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BY THE BOARD:

By this Decision and Order, the New Jersey Board of Public Utilities (“Board” or “BPU”) considers
Board Staff's (“Staff’) recommendation to approve the Technical Reference Manual (“TRM”) for
the fourth program year of the three (3)-year cycle of energy efficiency (“EE”) programs (“PY4
TRM”) established pursuant to the New Jersey Clean Energy Act of 2018, L. 2018, c. 17 (“CEA”).
The TRM is a compendium of equations and guidelines used to calculate energy savings for EE
measures. The PY4 TRM is used to calculate energy savings for Program Year 4, January 1,
2025 to June 30, 2025, of the second three (3)-year cycle of EE programs established pursuant
to the CEA (“Triennium 27).1

IN.J.S.A. 48:3-87.8 et seq.
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BACKGROUND AND PROCEDURAL HISTORY

On February 9, 1999, Governor Whitman signed the Electric Discount and Energy Competition
Act, L. 1999, c. 23 ("EDECA"), into law, thereby creating a “societal benefits charge” (“SBC”) to
fund programs for the advancement of EE and renewable energy ("RE") in New Jersey.?

By Order dated December 22, 2004, the Board created the NJ Clean Energy Program (“NJCEP”)
Protocols: a compendium of engineering equations to calculate energy savings that arise from
EE measures provided by the NJCEP.3

By Order dated June 10, 2020, the Board established the Evaluation, Measurement, and
Verification (“EM&V”) Working Group (“EM&V WG”).# Facilitated by the Statewide Evaluator
(“SWE”), the EM&V WG brings together Staff, the New Jersey Division of Rate Counsel, and the
State’s electric and gas public utilities (“Utilities”) — with support from program evaluation
contractors, implementation contractors, and representatives from the other EE working groups
established by the Board, as appropriate — to develop a standard, transparent, and replicable
approach for evaluating, measuring, and verifying the results of EE and peak demand reduction
(“PDR”) programs implemented pursuant to the CEA.

Following the start of the first three (3)-year cycle of programs established pursuant to the CEA
(“Triennium 17) on July 1, 2021, the EM&V WG renamed the NJCEP Protocols to the “Technical
Reference Manual”. The EM&V WG subsequently created a TRM Committee to revise and
update the TRM on a regular basis, as necessary.

2N.J.S.A. 48:3-49 to -98.

3 In re the Adoption of New Jersey’s Clean Energy Program Protocols to Measure Resource Savings, BPU
Docket No. EO04080894, Order dated December 22, 2004. All revisions of the Protocols and TRMs are
available at: https://njcleanenergy.com/main/public-reports-and-library/market-analysis-protocols/market-
analysis-baseline-studies/market-an.

4 n re the Implementation of P.L. 2018, c. 17 Regarding the Establishment of Energy Efficiency and Peak
Demand Reduction Programs; In re the Clean Energy Act of 2018 — Utility Demographic Analysis; and In
re Electric Public Utilities and Gas Public Utilities Offering Enerqy Efficiency and Conservation Programs,
Investing in Class | Renewable Enerqgy Resources and Offering Class | Renewable Energy Programs in
Their Respective Service Territories on a Requlated Basis Pursuant to N.J.S.A. 48:3-98.1 — Minimum Filing
Requirements, BPU Docket Nos. Q019010040, Q019060748, and Q017091004, Order dated June 10,
2020.
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By Order dated October 12, 2022, and as revised via letter from the Secretary of the Board dated
November 9, 2022, the Board approved Staff's recommendation that the SWE, EM&V WG, and
TRM Committee support the development of a comprehensive update of the TRM, including input
and feedback through a public stakeholder process, for the Board’s consideration ahead of the
commencement of Triennium 2 EE programs.® Additionally, the Board approved Staff's
recommendation to permit the Ultilities to report energy savings resulting from implementation of
the Utilities’ EE programs using the Joint Utility Coordinated Measures List during Triennium 1
with an addendum to address corrections and new measures (“2022 TRM Addendum”). By the
October 2022 Order, the Board directed the Utilities to also report energy savings resulting from
implementation of the Utilities’ EE programs using the 2022 TRM Addendum, beginning with their
annual reports for Program Year 1 and continuing in subsequent quarterly and annual reports
throughout Triennium 1.

By Order dated May 24, 2023, the Board directed each Utility to propose, for Board approval, EE
programs for Triennium 2 on or before October 2, 2023 and addressed certain aspects of the
Triennium 2 framework.® Additionally, by the May 2023 Order, the Board approved the SWE'’s
recommended “New Jersey Energy Efficiency Triennium 2 Evaluation Framework” (“Evaluation
Framework”) that described the roles and responsibilities of the entities participating in the EM&V
of Triennium 2 programs and set forth the activities, products, and processes that guide the
programs’ EM&V. By the Evaluation Framework, the Board clarified the necessity of the TRM
and directed that a triennial TRM be established prior to the start of each Triennium period and
that an annual TRM update be completed in the intervening years.”

5 In re the Implementation of P.L. 2018, c. 17 Regarding the Establishment of Energy Efficiency and Peak
Demand Reduction Programs; In re the Petition of Atlantic City Electric Company for Approval of an Energy
Efficiency Program, Cost Recovery Mechanism and Other Related Relief for Plan Years One Through
Three; In re the Petition of Elizabethtown Gas Company for Approval of New Enerqy Efficiency Programs
and the Associated Cost Recovery Mechanism Pursuant to the Clean Energy Act and the Establishment of
a Conservation Incentive Program; In re the Verified Petition of Jersy Central Power & Light Company for
Approval of JCP&L's Energy Efficiency and Conservation Plan Including Energy Efficiency and Peak
Demand Reduction Programs (JCP&L EEC); In re the Petition of New Jersey Natural Gas Company for
Approval of Enerqgy Efficiency Programs and the Associated Cost Recovery Mechanism Pursuant to the
Clean Energy Act, N.J.S.A. 48:3-87.8 et seq. and 48:3-98.1 et seq.; In re the Petition of Public Service
Electric and Gas Company for Approval of its Clean Enerqy Future — Energy Efficiency (‘CEF-EE”) Program
on a Requlated Basis; In re the Petition of Rockland Electric Company for Approval of its Enerqgy Efficiency
Program and Peak Demand Reduction Programs; and In re the Petition of South Jersey Gas Company for
Approval of New Energy Efficiency Programs and the Associated Cost Recovery Pursuant to the Clean
Energy Act, BPU Docket Nos. Q019010040, EO20090621, GO20090619, EO20090620, GO20090622,
G018101112, E018101113, EO20090623, and GO20090618, Order dated October 12, 2022 (“October
2022 Order”).

5 1n re the Implementation of P.L. 2018, c. 17, the New Jersey Clean Energy Act of 2018, Regarding the
Establishment of Energy Efficiency and Peak Demand Reduction Programs; In re the Implementation of
P.L. 2018, c. 17, the New Jersey Clean Energy Act of 2018, Regarding the Second Triennium of Energy
Efficiency and Peak Demand Reduction Programs; In re Electric Public Utilities and Gas Public Utilities
Offering Energy Efficiency and Conservation Programs, Investing in Class | Renewable Energy Resources
and Offering Class | Renewable Energy Programs in Their Respective Service Territories on a Requlated
Basis, Pursuant to N.J.S.A. 48:3-98.1 and N.J.S.A. 48:3-87.9 - Minimum Filing Requirements, BPU Docket
Nos. Q019010040, Q023030150, and QO17091004, Order dated May 24, 2023 (“May 2023 Order”).

” The “New Jersey Energy Efficiency Triennium 2 Evaluation Framework” is available at
https://www.njcleanenergy.com/main/public-reports-and-library/market-analysis-protocols/market-
analysis-baseline-studies/market-an.
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By Order dated July 26, 2023, the Board approved the additional aspects of the Triennium 2
framework.®

By Order dated October 25, 2023, the Board updated the energy savings targets for the Triennium
2 EE programs and extended the Triennium 1 period through December 31, 2024.° By the
October 2023 Order, the Board also delayed the start of Triennium 2 by six (6) months, from July
1, 2024 to January 1, 2025, and ordered that Triennium 2 would be a thirty (30)-month period
from January 1, 2025 through June 30, 2027.

By Order dated December 18, 2024, the Board replaced the three (3)-year update cycle of the
TRM with an annual update cycle.’® As a result, the Triennium 2 TRM, which was originally
approved to be used throughout Triennium 2, will be replaced by the PY4 TRM for PY4.
Additionally, by the December 2024 Order, the Board ordered that EE program administrators
would be permitted to use either the current Triennial TRM or the draft PY4 TRM until the Board
approved the PY4 TRM because the PY4 TRM would not approved before January 1, 2025.

The PY4 TRM is based on the Triennium 2 TRM with updates derived from a variety of sources
including the SWE, Evaluation Study Team (“EST”"), independent program evaluators (“IPE”), and
members of the TRM Committee.!! Major proposed updates to the PY4 TRM include the
following:

e Revisions to measure- and program-level realization rates, in-service rates, and net-to-
gross ratios obtained from the PY2 program evaluation studies conducted by the IPEs.

e Parameter updates within individual measure sections obtained from PY2 program
evaluation studies and research conducted by the EST, including revisions to residential
cooling equivalent full load hours, residential space heating and water heating end-use
fuel splits, residential clothes washer size and efficiency, boiler capacity associated with
the residential boiler temperature reset control measure, heat pump saturation for
residential smart thermostats, residential recycled refrigerator and freezer characteristics,
hot water temperature difference used in the residential faucet aerator measure, and
doorway area used in the commercial walk-in cooler strip curtain measure.

8 In re the Implementation of P.L. 2018, c. 17, the New Jersey Clean Energy Act of 2018, Regarding the
Establishment of Energy Efficiency and Peak Demand Reduction Programs; In re the Implementation of
P.L. 2018, c. 17, the New Jersey Clean Energy Act of 2018, Regarding the Second Triennium of Energy
Efficiency and Peak Demand Reduction Programs; In re Electric Public Utilities and Gas Public Utilities
Offering Energy Efficiency and Conservation Programs, Investing in Class | Renewable Energy Resources
and Offering Class | Renewable Energy Programs in Their Respective Service Territories on a Requlated
Basis, Pursuant to N.J.S.A. 48:3-98.1 and N.J.S.A. 48:3-87.9 - Minimum Filing Requirements, BPU Docket
Nos. Q019010040, Q023030150, and Q0O17091004, Order dated July 26, 2023.

% 1n re the Implementation of P.L. 2018, c. 17, the New Jersey Clean Energy Act of 2018, Regarding the
Second Triennium_of Energy Efficiency and Peak Demand Reduction Programs, BPU Docket No.
Q023030150, Order dated October 25, 2023 (“October 2023 Order”).

10 In re the Implementation of P.L. 2018, c. 17, the New Jersey Clean Energy Act of 2018, Regarding the
Second Triennium of Energy Efficiency and Peak Demand Reduction Programs, BPU Docket No.
Q023030150, Order dated December 18, 2024 (“December 2024 Order”).

1 In re Energy Efficiency Evaluation Study Team, BPU Docket No. Q022040234, October 12, 2022. The
EST is responsible for conducting evaluation studies under the direction of SWE.
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e Error corrections and clarifications to energy savings calculations and supporting
narrative within individual measure sections, including updates to measure baseline
conditions and dual baseline calculations.

e Addition of new measures such as residential and commercial garden equipment,
combination boilers, switched reluctance motors, gas heat pumps, and electronic fuel use
economizers.

e Expansion of residential and commercial heat pump calculations to include fuel
substitution and partial displacement scenarios.

Staff released the draft PY4 TRM for public comment on December 23, 2024.12
Comments Received and Staff Responses

Comment: The New Jersey Utilities Association (“NJUA”) identified their desire to continue to be
involved in the TRM update process. NJUA noted, “[ijn development of the PY4 TRM, the Utilities
first identified concerns over some of the updated values using Program Year 2 (‘PY?2’) evaluation
results and their inclusion in the TRM. There was no mechanism to incorporate suggested
changes when known inaccuracies were discussed. For future TRM updates, NJUA supports
establishing these prospective values based on multiple sources of information and leveraging
the expertise of the TRM Committee to select the right values with input from all members as
appropriate.”

Response: Staff appreciates the collaboration to continuously improve the TRM and
acknowledges the importance of the SWE to manage the process. Staff agrees that prospective
values should represent the best estimate of savings for the next program year, but notes the
complexity of using prospective values. Staff has a process to determine which values will be
carried forward and plans to follow the process for the PY4 and future updates.

Comment: NJUA recommended that “edits to the final PY4 TRM include default input values for
certain measures to make it possible to calculate savings when certain site-specific information
is not available. Many TRM measures contain multiple input parameters which are site specific.”

Response: Staff agrees and notes that these values were vetted by the TRM Committee, and
incorporated into the TRM for certain measures: Commercial and Industrial (“C&I”) Lighting, C&l
Indoor Horticulture LEDs, C&I Furnaces, Unit Heaters and Boilers, C&l Combination Boilers, C&l
Dishwashers, C&l Pre-Rinse Spray Valves, C&l Air Conditioner, Mini-Split AC and PTAC, C&l
Heat Pump Water Heater Residential Heat Pump Water Heater, Residential Air source Heat
Pumps and Mini-Split Heat Pumps, C&I Air Source Heat Pumps and Mini-Split Heat Pumps, and
Residential Smart Thermostats.

Comment: NJUA recommended “the removal of the language regarding the documentation
required to establish the viability of the existing equipment for residential and C&I custom
measures in sections 2.8.4 and 3.13.4 of the draft TRM.”

Response: Staff disagrees with this recommendation. The current language represents a level
of effort consistent with low rigor guidelines for small savings projects in other states. Staff agrees
that a guidance document is needed to provide guidelines for larger and more complicated

12 Notice of Request for Comments: Adoption of the Program Year 4 Technical Reference Manual for New
Jersey’s Triennium 2 Energy Efficiency Programs, BPU Docket No. Q023030150, December 20, 2024.
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projects, but the current language should remain. Language regarding viability of existing
equipment for residential and C&l custom measures only applies to custom projects.

Comment: Public Service Electric and Gas Company (“PSE&G”) noted, “[ijn addition to the
comments provided through NJUA, PSE&G requests that the net to gross (‘NTG’) values for its
moderate income program, listed in Table 11.12 on page 793 of the draft PY4 TRM, be edited to
reflect the Company’s most recently evaluated Program Year 3 (‘PY3’) results.”

Response: Staff agrees with this request. Given the timing of study results, the PY4 TRM relies
on results from PY2 or combined PY1 and PY2 evaluation studies. This exception is granted
given the extraordinary situation of an eighteen (18)-month long PY3, which has allowed PY3
study results to be available for the PY4 TRM update. In the future, Staff will recommend that
such exceptions not be granted. A typical update cycle assumes a lag between study results and
TRM updates of two (2) years. For example, PY3 study results will be used to inform the PY5
TRM.

