2.2.5 ENERGY STAR® Ground Source Heat Pumps Measure
Overview

TRM Measure ID: R-HV-GH

Market Sector: Residential

Measure Category: HVAC

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

Decision/Action Type(s): Replace-on-burnout, new construction
Program Delivery Type(s): Prescriptive

Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure requires the installation of a ground-source heat pump (GSHP) meeting the
minimum requirements of ENERGY STAR geothermal heat pump key product criteria. Savings
calculations are presented for systems with and without desuperheaters.

Eligibility Criteria
The deemed savings apply to units with a capacity of < 65,000 Btu/hour.
Energy savings for desuperheaters only apply if the desuperheater is attached to an electric

storage water heater. The electric storage water heating cannot replace a gas water heater in a
retrofit installation.

Baseline Condition

The baseline unit is assumed to be an air-source heat pump (ASHP) for new construction, and
either an ASHP or an air conditioner with an electric resistance furnace for replace-on-burnout
projects. New construction baseline efficiency values for ASHPs are compliant with the current
federal minimum standard, effective January 1, 2023."%2

52 DOE minimum efficiency standard for residential air conditioners/heat pumps.
https://www1.eere.energy.gov/buildings/appliance standards/standards.aspx?productid=48&action=vi
ewlive
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For replace-on-burnout (ROB) projects, the cooling baseline is reduced to 13.7 SEER2. This value
incorporates an adjustment to the baseline SEER2 value to reflect the percentage of current
replacements that do not include the installation of an AHRI-matched system.'>® The heating
baseline for replace-on-burnout projects is dependent on the heating type of the baseline equipment.

Table 47. GSHPs—Baseline Efficiencies

Project type Cooling mode>4 Heating mode?>*

New construction 9.8 EER2 2.2COP
(14.3 SEER2) (7.5 HSPF2)
ROB—air source heat pump baseline 9.8 EER2 2.2 COP
(13.7 SEER2) (7.5 HSPF2)
ROB—air conditioner with electric 1 COP
resistance furnace baseline (3.412 HSPF2)

High-Efficiency Condition

The table below displays the ENERGY STAR Final Version 3.2 requirements for eligible
geothermal heat pumps effective January 1, 2012.'%¢ Energy efficiency service providers are
expected to comply with the latest ENERGY STAR requirements.

Table 48. GSHPs—ENERGY STAR Requirements

Cooling Heating
Product type mode (EER) | mode (COP)

Closed loop water-to-air 17.1 36
Open loop water-to-air 21.1 41
Closed loop water-to-water 16.1 31
Open loop water-to-water 20.1 3.5
Direct geoexchange (DGX) 16.0 36

153 Frontier Energy on behalf of the Electric Utility Marketing Managers of Texas (EUMMOT). “Petition to
revise Existing Commission-Approved Deemed Savings Values for Central Air Conditioning and Heat
Pump Systems: Docket No. 36780.” Public Utility Commission of Texas. Approved August 27, 2009.
https://interchange.puc.texas.gov/. Adapted for new 14 SEER baseline.

154 The Central HP EER2 baseline is reduced to 9.8 EER2 for systems rated at 15.2 SEER2 or higher.
While GSHPs do not have a SEER2 rating, all full-load EER minimum efficiency requirements exceed
that threshold. Therefore, the reduced EER2 baseline is extended to all GSHP installations.

155 Code specified HSPF value converted to COP using COP = HSPF x 1,055 J/Btu + 3,600 J/\W-h =
HSPF +3.412.

156 ENERGY STAR Program Requirements Product Specification for Geothermal Heat Pumps, v3.2.
https://www.energystar.gov/sites/default/files/Geothermal%20Heat%20Pump%20Version%203.2%20F
inal%20Specification.pdf.
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The specifications in the charts above apply to single-stage models. Multi-stage models may be
qualified based on:"*’

EER = (highest rated capacity EER + lowest rated capacity EER) / 2
Equation 35
COP = (highest rated capacity COP + lowest rated capacity COP) / 2

Equation 36

Energy and Demand Savings Methodoloqgy
Savings Algorithms and Input Variables

Peak demand and annual energy savings for GSHP systems should be calculated, as shown
below. Where a desuperheater is also installed, please see the Deemed Energy Savings Tables
section for additional energy savings and the Deemed Summer Demand Savings Tables for
additional demand savings.

