MENEHG IZING CALIFORNIA'S FUTURE

Residential Water Heater Sizing Measure

Package Support

Final Report
ET22SWE0036

Water Tank

&— Hot Water Outlet

Condenser Coil

Insulation

Prepared by:
TRC Advanced Energy

Advanced Energy
436 14th Street Suite 1020, Oakland, CA 94612

Contact: mfountain@trccompanies.com




Executive Summary

Currently, incentives for energy efficient water heater retrofits require a like-for-like replacement.
However, there is anecdotal evidence that contractors upsize heat pump water heater (HPWH)
replacements relative to existing gas water heaters. This project adds to current statewide water
heating measure offerings by allowing incentives for non-like-for-like size replacements. HPWH
consume significantly less energy compared to alternatives. While incentives based on tank size
could be counterproductive because they could discourage retrofits from electric resistance and gas
water heaters to heat pump water heaters

This project provides updates to the DEER Water Heater Calculator V 5.1 (California Public Utilities
Commission, 2022). TRC utilizes data from existing fuel substitution workpaper development and an
existing California Public Utilities Commission (CPUC)-approved water heater energy use calculator
with prototype buildings and various water heater sizes. DEER Hot Water Calculator modeling across
the California (CA) climate zones establishes like-for-like baselines for savings claims.

In addition, this report describes current practices for HPWH retrofits based on a survey of 16
plumbing contractors active in the TECH program, which incentivizes retrofits of legacy systems
(electric resistance or gas water heaters) to heat pump water heaters. The survey? found that:

. Most contractor are upsizing tanks when moving from a gas or electric resistance water
heater to a HPWH. Twelve (12) of 16 reported upsizing the tank when replacing a gas water
heater with a HPWH, and 4 of 6 reported upsizing the tank when replacing an electric
resistance water heater with a HPWH. Of the contractors that reported upsizing tanks moving
from gas to a HPWH, two-thirds said they install a slightly larger tank, and one-third said they
install a much bigger tank. The primary reason cited was that different technologies require a
larger tank.

. For the electrical systems, contractors reported a HPWH replacement required circuit breaker
upgrades in approximately half their projects, outlet upgrades slightly less often, but rarely
was an electrical panel upgrade required.

. In the surveyed group of contractors (those who have installed a HPWH), the most common
type of replacement is from natural gas water heater to a HPWH.

This report covers the DEER Water Heater Calculator V5.1 tool modifications, survey results, and
provides some examples of water heating equipment retrofits from the California Energy Smart
Homes Program.

1 Note that these results may not reflect Statewide trends, since the project team specifically targeted plumbing
contractors with at least some experience installing HPWHs through the TECH program.
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Disclaimer

This is a work product that is the result of the CaINEXT program, designed and implemented by Energy Solutions and
funded by California utility customers. Reproduction or distribution of the whole or any part of the contents of this
document, without the express written permission of Southern California Edison, is prohibited. This work was performed
with reasonable care and in accordance with professional standards. However, neither Southern California Edison, San
Diego Gas & Electric, Pacific Gas & Electric, nor any entity performing the work pursuant to Southern California Edison’s
authority, make any warranty or representation, expressed or implied, with regard to this report, the merchantability or
fitness for a particular purpose of the results of the work, or any analyses or conclusions contained in this report. The
results reflected in the work are generally representative of operating conditions; however, the results in any other situation
may vary, depending upon particular operating conditions.
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Abbreviations and Acronyms

Acronym Meaning

CA California
CESH California Energy Smart Homes Program
CPUC California Public Utilities Commission
DEER Database of Energy Efficiency Resources
DHW Domestic Hot Water
DWHC DEER Water Heater Calculator
DX Direct Expansion
EE Energy Efficiency
ET Emerging Technology
EU End Use
HP Heat Pump
HPaWHS Heat Pump assisted Water Heating System
HPWH Heat Pump Water Heater (s)
HPWHS Heat Pump Water Heating System
HVAC Heating, Ventilation, and Air Conditioning
PG&E Pacific Gas and Electric
SCE Southern California Edison
SDG&E San Diego Gas and Electric
SME Subject Matter Expert
TECH Technology and Energy for Clean Heating
UEF Uniform Energy Factor
WB Whole Building
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Background

Overview

Currently, incentives for energy efficient water heater retrofits require a like-for-like replacement. The
project team receives regular word-of-mouth communication that contractors typically upsize the
heat pump water heater (HPWH) tank compared to the tanks in existing gas water heaters during
replacement to meet the hot water requirements of residents. Adding to the current statewide water
heating measure offerings with new calculations will allow like-for-like replacements to qualify for
future programs and result in a more energy efficient installed base of water heaters. A calculator
exists as a macro-enabled Excel workbook developed by the CPUC to standardize the input and
savings calculations for water heating measures. The simulation tool uses the technology definitions
to determine the hot water energy use for each climate zone, building type and building vintage that
are part of the standard Database of Energy Efficiency Resources (DEER) applicability parameters.
The DEER calculator with new inputs and assumptions related to water heater upsizing produces
energy use predictions in support of a future HPWH measure package.

Providing incentives for non-like-for-like hot water tank retrofits is a critical step towards
meeting California’s decarbonization goals. This measure package presents a significant
opportunity to achieve long term residential hot water system efficiency.

Conventional Heaters and Heat Pump Water Heaters

Figure 1 shows schematics of two conventional residential hot water heaters. One version (gas-fired)
burns natural gas to heat water. Natural gas water heaters comprise approximately 90% of the
California residential installed base (Energy Code Ace, 2019). Another type (electric resistance) uses
heat created by resistance in an electrical element to heat water directly by contact. Electric
resistance water heaters make up approximately 6% of residential water heaters in California. Most
of the remaining households (4%) use propane, wood, or solar to heat water. Both natural gas and
electric resistance water heaters come with two configurations - with a storage tank and without a
storage tank (i.e., tankless).