Comment: New Jersey Natural Gas Company (“NJNG”) commented, “Marketplace Smart
Thermostats Realization Rates (‘RR’): Since the PY2 evaluation study, NJNG has made
implementation improvements that are anticipated to improve in-service rates. Such
improvements include follow-up emails to customers educating them on other program offerings
which include installing the thermostat. NJNG is also working with our marketplace provider to
identify other opportunities to improve the in-service rates. NJNG proposes to utilize the PY3 RR
of 86% in the 2024 TRM as it reflects some of the impact of these process changes and better
reflects anticipated future performance.”

Response: Staff agrees with this request for the reasons set forth in Staff's response to PSE&G’s
comment above.

Comment: NJNG commented on the Energy Products Heating Ventilation and Air Conditioning
program, noting that “[ijncreases to rebates and changes to ramp-up behavior have been made
to program implementation since the evaluation study, impacting NJNG’s net-to-gross values and
should not be applied to NJING’s PY4 projects. For example, rebates increased at beginning of
PY3 (July 2023). NJNG proposes to utilize 2023 TRM values, rather than PY2 evaluation values.”

Response: Staff agrees with this request for the reasons set forth in Staff's response to PSE&G’s
comment above.

Comment: Sealed, Inc. recommended “that the BPU build on the existing TRM language by
providing additional clarity regarding the specific types of measures and programs to which open
source software such [as] OpenEEMeter can apply.”

Response: Staff notes that use of an International Performance Measurement and Verification
Protocol (“IPMVP”) Option C pre/post billing analysis, such as OpenEEMeter, is limited to custom
programs.'® All other programs must use the methods described in the TRM. Within custom
programs, IPMVP Option C is one (1) of several methods that can be used to estimate savings.
The choice of methods is project-specific and up to the judgment of the program implementation
staff assigned to the project.

B IPMVP provides a framework to 1) verify a project has the potential to perform and save energy, and 2)
guantify site-level energy and cost impacts from a targeted project.

6
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Comment: Sealed, Inc. proposed to change language on p. 262 and 705 of the TRM from “Open
source software products compliant with IPMVP Option C or American Society of Heating,
Refrigerating and Air-Conditioning Engineers (“ASHRAE”) Guideline 14 such as OpenEEMeter
are acceptable methods to evaluate energy savings under conditions where the energy
consumption data can be fit to outdoor temperature or degree-day data” to “Open source software
products compliant with IPMVP Option C or ASHRAE Guidelines 14 such as OpenEEMeter can
be used as an energy savings calculation method for all energy efficiency and electrification
measures and pay-for-performance programs.”

Response: Staff respectfully disagrees with this proposed change. In certain scenarios, Option
C pre/post billing analysis is not the most appropriate method to calculate savings.

Comment: Rockland Electric Company (“RECQO”) identified the following errors in the TRM:

e Section 12 - Appendix I: RRs (page 808): “RECO Energy Efficient Products Appliance
Markdown — All Measure” RRs were incorrectly identified as 81% kWh and 88% kW.
These should be corrected to 93% kWh and 101% kW as per the filed RECO PY2
Evaluation Study.

e Section 12 - Appendix I: RRs (page 809): “RECO Energy Efficient Products Marketplace
— Smart Thermostat” RR is missing. This should be included as a 113% kWh RR as per
the filed RECO PY2 Evaluation Study.

e Section 13 - Appendix J: In-Service Rates (page 814): “RECO EE Products Online
Marketplace — Smart Thermostat” in-service rate is missing. This should be included as
a 98% in-service rate as per the filed RECO PY2 Evaluation Study.

Response: Staff agrees with the proposed corrections and updated these sections in the final
PY4 TRM. RRs excluding in-service rates (“ISR”) were verified in the final study report for the
first two (2) errors. For the third error, Staff verified the ISR of 98% in Table 3-13 of Final Report
dated July 2024.

Comment: Jersey Central Power & Light Company (“JCP&L”) commented regarding deferring
updates from PY4 TRM to the Program Year 5 TRM. JCP&L highlighted three (3) areas:

e Realization rates for the Small Business Direct Install (“SBDI”) Program were based on an
older energy assessment tool, which will be replaced in PY4 by a Joint Utility model, and
therefore JCP&L recommended using default values instead of PY2 study results.

o Realization rates for Hours of Use and NTG were derived from studies with insufficient
sample size. “[l]n lieu of applying set RRs and applying parameter updates to those RRs,
it would be more appropriate to rely on parameter updates to the TRM formula.”

e “Use of the SBDI PY2 RRs and NTG Ratios Would Unduly Harm JCP&L'’s Ability to Meet
the QPIS”

Response: Staff agrees with JCP&L’s comment and will adjust the TRM to use default values
for the RR for the SBDI program and to retain the prior RR values for Hours of Use and NTG.
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Comment: LF Energy advocated for OpenEEMeter (now called OpenDSM).** LF Energy noted
that they “encourage the NJBPU to expand the TRM language to clarify where open-source tools
like OpenEEMeter can be applied. Specifically, OpenEEMeter should be explicitly identified as
an approved method for calculating energy savings across all measures and as a tool for
determining incentive payments under pay-for-performance programs. This would ensure
transparency and consistency in program evaluations and incentivization.” LFEnergy added,
“Since OpenEEMeter is non-proprietary, the NJBPU can mandate that utilities in New Jersey
adopt it by reference in all of the solicitations they release, requiring bidders to demonstrate how
their solutions incorporate its methods and code base.”

Response: Staff notes that the use of an IPMVP Option C pre/post billing analysis tool, such as
OpenEEMeter, is limited to custom programs. All other programs must use the methods
described in the TRM. Within custom programs, IPMVP Option C is one (1) of several methods
that can be used to estimate savings. The choice of methods is project-specific and up to the
judgment of the program implementation staff assigned to the project. Staff disagrees with a
mandate to adopt OpenEEMeter because there are situations where an Option C pre/post billing
analysis is not the most appropriate method to calculate savings.

STAFF’S RECOMMENDATIONS

Following consideration of public comments, Staff recommends the Board approve the draft PY4
TRM with the following revisions:

e Section 12 - Appendix I: RRs, at page 808: In the section titled “RECO Energy Efficient
Products Appliance Markdown — All Measure,” updating the RRs from 81% kWh and 88%
kW to 93% kWh and 101% kW in accordance with RECQO’s PY2 Evaluation Study.

e Section 12 - Appendix I: RRs, at page 809: In the section titled “RECO Energy Efficient
Products Marketplace — Smart Thermostat,” inserting the RR value of 113% kWh in
accordance with RECO’s PY2 Evaluation Study.

e Section 13 - Appendix J: In-Service Rates, at page 814: In the section titled “RECO EE
Products Online Marketplace — Smart Thermostat” inserting the in-service rate value of
98% in-service rate in accordance with RECO’s PY2 Evaluation Study.

DISCUSSION AND FINDINGS

Following review of the record in this matter, including the PY4 TRM, revisions thereto, and all
comments, the Board HEREBY FINDS that the process to revise the PY4 TRM provided
stakeholders with adequate opportunity to comment and was therefore appropriate. The Board
FURTHER FINDS that the proposed changes to the PY4 TRM are reasonable and will ensure
the most reliable energy savings calculations will be put in place for PY4.

The Board HEREBY ADOPTS Staff recommended revisions to the draft PY4 TRM as follows:

e Section 12 - Appendix I: RRs, at page 808: In the section titled “RECO Energy Efficient
Products Appliance Markdown — All Measure,” updating the RRs from 81% kWh and 88%
kW to 93% kWh and 101% kW in accordance with RECO’s PY2 Evaluation Study.

14 OpenDSM is “an open-source library used to measure the impacts of demand-side programs by using
historical data to fit models and then create predictions (counterfactuals) to compare to post-intervention,
observed energy usage.” https://Ifenergy.org/projects/opendsm/
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e Section 12 - Appendix I: RRs, at page 809: In the section titled “RECO Energy Efficient
Products Marketplace — Smart Thermostat,” inserting the RR value of 113% kWh in
accordance with RECO'’s PY2 Evaluation Study.

e Section 13 - Appendix J: In-Service Rates, at page 814: In the section titled “RECO EE
Products Online Marketplace — Smart Thermostat” inserting the in-service rate value of
98% in-service rate in accordance with RECO’s PY2 Evaluation Study.

The Board HEREBY APPROVES the PY4 TRM with these changes and HEREBY DIRECTS that
PY4 TRM be used to calculate deemed energy savings for the duration of PY4 of Triennium 2.

This Order shall be effective on March 26, 2025.

DATED: March 19, 2025 BOARD OF PUBLIC UTILITIES
BY:

CHRISTINE GUHL-SADOVY

/DR‘ZEWC_)N CHRISTODOULOU MARIAN ABDOU
—~"  COMMISSIONER COMMISSIONER

Wt 0 Do

MICHAEL BANGE
COMMISSIONER

ATTEST:

RI L. LEWI s
BOARD SECRETARY
| HEREBY CERTIFY that the within

document is a true copy of the original
in the files of the Board of Public Utltitles.

BPU DOCKET NO. Q023030150



Agenda Date: 3/19/25
Agenda ltem: 8G

IN THE MATTER OF THE IMPLEMENTATION OF P.L. 2018, C. 17, THE NEW JERSEY CLEAN ENERGY ACT OF
2018, REGARDING THE SECOND TRIENNIUM OF ENERGY EFFICIENCY AND PEAK DEMAND REDUCTION

PROGRAMS

DOCKET NO. Q023030150

New Jersey Division of Rate Counsel
140 East Front Street, 4 Floor
Trenton, NJ 08625-0003

Brian O. Lipman, Esq., Director
blipman@rpa.nj.gov

Maura Caroselli, Esq., Managing Attorney
mcaroselli@rpa.nj.gov

Mamie Purnell, Esq., Deputy Rate Counsel
mpurnell@rpa.nj.gov

New Jersey Board of Public Utilities

44 South Clinton Avenue, 15t Floor
P.O. Box 350
Trenton, NJ 08625-0350

Sherri L. Lewis, Secretary
board.secretary@bpu.nj.gov

Bob Brabston, Esq., Executive Director
robert.brabston@bpu.nj.gov

Stacy Peterson, Deputy Executive Director
stacy.peterson@bpu.nj.gov

Taryn Boland, Chief of Staff
taryn.boland@bpu.nj.gov

Henry Gajda, Chief of External Affairs
henry.gajda@bpu.nj.gov

General Counsel’s Office

Colin Emerle, Deputy General Counsel
colin.emerle@bpu.nj.gov

Elspeth Faiman Hans, Deputy General Counsel
elspeth.hans@bpu.nj.gov

Michael Hunter, Regulatory Officer
michael.hunter@bpu.nj.gov

Office of the Economist

Benjamin Witherell, Ph.D., Chief Economist
benjamin.witherell@bpu.nj.gov

SERVICE LIST

NJBPU, cont’d.

Division of Clean Energy

Veronique Oomen, Director
veronigue.oomen@bpu.nj.gov

Stacy Ho Richardson, Deputy Director
stacy.richardson@bpu.nj.gov

Kevin Monte de Ramos, Bureau Chief, Energy
Efficiency and Building Decarbonization
kevin.montederamos@bpu.nj.gov

Jusleen Basra
jusleen.basra@bpu.nj.gov

Philip Chao
philip.chao@bpu.nj.gov

Alexis Trautman
alexis.trautman@bpu.nj.gov

Atlantic City Electric Company

Clark M. Stalker, Esq., Associate General Counsel
Mailstop 92DC42

500 North Wakefield Drive

P.O. Box 6066

Newark, DE 19702-6066
clark.stalker@exeloncorp.com

Butler Power and Light Company

Robert H. Oostdyk, Jr., Esq.
Murphy McKeon P.C.

51 Route 23 South

P.O. Box 70

Riverdale, NJ 07456
admin@butlerborough.com

BPU DOCKET NO. Q023030150


mailto:sbrand@rpa.nj.gov
mailto:mcaroselli@rpa.nj.gov
mailto:mpurnell@rpa.nj.gov
mailto:board.secretary@bpu.nj.gov
mailto:robert.brabston@bpu.nj.gov
mailto:stacy.peterson@bpu.nj.gov
mailto:taryn.boland@bpu.nj.gov
mailto:henry.gajda@bpu.nj.gov
mailto:colin.emerle@bpu.nj.gov
mailto:elspeth.hans@bpu.nj.gov
mailto:Michael.hunter@bpu.nj.gov
mailto:benjamin.witherell@bpu.nj.gov
mailto:veronique.oomen@bpu.nj.gov
mailto:stacy.richardson@bpu.nj.gov
mailto:kevin.montederamos@bpu.nj.gov
mailto:jusleen.basra@bpu.nj.gov
mailto:philip.chao@bpu.nj.gov
mailto:alexis.trautman@bpu.nj.gov
mailto:admin@butlerborough.com

Agenda Date: 3/19/25
Agenda ltem: 8G

Jersey Central Power & Light Company

Michael Martelo, Esq., Attorney
300 Madison Avenue

P.O. Box 1911

Morristown, NJ 07962-1911
mmartelo@firstenergycorp.com

New Jersey Natural Gas Company

Andrew K. Dembia, Esq., Regulatory Affairs Counsel
1415 Wyckoff Road

P.O. Box 1464

Wall, New Jersey 07719

adembia@njng.com

Public Service Electric and Gas Company

Stacey M. Mickles, Associate Counsel — Regulatory
Law Department

PSEG Services Corporation

80 Park Plaza — T10

Newark, New Jersey 07102-4194
stacey.mickles@pseg.com

Rockland Electric Company

Margaret Comes, Esq., Associate Counsel
4 Irving Place

New York, New York 10003
comesm@coned.com

Elizabethtown Gas Company and South Jersey Gas
Company

Sheree Kelly, Esq., Regulatory Affairs Counsel
South Jersey Industries

520 Green Lane

Union, NJ 07083

skelly@sjindustries.com

11
BPU DOCKET NO. Q023030150


mailto:mmartelo@firstenergycorp.com
mailto:adembia@njng.com
mailto:stacey.mickles@pseg.com
mailto:comesm@coned.com
mailto:skelly@sjindustries.com