Energy and demand savings for desuperheaters were adapted from a 2001 study conducted by
Oak Ridge National Laboratory (ORNL) on GSHPs in Texas.'*® Desuperheater savings were
calculated for each climate zone by taking the difference in savings between GSHPs with and
without desuperheaters and averaging the savings between low and high-efficiency units.
Savings for GSHP systems with desuperheaters should be calculated using the algorithms below
with an additional energy credit based on the system capacity and efficiency.

The ORNL study draws from a 1998 analysis based on a study conducted at the Fort Polk Joint
Readiness Training Center in Leesville, Louisiana. The Fort Polk study used calibrated
simulations of 200 multifamily residences in the complex to estimate energy savings attributable
to the replacement of air source heat pumps with GSHPs. These estimates were found to be
within 5 percent of actual post-retrofit savings. Building models were developed using
TRNSYS.™°

Using the Fort Polk models, the ORNL study assumed a baseline of a 1.5-ton, 10-SEER air
source heat pump. Simulations of low-, medium-, and high-efficiency GSHPs with and without
desuperheaters were compared against the baseline unit. The models were run using TMY-2
weather profiles for Climate Zones 1-4. Energy and demand differences between the pre- and
post-retrofit models were used to estimate average savings per ton of cooling capacity.

157 Geothermal Heat Pumps Key Product Criteria,
https://www.energystar.gov/products/heating cooling/heat pumps geothermal/key product criteria.

158 Shonder, J. A., Hughes, P., and Thornton, J. Development of Deemed Energy and Demand Savings
for Residential Ground Source Heat Pump Retrofits in the State of Texas. Transactions-American
Society of Heating, Refrigerating, and Air Conditioning Engineers. 108, no. 1: 953-961, 2001.

58 Klein, S. A. TRNSYS Manual: A Transient Simulation Program. Solar Engineering Laboratory,
University of Wisconsin-Madison, Version 14.2 for Windows, September 1996.
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In the 1998 analysis, low-efficiency GSHPs were assumed to be units with an EER of 12.4 and
capacity of 19 kBtuh, while medium-efficiency units had an EER of 16.8 and capacity of 21 kBtuh.
High-efficiency units had an EER or 18.3, with a capacity of 22 kBtuh.

These models were used to derive the energy and demand savings associated with installation of
a desuperheater along with a GSHP, as shown in Table 51 and Table 52, respectively.

Energy Savings Algorithms

Total Energy Savings [AKWh] = kW hgqyings,c + kW hsapingsn + kWhpsy

Equation 37
Cooling E Savi kWhe] = C X X EFLH, ><< ! ! )
ooling Energy Savings | ¢l = Capc 1000W ¢ *\SEER, . EERuonn
Equation 38
Heating E Savi kWhyl=C X X EFLH ><< ! ! )
eating Energy Savings | ]l = Capy 3412 Biu o COPpe COPour
Equation 39
Where:
kWhpsH = Energy savings (kWh) associated with installation of a
desuperheater (see Table 51); these savings should only be
added if a desuperheater is installed
Capcm = Rated equipment cooling/heating capacity of the installed GSHP
(Btu/hr)
EFLHcm = Equivalent full load hours for cooling/heating (Table 49)
SEER2gase = Energy efficiency ratio of the baseline cooling equipment
(Table 47)
EERGsHP = Energy efficiency ratio of the installed GSHP
COPgase = Coefficient of performance of the baseline heating equipment
converted from HSPF2 (Table 47)
COPgsHp = Coefficient of performance of the installed GSHP

Table 49. GSHPs—Equivalent Full Load Cooling/Heating Hours %

Climate zone: }

Zone 1: Amarillo 1,142 1,880
Zone 2: Dallas 1,926 1,343
Zone 3: Houston 2,209 1,127

160 ENERGY STAR Central AC/HP Savings Calculator.
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Zone 4: Corpus Christi 2,958 776
Zone 5: El Paso 1,524 1,559

Demand Savings Algorithms

Summer Peak Demand Savings [AkW]
1 kW < 1 1

=C X X - X CFs + kW,
9Pc X T000W ~ \EERpys, EERGSHP> s+ 1 Wosn
Equation 40
Winter Peak D d Savi AkW] =C X LkWh ><< ! ! >><CF
inter Peak Demand Savings | | = Capy 3412 Btu  \COP,...  COPoun W
Equation 41
Where:
EERZ2gase = Energy efficiency ratio of the baseline cooling equipment
(see Table 47)
CFsw = Summer/winter peak coincidence factor (see Table 50)
kWhshH = Summer demand savings (kW) associated with installation of a

desuperheater (see Table 52); these savings should only be
added if a desuperheater is installed

Table 50. GSHPs—Coincidence Factors'%!

