,
p. 47.

24 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source:
Evaluation of 2008 Texas ‘Make Your Mark’ Statewide CFL Program Report. Frontier Associates. June 2009.
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e Program type (direct install, retail).

References and Efficiency Standards

Petitions and Rulings

e Docket No. 41722. Petition of AEP Texas Central Company, AEP Texas North Company,
CenterPoint Energy Houston Electric, LLC, El Paso Electric Company, Entergy Texas,
Inc., Oncor Electric Delivery Company LLC, Sharyland Utilities, L.P., Southwestern
Electric Power Company, Southwestern Public Service Company, and Texas-New Mexico
Power Company to Approve Revisions to Residential Deemed Savings to Incorporate
Winter Peak Demand Impacts and Update Certain Existing Deemed Savings Values.
Public Utility Commission of Texas.

o Docket No. 39899. Petition of AEP Texas Central Company, AEP Texas North Company,
CenterPoint Energy Houston Electric, LLC, El Paso Electric Company, Entergy Texas,
Inc., Oncor Electric Delivery Company LLC, Southwestern Electric Power Company,
Texas-New Mexico Power Company, and Southwestern Public Service Company to
Revise Existing Commission-Approved Deemed Savings for CFLs in Residential Hard-to-
Reach Programs. Public Utility Commission of Texas.

Relevant Standards and Reference Sources
o Energy Independence and Security Act of 2007
¢ ENERGY STAR® specifications for CFL lamps.
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Document Revision History

Table 2-7: Residential Compact Fluorescent Lamp Revision History

TRM .
Version Description of Change

v1.0

v2.0

v2.1

v3.0

v3.1

v3.1

v4.0
v5.0

Residential: Lighting

Standard CFLs

11/25/2013 TRM v1.0 origin.

TRM v2.0 update. Minor corrections due to phase-in of EISA
4/18/2014 regulations, updated EUL from DEER 2014. Legacy EISA tables

removed.

1/30/2015 TRM v2.1 update. No revision.

TRM v3.0 update. Introduction of interactive effects factors and in-

4/10/2015

service rates. Incorporation of Second Tier EISA standards. New peak

savings calculated according to revised peak definition. Modified

estimation of measure life.

TRM v3.1 update. Modification of in-service rate, revision of interactive

effects factors to reflect indoor-specific values for additional heating and
11/05/2015 cooling equipment types. Provided default input assumptions for

upstream lighting programs. Restricted estimated measure life to

several discrete values.

3/28/2016 f
actors.

TRM v3.1 March revision. Updated summer and winter coincidence

10/10/2016 TRM v4.0 update. Updated IEF values and useful life estimates.

10/2017 TRM v5.0 update. Updated useful life estimates.
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2.1.2 Specialty Compact Fluorescent Lamps Measure Overview
TRM Measure ID: R-LT-SCF
Market Sector: Residential
Measure Category: Lighting
Applicable Building Types: Single-family, duplex and triplex; Multifamily; Manufactured
Fuels Affected: Electricity
Decision/Action Type(s): Retrofit
Program Delivery Type(s): Prescriptive and Direct Install
Deemed Savings Type: Deemed Savings Calculations

Savings Methodology: Engineering Algorithms and Estimates.

Measure Description

This measure provides a method for calculating savings for replacement of a specialty
incandescent or halogen lamp with an ENERGY STAR®-qualified specialty CFL in residential
applications. These lamps include reflectors, G-shape lamps, T-shape lamps, B, BA, CA, F G16-
1/2, G25, G30, S or M14 lamps.

Eligibility Criteria

Customer eligibility to be awarded these deemed savings is at the discretion of the utility for
different program and customer types. See program-specific manuals to determine customer
eligibility.

These savings values rely on usage patterns specific to indoor applications, and therefore should
not be applied to outdoor lighting. However, this should not be construed to restrict upstream
lighting programs, through which customers purchase efficient lighting products in-store. Future
versions of this document may provide savings specific to outdoor and/or upstream applications.

Baseline Condition

The baseline wattage will be determined based on the bulb shape of the installed lamp as outlined
below.

Some baseline conditions for specialty CFLs are affected by EISA and/or a DOE 2009 ruling on
incandescent reflector lamps (IRLs). Based on the shape, lumen output, and/or wattage-equivalent of
the installed lamp, the appropriate baseline shall be determined from one of the following categories:
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¢ Non-Reflector Lamps, affected by EISA 2007

e Non-Reflector Lamps, not affected by EISA 2007

o Reflector Lamps affected by the DOE ruling in 2009 on IRLs

o Reflector Lamps not affected by the DOE ruling in 2009 on IRLs.

Appropriate baseline wattages are presented in Table 2-10 through Table 2-13. If a baseline
cannot be determined using these tables, the following guidelines may be used to determine
appropriate default baseline wattage:

¢ Non-Reflector Lamps, affected by EISA 2007: using the exact or range of the installed
wattage, determine the appropriate First Tier or Second Tier EISA baseline default
wattage in table below.

Table 2-8: ENERGY STAR® CFLs—Default Equivalent Wattages if Lumen Output Unknown

Wattage Range of Installed CFL%® 9-11W | 12-15W | 18-20W | 23-27 W

If Unknown: Default Installed CFL Wattage?26 A 13W 19W 24 W
1st Tier EISA 2007 Default Baseline 29 W 43 W 53w 72W
2" Tier EISA 2007 Default Baseline 12w 20W 28 W 45W

¢ Non-Reflector Lamps, not affected by EISA 2007: 60 watts?’
¢ Reflector Lamps affected by the DOE ruling in 2009 on IRLs: 60 watts?®

o Reflector Lamps not affected by the DOE ruling in 2009 on IRLs: the appropriate default
baseline may be determined using Table 2-9.

25 Wattage ranges from ENERGY STAR® light bulb savings calculator. Updated October 2016.
http://www.energystar.gov/products/certified-products/detail/light-bulbs.

26 ENERGY STAR® Certified Light Bulbs. https://www.energystar.gov/productfinder/download/certified-
light-bulbs/. Accessed October 6, 2015. Mean wattages of omnidirectional, general purpose
replacement CFL lamps by incandescent wattage equivalent.

27 A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage of 61.7
Watts (KEMA, Inc., The Cadmus Group, Itron, Inc., PA Consulting Group, Jai J. Mitchell Analytics,
Draft Evaluation Report: Upstream Lighting Program. Prepared for the California Public Utilities
Commission, Energy Division. December 10, 2009)

28 |bid.
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Table 2-9: DOE-Ruling Exempt Reflectors—Default Wattages
BR30 (65 W)
BR40 (65 W) 65 W
ER40 (65 W)
R20 (245 W) 45 W
BR30 (< 50 W)
BR40 (< 50 watt)

oW
ER30 (= 50 watt)
ER40 (< 50 watt)
Indeterminate 60 W29

EISA Standards: Baseline for Non-Reflector Lamps

EISA-Affected

EISA-affected bulbs are:
e G-shape lamps with a diameter less than 5 inches
e T-shape lamps greater than 40 watts or a length of 10 inches or less
e B,BA, CA, FG16-1/2, G25, G30, S or M14 lamps greater than 40 watts.*

Baseline wattages should be adjusted as EISA regulations dictate higher efficiency standards. The
second tier of EISA 2007 (EISA Tier 2) regulation goes into effect beginning January 2020.
However, due to expected lamp replacement schedules, as well as retailer sell-through of existing
lighting stock, the 1%t Tier EISA baseline will be retained until 2021 when the 2" Tier EISA baseline
will be applied.®* Nevertheless, incentivized lamps installed in 2020 will be awarded savings
against the 2" Tier EISA baseline since this will be the standard in effect at the time of installation.

29 |bid.

30 http://www.lightingfacts.com/Library/Content/EISA

31 This is consistent with the one-year lag applied in the Arkansas TRM Version 4.0 to new standards
effective before July 1 of a given year.
Arkansas Technical Reference Manual, Version 4.0. Prepared for the Arkansas Public Service
Commission. Approved in Docket 10-100-R. Section Il — Protocol E. Page 48.
http://www.apscservices.info/EEInfo/TRM4.pdf.
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Table 2-10: EISA-Affected Specialty CFL Baselines (Non-Reflectors)®?

Minimum
Lumens

Lamp Type

e G-shape lamps
with a diameter
less than 5 inches

e T-shape lamps
greater than 40
watts or a length
of 10 inches or
less

e B,BACAF
G16-1/2, G25,
G30, S or M14
lamps greater
than 40 watts

310

750

1,050

1,490

Maximum

Lumens

749

1,049

1,489

2,600

Incandescent Incandescent .
. Effective Dates
Equivalent Equivalent o
] == For 2" Tier
i i e Ter EISA 2007
EISA 2007 EISA 2007
. Standards*
(WBase,FT) (WBase,ST
29 12 1/1/2020
43 20 1/1/2020
53 28 1/1/2020
72 45 1/1/2020

*While 2" Tier EISA standards are effective beginning in 2020, 1%t Tier EISA baselines will be used until 2021.

EISA-Exempt

EISA-exempt bulbs are:

e Appliance lamps, black light lamps, bug lamps, colored lamps, infrared lamps,
left-hand thread lamps, marine lamps, marine signal service lamps, mine service
lamps, plant light lamps, reflector lamps, rough service lamps, shatter-resistant
lamps, sign service lamps, silver bowl lamps, showcase lamps, 3-way
incandescent lamps, and vibration service lamps

e G-shape lamp with a diameter of 5inches or more

e T-shape lamp of 40 watts or less or alength of more than 10 inches
e B,BA, CA, F, G16-1/2, G25, G30, S or M14 lamp of 40 watts or less.*

32 |bid.