Is - v . ‘
New Jersey’s

cleanenergy

program™

New Jersey 2024 Annual Technical
Reference Manual

New Jersey Board of Utilities

New Jersey’s Clean Energy Program™

2/19/2025




Table of Contents

1

INTRODUGCTION ..cceiittteieiiteteieitteeeiatreteseeresssbeeesessteseseustesesabesesesssesesasssaessabesesaassesesanssassssetessnssasesnnssesssasssesensesesnnssesesassans 9
1.1 PURPOSE ...ttt ekt etk bbbkttt h ekt et h ket h ke E 4Rkt H e h bbbttt bttt 9
1.2 TRIM ORGANIZATION ...ttt etttk et s ekt et e ekttt ootk e bt 4otk et H bkt e bt e bt e bt bt e bt e bt bt e bt bt nb e e bt et et e ettt e s 9
13 TYPES OF CALCULATIONS ...ttt et ettt et ettt ettt et et h ekttt 44ttt et h ekt e bt 44t e ket e b e bt ekt bt eb ekt e bt eb e nbt e bt ebe e st e nbe et 10
1.4 AALGORITHIVIS .ottt ettt s et s e st e 481t e 82824228 £ €424 E e R £ 424 E e E e A eeE e At et e R e R e st e R e Rtk nen ettt 11
1.5 BUILDING ENERGY SIMULATIONS ..t etteettetesctatetesceeteseseseeseseseneaeates st e eseses e aees e st ee et es et eeeees et eeeses et e et ene et asase e s enene e e s 11
1.6 IMIEASURE INTERACTIVE SAVINGS .. vetteettetescetatetescee e et eee et aeetes st e et es e st e e s e st ee et e st eeeEes et e e e b e s et b et e ne et enete et enene e e s 11
1.7 DATA AND INPUT VALUES ¢ttt ettt ettt ettt sttt ettt s et eh st 4 o4 s e s s s s s b st e b s st sk s s e b b e b ese et s st en s e s 11
1.8 BASELINE ESTIMATES ...vvettetetetettt ettt ettt ettt ettt s et s s st b st h b s b s e s s b e s st b s b s e b s es et s st s e 12
1.9 PEAK SAVINGS ...ttt vttt ettt ettt ettt st ettt s et et e st s s s et e s e s s e st e 4 e s s s s e s st e s s st b s s et s ettt s ettt et 13

1.9.1  Electric CoiNCIAeNnt PEAK DEMANG ...........ccoeceeeeeeerieserienieeeste sttt ettt se st be st s se st sas b se e s e e s ne s 13

1.9.2  PeQK DAY NGEUIAI GAS.....c.eeeneieeeieeeiieeieeee ettt ettt ettt et e st e st e s st e est e bt et e st e teamteeabeeabeemeneaeas 14
1.10  OTHER RESOURCES ...ctttetittetiatateteseaceeeteseseaeaseseseasaseses e es et es e eeese s e esee e s £t ee e e e s et e e e e e At e e e R e s £t e e e b e s et b e s e s et et e e ese st b enete et enenes e 14
1.11  PROSPECTIVE APPLICATION OF THE TRIM . .iiuiititttieiititetee ettt ettt e e sttt ettt e et e ettt n e 14
I A V17 T 0y 1SS 14
1.13 IMIEASURE LIVES 1ottt ettt ettt ettt s st s s 44 b a4 4o s et b s s et s s s et b e b st b s s bbb st s et 14

RESIDENTIAL ...ttt ettt st et er e e see e sttt s e b st e s e e e e se e e b e s bt e bt e s e e e s e se e eb e s bt e bt s e e e s s e seeeb e s st e s e e e e e eateseneresaeenesanens 16
2.1 AAPPLIANCES ..ttt ettt etttk et e ek k et e h ke stk ek ek ke R ke E et E Rt etk ekt bttt h et et e e e 16

D I R 61 o1 ¢ Y=L 3N K - o SRS 16

D O 6 o) 1 11X 3 D V- SR 23

2.1.3 DISAWGSREE ...ttt s e st at e ettt h e R st e s e s te st sheesreenRe e et e et e e nenenenenre e 27

2.1.4  INAUCEION RANGE/COOKEOD .....cvveeveveeeveeieevecrrectieereeisesisessesieesssesssssssssssesssebssabssbesabesasasasessaesesessessssasssasasssabenntenes 31

D DS - i 1o =T [ o] £ 34

D I o - - PRSPPI 41

D B Ao - g e To ) - SRRSO 47

D B V1l o ) - SRS 50

B B D -1 1 TV 1 o ] =T S 55

2.1.10  ROOM AIlr CONAIEIONEN.......c...eeieeeeeeeieeieeeeeee ettt sttt sat ettt ettt e et et e e te e sseatssaessmeessesasesasesasesananseaseans 59
2.2 APPLIANCE RECYCLING ...ttt et 2 2 H e b e H et b bt E bbbt bbbt n ettt e et 63

2.2.1  Refrigerator & FreEZEI RECYCHING ..........ueeeueeeeeeeeeeeiieieeectieeescetasesetesetteeesstsesesastseassstsaasstseaesastasassssenesastseaenans 63

2.2.2  ROOM AC UNIE RECYCHING....oeecreverirererieirirererivasisisesteesisesesseesasesansessasesensessasesanseesasasansessansesesessnnsesessssnsenesesssnsenaresen 67

BB N D -1 1V o [} =T gl =0y 1 e S 70
2.3 L Y G USROS 73

2.3.1  Air Source Heat Pumps and Mini-Split HEAL PUIMIPS ..........cccuvevvirieresieiriseereseessssesesesssssesesesssssesesesssssesesesssssenesenen 73



2.3.2  Central Air Conditioner, Mini-SPpIit AC QNG PTAC .........cocvviiveriiriiieescresssisesesesssssesesesssssesesesesssesesessnssesesesssssenerenes 85

2.3.3  Water Source Heat Pump (Groundwater Gnd Ground LOOD) ...........c.oevueeveeeeciercerieriesieeseesesssssssssesssesssesssenas 89
2.3.4  Gas Forced Air Gnd HYAroniC HEALING ...........ccc..eureeeieeeeeetieeesieieeeieeeeettaeessteeassastseessistseasstsesesastasassasenessstseaenans 99
2.3.5  High Efficiency BAthroom EXRQUSE FOI ...............ueeeeceeeeeeiieeesceieeesiteeeeeiaseeesetssasesstsesesistssesstseseasstsesessstssessssensn 103
3 S = O |V [ (o AU OO PUTPURPPUI 106
2.3.7 Duct Sealing and DUCE INSUIGLION ................ueeeeeereeeeieieeeiieeesctteeesteeeeeitveeessbtsaasstseeesistseesstseaeasstaeaesstasassseasan 111
2.3.8  Heat Or ENergy RECOVEIY VENLIQLON ........ccc.veeveeeetveeieesetereieeseresesseesereseiseesesesassseseresesssesatesesssesasesesssesasessnssenanes 117
D B Y [ 1 =] ¢ To | o -2 PP 124
2.3.00  BOIlEF CONLIOIS ...ttt sttt sttt st e st ettt et st s b et e b st et s s st s b e s eeebesenenesnenenanenes 130
2.3.00 FIlLOE WHRUSEIE. ...ttt sttt sttt st s b e st e bt e s s e st s b e senebe s e enesnenenanenes 133
2.3.12  CIIING FAN ..ottt ettt e at ettt ht ekttt e ket te ke eat e bt e bt et e ekt e ke e ke e be e teeateeates 136
2.3.13  SMQAIE TREIMOSEAL ..ottt ettt ettt ettt et e et e bt et e et e st e satesatesst e bt s b e s as e teateeabeaateeaeesates 141
2.4 [T N PRSP UPPUPRPRRTI 147
D N o T T Lo T 1o 4 L [ -2 J SR 147
PR SN 0 [oal) | o 1o [ 1oy VAN Y -3 1 XY ] GH PR 157
2.5 PLUG LOAD ettt ettt et e e e+ ettt e 4kttt a4kttt a4kttt a4 aE bt e e ek bt e e oA R bt e e e b bt e e e R bt e e e Rhe e e e R bt e e e en bt e e e enbr e e e anbeeeeantneeas 162
2.5.1  OffiCE EQUIPIMENT c...veeeeeeiveereesteesissesstvessseesstsessseesssessstesstssasseestssasseesstssasseesstesasseesstesesseesstesasseesaressnsnenanes 162
2.5.2  TEIOVISIONS ...ttt et etttk h etk e et et eat e st e bt et e ekt e ke e be e beeteeateeates 165
2.5.3  SMAITESEEID cciviiiiiiiiieiie sttt sttt ettt b et et e et e st abe et rate s 169
D Yo T | o | o T SRS 172
BTN = [-Tot 1 (ol V=1 1 1ol [ 1 Lo [ o 1= 3SR 175
2.5.6 Hedge Trimmers, Leaf Blower, Push Lawnmowers, Chainsaws And SNOW BIOWET ..............cccceverveevveerirenesnerares 178
2.5.7  EIECLIIC RidING LAWN MOWEL .........eeeeeeeeeeeeeeeeeeeeteeeetteeesete e et iteeasesste e e sastseessseasasstseasansaasestaaasanstseesansaasesanenanan 182
2.6 ) 1 PO PROUPPTPR 185
2.6.1  Residential/Low-rise MUltifamily Air SEQIING...........c.cccevoeeeeeeieeeeeeeee ettt ne e e 185
D I A [T | o (o T T U S 190
2.6.3  WINAOW INSUIGEION ..ottt ettt et et e et e e aee s meeemeeameeee et e eneaeseanseeseesneneeanees 196
2.7 WVATER HEATING. ...ttt ettt ettt ettt etttk et h ekt e ekt b et h ekt e e ek bkt e st e et e bt e b e et e st e e n et 200
2.7.1  HEAL PUMPD WALEET HEGLET .....eeeeeeeeeeeeeeteeeeeseieiet e et ettt tetat e e e s et tata et e e e s et s s e ta e e e e s et tetaeaeaaessaststseneaasseaastnenens 200
2.7.2  INAIFECE WALET HEGLEN ...ttt ettt ettt e te s e st e sae e ase e st s st as e ts e ts e e eateeaeesmees 207
DIV TR o) (o [o T30 V0 L (=] gl o =10 | {=] (OO SRR 211
2.7.4  TANKIESS WALET HEALEN .........ooneerereeereceerrceie sttt s e sttt et et bt et n e sne s 215
2.7.5  COMDBINGLION BOIIET ..ottt e s ettt bt et esn e e sne s 220
2.7.6  WAter HEALING SELDACK...........eeeerereriveecrerereeeireresteseses e ttassses e teesasesenteasasesanteasaseranteasaneesaseseneesasessnneesaseesnneenaren 225
2.7.7  Faucet Aerators GNd SHOWEIREAUS ............cccoueeervererceeiseee sttt st ettt 229
2.7.8  TRErmostatiC SNOWEIREQAUS .............c..oooueeueeeeeieiie ettt et st s st e st e st s st este e te e s e teeaeeaneas 235



B A R o 0T XYV ] o [ [« IS 240

B A L oo T T oV XS 247
2.8 WHOLE BUILDING .t tteteateteies et ettt ettt et e 2 s 40828t e a0t e e R et e e e Rt e b e b sttt et er et eb et enenenens 251
2 N -T2 1o 1Y/ o] o | @1 o [ Lo T3 S TR 251
2.8.2 Home Performance With ENergy SEAr (HPWES) .......ccueccveeiueeiireieiereiiieieiseesisesesssesiseeesssestssessessstsssssessstsssssessnses 254
R 2 B[4V @ T 1 1 ) Lot 1 [ I PR 256
D S GV 1 o PP 261
COMMERCIAL & INDUSTRIAL ...ttt sttt et seee st r st et s e st se e e b st ese s e e e se e b e saeeb e et e e s e neebeseeerenmeeneeane 265
31 AAGRICULTURE .1ttt ettt ettt 4282 e 4048212204 H 20 e o242 e 8 e At ee e R e s £t Ao e R e A et e e e R e st et e e e b er et et et et eeete et anenes 265
(I O V7 [ (o Y, ]| =1 g e | = ) PR 265
I BV N 0 1o 1]V 7 11 T2 Y = 3 T PP 268
3.1.3  DQiry REffigQeratioN TUNE UD .......eeeevveeireeeiveeirreeiteeeiseesitessiseesstsssiseesssssesssesssesssssesstesssssesstesessessssssssseesasssssseesanes 272
3.1.4  DQIrY SCIOH COMPIESSOL ....cc.vvveeereeeiveeireeerivesiseesiteesistesstesssstestssssseesstssasseesstssasseesstssssseesstesesseesssssesseesresessesranes 275
3,15 LIVESEOCK WALEIEN ...ttt sttt sttt st st bt et st st st e saeebe st e s s nenennenen 279
3.1.6  LOW PreSSUIE IFTIGALION .........vceivimiiiiiiiiiiiiiiiei sttt sttt st st sbe s st e s te s s sesbe s s sabanesas 282
3.1.7  VENLIHGHION FANS ..ottt ettt et ettt ettt et et e e e be st e satesatesst e bt s b asab e teambeeabneateemeesates 286
3.1.8  HEGAE RECIGIMEIS. ...ttt ettt ettt ettt e e st e st esat e e st e st st e s ab e teateaabnemteeaeesates 291
3.1.9  ENQGiNE BIOCK HEALEE THMEN ...ttt ettt ettt et esat et st e st e beateeabeeteeaeeamees 296
I B LB o [ Tox g Tol =T | =1 (o1 S 299
3.1.11  EIECLriC RidiNG LAWN MOWEL .........eeeeeeeeeeeeeieeeceeeeeesteeeseateeesiteeasassteeesestssessseasanstesesasstasesaseeasanstesesansannessenasan 302
3.1.12 Hedge Trimmers, Push Lawnmowers, QN CAGINSAWS ...............oeeeceeeereieieeesiieiesesiteeesesessesisseesesstesesesssesesssseesan 305
3.2 AAPPLIANCES ..ttt ettt ettt ettt et h ekt et b ekttt s ek b e H stk E Rt Rt R e Rtk k et h Rt et h bt h e n et n ettt 309
G R 61 oY1 ¢ Y=L 3N K - SR 309
G 61 (oY1 1 Y=L 3 D - SRS 315
3.2.3  Clothes Dryer MOAUIGEING VIV ...........c.ooee ettt ettt et e e e et e s a st beesaeeeeaaees 319
B I S 1 o T=1 g [ o] £ S 322
I o -1 7 (- 3 U 327
B I N D -1 o 1V 11 ] =1 S 332
3.2.7  ROOM AIl CONGIEIONEN ..ottt ettt ettt ettt te e te st esae e smeeast e st s s e st e bs e tneatneateemsesmees 336
3.2.8  WALEE COOIEE ...ttt ettt et sttt n e st b e s et eh st et enenesne e 340
3.3 APPLIANCE RECYCLING ..ottt ettt ettt ettt ettt ekttt ekttt etk ekttt e bt ekt e bt e et ekttt eh ekt et esb et e bt et nte e 343
3.3.1  Refrigerator & FreEZEr RECYCHING .........cvvevevereeereiverireresieiriseseeesisereteesaseseasessnneesasessnseesasesenseesasessnneesasessnneennes 343
CHC A (ool I YOU U [ T =Y ol |4 o O PR 346
I HC BN -1 o 1014 (o [ =l 2 {=To) ! 1 o I PR 349
34 FOODSERVICE .tttk ettt 4kt H k48444 E 10 Eeh e H Rt h stttk ettt 352
3.4.1 0vens, Fryer, StEAMEI & GIritAI................eeeeeeeeeeeeeeie et e sete e ettt e eee e e et bts e e s sta e e esastaeesstsenesastseaesastneesssenaan 352



