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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 multi-family (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.

Type of Measure

Table 1-1 Summary of Calculations and Approaches

Type of
Calculation

General Approach

Deemed prescriptive
measures

Measures with important
variations in one or more
input values (e.g., , efficiency
level, capacity, load, etc.)

Custom or site-specific
measures, or measures in
complex comprehensive jobs

Standard formula
and deemed input
values

Standard formula

with one or more

site-specific input
values

Site-specific
analysis

Number of installed units times
deemed savings/unit

Standard formula in the TRM with
one or more input values coming
from the application form, worksheet,
or field tool (e.g., , efficiency levels,
unit capacity, site-specific load)

Greater degree of site- specific
analysis, either in the number of site-
specific input values, or in the use of

special engineering algorithms,

including building simulation
programs

Several systems work together to ensure accurate data on a given measure:

Residential appliances

Residential Electric HVAC

(change in efficiency level

times site-specific capacity

times standard operating
hours);

Field screening tools that use
site-specific input values

Custom Industrial process
Complex

comprehensive jobs

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.

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 PJM. Peak
coincident demand is the demand of a measure that occurs at the same time as the PJM system peak. PJM system peak
typically occurs on a weekday during the months of June, July or August, during the hour that ends at 16:00 and 19:00
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Eastern Prevailing Time. Therefore peak coincident demand savings should be calculated based on the average demand
reduction during the hours in that time frame.!

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

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

1 Coincidence factors provided in the TRM measure sections are based on best available information. These coincidence factors may not conform to PJM
requirements for bidding into the forward capacity market.
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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.
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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 January 2023

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.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings
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AKWh = AW hyygsner + AkWhpyy + AkWhgyyer

Where,

F her,b F her,
AkWhygsper = Cap X( ;}]\(/IISE;; - ;VICISE;: X NCycles

FDHW,b _ FDHW.q
IMEF, IMEF,

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

Fdryer,b _ Fdryer,q
IMEF, IMEF,

Akthryer = Cap X ( ) X Ncycles X SFdryer,electric

Annual Fuel Savings

ATherms = AThermspyy + ATherms g,y er

Where,

FDHW,b _ FDHW.Q
IMEF, IMEF,

ATheT'mSDHW = Cap X < ) X Ncycles X Rq X SFDHW,ff X 0.03412

Faryern  Faryer,
AThermsp,ye, = Cap X (11\2?1%, - MZ;}: X Neyetes X SFaryerpr % 0.03412

Peak Demand Savings

Daily Peak Fuel Savings

AThermsSpeq,, = ATherms X PDF

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL
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Calculation Parameters

AkWh

Akv\/hwasher

AkWhDHW

Akthryer

ATherms

AThermsDHW

AThermsgryer

AkWpeak
AThermspeak
AkWhijife
AThermsyize

AH20

Cap

IMEF,

IWF,

IMEF,

Ncycles

Fwasher,b

Fwasher,q

Forw,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

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

Fraction of total energy consumption
attributed to water heating for the
baseline case

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated
Calculated
Calculated
Calculated
Calculated

Site-specific. If unknown,
use 3.39

Site-specific. If unknown,
look up in Table 2-3

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

Look up in Table 2-6

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

N/A

N/A

(1]

(2](3]

(2](3]

(2]

(5]

(6]

(5]
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S

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
Fdryer,q attributed to dryer operation for the Look up in Table 2-6 N/A
efficient case
SFoHw,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, Fossil fuel DHW savings factor Look up in Table 2-7 N/A
SFdryer,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
N
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 21.6 1.84 4.7

Table 2-3 Efficient Unit Minimum IMEF

Efficiency Level Front Loading Top Loading

Clothes Washers > 2.5 ft3

ENERGY STAR

CEE Tier 1

CEE Tier 2

2.92

2.06

2.76

(6]

(5]

(6]

(10]
(10]
(10]

(10]

(8]
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Efficiency Level Front Loading Top Loading

CEE Tier 3

ENERGY STAR

CEE Tier 1

CEE Tier 2

Single Family

Table 2-5 Total Energy Consumption Breakdown for Baseline Case

Clothes Washers < 2.5 ft3

3.10

2.07
2.07

2.20

Table 2-4 Annual Cycles and Hours

254

295

(4]

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

Federal Standard

Table 2-6 Total Energy Consumption Breakdown for Efficient Case

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

ENERGY STAR
CEE Tier 1
CEE Tier 2

CEE Tier 3

CEE Tier 1

CEE Tier 2

Electric
Fossil Fuel

Unknown

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

Table 2-7 DHW and Dryer Savings Factors

“ SFDHW cleetrie SFdrVer;E|EC"|C m SFdrVef g

1.00

0

0.31

1.00

0

0.68

1.00

0.69

0.32

0.32

0.03

0.03

0.20

0.20

1.00

0.32
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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 3.2
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 Dav Factors
Y

Non-Energy Impacts

AH20 = (IWF, — IWFE,) X Cap X Neycies

Measure Life

The effective useful life (EUL) is 14 years. [9]
References

[1] Based on the average clothes washer volume of all units that are ENERGY STAR qualified as of 3/17/2020.

[2] 10 CFR Subpart C of Part 430. https://www.ecfr.gov/current/title-10/chapter-1l/subchapter-D/part-430/subpart-
C/section-430.32

[3] ENERGY STAR Program Requirements Product Specification for Clothes Washers, Version 8.1. 2021.
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%208.1%20Clothes
%20Washer%20Final%20Specificaiton%20-%20Partner%20Commitments%20and%20Eligibility%20Criteria.pdf
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https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-C/section-430.32
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-C/section-430.32
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%208.1%20Clothes%20Washer%20Final%20Specificaiton%20-%20Partner%20Commitments%20and%20Eligibility%20Criteria.pdf
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%208.1%20Clothes%20Washer%20Final%20Specificaiton%20-%20Partner%20Commitments%20and%20Eligibility%20Criteria.pdf

(4]

(5]
(6]

(7]

(8]

(9]

CEE, Residential Clothes Washer Specification (2022).

https.//library.ceel.org/system/files/library/12282/CEE ClothesWasher Specification 17May2022.pdf

10 CFR Subpart B of Part 430. https://www.ecfr.gov/current/title-10/chapter-ll/subchapter-D/part-430/subpart-B
The percentage of total energy consumption that is used for the machine, heating the hot water or by the dryer is

different depending on the efficiency of the unit. Values are based on a weighted average of top loading and front
loading units (based on available product from the ENERGY STAR qualified product list accessed on 3/17/2020)
and consumption data from Life-Cycle Cost and Payback Period Excel-based analytical tool, available online at:
https://www.regulations.gov/docketBrowser?rpp=25&s0=DESC&sb=commentDueDate&po=0&dct=SR&D=EERE2
008-BT-STD-0019

Navigant, EmMPOWER Maryland DRAFT Final Impact Evaluation Report Evaluation Year 4 (June 1, 2012 — May 31,
2013) Commercial & Industrial Prescriptive & Small Business Programs (2013).

To account for the different efficiency of electric and fossil fuel water heaters (gas water heater: recovery
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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https://library.cee1.org/system/files/library/12282/CEE_ClothesWasher_Specification_17May2022.pdf
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-B
https://www.regulations.gov/docketBrowser?rpp=25&so=DESC&sb=commentDueDate&po=0&dct=SR&D=EERE2008-BT-STD-0019
https://www.regulations.gov/docketBrowser?rpp=25&so=DESC&sb=commentDueDate&po=0&dct=SR&D=EERE2008-BT-STD-0019
http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/Waste_Water_Heat_Recovery_Guidelines.pdf
http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/Waste_Water_Heat_Recovery_Guidelines.pdf
https://www.regulations.gov/document/EERE-2017-BT-STD-0014-0025
https://www.eia.gov/consumption/residential/data/2015/

2.1.2 CLOTHES DRYER

Market Residential/Multifamily/Low Income
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
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Peak Demand Savings

Daily Peak Fuel Savings

AThermsSpeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL

Calculation Parameters

AkWh
ATherms
AKWopeak
AThermspeak
AkWhyjte

AThermsyite

CydesAnnual

Hrs

Load

Felec,b

CEFp

I:elec,q

Table 2-10 Calculation Parameters

S

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

Lifetime fuel savings

Number of dryer cycles per year

Annual run hours of clothes dryer

Average total weight of clothes per drying cycle

Percentage of energy consumed that is derived from

electricity for baseline condition

Combined energy factor for baseline condition

Percentage of energy consumed that is derived from

electricity for efficient

condition

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated

Site-specific. If unknown,
use 283

Site-specific. If unknown,
use 290?

Look up in Table 2-11

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

2 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,
CEFq - . Ib/kWh [12]
factor for efficient case look up in Table 2-11
Percentage of energy consumed that is derived from
Fruel,b g . &y . . Look up in Table 2-11 N/A [15][16]
fossil fuel for baseline condition
Percentage of energy consumed that is derived from .
Fuel,q ) o Look up in Table 2-11 N/A [15][16]
fossil fuel for efficient case
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 0.163 0.16 0.844 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

Peak Factors

Table 2-12 Peak Factors

Electric coincidence factor (CF) 0.029 [17]

3 %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.

4 %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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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].
References

[11] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table for 2020.

[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

[17] Northwest Energy Efficiency Alliance (NEEA), Dryer Field Study, November 2014. https://ecotope-publications-
database.ecotope.com/2014 005 1 DryerStudy.pdf
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https://www.energystar.gov/sites/default/files/specs/ENERGY%20STAR%20Draft%202%20Version%201.0%20Clothes%20Dryers%20Data%20and%20Analysis.xlsx
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2.1.3 DISHWASHER

Market Residential/Multifamily/Low Income
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 = (kWh, — kWhy) X (Fpachine + Fyon X ElecSFyp)

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

AkWpear =

Daily Peak Fuel Savings

AkWh
hrs

AThermsSpeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL

Calculation Parameters

AkWh
ATherms
AKWopeak
AThermspeak
AkWhjte

AThermsyite

kWh,

kWhy

Fmachine

th

Hrs
ElecSFun

FuelSFyn

1.307

Table 2-13 Calculation Parameters

I R N

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 - = I

Electric WH 1.00 0
Fossil Fuel WH 0 1.00

Other 0 0
Unknown 0.20 0.54

Peak Factors

Table 2-16 Peak Factors

Electric coincidence factor (CF) 0.029 [20]

Appendix G: Natural Gas

Natural gas peak day factor (PDF) peak Day Factors

Measure Life

The effective useful life (EUL) is 11 years [23].
References

[18] 10 CFR 430.32 (f)(1). https://www.ecfr.gov/current/title-10/chapter-1I/subchapter-D/part-430#p-430.32(f)(1) An
average of 215 annual 1.4-hour dishwasher cycles is assumed in order to estimate conventional and qualifying

energy ratings, for a total of 301 hours of active use per year.
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https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430#p-430.32(f)(1)

[19] ENERGY STAR Residential Appliance Savings Calculator, 2012.

[20] From NY TRM v10: “Based on 8,760 end use data for Missouri, provided to VEIC by Ameren for use in the lllinois
TRM. The average dishwasher load during peak hours is divided by the peak load. In the absence of a New York
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
hours were used in the referenced study whereas 301 hours are cited in this document) and peak range was
adjusted to reflect New York peak time (the hour ending in 5PM) from lllinois peak time (1PM to the hour ending
5PM).”

[21] Based on NYSERDA Residential Statewide Baseline Study of New York State — July 2015.5 “Unknown” shall only be
applied when the collection of information on water heating fuel is not feasible due to program configuration of
delivery mechanism. ElecSF and FuelSF “unknown” factors may not sum to 100% due to the presence of other
water heating fuels.

[22] Per 10 CFR 430 Subpart B Appendix E — Uniform Test Method for Measuring the Energy Consumption of Water
Heaters: 6.3.2 Recovery Efficiency.

[23] California Public Utilities Commission EUL Table, version 027 (updated November 12, 2022). Accessed December
30, 2022. https://www.caetrm.com/shared-data/value-table/EUL/

[24] ENERGY STAR® Program Requirements for Residential Dishwashers Eligibility Criteria Version 6.0 (2016), Table 1.
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Residential%20Dishwasher%20Version%206
.0%20Final%20Program%20Requirements.pdf

5 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.
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2.1.4 INDUCTION RANGE/COOKTOP

Market Residential
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 Fryepp

Where,

3,412

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

Daily Peak Fuel Savings

AThermspeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

AkWhy; e = AkWh X EUL

ATherms,;r, = ATherms X EUL

Calculation Parameters

AkWh
ATherms
AkWopeak
AKWhire

AThermsiie

kWhy

kWh,

hrs

Felec,b

Ffuelb

Thermsy

1.135

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

Relative efficiency of induction to
resistance cooktops

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.

Use a value of 1.0 is the
baseline cooktop is fossil
fuel. Otherwise, use 0.0.

Site-specific, if unknown use
abovementioned formulae.

1.135

kWh/yr
Therms/yr
kw
kWh

Therms

kWh

kWh

Hours

N/A

N/A

Therms

N/A

[25]

[26]

(27]

(28]

[25]
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e

Relative efficiency of induction to gas

cooktops 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 9,
January 2022.
https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fecOb45a3c6485257688006a701a/72c23decff52920a85257f11006
71bdd/SFILE/NYS%20TRM%20V9.pdf.
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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 December 2022

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.

Normal Replacement(NR) 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

Normal replacement and TOS (compared to code baseline):

AW by ros = (kWhy — kWhy) X (1 4+ HVAC,) X Fye,
Early replacement and DI (compared to existing baseline):

AW hgpeppr = (kWhey — kWhg) X (1 4+ HVAC,) X Fye,

Annual Fuel Savings

Normal replacement and TOS (compared to code baseline):
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AThermsygros = (kWhy — kWhg) X HVACs X Fyee X 10
Early replacement and DI (compared to existing equipment):
AThermsgreppr = (KWhey — kWhy) X HVACsf X Fpee X 10

Peak Demand Savings

Normal replacement and TOS (compared to code baseline):

kWh, — kWh,

5760 ) x (1 + HVAC,) x CF

Ak WPeak,NR/TOS = <

Early replacement and DI (compared to existing equipment):

kW he, — kWh,

5760 ) X (1+ HVAC,) x CF

Ak Wheak,ereP /DI = (

Daily Peak Fuel Savings

AThermsSpeq, = ATherms X PDF

Lifetime Enerqy Savings Algorithms:

Normal replacement and TOS (compared to code baseline):

Lifetime Electric Energy Savings

AkWhLife = AkWhNR/TOS X EUL

Lifetime Fuel Savings

ATherms,;r, = AThermsyg ros X EUL
Early replacement and DI (compared to existing equipment):

Lifetime Electric Energy Savings

AW hyipe = AKW hpgpp py X RUL + AW hyg ros X (EUL — RUL)

Lifetime Fuel Savings

ATherms;s, = AThermsgggp,p; X RUL + AThermsygros X (EUL — RUL)



Calculation Parameters

AkWhyg/ros

AkvthREF’/DI

AThermsyg/ros

AThermsEREp/m

AKWpeak nr/Tos

AkWPez:lk,EREP/DI

AThermspeak
AkWhijife
AThermsiice
AThermspeak
AkWhyjife
AThermsyize

AV

kWhex

kWh,

kWhy

FOCC

CF

PDF

Table 2-19 Calculation Parameters

N N

Annual electric energy savings for normal
replacement

Annual electric energy savings for early
replacement

Annual fuel savings for normal
replacement

Annual fuel savings for early replacement

Peak Demand Savings for normal
replacement

Peak Demand Savings for early
replacement

Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings
Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings
Adjusted volume of refrigerator

Annual energy consumption of existing
unit

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

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated

Site-specific

Site-specific®

Site-specific, if unknown
look up in Table 2-20 for
ENERGY STAR specifications
and Table 2-21 for CEE
specifcationsTable 2-20

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

Look up in

Table 2-28, if unknown use
1.0

Loo kup in Table 2-23

Loo kup in Table 2-23

kWh/yr

kWh/yr

Therms/yr

Therms/yr

kWr

kw

Therms/day
kWh
Therms
Therms/day
kWh
Therms

ft3

kWh/yr

kWh/yr

kWh/yr

N/A

N/A

N/A

[31][34]

(30]

(32]

6 The Annual Energy Consumption of existing unit can be determined in preference order of: 1) Field measurement 2) EnergyGuide Label on the
equipment 3) Manufacturer Rated kWh Usage 4) Residential Appliance Recycling measure

36



S

HVAC interaction factor for annual electric

0.080. If unconditioned

HVAC,
energy consumption space, use 0
. HVAC interaction factor for peak demand 0.175. If unconditioned
¢ at utility summer peak hour space, use 0
HVAC HVAC interaction factor for annual fossil -0.002. If unconditioned
ff fuel energy consumption space or electric heat use 0
8,760 Hours per year 8,760
10 Unit conversion, Therm/MMBtu 10
EUL Effective useful life of new unit See Measure Life Section
RUL Remaining useful life of existing unit See Measure Life Section

N/A

N/A

MMBtu/kWh

Hrs/yr

Therms/MMBtu

Years

Years

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.

3l. 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.

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

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 + 2384

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
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Product Category

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

41-Bl. 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-Bl. 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.

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

Federal Baseline
Maximum Energy
Usage, kWh,
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

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.

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

ENERGY STAR
Maximum Energy
Usage, kWh,
7.66 x AV + 352.0

9.20 X AV + 405.7

7.97 x AV + 285.3

8.46 x AV + 303.2

7.97 x AV + 369.3

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
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Federal Baseline ENERGY STAR

Product Category Maximum Energy Maximum Energy
Usage, kWh, Usage, kWh,

15. Compact refrigerator-freezers—automatic defrost with bottom-mounted 11.80 x AV + 339.2 10.62 x AV + 305.3
freezer.

151. Compact refrigerator-freezers—automatic defrost with bottom-mounted 11.80 X AV + 423.2 10.62 x AV + 389.3
freezer with an automatic icemaker.

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

Table 2-21 CEE Residential Refrigerator Efficiency Specification

Efficiency Level Percent Improvement Over Measured’ Federal Minimum Efficiency Standard
CEE Tier 18 10
CEE Tier 2 15
CEE Tier 3 30

Table 2-22 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 2-23 Peak Factors

Electric coincidence factor (CF) 1.0

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

7 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.

8 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 2-24 Measure Life

| bweme | B RUL | Ref
4

Refrigerator 12 [33]

References

[30] 10 CFR Subpart C of Part 430, https://www.ecfr.gov/current/title-10/chapter-1l/subchapter-D/part-430/subpart-
C/section-430.32

[31] 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_Requirem
ents V5.1.pdf

[32] The Occupant Adjustment Factor is developed from simulating audits within the Oak Ridge National Laboratory,
National Energy Audit Tool (NEAT), 2012. https://weatherization.ornl.gov/obtain/

[33] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table for 2020,
http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx. Accessed December 2022.

[34] CEE, 2022 CEE Home Appliances Initiative and Residential Refrigerator Specification, May 2022
https://library.ceel.org/content/cee-residential-refrigerator-specification
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2.1.6 FREEZER

Market Residential
Baseline Condition NC/TOS/RF/EREP
Baseline Code/Existing/Dual

End Use Subcategory Kitchen

Measure Last Reviewed December 2022

Description

This measure relates to the promotion of residential freezers meeting the ENERGY STAR 5.1 criteria through retail
channels and through upstream efforts such as the ENERGY STAR Retail Products Program. In the measure, a freezer
meeting the efficiency specifications of ENERGY STAR is installed in place of a model meeting the federal standard
(NAECA). Energy usage specifications are defined in the tables below. Freezer adjusted volume used in the specifications is
calculated as follows:

AV = 1.76 X (total freezer volume)
Baseline Case

The baseline equipment is assumed to be a freezer model that meets the federal minimum standard for energy efficiency.
The standard varies depending on the type of the freezer (chest or upright freezer), its size category (full or compact) and
other attributes (defrost type and presence of through the door ice) and is defined in the tables below.

Efficient Case

The efficient equipment is defined as a freezer meeting the freezer efficiency specifications of ENERGY STAR v 5.1, as
calculated below.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

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

Annual Fuel Savings

ATherms = (kWhy, — kWhy) X HVACs X Fpee X 10

Peak Demand Savings

kWh, — kWh,

AkWpear = ( 8,760

) X (1 4+ HVAC,;) X TAF X LSAF
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Daily Peak Fuel Savings

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

No dual baseline:

Dual baseline:

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

Lifetime Fuel Energy Savings

No dual baseline:

Dual baseline:

AThermspeq,, = ATherms X PDF

AeWhy;se = AkWh X EUL

AThermsy;¢, = ATherms X EUL

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

Calculation Parameters

Table 2-25 Calculation Parameters

N

AkWh Annual electric energy savings Calculated
ATherms Annual fuel savings Calculated
AKkWpeak Peak Demand Savings Calculated

AThermspeak Daily peak fuel savings Calculated
AkWhyjfe Lifetime electric energy savings Calculated
AThermsyise Lifetime fuel savings Calculated

Look up in Table 2-26, if

kWhy, kWh consumption for basline case volume unknown use Table

kWhq kWh consumption for energy efficient case

2-27

Site-specific, if unknown
look up in Table 2-26. If
volume unknown use Table
2-27

kWh/yr

Therms/yr

kw

Therms/day

kWh

Therms

kWh/yr

kWh/yr

(35]

(36]
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T

Look up in
Adjustment factor to account for number of
Foce Table 2-28. If unknown use N/A [41]
occupants
1.0
HVAC interaction factor for annual electric 0.080. If unconditioned
HVAC, . N/A
energy consumption space use 0
HVAC interaction factor for peak demand at 0.175. If unconditioned
HVACq4 - N/A
utility summer peak hour space use 0
HVAC interaction factor for annual fossil -0.002. If unconditioned
HVACs . MMBtu/kWh
fuel energy consumption space use 0
TAF Temperature Adjustment Factor 1.23 N/A [38]
LSAF Load Shape Adjustment Factor 1.15 N/A [39]
CF Electric coincidence factor Look up in Table 2-29 N/A
PDF Gas peak day factor Look up in Table 2-29 N/A
EUL Effective useful life See Measure Life Section Years
RUL Remaining useful life See Measure Life Section Years

Table 2-26 Freezer Baseline and Efficienct Annual kWh Consumption

Baseline Annual kWh Energy Efficient Annual kWh
Product Class

Consumption (kWhy) [35] Consumption (kWh,) [36]

Full-Size Freezers, where AV is adjusted volume

8. Upright freezers with manual defrost 5.57 X AV + 193.7 5.01 x AV 4+ 174.3
9. Upright f ith aut tic defrost without
pright freezers With automatic defrost withou 8.62 x AV + 2283 7.76 x AV + 205.5
an automatic icemaker
9l. Upright freezers with automatic defrost with an
. 8.62 x AV +312.3 7.76 X AV + 289.5
automatic icemaker
9-Bl. Built-In upright freezers with automatic
. . 9.86 x AV + 260.9 8.87 X AV + 234.8
defrost without an automatic icemaker
91-BI. Built-in upright freezers with automatic
. . 9.86 X AV + 344.9 8.87 x AV + 318.8
defrost with an automatic icemaker
10. Chest freezers and all other freezers except
7.29 x AV +107.8 6.56 X AV +97.0
compact freezers
10A. Chest freezers with automatic defrost 10.24 x AV + 148.1 9.22 X AV + 133.3

Compact Freezers, where AV is adjusted volume
16. Compact upright freezers with manual defrost 8.65 X AV + 225.7 7.79 x AV + 203.1

17. Compact upright freezers with automatic defrost 10.17 x AV 4+ 351.9 9.15 X AV + 316.7
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Baseline Annual kWh Energy Efficient Annual kWh
Product Class

Consumption (kWh) [35] Consumption (kWh,) [36]

18. Compact chest freezers 9.25 X AV + 136.8 833 x AV +123.1

If freezer volume is unknown, use the default consumption values in Table 2-27.

Table 2-27 Default Values

Market Share
Product Category AV (assumed) L.
Weighting [37]
Upright Freezer 24.4 439 395 36.74%
Chest Freezer 18.0 239 215 63.26%
Weighted Average 313 281 100%

Table 2-28 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

Peak Factors

Table 2-29 Peak Factors

Electric coincidence factor (CF) 1.0

Natural gas peak day factor (PDF) N/A

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 2-30 Measure Life

I S S
3.66

Freezer 11 [40]
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References

[35] “Electronic Code of Federal Regulations (ECFR).” 2020. https://www.ecfr.gov/cgi-bin/

[36] “ENERGY STAR Program Requirements for Residential Refrigerators and Freezers Partner Commitments.”
https://www.energystar.gov/ia/partners/product_specs/program_reqs/Refrigerators_and_Freezers_Program_Re
quirements_V5.0.pdf.

[37] The weighted average unit energy savings is calculated using the market share of upright and chest freezers. The
assumed market share, as presented in the table above, comes from 2011 NIA-Frz-2008 Shipments data.

[38] Temperature adjustment factor based on Blasnik, Michael, “Measurement and Verification of Residential
Refrigerator Energy Use, Final Report 2003-2004 Metering Study”, July 29, 2004 (p.47) and assuming 78% of
refrigerators are in cooled space (based on BGE Energy Use Survey, Report of Findings, December 2005; Mathew
Greenwalk & Associates) and 22% in un-cooled space. Although this evaluation is based upon refrigerators only it
is considered a reasonable estimate of the impact of cycling on freezers and gave exactly the same result as an
alternative methodology based on Freezer eShape data.

[39] Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and Verification of Residential
Refrigerator Energy Use, Final Report, 2003-2004 Metering Study", July 29, 2004 (p. 48), (extrapolated by taking
the ratio of existing summer to existing annual profile for hours ending 15 through 18, and multiplying by new
annual profile).

[40] ENERGY STAR assumes 11 years based on Appliance Magazine U.S. Appliance Industry: Market Value, Life
Expectancy & Replacement Picture for 2005-2012, 2011.

[41] The Occupant Adjustment Factor is developed from simulating audits within the ORNL weatherization tool,
National Energy Audit Tool (NEAT), Oak Ridge National Laboratory, 2012.
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2.1.7 WATER COOLER

Market Residential
Baseline Condition NC/TOS
Baseline Code

End Use Subcategory Kitchen

Measure Last Reviewed December 2022

Description

This measure estimates savings for installing ENERGY STAR Water Coolers compared to standard efficiency equipment in

residential applications. The measurement of energy and demand savings is based on a deemed savings value multiplied

by the quantity of the measure.

Baseline Case

Residential water cooler meeting Energy Star v. 2.0 Water Cooler requirements as directed by N.J. PL 2021, c. 464.

Efficient Case

ENERGY STAR v. 3.0 compliant residential water cooler.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

Annual Fuel Savings

Peak Demand Savings

Daily Peak Fuel Savings

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

AkWh = (kWhy, — kWh,) x 365

ATherms = N/A

AThermspeq, = N/A

AW hy;se = AkWh X EUL
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Lifetime Fuel Savings

AThermsp ¢, = N/A

Calculation Parameters

Table 2-31 Calculation Parameters

AkWh Annual electric energy savings Calculated kWh/yr
AkWpeak Peak Demand Savings Calculated kw
AKWhjee Lifetime electric energy savings Calculated kWh
Hr Annual hours of operation Site-specific. If unknown, assume 8,760 Hrs
kWhy, Energy use of baseline water cooler Look up in Table 2-32 kWh/day [42]

Site-specific. If unknown, look up in

kWhq Energy use of energy efficient water cooler Table 2-32 kWh/day [43]
CF Electric coincidence factor Look up in Table 2-33 N/A
PDF Gas peak day factor Look up in Table 2-33 N/A
EUL Effective useful life See Measure Life Section Years

Table 2-32 Water Cooler Energy Use

Energy Star Water Cooler Type Product

Baseline kWh,, (kWh/day) Default Efficient kWh, (kWh/day)

Capacity Class, and Conditioning Method

Cold Only 0.16
Hot & Cold — Low Capacity® 0.87 0.68
Hot & Cold — High Capacity'® 0.87 0.80
Hot & Cold On-Demand 0.18 0.18

° A water cooler with a cold-water dispenser capacity of 0.50 gallons per hour or less, as measured per ANSI/ASHRAE Standard 18. For units that also
provide hot water, the unit must have a hot-water dispenser capacity that is equal to or less than 41 exact 6 oz. cups per hour, as rated per ANSI/ASHRAE
Standard 18.

10 A water cooler with a cold-water dispenser capacity that is greater than 0.50 gallons per hour, as measured per ANSI/ASHRAE Standard 18. For units
that also provide hot water, the unit must have a hot-water dispenser capacity greater than 41 exact 6 oz. cups per hour, as rated per ANSI/ASHRAE
Standard 18.
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Peak Factors

Table 2-33 Peak Factors
Electric coincidence factor (CF) 1.0 [44]

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 10 years. [42]
References

[42] ENERGY STAR Product Specification for Water Coolers Version 2.0.
https://www.energystar.gov/sites/default/files/specs//ES%20WC%20V2%200%20Spec.pdf

[43] ENERGY STAR Product Specifications for Water Coolers Version 3.0.
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Verison%203.0%20Water
%20Coolers%20Final%20Specification 0.pdf

[44] Assumes 24/7 operation. Site-specific load shape information should be used if known.
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2.1.8 AIR PURIFIER

Market Residential/Multifamily/Low Income
Baseline Condition TOS

Baseline ISP

End Use Subcategory Indoor Environment

Measure Last Reviewed December 2022

Description

An air purifier (cleaner) meeting the efficiency specifications of ENERGY STAR is purchased and installed in place of a
model meeting the New Jersey P.L. 2021, c. 464 minimum standards. Compliance with this standard will start on January 1,
2023. The Coincidence factor (CF) assumes that the purifier usage is evenly spread throughout the year and the annual
active operating hours assume that the air purifier operates 16 hours a day for 365 days[48].

Baseline Case

The baseline equipment is assumed to be a conventional non-ENERGY STAR unit, meeting the New Jersey P.L. 2021, c. 464

minimum standards.

Efficient Case

The efficient equipment is defined as an air purifier meeting the efficiency specifications of ENERGY STAR Version 2.0.
Certified air cleaner models shall produce a minimum 30 CADR for Smoke to be considered under this specification.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AWh = kWh, — kWh,

Where,
YWh u < CADR,, ) + (8760 — H PartialPower,
= X — X—
v = Hrs X\ CADR per-watt, x1,000) T & rs) 1,000
YWh ” CADR, (8760 — H PartialPower,
= X — x— 14
a = Hrs X\ CaDR perwazt, x 1,000) T @ s) 1,000

Annual Fuel Savings

ATherms = N/A
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Peak Demand Savings

Daily Peak Fuel Savings

AThermSpeq, = N/A

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermspir, = N/A

Calculation Parameters

Table 2-34 Calculation Parameters

I N

AkWh Annual electric energy savings Calculated kWh/yr
AKkWpeak Peak Demand Savings Calculated kw
AKWhje Lifetime electric energy savings Calculated kWh
Annual electric consumption of the baseline
KWhe P Calculated KWh/yr
case
Annual electric consumption of the efficient
kWh, Calculated kWh/yr
case
AThermsyise Lifetime fuel savings Calculated Therms
Clean Air Delivery Rate (CADR) for baseline air .
CADRy o Look up in Table 2-35 cfm [45]
purifier
Clean Air Delivery Rate (CADR) per watt for .
CADR_per_watty . . . Look up in Table 2-35 cfm/Watt [45]
baseline air purifier
. Partial On Model Power for baseline air .
PartialPower, o Look up in Table 2-35 Watts [45]
purifier by category
Clean Air Delivery Rate (CADR) for efficient air  Site-specific. If unknown,
CADR, n . cfm [46]
purifier look up in Table 2-36
Clean Air Delivery Rate (CADR) per watt for Site-specific. If unknown,
CADR_per_wattq . . o . cfm/watt [46]
efficient air purifier look up in Table 2-36
. Partial On Model Power for efficient air purifier ~ Site-specific. If unknown,
PartialPower, Watts [46]

by category

look up in Table 2-36
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e e

Annual active operating hours 5,840 [48]
CF Electric coincidence factor Look up in Table 2-39 N/A
EUL Effective useful life See Measure Life Section Years
1,000 Conversion from Watts to kW 1,000 Watts/kW
8,760 Hours per year 8,760 Hours

Table 2-35 Baseline Air Purifier Specifications

. . . Partial On Mode Partial On Mode
Clean Air Delivery Rate CADR used indeemed . . . o
. . CADR per Watt Power with WiFi Power without WiFi
(CADR) Range savings calculation . .
connection (Watts) | connection (Watts)
51 < CADR < 100 1.7 2 1
101 < CADR < 150 125 1.9 2 1
151 < CADR < 200 175 2.0 2 1
201 < CADR < 250 225 2.0 2 1
CADR > 250 275 2.0 2 1

Table 2-36 Efficient Air Purifier Specifications

Maximum Partial Maximum Partial
Clean Air Delivery Rate CADR used in deemed Minimum Smoke On Mode Power On Mode Power

(CADR) Range savings calculation CADR per Watt with WiFi without WiFi
connection (watts) | connection (watts)

51 <CADR <100 75 1.9 2 1
101 < CADR < 150 125 2.4 2 1
151 < CADR < 200 175 2.9 2 1
201 < CADR < 250 225 2.9 2 1

CADR > 250 275 2.9 2 1

Table 2-37 Deemed kWh Savings

Maximum Partial On Mode

Clean Air Delivery Rate CADR used in deemed
Maximum Partial On Mode

(CADR) Range savings calculation ' - ' Power without WiFi
Power with WiFi connection .
connection
51 < CADR< 100 75 27 27
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Maximum Partial On Mode

Clean Air Delivery Rate CADR used in deemed

(CADR) Range savings calculation Max'mufm Par_t'_a' On M°_de Power without WiFi
Power with WiFi connection .
connection
101 < CADR < 150 125 80 80
151 < CADR < 200 175 159 159
201 < CADR < 250 225 204 204
CADR 2 250 275 249 249

Table 2-38 Deemed kW Savings

Maximum Partial On Mode

Clean Air Delivery Rate CADR used in deemed

(CADR) Range savings calculation MaX|mu.m Par.tl.al On Mofje Power without WiFi
Power with WiFi connection .
connection

51 < CADR< 100 75 0.0031 0.0031
101 < CADR < 150 125 0.0091 0.0091
151 < CADR <200 175 0.0181 0.0181
201 < CADR < 250 225 0.0233 0.0233
CADR 2 250 275 0.0285 0.0285

Peak Factors

Table 2-39 Peak Factors

Electric coincidence factor (CF) 0.667%1

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 9 years [47].
References

[45] “New Jersey A5160 | 2020-2021 | Regular Session.” n.d. LegiScan. Accessed December 21, 2022.
https://legiscan.com/NJ/text/A5160/2020

1 Assumes equal likelihood of usage at any time of day (16/24 hours)

52


https://legiscan.com/NJ/text/A5160/2020

[46] “ENERGY STAR Program Requirements for Room Air Cleaners -Partner Commitments ENERGY STAR © Program
Requirements for Room Air Cleaners Partner Commitments, Version 2.0 Rev. May 2002.” n.d. Accessed December
21, 2022.
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%202.0%20Room%
20Air%20Cleaners%20Specification%20%28Rev.%20May%202022%29.pdf

[47] EPA, Consumer Messaging Guide for Energy Star Certified Appliances. August 2018.
https://www.energystar.gov/sites/default/files/asset/document/ES Consumer Messaging Guide 2018 508-
c.pdf

[48] “ENERGY STAR Appliance Calculator”. https://www.energy.gov/energysaver/maps/appliance-energy-calculator.
n.d. Accessed December 21, 2022.
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https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%202.0%20Room%20Air%20Cleaners%20Specification%20%28Rev.%20May%202022%29.pdf
https://www.energystar.gov/sites/default/files/asset/document/ES_Consumer_Messaging_Guide_2018_508-c.pdf
https://www.energystar.gov/sites/default/files/asset/document/ES_Consumer_Messaging_Guide_2018_508-c.pdf
https://www.energy.gov/energysaver/maps/appliance-energy-calculator

2.1.9 DEHUMIDIFIER

Market Residential/Multifamily/Low Income
Baseline Condition TOS/NC

Baseline Code /ISP

End Use Subcategory Indoor Environment

Measure Last Reviewed January 2023

Description

This measure covers the installation of residential stand-alone or whole-house dehumidifiers meeting the minimum
qualifying efficiency standards established under the ENERGY STAR® Program, Version 5.0, effective October 31, 2019. This
measure is restricted to dehumidifiers with a product moisture removal capacity of less than or equal to 185 pints/day.