33 Wattages developed using the 45 lumens-per-watt standard for the midpoint of the provided lumen

range.

34 http://www.lightingfacts.com/Library/Content/EISA.

Residential: Lighting
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Table 2-11: EISA-Exempt Specialty CFL Baselines (Non-Reflectors)

Lamp Tvpe Minimum Maximum W
p1yp Lumens Lumens Sase

Appliance lamps, black light lamps, bug lamps,
colored lamps, infrared lamps, left-hand thread
lamp, marine lamp, marine signal service lamp,
mine service lamp, plant light lamp, reflector
lamp, rough service lamp, shatter-resistant lamp,
sign service lamp, silver bowl lamp, showcase
lamp, 3-way incandescent lamp, vibration service

Nameplate wattage on the removed
product. If unknown, utilities may rely on
the rated incandescent wattage equivalent

lamp of the newly installed lamp as provided by
e G-shape lamp with a diameter of 5 inches or the manufacturer if available. Otherwise,
more use 60 watts.3®

e T-shape lamp of 40 watts or less or a length of
more than 10 inches

e B, BA, CA F, G16-1/2, G25, G30, S or M14 lamp
of 40 watts or less

DOE Standards for Incandescent Reflector Lamps (IRLs): Baseline for
Reflector Lamps

DOE Ruling-Affected

Certain types of incandescent reflector bulbs are affected by a DOE 2009 ruling on reflector
lamps. Products affected by the IRL ruling are:

¢ R, PAR, ER, BR, BPAR lamps
e BR and ER lamps rated at more than 50 watts
¢ Reflector lamps between 2.25” (R18) and 2.75” (R22) in diameter
e 40-205 Watt incandescent PAR lamps.3®
Where available, the nameplate wattage of the removed lamp should be used as the baseline.

Otherwise, the baseline wattage can be determined according to the lumen range of the installed
lamp (see Table 2-12).

35 A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage of 61.7
Watts (KEMA, Inc., The Cadmus Group, Itron, Inc., PA Consulting Group, Jai J. Mitchell Analytics,
Draft Evaluation Report: Upstream Lighting Program. Prepared for the California Public Utilities
Commission, Energy Division. December 10, 2009).

36 http://www.gelighting.com/LightingWeb/na/resources/legislation/2009-department-of-energy-regulations/
https://www1.eere.energy.gov/buildings/appliance standards/standards.aspx?productid=23
http://www.bulbrite.com/eisa.php.
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Table 2-12: DOE IRL Ruling-Affected Specialty CFL Baselines (Reflectors)3"38

Lamp Type

BR19 300-500 50
BR30 600-800 75
801-1000 85
BR38 600-900 75
901-1400 150
600-700 75
701-900 85
901-950 100
BR40 951-1300 120
1301-1700 125
1701-2000 150
2001-2400 200
ER30 300-450 50
451-701 75
ER40 1000-1300 120
300-450 50
PAR20 451-550 40
551-650 50
450-550 35
551-600 40
PAR30 601-850 50
851-950 60
951-1200 75
550-750 65
751-1100 75
PARSS 1101-1300 100
1301-1600 120
1601-2500 150
2501-3500 175

37 Wattage values and lumen ranged from a review of GE, Osram Sylvania, and Philips catalogs in
January 2015, as well as the lllinois TRM 2014. GE Lighting catalog:
http://www.gelighting.com/LightingWeb/na/smartcatalogs/Lighting_and Ballasts Section 1 Incandesc
ent Lamps.pdf Sylvania catalog: http:/assets.sylvania.com/assets/documents/complete-
catalog.b176dbb1-d6e0-40f0-ab92-e768e58f5dcl.pdf Philips catalog:
http://www.usa.lighting.philips.com/connect/tools literature/downloads/sg100-2013.pdf lllinois TRM
2014: http://www.ilsag.info/technical-reference-manual.html.

38 Table 2-12 is based on manufacturers’ lumen and wattage data for the most commonly used reflector
lamps. However, other manufacturers’ ratings may differ from this list. Where available, utilities may rely
on the rated incandescent wattage equivalent of the newly installed lamp as provided by the manufacturer.
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401-500 50

R20 501-600 75
601-1000 100

700-800 75
R30 801-950 110
951-1100 125
R40 1300-1900 125

DOE Ruling-Exempt

The DOE 2009 ruling standards do not apply to the following types of IRLs:
¢ IRLs rated at 50 watts or less that are ER30, BR30, BR40, or ER40 lamps
¢ IRLs rated at 65 watts that are BR30, BR40, or ER40 lamps
e R20 IRLs rated 45 watts or less.*®

Table 2-13: DOE-Ruling Exempt Reflectors

BR30 (65 watt i
( ) Nameplate wattage on the removed product. If unknown, utilities may rely on the

BR40 (65 watt) rated incandescent wattage equivalent of the newly installed lamp as provided by
the manufacturer if available. Otherwise, use 65 watts.
ER40 (65 watt)

Nameplate wattage on the removed product. If unknown, utilities may rely on the
R20 (= 45 watt) rated incandescent wattage equivalent of the newly installed lamp as provided by
the manufacturer if available. Otherwise, use 45 watts.

BR30 (=< 50 watt)

BR40 (< 50 watt)  Nameplate wattage on the removed product. If unknown, utilities may rely on the
rated incandescent wattage equivalent of the newly installed lamp as provided by

ER30 (= 50 watt) | the manufacturer if available. Otherwise, use 50 watts.

ER40 (< 50 watt)

High-Efficiency Condition

New CFLs must be ENERGY STAR® specialty CFLs as outlined in the latest ENERGY STAR®
specification.*® These lamps include reflectors, G-shape lamps, T-shape lamps, B, BA, CA, F
G16-1/2, G25, G30, S or M14 lamps.

These ENERGY STAR® specialty CFLs are the equivalent of the specialty incandescent or
halogen lamps being replaced. The high-efficiency condition is the wattage of the lamp installed.

39 http://www.gelighting.com/LightingWeb/na/resources/legislation/2009-department-of-enerqgy-requlations/
http://wwwl.eere.energy.gov/buildings/appliance standards/product.aspx/productid/58.
40 http://www.enerqystar.gov/products/certified-products/detail/light-bulbs.
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See the ENERGY STAR® website for more information on the specification in effect:
http://www.energystar.gov/products/certified-products/detail/light-bulbs.

Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Wattage reduction is defined as the difference between the wattage of a specialty baseline lamp
and the wattage of a comparable CFL.

Energy Savings

For EISA-affected lamps only, annual energy (kWh) savings must be calculated separately for
two time periods:

1. First Tier EISA Baseline = 2021—installation year =5 years

2. Theremaining time in the EUL period

For the first tier EISA baseline period:

W, - W,
AkWh = (Woaserr = Wyost) XHOUXISRXIEF
1000
Equation 10
For the remaining time in the EUL period, use the second tier EISA baseline:
(Wbase ST — Wpost)
AkWh = - XHOUXISRXIEF,
1000 E
Equation 11

Annual energy (kWh) savings are calculated by weighting the EISA first and second tier savings
by the EISA first tier period and the remainder of the EUL period, as outlined in Volume 3,
Appendix D of this document.*

For EISA- exempt lamps and reflectors (both DOE ruling-exempt and DOE ruling-affected),
annual energy (kWh) savings are not calculated using the two-tiered system. Instead, annual
energy (kWh) savings are calculated using one algorithm.

AkWh =

(Wbase - Wpost)
XHOUXISRXIEF
1000 E

Equation 12

41 While this appendix addresses early retirement installations, it is applicable to scenarios in which the baseline
changes over the lifetime of the measure. For the purposes of this appendix, savings claimed against the Tier
1 EISA baseline may be treated as early retirement savings, and savings claimed against the Tier 2 EISA
baseline may be treated as replace-on-burnout savings.
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Where:

Whase,rr = First tier EISA baseline wattage corresponding with the lumen
output of the purchased CFL lamp for the year
purchased/installed. First tier EISA baseline lamp wattage
provided in Table 2-10 under the column “Incandescent Equivalent
1st Tier EISA 2007.”

Whase st = Second tier EISA baseline wattage corresponding with the lumen
output of the purchased CFL lamp for the year
purchased/installed. Second tier EISA baseline lamp wattage
provided in Table 2-10 under the column “Incandescent Equivalent
2nd Tier EISA 2007.”

Whase = EISA-exempt specialty lamp or a DOE ruling-exempt reflector, use
the nameplate wattage (see Table 2-11 and Table 2-13). If a DOE-
ruling-affected IRL, use the wattages provided in Table 2-12.

Whost = Actual wattage of CFL purchased/installed

HOU = Average hours of use per year = 803 hours (calculated based on
an average daily usage of 2.2 hours per day*?)

