Table 278 has consolidated both sources in one location for ease of reference.

For water heater replacement and fuel substitution, the new unit must meet the following federal
minimurm energy factor shown in_Table 278

Feble2E8. Water heaters must be installed in accordance with local code requirements.

FHR does not apply to tankless water heaters, which are rated in terms of max gallons per
minute (GPM). For gas storage water heaters, reported draw pattern should be consistent with
the ENERGY STAR certificate . 3%%

DHW type

Table 278. DHW Replacements—Efficiency Standards?®®

{Rated storage

“

wolume
Electric < 2 gal | Very small usage MA, 0.81
tankless?"! Low usage 0.91
Medium usage 0.91
High usage 082
Gas < 2 gal and | Very small usage N/A 085
tankless > 50,000 BtUh | | o usage
Medium usage
High usage
Gas = 20 gal and | Very small usage O0=FHR =13 0.3456 — (0.0020 x V)
storage S95gal [ isage 18<FHR<51 | 05982 —(0.0019x% V)
Medium usage 51=FHR <75 081
High usage 75 £ FHR 086
= 35 gal and | Very small usage O0=FHR <18 0.86
<100 gal Low usage 18 = FHR < 51
Medium usage I =FHR <75
High usage 75 =FHR

08 A of August 2023, all gas tankless products on the ENERGY STAR qualified product listing were
rated as high usage. hitps:/www.enargystar. gov/productfinder/product/certified-water-heaters/results .

3910 CFR Part 430.32 Energy and water conservation standards. Available online:
hitps ./f'wwwi eere energy.govibuildings/appliance standards/standards.aspx?productid=32.

HOyr is the rated storage volume (in gallons), as determined pursuant to 10 CFR 429.17.

M There is no EMERGY STAR tankless water heater category because all products perform at or near
the federal standard. These units are still eligible to claim savings against the efectric sforage wafer
heafer baseline if draw pattern and UEF can be verified using manufacturer specification sheets or
other documentation.
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Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

All deemed savings values are calculated using the following standard algorithms for water
heating. These algorithms assume a replace-on-burnout or new construction scenario but may
be used to award savings for early retirement projects.

Electric Tankless Water Heater

Energy Savings Algorithm

. } 1 1
. g cp X GPY % (_qurpninr - Tsupply,avg_} X (TF:W'U _m)
Energy Savings [AkWh] =

3,412
Equation &7
Where.
P = Water density flbs/gaff = 8.33
Cp = Specific heat of water [Btudb-"F] = 7
GPY = Estimated annual hot water use in gallons/year, specified by

number of bedrooms in the home (see Table 279). For
midstreamyupstream applications, the number of bedrooms is
assumed to be 3.5

Table 279. DHW Replacemeants—Water Heater Consumption {GalfYear)¥1?

Nuniber of bedregms

Zone 1: Amarillo 15,476 | 20171 24 866 | 29561
Zone 2: Dallas 14,778 | 19,244 | 23710 | 28177
Zone 3: Houston 14,492 | 13,864 | 23236 | 27608
Zone 4: Sorpus Christi 14,213 158,494 22775 27 056
Zone 5: El Paso 14,905 | 19,412 | 23920 | 28427

12 Weighted average of number of bedrooms in West South-Central Region. 2020 RECS Survey Data —
Table HZZ2 8 Structural and geographic characteristics of homes in the South and West regions, 2020.
hitps ffwwav.aia .goviconsumption/residential/data/ 2020/ .

313 Building America Research Benchmark Definition. December 2008, p 13. Available online:
hitp:{fwww.nrel.gov/docs/fy10osti/47246.pdf.
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T seipoint = Water heater setpoint temperature [FF™ = 120

T euppiy aver = Average annual supply water temperature [°F] (see Table 280)
UEF e = Basefine uniform energy factor (see Table 277)%

LUEF post = Unifonm energy factor of new water heater (see Table 278)
3.412 = Constant to convert from Btu to kWh

Table 280. DHW Replacements—Water Mains Temperature (°F)*'8

T-u iy seasonal

€limate zone Tsupply.avy m Winter.

-Zone 1: Amarillo 829 738 537
Zone 2: Dallas 718 84.0 60.6
Zone 3. Houston 747 845 63.2
Zone 4: Corpus Christi V72 861 8.2
Zone 5. El Paso 70.4 815 60.4

Demand Savings Algorithm

Peak Demand Suvings |AKW|

. 1 1
B £ Cp x GPY x (qurpnin: - Tsupply,.qeamnal_) X (m _m)  CF
- 365 x 3,412 s
Equation 68
Where:
CF 5w = Summer/winter peak coincidence factor (see Table 281)
T suppiy.seasonsr = Seasonaf supply water temperature {°F} {see Table 280)

314 120°F represents the assumed water heater setpoint. The New York Department of Public Service
recommends using the water heater setpoint as a default value, see "New York Standard Approach for
Estimating Energy Savings frem Energy Efficiency Programs.” Page 99, Cctober 2010, The data
collection discussed in Appendix D of the EM&V team’s Annual Statewide Portfolio Report for Program
Year 2014-Volume 1, Project Number 40891 {August 2013 also supperts a default value of 120°F.

315 Note that for efficient water heater installations in newly-constructed homes, the baseline energy factor
is the efficiency of the electric storage water heater that would otherwise have been installed,
according to appropriate design documentation.

18 Based on typical meteorological year (TMY) 3 dataset for TMY3, available through the Mational Solar
Radiation Database (NSRDB) Data Viewer. hitps:/nsrdb. nrel gov/data-viewer. Data for Texas climate
2ones can also be accessed directly here: https ftexasefficiency.comfindex. phpregulatory-

filings/deemed-savings.
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Table 281. DHW Replacements—Coincidence Factors®"

Zone 1: Amarillo 0.042 0.067
Zone 2: Dallas 0.039 0.068
Zone 3. Houston 0.0 0.070
Zone 4: Corpus Christi 0.0 0.065
Zone 5: El Paso 0.036 0.067

Gas Storage or Tankless Water Heater (Fuel Substitution)

Energy and demand savings awarded for replacing an electric water heater with a gas storage
or gas tankless water heater are equal to the consumption of the unit replaced.

Energy Savings Algorithm for Units Less than 55 Gallons

1
g x Cp X GPY x (Tf:srpnmr - Tquppfy.annuai) * (m}
3,412

Energy Suvings |AkWh| =
Equation 69

Demand Savings Algorithm for Units Less than 55 Gallons

Summer Peak Demund Suvingy |AKW|
) . 1
px cp X GPY X (_Tserpom: - .f:upply.summe‘r_) * (m)
365 x 3,412

={F X
Equation 70

Winter Peak Demand Savings [AkW]
. : 1
o X Cp XGPY = (_Tsutpua'n.t - T.su.ppiy.winf.ar.) X (m)
365 % 3,412

=Chy X

Equation 71

7 Probability weighted peak load factors are calculated according to the method in Section 4 of the
Texas TRM Vol 1 using data from Building America Performance Analysis Procedures for Existing
Homeas, page 18, Figure 4 Combined Domestic Hot Water Use Profile.
hitps:fiwww.nrel.govidocs/fy0Bostif38238. pdf.
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Example Deemed Savings Calculation

Example 1. An existing 40-gallon electric water heater in a two-bedroom home in Dallas is
replaced with a new, electric tankless water heater with a high usage draw pattern and a
uniform energy factor of 0.92. Important. note that energy savings can be negative if the UEF
rating does not exceed the equivalent electric storage water heater baseline.

833 %1 x 19,244 X (120 - 718) X (goigs — o

_I wan)] _
SkWh = i = 29 kWh

233 x 1 x 19244 x (120-84) x (pbo— 2] 0,002 kW
365 % 3,412 -

AkW; = 0,042 x

833 x 1 x 19244 x (120-60.6) X (35557 — 505

ﬂ.rJrJ)J
— _0.007 kW
365 < 3.412 ¢

AkW,, = 0.068 x

Example 2. An old 30-gallon electric water heater in 2 one-bedroom house in El Paso is
replaced with a new gas storage water heater with a first-hour rating of 51 galfhr and a uniform
energy factor of 0.81.

833 x1x 14,905 x (120 - 704y % (

1
0.0247)1 _ £ ae
3412 = 1952 kWh

AkWh = [

[8:33 x 1 x 14905 x (120—815) X (gmws)] _ 1 oy
365 % 3,412 -

AW, = 0.036 x

[833 x 1 x 14,905 x (120 — 604) X (oo

AkW,, = 0.067 )| _ o 43
W x 3653412

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, Section 4 for further details on peak demand savings and methodology.
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Additional Calculators and Tools
Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is 20 years for a tankless water heater (gas or electric), as
specified in the California Database of Energy Efficiency Resources (DEER) READI tool for EUL
|D WirHt-Instant-Res. 318

The EUL is 11 years for a high-efficiency gas water heater, as specified for EUL ID WirHt-Res-
Gas.

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:

= Climate zone or county

e Number of bedrooms (not required for upstream/midstream program delivery)
= Water heater quantity

¢ Manufacturer and model number of new water heater

e ENERGY STAR certificate matching mode! number (if applicable)

= Baseline volume {gallons), FHR, and UEF

e New water heater volume (gallons, zero if tankless), FHR, and UEF

= Proof of purchase — with date of purchase and quantity

Alternative: photo of unit installed or ancther pre-approved method of
installation verification.

References and Efficiency Standards

Petitions and Rulings
Not applicable.
Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

318 DEER READI {Remote Ex-Ante Database Interface). hitp./iwww.deeresources comvindex.phpfreadi,
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Document Revision History

Table 2582. DHW Replacements—Revision History

v1.0 11/25/2013 | TRM w1.0 origin.

v2.0 0418/2014 | TEM v2.0 update. Updated measure to require electric tankless rather
than electric storage water heater installation for non-fuel-switching
option. Updated by Frontier Energy, March 2014, based on new federal
standards.

vZ.1 01/30/2015 | TRM v2.1 update. Updated to reflect that new construction permitted to
claim savings subject to documentation requirements and that gas-
fueled tankless water heaters are eligible for installation.

v3.0 04/10/2015 | TRM v3.0 update. Amended fuel substitution savings to reflect the full
consumption of the electric unit being replaced. Revised demand
savings for installing an electric tankless unit to reflect daily usage

patterns.

w31 11/05/2015 | TRM v3.1 update. Clarified the baseline for water heaters greater than
55 gallons.

vd.0 10M10/2016 | TREM v4.0 update. Updated HPWH baseline usage for gas storage
water heaters larger than 33 gallons.

v5.0 10/2017 TREM v5.0 update. No revision.

vB.0 11/2018 TREM v6.0 update. No revision.

7.0 11,2019 TREM v7.0 update. Implemented new baseline and high-efficiency
standards.

v8.0 102020 TRM v8.0 update. Clarified HPWH baseline for tanks sizes over 53 gal.
Updated algorithms to refer to UEF.

va.0 102021 TRM v9.0 update. Updated EUL reference.

v10.0 1052022 TREM v10.0 update. Verified compliance with ENERGY STAR
specification v4.0. Updated documentation requirements.

v11.0 102023 TEM v11.0 update. Removed requirement to install HPYWH for DHW

= 55 gallens. Incorperated updated ENERGY STAR specification v2.0.
Updated decumentation requirements.

vi12.0 1042024 TREM v12.0 update. No revision.
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2.4.2 ENERGY STAR® Heat Pump Water Heaters Measure Overview
TRM Measure ID: R-WH-HW
Market Sector: Residential
Measure Category: Water heating
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity and gas
DecisionfAction Type(s): Retrofit, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Look-up tables

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure involves the installation of an ENERGY STAR-compliant heat pump water heater
{HPWH). Note that this measure does not account for the interactive air conditioning energy
savings and heating penalty associated with the HPWH when installed inside conditioned
space.

Eligibility Criteria

This measure applies to residential, electric, and storage-type heat pump water heaters. Heat
pump add-ons to existing storage water heaters are ineligible. The measure does not apply to
the replacement of gas water heaters.

First hour rating (FHR) is a proxy for draw pattern. There are no certified ENERGY STAR water
heaters in the very small usage category. and that draw pattemn is not covered in the current
ENERGY STAR specification. Approximately 94 percent of certified units are in the medium and
high usage categories. However, HPVWHs with low usage draw patterns are eligible as long as
they comply with minimum ENERGY STAR FHR requirements.

Baseline Condition

The baseline condition is an electric storage water heater (EVWWH) with baseline efficiency
uniform energy factor {UEF) determined by tank size and FHR. This baseline is specified
according to the current federal energy efficiency standards for residential water heaters with
tank sizes 20 to 120 gallons, effective April 16, 2015, as published in 10 CFR Part 430.32 of the
Federal Register ®"

#3210 CFR Part 430.32 Energy and water conservation standards and their effective dates .
wanw acfr.govicgi-bin/text-
idx?510=80dfas 55ea350cbeee184bb0ael3e Fil&me=true&node=5210.3.430 132&rgn=divg.
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This baseline applies to replace-on-burnout and new construction applications. No additional
savings are awarded for early retirement at this time. Early retirement projects should calculate
savings using an assumed replace-on-burnout baseline. However, the Department of Energy
(DOE) issued an updated final rules-netics-ofpropesed-rulemaking for consumer water heaters,
effective-en July 527, 20242023 3* Compliance with the new federal standard will be enforcad
as of May 82029 The TRM will add an early retirement baseline after the effective date for the
new standard.

Table 283. HPWHs—Federal Standard for Residential Water Heaters
Rated storage

volume Draw pattern UEF *#
z220galand Very small usage 0sFHR <18 0.8808 - (0.0008 * Vi)
S55981 [} owusage 18SFHR <51 | 09254 - (0.0003 x V;)
Medium usage 51sFHR <75 0.9307 - (0.0002 x Vi)
High usage 75<FHR | 0.8349 - (0.0001 = V;)
>55galand Very small usage O<FHR <18 1.9236- (0.0011 » V)
s120gal [\ cwusage 18 <FHR <51  2.0440 - (0.0011 x V)
Medium usage 51sFHR <75 21171 - (0.0011 = \)
High usage 75<FHR 2.2418- (0.0011 = )
Table 283 HPWHs—Federal Standard for Residential Water Heaters (Comphance May 6.2028)
e R e e B ) bl
= a5 gal
L L
® M e st

? B LT e
= oo galani Vary amal usage O=FHR <18 =50

¥ Low usage 182 FHR <50

IAedi deage Sloihia B

3% Energy Conservation Program: Energy Conservation Standards for Consumer Water Heaters.
h!!ﬁ Iwnew, energx.goweerefbulld#ngsfconsumer-waler-heaters.

33 “The Revised Method of Test for Residential Water Heating and Its Impact on Incentive Programs”
presentation, Glanville, Paul. ACEEE Hot Water Forum. February 24, 2015.
hitps //aceee org/sites/defaultfiles/pdf/conferences/hwi/2015/6B-Glanville pdf.
32 Assume FHR equal to that of installed water heater.
3 \r is the rated storage volume (in gallons), as determ

ined pursuant to 10 CFR 429.17.
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High-ucage ZE<FHR

212053l Momysmallusage | O=FHR <18 | 03574000124\
Lowusage | 48cEHR<S51 0780700048\
Mediwmusage | S1cFHR <75 0888400017V
High-usage IECRMR  BBETS 0004 E

High-Efficiency Condition

Eligible equipment must be compliant with the current ENERGY STAR v5.0 specification,
effective April 18, 2023. Qualified products must meet the minimum requirements from Table
284 %7

Table 284. HPWHs—ENERGY STAR Specification

Criteria ENERGY STAR Requirements
UEF Integrated HPWH UEF 23.30

!Inzlzg\rr:rtl?fSHap\nrlimuit UEF. =220

Split-system HPWH UEF =220
First-hour rating FHR 2 45 gallons per hour
Warranty Warranty 2 6 years on sealed system
Safety UL 174 and UL 1995 or UL 60335-2-40
Lower compressor cut-off temperature Report ambient temperature below which

g s the compressor cuts off and electric-
(reporting requirement only) resistance-only operation begins

A complete list of certified ENERGY STAR HPWHSs can be accessed via the ENERGY STAR
program website **

HPWHSs depend on adequate ventilation to properly function. including adequate space for both
inlet and outlet airflow, and should be installed in spaces in where temperature does not drop
below a certain level. The Department of Energy recommends installation in locations that
remain above 40°F year-round and provide a minimum of 1,000 cubic feet of air space around

27T ENERGY STAR HRWH Key-Product CriteriaProgram Requirements for Residential Water Heaters.
https://www.energystar govisites/default/fileslENERGY%205TAR% 20Residential%20Water%20Heate
rs%20Version%205.0%20Specification%20and %20Partner%20Commitments 0.pdf.

33 ENERGY STAR—oettlred water heaters qualiﬂed produd Ilshng
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the water heater 32 Modern HPWHs operate with little to no change in performance with
considerably less air volume. Updated recommendations reduce the air volume requirement to
700 cubic feet ¥ These conditions are not enforced as an eligibility requirement but should be
considered when installing an HPVWH.

Energy and Demand Savings Methodology
Savings Algorithms and Input Variables

HPWH savings are calculated on a per-unit basis. Deemed savings are calculated utilizing the
standard algorithms outlined below for water heating. Consumption in gallons per year us
estimated using data from Building America Performance Analysis Procedures for Existing
Homes **' Temperature data are based on TMY3 dataset 3%

For upstream/midstream program delivery, a default of three bedrooms may be used to
calculate the annual hot water use in gallons per year (GPY). The default number of bedrooms
was estimated by taking the weighted average calculated from 2020 RECS Survey Data.

Energy Savings Algorithm

. . 1 1
g cp X GPY % (_qurpoin: - Tsupply,annua!_} X (m; _m_)

post

Energy Suvings |AkWh| =

3412
Equation 72
Where:
P = Water density flbs/gaff = 8.33
Cp = Specific heat of water [Biudb "F] =1
GPY = Estimated annual hot water use in gallonsé/vear. specified by

number of bedrooms in the home (see Table 285). For
midstreamy/upstream applications, the number of bedrooms is
assumed to be 3%

# Heat Pump Water Heaters, Department of Energy, May 2012,

hitp:/fenergy. govfenergysaverfarticles/heat-pump-water-heaters
220 Heat Pump Water Heaters — Code Compliance Brief, U.S. Department of Energy Building Technologies
Office. hitps-i/basc.pnnl.govicode -compliance/heat-pump-water-heaters-code-compliance-brief.