Baseline Case

The baseline condition is a stand-alone or whole-house dehumidifier meeting the minimum effective federal standard for
performance.

Dehumidifiers manufactured and distributed in commerce on or after June 13, 2019, must meet the energy conservation
standards, rated in Integrated Energy Factor as specified in the Code of Federal Regulations.

Efficient Case

The compliance condition is an ENERGY STAR® v. 5 qualified stand-alone or whole-house dehumidifier.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

AkWh =

pints/day X 0.473 X hrs » 1 1
24 IEF, IEF,

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWh
AkWPeak = W X CF

Daily Peak Fuel Savings

AThermspeq, = N/A
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Lifetime Energy Savings Algorithms

Lifetime Electric Energy Sa

vings

Lifetime Fuel Savings

Calculation Parameters

AkWh Annual electric energy savings
AkWpeak Peak Demand Savings
AkWh e Lifetime electric energy savings
Pints/day Product capacity to remove moisture
hrs Annual run hours of dehumidifier
IEFy, Baseline Integrated Energy Factor
IEFq Energy Efficient Integrated Energy Factor
0.473 Conversion factor from liters to pint
24 Hours in one day
CF Electric coincidence factor
EUL Effective useful life

Table 2-41 Stand-Alone Dehumidifiers Baseline Integrated Energy Factor

AkWhLife = AkWh X EUL

AThermsp s, = N/A

Table 2-40 Calculation Parameters

e e e e

Calculated
Calculated
Calculated
Site-specific
2,160

Look up in Table 2-41, Table
2-42

Site-specific. If unknown,
look up in Table 2-43, Table
2-44

0.473
24
Look up in Table 2-45

See Measure Life Section

kWh/yr
kw
kWh
(pints/day)

Hrs

liters/kWh

liters/kWh

liters/pint
N/A
N/A

Years

[49]

(50]

(51]

(52]

Product Capacity (pints/day) Integrated Energy Factor (liters/kWh)

<25.00

25.01 to 50.00

Table 2-42 Whole-House Dehumidifiers Baseline Integrated Energy Factor

>50.01

1.30

1.60

2.80

Product Case Volume (ft3) Integrated Energy Factor (liters/kWh)

<8.0

21.77
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Product Case Volume (ft3) Integrated Energy Factor (liters/kWh)

>8.0 22.41

Table 2-43 Stand-Alone Dehumidifiers Energy Efficient Integrated Energy Factor

Product Capacity (pints/day) Integrated Energy Factor (liters/kWh)

<25.00 21.57
25.01 to 50.00 >1.80
>50.01 23.30

Table 2-44 Whole-House Dehumidifiers Energy Efficient Integrated Energy Factor

Product Case Volume (ft3) Integrated Energy Factor (liters/kWh)

<8.0 >2.09

>8.0 23.30

Peak Factors

Table 2-45 Peak Factors

Electric coincidence factor (CF) 0.405 [52]

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 12 years[53].
References

[49] ACEEE, Lauren Mattison and Dave Korn, The Cadmus Group, Inc.,“Dehumidifiers: A Major Consumer of
Residential Electricity", 2012, https://www.aceee.org/files/proceedings/2012/data/papers/0193-000291.pdf

[50] 10 CFR 430.32(v)(2), January 2023 https://www.ecfr.gov/current/title-10/chapter-ll/subchapter-D/part-
430/subpart-C/section-430.32#p-430.32(v)(2)

[51] ENERGY STARe Program Requirements Product Specification for Dehumidifiers, Eligibility Criteria Version 5.0,
October 2019

[52] Dehumidifier Metering in PA and Ohio by ADM from 7/17/2013 to 9/22/2013. 31 Units metered. Assumes all non-
coincident peaks occur within window and that the average load during this window is representative of the June

PJM days as well.
[53] New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs (TRM), Version 10,
January 2023.
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https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-C/section-430.32#p-430.32(v)(2)

2.1.10 ROOM AIR CONDITIONER

Market Residential/Multifamily
Baseline Condition TOS

Baseline Code

End Use Subcategory Indoor Environment

Measure Last Reviewed December 2022

Description

This measure relates to the purchase and installation of a room air conditioner that meets or exceeds the current ENERGY
STAR 4.2 efficiency standards. A room air conditioner is powered by a single phase electric current and is an encased
assembly designed as a unit for mounting in a window or through the wall. Qualifying units may be cooling only (non-
reverse cycle) or provide cooling, heating, and ventilation (reverse-cycle also referred to as a heat pump). Only cooling
energy savings are calculated in this measure.

Note that if the AC unit is connected to a network in a way so as to enable it to respond to energy related commands,
there is a 5% extra CEER allowance. In these instances, the default efficient CEER would be 0.95 multiplied by the
appropriate CEER from Table 2-47.

Baseline Case

The baseline condition is a room AC unit that meets the minimum federal efficiency standards [54] of the combined energy
efficiency ratio based on the installed unit size and type.

Efficient Case

The efficient condition is a room air conditioner that meets or exceeds current ENERGY STAR specifications (version 4.2)
[55].

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

AkWh = Cap X ! ! x EFLH
"~ 1,000 © \CEER, CEER, ¢

Annual Fuel Savings

ATherms = N/A
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Peak Demand Savings

AkWpeq =

Cap X ! X CF
1,000 CEER, CEER,

Daily Peak Fuel Savings

AThermSpeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhy; e = AkWh X EUL

Lifetime Fuel Savings

AThermspir, = N/A

Calculation Parameters

Table 2-46 Calculation Parameters

I

AkWh Annual electric energy savings Calculated kWh/yr
AkWpeak Peak Demand Savings Calculated kw
AkWhyjfe Lifetime electric energy savings Calculated kWh
Cap Capacity of energy efficient equipment Site-specific Btu/hr
seneunt s perwatcon | moownuse 11gn B 54
EFLH. Cooling equivalent full-load hours 600 Hours [60]
1,000 Conversion from W to kW 1,000 W/kW
CF Electric coincidence factor Look up in Table 2-48 N/A [59]
EUL Effective useful life See Measure Life Section Years

12 Default value (11.0) is the CEER value from minimum Federal Standard for the most common room AC type — <8000 capacity range with louvered sides

(57]



Table 2-47 Standard and ENERGY STAR CEER Values for Room Air Conditioner

Federal
Federal ENERGY STAR
. standard ENERGY STAR .
standard with . . without
Product Type and Class (Btu/hour) . without with louvered )
louvered sides . . louvered sides
louvered sides sides (CEER,)
(CEERy) (CEERg)
(CEERy)

<6,000 11.0 10.0 12.1 11.0

6,000 to 7,999 11.0 10.0 12.1 11.0

8,000 to 10,999 10.9 9.6 12.0 10.6

Without reverse
11,000 to 13,999 10.9 9.5 12.0 10.5
cycle

14,000 to 19,999 10.7 9.3 11.8 10.2

20,000 to 27,999 9.4 9.4 10.3 10.3

228,000 9.0 9.4 9.9 10.3

<14,000 9.3 10.2

>14,000 8.7 9.6

With reverse cycle
<20,000 9.8 10.8
>20,000 9.3 10.2
Casement-only 9.5 10.5
Casement slider 104 11.4

Peak Factors

Table 2-48 Peak Factors

Peak Factor Value Ref

Electric coincidence factor (CF) 0.31 [59]

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 12 years. [56]
References

[54] Code of Federal Regulations. 2022. Review of Title 10, Chapter Il, Subchapter D, Part 430, Subpart C, section
430.32 b) Room Air Conditioners.
https://www.ecfr.gov/current/title-10/chapter-ll/subchapter-D/part-430/subpart-C/section-430.32
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https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-C/section-430.32

[55] “ENERGY STAR Program Requirements for Room Air Conditioners -Eligibility Criteria ENERGY STAR ® Program
Requirements Product Specification for Room Air Conditioners Eligibility Criteria Draft Version 4.2.” n.d. Accessed
January 9, 2023.
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Draft%20Version%204.2%
20Room%20Air%20Conditioners%20Specification 0 0.pdf

[56] GDS Associates, Inc. 2007. Review of Energy Efficiency Measures/Programs Reference Document for the I1SO
Forward Capacity Market (FCM). Https://Library.ceel.org. June 2007.
https://library.ceel.org/system/files/library/8842/CEE Eval MeasurelifeStudyLights%2526HVACGDS 1Jun2007.
pdf

[57] NEEP, Mid-Atlantic Technical Reference Manual, V10. pp 70-71., April 2020,
https://neep.org/sites/default/files/media-files/trmv10.pdf

[58] “Room Air Conditioners Key Product Criteria.” n.d. www.energystar.gov. Accessed January 10, 2023.

https://www.energystar.gov/products/heating cooling/air conditioning room/key product criteria.

[59] RLW Analytics. 2008. Review of Coincidence Factor Study Residential Room Air Conditioners. Puc.nh.gov. June
2008.
https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/124 SPWG%2
ORoom%20%20AC%20Evaluation%20FINALReport%20June%2023%20ver7.pdf.

[60] VEIC Estimate. Consistent with analysis of PEPCo and LIPA, and conservative relative to ARL.
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https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Draft%20Version%204.2%20Room%20Air%20Conditioners%20Specification_0_0.pdf
https://library.cee1.org/system/files/library/8842/CEE_Eval_MeasureLifeStudyLights%2526HVACGDS_1Jun2007.pdf
https://library.cee1.org/system/files/library/8842/CEE_Eval_MeasureLifeStudyLights%2526HVACGDS_1Jun2007.pdf
https://neep.org/sites/default/files/media-files/trmv10.pdf
https://www.energystar.gov/products/heating_cooling/air_conditioning_room/key_product_criteria
https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/124_SPWG%20Room%20%20AC%20Evaluation%20FINALReport%20June%2023%20ver7.pdf
https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/124_SPWG%20Room%20%20AC%20Evaluation%20FINALReport%20June%2023%20ver7.pdf

2.2 APPLIANCE RECYCLING

2.2.1 REFRIGERATOR & FREEZER RECYCLING

Market Residential
Baseline Condition ERET
Baseline Existing

End Use Subcategory N/A

Measure Last Reviewed January 2023

Description

In many cases, when a refrigerator or freezer is replaced by a homeowner, the existing unit is retained, sold, or donated
for use elsewhere, representing additional load on the grid. This measure covers recycling of the existing, functional
equipment, thereby eliminating the consumption associated with that equipment. Refrigerator and freezer recycling
programs (also called “bounty” programs) receive energy savings credit for permanently removing inefficient, functional
refrigerators and freezers from the electric grid.

This measure covers the recycling of primary (i.e., installed in a kitchen) and secondary®? (i.e., installed elsewhere)
refrigerators, refrigerator-freezers and freezers. To account for the fact that secondary equipment is occasionally installed
and operating for only part of the year, a part-time use adjustment factor has been developed and embedded within the
gross savings estimate for secondary units to establish average annual per unit deemed electric savings.

This measure does not cover the recycling of equipment classified by the Code of Federal Regulations as “Compact
refrigerator/refrigerator-freezer/freezer”. This refers to any refrigerator, refrigerator-freezer or freezer with a total
refrigerated volume of less than 7.75 ft3 (220 liters), where the total refrigerated volume has been determined in
accordance with the procedure prescribed in Appendix A (refrigerators and refrigerator-freezers) or B (freezers) of 10 CFR
430 Subpart B.112.

Baseline Case

The savings calculations below apply to recycling of a functioning primary or secondary refrigerator, refrigerator-freezer,
or freezer with total refrigerated volume of 7.75 ft3 (220 liters) or more.

Efficient Case

The compliance condition is the recycling of an existing room refrigerator or freezer as defined in the Measure Description
section above.

13 Secondary refrigerators are spare or backup refrigerators not installed in the kitchen.
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Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

Annual Fuel Savings

Peak Demand Savings

Daily Peak Fuel Savings

AkWh

AkWh)
unit

ATherms = N/A

AkWpear = (

AkW)
unit

AThermspeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

Calculation Parameters

AkWh
AKWopeak
AkWhige

AkWh/unit
AKW/unit
CF
PDF

EUL

AkWhy; e = AkWh X EUL

ATherms; iz, = N/A

Table 2-49 Calculation Parameters

T

Annual electric energy savings
Peak Demand Savings
Lifetime electric energy savings
Energy Savings per unit
Demand Savings per unit
Electric coincidence factor
Gas peak demand factor

Effective useful life

Calculated
Calculated
Calculated
Look up in Table 2-50
Look up in Table 2-50
Look up in Table 2-51

Look up in Table 2-51

See Measure Life Section

kWh/yr

kw
kWh
kWh
kWh
N/A
N/A

Years

(62]

(62]

[61]
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Table 2-50 Default Values for Annual Energy and Peak Demand Savings

AKWh/unit 958 581 593
AkW/unit 0.15 0.10 0.10
Peak Factors

Table 2-51 Peak Factors

Electric coincidence factor (CF) N/A

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 5 years for a refrigerator and 4 years for a freezer [61].
References

[61] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table for 2020,
http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xlsx

[62] DNV, Appliance Recycling Program Impact Evaluation Study, June 2021
https://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefld=%7BE846898E-5EAE-4F42-9F97-
385982740AC6%7D
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2.2.2 ROOM AC UNIT RECYCLING

Market Residential
Baseline Condition ERET
Baseline Existing

End Use Subcategory Recycling

Measure Last Reviewed January 2023

Description

This measure describes the savings resulting from implementing a drop off service taking existing working inefficient Room

Air Conditioner units from service, prior to their natural end of life. Like the Refrigerator Early Retirement / Recycling
measure, this measure quantifies savings associated with the removal of room air conditioner units from service (rather
than transferred to another location in the home or another household) and thus does not decrement savings due to
retired units that are replaced in participants’ homes. A room air conditioner is an appliance, other than a “packaged

terminal air conditioner,” which is powered by a single-phase electric current and that is an encased assembly designed as

a unit for mounting in a window or through the wall for the purpose of providing delivery of conditioned air to an enclosed

space.
Baseline Case

The baseline condition is the existing inefficient room air conditioning unit.

Efficient Case

The existing room air conditioning unit is removed from service and dismantled/recycled.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

Hrs X Btuh X (1/EER,,;
AkWh = 1 00(0/ exist) X Part Use Factor

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings
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Daily Peak Fuel Savings

AThermSpeqr = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermspir, = N/A

Calculation Parameters

Table 2-52 Calculation Parameters

R

AkWh Annual electric energy savings Calculated kWh/yr
AkWpeak Peak Demand Savings Calculated kw
AKWhje Lifetime electric energy savings Calculated kWh
Hrs Run hours of window AC unit 600 Hours [60]

Site-specific, if unknown
Btuh Capacity of replaced unit P Btu/hr [65]
assume 7,829

Site-specific, if unknown
EERexist Efficiency of existing unit passume 9.8 Btu/W/hr [66]
Fraction of those units that are not in daily . o
Site-specific, if unknown use

Part Use Factor use throughout the entire cooling season as N/A [68]

reported by the participant 0.34
CF Electric coincidence factor Look up in Table 2-53 N/A
PDF Gas peak day factor Look up in Table 2-53 N/A
EUL Effective useful life See Measure Life Section Years

Peak Factors

Table 2-53 Peak Factors

I S

Electric coincidence factor (CF) 0.3 [67]

Natural gas peak day factor (PDF) N/A
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Measure Life

The effective useful life (EUL) is 3 years. [63]
References

[63] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table for 2020,
http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx .

[64] VEIC Estimate. Consistent with analysis of PEPCo and LIPA, and conservative relative to ARI.

[65] RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners (June 23, 2008 p. 22),
based on population average.
https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/124 SPWG%2
ORoom%20%20AC%20Evaluation%20FINALReport%20June%2023%20ver7.pdf

[66] Minimum Federal Standard for most common room AC type (8000-14,999 capacity range with louvered sides) per
federal standards from 10/1/2000 to 5/31/2014.

[67] RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners (June 23, 2008 p. 32), CF
value for Hartford, CT.
https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/124 SPWG%2
ORoom%20%20AC%20Evaluation%20FINALReport%20June%2023%20ver7.pdf

[68] Source: Cadmus analysis, EmMPOWER 2018 P1 & P2 ARP participant survey
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2.2.3 DEHUMIDIFIER RECYCLING

Market Residential
Baseline Condition ERET
Baseline Existing

End Use Subcategory Dehumidifier

Measure Last Reviewed January 2023

Description

In many cases, when homeowner replaces a dehumidifier, the existing unit is retained, sold, or donated for use elsewhere,
representing additional load on the grid. This measure covers recycling of existing, functional, portable dehumidifiers,
thereby eliminating the consumption associated with that equipment. This measure should target, but not be limited to,
dehumidifiers put into service prior to June 2019. If provided data indicate the unit is replaced rather than retired, savings
shall be based on the Residential Dehumidifier measure in this TRM.

Baseline Case

The baseline condition is the existing dehumidifier in working condition.
Efficient Case

The existing dehumidifier is removed from service and not replaced.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

0473 1
X X
24 S ewn

AkWh = capacity X

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

Daily Peak Fuel Savings

AThermspeq, = N/A
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Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X RUL

Lifetime Fuel Savings

AThermsp s, = N/A

Calculation Parameters

Table 2-54 Calculation Parameters

I

AkWh Annual electric energy savings Calculated kWh/yr
AkWpeak Peak Demand Savings Calculated kw
AkWh e Lifetime electric energy savings Calculated kWh

. . . Site-specific. If unknown, .
Capacity Capacity of the unit . pints/day
use 56 pints/day

Dehumidifier Efficiency in liters (L) of

L/kWh Lookup in Table 2-55 L/kWh [71][72](73]
water removed per kWh

0.473 Conversion factor 0.473 L/pint
24 Conversion factor 24 Hr/day
Hrs Hours of use!* Site-specific. If unknown Hours/yr [70]
use 1,632
CF Electric coincidence factor Lookup in Table 2-55 N/A
PDF Gas peak day factor Lookup in Table 2-55 N/A
RUL Remaining useful life See Measure Life Section Years [69]

Table 2-55 Dehumidifier Capacity and Efficiency

Non-ENERGY STAR Labeled

Capacity Range ¢\ R GY STAR Labeled (L/kWh
(pints/day) abeled (L/ ) Manufacture date before Oct. Manufacture date of Oct. 2012
2012 (2L/kWh) or later (2L/kWh)
<25 1.57 1.00 1.35
>25t0<35 1.80 1.20 1.35
>35to <45 1.80 1.30 1.50

14 Default run hour assumption based on 68 days per year, 24 hours of use. [70]
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Non-ENERGY STAR Labeled

Capacity Range ENERGY STAR Labeled (L/kWh
(pints/day) abeled ( ) Manufacture date before Oct. Manufacture date of Oct. 2012
2012 (2L/kWh) or later (2L/kWh)
>45 to <50 1.80 1.30 1.60
>50to <55 3.30 1.30 1.60
>54t0<75 3.30 1.50 1.70
>751t0 <185 3.30 2.25 2.50
Peak Factors

Table 2-56 Peak Factors

Electric coincidence factor (CF) 0.37% [70]

Natural gas peak day factor (PDF) N/A

Measure Life

The remaining useful life (RUL) is 4 years[69].
References

[69] CA DEER gives the following rule-of-thumb for remaining useful life: RUL = (1/3) X EUL. As the Energy Star
Dehumidifier [replacement] uses an EUL of 12 years, we have a suggested RUL of (1/3) X 12 years = 4 years.

[70] Savings Calculator for ENERGY STAR® Qualified Appliances Version 3.0 Last Updated October 1, 2012.

[71] ENERGY STAR® Program Requirements for Dehumidifiers, Version 5.0, February 2019.

[72]142 U.S.C, Title 42 Chapter 77, Subchapter Ill, Part A, (cc)(1) and (cc)(2).
https://uscode.house.gov/view.xhtml|?path=/prelim@title42/chapter77/subchapter3&edition=prelim

[73] Code of Federal Regulations Title 10, Chapter 2, Subchapter D, Part 430, Subpart C (v)(1).
https://www.ecfr.gov/current/title-10/chapter-ll/subchapter-D/part-430/subpart-C

5 Assume usage is evenly distributed day vs. night, weekend vs. weekday and is used between April through the end of September (4392 possible hours).
1632 operating hours from ENERGY STAR Dehumidifier Calculator. Coincidence peak during summer peak is therefore 1632/4392 = 37.2%, [70]
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https://uscode.house.gov/view.xhtml?path=/prelim@title42/chapter77/subchapter3&edition=prelim
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-C

2.3 HVAC

2.3.1 CENTRAL AC, ASHP, MINI-SPLITS, PTAC, PTHP

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

End Use Subcategory Equipment

Measure Last Reviewed January 2023

Description

This prescriptive measure targets the use of central air conditioners, air source heat pumps, mini split heat pumps and
ACs, packaged terminal systems (PTAC and PTHP) in residential and multi-family low-rise applications as further described
below. This measure may apply to early replacement of an existing system, replacement on burnout, or installation of a
new unit in a new or existing residential or multi-family low--rise building for HVAC applications.

The algorithms also include the calculation of additional energy and demand savings due to theproper sizing of high
efficiency units.

Baseline Case

For whole building new construction, the baseline equipment is an instrustry standard equipment type for the facility
compliant with IECC 2021 for single family and multi-family low-rise residential buildings (see Appendix E: Code-Compliant
Efficiencies). For muli-family high-rise residential buildings, refer to the algorithms in Comercial and Industrial Section.

For replacement of failed equipment, or end of useful life, the baseline would be a minimally code compliant version of
the replaced system type and fuel

For early replacement projects, use dual baselines:

e For the remaining useful life (RUL) of the existing equipment, the baseline is the actual existing equipment. In the
lifetime algorithms section, annual savings for this period are designated as kWhex and Thermsex. If the site specific
efficiency of the existing equipment is unknown, use the equipment efficiency from the IECC version in force when the
equipment was new (if equipment vintage is unknown, use IECC 2012 efficiency requirements from Appendix E: Code-
Compliant Efficiencies).

For the duration of the measure life after the end of the RUL, the baseline is a code-compliant version of the replaced
equipment. In the lifetime algorithms section, annual savings for this period are designated as kWhngr and Thermsnr.

Efficient Case

A central air conditioner, air source heat pump, mini split AC, mini split heat pump, or packaged terminal system (PTAC
and PTHP) that exceeds code requirements.
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Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

AkWh = kWhy, — kWh, + PSF X kWh,,
Where,
kWhy, = OSF x kWh,p, + kWhy, ;,
kWhg = OSF X kWh 4 + kWh,,

Calculate kWhcp and kWhn,b using the algorithms in Table 2-57 for the appropriate baseline equipment type. Calculate
kWhc,q and kWhn q using the algorithms in Table 2-58 for the appropriate efficient equipment type.

Table 2-57 Baseline Energy Consumption Equations

Baseline Equipment Baseline Cooling kWh (kWh,) Baseline Heating kWh (kWh;, )

Mini-split heat pump, ASHP (Cooling Cap Capy,
—— X EFLH, ———h __“EFLH,
Capacity < 65 kBtu/h) SEER; X 1,000 HSPF, X 1,000
Mini-split AC, Air Conditioner (Cooling Cap,
i ——— ¢ __ X EFLH, 0
Capacity < 65 kBtu/h) SEER, x 1,000
PTAC CaPe__ ppip 0
EER;, x 1,000 ¢
Cap. Capp
PTHP EER, x 1,000 < EFLHe COP, x 3412 x 1,000 < EFLHn
. ) . Capy,
Electric Resistance heating 0 ———— X EFLH,

HSPF, x 1,000

Cap,

Room Air Conditioner m

x EFLH, 0

Table 2-58 Energy Efficient Energy Consumption Equations

Qualifying Equi . Efficient Cooling kWh Efficient Heating kWh
ualifying Equipmen
Ve SAEER (kWh,,q) (kWhp,g)

Mini-split heat pump, ASHP (Cooling Cap, Capy,

X EFLH ———— X EFLH,
Capacity < 65 kBtu/h) SEER, x 1,000 ¢ HSPF, X 1,000 h
Mini-split AC, Central Air Conditioner Cap,
. ) —— ¢ ___ % EFLH, 0
(Cooling Capacity < 65 kBtu/h) SEER,; X 1,000
C Cape __  pppy 0
PTA EER, x 1,000 ¢
Cap, Capy,
PP EER, x 1,000 ' e COP, x 3412 x 1,000 ~ ' HHn
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Annual Fuel Savings

ATherms = Therms, — Therms,
Where,
Therms, = see Table 2-59 for appropriate baseline equipment type
Therms, =0

Table 2-59 Baseline Fuel Consumption

Baseline Equipment Baseline fuel consumption (Thermsy)

Capy,
Ef fb,fuer X 100,000

Gas Fired Furnace/Boiler X EFLH,

Electric resistance heating 0

Peak Demand Savings

1 1 1
A = X X - X CF
KWrear = Cape X 7505 (EER,, EERq> ¢

Daily Peak Fuel Savings

AThermSpeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

No dual baseline:
AkWhy;se = AkWh X EUL
Dual baseline:
AkWhyire = AkWhg, X RUL + AkWhyp X (EUL — RUL)
Where,
AkWhex = annual energy savings calculated as above, using actual existing equipment baseline
AkWhnr = annual energy savings calculated as above, using code baseline

Lifetime Fuel Savings

No dual baseline:
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Dual baseline:

Where,

ATherms,;s, = ATherms X EUL

ATherms;r, = AThermsg, X RUL + AThermsyg X (EUL — RUL)

AThermsex = annual fuel savings calculated as above, using actual existing equipment baseline

AThermsnr = annual fuel savings calculated as above, using code baseline

Calculation Parameters

AkWh
ATherms
AkWpeak
AThermspeak
AkWhte
AThermsyice
kWhy
kWhq
Capc
Capn
SEER,
IEERq

EERq

Ccop,

HSPF,

SEERp

IEERb

Table 2-60 Calculation Parameters

R

Annual electric energy savings
Annual fuel savings
Peak Demand Savings
Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings
Baseline electrical consumption
Energy efficient electrical consumption
Cooling capacity of installed unit
Heating capacity of installed unit
SEER of installed unit
IEER of qualifying unit
EER of qualifying unit

Coefficient of performance of the
qualifying unit at 47F
Heating seasonal performance factor of

the installed unit

SEER of baseline unit

IEER of baseline unit

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Site-specific
Site-specific
Site-specific
Site-specific

Site-specific

Site-specific

Site-specific

Site-specific or lookup in
Appendix E: Code-
Compliant Efficiencies

Site-specific or lookup in
Appendix E: Code-
Compliant Efficiencies

kWh/yr
Therms/yr
kw
Therms/day
kWh
Therms
kWh/yr
kWh/yr
Btu/hr
Btu/hr
Btu/W-h
Btu/W-h

Btu/W-h

N/A

Btu/W-h

Btu/W-h [433][435][128][154]

Btu/W-h [433][435][128][154]

73



N

EERb

HSPFy

CEERy

Effh,uel

OSF

PSF

KWhep

KWhi

KWhe,

kWh,

Thermsy

Therms,

EFLH.

EER of baseline unit

Heating seasonal performance factor of
the baseline unit

Combined Energy Efficiency Ratio of
baseline room air conditioner®

Efficiency of baseline boiler/furnace

Oversize derating factor?’

Proper sizing factor

Baseline cooling electrical consumption

Baseline heating electrical consumption
Energy efficient cooling electrical
consumption
Energy efficient heating electrical
consumption

Baseline fuel consumption

Energy efficient fuel consumption

Equivalent Full Load Hours of operation
for the average unit during the cooling
season

Site-specific or lookup in

Appendix E: Code-
Compliant Efficiencies

Site-specific or lookup in

Appendix E: Code-
Compliant Efficiencies.
For electric resistance

heat, use 3.412

Use federal standard
values in Appendix E:
Code-Compliant

Efficiencies, if unknown,

use 11.0

Site-specific or look up in

Appendix E: Code-
Compliant Efficiencies

Site-specific, if unknown

use 0.8

Not properly sized or

properly sized baseline

equipment: 0
Properly sized: 0.05
Calculated from Table
2-57
Calculated from Table
2-57
Calculated from Table
2-58
Calculated from Table
2-58
Calculated from Table
2-57
0

Lookup in Appendix C:
Heating and Cooling
EFLH

Btu/W-h [433][435][128][154]
Btu/W-h [433][435][128][154]
Btu/W-h (54]
N/A [433][435][81]
N/A
N/A [79]
kWh/yr
kWh/yr
kWh/yr
kWh/yr
Therms/yr
Therms/yr
Hours [76]

16 Default value (11.0) is the CEER value from minimum Federal Standard for the most common room AC type — <8000 capacity range with louvered sides
7 Heat pump systems may be sized to meet the peak heating load and will be oversized for cooling. The cooling EFLH assumes a nominal 20% oversizing.
This derating factor has been added to account for the oversizing of heat pump cooling capacity when the unit is sized based on heating capacity. A user
with a more accurate estimation of the oversizing can use a different factor than the one mentioned above to account for oversizing.
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S

Equivalent Full Load Hours of operation Lookup in Appendix C:
EFLHh, for the average unit during the heating Heating and Cooling Hours [76]
season EFLH

. Site-specific or lookup in
Coefficient of performance of the .
COP, . . Appendix E: Code- N/A [433][435][128][154]
baseline unit at 47F ] .
Compliant Efficiencies

1,000 Conversion from W to kW 1,000 W/kW
3.412 Conversion factor from kWh to kBtu 3.412 kBtu/kWh
CF Cooling coincidence factor Lookup in Table 3-132 N/A [80]
PDF Gas peak day factor Lookup in Table 3-132 N/A
EUL Effective useful life See Measure Life section Years [438]
Peak Factors

Table 2-61 Peak Factors

Electric coincidence factor (CF) 0.69 [80]

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

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 2-62 Measure Life

I T S
5

Central A/C 15 [438]

Air source heat pump 15 5 [438]

Mini split heat pump 15 5 [438]

PTAC/PTHP 15 5 [438]
References

[74] ASHRAE Standard 90.1-2019, Energy Standard for Buildings Except Low-Rise Residential Buildings. (ASHRAE,
2019), Table 6.8.1-5, https://www.ashrae.org/technical-resources/standards-and-guidelines/read-only-versions-
of-ashrae-standards
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[75] ASHRAE Standard 90.1-2013, Energy Standard for Buildings Except Low-Rise Residential Buildings. (ASHRAE,
2019), Table 6.8.1-5, https://www.ashrae.org/technical-resources/standards-and-guidelines/read-only-versions-
of-ashrae-standards

[76] 2021 PA TRM Vol 1: General Information, Pg 19 Table 1-8

[77] C&I Unitary HVAC Load Shape Project Final Report. August 2011, v.1.1, p. 12, Table O-5. The CF reported here is a
center point for NJ chosen between the CF for urban NY and for the Mid-Atlantic region in the PJM peak periods.

[78] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table for 2020,
http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xlsx

[79] ENERGY STAR® HVAC QUALITY INSTALLATION PROGRAM A new approach to residential HVAC efficiency and
performance. Pg 2, https://www.energystar.gov/ia/home_improvement/downloads/ESQl factsheet.pdf?07d7-
31fc

[80] NEEP, Mid-Atlantic Technical Reference Manual, V9. (October 2019). Pg 95
https://neep.org/sites/default/files/resources/Mid Atlantic TRM V9 Final clean wUpdateSummary%20-
%20CT%20FORMAT.pdf

[81] Code of Federal Regulations. 2022. Review of Title 10, Chapter I, Subchapter D, Part 430 eCFR. December 1, 2022.
https://www.ecfr.gov/current/title-10/chapter-l1l/subchapter-D/part-430

[82] VEIC Estimate. Consistent with analysis of PEPCo and LIPA, and conservative relative to ARI.

[83]“2021 INTERNATIONAL ENERGY CONSERVATION CODE (IECC) | ICC DIGITAL CODES.” n.d. Codes.iccsafe.org.
Accessed November 16, 2022. https://codes.iccsafe.org/content/IECC2021P2/chapter-4-ce-commercial-energy-
efficiency.