IEFg = Interactive Effects Factor to account for cooling energy savings
and heating energy penalties associated with lighting power
reductions (see Table 2-14)

ISR = In-Service Rate, the percentage of incentivized units that are
installed and in use (rather than removed, stored, or burnt out) to
account for units incentivized but not operating = 0.97 43

42 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source:
Evaluation of 2008 Texas ‘Make Your Mark’ Statewide CFL Program Report. Frontier Associates. June 2009.
43 Dimetrosky, S., Parkinson, K., and Lieb, N. “Residential Lighting Evaluation Protocol — The Uniform
Methods Project: Methods for Determining Energy Efficiency Savings for Specific Measures.” January
2015. ISR for upstream programs, including storage lamps installed within four years of purchase.
http://enerqgy.govi/sites/prod/files/2015/02/f19/UMPChapter21-residential-lighting-evaluation-protocol.pdf.
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Table 2-14: ENERGY STAR® Specialty CFLs—Interactive Effects Factor for Cooling Energy
Savings and Heating Energy Penalties*

IEFe

Heatina/Cooling Type* Climate Climate Climate Climate Climate
9 9 1yp Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

Gas Heat with AC 1.06 1.13 1.17 1.15 112
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 0.91 1.00 1.05 111 0.97
Electric Resistance Heat with AC 0.65 0.80 0.90 1.00 0.75
Electric Resistance Heat with no AC 0.57 0.69 0.76 0.83 0.65
No heat with AC 1.06 1.13 1.17 1.15 1.12
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown*® 0.87 1.03 1.08 1.12 1.01
Upstream Lighting*’ 0.89 1.03 1.07 1.10 1.01

* |EF for homes with no AC are most appropriate for customers with evaporative cooling or room air
conditioners.

Demand Savings

Summer and winter demand savings are determined by applying a coincidence factor associated
with each season. For EISA-affected specialty lamps only, peak demand (kW) savings must be
calculated separately for two time periods:

1. First Tier EISA Baseline = 2021-installation year = 5 years

2. Theremaining time in the EUL period.

44 Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing the
EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting
in an assumed efficacy for incandescents (21 Im/W), CFLs (70 Im/W), and LEDs (90 Im/W). IEF values
were calculated using the following formula: 1 + HVACsavings/Lightingsavings.

45 Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and adjusted
to exclude 16 percent outdoor lighting except for upstream defaults. Cadmus report: Cadmus. Entergy
Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy Arkansas, Inc.
March 14, 2014. Docket No. 07-082-TF.

46 Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and
adjusted to exclude 16 percent outdoor lighting except for upstream defaults. Cadmus report: Cadmus.
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy
Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF.

47 |bid.
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For the first tier EISA baseline period:

_ (Wbase,FT - Wpost)

Akw/summer - 1000 XCFsummerXISRXIEFD,summer
Equation 13
(Whase.rr = Whpost)
MeWopinter = 1000 *CFuinter XISRXIEFp yinter
Equation 14
For the remaining time in the EUL period, use the second tier EISA baseline:
(Whase,st = Wpost)
MeWouimmer = ~——7550— XCFaummerXISRXIEFp summer
Equation 15
(Whase,st = Wpost)
MeWopinter = =7 000— XCPuinter XISRXIEFp yiner
Equation 16

Annual summer or winter peak demand savings are calculated by weighting the EISA first and
second tier savings by the EISA first tier period and the remainder of the EUL period, as
outlined in Volume 3, Appendix D of this document.*®

For EISA- exempt lamps and reflectors (both DOE ruling-exempt and DOE ruling-affected),
peak demand (kW) savings are not calculated using the two-tiered system. Instead, peak
demand (kW) savings are calculated using one algorithm, depending on the season of the
savings.

(Wbase - Wpost)

Bk Wyummer = =150 XCFoummer XISRXIEF summer
Equation 17
DKW ,yinser = (W”“Sjo_ogv 25 s CFpiter XISRXIE P incr
Equation 18
Where:
CF = Coincidence Factor (see Table 2-15)

48 While this appendix addresses early retirement installations, it is applicable to scenarios in which the
baseline changes over the lifetime of the measure. For the purposes of this appendix, savings claimed
against the Tier 1 EISA baseline may be treated as early retirement savings, and savings claimed
against the Tier 2 EISA baseline may be treated as replace-on-burnout savings.
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IEF; = Interactive Effects Factor to account for cooling demand savings
or heating demand penalties associated with lighting power
reductions (see Table 2-16)

Table 2-15: ENERGY STAR® CFLs—Coincidence Factors*®
Amarillo Dallas Houston Corpus Christi El Paso
Summer 0.060 0.053 0.063 0.059 0.032
Winter 0.277 0.232 0.199 0.267 0.357

Table 2-16: ENERGY STAR® CFLs—lInteractive Effects Factor for Cooling Demand Savings and
Heating Demand Penalties®

Zone 1l Zone 2 Zone 3 Zone 4 Zone 5
Gas Heat with AC 1.45 1.33 1.68 1.23 1.44
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 1.27 1.28 1.19 1.23 1.37
Electric Resistance Heat with AC 1.07 1.27 1.07 1.23 1.36
Electric Resistance Heat with no AC 1.00 1.00 1.00 1.00 1.00
No heat with AC 1.45 1.33 1.68 1.23 1.44
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown®! 1.24 1.43 1.46 1.51 1.37
Upstream Lighting®? 1.20 1.36 1.39 1.43 1.31

49 See Volume 1, Appendix B.

50 Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing the
EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting
in an assumed efficacy for incandescents (21 Im/W), CFLs (70 Im/W), and LEDs (90 Im/W). IEF values
were calculated using the following formula: 1 + HVAC savings/Lightingsavings.

51 Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and
adjusted to exclude 16 percent outdoor lighting except for upstream defaults. Cadmus report: Cadmus.
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy
Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF.

52 |bid.
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IEFD,winter

. . Climate Climate Climate Climate Climate
Heating/Cooling Type
Zone 1l Zone 2 Zone 3 Zone 4 Zone 5

Gas Heat with AC 0.98 0.98 0.98 0.98 0.98
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 0.71 0.67 0.65 0.74 0.81
Electric Resistance Heat with AC 0.44 0.36 0.38 0.42 0.52
Electric Resistance Heat with no AC 0.44 0.36 0.38 0.42 0.52
No heat with AC 0.98 0.98 0.98 0.98 0.98
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown®3 0.75 0.80 0.83 0.85 0.81
Upstream Lighting®* 0.78 0.83 0.85 0.86 0.83

* |EF for homes with no AC are most appropriate for customers with evaporative cooling or room air
conditioners.

Deemed Energy Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Deemed Summer Demand Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Deemed Winter Demand Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Claimed Peak Demand Savings

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on
peak demand savings and methodology.

Additional Calculators and Tools

This section is not applicable.

53 bid.
54 |bid.
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Measure Life and Lifetime Savings

The average measure life is based upon rated lamp life of the specialty CFL shown in the
following table. The measure life assumes an average daily use of 2.2 hours per day based on
blended usage for indoor/outdoor applications, and applies a 0.85 degradation factor to
indoor/outdoor CFLs.

For an EISA-affected lamp, the following algorithms are designed to provide EISA Tier 1 and
EISA Tier 2 measure lives, each to be applied to the appropriate tier of EISA savings.

EUL _ Rated LifexDF
Total ™ " HOUx365.25
Equation 19
EUL7ior1 = 2021 — Purchase Year
Equation 20
EUL7ier, = EUL7otqr — EULTier
Equation 21
Where:

Rated Life = 10,000 hours, 12,000 hours, 15,000 hours, or 20,000 hours, as
specified by the manufacturer. If unknown, assume a 10,000-hour
lifetime.®

DF = 0.85 degradation factor®®

HOU = 2.2 hours per day®’

2021 = One-year lag applied to year that EISA Tier 1 energy efficiency

standard ends

For EISA-exempt lamps and reflectors (both DOE ruling-exempt and DOE ruling-affected), use
the following algorithm to calculate the measure life.

EUL — Rated LifexDF
~ HOUx365.25

Equation 22

55 Minimum lifetime requirement under ENERGY STAR® Lamps Specification V1.1, effective 9/30/2014.
http://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V1%201 Specification.pdf

56 ENERGY STAR® CFL Third Party Testing and Verification Off-the-Shelf CFL Performance: Batch 3.
Figure 27, p. 47.

57 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source:
Evaluation of 2008 Texas ‘Make Your Mark’ Statewide CFL Program Report. Frontier Associates. June
2009.
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Where:

Rated Life = 10,000 hours, 12,000 hours, 15,000 hours, or 20,000 hours, as
specified by the manufacturer. If unknown, assume a 10,000-hour
lifetime.>®

DF = 0.85 degradation factor®®

HOU = 2.2 hours per day®

Table 2-17: ENERGY STAR® Specialty CFLs—Estimated Useful Life

If Applicable:

Range of Rated | Assumed Rated Total EISA 1% Tier :
Measure Life Measure Life Measure Life Standgrd EISA 27 T|_er
(Hours) (Hours) (Years) Baselme_ Measure Life
Measure Life (Years)
(Years)
10,000-11,000 10,000 11 3 8
11,001-13,500 12,000 13 3 10
13,501-17,500 15,000 16 3 13
217,501 20,000 20* 3 17

* Measure life capped at 20 years.

Program Tracking Data and Evaluation Requirements

Primary inputs and contextual data that should be specified and tracked by the program
database to inform the evaluation and apply the savings properly are:

e Climate zone

e Number of CFLs installed

o ANSI C79.1-2002 nomenclature of CFL installed (G40, PAR, etc.)
¢ \Wattage of each installed CFL

e Lumen output of each installed CFL

o \Wattage of replaced lamp

e Manufacturer-rated lifetime of each installed CFL in hours

58 Minimum lifetime requirement under ENERGY STAR® Lamps Specification V1.1, effective 9/30/2014.
http://www.energystar.gov/sites/default/filessENERG Y%20STAR%20Lamps%20V1%201 Specification.pdf.