M Building America Performance Analysis Procedures for Existing Homes, page 18, figure 4: combined
domestic hot water use profile. https:/fwww.nrel.gov/docs/fy0Bosti/38238 pdf..

332 TMY data is available through the National Solar Radiation Database (NSRDB) Data Viewer,
https:./fmaps nrel.gev/nsrdb-viewer!. Data for Texas climate zones can alse be accessed directly here:
hitps Mexasefficiency.comfindex php/regulatory filings/deemed-savings.

2 Weighted average of number of bedrooms in West South-Central Region. 2020 RECS Survey Data —
Table HZZ2 8 Structural and geographic characteristics of homes in the South and West regions, 2020.
hitps . fwww.eia. goviconsumption/residential/data/2020/.
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Table 285. HPWHs—Water Heater Consumption (Gal/Year) **

Number of bedrooms
Climate zone 1 2 3 4

Zone 1: Amarillo 15476 20171 24866 29,561

Zone 2: Dallas 14,778 19244 23710 28177

Zone 3: Houston 14492 18864 23236 27608

Zone 4; Corpus Christi 14,213 18494 22775 27,056

Zone 5: El Paso 14,905 19,412 23,920 28,427
Taoipaint = Water heater setpoint temperature [FJ> = 120
Tsuenly,annuat B Average annual supply water temperature [*F] (see Table 286)
UEF e = Baseline uniform energy factor (calculate per Table 283)
UEF post = Uniform energy factor of new water heater
3,412 - Constant to convert from Blu to kWh

Table 286, HPWHs—Water Mains Temperature (°F)*’

Tsupply, seasonal

Climate zone | Tsuipply,annusl | Summer | Winter
Zone 1: Amarillo 62.9 738 537
Zone 2: Dallas 718 84.0 606
Zone 3: Houston 74T 845 65.5
Zone 4: Corpus Christi 772 86.1 685
Zone 5: El Paso 70.4 815 60.4

¥ Building America Research Benchmark Definition. December 2009, p 13. Available online:
hitp/iwww.nrel. govidocsify100stii47246 pdf.

335 120°F represents the assumed water heater setpoint. The New York Department of Public Service
recommends using the water heater setpoint as a default value, see "New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs.” Page 99. October 2010. The data
collection discussed in Appendix D of the EM&V team’s Annual Statewide Portfolio Report for Program
Year 2014-Volume 1, Project Number 40891 (August 2015) also supports a default value of 120°F.

33 Note that for efficient water heater installations in new construction homes, the baseline uniform
energy factor is the efficiency of the electric storage water heater that would otherwise have been
installed, according to appropriate design documentation.

337 Based on TMY3 dataset. TMY data is available through the National Solar Radiation Database
(NSRDB) Data Viewer, hittps://maps. nrel.govinsrdb-viewer/. Data for Texas climate zones can also be
accessed direclly here: hitps /ltexasefficiency com/index . php/regulatory -filings/deemed-savings.
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Demand Savings Algorithm

Peak Demand Savings |AKW|
1 1
B g x Cp X GPY x (Tssrpnmr - Tquppfy.ssasnnaf) * (m - m_)

post

- 365 x 3,412 * Chspw
Equation 73
Where:
Toupply seasonal = Seasonal supply water temperature ["F] (see Table 286)
CFam = Summer/winter peak coincidence factor {see Table 287)

Table 287. HPWHs—Coincidence Factorsi®

| Climate zone Summer | Winter

Zone 1: Amarillo 0.042 0.087
Zone 2: Dallas 0.038 0.063
Zone 3. Houston 0.041 0.070
Zone 4: Corpus Christi 0.041 0.065
Zone 5: El Paso 0.036 0.087

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, Section 4 for further details on peak demand savings and methodology.

12 Probability weighted peak load factors are calculated according to the method in Section 4 of the
Texas TRM Vol 1 using data from Building America Performance Analysis Frocedures for Existing
Homeas, page 18, Figure 4 Combined Domestic Hot Water Use Profile.
hitps:fiwww.nrel.govidocs/fy0Bostif38238. pdf.
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Additional Calculators and Tools

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) for this measure is 13 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:

= Climate zone or county

e Number of bedrooms (not required for upstream/midstream program delivery)

= Manufacturer and model number of new HPWH

e ENERGY STAR certificate matching mode! number (if applicable)

e HPWH quantity

- :Em)‘cype {integrated HPWWH, integrated HPWWH 120v/15A circuit, split-system

= Baseline volume {gallons), FHR, and UEF
e New HPWH volume (gallons), FHR, and UEF
= Proof of purchase — with date of purchase and quantity

Alternative: photo of unit installed or ancther pre-approved method of
installation verification.

References and Efficiency Standards

Petitions and Rulings
Not applicable.
Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

38 2010 ACEEE Summer Study on Energy Efficiency in Buildings, LBNL, "Heat Pump Water Heaters and
American Homeas: & Good Fit? p 9-74.
hitps:fiwww.aceee.orgffiles/proceedings/2010/data/papers2205.pdf.
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Document Revision History

Table 288. HPWHs—Revision History

v1.0 11/25/2013 TRM v1.0 origin.

v2.0 04182014 TRM v2.0 update. Updated by Frontier Energy, March 2014, based
on new federal standards.

w21 01/30/2015 TRM w2 1 update. No revision.

v3.0 04102015 TRM +3.0 update. No revision.

w31 11/05/2015 TRM w31 update. No revision.

vd.0 10/10/2016 TRM v4.0 update. Consolidated table formats.

va.0 1072017 TRM v5.0 update. No revision.

wE.0 1172018 TRM w6 0 update. Implementation of new baseline and update to the
efficiency of qualifying HPWHSs.

7.0 10/2019 TRM w7 0 update. No revision.

v3.0 10/2020 TRM w8.0 update. Added new construction eligibility

va.0 1072021 TRM v3.0 update. Clarified baseline condition. Confirmed ENERGY
S5TAR-qualified product listing still does not contain a significant
number of products with low or very small usage patterns.

v10.0 102022 TRM v10.0 update. Verified compliance with ENERGY STAR Version
4.0 Requirements. Updated savings methodeology to algorithm
approach. Updated documentation requirements.

v11.0 10/2023 TRM w11.0 update. Incorporated updated ENERGY STAR
specification v2.0. Updated documentation requirements.

v12.0 11/2024 TRM v12.0 update. Clarified forthcoming federal standard effective
and compliance dates.
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2.4.3 ENERGY STAR® Solar Water Heaters Measure Overview
TRM Measure ID: R-WH-5W
Market Sector: Residential
Measure Category: Water heating
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
DecisionfAction Type(s): Retrofit, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Look-up tables

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure involves installing a new solar water heater in place of an electric storage water
heater. Solar water heating deemed savings values are calculated based on the Solar Rating
and Certification Corporation's (SRCC) test for solar water heaters (test 0G-300).

Eligibility Criteria

These deemed savings are for solar water heaters installed as a replace-on-bumout measure or
as an early retirement measure in existing homes and in new construction homes. However,
savings are calculated under the assumption of replace-on-burnout.

Baseline Condition

The baseline condition is an electric storage water heater with baseline efficiency uniform
energy factor {UEF) determined by tank size and first hour rating (FHR), a proxy for draw
pattern. This baseline is specified according to the cumrent federal energy efficiency standards
for residential water heaters with tank sizes from 20 to 120 gallons, effective April 16, 2015, as
published in 10 CFR Part 430.32 of the Federal Register {see Table 279).3%

This baseline applies to replace-on-burnout, and new construction applications. No additional
savings are awarded for early retirement. Early retirement projects should calculate savings
using an assumed replace-on-burnout baseline. However, the Department of Energy (DOE)
issued a notice of proposed rulemaking for consumer water heaters on July 27, 2023.%*' The
TRM will add an early retirement baseline after the effective date for the new standard.

3010 CFR Part 430.32 Energy and water conservation standards and their effective dates . Available
onling: hitps:/wwwl eere energy. govibuildings/appliance standards/standards.aspxPproductid=32
M Energy Conservation Program: Energy Conservation Standards for Consumer Water Heaters.
hitps .fwww.regulations.govidocument/EERE-2017-BT-STD-0019-0083.
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Table 289. Sclar DHW—Federal Standard for Residential Electric Storage Water Heaters

Rated storage volumie m

z 20 gal and £ 55 gal Wery small usage O£FHR <18 | 08805 - (0.0008 =V
Low usage 18 FHR <51 | 08254 - (0.0003 = V)
Medium usage 512 FHR <75 | 0.9307 — (0.0002 x V)
High usage 755 FHR | 08349 - (0.0001 x V)
» 55 gal and = 120 gal Wery small usage O=FHR <18 | 1.8236 - (0.0011 x ;)
Low usage 18 £ FHR < 51 2.0440 — (0.0011 = V)
Medium usage 512 FHR <75 | 21171 - (0.0011 x V)
High usage 7S<FHR | 22418 - (0.0011 = V)

High-Efficiency Condition

Eligible equipment must be compliant with the current ENERGY STAR v5.0 specification,
effective April 18, 2023, Qualified products must have a solar uniform energy factor (SUEF)
greater than or equal to 3.0, and warranties of = 10 years on collectors, = 6 years on sealed
systems, Z 2 years on controls, and z 1 year on piping and parts.®*® A complete list of certified
ENERGY STAR solar water heaters can be accessed via the ENERGY STAR program
website, 3

Solar water heaters must be certified according to the current SRCC OG-300 standard based
on tank size and final SUEF.3

Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Solar water heating savings values are on a per-unit basis. Variables used to compute deemed
savings include tank volume and installed unit SUEF as rated in the SRCC “"Summary of SRCC
Certified Solar Collector and Vater Heating System Ratings.” The SUEF is determined under
SRCC's Operating Guideline 300, "Operating Guidelines and Minimum Standards for Certifying
Solar Water Heating Systems" and was developed as a means to compare solar water heating
systems with conventional water heating systems rated with an UEF and listed in the Gas
Appliance Manufacturers Association Directory of Certified Water Heating Products.

12 “The Revised Method of Test for Residential Water Heating and Its Impact on Incentive Programs”
presentation, Slanville, Paul. ACEEE Hot Water Forum. February 24, 2015,
hitps:/faceee org/sites/defaultfiles/pdficonferences/hwfi2015/6B-Glanville .pdf.

33 Assume FHR equal to that of installed water heater.

3 \/1 is the rated storage volume (in gallons), as determined pursuant to 10 CFR 429.17.

5 ENERGY STAR Requirements (effective January 3", 2022, released March 29, 2022),
hitps-ifwvan energystar. gov/productsivwater heaters/residential water heaters key product criteria .

18 EMERGY STAR-certified water heaters qualified product listing.
hitps ffwwav energystar.gov/productfinder/product/ce tified-solar-water-heaters/results.

M7 ENERGY STAR certification for residential water heaters. hitps:ffsolar-rating.org/programs/estar;.
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Both UEF and SUEF are based on the same environmental and hot water use conditions used
in the DOE Test Procedures for VWater Heaters. The only significant difference is that the DOE
test does not specify solar radiation. So SRCC uses a 1500 Btu/sq. ft./day solar radiation
profile—a value typical of Sunbelt states (note - the annual average solar radiation for Dallas is
1533 Btu/sy. ft./day. Information on the SRCC can be found at hittp:ffwww solar-rating.org/f.

All deemed savings values are calculated using the following standard algorithms for water
heating. These algorithms assume a replace-on-burnout or new construction scenario but may
be used to award savings for early retirement projects.

Energy Savings Algorithm

1 1
p X Cp X GPY x (Tsatpoinf. - Tsupply.un.nuui) * (m - WFM)

Enerygy Suvings |AkKWhH| =

3412
Equation 74
Where:
P = Water density flbs/gaff = 8.33
Cp = Specific heat of water [Biudb "F] =1
GPY = Estimated annual hot water use in gallonsé/vear. specified by
number of bedrooms in the home (see Table 290). For
midstreamy/upstream applications, the number of bedrooms is
assumed to be 3.3%
T setpaine = Water heater setpoint temperature ["FF* = 120
T suppiy. annuas = Average annual supply water temperature {TF] (see Table 291)
{EF e = Basefine uniform energy factor (calculate per Table 289"
SUEFos = Solar uniform energy factor of new water heater?2
3,412 = Constant fo convert from Btu fo kWh

12 Weaighted average of number of bedrooms in West South-Central Region. 2020 RECS Survey Data —
Table HZZ 8 Structural and geographic characteristics of homes in the South and West regions, 2020.
hitps . fwww.eia. goviconsumption/residential/data/2020/.

42 1 20°F represents the assumed water heater setpoint. The New York Department of Public Service
recommends using the water heater setpoint as a default value, see "New York Standard Approach for
Estirmating Energy Savings from Energy Efficiency Programs.” Page 99. Qctober 2010. The data
collection discussed in Appendix D of the EM&W team’s Annual Statewide Portfolio Report for Program
Year 2014-%olume 1, Project Number 40581 {August 2013) also supperts a default value of 120°F.

350 Note that for efficient water heater installations in new construction homes, the baseline uniform
energy factor is the efficiency of the electric storage water heater that would otherwise have been
installed, according to appropriate design documentation.

35 EMERGY STAR uses an SUEF of 89 to account for systems that use no energy under rating

conditions. This value is allowed for the purposes of caleulating savings when specified on the
ENERGY STAR certificate.
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Table 290. Solar DHW—Water Heater Consumption (Gal/Year) **

Number of bedrooms

Climate zone 1 2 3 4
Zone 1. Amarillo 15476 20171 24,866 29,561
Zone 2: Dallas 14778 19,244 23710 28177
Zone 3: Houston 14,492 18,864 23236 27,608
Zone 4: Corpus Christi 14213 18,494 22,775 27,056
Zone 5: El Paso 14905 19412 23,920 28427

Table 291. Solar DHW—Water Mains Temperature (°F)**?

Tuuugw seasonal

Climate zone Taupplyannust | Summer Winter

Zone 1: Amarillo 62.9 73.8 53.7
Zone 2: Dallas 71.8 84.0 60.6
Zone 3: Houston 747 B4S5 655
Zone 4: Corpus Christi 77.2 86.1 685
Zone 5: El Paso 704 815 604

Demand Savings Algorithm
Peak Demand Savings |AkW |
¥ ol 1
AXx Cr' x GPY x (T\elpulm = cuppty,s‘nrumnut) x (BFEF; _m)

- 365 x 3,412 * Chsyw
Equation 75
Where:
Tsupply,seasonal = Seasonal supply water temperature [°F] (see Table 291)
CFaw B Summer/winter peak coincidence factor (see Table 292)

3% Building America Research Benchmark Definition. December 2008, p 13. Available online:
hitp://www.nrel.gov/docs/fy 100sti/47246. pdf

3% Based on TMY3 dataset. TMY data is available through the National Solar Radiation Database
(NSRDB) Data Viewer, hittps://maps. nrel.govinsrdb-viewer/. Data for Texas climate zones can also be
accessed direclly here: hitps /ltexasefficiency com/index . php/regulatory -filings/deemed-savings.
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Table 292. Solar DHW—Coincidence Factors®*

Zone 1: Amarillo 0.042 0.067
Zone 2: Dallas 0.039 0.068
Zone 3. Houston 0.0 0.070
Zone 4: Corpus Christi 0.0 0.065
Zone 5: El Paso 0.036 0.067

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, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is 15 years, as specified in the California Database of Energy
Efficiency Resources (DEER) READI tool for EUL 1D VWrHt-SWWH 3%

3 Probability weighted peak load factors are calculated according to the method in Section 4 of the
Texas TRM Vol 1 using data from Building America Performance Analysis Procedures for Existing
Homes, page 18, Figure 4: Combined Domestic Hot Water Use Frofile.
hitps e nrel govidocsfy08ostil 38238 pdf.

355 DEER READI {(Remote Ex-Ante Database Interface). hitp./iwww.deeresources comvindex.phpfreadi,
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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:

= Climate zone or county

e Number of bedrooms (not required for upstream/midstream program delivery)
= Solar DHW quantity

e Manufacturer and model number of new solar water heater

e Baseline volume (gallons), FHR, and UEF

= New solar water heater volume (gallons), FHR, and SUEF

e Proof of purchase — with date of purchase and quantity

Alternative: photo of unit installed or another pre-approved method of
installation verification.

References and Efficiency Standards

Petitions and Rulings

= Docket No. 22241, Iltem 62, Petition by Frontier Energy for Approval of Second
Set of Deemed Savings Estimates. Public Utility Commission of Texas.

e Docket No. 27903. Order Adopting New §25.184 as Approved at the August 21,
2003, Open Meeting and Submitted to the Secretary of State. Public Utility
Commission of Texas.

Relevant Standards and Reference Sources
Please refer to measure citations for relevant standards and reference sources.

Document Revision History

Table 293. Solar DHW—Revision Histary

TR version | Date | T ——

v1.0 11/25/2013 TRM v1.0 erigin.
v2.0 41872014 TRM v2.0 update. Minor edits to language.
w21 1/30/2015 TREM v2 1 update. No ravision.
v3.0 410/2015 TREM v3.0 update. No revision.
v3l 114032015 TREM v3.1 update. No revision.
vd .0 101072016 TREM v4.0 update. No revision
va.0 12017 TREM v5.0 update. No revision.
wE.0 11/2018 TREM v6.0 update. No revision.
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TRM version

vi.0 120183 TREM v7.0 update. No revision.

Description of changs

v3.0 12020 TREM v3.0 update. Updated algorithms and coincidence factors.
va.0 102021 TREM v9.0 update. Updated EUL reference.

v10.0 12022 TREM v10.0 update. Verified compliance with ENERGY STAR

YWersion 4.0 Requirements. Updated documentation
requirements.