[84] “2012 INTERNATIONAL ENERGY CONSERVATION CODE (IECC) | ICC DIGITAL CODES.” n.d. Codes.iccsafe.org.
Accessed January 23, 2023 https://codes.iccsafe.org/content/IECC2012P5/chapter-4-ce-commercial-energy-
efficiency

[85] Code of Federal Regulations. 2022. Review of Title 10, Chapter Il, Subchapter D, Part 430, Subpart C, section
430.32 b) Room Air Conditioners,
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https://codes.iccsafe.org/content/IECC2021P2/chapter-4-ce-commercial-energy-efficiency
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https://codes.iccsafe.org/content/IECC2012P5/chapter-4-ce-commercial-energy-efficiency

2.3.2 GROUND LOOP AND AIR-TO-WATER HEAT PUMP

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

End Use Subcategory Equipment

Measure Last Reviewed January 2023

Description

This prescriptive measure targets the use of ground loop and air-to-water heat pumps in residential and multi-family low-
rise applications as further described below. This measure may apply to early replacement of an existing system,
replacement on burnout, or installation of a new unit in a new or existing residential or low-rise residential building for
HVAC applications.

Baseline Case

For whole building new construction, the baseline equipment is an instrustry standard equipment type for the facility
compliant with IECC 2021. For muli-family high-rise residential buildings, refer to the algorithms in Commercial and
Industrial Section.

For replacement of failed equipment, or end of useful life, the baseline would be a minimally code compliant version of
the replaced system type and fuel

For early replacement projects, use dual baselines:

e  For the remaining useful life (RUL) of the existing equipment, the baseline is the actual existing equipment. In the
lifetime algorithms section, annual savings for this period are designated as kWhex and Thermsey. If the site specific
efficiency of the existing equipment is unknown, use the equipment efficiency from the IECC version in force when the
equipment was new (if equipment vintage is unknown, use IECC 2012).

For the duration of the measure life after the end of the RUL, the baseline is a code-compliant version of the replaced
equipment. In the lifetime algorithms section, annual savings for this period are designated as kWhnr and Thermsns.

Efficient Case

A ground loop and air-to-water heat pump that meets or exceeds code

Annual Energy Savings Algorithms

Annual Electric Energy Savings

AKWh = kWh,y, — kWh,, + PSF X kWh,

Where,
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kth = OSFb X kWhC,b + kWhh,b + kWh'p,b

kWh, = OSF, X kWhe g + kWhy,, + kWh,

Calculate kWhcpb, kWhh,, and kWhpp using the algorithms in Table 2-63 for the appropriate baseline equipment type.

Calculate kWhc,q, kWhn,g, and kWhy q using the algorithms in Table 2-63 for the appropriate efficient equipment type.

Baseline Equipment

Table 2-63 Baseline Energy Consumption Equations

Baseline Cooling kWh (kWh,,;)

Baseline Heating kWh (kWh;, )

Baseline Circulating Pump

kWh (kWh,,)

ASHP (Cooling
Capacity < 65 kBtu/h)

GSHP (Cooling
Capacity < 65 kBtu/h)

GSHP (Cooling
Capacity > 65 kBtu/h)

DX A/C (Cooling
Capacity < 65 kBtu/h)

DX A/C (Cooling
Capacity > 65 kBtu/h)

Electric Resistance
heating

Qualifying

Equipment

Cap,

P priH
SEER, x 1,000 ' “fte

Cap. X EFLH,
GSER x EER, X 1,000

Cap. x EFLH
EER,, x 1,000 ¢
Ca
Pe __ EFLH,

SEER, X 1,000

Cap.

— X
IEER,, X 1,000 EFLH

Table 2-64 Energy Efficient Energy Consumption Equations

Efficient Cooling kWh
(kWh,)

Capy,

%P ppiy
HSPF, x 1,000 ' /'

Capy, X EFLHy,
COP, X 3.412 x 1,000

Capy,
COP, x 3.412 x 1,000

x EFLH,

Capy,

3412 x 1,000 < LFLHn

Efficient Heating kWh
(kWh,,q)

0.746 X HP, X LF
Effp

0.746 X HP, X LF
Effp

r

r

Efficient Circulating Pump kWh

(kWhy,q)

Water to air ground
water heat pumps

Brine to air ground
loop heat pump
(Cooling Capacity <
65 kBtu/h)

Brine to air ground
loop heat pump
(Cooling Capacity >
65 kBtu/h)

Annual Fuel Savings

Cap,

——————— X EFLH
EER; x 1,000 ¢

Cap. X EFLH,
GSER x EER; X 1,000

Cap,

¢ __ % EFLH,
EER, x 1,000 ¢

Capp

COP, x3.412 % 1,000 ~ EFLHn

Capp,q X EFLHy,
COP,; X 3.412 X 1,000

Capp,
COP,; X 3.412 X 1,000

x EFLH,

ATherms = Therms, — Therms,

0.746 X HE; X LF

Hr
Effmotor,q

0.746 X HE; X LF
_ X

E f f motor,q

0.746 X HP; X LF

Hr
Effmotar,q
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Where,
Therms, = see Table 3-106 for appropriate baseline equipment type

Therms, = 0 (If the unit uses a furnace backup, use equation from Table 1-3)

Table 2-65 Baseline Fuel Consumption
Baseline Equipment Baseline fuel consumption (Thermsy)
ASHP, WSHP, GSHP 0

Capy,
Ef f,fuer X 100,000

Gas Fired Furnace/Boiler X EFLH,

Electric resistance heating 0

Peak Demand Savings

1 1 1 1 1
AW, = Cap, X ( X ) - X X CF
peak = =P 1,000( EER, = GSPK, (EERq GSPKq)>

Daily Peak Fuel Savings

AThermSpeq, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

No dual baseline:
AkWhyse = AkWh X EUL
Dual baseline:
AkWhyire = AkWhg, X RUL + AkWhyp X (EUL — RUL)
Where,
AkWhex = annual energy savings calculated as above, using actual existing equipment baseline

AkWhnr = annual energy savings calculated as above, using code baseline

Lifetime Fuel Savings

No dual baseline:
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ATherms,;s, = ATherms X EUL

Dual baseline:

ATherms;r, = AThermsg, X RUL + AThermsyg X (EUL — RUL)

Where,

AThermsex = annual fuel savings calculated as above, using actual existing equipment baseline

AThermsnr = annual fuel savings calculated as above, using code baseline

Calculation Parameters

Table 2-66 Calculation Parameters

S N

AkWh Annual electric energy savings Calculated kWh/yr
ATherms Annual fuel savings Calculated Therms/yr
AkWpeak Peak Demand Savings Calculated kw

AThermspeak Daily peak fuel savings Calculated Therms/day
AkWhijfe Lifetime electric energy savings Calculated kWh
AThermsiife Lifetime fuel savings Calculated Therms
kWhp Baseline electrical consumption Calculated kWh/yr
kWh, Energy efficient electrical consumption Calculated kWh/yr

Cap. Cooling capacity of installed unit Site-specific Btu/hr

Capn Heating capacity of installed unit Site-specific Btu/hr

EERq EER of qualifying unit Site-specific Btu/W-h

Coefficient of performance of the . .
COP, . . Site-specific N/A
qualifying unit

Horsepower of qualifying ground/water
HPq P . a . yine g / Site-specific HP
loop circulating pump motor

Hp Horsepower of base case ground/water  Site-specific, if unknown Hp
b loop circulating pump motor use HPq
Site-specific or lookup in
SEER, SEER of baseline unit Appendix E: Code- Btu/W-h [233][447][128][154]
Compliant Efficiencies
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S N

IEER,

EERb

HSPF,

Effmotor,b

Effmotor,q

Effp,fuel

PSF

OSFy

OSF,

KWhep

KWhi,

KWhoy

kWheq

IEER of baseline unit

EER of baseline unit

Heating seasonal performance factor of
the baseline unit

Efficiency of base case ground/water
loop circulating pump motor

Efficiency of qualifying ground/water
loop circulating pump motor

Efficiency of baseline boiler/furnace

Proper sizing factor

Baseline oversize derating factor

Qualifying unit oversize derating factor

Baseline cooling electrical consumption

Baseline heating electrical consumption

Baseline pump electrical consumption

Energy efficient cooling electrical
consumption

Site-specific or lookup in
Appendix E: Code-
Compliant Efficiencies

Site-specific or lookup in
Appendix E: Code-
Compliant Efficiencies

Site-specific, if unkown
lookup in Appendix E:
Code-Compliant
Efficiencies. For electric
resistance heat, use
3.412

Site-specific, if unknown
lookup in Table 3-108

Site-specific, if unknown
lookup in 10 CFR 430.32
(c)(1) , December 2022.

Site-specific or look up in
Appendix E: Code-
Compliant Efficiencies

Not properly sized or
properly sized baseline
equipment: 0

Properly sized: 0.05

Site-specific, if unknown
use 0.8%8

Site-specific, if unknown
use 0.8!

Calculated from Table
2-63
Calculated from Table
2-63
Calculated from Table

2-63

Calculated from Table
2-64

Btu/W-h

Btu/W-h

Btu/W-h

N/A

N/A

N/A

N/A

N/A

N/A

kWh/yr

kWh/yr

kWh/yr

kWh/yr

[233][447][128][154]

[233][447][128][154]

[233][447][128][154]

(93]

(93]

[233][447]

[100]

18 Heat pump systems are generally sized to meet the peak heating load and are oversized for cooling. The cooling EFLH assumes a nominal 20%

oversizing. This derating factor has been added to account for the oversizing of the heat pump in cooling model relative to the standard assumption of
20% embedded in the EFLH data. A user with a more accurate estimation of the oversizing can use a different factor than the one mentioned above to

account for oversizing.
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S N

KWhiq

kWhp,q

Thermsy

Therms,

EFLH.

EFLHn

COPy

GSER

GSPKy

GSPK,q

1,000
3.412
0.746

LF

Hrs

CF.
CFpump

PDF

EUL

RUL

Energy efficient heating electrical
consumption

Energy efficient pump electrical
consumption

Baseline fuel consumption
Energy efficient fuel consumption

Equivalent Full Load Hours of operation
for the average unit during the cooling
season

Equivalent Full Load Hours of operation
for the average unit during the heating
season

Coefficient of performance of the
baseline unit

Factor used to determine the seasonal
efficiency of a GSHP based on its EER

Factor to convert EER of GSHP to the
equivalent EER of an air conditioner

Factor to convert EER of GSHP to the
equivalent EER of an air conditioner

Conversion from W to kW
Conversion factor from kWh to kBtu
Conversion from HP to kW

Load factor of pump motor

Operating hours of pump motor

Cooling coincidence factor
Pump coincidence factor

Gas peak day factor

Effective useful life

Remaining useful life

Calculated from Table
2-64

Calculated from Table
2-64

Lookup in Table 3-106

0

600

965

Lookup in Appendix E:
Code-Compliant
Efficiencies

1.02

Non GSHP Baseline:1
GSHP:0.8416

0.8416

1,000

3.412

0.746
0.75

Look up in Appendix D:
HVAC Fan and Pump
Operating Hours

Lookup in Table 3-132
Lookup in Table 3-132
Lookup in Table 3-132

See

Measure Lifesection

See Measure Life section

kWh/yr

kWh/yr

Therms/yr

Therms/yr

Hours

Hours

N/A

N/A

N/A

N/A

W/kW
kBtu/kWh
kW/hp

N/A

Hours

N/A
N/A

N/A

Years

Years

(82]

[97]

[233][447][128][154]

[441]

(87]

(87]

[442]
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Table 2-67 Federal Baseline Motor Efficiencies

Motor Nominal Full-Load Efficiencies (percent)

B B R =R N

77.0 77.0 85.5 85.5 82.5 82.5 75.5 75.5

1
1.5 84.0 84.0 86.5 86.5 87.5 86.5 78.5 77.0
2 85.5 85.5 86.5 86.5 88.5 87.5 84.0 86.5
3 86.5 85.5 89.5 89.5 89.5 88.5 85.5 87.5
5 88.5 86.5 89.5 89.5 89.5 89.5 86.5 88.5
7.5 89.5 88.5 91.7 91.0 91.0 90.2 86.5 89.5
10 90.2 89.5 91.7 91.7 91.0 91.7 89.5 90.2
15 91.0 90.2 92.4 93.0 91.7 91.7 89.5 90.2
20 91.0 91.0 93.0 93.0 91.7 92.4 90.2 91.0
Peak Factors

Table 2-68 Peak Factors

Electric coincidence factor (CF) 0.69 [99]

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

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 2-69 Measure Life

Water source Pump [141]
Ground source heat pump 25 8.33 [89]
References

[86] VEIC Estimate. Consistent with analysis of PEPCo and LIPA, and conservative relative to ARI.

[87] VEIC estimate. Extrapolation of manufacturer data.

[88] Determining Electric Motor Load and Efficiency. (DOE, 2014), pg 1,
https://www.energy.gov/sites/prod/files/2014/04/f15/10097517.pdf
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[89] ASHRAE: Owning and Operating Cost Database, Equipment Life/Maintenance Cost Survey:
https://xp20.ashrae.org/publicdatabase/system_service_life.asp?selected_system_type=1

[90] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table for 2020,
http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx

[91] ASHRAE Standard 90.1-2019, Energy Standard for Buildings Except Low-Rise Residential Buildings. (ASHRAE,
2019), Table 6.8.1-5, https://www.ashrae.org/technical-resources/standards-and-guidelines/read-only-versions-

of-ashrae-standards
[92] ASHRAE Standard 90.1-2013, Energy Standard for Buildings Except Low-Rise Residential Buildings. (ASHRAE,
2019), Table 6.8.1-5, https://www.ashrae.org/technical-resources/standards-and-guidelines/read-only-versions-

of-ashrae-standards

[93]1 § CFR431.25 Energy conservation standards and effective dates, (2023) Table 1,
https://www.ecfr.gov/current/title-10/chapter-ll/subchapter-D/part-431/subpart-B/subject-group-
ECFRO3b7039d87b7cc6/section-431.25

[94] ASHRAE: Owning and Operating Cost Database, Equipment Life/Maintenance Cost Survey:

https://xp20.ashrae.org/publicdatabase/system_service_life.asp?selected_system_type=1

[95] “2021 INTERNATIONAL ENERGY CONSERVATION CODE (IECC) | ICC DIGITAL CODES.” n.d. Codes.iccsafe.org.
Accessed November 16, 2022. https://codes.iccsafe.org/content/IECC2021P2/chapter-4-ce-commercial-energy-
efficiency.

[96] “2012 INTERNATIONAL ENERGY CONSERVATION CODE (IECC) | ICC DIGITAL CODES.” n.d. Codes.iccsafe.org.
Accessed January 23, 2023 https://codes.iccsafe.org/content/IECC2012P5/chapter-4-ce-commercial-energy-

efficiency
[97] NJ utility analysis of heating customers, annual gas usage

[98] McQuay Application Guide 31-008, Geothermal Heat Pump Design Manual, 2002. Engineering Estimate - See
System Performance of Ground Source Heat Pumps

[99] NEEP, Mid-Atlantic Technical Reference Manual, V9. (October 2019). Pg 95

[100] ENERGY STAR® HVAC QUALITY INSTALLATION PROGRAM A new approach to residential HVAC efficiency
and performance. Pg 2,
https://www.energystar.gov/ia/home_improvement/downloads/ESQI_factsheet.pdf?07d7-31fc
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2.3.3 FURNACE AND BOILER

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

End Use Subcategory HVAC Equipment

Measure Last Reviewed December 2022

Description

This section provides energy savings algorithms for qualifying furnaces and boilers installed in single family detached and
lowrise multifamily buildings. The input values are based on the specifications of the actual equipment being installed and
IECC 2021 standards which require an efficiency rating equal to or greater than the minimum required by federal law for
single family units and an efficiency rating efficiency rating equal to or greater than the minimum required by ASHRAE 90.1
2019 for systems serving multi family units.

In the case of new construction, replacement of failed equipment, or end of useful life,the baseline furnace or boiler is a
minimally code compliant unit with an efficiency as required by IECC 2021, which is the current residential code adopted
by the state of New Jersey.

In the case of early replacement of a working unit where the unit would have otherwise continued to function, the dual
baseline approach must be followed. Otherwise the savings can be calculated as a time of sale (TOS) measure.

Baseline Case
New construction, time of sale:

e Single Family and Low-Rise Multifamily — Equipment compliant with the IECC 2021 [101].
Early Replacement:

e Existing equipment - Efficiency of the existing equipment for the assumed over remaining useful life of the
existing unit, and the normal replacement (NR) baseline for the remainder of the new, efficient equipment
measure life. If existing equipment efficiency is unknown, use the code in force when equipment was new.

Efficient Case
Furnace or boiler with an efficiency higher than code or standard practice.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AkWh = N/A
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Annual Fuel Savings

Effo/Effy — 1

ATherms = Cap;, X EFLH; X 100

Peak Demand Savings

AkWPeak = N/A

Daily Peak Fuel Savings

AThermspeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AW hyipe = AKWh X EUL

Lifetime Fuel Savings

ATherms s, = ATherms X EUL

Dual:

Lifetime Electric Energy Savings

AkWh’Life = AkWhEREP X RUL + AkWhNR X EUL

Lifetime Fuel Savings

ATherms,;s, = AThermsgggp X RUL + AThermsyg X EUL

Calculation Parameters

Table 2-70 Calculation Parameters

T

ATherms Annual fuel savings Calculated Therms/yr
AThermspeak Daily peak fuel savings Calculated Therms/day
AThermsiire Lifetime fuel savings Calculated Therms

Capin Input capacity of qualifying unit Site-specific kBtu/hr
Eff, Furnace or Boiler Proposed Efficiency Site-specific N/A
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T

Site-specific or unknown lookup

. . . in Table 2-71 — single family
Effy, Furnace or Boiler Baseline Efficiency . . . N/A [101]
detached/multifamily low-rise

Table 2-73 — Multifamily Units

Equivalent Full Load Hours of operation for . .
EFLH» . . . Lookup in Appendix C: Hrs/yr
the average unit during the heating season

100 Conversion factor 100 kBtu/Therms

EUL Estimated useful life See Measure Life section years [102]
RUL Remaining useful life See Measure Life section years [102]
PDF Gas peak day factor Lookup in Table 2-74 N/A

Table 2-71 Baseline AFUE of Single Family and Low-Rise Multifamily Furnaces

AFUE (Manufactured before

Product Class AFUE | Compliance Date .
compliance Date)
Weatherized gas furnaces 81 January 1, 2015. 78
Non-weatherized gas furnaces (not including mobile 20 November 19, 78
home furnaces) 2015.
Weatherized oil-fired furnaces 78 January 1, 1992. 78
Non-weatherized oil-fired furnaces (not including
. 83 May 1, 2013. 78
mobile home furnaces)
. November 19,
Mobile Home gas furnaces 80 75

2015.

September 1,
Mobile Home oil-fired furnaces 75 P 1990 7

* Electric resistance heating calculated by determining overall fuel cycle efficiency by dividing the average PJM heat rate (9,642 btu/kWh) by the btu’s per
kWh (3,413 btu/kWh), resulting in 2.38 btui, per 1 btuout.

Table 2-72 Baseline AFUE of Single Family and Low-Rise Multifamily Boilers

AFUE (Manufactured on and

AFUE Manufactured before AFUE (Manufactured on and
Product Class after Sep 1, 2012 and before
Sep 1, 2012 after January 15, 2021)
Jan 15, 2021)
Gas-fired hot water boiler 0.80 0.82 0.84
Gas-fired steam boiler 0.75 0.80 0.82
Oil-fired hot water boiler 0.80 0.84 0.86
Oil-fired steam boiler 0.80 0.82 0.85
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Table 2-73 Baseline Efficiencies for Multifamily Units

Minimum Efficiency for Minimum Efficiency for
Product Class . :
Units Before 1/1/2023 Units After 1/1/2023

Warme-air furnace, gas fired 80% E; 81% E;
Warm-air furnace, oil fired 80% E: 82% E
Warme-air duct furnaces, gas fired 80% E. 80% E.

Peak Factors

Table 2-74 Peak Factors

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

Measure Life

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

Table 2-75 Measure Life

20 6.7

Furnace [102]
Boiler 20 6.7 [5]
References
[101] Code of Federal Regulations. 2022. Review of Title 10, Chapter Il, Subchapter D, Part 430, Subpart C

§430.32(e). December 1, 2022. https://www.ecfr.gov/current/title-10/chapter-Il/subchapter-D/part-430/subpart-
C/section-430.32#p-430.32(e)

[102] Simulations of prototype buildings from NY TRM updated with NJ weather done by NJ Statewide
Evaluator, May 2022
[103] U.S. DOE. “Technical Support Document: Energy Efficiency Program for Consumer Products and

Commercial and Industrial Equipment: Residential Furnaces” and “Technical Support Document: Energy Efficiency
Program for Consumer Products and Commercial and Industrial Equipment: Commercial Warm Air Furnaces.”
August 30, 2016. Available from: https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217
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2.3.4 HIGH EFFICIENCY BATHROOM EXHAUST FAN

Market Residential/Multifamily/Low-Income
Baseline Condition TOS/DI/EREP

Baseline Existing

End Use Ventilation Fan

Measure Last Reviewed December 2022

Description

This market opportunity is defined by the need for continuous mechanical ventilation due to reduced air-infiltration from a
tighter building shell. In retrofit projects, existing fans may be too loud, or insufficient in other ways, to be operated as
required for proper ventilation.This measure assumes a fan capacity of 20 CFM at 0.1 inches of water column (w.c.) static
pressure and a decibel level below 2 sones. Installations should be sized to meet the minimum ventilation rate as required
by ASHRAE 62.2.

Baseline Case

Standard efficiency quiet bathroom ventilation fan, operating at a ventilation rate compliant with ASHRAE 62.2, with an
average efficiency of 3.1 CFM/watt

Efficient Case

Energy efficient quiet bathroom ventilation fan, operating at a ventilation rate compliant with ASHRAE 62.2, with an
average efficiency of 8.3 CFM/watt

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AkWh = CFM x < /1,000 x Hrs

Eff, qu)

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWpeg, = CFM ( ) /1,000 x CF

1
Eff, Eff;

Daily Peak Fuel Savings

AThermspeq, = N/A
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Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermsp s, = N/A

Calculation Parameters

Table 2-76 Calculation Parameters

e e e s

AkWh Annual electric energy savings Calculated kWh/yr
AkWpeak Peak Demand Savings Calculated kw
AkWhie Lifetime electric energy savings Calculated kWh
AThermsiife Lifetime fuel savings Calculated Therms
CFM Nominal Capacity of the exhaust fan Site-specifizc(,) i::'L:JI\r;Iknown use CFM [104]

Site-specific, if unknown use
Effy Average efficacy for baseline fan P CFM/watt [105]
3.1 CFM/watt

Site-specific, if unknown use
Eff, Average efficacy for efficient fan P CFM/watt [106]
8.3 CFM/watt

Hrs Annual hours of operation 8,760 Hrs/yr

CF Electric coincidence factor Lookup in Table 3-132 N/A

EUL Effective useful life See Measure Life section Years
Peak Factors

Table 2-77 Peak Factors

Electric coincidence factor (CF) 1

Measure Life

The effective useful life (EUL) is 19 years [107].
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References

[104] 20 CFM is used with continuous bathroom ventilation in ASHRAE 62.2. Note that 50CFM is the closest
available fan size to ASHRAE 62.2 Section 4.1 Whole House Ventilation rates based upon typical square footage
and bedrooms

[105] VEIC analysis looking at average baseline fan (i.e. non-Brushless Permanent Magnet) efficacies at static
pressures of 0.1 and 0.25 inches of water column for quiet fans rated for 50 CFM

[106] VEIC analysis looking at average efficient fan (i.e. Brushless Permanent Magnet) efficacies at static
pressures of 0.1 and 0.25 inches of water column for quiet fans rated for 50 CFM

[107] GDS Associates, Measure Life Report: Residential and C&I Lighting and HVAC measures (SPWG 2007),
https://library.ceel.org/sites/default/files/library/8842/CEE Eval MeasurelLifeStudyLights& HVACGDS 1Jun2007.
pdf

2.3.5 EC MOTOR

Market Residential/Multifamily
Baseline Condition RF
Baseline Existing

End Use Subcategory Motor

Measure Last Reviewed December 2022

Description

This measure covers the retrofit installation of an Electronically Commuted (EC) Motor to replace an HVAC supply fan
motor or hydronic circulator pump motor in residential heating and cooling systems.

The deemed annual electric energy savings for fans are determined for each New Jersey location by scaling the energy
savings derived from the evaluation of a 2014 Wisconsin ECM metering study using heating degree days and cooling
degree days for each location.

Electric energy savings for pumps are calculated by multiplying the difference in the reciprocal of motor efficiencies with
the efficient circulator motor horsepower.

Baseline Case
An existing HVAC fan or pump with a single-speed, shaded-pole (SP) or permanent-split capacitor (PSC) motor.

Efficient Case

HVAC fan or pump with an Electronically Commuted (EC) Motor.

91


https://library.cee1.org/sites/default/files/library/8842/CEE_Eval_MeasureLifeStudyLights&HVACGDS_1Jun2007.pdf
https://library.cee1.org/sites/default/files/library/8842/CEE_Eval_MeasureLifeStudyLights&HVACGDS_1Jun2007.pdf

Annual Enerqy Savings Algorithm

Annual Electric Energy Savings

Pumps:
AkWh = AkWh,, + AkWh,
Where,
AkWh h x( ! )xLFxO746><h
=nhp - . rs
" Eff, Eff, "
AkWh h ><< ! —1 )xLFxO746><h
= p —_ . TS,
¢ Effs  Effq ¢
Fans:

AKWh = AkWhygy,

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

Pumps:

AkWh

MeWeea = ———

X CFyymyp

Fans:

AkWopeqy = AkWegn X CFran

Daily Peak Fuel Savings

AThermspeq, = N/A

Lifetime Enerqy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermsy;r, = ATherms X EUL = N/A
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Calculation Parameters

Table 2-78 Calculation Parameters

TR

AkWh Annual electric energy savings Calculated kWh/yr
ATherms Annual fuel savings Calculated Therms/yr
AkWpeak Annual peak electric demand savings Calculated kw
AThermspeax Daily peak fuel savings Calculated Therms/day
AkWhean Annual energy savings per fan motor Look up in Table 2-80 kWh/unit [108]

Central A/C: 0.117
AkWran Electric demand savings per fan motor No Central A/C: 0 kW/unit [109]
Unknown: 0.05%°

hp Efficient circulator motor horsepower Site-specific HP

. . Site-specific, if unknown
Effy Baseline motor efficiency . N/A [111]
look up in Table 2-79

Site-specific, if unknown
Effq Efficient motor efficiency P . N/A [111]
look up in Table 2-79

LF Motor load Factor 0.9 N/A [110]
hrsp Operating hours during the heating season 3,504 hrs/yr [112]
hrs, Operating hours during the cooling season? 2,208 hrs/yr
hrs Total operating hours 5,712 hrs/yr

0.746 Conversion factor for HP to kWh 0.746 kW/HP
CFfan Electric coincidence factor fan Look up in Table 2-81 N/A

CFpump Electric coincidence factor pump Look up in Table 2-81 N/A
EUL Effective Useful Life See Measure Life Section Years
RUL Remaining Useful Life See Measure Life Section Years

Table 2-79 Default Motor Efficiency by Motor Type

Motor Type Assumed Efficiency

Shaded Pole (SP) 0.40
Permanent Split Capacitor (PSC) 0.50
ECM 0.70

19 Weighted average calculated using RECS 2020 Data -https://www.eia.gov/consumption/residential/data/2020/hc/pdf/HC%207.7.pdf
20 Cooling assumes three months (92 days) of 24 hour operation
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Table 2-80 Annual Fan Energy Savings

Annual Energy Saved (AkWht.,)

Climate
Region Total with Total without | Circulation Heating Cooling
Central AC Central AC Mode Mode Mode
408 315 211 104 93

North 5,734 778
Coastal 422 295 211 84 127 4,614 1056
Central 432 303 211 92 129 5,052 1073
Pine barrens 428 300 211 89 128 4,891 1067
Southwest 428 303 211 92 125 5,029 1047

*The percent difference in HDD is applied to the Heating Mode column kWh savings and the percent difference in the CDD is applied to the Cooling Mode
column kWh savings.

Peak Factors

Table 2-81 Peak Factors

Fan coincidence factor (CFfan) 0.68 [109]
Pump coincidence factor (CFpump) 0.8 [113]
Natural gas peak day factor (PDF) N/A
Measure Life

The remaining useful life (RUL) for retrofit projects is limited to the RUL of the host equipment. If unknown, assume 1/3 of
the host equipment EUL.

References
[108] ONJSC: Monthly/Annual Temperature Normals (1991-2020).
http://climate.rutgers.edu/stateclim v1/norms/monthly/index.html
[109] Cadmus Group. Focus on Energy Evaluated Deemed Savings Changes. November 2014.
[110] US DOE, Evaluation of Retrofit Variable-Speed Furnace Fan Motors, January 2014.
https://www.nrel.gov/docs/fy140sti/60760.pdf
[111] DOE Building Technologies Office. Energy Savings Potential and Opportunities for High-Efficiency Electric

Motors in Residential and Commercial Equipment.
https://www.energy.gov/sites/prod/files/2014/02/f8/Motor%20Energy%20Savings%20Potential%20Report%202
013-12-4.pdf. Accessed December 2022

[112] M Samotyj, Assessment of New Energy Efficient Circulator Pump Technology. (EPRI, 2010), Pg 4-3,
https://www.epri.com/research/products/1020132

[113] New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs V9. (New
York State Joint Utilities, 2021), Pg 211,
https://www3.dps.ny.gov/W/PSCWeb.nsf/All/72C23DECFF52920A85257F1100671BDD
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2.3.6 DUCT SEALING AND DUCT INSULATION

Market Residential/Multifamily
Baseline Condition RF/DI

Baseline Existing/Dual

End Use Category HVAC

Measure Last Reviewed January 2023

Description

This measure describes evaluating the savings associated with performing duct sealing using mastic sealant or metal tape
to the distribution system of homes with either central air conditioning or a ducted heating system. The measure also
applies to insulating ductwork in unconditioned and semi-conditioned spaces of residential buildings.

If duct insulation is involved with the improvement, the first method, “Evaluation of Distribution Efficiency,” must be used
to estimate energy savings.

1) Evaluation of Distribution Efficiency — this methodology requires the evaluation of three duct characteristics below,
and use of the Building Performance Institute’s (BPI) “Guidance on Estimating Distribution Efficiency” [114], which are
summarized in

Table 2-83 and Table 2-84 for convenience.

e  Duct location, including percentage of duct work found within the conditioned space

e Duct leakage evaluation. The duct leakage assessment values are based on an assumption of 6.5% of assumed air
handler flow (tight); 21% (average); or 35% (leaky).

e Duct insulation evaluation

Determine Distribution Efficiency by evaluating duct system before and after duct sealing using Building Performance
Institute “Guidance on Estimating Distribution Efficiency” or the values reproduced from that document in Table 2-84 that
match the duct system, and if the majority of the duct system is in conditioned space add the matching value fromTable
2-85, not to exceed 100%.

2) RESNET Test 380 4.4.2 — this method involves the pressurization of the house to 25 Pascals with reference to outside
and a simultaneous pressurization of the duct system to reach equilibrium with the envelope or inside pressure of zero
Pascals. A blower door is used to pressurize the building to 25 Pascals with reference to outside, when that is achieved the
duct blaster is used to equalize the pressure difference between the duct system and the house. The amount of air
required to bring the duct system to zero Pascals with reference to the building is the amount of air leaking through the
ductwork to the outside. This technique is described in detail in section 4.4.2 of the ANSI/RESNET/ICC 380 - 2016
Standards: http://www.resnet.us/professional/standards

Baseline Case

The existing baseline condition is leaky duct work within the unconditioned space in the home.
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Efficient Case

The efficient condition is sealed duct work throughout the unconditioned space in the home.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

Methodology 1: Evaluation of distribution efficiency

ARWh = AkW hiooting + BkW Rpeqting
Where,

_ DEpost,cool - DEpre,cool
Ak]/l/hcooling -

DEpost,cool

DEpost,heat - DEpre,heat

AkWhpeating = DEpost heat

Methodology 2: RESNET Test 803.7

ARWh = AkW hiooiing + BkW Rpeqting

Where,
CFMZSB - CFM25Q

AkVthooling = 40
CFMZSB - CFMZSQ
400

Ak]/l/hheating =

Annual Fuel Savings

DEpost,heat - DEpre,heat

X EFLH 0 X

X EFLHppq %

Capcool
SEER

Capheat
HSPF

12

X EFLHo0 X cps

12

X X ——
EFLHyeq¢ TSP

X EFLHheat X Capheat

DE
AT — post,heat
herms AFUE x 100
Peak Demand Savings
Akthooling
AkW, =——— X CF
Peak EFLHcool

Daily Peak Fuel Savings

AThermsSpeg,, = ATherms X PDF

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL

Dual:
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Lifetime Electric Energy Savings

Lifetime Fuel Savings

AW hyipe = AKW hyggpp X RUL + AkW hyp X EUL

ATherms;r, = AThermsgggp X RUL + AThermsyg X EUL

Calculation Parameters

AkWh
AKWhooling
AKWhheating

ATherms
AkWopeak
AThermspeak
AKWhte
AThermsyice
Capcool

Ca pheat

CFM3sg

CFM25Q

SEER

HSPF

D Epost

DEpre

Table 2-82 Calculation Parameters

I

Annual electric energy savings
Annual electric energy savings, cooling
Annual electric energy savings, heating

Annual fuel savings
Peak Demand Savings
Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings
Capacity of air cooling system
Capacity of air heating system

Standard duct leakage test result at 25
Pascal pressure differential of the duct
system prior to sealing

Standard duct leakage test result at 25
Pascal pressure differential of the duct
system after sealing

Seasonal energy efficiency ratio

Heating seasonal performance factor

Distribution efficiency after duct sealing
and insulation

Distribution efficiency before duct sealing
and insulation

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Site-specific

Site-specific

Site-specific

Site-specific

Site-specific, if unknown
look up in Table 2-85

Site-specific, if unknown
look up in Table 2-85
Look up in

Table 2-83. For conditioned
area, look up adder in Table
2-84

Look up in

Table 2-83. For conditioned
area, look up adder in Table
2-84

kWh/yr
kWh/yr
kWh/yr
Therms/yr
kw
Therms/day
kWh
Therms
kBtu/hr

kBtu/hr

CFM

CFM

Btu/W-hr

Btu/W-hr

N/A

N/A

[114]

[114]

[115]

[115]
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AFUE

EFLHcool

EFLHheat

400

12
100
CF
PDF

EUL

Annual fuel utilization efficiency

Cooling equivalent full load hours

Heating equivalent full load hours

Rule of Thumb, CFM/ton

Unit conversion, kBtu/hr-ton
Unit conversion, kBtu/therm
Electric coincidence factor
Gas peak day factor

Effective useful life

Look up in

Table 2-86
600
965

Site-specific, if unknown use
400

12

100
Look up in Table 2-87
Look up in Table 2-87

See Measure Life Section

N/A [114]

Hrs

Hrs

CFM/ton

kBtu/ hr-ton

kBtu/therm
N/A
N/A

Years

Table 2-83 Distribution Efficiencies

Duct Insulation Leakage Assessment

/ HVAC Type Heat Cool “ Heat Cool

Leaky 0.69 0.61 0.93 0.81 0.74 0.76

R-0 Average 0.73 0.64 0.94 0.87 0.78 0.83
Tight 0.77 0.73 0.95 0.94 0.82 0.91

Leaky 0.76 0.65 0.94 0.83 0.80 0.78

R-2 Average 0.82 0.74 0.96 0.88 0.85 0.85
Tight 0.87 0.84 0.97 0.95 0.90 0.93

Leaky 0.79 0.67 0.95 0.83 0.82 0.79

R-4+ Average 0.84 0.77 0.96 0.89 0.87 0.86
Tight 0.90 0.87 0.98 0.95 0.92 0.94

Leaky 0.80 0.69 0.95 0.83 0.84 0.79

R-8+ Average 0.86 0.79 0.97 0.89 0.89 0.87
Tight 0.92 0.90 0.98 0.95 0.94 0.94

For duct systems partly in unconditioned and conditioned space, add the values from Table 2-84 below to DEyre and
DEpost determined from

Table 2-83, with a max DE of 100%. Use the 50% adder values if 50% or more of the duct system is inside a conditioned
space. Use the 80% adder values if 80% of more of the duct system is inside a conditioned space.