59 ENERGY STAR® CFL Third Party Testing and Verification Off-the-Shelf CFL Performance: Batch 3.
Figure 27, p. 47.

80 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source:
Evaluation of 2008 Texas ‘Make Your Mark’ Statewide CFL Program Report. Frontier Associates. June
20009.
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e Heating system type (gas, electric resistance, heat pump) for each home in which a CFL
is installed

e Location of installed lamp (conditioned, unconditioned, or outdoor)
e Program type (direct install, retail)

e Baseline calculation methodology (replaced lamp nameplate wattage, EISA-affected
non-reflector, EISA-exempt non-reflector, DOE ruling-affected reflector, DOE ruling-
exempt reflector, manufacturer-rated equivalent incandescent wattage, or default
wattage)

References and Efficiency Standards

Petitions and Rulings

Not applicable.

Relevant Standards and Reference Sources
e Energy Independence and Security Act of 2007

e Energy Conservation Program: Energy Conservation Standards and Test Procedures for
General Service Fluorescent Lamps and Incandescent Reflector Lamps, Energy
Efficiency and Renewable Energy Office (EERE), 2009

e ENERGY STAR® specifications for CFL lamps

Document Revision History

Table 2-18: Residential Specialty Compact Fluorescent Lamp Revision History

TRM .
Version Description of Change

v3.0 4/10/2015 TRM v3.0 origin.

TRM v3.1 update. Modification of in-service rate, revision of interactive
effects factors to reflect indoor-specific values for additional heating and

v3.1 11/05/2015 cooling equipment types. Consolidated default input assumptions for
upstream lighting programs. Restricted estimated measure life to
several discrete values.

TRM v3.1 March revision. Updated summer and winter coincidence

v3.1 3/28/2016
factors.
v4.0 10/10/ 2016 TRM v4.0 update. Updated IEF values and useful life estimates.
v5.0 10/2017 TRM v5.0 update. Updated useful life estimates.
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2.1.3 ENERGY STAR® Omni-Directional LED Lamps Measure
Overview

TRM Measure ID: R-LT-OLED
Market Sector: Residential
Measure Category: Lighting

Applicable Building Types: Single-family, duplex and triplex; Multifamily;
Manufactured

Fuels Affected: Electricity

Decision/Action Type(s): Retrofit

Program Delivery Type(s): Prescriptive and Direct Install
Deemed Savings Type: Deemed Savings Calculations

Savings Methodology: Engineering Algorithms and Estimates.

Measure Description

This measure provides a method for calculating savings for replacement of an incandescent
lamp with an omni-directional LED®! in a residential application. Using ANSI C79.1-2002
nomenclature, the applicable omni-directional LED lamp types are: A, BT, P, PS, S, and T.

Eligibility Criteria

Customer eligibility to be awarded these deemed savings is at the discretion of the utility for
different program and customer types. See program-specific manuals to determine customer
eligibility.

These savings values rely on usage patterns specific to indoor applications, and therefore
should not be applied to outdoor lighting. However, this should not be construed to restrict
upstream lighting programs, through which customers purchase efficient lighting products in-
store. Future versions of this document may provide savings specific to outdoor and/or
upstream applications.

61 According to ENERGY STAR® omni-directional LED products “...shall have an even distribution of
luminous intensity (candelas) within the 0° to 135° zone (vertically axially symmetrical). Luminous
intensity at any angle within this zone shall not differ from the mean luminous intensity for the entire 0° to
135° zone by more than 20 percent. At least 5 percent of total flux (lumens) must be emitted in the 135°-
180° zone. Distribution shall be vertically symmetrical as measured in three vertical planes at 0°, 45°,
and 90°.”
http://www.energystar.gov/ia/partners/product_specs/program_reqs/Integral LED Lamps Program Req

uirements.pdf.
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Baseline Condition

The baseline is assumed to be the EISA-mandated maximum wattage for a general service or
standard incandescent or halogen lamp (see Table 2-19). Baseline wattages should be adjusted
as EISA regulations dictate higher efficiency baseline lamps. The second tier of EISA 2007
regulations go into effect beginning January 2020. At that time, general service lamps must
comply with a 45 lumen per watt efficacy standard. However, due to expected lamp replacement
schedules, as well as retailer sell-through of existing lighting stock, the 1% Tier EISA baseline
will be retained until 2021 when the 2™ Tier EISA baseline will be applied.f? Nevertheless,
incentivized lamps installed in 2020 will be awarded savings against the 2™ Tier EISA baseline
since this will be the standard in effect at the time of installation.

Table 2-19: ENERGY STAR® Omni-Directional LEDs—EISA Baselines®

Incan_descent Effective Dates

Minimum | Maximum Eﬂv‘gt‘;ggegt 1%t Tier EISA | 2" Tier EISA For 2" Tier

Lumens Lumens Pre-EISA 2007 (Wgase) 2007 (Waase) & EISA 2007

2007 Standards*
310 749 40 29 12 1/1/2020
750 1,049 60 43 20 1/1/2020
1,050 1,489 75 53 28 1/1/2020
1,490 2,600 100 72 45 1/1/2020

* While 2™ Tier EISA standards are effective beginning in 2020, 15t Tier EISA baselines will be used until 2021.

High-Efficiency Condition

LEDs must be ENERGY STAR® -qualified for the relevant lamp shape being removed as
outlined in the latest ENERGY STAR® specification.®® Using ANSI C79.1-2002 nomenclature,
the applicable omni-directional LED lamp types are: A, BT, P, PS, S, and T.

The high-efficiency condition is the wattage of the lamp installed.

See the ENERGY STAR® website for more information on the specification in effect:
http://www.energystar.gov/products/certified-products/detail/light-bulbs.

62 This is consistent with the one-year lag applied in the Arkansas TRM Version 4.0 to new standards
effective before July 1 of a given year. Arkansas Technical Reference Manual, Version 4.0. Prepared
for the Arkansas Public Service Commission. Approved in Docket 10-100-R. Section Il — Protocol E.
Page 48. http://www.apscservices.info/EEInfo/TRM4.pdf.

63 In new ENERGY STAR® lighting standards effective September 2014, lumen bins associated with
incandescent wattages have been assigned that do not align with those set out in EISA 2007. Due to
the likelihood of continuing sell-through of existing ENERGY STAR® lighting and the on-going use of
the EISA bin definitions, this TRM maintains the EISA lumen bins for assigning baseline wattage.
Future iterations of the Texas TRM, however, may incorporate these new ENERGY STAR® lumen bins
for baseline wattage estimates.

64 Wattages developed using the 45 lumens-per-watt standard for the midpoint of the provided lumen
range.

65 http://www.energystar.gov/products/certified-products/detail/light-bulbs.
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Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Wattage reduction is defined as the difference between the wattage of a standard baseline lamp
according to EISA 2007 (see Table 2-19) and the wattage of a comparable omni-directional
LED. An LED is considered comparable to the baseline lamp if they are aligned on the lumen
output ranges set out in EISA 2007.

Energy Savings

Annual energy (kWh) and summer peak demand (kW) savings must be calculated separately for
two time periods:
1. First Tier EISA Baseline = 2021—installation year =5 years

2. Theremaining time in the EUL period

For the first tier EISA baseline period:

W, - W
AkWh = (Woase,rr — Waost) x HoursXISRXIEFy
1000
Equation 23
For the remaining time in the EUL period, use the second tier EISA baseline:
W, - W,
AkWh = (Woasessr ~ Waost) X HoursXISRXIEFy
1000
Equation 24

Annual energy (kWh) savings are calculated by weighting the EISA first and second tier savings
by the EISA first tier period and the remainder of the EUL period, as outlined in Volume 3,
Appendix D of this document.®®

Where:

Whase rr = First tier EISA baseline wattage corresponding with the lumen
output of the purchased LED lamp for the year
purchased/installed. First tier EISA baseline lamp wattage
provided in Table 2-19 under the column “Incandescent Equivalent
1% Tier EISA 2007” (if unknown, see Table 2-20 for 1% Tier EISA
2007default wattages).

66 While this appendix addresses early retirement installations, it is applicable to scenarios in which the
baseline changes over the lifetime of the measure. For the purposes of this appendix, savings claimed
against the Tier 1 EISA baseline may be treated as early retirement savings, and savings claimed
against the Tier 2 EISA baseline may be treated as replace-on-burnout savings.
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Table 2-20: ENERGY STAR® Omni-Directional LEDs—Default Equivalent Wattages if Lumen
Output Unknown

Wattage Range of Installed LED® 85-12W | 125-16 W | 17-23 W

If Unknown: Default Installed LED Wattage®® ow 12w 17W

1st Tier EISA 2007 Default Baseline 29W 43 W 53 W 72W

2" Tier EISA 2007 Default Baseline 12 W 20W 28 W 45W
Whase st = Second tier EISA baseline wattage corresponding with the lumen

output of the purchased LED lamp for the year
purchased/installed. Second tier EISA baseline lamp wattage
provided in Table 2-19 under the column “Incandescent Equivalent
2" Tier EISA 2007 (if unknown, see Table 2-20 for 2" Tier EISA

2007default wattages).
Whost = Actual wattage of LED purchased/installed
HOU = Average hours of use per year = 803 hours (calculated based on

an average daily usage of 2.2 hours per day®)

IEFg = Interactive Effects Factor to account for cooling energy savings
and heating energy penalties associated with lighting power
reductions (see Table 2-21)

ISR = In-Service Rate, the percentage of incentivized units that are
installed and in use (rather than removed, stored, or burnt out) to
account for units incentivized but not operating = 0.97 7

67 Wattage ranges from ENERGY STAR® light bulb savings calculator. Updated June 2015.
http://www.energystar.gov/products/certified-products/detail/light-bulbs.