Tankless water heaters heat water instantaneously without the use of a storage tank. When a hot
water faucet is turned on, cold water flows through a heat exchanger in the unit, and either a natural
gas burner or an electric element heats the water. Current offerings for SWWH025-05 assume a
“like for like” replacement based on the storage capacity of the existing natural gas water heater and
the new HPWH. The project utilizes the existing fuel substitution workpaper data and an existing
CPUC-approved water heater energy use calculator with prototype buildings and various water heater
sizes. Energy consumption modeling across the California (CA) climate zones establishes like-for-like
baselines for savings claims.
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Figure 1 - Schematic of conventional gas-fired and electric resistance storage water heaters.
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Figure 2 shows a schematic of a residential HPWH. HPWH use a direct expansion (DX) heat pump
(HP) to transfer heat to the water. The HP condenser coils are located inside the insulated water
storage tank where the flow of hot refrigerant heats the water. In many HPWH, referred to as hybrid
HPWH, supplemental electric resistance heating elements exist to meet heating requirements when
the HP system cannot meet them alone. Condenser coils heat the cold water entering the base of
the tank. The hot water rises, heated by the condenser coils until the heated water exits the top of
the tank for consumption. HPWH achieve higher efficiency compared to electric-resistance or natural
gas water heaters. Supplemental electric-resistance elements for periods of high demand are a
typical addition.
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Figure 2 - Typical Residential Heat Pump Water Heater
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DEER Water Heater Calculator

General Description

This study supports adding new measure offerings to the residential HPWH fuel substitution measure
package (SWWHO025-05). The DEER Water Heater Calculator v5.1 (DWHC) (California Public Utilities
Commission, 2022) calculates savings for the offerings in SWWHO025. DWHC version 5.1, is the most
recent version, deployed through a macro-enabled Excel workbook developed by consultants of the
CPUC Energy Division to standardize the inputs and savings calculations for water heating measures.
The DEER Water Heater Calculator v5.1 adopts residential hot water load profiles from CBECC-Res
2019/2021. The tool uses standardized “technology definitions to determine the hot water energy
use for each climate zone, building type and building vintage that are part of the standard DEER
applicability parameters.” The calculator links technology definitions to DEER “TechID”’s stored in
the tool. The tool calculates measure offering energy savings by taking the difference between the
energy consumption of the base case and measure case TechlIDs.
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Table 1 - Key Components of the DWHC

Key Components of the DEER Water Heater Calculation Tool

Technologies

Calculation

TechCalc

TechResults

h

New technologies to support the new water heater measures.
The technologies span three technology types: storage water
heaters, instantaneous water heaters, and HPWH. Specific
TechlD’s reference water heater technologies used throughout
the tool.

Usage Note: The “Update” column (col W) can be set to TRUE or
FALSE. If set to TRUE, the “Calculate All Results” button
pressed on the TechCalc tab calculates TechID consumption
values.

The "TechCalc" worksheet documents all inputs and hourly
calculations. This is a reference tab only.

The worksheet calculates the hourly energy use for a selected
water heater technology and for a selected building type and
location. Cells C4-C6 contain the indices for the technology
type, building type and location. Cells J14-Z14 show annual
results for consumption.

The "Calculation" worksheet lists Details of the calculations.

Usage Note: The “Calculate All Results” button automatically
calculates the annual results for all permutations of building
type and climate zone for all TechlDs that have been set to
TRUE in the “Update” column in the Technologies tab. The
TechResults tab contains the results for each permutation.

The TechResults worksheet houses all previously calculated
annual consumption results for each permutation of Tech ID,
building type, and climate zone. Pressing the “Calculate All
Results” button in the TechCalc tab populates the TechResults
worksheet. This tab comes prepopulated with values from all
existing TechlIDs in the calculator. It only needs updating if new
TechlDs are added.

10

ET22SWEOO036 Residential Water Heater Measure Sizing Package Support Final Report



Key Components of the DEER Water Heater Calculation Tool

Comparisons of base and measure case equipment calculated
by the tool are set up in this worksheet.

Usage Note: The user must input selected TechlIDs for the base
(standard) and measure case equipment in columns H and |,
respectively. The user must also input the number of units,
normalizing unit (‘each’ or ‘capacity’ in kBtu), preexisting fuel
type and storage capacity, and sector. The user must create a
Measure ID and continue the numbering of the index column
for any added rows. Standard formatting for Measure ID is
emulated in DEER, but anything can be selected by the user
based on their preference. An auto population function resets
the cells and determines existing case equipment conditions.
Last, cells J2-K3 for either residential or commercial sector
allow calculation of a subset of measures.

11
O‘f/ ET22SWEOO036 Residential Water Heater Measure Sizing Package Support Final Report



Key Components of the DEER Water Heater Calculation Tool

This worksheet houses all the of the previously calculated
energy impacts for measures defined in the tool. Measure ID,
building type, climate zone, and vintage define permutations of
each measure. Savings related outputs include electric energy
and demand, and natural gas savings above existing case and
the standard case. Non-savings related outputs include
normalizing unit and number of units assumed in the
calculation, building areas, and electric and gas load shape
profile IDs.

The vintage parameters affect the “Pre” case savings only, as
the assumption of existing case equipment varies by vintage.
Also available are separate savings for whole building “WB” or
Energylmpact end use “EU.” This tool does not currently include any
interactive effect impacts, so “WB” and “EU” both show the
same values. Standard direction from the CPUC for measure
package development is to use the “WB” for measure package
savings values.

Pressing the “Create all Com Impacts” or “Create all Res
Impacts” buttons on the Enlmpacts-Com and Enlmpacts-Res
tabs, respectively populates values in the Energylmpact sheet.
New measures do not trigger recalculation of savings for all
existing measures because added values append to the
existing data.

Calculated savings values for each Measure ID occurs in these
two worksheets. By clicking the “Create all Com Impacts” or
“Create all Res Impacts” buttons the tool runs through the
subset of selected measures identified on the Measures tab,
calculates savings for all building types and climate zones for
that sector (Com or Res), and pastes them into the
Energylmpact Tab.