Table 2-84 Distribution Efficiencies Adders for Conditioned Space




0.06 011 004 009 002 003 002 003 006 011 0.03 0.05

R-2 004 006 004 007 001 001 001 0.02 0.03 005 0.02 0.03
R-4+ 003 004 003 005 001 001 o001 0.01 0.02 0.04 0.01 o0.03
R-8+ 002 003 002 003 001 001 001 0.01 0.02 0.02 0.01 0.02

Table 2-85 SEER and HSPF Values

Split systems — air conditioners 13 -
Split systems — heat pumps 14 8.2

Single package units — air conditioners 14 -
Single package units — heat pumps 14 8.0

Table 2-86 AFUE Values

Gas-fired hot water boiler 0.82
Gas-fired steam boiler 0.80
Oil-fired hot water boiler 0.84
Oil-fired steam boiler 0.82
Non-weatherized gas furnaces 0.80
Mobile home gas furnaces 0.80
Non-weatherized oil-fired furnaces 0.83
Mobile home oil-fired furnaces 0.75
Weatherized gas furnaces 0.81
Weatherized oil-fired furnaces 0.78
Electric furnaces 0.78

Peak Factors

Table 2-87 Peak Factors

Electric coincidence factor (CF) 0.69 [116]

Natural gas peak day factor (PDF) See Appendix G: Natural Gas Peak Day Factors
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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 2-88 Measure Life

Duct Sealing & Duct Insulation [118]
References

[114] 10 CFR Subpart C of Part 430, https://www.ecfr.gov/current/title-10/chapter-ll/subchapter-D/part-
430/subpart-C/section-430.32

[115] Building Performance Institute, Duct Efficiency Tables,
http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf

[116] BG&E, Development of Residential Load Profile for Central Air Conditioners and Heat Pumps.

[117] Residential Energy Services Network, ANSI/RESNET/ICC 380-2019. http://www.resnet.us/blog/wp-
content/uploads/2016/01/ANSI-RESNET-ICC 380-2016-posted-on-website-6-15-16.pdf

[118] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table

for 2020, http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx
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2.3.7 HEAT OR ENERGY RECOVERY VENTILATOR

Market Residential
Baseline Condition NC/TOS
Baseline Code

End Use Subcategory Heat Recovery

Measure Last Reviewed December 2022

Description

This measure covers the installation of Energy Recovery Ventilators (ERV) and Heat Recovery Ventilators (HRV). ERVs and
HRVs reduce heating and cooling loads while maintaining required ventilation rates by facilitating heat transfer between
outgoing conditioned air and incoming outdoor air. ERVs and HRVs employ air-to-air heat exchangers to recover energy
from exhaust air for the purpose of pre-conditioning outdoor air prior to supplying the conditioned air to the space, either
directly or as part of an air-conditioning system. This measure only applies in cases where ERV/HRYV functionality is not
required by federal, state, local, or municipal codes or standards. For the purposes of this measure, ERVs and HRVs are
distinguished as follows:

e Energy Recovery Ventilator (ERV): Transfers both sensible (heat content) and latent (moisture content) heat between
supply and exhaust airstreams.

Heat Recovery Ventilator (HRV): Transfers sensible heat only between supply and exhaust airstreams.

Baseline Case

The baseline condition for this measure is a single- or multifamily dwelling with an IECC 2021-compliant exhaust fan
system with no heat or energy recovery.

Efficient Case

The compliance condition for this measure is a single- or multifamily dwelling with an ASHRAE 62.2-compliant exhaust fan
system equipped with AHRI certified ERV or HRV components.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AkWh = AkW h, + AkW hy, + AkW hgqp
Cooling energy savings:

For ERVs:

4-5 X CFM X Effhx,total X (Houtdoor,c - Hindoor)

AkWh. = 1,000 x SEER

X hrs,
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For HRVs:

1.08 X CFM X Effhx,sens X (Toutdoor,c - Tindoor) % hT‘SC

AkWhe = 1,000 x SEER
Heating energy savings (both ERVs and HRVs):
1.08 X CFM X E X (T; —-T hrs
AkWhh — f{i(z)x(;(;n)s( ngLgdoor outdoor,h) % FElecHeat % h
Fan energy savings:
AW hsgy = AkWrgy X (hrsy, + hrs;)
AkW;,,, = CFM % 1,000 X ! 1
fan = ’ (cfm/watt), (cfm/watt),
Annual Fuel Savings
1.08 X CFM X Effhx sens X (Tindoor h — Toudoor h) hT‘Sh
AT = - - ~—~ X F, X —
herms 100‘000 < AFUE FuelHeat 60

Summer Peak Demand Savings

1.08 X CFM X Effhx,sense X (Toutdoor,c,peak - Tindoor,c)
1,000 X EER

AkWhpegie = ( + Akwfan) X CF

Daily Peak Fuel Savings

AThermsSpeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhy; e = AkWh X EUL

Lifetime Fuel Savings

ATherms;s, = ATherms X EUL

Calculation Parameters

Table 2-89 Calculation Parameters

. R

Annual electric energy

AkWh . Calculated kWh/yr
savings
ATherms Annual fuel savings Calculated Therms/yr
AkWpeak Peak Demand Savings Calculated kw
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AThermspeak
AkWhLife

AThermsyire

AkWh,

AkWhy,

AkWhean

CFM

(cfm/watt)y

(cfm/watt),

Effhx,total

Effhx,sens

SEER

EER

HSPF

Daily peak fuel savings

Lifetime electric energy
savings

Lifetime fuel savings

Annual electric energy
savings during cooling
season

Annual electric energy
savings during heating
season

Annual electric energy
savings due to fan operation

Flow rate of supply air
passing through ERV/HRV

Baseline ERV/HRYV fan
efficacy

Efficient ERV/HRV fan
efficacy

Total effectiveness of heat
exchanger per rating in
accordance with AHRI
Standard 1060

Sensible effectiveness of
heat exchanger per rating in
accordance with AHRI
Standard

Seasonal average energy
efficiency of electric cooling
equipment (SEER)

Energy efficiency ratio of
electric cooling equipment?!

Heating seasonal
performance factor of
electric heating equipment??

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated

Site-specific

Look up in Table 2-93

Site-specific

Site-specific

Site-specific, if unknown use 0.65

Site-specific, if unknown lookup in Appendix E: Code-
Compliant Efficiencies for equipment type and size. If
SEER?2 is available, use SEER2

Site-specific, if unknown lookup in Appendix E: Code-
Compliant Efficiencies for equipment type and size

Site-specific, if unknown lookup in Appendix E: Code-
Compliant Efficiencies for equipment type and size. If
HSPF2 is available use HSPF2

2! For equipment rated in EER2, use EER2. If unknown, calculate EER as follows:

EER = (1.12 x SEER) — (0.02 X SEER?)

22 |f needed, convert COP to HSPF as follows:
HSPF = COP % 3.412. COP for electric resistance heat is 1.0

Therms/day

kWh

Therms

kWh

kWh

kWh

Ft3/min

cfm/watt

cfm/watt

N/A

N/A

Btu/watt-
hour

Btu/watt-
hour

Btu/watt-
hour

[128]

[119]

[128]

[120]
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Efficiency of fossil fuel . . . .
. . Site-specific, if unknown lookup in Appendix E: Code-
AFUE heating equipment (AFUE, Et . L . . N/A
Compliant Efficiencies for equipment type and size

or Ec)
Indoor heating setpoint . . .
Tindoor,h Site-specific, if unknown use 70 F
temperature
Indoor cooling setpoint
Tindoor,c g setp Site-specific, if unknown use 70 °F
temperature
Hindoor Enthalphy of indoor air Lookup in Table 2-90 based on Tindoor Btu/Ib
HP Total fan horsepower Site-specific HP
LF Load factor Site-specific, if unknown use 0.92 N/A [127]

Operating hours in the
hrsc P .g Look up in Table 2-90 hrs [125]
cooling season

Operating hours in the
hrsy P 'g Look up in Table 2-90 hrs [125]
heating season

Temperature of outside air
Toutdoor,c P . . Look up in Table 2-91 Btu/Ib [126]
during cooling

Temperature of outside air .
Toutdoor,h . . Look up in Table 2-91 Btu/Ib [126]
during heating

Peak outdoor temperature . .
Toutdoor,c,peak . . Look up in Table 2-94 F [129]
during cooling season

Peak Enthalpy of outdoor air . .
Houtdoor,c,peak . . Look up in Table 2-94 F [129]
during cooling season

Enthalpy of outside air
Houtdoor,c Py ofouts Lookup in Table 2-91 Btu/Ib [126]
during cooling
Electric heating factor, to
FelecHeat account for presence of Use 1 if electric heat, otherwise use 0 N/A

electric heat

Fuel heating factor, to
FruelHeat account for presence of fuel Use 1 if fuel heat, otherwise use 0 N/A
heat

Specific heat of air x density

1.08 of inlet air @ 70°F x 60 1.08 BTU/h.°F.CFM
min/hr
Density of inlet air at 70 °F x .
4.5 . 4.5 Lb.min/ft3.hr
60 min/hr
60 Minutes per hour 60 Min/hr

Conversion factor, one kW
1,000 1,000 W/kW
equals 1,000 Watts
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Conversion from Btu to
100,000 100,000 Btu/therm
therms

Conversion from horsepower

0.746 to kW 0.746 kW/hp
CF Electric coincidence factor Look up in Table 2-95 N/A [123]
PDF Gas peak day factor Look up in Table 2-95 N/A
EUL Effective useful life See Measure Life Section Years

Table 2-90 Indoor Enthalpy

Temperature, Enthalpy, Hindoor at 50% Relative Temperature, Enthalpy, Hindoor at 50% Relative
Tindoor (°F) Humidity (Btu/Ib) Tindoor (°F) Humidity (Btu/lb)

66 23.2 73 27.0
67 23.7 74 27.5
68 24.2 75 28.1
69 24.8 76 28.7
70 253 77 29.3
71 25.8 78 29.9

Table 2-91 Heating and Cooling Hours*

NJ Climate Region Heating Hours, hrsp Cooling Hours, hrs.

Northern 4,970 1,670
Southern 4,896 1,783
Coastal 4,981 1,954
Central 4,969 1,810
Pine Barrens 4,899 1,828

2 Calculated from TMY3 data for representative weather stations for each NJ climate zone. Cooling hours are defined as any hour when outdoor air
temperature is above 65°F for the months of June through August and heating hours are defined as any hour when outdoor air temperature is below
65°F for the months of October through April. The heating and cooling hours above represent the count of each in a typical meteorological year.
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Table 2-92 Outdoor Air Temperature and Enthalpy

. Avg. outdoor temperature . Avg. enthalpy?* of outdoor air at
NJ Climate . . Avg. outdoor temperature during : .
Region during cooling season, Toutdoor,c heating season. T °F) duing cooling season, Hoytdoor,c
g (,F) g » loutdoor,h (Btu/lb)
Northern 74.6 42.1 13.1
Southern 74.5 42.7 27.8
Coastal 73.0 46.2 27.0
Central 74.3 43.2 27.7
Pine Barrens 73.7 434 27.4

Table 2-93 Baseline Fan Efficacy

Airflow Rate Minimum (CFM) Minimum Efficacy (CFM/Watt)

HRV,ERV Any 1.2

In-line supply or exhaust fan Any 3.8
Other exhaust fan <90 2.8
Other exhaust fan >=90 35
Unknown Any 2.8

Table 2-94 Peak Outdoor Air Temperature and Enthalpy

NJ Climate Region Peak outdoor temperature during cooling Peak Enthalpy of outdoor air at duing cooling
season, Toutdoor,c,peak (°F) season, Houtdoor,c,peak (Btu/Ib)

Northern 89 40.24
Southern 93 42.28

Coastal 90 41.26

Central 93 42.28

Pine Barrens 94 41.22

Peak Factors

Table 2-95 Peak Factors

Electric coincidence factor (CF) 0.69 [123]

24 Assuming 50% relative humidity
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Natural gas peak day factor (PDF) See Appendix G: Natural Gas Peak Day Factors

Measure Life

The effective useful life (EUL) is 14 years [124].

References

[119] Performance Rating of air-to-air exchanges for Energy Recovery Ventilation Equipment, AHRI, December
2022. http://www.ahrinet.org/ERVcertification

[120] 10 CFR 430.32 (c)(1) , December 2022. https://www.ecfr.gov/current/title-10/chapter-Il/subchapter-
D/part-430

[121] ASHRAE 90.1 2013, Section 6.5.3.1.3, June 2014. http://arkanarzesh.com/wp-
content/uploads/2016/09/ASHRAE%2090.1-2013%20%20-IP.pdf

[122] 10 CFR 431.446 , December 2022. https://www.ecfr.gov/current/title-10/chapter-1l/subchapter-D/part-
431

[123] Based on BG&E ‘Development of Residential Load Profile for Central Air Conditioners and Heat Pumps’

research, the Maryland Peak Definition coincidence factor is 0.69. This study is not publicly available, but is
referenced by M. M. Straub, Using Available Information for Efficient Evaluation of Demand-Side Management

Programs, Electricity Journal, and supported by research conducted by Cadmus on behalf of the RM Management

Committee, September 2011.

[124] PA Consulting Group Inc., Focus on Energy Evaluation Business Programs: Measure Life Study, final
report, August 2009
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal _evaluationreport.pdf

[125] ONIJSC: Monthly/Annual Temperature Normals (1991-2020), December 2022
http://climate.rutgers.edu/stateclim_vi1/norms/monthly/index.html.

[126] NSRDB, TMY3 data, December 2022. https://nsrdb.nrel.gov/data-sets/tmy

[127] Proposed Standard Savings Estimation Protocol for Ultra-Premium Efficiency Motors, Cascade Energy,
November 5, 2012. Table 6: Load Factor by Nameplate hp and End Use. November 5, 2012

[128] “2021 INTERNATIONAL ENERGY CONSERVATION CODE (IECC) | ICC DIGITAL CODES.” n.d.

Codes.iccsafe.org. Accessed November 16, 2022. https://codes.iccsafe.org/content/IECC2021P2/chapter-4-ce-

commercial-energy-efficiency.
[129] ASHRAE Fundamentals 2021 - Chapter 14 Climactic Design Conditions -
https://handbook.ashrae.org/Handbook.aspxi#
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2.3.8 MAINTENANCE

Market Residential /Low Income/Multifamily
Baseline Type RF

Baseline Existing

End Use Subcategory Maintenance

Measure Last Reviewed December 2022

Description
This section provides energy savings algorithms for existing HYAC maintenance in residential applications.

For gas applications, a tune-up of residential fossil fuel space heating boilers or furnaces results in improved seasonal
heating efficiency. A tune-up typically involves inspection, cleaning the heating unit of dust and dirt, checking safety
components, and/or adjustment of boiler and appurtenances per manufacturer’s recommendations.

A gas savings calculation requires measurement of steady state furnace or boiler efficiency before and after maintenance
using an electronic combustion analyzer. Alternatively, before and after maintenance efficiencies may be measured
following the method described in ANSI/ASHRAE Standard 103-2007, Method of Testing for Annual Fuel Utilization
Efficiency of Residential Central Furnaces and Boilers. Maximum post-maintenance efficiency must not exceed equipment
nameplate efficiency. Technicians performing maintenance must provide documentation of before- and after-combustion
analysis results.

Electric Units such as Central A/C and heat pumps also benefit greatly from tune ups. A tune up typically includes cleaning
filters, inspecting bearings, verification of refrigerant charge and correct, if necessary, clean condenser, and if accessible,
evaporator coil.

Note that gas savings calculations (therms) are only applicable for gas units, whereas electric saving calculations are only
applicable for electric units.

Baseline Case

Gas: Residential fossil fuel space heating boiler or furnace in a single family or low-rise Multifamily building that has not
received a tune-up in 5 years or more.

Electric: An existing central A/C, air source heat pump, ground source heat pump, ductless mini-split heat pump, mini-split
AC, PTAC, or PTHP unit that has not received a tune-up in 5 years or more.

Efficient Case

Gas: Residential fossil fuel space heating boiler or furnace that has undergone a tune-up in accordance with the
manufacturer’s recommendations.

Electric: Electric unit after receiving tune-up.
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Annual Enerqy Savings Algorithm

Annual Electric Energy Savings

AkWh = AkWh, + AkWh,

Where,
AkWh, = Cap. x SF X EFLH
¢ SEER €
2icWh, = SPr o sp x EFLH
=———XSF X
h T HSPF h

For geothermal heat pumps:
SEER = EER; X GSHPDF X GSER
HSPF = COF; X GSHPDF x 3.412
For PTAC and PTHP:
SEER = EER

Annual Fuel Savings

1 1
(SSE,, h SSEq)
ATherms = Cap;, X ELFH; X BT —

Peak Demand Savings

Cap,.
=——XSF XCF
EER S ¢

For geothermal heat pumps:
EER = EER; X GSPK

Daily Peak Fuel Savings

AThermsSpeq = ATherms X PDF

Lifetime Enerqy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL
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Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL

Calculation Parameters

Table 2-96 Calculation Parameters

I T

AkWh Annual electric energy savings Calculated kWh/yr
ATherms Annual fuel savings Calculated Therms/yr
AkWpeak Peak Demand Savings Calculated kw
AThermspeak Daily peak fuel savings Calculated Therms/day
AKkWhje Lifetime electric energy savings Calculated kWh
AThermsiife Lifetime fuel savings Calculated Therms
AkWh, Annual electric cooling energy savings Calculated kWh/yr
AkWhy, Annual electric heating energy savings Calculated kWh/yr
Steady state efficiency of baseline gas HVAC . .
SSEp . Site-specific N/A
equipment
Steady state efficiency of repaired gas HVAC
SSEq y 'y P & Site-specific N/A
equipment
Capc Cooling Capacity of electrical unit receiving tune-up Site-specific kBtu/hr
Capn Heating Capacity of electrical unit receiving tune-up Site-specific kBtu/hr
Capin Input capacity of unit receiving tune-up Site-specific kBtu/hr
Site-specific. If
unknown, see
EER Energy Efficiency Ratio of unit receiving tune-up Appendix E: Code- Btu/W-h [133]
Compliant
Efficiencies
Full Load Energy Efficiency Ratio of ground source
heat pump receiving tune up (this is measured
EERg ) pump & P Site-specific Btu/W-h
differently than EER of an ASHP and must be
converted)
Site-specific. If
unknown, see
SEER/EER/HSPF/SEER2, Effici f unit vin ¢ Btu/W-h [133]
iciency of unit receiving tune-u ix E: - u/W-
EER2, HSPF2 Y g p Appendix E: Code
Compliant
Efficiencies
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COP,

HSPF

SF

EFLHy

EFLH,

GSER

GSPK

GSHPDF

3.412

CF

PDF

EUL

100

Peak Factors

Full Load coefficient of Performance of ground
source heat pump receiving tune-up

Heating Seasonal Performance Factor of unit
receiving tune-up

Savings factor, assumed savings due completion of
tune up?

Equivalent Full Load Hours of operation for the
average unit during the heating season

Equivalent Full Load Hours of operation for the
average unit during the cooling season?®

Factor used to determine the SEER of a GSHP based
on its EERg

Factor to convert EER, to the equivalent EER of an air
conditioner to enable comparisons to the baseline
unit

Ground Source Heat Pump De-rate Factor

Conversion from Btu to W-h

Electric coincidence factor

Gas peak day factor

Estimated useful life

Conversion from kBtu to therms

Table 2-97 Peak Factors

Site-specific

Site-specific. If
unknown, see

Appendix E: Code-

Compliant
Efficiencies

0.05

965

600

1.02

0.8416

0.885
3.412

Look up in Table
2-97

Look up in Table
2-97

Look up in Table
2-98

100

N/A

Btu/W-h [133]

N/A [139]

Hours [130]

Hours [132]

Btu/W-h

N/A

N/A

Btu/W-h

N/A

N/A

Years

kBtu/Therms

T

Natural gas peak day factor (PDF)

Electric coincidence factor (CF)

25 VEIC estimate. Extrapolation of manufacturer data.
26 VEIC Estimate. Consistent with analysis of PEPCo and LIPA, and conservative relative to ARI.

0.69

[131]

See Appendix G: Natural Gas Peak Day Factors
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Measure Life

Measure life is dependent on the gas/electric equipment receiving a tune-up.

Table 2-98 Measure Life

Air Conditioner — Room (RAC) 12 [134]
Air Conditioner — Central (CAC) 15 [135]
Air Conditioner — PTAC 15 [135]
Boiler, Hot Water — Steel Water Tube 24 [136]
Boiler, Hot Water — Steel Fire Tube 25 [136]
Boiler, Hot Water — Cast Iron 35 [136]
Boiler, Steam — Steel Water Tube 30 [136]
Boiler, Steam — Steel Fire Tube 25 [136]
Boiler, Steam — Cast Iron 30 [136]
Furnace, Gas Fired 22 [137]
Gas Heat Pump 15 [135]
Heat Pump - Air Source (ASHP) 15 [135]
Heat Pump — Ground Source (GSHP) 25 [138]
Heat Pump — PTHP 15 [135]
References
[130] NJ utility analysis of heating customers, annual gas usage.
[131] NEEP, Mid-Atlantic Technical Reference Manual, V10 (May 2020).
[132] VEIC estimate.
[133] NMR Group, Inc., 2018 Pennsylvania Statewide Act 129 Residential Baseline Study (Feb 2018).
https://www.puc.pa.gov/Electric/pdf/Act129/SWE-Phase3 Res Baseline Study Rpt021219.pdf
[134] GDS Associates, Inc., Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC
Measures (June 2007) Table 1 — Residential Measures.
[135] DEER 2014 EUL. http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-
table-update 2014-02-05.xlsx
[136] ASHRAE Handbook, 2015.
[137] U.S. DOE. Technical Support Document: Energy Efficiency Program for Consumer Products and

Commercial and Industrial Equipment: Residential Furnaces and Technical Support Document: Energy Efficiency
Program for Consumer Products and Commercial and Industrial Equipment: Commercial Warm Air Furnaces
(2016). https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217

[138] ASHRAE: Owning and Operating Cost Database, Equipment Life/Maintenance Cost Survey.

https://xp20.ashrae.org/publicdatabase/system service life.asp?selected system type=1
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https://www.puc.pa.gov/Electric/pdf/Act129/SWE-Phase3_Res_Baseline_Study_Rpt021219.pdf
http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-table-update_2014-02-05.xlsx
http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-table-update_2014-02-05.xlsx
https://www.regulations.gov/document?D=EERE-2014-BT-STD-0031-0217
https://xp20.ashrae.org/publicdatabase/system_service_life.asp?selected_system_type=1

[139] Residential HVAC Installation Practices: A Review of Research Findings (US DOE, 2018), Pg 5.
https://www.energy.gov/eere/buildings/articles/residential-hvac-installation-practices-review-research-findings
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2.3.9 BOILER CONTROLS

Market Residential/Multifamily
Baseline Condition RF

Baseline Existing

End Use HVAC

Measure Last Reviewed December 2022

Description

This measure applies to the installation of reset controls to a residential heating boiler to adjust the boiler water
temperature based on the outdoor air temperature. A boiler reset control has two temperature sensors - one outside the
house and one in the boiler water. As the outdoor temperature rises and falls, the control adjusts the water temperature
to the lowest setting required to meet heating demand.

The input values are based on data supplied by the utilities and customer information on the application form, confirmed
with manufacturer data. Unit savings are based on study results.

Baseline Case
Existing boiler without reset controls.

Efficient Case

Installation of boiler reset controls. The system’s minimum temperature setpoint must be set no more than 10 degrees
above manufacturer’s recommended minimum return temperature.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AkWh = N/A

Annual Fuel Savings

EFLH, X Cap;,

AT =SF
herms = SF X 100

Peak Demand Savings

AkWpeqr = N/A

Daily Peak Fuel Savings

AThermsSpeq, = ATherms X PDF
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Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhLife = N/A

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL

Calculation Parameters

Table 2-99 Calculation Parameters

e e

ATherms Annual fuel savings Calculated Therms/yr
AThermspeak Daily peak fuel savings Calculated Therms/day
Capin Input capacity of boiler Site specific kBtu/hr

Savings factor, estimated percent reduction in heating load due

SF 0.05 N/A 463
to controls being installed. / [463]

Lookup in Table

EFLH; Estimated full load hours for heating 3120 hrs [465]
. . Lookup in Table
EUL Effective useful life Years
2-102
Lookup in Table
PDF Peak day factor upt
2-101
100 Conversion from kBtu to therm 100 kBtu

Table 2-100 EFLH During Heating Season

Facility Type Prior to 1979 From 1979 to 2006 From 2007 through Present
965 965 965

Single Family
Low-rise 757 723 503
High-rise 526 395 219
Peak Factors

Table 2-101 Peak Factors

Electric coincidence factor (CF) N/A
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Natural gas peak day factor (PDF) See Appendix G: Natural Gas Peak Day Factors

Measure Life

The effective useful life (EUL) of boiler controls is the smaller of to the remaining useful life (RUL) of the boiler or 7.33
years. If boiler RUL is unknown, assume 1/3 of the boiler EUL.

Table 2-102 Measure Life

Boiler, Hot Water — Steel Water Tube [466]
Boiler, Hot Water — Steel Fire Tube 25 8.33 [466]
Boiler, Hot Water — Cast Iron 35 11.67 [466]
Boiler, Steam — Steel Water Tube 30 10 [466]
Boiler, Steam — Steel Fire Tube 25 8.33 [466]
Boiler, Steam — Cast Iron 30 10 [466]
References
[140] GDS Associates, Inc. Natural Gas Energy Efficiency Potential in Massachusetts, 2009, p. 38 Table 6-4.
https://ma-eeac.org/wp-content/uploads/5 Natural-Gas-EE-Potenial-in-MA.pdf
[141] Simulations of prototypical buildings from the NY TRM updated with NJ weather done by NJ Statewide
Evaluator, May 2022.
[142] ASHRAE Handbook, 2015.
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2.3.10 FILTER WHISTLE

Market Residential/Low-Income
Baseline Condition RF/DI
Baseline Existing/Dual

End Use Subcategory Filter Whistle

Measure Last Reviewed December 2022

Description

This section provides energy savings algorithms for filter whistles on air handlers installed in residential settings. Dirty air
handler filters result in increases energy consumption for the circulation fan and decreases system heating and cooling
efficiency. These whistles attach to the filter of the air handler and make a sound when it is time to replace the filter.

Savings estimates are based on reduced blower fan motor power requirements for winter and summer use of the blower
fan motor. This air handler filter whistle measure applies to central forced-air furnaces, central AC and heat pump systems.
Where homes do not have central cooling, only the annual heating savings will apply.

Baseline Case

Air Handler Filter without Filter Whistle

Efficient Case

Air Handler Filter with Filter Whistle to promote regular replacement of filter

Annual Energy Savings Algorithm

Annual Electric Energy Savings

ARWh = AkW hypqr + AKW B0
Where,
kW, otor = HP X 0.746
ARW hpour = kWiotor X EFLHp, X EI X ISR

AW hepo; = kWinoror X EFLH, X EI X ISR

Annual Fuel Savings

ATherms = N/A
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Peak Demand Savings

Daily Peak Fuel Savings

AThermsSpeq, = N/A

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AWhy;se = AkWh X EUL

Lifetime Fuel Savings

AThermsyr, = N/A

Dual:

Lifetime Electric Energy Savings

AkWhLife = AkWhEREP X RUL + AkWhNR X EUL

Lifetime Fuel Savings

ATherms;;r, = N/A

Calculation Parameters

Table 2-103 Calculation Parameters

R

Calculated, if HP is unknown

Site specific, if unknown use

AkWh Annual electric energy savings
AKkWpeak Peak Demand Savings
AkWhjte Lifetime electric energy savings

AkWhy Annual heating electric energy savings

AkWh, Annual cooling electric energy savings
kKW motor Motor full load electric demand

HP Horsepower of blower motor

27 Typical blower motor capacity for gas furnace is V4 to % HP, Avg of /2 HP =0.377kW.

Calculated
Calculated
Calculated
Calculated

Calculated

use 0.377

0.5%

kWh/yr
kw
kWh

kWh/yr

kWh/yr

kw

HP
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I S O N

Equivalent Full Load Hours of operation for
EFLH; Hours [143]
the average unit during the heating season

Equivalent Full Load Hours of operation for
EFLH. . . . 600 Hours [144]
the average unit during the cooling season

El Efficiency Improvement 15% N/A [145]

Site specific. Default for Kits
ISR In-service rate = 15%, Default for Direct N/A [146]
Install = 100%

CF Electric coincidence factor Look up in Table 2-104 N/A
PDF Gas peak demand factor Look up in Table 2-104 N/A
EUL Effective useful life See Measure Life Section Years [148]
0.746 Conversion factor for HP to kWh 0.746 kW/HP
Peak Factors

Table 2-104 Peak Factors

Electric coincidence factor (CF) 0.69 [147]

Natural gas peak day factor (PDF) N/A
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 2-105 Measure Life

Filter Whistle [148]
References
[143] NJ utility analysis of heating customers, annual gas usage
[144] VEIC Estimate. Consistent with analysis of PEPCo and LIPA, and conservative relative to ARI.
[145] Energy.gov Maintaining Your Air Conditioner (Accessed 12/16/2022), Says that replacing a dirty air filter

with a clean one can lower total air conditioner energy consumption by 5-15%. Since the algorithms in this
measure only take into account the blower fan energy use, a 15% savings seems reasonable.
https://www.energy.gov/energysaver/maintaining-your-air-conditioner

[146] The In Service Rate is the average of values reported by FirstEnergy EDCs for kits including an air handler
furnace whistle for PY9. See
http://www.puc.pa.gov/filing resources/issues laws regulations/act 129 information/electric distribution co

mpany act 129 reporting requirements.aspx
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http://www.puc.pa.gov/filing_resources/issues_laws_regulations/act_129_information/electric_distribution_company_act_129_reporting_requirements.aspx
http://www.puc.pa.gov/filing_resources/issues_laws_regulations/act_129_information/electric_distribution_company_act_129_reporting_requirements.aspx

[147] Per NY TRM: “Based on BG&E ‘Development of Residential Load Profile for Central Air Conditioners and
Heat Pumps’ research, the Maryland Peak Definition coincidence factor is 0.69. This study is not publicly available,
but is referenced by M. M. Straub, Using Available Information for Efficient Evaluation of Demand-Side
Management Programs, Electricity Journal, September 2011 and supported by research conducted by Cadmus on
behalf of the RM Management Committee."

[148] DEER 2020 http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xlsx
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2.3.11 CEILING FAN

Market Residential/Multifamily/Low-Income
Baseline Condition TOS/DI
Baseline Existing/Dual

End Use Subcategory Ceiling Fan

Measure Last Reviewed December 2022

Description

This section provides energy savings algorithms for the installation of an ENERGY STAR v4.0 ceiling fan/light unit in
residential settings. These units are known to be 60% more efficient than conventional units due to improved motors and
blade design [149].

Since the savings from this measure are derived from more efficient ventilation and lighting, which have very different
load shapes and measure life, the savings are split by component and claimed together.

