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DOCKET NO. 3479

PETITION OF ELECTRIC UTILITY g PUBLIC UTILITY COMMISSION
MARKETING MANAGERS OF Ey
TEXAS TO APPROVE DEEMED 3 OF TEXAS =
SAVINGS DERIVED FOR NEW § S
MEASURE § - c
PETITION TO APPROVE DEEMED SAVINGS ESTIMATES FORNEW % ¢
RESIDENTIAL HEAT PUMP WATER HEATER MEASURE L

FOR ENERGY EFFICIENCY PROGRAMS

TO THE HONORABLE PUBLIC UTILITY COMMISSION OF TEXAS:

NOW COMES, AEP Texas Central Company, AEP Texas North Company, CenterPoint
Energy Houston Electric, LLC, El Paso Electric Company, Entergy Texas, Inc., Oncor Electric
Delivery Company LLC, Southwestern Electric Power Company, Texas-New Mexico Power
Company, and Southwestern Public Service Company, (the Electric Utilities or Joint Petitioners)
pursuant to P.U.C. SUBST. R. 25.181(1)(4) file this Petition to approve deemed savings values for
a new residential heat pump water heater (HPWH) measure. In support thereof, the Electric

Utilities would respectfully show as follows:
L INTRODUCTION

P.U.C. SUBST. R. §25.184(d)(2) previously governed the Measurement and Verification
(M&V) Guidelines and Stipulated Values, prior to its repeal in the Public Utility Commission of
Texas’ (Commission or PUC) Order in Project No. 33487. The Commission’s repeal of §25.184
removed deemed savings estimates from the rule so that such materials could be more easily
modified to reflect changes in circumstances relating to energy efficiency. In its Order in Project
No. 33487, the Commission also amended §25.181 to include a process in new amended
subsection §25.181(i)(4) for electric utilities to make changes to standardized materials (such as
standardized forms, procedures, deemed savings estimates and program templates) utilized in
their energy efficiency programs. This Petition presents proposed modifications to standardized
procedures and deemed savings estimates as contemplated in §25.181(i)(4). Accordingly, the

Electric Utilities’ petition for the approval of a residential HPWH energy efficiency measure and




the deemed savings values necessary to implement such a measure. Pursuant to §25.181(i)(4),
this Petition is being filed 60 days prior to the intended implementation of the new values.
Additionally, per the rule, all relevant documents provided with this Petition pertaining to the
deemed savings values modifications petitioned herein are also being provided to Retail Electric

Providers (REPs) and Energy Efficiency Service Providers (EESPs).

The values proposed herein will serve as estimates of the savings in electrical energy and peak
demand associated with the installation of a heat pump water heater in a residential setting. The
new measure will be applicable to both new construction and replacement of electric water
heating equipment in existing homes. These savings estimates will, in turn, be used to determine
the incentive payments made to EESPs that successfully implement the residential heat pump
water heater measure, and will affect the savings that the electric utilities may count toward their

goals for energy efficiency.

The new deemed savings estimates proposed in this Petition support a new measure that should
encourage additional energy efficiency projects in the residential sector and reduce the expense

of program offerings.

IL. BUSINESS ADDRESSES AND
AUTHORIZED REPRESENTATIVES

The business addresses and authorized representatives for each of the Joint Petitioners are as

follows:

The AEP Companies

The name, address, and telephone number of AEP Texas Central Company’s, AEP Texas North
Company’s, and Southwestern Electric Power Company’s (the AEP Companies) authorized legal
representative are:

Jerry N. Huerta

Counsel

American Electric Power Service Corporation
400 West 15" Street, Suite 1520

Austin, Texas 78701

Telephone: (512) 481-3323

Telecopier: (512) 481-4591

E-mail: jnhuerta@aep.com




The address and telephone number of the AEP Companies’ authorized business representative

are:

Cherron K. Rinehart

Senior Regulatory Consultant

American Electric Power Service Corporation
400 West 15" Street, Suite 1520

Austin, Texas 78701

Telephone: (512) 481-4585

Telecopier: (512) 481-4588

E-mail: ckrinehart@aep.com

The AEP Companies request that all information, responses to requests for information and
documents in this proceeding be served upon Ms. Rinehart at the address or fax number specified

above.

CenterPoint Energy Houston Electric, LLC

The name, address and telephone numbers of CenterPoint Energy Houston Electric, LLC’s
authorized legal representatives are:

Jason M. Ryan

Assistant General Counsel

CenterPoint Energy, Inc.

P.O. Box 61867

Houston, Texas 77208-1867

Telephone:  (713) 207-7261

Facsimile: (713) 574-2661

E-mail: jason.ryan@centerpointenergy.com

The address and telephone number of CenterPoint Energy Houston Electric, LLC’s authorized
business representative are:

Denise S. Hardcastle

Director, Regulatory Activities & Compliance
CenterPoint Energy, Inc.

P.O. Box 4567

Houston, Texas 77210

Telephone:  (713) 207-5767

Facsimile: (713) 207-9840

E-mail: denise.hardcastle@centerpointenergy.com




CenterPoint Energy Houston Electric, LLC requests that all information, responses to requests
for information and documents in this proceeding be served upon each of the above
representatives at their respective addresses or fax numbers specified above.

El Paso Electric Company

The name, address, and telephone number of El Paso Electric Company’s (EPE) authorized legal
representative are:

Gary D. Sanders

General Counsel

El Paso Electric Company

100 N. Stanton

El Paso, Texas 79901

Telephone: 915-543-2285
Facsimile: 915-521-4728

E-mail: gsandel@®epelectric.com

The address and telephone number of EPE’s authorized business representative are:

Paul Royalty

El Paso Electric Company
100 N. Stanton

El Paso, Texas 79901
Telephone: 915-543-2260
Facsimile: 915-521-4705

E-mail: proyall @epelectric.com

EPE requests that all information, responses to requests for information and documents in this
proceeding be served upon Mr. Royalty at the address or fax number specified above.

Entergy Texas , Inc.

The name, address, and telephone number of Entergy Texas, Inc.’s (Entergy) authorized legal
representative are:

Paula Cyr

Assistant General Counsel
Entergy Services, Inc.