I B (o) (o 1o T 00| o L= <3S 362
3.4.3  DUSAWGASREIS......c.eeeeeeeeeeeeeteeeteet sttt sttt sttt ettt st e b sttt e Rt h et n e st R e et eh e s e e sne e s renes 366
384 CE MACRINES. ...ttt et et ettt ae e bt e b s e s teeatesae e ere e er e e st e st ab e te et e e e te et enees 372
3.5 [ Y PP PP PRSPPI 377
3.5.1  Air Conditioner, Mini-Split AC, QN PTAC ...........uuueeeeeeeeeeeeescttteee sttt e e etteeesttttaeesbaeeesastaaesstseaeasstaeaessstaeesassensan 377
3.5.2  Air Source Heat Pumps and Mini-SpIit HEAL PUMIPS ............cceccueeeeeccieieeeiieeesiirieaesteeeesistseesstsesesstsesesistssassssensan 382
3.5.3  Geothermal and Water SOUICE HEAL PUMPS ........c..cccvvererereivererereieesereseiseeseresesseesesesesssesaresesssesesssesseesasesesseesanes 394
NI B C 1o Ll o =o L ol ¢ oK PP 403
R BRI [0 0T ¢ =10 [ o =1 | =1 (S 408
3.5.6  FUINACES, UNit HEALEIS QNG BOIIBIS..........cccooveeeeeeeeeieereerirreresessresiserereressressssesesesssesssesesesesssesessresesesssssessereseses 412
3.5.7  BOUEI CONTIOIS ...ttt ettt ettt ettt s e satesat e e st e st st e s it e beateeabneatnemeeaates 417
3.5.8  BOUOI ECONMOMUZEN ...ttt et ettt ettt et e e st e st sat e e st e bt st e e st e be e beaabeeatnemeeaates 420
3.5.9  GAS CRUIEIS ...ttt et ettt ettt et et eat e bt ab e et et e ke e be e e eteeateeates 424
35,10 EIBCLIIC CRUMEIS.....c.eeeeeeeeeeeeeeeeeete ettt sttt ettt sttt sa b st bt et s s st st e saeebe s e enesnenennenes 427
3.5.11  MGKE-UP AQl UNHE ettt sttt sttt ettt s e sa et st bt st et s s e st st e saeebe s e enesnenenanenes 431
3.5.12 Heat Or ENergy RECOVEIY VENLIQLOL ........cccuveeeeeeriveeieesieeieiseesiteesiseesisessiseesstssasseessesssseestesesseesssssesssesaressnsnesanes 439
3.5.13 Demand CONtrolled VENTIIATION ............coeeceereeeereeeeeeieseeee sttt sttt st bt ne e 447
3.5.14 Demand Controlled Kitchen VENLIGLION ..............ccc.oovieiieiieeietieeee ettt ettt e 453
3.5.15  DESLIALIfICALION QM ...ttt ettt ettt ettt e et e st esat e st e s st e bt st e e it e beateeabeetnemeeaaees 457
3.5.16 Duct Sealing and DUCE INSUIGEION ............ooeeeeeeeeeeee ettt ettt e ee e e ae et e e e saeeeeaaees 462
I T A =l O 1V [ o 3 TR 466
3.5.18 ECONOMUZET CONLIOIS ...ttt sttt ettt s e s s e sae e sse e et e s ne s ne st e nasenanenonenones 470
3.5.19  Electronic FUEI-USE ECONOMUZEN ..........ccccouueeeeeeeeeeeiiese ettt ste st st satesan e s e s ne s ne s s e s e sanesanesanes 473
3.5.20 GUESE ROOIN EMS ...ttt sttt e e e e s et et s et b s enen e nob s 476
I Y o o[ Al B =T g Lo o 3 SR 480
3.5.22  Steam Trap REPQITSREPIACE .........oeeeeeeeeeeeee ettt ettt ettt eat e st e e e aess e teameeae e e enceasensensnans 485
I RCZIC B LY o] 11 (=14 T ] Lol TSP PPPPPRRI 489
CRCWZ: B Yo (Vo T Tol-to [ oo To) e o Ole g L1 'o) 3RS 494
3.6 SHELL ettt ettt et h Lokttt h e E ekt H et R bt ekt h e bt h et be e bbb 502
3.6.1  High-Rise MUItIfQMIlY Al SEQIING..........coceeeeeeeeeeeeeeee et e scte e e ettt e e ete e e et bts e e s sta e e esastseesstseseaastseaesastneesssenean 502
3.7 LIGHTING .tttk ettt 2 e H R €24 E R4 £ 8444 E e h e e EeE et R Rt E Rt R ettt 505
I A B B [+ 1 a Lo I o =X S 505
I A0 B B [+ 14 a1l 0o Ty 11 e ] 3 S 518
A0 S D1 [0 .1 ][ o 524
GO T o) ([ A [ ¢ K3 PSPPSR 528
I AT N 10 B[ [ W 0] o1 a1 ¢ Lo PSR 531



A XN (1T (oY Tl Lo Y a1 otV [ 00 =2 X = O 536

3.8 IMIOTORS AND DIRIVES ...ttt ettt ettt etttk k ettt ekttt ekttt e h bbbt e bbbttt eb bbbttt ettt e s 540
I 20 B Vo £ PR 540
3.8.2  SWitChed REIUCLANCE MOLOTS ......cc..eoeeeieieeeeeeeee ettt ettt ssee st as st e s ests e be e e eteeaeesaees 548
I 2 BV o 5 SO PO PURP TR 551
3.8.4  EIeVALOr MOGEINUZALION .......c..eoeueeeeaeeeiieieeieee ettt ettt ettt e st e s st e sse e st e st s s e s s e ts e te e e eateeaeesmeas 554

3.9 PLUG LOAD <.ttt ettt ekt ekt E etttk h e h ke bbbt bbbttt 559
3.9.1  NetWork POWET MANAGEMENL...........oeceveeevveeiresetvreieerereresseesetesesseeseresesseesaresesssesesessssseratesessserasesssssesasesesseesares 559
3.9.2  OffiCE EQUIPIMENL c...eveeeeeeteeereestveeirsestveeiseestssesssesssseesseesateseseestesesseesteseseestesesseeratesesseeratesesseerasessnseennes 562
B2 I B ¢ [ [ A Y 7 ¢ | < T PP 566
3.9.4  Uninterruptible POWEE SUDPIY .........cooeeoieeieiieiieie ettt ettt sttt st et a i et e e eteemee e 569
3.9.5 Refrigerated Beverage Vending MACRINE .............c.coouovieniriieiietiieee ettt sttt ettt eee e 573
3.9.6  Vending MACRINE CONLIOIS..........c.ccovueieieiieiieiie ettt ettt ettt st et aste e beebeeteeaeeaaees 576
R A 5 (- Tox (4 Tolk VL= 1o (=3 O o T 1= S 579

310 REFRIGERATION. c..ettetitttetetestet ettt ettt ettt eses et s et e st et eses e et e s e s e s e stk e s e s e s st b e s e s e b e s e s e s et et es e s et eh e b s e st es s s b es s et es s s s enenis 581
3.10.1 Energy Efficient Glass Doors on Vertical Open Refrigerated CASES ...........cvcvveevvereiveeireerirereseesirereseessresesseesnes 581
3.10.2  DOOK ClOSEN ..ottt sttt ste ettt st et s et se et sse st st s st e e st e sa e b e s at e b e st et st e st st e saeebe s st enesnenesasenes 585
3.10.3  DOOT GASKELS ..ottt ettt ettt ettt et e et ettt et e te et e st e e abesateeatesateest e st s b es et e teanbeeabneteenteaates 588
3,104 NIGAE COVEIS ..ottt ettt at ettt e it h ek s e e teeateeateeateast e st s b esas e tsamteeabnemteemeesates 591
3.10.5  SEUD CUIEQINS ..ottt e st e et e s st e e et e et e e s sn et e s e s et e s mne e e s neeeeenne e e nenmneeesrenesen 595
3.10.6  Anti-SWEQAL HEATL CONEIOI .........cooueeeeaeeeeieeeeeeee sttt s sae et ne s s st s e sanesanesanes 599
3.10.7  DESTOSt CONTIOIS......oveevveecreesivesireesstvesieesstresiseesstsessseestseaseesatesasseesatesasseesstesasseesstesesseesstessnseesstsssnsessarsesnseesanes 602
I L B N 10 s LY ¥ (o 111 o S 605
3.10.9 Refrigerated Case Light OCCUDPANCY SENSOIS .......cveecverirveeieesireeeiseesiteresseesstesasseesstssssseesstesesseesstsssssessatessssessanes 608
3.10.10 EVAPOIrATOr FAN EC MOTOK ......cooeeeeeeceeee ettt st a st smae e s sne e e s e ne e e s nmne e s sneneean 611
3.10.11 Evaporator FAN CONTIOMEN ............ccooeeeeeeeeeeeeee ettt st et e ettt et e e aeesae et e et e e teeeeaaeas 615
3.10.12 Floating Head PresSure CONLION ............o.oo oottt ettt et e e e et e e e e ae et e b e e saeeeeaaees 619
3.10.13 VD COMPEIESSON .....eeeaeeeereaeeearaieeeaeasteasaesaeasasame s e st s e s asamae e s aan e e e amte e s s mae e s aman e e e ams et e s nmneessareeesenneeenenmneeesnenesan 623

31T WATER HEATING. t. etttk 24 £ 44 h e e h et b ke s et et s ettt et en ettt 626
I I 0 R o) o [0 1= 301V L =] gl o =0 | (=] SR URPR 626
3.11.2  TANKIESS WALET HEGLEN ...ttt ettt s te s e sae e smeesnt e st s s e s s e ts e te e s eateemessmees 633
3.11.3  HEQT PUMP WATEE HEALEN .....coevevererrieieerirereieieerisesssisietvesesasssssntveseses s sssssnasesesesssassntraesssssenssnsenesssssonnnseneses 640
3.11.4 Faucet Aerators AN SHOWEINEAUS ...........occcruveerveereeeseee sttt sttt et 649
3.11.5 COMDBINGLION BOIIET ..ottt sttt s e sttt b st bt et n e e sne e 655
3.11.6  Pre-RinSe SPray VAIVES (PRSV) ....eevceeeeerereriveeirereivasisesasteesasesantessasesanseasassesasessnssesassssnseesasessnssesasessnnsesasessnneenanes 662
3.11.7 ReCIirculQting PUMD CONEION ..........ooeneeeeeeeeeeeeeee ettt e et et ttta e ettt e e s asts e e stbtsaaastaeaesstaeestseaenantseaesstneesssenean 668



I B o 0T XYV o [ Lo IS 675

312 PROCESS .ttt etttk h b E b L bRk b e H e h bt H bbbt bbbt eb ettt 683
1 720 VA DIV V1 ol 80T 4 o] (=311 43 683
3.12.2 COMPresSed Air LEAK DELECTION ............eeeeeeeeeeereeeeeieeeeeiieeesittteaesteeeeeasaaessasesaasstaesesastseastseseaastaeeesstaeassseasan 687

313 WHOLE BUILDING ..ut ettt etttk et eh e bttt e s ettt ettt ettt ene et ne e 691
3.13.1 COMDbBINEA HEAL ANA POWET .........coneeeeeeiieeeeeeeiesie sttt ettt ettt sttt e s s st e st e st st s s e estsete e e eateemeesmeas 691
I IS I Y[V V0T ¢ X1 1 g Lo 1 [ P 699
AV ICIC N0 oT-1¢s  Xo] gl I (] 111 1 o B PP 701
I Y I ) 1 o PP 705

4 APPENDIX A: CLIMATE ZONE DESCRIPTIONS..... .ottt sttt r s e snesane s sanesen e smesene s neeresanene 709
5  APPENDIX B: BUILDING PROTOTYPE DESCRIPTIONS .....eoeiieriierieteet et et resne s s s s e e smesenesnesnesanens 710

5.1 NS = V1SR 711

5.2 AAUTO REPAIR ...ttt ettt 424 £ e £ E 4228402 e 4 E a4 E et e E e e s e R a4 b e e R et e s et et e Rt Rt n et ene e ene e 712

53 2L 2 ) a2 Y PSSP 713

5.4 (600 LY U1 2 o T =TSSR 715

5.5 DORMITORY ..ttt ettt etestete ettt eees e eee s e se e et e es et e es e st es e s s a8 e s es e e s e st o2 e st es e e es e es a8 2 o4 e st e s et e s e s et e eses e ea et e s et es e et e seebe st ese b ese b ene e 717

5.6 ELEMENTARY SCHOOL ...ttt ettt ettt ettt ettt ettt te st s e s e s e e s e s e s e st e s e e e s e es a8 2o s e st e s et e s e ebes e es e st ea et e s et e s e et e st ebe b ene b ese e ese e 718

5.7 FAST FOOD RESTAURANT ... ettstetetettetestetestete e et e s eseeseseesest et e s es e e s e st e s e st et e e es e es et s eses s e s et e s e eees e es e st ese b et et es et e seebe b ese b ese e ese e 719

5.8 FULL-SERVICE RESTAURANT ...ttt ettt ettt etestetet st eseseesestesestese s et e e s e s e e s e st et e e es e es et e e s e st e s et et e s es e es e st ese b e s et es e et eseebe b ene et ase e ese e 720

5.9 GROGCERY .ttt ettt ettt ettt ettt et h ekt e b o4kttt o4 ekt e bt e h ekt eE e e H skt bR Rt bR bt ekt h e n ettt n e 721

L7000 I o 11T YT Lo OSSPSR OSPSRS 723

S.L0 HOSPITAL ettt etttk ettt ekttt ket e ke E ekttt R ke E R bbb Rt eb ettt 725

Lt [0 1 OSSP P OUPPTRPPP 727

513 LARGE OFFICE ..tiuttutettetettetestetesteteete st ete st ese st et e e ettt e st eses s o4 e st es e s es e es e s e e s e st e b e st es e s es e e s e st e b e st e s e b et e b et e e b e st e ae bt e kst et s e ne s ne b ne et 729

5.4 LARGE RETAIL 1.tiutitieiettetett ettt ettt ettt se ettt e ettt e st e s e st e 4 e st e s et et e e s e st e b e st o4 et o8 e s es e e s e s s e b e st et e s et e s e s e eses s ese b et et e st et st ene st ene b ne e 731