Enlmpacts-Com Selecting the ID in the dropdown in cell B1 shows the savings
Enlmpact-Res for an individual Measure ID. The spreadsheet pulls in
consumption values for the base (standard) and measure case
equipment associated with the Measure ID. Cells G3-G4 show
Tech IDs for the associated equipment. Each water heater or
heating capacity (kBtu-h) has normalized consumption values
provided in columns P-Z.

12
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Components of the TechlD
Gas Storage Water Heater Tech ID:

-Gas- -MID-0.64UEF

Heat Pump Water Heater Tech ID:
- - -3.50UEF

Description of TechlD for storage water heaters.
- - - -Efficiency

“Uniform Energy Factor (UEF) ratings are determined by assigning water heaters into one of four
different categories (bins) of hot water usage and then evaluating their performance based on that
usage. The ‘first hour rating’ of a water heater determines its” UEF assignment within its hot water
usage bin. A higher UEF means a water heater is more energy efficient and will cost less to operate
compared to other water heaters in the same bin. A water heater’s UEF is only comparable with
water heaters within the same bin. For example, a high bin water heater with a UEF of 0.95 does not
perform exactly the same as a low bin water heater with a UEF of 0.95” (A.O. Smith, 2022).

Methods

Hot water tank sizing tool update

For this study, TRC updated the DEER Water Heater Calculator V 5.1 (California Public Utilities
Commission, 2022) with data required to support a future water heating measure package
development effort. The project utilized existing fuel substitution workpaper data and an existing
CPUC-approved water heater energy use calculator with prototype buildings and various water heater
sizes. Energy consumption modeling across the California (CA) climate zones establishes like-for-like
baselines for savings claims.

Figure 3 shows a screen shot of the DEER Water Heater Calculator output. The technology
parameters of the existing water heater are in columns F and G, the HPWH replacement in columns J
and K with the annual results below.

Heat pump water heaters are more energy efficient because they move heat while gas water heaters
create heat via combustion. Heat pump water heaters come with auxiliary backup heating in the
form of electric resistance. Upsizing the tank minimizes operating time of inefficient resistance
heating, allowing the heat pump to do most of the water heating work. To meet a home’s hot water
demand, a contractor selects a heat pump water heater with a high enough first hour rating. First
hour rating is the number of gallons of hot water the heater can supply per hour - starting with a tank
full of hot water.

The worksheet examples (Figure 4 and Figure 5) shows how the DEER Water Heater Calculator V 5.1
is currently used.

13
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Figure 3 - DEER Water Heater Calculator (California Public Utilities Commission, 2022) Example Output

A B C D E F G H |
il |SlULUEF-EIecHF’-DWgaI-S TEUEF LI Technology Parameters
Type PkHP
2 Mabile Home ~| UEF/EF 375
Fuel Elec
il C Volume 40 gallons
Cap 450 kW or kBtu/h
Input Spec Index RE/TE NfA TE for Com. WHs
Techinde: 98 Draw Patter] MD-HI
BldgType 28 Tank UA 437 Btu/hr-F
CZindex 16 A W 0.00 WETTS
Vent W 0.00 watts
Aux Btu 0.00  |Btu/hr
Calculate All Results Awx EFT 0.00
13252.0 132520
hourly’
water Volume
Day ™ H{™ | Mo ™| Peakl ™| Tamb_¥| Tamb }\™ Tmai ™ wolul ™ perU ™
1 1 1 o 26.0 26.0 45.68 0.0 0.0
1 2 1 o 28.0 270 45.68 0.0 00
1 3 1 ] 28.0 28.0 45.68 0.0 0.0
1 4 1 ] 28.0 270 45.68 0.0 0.0
1 5 1 o 29.0 29.0 45.68 0.0 0.0
1 6 1 o 290 290 4568 0.0 00
1 7 1 ] 28.0 28.0 45.68 16.2 16.2
1 8 1 ] 28.0 28.0 45.68 3.1 3.1
1 9 1 o 28.0 280 45.68 0.0 0.0
1 10 1 o 280 280 4568 0.0 00
1 11 1 ] 28.0 28.0 45.68 0.0 0.0
1 12 1 ] 28.0 28.0 45.68 0.0 0.0
1 13 1 o 28.0 280 45.68 0.0 0.0
1 14 1 ] 27.0 7o 45.68 0.0 0.0
1 15 1 ] 270 70 45.68 0.0 0.0
1 16 1 o 270 270 45.68 0.0 0.0
1 17 1 o 270 270 45.68 0.0 00
1 18 1 ] 27.0 7o 45.68 0.0 0.0
1 15 1 0 27.0 27.0 45.68 10 10
3 Intro 2023Measures Definitions Technologies TechCalc

Source: Project Team

J K L M il Lo} P
HPWH T y parameters Simulation Parameters
HPminT 40 F Tamb Profile DMo
HPmaxT 120 F Tiank 135 F
HPmaxGal 20.0 gallons Gal2BtuF 82 Btu/gal-F
cop 3.14 BldgType Sector Res 1200
Frac Resist 0.10 7 OutputCap 41,125 Btu/hr
RE of ER backu 0.98 Demand Profile: FALSE
Load Profile Index: 26
Storage Cap 24815 |Btu/hr
Annual Results
| Techindex TechlD BldgType Bldgloc kwh kW therm
98 Stor_UEF-ElecHP-C DMo CZle 2,107 0.146
1
26% 0% o
"
Loadh ¥ Load ™ Loads ¥ Load] ™ Cap_i™ Load Dg ™ [iDelay *
0 a7 0 476 0.31 478
0 467 o 487 0.33 467
0 257 0 457 0.36 267
0 457 0 457 0.33 257
0 453 0 453 038 253
o 463 o 463 038 463
11,835 457 0 12,303 0.36 12,303
2,302 457 0 2,770 0.36 2,770
0 487 o 487 0.36 487
o 467 o 487 0.36 467
0 467 ] 457 0.36 467
0 467 ] 457 0.36 467
0 487 o 487 0.36 467
0 472 ] 472 0.33 472
0 472 ] 472 0.33 472
0 472 ] 472 0.33 472
0 472 o 472 0.33 472
0 472 ] 472 0.33 472
736 472 0 1,208 0.33 1208
TechResults Upsizing Measures EnergylmpactCharts IMeasure Energylmpact