919 Congress Avenue, Suite 701
Austin, Texas 78701

Telephone: 512-487-3962
Facsimile: 512-487-3958

E-mail: pcyr@entergy.com

The address and telephone numbers of Entergy’s authorized business representative are:




John K. Carson

Account Service Manager
Entergy Texas, Inc.

9425 Pinecroft

The Woodlands, Texas 77381
Telephone: 281-362-4033
Facsimile: 281-362-4060
E-mail: jcarsol@entergy.com

Entergy requests that all information, responses to requests for information and documents in this
proceeding be served upon each of the above representatives at the addresses or fax numbers
specified above.

Oncor Electric Delivery Company LLC

The name, address, and telephone number of Oncor Electric Delivery Company LLC’s (Oncor)
authorized legal representative are:

Howard V. Fisher

Senior Counsel

Oncor Electric Delivery Company LLC
1616 Woodall Rodgers Freeway

Suite 6B-007

Dallas, Texas 75202

Telephone: 214-486-3026

Facsimile: 214-486-3221

E-mail: howard.fisher@oncor.com

The address and telephone number of Oncor’s authorized business representative are:

Michael Stockard

Director — Energy Efficiency .
Oncor Electric Delivery Company LLC

1616 Woodall Rodgers Freeway

Suite 5L-005

Dallas, Texas 75202

Telephone: 214-486-5426

Facsimile: 214-486-7300

E-mail: mstockal@oncor.com

Oncor requests that all information, responses to requests for information and documents in this
proceeding be served upon Mr. Fisher at the address or fax number specified above.




Texas-New Mexico Power Company

The name, address, and telephone number of Texas-New Mexico Power Company’s (TNMP)
authorized legal representative are:

Scott Seamster

Corporate Counsel

PNM Resources, Inc.

225 E. John Carpenter Freeway

Suite 1500, MS TX-1580

Irving, Texas 75062

Telephone: 469-484-8577

Facsimile: 469-484-8033

E-mail: scott.seamster@pnmresources.com

The address and telephone number of TNMP’s authorized business representatives are:

Stefani Case

Energy Efficiency Project Manager
PNM Resources, Inc.

225 E. John Carpenter Freeway #1500
Irving, Texas 75062

Telephone: 469-484-8590

Facsimile: 469-484-8032

E-mail: stefani.case@pnmresources.com

TNMP requests that all information, responses to requests for information and documents in this
proceeding be served upon Mr. Seamster at the address or fax number specified above.

Southwestern Public Service Company

The name, address, and telephone number of Southwestern Public Service Company’s (SPS)
authorized legal representative are:

Jerry F. Shackelford

Xcel Energy Services, Inc.

816 Congress Avenue, Suite 1650

Austin, Texas 78701

Telephone: 512-478-9229

Facsimile: 512-478-9232

E-mail: jerry.f.shackelford@xcelenergy.com

The address and telephone number of SPS’s authorized business representatives are:

Doug Maxey
Southwestern Public Service Company




600 Tyler

Amarillo, Texas 79102

Telephone: 806-378-2887

Facsimile: 806-378-2869

E-mail: doug.maxey@xcelenergy.com

SPS requests that all information, responses to requests for information and documents in this
proceeding be served upon each of the above representatives at the addresses or fax numbers
specified above.




III. JURISDICTION

The Commission has jurisdiction over the subject matter of this Petition pursuant to
Section 39.905 of the Public Utility Regulatory Act, TEX. UTIL. CODE ANN. (Vernon’s 2007)
(PURA).

IV. NEED FOR AND DESCRIPTION OF UPDATES

The Joint Petitioners request that the proposed residential HPWH measure be adopted to
provide the utilities and their EESPs deemed savings estimates for a new, market-ready
technology. The new measure will encourage additional energy efficiency projects in the
residential sector. Specifically, the Petition proposes deemed savings for residential heat pump
water heaters installed in one of five climate zones around the state. Both existing homes with
electric storage water heating and new residential construction would be eligible for the
initiative. Deemed savings for a given installation are determined based on the size of the storage
tank associated with the HPWH, whether it is installed in conditioned or unconditioned space,

and, if in conditioned space, the primary heat source type (gas, heat pump, or electric resistance).

The Petition also proposes an estimated useful life (EUL) of thirteen years for the heat pump
water heater measure. This EUL is consistent with the judgment of the American Council for an

Energy-Efficient Economy, as listed on its website.'

V. METHODOLOGY

The Joint Petitioners have developed these deemed savings by applying a set of standard
calculations for estimating the energy use of electric storage water heaters and HPWHs to the
specific climate conditions of five Texas climate areas. In developing these deemed savings,
Joint Petitioners relied on a number of sources: (1) Department of Energy Technical Support
Documents (TSDs) developed in the process of creating and implementing existing Federal

Standards for electric storage water heaters, including both the Final Rule TSD? and the TDS for

! Water Heating. American Council for an Energy Efficient Economy. Online. Available:
http://www.aceee.org/consumer/water-heating. Accessed: September, 2011.

? Residential Heating Products Final Rule Technical Support Document. US Department of Energy: Energy
Efficiency and Renewable Energy. Online. Available:




the final rule establishing the previous standard’ and (2) documents and tools developed by DOE
for the Building America Benchmark program, including Domestic Hot Water Event Schedule
Generator* developed by the National Renewable Energy Laboratory (NREL) and an Oak Ridge
National Laboratory (ORNL) report on field testing of residential heat pump water heaters.’

The deemed savings were developed by comparing the expected annual energy usage of homes
in which water is heated with a conventional electric storage water heater (with resistance
heating elements) to that of homes with heat pump water heaters installed in either conditioned
or unconditioned space. For homes in which heat pump water heaters are installed within
conditioned space, the total impact on electric energy usage and peak demand includes an
interactive effect due to the nature of how heat pumps work: they extract heat from the
surrounding air, reducing cooling loads in cooling season but inflicting a heating penalty in
heating season. The deemed savings for a given unit take into account the climate zone, tank
volume, and, for those homes in which the unit is installed in conditioned space, the principal
heating source of the home (gas furnace, electric resistance, or an electric heat pump). They are
designed to apply to residential, electric, storage-type water heaters with storage capacities
between 40 and 80 gallons, which is the range of storage tank size of heat pump water heaters
approved by ENERGY STAR® in the summer of 2011. These deemed savings should apply to
replacement of an electric storage water heater in existing homes and the installation of heat

pump water heaters in new construction.