515 LIGHT INDUSTRIAL .etetttett ettt ettt ettt ettt se e te et et es e es e st e s e s et et et e es e s e e s e st e s et es e s es e ea et eb et e s et e s e b es s ebe st eae b ese e ese et e s e ene st ene b ene e 733

5.16  IMIOTEL ettt etttk b ke E kR Rkt R ke h R E bt b ettt eh bt ettt 734

T80 A (YT [0 UL SO SR OSSR 735

5.18  SIMALL OFFICE ettt ettt ettt ettt ettt ettt ket ket o ekttt ekttt H ekt b bkt R et eb bttt 736

5019 SIMALL RETAIL 1.ttt etttk etttk etttk et o ekt h bkttt h bbb a ettt 737

5200 UNIVERSITY Lottt ettt sttt ettt etttk ek etk e 4 e bkt ek 2o E et s e bkt ekttt eb et e btk et n et eb ettt 738

521 WAREHOUSE ...cvttnett ettt ettt etttk k £t s bkt k et E et h e bkt ek etk ettt e btk et h et en ettt 740

6  APPENDIX C: HEATING AND COOLING EFLH....ccutiiieiieiie ettt ettt st e st st satesatesaeesue e et eneeeneesaeanneanseansenasens 741
6.1.1  RESIAENEIAI EFLH ...ttt vttt s ettt et et et bt e s e et b e s et ene st et e s e nesnen 741
(o O O T 01 o [T I Y o= RS 741
6.1.3  CEIEFLH VIAIUES.........ooeeeeeeeeee ettt sat st st e et e e ts e ateeatssstssmeeaseeases st saeeeneanseanteans 743



7  APPENDIX D: HVAC FAN AND PUMP OPERATING HOURS ......ccciiiitiiiiiiiiirnncrnenrnenr s 748

8  APPENDIX E: CODE-COMPLIANT EFFICIENCIES .......couieieieiteiestinie st etteit et et sttt vt et et et seesbesaesbe et et entesbesbesnesueeneenean 757
8.1 CONVERTING BETWEEN SEER/SEER2, HSPF/HSPFEZ ...ttt 757
8.2 HVAC EFFICIENCIES = CURRENT CODE ...ttt ettt sttt ettt ettt ettt ettt bbbttt et eb bt ettt et b ettt 758
8.3 HVAC EFFICIENCIES = VINTAGE CODE- ... tttttuatatetescetetetesceeetesescaeesases s aseses et aeetesesteeaseses e aeatesese et esese et et ese et enane et eneneseeaes 763
8.4 WATER HEATING EFFICIENCIES = CURRENT CODE ....cvtuvttesiaiatatesenceteiesesceestesesceeeteses et ese et eee et setese et ese e enesene s e 766
8.5 WATER HEATING EFFICIENCIES = VINTAGE CODE -....tttuttetescieteieseac ettt ettt ae et e et s et s ettt ene e s s s e 767

9  APPENDIX F: HVAC INTERACTIVITY FACTORS ....ceioteruieteteteiestestesit et st estebestesbesaeebtsat e st ebeseebesaesutent et ansessenbesnesbeensensan 769

10 APPENDIX G: NATURAL GAS PEAK DAY FACTORS .....eouteuierteteretete sttt sttt sttt se e b st b s e s nene b neeenesmeeneenee 771
L0. 1 VMIEASURE LIST ettt sttt ettt ettt e e84 22404828422 E 28 e et e e e E st e e e b e st ee e b e st e b e b e sttt e e n et n et 771
10.2  TYPE 1= DAYS PER YEAR RATIO ...otitiiiiitititiet ettt ettt ettt ettt ettt s et s st s et ettt s et b st es s ese s 776
10.3  TYPE 2 — FULL LOAD HOUR RATIO ....uiiiiiiiiiii ettt ettt 778
10.4  TYPE 3 — HEATING DEGREE-DAY RATIO ....uuiuieiiititieietetetesi ettt etttk ettt ettt ettt s ettt st bt s s s 781
10.5  TYPE 4 = HOURS PER YEAR RATIO . .tiuiiitiietieietste ettt ettt ettt et e st e et e ettt et ettt e b et et et eeene et ene e e e s 781

11  APPENDIX H: NET-TO-GROSS FACTORS ... .eeitieitieitietietesie et et sbestesitesateseeesbeeste e et estasaeasbeaabesabesabesasesabesaeesseenseensesneanne 785
O R 60 /1 V132 (@ 7.V VI PRSP PRSPPI 785
112 RESIDENTIAL NTG ottt ettt ettt ettt et e ettt e e a e e e sttt e e e sttt e e sttt e e en kbt e e s kbt e e em kbt e e es bt e e e en bt e e e as bt e e e snbbeeeenbbeeeenbeeeennbneens 795

12 APPENDIX I: REALIZATION RATES ......ueiteiereieteretete et ee e st e see s st et s e st et see b st e s s e s s e se e e b e saesb e s e e e s s e nee b eneeenenaeenesane 806

13 APPENDIX J: IN-SERVICE RATES ......eeiieiieietesieestt e et e teette st et s besabesatesabesutesue e bt eneseues e st e eseaabeaabeeabesabesabesabesatesaeenseensesneanne 816

14 APPENDIX K: DHW AND SPACE HEAT FUEL SPLIT ....uertiiestee sttt sttt ettt s se e b s sne s et e s e ne e b e sensnesaeeneenes 821

15  APPENDIX L: LIGHTING WATTAGES ... ettt et ettt s et e et e et e et et e e ae e s e et e e teeaseeaeesatesmeeaneeaneeaneenneans 824
15.1  C&I MIDSTREAM LIGHTING BASELINE WATTAGES. .....e.vivitesieteniatetateetest et etestete st eseeaessesestese b ese b eseeseseese s ese b ese s ese s e ene e ene s 824
15.2  FIXTURE WATTAGES BY TYPE ....titiitteuttittentt et et ettt ettt ettt ettt ettt b etk et st eb e bt e bt bt e bt et et et e nbe bt e nae e 837

16 APPENDIX M: NON-ENERGY BENEFITS ... ittt et e st e et et e e e et eeac e s e et e e e et eeaeesatesmeeameeaneeneenneens 859



1 INTRODUCTION

This technical reference manual (TRM) has been developed to calculate resource savings, including electricity, natural gas,
and other resource savings from technologies and measures, and to calculate electric energy and capacity savings from
renewable energy and distributed generation systems. Specific calculation methods for determination of the resource
savings or generation are presented.

These calculations use deemed and customer-specific data as input values to industry-accepted energy and peak demand
savings algorithms. The data and input values for the algorithms come from the program application forms or from
deemed values. The deemed values are based on the recent impact evaluations or best available secondary research
applicable to the New Jersey programs when impact evaluations are not available.

1.1 PURPOSE

The TRM was developed for the purpose of calculating energy and peak demand savings for technologies and measures
supported by New Jersey’s Clean Energy Program (NJCEP). This includes programs administered by the State of New
Jersey through the Board of Public Utilities (BPU), the State’s electric and natural gas utilities, or other parties who
administer clean energy programs under the guidance of the BPU. The TRM will be updated to reflect the addition of new
measures, modifications to existing measures, changes to codes and standards, and the results of evaluation studies. The
TRM will be used consistently statewide to assess program impacts and calculate energy and peak demand savings
consistent with BPU guidance. The TRM may be used to accomplish the following:

e Report to the BPU on program performance;
e Provide inputs for program planning and cost-effectiveness calculations;

e Provide information to the BPU for calculating Quantitative Performance Indicators (QPI) and applying the
Performance Incentive Mechanism (PIM);

Resource savings to be measured include electric energy (kWh) and demand (kW) savings, natural gas savings (therms),
peak gas savings (therms/day), and savings of other resources (oil, propane, gasoline, and water) where applicable. In turn,
these resource savings will be used to determine avoided environmental emissions and other benefits as described in the
New Jersey Cost Test. The TRM is also utilized to support preliminary estimates of the electric energy and capacity from
renewable energy and distributed generation systems and the associated environmental benefits.

The calculations in this document focus on the determination of the per unit savings for the energy efficiency measures,
and the per unit generation for the renewable energy or distributed generation measures. The BPU has adopted net
savings for the purposes of evaluating energy efficiency and peak demand reduction program performance, and
performing cost-effectiveness testing. For Triennium 1, the BPU adopted a net-to-gross ratio of 1.0, which should be
applied to all programs, including low- income programs. For Triennium 2, net to gross ratios used to calculate net savings
are shown in Appendix H: Net-to-Gross Factors and should be applied to the gross savings calculated from this TRM.

1.2 TRM ORGANIZATION

The TRM is organized by customer sector (Residential and Commercial) and by end-use. Within each end-use section,
measures are grouped together by end-use subcategory. Note, sector applicability to measures installed multifamily (MF)
buildings depends on whether the building is a low rise (3 stories or less) and whether the measure is located in the
individual unit or common area. In-unit measures and all measures in MF low-rise buildings are covered in the Residential



section. Measures in common areas of MF high-rise (more than 3 stories) buildings are covered in the Commercial
section. Measures used in low-income (LI) or moderate income (MI) programs use the same TRM sections as measures
applied to the general population. Any calculations unique to LI or MI programs are identified within each measure
section. Measure applied to Agricultural facilities are covered within the Commercial section under the Agricultural end-
use.

1.3 TYPES OF CALCULATIONS

The following table summarizes the spectrum of approaches to be used for calculating energy, demand, and resource
savings. No one approach will serve all programs and measures. The TRM provides algorithms addressing measure types 1
and 2, and general guidelines for measure type 3.

Table 1-1 Summary of Calculations and Approaches

Type of

Type of Measure . General Approach
Calculation

o Standard formula ) o
1. Deemed prescriptive Number of installed units times . . .
and deemed . . Residential appliances
measures ] deemed savings/unit
input values

Residential Electric HVAC

Standard formula in the TRM with (change in efficiency level

2. Measures with important . . . . " .
Standard formula = one or more input values coming  times site-specific capacity

variations in one or more

) with one or more from the application form, times standard operating
input values (e.g.,, . o . .
. . site-specific input worksheet, or field tool (e.g., , hours);
efficiency level, capacity, o ) ”
load, etc) values efficiency levels, unit capacity, Field screening tools that
oad, etc. . o
site-specific load) use site-specific input
values
Greater degree of site- specific
3. Custom or site-specific analysis, either in the number of .
Custom Industrial process
measures, or measures in Site-specific site-specific input values, or in the Complex
complex comprehensive analysis use of special engineering hensive iob
jobs algorithms, including building comprenensive Jobs

simulation programs

Several systems work together to ensure accurate data on a given measure:
1. The application form that the customer or customer’s agent submits with basic information.

2. Application worksheets and field tools with more detailed site-specific data, input values, and calculations (for some
programs).

3. Program tracking systems that compile data and may do some calculations

4. The TRM that contains algorithms and relies on deemed or site-specific input values. Parts or all of the TRM may
ultimately be implemented within the tracking system, the application forms and worksheets, and the field tools.
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1.4 ALGORITHMS

The TRM presents a set of engineering algorithms to calculate energy and demand savings. Savings are generally driven
by a change in efficiency level for the installed measure compared to a baseline level of efficiency. Energy savings are
calculated from the change in efficiency and/or the change the annual operating hours of equipment. Operating hours
may be expressed as run hours for constant output devices or equivalent full load hours (EFLH) for equipment that
operates at varying levels of output throughout the year. Energy and demand savings may be calculated for both
electricity and natural gas regardless of the targeted fuel.

1.5 BUILDING ENERGY SIMULATIONS

When building energy simulation software is used to develop savings estimates for several measures in a comprehensive
project, the specific algorithms used are inherent in the software and account for interaction among measures by design.
Building simulation software used for any program must be compliant with one of the following:

e Asoftware tool addressing residential and/or commercial buildings whose performance has passed testing according
to the National Renewable Energy Laboratory’s BESTEST software or ASHRAE Standard 140 energy simulation testing
protocol,

e Software approved the US Department of Energy's Weatherization Assistance program, or

e RESNET approved home energy rating software (HERS).

1.6 MEASURE INTERACTIVE SAVINGS

Throughout the TRM, the interactive effect of thermostatically-sensitive building components is accounted for in specific
measure sections, as appropriate. In instances where there is a measurable amount of interaction between two energy
consuming sources, the energy or peak demand savings are accounted for in either the algorithms or in the modeling
software used to determine energy savings.

For example, in a measure section where the lighting load has a direct effect on the energy used to condition the space,
the TRM provides an interactive effect value to be used in the savings algorithm for certain measures. Other measures rely
on the characteristics of the modeling software that account for the effect within a building, such as a new construction
protocol software that will apply the effects for a measurable difference in the baseline and efficient buildings.

Measure savings calculation based on simple engineering algorithms are not designed to account for the interactive
effects of multiple measures installed in a building. When multiple measures are installed, it is acceptable to sum the
individual measure savings. Energy savings calculations based on building energy simulations account for multiple
measure interactions by design.

1.7 DATA AND INPUT VALUES

Some input values, including site-specific data, will come directly from the program application forms, worksheets, and
field tools. Site-specific data on the application forms are used for measures with important variations in one or more
input values (efficiency level, capacity, etc.).
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Standard input values are based on the best available measured or industry data, including metered data, measured data
from prior evaluations (applied prospectively), field data and program results, nameplate data, in situ values, and/or
standards from industry associations.

For the deemed input assumptions where metered or measured data were not available, the input values (e.g., watts,
efficiency, equipment capacity, operating hours, coincidence factors) are based on the best available industry data or
standards. These input values were based on a review of literature from related evaluation studies and information from
various industry organizations, equipment manufacturers, and suppliers. For custom projects, measurement and
verification (M&V) options are presented that use pre- and/or post-retrofit measurements of energy consumption or
equipment performance to estimate energy savings.

1.8 BASELINE ESTIMATES

For measures in which the existing equipment has failed, is at the end of its useful life, or the program administrator does
not have knowledge of the state of the existing equipment, the resource savings values are based difference between the
energy use of new products that meet code or represent industry standard practice vs. the high efficiency products
promoted through the programs. For early replacement of functioning equipment, energy and demand savings values are
based on the difference between high efficiency equipment versus existing equipment. A dual baseline approach must be
followed, where the savings relative to the existing equipment baseline are used for the remaining useful life of the
existing equipment and a code or standard practice baseline is used for the remaining life of the measure. In lieu of the
dual baseline approach, lighting measures may use an adjusted measure life (AML) to account for early replacement of
functioning systems and differences in the lifetimes of efficient vs. standard practice equipment. The AML is defined as
the lifetime energy savings considering a dual baseline divided by first year savings.