68 ENERGY STAR® Certified Light Bulbs. https://www.energystar.gov/productfinder/download/certified-
light-bulbs/. Accessed October 6, 2015. Mean wattages of omnidirectional, general purpose
replacement LED lamps by incandescent wattage equivalent.

69 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source:
Evaluation of 2008 Texas ‘Make Your Mark’ Statewide CFL Program Report. Frontier Associates. June
20009.

70 Dimetrosky, S., Parkinson, K. and Lieb, N., “Residential Lighting Evaluation Protocol — The Uniform
Methods Project: Methods for Determining Energy Efficiency Savings for Specific Measures.” January
2015. ISR for upstream programs, including storage lamps installed within four years of purchase.
http://enerqgy.gov/sites/prod/files/2015/02/f19/UMPChapter21-residential-lighting-evaluation-

protocol.pdf.
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Table 2-21: ENERGY STAR® Omni-Directional LEDs Interactive Effects for Cooling Energy Savings
and Heating Energy Penalties™

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Gas Heat with AC 1.06 1.13 1.17 1.15 1.12
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 0.91 1.00 1.05 1.11 0.97
Electric Resistance Heat with AC 0.65 0.80 0.90 1.00 0.75
Electric Resistance Heat with no AC 0.57 0.69 0.76 0.83 0.65
No heat with AC 1.06 1.13 1.17 1.15 1.12
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown?? 0.87 1.03 1.08 1.12 1.01
Upstream Lighting”® 0.89 1.03 1.07 1.10 1.01

* |EF for homes with no AC are most appropriate for customers with evaporative cooling or room air
conditioners.

Demand Savings

Summer and winter demand savings are determined by applying a coincidence factor associated
with each season. Annual summer or winter peak demand (kW) savings must be calculated
separately for two time periods:

1. First Tier EISA Baseline = 2021—installation year =5 years

2. Theremaining time in the EUL period

For the first tier EISA baseline period:

(Wbase,FT -

Whost)
s pos XCFsymmer XISRXIEFp syymmer

AkWsummer =

Equation 25

71 Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing the
EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting
in an assumed efficacy for incandescents (21 Im/W), CFLs (70 Im/W), and LEDs (90 Im/W). IEF values
were calculated using the following formula: 1 + HVAC savings/Lightingsavings.

72 Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and
adjusted to exclude 16 percent outdoor lighting except for upstream defaults. Cadmus report: Cadmus.
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy
Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF.

73 |bid.
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W —
AkWwinter = ( base FT

w,
post) XCFyinter XISRXIEFp winter

1000
Equation 26
For the remaining time in the EUL period, use the second tier EISA baseline:
(Whase,st = Wpost)
BeWouimmer = 7550 XCFaummerXISRXIEFp summer

Equation 27

(Whase,st = Wpost)

MeWopinter = =000~ XCPuinter XISRXIEFp yiner

Equation 28

Annual summer or winter peak demand savings are calculated by weighting the EISA first and
second tier savings by the EISA first tier period and the remainder of the EUL period, as
outlined in Volume 3, Appendix D of this document.’

Where:
CF = Coincidence Factor (see Table 2-22)

IEF;, = Interactive Effects Factor to account for cooling demand savings
or heating demand penalties associated with lighting power
reductions (see Table 2-23)

Table 2-22: ENERGY STAR® LEDs—Coincidence Factors™
Amarillo Dallas Houston Corpus Christi El Paso
Summer 0.060 0.053 0.063 0.059 0.032
Winter 0.277 0.232 0.199 0.267 0.357

74 While this appendix addresses early retirement installations, it is applicable to scenarios in which the
baseline changes over the lifetime of the measure. For the purposes of this appendix, savings claimed
against the Tier 1 EISA baseline may be treated as early retirement savings, and savings claimed
against the Tier 2 EISA baseline may be treated as replace-on-burnout savings.

75 See Volume 1, Appendix B.
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Table 2-23: ENERGY STAR® Omni-directional LEDs—Interactive Effects Factor for Cooling
Demand Savings and Heating Demand Penalties’®

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Gas Heat with AC 1.45 1.33 1.68 1.23 1.44
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 1.27 1.28 1.19 1.23 1.37
Electric Resistance Heat with AC 1.07 1.27 1.07 1.23 1.36
Electric Resistance Heat with no AC 1.00 1.00 1.00 1.00 1.00
No heat with AC 1.45 1.33 1.68 1.23 1.44
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown’’ 1.24 1.43 1.46 1.51 1.37
Upstream Lighting® 1.20 1.36 1.39 1.43 1.31
Zone 1l Zone 2 Zone 3 Zone 4 Zone 5
Gas Heat with AC 0.98 0.98 0.98 0.98 0.98
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 0.71 0.67 0.65 0.74 0.81
Electric Resistance Heat with AC 0.44 0.36 0.38 0.42 0.52
Electric Resistance Heat with no AC 0.44 0.36 0.38 0.42 0.52
No heat with AC 0.98 0.98 0.98 0.98 0.98
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown”® 0.75 0.80 0.83 0.85 0.81
Upstream Lighting®° 0.78 0.83 0.85 0.86 0.83

* |EF for homes with no AC are most appropriate for customers with evaporative cooling or room air
conditioners.

6 Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing the
EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting
in an assumed efficacy for incandescents (21 Im/W), CFLs (70 Im/W), and LEDs (90 Im/W). IEF values
were calculated using the following formula: 1 + HVACsavings/Lightingsavings.

77 Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and
adjusted to exclude 16 percent outdoor lighting except for upstream defaults. Cadmus report: Cadmus.
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy
Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF.
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Deemed Energy Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Deemed Summer Demand Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Deemed Winter Demand Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Claimed Peak Demand Savings

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on
peak demand savings and methodology.

Additional Calculators and Tools

This section is not applicable.

Measure Life and Lifetime Savings

The average measure life is based upon rated lamp life of the LED. The measure life assumes
an average use of 2.2 hours per day based on blended usage for indoor/outdoor applications,
and applies a 0.85 degradation factor to indoor/outdoor LEDs. The algorithms below are
designed to provide EISA Tier 1 and EISA Tier 2 measure lives, each to be applied to the
appropriate tier of EISA savings.

EUL _ Rated LifexDF
Total = " HOU%365.25
Equation 29
EUL7ier1 = 2021 — Purchase Year
Equation 30
EUL7rierp = EUL7otqr — EULTier
Equation 31
78 lbid.
79 1bid.
80 |bid.
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Where:

Rated Life = 10,000 hours, 12,000 hours, 15,000 hours, or 20,000 hours, as specified
by the manufacturer. If unknown, assume a 10,000-hour lifetime.5!

DF = 0.85 degradation factor®

HOU = 2.2 hours per day®

2021 = One-year lag applied to year that EISA Tier 1 energy efficiency

standard ends

Table 2-24: ENERGY STAR® Omni-Directional LEDs—Estimated Useful Life

EISA 15t Tier
Range of Rated Assumed Rated Total Standard EISA 2" Tier
Measure Life Measure Life Measure Life Baseline Measure Life
(Hours) (Hours) (Years) Measure Life (Years)
(Years)
<17,500 15,000 16 3 13
> 17,500 20,000 20* 3 17

* Measure life capped at 20 years. EUL may be deemed at 16 years in lieu of collecting manufacturer
rated life.

Program Tracking Data and Evaluation Requirements

Primary inputs and contextual data that should be specified and tracked by the program
database to inform the evaluation and apply the savings properly are:

e Climate zone

e Number of LEDs installed

e \Wattage of each installed LED

e Lumen output of each installed LED

o Wattage of replaced lamp

e Manufacturer-rated lifetime of each installed LED in hours

e Heating system type (gas, electric resistance, heat pump) for each home in which an
LED is installed

e Location of installed lamp (conditioned, unconditioned, or outdoor).

81 Minimum lifetime requirement under ENERGY STAR® Lamps Specification V1.1, effective September
30, 2014. http://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V1%201
Specification.pdf.

82 ENERGY STAR® CFL Third Party Testing and Verification Off-the-Shelf CFL Performance: Batch 3. Figure 27,
p. 47.

83 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source:
Evaluation of 2008 Texas ‘Make Your Mark’ Statewide CFL Program Report. Frontier Associates. June 2009.
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References and Efficiency Standards

Petitions and Rulings

Not applicable.

Relevant Standards and Reference Sources
e Energy Independence and Security Act of 2007
e ENERGY STAR® specifications for LED lamps

Document Revision History

Table 2-25: Residential Omni-Directional LED Lamp Revision History

TRM Description of Change
Version

v3.0 4/10/2015 TRM v3.0 origin.

TRM v3.1 update. Modification of in-service rate, revision of
interactive effects factors to reflect indoor-specific values for

v3.1 11/05/2015 additional heating and cooling equipment types. Provided default
input assumptions for upstream lighting programs. Capped
estimated measure life.