Baseline

The baseline condition is an electric storage water heater. The baseline efficiency is based on the
Department of Energy (DOE) energy efficiency standard fqr electric storage water heaters, as
published in 10 CFR Part 430 of the Federal Register:°

http://www].eere.energy.gov/buildings/appliance standards/residential/heating_products fr_tsd.html.

3 Residential Water Heaters Technical Support Document for the January 17, 2001, Final Rule. US Department of
Energy: Energy Efficiency and Renewable Energy. Online. Available:
http://www].cere.energy.gov/buildings/appliance_standards/residential/waterheat 0300_r.html.

% National Renewable Energy Laboratory. Spreadsheet Tool. Online. Available:
http://www]1.eere.energy.gov/buildings/building_america/analysis spreadsheets.html.

* Field Tests of a “Drop-In’ Residential Heat Pump Water Heater. Oak Ridge National Laboratory. ORNL/TM-
2002/207, September 2002. Online. Available: hitp://www.ornl.gov/~webworks/cppr/y2002/rpt/115540.pdf

8 10 CFR Part 430. Energy Conservation Program: Energy Conservation Standards for Residential Water Heaters,
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Energy Factorgase= 0.97 — 0.00132 x Rated Storage Volume (gal)
This equation reflects the efficiency standard for electric storage water heaters that is currently in
effect. In April of 2010, DOE promulgated a new standard for electric storage water heaters;

however, that standard does not go into effect until April of 2015.

Energy Efficient Replacement

The efficient condition (i.e. equipment eligible to receive an incentive through a program) is a
heat pump water heater (HPWH) that meets ENERGY STAR® qualifications.” An energy factor
(EF) of 2.2 is used to characterize the performance of HPWHs: this EF is the average efficiency
of ENERGY STAR® HPWHs as of June 2011. Since the HPWH’s performance is climate

specific, the HPWH energy factors are adjusted for inlet air temperature and storage volume.

Factors Influencing Deemed Savings

The key variables that influence estimated savings are the hot water consumption in gallons
(vol.), entering water temperature (Tmains), Storage tank set point (Tnx), and energy factor (EF).
Typical hot water consumption is estimated using equations developed by the National
Renewable Energy Laboratory (NREL) relating the number of bedrooms in a home to residential
hot water end uses.® The entering water temperature is adjusted based on climate zone ‘and
average annual ambient temperatures. The storage tank set point is set at a constant of 120°F
based on manufacturer recommendations. The deemed savings also account for interactive air-

conditioning effects associated with the HPWH when located inside conditioned space.

The deemed savings estimates derived by this process are provided in the following section.
Detailed description of the methods used and calculations performed in the derivation of these

deemed savings is provided in the Appendix.

Direct Heating Equipment, and Pool Heaters; Final Rule. Online. Available: http://wwwl .cere.energy.gov/
buildings/appliance_standards/residential/pdfs/htgp finalrule_fedreg.pdf. Accessed July 2011.

7 ENERGY STAR’ Requirements (as of Jan-2011) - HPWH must have a maximum current rating of 24 amperes,
voltage no greater than 250 volts, and a transfer of thermal energy from one temperature to a higher temperature
level for the purpose of heating water. Unit must have "integrated" or "drop-in" configuration. EF>= 2.0, first-hour
rating (FHR) >= 50 gal/hr, Warranty >= 6 yrs on sealed systems, Safety UL 174 & UL 1995.

8 R. Hendron et al. “Development of an Energy Savings Benchmark for All Residential End-Uses.” Online.
Auvailable: http://www.nrel.gov/docs/fy040sti/35917.pdf. Pg. 2.

10
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VI. SUMMARY OF PROPOSED CHANGES

A single change is proposed: the adoption of a residential HPWH energy efficiency
measure with an estimated useful life of thirteen years and deemed electric demand and energy

savings for the installation of an HPWH in a residential application as presented in Tables 1
through 5.

The proposed deemed savings are intended to be valid for installation in a retrofit application
(replacement of an electric storage water heater) or in new construction. Four basic variables

specify the appropriate deemed demand and energy savings values for a given project:

the climate zone,

the HPWH tank size,

the HPWH installed location (Conditioned vs. Unconditioned Space), and

for HPWH installations in conditioned space, the building heating type (electric resistance, air-
source heat pump, or gas furnace)

Deemed savings are specified for heat pump water heaters installed in four size ranges: 40-49
gallon, 50-59 gallons, 60-79 gallons, and 80 or more gallon sizes. These sizes correspond to the
four basic sizes of HPWHs commercially available at the time these deemed savings were
developed as discussed above (see Market Availability). These deemed savings are not
considered applicable to any future integrated heat pump water heater products that may appear

on the market with tank size below 40 gallons.

Table 1. Residential HPWH Deemed Savings for Climate Zone 1, Amarillo, TX

HPWH Tank Size Range, Gallons
Savings Water Heater 80 and
(Units) Location Heating Type 40-49 50-59 60-79 | above
Gas 1,318 1,598 1,914 2,253
Energy Conditioned Space Heat Pump 956 1,227 1,536 1,867
(kWh) Elec. Resistance 559 822 1,122 1,444
Unconditioned Space | All 1,183 1,455 1,764 2,095
Demand Conditioned Space Al 0.17 0.2 0.24 0.27
(kW) Unconditioned Space 0.13 0.17 0.2 0.24
11
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Table 2. Residential HPWH Deemed Savings for Climate Zone 2: Dallas, TX