Residential: Water Heating
Salar Water Heaters

v11.0 10,2023 TEM v11.0 update. Incorporated updated ENERGY STAR
specification v5.0. Updated documentation requirerments.
¥12.0 1042024 TEM v12.0 update. Clarified use of high efficiency ratings.
2a1
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2.4.4 Water Heater Tank Insulation Measure Overview
TRM Measure ID: R-WH-T|
Market Sector: Residential
Measure Category: Water heating
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
Decision/Action Type(s): Retrofit
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure requires the installation of tank wrap insulation on an uninsulated water heater
tank.

Eligibility Criteria

Water heater tank insulation is a residential retrofit measure. New construction and water heater
replacements are not eligible for this measure because they must meet current code
requirements. Tank insulation must be installed on an uninsulated electric resistance water
heater.

To be eligible for this measure, water heaters must have been installed prior to April 18, 2015.
Water heaters manufactured after this date are compliant with the current federal standard®®
and are built with a thicker tank with a higher baseline R-value. Modern water heaters are
expected to be rated at a minimum of R-24 37735

56 “Enargy Cohservation Program for Consumer Products: Energy Conservation Standards for
Residential Water Heaters, Direct Heating Equipment, and Pool Heaters”. Effective 6/15/2010 with
compliznce starting 5/16/2015. https fwww federalregister gov/documents/2010/04/16/2010-
7611/energy-conservation-program-energy-conservation-standards-for-residential-water-heaters-
direct.

357 Do-It-Yourself Savings Project: Insulate Water Heater Tank,” U.S. Department of Energy.
hitps-fwvwaw energy.govienergysaver/do-it-yourself-savings-project-insulate-water-heater-tank.

352 “Wiater Heating Products” Air-Conditioning, Heating, and Refrigeration Institute (AHRI).
hitps:/fwwaw ahrinet org/scholarships-e ducatio n/education'homeowners/save -energy/water-heating-

products.
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Baseline Condition
The baseline is assumed to be a typical electric water heater with no insulation. The baseline

tank is assumed to be one to two inches thick with an assumed R-value of approximately R-8
per inch.®*

High-Efficiency Condition

The high-efficiency condition is a water heater tank wrap or insulated blanket with an R-value of
at least 8.

The manufacturer's instructions on the water heater jacket and the water heater itself should be
followed. Thermostat and heating element access panels must be left uncovered.

Energy and Demand Savings Methodology

Savings Algorithms and Input Variables
Energy Savings Algorithms
Hot water tank insulation energy savings are calculated using the following formula:

E‘HBT‘QJ} Suvings IﬂkWhI - (Upra - Upust) x A X (Ttank - Tambien.t.un.n.uai) x hours

RE x 3,412
Equation 76
Where:

Ruve = Uninsulated tank R-value = 12 fsg. R. °F hi/Btuf®™
Rpost = Tank insulation R-value = 12+ 8 = 20 = fsq. ff. °F hr/Btuf
Upve = 1/Rwe=1/12=0.083 [Btuwhrsq. ft. °F]
Upost = 1/ Rpost = 1720 = 0.05 [Btu/hrsg. ft. °F]
A = Tank surface area insulated in square feet (nDL) with L (fength)

and D (tank diameter) in feet; if the tank area is not known. use

Table 294

358 “Energy Conservation Program for Consumer Products: Energy Conservation Standards for Water
Heaters”, Section V. Analytical Results and Conclusion, subsection C. Lessening of Wility or
Perfermance of Products. Effective 1/20/2004.
https /v faderalregister.gov/documents/2001/01/17/01 -1081/energy-conservation-program-for-
consumer-products-energy-conservation-standards-for-water-heaters.

360 Baseline storage tank assembly is assumed to have thermal performance of R12, assuming an
average tank thickness of 1-2 inches (average 1.3} and an approximate R-value of R-8 per inch.
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Table 294. DHW Tank Insulation—Estimated Tank Area®!

)
30 17.45
40 21.81
S0 2263
&0 26.94
80 30.36
120 3873
Trank = Average tank water temperature [°F]. default = 120°F **
Tomnientanmuar = Average annual ambient temperature [*F] (see Table 295)
RE = Recovery efficiency; default = 0.98 for electrc resistance water
heaters®®
hours = 8,760 hours per year

3,412

Constant to convert from Btu to kWh
Demand Savings Algorithms

Uppe — U ¥ A X (Tignie — Tammi X CFgny
Peak Bemand Savings [de] — ( pre posr) ( rani ammenr,s‘sasnnai) S

RE % 3,412
Equation 77
Where.
Tambient seasonal = Seasonal ambient temperature [°F] (see Table 295)
CFaw = Seasonal peak coincidence factor’™ =

¥ Tank area was obtained from a survey of electric water heater manufacturer data from A.Q. Smith and
Whirlpeol conducted in 2013, Dimensions for each tank size were collected and averaged to
determine typical square footage of each size water heater.

362 1 20°F represents the assumed water heater setpoint. New York Department of Public Service
recommends using water heater setpoint 25 2 default value, see "New York Standard Approach for
Estirmating Energy Savings from Energy Efficiency Programs” October 2010, page 59,

Data collection discussed in Appendix D of the EM&Y team’s Annual Statewide Portfolioc Report for
Program Year 2014-Volume 1, Project Number 40831 (August 2013), supports a default value of
120°F.

382 Default based on median recovery efficiency of residential water heaters by fuel type in the AHRI
database, at http:iwww.ahrinet.org.

384 Coincidence factor of 1 assumes that a constant tank temperature is maintained across all hours of the
year.
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Table 295. DHW Tank Insulation—Ambient Temperature (°F)

Water heater location: Water heater location:
unconditioned space®* conditioned space™®
i Peak seasonal | Pea.k .t.;easonal
Climate zone Annual | Summer | Winter Annual Summer Winter

Zone 1: Amarillo 855 106.0 320 717748 732738 69.760-6
Zone 2: Dallas 731 108.1 420
Zone 3: Houston 76.3 108.2 46.0
Zone 4: Corpus Christi 78.4 103.0 55.0
Zone 5: El Paso 718 108.0 411

Deemed Energy Savings Tables

Table 286. DHW Tank Insulation—Energy Savings

Unconditioned Conditioned
Tank ‘ | - - Corpus | .
volume | Amarillo Dallas Houston Christi El Paso All zones

30 a3 71 67 63 73 7473
40 104 a9 83 79 92 92
50 108 93 86 82 95 95
60 128 110 103 a8 13 114143
80 144 124 116 110 128 128
120 184 159 148 141 163 163

3% Average ambient temperatures for unconditioned space were taken from TMY3 data, with a 7°F
increase in winter and an 11°F increase in summer based on ASHRAE 152 Heating System and
Cooling System Location Temperatures (Garage)

38 Average ambient temperatures for conditioned space were taken from the 2020 US Energy
Information Administration Residential Energy Consumption Survey (RECS), tables he7 .88 and he6.8.
Summer and winter indoor temperature averages are weighted by the number of homes. Annual
temperature is weighted by the number of days from the avetage-sf-summer and winter peak months
from the Texas peak definition in Volume weighted-by-sumbersoidays.
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Deemed Summer Demand Savings Tables

Table 287. DHW Tank Insulation—Summer Peak DemandErergy Savings
Unconditioned Conditioned

Tank Corpus
volume | Amarillo Dallas Houston Christi El Paso All zones

30 00024 00021 00021 00030 00021 0.00810.0080
40 00030 00026  0.0026 00037 00026 0010260190
50 00032 00027 00027 00038 00027 0.01086-0104
60 00038 00032 00032 00046 00032 0012600124
80 00042 00036 0.0036 00051 00036 0.01420.0440
120 00054 00046 00046 00066 00046 0018100478

Deemed Winter Demand Savings Tables

Table 288. DHW Tank Insulation—Winter Peak DemandEnergy Savings

Unconditioned Conditioned

Tank Corpus
volume | Amarillo Dallas Houston Christi El Paso All zones

30 0.0153 0.0136 0.0128 0.0113 0.0137 0.00870.0088
40 0.0191 0.0170 0.0181 0.0141 00172 0.01086-0440
S0 0.0199 0.0176 0.0167 0.0147 00178 0.01136.0+44
60 0.0236 0.0209 0.0198 0.0175 0.0212 0.0135

80 0.0266 0.0236 0.0224 0.0197 0.0239
120 0.0340 0.0301 0.0286 0.0251 0.0305

=]

015268483
0rodgoas

[=]

Claimed Peak Demand Savings
Refer to Volume 1, Section 4.

Additional Calculators and Tools
Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is 7 years, as specified in the California Database of Energy
Efficiency Resources (DEER) READI tool for EUL ID WArHt-TanklIns-Elec.*

37 DEER READI (Remote Ex-Ante Database Interface). http//www .deerasources com/index.php/readi.
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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:

= Climate zone or county

e Water heater location (conditioned, unconditionad)
= Tank volume (30, 40, 50, 80, 80, 120}

e The R-value of the installed tank insulation

o Water heater model number and manufacture date

References and Efficiency Standards

Petitions and Rulings

= 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.

Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

Document Revision History

Table 289. DHW Tank Insulation—Revision History

TRM version Description of change:
v1.0 11252013 | TRM v1.0 origin.
v2.0 4/18/2014 TREM 2.0 update. Minor edits to language.
v2.1 1/30/2015 TEM v2.1 update. No revision.
v3.0 4112015 TREM v3.0 update. No revision.
v3l 1140532012 | TREM v3.1 update. Supplemented reference for water heater setpoint
temperature.
vd .0 10/10/2016 | TRM v4.0 update. Mo revision.
va.0 102017 TREM v5.0 update. No revision.
wE.0 11/2018 TREM v6.0 update. No revision.
7.0 112019 TREM v7.0 update. No revision.
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TRM version

1042020

Date:

Description of change:

v8.0 TRM v8.0 update. Updated ambient temperatures.

va.0 10/2021 TREM v8.0 update. Updated EUL reference.

v10.0 10/2022 TRM v10.0 update. Updated documentation requirements.

v11.0 1042023 TREM v11.0 update. Clarified baseline and zdded deemed savings.
Updated documentation requirements.

¥12.0 10/2024 TEM v12.0 update. Updated ambient temperatures and deemed

5avings.
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2.4.5 Water Heater Pipe Insulation Measure Overview
TRM Measure ID: R-WH-PI
Market Sector: Residential
Measure Category: Water heating
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
Decision/Action Type(s): Retrofit
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure requires the installation of pipe insulation on uninsulated water heater pipes that
are served by an electric water heater.

Eligibility Criteria

Water heaters plumbed with heat traps are not eligible to receive incentives for this measure. It
is recommended that the installer {or contractor) checks to see if the water heater heat frap
works properly before declaring the water heater ineligible.

Water heater pipe insulation is a residential retrofit measure. New construction and retrofits
involving the installation of new water heaters are not eligible for this measure, hecause they
must meet current code requirements. To use these deemed savings, the fuel type of the water
heater must be electricity.

Baseline Condition

The baseline is assumed to be a typical electric water heater with no heat traps and no
insulation on water heater pipes.

High-Efficiency Condition

The efficiency standard requires an insulation thickness R-3. The International Residential Code
(IRC) 2018 section N1103.4: Mechanical systemn piping insulation requires R-3 insulation.

All visible hot water piping must be insulated. Savings are based on a maximum allowable
insulation length of 8 feet of piping.
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Energy and Demand Savings Methodology

Savings Algorithms and Input Variables
Energy Savings Algorithms
Hot water pipe insulation energy savings are calculated using the following formula:

(Upr'a - Upust) x A X (Tpipa - Tambient.un.n.u.al) x hours
RE x 3,412

Energy Suvings |AkKWhH| =
Equation 78

Where:

— 1 Btu A
Upre - s 049 [hr- 5q. ft.-°F e

1 Btu
Upest N S
s LW st ion Xh? s 5. ft °F

Rinsuistion = R-vafue of instafted insufation

A = Pipe surface area insulated in square feet (nDL) with L (fength)
and D (pipe diameter) in feet. The maximum length affowable for
insufation is 6 feet; if the pipe area is unknown. use the following
table.

Table 300. DHW Pipe Insulation—Estimated Pipe Surface Area
Nominal pipe. | Qutsidepipe

diameter diameter

{inches): i finches) iPipe surface:areai(square feet)¥®
0.625 | 016 x required input "Pipe Length
insulated (feet)”

075 0.875 | 0.23 x required input "Pipe Length
insulated (feet)”

1.0 1.125 | 0.28 x required input "Pipe Length
insulated (feet)”

Tripe = Average pipe water temperature ["F} defautt®™ = 120

388 2 03 is the R-value representing the film coefficients between water and the inside of the pipe, and
between the surface and air. Mark's Standard Handbook for Mechanical Engineers, 8" edition,

9 Factors used in the calculation for pipe area were determined by using the outside diameter of the pipe
in inches, converting it to feet, and multiplying by n.

370 120°F represents the assumed water heater setpoint. New York Department of Public Service
recommends using water heater setpoint as a default value, see "New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs™ October 2010, page 102,

Data collection discussed in Appendix D of the EM&Y team’s Annual Statewide Portfolioc Report for
Program Year 2014-%olume 1, Project Number 40891 (August 2015), also supports a default value of
120°F.
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Tambientannat = Average annual ambient temperature [°F] (see Table 301)

RE = Recovery efficiency (or in the case of heat pump water heaters,
COP). If unknown, use 0.98 as a default for electric resistance
water heaters or 2 2 for heat pump water heaters ™"

hours 8.760 hours per year
Demand Savings Algorithms

U re — ost ) X Ax ipe _Turn jent seasona ) % CFepy
Peak Demand Savings [4kW] = (U Upost) (T - ) =

RE % 3,412
Equation 79
Where:
Tanibient seasonat = Seasonal ambient temperature [*F] (see Table 301)
CFsw = Seasonal peak coincidence factor’™ = 1

Table 301. DHW Pipe Insulation—Ambient Temperature (*F)

Water heater location: Water heater loca!mn
unconditioned space”" conditioned "]J:IFE
i Peak seas onal | ] Peak seasonal
Climate zone Annual | Summer Winter | Annual [ Summer Winter

Zone 1: Amarillo 685.5 106.0 320 717748 732738 657606
Zone 2: Dallas 731 108.1 420
Zone 3: Houston 76.3 108.2 46.0
Zone 4. Corpus Christi . 784 103 S50
Zone 5: El Paso 718 108 411

371 Default values based on median recovery efficiency of residential water heaters by fuel type in the
AHRI database, at http.//waw ahrinet org.

372 Coincidence factor of 1 assumes that a constant tank and near tank piping temperature is maintained
across all hours of the year.

37 Average ambient temperatures for unconditioned space were taken from TMY3 data, with a 7°F
increase in winter and an 11°F increase in summer based on ASHRAE 152 Heating System and
Cooling System Location Temperatures (Garage)

| 374 Average ambient temperatures for conditioned space were taken from the 2020 US Energy
Information Administration Residential Energy Consumption Survey (RECS), tables he7.88 and he6 .8,
Summer and winter indoor temperature averages are weighted by the number of homes. Annual
temperature is weighted by the number of days from the average-of summer and winter peak months
from the Texas peak definition in Volume | weighted-byrnumbarsclidays.
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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, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is 13 years, as specified in the California Database of Energy
Efficiency Resources {DEER) READ! tool for EUL 1D WirHt-WH-Pipelns-Elec.®™

Program Tracking Data and Evaluation Reguirements

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 or county

= \Water heater location {conditioned, unconditioned)
e The R-value of the installed insulation

= Recovery efficiency (RE) or COP, if available

= Pipe length insulated (feet)

e The pipe surface area insulated in square feet (at least the pipe diameterin
inches)

375 DEER READI {Remote Ex-Ante Database Interface). hitp./iwww.deeresources comvindex.phpfreadi,
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References and Efficiency Standards

Petitions and Rulings

= 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.

Relevant Standards and Reference Sources
Please refer to measure citations for relevant standards and reference sources.

Document Revision History

Table 302. DHW Pipe Insulaticn—Revision History

v1.0 11/25/2013 | TRM v1.0 origin.
v2.0 4182014 | TRM v2.0 update. Minor edits to language.
v2.1 1/30/2015 | TEM v2.1 update. No revision.
v3.0 4112015 | TRM v3.0 update. No revision.
v3l 11/05/2015 | TREM v3 .1 update. Supplemented reference for water heater setpoint
temperature.
vd .0 10/10/2016 | TRM vd 0 update. No revision.
va.0 1062017 TREM v5.0 update. No revision.
vB.0 1112018 TREM v&.0 update. No revision.
7.0 11/2019 TREM 7.0 update. No revision.
v8.0 10/2020 TRM v5.0 update. Updated ambient temperatures.
va.0 10/2021 TREM v8.0 update. Updated EUL referance.
vi10.0 10/2022 TRM v10.0 update. Updated documentation requirements.
vi11.0 1042023 TREM v11.0 update. Mo revision.
vi120 10/2024 TEM v12.0 update. Updated ambient temperatures.
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2.4.6 Faucet Aerators Measure Overview
TRM Measure ID: R-WH-FA
Market Sector: Residential
Measure Category: Water heating
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
DecisionfAction Type(s): Retrofit, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure involves installing aerators on kitchen and bathroom water faucets as a retrofit
measure.

Eligibility Criteria

The savings values are per faucet aerator installed. It is not a requirement that all faucets in a
home be treated for the deemed savings to be applicable.

These deemed savings are for residential, retrofit or new construction, and installations of
kitchen and bathroom faucet aerators. To be awarded these deemed savings, the fuel type of
the water heater must be electricity.

Baseline Condition

The 2.2 gallon per minute {GPM) baseline faucet flow rate is based on the Department of Energy
{DOE) maximum flow rate standard.*® The deemed savings assume that the existing faucet
aerators have a minimum flow rate of 2.2 GPM. The US EPA VWaterSense specification for faucet
aerators is 1.5 GPM.*77

High-Efficiency Condition

Aerators that have been defaced to make the flow rating illegible are not eligible for
replacement. For direct install programs, all aerators removed shall be collected by the
contractor and held for possible inspection by the utility until all inspections for invoiced
installations have been completed.