Figure 4 - Worksheet for Estimating Peak Hour Demand/First Hour Rating

Average

Gallons of
Hot Water
per Person

Shaving (.05 gallon per
minute)

Hand dishwashing or food
prep (2 gallons per
minute)
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Figure 5 - Completed Water Heater Sizing Worksheet
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2
One hand dishwashing 3
Peak Hour Demand

Plumbing Contractor Survey

TRC merged two public data sets to compile a list of reachable California plumbing contractors. One
dataset is Technology and Energy for Clean Heating (TECH) tagged the CA contractors by company
name who have done at least one HPWH installation and the other dataset (Switch-Is-On) has a large
list of contractors but only addresses and emails. The merged list has approximately 150 unique
contractor emails screened for heat pump water heating installation from the TECH and Switch-is-on
data sets. A verified heat pump water heater installation was the only criteria for contractor survey
participation.

The plumbing contractor survey begins with some ‘firmographic’ questions. These questions help
understand the size of the plumbing contractor’s business and the quantity of residential HPWH
retrofits (natural gas and electric resistance), the base case, and the technology replacing it. Do
contractors also replace gas with gas or electric with electric? Or is it also gas with electric but not a
heat pump? The survey also covers like-for-like and non-like-for-like tank sizing - both frequency and
proportion, slightly larger or much larger (Figure 6). Finally, the survey concludes with a question
about required electrical upgrades broken down by cost: small (outlet replacement) to large (panel
replacement).

15
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Figure 6 - Example Screen from the Survey

A

0#
About how aften did you install a tank that was the larger than the existing water heating tank?

() Rasaly (<10%)
() Sometimes (10-50%)
(8) Most of the time (50.90%)

() Ahways (100%)

Source: Project Team.

DEER Water Heater Calculator Modifications

Current offerings for SWWH025-05 assume a “like for like” replacement based on the storage
capacity of the existing natural gas water heater and the new HPWH. This update creates new
measure offerings that reflect the upsizing of storage capacity and alignment of first hour rating
values when replacing natural gas water heaters with HPWH. No specific tank size is recommended
because the correct tank size varies by project. Factors that affect upsizing are: location of water
heater, first hour rating, number of people in the house, and overall costs. The contractor makes the
tank size decision based on these factors and there is no standard ‘oversizing’ recommendation.

Current offerings for SWWH025-05 have combinations of heat pump water heaters replacing existing
storage or tankless water heaters. However, the workpaper assumes 'like for like' replacement based
on storage capacity of existing gas water heaters. For example, Measure offering 'K' in the workpaper
is for installing a heat pump water heater between 55 gallon and 75 gallon replacing a 60-gallon
natural gas water heater. Furthermore, Measure K only includes a heat pump water heater with one
UEF rating, UEF = 3.33.

This project expands the possible replacements by modeling permutations of UEF ratings and heat
pump water heater tank sizes. In all cases, both the base and measure technologies for the new
offerings already exist in the DWHC as TechlIDs. Therefore, the updates to the tool include creating
new measure offerings using different combinations of existing DEER TechIDs to reflect different
combinations and upsizing of HPWH storage tank.

16
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Table 2 shows the combinations of DEER TechlDs used in the completion of this work. Note that the
first three rows show possible replacement tank sizes (55-75 gal.) over three different UEF’s with a
40-gallon tank as the base case. The second three rows show the same replacement tank size range
(55-75 gal.) over three different UEF’s but with a 50-gallon tank as the base case - and so on for
different replacement tank sizes, UEF’s, and base case tank sizes.

17
GI’Y/ ET22SWEOO036 Residential Water Heater Measure Sizing Package Support Final Report



Table 2 - Measure Offering Descriptions

Measure Offering Description

Heat pump water heater, > 55 to <
75 gal, UEF = 3.30 replacing storage
natural gas water heater, 40 gal,
UEF = 0.64

Heat pump water heater, > 55 to <
75 gal, UEF = 3.50 replacing storage
natural gas water heater, 40 gal,
UEF = 0.64

Heat pump water heater, > 55 to <
75 gal, UEF = 3.75 replacing storage
natural gas water heater, 40 gal,
UEF = 0.64

Heat pump water heater, > 55 to <
75 gal, UEF = 3.30 replacing storage
natural gas water heater, 50 gal,
UEF = 0.63

Heat pump water heater, > 55 to <
75 gal, UEF = 3.50 replacing storage
natural gas water heater, 50 gal,
UEF = 0.63

Heat pump water heater, > 55 to <
75 gal, UEF = 3.75 replacing storage
natural gas water heater, 50 gal,
UEF = 0.63

Heat pump water heater, >75 gal,
UEF = 3.30 replacing storage natural
gas water heater, 50 gal, UEF = 0.63

Heat pump water heater, >75 gal,
UEF = 3.50 replacing storage natural
gas water heater, 50 gal, UEF = 0.63

Heat pump water heater, >75 gal,
UEF = 3.75 replacing storage natural
gas water heater, 50 gal, UEF = 0.63

Code/Standard TechlD
(Base Case)

Stor_UEF-Gas-040gal-HI-
0.64UEF

Stor_UEF-Gas-040gal-HI-
0.64UEF

Stor_UEF-Gas-040gal-HI-
0.64UEF

Measure TechID
(Measure Case)