HPWH Tank Size Range, Gallons

Savings Water Heater 80 and
(Units) Location Heating Type 40-49 50-59 60-79 | above
Gas 1,119 1,346 1,603 1,878
Energy Conditioned Space Heat Pump 864 1,086 1,338 1,608
(kWh) Elec. Resistance 584 801 1,048 | 1,312
Unconditioned Space | All 985 1,210 1,466 1,739
Demand Conditioned Space Al 0.13 0.15 0.18 0.2
(kW) Unconditioned Space 0.1 0.12 0.15 0.17

Table 3. Resid

ential HPWH Deemed Savings for Climate Zone 3: Houston, TX

HPWH Tank Size Range, Gallons

Savings Water Heater 80 and
(Units) Location Heating Type 40-49 50-59 60-79 | above
Gas 1,094 1,304 1,542 1,796
Energy Conditioned Space Heat Pump 891 1,097 1,331 1,581
(kWh) Elec. Resistance 669 871 1,101 1,347
Unconditioned Space | All 925 1,136 1,375 1,630
Demand Conditioned Space All 0.13 0.15 0.17 0.2
kW) Unconditioned Space 0.09 0.12 0.14 0.17

Table 4. Residential HPWH Deemed Savings for Climate Zone 4: Corpus Christi, TX

HPWH Tank Size Range, Gallons

Savings Water Heater 80 and
(Units) Location Heating Type 40-49 50-59 60-79 | above
Gas 1,065 1,262 1,485 1,723
Energy Conditioned Space Heat Pump 914 1,109 1,329 1,565
(kWh) Elec. Resistance 750 942  1,159| 1,392
Unconditioned Space | All 868 1,066 1,289 1,528
Demand Conditioned Space Al 0.12 0.14 0.16 0.19
(kW) Unconditioned Space 0.09 0.11 0.13 0.16

12
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Table 5. Residential HPWH Deemed Savings for Climate Zone 5: El Paso, TX

HPWH Tank Size Range, Gallons

Savings Water Heater 80 and
(Units) Location Heating Type 40-49 50-59 60-79 | above
Gas 1,152 1,387 1,653 1,938
Energy Conditioned Space Heat Pump 897 1,127 1,387 1,667
(kWh) Elec. Resistance 617 ga2| 1,007 1,371
Unconditioned Space | All 1,018 1,251 1,516 1,799
Demand Conditioned Space 0.14 0.16 0.19 0.22
(kW) Unconditioned Space Al 0.11 0.13 0.16 0.19

Estimated Useful Life (EUL)
The EUL for this measure is thirteen years. This EUL is consistent with the judgment of the

American Council for an Energy-Efficient Economy as listed on its website.’

VII. PROPOSED NOTICE AND PROCEDURE

The Joint Petitioners propose providing notice of the proposed revisions by e-mail to all

REDPs, interested persons and entities on the Energy Efficiency Implementation Project (EEIP)

list-serve, and to EESPs participating in related utility programs. The Joint Petitioners further

propose that comments be filed in this Project three weeks after completion of notice and a week

thereafter the Commission’s Staff files its recommendation to the Commission. The Joint

Petitioners believe that informal disposition according to P.U.C. Proc. R. 22.35 with a 15-day

intervention period is appropriate.

VIII. CONCLUSION AND PRAYER

The Electric Utilities present this Petition to the Commission in an effort to improve the

programs they are implementing to advance the State’s goal for energy efficiency. The Electric

Utilities respectfully request that the Commission grant approval of the recommended residential

° Water Heating. American Council for an Energy Efficient Economy. Online. Available:

http://www.aceee.org/consumer/water-heating. Accessed: September 2011,
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heat pump water heater measure with the above-listed deemed savings and a measure EUL of

thirteen years, and for such other and further relief for which they may be justly entitled.

DATED: Stpt . 23 ,2011

Respectfully submitted,

American Electric Power Service Corporation
400 West 15th Street, Suite 1520

Austin, Texas 78701

Jerry N. Huerta

(512) 481-3323 Telephone

(512) 481-4591 Facsimile

By: A’&I* ,W MJ&

Jerry N, Huerta
State Bar No. 24004709

ATTORNEY FOR AEP TEXAS CENTRAL
COMPANY, AEP TEXAS NORTH COMPANY,
AND SOUTHWESTERN ELECTRIC POWER
COMPANY

Jason Ryan

Assistant General Counsel
CenterPoint Energy, Inc.
P.O. Box 61867

Houston, Texas 77208-1867
Telephone: 713-207-7261
Facsimile: 713-574-2661

By! im0 o
Jason Ryan
State Bar No. 24033150

ATTORNEY FOR CENTERPOINT ENERGY
HOUSTON ELECTRIC, LLC
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Gary Sanders

Asst . General Counsel
El Paso Electric Company
160 N. Stanton
El Paso, Texas 79901
Telephone: 915-543-2285
Facsimile: 915-521-4728

oy Yow Al

Ga.r)‘ganders

State Bar No. 17589100

ATTORNEY FOR EL PASO ELECTRIC
COMPANY

David Hinkson

Counsel

Entergy Services, Inc.

919 Congress Avenue, Suite 701
Austin, Texas 78701

Telephone: 512-487-3945
Facsimile: 512-487-3958

By:

David Hinkson
State Bar No. 24025429

ATTORNEY FOR ENTERGY TEXAS, INC.

Howard V. Fisher

Senior Counsel

Oncor Electric Delivery Company LLC
1616 Woodall Rodgers Freeway

Suite 6B-007

Dallas, Texas 75202

Telephone: 214-486-3026

Facsimile: 214-486-3221

By:

¥

Howard V. Fisher
State Bar No, 07051500
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Gary Sanders

General Counsel

El Paso Electric Company
100 N. Stanton

El Paso, Texas 79901
Telephone: 915-543-2285
Facsimile: 915-521-4728

By:

Gary Sanders
State Bar No. 17589100

ATTORNEY FOR EL PASO ELECTRIC
COMPANY

Paula Cyr

Assistant General Counsel
Entergy Services, Inc.

919 Congress Avenue, Suite 701
Austin, Texas 78701

Telephone: 512-487-3945
Facsimile: 512-487-3958

’/‘\) N
By TowSe Cxy

Paula Cyr
State Bar No. 16385200

ATTORNEY FOR ENTERGY TEXAS, INC.