TRM v3.1 March revision. Updated summer and winter

v3.1 3/28/2016 S
coincidence factors.
v4.0 10/10/2016 TRM v4.0 update. Updated IEF values and useful life estimates.
V5.0 10/2017 TRM v5.0 update. Updated EUL algorithm to account for baseline
' change beginning in 2021. Included language to deem EUL.
2-37
Residential: Lighting Texas Technical Reference Manual, Vol. 2

ENERGY STAR® Omni-Directional LEDs October 9, 2017



2.1.4 ENERGY STAR® Specialty and Directional LED Lamps Measure
Overview

TRM Measure ID: R-LT-DLED
Market Sector: Residential
Measure Category: Lighting

Applicable Building Types: Single-family, duplex and triplex; Multifamily;
Manufactured

Fuels Affected: Electricity

Decision/Action Type(s): Retrofit

Program Delivery Type(s): Prescriptive and Direct Install
Deemed Savings Type: Deemed Savings Calculations

Savings Methodology: Engineering Algorithms and Estimates.

Measure Description

This measure provides a method for calculating savings for replacement of an incandescent or
halogen reflector or decorative lamp with an ENERGY STAR® -qualified LED lamp. These
lamps include reflectors, G-shape lamps, T-shape lamps, B, BA, CA, F G16-1/2, G25, G30, S or
M14 lamps.8

Eligibility Criteria

Customer eligibility to be awarded these deemed savings is at the discretion of the utility for
different program and customer types. See program-specific manuals to determine customer
eligibility.

These savings values rely on usage patterns specific to indoor applications, and therefore
should not be applied to outdoor lighting. However, this should not be construed to restrict
upstream lighting programs, through which customers purchase efficient lighting products in-
store. Future versions of this document may provide savings specific to outdoor and/or
upstream applications.

84 http://www.enerqystar.gov/products/certified-products/detail/light-bulbs.
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Baseline Condition

The baseline wattage will be determined based on the bulb shape of the installed lamp as
outlined below.

Some baseline conditions for specialty LEDs are affected by EISA and/or a DOE 2009 ruling on
incandescent reflector lamps (IRLs). Based on the shape, lumen output, and/or wattage-
equivalent of the installed lamp, the appropriate baseline shall be determined from one of the
following categories:

¢ Non-Reflector Lamps, affected by EISA 2007

¢ Non-Reflector Lamps, not affected by EISA 2007

o Reflector Lamps affected by the DOE ruling in 2009 on IRLs

o Reflector Lamps not affected by the DOE ruling in 2009 on IRLS.

Appropriate baseline wattages are presented in Table 2-28 through Table 2-31. If a baseline
cannot be determined using these tables, the following guidelines may be used to determine
appropriate default baseline wattage:

e Non-Reflector Lamps, affected by EISA 2007: using the exact or range of the installed
wattage, determine the appropriate First Tier or Second Tier EISA baseline default
wattage in Table 2-26.

Table 2-26: ENERGY STAR® Specialty LEDs—Default Equivalent Wattages if Lumen Output

Unknown
If Unknown: Default Installed LED Wattage?® now 12w 17W
1st Tier EISA 2007 Default Baseline 29 W 43 W 53w 72W
27 Tier EISA 2007 Default Baseline 12w 20w 28 W 45 W

¢ Non-Reflector Lamps, not affected by EISA 2007: 60 watts®’
e Reflector Lamps affected by the DOE ruling in 2009 on IRLs: 60 watts®

¢ Reflector Lamps not affected by the DOE ruling in 2009 on IRLs: the appropriate
default baseline may be determined using Table 2-27.

85 Wattage ranges from ENERGY STAR® light bulb savings calculator. Updated June 2015.
http://www.energystar.gov/products/certified-products/detail/light-bulbs.

86 ENERGY STAR® Certified Light Bulbs. https://www.energystar.gov/productfinder/download/certified-
light-bulbs. Accessed October 6, 2015. Mean wattages of omnidirectional, general purpose
replacement LED lamps by incandescent wattage equivalent.

87 A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage of 61.7
Watts (KEMA, Inc., The Cadmus Group, Itron, Inc., PA Consulting Group, Jai J. Mitchell Analytics,
Draft Evaluation Report: Upstream Lighting Program. Prepared for the California Public Utilities
Commission, Energy Division. December 10, 2009)

88 |bid.
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Table 2-27: DOE-Ruling Exempt Reflectors—Default Wattages
BR30 (65 W)
BR40 (65 W) 65 W
ER40 (65 W)
R20 (245 W) 45 W
BR30 (< 50 W)
BR40 (< 50 watt)

oW
ER30 (= 50 watt)
ER40 (< 50 watt)
Indeterminate 60 W8

EISA Standards: Baseline for Non-Reflector Lamps

EISA-Affected

EISA-affected bulbs are:
e G-shape lamps with a diameter less than 5 inches
e T-shape lamps greater than 40 watts or a length of 10 inches or less
e B,BA, CA, FG16-1/2, G25, G30, S or M14 lamps greater than 40 watts.®

Baseline wattages should be adjusted as EISA regulations dictate higher efficiency standards.
The second tier of EISA 2007 (EISA Tier 2) regulation goes into effect beginning January 2020.
However, due to expected lamp replacement schedules, as well as retailer sell-through of
existing lighting stock, the 1%t Tier EISA baseline will be retained until 2021 when the 2" Tier
EISA baseline will be applied.®* Nevertheless, incentivized lamps installed in 2020 will be
awarded savings against the 2" Tier EISA baseline since this will be the standard in effect at
the time of installation.

89 |bid.

90 http://www.lightingfacts.com/Library/Content/EISA.

91 This is consistent with the one-year lag applied in the Arkansas TRM Version 4.0 to new standards
effective before July 1 of a given year. Arkansas Technical Reference Manual, Version 4.0. Prepared
for the Arkansas Public Service Commission. Approved in Docket 10-100-R. Section Il — Protocol E.
Page 48. http://www.apscservices.info/EEInfo/TRM4.pdf.
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Table 2-28: EISA-Affected Specialty LED Baselines (Non-Reflectors)®?

Incandescent Incandescent

: Effective Dates
Equivalent Equivalent

Minimum | Maximum For 2" Tier

st Ti 2nd Tier
Lamp Type Lumens | Lumens L UIE EISA 2007

EISA 2007 EISA 2007

Standards*
(WBase,FT) (WBase,ST) &

* G-shape lamps 310 749 29 12 1/1/2020
with a diameter

less than 5 inches

e T-shape lamps 750 1,049 43 20 1/1/2020
greater than 40

watts or a length
of 10 inches or 1,050 1,489 53 28 1/1/2020

less

e B,BA, CA FGl16-

1/2, G25, G30, S
or M14 |amps 1,490 2,600 72 45 1/1/2020

greater than 40
watts

* While 2™ Tier EISA standards are effective beginning in 2020, 15 Tier EISA baselines will be used until 2021.

EISA-Exempt

EISA-exempt bulbs are:

e Appliance lamps, black light lamps, bug lamps, colored lamps, infrared lamps,
left-hand thread lamps, marine lamps, marine signal service lamps, mine service
lamps, plant light lamps, reflector lamps, rough service lamps, shatter-resistant
lamps, sign service lamps, silver bowl lamps, showcase lamps, 3-way
incandescent lamps, and vibration service lamps

e G-shape lamp with a diameter of 5inches or more
e T-shape lamp of 40 watts or less or alength of more than 10 inches
e B,BA, CA, F, G16-1/2, G25, G30, S or M14 lamp of 40 watts or less.%

92 |bid.

93 Wattages developed using the 45 lumens-per-watt standard for the midpoint of the provided lumen
range.

94 http://www.lightingfacts.com/Library/Content/EISA.
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Table 2-29: EISA-Exempt Specialty LED Baselines (Non-Reflectors)

Lamp Tvpe Minimum Maximum W
pIyp Lumens Lumens sase

Appliance lamps, black light lamps, bug lamps,
colored lamps, infrared lamps, left-hand thread lamp,
marine lamp, marine signal service lamp, mine
service lamp, plant light lamp, reflector lamp, rough
service lamp, shatter-resistant lamp, sign service
!amp, silver bowl Iamp, sh_owcase_lamp, 3-way on the rated incandescent wattage
incandescent lamp, vibration service lamp equivalent of the newly installed lamp

e G-shape lamp with a diameter of 5 inches or more as provided by the manufacturer if
o T-shape lamp of 40 watts or less or a length of more = available. Otherwise, use 60 watts.*
than 10 inches

e B,BA, CA,F, G16-1/2, G25, G30, S or M14 lamp of
40 watts or less

Nameplate wattage on the removed
product. If unknown, utilities may rely

DOE Standards for Incandescent Reflector Lamps (IRLs): Baseline for
Reflector Lamps

DOE Ruling-Affected

Certain types of incandescent reflector bulbs are affected by a DOE 2009 ruling on reflector
lamps. Products affected by the IRL ruling are:

¢ R, PAR, ER, BR, BPAR lamps
e BR and ER lamps rated at more than 50 watts
o Reflector lamps between 2.25” (R18) and 2.75” (R22) in diameter
e 40-205 Watt incandescent PAR lamps.%®
Where available, the nameplate wattage of the removed lamp should be used as the baseline.

Otherwise, the baseline wattage can be determined according to the lumen range of the
installed lamp (see Table 2-20).