Stor_UEF-ElecHP-
065gal-3.30UEF

Stor_UEF-ElecHP-
065gal-3.50UEF

Stor_UEF-ElecHP-
065gal-3.75UEF

Stor_UEF-Gas-050gal-HI-
0.63UEF

Stor_UEF-Gas-050gal-HI-
0.63UEF

Stor_UEF-Gas-050gal-HI-
0.63UEF

Stor_UEF-ElecHP-
065gal-3.30UEF

Stor_UEF-ElecHP-
065gal-3.50UEF

Stor_UEF-ElecHP-
065gal-3.75UEF

Stor_UEF-Gas-050gal-HI-
0.63UEF

Stor_UEF-Gas-050gal-HI-
0.63UEF

Stor_UEF-Gas-050gal-HI-
0.63UEF

Stor_UEF-ElecHP-
080gal-3.30UEF

Stor_UEF-ElecHP-
080gal-3.50UEF

Stor_UEF-ElecHP-
080gal-3.75UEF

ET22SWEOO036 Residential Water Heater Measure Sizing Package Support Final Report
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Heat pump water heater, >75 gal, Stor_UEF-Gas-055gal-HI- Stor_UEF-ElecHP-
UEF = 3.30 replacing storage natural 0.61UEF 080gal-3.30UEF
gas water heater, 60 gal, UEF = 0.61

Heat pump water heater, >75 gal, Stor_UEF-Gas-055gal-HI- Stor_UEF-ElecHP-
UEF = 3.50 replacing storage natural 0.61UEF 080gal-3.50UEF
gas water heater, 60 gal, UEF = 0.61

Heat pump water heater, >75 gal, Stor_UEF-Gas-055gal-HI- Stor_UEF-ElecHP-
UEF = 3.75 replacing storage natural 0.61UEF 080gal-3.75UEF
gas water heater, 60 gal, UEF = 0.61

The tool updates apply to residential building types only, with outputs provided in the DWHC as
shown in Table 3 - DHWC outputs. Note, Table 3 only shows a sample of the DHWC outputs and does
not reflect the actual savings for the anticipated measures.

Table 3 - DHWC outputs

(L= PR

EnerguimpachD a1 [Cazthdod - [FA | - [BidgT -~ [Eldgy - [Bldgl - [Bidc
I FE - Wirk-FuelSub-SmiSrg-HP TtefkWorepI0G -2 OV [Arw SFm |Ex Ca0 A

HE “wfirt-Foel Sub-SmiSrg-HP - etk Werep dUG - 2o UWVR20EE | Ay =Fm Ex LAY A
* [RE -wfirk-Fuel Sub-SmiStrg-HP -teBk Werap J0G - 30 IVR20ZZ | A SFm  |Ex Ca03 A
i HE -Wwirbt-F el Sub-Smil Strg-HP - bebk ' -rep U -dod VR A0E. | Arey =Fm Ex LS A
- |AE -wirk-Fuel Sub-SmiSrg-HP - teBk 'W-repJ0G -30] IVR20Z2 | Arw SFm  |Ex Cah A
i | HE -"wirt-F el Sub-SmilShrg-HF - kebk W -rep UG -3 OVS20E. | Ar =Fm Ex 2 A
i | AE -\wtriek-F el Sub-SmilSirg-HP - tebk W repili -3 (2082 | A =Fm Ex C207 A
' |RE -wri-Fuel Sub-SmilSrg-HP - eBk W-repJ0G -30] IVIR2022 [ Ay SFm  [Ex Cam|  [am
i | BE -wfrit-Foel Sub-Seel Srg-HP - =6k W -rep 300G - 30 IS0 | dArw =Fm Ex C28 A
| | RE -%Ari-Fuel Sub-SmilSirg-HP-ebk W-rep 306G -30] OVIR2022 [ Ay SFm  [Ex CA0 [am
I | BE -wfr2-Fuel Sub-Serl Srg-HP - =6k W -rep DG -3 OIS0 | A =Fm Ex A Arw

FE %/ rt-FLel Sub-SmilSirg-HP - tefk W-rep30G-30] OVIR2022 | Ay SFm [Ex CZ12 |anu
|| BE -wir-Fusl Sub-SrmlSrg-HP - etk Wrep 3G -3pd OWS 2022 A S Ex 213 A
SRR Ol F oSl S ikl S S Al HP O aE R W s TR A NIRRT | e ZFErn e [ B | LYST
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Results

Tool and Eligibility Updates

The updates to the DWHC result in savings values representative of replacing an existing gas water
heater with a larger storage HPWH. Using these measure savings in a statewide measure package
would enable incentives for these types of upsizing replacements. As shown in the survey results and
example installation projects from the California Energy Smart Homes Program (CESHP), the practice
of expanding heat pump water heater storage capacity is increasingly common in the market. Using
the new updated tool, the following types of replacements would now be available for efficient heat
pump water heaters:

e Replacing an existing 40 or 50-gallon natural gas water heater with a 65-gallon HPWH
e Replacing (2) existing 40 or 50-gallon natural gas water heater with (1) 80-gallon HPWH

Please refer to Appendix B for project details:

o Before-and-after equipment pictures
e AHRI certificate and specification sheets
e |nvoice

Plumbing Contractor Survey

The project team conducted an electronic survey of plumbing contractors that are active in the TECH
program, which incentivizes replacement of existing gas or electric resistance water heaters with
HPWHSs. The project team sent a survey link to contractors that had installed at least one HPWH
through TECH, to ensure they could answer questions regarding HPWH tank sizing based on at least
some experience. In total, 120 plumbing contractor targets received an email with an invitation to
the survey and 16 contractors (or 13%) completed it. The project team provided a $100 incentive to
increase the response rate.

Summary of Survey Results

Based on these survey responses?, the project team makes the following observations:

1) Existing natural gas heater replacement with a new electric resistance heater rarely or never
happens. Existing natural gas heater with new gas heater sometimes happens, and heat
pump water heaters most often or always replace natural gas water heater (Figure 9 and
Question 3)

2) Existing electric resistance heater replacement with a new natural gas heater never happens.
New electric resistance heaters sometimes replace existing electric heaters, but heat pump

2 Note that these results described here may not reflect Statewide trends, since the project team specifically targeted
plumbing contractors with at least some experience installing HPWHs through the TECH program.
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water heaters most often or always replace electric resistance water heaters (Figure 10 and
Question 4Question 4).

A larger hot water tank is usually installed during a hot water heater retrofit (Error! Reference
source not found. and Question 6)

Most often, using a different technology than the existing was the reason for upsizing the
water tank. Only one contractor reported it was because customers wanted more hot water,
and another because a financial incentive was available (Error! Reference source not found.
and Question 8).