Howard V. Fisher

Senior Counsel

Oncor Electric Delivery Company LLC
1616 Woodall Rodgers Freeway

Suite 6B-007

Dallas, Texas 75202

Telephone: 214-486-3026

Facsimile: 214-486-3221

By:

Howard V. Fisher
State Bar No. 07051500
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Gary Sanders

General Counsel

El Paso Electric Company
100 N. Stanton

El Paso, Texas 79901
Telephone: 915-543-2285
Facsimile: 915-521-4728

By:

Gary Sanders
State Bar No. 17589100

ATTORNEY FOR EL PASO ELECTRIC
COMPANY

David Hinkson

Counsel

Entergy Services, Inc.

919 Congress Avenue, Suite 701
Austin, Texas 78701

Telephone: 512-487-3945
Facsimile: 512-487-3958

By:

David Hinkson
State Bar No. 24025429

ATTORNEY FOR ENTERGY TEXAS, INC.

Howard V. Fisher

Senior Counsel

Oncor Electric Delivery Company LLC
1616 Woodall Rodgers Freeway

Suite 6B-007

Dallas, Texas 75202

Telephone: 214-486-3026

Facsimile: 214-486-3221

By: W /V 4'&/(\/

Howard V. Fisher
State Bar No. 07051500
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ATTORNEY FOR ONCOR ELECTRIC
DELIVERY COMPANY LLC

Scott Seamster

Corporate Counsel

PNM Resources, Inc.

225 E. John Carpenter Freeway
Suite 1500, MS TX-1580
Irving, Texas 75062
Telephone: 469-484-8577
Facsimile: 469-484-8033

o dart e =

Scott Seamster
State Bar. No. 00784939

ATTORNEY FOR TEXAS-NEW MEXICO
POWER COMPANY

Jerry F. Shackelford

Xcel Energy Services, Inc.

816 Congress Avenue, Suite 1650
Austin, Texas 78701

Telephone: 512-478-9229
Facsimile: 512-478-9232

oy Stny Mhaskeliford by pusmiiacirs 2

Jerry F. Shackelford
State Bar No. 18070000

ATTORNEY FOR SOUTHWESTERN PUBLIC
SERVICE COMPANY
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Appendix A. Working Papers for Residential Heat Pump Water Heater Deemed Savings

This document presents deemed savings for the installation of heat pump water heaters (HPWH)
in lieu of standard electric storage water heaters (EWH) on a per-unit basis. The deemed savings
are derived such that savings can be attributed to the installation according to the storage
capacity of the installed unit, and are based on the assumption that most units are installed to
replace similarly-sized EWHs. Deemed savings for this measure account for the interaction
between a HPWH installed inside conditioned space and a home’s air-conditioning equipment,
estimating an electric cooling energy benefit and a heating penalty for homes with three primary
heating types: gas furnace (for which there is no electric heating penalty), electric resistance, and
heat pump.

Deemed savings herein developed are for heat pump water heaters installed in the residential
market. Deemed savings are applicable to both new construction and retrofit installations: for
new construction, homes must be all-electric, and for retrofit, the unit being replaced must be an
electric, storage-type water heater with capacity between 40 and 80 gallons and maximum
energy input of 4.5 kilowatts. Units with maximum energy input over 4.5 kW are ineligible.'

Definition of Baseline Condition

The baseline condition is an electric storage water heater. The baseline efficiency is based on
Title 10, Department of Energy, Sub Chapter D, Energy Conservation, Part 430 - Energy
Conservation Program for Consumer Products, (10 CFR Part 430.32); Energy factor as of
January 20, 2004.

Energy Factorg.s.e= 0.97 - 0.00132 x Rated Storage Volume (gal)

Application of this equation to the tank sizes for which deemed savings are developed produce
the base energy factors (EFgas) listed in Table A-1.

Table A-1. Baseline Energy Factor (EFg,,) by Storage Volume

}

80 and
up
0.917 0.904 0.884 0.864

40-49 | 50-59 | 60-79

The Energy Factors of baseline electric storage water heaters range from 0.92 for a 40-49 gallon
unit to 0.86 for a unit with an 80 gallon tank or larger.

Definition of Efficient Condition
The efficient condition is a heat pump water heater that meets ENERGY STAR® qualiﬁcations.“

19 Note that this exclusion does not apply to electric resistance storage water heaters that have two 4.5 kW heating
elements, but are designed such that these elements do not simultaneously engage.

YENERGY STAR® Requirements (as of January 2011) HPWH must have a maximum current rating of 24
amperes, voltage no greater than 250 volts, and a transfer of thermal energy from one temperature to a higher

18
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An EF of 2.2 was used to develop the efficient condition: this EF is the average efficiency of the
HPWH on the market as of July 2011.

HPWH Performance Adjustment for Ambient Temperature

The efficiency of a HPWH decreases with the ambient temperature. Accordingly, energy factors
for HPWHs are adjusted for inlet air temperature, which varies by weather zone, time of year,
and HPWH location (conditioned vs. unconditioned space). The values and equations presented
in Table 6 are used to characterize the conditions surrounding the HPWH (inlet air
temperature).

Table 6. Ambient Air Temperature (T,,p) within selected Climate Zone

e

68°F (Heating Season)’
Conditioned Space .
78°F (Cooling Season)®
Average Seasonal Temperature® + 11°F (Heating
Unconditioned Space Season)
d
(Garage) Average Seasonal Temperature® + 7°F (Cooling
Season)
a. Average Seasonal Temperature is the average monthly dry bulb temperature for the
selected climate zone.
b. Heating Season is defined as the months where the average monthly temperature is
less than 65°F.
c. Cooling Season is defined as the months where the average monthly temperature is

greater than or equal to 65°F.

d. Seasonal temperature adjustments for HPWHs installed in unconditioned space are
made using the garage temperature adjustments recommended in ASHRAE 152-2004
(Tables 6.1b and 6.2b) on the assumption that the garage is the likely place for Texas
HPWH installations outside of conditioned space.

The following performance adjustment (PA) equations adjust the average HPWH EF of 2.2
based on the ambient temperatures (Tamp). PAs were estimated for each month by weather zone.