Measures in the TRM are categorized according to the following baseline condition definitions:

Definition: A program in which the customer is incented to purchase or install higher efficiency
equipment than if the program had not existed. This may include retail rebate (coupon)
programs, upstream buydown programs, online store programs, contractor based programs, or
giveaways as examples. May include replacement of existing equipment at the end of its life (i.e.,
replace on burnout) or purchase of new equipment. In cases where a new construction

Time of Sale (TOS) characterization isn’t explicitly provided, the TOS characterization is typically appropriate. TOS is
sometimes referred to as normal replacement (NR).

Baseline: New standard efficiency, code compliant, or industry standard practice equipment.

Efficient Case: New, premium efficiency equipment above federal and state codes and standards
and industry standard practice.

Example: Appliance rebate
Definition: A program that intervenes during building design, expansion, or gut rehabilitation to
support the use of more-efficient equipment and construction practices.
New Construction (NC) Baseline: Building code, federal standards, or industry standard practice.
Efficient Case: The program’s level of building specification

Example: Building shell and mechanical measures
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Definition: A program that upgrades or enhances existing equipment.

Baseline: Existing equipment or the existing condition of the building or equipment. A single
baseline applies over the measure’s life. When a measure is applied to existing operational

Retrofit (RF) equipment and the measure benefit will cease upon the end of the underlying equipment’s life,
the measure life is the smaller of the host equipment remaining life or the full measure life.

Efficient Case: Post-retrofit efficiency of equipment.

Example: Air sealing, insulation, controls

Definition: A program that replaces existing, operational equipment.

Baseline: Dual. it begins as the existing equipment and shifts to projected TOS baseline
equipment after the remaining life of the existing equipment is over.

Efficient Case: New, premium efficiency equipment above federal and state codes and industry

Early Replacement (EREP) standard practice.
Example: Refrigerators and freezers; early replacement of HVAC equipment.
Note: For lighting measures, the adjusted measure life (AML) may be used in lieu of a dual
baseline approach.

Definition: A program that retires inefficient, operational duplicative equipment or inefficient
equipment that might otherwise be resold. No new equipment is installed in place of the old
equipment, and no existing equipment use increases to compensate for the retirement.

Early Retirement (ERET) Baseline: The existing equipment, which is retired and not replaced.

Efficient Case: Assumes zero consumption since the unit is retired.

Example: Appliance recycling, delamping.

Definition: A program where measures are installed during a site visit and are assumed to

replace existing, operational equipment.

Baseline: Same as EREP.

Direct Install (DI) Efficient Case: Same as EREP.

Example: Lighting and low-flow hot water measures

Note: For lighting measures, the adjusted measure life (AML) may be used in lieu of a dual
baseline approach.

1.9 PEAK SAVINGS

1.9.1 ELECTRIC COINCIDENT PEAK DEMAND

System peak demand refers to the highest amount of electricity consumed during a single hour across PJIM. Peak
coincident demand is the demand of a measure that occurs at the same time as the PJM system peak. PJM system peak is
defined as follows in PJIM Manual 18b:

“The EE Performance Hours are between the hour ending 15:00 Eastern Prevailing Time (EPT) and the hour ending 18:00
EPT during all days from June 1 through August 31, inclusive, of such Delivery Year, that is not a weekend or federal
holiday.”
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Therefore peak coincident demand savings should be calculated based on the average demand reduction during the hours
in that time frame.!

Peak demand savings for non-weather sensitive custom measures should be calculated based on the average demand
reduction during the hours in that period. For weather sensitive custom measures, peak demand savings should be
calculated based on the PJM’s Zonal Weighted Temperature Humidity Index (“WTHI”) standards for the appropriate zone.?

1.9.2 PEAK DAY NATURAL GAS

Calculations have been developed to determine the natural gas energy savings on an annual and peak day basis.
Additional calculations done as part of the cost effectiveness calculations allocate the annual savings on a seasonal basis.
Peak gas savings are calculated on a therm/day basis, using peak day heating degree-days representing the weather
conditions under which the natural gas distribution system reaches peak capacity. Design day conditions from the London
Economics study are used to calculate peak gas savings:

Average Heating Degree days base 65 (°F — day) Average Daily Temperature (°F)

Winter Design Day 66.4 -1.4

1.10 OTHER RESOURCES

Measures that save electricity or natural gas may also affect the use of other fuels, water or other costs, and will affect
emissions. The New Jersey Cost Test accounts for emissions reductions associated with electricity and natural gas and the
net direct and indirect economic benefit of these other factors. The NJCT-required outputs from TRM use are natural gas
and electric energy and electric summer peak demand gross impact.

1.11 PROSPECTIVE APPLICATION OF THE TRM

The TRM will be updated annually based on evaluation results and available data, and then applied prospectively for
future program years in accordance with applicable BPU direction. Prospective application of the TRM will include
calculation of gross energy and demand savings from the applicable measure section modified by evaluation-derived in-
service rates as presented in Appendix J: In-Service Rates, realization rates as presented in Appendix I: Realization Rates
and net to gross ratios as presented in Appendix H: Net-to-Gross Factors.

1.12 MEASURE COSTS

Measure costs for use in cost-effectiveness calculations are presented in a separate document. Projects will use
incremental costs and/or full measure costs depending on the baseline condition. Consult the measure cost document for
information on how to calculate measure costs.

1.13 MEASURE LIVES

! Coincidence factors and peak demand savings provided in the TRM measure sections are based on best available information. These coincidence factors
may not conform to PJM requirements for offers into the forward capacity market.
2See PJM Manual 18B, section 10.2.
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Measure effective useful life (EUL) is provided in each TRM measure section for the purpose of calculating lifetime energy
savings. Projects utilizing a dual baseline approach will rely on a combination of the existing equipment remaining useful
life (RUL) and the new equipment EUL. Calculations of lifetime savings for retrofit projects involving add-on equipment
such as controls will use the smaller of the measure EUL and the host equipment RUL. Measures where values for adjusted
measure life (AML) are provided will use the AML in lieu of a dual baseline approach. Projects consisting of multiple
measures that submit a single project wide savings claim should calculate a project level EUL based on the average of the
EULs of the individual measures. For such projects where measure-level savings can be calculated, use the savings
weighted average of the individual measure EULs. For projects where savings by end-use are available, assign an EUL to
each end use based on the measures contributing to the end use savings and estimate the project level EUL as the end-use
savings weighted average. For projects were savings by measure or savings by end use are not available, a project-level
EUL based on the simple average of the measure EULs is acceptable.
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2 RESIDENTIAL

2.1 APPLIANCES

2.1.1 CLOTHES WASHER

Market Residential/Multifamily
Baseline Condition TOS

Baseline Code

End Use Subcategory Clothes Washer
Measure Last Reviewed September 2024

Changes Since Last Version  ,  ypqated default capacity and IMEF values

Description

This measure is for a new or replacement ENERGY STAR or ENERGY STAR Most Efficient residential clothes washer in single
family or multifamily homes. Please note that common area laundry rooms in Multifamily buildings should follow the C&lI
methodology.

ENERGY STAR® clothes washers have a higher Integrated Modified Energy Factor (IMEF) and a lower Integrated Water
Factor (IWF), saving energy and water with greater tub capacities and sophisticated wash and rinse systems. Rather than
filling the tub with water, efficient wash cycles are achieved by spinning or flipping clothes through a stream of water.
Efficient rinse cycles are achieved through high-pressure spraying instead of soaking clothes. Reduced dryer load
represents additional energy savings associated with the thorough removal of water from the clothes in the washer.

Baseline Case

The baseline for energy savings calculations is a clothes washer meeting the federal minimum Integrated Modified Energy
Factor (IMEF) and not exceeding the federal maximum Integrated Water Factor (IWF), as defined in 10 CFR 430.32(f)(2).
The IMEF and IWF are determined by clothes washer configuration (top-load or front-load) and capacity. Energy usage
includes the washer and dryer energy consumption and water heating energy usage.

Efficient Case

The energy consumption of the efficient equipment is calculated based on the IMEF and IWF of the ENERGY STAR version
8.1 specification or ENERGY STAR Most Efficient product and other variables as defined in the calculation methodology
below.
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Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

AKWh = AW hyyggner + AWhpyyy + AkWhgyyer

Where,

F her,b F her,
AkWh ygsper = Cap X( ;VI\‘/IISEZ - ;VICISE;: X NCycles

FDHW,b _ FDHW.q
IMEF, IMEF,

AkWhpyy = Cap X < ) X Ncycles X SFDHW,electric

Fdryer,b _ Fdryer,q
IMEF, IMEF,

Ak]/l/hdryer = Cap X ( ) X Ncycles X SFdryer,electric

Annual Fuel Savings

ATherms = AThermspyy + ATherms pyer
Where,

Fpuwp  Forw,g

TMEF, IMEFq) X Neyres X Ry X SFppy, ¢ % 0.03412

AThermspyy = Cap X <

Fdryer,b _ Fdryer,q
IMEF, IMEF,

ATheTmSDryer = Cap X ( ) X Ncycles X SFdryer,ff % 0.03412

Peak Demand Savings

Daily Peak Fuel Savings

AThermspeq,, = ATherms X PDF

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

AkWhy;se = AkWh X EUL

Lifetime Fuel Savings

ATherms;s, = ATherms X EUL
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Calculation Parameters

AkWh

Akv\/hwasher

AkWhDHW

Akthryer

ATherms

AThermsDHw

AThermsgryer

AkWPeak

AThermspeax

AkWhyige
AThermsiife

AH20

Cap

IMEF,

IWF,

IMEF,

Ncycles

Fwasher,b

Table 2-1 Calculation Parameters

N N

Annual electric energy savings

Annual electric energy savings attributed
to clothes washer operation

Annual electric energy savings attributed
to water heating

Annual electric energy savings attributed
to dryer operation

Annual fuel savings

Annual fuel savings attributed to water
heating

Annual fuel savings attributed to dryer
operation

Peak Demand Savings
Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings

Annual water savings

Capacity of clothes washer

Integrated Modified Energy Factor of
efficient unit

Integrated water factor for efficient unit
Integrated Modified Energy Factor of
baseline unit
Number of clothes washer cycles per year

Fraction of total energy consumption
attributed to clothes washer operation for
the baseline case

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated
Calculated
Calculated
Calculated
Calculated

Site-specific. If unknown,

use 3.39 or SIG Tier 1 use

5.03, Tier 2 use 4.6. ETG

Tier 1 use 5.09, Tier 2 use
4.64

Site-specific. If unknown,

look up in Table 2-3 or SIG

Tier 1 use 2.37, Tier 2 use

2.97. ETG Tier 1 use 2.43,
Tier 2 use 2.98

Site-specific. If unknown,
look up in Table 2-8

Look up in Table 2-2

Look up in Table 2-4

Look up in Table 2-5

kWh/yr

kWh/yr

kWh/yr

kWh/yr

Therms/yr

Therms/yr

Therms/yr

kw
Therms/day
kWh
Therms

Gal/yr

ft3

ft3/(kWh-cycle)

Gal/(cycle-ft3)

ft3/(kWh-cycle)

cycles

N/A

(1]

(2](3]

(2]3]

(2]

(5]

18



N

Fraction of total energy consumption

Fuwasher.q attributed to clothes washer operation for Look up in Table 2-6 N/A
the efficient case
Fraction of total energy consumption
Fonw,b attributed to water heating for the Look up in Table 2-5 N/A
baseline case
Fraction of total energy consumption
Forw,q attributed to water heating for the Look up in Table 2-6 N/A
efficient case
Fraction of total energy consumption
Faryer,b attributed to dryer operation for the Look up in Table 2-5 N/A
baseline case
Fraction of total energy consumption
Faryer,q attributed to dryer operation for the Look up in Table 2-6 N/A
efficient case
SFpHw,electric Electric DHW savings factor Look up in Table 2-7 N/A
SFdryer,electric Electric dryer savings factor Look up in Table 2-7 N/A
SFonw,ff Fossil fuel DHW savings factor Look up in Table 2-7 N/A
SFaryer ff Fossil fuel dryer savings factor Look up in Table 2-7 N/A
Hrs Annual operating hours Look up in Table 2-4 Hrs/yr
IWFy Integrated water factor for baseline unit Look up in Table 2-2 Gal/(cycle-ft3)
CF Electric coincidence factor Look up inTable 2-9 N/A
PDF Gas peak day factor Look up in Table 2-9 N/A
Rq Recovery efficiency factor 1.26 N/A
0.03412 Unit conversion, therm/kWh 0.03412 Therm/kWh
EUL Effective useful life See Measure Life Section Years
Table 2-2 Federal Standard Minimum IMEF and Maximum IWF
Top Load <1.6 1.15 12.0
Top Load >1.6 1.57 6.5
Front Load <1.6 1.13 8.3
Front Load >1.6 1.84 4.7

(6]

(5]

(6]

(5]

(6]

(10]
(10]
(10]

(10]

(8]
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ENERGY STAR

CEE Tier 1

CEE Tier 2

CEE Tier 3

ENERGY STAR
CEE Tier 1

CEE Tier 2

Type Number of Cycles

Single Family

Table 2-3 Efficient Unit Minimum IMEF

Efficiency Level Front Loading Top Loading

Clothes Washers > 2.5 ft3
2.76

2.76

Clothes Washers < 2.5 ft3

2.92

3.10

2.07

2.07

2.20

Table 2-4 Annual Cycles and Hours

254

Annual Hours

295

Table 2-5 Total Energy Consumption Breakdown for Baseline Case

Efficiency Level Clothes W

Federal Standard

ENERGY STAR
CEE Tier 1
CEE Tier 2

CEE Tier 3

CEE Tier 1

CEE Tier 2

2.06

2.76

Ref

(4]

aSher (FwaSher) m Dryer (Fdryer)
0.07 0.65 0.28

Table 2-6 Total Energy Consumption Breakdown for Efficient Case

Efficiency Level Clothes Washer (Fwasher) m Dryer (Faryer)

Clothes Washers (> 2.5 ft3)
0.05
0.05
0.10
0.10

Clothes Washers (< 2.5 ft3)
0.08

0.08

0.63

0.63

0.87

0.87

0.72

0.72

0.32

0.32

0.03

0.03

0.20

0.20
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Table 2-7 DHW and Dryer Savings Factors

“ SFdryerIEIeCtric “ SFdrVer:ﬁ
0

Electric 1.00 1.00 0
Fossil Fuel 0 0 1.00 1.00
Look up in Appendix K: DHW and Space Look up in Appendix K: DHW and Space
Unknown X 0.68 . 0.32
Heat Fuel Split, or default to 0.31 Heat Fuel Split, or default to 0.69

Table 2-8 Efficient Unit Maximum IWF

Efficiency Level Front Loading Top Loading

Standard Sized Clothes Washers (> 2.5 ft3)

ENERGY STAR 3.2 4.3
CEE Tier 1 3.2 32
CEE Tier 2 3.2 3.2
CEE Tier 3 3.0 3.0

Small Sized Clothes Washers (< 2.5 ft3)

ENERGY STAR 4.2
CEE Tier 1 4.2
CEE Tier 2 3.7

Peak Factors

Table 2-9 Peak Factors

Electric coincidence factor (CF) 0.029 [7]

See Appendix G: Natural

Natural gas peak day factor (PDF) Gas Peak Day Factors

Non-Enerqy Impacts

AH20 = (IWF, — IWFE,) X Cap X Neycies

Measure Life

The effective useful life (EUL) is 14 years. [9]
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efficiencies ranging from 0.74 to 0.85 (0.78 used), and electric water heater with 0.98 recovery efficiency
(http://www.energystar.gov/ia/partners/bldrs lenders raters/downloads/Waste Water Heat Recovery Guideli
nes.pdf). Therefore, a factor of 0.98/0.78 (1.26) is applied.