Most often, when an existing gas water heater was replaced with a HPWH, the replacement
tank was slightly bigger than the existing tank (Figure 11 and Question 9).

Most often, when an existing electric water heater was replaced with a HPWH, the
replacement tank was also slightly bigger than the existing tank (Figure 12 and Question 10).

When replacing a natural gas water heater with a heat pump water heater, the following
steps in the retrofit are encountered (Question 11):

a. Capping existing gas line (most of the time or always)
Electric breaker upgrade (often but not always)
Outlet upgrade (evenly split between never, sometimes, and ‘often or always’)
Wiring and repatching (generally rare, but sometimes)
Panel upgrade (rarely)

® o oo
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Appendix A: Survey Results
‘Firmographic’ descriptors:

Question 1
What types of homes does your company serve? (N=16)

Response Number Percent

Single-family 7 44%
Low-rise multifamily 0 0%

56%

Question 2
How many replacements of residential water heaters has your company done in the past year?
(N=16)

Response Number Percent

1to 10 5 31%
11 to 20 1 6%

More than 20 63%
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Experience with HPWH Installations and Fuel Selection

Question 3
In the past year, how many natural gas water heaters has your company replaced with a heat pump
water heater? (N=16)

Response Number Percent

11 to 20 1 6%

More than 20 44%

Question 4
In the past year, how many electric resistance water heaters has your company replaced with a heat
pump water heater? (N=16)

Response Percent

1t0 10 6 38%
11 to 20 1 6%

More than 20 6%

24

O‘f/ ET22SWEOO036 Residential Water Heater Measure Sizing Package Support Final Report



Question ba
When a customer has an existing natural gas water heater, how frequently do you install each of the
following types of retrofit? (N=16)

Retrofit Sometimes Always Total

Natural
gas

Electric
resistance

Question 5b

(only asked if the answer to question 4 was zero)

When a customer has an existing electric water heater, how frequently do you install each of the
following types of retrofit? (N=16)

Retrofit Rarely Sometimes

Electric

resistance

25
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Tank sizing choices

Question 6
When replacing an existing water heater, have you installed a tank that is larger than the existing
water heating tank in the last two years? (N=16)

Response Number Percent

z

5%

2 12.5%

| cannot recall 12.5%

Figure 7 - Fraction of Retrofits Upsizing the Water Tank (N=16)

= Yes
= No

| cannot recall
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Question 7
About how often did you install a tank that was the larger than the existing water heating tank?
(N=12)

Response Number Percent

25%

Question 8
What was the main reason that you installed a larger tank? (N=12)

Response Number Percent

Different technologies 10

0,
require larger tank 83.3%

Customers often want
more hot water

Sonoma Clean Power
encouraged them to do so.

27
O‘f/ ET22SWEOO036 Residential Water Heater Measure Sizing Package Support Final Report



Figure 8 - Reasons Given for Upsizing the Water Tank (N=12)

n Different technologies
require larger tank

= Customers often want
more hot water

Sonoma Clean Power
encouraged them to do so.

Question 9
If you replace a natural gas water heater with a newly installed heat pump water heater, how do you

typically size the new tank? (N=16)

Response Number Percent

Much bigger tank for 0
HPWH o=l

Slightly bigger tank for
HPWH

No difference

Slightly smaller tank for
HPWH

Much smaller tank for
HPWH
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Question 10
If you replace an electric resistance water heater with a newly installed heat pump water heater, how
do you typically size the new tank? (N=8)

Response Percent

Much bigger tank for

0,
HPWH 25%

Slightly bigger tank for
HPWH

No difference

Slightly smaller tank for
HPWH

Much smaller tank for
HPWH

Electrical upgrades

Question 11
How often are each of the following types of electrical upgrades needed when converting from a
natural gas water heater to a heat pump water heater? (N=16)

Action Rarely Sometimes MOSt. 2l Always Total
the time

Cap existing
gas lines

Breaker
upgrade

Outlet
upgrade

Wiring and
repatching

Panel
Upgrade
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Open-ended question

Question 12
Is there anything else you'd like to tell us about heat pump water heating retrofits or tank sizing?
N=7)

—_

Responder Response

If not for Sonoma Clean Power's Grid Savvy program we'd size tanks to 50-
65 gal. They also allow water heated to 135-140 degrees, so we ALWAYS
install a mixing valve.

Air space is the biggest hurdle

Heat Pump water heaters have noise when in heat pump mode. We let
our customers know of the additional noise of the unit.

In addition to significant tank size increases, we also install a thermostatic
mixing valve with every project to allow for hotter tank temperatures in
order to manage the slower recovery versus gas units.

Always install Thermostatic Mixing Valve w/ HPWH

The requirement now for a mixing valve to moderate temperature has in
some instances allowed us to use the same size tank as the old one.
However, it is on a case-by-case basis.

In the HVAC world, bigger heat pumps are not better. However, in the heat
pump water heater world, the taller the tank the more efficient the system
is, to a certain extent. Heat pump water heaters recover hot water much
slower than gas, so a bigger tank is often needed to compensate. Space
for small, medium, or larger heat pump water heaters is a very common
constraint however.

ET22SWEOO036 Residential Water Heater Measure Sizing Package Support Final Report
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Figure 9 - Natural Gas Water Heater Replacement Frequency (N=16)

Natural gas

Electric resistance

Heat pump water
heater

3 3 4 5 1

m Never ® Rarely ® Sometimes = Most of the time ®m Always

Figure 10 - Electric Resistance Heater Replacement Frequency (N=8)

Electric resistance

Heat pump water
heater

® Never m Rarely ® Sometimes " Most of the time ® Always

(ANEXT
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Figure 11 - Degree of Tank Sizing (natural gas base case) (N=16)

® Much bigger tank for HPWH m Slightly bigger tank for HPWH = No difference

Figure 12 - Degree of Tank Sizing (electric resistance base case) (N=8)

m Much bigger tank for HPWH m Slightly bigger tank for HPWH = No difference
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Appendix B: Survey Instrument

O

Thank you for participating in the CalMext Residential Water Heater Sizing Survey! Your
responses will help California water heater programs better serve contractors such as yourself.
All survey responses will be kept confidential and are not used for any other purpose beyond
residential water heater programs.