Seasen iCF
Summer'®2 0.87
Winter'63 0.83

81 Coincidence factors calculated in accordance with the current peak definition are lower than expected
for the Texas climate. Residential HVAC measures will temporarily revert to the Coincidence factors
used in TX TRM v4.0 before the change to the peak definition. These values will be reevaluated in
upcoming TRM cycles to better align with the current peak definition.

62 Air Conditioning Contractors of America (ACCA) Manual S recommends that residential heat pumps be
sized at 115 percent of the maximum cooling requirement of the residence (for cooling-dominated
climates). Assuming that maximum cooling occurs during the peak period, the guideline leads to a
coincidence factorof 1 /1.15 = 0.87.

183 Air Conditioning Contractors of America (ACCA) Manual S recommends that residential heat pumps be
sized at 115 percent of the maximum cooling requirement of the residence (for cooling-dominated
climates). Based on AHRI data for 1.5-5 ton HVAC systems, the average ratio of rated heating capacity
to cooling capacity is 0.96. Assuming that maximum heating occurs during the peak period and
adjusting for the average ratio of heating to cooling capacity, the guideline leads to a coincidence factor
0f0.96/1.15=0.83.

82
Residential: HVAC Texas Technical Reference Manual, Vol. 2
Ground Source Heat Pumps October 2024



Deemed Energy Savings Tables

Table 51. GSHPs—Energy Savings for Desuperheaters per Cooling Tonnage

Climate zone;  kWhiton
Zone 1: Amarillo 612
Zone 2: Dallas 791
Zone 3: Houston 802
Zone 4: Corpus Christi 847
Zone 5: El Paso 791

Deemed Summer Demand Savings Tables

Table 562. GSHPs—Summer Peak Demand Savings for Desuperheaters per Cooling Tonnage

Climate zone KWiton
Zone 1: Amarillo 0.440 |
Zone 2: Dallas 0.405
Zone 3: Houston 0.405
Zone 4: Corpus Christi 0.410
Zone 5: El Paso 0.405

Deemed Winter Demand Savings Tables

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

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

Claimed Peak Demand Savings

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

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) of a GSHP unit is 24 years.
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This value is consistent with the life expectancy of the heat pump components reported in
multiple Department of Energy GSHP guides. Underground ground-loop infrastructure is
expected to last 25-50 years. 164,165

Program Tracking Data and Evaluation Requirements

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

e Climate zone or county
o Decision/action type (new construction, replace-on-burnout)
e Replaced unit heating type (heat pump, electric resistance furnace)

o Additional documentation is required to validate electric resistance heat
(e.g., nameplate photo, utility inspection, or other evaluator-approved
approach); sampling is allowed for multifamily complexes

¢ Manufacturer, model number, and serial number
e ENERGY STAR certificate matching installed model number

e |Installed GSHP type (closed loop water-to-air, open loop water-to-air, closed loop
water-to-water, open loop water-to-water, direct geoexchange)

o Energy efficiency ratio (EER) of the new unit

e Coefficient of performance (COP) of the new unit

e Product specification sheet

e Rated cooling and heating capacity of the new unit (Btu/hr)'®
o Whether a desuperheater was also installed or present

o Proof of purchase with date of purchase and quantity

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

References and Efficiency Standards

Petitions and Rulings

Not applicable.

164 Department of Energy. Geothermal Heat Pump Energy Saver article.
https://www.energy.gov/energysaver/geothermal-heat-pumps.

185 Department of Energy. “Guide to Geothermal Heat Pumps. February 2011.
http://www.energy.gov/sites/prod/files/quide to geothermal heat pumps.pdf.