78 DOE maximum flow rate for faucet aerators.
https /vl eere energy.govibuildings/appliance standards/standards.aspxPproductid=40

37 hitps.iwww.epa.goviwatersense/bathroom-faucets.
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Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Energy Savings Algorithms

The deemed savings, for any faucet aerator change case using aerators with flow rates of 1.5
GPM or lower, are calculated as follows:

Energy Savings per aerator [AkWh]
_ pxCpx (GPMﬂas‘s - GPMJ‘,GW) X N>t x 365 x (’I_}aucex.avg - Tf:uppfy.annuai)
- FPH x RE x 3,412

Equation 80
Where:
P = Water density flbs/gaff = 8. 33
Cp = Specific heat of water [Bitudb°F] =1
GPMaase = Average baseline flow rate of aerator = 2.2 gallons per minute
GPM:iow = FPost-instaffation flow rate of aerator, typically 1.5, 1.0, or 0.5
gallons per minute, if unknown, assume 1.5 galfons per minute
N = Average number of persons per household = 2.83 persons™
t = Average time in minutes of hot water usage per person per day;
default = 2.34 min/person/day”*
Trucet avg = Average faucet temperature ["F] % = 88
T suppty, annuar = Average annual supply water temperature [°F] (see Table 303)
FPH = Average number of faucets per household = 3.993-87 faucets™'

72 Qccupants per home for Texas from US Census Bureau, "Persons Per Household, 2016-2020",
hitps ./fwww.census.goviquickfacts/factitable/TA USIPST045221 .

7 Cadmus and Opinion Dynamics Evaluation Team, “Memorandum: Showerhead and Faucet Aerator
Meter Study.” Prepared for Michigan Evaluation Working Group. Derived by taking weighted average
of average minutes per person per day specified for kitchens {4.5) and bathrooms (1 .6) assurming 1
kitchen aerator and 2.93 bathrooms.

380 Cadmus and Opinion Dynamics Evaluation Team, "Memorandum: Showerhead and Faucet Aerator
Meter Study.” Prepared for Michigan Evaluation Working Group. Derived by taking weighted average
of average temperature for kitchens (83°F) and bathrooms (86°F) assuming 1 kitchen aerator and 2.93
bathrooms.

Data collection discussed in Appendix D of the EM&Y team’s Annual Statewide Portfolioc Report for
Program Year 2014-Volume 1, Project Number 40831 (August 2013), also supports a default value of
120°F.

3 Faucets per home assumed to be equal to one per kitchen and each half-bath plus 1.5 per each full
bathroom per home. Bathroom counts extracted from the 20202045 Residential Energy Consumption
Survey (RECS), Table HS2 .8 Structural and Ggeographic Scharacteristics of Bhomes in West South-
Central Ryegion._https:/'www .eia.gov/consumption/residential/data/2020/.
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RE = Recovery Efficiency for in the case of heat pump water heaters,
COP). if unknown. use 0.98 as a defaulf for electric resistance
water heaters or 2.2 for heat pump water heaters ™2

3,412 Constant to convert from Btu to kWh

Demand Savings Algorithms

Dermand savings are calculated by substituting the average supply temperature for the average
seasonal temperature, multiplying by 2 coincidence factor equivalent to the daily fraction hot
water use during the weighted peak hour for each climate zone (see Volume 1, Section 4), and
dividing by 385 daysfyear, with 365 canceling from the savings algorithm numerator and
denominator.

Peak Demand Savings per aerafor [AKW]

— X Cr' bl (GPMHUSU - GPMLUW:} XN X1 xX (Tj'auuat.avy - T.su.pply.saason.al)

FPH x RE x 3412 X s
Equation 81
Where:
Touppty, seasonsr = Seasonaf supply water temperature {°F} {Table 303)
CF 5w = Seasonaf peak coincidence factor (Table 304)

Table 303. Faucet Aerators—Water Mains Temperature (°F)%3

Tsupp‘ly.seasonal] ‘
Climate zone "Teupplyiavy m Winter

Zone 1: Amarillo 629 738 537
Zone 2: Dallas 71.8 84.0 606
Zone 3. Houston 747 845 655
Zone 4: Sorpus Christi 77z2 561 685
Zone 5 El Paso 70.4 815 60.4

382 Default values based on median recovery efficiency of residential water heaters by fuel type in the
AHRI database, hitps:./'www.ahridirectory.org/.

8 Based on typical meteorological year (TMY) datasat for TMY3, available through the National Solar
Radiation Database (NSRDB) Data Viewer. hitps:/nsrdb. nrel gov/data-viewer. Data for Texas climate
2ones can also be accessed directly here: https ftexasefficiency.comfindex. phpregulatory-
filings/deemed-savings.
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Table 304. Faucet Aerators—Creincidence Factors

= cinate zone | surmer | it

Zone 1: Amarillo 0.038 0.073
Zone 2: Dallas 0.035 0.075
Zone 3: Houston 0.038 0.080
Zaone 4: Corpus Christi 0.038 0.063
Zone 5. El Paso 0.023 0.063

Figure 4. Faucet Aerators—Shower, Bath, and Sink Hot Water Use Profile34
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Hour of Dey

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.

384 Building America performance analysis procedures for existing homes.
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Claimed Peak Demand Savings
Refer to Volume 1, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable.
Measure Life and Lifetime Savings

The estimated useful life (EUL) is 10 years, as specified in the California Database of Energy
Efficiency Resources {DEER) READ! tool for EUL 1D WirHt-WH-Aert. %

Program Tracking Data and Evaluation Reguirements

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 or county
= Recovery Efficiency (RE) or COP, if available
e Flow rate in gallons per minute (GPM) of faucet installed

= \Water heater type (e.g., heat pump. electric resistance)

References and Efficiency Standards

Petitions and Rulings

= 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.

Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

385 DEER READI {Remote Ex-Ante Database Interface). hitp./iwww.deeresources comvindex.phpfreadi,
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Document Revision History

Table 305. Faucet Aerators—Revision History

Description of ehange:

v1.0 11/25/2013| TRM v1.0 origin.

v2.0 4182014 | TRM v2.0 update. Minor edits to language.

w21 1/30/2015 | TRM v2.1 update. Mo revision.

v3.0 4102015 | TRM v3.0 update. No revision.

w31 10/30/2015 | TRM +3.1 update. Supplemented reference for water heater setpoint
temperature.

w40 10/10/2016 TRI\_.I'I v4.0 update. Updated methodology to calculate energy and demand
savings.

v3.0 1072017 TRM v5.0 update. No revision.

vB.0 1172018 TRM v5.0 update. No revision.

vr.0 1172018 TRM w7 0 update. No revision.

vB.0 10/2020 TRM w80 update. Updated coincidence factors.

v8.0 1052021 TRM w3.0 update. Updated EUL reference.

v10.0 1052022 TRM w10.0 update. Updated number of occupants per home .

w11.0 102023 TRM v11.0 update. No revision.

¥12.0 102024 TRM v12.0 update. Updated number of faucets per home.

Residential: Water Heating
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2.4.7 Low-Flow Showerheads Measure Overview
TRM Measure ID: R-WH-SH
Market Sector: Residential
Measure Category: Water heating
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
DecisionfAction Type(s): Retrofit, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure consists of removing existing showerheads and installing low-flow showerheads
in residences.

Eligibility Criteria

The incentive is for replacement of an existing showerhead with a new showerhead rated at or
below 2.0gallons per minute {GPM). The only showerheads eligible for installation are those that
are not easily modified to increase the flow rate.

These deemed savings are for showerheads installed as a retrofit or new construction measure.
To be awarded these deemed savings, the fuel type of the water heater must be electricity.

Baseline Condition

Federal standards set a maximum flow rate of 2.5 GPM,** while the US Environmental
Protection Agency (EPA) WaterSense Program has implemented efficiency standards for
showerheads requiring a maximum flow rate of 2.0 GPM.%¥7

High-Efficiency Condition

In addition to meeting the baseline requirements above, existing showerheads that have been
defaced to make the flow rating illegible are not eligible for replacement. All showerheads
removed shall be collected by the contractor and held for possible inspection by the utility until
all inspections for invoiced installations have been completed.

388 Kty fAwww ] eere energy. govibuildings/appliance standards/product.aspx/productid/37 .
387 hitp /iwww.e pa.goviwatersense/productsishowerheads html.
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Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Energy Savings Algorithms
Energy savings for this measure are calculated as follows:

Energy Suvings per showerhead |AKWh|
_ X C}’ bl (GPMHUSU - GPMLUW) X N>t x365 % (Tshowm'.m:g - T.suppiy.un.n.uai)

SPH x RE X 3,412

Equation 82
Where.
P = Water density flbs/gaff = 8.33
Cp = Specific heat of water [Btudb°F] =1
GPMpsse = Average baseline flow rafe of serator = 2.5 gallons per minufe
GPM aw = Past-instalfation fow rate of aerator; if unknown, assume 2.0
gallons per minute
N = Average number of persons per household = 2.83 persons™®
t = Average time in minutes of hot water usage per person per day:
default = 7.8 min/person/day’®
T hower,avg = Average shower temperature [*F1°% = 101
T suppiy. annuas = Average annual supply water temperature {TF] (see Table 306}
SPH = Average number of showerheads per household = 1.801.74

showerheads®™

8 Qccupants par home for Texas from US Census Bureau, “Persons per household, 2016-2020".
hitps ffwwav.census.govigquickfacta/facttable/TX US/PST045221 .

382 Cadmus and Opinion Dynamics Evaluation Team, “Memorandum: Showerhead and Faucet Aerator
Meter Study.” Prepared for Michigan Evaluation Working Group.

30 Cadmus and Opinion Dynamics Evaluation Team, "Memorandum: Showerhead and Faucet Aerator
Meter Study.” Prepared for Michigan Evaluation Working Group

3 Showerheads per home assumed to be equal to the number of full bathrooms per home as specified in
the 20202008 Residential Energy Consumption Survey (RECS), Table HC2.8248 Structural and
geographic characteristics of homes in West South-Central region.
hitps . fwww.eia . goviconsumption/residential/data/2020f,
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RE = Recovery Efficiency for in the case of heat pump water heaters,
COP). if unknown, use 0.98 as a defaulf for electric resistance
water heaters or 2.2 for heat pump water heaters™

3,412

Constant to convert from Btu to kWh
Demand Savings Algorithms

Dermand savings are calculated by substituting the average supply temperature for the average
seasonal temperature, multiplying by a coincidence factor equivalent to the daily fraction hot
water use during the weighted peak hour for each climate zone (see Volume 1, Section 4}, and
dividing by 365 daysfyear, with 365 canceling from the savings algorithm numerator and
denominator.

Demand Savings per showerhead [ARWh] _
_ pxCpx (GPMBES‘Q - GPMJ‘,GW) XN xtx (Tshnwer.aug - Tsupply,s‘samnai_)

SPH x RE » 3,412 X Chsw
Equation 83
Where:
Toupply seasonal = Seasonal supply water temperature ["F] (see Tabfe 306)
CFam = Seasonal peak coincidence factor (see Table 307)

Table 306. Low-Flow Showerheads—Water Mains Temperature (°F)33

T§llp;ilysea51)n ali

Climate zonie | Tsupsyaversge | 'Summer | Winiter |
Zone 1: Amarillo 62.2 738 53.7
Zone 2: Dallas 7.8 84.0 60.6
Zone 3: Houston 747 845 655
Zone 4: Sorpus Christi Firs 561 B85
Zone 5: El Paso 70.4 815 60.4

382 Default values based on median recovery efficiency of residential water heaters by fuel type in the
AHRI database, at http://cafs ahrinet.org/gama cafsfsdpsearchisearch.jsp?table=CWWH .

3% Based on typical meteorological year (TMY) datasat for TMY3, available through the National Solar
Radiation Database (NSRDE) Data Viewer. https Jnsrdb.nrel gov/data-viewer. Data for Texas climate
zones can also be accessed directly here: https Jitexasefficiency com/index.php/regulatory-
filings/deemed-savings.
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Table 307. Low-Flow Showerheads—Crincidence Factors

" e zone | “surmer | e

Zone 1: Amarillo 0.0339 0073
Zone 2: Dallas 0.035 0.075
Zone 3 Houston 0.038 0.080
Zaone 4: Corpus Christi 0.038 0.063
Zaone 5: El Paso 0.028 0.0639
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Figure 5. Low-Flow Showerheads—Shower, Bath, and Sink Hot Water Use Profile®*
Source: Building America Performance Analysis Procedures for Existing Homes.

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.

334 Building America performance analysis procedures for existing homes.
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Claimed Peak Demand Savings
Refer to Volume 1, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable.
Measure Life and Lifetime Savings

The estimated useful life (EUL) is 10 years, as specified in the California Database of Energy
Efficiency Resources {DEER) READ! tool for EUL 1D WirHt-VWH-Shrhd.**

Program Tracking Data and Evaluation Reguirements

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 or county
= Recovery efficiency (RE) or COP, if available
e Flow rate in gallons per minute (GPM) of showerhead installed

= \Water heater type (e.g., heat pump. electric resistance)

References and Efficiency Standards

Petitions and Rulings

= 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.

Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

35 DEER READI {Remote Ex-Ante Database Interface). hitp./iwww.deeresources comvindex.phpfreadi,
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Document Revision History

Table 308. Low-Flow Showerheads—Revision History

Description of change

v1.0 11/25/2013 | TRM v1.0 origin.

v2.0 41872014 TRM v2.0 update. Minor edits to language.

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

v3.0 4/10/2015 TREM v3.0 update. No revision.

v3l 114032015 | TREM v3.1 update. Provided clarification that savings are to be awarded
per showerhead. Supplemented reference for water heater setpoint
temperature.

vd.0 101072016 | TREM v4.0 update. Updated methodology to calculate energy and
demand savings.

v5.0 12017 TREM v5.0 update. No revision.

vB.0 11520158 TREM v6.0 update. No revision.

v7.0 11/2019 TREM v7.0 update. No revision.

v8.0 10/2020 TEM v8.0 update. Added new savings category and updated
ceoincidence factors,

va.0 102021 TREM v8.0 update. Updated EUL reference.

v10.0 102022 TREM v10.0 update. Updated number of occupants per home .

vi11.0 102023 TREM v11.0 update. No revision.

v12.0 10/2024 TRM v12.0 update. Updated number of showerheads per home.

Residential; Water Heating
Low-Flow Showerheads
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2.4.8 Showerhead Temperature Sensitive Restrictor Valves Measure
Overview

TRM Measure ID: R-WH-5V

Market Sector: Residential

Measure Category: VWater heating

Applicable Building Types: Single-family, multifarmily; manufactured
Fuels Affected: Electricity

DecisionfAction Type(s}): Retrofit new construction

Program Delivery Type(s): Prescriptive

Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure consists of installing a temperature sensitive restrictor valve (TSRV)™ between
the existing shower am and showerhead. The valve restricts hot water flow through the
showerhead once the water reaches a set temperature (generally 85°F) to prevent water from
going down the drain prior to the user entering the shower, thereby eliminating behavioral
waste.

Eligibility Criteria

These deemed savings are for temperature sensitive restrictor valves installed in new
construction or as a retrofit measure in residential applications. Buildings must have electrically-
fueled hot water to be eligible for this measure.

Baseline Condition

The baseline condition is the residential shower arm and standard (2.5 GPM) showerhead
without a temperature sensitive restrictor valve installed.

High-Efficiency Condition

The high-efficiency condition is a temperature sensitive restrictor valve installed on a residential
shower armn and showerhead with either a standard (2.5 GPM) or low-flow (2.0, 1.75, or 1.5
GPM) showerhead. If this measure is installed in conjunction with a low-flow showerhead, refer
to the Low-flow Showerheads measure and claim additional savings as outlined in that
measure,

398 A temperature sensftive restrictor valve is any device that uses water temperature to regulate water
flow in showers.
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Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Estimated Hot Water Usage Reduction

To determine gallons of behavioral waste {defined as hot water that goes down the drain before
the user enters the shower) per year, the following formula was used:

n
Annual Showerhead Behavioral Waste = SHFR x BW x ng 365 % o

Mgy
Equation 84
Where.

SHFR = Showerhiead flow rate, gallons per minute [gomj {see Table 309)
BW = Behavioral waste, minutes per shower (see Table 309)
hs = Number of showers per person per day (see Table 309)
365 = Constant to convert days fo years (see Table 308)
ho = Number of occupants per horme (see Table 309)
Maw = Number of showerheads per home (see Table 309)

Applying the formula to the values from Table 30S retums the following values for baseline
behavioral waste in gallons per showerhead per year:

2.86 ) , :

Showerhead (2.5 GPM); 2.5 X 0.783 x 0.6 x 365 x T~ = 681713 gal [g::wg:::;:g [DNS]: Updated to refiect revised number of
Showerhead (2.0 GPM): 2.0 X 0783 x 0.6 X 365 X = = 545570 gal
Showerhead (1.75 GPM): 1.75 x 0.783 % 0.6 x 365 X — = 477490 gal

1.8022

2.86
Showerhead (1.5 GPM): 1.5 x 0.783 % 0.6 % 365 x 180032 — 409428 gal

Gallons of hot water saved per year can be found by multiplying the baseline behavioral waste
gallons per year by the percent of hot water from Table 308.

Gallons of hot water saved per year = Annual Behavioral Waste x HWW
Equation 85
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Where:

HW% = Hot water percentage (see Table 309)

Gallons of hot water saved per year (2.5 GPM ): 681343 x 0.825 = 562588 gal | commented [DN10J: Updated.

Gallons of hot water saved per year (2.0 GPM): 545570 x 0825 = 450428 gal
Gallons of hot water saved per year (1.75 GPM): 477499 x 0.825 = 393412 gal

Gallons of hot water saved per year (1.5 GPM ): 409428 x 0.825 = 337253 gal

Table 309. Showerhead TSRVs—Hot Water Usage Reduction

Description 2.5 GPM | 2.0 GPM 1.76 GPM
Average behavioral waste (minutes per shower)2#” 0.783
Shuwérsfpersnrﬁdaym 06
Occupants per home®* 283
Showerheads/home*t0 1.804-72
Behavioral waste/showerhead/year (gal) 881743 | 545678 477488 408428 {mm [DN11}: Updsted.
Percent hot water*®! 80-85%, or 82.5% average
Hot water saved/year (gal) 562888 450470 393442 337383

Energy Savings Algorithms

Energy savings for this measure are calculated as follows:

P X CP x V x (Tsﬂpmnl = T:upp[y.anuuni’)
RE x 3412

Energy Savings per TSRV |AkWh] =

Equation 86

7 “Disaggregating Residential Shower Warm-Up Waste", Sherman. Troy. August 2014. Derived by
dividing average behavioral waste time (47 seconds) by 80 seconds.