9 A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage of 61.7
Watts (KEMA, Inc., The Cadmus Group, Itron, Inc., PA Consulting Group, Jai J. Mitchell Analytics,
Draft Evaluation Report: Upstream Lighting Program. Prepared for the California Public Utilities
Commission, Energy Division. December 10, 2009)

9 http://www.gelighting.com/LightingWeb/na/resources/legislation/2009-department-of-energy-
requlations/
http://www1.eere.energy.gov/buildings/appliance standards/product.aspx/productid/58
http://www.bulbrite.com/eisa.php
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Table 2-30: DOE IRL Ruling-Affected Specialty LED Baselines (Reflectors)®”:%8

BR19

BR30

BR38

BR40

ER30

ER40

PAR20

PAR30

300-500
600-800
801-1000
600-900
901-1400
600-700
701-900
901-950
951-1300
1301-1700
1701-2000
2001-2400
300-450
451-701
1000-1300
300-450
451-550
551-650
450-550
551-600
601-850
851-950
951-1200

50
75
85
75
150
75
85
100
120
125
150
200
50
75
120
50
40
50
35
40
50
60
75

97 Wattage values and lumen ranged from a review of GE, Osram Sylvania, and Philips catalogs in
January 2015, as well as the lIllinois TRM 2014.

GE Lighting catalog:

http://www.gelighting.com/LightingWeb/na/smartcatalogs/Lighting _and Ballasts Section 1 Incandesc

ent_Lamps.pdf

Sylvania catalog: http://assets.sylvania.com/assets/documents/complete-catalog.b176dbb1-d6e0-40f0-

ab92-e768e58f5dcl.pdf

Philips catalog: http://www.usa.lighting.philips.com/connect/tools literature/downloads/sg100-2013.pdf

Illinois TRM 2014: http://www.ilsag.info/technical-reference-manual.html

%8 Table 2-30 is based on manufacturers’ lumen and wattage data for the most commonly used reflector
lamps. However, other manufacturers’ ratings may differ from this list. Where available, utilities may
rely on the rated incandescent wattage equivalent of the newly installed lamp as provided by the

manufacturer.
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550-750 65

751-1100 75
PARSS 1101-1300 100
1301-1600 120
1601-2500 150
2501-3500 175

401-500 50

R20 501-600 75
601-1000 100

700-800 75
R30 801-950 110
951-1100 125
R40 1300-1900 125

DOE Ruling-Exempt

The DOE 2009 ruling standards do not apply to the following types of IRLs:
¢ [IRLs rated at 50 watts or less that are ER30, BR30, BR40, or ER40 lamps
o IRLs rated at 65 watts that are BR30, BR40, or ER40 lamps
e R20 IRLs rated 45 watts or less.®
Table 2-31: DOE-Ruling Exempt Reflectors

Lamp Type

BR30 (65 watt) Nameplate wattage on the removed product. If unknown, utilities may rely on
BR40 (65 watt) the rated incandescent wattage equivalent of the newly installed lamp as
ER40 (65 watt) provided by the manufacturer if available. Otherwise, use 65 watts.

Nameplate wattage on the removed product. If unknown, utilities may rely on
R20 (= 45 watt) the rated incandescent wattage equivalent of the newly installed lamp as
provided by the manufacturer if available. Otherwise, use 45 watts.

BR30 (< 50 watt)

BRA40 (< 50 watt) Nameplat_e wattage on the removed.product. If unknown, utilities may rely on
the rated incandescent wattage equivalent of the newly installed lamp as

ER30 (= 50 watt) provided by the manufacturer if available. Otherwise, use 50 watts.

ER40 (< 50 watt)

99 http://www.gelighting.com/LightingWeb/na/resources/legislation/2009-department-of-energy-

regulations/.
http://wwwl.eere.energy.gov/buildings/appliance standards/product.aspx/productid/58.
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High-Efficiency Condition

LEDs must be ENERGY STAR® -qualified for the relevant lamp shape being removed as
outlined in the latest ENERGY STAR® specification.® These lamps include reflectors, G-shape
lamps, T-shape lamps, B, BA, CA, F G16-1/2, G25, G30, S or M14 lamps.

The high-efficiency condition is the wattage of the lamp installed.

See the ENERGY STAR® website for more information on the specification in effect:
http://www.energystar.gov/products/certified-products/detail/light-bulbs.

Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Wattage reduction is defined as the difference between the wattage of a specialty baseline lamp
and the wattage of a directional or specialty LED.

Energy Savings

For EISA-affected lamps only, annual energy (kWh) savings must be calculated separately for
two time periods:

o First Tier EISA Baseline = 2021—installation year = 5 years

e Theremaining time in the EUL period

For the first tier EISA baseline period:

(Wbase FT — Wpost)
AkWh = - XHOUXISRXIEF,
1000 E
Equation 32
For the remaining time in the EUL period, use the second tier EISA baseline:
(Wbase ST — Wpost)
AkWh = - XHOUXISRXIEF,
1000 E
Equation 33

Annual energy (kWh) savings are calculated by weighting the EISA first and second tier savings
by the EISA first tier period and the remainder of the EUL period, as outlined in Volume 3,
Appendix D of this document.%t

100 http://iwww.energystar.gov/products/certified-products/detail/light-bulbs

101 While this appendix addresses early retirement installations, it is applicable to scenarios in which the
baseline changes over the lifetime of the measure. For the purposes of this appendix, savings
claimed against the Tier 1 EISA baseline may be treated as early retirement savings, and savings
claimed against the Tier 2 EISA baseline may be treated as replace-on-burnout savings.
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For EISA- exempt lamps and reflectors (both DOE ruling-exempt and DOE ruling-affected),
annual energy (kWh) savings are not calculated using the two-tiered system. Instead, annual
energy (kWh) savings are calculated using one algorithm.

Whase — W,
(Woase = Waost) XHOUXISRXIEF;

AkWh = 1000

Equation 34
Where:

Whase rr = First tier EISA baseline wattage corresponding with the lumen
output of the purchased LED lamp for the year
purchased/installed. First tier EISA baseline lamp wattage
provided in Table 2-28 under the column “Incandescent Equivalent
1st Tier EISA 2007.”

Whase st = Second tier EISA baseline wattage corresponding with the lumen
output of the purchased LED lamp for the year
purchased/installed. Second tier EISA baseline lamp wattage
provided in Table 2-28 under the column “Incandescent Equivalent
2nd Tier EISA 2007".

Whase = EISA-exempt specialty lamp or a DOE ruling-exempt reflector, use
the nameplate wattage (see Table 2-29 and Table 2-31. If a DOE-
ruling-affected IRL, use the wattages provided in Table 2-30.

Whost = Actual wattage of LED purchased/installed

HOU = Average hours of use per year = 803 hours (calculated based on
an average daily usage of 2.2 hours per day*®?)

IEFg = Interactive Effects Factor to account for cooling energy savings
and heating energy penalties associated with lighting power
reductions (see Table 2-32).

ISR = In-Service Rate, the percentage of incentivized units that are
installed and in use (rather than removed, stored or burnt out) to
account for units incentivized but not operating = 0.97 13

102 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source:
Evaluation of 2008 Texas ‘Make Your Mark’ Statewide CFL Program Report. Frontier Associates. June
2009.

103 Dimetrosky, S., Parkinson, K. and Lieb, N. “Residential Lighting Evaluation Protocol — The Uniform
Methods Project: Methods for Determining Energy Efficiency Savings for Specific Measures.” January
2015. ISR for upstream programs, including storage lamps installed within four years of purchase.
http://energy.gov/sites/prod/files/2015/02/f19/UMPChapter21-residential-lighting-evaluation-protocol.pdf.
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Table 2-32: ENERGY STAR® Specialty and Directional LEDs—Interactive Effects for Cooling
Energy Savings and Heating Energy Penalties

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Gas Heat with AC 1.06 1.13 1.17 1.15 1.12
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 0.91 1.00 1.05 111 0.97
Electric Resistance Heat with AC 0.65 0.80 0.90 1.00 0.75
Electric Resistance Heat with no AC 0.57 0.69 0.76 0.83 0.65
No heat with AC 1.06 1.13 1.17 1.15 1.12
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown0® 0.87 1.03 1.08 1.12 1.01
Upstream Lighting°® 0.89 1.03 1.07 1.10 1.01

* |EF for homes with no AC are most appropriate for customers with evaporative cooling or
room air conditioners.

Demand Savings
Summer and winter demand savings are determined by applying a coincidence factor associated

with each season. For EISA-affected specialty lamps only, peak demand (kW) savings must be
calculated separately for two time periods:

e First Tier EISA Baseline = 2021—installation year = 5 years

e Theremaining time in the EUL period

For the first tier EISA baseline period:

104 Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing
the EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting
in an assumed efficacy for incandescents (21 Im/W), CFLs (70 Im/W), and LEDs (90 Im/W). IEF values
were calculated using the following formula: 1 + HVACsavings/Lightingsavings.

105 Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and
adjusted to exclude 16 percent outdoor lighting except for upstream defaults. Cadmus report: Cadmus.
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy
Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF.

106 |pid.
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(Wbase,FT - W ost)
— 14

AkVVsummer - 1000 XCFsummerXISRXIEFD,summer
Equation 35
(Whase,rr = Wyost)
AkI/Vwinter = aselOOO e xCFwinterXISRXIEFD,winter
Equation 36
For the remaining time in the EUL period, use the second tier EISA baseline:
(Whase.st = Wpost)
MeWouimmer = 7550 XCFaummerXISRXIEFp summer
Equation 37
(Whase,st = Wpost)
MeWopinter = =000~ XCPuinter XISRXIEFp pyinter
Equation 38

Annual summer or winter peak demand savings are calculated by weighting the EISA first and
second tier savings by the EISA first tier period and the remainder of the EUL period, as
outlined in Volume 3, Appendix D of this document.1%’

For EISA- exempt lamps and reflectors (both DOE ruling-exempt and DOE ruling-affected),
peak demand (kW) savings are not calculated using the two-tiered system. Instead, peak
demand (kW) savings are calculated using one algorithm, depending on the season of the
savings.