Equations for Performance Adjustment Based on Ambient Te emperature:*’

PABG] = 0.00008 % TSy, + 0.0011 % T35, — 0:4833 x Typp + KO0ES7, when Ty 2 32°F

i
F&miﬁ- 1 when Foop & 32°F

Bl = BF = (1 4 PA[%])

temperature level for the purpose of heating water. Unit must have "integrated” or "drop-in" configuration. EF>=
2.0, first-hour rating (FHR) >= 50 gal/hr, Warranty >= 6 yrs on sealed systems, Safety UL 174 & UL 1995.

12K elso, J., Incorporating Water Heater Replacement into The Weatherization Assistance Program, May 2003. D&R
International, Ltd. Information Tool Kit.
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The energy factors for HPWHs that result from the performance of these adjustments (EFaq;) are
presented in Table 7 for Climate Zone 5 — El Paso, TX.

Table 7. Adjusted HPWH Energy Factors (EF) for Zone 5, El Paso, TX

ned Uneonditi c
January o 214 2.01
February 2.14 2.05
March 2.14 2.11
April 2.35 2.25
May 2.35 2.46
June 2.35 2.69
July 2.35 2.67
August 2.35 2.6
September 2.35 2.44
October 2.14 23
November 2.14 2.07
December 2.14 1.98

Deemed Savings Fundamentals
A few important decisions and assumptions underlie this deemed savings analysis.
Weather Zones

This deemed savings analysis of HPWHs has been performed for 5 different areas of the state
(weather zones) using weather data from specific cities to characterize those 5 zones. In the past,
deemed savings in Texas have generally been presented for four weather zones: Amarillo (Zone
1), Dallas (Zone 2), Houston (Zone 3) and Corpus Christi (Zone 4). This formulation has
required extending the Dallas results to El Paso, despite significant climatic differences between
Dallas and El Paso. For these deemed savings, a fifth weather zone — El Paso (Zone 5) — has
been included in the analysis.

Market Availability

Review of currently available heat pump water heaters that have been certified by ENERGY
STAR®" reveals that HPWHs for the residential market come in four basic tank sizes: 40 gal, 50
gal, 60-65 gal, and 80 gal. For the tanks in the 60-65 gallon range, a 65-gallon tank was assumed
in this analysis.

13 Water Heater, Heat Pump for Consumers. DOE ENERGY STAR® Program. Online. Available:
http://www.energystar.gov/index.cfm?fuseaction=find a_product.showProductGroup&pgw_code=WHH. Accessed
July 2011, See link, Qualified Heat Pump Water Heaters.
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Impact Estimates

Impacts are estimated by comparing the energy usage of HPWHs with that of electric storage
water heaters in meeting the same levels of demand for hot water under the same conditions.
However, for a HPWH installed inside conditioned space, estimating the total impact on
household energy usage requires not only estimating the energy that a HPWH uses to heat water,
but also estimating the heating penalty and cooling benefits from the extraction of heat from the
conditioned air. Additionally, a number of factors affect the overall energy impacts of heating
water with these two technologies, which must be taken into account.

Factors Affecting Water Heater Energy Usage
The key variables that affect the energy savings presented in this document are as follows:

Hot water consumption (gallons per day)

Climate city (e.g., average ambient temperature, ground water temperature)
Water heater performance (i.e., Energy Factor)

Hot water set point

Inlet water temperature

Space temperature

Additional Factors Affecting Home Energy Usage when Using an HPWH
The key factors that additionally affect the performance of a HPWH are as follows:
e  Water heater location (in conditioned or unconditioned space);
o Space heating/cooling demand (for units installed in conditioned space); and,

o Incidence of backup (fesistance) heating element usage, a function of large draws of hot water
during a single event, or closely spaced draws of hot water

A detailed description of the calculations performed to estimate total energy use in the baseline
and efficient conditions, including how the above-listed factors affecting residential water heater
energy use (electric storage and heat pump) are addressed, is provided in Appendix B.
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Appendix B — Calculation Methodology

Deemed savings for this measure are taken by comparing the energy usage associated with the
base technology — an electric storage water heater with resistance heating elements only — with
that of a heat pump water heater (HPWH). Because HPWHs interact with their surroundings, the
electric energy and peak demand savings opportunities they provide vary based on installation
location and heating type. Deemed savings are therefore estimated by comparing the total energy
use impacts of the two technologies.

The first section of this Appendix presents the general equations used to estimate energy usage in
the base (electric resistance only) and change (HPWH) cases. Energy usage impacts of the
HPWH are further modified by two factors discussed below:

- The extent to which backup resistance heat elements are employed, and
- Interactive heating and cooling effects (when the HPWH is installed in conditioned space).

Furthermore, the estimation of these deemed savings rely on a number of assumptions and the
application of a number of calculations. These three key elements underlie the estimation of
energy usage for heating water for domestic hot water use and are presented in the subsequent
sections:

- Incoming Water Temperature (Mains temperature from piped water system)
- Household Demand for Hot Water (gallons per day)
- Hourly Profile of Hot Water Usage (for peak coincidence, demand impacts)

- Standby Heat Loss Coefficients

Energy Use Calculations - Baseline Technology

The basic equation used to estimate the energy usage of an electric storage water heater relates
the volume of daily water use to a number of factors:

o Eﬁ;m] _ yolxdansx oy % (Togny = Trome)
ga¥. EF
Where,
Qin = total water heater energy consumption [Btu/day],

vol = daily draw volume [gal/day],

dens = density of water [I1b/gal]

Cp = gpecific heat of water [Btu/lb-°F],

Twnk = tank thermostat setpoint temperature [°F],
Tmains = inlet water temperature [°F], and

EF = energy factor.
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The energy factor is a blended efficiency estimator: it is designed to account for losses in the
conversion of input energy to heat (Recovery Efficiency, RE) as well as the energy required to
make up for storage losses, which is a function of tank volume. Some of these inputs vary with
time and are calculated; others are standard input values:

See Household Demand for Hot

vol Varies by month Water

den 8.294 Ib/gal Density of Water

Cp 1.0007 BTU/Ibe°F Specific Heat of Water

T 120 °F Mfr-recommended (default)

set point

See Entering Water Temperature

Set by Federal Standard: see

Definition of Baseline Condition

Tmains Varies by month

EF Varies by tank size

Efficient Technology — Heat Pump Water Heater

The total impact of an HPWH on residential energy consumption is calculated in two steps: first,
the energy associated with heating and storing water is estimated, and second, the heating
penalties and cooling benefits are estimated.