Regulations.gov, Residential Clothes Washers Life-Cycle Cost Analysis (LCC) Spreadsheets (2021).
https://www.regulations.gov/document/EERE-2017-BT-STD-0014-0025

[10] U.S. EIA 2015 Residential Energy Consumption Survey. https://www.eia.gov/consumption/residential/data/2015/
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2.1.2 CLOTHES DRYER

Market Residential/Multifamily
Baseline Condition TOS
Baseline Code

End Use Subcategory Clothes Washer

Measure Last Reviewed December 2022

Description

This measure is for a new or replacement ENERGY STAR or ENERGY STAR Most Efficient residential clothes dryer. This
measure relates to the installation of a residential clothes dryer meeting the ENERGY STAR V1.1 criteria. ENERGY STAR
qualified clothes dryers save energy through a combination of more efficient drying and reduced runtime of the drying
cycle. More efficient drying is achieved through increased insulation, modifying operating conditions such as air flow
and/or heat input rate, improving air circulation through better drum design or booster fans, and improving efficiency of
motors. Reducing the runtime of dryers through automatic termination by temperature and moisture sensors is believed
to have the greatest potential for reducing energy use in clothes dryers. ENERGY STAR provides criteria for both gas and
electric clothes dryers.

This measure can also be used for small commercial and industrial applications.
Baseline Case

The baseline for energy savings calculations is a clothes dryer meeting the federal minimum combined energy factor for
machines manufactured after January 2015. The minimum combined energy factor varies by clothes dryer type.

Efficient Case

The energy consumption of the efficient equipment is calculated based on the combined energy factor of the ENERGY
STAR or ENERGY STAR Most Efficient product and other variables defined in the calculation methodology.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

F F,
AkWh = Cyclesgpnua X Load X < elech _ elec'q>

CEF, CEF,

Annual Fuel Savings

F F, 3,412
ATherms = CycleS nnyar X Load X ( fueth _ fuel'q)

CEF, CEF, 100,000

23



Peak Demand Savings

Daily Peak Fuel Savings

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

Lifetime Fuel Savings

Calculation Parameters

AThermspgq,, = ATherms X PDF

AWhy;se = AkWh X EUL

ATherms s, = ATherms X EUL

Table 2-10 Calculation Parameters

S

AkWh
ATherms
AKWopeak
AThermspeak
AkWhyjte

AThermsie

CydesAnnual

Annual electric energy savings
Annual fuel savings
Peak Demand Savings
Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings

Site-specific. If unknown,
Number of dryer cycles per year

Site-specific. If unknown,

Hrs Annual run hours of clothes dryer

Load Average total weight of clothes per drying cycle

Percentage of energy consumed that is derived from

Look up in Table 2-11

F
elec electricity for baseline condition
CEFy Combined energy factor for baseline condition
Percentage of energy consumed that is derived from
Felecq electricity for efficient

condition

Calculated
Calculated
Calculated
Calculated
Calculated

Calculated

use 283

use 290°

Look up in Table 2-11

Look up in Table 2-11

Look up in Table 2-11

kWh/yr
Therms/yr
kw
Therms/day
kWh

Therms

Cycles

Hrs/yr

Ibs

N/A

Ib/kWh

N/A

3 Assumes average of 56 minutes per cycle based on Ecova, ‘Dryer Field Study’, Northwest Energy Efficiency Alliance (NEEA) 2014.

(14]

[14][16]

(14]

(15](16]

(13]

(15][16]
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S

Combined energy Site-specific. If unknown,

EF -
CEFq factor for efficient case look up in Table 2-11

Ib/kWh [12]

Percentage of energy consumed that is derived from .
Fruet,b . . . Look up in Table 2-11 N/A [15][16]
fossil fuel for baseline condition

Percentage of energy consumed that is derived from

Frue Look in Table 2-11 N/A 15][16
fuela fossil fuel for efficient case cokupin fable / [15[26)

CF Electric coincidence factor Look up in Table 2-12 N/A [15]
PDF Gas peak demand factor Look up in Table 2-12 N/A
3,412 Conversion factor from kWh to Btu 3,412 Btu/kWh
100,000 Conversion factor from Btu to therms 100,000 Btu/Therm
EUL Effective useful life See Measure Life Section Years

Table 2-11 Default Values for Various Dryer Types

CEF, CEF,
Dryer Type CEF, | (Energy Star) (Energy Star
Most Efficient)
8.45 3.30

Vented Gas Dryer 0.16* 0.16 0.845 0.84

3.48

Ventless or Vented Electric,

8.45 1.00 1.00 0.00 0.00 3.73 3.93 4.3
Standard > 4.4 ft3
Ventless or Vented Electric,
3.00 1.00 1.00 0.00 0.00 3.61 3.80 4.3
Compact (120V) < 4.4 ft3
Vented Electric, Compact
3.00 1.00 1.00 0.00 0.00 3.27 3.45 4.3
(240V) < 4.4 ft3
Ventless Electric, Compact
3.00 1.00 1.00 0.00 0.00 2.55 2.68 3.7

(240V) < 4.4 ft3

4 %Electric accounts for the fact that some of the savings on gas dryers comes from electricity (motors, controls, etc). 16% was determined using a ratio
of the electric to total savings from gas dryers given by ENERGY STAR Draft 2 Version 1.0 Clothes Dryers Data and Analysis.

5 %Gas accounts for the fact that some of the savings on gas dryers comes from electricity (motors, controls, etc). 84% was determined using a ratio of
the gas to total savings from gas dryers given by ENERGY STAR Draft 2 Version 1.0 Clothes Dryers Data and Analysis.
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Peak Factors

Table 2-12 Peak Factors

Electric coincidence factor (CF) 0.029 [17]

Natural gas peak day factor (PDF) See Appendix G: Natural Gas Peak Day Factors

Measure Life

The effective useful life (EUL) is 12 years [11].
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[12] ENERGY STAR Program Requirements for Clothes Dryers. n.d. Accessed December 27, 2022.
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Final%20Version%201.1%20Clothes%20Dry
ers%20Specification%20-%20Program%20Commitment%20Criteria%20and%20Eligibility%20Criteria_0.pdf

[13] PART 430 - ENERGY CONSERVATION PROGRAM FOR CONSUMER PRODUCTS n.d. https://federalregister.gov.
https://www.ecfr.gov/current/title-10/chapter-ll/subchapter-D/part-430#430.32

[14] Savings Calculator for ENERGY STAR Qualified Appliances, ENERGY STAR, 2012.
https://www.sfwmd.gov/sites/default/files/documents/calculator_energy star res appliance savings.xlsx

[15] Mid-Atlantic Technical Reference Manual (TRM) V10. (2020). https://neep.org/sites/default/files/media-
files/trmv10.pdf

[16] ENERGY STAR Draft 2 Version 1.0 Clothes Dryers Data and Analysis, August 2013.
https://www.energystar.gov/sites/default/files/specs/ENERGY%20STAR%20Draft%202%20Version%201.0%20Clo
thes%20Dryers%20Data%20and%20Analysis.xlsx
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database.ecotope.com/2014 005 1 DryerStudy.pdf
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2.1.3 DISHWASHER

Market Residential/Multifamily
Baseline Condition NC/TOS
Baseline Code

End Use Subcategory Kitchen

Measure Last Reviewed December 2022

Description

This measure covers the installation of ENERGY STAR® V6.0 qualified residential dishwashers. A dishwasher is a cabinet-
like appliance that, with the aid of water and detergent, washes, rinses, and dries (when a drying process is included)
dishware, glassware, eating utensils, and most cooking utensils by chemical, plumbing, and/or electrical means and
discharges to the plumbing drainage system. ENERGY STAR® rated machines run more efficiently while washing dishes
through improved technology such as soil sensors, improved water filtration, more efficient jets, and innovative dish rack
designs. Qualified dishwashers are atleast 8.6% more efficient than non-certified models.

Baseline Case

The baseline condition is a residential dishwasher as defined in the Measure Description section above with type
equivalent to the efficient case meeting the minimum effective federal performance standards. The baseline water heating
system is a standard efficiency storage type electric or fossil fuel system (fuel type equivalent to the actual existing
condition). Current federal annual energy consumption performance standards for dishwashers are provided in the table
below.

Efficient Case

The compliance condition is an ENERGY STAR® V6.0 qualified residential dishwasher as defined in the Measure Description
section above. Qualifying equipment must have rated annual energy consumption at or below the ENERGY STAR® qualified
specifications as indicated the table below, based on dishwasher type. The energy consumption rating of the qualified
dishwasher is to be taken from the application.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

AkWh = (kWhy, — kWhg) X (Fachine + Fuwn X ElecSF,p)

Annual Fuel Savings

3,412

ATherms = (kth — kth) X Fyp X FuelSF, x 1.307 X 100,000
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Summer Peak Coincident Demand Savings

AkWpeax = ———

Daily Peak Fuel Savings

AkWh
hrs

AThermspgq,, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AWhy;se = AkWh X EUL

Lifetime Fuel Savings

ATherms s, = ATherms X EUL

Calculation Parameters

AkWh
ATherms
AKWopeak
AThermspeak
AkWhjte

AThermsie

kWh,

kWhy

I:machine

th

Hrs
ElecSFun

FuelSFyn

1.307

Table 2-13 Calculation Parameters

I R

Annual electric energy savings
Annual fuel savings
Peak Demand Savings
Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings

Annual rated electric energy use for
energy efficient condition

Annual rated electric energy use for
baseline condition

Fraction of energy used for the
dishwasher machine

Fraction of energy used for the water
heater

Annual operating hours
Electric Savings Factor for water heaters
Fuel Savings Factor of water heaters

Ratio of recovery efficiency of electric
water heater to the recovery efficiency
of fossil fuel water heater

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Site-specific. If unknown,

look up in Table 2-14

Look up in Table 2-14

0.44

0.56

301
Look up in Table 2-15

Look up in Table 2-15

1.307

kWh/yr

Therms/yr

kw

Therms/day

kWh

Therms

kWh

kWh

N/A

N/A

Hours
N/A

N/A

N/A

(24]

(18]

(19]

(19]

(18]
[21]

(21]

[22][18]
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T R

3,412 Conversion factor from kWh to Btu 3,412 Btu/kWh
100,000 Conversion factor from Btu to therms 100,000 Btu/therm
CF Electric coincidence factor Look up in Table 2-16 N/A
PDF Gas peak day factor Look up in Table 2-16 N/A
EUL Effective useful life See Measure Life Section Years

Table 2-14 Baseline and Efficient kWh

Compact 222 203

Standard 307 270

Table 2-15 Savings Factors

I -2 R Y R

Electric WH 1.00 0
Fossil Fuel WH 0 1.00
Other 0 0

Look up in Appendix K: DHW and Space  Look up in Appendix K: DHW and Space

Unknown . .
Heat Fuel Split, or default to 0.20 Heat Fuel Split, or default to 0.54

Peak Factors

Table 2-16 Peak Factors

I N

Electric coincidence factor (CF) 0.029 [20]

Appendix G: Natural Gas

Natural gas peak day factor (PDF) Peak Dav Factors
Y

Measure Life

The effective useful life (EUL) is 11 years [23].
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specific load shape, this is deemed a reasonable proxy because load shapes are not expected to vary significantly
by region. Data from Ameren was adjusted to account for the difference in assumed annual operating hours (252
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https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Residential%20Dishwasher%20Version%206
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6 NYSERDA Residential statewide Baseline Study. Volume 1: Single Family Report, Table 38: Water Heating Fuel Type by Climate Zone. Overall statewide
averages applied. ElecSF and FuelSF “unknown” factors may not sum to 100% due to the presence of other water heating fuels. In the condition of other
water heating fuels in home, the designation “Other” shall be applied.

30


https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430#p-430.32(f)(1)
https://www.caetrm.com/shared-data/value-table/EUL/
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Residential%20Dishwasher%20Version%206.0%20Final%20Program%20Requirements.pdf
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Residential%20Dishwasher%20Version%206.0%20Final%20Program%20Requirements.pdf

2.1.4 INDUCTION RANGE/COOKTOP

Market Residential/Multifamily
Baseline Condition RF/TOS
Baseline Existing

End Use Subcategory Kitchen

Measure Last Reviewed January 2023

Description

This measure is applicable to the replacement of electric resistance and fossil fuel cooktops with electric induction
cooktops in single family and multifamily in-unit kitchens. Induction cooktops heat food faster, are easier to clean, are less
likely to burn those using them, and have a higher cooking efficiency than electrical resistance stoves. Conventional
residential cooktops typically employ fossil fuel or resistance heating elements to transfer energy, with efficiencies of
approximately 32% and 75%-80% respectively. Residential induction cooking tops instead consist of an electromagnetic
coil that creates a magnetic field when supplied with an electric current. When brought into this field, compatible
cookware is warmed internally, transferring energy with approximately 85% efficiency. If the replacement equipment is a
range or induction cooktop, the cooktop must have either 4 or 5 burners.

Baseline Case
The baseline condition is a standalone electric resistance or fossil fuel-fired cooktop.
Efficient Case

The compliance condition is an induction cooktop with compatible cookware.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

AkWh = kth X Felec,b - kth
Where,

kWh,, = 1.135 x kWh,

Annual Fuel Savings

ATherms = Thermsy, X Fyyepp
Where,

3,412

=21x X ——
Therms, = 2.1 X kWh, 100,000
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Peak Demand Savings

AkWh
AkWpear = s X

Daily Peak Fuel Savings

CF

AThermspeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

AWhy;se = AkWh X EUL

ATherms s, = ATherms X EUL

Calculation Parameters

AkWh
ATherms
AkWopeak
AKWhiife

AThermsiite

kWhy

kWh,

hrs

Felec,b

Ffuelb

Thermsy

Table 2-17 Calculation Parameters

I

Annual electric energy savings
Annual fuel savings
Peak Demand Savings
Lifetime electric energy savings
Lifetime fuel savings
Energy consumption by electric baseline

cooktop

Energy consumption by induction cooktop

Annual operating hours

Electric factor; used to account for the
presence or absence of an electric cooktop
in the baseline condition

Fossil fuel factor; used to account for the
presence or absence of a fossil fuel-fired
cooktop in the baseline condition

Energy consumption by fossil fuel baseline
cooktop

Calculated
Calculated
Calculated
Calculated
Calculated

Site-specific, if unknown use
abovementioned formulae

Site-specific, if unknown use
125 kWh

Site-specific, if unknown use
365 hours

Use a value of 1.0 if the
baseline cooktop is electric.
Otherwise, use 0.0.