¥ Cadmus and Opinion Dynamics Evaluation Team, "Memorandum: Showerhead and Faucet Aerator
Meter Study”. Prepared for Michigan Evaluation Working Group. June 2013,

3% Occupants per home for Texas from US Census Bureau, “Persons per household, 2016-2020".
hitps /\www census gov/quickfacts/factftable/TX US/PST045221 .

4% Showerheads per home assumed to be equal to the number of full bathrooms per home . Bathroom
counts extracted from the 20202048 Residential Energy Consumption Survey (RECS) Table HC2.8
Structural and geographic characteristics of homes in the West Snuth Central raglon
hitps /lwww eia gov/consumption/residential/data/2020/ kites: - s cacnas a1k i e o
124201 Edstctusal.

40" “Calculating Savings For: Auto-Diverting Tub Spout System with ShowerStart TSV", Sherman, Troy.
Evolve Technologies. December 15, 2015,
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Where:

P = Water density flbs/gaff = 8. 33
Cp = Specific heat of water [Bitudb°F] =1
v = Galflons of hot water saved per year per showerhead
{see Tabte 309)
T setpaine = Water heater setpoint temperature ['FF72 = 120
T suppiy.annusi = Average annual supply water temperature {TF] (see Table 310}
RE = Recovery Efficiency for in the case of heat pump water heaters,

COP); if unknown, use 0.98 as a defaulff for electric resistance
water heaters or 2.2 for heat pump water heaters

Constant to convert from Btu to kWh

3,412

Demand Savings Algorithms

Demand savings are calculated by substituting the average supply temperature for the average
seasonal temperature, mulliplying by a coincidence factor equivalent to the daily fraction hot
water use during the weighted peak hour for each climate zone (see Volume 1, Section 4), and
dividing by 385 daysfyear.

1 Cr' XV (T.sutpoint - Tsuppiy..suusunai)

Peuk Demand Savings per TSRV |AKW| = RE <3412 <365 X CF
Equation 87
Where:
Toupply seasonal = Seasonal supply water temperature ["F] (see Tabfe 310)
CF 5w = Seasonaf peak coincidence factor (see Table 371)

402 120°F represents the assumed water heater setpoint. New York Department of Public Service
recommends using water heater setpoint as a default value, see "New York Standard Approach for
Estimating Energy Savings frem Energy Efficiency Programs™ October 2010, page 35.

Data collection discussed in Appendix D of the EM&V team’s Annual Statewide Portfolio Report for
Program Year 2014-Volume 1, Project Number 40851 {August 2015), also supports a default value of
120°F.
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Table 310. Showerhead TSRVs—Water Mains Temperature (°F)*"3

T'Sup_;ilyl‘s'ba'- nal)

Climate zone Tupplykverage m Winter

Zone 1: Amarillo 629 738 53.7
Zone 2: Dallas 7.8 84.0 60.6
Zone 3: Houston 747 845 655
Zone 4: Corpus Christi iz 86.1 £8.5
Zone 5. El Paso 704 815 60.4

Table 311. Showerhead TSRVYs—Coincidence Factors

= cimate rone | Summer ||

Zone 1: Amarillo 0.038 0.073
Zone 2: Dallas 0.035 0.075
Zone 3. Houston 0.038 0.080
Zaone 4: Corpus Christi 0.038 0.063
Zone 5. El Paso 0.023 0.063

Figure 6. Showerhead TSRVs—Shower, Bath, and Sink Hot Water Use Profile™
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Source: Building America Performance Analysis Procedures for Existing Homes.

403 Based on typical meteorological year (TMY) dataset for TMY3 available through the National Solar
Radiation Database (NSRDB) Data Viewer. https:/nsrdb.nrel gov/data-viewer. Data for Texas climate
zones can also be accessed directly here: https Jitexasefficiency com/index.php/regulatory-
filings/deemed-savings.

404 Building America performance analysis procedures for existing homes.

310
Residential: Water Heating Texas Technica!l Reference Manual Vol 2
Showerhead TERVS Octaber 2024



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, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is 10 years, as specified in the California Database of Energy
Efficiency Resources {DEER) READ! tool for EUL 1D WirHt-VWH-Shrhd.***

Program Tracking Data and Evaluation Reguirements

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 or county
= DHW recovery efficiency (RE) or COP, if available
e Flow rate in gallons per minute (GPM) of showerhead installed

= \Water heater type (heat pump, electric resistance)

References and Efficiency Standards

Petitions and Rulings

Not applicable.

405 DEER READI (Remote Ex-Ante Database Interface). hitp./fwww.deeresources.comiindex.php/readi,
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Relevant Standards and Reference Sources
Please refer to measure citations for relevant standards and reference sources.

Document Revision History

Table 312. Showerhead TSRVs—Revision History

'TEMiversior Description of chiahge

v5.0 10/2017 TRM v5.0 origin.

wE.0 11/2018 TREM v6.0 update. No revision.

vi.0 120183 TREM v7.0 update. No revision.

v8.0 12020 TRM v8.0 update. Updated coincidence factors.

va.0 102021 TRM v9.0 update. Updated EUL reference and restricted measure to
electric DHW.

v10.0 102022 TREM v10.0 update. Updated number of occupants per home .

vi11.0 102023 TREM v11.0 update. No revision.

v12.0 10/2024 TRM v12.0 update. Updated number of showerheads per home and | [ Commented [DN12]; Updated.
resulting behavioral waste and hot water saved assumptions.
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2.4.9 Tub Spout and Showerhead Temperature Sensitive Restrictor
Valves Measure Overview

TRM Measure ID: R-WH-TV

Market Sector: Residential

Measure Category: VWater heating

Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity

DecisionfAction Type(s}): Retrofit new construction

Program Delivery Type(s): Prescriptive

Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure consists of replacing existing tub spouts and showerheads with an automatically
diverting tub spout and showerhead system with a temperature sensitive restrictor valve (TSRV)
405 hetween the existing shower arm and showerhead. The tub spout will contain temperature
sensitive restrictor technology that will cause the tub spout to automatically engage the anti-leak
diverter once the water reaches a set temperature {generally 95°F). The water will divertto a
showerhead with a normally closed valve that will prevent the hot water from going down the
drain prior to the user entering the shower, thereby eliminating behavioral waste and tub spout
leakage waste.

Eligibility Criteria
These deemed savings are for tub spout and showerhead systems with termperature sensitive

restrictor technology installed in new construction or as a retrofit measure in existing homes.
Buildings must have electrically fueled hot water to be eligible for this measure.

Baseline Condition

The baseline condition is the residential tub spout with a standard diverter and a standard
(2.5 gpm) showerhead.

406 A tamperature sensitive restrictor valve is any device that uses water temperature to regulate water
flow in showers.
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High-Efficiency Condition

The high-efficiency condition is an anti-leak, automatically diverting tub spout system with
temperature sensitive restrictor technology installed on a residential shower arm and
showerhead with a standard (2.5 GPM) or low-flow (2.0, 1.75, or 1.5 GPM) showerhead. If this
measure is installed in conjunction with a low-flow showerhead, refer to the Low-flow
Showerheads measure and claim additional savings as outlined in that measure.

Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Estimated Hot Water Usage Reduction

This systermn provides savings in two parts: elimination of behavioral waste (hot water that goes
down the drain prior to the user entering the shower) and elimination of tub spout diverter
leakage.

Part 1: To determine baseline gallons of behavicral waste per year, the following formula was
used:

!
Annual! Showerhead Behavioral Waste = WWWUE;; x SHFR x BW x n; x 365 X -
sy

Equation 88

i
Annual Tuh Spout Behavioradl Waste = UWWUE o x TSFR x BW x ngy x 365 x -

Mgy
Equation 8%
Where.
% WIE o = Showerhead percentage of wanm-up events (see Tabfe 313)
Y% WUETs = Tub spout percentage of warm-up evenis (see Table 313)
SHFR = Showerhead flow rate, gallons per minute [gom] {see Table 313)
TSFR = Tub spout flow rate, gaffons per minute fgomj (see Table 31.3)
BW = Behavioral waste. minutes per shower {see Table 313)
ns = Number of showers per person per day (see Table 313)
365 = Constant to convert days fo years {see Table 313}
no = Number of ccoupants per home (see Table 313)
Nasw = Number of showerheads per home (see Table 313)
14
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Applying the formula to the values from Table 313 retums the following values:

| Commented [DN13]: Updated to reflect revised number of
’ shawearheads.

2.86
SF srhtead (1.5 GPM): 0.6 1.5 x0.783 x 0.60 x 365 —) = 245257
towerhead { )] X( 3 w 3 ><1180_7_2

286
Showerhead (1.75 GPM): 0.6 % (1.75 x0.783 x 0.60 % 365 X—) = 286409

L8022
Showerhead (2.0 GPM): 0.6 x (2.0 X 0783 x 0.60 X 365 x = 8'012) = 327342
Showerhead (2.5 GPM): 0.6 % (2.5 x 0.783 % 0.60 x 365 x 1_80_7_2_) — 409428
2.86
Tub Spout (5.0 GPMY: 0.4 % (5.0 X 0.783 x 0.60 x 365 x 7 80;2) = 545570

Part 2: To determine baseline gallons of diverter leakage per year, the following formula was

used:
! days 1,
Annual Diverter Wasfe = DLR X fg @ ng X 365 o —_
yedr e
Equation 90
Where:
DLR = Diverter leakage rate [gom] (see Table 313)
ts = Shower time (min/shower) (see Table 373)

Applying the formula to the values from Table 313 retums the following values:

{ Commented [DN14]: Updated.

. 2.86
Diverter (0.8 GPMY): 0.8 x 7.8 x 0.60 x 365 x Teoza— 21714242

Part 3: To determine gallons of water saved per year can be found by multiplying the total
waste by the percent of hot water from Table 313.

Gallons of hot water saved = (SHBW + TSBW ) x HW ' rs + DW X HW Y%,

Equation 91
Where.
SHBW = Showerhead behavioral waste {gal]
Tssw = Tub spout behavioral waste f{gaf]
Dw = Diverter waste [gal]
HW%sn rs = Showerheads and tub spout hot wafer percentfage (see Table 313)
HW%o = Diverter hot water percentage (see Table 313)
215
Residential: Water Heating Texas Technica!l Reference Manual Vol 2

Tub Spaout and Showerhead TIRVS October 2024



Applying the formula to the values from Table 313 returns the following values:
Total Annual Waste (1.5 gpm): (24525F + 545670) x 0.825 + 21712272 x 0.737 = 2,2522352

Total Annual Waste (L.75 gpm): (286299 + 545520) x 0.825 + 2,1712222 = 0.737
= 2,2862392

Total Annual Waste (2.0 gpm): (327342 + 545570) x 0.825 + 2,1712272 x 0.737 = 2,3202422
Total Annual Waste (2.5 gpm): (409428 + 545520) » 0,825 + 2,1712272 % 0.737 = 2,38724498

Table 313. Tub Spout/Showerhead TSRVs—Hot Water Usage Reduction

Part 1—Behavioral waste

Part 2—

SH TS Diverter

Description Warm-up Warm-up leakage
Baseline showerhead flow rate (GPM) 15,1.75, -

20, 0r25

Tub spout flow rate (GPM)*0" - 50 -
Percent of warm-up events*l® 60% 40% -
Average behavioral waste (minutes per shower)® 0.783 -
Average diverter leakage rate (GPM)*'0 - 080 -
Average shower time (minutes per shower)*'! - 7.8 -
Showers/person/day*'? 0.60
Occupants/home*'? 283
Showerheads/home*!* 1802
Gallons behavioral waste. per tub 245387 545670 217123272 2961308
spout/showerhead per year (1.5 GPM) 8

407 Assumption from (Sherman 2015) Calculating Savings For: Auto-Diverting Tub Spout System with
ShowerStart TSV.

408 Percent of warm-up events from (Sherman 2014) Disaggregating Residential Shower Warm-Up Waste
(Appendix B, Question 8).

49 Average behavioral waste from Lutz (2004) Feasibility Study and Roadmap to Improve Residential Hot
Water Distribution Systems and Sherman (2014) Disaggregating Residential Shower Warm-Up Waste.
Derived by dividing 47 seconds by B0 seconds.

410 Average diverter leak rate from (Taitem 2011) Taitem Tech Tip — Leaking Shower Diverters.

41! Cadmus and Opinion Dynamics Evaluation Team, "Memorandum: Showerhead and Faucet Aerator
Meter Study". Prepared for Michigan Evaluation Working Group.

412 Darivation of value for showers per person per day defined in the Low Flow Showerhead measure

413 Occupants per home for Texas from US Census Bureau, Texas, “Persons per household, 2016-2020 "
hitps //www census.gov/guickfacts/fact/table/ TX US/IPSTD45221.

414 Showerheads per home assumed to be equal to the number of full bathrooms per home, taken from
20202045 RECS, Table HC2.8.

hitps:/f'www.eia goviconsumption/residential/data/2020/ hiteswwwwe-sia-gov/consumplionirasidentialida
fret O g tivatisia)
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Part 1—Behavioral waste

Part 2—
SH TS Diverter Part 3—
Description Warm-up Warm-up leakage Total
Gallons behavioral waste per tub 286288 3.002344
spout/showerhead per year (1.75 GPM) 2
Gallons behavioral waste per tub 327342 3.043348
spout/'showerhead per year (2.0 GPM) =1
Gallons behavioral waste per tub 408428 3.12532%F
spout/showerhead per year (2.5 GPM) 8
Percentage hot water!'® 80-85%, or 82.5% average 73.7% -
Gallons hot water saved per year (1.5 GPM) - | 2252%
Gallons hot water saved per year (1.75 GPM) - 2&2’33
Gallons hot water saved per year (2.0 GPM) - gﬂ%ﬁi
Gallons hot water saved per year (2.5 GPM) - 2 38?2?4:
Energy Savings Algorithms
Energy savings for this measure are calculated as follows:
pxCpxVx (T-mtpum:. — Tsuppty annuat)
Energy Savings per TSRV |AkWh| = -
Ty Savings pe Sl RE x 3412
Equation 92
Where:
P = Water density [lbs/gal] = 8.33
Cs = Specific heat of water [Btudb®F] = 1
v = Gallons of hot water saved per year per showerhead
(see Table 313)
T setpoint = Water heater setpoint temperature *'°® [*F] = 120

4% Average percentage hot water for warm up events from (Lutz 2004) Feasibility Study and Roadmap to
Improve Residential Hot Water Distribution Systems and (Sherman 2015) Calculating Savings For:
Auto-Diverting Tub Spout System with ShowerStart TSV

418 120°F represents the assumed water heater setpoint. New York Department of Public Service
recommends using water heater setpoint as a default value, see “New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs” October 2010, page 99,

Data collection discussed in Appendix D of the EM&V team's Annual Statewide Portfolio Report for
Program Year 2014-Volume 1. Project Number 40891 (August 2015), also supports a default value of
120°F.
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T suppiy. annuas = Average annual supply water temperature {TF] (see Table 314)

RE = Recovery Efficiency for in the case of heat pump water heaters,
COP); if unknown, use 0.98 as a defaulff for electric resistance
water heaters or 2.2 for heat pump water heaters

3412 Constant to convert from Btu to kWh

Demand Savings Algorithms

Demand savings are calculated by substituting the average supply temperature for the average
seasonal temperature, multiplying by a coincidence factor equivalent to the daily fraction hot
water use during the weighted peak hour for each climate zone (see Volume 1, Section 4), and
dividing by 385 daysfyear.

Peak Demand Savings per TSRV [4kW] = prlexV )};}:ET;L;ZTLZ ; 731;; plyscasonai) % CFy
Equation 93
Where.
T suppty, seasonal = Seasonal supply water temperature [F] {see Table 3714)
CF 5w = Peak coincidence factor {see Table 315)

Table 314. Tub Spout/Showerhead TSRVYs—Water Mains Temperature (°Fy*"

I Tsupplyseasonal
Climate zone Tiupplyaverage m
-Zone 1: Amarille . 62.2 . 738 | 53.7 |
Zone 2: Dallas 718 840 60.6
Zone 3. Houston 747 845 65.5
Zone 4: Sorpus Christi Firs 561 B85
Zone 5. El Paso 704 815 60.4

Table 315. Tub Spout/Showerhead TSRVs—Caoincidence Factors

" Cimare rone | Symmer | wirer |

Zone 1: Amarillo 0.038 0.073
Zone 2. Dallas 0.035 0.075
Zone 3. Houston 0.038 0.080
Zone 4 Corpus Christi 0.038 0.068

417 Based on typical meteorological year (TMY) dataset for TMY 3, available through the Mational Solar
Radiation Database (NSRDB) Data Viewer. hitps:/nsrdb. nrel gov/data-viewer. Data for Texas climate
2ones can also be accessed directly here: https ftexasefficiency.comfindex. phpregulatory-
filings/deemed-savings.
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Climate zone Summer Winter

| Zone 5. El Paso |  oozs| o069 |

Figure 7. Tub Spout/Showerhead TSRVs—Shower, Bath, and Sink Hot Water Use Profile®'®
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Source: Building America Performance Analysis Procedures for Existing Homes.

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, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable.

418 Building America performance analysis procedures for existing homes.
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Measure Life and Lifetime Savings

The estimated useful life (EUL) is 10 years, as specified in the Califomnia Database of Energy
Efficiency Resources (DEER)Y READ! tool for EUL ID WirHt-WH-Shrhd . *1®

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 or county
= Flow rate in gallons per minute (GPM) of showerhead installed
= \Water heater type (heat pump, electric resistance)

e DHW recovery efficiency (RE) or COP, if available

References and Efficiency Standards

Petitions and Rulings

Not applicable.

Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

Document Revision History

Table 316. Tub Spout/Showerhead TSRYs—Revision History

TRM version m

v5.0 10/2017 TRM v5.0 origin.

wE.0 11/2018 TREM v6.0 update. No revision.

vi.0 120183 TREM v7.0 update. No revision.

v8.0 12020 TRM v8.0 update. Updated coincidence factors.

va.0 102021 TRM v89.0 update. Updated EUL reference and restricted measure to
electric DHW.

v10.0 102022 TREM v10.0 update. Updated number of occupants per home.

vi11.0 102023 TREM v11.0 update. No revision.

v12.0 10/2024 TRM v12.0 update. Updated number of showerheads per home and | [ Commented [DN17]; Updated.
resulting behavioral waste and hot water saved assumptions.

418 DEER READI (Remote Ex-Ante Database Interface). hitp./fwww.deeresources.comiindex.php/readi,
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2.4.10 Water Heater Temperature Setback Measure Overview
TRM Measure ID: R-WH-TS
Market Sector: Residential
Measure Category: Water heating
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
Decision/Action Type(s): Retrofit
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure outlines the dermand and energy savings yielded from reprogramming residential
water heater thermostats with default settings of greater than 120°F to 120°F.

Eligibility Criteria

Electric storage water heaters with default temperature setpoints in excess of 120°F are eligible
to claim savings from this measure.

Baseline Condition

The baseline condition is an electric storage water heater with a thermostat setting that is higher
than 120°F.

High-Efficiency Condition

The efficient condition is an electric storage water heater with a thermostat setting reduced to
120°F.

Energy and Demand Savings Methodology
Savings Algorithms and Input Variables

Water heater temperature setback savings are calculated on a per-unit basis. Deemed savings
variables include the tank surface area, the heat transfer coefficient for the tank, and hot water
setpoint pricr to adjustment.
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Energy Savings Algorithm

Where:

Tore
Toost
8,760
RE

3,412

AX U X (Tyry — Tposy) % 8,760
RE % 3,412

Energy Savings [AkWh] =

Equation 94

= Tank surface area insulated in square feet (mDL) with L {length)
and D {tank diameter) in feet; if the tank area is not known, use
Table 317
Table 317. DHW Temperature Sethack—Estimated Tank Area+2?

)

| VolumeY(gal) |

30 17.45
40 21.81
50 22.63
60 26.94
80 30.36
120 3873

= Overall heat transfer coefficient for the tani® (Btu/Hr-°F-fF)
= Hot water setpoint prior to adjustment [°F]

= Water heater setpoint [*F}'% = 120

= Total hours per year

= Recovery efficiency of electric hot water heater = 0.98%%

= Constant to convert from Btu to kWh

420 Tayas TRM Vol 2, 2.4 .4 Water Heater Tank Insulation, Table 317.

42U If unknown, assume R-5 (U = 1/5).

422 120°F represents the assumed water heater setpoint. The New York Department of Public Service
recommends using the water heater setpoint as a default value, see "New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs.” Page 939, Cctober 2010. The data
collection discussed in Appendix D of the EM&Y team’s Annual Statewide Portfolio Report for Program
Year 2014-Volume 1, Project Number 40851 (August 2015) also supports a default value of 120°F.

423 Default values based on median recovery efficiency of residential water heaters by fuel type in the
AHRI database, at httpJ/fwww.ahrinet.org.
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Demand Savings Algorithm

. u _ kthum'n,qs
Summer Peak Demand Savings [AkW] = 5760~ CF,
Equation 95
Where:
CFs = Summer peak coincidence factor = 1.0

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, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is 2 years™*.

+24 2022 |llinois Statewide Technical Reference Manual Version 10.0, Volume 3 - 5.4 8 Water Heater
Temperature Setback. September 24, 2021,
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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:

= Climate zone or county
e R-value or overall heat transfer coefficient of tank {1 / R-valug)

= Tank surface area insulated in square feet (nDL) with L {length) and D (tank
diameter) in feet; if unable to determine tank area, tank volume must be recorded

= Hot water setpoint prior to adjustment

e Photo of reprogrammed temperature setpoint or another pre-approved method of
verification

= \Water heater manufacture date

References and Efficiency Standards

Petitions and Rulings
Not applicable.

Relevant Standards and Reference Sources
Please refer to measure citations for relevant standards and reference sources.
Document Revision History

Table 318. DHW Temperature Setback—Revision History

TBM version Descripfion of change

v10.0 102022 TREM v10.0 erigin.
vi11.0 102023 TREM v11.0 update. No revision.
v12.0 10/2024 TRM v12.0 update. No revision.
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2.5 RESIDENTIAL: APPLIANCES

2.5.1 ENERGY STAR" Ceiling Fans Measure Overview
TRM Measure ID: R-AP-CF
Market Sector: Residential
Measure Category: Appliances
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
DecisionfAction Type(s}): Retrofit new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description
This document presents the accepted deemed savings awarded for the installation of an

ENERGY STAR ceiling fan and light kit. Savings are awarded at a flat per-unit rate, both for
energy and demand savings. This measure will apply to existing homes and new construction.

Eligibility Criteria

Savings values in this measure are based on indoor usage pattems and are not applicable to
outdoor applications.

Baseline Condition

The baseline is a conventional non-ENERGY STAR labeled ceiling fan and light kit.
High-Efficiency Condition

The table below displays the ENERGY STAR Version 4.0 Requirements for eligible ceiling fans

effective June 15, 2018.4%° Energy efficiency service providers are expected to comply with the
latest ENERGY STAR requirements.

425 ENERGY STAR Ceiling Fan and Light Kits, Final Wersion 4.0 Program Requirements.
hitps ffwwaw energystar.govisites/defaultfiles/ENERGY%208TAR%20C2iling%20Fans%20and%20Cei
ling %20Fan%20Light%20Kits %20Version%204.0 Program%*%20Requirements 0 O.pdf.
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Table 319. Ceiling Fans—Fan Definitions

Fan type Description

Ceiling fan A non-portable device designed for home use that is suspended from the ceiling
for circulating air via the rotation of fan blades; for which the lowest point on fan
blades is greater than 10 inches from the ceiling

Hugger celling fan A celling fan for which the lowest point on the fan blades is less than or equal to
10 inches from the ceiling. Hugger ceiling fans can be safely installed on low
ceilings, and some are sold with ceiling fan light kits

Table 320. Ceiling Fans—Efficiency Requirements

Diameter Minimum efficiency Minimum high speed
{inches) {cfmiW) airflow (cfm)
Ceiling fan D=<386 >2072xD+ 4183 21,767
36<D<78 >2B83xD-2683 > 250 x w x (D/24)?
D>78 2829
Hugger ceiling fan D=<38 >031xD+ 3684 >1414
3E<D<T8 >175xD-15 > 200 x mx (D/24)?
D=>78 >6,837

Table 321. Ceiling Fans—Light Kit Efficacy Requirements

Minimum efficacy Minimum light
Type (lumens/W) output (lumens)
Shipped with ENERGY STAR certified light bulbs 650 =
Separable light source 65.0 800
Integrated light source 700

Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Energy Savings Algorithms

Energy savings were calculated using the ENERGY STAR Ceiling Fan Savings Calculator found

on the ENERGY STAR website ** Default values were taken directly from the ENERGY STAR
Ceiling Fan Savings Calculator, unless otherwise specified.

4% ENERGY STAR Ceiling Fan Savings Calculator (updated September 2013).
i energystar gov/sites/default/files/asset/docu t/light fixlure ce lculator xlsx
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Energy Savings [ALWR] = (kW hpaceine — EWRes) ran + (BWhhgeerine — KWheg)ge % [EF:

Where:

k%baseﬁne
kWhes
IEFE

W, gt bassiine

Wigtcs

WFan: bageline
Wean s

Wi sasms

kthasefins.J.g: =

Equation 96
Wyunbaseiine X AORpqn
kWhhas‘sIms,Fan = = abf-lirg-oo =
Equation 97
WFa'n IR AOHFan
EWheo o, = e 27
sran 1,000
Equation 98
Wran = (Wig % OF;5) + (Warg 2 OPag) + (Wig X 0Fy5)
Equation 99

W.r_yt.bu.suia'n.u X AOHLyt
1,000

Equation 100
W, e s X AOR;

fWhesrge = 1,000

Equation 101

Non-ENERGY STAR baseline energy usage
ENERGY STAR average energy usage

Energy interactive effects factor from Table 322 assuming
heating/cooling unknown *27

Conventional lighting total wattage = 58 W (160 W defaulf value
from ENERGY STAR calculator reduced to comply with EISA
2007 45 lumens/watt backstop)?®®

Actual wattage of instatted ENERGY STAR lighting; assume one
high-efficiency 32 W lamp

Conventional fan motor wattage
ENERGY STAR fan motor wattage

Fan motor wattage at low, medium, and high speed; see Table
323

477 The assumed energy interactive effects factors are taken from the residential lighting measure.

42% Azsumes a mix of general service incandescent lamps. EISA 2007 45 lumensiwatt backstop is
approximately 36 percent of standard incandescent wattages for the 40, 60, 75, and 100 equivalent
walttage categories. 160 Wx 0.36 = 38 W.

Residential: Appliances

Ceiling Fans
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OPLsmsms - Fan operating percentage at low, medium, and high speed. see

Table 324

AOH, g = Annual lighting operating hours = 803 hours/year (assuming
2.2 hours/day and 365 days/year operation)'®

AOHzan = Annual fan operating hours = 1,095 hours/year (assuming
3.0 hours/day and 365 days/year operation)*”

1.000 = Constant to convert from W to kW

Table 322. Ceiling Fans—Interactive Effects Factor for Cooling Energy Savings
and Heating Energy Penalties*"!

IEFg

Climate
Climate Climate Climate Zone 4: Climate
Zone 1. Zone 2; Zone 3; Corpus Zone 5:
Heating/cooling type Amarillo Dallas Houston Christi El Paso

Heating/cooling unknown*3? 0.88 0.98 1.04 107 0.95

Table 323. Ceiling Fans— Motor Wattages

Fan motor

Fan type ‘ Fan speed

wattage (W)
Canventional Low 15
Medium 34
High 67
ENERGY STAR Low 6
Medium 23

High 56

4% The assumed annual operating hours are taken from the residential lighting measure.

430 The assumed annual operating hours are taken from the praviously cited ENERGY STAR Light Fixture
and Ceiling Fan Calculator.

43! 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 (20 Im/W)
IEF values were calculated using the following formula: 1 + HVAC wuings/LightinGuavings -

432 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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Tabkle 324. Ceiling Fans—0Operating Percentages

Qperating, )
perceitage (OP)
Low 40%
Medium 40%
High 20%

Demand Savings Algorithms

Peak demand savings were calculated using separate coincidence factors for the lighting and
the fan motor portion of the ceiling fan savings. For lighting the coincidence factor varies based
on climate zone. For the fan motor a coincidence factor of 0.446 was applied (derived from the
EnergyGauge software ceiling fan profiles).

Peak Demand Suvings |AkW | = kW, + kW,
Equation 102

kwr-'an — WFan.has‘s{igeOO_ WF&}‘L.J‘?S

X CFr-'an
Equation 103

I’l"r,g:.n aseline I’l”r,g:,r-.s

KWy, = X OF gaow X TEF spw

1,000
Equation 104
Where:
kWean = Fan demand savings
CFran = Fan motor peak coincidence factor = 0.446
W gt = Lighting dermand savings
CFigt sav = Lighting seasonal peak coincidence factor (Table 325)
1EFn sw = Demand interactive effects factor from Table 326 assuming

heating/cooting unknown®®

43 The assumed demand interactive effects factors are taken from the residential lighting measure.
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Table 325. Ceiling Fans—Lighting Coincidence Factors**

Climate Zone 1:  Climate Zone 2: | Climate Zone 3 Climate Zone 4:  Climate Zone 5:

Season Amarillo Dallas Houston Corpus Christi El Paso
Summer 0.060 0.053 0.083 0.058 0.032
Winter 0.275 0.232 0.199 0.263 0.358

Table 326. Ceiling Fans—Interactive Effects Factor for Cooling Demand Savings
and Heating Demand Penalties*¥*

IEFp s

Climate
Climate Climate Climate Zone 4: Climate
Zone 1: Zone 2 Zone 3: Corpus Zone 5
Heating/cooling type Amarillo Dallas Houston Christi El Paso

Heating/cooling unknown*¥® 1.39 1.28 1.58 1.20 1.38
IEFo.w

Climate
Climate Climate Climate Zone 4: Climate
Zone 1: Zone 2: Zone 3: Corpus Zone 5
Heating/cooling type Amarillo Dallas Houston Christi El Paso

Heating/cooling unknown*'7 0.76 0.72 0.73 0.75 080

Deemed Energy Savings Tables

Table 327. Ceiling Fans—Energy Savings (kWh)

Climate Zone 1 Climate Zone 2: | Climate Zone 3: Climate Zone 4: | Climate Zone 5:

Amarillo Dallas Houston Corpus Christi El Paso
285 316 329 35 310

Deemed Summer Demand Savings Tables

Table 328. Ceiling Fans—Summer Peak Demand Savings (kW)

Climate Zone 1: | Climate Zone 2: | Climate Zone 3: | Climate Zone 4: | Climate Zone &:

Amarille Dallas Houston Corpus Christi El Paso
0.007 0.006 0.007 0.008 0.008

4% See Volume 1, Section 4.

4% See Table 322.

4% 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

437 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 Winter Demand Savings Tables

Table 329. Ceiling Fans—Winter Peak Demand Savings (kW)

Llimate Zone 1: .=C_Iimate'Zone..- " Climate Zone 4: | Climate Zone:52
Amiafille |  iDallag 1oust | ©orpus-Christi ElPase |
0.010 | 0.012

Claimed Peak Demand Savings

Refer to Volume 1, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is established at 10 years according to the ENERGY STAR
Ceiling Fan Savings Calculator.

This EUL is consistent with Docket No. 38025 approved in 2010.4%

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 or county

¢ Quantity of installed ENERGY STAR ceiling fan and light kits
=  Manufacturer and model number

e Proof of purchase — with date of purchase and quantity

Alternative: photo of unit installed or another pre-approved method of
installation verification

References and Efficiency Standards

Petitions and Rulings

= Docket No. 38025, Petition of Electric LHility Marketing Managers of Texas to
Amend Deemed Savings for ENERGY STAR Appliance Measures. Public Utility
Commission of Texas,

438 Docket No. 38025, Petttion of Electric Utility Marketing Managers of Texas to Amend Deemed Savings
for ENERGY STAR Appliance Measures. Public Utility Commission of Texas.
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Relevant Standards and Reference Sources
Please refer to measure citations for relevant standards and reference sources.
Document Revision History

Table 330. Ceiling Fans—Revision History

v1.0 11/25/2013 | TRM v1.0 origin.

v2.0 4/18/2014 TREM 2.0 update. Minor edits to language and updates to the ENERGY
STAR specification table.

w21 1/30/2015 TREM w2 1 update. No revision.

v3.0 4112014 TRM v3.0 update. Explanation of methodology and alignment with

ENERGY STAR calculator. Introduction of interactive effects factors and
in-service rates. New peak savings calculated according to revised peak

definition.

w31 11/05/2015 | TRM v3.1 update. Revision of interactive effects factors to reflact
indoor-specific values for additional heating and coosling equipment
types.

w31 3/28/2016 TREM v3.1 March revision. Updated surmmer and winter coincidence
factors.

vd .0 10/10/2016 | TRM v4.0 update. Updated interactive effect values using building
energy simulation.

v5.0 102017 TREM v5.0 update. Updated footnote reference to ENERGY STAR
calculator.

vB.0 1112018 TRM v6.0 update. Updated interactive effect values.

7.0 112019 TRM 7.0 update. Established deemed savings approach.

v8.0 10/2020 TREM v8.0 update. No revision.

va.0 10/2021 TREM v8.0 update. No revision.

v10.0 10/2022 TRM v10.0 update. Reduced baseline lighting wattage and resulting

deemed energy savings for compliance with reinstated EISA 2007 45
lumens/watt baseline.

v11.0 1042023 TREM v11.0 update. No revision.
¥12.0 10/2024 TEM v12.0 update. No revision.
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2.5.2 ENERGY STAR® Clothes Washers Measure Overview
TRM Measure ID: R-AP-CW
Market Sector: Residential
Measure Category: Appliances
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
DecisionfAction Type(s): Retrofit, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Look-up tables

Savings Methodology: Engineering algorithms and estimates

Measure Description

This document presents the accepted deemed savings awarded for the installation of an
ENERGY STAR clothes washer. Savings are awarded at a flat per unit rate, both for energy and
demand savings. This measure will apply to existing homes and new construction.

These deemed savings are calculated using the federal standards effective January 1, 2018.
Eligibility Criteria
Not applicable.

Baseline Condition

Effective January 1, 2018, the baseline is the Department of Energy (DOE) minimum efficiency
standard** for top-loading clothes washers. While the DOE provides criteria for both top- and
front-loading washers, only the standards for top-loading washers are listed below, as a top-
loading unit is assumed to be the baseline equipment. This approach is based on customers
having the option to install a top-loading clothes washer. Therefore, savings are calculated
using the lower top-loading baseline condition.

The DOE has published a Federal Register notice of Direct Final Rule pertaining to energy
conservation standards for residential clothes washers. effective July 15, 2024.%% This standard
will transition the efficiency metric from IMEF to EER. However, compliance is not reguired until
March 1, 2028.