166 Rated capacities are not specified on the ENERGY STAR certificate and should be taken from the
product specification sheet.
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Relevant Standards and Reference Sources

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

Document Revision History

Table 563. GSHPs—Revision History
~ TRM version Descfiption of change: |
11/25/2013 TRM v1.0 origin.

4/18/2014 TRM v2.0 update. Updated by Frontier Energy, March 2014, based
on new federal standards and alternative methodology.

v2.1 1/30/2015 TRM v2.1 update. No revision.
v3.0 4/10/2015 TRM v3.0 update. No revision.
v3.1 11/05/2015 TRM v3.1 update. No revision.
v4.0 10/10/2016 TRM v4.0 update. No revision.
v5.0 10/2017 TRM v5.0 update. Updated peak coincidence factors for compliance

with current Texas peak definition. Single coincidence factor replaced
with individual factors for each climate zone.

v6.0 11/2018 TRM v6.0 update. No revision.

v7.0 10/2019 TRM v7.0 update. Updates to tracking requirements.

v8.0 10/2020 TRM v8.0 update. Updated algorithms to make units consistent.

v9.0 10/2021 TRM v9.0 update. Added clarifying language and updated algorithm
units.

v10.0 10/2022 TRM v10.0 update. Updated coincidence factors and EUL.

vi1.0 10/2023 TRM v11.0 update. Integrated federal standard change and SEER2
test procedure.

v12.0 10/2024 TRM v12.0 update. No revision.

85
Residential: HVAC Texas Technical Reference Manual, Vol. 2

Ground Source Heat Pumps October 2024



2.2.6 Large Capacity Split and Packaged Air Conditioners and Heat
Pumps Measure Overview

TRM Measure ID: R-HV-LC

Market Sector: Residential

Measure Category: HVAC

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

Decision/Action Type(s): Retrofit, new construction

Program Delivery Type(s): Prescriptive

Deemed Savings Type: Deemed savings calculation

Savings Methodology: Engineering algorithms and estimates

Measure Description

This measure applies to the installation of a split/packaged air conditioner (AC) or heat pump
(HP) with a capacity exceeding that of a typical residential system (greater than or equal to
65,000 Btu/hr) in a retrofit or new construction application. This measure also applies to the
installation of ground-source heat pumps (GSHP) with a capacity exceeding 65,000 Btu/hr.

Eligibility Criteria

e The deemed savings apply to central AC/HPs with a capacity of 65,000-240,000
Btu/hr (5.4-20 tons) and GSHPs with a capacity of 65,000-135,000 Btu/hr (5.4-
11.3 tons).

e Equipment shall be properly sized to dwelling based on ASHRAE or ACCA
Manual J standards.

¢ Manufacturer datasheets for new equipment or documentation of AHRI or DOE
CCMS certification must be provided. 6716

Baseline Condition

New construction and replace-on-burnout baseline efficiency levels are provided in Table 54 and
Table 55. These baseline efficiency levels reflect the latest minimum efficiency requirements from
the current federal manufacturing standard, IECC 2015, and ASHRAE 90.1-2013.

167 Air-Conditioning, Heating, and Refrigeration Institute (AHRI) Directory: https://www.ahridirectory.org/.
168 Department of Energy Compliance Certification Management System (DOE CCMS):
https://www.regulations.doe.gov/certification-data/.
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Table 54. Large Capacity AC/HPs—NC/ROB Baseline Efficiency Levels for AC/HPs'®®

Capacity Baseline
System type (tons) efficiencies Source'”?

Air conditioners =541t0<11.3 11.02 EER | DOE Standards/
14.642.8 IEER | IECC 2015
11.3 to < 20 10.8 EER
14.0 IEER
Heat pump 54t0<11.3 11.0 EER | DOE Standards/
(cooling)™"! 141 IEER | IECC 2015
11.3 to < 20 10.6 EER
13.5 IEER
Heat pump 54t0<11.3 3.4 COP | DOE Standards
i 12
(heating) ™™ 11.3 to < 20 3.3 COP
>14.3t0<20 11.0EER
12 41EER
10.8 EER
122 IEER
{coolingy™ 12.01EER | JECC 2015
>14.310<20 106 EER
116 1EER
Heatpume 220k ROoE=Siandards!
(heating)™ 54i0<113 JECC 2015
>113t0<20 3.2C0P

169 |ECC 2015 Table C403.2.3(1) and C403.2.3(2).