Energy Employed in Making and Storing Hot Water

The basic equation used to estimate the energy used by an HPWH is similar to that for baseline
electric storage water heaters, with one modification:

Bty _ volx donsx op % (Figns = Trng )
G idwf} - EF(L+ PA)
Where,
Qin = total water heater energy consumption [Btu/day],

vol = daily draw volume [gal/day],

den = density of water [Ib/gal],

G = specific heat of water [Btu/1b-°F],

Twnk = tank thermostat set point temperature [°F],
Tmains = inlet water temperature [°F],

EF  =energy factor, and

PA  =performance adjustment.
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The values and sources of information for all variables except the EF (set to 2.2 for HPWHs) and
the performance adjustment factor (PA) are the same as described above for baseline electric
storage water heaters. The PA is described in detail in deriving the Energy Factors for HPWHs in
the main body of this document (see Definition of Efficient Condition). The values in Table 8
represent the different denominators in the equation for calculating the energy used by HPWHSs
in heating water.

Importantly, not all of the energy for making hot water in a HPWH comes from the heat pump.
HPWHs have backup resistance elements, which are called upon in periods of high water draws.
Analysis of field test data developed by TIAX, LLC in a 2004 study for the California Energy
Commission'* suggests that approximately 11 percent of the energy used to heat hot water in
HPWHS is resistance heat. Accordingly, these deemed savings incorporate an assumption that 11
percent of input energy used to meet the demand for hot water in homes with HPWHs is from the
backup resistance elements.

Cooling Benefits and Heating Penalties

Cooling benefits and heating penalties are estimated for HPWHs installed in conditioned space.
Assuming that 11 percent of energy input into the HPWH goes to the backup resistance element,
cooling benefits and heating penalties are estimated for the 89 percent of hot water that is made
with the heat pump. These benefits and penalties are estimated by month, using average monthly
ambient temperature by climate zone: in the heating season, a heating penalty is estimated, while
in cooling season a cooling benefit is estimated.

In most months, HVAC systems are in either cooling mode or heating mode; however, in
transition months there will be a mix of heating and cooling, or limited heating and cooling
loads, such that the cooling benefits and/or heating penalties associated with the HPWH are
likely offsetting, or negligible. 65 °F is generally considered the thermal balance point of
residential buildings: the temperature above which homes are likely in cooling mode, and below
which there will be a demand for heat. To control for these transitions and avoid over-application
of either cooling benefits or heating penalties, a range was applied: for any month in which the
average temperature was within 3 degrees of 65 °F, a home was considered to be in neither
heating nor cooling mode. In these months, neither cooling benefits nor heating penalties were
applied.

Heating penalties and cooling benefits are calculated by estimating the impact (in BTUs) of
operating the heat pump inside the conditioned space and estimating (1) the amount of energy
the air conditioner would have required to make that same amount of cool air when the home is
in cooling mode, or (2) the amount of energy the electric heating system (electric resistance or
heat pump) requires to make up for the heat extracted from the air when the home is in heating
mode. Since duct systems are not perfect, a distribution system efficiency of 75% is applied.

1 Design Refinement and Demonstration of a Market-Optimized Heat-Pump Water Heater. California Energy
Commission, April 2004. Prepared by TIAX, LLC. Attachment 2, California Field Test Data and Analysis.
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The effect of the HPWH on the ambient space load (cooling or heating) is estimated using the
following series of equations from WAPTAC:

[Btu] Qreject/m X hour

spaceload comp-on

10°Beu] _ volx denx c, (T,.- T,)x 365
hwload yr 106

hour,,, . [h]= Q,.0u X 04623+ 22865

comp=on

The first equation multiplies the rated capacity of the typical HPWH (3,500 Btu/h is used in this
analysis) to the compressor runtime to develop the spaceload in Btu/day (Qspaccload)- The second
equation estimates the hot water load in mmbtu/yr. The third equation is the result of a regression
analysis relating the daily HPWH compressor runtime (in hrs) to the hot water load; it estimates
the number of hours per day that the HPWH must operate to meet its load.

Entering Water Temperature (Tmains)

The entering water temperature (Tpmains) is adjusted for each climate zone. The following
equation, developed by the National Renewable Energy Laboratory (NREL), is used to calculate
the entering water temperature.

{4 g Tarr vonce ) + af fowt) 4 vatio » (melTe meaos ) = 7090l T menca 13

Toatns (7} = 2 2 sl (9986  ((30  Hanth &) = 19 = lag) - 70

Where:

AvVg (Tair,month) = Annual average air temperature (°F), assumed to be ambient outdoor
dry bulb temperature,

Max (Tair,month) = Max of monthly mean air temperature (°F),

Min (Tair,month) = Minimum monthly mean air temperature (°F),

offset (district water) = 6°F,

ratio =0.4+ 0.01 X (Tamb,ave — 44),

lag = 35— 1.0 X (Tamb,ave — 44), and

Tamb,ave = Average annual ambient temperature, by location.