438 DOE minimum efficiency standard for residential clothes washers.
hitps:/fwwwl eare energy.govbuildings/appliance standards/product.aspx/productid/39 .
440 New DOE final rule.

hitps./fwww.energy gevieers/buildings/consumer-clethes-washers.
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Table 331. Clothes Washers—Federal Standard

Current criteria

Product type | asofJanuary 1, 2018
Top-loading, standard (1.6 ft? or greater capacity) IMEF 2 1.57
IWF< 6.5
Top-loading. compact (less than 1.6 ft* capacity) IMEF21.15
IWFs 12.0

Table 331 Clothes Washers—Federal Standard

b e e
VWER = Lu

High-Efficiency Condition

Eligible eguipment must be compliant with the currentFhe-table-below-displays-the ENERGY
STAR Final-Version-v8.1 specificationRequirermenis-for-eligible-slothes washers, effective
February 5, 2018.**' Qualified products must meet the minimum requirements from Table
332Eneray efiicency service providers are expaciad o comply with the lalest ENERGY STAR
ST

Table 332, Clothes Washers—ENERGY STAR Requirements

Current criteria

Product type as of February 5, 2018
ENERGY STAR residential front-loading (> 2.5 ft%) IMEF 2 2.76
IWF =< 3.2
ENERGY STAR residential top-loading (> 2.5 ft%) IMEF 2 2.06
IWF=43
ENERGY STAR residential small or compact (< 2.5 ft¥) IMEF = 2.07
IWF = 4.2

Energy and Demand Savings Methodology
Savings Algorithms and Input Variables

Energy Savings Algorithms

441 ENERGY STAR Program Regquirements Product Specification for Clothes Washers-Final-\amsionS-1
B e e
https:/iwww energystar gov/sites/default/files/lENERGY%20STAR%20F inal%20Version%208.0%20CIo
thes%20Washer%20Partner%20Commitments%20and%20Eligibility%20Criteria pdf.
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Energy savings for this measure were derived using the ENERGY STAR Appliance Savings

Calculator found on the ENERGY STAR website **? This document will be updated regularly to

apply the values provided in the latest available ENERGY STAR Appliance Savings Calculator.

The most recent TRM version should be referenced to determine the savings for this measure.
Eneryy Suvings |AKWh]| = EWhygaorine — kWhe;

Equation 105
Baseline Unit

kthas‘sEins = kw}lcnnu,machi‘ns + kthnnv,I-Wf + kthonv.d'ryer + kthonv.J.F‘.\f

Equation 106

LPY
kthonv.machms = MCF % RUEC,ony xm
Equation 107
LPY
KWheonnwn = WHCF X RUECeop, X =

Equation 108

AW o ims = EWoinp e X (8,760 — LPY)
Equation 109

KW he o dryer = Kfﬁf;” x LPY) - (RUECL.UM x %)  kWhygny zom| % %
8
Equation 110
Where:

kWhiasaine = Federal standard basefine energy usage
kKWHeom, machine = Conventional machine energy
FWhcon wi = Conventional water heater enerqy
Kooy gyer = Conventional dryer energy
FWheonpew = Conventional combined low-power mode energy
RUECom = Conventional rated unit efectricity consumption = 381 K\MWh/year

(top-toading, standard)*®, 163 kWh/year fop-loading, compact)
LPY = toads per year= 295

442 ENERGY STAR Appliance Savings Calculator {updated October 2018). The previously cited URL is no
longer available, but a copy of the calculator can be provided upon request.

443 This value is taken from the ENERGY STAR appliance calculator and corresponds with the federal
standard after March 7, 2013,
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RLPY
kWCDfJV: LPM

Capeon

IMEFes
MCF
WHCF
oy

DUF

ENERGY STAR Unit

Reference loads per year = 392

Combined low-power mode wattage of conventional unit =
0.00115 KW (top-loading, standard), 0.00144 kW (top-foading,
compact)

Average machine capacity = 4.5 ft’ (top-loading, standard), 2.1 f£
{top-foading, compact)

Federal standard integrated modified energy factor (Table 331)
Machine consumption factor = 20 percent
Water heater consumption factor = 80 percent

Dryer usage in households with both a washer and a dryer
= 95 percent

Dryer use factor (percentage of washer loads dried in
machine) = 81 percent

EWhps = EWhpgmachine + EWhpswn + kWhpe gryer + KW o

kWhJ’:‘S‘.dryer = |:(

Where:

kWhes
kWhes machine
KWhes w
kKWhes dyer
kKWhes 1w

Residential: Appliances
Clathes Washers

Equation 111

LPY
kwhr;glmacmng = MCF % RUECrg hod m

Equation 112

LPY

KWhysyy = WHCF X RUECys X oo

Equation 113
kWh,—:_.;l;.pM = kWJ‘?S,J'.PM b (8,760 - LPY)
Equation 114

D
K, —
DUF

Equation 115

Capre
IMEFq:

1Py
x LPY) - (RUECES x m) - kWhmpM]

ENERGY STAR average energy usage

ENERGY STAR machine energy

ENERGY STAR water heater energy

ENERGY STAR dryer energy

ENERGY STAR combined low-power mode energy
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RUECEes

ENERGY STAR rated unit efectricity consumption
{see Tabte 333)

kWes . om = Combined low-power mode wattage of ENERGY STAR unit

{see Table 333)
IMEFes = ENERGY STAR integrated modified energy factor (see Table 332)
Capes = Average machine capacity {see Table 333)

Table 333. Clothes Washers—ENERGY STAR Characteristics®*
| ENERGY STAR | Combined
ratedi unit electrigity Average law-pawer mode
Praduiét type consumption (kWhy | capacity{ft% ‘wattage (kW)

Residential front-loading (> 2.5 %) . 0.00160
Residential top-loading (> 2.5 ft¥) 230 4.5 0.00115
Residential small or compact (< 2.5 ft*) 108 21 0.00144

Demand Savings Algorithms

] AW
Peak Demand Savings [AkW] = o0 X CFg
Equation 116
AOH = LPY »
Equation 117
Where:
AOH = Annual operating hours
CFam = Seasonal peak coincidence factor (Table 334)
LPY = toads per year= 295
d = Average wash cycle duration = 1 hour *#54%

444 This value is taken from the ENERGY STAR appliance calculator and corresponds with the ENERGY
STAR specification after March 7, 2015,

445 Waighted average of Consumer Reponts Cycle Times for Top and Front-Loading Clothes Washers.

445 Consumer Reports. “Top-loading washers remain more popular with Americans”. April 13, 2010,
Weighted average of 75 percent Top-Loading Clothes Washers and 25 percent Front-Loading Clothes
VWashers.
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Table 334. Clothes Washers—Coincidence Factors*¥’

Climate Zone 1

Climate Zone 2: | Climate Zone 3: | Climate Zone 4: | Climate Zone 5:

Season Amarillo
Summer 0.040
Winter 0.043

Dallas Houston Corpus Christi | El Paso
0.040 0.040 0.041 0.041
0.043 0.043 0.044 0.039

Deemed Energy Savings Tables

Table 335. Clothes Washers—Energy Savings (kWh)

Type

Front-loading

>25M

Top-loading

>251

Alls25f

Water heater Dryer
fuel type fuel type kWh/unit
Electric Electric 428
Gas 187
Gas Electric 275
Gas 34
Electric Electric 205
Gas 114
Gas Electric 114
Gas 23
Electric Electric 248
Gas 41
Gas Electric 215
Gas 8

Deemed Summer Demand Savings Tables

Table 336. Clothes Washers—Summer Peak Demand Savings (kW)

Fuel Type

Washer Waler

type heater

Front-loading Electric
>25M°

Gas

Dryer
Electric
Gas
Electric
Gas

447 5ee Volume 1, Section 4.

Residential Appliances
Clothes Washers

Climate
Climate Climate Climate Zone 4: Climate
Zone 1 Zone 2: Zone 3: Corpus Zone 5
Amarillo Dallas | Houston Christi El Paso
0.058 0.058 0.058 0.060 0.060
0.025 0.025 0.025 0.026 0.026
0.037 0.037 0.037 0.038 0.038
0.005 0.005 0.005 0.005 0.005
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Fuel Type | Climate

Climate Climate Climate Zone 4: Climate

Water Zone 1: Zone 2: Zone 3: Corpus Zone §:

heater Dryer Amarillo Dallas Houston Christi El Paso
Top-loading  Electric Electric 0.028 0.028 0.028 0.028 0.028
¥25% Gas 0.015 0.015 0.015 0.016 0.016
Gas Electric 0.015 0.015 0.015 0.018 0.0186
Gas 0.003 0.003 0.003 0.003 0.003
Alls25f3 Electric Electric 0.034 0.034 0.034 0.034 0034
Gas 0.006 0.006 0.006 0.006 0.006
Gas Electric 0.029 0.029 0.029 0.030 0.030
Gas 0.001 0.001 0.001 0.001 0.001

Deemed Winter Demand Savings Tables

Table 337. Clothes Washers—Winter Peak Demand Savings (kW)

Fuel type Climate
| Climate Climate Climate Zone 4: Climate
Washer Water Zone 1: Zone 2: Zone 3: Corpus Zone 5
type heater Dryer Amarillo Dallas Houston Christi El Paso
Front-loading Electric Electric 0.062 0.062 0.062 0.064 0.057
&N Gas 0.027 0.027 0.027 0.028 0.025
Gas Electric 0.040 0.040 0.040 0.041 0.036
Gas 0.005 0.005 0.005 0.005 0.005
Top-loading Electric Electric 0.030 0.030 0.030 0.031 0.027
>25H Gas 0.017 0.017 0.017 0.017 0,015
Gas Electric 0.017 0.017 0.017 0.017 0.015
Gas 0.003 0.003 0.003 0.003 0.003
All<251f Electric Electric 0.036 0.036 0.036 0.037 0.033
Gas 0.006 0.006 0.006 0.006 0.005
Gas Electric 0.031 0.031 0.031 0.032 0.028
Gas 0.001 0.001 0.001 0.001 0.001

Claimed Peak Demand Savings
Refer to Volume 1, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable
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Measure Life and Lifetime Savings
The estimated useful life (EUL) of an ENERGY STAR clothes washer is established at 11 years

based on the Technical Support Document for the current DOE Final Rule standards for
residential clothes washers, *#

Program Tracking Data and Evaluation Reguirements

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 or county

e Unit quantity

=  Manufacturer and model number

e Type of unit (top-loading, front-loading, or compact)

=  DHW fuel type (gas or electric)

e Dryer fuel type (gas or electric)

e Proof of purchase — with date of purchase and quantity

Alternative: photo of unit installed or another pre-approved method of
installation verification

References and Efficiency Standards

Petitions and Rulings
Not applicable.
Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

442 The median lifetime was calculated using the survival function cutlined in the DOE Technical Support
Document. Final Rule: Standards, Federal Register, 77 FR 32308 (May 31, 2012) and associated
Technical Support Document.
https /vl eere energy.govibuildings/appliance standards/standards.aspx Pproductid=65&action=vi
ewlive. Download TSD at: hitps:fwww.regulations.gov/document/EERE-2008-BT-STD-0013-0047,
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Document Revision History

Table 338. Clothes Washers—Revision History

v1.0 11/25/2013 TRM v1.0 erigin.

v2.0 41872014 TRM v2.0 update. Updated by Frontier Energy, March 2014, based
on new federal standards.

v2.1 1/30/2015 TRM v2.1 update. New ENERGY STAR standards incorporated.

v3.0 410/2015 TRM +3.0 update. Updated EUL to align with median lifetime. New
peak savings calculated according to revised peak definition.

v3l 11/03/2015 TRM v3.1 update. New ENERGY STAR algerithms and default
assumptions incorporated.

v3l 3/28/2016 TRM +3.1 March revision. Updated winter coincidence factors and
winter and summer demand savings tables.

vd .0 101072016 TRM w4 0 update. No revision.

v5.0 12017 TRM v5.0 update. 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.

wE.0 11/2018 TRM w6 0 update. No revision.

vi.0 1172018 TRM v7.0 update. Updated links and dates.

v8.0 12020 TRM v5.0 update. No revision.

va.0 102021 TRM v3.0 update. General referance checks and text edits. Updated

deermed savings tables to match savings algorithms and ENERGY
STAR calculater.

v10.0 12022 TRM w10.0 update. No revision.
v11.0 102023 TRM w11.0 update. No revision.
¥12.0 1042024 TRM v12.0 update. Clarified upcoming federal standard.

Incorporated latest ENERGY STAR specification.
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2.5.3 ENERGY STAR® Clothes Dryers Measure Overview
TRM Measure ID: R-AP-CD
Market Sector: Residental
Measure Category: Appliances
Applicable Building Types: Single-family, multifarmily, manufactured
Fuels Affected: Electricity
DecisionfAction Type(s): Retrofit, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Look-up tables

Savings Methodology: Engineering zalgorithms and estimates

Measure Description

This document presents the accepted deemed savings awarded for the installation of an
ENERGY STAR electric clothes dryer. Savings are awarded at a flat per-unit rate, both for
energy and demand savings. This measure will apply to existing homes and new construction.

Eligibility Criteria

Gas dryers are ineligible to claim savings under this measure. Savings may be claimed for the
replacement of gas dryers if the decision to switch fuels predates the decision to install efficient
equipment.

Baseline Condition

Effective January 1, 2015, the baseline is the Department of Energy (DOE) minimum federal
efficiency standard®®, adjusted to reflect recent combined energy factor (CEF) definition
updates for vented and ventless clothes dryers. These adjusted baselines consider calculated
differences between CEF values under original clothes dryer testing procedures of 10 CFR 430,
Subpart B, Appendix D1, and those amended procedures outlined in Appendix D2; a change
indicated in detail in the September 5, 2013, ENERGY STAR stakeholder webinar. These
values are consistent with the current ENERGY STAR Appliance Savings Calculator.

The DOE has published a new final rule effective July 10, 2024 %5 However, compliance is
required on and after March 1, 2028.

448 DOE minimum efficiency standard for residential clothes dryers.
https e regulations govidocument?D=EERE-2007-BT-STD-0010-0050.
450 DOE updated federal standard: hitps./fiwww.energy gov/eere/buildings/consumer-clothes-dryers.
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Table 339. Clothes Dryers—Current Federal Standard

Average | Amended minimum CEF Minimum CEF
Product type capacity (ft%) ‘ calculations levels (Ibs/kWh)
Vented electric, standard 244 3.73-(3.73x0.166) an
Vented electric, compact (120 V) <44 3.61 - (3.61x0.166) 3.0
Vented electric, compact (240 V) <44 3.27 - (3.27 x 0.166) 273
Ventless electric, compact (240 V) <44 2.55-(2.55x0.166) 213

Vanted slectric_standard 244 3z
Manted olostris cempast {1304} <44 384
Yonied clostHs compast{240-) <44 322
Mentlese sloctrie, sompacti240\G <4:4 258

High-Efficiency Condition

The table below displays the ENERGY STAR Final Version 1.1 Requirements for eligible
clothes dryers effective January 1, 2015.*' Energy efficiency service providers are expected to
comply with the latest ENERGY STAR requirements.

Table 340. Clothes Dryers—ENERGY STAR Requirements

Average
Capacity Minimum CEF
Product type (ft3) levels (Ibs/kWh)

ENERGY STAR ventless or vented electric, standard Electric 244 393 4.01
ENER[SY STAR ventless or vented electric, compact (120 V) <44 3.80 3.80
ENERGY STAR vented electric, compact (240 V) <44 345 345
ENERGY STAR ventless electric, compact (240 V) <44 268 268
ENERISY STAR ventless or vented electric, standard eat P 244 393 865
ENERISY STAR ventless or vented electric. compact {120 V) <44 3.80 B.37
ENERGY STAR ventlessed electric, compact (240 V) <44 345 497

5 ENERGY STAR Clnthes Drysrs Fnal Verslnn 11 PrugTam Requ"ements
5 = Y9%20

%20 1.4 %Emlomes%}! DDgers ﬁ2@gc rl'n:alm n%20-
%20Program%20Commitment%20Criteria %20and%20Eligibility%20Criteria.pdf.
‘2 ENERGY STAR Clothes Dryers Qualified Product Listing (QPL)
https:/fwww energystar gov/productfinder/product/certified -clothes-drversiresults
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ENER[SY STAR ventless or vented electric, standardeompast Hybrid Heat =44

.0
el
L

240\
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Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Energy Savings Algorithms

Energy savings for this measure were derived using the ENERGY STAR Appliance Savings
Calculator found on the ENERGY STAR website *** This document will be updated regularly to
apply the values provided in the latest available ENERGY STAR appliance calculator. The most
recent TRM version should be referenced to determine the savings for this measure.

Table 341. Clathes Dryers—Default Average Load

Praduct typse: ‘ Average lgad (Ibs)

Vented electric, standard 8.45
Yented electric, compact (120 V) 3.00
Yented electric, compact (240 V) 300

- 380
Yentless electric, compact (240 V)

Eneryy Suvings |AKWh]| = EWhy g oorime — kWhe;
Equation 118

Baseline Unit

KW Avgload x LPY
f ol y T ee—
baseline CEFbas‘sEins
Equation 119
Where:
FWhsasetine = Federal standard baseline energy usage
Avgload = Average load in tbs (Table 341)
LPY = toads per year= 283
CEF pasaine = Baseline combined energy factor (see Table 339)

453 ENERGY STAR Appliance Savings Calculator {updated Qctober 2018). The previously cited URL is
no longer available, but a copy of the calculater can be provided upon request.
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ENERGY STAR Unit

Avgload x LPY
kW hys = ARGIONRIE Y

CEFys
Equation 120
Where:
kWhes = ENERGY STAR average energy usage
CEFes = ENERGY STAR minimum combined energy factor (see Table 340)
Demand Savings Algorithms
, AkWh
Peak Demand Savings |AkW| = A0H x CFgpw
Equation 121
Where:
AOH = Annual operating hours = (8,760 — 8,463) = 297 hours**
CFsw = Seasonal peak coincidence factor (Table 342)

Table 342. Clothes Dryers—Coincidence Factors**

Climate Zone 1: Climate Zone 2: Climate Zone 3: | Climate Zone 4: Climate Zone
Season | Amarillo Dallas Houston Corpus Christi 5: El Paso
Summer 0.041 0.041 0.041 0.041 0.042
Winter 0.045 0.045 0.041 0.048 0.047

Deemed Energy Savings Tables

Table 343. Clothes Dryers—Energy Savings (kWh)

Average Energy savings

Product type capacity (ft%) (kWh)
Ventless or vented electric, standard Electric 244 172488
Ventless or vented electric, compact (120 V) <44 58
Vented electric, compact (240 V) <44 B85
Ventless electric, compact (240 V) <44 82

*5 Concerning annual operating hours: Minute-by-minute field data shows “96 6% + 0.5% idle time, or
about 8463 hours." Hannas, Benjamin and Gilman, Lucinda. Dryer Field Study, 39
https://neea.org/img/uploads/neea-clothes-dryver-field-study. pdf.