_ (Wbase - Wpost)

Bk Wyummer = =150 XCFyummer XISRXIEFp summer
Equation 39
DKW ,yinser = (W”“sjo_ogv 25 s CFpiter XISRXIE P incr
Equation 40
Where:
CF = Coincidence Factor (Table 2-33)
IEF;, = Interactive Effects Factor to account for cooling demand savings
or heating demand penalties associated with lighting power
reductions (see Table 2-34)
107 While this appendix addresses early retirement installations, it is applicable to scenarios in which

the baseline changes over the lifetime of the measure. For the purposes of this appendix, savings
claimed against the Tier 1 EISA baseline may be treated as early retirement savings, and savings
claimed against the Tier 2 EISA baseline may be treated as replace-on-burnout savings.
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Table 2-33: ENERGY STAR® LEDs—Coincidence Factors'%

Season Climate Zone 1: | Climate Zone 2: | Climate Zone 3: | Climate Zone 4: | Climate Zone 5:
Amarillo Dallas Houston Corpus Christi El Paso
Summer 0.060 0.053 0.063 0.059 0.032
Winter 0.277 0.232 0.199 0.267 0.357

Table 2-34: ENERGY STAR® Specialty and Directional LEDs—Interactive Effects Factor for Cooling
Demand Savings and Heating Demand Penalties®

Zone 1l Zone 2 Zone 3 Zone 4 Zone 5
Gas Heat with AC 1.45 1.33 1.68 1.23 1.44
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 1.27 1.28 1.19 1.23 1.37
Electric Resistance Heat with AC 1.07 1.27 1.07 1.23 1.36
Electric Resistance Heat with no AC 1.00 1.00 1.00 1.00 1.00
No heat with AC 1.45 1.33 1.68 1.23 1.44
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown1° 1.24 1.43 1.46 1.51 1.37
Upstream Lighting!! 1.20 1.36 1.39 1.43 1.31

108 See Volume 1, Appendix B.

109 Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing
the EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting
in an assumed efficacy for incandescents (21 Im/W), CFLs (70 Im/W), and LEDs (90 Im/W). IEF values
were calculated using the following formula: 1 + HVACsavings/Lightingsavings.

110 Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and
adjusted to exclude 16 percent outdoor lighting except for upstream defaults. Cadmus report: Cadmus.
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy
Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF.

111 1bid.
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|EFD,winter

Heatina/Cooling Tvbe Climate Climate Climate Climate Climate
9 9 1yp Zone 1l Zone 2 Zone 3 Zone 4 Zone 5

Gas Heat with AC 0.98 0.98 0.98 0.98 0.98
Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00
Heat Pump 0.71 0.67 0.65 0.74 0.81
Electric Resistance Heat with AC 0.44 0.36 0.38 0.42 0.52
Electric Resistance Heat with no AC 0.44 0.36 0.38 0.42 0.52
No heat with AC 0.98 0.98 0.98 0.98 0.98
Unconditioned Space 1.00 1.00 1.00 1.00 1.00
Heating/Cooling Unknown'? 0.75 0.80 0.83 0.85 0.81
Upstream Lighting*3 0.78 0.83 0.85 0.86 0.83

* |EF for homes with no AC are most appropriate for customers with evaporative cooling or room air
conditioners.

Deemed Energy Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Deemed Summer Demand Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Deemed Winter Demand Savings Tables

There are no lookup tables available for this measure. See engineering algorithms in the
previous section for calculating energy and demand savings.

Claimed Peak Demand Savings

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on
peak demand savings and methodology.

Additional Calculators and Tools

This section is not applicable.

112 |bid.
113 |bid.
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Measure Life and Lifetime Savings

The average measure life is based upon rated lamp life of the LED. The measure life assumes
an average use of 2.2 hours per day based on blended usage for indoor/outdoor applications,
and applies a 0.85 degradation factor to indoor/outdoor LEDs. The algorithms below are
designed to provide EISA Tier 1 and EISA Tier 2 measure lives, each to be applied to the
appropriate tier of EISA savings.

EUL _ Rated LifexDF
Total = "HOUx365.25
Equation 41
EUL7ier1 = 2021 — Purchase Year
Equation 42
EULtiery = EULTotar — EULtiery
Equation 43
Where:
Rated Life = 10,000 hours, 12,000 hours, 15,000 hours, or 20,000 hours, as specified
by the manufacturer. If unknown, assume a 10,000-hour lifetime.***
DF = 0.85 degradation factor'®
HOU = 2.2 hours per day*'®
2021 = One-year lag applied to year that EISA Tier 1 energy efficiency

standard ends
Table 2-35: ENERGY STAR® Specialty LEDs—Estimated Useful Life

If Applicable:

-
Range of Rated Assumed Rated Total EISA 1= Tier A
Measure Life Measure Life Measure Life Standgrd EISA 2 T|.er
(Hours) (Hours) (Years) Basehng Measure Life
Measure Life (Years)
(Years)
<17,500 15,000 16 3 13
> 17,500 20,000 20* 3 17

* Measure life capped at 20 years. EUL may be deemed at 16 years in lieu of collecting manufacturer
rated life.

114 Minimum lifetime requirement under ENERGY STAR® Lamps Specification V1.1, effective September
30, 2014. http://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V1%201
Specification.pdf.

115 ENERGY STAR® CFL Third Party Testing and Verification Off-the-Shelf CFL Performance: Batch 3.
Figure 27, p. 47.

116 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source:
Evaluation of 2008 Texas ‘Make Your Mark’ Statewide CFL Program Report. Frontier Associates. June 2009.
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Program Tracking Data and Evaluation Regquirements

Primary inputs and contextual data that should be specified and tracked by the program
database to inform the evaluation and apply the savings properly are:

Climate zone

Number of LEDs installed

ANSI C79.1-2002 nomenclature of CFL installed (G40, PAR, etc.)
Wattage of each installed LED

Lumen output of each installed LED

Wattage of replaced lamp

Manufacturer-rated lifetime of each installed LED in hours

Heating system type (gas, electric resistance, heat pump) for each home in which a LED
is installed

Location of installed lamp (conditioned, unconditioned, or outdoor)

Baseline calculation methodology (replaced lamp nameplate wattage, EISA-affected non-
reflector, EISA-exempt non-reflector, DOE ruling-affected reflector, DOE ruling-exempt
reflector, manufacturer-rated equivalent incandescent wattage, or default wattage)

References and Efficiency Standards

Petitions and Rulings

Not applicable.

Relevant Standards and Reference Sources

Energy Independence and Security Act of 2007

Energy Conservation Program: Energy Conservation Standards and Test Procedures for
General Service Fluorescent Lamps and Incandescent Reflector Lamps, Energy
Efficiency and Renewable Energy Office (EERE), 2009

ENERGY STAR® specifications for LED lamps
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Document Revision History
Table 2-36: Residential Specialty and Directional LED Lamp Revision History

VTRM Description of Change
ersion

v3.0 4/10/2015 TRM v3.0 origin.

TRM v3.1 update. Modification of in-service rate, revision of
interactive effects factors to reflect indoor-specific values for

v3.1 11/05/2015 additional heating and cooling equipment types. Consolidated
default input assumptions for upstream lighting programs. Capped
estimated measure life.

TRM v3.1 March revision. Updated summer and winter

v3.1 3/28/2016 S
coincidence factors.
v4.0 10/10/2016 TRM v4.0 update. Updated IEF values.
v5.0 10/2017 TRM v5.0 update. Updated useful life estimates.
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2.2 RESIDENTIAL: HEATING, VENTILATION, AND AIR
CONDITIONING

2.2.1 Air Conditioner or Heat Pump Tune-up Measure Overview
TRM Measure ID: R-HV-TU
Market Sector: Residential
Measure Category: HVAC

Applicable Building Types: Single-family, duplex and triplex; Multifamily;
Manufactured

Fuels Affected: Electricity

Decision/Action Type(s): Retrofit

Program Delivery Type(s): Prescriptive

Deemed Savings Type: Deemed Savings Calculations

Savings Methodology: Engineering Algorithms and Estimates.

Measure Description

This measure applies to central air conditioners and heat pumps of any configuration as long as
everything on the checklist below can be completed. An AC tune-up involves checking, cleaning,
adjusting, and resetting the equipment to factory conditions in the understanding that such
measures restore operating efficiencies, on average, closer to as-new performance. This
measure applies to all residential applications.

For this measure, the service technician must complete the following tasks according to industry
best practices. In order to properly assess and adjust the refrigerant charge level, the unit must
be operating under significant (i.e., normal) cooling load conditions. Therefore, this measure
may only be performed for energy savings reporting purposes when the outdoor ambient dry
bulb temperature is above 75°F, and the indoor return air dry bulb temperature is above 70°F.

Air Conditioner Inspection and Tune-Up Checklist!!’
e Tighten all electrical connections and measure voltage and current on motors
e Lubricate all moving parts, including motor and fan bearings

e Inspect and clean the condensate drain

117 Based on ENERGY STAR® HVAC Maintenance Checklist.
www.energystar.gov/index.cfm?c=heat cool.pr maintenance.
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Inspect controls of the system to ensure proper and safe opera