If unknown, use 0.61.
Use a value of 1.0 is the

baseline cooktop is fossil
fuel. Otherwise, use 0.0.

If unknown, use 0.39.

Site-specific, if unknown use
abovementioned formulae.

kWh/yr
Therms/yr
kw
kWh

Therms

kWh

kWh

Hours

N/A

N/A

Therms

[25]

[26]

(27]

(30]

(30]

(28]
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T

Relative efficiency of induction to
1.135 . 1.135 N/A [25]
resistance cooktops

Relative efficiency of induction to gas

2.1 cooktops 2.1 N/A [28]
3,412 Conversion from Btu to kWh 3,412 Btu/kWh
100,000 Conversion from Btu to therms 100,000 Btu/therm
CF Electric coincidence factor See Table 2-18 N/A
EUL Effective useful life See Measure Life Section Years [29]

Peak Factors

Table 2-18 Peak Factors

Electric coincidence factor (CF) 0.8

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 16 years [29].
References

[25] SWAP015-01, Induction Cooking with or without Electric Range, pg 7, May 2020. Available online at
http://deeresources.net/workpapers. Based on relative efficiency of induction to resistance cooktops, 0.84/0.74 =
1.135

[26] ENERGY STAR®, Emerging Technology, 2021-2022 Residential Induction Cooking Tops, January 2023
https://www.energystar.gov/about/2021 residential induction cooking tops

[27] Frontier Energy, Residential Cooktop Performance and Energy Comparison Study, Frontier Energy Report #
501318071-R0, Table 9, July 2019. https://cao-94612.s3.amazonaws.com/documents/Induction-Range-Final-
Report-July-2019.pdf

[28] SWAP013-01, Residential Cooking Appliances — Fuel Substitution, pg 10; based on relative efficiency of induction
to gas cooktops,0.84/0.399 = 2.1, May 2020

[29] New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs (TRM), Version 10,
January 2023.https://dps.ny.gov/system/files/documents/2023/03/c1e1783c-c3d3-48a4-8647-
a5923c39553c.pdf.

[30] Residential Energy Consumption Survey 2015, table HC3.1
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2.1.5 REFRIGERATORS

Market Residential/Multifamily
Baseline Condition NC/TOS/EREP/DI
Baseline Code/Existing/Dual

End Use Subcategory Kitchen

Measure Last Reviewed September 2024

Changes Since Last Version  ,  cjarified language in parameter look ups

e Added baseline values per JCPL PY2 evaluation

Description

This measure relates to the purchase and installation of a new refrigerator or refrigerator/freezer meeting either ENERGY
STAR® 5.1 or Consortium for Energy Efficiency (CEE) TIER 2 or TIER 3 specifications (defined as requiring 210%, 215% or >
20% less energy consumption than an equivalent unit meeting federal standard requirements respectively).

Baseline Case

Early Replacement (EREP): Early replacement uses a dual baseline. The baseline is the existing unit for the remaining life of
the existing unit and the baseline is a code-compliant/standard efficiency unit for the remaining life of the installed
equipment. Savings are calculated between the existing unit and the new efficient unit consumption during the assumed
remaining life of the existing unit, and between a hypothetical new baseline unit and the efficient unit consumption for
the remainder of the measure life.

Time of Sale (TOS) and new construction (NC): The baseline condition is a new refrigerator meeting the minimum federal
efficiency standard for refrigerator efficiency as presented below.

Efficient Case

The efficient condition is a high-efficiency refrigerator meeting ENERGY STAR” 5.1 or Consortium for Energy Efficiency
(CEE) TIER 2 or TIER 3 specifications requirements.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AkWh = (kWh, — kWh,) x (1 + HVAC,) X Fye,

Annual Fuel Savings

ATherms = (kWhy, — kWh,) X HVACs X Fyee X 10
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Peak Demand Savings

kWh, — kWh,

AleWpear = ( 8,760

) x (1 + HVAC,) X CF

Daily Peak Fuel Savings

AThermspgq,, = ATherms X PDF

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

No dual baseline:

AkWhyse = AkWh X EUL
Dual baseline:

AkWhyise = (AkWh using existing baseline) X RUL + (AkWh using code baseline) x (EUL — RUL)

Lifetime Fuel Energy Savings

No dual baseline:

AThermsyr, = ATherms X EUL
Dual baseline:
ATherms;;r, = (ATherms using existing baseline) X RUL + (ATherms using code baseline) x (EUL — RUL)

Calculation Parameters

Table 2-19 Calculation Parameters

e o e w

AkWh Annual electric energy savings for Calculated kWh/yr
ATherms Annual fuel savings for Time of Sale Calculated Therms/yr
AkWpeak, Peak Demand Savings for Time of Sale Calculated kWr

AThermspeak Daily peak fuel savings Calculated Therms/day
AkWhyige Lifetime electric energy savings Calculated kWh
AThermsiife Lifetime fuel savings Calculated Therms
AThermspeak Daily peak fuel savings Calculated Therms/day
AkWhyige Lifetime electric energy savings Calculated kWh
AThermsiife Lifetime fuel savings Calculated Therms
AV Adjusted volume of refrigerator Site-specific ft3
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e o e e

kWh,

kWhy

FOCC

CF

PDF

HVAC,

HVACy

HVACs

8,760
10
EUL

RUL

Annual energy consumption of qualifying
efficiency unit

Annual energy consumption of code-
compliant baseline unit

Adjustment factor to account for number
of occupants
Electric coincidence factor

Gas peak day factor

HVAC interaction factor for annual electric
energy consumption

HVAC interaction factor for peak demand
at utility summer peak hour

HVAC interaction factor for annual fossil
fuel energy consumption

Hours per year
Unit conversion, Therm/MMBtu
Effective useful life of new unit

Remaining useful life of existing unit

Site-specific, if unknown
look up in Table 2-20 for

ENERGY STAR specifications

and Table 2-22 for CEE
specifcationsTable 2-20

NC/TOS: look up code
efficiency in Table 2-20.

EREP/DI: use existing unit, if

unknown, look up in Table
2-21.
Look up in
Table 2-29, if unknown use
1.0
Look up in Table 2-24
Look up in Table 2-24

If unconditioned space, use
0, otherwise look up in
Appendix F: HVAC
Interactivity Factors

If unconditioned space, use
0, otherwise look up in
Appendix F: HVAC
Interactivity Factors

If unconditioned space, use
0, otherwise look up in
Appendix F: HVAC
Interactivity Factors

8,760
10
See Measure Life Section

See Measure Life Section

kWh/yr

kWh/yr

N/A

N/A

N/A

N/A

N/A

MMBtu/kWh

Hrs/yr
Therms/MMBtu
Years

Years

(32](35]

(31]

(33]
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Table 2-20 Federal Standard and ENERGY STAR Refrigerator Maximum Annual Energy Consumption

Product Category

Federal Baseline
Maximum Energy
Usage, kWh,’

Standard Size Models: 7.75 cubic feet or greater

1. Refrigerator-freezers and refrigerators other than all-refrigerators with
manual defrost.

1A. All-refrigerators—manual defrost.
2. Refrigerator-freezers—partial automatic defrost

3. Refrigerator-freezers—automatic defrost with top-mounted freezer
without an automatic icemaker.

3-BI. Built-in refrigerator-freezer—automatic defrost with top-mounted
freezer without an automatic icemaker.

31. Refrigerator-freezers—automatic defrost with top-mounted freezer
with an automatic icemaker without through-the-door ice service.

31-Bl. Built-in refrigerator-freezers—automatic defrost with top-mounted
freezer with an automatic icemaker without through-the-door ice
service.

3A. All-refrigerators—automatic defrost.
3A-BI. Built-in All-refrigerators—automatic defrost.

4. Refrigerator-freezers—automatic defrost with side-mounted freezer
without an automatic icemaker.

4-Bl. Built-In Refrigerator-freezers—automatic defrost with side-
mounted freezer without an automatic icemaker.

4|. Refrigerator-freezers—automatic defrost with side-mounted freezer
with an automatic icemaker without through-the-door ice service.

41-BlI. Built-In Refrigerator-freezers—automatic defrost with side-
mounted freezer with an automatic icemaker without through-the-door
ice service.

5. Refrigerator-freezers—automatic defrost with bottom-mounted
freezer without an automatic icemaker.

5-BI. Built-In Refrigerator-freezers—automatic defrost with bottom-mounted
freezer without an automatic icemaker.

51. Refrigerator-freezers—automatic defrost with bottom-mounted freezer
with an automatic icemaker without through-the-door ice service.

7.99 x AV + 225.0

6.79 X AV + 193.6
7.99 x AV + 225.0

8.07 x AV + 233.7

9.15 X AV + 264.9

8.07 x AV + 317.7

9.15 x AV + 348.9

7.07 x AV + 201.6

8.02 X AV + 228.5

8.51 x AV + 297.8

10.22 x AV + 357.4

8.51 x AV + 381.8

10.22 X AV + 441.4

8.85 x AV + 317.0

9.40 X AV + 336.9

8.85 x AV +401.0

ENERGY STAR
Maximum Energy
Usage, kWh.?

7.19 x AV + 202.5

6.11 x AV +174.2
7.19 x AV + 202.5

7.26 X AV + 210.3

8.24 X AV + 238.4

7.26 X AV + 294.3

8.24 X AV + 3224

6.36 X AV + 181.4

7.22 x AV + 205.7

7.66 X AV + 268.0

9.20 x AV + 321.7

7.66 x AV + 352.0

9.20 x AV + 405.7

7.97 x AV + 285.3

8.46 X AV + 303.2

797 x AV + 369.3

710 CFR Subpart C of Part 430, https://www.ecfr.gov/current/title-10/chapter-1I/subchapter-D/part-430/subpart-C/section-430.32

8 ENERGY STAR Program Requirements Product Specifications for Residential Refrigerators and Freezers Version 5.1. Effective 9/15/2014.
https://www.energystar.gov/sites/default/files/asset/document/Refrigerators_and Freezers Program Requirements V5.1.pdf
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Product Category

Federal Baseline
Maximum Energy
Usage, kWh,’

ENERGY STAR
Maximum Energy
Usage, kWh.?

51-BI. Built-In Refrigerator-freezers—automatic defrost with bottom-
mounted freezer with an automatic icemaker without through-the-door ice
service.

5A. Refrigerator-freezer—automatic defrost with bottom-mounted freezer
with through-the-door ice service.

5A-BI. Built-in refrigerator-freezer—automatic defrost with bottom-mounted
freezer with through-the-door ice service.

6. Refrigerator-freezers—automatic defrost with top-mounted freezer with
through-the-door ice service.

7. Refrigerator-freezers—automatic defrost with side-mounted freezer
with through-the-door ice service.

7-BI. Built-In Refrigerator-freezers—automatic defrost with side-
mounted freezer with through-the-door ice service.

9.40 x AV + 420.9

9.25 X AV + 475.4

9.83 x AV + 499.9

8.40 x AV + 385.4

8.54 x AV +432.8

10.25 x AV + 502.6

Compact Size Models: Less than 7.75 cubic feet

11. Compact refrigerator-freezers and refrigerators other than all-
refrigerators with manual defrost.

11A.Compact all-refrigerators—manual defrost.
12. Compact refrigerator-freezers—partial automatic defrost

13. Compact refrigerator-freezers—automatic defrost with top-mounted
freezer.

131. Compact refrigerator-freezers—automatic defrost with top-mounted
freezer with an automatic icemaker.

13A. Compact all-refrigerators—automatic defrost.

14. Compact refrigerator-freezers—automatic defrost with side-mounted
freezer.

141. Compact refrigerator-freezers—automatic defrost with side-mounted
freezer with an automatic icemaker.

15. Compact refrigerator-freezers—automatic defrost with bottom-mounted

freezer.

151. Compact refrigerator-freezers—automatic defrost with bottom-mounted

freezer with an automatic icemaker.

Where AV = fresh volume + (1.63 X freezer volume)

9.03 x AV + 252.3

7.84 x AV + 219.1
591 x AV + 335.8
11.80 x AV + 339.2

11.80 x AV +423.2

9.17 X AV + 259.3
6.82 x AV + 456.9

6.82 x AV + 540.9

11.80 x AV + 339.2

11.80 x AV +423.2

8.46 x AV + 387.2

8.33 X AV + 436.3

8.85 X AV +458.3

7.56 x AV + 355.3

7.69 x AV + 397.9

9.23 x AV + 460.7

8.13 x AV + 227.1

7.06 x AV + 197.2
532 x AV +302.2
10.62 x AV + 305.3

10.62 x AV + 389.3

8.25 X AV + 233.4
6.14 x AV +411.2

6.14 x AV + 495.2

10.62 x AV + 305.3

10.62 x AV + 389.3
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Table 2-21 Existing Refrigerator Baseline Consumption

1120 JCPL® 770 JCPL
kWhy 581

958 All others 593 All others

Table 2-22 CEE Residential Refrigerator Efficiency Specification

Efficiency Level Percent Improvement Over Measured'’ Federal Minimum Efficiency Standard
CEE Tier 11! 10
CEE Tier 2 15
CEE Tier 3 30

Table 2-23 Occupant Adjustment Factor

Number of Occupants Focc

0 1.00
1 1.05
2 1.10
3 1.13
4 1.15
5 or more 1.16
Unknown 1.00

Peak Factors

Table 2-24 Peak Factors

Electric coincidence factor (CF) 1.0

Natural gas peak day factor (PDF) See Appendix G: Natural Gas Peak Day Factors

9 Values from the JCPL PY2 Evaluation of the Refrigeator and Freezer Recycling Program applied to the UMP refrigerator and freezer UEC regression
models.

10 Measure Minimum Efficiency Standard is defined as the measured energy consumption of the refrigerator according to the DOE test method, prior to
the application of any adder (84 kWh/yr) for automatic icemakers. For refrigerators with automatic icemakers, the percentage improvement is calculated
by dividing the difference in annual energy use by the minimum efficiency standard, less the 84 kWh/yr adder.

11 CEE Tier 1 is aligned with the ENERGY STAR Version 5.1 specifcation for resendential refrigerators.
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Measure Life

The remaining useful life (RUL) for existing equipment is limited to 1/3 of the effective useful life (EUL) of the equipment.

Table 2-25 Measure Life

| baweme | B R Ref
4

Refrigerator 12 [34]
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