455 See Volume 1, Section 4.
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Product type }

Ventless ar vented electric, standard Heat Purnp =44 . 492
Ventless or vented electric, compact (120 V) =44 148
Wentless electric, compact (240 V) =44 140
Wentless or vented electric standard Hykrid Heat Pump =44 301

Residential: Appliances
Clothes Dryers
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Deemed Summer Demand Savings Tables

Table 344, Clothes Dryers—Summer Peak Demand Savings (kW)

Climate
Average | Climate | Climate | Climate | Zone 4: | Climate

capacity | Zone 1: Zone 2: Zone 3: Corpus | Zone 5:

Product type . Amarillo | Dallas | Houston | Christi | El Paso
Ventless or vented electric, standard Electric 244 0.0242 0.0242 0.0242 0.0242 0.0253
Ventless or vented electric, compact (120 V) <44 0.008 0.008 0.008 0.008 0.008
Vented electric, compact (240 V) <44 0.009 0.009 0.009 0.008 0.008
Ventless electric, compact (240 V) <44 0.011 0.011 0.011 0.011 0012
Ventless or vented electric. standard Heat Pump 244 0.087 0.067 0.067 0.068 0.070
Ventless or vented electric. compact (120 V) <44 0.020 0.020 0.020 0.020 0.021
Ventless electric. compact (240 V) <44 0.019 0.019 0.019 0.019 0.020
Ventless or vented electric standard Hybrid Heat Pump <44 0.041 0.041 0.041 0.041 0.043
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Deemed Winter Demand Savings Tables

Table 345. Clothes Dryers—Winter Peak Demand Savings (kW)

Climate
Average | Climate Climate Climate Zone 4: Climate

capacity | Zone 1: | Zone2: | Zone3: | Corpus | Zone5:

Product type (it*) Amarillo Dallas Houston | Christi El Paso
Ventless or vented electric, standard Electric 244 0.024 0.024 0.022 0.026 0.025
Ventless or vented electric, compact (120 V) <44 0.009 0.008 0.008 0.009 0.009
Vented electric, compact (240 V) <44 0.010 0.010 0.009 0.011 0.010
Ventless electric, compact (240 V) <44 0.012 0.013 0.011 0.013 0.013
Ventless or vented electric,_standard Heat Pump =244 0.074 0.075 0.068 0.080 0.078
Ventless or vented electric, compact (120 V) <44 0.023 0.023 0.021 0.024 0.024
Ventless electric. compact (240 V) =44 0.021 0.021 0.020 0.023 0.022
Ventless or vented electric standard Hybrid Heat Pump =44 0.046 0.046 0.042 0.049 0.048
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Claimed Peak Demand Savings

Refer to Volume 1, Section 4 for further details on peak demand savings and methodology.
Additional Calculators and Tools

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) of an ENERGY STAR clothes dryer is established at 16 years
based on the current DOE Final Rule standards for clothes dryers %

Program Tracking Data and Evaluation Reguirements

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 or county

= Unit quantity

e Manufacturer and model number

= Type of unit {vented or ventless)

e Capacity (= 4 4 ft¥fstandard or < 4.4 fffcompact)

e Heating type (electric, heat pump hybrid heat purnp]

= Proof of purchase — including date of purchase and quantity

Alternative: photo of unit installed or ancther pre-approved method of
installation verfication

References and Efficiency Standards

Petitions and Rulings
Not applicable.
Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

458 Technical Support Document (April 2011). Bee “Appendix 8C . Lifetime Distributions”:
https://www.regulations.gov/decument?D=EERE-2007-BT-5TD-0010-0053
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Document Revision History

Table 346. Clothes Dryers—Revision History

TRM version : Description of change:

vi.0 1002019 TRM v7.0 origin.

v8.0 10/2020 TREM v8.0 update. No revision.

va.0 1042021 TREM v9.0 update. No revision.

v10.0 10/2022 TREM v10.0 update. No revision.

v11.0 1042023 TREM v11.0 update. No revision.

v12.0 10/2024 TRM v12.0 update. Clarified upcoming federal standard. Added heat
pump dryer savings tier.
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2.5.4 ENERGY STAR®Dishwashers Measure Overview
TRM Measure ID: R-AP-DW
Market Sector: Residential
Measure Category: Appliances
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
Decision/Action Type(s): Retrofit, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Look-up tables
Savings Methodology: Engineering algorithms and estimates

Measure Description
This document presents the accepted deemed savings awarded for the installation of an

ENERGY STAR dishwasher. Savings are awarded at a flat per-unit rate, both for energy and
demand savings. This measure will apply to existing homes and new construction.

Eligibility Criteria
This measure applies to both standard and compact dishwasher types.
Baseline Condition

Effective May 30, 2013, the baseline is the Department of Energy (DOE) minimum efficiency
standard*’ for dishwashers.

Table 347. Dishwashers—Federal Standard

Annual energy use Water consumption

Product type (kWh/year) (gallons/cycle)
Standard (2 8 place settings) < 307 =50
Compact (< 8 place settings) <222 <35

The DOE issued an updated direct final rule effective August 22 2024 However,_ compliance
with the amended federal standard is not required until April 23, 2027 **f The bassline will be
updated at that time to reflect the current federal standard.

457 DOE minimum efficiency standard for residential dishwashers.
Jhwew eere energy govi/buildings/appliance standards/standards aspx?productid=38&action=vi
ewlive.
2 DOE minimum efficiency standard for residential dishwashers.
hitps -/www requlations govidocument/EERE-2019-BT-STD-0039-0065
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Standard {> 8 place seliings)
4 S04 3

gl
s

High-Efficiency Condition

The following table displays the ENERGY STAR Final Version 7.06-8 Requirements for eligible
dishwashers effective July 19, 2023January- 202018 ** Energy efficiency service providers are
expected to comply with the latest ENERGY STAR requirements.

Table 348. Dishwashers—ENERGY STAR Requirements

Annual energy use Water consumption
Product type (kWh/year) (gallons/cycle)
Standard (2 8 place settings + 6 serving pleces) < 240279 3238
Compact (< 8 place settings + 6 serving pieces) s 155263 203+

Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Energy Savings Algorithms

Energy savings for this measure were derived using the ENERGY STAR Appliance Savings
Calculator found on the ENERGY STAR website and the revised ENERGY STAR specification
in Table 348.%° Default values were taken directly from the ENERGY STAR Appliance Savings
Calculator. This document will be updated regularly to apply the values provided in the latest
available ENERGY STAR specification and appliance calculator. The most recent TRM version
should be referenced to determine measure savings for this measure.

Energy Savings [AkWh] = kEWhpaeoiine — kWhgs
Equation 122

kw,‘hu.\ﬂtﬂr = kw"n.‘nnu.murmrur E kw'ht.'nmuWH
Equation 123

45 ENERGY STAR Dishwashers Final Version 7.08-8 Program Requirements.
hitps waw energystar gow‘sgasadal’autb‘fl erNERGY%ZOGTAR%ZOVersmn%ZO? D%ZDResrdantmI

&g
4% ENERGY STAR Appliance Savings Calculator (updated October 2016). The previously cited URL is
no longer avallable, but a copy of the calculator can be provided upon request.
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Where:

KWhasesine
kWhes
KWhcon: machine
KWW com wi
kWhes macrine
kWheswe
RUEC ooy

RUECEes

MCF
WHCF

kthonv.machms = RUECcnnu x MCF
Equation 124

kth,m,,JI.w,v = RUEC,,p, X WHCF
Equation 125

EWhye = AWhys machine + AWhys wr
Equation 126
kwhr;glmacmng = RUECrg = MCF
Equation 127
EWhy oy = RUEC, x WHCF
Equation 128

Federal standard baseline energy usage
ENERGY STAR average energy usage
Conventional machine energy
Conventional water heater energy
ENERGY STAR machine energy
ENERGY STAR water heater energy

Conventional rated use efectricity consumption = 307 kWh/ivear for
standard and 222 kWh/vear for compact (Table 347)

ENERGY STAR rated use electricity consumption = 270 kWhiyear
for standard and 203 kWh/vear for compact (Table 348)

Machine consumption factor = 44 percent

Water heater consumption factor = 56 percent

Demand Savings Algorithms

Residential: Appliances
Dishrwashers

. AkWh
Peak Demand Savings [AKW | = ——— x CFgpy

AOH
Equation 129

AOH = CPY = d
Equation 130
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Where:

AOH = Annual operating hours

CFaw = Seasonal peak coincidence factor = (Table 349)
cPY = Cycles per year = 215

d n Average wash cycle duration = 2.1 hours*®'

Table 349. Dishwashers—Coincidence Factors*®

Climate Zone 1: | Climate Zone 2: | Climate Zone 3: | Climate Zone4: | Climate Zone 5:

Season Amarillo Dallas R GITE G Corpus Christi El Paso
Summer 0.042 0.041 0.042 0.041 0.042
Winter 0.106 0.104 0.090 0112 0.129

Deemed Energy Savings Tables

Table 350. Dishwashers—Energy Savings (kWh)

Product type | Electric DHW Gas DHW

Standard 6737 2948

Compact 1 8

Deemed Summer Demand Savings Tables

Table 361. Dishwashers—Summer Peak Demand Savings (kW)

Climate

Climate Climate Climate Zone 4; Climate

Dishwasher DHW Zone 1: Zone 2: Zone 3: Caorpus Zone 5:

type fuel Amarillo Dallas Houston Christi El Paso
Standard Electric 0.0063 0.0063 0.0063 0.0063 0.0063
Gas 0.0032 0.003¢ 0.0032 0.003+ 0.0032
Compact Electric 0.0062 0.0062 0.0062 0.0082 0.0062
Gas 0.003+ 0.0034 0.003¢ 0.0034 0.0034

48 Average of consumer reports cycle times for dishwashers.
62 See Volume 1, Section 4.
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Deemed Winter Demand Savings Tables

Table 352, Dishwashers—Winter Peak Demand Savings (kW)

Climate

Climate Climate Climate Zone 4, Climate

Dishwasher Zone 1 Zone 2; Zone 3: Corpus Zone 5.

type | Amarillo Dallas Houston |  Christi El Paso
Standard Electric 0.01808 0.01509 0.01367 0.01709 0.0194
Gas 0.0074 0.0074 0.00&3 0.0074 0.0085
Compact Electric 0.01584 0.01564 0.01364 001765 0.01965
Gas 0.0072 0.0072 0.0082 0.0072 0.0082

Claimed Peak Demand Savings

Refer to Volume 1, Section 4 for further details on peak demand savings and methodology

Additional Calculators and Tools

Not applicable.
Measure Life and Lifetime Savings

The estimated useful life (EUL) is established at 15 years based on the Technical Support
Document for the current DOE Final Rule standards for residential dishwashers.*&

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:

» Climate zone or county

* Unit quantity

o Manufacturer and model number

* Type of dishwasher (standard or compact)

» Fuel type of water heater (gas or electric)

» Proof of purchase — with date of purchase and quantity

Alternative: photo of unit installed or another pre-approved method of
installation venfication

83 The median lifetime was calculated using the survival function outlined in the DOE Technical Support
Document. Final Rule: Standards, Federal Register, 77 FR 31918 (May 30, 2012) and associated
Technical Support Document

https://www .eere energy gov/buildings/appliance standards/standards.aspx?productid=38&action=vi
awlive,
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References and Efficiency Standards

Petitions and Rulings

Not applicable.

Relevant Standards and Reference Sources

Please refer to measure citations for relevant standards and reference sources.

Document Revision History

Table 353. Dishwashers—Revision Histary

"TRMiversion m stiof of change:

v1.0 11/25/2013 | TRM v1.0 origin.

v2.0 4182014 TRM v2.0 update. Updated by Frontier Energy, March 2014, based on
new federal standards.

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

v3.0 4102015 TRM v3.0 update. New ENERGY STAR specffication incorporated into
the measure. New peak savings calculated according to revised peak
definition.

v3l 11/05/2015 | TEM v3.1 update. Final ENERGY STAR specification incorporated into
the measure. Consclidated table formats.

v3l 3/28/2018 TRM 3.1 March revision. Updated summer and winter coincidence
factors and demand savings tables.

vd .0 10/10/2016 | TEM v4.0 update. No revision.

v5.0 10/2017 TREM v5.0 update. Updated footnote reference to ENERGY STAR
calculator.

vB.0 1172018 TREM v6.0 update. No revision.

7.0 10/2019 TREM 7.0 update. Updated links and dates.

v8.0 1072020 TREM v8.0 update. No revision.

va.0 10/2021 TREM v8.0 update. No revision.

v10.0 102022 TREM v10.0 update. No revision.

v11.0 10/2023 TREM v11.0 update. No revision.

¥12.0 10/2024 TEM v12.0 update. Clarified upcoming federal standard. Incorperated

latest ENERGY STAR specification.
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2.5.5 ENERGY STAR"Refrigerators Measure Overview
TRM Measure ID: R-AP-RF
Market Sector: Residental
Measure Category: Appliances
Applicable Building Types: Single-family, multifarmily, manufactured
Fuels Affected: Electricity
Decision/Action Type(s): Replace-on-burnout, early retirerment, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering zalgorithms and estimates

Measure Description

This measure applies to all ENERGY STAR refrigerators that meet the criteria for the ENERGY
STAR label specified below.

Eligibility Criteria

To qualify for early retirement, the ENERGY STAR unit must replace an existing, full-size unit
with a maximum age of 20 years. To determine the remaining useful life of an existing unit, see
Table 357. All retired refrigerators must be dismantled in an environmentally safe mannerin
accordance with applicable federal, state, and local regulations. The installer will provide
documentation of proper disposal of refrigerators. To receive early retirement savings, the unit
to be replaced must be functioning at the time of removal.

Newly installed refrigerators must meet current ENERGY STAR efficiency levels.

Baseline Condition

For new construction or replace-on-burnout, the baseline is the Department of Energy (DOE)
minimum efficiency standard*® for refrigerators, effective September 15, 2014,

The DOE issued an updated direct final rule effective June 13, 2024 However _compliance with
the new amended standard is not required until either January 31,2029 or January 31,2030
depending on product class.*® The baseline will be updated at that time fo reflect the current
federal standard.

484 DOE minimum efficiency standard for residential refrigerators and freezers.
hitp:/fwewaw! eere energy.gov/buildingsfappliance standards/product.aspx/productid/43 .
+55 Notice of new DOE minimurm sfficiency standard for residential refrigerators and freezers.
https.fwww.regulations.gov/decument/EERE-2017-BT-STD-0003-0118.
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For early retirement, the baseline for refrigerators is the annual unit energy consumption of an
assumed refrigerator’s adjusted energy usage rating based on an average of values reported by
the Midwest Energy Performance Analytics (MwEPA) Refrigerator and Freezer Energy Rating
Database ** Since the federal standard effective date occurred in late 2014, existing units
manufactured as of 2015 are not eligible for early retirement.

High-Efficiency Condition
The table below displays the ENERGY STAR Final Version 5.1 Requirements for eligible

consumer refrigeration products effective September 15, 2014.*°" Energy efficiency service
providers are expected to comply with the latest ENERGY STAR requirements.

Table 354. Refrigerators—ENERGY STAR Requirements
ENERGY STAR refrigerator

Product type Volume Criteria as of September 15, 2014
Full-size refrigerators and 7.75 cubic feet ~ Approximately 10 percent more energy efficient than
refrigerator-freezers or greater the minimum federal standard (see Table 355)

48 Refrigerator and Freezer Energy Rating Database. Midwest Energy Performance Analytics, Inc. in
combination wuth the State of W'lsconstn and US Department of Energy s Weatherlzahon Assm!ance
Program, " ap/arti E 1 . 2
search-tool.

4671 ENERGY STAR Consumer Refrigeration Products Final Version 5.1 Program Requirements,
https:/iwww energystar.govisites/defaultfilesl ENERGY%20STAR % 20Version%205.1%20Consumer%
20Refrigeration%20Products%20Final%20Specification 0.pdf.
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Table 355. Refrigerators—Formulas to Calculate the Energy Usage by Product Class'®

Baseline energy usage Average ENERGY
federal standard as of ENERGY STAR Adjusted Baseline STAR

Product September 15, 2014 energy usage volume?’! | ENergy usage | energy usage
number Product class (kWh/year)'™ {(kWh/year)'™ (cubic feet) | (kWh/year) (kWhiyear)

3 Refrigerator freezers—automatic B.0O7 = AV+2337 T26x=AV+2103 16.9 3701 333.0
defrost with top-mounted freezer
without an automatic icemaker

5 Refrigerator-freezers—automatic 885=xAV+3170 797 xAV+2853 18.6 4815 4335
defrost with bottom-mounted
freezer without an automatic
icemaker

SA Refrigerator-freezers—automatic 925 x AV+4754 833xAV+4363 321 7721 703.5
defrost with bottom-mounted
freezer with an automatic
icemaker with TTD ice service

7 Refrigerator-freezers—automatic 854 =« AV+4328 T769xAV+3979 30.4 6921 631.4
defrost with side-mounted
freezer with an automatic
icemaker with TTD ice service

459 Federal standard for refrigerators and freezers
hitps://iwww1 eere energy gov/buildings/appliance standards/standards. aspx7productid=37&action=viewlve. Select product classes excluded
489 hitp://www.gqpo.gov/fdsys/pka/CFR-2012-title10-vol3/pdl/CFR-2012-title 1 0-vol3-sec430-32 pdf.
470 Approximately ten percent more efficient than baseline, as specified in the ENERGY STAR Appliance Savings Calculator (updated September
2015). The previously cited URL is no longer available, but a copy of the calculator can be provided upon request.
471 AV is calculated as a simple average across all refrigerators in the corresponding Product Class utilizing data provided by

hitps:/www energystar aov/productfinder/product/certified-residential-refrigerators/resuits.
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