70 These baseline efficiency standards noted as “DOE Standards” are cited in the Code of Federal
Regulations, 10 CFR 431.97. http://www.gpo.gov/fdsys/pkg/CFR-2012-title10-vol3/pdf/CFR-2012-
title10-vol3-sec431-97.pdf.

171 ASHRAE 90.1-2010 Table 6.8.1B. These systems larger than 5.4 tons, the minimum efficiency levels
provided in this table are based on systems with heating type “No Heating or Electric Resistance
Heating”, excluding systems with “All Other Types of Heating”.

172 Heat pump retrofits must also exceed the baseline efficiency levels for heating efficiencies.
43 A = = m h Vi a h mMininum Tall
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Table 55. Large Capacity AC/HPs—NC/ROB Baseline Efficiency Levels for GSHPs'™

Cooling EWT Heating EWT
Capacity rating Minimum rating Minimum
System type (Btuh) condition cooling EER condition heating COP

Water-to-air 265,000 86°F 13.0 68°F 4.3
(water loop) and

. < 135,000
Water-to-air 59°F 18.0 50°F 3.7
(groundwater)
Brine-to-air 77°F 14.1 32°F 3.2
(ground loop)
Water-to-water 86°F 10.6 68°F 3.7
(water loop)
Water-to-water 59°F 16.3 50°F 3.1
(groundwater)
Brine-to-water 77°F 121 32°F 25

(ground loop)

High-Efficiency Condition

Split and packaged systems must exceed the minimum efficiencies specified in Table 54 and
Table 55.

For reference, both ENERGY STAR and the Consortium for Energy Efficiency (CEE) offer
suggested guidelines for high-efficiency equipment.

Energy and Demand Savings Methodoloqgy
Savings Algorithms and Input Variables

Total Energy Savings [AkWh] = kWh, + kWhy

Equation 42
Cooling E Savings [kWh.] = C < ! ! > EFLH 1 kW
ooting energy Savings = Cap; X . X X ——
¢ ¢ nbaseline,c ninstalled,c ¢ 1;000 w
Equation 43
Heating E Savings [kWhy] = C < ! ! > EFLH L kWh
eating tnergy Savings = Capy X . X X ———
H H Nbaseline,H Ninstalled,H H 3;4‘12 Btu
Equation 44
175 Values from ASHRAE 90.1-2013.
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1 1 1 kW
Summer Peak Demand Savings [AkW] = Cap; X <nbase”ne,c — Uinstalled,c> X CFg X T000W
Equation 45
Winter Peak Demand Savings [AkW] = Capy X < ! — ! > X CFy X i
NbaselineH Ninstalled,H 3,412 Btuh
Equation 46
Where:
Capcm = Rated equipment cooling/heating capacity of the installed
equipment at AHRI standard conditions (Btu/hr); 1 ton = 12,000
Btu/hr
Nbaseline,C = Cooling efficiency of standard equipment (Btuh/W)
Ninstalied,C = Rated cooling efficiency of the newly installed equipment (Btuh/W)
Nbaseline,H = Heating efficiency of standard equipment (Btuh/W or COP)
Ninstatied,H = Rated heating efficiency of the newly installed equipment (Btuh/W
or COP)

Note: Use EER for cooling kW and COP for heating kW and kWh savings calculations.
SEER/IEER should be used to calculate cooling kWh for central ACs and HPs. EER
should be used to calculate cooling kWh for GSHPs. Heating efficiencies expressed as
HSPF will be approximated as a seasonal COP and should be converted using the
following equation:

P — HSPF
3.412
Equation 47
CFsw = Summer/winter peak coincidence factor (Table 56)
EFLHcH = Cooling/heating equivalent full-load hours (Table 57)
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Table 56. Large Capacity AC/HPs—Coincidence Factors'’®

.

Summer'”’ 0.87

Winter'"® 0.83

Climate zone'
Zone 1: Amarillo ,
Zone 2: Dallas 1,926
Zone 3: Houston 2,209
Zone 4: Corpus Christi 2,958
Zone 5: El Paso 1,524

Deemed Energy Savings Tables

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

Deemed Summer Demand Savings Tables

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

Deemed Winter Demand Savings Tables

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

176 Coincidence factors calculated in accordance with the current peak definition are lower than expected
for the Texas climate. Residential HVYAC measures will temporarily revert to the coincidence factors
used in TX TRM v4.0 before the change to the peak definition. These values will be reevaluated in
upcoming TRM cycles to better align with the current peak definition.