Baseline Case
Conventional ceiling fan/light unit with EISA qualified incandescent or halogen light bulbs.
Efficient Case

An ENERGY STAR v4.0 certified ceiling fan/lighting unit with LED bulbs.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AkWh = AkW hp o, + AKW hyigp,

Where,

Days X Hrsgq, X [(Flow,b X VVlow,b) + (Fmed,b X Wmed,b) + (Frignp X Whigh,b)]
AkWhyan = 1,000

_ Days X Hrsfan X [(Flow,q X Wlow,q) + (Fmed,q X Wmed,q) + (Fhigh,q X Whigh,q)]
1,000

Wb,light - Wq,light

AkWhlight = 1.000

X Hrsygne X (1 + HVAC,)

Annual Fuel Savings

Heating Penalty from improved lighting:
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Whiighe — Waiignt 0.03412

ATh =— X Hrsy; X HF X —— X
erms 1,000 TSlight Ef oo
Peak Demand Savings
AkWpear = AkI/Vfan + Aleight
Where,
W, — W,
Akaan — hlgh,; 550 high,q x CFfan
Wi i, — W, s
AWy gy = Mghfooo QUIME % CFygne X (1 + HVAC,)
Daily Peak Fuel Savings

AThermSpeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhy; e = AkWh X EUL

Lifetime Fuel Savings

ATherms;s, = ATherms X EUL

Dual:

Lifetime Electric Energy Savings

AkWh’Life = AkWhEREP X RUL + AkWhNR X EUL

Lifetime Fuel Savings

AThermsy;r, = AThermsggpp X RUL + AThermsyg X EUL

Calculation Parameters

Table 2-106 Calculation Parameters

FH

S R

AkWh Annual electric energy savings Calculated
ATherms Annual fuel savings Calculated
AkWpeak Peak Demand Savings Calculated
AkWhian Annual ceiling fan savings Calculated
AkWhiight Annual light savings Calculated

kWh/yr
Therms/yr
kw
kWh/yr

kWh/yr
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e e e

AkWean
AkWiignt
AThermspeak
AKWhte

AThermsyie

Days

Hrsfan

WIow,b

Wmed,b

Whigh,b

Wlow,q

Wmed,q

Whigh,q

Wh,light

Wq,light

FFH

I:Iow,b

Fmed,b

Frigh,b

FIow,q

Fmed,q

Fhigh,q

Annual fan peak demand savings
Annual light peak demand savings
Daily peak fuel savings
Lifetime electric energy savings

Lifetime fuel savings

Days used per year

Daily Fan “On Hours”

Fan wattage at Low speed of baseline

Fan wattage at Medium speed of baseline

Fan wattage at High speed of baseline

Fan wattage at Low speed of ENERGY STAR

Fan wattage at Medium speed of ENERGY STAR

Fan wattage at High speed of ENERGY STAR

Total lighting wattage of baseline fixture

Total lighting wattage of energy efficient fixture

Fraction of homes using fossil fuel heat

Fraction of time spent at Low speed of baseline

Fraction of time spent at Medium speed of
baseline

Fraction of time spent at High speed of baseline

Fraction of time spent at Low speed of ENERGY
STAR

Fraction of time spent at Medium speed of
ENERGY STAR

Fraction of time spent at High speed of ENERGY
STAR

Calculated
Calculated
Calculated
Calculated
Calculated

Site-specific, if unknown
use 365.25

Site-specific, if unknown
use 3

Site-specific, if unknown
use 15

Site-specific, if unknown
use 34

Site-specific, if unknown
use 67

Site-specific, if unknown
use 6

Site-specific, if unknown
use 23

Site-specific, if unknown
use 56

Site-specific; if unknown
use 129W

Site-specific; if unknown
use 42W

Site-specific; if unknown
use 0.8

0.4

0.4

0.2

0.4

0.4

0.2

kw
Therms/day
kWh

Therms

Days/yr

Hrs/day

Watts

Watts

Watts

Watts

Watts

Watts

Watts

Watts

N/A

N/A

N/A

N/A

N/A

N/A

N/A

[152]

[152]

[152]

[152]

[152]

[152]

[152]

[152]

[152]

[152]

[152]

[152]

[152]

[152]

[152]

[152]
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S

1,000 Conversion from W to kW 1,000 W/kw
Hrsiight Lighting hours of operation Look up in Table 2-107 Hrs/yr [150][151]
HVAC Interactive Factor for Annual Energy .
HVAC. . Look up in Table 2-107 N/A [150]
Savings
HVAC Interactive Factor for Peak Demand .
HVACy . Look up in Table 2-107 N/A [150]
Savings
HF Heating Factor 0.47 N/A
Effheat Efficiency of heating system 0.8 N/A
CF Electric coincidence factor Look up in Table 2-108 N/A
PDF Gas peak demand factor Look up in Table 2-108 N/A
EUL Effective useful life of new unit See Measure Life Section Years
RUL Remaining useful life of existing unit See Measure Life Section Years

Table 2-107 Lighting Hours, Interactive Factors

Installation Location “ HVAC.2 HVAC4?®

Interior 679 0.023 0.155
Exterior 1643 0 0
Unknown 808 0.020 0.134
Peak Factors

Table 2-108 Peak Factors

Fan coincidence factor (CFfan) 0.3 [153]
Light coincidence factor (CFjignt) 0.06 [150]
Natural gas peak day factor (PDF) N/A N/A

28 For electric cooling interactivity, value based on NEEP Mid-Atlantic TRM V9, p. 22: Calculated using defaults assuming 89% of homes have electric
cooling (per RECS 2015 data) with an average 3.8 COP and a cooling load reduction of 33% of lighting savings; 0.89*(0.33 / 3.8) = 0.077.

For electric heating interactivity, value based on NEEP Mid-Atlantic TRM V9, p. 22: Calculated using defaults assuming 20% of homes are electrically
heated (per RECS 2015 data) with an average 1.74 COP and a heating load increase of 47% of lighting savings; -0.20*(0.47 / 1.74) = -0.054. Value of
HVAC. established as the summation of these values; 0.077 — 0.054 = 0.023.

23 From NEEP Mid-Atlantic TRM V9, p. 24: Calculated using defaults assuming 89% of homes have electric cooling (per RECS 2015 data) with an average
3.8 COP and peak cooling load reduction of 66% of lighting savings; 0.89*(0.66 / 3.8) = 0.155.
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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 2-109 Measure Life

== R I RS
5

Ceiling Fan 15 [150]
References
[149] “Ceiling Fans.” n.d. Www.energystar.gov. https://www.energystar.gov/products/ceiling_fans.
[150] “MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 9.” n.d. Accessed November 23, 2022.

https://neep.org/sites/default/files/resources/Mid Atlantic TRM V9 Final clean wUpdateSummary%20-
%20CT%20FORMAT.pdf .

[151] DNV KEMA Energy and Sustainability, Pacific Northwest National Laboratory, Residential Lighting End-
Use Consumption Study: Estimation Framework and Initial Estimates. (US DOE, 2012), Table 4.4,
https://www1.eere.energy.gov/buildings/publications/pdfs/ssl/2012 residential-lighting-study.pdf

[152]
https://www.energystar.gov/sites/default/files/asset/document/light fixture ceiling fan calculator.xlsx

[153] Assuming that the CF for a ceiling fan is the same as Room AC; Consistent with coincidence factors found
in: RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, (June 23, 2008)
http://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/117_RLW_CF%
20Res%20RAC.pdf
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https://www1.eere.energy.gov/buildings/publications/pdfs/ssl/2012_residential-lighting-study.pdf
https://www.energystar.gov/sites/default/files/asset/document/light_fixture_ceiling_fan_calculator.xlsx

2.3.12 SMART THERMOSTAT

Market Residential/Multifamily
Baseline Condition RF/DI/TOS
Baseline Existing/Dual

End Use Subcategory Control

Measure Last Reviewed January 2023

Description

This measure covers the installation of Smart or Connected ENERGY STAR® V1.0% thermostats applied to single-family and
multi-family residential HVAC systems. A “smart” thermostat that is ENERGY STAR® certified has the following properties
[156].

Automatic scheduling
e Occupancy sensing (set “on” as a default)

e  For homes with a heat pump, smart thermostats must be capable of controlling heat pumps to optimize energy use
and minimize the use of backup electric resistance heat.

e Ability to adjust settings remotely via a smart phone or online the absence of connectivity to the connected
thermostat (CT) service provider, retain the ability for residents to locally:

e View the room temperature,

e View and adjust the set temperature, and

e Switch between off, heating and cooling
e Have a static temperature accuracy <+ 2.0 °F

e Have network standby average power consumption of < 3.0 W average (Includes all equipment necessary to establish
connectivity to the CT service provider’s cloud, except those that can reasonably be expected to be present in the
home, such as Wi-Fi routers and smart phones.)

e Enter network standby after < 5.0 minutes from user interaction (on device, remote or occupancy detection)

e The following capabilities may be enabled through the CT device, CT service or any combination of the two. The CT
product shall maintain these capabilities through subsequent firmware and software changes.

e  Ability for consumers to set and modify a schedule.

e Provision of feedback to occupants about the energy impact of their choice of settings.

30 ENERGY STAR® V2.0 Connected Thermostats is under development.
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e Ability for consumers to access information relevant to their HVAC energy consumption, e.g. HVAC run time.

Baseline Case

Mix of standard non-programmable and programmable thermostats for central heating and cooling systems
Efficient Case

Smart Thermostat meeting the measure description above.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

ARWh = AWheyp + AkWhppq:

Where,

1
AkVthool = <Capc X EFLHcool X ﬁ X SFelec,c X FelecCool)

1
AkWhheat = <Caph,out X EFLHheat X m X SFelec,h X FelecHeat)

Annual Fuel Savings

1 1
ATherms = Capp pyei X EFLHpeqr X AFUE X SFryer X Frueinear X 100

Peak Demand Savings

AkWpeqr = N/A

Daily Peak Fuel Savings

AThermsSpeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhy;se = AkWh X EUL

Lifetime Fuel Savings

ATherms;s, = ATherms X EUL
Dual:

Lifetime Electric Energy Savings

AkWh’Life = AkWhEREP X RUL + AkWhNR X EUL
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Lifetime Fuel Savings

ATherms;r, = AThermsgrgp X RUL + AThermsyg X EUL

Calculation Parameters

AkWh
ATherms
AThermspeax
AkWhite
AThermsiife
AkWhcool

AkWhheat

Cap.

SEER

EFLHcool

SFelec,c

FelecCooI

Capn,out

Caph fuel

HSPF

EFLHheat

Table 2-110 Calculation Parameters

R

Annual electric energy savings
Annual fuel savings
Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings
Cooling electric savings

Heating electric savings

Tons of air conditioning per residence

Seasonal energy efficiency ratio of cooling unit
(SEER/SEER?2)

Equivalent full load hours of operation during
cooling season

Cooling energy savings factor

Electric cooling factor; used to account for the
presence or absence of an electric cooling system

Output heating capacity in kBTU/h per residence

Heating capity in of existing fossil heat unit

Heating seasonal performance factor of heating unit
(HSPF/HSPF2) if rated in COP, convert using HSPF =

COP x3.412

Equivalent full load hours of operation during
heating season

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated

Site-specific,
if unknown use 3 tons3!

Site-specific, if unknown,
look up in Appendix C:
Heating and Cooling EFLH

Look up in Appendix C:
Heating and Cooling EFLH

0.07

Electric Cooling: 1
No Electric Cooling: 0
Unknown: 0.39
Site-specific,
if unknown use 72
kbTU/hr3?
Site-specific

Site-specific, if unknown
look up in Appendix E:
Code-Compliant Efficiencies

See Appendix C:

kWh/yr
Therms/yr
Therms/day
kWh
Therms
kWh/yr

kWh/yr

Tons/unit

Btu/W-h [154]

Hours [155]
N/A [159]
N/A [157]

kBTU/hr
kBTU/hr

Btu/W-h [154]

Hours [155]

31 Assumes a 1,800 ft2 home with 20 BTU/h-ft2 cooling load: 1,800 ft2 x 20 BTU/h-ft2 x 1/12,000 ton/(BTU/h) = 3 tons

32 Assumes a 1,800 ft2 home with 40 BTU/h-ft2 heating load: 1,800 ft2 x 40 BTU/h-ft2 x 1/(1,000 kBTU/h)/(BTU/h) = 72 kBTU/h
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R I

AFUE

SFfueI

SFelec,h

FelecHeat

I:FueIHeat

100
CF

PDF

EUL

Peak Factors

Measure Life

Natural gas peak day factor (PDF)

Annual fuel utilization efficiency

Fuel heating energy savings factor

Electric heating energy savings factor

Electric heating factor; used to account for the
presence or absence of an electric heating system

Fossil fuel heating factor; used to account for the
presence or absence of a fossil fuel heating system

Conversion factor, kBTU to therms
Electric coincidence factor

Gas peak day factor

Effective useful life

Site-specific, if unknown
look up in Appendix E:

Code-Compliant Efficiencies

0.06
0.06

Electric Heating: 1
No Electric Heating: 0
Unknown: 0.15

Fossil Fuel Heating: 1
No Fossil Fuel Heating: 0

Unknown: 0.91
100
Look up in Table 2-111

Look up in Table 2-111

See Measure Life Section

Table 2-111 Peak Factors

Electric coincidence factor (CF)

N/A

N/A [159]
N/A [159]
N/A [158]
N/A [158]
kBTU/therms

N/A
N/A

Years

See Appendix G: Natural Gas Peak Day Factors

This measure is being applied to existing operational equipment. Hence, the effective useful life (EUL) is the smaller of the
host equipment remaining life or the full measure life of upgrade which is 5 years [160].

References

[154]

“2012 INTERNATIONAL ENERGY CONSERVATION CODE (IECC) | ICC DIGITAL CODES.” n.d.
Codes.iccsafe.org. Accessed January 23, 2023 https://codes.iccsafe.org/content/IECC2012P5/chapter-4-ce-

commercial-energy-efficiency

[155]

[156]

Simulations of prototype buildings from NY TRM updated with NJ weather done by NJ Statewide
Evaluator, May 2022

ENERGY STAR® Program Requirements Product Specification for Connected Thermostat Products,

Eligibility Criteria Version 1.0, (January 2017), pg. 10
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https://codes.iccsafe.org/content/IECC2012P5/chapter-4-ce-commercial-energy-efficiency

https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Program%20Requirements
%20for%20Connected%20Thermostats%20Version%201.0.pdf

[157] EIA Residential Energy Consumption Survey (RECS) 2015 for Middle Atlantic States, Table HC7.7
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc7.7.php

[158] EIA Residential Energy Consumption Survey (RECS) 2015 for Middle Atlantic States, Table HC6.7
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc6.7.php

[159] TRM Mid-Atlantic Technical Reference Manual:Version 10 (NEEP, 2020), Pg 104, https://neep.org/mid-
atlantic-technical-reference-manual-trm-v10

[160] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table
for 2020, http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx
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2.4 LIGHTING

2.4.1 LAMPS AND FIXTURES

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

End Use Subcategory Lighting

Measure Last Reviewed November 2022

Description

This section provides energy saving algorithms for the installation of screw-in ENERGY STAR LED general service lamps,
ENERGY STAR LED fixtures, ENERGY STAR specialty LED lamps, Nightlights, and Holiday Lights.

Savings from lamps and fixtures are based on the difference between the baseline lamp/fixture wattage and new
lamp/fixture wattage, and the average daily hours of usage for the lighting unit being replaced.

For ENERGY STAR Lamps, baseline lamp/fixture wattage is based on the lumen output of the ENERGY STAR lamp/fixture
and a minimum lamp/fixture lumen per watt efficacy. Using the relationship in this section, the baseline lamp wattage for
General Service Lamps is installed lumens divided by 45 lumens per watt, compliant with Federal regulations issued on
May 8, 2022 and New Jersey P.L. 2021, c. 464 minimum standards[168]. Full compliance with this standard by retailers
shall commence on August 1, 2023[167].

Baseline Case

ENERGY STAR Lamps and Fixtures: Baseline wattage assumed to equal to the installed lumens divided by 45 lumens per
watt for general service bulbs in kits and retail distribution. For direct install lights exempt from or installed prior to
enforcement of the EISA requirement, if the site-specific baseline wattage is unknown, use the baseline wattage
assumptions in Table 2-114, Table 2-115, and Table 2-116.

Nightlights: Non LED Nightlights, assumed 6.75 watts.

Holiday Lights: Traditional incandescent holiday lights with a wattage higher than the LED wattage. For incandescent mini-
bulbs, incandescent C7 bulbs, and incandescent C9 bulbs, assume baselines of 0.48, 6, and 7 watts per bulb respectively.

Efficient Case
ENERGY STAR Lamps and Fixtures: Qualifying Lamp/Fixture ENERGY STAR wattage
Nightlights: Qualifying LED Nightlight wattage.

Holiday Lights: Qualifying LED Holiday Lights wattage.
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Annual Enerqy Savings Algorithm

Annual Electric Energy Savings

ENERGY STAR Lamps and Fixtures:

Wy gs — W,
AKWh = Ny % ”15 550 LES « Hrsps X (1 + HVAC,) x ISR
Where,
W, Lumen,
b,ES — 45
Nightlights:
Wy X H, ity X 365
AKkWh = NL NL,daily

1,000
Holiday Lights:
AkWh = [Feg x AkWheo | + [Fo7 X AkWhey 1+ [Foini X AW hppinil
Where,

_ [(Wb,C9 - q,C9) X Nbulbs X Nstrands X HTSHL]

AkWh,q =
€9 1000
[(Wb,C7 - Wq,C7) X Nbulbs X Nstrands X HrSHL]
[(Wb,mini - Wq,mini) X Nbulbs X Nstrands X HrSHL]

Annual Fuel Savings
ENERGY STAR Lamps and Fixtures:

14 4 0.03412

ATherms = — N, X LW“S X Hrs X HVACy X ———— X Fpyy
1,000 atts Effheat

kw

No fuel savings associated with Nightlights and Holiday Lights.

Peak Demand Savings

ENERGY STAR Lamps and Fixtures:

Wb,ES W

BkWpea = Ny X —= o0 LES o CF x (1 + HVAC,)
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No Peak Demand Savings associated with Nightlights and Holiday Lights.

Daily Peak Fuel Savings

AThermspeq, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AeWhy;se = AkWh X EUL

Lifetime Fuel Savings

ATherms s, = ATherms X EUL

Calculation Parameters

AkWh
ATherms
AkWoeak
Athermspeak

Ng

Wh,es

Waes

Lumens,

Fmini

FC7

FC9

Nbulbs

Nstrands

Hrses

Table 2-112 Calculation Parameters

R

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

Quantity of energy efficient fixtures

Wattage of baseline fixture

Wattage of energy efficient fixture
Lumens of energy efficient fixture

Percentage of holiday lights that are

nminiu

Percentage of holiday lights that are
HC7II

Percentage of holiday lights that are
IIC9”

Number of bulbs per strand

Number of strands of lights per
package

Annual Hours of Operation

Calculated
Calculated
Calculated
Calculated
Site-specifc

Direct Install: Site-specific

Exempt from EISA Compliance: Look
up in Table 2-114,Table 2-115,Table
2-116

EISA Compliant: Calculated
Site-specifc

Site-specific

Site-specific, if unknown use 0.5

Site-specific, if unknown use 0.25

Site-specific, if unknown use 0.25

Site-specific, if unknown use 50

Site-specific, if unknwon use 1

Look up in Table 2-113

kWh/yr
Therms/yr
kw
Therms/day

N/A

kw

kw

Lumens

%

%

%

Bulbs/Strand

Strands/package

Hrs/yr

[171]

[165]

[165]

[165]

[166]

[166]

[161][162]
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T R

HVAC.

HVACq

HVAC,

ISR

Effheat

|:FH

WNL

Hrsn,daily

365
1,000
W, mini
Wo,mini
Wo,c7
Wh,c7
Wo,co

Wh,co

45

HrsHL

CF
PDF

EUL

HVAC Interactive Factor for Annual
Energy Savings

HVAC Interactive Factor for Peak
Demand Savings

Heating factor, or percentage of
lighting savings that must be heated

In-service rate
Efficiency of heating system

Fraction of homes using fossil fuel
heat

Average watts replaced for an LED
nightlight installation

Average daily burn time for LED
nightlight replacements

Days per year
Conversion from watts to kW
Wattage of LED mini bulbs
Wattage of incandescent mini bulbs
Wattage of LED C7 bulbs
Wattage of incandescent C7 bulbs
Wattage of LED C9 bulbs
Wattage of incandescent C9 bulbs

Conversion from lumens of energy
efficient fixture to wattage of
baseline fixture

Annual hours of operation for
Holiday Lights

Electric coincidence factor
Gas peak day factor

Effective useful life

Look up in Table 2-113

Look up in Table 2-113

Look up in Table 2-113

0.92

0.8

0.8

6.75

12

365
1,000
0.08
0.48

0.48

45

150

Look up in Table 2-117
Look up in Table 2-117

See

N/A

N/A

N/A

N/A

N/A

N/A

hrs

Day/yr

W/kW
W/Bulb
W/Bulb
W/Bulb
W/Bulb
W/Bulb

W/Bulb

Lumens/watt

Hrs/yr

N/A
N/A

Years

[161]

[161]

[161]

[170]

[169]

[163]

[164]

[165]
[165]
[165]
[165]
[165]

[165]

[165]



Table 2-113 Hours, Interactive Factors, and Heating Factor

Installation
. HVAC:32 HVAC* HVAC,
Location
679 0.47

Interior 0.023 0.155
Exterior 1643 0 0 0
Unknown 808 0.020 0.134 0.41

Table 2-114 Exempt Standard Lamp Baselines

<310 Use ENERGY STAR Watts Equivalent
310-749 40
A-Lamp 750-1,049 60
(A15, A17, A19, A21) 1,050 -1,489 75
1,490 - 2,600 100
> 2,600 Use ENERGY STAR Watts Equivalent

Table 2-115 Exempt Specialty Lamps Baseline

<90 Use ENERGY STAR Watts Equivalent

90-179 10

180 -249 20

250 -349 25

E26 and E17 350 -749 40

750-1,049 43

Globe
1,050-1,489 53
1,490 - 2,600 72
All G (G30, G25, -

616.5) > 2,600 Use ENERGY STAR Watts Equivalent
' <90 Use ENERGY STAR Watts Equivalent

90-179 10

180 - 249 20

E12 (Candelabra)

250 - 349 25

350 - 499 40

500 - 1,049 60

33 For electric cooling interactivity, value based on NEEP Mid-Atlantic TRM V9, p. 22: Calculated using defaults assuming 89% of homes have electric
cooling (per RECS 2015 data) with an average 3.8 COP and a cooling load reduction of 33% of lighting savings; 0.89*(0.33 / 3.8) = 0.077.

For electric heating interactivity, value based on NEEP Mid-Atlantic TRM V9, p. 22: Calculated using defaults assuming 20% of homes are electrically
heated (per RECS 2015 data) with an average 1.74 COP and a heating load increase of 47% of lighting savings; -0.20*(0.47 / 1.74) = -0.054. Value of
HVAC. established as the summation of these values; 0.077 — 0.054 = 0.023.

34 From NEEP Mid-Atlantic TRM V9, p. 24: Calculated using defaults assuming 89% of homes have electric cooling (per RECS 2015 data) with an average
3.8 COP and peak cooling load reduction of 66% of lighting savings; 0.89*(0.66 / 3.8) = 0.155.
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> 1,049 Use ENERGY STAR Watts Equivalent
<90 Use ENERGY STAR Watts Equivalent
90-179 10
. 180 - 249 20
E26 (Medium), E17, and
Globe (G40) E12 250-349 25
350-499 40
500-1,049 60

>1,049 Use ENERGY STAR Watts Equivalent
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E26 (Medium) and E17

ecorative (Shapes
B10, B11, B13, BA10,
BA11, CA10, C7, C9,

F10, F15, ST, S14)

R20

PAR20

Candelabra base E12

<70
70-289
90 - 149
150-299
300-749
750-1,049
1050-1,489
1,490 - 2,600
> 2,600
<70
70-89
90 - 149
150-299
300 - 449
450-1,049
>1,049

Use ENERGY STAR Watts Equivalent

10
15
25
40
43
53
72

Use ENERGY STAR Watts Equivalent
Use ENERGY STAR Watts Equivalent

10
15
25
40
60

Use ENERGY STAR Watts Equivalent

Table 2-116 Exempt Reflector/Flood Lamps Baseline

Bulb Type Lumen Range Wh,es

200 - 299
300-718
719-810
811-1,002
1,003 -1,202
1,203 -1,516
1,517-1,733
1,734-2,184
>2,184
200 - 299
300-718
719-810
811-1,002
1,003 -1,202
1,203 -1,516
1,517-1,733

1,734 -2,184

30

45

50

55

65

75

90

100

120

30

40

50

55

65

75

90

100
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BR30, BR40, ER40

ER30

PAR30, PAR38, R40

R14, PAR16, R16

MR16

>2,184
200 —-299
300 -399
400 - 649
650-1,419
1,420-1,789
1,790 - 2,045
2,046 -2,578
> 2,578
200 - 299
300 —-399
400 - 956
957-1183
1184 - 1419
1420-1789
1790 - 2045
2046 — 2578
> 2578
639 — 847
848 — 956
957-1,183
1,184 -1,419
1,420-1,789
1,790 - 2,045
2,046 -2,578
> 2,578
200 - 299
300 -399
400 - 499
500 - 599
600 - 1,000
<450

450-600

120

30

40

50

65

75

90

100

120

30

40

50

55

65

75

90

100

120

40

50

55

65

75

90

100

120

30

40

50

60

65

35

50
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> 600 75

For any lamps/bulb types for reflector lamps Al Use ENERGY STAR Watts
not captured in the criteria above Equivalent
Peak Factors

Table 2-117 Peak Factors

Electric coincidence factor (CF) 0.06 [161]

Natural gas peak day factor (PDF) N/A

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 2-118 Measure Life

Lamps and Fixtures [172][173]
References
[161] “MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 9.” n.d. Accessed November 23, 2022.

https://neep.org/sites/default/files/resources/Mid Atlantic TRM V9 Final clean wUpdateSummary%20-
%20CT%20FORMAT.pdf .

[162] DNV KEMA Energy and Sustainability, Pacific Northwest National Laboratory, Residential Lighting End-
Use Consumption Study: Estimation Framework and Initial Estimates. (US DOE, 2012), Table 4.4,

https://www1.eere.energy.gov/buildings/publications/pdfs/ssl/2012 residential-lighting-study.pdf

[163] Jackie Berger, NJ Comfort Partners Energy Saving Protocols and Engineering Estimates. (Applied Public
Policy Research Institute for Study and Evaluation (APPRISE), 2014), Pg 21,
https://www.njcleanenergy.com/files/file/Protocol%20and%20Engineering%20Estimate%20Summary.pdf .

[164] Southern California Edison Company, LED, Electroluminescent & Fluorescent Night Lights: Work Paper
WPSCRELG0029 Rev.1, (February 2009), pp. 2-3

[165] The DSMore Michigan Database of Energy Efficiency Measures: Based on spreadsheet calculations using
collected data

[166] Typical values of lights per strand and strands per package at Home Depot and other stores

[167] “Regulations.gov.” n.d. Www.regulations.gov. Accessed December 1, 2022.
https://www.regulations.gov/document/EERE-2021-BT-STD-0012-0022.

[168] “New Jersey A5160 | 2020-2021 | Regular Session.” n.d. LegiScan. Accessed December 1, 2022.
https://legiscan.com/NJ/bill/A5160/2020.

[169] https://www.ecfr.gov/current/title-10/chapter-1l/subchapter-D/part-430#430.32

[170] Based on RECS 2015 data for Middle Atlantic Region (Table HC6.7).
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https://neep.org/sites/default/files/resources/Mid_Atlantic_TRM_V9_Final_clean_wUpdateSummary%20-%20CT%20FORMAT.pdf
https://neep.org/sites/default/files/resources/Mid_Atlantic_TRM_V9_Final_clean_wUpdateSummary%20-%20CT%20FORMAT.pdf
https://www1.eere.energy.gov/buildings/publications/pdfs/ssl/2012_residential-lighting-study.pdf
https://www.njcleanenergy.com/files/file/Protocol%20and%20Engineering%20Estimate%20Summary.pdf
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430#430.32

[171] New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs — Version
10. (New York State Joint Utilities, 2022), Pg 341-344,
https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fecOb45a3c6485257688006a701a/72c23decff52920a85257f11006
71bdd/SFILE/NYS%20TRM%20V10.pdf

[172] ENERGY STAR® Program Requirements Product Specification for Lamps (Light Bulbs) V2.1, June 2017, pg.
19 (Capped at 20 years).
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V2.1%20Final%20Specification.p
df

[173] ENERGY STAR® Program Requirements Product Specification for Luminaires (Light Fixtures) V2.2, August
2019, pg. 18 (Capped at 20 years).
https://www.energystar.gov/sites/default/files/Luminaires%20V2.2%20Final%20Specification.pdf
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https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fec0b45a3c6485257688006a701a/72c23decff52920a85257f1100671bdd/$FILE/NYS%20TRM%20V10.pdf
https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fec0b45a3c6485257688006a701a/72c23decff52920a85257f1100671bdd/$FILE/NYS%20TRM%20V10.pdf
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V2.1%20Final%20Specification.pdf
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20Lamps%20V2.1%20Final%20Specification.pdf
https://www.energystar.gov/sites/default/files/Luminaires%20V2.2%20Final%20Specification.pdf

2.4.2 OCCUPANCY SENSOR

Market Residential/Multi-Family
Baseline Condition RF/DI/TOS
Baseline Existing/Dual

End Use Subcategory Control

Measure Last Reviewed January 2023

Description

This measure defines the savings associated with installing a wall-mounted occupancy sensor that switches lights off after
a brief delay when it does not detect occupancy.

Baseline Case
The baseline case is lighting controlled by a manual switch.

Efficient Case

The efficient condition is lighting that is controlled with an occupancy sensor. It is assumed that the controlled load is a mix
of efficient and inefficient lighting.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

AkWh = (W,/1,000) X hrs x SVG, X ISR x (1 + HVAC,)

Annual Fuel Savings

ATherms = (W, /1,000) X hrs x SVG, X ISR X HVAC,

Peak Demand Savings

MeWpeqr = (W,/1,000) X SV Gy X ISR X CF X (1 + HVAC,)

Daily Peak Fuel Savings

AThermsSpeq = ATherms X PDF

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL
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Lifetime Fuel Savings

Dual:

ATherms,;r, = ATherms X EUL

Lifetime Electric Energy Savings

AW hyi e = AKW hpgpp X RUL + AW hyg X EUL

Lifetime Fuel Savings

ATherms;r, = AThermsgggp X RUL + AThermsyg X EUL

Calculation Parameters

AkWh
ATherms
AkWoeak
AThermspeak
AKWhjte

AThermsie

Wq

SVGe

ISR

SVGy

Hrs

HVAC.

HVAC,

HVACq

1000

CF

Table 2-119 Calculation Parameters

e e e

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

Total wattage of the fixture(s) being controlled
by the occupancy sensor

Percentage of annual lighting energy saved by
lighting control

In service rate or percentage of units rebated
that get installed

Percentage of lighting demand saved by
lighting control

Average hours of use per year

HVAC Interactive Factor for Annual Energy
Savings

HVAC Interactive Factor for Annual Fuel Savings

HVAC Interactive Factor for Peak Demand
Savings

Unit Conversion, kW/Watts

Electric coincidence factor

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated

Site specific, if unknown
assume 105.5

Site-specific, if unknown
assume 0.49

Site-specific, if unknwon
use default =0.98

Site specific, if unknown
assume 0.49

Look up in

Table 2-120

Look up in Table 2-121

Look up in Table 2-121

Look up in Table 2-121

1,000

Look up in Table 2-122

kWh/yr

Therms/yr

kw

Therms/day

kWh

Therms

w

N/A

N/A

N/A

Hours

N/A

N/A

N/A

kw/w

N/A

[178]

[179]

[174][150]
[175](176][177]

[177]

[177]

[177]
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I N

Gas peak day factor Look up in Table 2-122

EUL Effective useful life See Years

Table 2-120 Hours

Residential interior & in-unit Multi Family 679
Multi Family Common Areas 5,950
Unknown 679

Table 2-121 HVAC Interactive Factors, and Heating Factor

Installation Location HVAC.* HVACg® HVAC,

Interior 0.023 0.155 -0.47
Exterior 0 0 0
Unknown 0.020 0.134 -0.41

Peak Factors

Table 2-122 Peak Factors

Electric coincidence factor (CF) Lookup in Table 2-123 [181][182][183]

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

Table 2-123 Summer Electric Peak Coincidence Factors

Installation Location Coincidence Factor (CF)

Residential interior and Utility Peak CF 0.059
in-unit Multi Family PJM CF 0.058
Multi Family Common Areas PJM CF 0.86

35 For electric cooling interactivity, value based on NEEP Mid-Atlantic TRM V9, p. 22: Calculated using defaults assuming 89% of homes have electric
cooling (per RECS 2015 data) with an average 3.8 COP and a cooling load reduction of 33% of lighting savings; 0.89*(0.33 / 3.8) = 0.077.

For electric heating interactivity, value based on NEEP Mid-Atlantic TRM V9, p. 22: Calculated using defaults assuming 20% of homes are electrically
heated (per RECS 2015 data) with an average 1.74 COP and a heating load increase of 47% of lighting savings; -0.20*(0.47 / 1.74) = -0.054. Value of
HVAC. established as the summation of these values; 0.077 — 0.054 = 0.023.

36 From NEEP Mid-Atlantic TRM V9, p. 24: Calculated using defaults assuming 89% of homes have electric cooling (per RECS 2015 data) with an average
3.8 COP and peak cooling load reduction of 66% of lighting savings; 0.89*(0.66 / 3.8) = 0.155.
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Installation Location Coincidence Factor (CF)

Exterior PJM CF 0.018
Utility Peak CF 0.059

Unknown
PJM CF 0.058

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 2-124 Measure Life

Occupancy Sensor [184]

References

[174] Based on Navigant Consulting, “EmMPOWER Residential Lighting Program: 2016 Residential Lighting
Inventory and Hours of Use Study” August 31, 2017, page 13. The HOU value is for an efficient lamp.

[175] Multi family common area lighting assumption is 16.3 hours per day (5950 hours per year) based on
Focus on Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. This estimate is consistent with
the Common Area “Non-Area Specific) assumption (16.2 hours per day or 5913 annually) from the Cadmus Group
In., “Massachusetts Multifamily Program Impact Analysis”, July 2012, p 2-4.

[176] Unknown” assumes a residential interior or in-unit multifamily application.

[177] “MID-ATLANTIC TECHNICAL REFERENCE MANUAL VERSION 9.” n.d. Accessed November 23, 2022.
https://neep.org/sites/default/files/resources/Mid Atlantic TRM V9 Final clean wUpdateSummary%20-
%20CT%20FORMAT.pdf.
https://neep.org/sites/default/files/resources/NEEP_Cl Lighting LS FINAL Report ver 5 7-19-11 0.pdf

[178] Average of two studies. Navigant Consulting. Department of Energy Solid-State Lighting Program. Energy

Savings Estimates of Solid-State Lighting in General lllumination Lighting Applications. September 2016. This study
estimates a 71% energy savings from connected lighting in residential applications. (Table F-4). Efficiency
Vermont. Smart Lighting & Smart Hub. DIY Install: Does it Yield. August 2016. This study estimates reductions in
hours of use of up to 27%. Additionally, the metering study saw significant amounts of dimming of lamps that
were on non-dimming circuits, but did not quantify the savings associated with this consumer action.

[179] First year ISR of 0.9 (EMPOWER MD Lighting Study, EY5). Assume lifetime ISR of 0.99 (2006-2008
California Residential Lighting Evaluations, and used in the Uniform Methods Project). Assume half of bulbs not
installed in year one are installed in year two, and the other half in year three. Using a discount rate of 5%, this
gives 0.90 + 0.045 * 0.95 + 0.045 * 0.9572 = 0.98

[180] The criteria that are used to determine whether equipment is “operationa

IH

vary among jurisdictions and
there is no related industry standard practice. This TRM provides assumptions for estimating savings and costs for
early replacement measures, but does not address this threshold question of whether a measure should be
considered early replacement.

[181] Based on Navigant Consulting “EmPOWER Residential Lighting Program: 2016 Residential Lighting
Inventory and Hours of Use Study” August 31, 2017, page 15

[182] Consistent with value currently used for EMPOWER Maryland Programs as of October 1, 2017. Derived
from C&Il common area lighting coincidence.