Typical Meteorological Year (TMY) data are used to estimate monthly and annual average
ambient temperatures for each of the five cities selected to represent five weather zones in Texas.
Application of the NREL equation for Tains to the TMY conditions for the five Texas weather
cities provides the monthly estimates of inlet water temperature depicted in Figure 1.
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Figure 1. Monthly Mains Water Temperatures (Tmaiss), Representative Cities

The NREL equation provides mains water temperatures that fluctuate as a lagged function of

ambient air temperature. Figure 2 illustrates the relationship between Timains and Ty for climate

zone 1 — Amarillo, TX.
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Figure 2. Annual Temperatures T, and T;, for Climate Zone 1: Amarillo, TX
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Household Demand for Hot Water

The number of people per household is a major driver of hot water consumption. In addition to
showers and baths, clothes washers and dishwashers are large users of hot water. The remaining
household hot water use is primarily attributed to kitchen and bathroom sinks. As part of the
Building America Research Benchmark project, NREL produced the following table in 2004
summarizing residential hot water usage:

Table 9. Water Usage by Hot Water End-Use Point

Cloes Washer ] N/A 7.5 ??gil/
Dishwasher N/A 25+ Ogii xO T:l';)gal/ day
Showers and Baths 105 °F 14+ ?}16(;7t ’:_ E‘Z;Iiz)ﬂ/ day
Sinks 105 °F 10+ (3H3(;%t x Iétglié)ll/day

Source: Development of an Energy Savings Benchmark for All Residential End-Uses. R. Hendron et al.
Conference Paper, SIMBUILD 2004 Conference August 4-6, 2004. Online. Available:
http://www.nrel.gov/docs/fy040sti/35917.pdf.

For showers and baths, as well as sinks, demand for hot water is determined through the
additional step of estimating how much cold water must be mixed with hot water to achieve the
desired usage temperature, which varies with Tyyains.

Because the 2004 work underlying the Building America Benchmark predates changes to water
use standards for both clothes washers and dishwashers, and assumes relatively inefficient
appliances, the equations for clothes washers and dishwashers were multiplied by adjustment
factors to reflect updates in water usage standards promulgated in 2009 (clothes washers) and
2010 (dishwashers). These adjustment factors are provided in Table 10.

Table 10. Water Usage Adjustment Factors, Clothes Washers, and Dishwashers

Clothes Washer 39.2 gal/cycle 21.0 gal/cycle 0.54

Dishwasher 8.2 gal/cycle 6.5 gal/cycle 0.79

For the purposes of establishing deemed savings for heat pump water heaters with tanks of
different sizes, use of the equations in Table 9 also requires developing a relationship between
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tank size and the number of bedrooms in a given home. An underlying assumption of these
deemed savings is that heat pump water heaters are sized appropriately for their loads. Standard
practice is that water heaters be sized according to their first hour rating (FHR) — the amount of
hot water the unit can supply in an hour of operation, starting with a full tank." Review of the
first hour rating of available, ENERGY STAR®-listed HPWHs shows that FHR, as expected,
increases with tank size:

80 -
70 -
60 -
50 -
40 - L 4
30 ~
20
10
0 T T T T T T T ]

50 55 60 65 70 75 80 85 90

y=1.3355x-32.31
R?=0.8803

Volume (gal)

First Hour Rating (gph)

Figure 3. Tank Volume and First Hour Rating

Frontier ran permutations on the FHR tank sizing worksheet provided by DOE!'® to estimate the
maximum amount of hot water needed in a given hour in homes with different numbers of
bedrooms (based on occupancy assumptions tied to the number of bedrooms). Typical results of
those permutations are presented in Figure 4.

13 Sizing Storage and Heat Pump (with Tank) Water Heaters. USDOE, EERE. Online. Available:
http://www.energysavers.gov/your_home/water_heating/index.cfim/mytopic=12990.
16 11,1

Ibid.
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Shower 12 2 24 . |Shower 12 2 24
Bath 9 0 0 Bath 9 0 0
Shaving 2 0 0 Shaving 2 1 2
Hands & face g 4 1 4 ... |Hands & face washing 4 2 8
Hair sh 4 0 0 Hair sh 4 0 0
Hand dish g 4 1 4 ) Hand dishwashing 4 1 4
A ic dishwasher 14 1 14 1A ic dishwash 14 1 14
Food preparation 5 0 0 oo |Food preparation 5 1 5
Wringer clothes h 26 Wringer clothes washer

Automatic clothes washer 32 0 0 i

Shower 2 Shower 12 3 36
Bath 9 1 9 Bath 9 1 9
Shaving 2 1 2 . |Shaving 2 1 2
Hands & face washing 4 3 12 Hands & face washing 4 3 12
Hair shamp 4 0 0 Hair sh 4 0 0
Hand dish 4 1 4 Hand dishwashing 4 1 4
A ic dishwash 14 1 14 Automatic dishwash 14 1 14
Food preparation 5 0 - Food preparation 5 0

Wringer clothes wash . Wringer clothes washer

Automatic clothes washer Automatic clothes washer

Figure 4. Hot Water Tank Sizing Worksheets

Using the regression relationship derived in Figure 3 to estimate the required storage volume to
meet the first hour demand for hot water and rounding up to the HPWH with the next highest
storage tank size available in the market, a relationship between number of bedrooms and tank
size was estimated.

Table 11. Number of Bedrooms, First Hour Demand, and Water Heater Storage Tank Size

42-46 29 ' " 40

- .
3 51-57 44 50
4 59-65 35 65
5 69-77 71 80

Assembling the relationships between water heater tank size, the number of bedrooms in a home,
end-point water usage, Tmains, and the temperature at which water is used at given endpoints,
profiles of daily hot water usage by tank size were developed. Figure 5 shows the monthly usage
profiles derived through this approach.

29

31



70 1

5% . "
K}
% 40 - W ~¢-80gal
_:- e 65 gal
[] 30 -
g i 50 gal
E 20 -+ g 4,0 gal
10 -
0 K T ¥ T 1 L ¥ ¥ H L T 13

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 5. Hot Water Usage by Tank Size, Amarillo TX
Hourly Demand Profile

Figure 6 is the hourly hot water usage profile (gal/hr) for a residential home. This profile was
used to develop the resultant peak kW and coincidence factor (CF) for this measure.

8%
7%
6%
5%

4%
3% -
2%
1%

Hourly Share of Daily Hot Water Use (%)

Figure 6. Daily Hot Water Use Profile'’

Current PUC rules define the summer peak demand period as the hours between 1 PM and 7 PM
from June through September. Based on this definition, the peak demand impacts of this measure
are associated with the average demand during this window, which is approximately 4.6 percent
of daily domestic hot water energy usage.

Source: Building America Appliance and Plug Loads Calculation Tool. Underlying source is DOE 2.2.
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