77 Air Conditioning Contractors of America (ACCA) Manual S recommends that residential heat pumps be
sized at 115 percent of the maximum cooling requirement of the residence (for cooling-dominated
climates). Assuming that maximum cooling occurs during the peak period, the guideline leads to a
coincidence factorof 1 /1.15 = 0.87.

178 Air Conditioning Contractors of America (ACCA) Manual S recommends that residential heat pumps be
sized at 115 percent of the maximum cooling requirement of the residence (for cooling-dominated
climates). Based on AHRI data for 1.5-5 ton HVAC systems, the average ratio of rated heating capacity
to cooling capacity is 0.96. Assuming that maximum heating occurs during the peak period and
adjusting for the average ratio of heating to cooling capacity, the guideline leads to a coincidence factor
0f0.96/1.15=0.83.

7 ENERGY STAR Central AC/HP Savings Calculator. April 2009 update.
https://www.energystar.gov/sites/default/files/asset/document/ASHP Sav Calc.xls.
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Claimed Peak Demand Savings

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

Additional Calculators and Tools

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is 18 years for a large-capacity air conditioner and 15 years for a
large capacity heat pump based on the current DOE Final Rule standards for central heat
pumps.'® The EUL of a high-efficiency ground source heat pump unit is 24 years, consistent
with the EUL reported in the DOE GSHP guide.®!

These values are consistent with the life expectancy of the heat pump components reported in

multiple DOE GSHP guides. Underground ground-loop infrastructure is expected to last 25-50
years. 182,183

Program Tracking Data and Evaluation Requirements

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

e Climate zone or county

o Decision/action type (new construction, retrofit)

e Cooling and heating capacities (Btu/hr)

o Full-load efficiency rating (EER) of the installed unit

e Part-load efficiency rating (SEER/IEER) of the installed unit (if applicable)

e Coefficient of Performance (COP) of the unit installed (heat pumps and GSHPs
only)

o Proof of purchase — with date of purchase and quantity

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

80 Final Rule: Standards, Federal Register, 76 FR 37408 (June 27, 2011) and associated Technical
Support Document.
https://www1.eere.energy.gov/buildings/appliance standards/standards.aspx?productid=75.

181 Department of Energy. “Guide to Geothermal Heat Pumps. February 2011.
http://www.energy.gov/sites/prod/files/guide to geothermal heat pumps.pdf.

182 Department of Energy. Geothermal Heat Pump Energy Saver article.
https://www.energy.gov/energysaver/geothermal-heat-pumps.

183 Department of Energy. “Guide to Geothermal Heat Pumps. February 2011.
http://www.energy.gov/sites/prod/files/guide to geothermal heat pumps.pdf.
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o Manufacturer, model, capacity, and serial number

e AHRI/DOE CCMS certificate or reference number matching manufacturer and
model number

References and Efficiency Standards

Petitions and Rulings

Not applicable.

Relevant Standards and Reference Sources

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

Document Revision History

Table 58. Large Capacity AC/HPs—Revision History

TRM version Description of change

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

v2.0 4/18/2014 | TRM v2.0 update. Measure removed from TRM.

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

v3.0 4/10/2015 | TRM v3.0 update. No revision.

v3.1 11/05/2015 | TRM v3.1 update. No revision.

v4.0 10/10/2016 | TRM v4.0 update. No revision.

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

v6.0 11/2018 TRM v6.0 update. Consolidated AC and HP measures and reintroduced

to TRM. Extended measure applicability to GSHPs. Updated from
deemed savings to algorithm approach.

v7.0 10/2019 TRM v7.0 update. Updated documentation requirements.
v8.0 10/2020 TRM v8.0 update. Updated coincidence factors
v9.0 10/2021 TRM v9.0 update. Updated baseline efficiency table to remove

categories applicable to larger capacity ranges. Added GSHP
coincidence factors.

v10.0 10/2022 TRM v10.0 update. Updated coincidence factors.
v11.0 10/2023 TRM v11.0 update. Updated GSHP EUL.
v12.0 10/2024 TRM v12.0 update. Updated baseline efficiency table.
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2.2.7 Evaporative Cooling Measure Overview
TRM Measure ID: R-HV-EC
Market Sector: Residential
Measure Category: HVAC
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity
Decision/Action Type(s): Retrofit, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Deemed savings calculations

Savings Methodology: Engineering algorithms and estimates

Measure Description
The following deemed savings values are applicable in calculating an incentive for the

installation of a direct evaporative cooler instead of a refrigerated air system in an existing or
new construction home in a dwelling occupied by a residential energy consumer.