144


https://neep.org/sites/default/files/resources/Mid_Atlantic_TRM_V9_Final_clean_wUpdateSummary%20-%20CT%20FORMAT.pdf
https://neep.org/sites/default/files/resources/Mid_Atlantic_TRM_V9_Final_clean_wUpdateSummary%20-%20CT%20FORMAT.pdf
https://neep.org/sites/default/files/resources/NEEP_CI_Lighting_LS_FINAL_Report_ver_5_7-19-11_0.pdf

[183] Calculated from Itron eShapes, which is 8760 hourly data by end use for Upstate New York.
[184] Navigant, ComEd Luminaire Level Lighting Control IPA Program Impact Evaluation Report Table 8.1 Page
10 https://icc.illinois.gov/docket/P2020-0486/documents/299941/files/523013.pdf.
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2.5 PLUG LOAD

2.5.1 OFFICE EQUIPMENT

Market Residential/Multifamily/Low Income
Baseline Condition TOS

Baseline Code

End Use Plug Load

Measure Last Reviewed December 2022

Description

This section provides deemed savings for installing ENERGY STAR office equipment compared to standard efficiency
equipment in residential and multifamily applications.

Per unit savings are primarily derived from the ENERGY STAR calculator for office equipment [185].
Baseline Case
The baseline condition is assumed to be standard equipment of similar type used in a residential setting.

Efficient Case

The efficient condition is ENERGY STAR equipment meeting ENERGY STAR v8 Eligibility Criteria [186] and used in a
residential setting.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AkWh = Lookup in Table 2-126

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWpeqr = Lookup in Table 2-126

Daily Peak Fuel Savings

AThermspeq, = N/A
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Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermsy;r, = N/A

Calculation Parameters

Table 2-125 Calculation Parameters

I R

AkWh Annual electric energy savings
AkWpeak Peak Demand Savings
DKW e Lifetime electric energy savings

Lookup in Table 2-126

Lookup in Table 2-126

Calculated

Table 2-126 Office Equipment Energy and Demand Savings Values per Unit

Computer (Desktop)
Computer (Laptop)
< 5images/min
5 <images/min <15
15 < images/min < 20
20 < images/min < 30
Printer (laser, . .
30 < images/min < 40
monochrome)
40 < images/min < 65
65 < images/min < 82
82 < images/min <90
> 90 images/min
Printer (Ink Jet)

< 5images/min

5 <images/min <10
Multifunction Device

10 < images/min < 26
(laser, monochrome)

26 < images/min < 30

30 < images/min < 50

22

37

26

24

42

50

181

372

542

686

57

48

52

93

248

0.0161

0.0030

0.0050

0.0035

0.0031

0.0057

0.0068

0.0244

0.0502

0.0732

0.0926

0.0008

0.0077

0.0065

0.0070

0.0126

0.0335

kWh/yr
kw

kWh

[185]

[185]
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50 < images/min < 68 0.0567

68 < images/min < 80 597 0.0806

> 80 images/min 764 0.1031
Multifunction Device (Ink Jet) 6 0.0008 1
Monitor 24 0.0032 1

Peak Factors

Peak savings are incorporated in the demand savings values above.

Measure Life

The measure life for residential office equipment is 5 years [187].
References

[185]  ENERGY STAR Office Equipment Calculator. Per PA TRM: “Using a commercial office equipment load shape, the
percentage of total savings that occur during the PJM peak demand period was calculated and multiplied by the
energy savings. As of December 1, 2018, the published ENERGY STAR Office Equipment Calculator does not reflect the
current specification for computers (ENERGY STAR® Program Requirements Product Specification for Computers
Eligibility Criteria Version 8.0). As a result, the savings values for computers presented in this measure entry reflect
savings for V6-compliant models. This characterization should be updated when an updated ENERGY STAR Office
Equipment Calculator becomes available.”

[186] ENERGY STAR Computers Final Version 8.0 Specification Rev. July 2022

[187]  Residential desktop measure life. California Public Utilities Commission EUL Table, version 027 (updated
November 12, 2022). Accessed December 30, 2022. https://www.caetrm.com/shared-data/value-table/EUL/
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2.5.2 TELEVISIONS

Market Residential
Baseline Type TOS
Baseline Code

End Use Subcategory Electronics

Measure Last Reviewed December 2022

Description

This measure relates to the upstream promotion of televisions meeting the ENERGY STAR “Most Efficient Television”
Eligibility Criteria.

Baseline Case

The baseline condition is assumed to be a television meeting the Energy Star 8.0 efficiency standard and used in a
residential setting.

Efficient Case

The efficient condition is an ENERGY STAR television meeting the EPA Most Efficient TV criteria and used in a residential
setting.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AKWh = kWh, — kWh,

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWPeak = (ka - kVVq) X CF

Daily Peak Fuel Savings

AThermspeq, = N/A
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Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

AkWhLife = AkWh X EUL

AThermsy;r, = N/A

Calculation Parameters

AkWh
AkWPeak

AkWh Life

kWhy

kWh,

kWp

kW,

CF
PDF

EUL

20
22
26
32
37
42
a7
52

57

Table 2-127 Calculation Parameters

e e e e

Annual electric energy savings
Peak Demand Savings
Lifetime electric energy savings

Annual electric energy savings for baseline
case

Peak Demand Savings for efficient case
Peak Demand Savings for baseline case

Annual electric energy savings for efficient
case

Coincidence factor
Gas peak demand factor

Effective useful life of new unit

Calculated
Calculated

Calculated

Look up in Table 2-128

Look up in Table 2-128

Look up in Table 2-129

Look up in Table 2-129

Look up in Table 2-130
Look up in Table 2-130

See Measure Life Section

Table 2-128 Conventional and ENERGY STAR kWh

—r— p—

35.3

37.8

44.5

54.1

64.1

75.2

86.9

98.9

110.7

kWh/yr
kw

kWh

kWh/yr

kWh/yr

kw

kw

N/A
N/A

Years

30.9
32.6
37.2
44.0
51.1
59.0
67.6
76.7

85.9

[188][189]

[188][190]

[188][189]

[188][190]

150



—— p————

62 121.9 95.1

65 128.2 100.4

Table 2-129 Conventional and ENERGY STAR kW

Diagonal screen size Conventional kWb ENERGY STAR kWq

20 0.018 0.016
22 0.020 0.017
26 0.024 0.020
32 0.029 0.023
37 0.034 0.027
42 0.040 0.032
47 0.047 0.036
52 0.053 0.041
57 0.060 0.046
62 0.066 0.051
65 0.069 0.054

Peak Factors

Table 2-130 Peak Factors

Electric coincidence factor (CF)3’ 0.21

Natural gas peak day factor (PDF) N/A
Measure Life

The estimated useful life (EUL) is 6 years. [188]
References

[188] “Consumer_Electronics_Calculator”. October 2016. Energystar.gov. Accessed December 9, 2022.
https://www.energystar.gov/sites/default/uploads/buildings/old/files/Consumer Electronics Calculator.xIsx.

[189] ENERGY STAR® Program Requirements for Televisions Eligibility Criteria Version 8.0
https://www.energystar.gov/sites/default/files/Final%20V8.0%20TVs%20Program%20Requirements. pdf

37 The coincidence value is an estimate based on the on-mode hours per day (5 hours/day) as a percentage of all hours.
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https://www.energystar.gov/sites/default/files/Final%20V8.0%20TVs%20Program%20Requirements.p

[190] ENERGY STAR® Most Efficient 2020 Recognition Criteria Televsions
https://www.energystar.gov/sites/default/files/Televisions%20ENERGY%20STAR%20Most%20Efficient%202020%
20Final%20Criteria.pdf
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2.5.3 SMART STRIP

Market Residential/Multi-Family/Low INcome
Baseline Condition RF/DI/TOS
Baseline Existing/Dual

End Use Subcategory Control

Measure Last Reviewed December 2022

Description

Advanced Power Strips (APS) are surge protectors that contain a number of power-saver sockets. There are two types of
APS: Tier 1 and Tier 2.

Tier 1 APS have a master control socket arrangement and will shut off the items plugged into the controlled power-saver
sockets when they sense that the appliance plugged into the master socket has been turned off. Conversely, the appliance
plugged into the master control socket has to be turned on and left on for the devices plugged into the power-saver
sockets to function.

Tier 2 APS deliver additional functionality beyond that of a Tier 1 unit, as Tier 2 units manage both standby and active
power consumption. The Tier 2 APS manage standby power consumption by turning off devices from a control event; this
could be a TV or other item powering off, which then powers off the controlled outlets to save energy. Active power
consumption is managed by the Tier 2 unit by monitoring a user’s engagement or presence in a room by either or both
infrared remote signals sensing or motion sensing. After a period of user absence or inactivity, The Tier 2 unit will shut off
all items plugged into the controlled outlets, thus saving energy. There are two types of Tier 2 APS available on the market.
Tier 2 Infrared (IR) detect signals sent by remote controls to identify activity, while Tier 2 Infrared-Occupancy Sensing (IR-
0S) use remote signals as well as an occupancy sensing component to detect activity and sense for times to shut down.
Due to uncertainty surrounding the differences in savings for each technology, the Tier 2 savings are blended into a single
number.

Baseline Case

The assumed baseline is a standard power strip that does not control any of the connected loads.
Efficient Case

The efficient case is the use of a Tier 1 or Tier 2 Advanced Power Strip.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AkWh = Usage X ERP X ISR
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Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWpoqx = Load X ERPpegy X ISR

Daily Peak Fuel Savings

AThermspeq, = N/A

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AW hyip, = AKWh X

Lifetime Fuel Savings

EUL

AThermsy;r, = N/A

Dual:

Lifetime Electric Energy Savings

AW hyipe = AKW hygpp X RUL +

Lifetime Fuel Savings

AkW hyg X EUL

ATherms;;r, = N/A

Calculation Parameters

Table 2-131 Calculation Parameters

S

AkWh Annual electric energy savings
ATherms Annual fuel savings
AkWpeak Peak Demand Savings

AThermspeak Daily peak fuel savings
AkWhijfe Lifetime electric energy savings

Annual usage of system connected to power

Usage .
strip
ERP Energy reduction percentage
ISR In-service rate

Calculated
N/A
Calculated
N/A

Calculated

Lookup in Table 2-132

Lookup in Table 2-132

Link to ISR appenix

kWh/yr
Therms/yr
kw
Therms/day

kWh

kWh

N/A

N/A

[191]

[191]

[191]
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e e e

Load Demand of system connected to power strip Lookup in Table 2-132 [191]

ERPpeak Energy reduction percentage during peak period Lookup in Table 2-132 N/A [191]
CF Electric coincidence factor Look up in Table 2-133 N/A
PDF Gas peak demand factor Look up in Table 2-133 N/A
EUL Effective useful life See Measure Life Section Years

Table 2-132 Impact Factors for Advanced Power Strip Types

Usage Load
Strip Type End-Use ERPpeak
(kwh) (kw)

Home Entertainment

Tier 1 0.2 0.2 0.8 0.058
Center

Tier 1 Home Office 0.21 0.18 0.86 399 0.044

Tier 1 Unspecified 0.25 0.19 0.86 449 0.052

. Home Entertainment

Tier 2 0.44 0.41 0.74 471 0.058

Center
Peak Factors

Peak demand savings are accounted for in the percent reduction factors presented above.

Table 2-133 Peak Factors

Electric coincidence factor (CF) N/A

Natural gas peak day factor (PDF) N/A

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 2-134 Measure Life

Smart Strip [192]
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References

[191] RLPNC 17-3: Advanced Power Strip Metering Study,” Massachusetts Programs Administrators and EEAC,
(Mar. 2019), http://ma-eeac.org/wordpress/wp-
content/uploads/RLPNC_173_APSMeteringReport_Revised_18March2019 .pdf

[192] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table
for 2020, http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx. Accessed
December 2018.
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2.5.4 SOUNDBAR

Market Residential/Multi-Family/Low Income
Baseline Type TOS
Baseline Code

End Use Subcategory Soundbar

Measure Last Reviewed December 2022

Description

This measure covers soundbars in residential applications meeting the minimum qualifying efficiency standards
established under the ENERGY STAR® program, Program Requirements for Audio/Video Version 3.0, effective December
2014. A soundbar is a mains-connected product that offers audio amplification housed in a wide horizontal enclosure.

ENERGY STAR® rated soundbars have a lower power draw when in sleep and idle modes and a higher amplifier efficiency
than conventional models. Qualified soundbars use about 70% less energy than unqualified equipment.

Baseline Case
The baseline condition is a non-ENERGY STAR® qualified soundbar in a residential application.

Efficient Case

The compliance condition is an ENERGY STAR® qualified soundbar in a residential application with power performance
specifications meeting or exceeding the requirements of ENERGY STAR® Program Requirements for Audio/Video Version
3.0, effective December 2014.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AKWh = units X (kWh, — kWh,)

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

Daily Peak Fuel Savings

AThermspeq, = N/A
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Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermsy;r, = N/A

Calculation Parameters

Table 2-135 Calculation Parameters

e e

AkWh Annual electric energy savings Calculated kWh/yr
AkWpeak Peak Demand Savings Calculated kw
AkWh e Lifetime electric energy savings Calculated kWh
Units Number of measures installed during program Site-specific N/A
kWhy Energy consumption for baseline case 77 kWh/yr [193]
kWhq Efficient unit energy consumption 29 kWh/yr [194]
8,760 Hours in 1 year 8,760 Hours/yr
CF Electric coincidence factor Look up in Table 2-136 N/A [195]
PDF Gas peak demand factor Look up in Table 2-136 N/A
EUL Effective useful life See Measure Life Section Years [196]
Peak Factors

Table 2-136 Peak Factors

Electric coincidence factor (CF) 0.8 [195]

Natural gas peak day factor (PDF) N/A
Measure Life

The effective useful life (EUL) is 7 years. [196]
References

[193] Based on statement that Energy Star Soundbars ar 70% more efficient than standard model. A Detailed
Look at Sound Bars Robert Huang and Daniel Lawlor, The Cadmus Group LLC, 2017.
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https://www.energystar.gov/sites/default/files/asset/document/A%20Detailed%20Look%20at%20Sound%20Bars
%20_FINAL.pdf https://www.energystar.gov/partner_resources/energy star retail products platform

[194] Retail Products Platform: Product Analysis, Last updated May 25, 2016 — ENERGY STAR® + 15% annual
consumption increased by 15% to reflect minimum compliance with ENERGY STAR® Specification V3.0

[195] Per NY TRM: "No source specified — update pending availability and review of applicable references."
[196] EPA, Consumer Messaging Guide for Energy Star Certified Consumer Electronics. December 2016.
https://www.energystar.gov/sites/default/files/asset/document/CE Consumer Messaging.pdf
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2.5.5 ELECTRIC VEHICLE CHARGERS

Market Residential
Baseline Condition TOS
Baseline ISP

End Use Subcategory N/A

Measure Last Reviewed January 2023

Description

The measure is for the purchase of a Level 2 electric vehicle charger consistent with the ENERGY STAR V1.1 specification

for Electric Vehicle Supply Equipment (EVSE) installed for residential household use. Networked chargers enable access to

online energy management tools through an EVSE network. Non-networked chargers are standalone units that are not

connected to other units through an EVSE network.

This measure was developed to be applicable to the following program types: TOS. If applied to other program types, the

measure savings should be verified.

Baseline Case

A non-ENERGY STAR V1.1 networked or non-networked Level 2 electric vehicle charger.
Efficient Case

An ENERGY STAR qualified networked or non-networked Level 2 electric vehicle charger [197].

Annual Energy Savings Algorithms

Annual Electric Energy Savings

AkWh = ((Hrspg + Hrsyg) X Wy, — (Hrsps X W, X Hrsyg X Wq‘u))/l,OOO
Where,

Hrs,; = Hours, — Hours,

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWPeak = AngW X CF
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Daily Peak Fuel Savings

AThermsSpeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermspir, = N/A

Calculation Parameters

AkWh
AkWPeak
AkWhLife

Hrsps

Hrs.

Hrs,

Hrsys

Wa,u

Avgiw
CF
PDF

EUL

Table 2-137 Calculation Parameters

R

Annual electric energy savings
Peak Demand Savings
Lifetime electric energy savings

Annual standby hours plugged in

Annual active charging hours

Total annual hours plugged in

Annual standby hours unplugged

Baslines average standby power

Efficient average standby power with
vehicle plugged in

Efficient average standby power in no
vehicle mode

Average electric demand during standby
Electric coincidence factor
Gas peak day factor

Effective useful life

Calculated
Calculated
Calculated
Calculated

Site-specific, if unknown
assume 278

Site-specific, if unknown
assume 3,511

Site-specific, if unknown
assume 5,249

Lookup in Table 2-138

Lookup in Table 2-138

Lookup in Table 2-138

Lookup in Table 2-138
Lookup in Table 2-139
Lookup in Table 2-139

See Measure Life Section

kWh/yr
kw
kWh

Hours

Hours

Hours

Hours

kw
N/A
N/A

Years

[201]

[201]

[201]

[198][199]

[200]

[200]
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Table 2-138 Standby Power

Non-Networked32 0.00107
Networked38 9.9 3.2 2.5 0.00713
Peak Factors

Table 2-139 Peak Factors

Electric coincidence factor (CF) 1

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 10 years [197].

References

[197] Energy Star Spec v1.1 effective from 3/31/2021.
https://www.energystar.gov/sites/default/files/ENERGY%20STAR%20V1.1%20DC%20EVSE%20Final%20Specificati
on 0.pdf

[198] Based on Northwest Power and Conservation Council, Regional Technical Forum updated workbook for
Level 2 Electric Vehicle Charger version 3.0 https://nwcouncil.app.box.com/v/LvI2EVChrgrsv3-0

[199] INL charger testing https://avt.inl.gov/evse-type/ac-level-2.html

[200] “ENERGY STAR Market and Industry Scoping Report: Electric Vehicle Supply Equipment ENERGY STAR

Market and Industry Scoping Report Electric Vehicle Supply Equipment (EVSE)” 2013 (source data is from INL).
https://www.energystar.gov/sites/default/files/asset/document/electric vehicle scoping report.pdf

[201] 2021 ENERGY STAR QPL of Residential EVSE. Averaged Partial On Mode Input Power (W) and Idle Mode
Input Power (W). See Northwest Power and Conservation Council, Regional Technical Forum updated workbook

for Level 2 Electric Vehicle Charger version 3.0 https://nwcouncil.app.box.com/v/LvI2EVChrgrsv3-0

38 kW for non-networked and networked type = (((Wb— Wq,p)*Hrsps/8482) + ((Wb— Waq,u)*Hrsys/8482))/1000
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https://nwcouncil.app.box.com/v/Lvl2EVChrgrsv3-0
https://avt.inl.gov/evse-type/ac-level-2.html
https://www.energystar.gov/sites/default/files/asset/document/electric_vehicle_scoping_report.pdf
https://nwcouncil.app.box.com/v/Lvl2EVChrgrsv3-0

2.6 SHELL

2.6.1 RESIDENTIAL/LOW-RISE MULTIFAMILY AIR SEALING

Market Residential/Low-rise Multifamily
Baseline Condition RF
Baseline Existing

End Use Subcategory Shell

Measure Last Reviewed January 2023

Description

This section provides energy savings algorithms for the sealing air leakage paths to reduce the natural air infiltration rate
through the installation of products and repairs to the building envelope. It is assumed that air sealing is the first priority
among candidate space conditioning measures. Expected percentage savings is based on previous experiences with
measured savings from similar programs.

Methods are provided below for single-family, low-rise multifamily and high-rise multifamily applications with and without
blower door testing conducted before and after implementation of air sealing treatments. A blower door test is performed
to measure the leakage rate by depressurizing the building to a standard pressure difference of 50 Pascals or 0.2 inches of
water.

Blower door tests shall be performed whenever possible. This method provided below for single family/low-rise
multifamily without blower door testing should only be used if blower door testing is not feasible due to health or safety
concerns, e.g. the presence of a hazardous material like asbestos or mold, ongoing construction in the home or concerns
regarding COVID-19.

Baseline Case
The baseline case is a building envelope with natural air infiltration through air leakage paths.

Efficient Case

The exterior envelope, as well as interior walls/partitions between conditioned and unconditioned spaces should be
inspected and all gaps sealed. At a minimum, the following items shall be inspected, and sealing measures may be
implemented based upon inspection results:

e Caulk and weather strip doors and windows that leak air
e Repair or replace doors leading from conditioned to unconditioned space

e Seal air leaks between unconditioned (including unconditioned basement and attics) and conditioned spaces to
include, but not limited to, plumbing, ducting, electrical wiring, wall top plates, chimneys, flues, and dropped soffits
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e Use foam sealant on larger gaps around windows, baseboards, and other places where air leakage, either infiltration

or exfiltration may occur

Annual Energy Savings Algorithms

Annual Electric Energy Savings

ACFMSO) 9 <AkWh)

AkWh = (Fn x F), CFM

Annual Fuel Savings

ACF Mso) (AthermS)

ATh =(
erms =\E xF, CFM

Peak Demand Savings

AW = (ACFMS") X (AkW) X CF
Peak = \E, x F, CFM

Daily Peak Fuel Savings

AThermSpeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AW hy;se = AkWh X EUL

Lifetime Fuel Savings

ATherms;s, = ATherms X EUL

Calculation Parameters

Table 2-140 Calculation Parameters

e e e w

AkWh Annual electric energy savings Calculated
ATherms Annual fuel savings Calculated
AkWopeak Peak Demand Savings Calculated

AThermspeak Daily peak fuel savings Calculated
AkWhijfe Lifetime electric energy savings Calculated
AThermsyise Lifetime fuel savings Calculated

kWh/yr
Therms/yr
kw
Therms/day
kWh

Therms
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B S S

ACFMsg

Fn

Fn

AkWh/CFM

AKW/CFM

Atherms/CFM

CF
PDF

EUL

Reduction in air leakage from blower door tests at 50
Pascals pressure difference

Infiltration-Leakage Ratio, used to convert pressurized
blower door testing results to natural infiltration rates,
climate zone factor

Infiltration-Leakage Ratio, used to convert pressurized
blower door testing results to natural infiltration rates,
building height factor

Annual electric energy savings per cubic foot per
minute of reduced air leakage at 50 Pa

Peak coincident demand electric savings per cubic foot
per minute of reduced air leakage at 50 Pa

Annual fossil fuel energy savings per cubic foot per
minute of reduced air leakage at 50 Pa

Coincidence factor
Gas peak day factor

Effective useful life

Site-specific, if unknown
calculated®

19

Look up in Table 2-141

Look up in Table 2-142
or Table 2-143

Look up in Table 2-142
or Table 2-143

Look up in Table 2-142
or Table 2-143

Look up in Table 2-144
Look up in Table 2-144

See Measure Life Section

Table 2-141 Infiltration-Leakage Ratio, building height factor

Number of conditioned stories ‘

1 story
1.5 stories
2 stories
2.5 stories

3 + stories

Fn
1.00
0.90
0.81
0.76

0.70

N/A

N/A

kWh/CFM

kW/CFM

therms/CFM

N/A
N/A

Years

[202]

[202]

[203]

[203]

[203]

Table 2-142 Impact per CFM for Single-family Residential Infiltration Reduction

AC Fuel Heat 0.004
Heat Pump 21.0 0.003 N/A
AC Electric Heat 39.8 0.004 N/A
Fuel Heat Only 0.8 0.000 1.7

39 For single-family and low-rise multifamily homes, if conducting a blower door test is not feasible due to health and safety concerns, multiply affected
area square footage by a deemed ACFMso/SF of 0.50 (i.e., ACFMso = 0.50 x SF). Default ACFMso/SF of 0.50 is the median value of single-family blower door
test data provided by ConEdison, conducted 2018-2020.
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Electric heat Only 0.000

Table 2-143 Impact per CFM for Multi-Family Low-rise Infiltration Reduction

AC Fuel Heat 0.003
Heat Pump 21.2 0.003 N/A
AC Electric Heat 29.6 0.003 N/A
Fuel Heat Only 11 0.000 19
Electric heat Only 29.2 0.000 N/A
Peak Factors

Table 2-144 Peak Factors

Coincidence factor 0.69 [204]

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

Measure Life

The effective useful life (EUL) is 15 years [205].
References
[202] Lawrence Berkeley Laboratory, Estimation of Infiltration from Leakage and Climate Indicators, Sherman,

M., December 1986, http://eta-
publications.|bl.gov/sites/default/files/estimation of inflitration from leakage and climate indicators.pdf

[203] New York State Joint Utilities, New York Standard Approach for Estimating Energy Savings from Energy
Efficiency Programs, V10, January 2023.

[204] Based on BG&E ‘Development of Residential Load Profile for Central Air Conditioners and Heat Pumps’
research, the Maryland Peak Definition coincidence factor is 0.69. This study is not publicly available, but is
referenced by M. M. Straub, Using Available Information for Efficient Evaluation of Demand-Side Management
Programs, Electricity Journal, September 2011 and supported by research conducted by Cadmus on behalf of the
RM Management Committee.

[205] GDS Associates, Inc. Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC
Measures. 2007.
https://library.ceel.org/sites/default/files/library/8842/CEE Eval MeasurelLifeStudyLights& HVACGDS 1Jun2007.
pdf
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2.6.2 INSULATION

Market Residential/Multifamily
Baseline Condition RF
Baseline Existing

End Use Subcategory Shell

Measure Last Reviewed January 2023

Description

This measure applies to the installation of insulation to the attic floor, roof assembly, walls, and floors to reduce the
thermal conductance of the building envelope. Energy and demand savings are realized through reductions in the
building’s heating and cooling loads. Existing (baseline) and installed (qualifying) shell R-values must be captured to
estimate energy savings.

This measure is only applicable as a retrofit in existing single and multi-family buildings, excluding gut rehab/major
renovation projects. These projects entail whole-building envelope alterations that trigger more stringent code provisions,
limiting potential incremental savings.

For applications involving insulation on more than one component, evaluate each component separately via the method
below and sum together to determine total estimated energy savings. If the age of the baseline equipment cannot be
determined, assume two-third of the EUL has lapsed.

Baseline Case
The existing condition is a residential building envelope with insufficient insulation.

Efficient Case

The efficient condition is a residential building envelope with increased insulation meeting or exceeding applicable
construction code requirements.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

AkWh = AkWh ooting + AW hpegting

Savings from reduction in Air Conditioning Load:

(i — Ri> X CDD x 24 X Area X (1 — Frraming)
Akl/l/hcooling = :

1,000 x SEER

Savings for homes with electric heat (Heat Pump or resistance):
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(i — Ri) X HDD X 24 X Area X (1 — Fframing)

R, Ry
AkWhheatmg 1,000 x HSPF
Annual Fuel Savings
1 1
7o) HDD x 24 x Area X (1 = Ffaming)
ATh =
erms Fuel Btu x AFUE
Peak Demand Savings
1 1
R "R, X Area X (1 = Frraming)
AkVVPeak = . x CF

1,000 X EER

Daily Peak Fuel Savings

AThermSpeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AW hyipe = AKWR X EUL

Lifetime Fuel Savings

ATherms;;r, = ATherms X EUL

Calculation Parameters

Table 2-145 Calculation Parameters

S

AkWh Annual electric energy savings Calculated
ATherms Annual fuel savings Calculated
AkWpeak Peak Demand Savings Calculated
AThermspeak Daily peak fuel savings Calculated
AkWh e Lifetime electric energy savings Calculated
AThermsyise Lifetime fuel savings Calculated
AKWhcooling Annual electric cooling energy savings Calculated
AkWhheating Annual electric heating energy savings Calculated
Rb R-value of existing insulation Site-speci.fic, if unknown
look up in Table 2-147
Rq R-value of new insulation Site-specific

kWh/yr
Therms/yr
kw
Therms/day
kWh
Therms
kWh/yr

kWh/yr

h.ft2.°F/Btu

h.ft2.°F/Btu
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R R

CDD

Area

I:framing

1,000

SEER/SEER2

EER/EER2

HDD

HSPF/HSPF2

Fuel Btu

AFUE

AFUE

CF
PDF

EUL

Cooling degree days: number of degrees the
average daily temperature is above 65°F

Area of insulated surface

Framing factor
Conversion Factor from W to kW
Efficiency in SEER of Air Conditioning

equipment

Efficiency in EER of Air Conditioning
equipment

Heating degree days: number of degrees the
average daily temperature is below 65°F

Heating Seasonal Performance Factor

Conversion Factor to Therms

Annual Fuel Utilization Efficiency — Boilers &
Furnaces

Annual Fuel Utilization Efficiency — Electric
Resistance Heating
Electric coincidence factor
Gas peak day factor

Effective useful life

Loo kup in Table 2-148

Site-specific
Look up in Table 2-146
N/A

Site specific, if unknown
look up in Table 2-149

Site-specific. If unknown,
see Appendix E: Code-
Compliant Efficiencies

Look up in Table 2-148
Site specific, if unknown
look up in Table 2-150

Look up in Table 2-153

Site-specific, if unknown
look up in Table 2-151,
Table 2-152

35%

Look up in Table 2-154
Look up in Table 2-154

See Measure Life Section

Table 2-146 Framing Factor

Insulation Location Value

Framing factor - Ceiling
Framing factor - Wall

Framing factor - Floor

Table 2-147 Existing Insulation R-Value (Rb)

Building Envelope Component

Fiberglass - Batt

Fiberglass — Blown Attic

°F-day/yr

ftZ
N/A

W/kW

Btu/watt-hr

Btu/watt-hr

°F-day/yr

Btu/watt-hr

N/A

N/A

N/A
N/A

Years

7%
25%

12%

3.14

2.2

[206]

[208]

[209]

[209]

[206]

[209]

[209]

[210]

Ref
[208]
[208]

[208]
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Building Envelope Component

Fiberglass — Blown Wall
Rock Wool - Batt
Rock Wool — Blown Attic
Rock Wool — Blown Wall
Cellulose — Blown Attic
Cellulose — Blown Wall
Vermiculite
Air-entrained Concrete
Urea Terpolymer Foam
Rigid Fiberglass (> 4 Ib/ft3)
Expanded Polystyrene (Beadboard)
Extruded Polystyrene
Polyurethane (Foamed-in-place)

Polyisocynaurate (Foil-face)

Table 2-148 Heating and Cooling Degree Days (65°F set point)

North
Coastal
Central

Pine barrens

Southwest

Table 2-149 Cooling Equipment SEER

HDD
5,734
4,614
5,051
4,891

5,028

778
1,056
1,073
1,067

1,046

3.2

3.14

3.1

3.03

3.13

3.7

2.13

3.9

4.48

6.25

7.2

Split System (A/C)
Split System (HP)
Single Package (A/C)

Single Package (HP)

13

14

14

14

13.4

14.3

13.4

13.4
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Table 2-150 Cooling Equipment HSPF
Split System (HP) 8.2 7.5

Single Package (HP) 8.0 6.7

Table 2-151 AFUE of Residential Boilers

AFUE (Manufactured on and after AFUE (Manufactured
AFUE (Manufactured before Sep 1,

Product Class Sep 1, 2012 and before Jan 15, on and after January

2012)
2021) 15, 2021)

Gas-fired hot

. 0.80 0.82 0.84
water boiler
Gas-fired steam
. 0.75 0.80 0.82
boiler
Oil-fired hot
. 0.80 0.84 0.86
water boiler
Oil-fired steam
. 0.80 0.82 0.85
boiler
Table 2-152 AFUE of Residential Furnaces
AFUE (Manufactured
Product Class Compliance Date before compliance
Date)
Non-weatherized gas furnaces (not 0.80 November 19, 2015. 0.78
including mobile home furnaces) ’
Mobile Home gas furnaces 0.80 November 19, 2015. 0.75
Non-weatherized oil-fired furnaces (not May 1, 2013.
. . . 0.83 0.78
including mobile home furnaces)
Mobile Home oil-fired furnaces 0.75 September 1, 1990. 0.75
Weatherized gas furnaces 0.81 January 1, 2015. 0.78
Weatherized oil-fired furnaces 0.78 January 1, 1992. 0.78

Table 2-153 BTU Conversion Factors

Natural Gas - BTU to Therms 100,000 Btu/Therms
Heating Oil - BTU to Gallons to Therms 138,000 x 0.916 Btu/Therms
Propane - BTU to Gallons Therms 92,000x 1.4 Btu/Therms
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Peak Factors

Table 2-154 Peak Factors

Electric coincidence factor (CF) 0.69 [207]
Natural gas peak day factor (PDF) See Appendix G: Natural Gas Peak Day Factors
Measure Life

The effective useful life (EUL) is 25 years [211].

References

[206] ONJSC: Monthly/Annual Temperature Normals (1991-2020).
http://climate.rutgers.edu/stateclim_vi1/norms/monthly/index.html.

[207] BG&E: Development of Residential Load Profile for Central Air Conditioners and Heat Pumps, as reported
in NEEP, Mid-Atlantic Technical Reference Manual, V8. 2018, p. 260

[208] ASHRAE, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building Envelopes
(904-RP),” Table 7.1.

[209] Code of Federal Regulations. 2022. Review of Title 10, Chapter Il, Subchapter D, Part 430 eCFR.

December 1, 2022.
https://www.ecfr.gov/current/title-10/chapter-1l/subchapter-D/part-430

[210] Electric resistance heating calculated by determining overall fuel cycle efficiency by dividing the average
PJM heat rate (9,642 btu/kWh) by the btu’s per kWh (3,413 btu/kWh), resulting in 2.83 btuin per 1 btuout.
[211] GDS Associates, Inc., Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC

Measures, June 2007, Table 1 — Residential Measures.
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2.7 WATER HEATING

2.7.1 HEAT PUMP WATER HEATER

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

End Use Subcategory Equipment

Measure Last Reviewed January 2023

Description

Heat pump water heaters take heat from the surrounding air and transfer it to the water in the tank, unlike conventional

water heaters, which use either gas (or sometimes other fuel) burners or electric resistance heating coils to heat the
water.Due to the interactivity of the heat pump water heater with the building’s HVAC system, there is a decrease in a

home’s cooling energy consumption and an increase in the heating energy consumption if the heat pump water heater is

located in conditioned space.

Baseline Case

TOS/NC baseline equipment is a minimally code compliant, electric storage type water heater.*° EREP/DI baseline
equipment is a minimally code compliant system of the same type and fuel as the existing equipment.