Please remember to provide your email address at the end of the survey to receive your $100
gift card!

0

What type of homes does your company serve?

(® Single-family

O Low-rise multifamily

() Both

33
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v

How many replacements of residential water heaters has your company done in the past year?

@ 1-10
O 11-20
Q =20

A

In the past year, how many natural gas water heaters has your company replaced with a heat
pump water heater?

@ 1-10
O 11-20
O =20
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O

When a customer has an existing natural gas water heater, how frequently do you install each
of the following types of retrofit?

Never Rarely Sometimes  Most of the time
Natural Gas (existing) O O O O O
Electric resistance O @ O O O
Heat pump water haater O O O O (@]

When a customer has an existing electric resistance water heater, how frequently do you
install each of the following types of retrofit?

MNewver Rarely Sometimes Most of the time

Electric resistance (existing) O O O O
Heat pump water heater O O O O

OJ}

When replacing an existing water heater, have you Instalied a tank that is larger than the existing
water heating tank in the last two years?

® Yes
QO No

QO | cannot recall
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cﬁ'ﬂ.
About how oftén did you install a tank that was the larger than the existing water heating tank?
) Rasely (<10%)
() Sometemes {10-50%)
(@ Meost of the time (50.99%)

() Ahways (100%)

C#Ef

Why was the main reason that you installed a larger tank?

(®) Different technologias require larges tank
() Customers often want more hot wates

() Other, pleass explan
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C"f/ ET22SWEOO036 Residential Water Heater Measure Sizing Package Support Final Report



O

If you replace a natural gas water heater with a newly installed heat pump water heater, how
do you typlcally size the new tank?

() Slightly bigger tank for HPWH (10-20% larger)

(O Much bigger tank for HPWH (>208%)

O Mo difference: | install the same size tank regardiess of whether it's & gas water heatar or HPWH
() Slightly smaller tank for HPWH (10-20% smaller)

{:} Much smaller tank for HFWH (=20%)

v

If you replace an electric resistance water heater with a newly instalied heat pump water
heater, how do you typically size the new tank?

(O Stightly bigger tank for HPWH (10-20% larger)
O Much bigger tank for HPWH (>20%)

O No difference: | install the same size tank regardless of whether it's a new electric resistance water
heater or HPWH

(O Sughtly smalier tank for HPWH (10-20% smaller)

O Much smaller tank for HPWH (>20%)
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How often are each of the following types of electrical upgrades needed when converting from a
natural gas water heater 10 a heat pump water heater?

Mast of the
Somatimes tirmel:

Owitlet upgrade
Breaker upgrada
Faned upgrade

'Writing and repaiching
Cap existing gas ners

Oshar, please specify

Something

Is there anything else you'd like to tell us about heat pump water heating retrofits or tank sizing?
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b

That was the last question. As a thank you for your time, we are providing you a $100 e-gift card!
Please re-type your email address in the box below to receive your $100 electronic gift card
accepted at many online retailers.

Your gift card should arrive in less than 2 weeks. If you do not receive your gift card, please
contact Marc Fountain at MFountain@trccompanies.com.
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Appendix C: Documented CESH Water Heater Retrofits

The two examples shown in this section are from the California Energy Smart Homes Programs and
would qualify for an incentive using the updated tool.

Case 1: 65 Gallon HPWH Replacing 40 Gallon Gas Water Heater

Existing 40 Gallon Natural Gas Water Heater

40
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Proposed 65 Gallon Replacement Heat Pump Water Heater
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PERFORMANCE PLATINUM®

The naw dagraa of comfent”

PERFORMANCE PLATINUM™ Hybrid Electric is
the most efficient water heater available

Efficiency

B Hign 3.75 - 4.0 UEF reducos
operating cost

W ENERGY STAR rated

Performance

M Dolivers hot waer faster than most
standard electic water heaters
60-B7 galons first-hour deivery:
depenging on model

B Ambient operating range: 37-145° F
is widest in class, offering more days
of HP operation annuall; desgned to
meet Northern Climate Spec (Tier 4)

Easy Installation

W Easy acoess side connections

B Quick access 10 electrical knction
box

M Easiy roplaces a standard slactric
water heater

Integration

B Bloctronic control for casy
temperature adjustment and mode
management

B Audible alam for senice alrts

O EcoNet

M integrated EcoNet® Wifl-connected”
technology (2.4 GHz only) and free
mobile app gives Lsars control
over water systams, allowing for
customizable temperature, vacation
sattings, energy savings and systm
monitoring at home or away
Visit Rhesm. comvEcoNgtConnect

Operation Modes

B Enorgy Saver

B Hoat Pump

B High Domand

B Blectic

W Vacation/Away: 2-28 days (or placed
an hoid indafintely)

Plus...

B Promium grade anode rod with
resistor extends the ife of the tank

B.3/4° NPT water init and outit
/4" condensate drain connections

B Incoioy stanloss stool rasisior
cloments

B Dry-fre protection

M Easy access, top mounted washable
airfiter

2" Non-GFC foam Insutation

B Erhanced flow brass drai valve

B Temperature and pressure refaf vakie
instablod

B Lowlead complant

Warranty

8 10-Year limited warrarty for tank
and parts, 1-year ful in-home
labor warrart
St Resaental Warity Cantieats o
compieteirformation,

Ut mestcrcaceecs A requrements ancitane

been tee accerdingTo 0.0 E procedires Unts

e excosd e rergy effcincy re ermerts

sote energy eicency peromncs

PERFORMANCE PLATINUM

Hybrid
40, 50, 65 and 80-Gallon

Capacities
208-240 Volt / 1 PH
Electric
®
@@=

See specifications chart on back.