Eligibility Criteria

Direct whole-house evaporative cooling systems with a saturation efficiency of 0.85 or greater
are eligible for this measure. Portable, window, indirect, and hybrid systems are not eligible.

Baseline Condition

The baseline condition is a new refrigerated air conditioner with a rated efficiency at 14 SEER,
the federal minimum standard.'® The system being replaced is likely to be a less efficient
evaporative cooling system, but the alternative to the new evaporative cooling unit is a minimally
efficient refrigerated air conditioning system.

High-Efficiency Condition

The high efficiency condition is a direct evaporative cooling system with a saturation efficiency
of at least 0.85.

84 DOE minimum efficiency standard for residential air conditioners/heat pumps.
https://www1.eere.energy.gov/buildings/appliance standards/standards.aspx?productid=48&action=vi
ewlive.
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Energy and Demand Savings Methodology

Savings Algorithms and Input Variables

Deemed savings for this measure were derived using a reference metering study of evaporative
cooling projects for Xcel Energy.'® The energy savings from the Xcel study are adjusted for
climate using a cooling degree day (CDD) ratio derived from TMY 2020 weather data.'8®
Demand savings are calculated using the coincidence factor for the room air conditioner
measure and an EFLH estimation simulated in a calibrated BEopt model that is used for other
modeled measures in the Texas TRM.

Energy Savings Algorithms

CDDyg;;
kWhSavings = kWhRef X <—le>

CDDger
Equation 48

Where:

kWhger = Reference kWh savings from Xcel Energy metering evaluation of
evaporative cooling project in Grand Junction, CO: 2,041

CDDrer

Cooling degree days for the reference location of Grand Junction,
CO: 1,452

Cooling degree days for the project site location, El Paso, TX:
2,446

CDDsite

Demand Savings Algorithms

kW hg i
Summer Peak Demand Savings [AkW] = — MR CFs
EFLHg;te
Equation 49
Where:
EFLHsie = Equivalent full-load hours of an evaporative cooling system for the

project site location, El Paso, TX: 1,288%

185 Evaporative Cooling Rebate Program Evaluation by The Cadmus Group, Inc., January 2010, Page 64,
Table 23, Savings kWh value for Grand Junction Tier 2.
https://www.xcelenergy.com/staticfiles/xe/Regulatory/Requlatory%20PDFs/EvaporativeCoolingProgra
mEvaluation.pdf.

186 NSRDB Viewer: https://nsrdb.nrel.gov/.

87 EFLH are calculated as the total annual kilowatt-hours divided by the max kilowatt value output by the
BEopt model.
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CFs Summer coincidence factor'®® = 0.87

Deemed Savings Tables

Table 59. Evaporative Cooling—Deemed Savings per System

KWh Summer kW Winter KW
Climate zone savings savings savings

| 5 | 3438 | 2.46 0 |

Claimed Peak Demand Savings

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

Additional Calculators and Tools

Not applicable.

Measure Life and Lifetime Savings

The estimated useful life (EUL) is 15 years, as specified in the California Database of Energy
Efficiency Resources (DEER) READI tool for EUL ID HV-Evap.'®

Program Tracking Data and Evaluation Requirements

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

e Climate zone or county

o Retired system model number and serial number (if applicable)
o Installed evaporative cooler model number and serial number
o Installed evaporative cooler saturation effectiveness

o Proof of purchase with date of purchase and quantity

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

188 Air Conditioning Contractors of America (ACCA) Manual S recommends that residential heat pumps be
sized at 115 percent of the maximum cooling requirement of the residence (for cooling-dominated
climates). Assuming that maximum cooling occurs during the peak period, the guideline leads to a
coincidence factorof 1 /1.15 = 0.87.