Efficient Case

The efficient condition is an ENERGY STAR V. 5.0 qualified heat pump water heater.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

AkWh = AkthhW + AkWhCOOling - AkWhheating

Where,
AkWh = Loaddhw Fdhw,electric _ 1
dhw 3,412 UEF, UEF; X Fgerqte
Load gy, Fopon
AkthooliTlg = T()OW < —_ UEFq) X FlOCation X SEC‘OE?R

40 Note that heat pump water heaters are code required for tanks greater than 55 gallons.
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Load 3p,,

% _ 1 Fheat
1,000 UEF,

X F, ion X F ic X
) location heat,electric HSPF

Ak‘/theating =

Loadgp, = GPD X 365 X 8.33 X (Tser — Trnain)

GPD = 17.2 X Npy,

Annual Fuel Savings

ATherms = AThermsgy,, — AThermspeqting

Where,

Load g, % (Fdhw,ff Fdhw,boiler)

ATh -
éTMSanw = 100000 ~ \" UEF, ' AFUE

Loaddh 1 Fh t
AThermSheating = WOO(V)V X ( - —UEFq) X FlocatiOn X Fheat,ff X AFeLC;E

Peak Demand Savings*

For water heaters with a rated storage volume of 55 gallons or less:

UEF,
3.41

AkWpogi = 0.09 X

For water heaters with a rated storage volume greater than 55 gallons:

UEF,
334

AkWpepge = 0.11 X

Daily Peak Fuel Savings

AThermsSpeq, = ATherms X PDF

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL

Dual:

4! From Mid-Atlantic TRM v10: “Analysis of special study. Cadmus, “EmPOWER Maryland Heat Pump Water Heater Baseline and Market Analysis”,
February 2020. The study leveraged HPWH load shapes from “Field Testing of Pre-Production Prototype Residential Heat Pump Water Heaters”
(https://www.energy.gov/sites/prod/files/2014/01/f7/heat pump water heater testing.pdf).”
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Lifetime Electric Energy Savings

Lifetime Fuel Savings

AW hyipe = AKW hyggpp X RUL + AkW hyp X EUL

ATherms;r, = AThermsgggp X RUL + AThermsyg X EUL

Calculation Parameters

AkWh
AKWhghw
AkWhcooling
AKWhheating
ATherms
AThermsghw
AThermspeat
AkWoeak
AThermspeak
AKWhjte
AThermsiife
Loadghw

Vi

UEF,

Annual fuel utilization efficiency of existing space

AFUE

heating or domestic hot water boiler or furnace

GPD

N ppl

I:DHW,eIectric
Forw,g
FDHW,boiIer
Fheat,electric

Fheat,g

Table 2-155 Calculation Parameters

S

Annual electric energy savings

Annual domestic hot water electric energy savings

Annual cooling electric energy savings
Annual heating electric energy impacts
Annual fuel savings
Annual domestic hot water fuel savings
Annual space heating fuel impacts
Peak Demand Savings
Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings
Annual hot water load

Tank volume

Uniform energy factor of efficient unit

Gallons per day

Number of people in the home

Electric water heating factor
Gas water heating factor
Gas boiler water heating factor
Electric space heating factor

Gas space heating factor

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Site-specific

Site-specific, if unknown
look up in Table 2-158

Site-specific, if unknown
look up in Table 2-161

Calculated, if Npp
unknown use 46

Site-specific, if unknown
use default GPM

Look up in Table 2-156
Look up in Table 2-156
Look up in Table 2-156
Look up in Table 2-156

Look up in Table 2-156

kWh/yr
kWh/yr
kWh/yr
kWh/yr
Therms/yr
Therms/yr
Therms/yr
kw
Therms/day
kWh
Therms
Btu

Gal

N/A [218]

N/A [215]

Gal/day [212]

persons

N/A
N/A
N/A
N/A

N/A
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R

UEFy

Fderate

Flocation

SEER

HSPF

CF
PDF
Tset
Tmain
Feool
Fheat
365
8.33
3,412
3.412
1000
100,000

EUL

Uniform energy factor of baseline unit as a function

of baseline fuel type.

Efficiency derating factor

Installation location factor

Seasonal energy efficiency ratio of existing air
conditioning system

Heating seasonal performance factor of existing
electric heating system

Electric coincidence factor
Gas peak day factor
Water heater setpoint temperature
Supply water temperature in water main
Cooling factor
Heating factor
Days per year
Unit conversion, Btu/gal-°F
Unit conversion, Btu/kWh
Unit conversion, Btu/W-hr
Unit conversion, Watt/kW
Unit conversion, Btu/therm

Effective useful life

Look up in Table 2-157

Look up in Table 2-159

Look up in Table 2-159

Look up in Table 2-160

Look up in Table 2-160

Look up in Table 2-162
Look up in Table 2-162
125
60
0.51
0.49
365
8.33
3,412
3.412
1000
100,000

See Measure Life Section

Table 2-156 DHW and Heating Factors

TOS/NC: use electric baseline

EREP/DI with existing electric water heater and

1.0
space heat

EREP/DI with existing gas water heater and space

heat

1.0 1.0

N/A [215][216]

N/A [217]1218]

N/A

Btu/W:-hr

Btu/W:-hr

N/A
N/A
°F [213]
°F [214]
N/A [216]
N/A [216]
Days/yr
Btu/gal-°F
Btu/kWh
Btu/W:-hr
W/kw
Btu/therm

Years

1.0 0
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Table 2-157 Baseline UEF

Rated Storage Volume and . .
Product Class . First Hour Rating
Input Rating

> 20 gal and <55 gal

Electric Storage Water Heater

> 55 gal and < 120 gal

> 20 gal and < 55 gal

Gas-Fired Storage Water
Heater

> 55 gal and <100 gal

< 18 gallons
> 18 and < 51 gallons
>51 and < 75 gallons
> 75 gallons
< 18 gallons
> 18 and < 51 gallons
>51 and < 75 gallons
> 75 gallons
< 18 gallons
> 18 and < 51 gallons
> 51 and < 75 gallons
> 75 gallons
< 18 gallons
> 18 and < 51 gallons
> 51 and < 75 gallons

> 75 gallons

Table 2-158 Efficient UEF

Electric Storage Water Heater

Table 2-159 Derating Factors

“m

Unconditioned Basement
Garage

Conditioned Space

0.8808 — (0.0008 X v,)
0.9254 — (0.0003 X v,)
0.9307 — (0.0002 X v,)
0.9349 — (0.0001 X v,)
1.9236 — (0.0011 X v,)
2.0440 — (0.0011 X v,)
2.1171 — (0.0011 X v,)
2.2418 — (0.0011 X v,)
0.3456 — (0.0020 X v,)
0.5982 — (0.0019 X v,)
0.6483 — (0.0017 X v,)
0.6920 — (0.0013 X v,)
0.6470 — (0.0006 X v,)
0.7689 — (0.0005 X v,)
0.7897 — (0.0004 X v,)

0.8072 — (0.0003 X v,)

Integrated HPWH 3.30
Integrated HPWH, 120 Volt/15 Amp Circuit 2.20
Split-system HPWH 2.20

0.86 0
0.83 0
1.00 1.00




Table 2-160 SEER and HSPF Values

e e TS

Air-Source Heat Pump 14.0 8.0
Ground-Source Heat Pump 15.0 10.9
CAC 14.0 N/A

Mini Split HP 15.0 8.8

Table 2-161 AFUE Values

Warm Air Furnace, Gas Fired All Capacities 0.80
Boiler, Hot Water, Gas Fired All Capacities 0.82
Boiler, Steam, Gas Fired All Capacities 0.80

Peak Factors
Peak coincidence is accounted for in the peak demand savings algorithm section above.

Table 2-162 Peak Factors

Electric coincidence factor (CF) N/A

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

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 2-163 Measure Life

Heat Pump Water Heater [220]
References
[212] EmPOWER heat pump water heater program participation in 2018-2019 and participant survey data; per
Mid-Atlantic TRM v10, pg. 150. https://neep.org/sites/default/files/media-files/trmv10.pdf
[213] NMR Group, Inc., 2018 Pennsylvania Statewide Act 129 Residential Baseline Study (Feb 2018).

https://www.puc.pa.gov/Electric/pdf/Act129/SWE-Phase3 Res Baseline Study Rpt021219.pdf
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https://neep.org/sites/default/files/media-files/trmv10.pdf
https://www.puc.pa.gov/Electric/pdf/Act129/SWE-Phase3_Res_Baseline_Study_Rpt021219.pdf

[214] Using Rock Spring, PA (Site 2036) as a proxy, the mean of soil temperature at 40 inch depth is 51.861.
Calculated using Daily SCAN Standard - Period of Record data from April 1999 to December 2018 from the Natural
Resource Conservation Service Database.
https://wcc.sc.egov.usda.gov/nwcec/rgrpt?report=daily_scan_por&state=PA. Methodology follows Missouri TRM
2017 Volume 2: Commercial and Industrial Measures. p. 78.
https://energy.mo.gov/sites/energy/files/MOTRM2017Volume2.pdf

[215] 10 CFR Subpart C of Part 430, https://www.ecfr.gov/current/title-10/chapter-Il/subchapter-D/part-
430/subpart-C/section-430.32

[216] 10 CFR Subpart B of Part 429, https://www.ecfr.gov/current/title-10/chapter-ll/subchapter-D/part-
429/subpart-B/section-429.17

[217] Bonneville Power Administration, Residential Heat Pump Water Heater Evaluation: Lab Testing & Energy

Use Estimates. (November 2011), https://rpsc.energy.gov/sites/default/files/tech-
resource/attachment/BPA HPWH Lab Evaluation 11-9-2011.pdf

[218] Fluid Market Strategies, NEEA Heat Pump Water Heater Field Study Report. (2013),
https://neea.org/img/uploads/heat-pump-water-heater-field-study-report.pdf
[219] ENERGY STAR Program Requirements Product Specification for Residential Water Heaters, Eligibility

Criteria, Version 4.0. (2021),
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%204.0%20Water
%20Heaters%20Final%20Specification%20and%20Partner%20Commitments _0.pdf

[220] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table
for 2020, http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xlsx
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https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-C/section-430.32
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-C/section-430.32
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-429/subpart-B/section-429.17
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-429/subpart-B/section-429.17
https://rpsc.energy.gov/sites/default/files/tech-resource/attachment/BPA_HPWH_Lab_Evaluation_11-9-2011.pdf
https://rpsc.energy.gov/sites/default/files/tech-resource/attachment/BPA_HPWH_Lab_Evaluation_11-9-2011.pdf
https://neea.org/img/uploads/heat-pump-water-heater-field-study-report.pdf
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%204.0%20Water%20Heaters%20Final%20Specification%20and%20Partner%20Commitments_0.pdf
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%204.0%20Water%20Heaters%20Final%20Specification%20and%20Partner%20Commitments_0.pdf

2.7.2 INDIRECT WATER HEATER

Market Residential
Baseline Condition TOS/NC/EREP
Baseline Code/Dual

End Use Subcategory Equipment

Measure Last Reviewed December 2022

Description

This measure covers the installation of a fossil fuel indirect-fired storage water heating system in which the stored water is
heated via hot water produced by a fossil fuel boiler rather than direct input from electric elements or fossil fuel burners.
In such a system, a heat exchanger separates the potable water in the water heater from the boiler water. This measure
applies to indirect-fired systems comprising a boiler with input heating capacity less than 300,000 Btu/h and a storage tank
with a capacity of 20 to 120 gallons installed in residential applications.

This measure estimates savings associated with the delivery of potable hot water only and assumes the installation of zone
priority controls to interrupt demand for space heating hot water until domestic hot water demand is met.

Baseline Case

The baseline condition is a minimally code-compliant indirect fired, fossil fuel storage type water heater with a recovery
efficiency of 75%, tank volume equal to the energy efficient condition.

Efficient Case

Theefficient case is an indirect fossil fuel-fired water heating system with efficiency meeting or exceeding 0.85 AFUE.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AkWh =N/A
Annual Fuel Savings
GPD x 365 x 8.33 X AT,,,; 1 1 UA UA AT, X 8,760
ATherms = units X mam - + b _ q amb
100,000 Effy Effg Effy Effy 100,000

Where,
ATgin = Tset — Train

ATamp = Tser — Tamp
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GPD = 17.2 X Ny,

UA, X vy X 8.33

_>ha
70

Peak Demand Savings

AkWpeqr = N/A

Daily Peak Fuel Savings

AThermspeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AkWhy; e = AkWh X EUL

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL
Dual:

Lifetime Electric Energy Savings

AkWhLife = N/A

Lifetime Fuel Savings

AThermsy;r, = AThermsggpp X RUL + AThermsyg X EUL

Calculation Parameters

Table 2-164 Calculation Parameters

e e e

ATherms Annual fuel savings
AThermspeak Daily peak fuel savings
AThermsiite Lifetime fuel savings

GPD Gallons per day

Average temperature difference between water heater set
AT main point temperature (Ts:) and the supply water temperature
in water main (Tmain)

Calculated Therms/yr
Calculated Therms/day
Calculated Therms

Calculated, if Nppi

Gal/da 221
unknown use 46 /day [221]

Calculated °F
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e o e

Average temperature difference between water heater set
ATamb point temperature (Tst) and the surrounding ambient air Calculated °F
temperature (Tamb)

Overall heat loss coefficient of the energy efficient Calculated, if SLqg .
UAq . (Btu/h-°F).  [226]
equipment unknown use 5.4
Site-specific. If unknown
Effq Efficiency of energy efficient connected boiler (AFUE) P N/A

use 0.85%

Site-specific. If unknown
N Number of people in household N/A
el PEoR use default GPM /

Standby loss specification of installed equipment. Use given . - .
SLq . . Site-specific F/hr
UAq assumption if SLq is unknown.

Vq Rated storage capacity of installed equipment Site-specific Gal
UA, Overall heat loss coefficient of the baseline condition 7.85 (Btu/h-°F).  [224]
Tset Water heater set point temperature 125 °F [222]
Tmain Supply water temperature in water main 60 °F [223]
Tamb Surrounding ambient air temperature 7043 °F
Effy Efficiency of the baseline condition, deemed (AFUE) 0.75 N/A [224]
365 Days per year 365 Days/yr
8,760 Hours per year 8,760 Hr/yr

Energy required (Btu) to heat one gallon of water by one
8.33 gyreq (Btu) & . y 8.33 Btu/gal°F
degree Fahrenheit

100,000 Conversion from Btu to therms 100,000 Btu/therm
EUL Effective useful life See Measure Life Section Years
RUL Remaining useful life of existing unit See Measure Life Section Years
Peak Factors

Table 2-165 Peak Factors

R

Electric coincidence factor (CF) N/A

See Appendix G: Natural

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

42 ASHRAE 90.1 2019 Compliant AFUE values range from 82% to 84%. Assumed conservative estimate of 85%
43 Water heaters are generally located in conditioned or partially conditioned spaces with a typical average temperature of 65°F to 70°F to avoid freezing.
A value of 70°F is used for the purposes of estimating ambient air temperature
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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 2-166 Measure Life

Indirect Water Heater [227]
References
[221] Water Research Foundation: Residential End Uses of Water, Version 2, April 2016, p. 5; 17.2 GPD
equated from the report findings indicating an average 2.65 people per household and 45.5 GPD per household,
April 2016
[222] Code of Federal Regulations, Title 10, Chapter II, Subchapter D, Part 430, Appendix E to Subpart B of Part

430 Uniform Test Method for Measuring the Energy Consumption of Water Heaters, Section 2. Test Conditions,
2.5 Set Point Temperature, December 2022. https://www.ecfr.gov/current/title-10/chapter-1l/subchapter-D/part-

430/subpart-B.

[223] Burch, Jay and Christensen, Craig, Towards Development of an Algorithm for Mains Water Temperature.

National Renewable Energy Laboratory, 2022.

[224] Per 10 CFR 430, typical recovery efficiency of a gas water heater, which is used for the purposes of this
measure as a proxy for thermal efficiency, is 0.75. See for example, 10 CFR 430 Subpart B Appendix C1, 5.6.1.1.,
December 2022. https://www.ecfr.gov/current/title-10/chapter-Il/subchapter-D/part-430/subpart-B.

[225] Based on computation of heat loss coefficients via conversion equations found in 10 CFR 429, 430, and
431 Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer Products and Certain
Commercial and Industrial Equipment, December 2022.

[226] Based on the average standby loss specification (in °F/hr) of AHRI-certified Indirect Water Heater storage
tanks, per the AHRI Directory, Air Conditioning, Heating, and Refrigeration Institute, December 2022.
https://ahridirectory.org.

[227] New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs (TRM),
Version 9, January 2022.
https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fecOb45a3c6485257688006a701a/72c23decff52920a85257f11006
71bdd/SFILE/NYS%20TRM%20V9.pdf
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https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-B
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-B
https://www.ecfr.gov/current/title-10/chapter-II/subchapter-D/part-430/subpart-B
https://ahridirectory.org/
https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fec0b45a3c6485257688006a701a/72c23decff52920a85257f1100671bdd/$FILE/NYS%20TRM%20V9.pdf
https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fec0b45a3c6485257688006a701a/72c23decff52920a85257f1100671bdd/$FILE/NYS%20TRM%20V9.pdf

2.7.3 STORAGE WATER HEATER

Market Residential/Multifamily
Baseline Condition NC/TOS
Baseline Code

End Use Subcategory Equipment

Measure Last Reviewed January 2023

Description

This measure covers the installation of storage tank water heaters designed to heat and store water at a thermostatically
controlled temperature. This measure applies to potable hot water delivery only; it is not applicable to hot water heaters
used for process loads or space heating. Additionally, qualifying equipment must be designed to heat water to a
temperature no greater than 180°F.

Storage type units include residential gas storage water heaters with an input of 75,000 Btu per hour or less.

This measure applies to replacement of existing storage type water heaters using the same heating fuel as the efficient
case and assumes baseline to be a minimally code compliant water heater of the same type and heating fuel as the
efficient case. For new construction, this measure assumes baseline to be a minimally code compliant storage-type water
heater using the same heating fuel as the efficient case.

Baseline Case

The baseline condition is a minimally code compliant water heater equivalent to the existing water heater and with tank
volume, input capacity and draw pattern equivalent to the efficient water heater. For new construction, the baseline
condition is a minimally code compliant storage-type water heater with tank volume, input capacity and draw pattern
equivalent to the efficient water heater.

Efficient Case

The compliance condition is an ENERGY STAR® rated gas storage water heater as directed by the measure description.
Efficient storage tank water heaters must be eligible under ENERGY STAR® Program Requirements for Residential Water
Heaters, Eligibility Criteria Version 5.0, effective April 2023. [233] Minimum UEF qualification for ENERGY STAR®
equipment is shown in Table 2-168.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

AKWh = N/A
Annual Fuel Savings
Th GPD X 365 X 833 X ATpgpn [ 1 1
—3 X —
erms 100,000 UEF, UEF,

184



Where,

GPD =17.2 X Nppl
ATain = Tset — Trmain

Peak Demand Savings

AkWpeqr = N/A

Daily Peak Fuel Savings

AThermspeq, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = N/A

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL

Calculation Parameters

Table 2-167 Calculation Parameters

e ommen e ww

ATherms Annual fuel savings Calculated Therms/yr
AThermspeak Daily peak fuel savings Calculated Therms/day
AThermsiife Lifetime fuel savings Calculated Therms

GPD Gallons per day Caleulated, i;:nknown use Gal/day [228]

Average temperature difference between water
AT main heater set point temperature and the supply water Calculated °F
temperature in water main

Uniform Energy Factor of the energy efficient Site-specific, if unknonwn

UEF N/A
e measure look up in Table 2-168 /
Number of people served by the system, if unknown . . Number of
Nppi . Site-specific
use default GPD assumption people
Tset Water heater set point temperature 125 °F [229]
Trmain Supply water temperature in water main* 60 °F [230]

4 Average value across NJ climate zones, calculated as average ambient air temperature + 6 °F.
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UEF, Uniform Energy Factor of the baseline condition, Look up in Appendix E: N/A
based on tank volume Code-Compliant Efficiencies

8,760 Hours per year 8,760 Hours/yr

365 Days per year 365 Days/yr

3,412 Conversion from Btu to kWh 3,412 Btu/kWh

Energy required (Btu) to heat one gallon of water by

8.33 8.33 Btu/gal°F
one degree Fahrenheit /e

100,000 Conversion from Btu to therms 100,000 Btu/therm

Assumed gallons of hot water used per day per

17.2 . 17.2 Gal/day/person [228]
person in household

CF Electric coincidence factor Look up in Table 2-169 N/A
PDF Gas peak day factor Look up in Table 2-169 N/A
EUL Effective useful life See Measure Life Section Years

Table 2-168 Residential Water Heaters Energy Star Criteria

Product Class Rated Storage Volume and Input Rating Draw Pattern
> 20 gal and <55 gal Medium 0.81
Gas-Fired Storage Water Heater > 20 gal and < 55 gal High 0.86
> 55 gal Medium 0.86

Peak Factors

Table 2-169 Peak Factors

Electric coincidence factor (CF) 0.8 [232]

See Appendix G: Natural Gas Peak Da
Natural gas peak day factor (PDF) PP Fact v
actors

Measure Life
The effective useful life (EUL) is 11 years for gas water heaters and 13 years for electric water heaters. [231]
References
[228] Water Research Foundation: “Residential End Uses of Water, Version 2: Executive Report”, April 2016,

https://www.mrwa.com/PDF/2016WaterEndUseReport.pdf
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[229] 10 CFR 430 Appendix E to Subpart B of Part 430 Uniform Test Method for Measuring the Energy
Consumption of Water Heaters, Section 2. Test Conditions, 2.5 Set Point Temperature
https://www.ecfr.gov/current/title-10/chapter-11/subcharpter-D/part430/sybpart-B/appendix-E

[230] Calculated from annual NJ temperatures using methodology in Burch, Jay and Christensen, Craig,
"Towards Development of an Algorithm for Mains Water Temperature." National Renewable Energy Laboratory,
2022

[231] California Public Utilities Commission EUL Table, version 027 (updated November 12, 2022). Accessed
December 30, 2022. https://www.caetrm.com/shared-data/value-table/EUL/
[232] New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs (TRM),

Version 9, January 2022.
https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fecOb45a3c6485257688006a701a/72c23decff52920a85257f11006
71bdd/SFILE/NYS%20TRM%20V9.pdf.

[233] Energy Star Residential Water Heaters Specification Final Draft v5.0
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%205.0%20Reside
ntial%20Water%20Heaters%20Final%20Draft%20Specification.pdf
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https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%205.0%20Residential%20Water%20Heaters%20Final%20Draft%20Specification.pdf
https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%205.0%20Residential%20Water%20Heaters%20Final%20Draft%20Specification.pdf

2.7.4 TANKLESS WATER HEATER

Market Residential/Multifamily/Low Income
Baseline Condition NC/RF/DI
Baseline Code/Existing/Dual

End Use Subcategory Equipment

Measure Last Reviewed December 2022

Description

This measure covers the installation of instantaneous type water heaters, which heat water but contain no more than one
gallon of water per 4,000 Btu per hour of input. This measure applies to potable hot water delivery only; it is not
applicable to hot water heaters used for process loads or space heating. Additionally, qualifying equipment must be
designed to heat water to a temperature no greater than 180°F and, if electric power is required for operation, must use a
single-phase external power supply.

Instantaneous type units include fossil fuel instantaneous water heaters with a rated input capacity of greater than or
equal to 50,000 and less than 200,000 Btu per hour and a manufacturer’s specified storage capacity of less than 2 gallons,
residential electric instantaneous water heaters with an input of 12 kilowatts or less and a manufacturer’s specified
storage capacity of less than 2 gallons.

Baseline Case

The retrofit baseline condition is a minimally code compliant water heater of type (storage-type or instantaneous)
equivalent to the existing water heater and with tank volume (where applicable), input capacity and draw pattern
equivalent to the efficient water heater. For new construction, the baseline condition is a minimally code compliant 40-
gallon storage-type with draw pattern equivalent to the efficient water heater (assume medium if unknown).

Efficient Case

The efficient case is an energy efficient fossil fuel or electric instantaneous type water heater as defined by the measure
description.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

AKWh = kWh, — kWh,,

Where,

GPD % 365 X 8.33 X AT,4in
3,412 X UEF,

kWh,, = (Electric Baseline)
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kWh, = 0 (Fossil Fuel Baseline)

_ GPD X 365 X 8.33 X ATnqin
- 3,412 x UEF,

kWh (Electric Energy Ef ficient Case)

kWhg = 0 (Fossil Fuel Energy Ef ficient Case)
GPD = 17.2 X Ny,
ATmain = Tset = Tmain
ATamp = Tset — Tamp

Annual Fuel Savings

ATherms = Therms, — Therms,

Where,

GPD X 365 X 8.33 X ATpmain

Therms, = 100,000 x UEF, (Fossil Fuel Baseline)

Therms, = 0 (Electric Baseline)

GPD X 365 X 8.33 X ATpmain

Therms, = 100,000 x UEF, (Fossil Fuel Energy Ef ficient Case)

Therms, = 0 (Electric Energy Ef ficient Case)
GPD = 17.2 X Ny,
ATmain = Tset — Tinain
ATamp = Tset = Tamp

Peak Demand Savings

_ (UA, —UA) X AT gy

AkWpogy = 2417 CF

Daily Peak Fuel Savings

ATherms — daypeqx = ATherms X PDF

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

New Construction:

AkWhLife = AkWh X EUL
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Retrofit:
AkWhyire = AkWhg, X RUL + AkWhyg X (EUL — RUL)

Where,
AkWhex = annual energy savings calculated as above, using actual existing equipment baseline

AkWhnr = annual energy savings calculated as above, using code baseline

Lifetime Fuel Savings

Retrofit:
ATherms s, = ATherms X EUL
New Construction:
ATherms;;r, = AThermsg, X RUL + AThermsyg X (EUL — RUL)
Where,
AThermsex = annual fuel savings calculated as above, using actual existing equipment baseline

AThermsnr = annual fuel savings calculated as above, using code baseline

Calculation Parameters

Table 2-170 Calculation Parameters

R

AkWh Annual electric energy savings Calculated kWh/yr
ATherms Annual fuel savings Calculated Therms/yr
AkWpeak Peak Demand Savings Calculated kw
ATherms-daypeak Daily peak fuel savings N/A Therms/day

Average temperature difference between
water heater set point temperature and the

AT main . . Calculated °F
supply water temperature in water main

(°F)
Average temperature difference between

ATamb water heater set point temperature and the Calculated °F
surrounding ambient air temperature (°F)

Calculated, if Nppi unknown,
GPD Gallons per day :: Gal/day [234]
use
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T

Site-specific. If unknown,

N Number of people in household 241
ppl peop use 2.65 N/A [ ]
. Site-specific. If unknown,
Tset Water heater set point temperature °F [235]
use 125
Trmain Supply water temperature in water main 60 °F [236]
Tamb Surrounding ambient air temperature 70 °F
Retrofit: Site-specific
Uniform Energy Factor of the baseline ion:
UEF, gy -« New construction: Look up N/A [239]
condition in Appendix E: Code-
Compliant Efficiencies
Uniform Energy Factor of the ener
UEF, . 'gy gy Site-specific N/A
efficient measure.
Storage water heater
Overall heat loss coefficient of the baseline baseline: UA, =7.85
UA . (Btu/h-°F). [237]
condition. Indirect water heater
baseline: UA, =0
Overall heat loss coefficient of the energy
UAq = 0 (Btu/h-°F). [238]
efficient measure.
365 Days per year 365 Days/yr
3,412 Conversion from Btu to kWh 3,412 Btu/kWh

Energy required (Btu) to heat one gallon of

8.33 ) 8.33 Btu/gal-°F
water by one degree Fahrenheit

100,000 Conversion from Btu to therms 100,000 Btu/therm
CF Electric coincidence factor Look up in Table 2-171 N/A
PDF Peak day factor Look up in Table 2-171 N/A
EUL Effective useful life See Measure Life Section Years
Peak Factors

Table 2-171 Peak Factors

T S

Electric coincidence factor (CF) 0.8 [240]

Natural gas peak day factor (PDF) N/A
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Measure Life

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

Table 2-172 Measure Life

Instantaneous Water Heater [240]

References

[234] Water Research Foundation: Residential End Uses of Water, Version 2, April 2016, p. 5; 17.2 GPD
equated from the report findings indicating an average 2.65 people per household and 45.5 GPD per household,
April 2016.

[235] 10 CFR 430 Appendix E to Subpart B of Part 430 Uniform Test Method for Measuring the Energy
Consumption of Water Heaters, Section 2. Test Conditions, 2.5 Set Point Temperature, December 2022.

[236] Burch, Jay and Christensen, Craig, "Towards Development of an Algorithm for Mains Water
Temperature." National Renewable Energy Laboratory, 2022.

[237] Based on computation of heat loss coefficients via conversion equations found in 10 CFR 429, 430, and
431 Docket No. EERE-2015-BT-TP-0007, Energy Conservation Program for Consumer Products and Certain
Commercial and Industrial Equipment, December 2022.

[238] Based on the average standby loss specification (in °F/hr) of AHRI-certified Indirect Water Heater storage
tanks, per the AHRI Directory, December 2022.

[239] 10 CFR 430.32(d), December 2022.

[240] New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs (TRM),

Version 9, January 2022.
https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fecOb45a3c6485257688006a701a/72c23decff52920a85257f11006
71bdd/SFILE/NYS%20TRM%20V9.pdf

[241] Residential End Uses of Water: Version 2 Executive Report (Water Research Foundation), Pg 8.
https://www.circleofblue.org/wp-content/uploads/2016/04/WRF REU2016.pdf
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2.7.5 WATER HEATING SETBACK

Market Residential/Multi-Family/Low Income
Baseline Condition RF/DI
Baseline Existing/Dual

End Use Subcategory Control

Measure Last Reviewed December 2022

Description

This measure relates to turning down an existing hot water tank thermostat setting that is at 130 degrees or higher.
Savings are provided to account for the resulting reduction in standby losses. This is a retrofit measure.

Baseline Case

The baseline condition is a hot water tank with a thermostat setting that is 130 degrees or higher. Note if there are more
than one DHW tanks in the home at or higher than 130 degrees and they are all turned down, then the savings per tank
can be multiplied by the number of tanks.

Efficient Case

The efficient condition is a hot water tank with the thermostat reduced to no lower than 120 degrees.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

UxXAX(T,—T,) X Hrs
AKWh = < (7, ~7,) )
3;412 X REelectric

Annual Fuel Savings

UXAX(T,—T,)X Hrs
ATherms=< (b q) )

1,00,000 X REqq

Peak Demand Savings

Daily Peak Fuel Savings

AThermspeq,, = ATherms X PDF
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Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

Dual:

AkWhLife = AkWh X EUL

ATherms,;r, = ATherms X EUL

Lifetime Electric Energy Savings

Lifetime Fuel Savings

AW hyige = AKW hpgpp X RUL + AKW hyp X EUL

ATherms;r, = AThermsgrgp X RUL + AThermsyg X EUL

Calculation Parameters

AkWh
ATherms

AkWPeak

ATherms-daypeak

AkWhLifetime

AThermsiisetime

Tb
Tq

Hours

REeIectric

REgas

Table 2-173 Calculation Parameters

e v e e

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

Lifetime fuel savings

Overall heat transfer coefficient of tank

Surface area of storage tank

Hot water setpoint prior to adjustment
New hot water setpoint

Number of hours in a year

Recovery efficiency of water heater

Recovery efficiency of gas water heater

4 Assumes R-12 water tank

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated

Site-specific, if unknown use
0.083%

Site-specific, if unknown look up in
Table 2-174

Site-specific, if unknown use 130
Site-specific, if unknown, use 120
8760

Electric Hot Water Heater: 0.98

Heat Pump Water Heater: 2.1

0.8

kWh/yr
Therms/yr
kw
Therms/day
kWh

Therms

(Btu/Hr-°F-ft?)

Ft?

°F
°F

Hrs/yr

N/A

N/A

[242]

[245]

[244]

[242]

[243]
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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 Look up in Table 2-175 N/A
EUL Effective useful life See Measure Life Years
RUL Remaining useful life of existing unit See Measure Life Years

Table 2-174 Assumed Surface Area of Storage Tank by Capacity

Capacity (in gallons) Area (in square feet)

30 19.16
40 23.18
50 24.99
80 31.84

If capacity is unknown, assume a 50 gallon tank.

Peak Factors

Table 2-175 Peak Factors

Electric coincidence factor (CF) 1

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life for water heating setback is the smaller of 2 years or the remaining useful life of the water heater
[244].

References

[242] Assumptions from Pennsylvania TRM. Area values were calculated from average dimensions of several
commercially available units, with radius values measured to the center of the insulation, December 2022.
https://www.puc.pa.gov/filing-resources/issues-laws-regulations/act-129/technical-reference-manual/Code of
Federal Regulations, Title 10, Chapter Il, Subchapter D, Part 430, Subpart B, Appendix E — Uniform Test Method
for Measuring the Energy Consumption of Water Heaters: 6.3.2 Recovery Efficiency, December 2022.
https://www.ecfr.gov/current/title-10/chapter-ll/subchapter-D/part-430/subpart-B#Appendix-E-to-Subpart-B-of-
Part-430.

[243] Code of Federal Regulations, Title 10, Chapter I, Subchapter D, Part 431, Section 431.110 (a) — Energy
Conservation Standards and their Effective Dates. December 2022. https://www.ecfr.gov/current/title-
10/chapter-ll/subchapter-D/part-431#431.110.
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[244] Mid-Atlantic TRM V10, December 2022.
https://neep.org/sites/default/files/resources/Mid Atlantic TRM V9 Final clean wUpdateSummary%20-
%20CT%20FORMAT.pdf.

[245] Technical Reference Manual Volume 2: Residential Measures (2019); Pg 73,
https://www.puc.pa.gov/filing-resources/issues-laws-regulations/act-129/technical-reference-manual/

196


https://neep.org/sites/default/files/resources/Mid_Atlantic_TRM_V9_Final_clean_wUpdateSummary%20-%20CT%20FORMAT.pdf
https://neep.org/sites/default/files/resources/Mid_Atlantic_TRM_V9_Final_clean_wUpdateSummary%20-%20CT%20FORMAT.pdf

2.7.6 FAUCET AERATORS AND SHOWERHEADS

Market Residential/Multifamily
Baseline Condition DI/TOS

Baseline Existing/Dual

End Use Subcategory Water Conservation

Measure Last Reviewed December 2022

Description

This measure presents the assumptions, analysis, and savings from adding low-flow aerators to faucets in kitchens and
bathrooms, and for replacing standard showerheads with low-flow showerheads.

Savings for low-flow fixture measures are determined using the total change in flow rate (gallons per minute) from the
baseline (existing) fixture to the low-flow fixture. This measure applies to residential and multifamily buildings.