80 Gallon Heat Pump Water Heater Specification Sheet and ARI Certificate

AL CERTIFIED®

wiyw.anridirectory.arg

Certificate of Product Ratings

AHRI Cerified Reference Number: 20

4042 Date: 08-02-2022 Model Status : Active
Srand Nams - RHEEM
Magel Number : XEQST10H4SUD

Rted as follows in sccordance wih Dspariment o

ergy (DOE) Water Hester test procadures as o
of Faderal Reguiations, 10 CFR Part 420 Subpart B Appendix E and susi
independent, third party testing

First Hour Rating (GFH) - 78

Unid

m Energy Factar: 335

The following data i for reference only and is not certfied by AHRI
Energy Sourca  Hest Pump with Tank

Hesar Tyge s Suerage

Usage Bin - High U

Nominal Capasity (gal) -85
DOE Rated Storage Volume (gl : 58
Ingut (k) : 45

Riscovery Effciency. (%) - 457

Hest Traps £ Ne

AnRIC

fpant s urrenily posiing AND ssling or affer

cx 1o verifcation of rating accuracy by AHR I-spers

had in the latest sditon of the

5.

‘g procuced Frotucicn Sioppe Model Stakue sre ioze frat an AHRI Carsfcation Srogeam Partcs:
b WAS e o0 involiriar o e, The pew puieh e ——— 5
DISCLAIMER
ARtz non endorss the praducts) s , and assumes 1o raspoi 3
s 2t w ‘g utof the use o1 performance ofthe praducts). o the
o Cartfed macelc

diectory at ik aNEGECtory otz
“TERMS AND CONDITIONS

re propristary products of a1l l be used for ndiidal, personal and
confidential reference purpases. TN Contants o this Certifcate My oL it WAOIE of I Par, b reprocuced: oopies disseminat
Cnteres 1 3 computer Satabase of iherwise UUIZ=d. 10 37 form of manner o by 31y mesns, Sioept for the user s induidual
personzl 2nd confioential referance

CERTIFICATE VERIFICATION

"k

e e e e,
i s 350, 2nd the Carizats Ko, which £ 183 2 bonom rght

©2022 AirGonditioning, Hesting, and Refrigerstion Institute

whi

CERTIFICATE NO.:

& REFRIGER ATION INSTITUTE

e e bt

*32986855213604251
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65 Gallon HPWH Labor and Materials Cost

B8 Plumbing Company

INVOICE

Water Heater - Heat Pump Water Heater Conversion
customer prov
O serial numt

installation rei
ed contractor to pr
from TECH Clean CA
Plumbing Company and

Service completed by: SRR

$3.100.00

bmitted for reimi

and labor

$3,100.00

Apr26  Tue 6:36pm $3,100.00

== Material Cost - Propo....pdf

Gmail - We received your order
Rheem Performance §2,163 00 100
Platinum &5 Gal. 10-Year
Hybrid High Efficiency Smart
Tank Electric Water Heater

Store SKU # 1005205475
I 1
Est Arrival: Apr. 25

Basic (Porch or Driveway)

§2,163.00

To your doorstep or driveway (somewhere dry). No appointment needed; you

will get a call the day before and don't need to be present for delivery.

Subtotal
Shipping
Sales Tax

Orders may be canceled up to 45 minutes after

Order Total

purchase from your Home Depot MyAccount.

See cancelafion

5 ] details.

Paid

ET22SWEOO036 Residential Water Heater Measure Sizing Package Support Final Report

Cradit Card ending

$2,163.00
575.00
317345

§2,411.45

L, ]
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Case 2: 80 Gallon HPWH Replacing 2 (40 Gallon) Gas Water Heaters

Existing 40 Gallon Water Heaters
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Proposed 80 Gallon Replacement Heat Pump Water Heater

X Fuse or CH. Brk Size

Cal Max. De Fusibleisy
W_Em %mum
3 :

Design evaluated by UL in accordance
With Part 3280.707(d)(1) of HUD Mobile
Home Construction and Safety
Standards for Energy Efficiency.

ansr
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@

The e oy of comdert”

Professional Prestige® ProTerra™ Hybrid Electric
is the most efficient water heater available

Available in 16 8 30 Amps

l

o
Professional Prestige
ProTerra Hybrid
40, 50, 65 and 80-Galon
pacit

Capacities
208-240 Vot / 1 PH
Electric

@n @ ==

80 Gallon Heat Pump Water Heater Specification Sheet and ARI Certificate

A CERTIFIE

AR Certed Rt

Certificate of Product Ratings

o Number: 208666400 Dute: 06062022
ramna Nama - RHEEM

Mogel Status - Actve
ol Number - PROPHE0 T2 RHIS.16.

Roted ssfoscws
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80 Gallon HPWH Labor and Materials Cost

ALL-ELECTRIC - %
CALIFORNIA

Billed to: Invoice No: Invoice Total

$7,150

11-Mar-22
Remaining Due

S0

Description

Determine existing building service capacity & load calc
Install subpanel in garage, existing panel has insufficient breaker space for full electrification
New panel will have sufficient breaker space for 3 future 240V circuits
Verify house grounding
Exposed work: Up to 50' conduit and junction boxes, work on ladder
Install one new circuit, 15A @ 240V on 10AWG THHN CU
Uninstall two existing gas water heaters
Move client personal property
Install one hard-wired electrical heat pump water heater, 80 gallons
including thermostatic mixing valve provided by client
incidental gravity condensate drain to garden, 20
Electrical bonding of gas and water pipe at heater per code
Disposal of debris to be done by client per quote
Work completed

$7,150 TOTAL LABOR & PARTS (EXCLUDING OWNER-PROVIDED PARTS)

CREDITS
52,800 HPWH rebate to be paid by TECH
51,800 Panel upgrade rebate to be paid by TECH

$2,550 crmcx'momm

S0 TOTAL REMAINING DUE

Contractor assumes responsibility for any amounts anticipated to be paid by TECH.
If and when above-listed TECH rebates are received by All-Electric California,
client will be reimbursed 1/2 of any rebate amount received.

Invoice Terms
Please pay any remaining due amount on receipt of this invoice.
Amounts not paid within 30 days are subject to a 10% surcharge per 30 days.
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