8% DEER READI (Remote Ex-Ante Database Interface). http://www.deeresources.com/index.php/readi.
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References and Efficiency Standards

Petitions and Rulings
Not applicable.
Relevant Standards and Reference Sources

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

Document Revision History

Table 60. Evaporative Cooling—Revision History

‘TRM version Description of change

v7.0 10/2019 TRM v7.0 origin.
v8.0 10/2020 TRM v8.0 update. No revision
v9.0 10/2021 TRM v9.0 update. Updated EUL reference.
v10.0 10/2022 TRM v10.0 update. Updated CDD reference.
vi1.0 10/2023 TRM v11.0 update. No revision
v12.0 10/2024 TRM v12.0 update. No revision
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2.2.8 ENERGY STAR® Connected Thermostats Measure Overview
TRM Measure ID: R-HV-CT
Market Sector: Residential
Measure Category: HVAC
Applicable Building Types: Single-family, multifamily, manufactured
Fuels Affected: Electricity and gas
Decision/Action Type(s): Retrofit, new construction
Program Delivery Type(s): Prescriptive
Deemed Savings Type: Look-up tables

Savings Methodology: Engineering spreadsheets and estimates

Measure Description

Deemed savings are provided for the replacement of a standard or programmable thermostat
with an ENERGY STAR connected thermostat.

Eligibility Criteria

All residential customers with refrigerated air conditioning are eligible to claim cooling savings
for this measure. Customers must have electric central heating (either an electric resistance
furnace or a heat pump) to claim heating savings.

The connected thermostats measure is primarily a residential retrofit measure; savings are
presented for the average efficiency ratings of installed HVAC systems. Deemed savings are
also presented for new construction efficiency ratings (minimum efficiency set by Federal
standards).

Customers should be advised against using the emergency heat (EM HEAT) setting on heat
pump thermostats. This setting is meant only for use in emergency situations when the heat
pump is damaged or malfunctioning. Supplemental heating automatically kicks on in below-
freezing conditions using the regular HEAT setting. Contractors installing a new heat pump
thermostat with equipment install shall advise customer of correct thermostat usage.

Customers that receive incentives for purchasing a thermostat device through an energy
efficiency program may be able to enroll in the load management program offered by the utility
at the point of purchase. Deemed demand savings can only be claimed for those customers if
they participate in the peak demand events. Otherwise, these devices are only eligible for the
deemed energy efficiency savings.
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Baseline Condition

The baseline condition is a residential central HVAC system controlled by a thermostat that

does not meet the criteria for a connected thermostat (see high efficiency condition). For
connected thermostats installed in conjunction with an existing HVAC unit, the baseline

condition is an HVAC unit controlled by a manual or programmable thermostat with an average
efficiency for existing HVAC units in Texas estimated as shown in Table 61.

Table 61. Connected Thermostats—Baseline Efficiency of Existing ACs

Project type Capacity (Btu/hr) | Cooling mode

Split air conditioners
(manufactured as of 1/1/2023)

Packaged air conditioners
(manufactured as of 1/1/2023)

Split/packaged air conditioners

(manufactured 1/1/2015 through 12/31/2022)

Split/packaged air conditioners
(when age is unknown)'%0

Split/packaged air conditioners

(manufactured 1/23/2006 through 12/31/2014)

Split/packaged air conditioners
(manufactured before 1/23/2006)

< 45,000
> 45,000
All

All

All

All

All

14.3 SEER2
13.8 SEER2
13.4 SEER2

12.8 SEER2

12.3 SEER2

11.9 SEER2

9.1 SEER2

Table 62. Connected Thermostats—Baseline Efficiency of Existing HPs

Project type Cooling mode Heating mode

Split heat pumps
(manufactured as of 1/1/2023)

Packaged heat pumps
(manufactured as of 1/1/2023)

Split heat pumps

(manufactured 1/1/2015 through 12/31/2022)

Packaged heat pumps

(manufactured 1/1/2015 through 12/31/2022)

Split heat pumps
(when age is unknown)®!

Packaged heat pumps
(when applying-default-age_is unknown)'92

190 Baseline efficiencies are calculated by taking the average the early retirement categories for 2006—

2014 and 2015-2022.

191 Baseline efficiencies are calculated by taking the average the early retirement categories for 2006—

2014 and 2015-2022.
192 Ibid.
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