Baseline Case

The baseline is a standard faucet with a 2.2 GPM flow rate or a standard showerhead meeting federal maximum flow of
2.5 GPM. For direct install programs, utilities may choose to measure the actual flow rate of the existing faucet for use in
the algorithm below.

Efficient Case

The efficient condition is an energy efficient faucet aerator or showerhead using rated GPM of the installed fixture
meeting requirements of NJ P.L. 2021, c. 464. If actual flow rates of the baseline fixtures are used in a direct install
program, then the actual flow rate of the installed fixture should be used as well.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

8.33 1

AkWh = AHZO X ATmain X m X W X Felec

Where,
Aerators: ATy4in = Traucet — Tmain

Showerheads: AT,,4in = Tsnower — Tmain

1
Aerators: AH,0 = (GPMy, X Frprottiey — GPMy X Frurostieq) % N X tuse X Nyersons X 365

Showerheads: AH,0 = (GPMy, X Frprottien, — GPMg X Frirottieq) X = X tuse X Nyersons X 365

Nshower
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Annual Fuel Savings

8.33 1

ATherms = AHZO X ATmain X m X W

Peak Demand Savings

AkWpoqx = AkWh x ETDF

Daily Peak Fuel Savings

AThermsp,gq, = ATherms X PDF

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AW hyipe = AKWR X EUL

Lifetime Fuel Savings

ATherms s, = ATherms X EUL
Dual:

Lifetime Electric Energy Savings

AW hyipe = AKW hpgpp X RUL + AKW hyp X EUL

Lifetime Fuel Savings

AThermsy;re = AThermsgrpp X RUL + AThermsyg X EUL

Calculation Parameters

Table 2-176 Calculation Parameters

I T

AkWh Annual electric energy savings Calculated kWh/yr
ATherms Annual fuel savings Calculated Therms/yr
AkWoeak Peak Demand Savings Calculated kW

AThermspeak Daily peak fuel savings Calculated Therms/day
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AkWhje Lifetime electric energy savings Calculated
AThermsif Lifetime fuel savings Calculated Therms
AH20 Annual water savings Calculated Gal/yr

Average temperature different between faucet
AT main operating temperature and the supply water Calculated °F
temperature

Site-specific. If unknown,
UEF Uniform Energy Factor*® assume 0.92 (electric) or 0.58 N/A [253]

(gas)

1 if electric water heater; 0 if
Factor to account for presence or absence of ]
Felec . gas water heater; 0.25% if N/A
electric water heater
unkown

1 if gas water heater; 0 if
Factor to account for presence or absence of . )
Fgas . electric water heater; 0.712 if N/A
fossil fuel water heater
unkown

Site-specific. If unknown, look
Nfaucet Faucets per household . N/A [252]
up in Table 2-177

Site-specific, if unknown:

Nshower Showers per household QHEC: 1.56 N/A [257]
HPWES: 2.46
Site-specific. If unknown, Person/

Npersons Average number of people per household assume 2.66 household [246]
GPM, Baseline GPM Site-specific or use 2.2 Gal/min [251][248]

GPMq Efficient GPM Look up in Table 2-177 Gal/min [251]

Average minutes of use per person per fixture i
toee & perpersonp Look up in Table 2-177 Minutes/ [247]
per day person/day
Ratio of user setting to full throttle flow rate Aerator: 0.83 [250],
Fthrottle, b . . N/A

for baseline fixture Showerhead: 0.9 [258]

. Ratio of user setting to full throttle flow rate Aerator: 0.95 N/A [250],

throtte, g for low flow fixture Showerhead: 0.9 [258]

Thtain Supply water temperature in water main*® 60 °F [249]

46 Take UEF from application using the existing water heater's model number lookup. If unknown, then UEF is determined by the Department of Energy’s
test method outlined in 10 CFR Part 430, Subpart B, Appendix E (accessible here: https://www.ecfr.gov/current/title-10/chapter-Il/subchapter-D/part-
430/subpart-C/section-430.32).

Assume medium draw pattern if unknown. If storage capacity is also unknown, use the assumptions above for a 40 gallon, medium draw, electric or gas
storage water heater.

47 From 2015 RECS microdata for Middle Atlantic Div 8. Of 228 households, fuel mix for water heating is71% gas and 25% electric. No savings are
attributed to 4% of households which use other fuel sources.
48 Average value across 5 NJ climate zones. Calculated from annual average ambient air temperature + 6°F. See Reference [249].
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T

Site-specific. If unknown, look
Ttaucet Faucet exiting temperature °F [254]
up in Table 2-177

- Site specific, use 105 if .
Tshower Showerhead existing temperature F [256]
unknown

Aerator: 0.000134
ETDF Energy to Demand Factor (kW/kWh/yr) [248]
Showerhead: 0.00008014

8.33 Energy required to heat one gallc?n of water by 8.33 Btu/gal°F
one degree Farenheit
3,412 Conversion factor from Btu/h to kW 3,412 Btu/h/kW
100,000 Conversion factor from Btu to therms 100,000 Btu/therm
365 Number of days per year 365 Days/yr
PDF Peak day factor Look up in Table 2-178
EUL Effective useful life See Measure Life Section
RUL Remaining useful life of existing unit See Measure Life Section Years

Table 2-177 Calculation Assumptions per Faucet Type

Operatin
Efficient gallons . . g 2 Faucets/household
Faucet Type . Daily use duration (t,s) temperature
per minute (GPM,) . (Nfaucet)
(Tfaucet) ( F)
Kitchen 1.8 4.5 93 1
Private restroom 1.5 1.6 86 1.75
Public restroom 0.5 1.6 86 N/A
Peak Factors

Electric coincidence is included in the ETDF factor.

Table 2-178 Peak Factors

Electric coincidence factor (CF) N/A

See Appendix G: Natural
Natural gas peak day factor (PDF) Gas Peak Dav Fact
as Peak Day Factors
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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 2-179 Measure Life

Faucet Aerator [255]

Non-Energy Impacts

1
AHZO = (GPMb X FThrottle,b GPM X FThrottle q) X = N. X tuse X Npersons X 365
faucet
References
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York 2017.

[253] UEF assumptions per 10 CFR Part 430, Subpart B, Appendix E. https://www.ecfr.gov/current/title-

10/chapter-Il/subchapter-D/part-430/subpart-C/section-430.32; assuming medium draw pattern, 40 gallon

storage water heater.

[254] Michigan Evaluation Working Group Showerhead and Faucet Aerator Meter Study. June 2013, via 2014
Demand-Side Management Evaluation Final Report, Cadmus, June 30, 2015, Table 93.

[255] DEER 2014 EUL ID: WtrHt-WH-Aertr.

[256] Lutz, Jim. 2011. “Water and Energy Wasted during Residential Shower Events: Findings from a Pilot Field

Study of Hot Water Distribution Systems.” https://eta-
publications.lbl.gov/sites/default/files/water_and energy wasted during residential shower events findings f

rom a pilot field study of hot water distribution systems lbnl-5115e.pdf.

[257] American Housing Survey (AHS) - AHS Table Creator.” n.d. Www.census.gov. Accessed December 1,
2022. https://www.census.gov/programs-
surveys/ahs/data/interactive/ahstablecreator.html?s areas=35620&s year=2021&s tablename=TABLEO&s bygr
oupl=1&s bygroup2=1&s filtergroupl=1&s filtergroup

[258] Biermayer, Peter, and Ernest Lawrence. 2006. “LBNL-58601-Revised Potential Water and Energy Savings
from Showerheads.” https://www.map-testing.com/assets/reports/LBNL%20Showerhead-final%20rpt.pdf.
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2.7.7 THERMOSTATIC SHOWERHEADS

Market Residential/Multifamily
Baseline Condition RF/DI

Baseline Existing

End Use Subcategory Water Conservation

Measure Last Reviewed December 2022

Description

This measure covers the installation of thermostatic shower restriction valves, which are valves attached to a showerhead
supply for reduction of domestic hot water flow and associated energy usage in a single or multi-family household.

The device restricts hot water flow through the showerhead by activating the trickle or stop flow mode when water
reaches a predetermined set temperature, as designed by the manufacturer.

The throttle factor should be used only when rated flows are used and not the actual measured flow.
Baseline Case
The baseline equipment is the residential showerhead without the restrictor valve installed.

Efficient Case

To qualify for this measure the installed equipment must be a thermostatic restrictor shower valve installed on a
residential showerhead.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

Person Showers 365 T — Tyai
X X X X 8.33 x power MAm o 1SR X Fajee
Household Person/Day  Ngpower UEF x 3,412

AkWh = GPM X Frproteie X Minygsee

Annual Fuel Savings

Person Showers 365 Tshower — Tuain
X X X X833X ————
Household Person/Day  Ngpower UEF x 100,000

ATherms = GPM X Frprottie X Miny gste

X ISR X Fy¢

Peak Demand Savings

AkWhpegi = AkWh x ETDF
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Daily Peak Fuel Savings

AThermspeq = ATherms X PDF

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

AkWhy; e = AkWh X EUL

ATherms,;r, = ATherms X EUL

Calculation Parameters

AkWh
ATherms
AkWpeak
AThermspeak
AkWhiie

AThermsiie

GPM

Person/Household

Showers/person/day

NShower

UEF

FEIec

FNG

I:Throttle

Minwaste

Table 2-180 Calculation Parameters

R S R

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

Lifetime fuel savings

Flow rate of the showerhead

Average number of people per
household

Showers Per Capita Per Day

Average number of showerheads
Per Household

Uniform Energy Factor

Water heater fuel factor - electric
Water heater fuel factor - gas

Ratio of actual shower gpm to
showerhead rated gpm

Hot water waste time avoided due

to thermostatic restrictor valve

Calculated
Calculated
Calculated
Calculated
Calculated
Calculated

Site-specific, if unknown
look up in Table 2-181

Site-specific, if unknown
assume 2.66

Site-specific, if unknown
assume 0.75

Site-specific, if unknown
assume 1.10

Site-specific, if unknown
assume 0.92 (electric) or
0.58 (gas)

Look up in Table 2-182

Look up in Table 2-182

0.9

0.98

kWh/yr
Therms/yr
kw
Therms/day
kWh

Therms

Gal/min

Person/

household

Showers/person/day

N/A

N/A

N/A

N/A

N/A

Minutes

[259][266]

[261]

[262]

[263]

[267]

[262]

[260]
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I N

Tshower Temperature at showerhead [264]
Supply water temperature in
TMain pp y p 60 nF
water main*?
ISR In-Service Rate 1 N/A
8.33 Energy required to heat one gallon
gyreq & ] 8.33 Btu/gal°F
of water by one degree Farenheit
3,412 Conversion factor from Btu/h to
3,412 Btu/h/kW
kw
100,000 Conversion factor from Btu to
100,000 Btu/therm
therms
365 Number of days per year 365 Days/yr
ETDF Energy to Demand Factor 0.00008014 (kW/ kWh/yr) [265]
CF Electric coincidence factor Look up in Table 2-183 N/A
PDF Gas peak demand factor Look up in Table 2-183 N/A
EUL Effective useful life of new unit See Measure Life Section Years
Remaining useful life of existing . .
RUL . See Measure Life Section Years
unit
Table 2-181 GPM
| mmletenase &M
Existing Showerhead 2.5
New Conventional Showerhead 2.0
Low Flow Showerhead 1.5

Table 2-182 Water Heater Fuel Factors

Electric 1 0
Gas 0 1
Unknown 0.18 0.82

42 Average value across 5 NJ climate zones. Calculated from annual average ambient air temperature + 6°F
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Peak Factors

Table 2-183 Peak Factors

Electric coincidence factor (CF) N/A>°
Natural gas peak day factor (PDF) See Appendix G: Natural Gas Peak Day Factors
Measure Life

Table 2-184 Measure Life

Thermostatic Showerheads [268]
References

[259] Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet Aerator Meter Study: For
Michigan Evaluation Working Group. (June, 2013).

[260] Cadmus memo to PPL Electric. PPL Electric 2014 ShowerStart Pilot Study. (November 2014).

[261] Explore Census Data.” n.d. Data.census.gov. Accessed December 1, 2022.
https://data.census.gov/table?q=average+household+size&g=0400000US348&y=2020&tid=ACSDT5Y2020.825010.

[262] Biermayer, Peter. 2006. “LBNL-58601-Revised Potential Water and Energy Savings from Showerheads.”
https://www.map-testing.com/assets/reports/LBNL%20Showerhead-final%20rpt.pdf.

[263] American Housing Survey (AHS) - AHS Table Creator.” n.d. Www.census.gov. Accessed December 1,

2022. https://www.census.gov/programs-
surveys/ahs/data/interactive/ahstablecreator.html?s areas=35620&s year=2021&s_tablename=TABLEO&s bygr
oupl=1&s bygroup2=1&s filtergroup1=1&s filtergroup

[264] Lutz, Jim. 2011. “Water and Energy Wasted during Residential Shower Events: Findings from a Pilot Field
Study of Hot Water Distribution Systems.” https://eta-
publications.lbl.gov/sites/default/files/water_and_energy wasted during_residential shower events findings f
rom a pilot field study of hot water distribution systems Ibnl-5115e.pdf.

[265] Aquacraft, Inc., Water Engineering and Management. The end use of hot water in single family homes
from flow trace analysis. 2001.
https://www.researchgate.net/publication/252083793 THE END USES OF HOT WATER IN SINGLE FAMILY H
OMES FROM FLOW TRACE ANALYSIS The CF for showerheads is found to be 0.00371: [% showerhead use
during peak x (TPerson-Dayx NPerson) /(S/home)] / 240 (minutes in peak period) = [11.7% x (7.8 x 2.6 x 0.6 / 1.6)]
/240 =0.00371. The Hours for showerheads is found to be 46.3: (TPerson-Dayx NPersonsx 365) /(S/home) / 60 =
(7.8x2.6x0.6 x365) /1.6 /60=46.3. The resulting FED is calculated to be 0.00008013: CF / Hours = 0.00371 /
46.3 =0.00008013.

[266] Maximum flowrates for new showerheads taken from New Jersey P.L. 2021, c. 464 Enacted January
2022. https://legiscan.com/NJ/bill/A5160/2020

50 peak electric demand embedded in ETDF.
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https://www.researchgate.net/publication/252083793_THE_END_USES_OF_HOT_WATER_IN_SINGLE_FAMILY_HOMES_FROM_FLOW_TRACE_ANALYSIS
https://legiscan.com/NJ/bill/A5160/2020

[267] Take UEF from application using the existing water heater's model number lookup. If unkown, then UEF
is determined by the Department of Energy’s test method outlined in 10 CFR Part 430, Subpart B, Appendix E
(accessible here: https://www.ecfr.gov/current/title-10/chapter-Il/subchapter-D/part-430/subpart-C/section-

430.32). Assume medium draw pattern if unknown. If storage capacity is also unknown, use the assumptions
above for a 40 gallon, medium draw, electric or gas storage water heater.

[268] California Public Utilities Commission EUL Table, version 027 (updated November 12, 2022). Accessed
December 30, 2022. https://www.caetrm.com/shared-data/value-table/EUL/
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2.7.8 PIPE INSULATION

Market Residential/Multifamily
Baseline Condition RF/DI

Baseline Existing/Dual

End Use Subcategory Insulation

Measure Last Reviewed November 2022

Description

This measure covers the installation of fiberglass, rigid foam, and cellular glass pipe insulation on exposed and uninsulated
metal or steel piping with a nominal diameter between 0.50” and 4.00” for hot water and steam type space heating
and/or domestic hot water (DHW) distribution systems in residential buildings. The measure is restricted to insulation of
hot water distribution pipe in unconditioned spaces only. Space heating pipe insulation is limited to insulation installed in
unheated spaces only. Insulation of CPVC, PEX, and HDPE piping is not eligible for savings under this measure due to low
potential of savings.

In New Jersey the 2021 International Energy Conservation Code (IECC) generally defines the residential energy efficiency
code requirements, but the IECC does not include residential service water heating provisions, leaving federal equipment
efficiency standards to define baseline.

This measure caters for all insulation type given that they are IECC 2021 code compliant and are installed by certified
professionals. The R-value of an insulation is the thermal resistance of its constituent material, which is derived by dividing
the thickness of the material by the material’s thermal conductivity, or k-value. Thermal transmittance, or the material’s U-
factor, is the inverse of the R-value.

Baseline Case

The baseline condition is uninsulated copper or steel domestic hot water or space heating piping located in an
unconditioned space.

Efficient Case

The efficient case is insulated copper or steel domestic hot water or space heating piping located in an unconditioned
space conforming to the requirements of IECC 2021 Section R403.5.2 which require hot water piping with 3/4" nominal
diameter and larger to be insulated with a minimum thermal resistance of R-3.

Annual Energy Savings Algorithm

Annual Electric Energy Savings

[(UL_A)b B (UL_A)q] X L x (Tpipe _Tamb) X hrs X SFeec

Etoee X 3,412

AkWh =
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Annual Fuel Savings

[(UL_A)IJ B (UL_A)q] X L X (Tpipe - Tam”) X hrs X SFfuel

ATherms =
erms Etrye X 100,000

Peak Demand Savings

AkWh

AkWpeak = —8 760 X

CF

Daily Peak Fuel Savings

AThermspeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhy; e = AkWh X EUL

Lifetime Fuel Savings

ATherms s, = ATherms X EUL

Dual:

Lifetime Electric Energy Savings

AkWh’Life = AkWhEREP X RUL + AkWhNR X EUL

Lifetime Fuel Savings

AThermsy;re = AThermsgrpp X RUL + AThermsyg X EUL

Calculation Parameters

Table 2-185 Calculation Parameters

R

AkWh Annual electric energy savings Calculated kWh/yr
ATherms Annual fuel savings Calculated Therms/yr
AkWpeak Peak Demand Savings Calculated kw

AThermspeak Daily peak fuel savings Calculated Therms/day
AkWhje Lifetime electric energy savings Calculated kWh
AThermsijfe Lifetime fuel savings Calculated Therms
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T

L Length of installed insulation Site-specific ft

Site-specific, if unknown:
T Average temperature of hot water or steam in DHW: 125 °F 273]
P distribution system piping HW Boiler®': 160

Steam Boiler®2: 212

Site-specific, if unknown:
Tamb Surrounding average ambient air temperature DHW: 70 °F [276]
Space Heat: 50

Site-specific, if unknown:
Recovery Efficiency of fuel water heaters or DHW?3: 0.75
Etfyel . . N/A [271][278]
AFUE of boiler for space heating Space Heating Boilers: Look up

in Table 2-188

Site-specific, if unknown:

- . Non- Heat Pump DHW>*: 0.98
Etelec Recovery Efficiency of electric water heaters N/A [272][274]

Heat Pump DHW: Look up in
Table 2-189

For DHW: 8,760

Boilers: Look up heating EFLH in
Appendix C: Heating and
Cooling EFLH

hrs Annual operating hours hrs [279]

Product of Overall Heat Transfer Coefficient and .
(UA/L)y . . ) Look up in Table 2-186 Btu/hr-°F-ft [275]
Pipe Area (UA) per foot from uninsulated pipe®>

Product of Overall Heat Transfer Coefficient and . .
(UA/L)q ] ] . Look up in Table 2-187 Btu/hr-°F-ft [280]
Pipe Area (UA) per foot from insulated pipe®

Electric WH: 1.0

Adjustment to electric water heating energy

SFelec Fossil Fuel WH: 0 N/A [277]

Unknown WH?>¢: 0.18

savings based on water heating fuel

51 Average of lowest typical hot water boiler setting of (120°F) and highest typical setting of (200°F).

52 Residential boiler’s steam temperature shall be the boiling point of water at sea level (212°F).

53 Nominal gas or oil water heater recovery efficiency taken by CFR is 75% for deriving water energy consumption of consumer products such as
dishwashers, etc. [271]

54 The CFR Uniform Test Method for the measurement of Standby Loss of Electric Storage Water Heaters, electric Storage-Type Instantaneous Water
Heaters, and electric Instantaneous Water Heaters (Other Than Storage-Type Instantaneous Water Heaters) uses 98% efficiency for electric water
heaters with immersed heating elements. [271]

55 Also called Building Load Coefficient per unit length.

6 “Unknown” calculated as the number of homes with electric water heating divided by the total number of homes with water heating in EIA Residential
Energy Consumption Survey (RECS) 2015 for Middle Atlantic States, Table HC8.7.
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T

Electric WH: 0
Adjustment to fossil fuel water heating energy .
SFuel . . Fossil Fuel WH: 1.0 N/A [277]
savings based on water heating fuel
Unknown WH>7: 0.82

CF Electric coincidence factor Look up in Table 2-190 N/A
PDF Gas peak day factor Look up in Table 2-190 N/A
EUL Effective useful life See Measure Life Section Years
RUL Remaining useful life of existing unit See Measure Life Section Years

Table 2-186 (UA/L)baseIine

Nominal Pipe Bare Copper Piping Bare Steel Piping
Diameter (in) Domestic Hot Water Hot Water Heat Steam Heat Hot Water Heat Steam Heat
0.44 0.53 0.53 0.59

0.50 0.48

0.75 0.54 0.58 0.64 0.65 0.72
1.00 0.65 0.70 0.78 0.79 0.88
1.25 0.80 0.86 0.96 0.97 1.09
1.50 0.90 0.97 1.09 1.10 1.23
2.00 1.10 1.19 1.33 1.34 1.51
2.50 131 1.42 1.58 1.60 1.80
3.00 1.57 1.70 1.90 1.92 2.16
3.50 1.77 1.92 2.15 2.18 2.45
4.00 1.98 2.14 2.40 2.43 2.73

Table 2-187 (UA/L)q

Fiberglass Rigid Foam/Cellular Glass
Nominal Pipe

Diameter (in)

0.50 0.13 0.09 0.08 0.07 0.06 0.06 0.15 0.12 0.10 0.09 0.09 0.08
0.75 0.14 0.11 0.09 0.08 0.07 0.07 0.17 0.13 0.11 0.10 0.10 0.09
1.00 0.17 0.12 0.10 0.09 0.08 0.07 0.19 0.15 0.13 0.12 0.11 0.10
1.25 0.20 0.14 0.11 0.10 0.09 0.08 0.23 0.17 0.15 0.13 0.12 0.11

57 “Unknown” calculated as the number of homes with gas water heating divided by the total number of homes with water heating in EIA Residential
Energy Consumption Survey (RECS) 2015 for Middle Atlantic States, Table HC8.7.
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Fiberglass Rigid Foam/Cellular Glass

Nominal Pipe
Diameter (in)

1.50 0.22 0.15 0.12 0.11 0.10 0.09 0.25 0.19 0.16 0.14 0.13 0.12
2.00 0.26 0.18 0.14 0.12 0.11 0.10 0.29 0.22 0.18 0.16 0.14 0.13
2.50 0.30 0.20 0.16 0.14 0.12 0.11 034 0.25 0.20 0.18 0.16 0.15
3.00 0.35 0.24 0.18 0.16 0.14 0.12 039 0.29 0.23 0.20 0.18 0.16
3.50 0.40 0.26 0.20 0.17 0.15 0.13 0.44 032 0.26 0.22 0.20 0.18
4.00 0.44 0.29 0.22 0.18 0.16 0.14 0.48 035 0.28 024 0.21 0.19

Table 2-188 Etsuel for Space Heating Boilers

AFUE (Manufactured

AFUE (Manufactured before AFUE (Manufactured
Product Class on/after 9/1/2012, before
9/1/2012) on/after 1/15/2021)
1/15/2021)
Gas-fired hot water boiler 0.80 0.82 0.84
Gas-fired steam boiler 0.75 0.80 0.82
Oil-fired hot water boiler 0.80 0.84 0.86
Qil-fired steam boiler 0.80 0.82 0.85

Table 2-189 Etciec for Domestic Hot Water Heaters

50 3.30 2.83
50 3.50 2.92
50 3.75 3.14
65 3.30 2.85
65 3.50 2.94
65 3.75 3.24
80 3.30 2.85
80 3.50 3.01
80 3.75 3.38
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Unknown Size®® - 3.016

Peak Factors

Table 2-190 Peak Factors

DHW: 1.0

Electric coincidence factor (CF)
Space Heat: N/A

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

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 2-191 Measure Life

Electric Water Heaters [281]
Gas Water Heaters 11 3.66 [281]
References
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https://www.ilsag.info/wp-content/uploads/IL-TRM_Effective 010122 v10.0 Vol 3 Res 09242021.pdf
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[281] California Public Utilities Commission EUL Table, version 027 (updated November 12, 2022). Accessed
December 30, 2022. https://www.caetrm.com/shared-data/value-table/EUL/
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https://www3.dps.ny.gov/W/PSCWeb.nsf/96f0fec0b45a3c6485257688006a701a/72c23decff52920a85257f1100671bdd/$FILE/NYS%20TRM%20V9.pdf
https://www.caetrm.com/shared-data/value-table/EUL/

2.7.9 POOL PUMPS

Market Residential/Multifamily
Baseline Condition TOS/NC

Baseline Code

End Use Subcategory Swimming Pools

Measure Last Reviewed December 2022

Description

This measure covers the installation of ENERGY STAR® certified variable frequency drive (VFD) pool pumps in residential
buildings and multifamily buildings. An ENERGY STAR® certified pool pump can run at different speeds and be
programmed to match the pool operation with its appropriate pool pump speed. The measure is applicable to normal
replacement, new construction, or time of sale baseline conditions.

Baseline Case

The baseline case is a self-priming (aboveground) or non-self-priming (inground) pool filter pump with a minimum
allowable weighted energy factor defined by the Code of Federal Regulations [282]. Starting July 19, 2021, all pool pumps
must be rated according to Weighted Energy Factor (WEF), i.e., kilogallons of water pumped per unit kWh [283].

Efficient Case

The efficient case is an ENERGY STAR® version 3.1 qualified variable-speed self-priming (inground) or non-self-priming
(aboveground) pool filter pump. The weighted energy factor of the efficient pump must be greater than or equal to the
Energy Star WEF requirement set for a given hydraulic horsepower (HHP) class of pool pumps. The HHP is the overall
pumping power that is available from the motor and is different than the shaft power. The HHP can be derived from the
proposed ENERGY STAR® pump’s spec sheet from the ENERGY STAR® Database [284].

Annual Energy Savings Algorithm

Annual Electric Energy Savings

1

AkWh = units x days x Vyoor X Neyrnover X (m ~ WEFg

)/1,000

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWPeak = AkWh x ETDF

Where,
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ETDF = cr
" Hrs

Hrs = Hrsgqyy x days

Daily Peak Fuel Savings

AThermspeq, = N/A

Lifetime Energy Savings Algorithms:

Lifetime Electric Energy Savings

AWhy;se = AkWh X EUL

Lifetime Fuel Savings

AThermsy s, = N/A

Calculation Parameters

AkWh
AkWoeak
AkWhiite

Hrs

units

days

Vpool

Nturnover

WEF,

WEF,

HHP

Table 2-192 Calculation Parameters

S R

Annual electric energy savings
Peak Demand Savings
Lifetime electric energy savings
Annual hours of operation
Number of measures installed

Number of days of operation of the pool pump
annually

Volume of pool

Number of turnovers per day, where a turnover is a
full cycling of pool water by the pump through the
filter or the cleaner

Minimum allowable Federal Weighted Energy
Factors

Energy Efficient Pool Pumps Weighted Energy
factor, per Energy Star certificate

Hydraulic horsepower, per energy star certificate

Calculated
Calculated
Calculated
Calculated
Site-specific

Site-specific, if unknown
use 122

Site-specific, if unknown
use 22,000 gallons
(inground)

7,540 (above ground)

Site-specific, if unknown
use 2

Look up in Table 2-193

Site-specific, min qualifying
in Table 2-193

Site-specific

kWh/yr
kw
kWh
hr

N/A

N/A

Gallons

N/A

kgal/kWh

kgal/kWh

hp

[285]

[286][290]

[286]

[283][284]

[283][284]

[284]
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Site-specific, if unknown

HrSgaily Daily hours of pump operation use 5.18 hrs [287]
CF Coincidence factor Look up in Table 2-194 N/A [288]
PDF Peak day factor Look up in Table 2-194 N/A
EUL Effective useful life See Measure Life Section Years

Table 2-193 Minimum Allowable WEF Rating

Qualifying WEF

Dedicated-Purpose Pool Pump P ADDlicabilit Baseline WEF Score Score
Type s Y (kgal/kWh) (kgal/kwh)
Self-priming pool filter pumps 0.711 hp <hhp <2.5 hp Single -2.30 x In(hhp) + 6.59 -2.45 x In(hhp) + 8.4
Self-priming pool filter pumps 0.13 hp < hhp <0.711 hp Single -1.30x In(hhp) + 2.90 -2.45 x In(hhp) + 8.4
Self-priming pool filter pumps hhp <0.13 hp Single 5.55 13.4
Non-self-priming pool filter
pumps 0.13 hp<hhp<2.5hp Any -0.85x In(hhp) +2.87  -1.00 x In(hhp) + 3.85
u
Non-self-priming pool filter
priming pootti hhp <0.13 hp Any 4.60 4.92
pumps
Peak Factors
Table 2-194 Peak Factors
Electric coincidence factor (CF) 0.27 [288]
Natural gas peak day factor (PDF) N/A
Measure Life

The effective useful life (EUL) is 10 years [289].

References
[282] Code of Federal Regulations. Review of Title 10, Chapter Il, Subchapter D, Part 431, Subpart Y, 431.465 f).
ECFR. September 19, 2022. https://www.ecfr.gov/current/title-10/chapter-1l/subchapter-D/part-431/subpart-Y.
[283] ENERGY STAR® Pool Pump ver 3.1 Final Specification Sheet.

https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%203.1%20P0o0l%2
0Pumps%20Final%20Specification.pdf

[284] ENERGY STAR®, ENERGY STAR® Product Finder.
https://www.energystar.gov/productfinder/product/certified-pool-pumps
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https://www.energystar.gov/sites/default/files/asset/document/ENERGY%20STAR%20Version%203.1%20Pool%20Pumps%20Final%20Specification.pdf
https://www.energystar.gov/productfinder/product/certified-pool-pumps

[285] CEE, Consortium for Energy Efficiency. 2013. Review of CEESM High Efficiency Residential Swimming Pool
Initiative. Edited by Eileen Eaton. January 2013.
https://library.ceel.org/system/files/library/9986/CEE Res SwimmingPoollnitiative 01Jan2013 Corrected.pdf
[286] “Energy Star Pool Pump Calculator | Building America Solution Center.” n.d. Basc.pnnl.gov. Accessed

December 1, 2022. https://basc.pnnl.gov/library/energy-star-pool-pump-calculator

[287] “Mid-Atlantic Technical Reference Manual (TRM) V10 | Northeast Energy Efficiency Partnerships.” n.d.
Neep.org. Accessed December 1, 2022. https://neep.org/mid-atlantic-technical-reference-manual-trm-v10

[288] Design & Engineering Services, INTEGRATION of DEMAND RESPONSE into TITLE 20 for RESIDENTIAL POOL
PUMPS. 2009. https://www.etcc-
ca.com/sites/default/files/OLD/images/stories/dr 09.05.10 residentialpoolpumps v7 10-0312.pdf.

[289] DEER 2014 EUL ID: OutD-PoolPump

[290] Evaluation of Potential Best Management Practices — Pools, Spas, and Fountains, (The California Urban

Water Conservation Council, 2010) Pg 3. https://calwep.org/wp-content/uploads/2021/03/Pools-Spas-and-
Fountains-PBMP-2010.pdf
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2.8 WHOLE BUILDING

2.8.1 BEHAVIORAL CHANGE

Market Residential/Multifamily
Baseline Condition RF

Baseline Existing

End Use Category Whole Building

Measure Last Reviewed January 2023

Description

This measure covers enrollment in a residential behavioral program that is designed to encourage lower energy usage
through behavioral messaging. These behavioral messages can be periodic normative reports or messages that present the
customers with timely information on their energy usage and a call to action to reduce or save energy. Behavioral
messages can be delivered through many avenues, including paper, email, and text messages.

Because the characteristics of behavioral programs make them amenable to randomized, controlled trials, and because
New Jersey is expected to regularly evaluate its behavioral energy efficiency programs, use of evaluated savings estimates
is recommended. Evaluations should be conducted, and savings calculated in accordance with the NJ Evaluation
Guidelines: Behavioral Program Process and Impact Evaluations, Prepared by NJ Statewide Evaluator (SWE).

References

NJ Evaluation Guidelines: Behavioral Program Process and Impact Evaluations, Prepared by NJ Statewide Evaluator (SWE).
April 2023.
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2.8.2 HOME PERFORMANCE WITH ENERGY STAR (HPWES)

Market Residential/Multifamily
Baseline Condition RF

Baseline Existing

End Use Category Whole Building

Measure Last Reviewed January 2023

Description

This measure addresses whole building upgrades to residential and multifamily low-rise buildings compliant with the

Home Performance with Energy Star (HPWES) version 1.5 requirements [291]. In order to implement Home Performance

with ENERGY STAR, there are various standards, a program implementer must adhere to . The HPWES program

implemented in NJ uses software that meets national standards for savings calculations from whole-house approaches
such as home performance. The difference in modeled annual energy consumption between the program and existing

home is the project savings for heating, hot water, cooling, lighting, and appliance end uses.

The software the program implementer uses must adhere to at least one of the following standards:

e Asoftware tool whose performance has passed testing according to the National Renewable Energy Laboratory’s

HERS BESTEST software energy simulation testing protocol [292].
e Software approved by the US Department of Energy’s Weatherization Assistance Program [293].

e RESNET approved rating software [294].

There are numerous software packages that comply with these standards. Some examples of the software packages are

SnuggPro®[295], REM/Rate, EnergyGauge and TREAT.

References
[291] Home Performance with Energy Star (HPWES) version 1.5 requirements Program Requirements |
ENERGY STAR
[292] Information about BESTEST-EX can be found at http://www.nrel.gov/buildings/bestest- ex.html
[293] A listing of software approved by US DOE available at

https://www.energy.gov/scep/wap/weatherization-energy-audits

[294] A listing of the approved RESNET software available at https://www.resnet.us/providers/accredited-

providers/hers-software-tools/

[295] SnuggPro software https://snuggpro.com/

%9 SnuggPro uses the OptiMiser energy modeling engine
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https://www.energy.gov/scep/wap/weatherization-energy-audits
https://www.resnet.us/providers/accredited-providers/hers-software-tools/
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2.8.3 NEW CONSTRUCTION

Market Residential/Multifamily
Baseline Condition NC

Baseline Building Code

End Use Category Whole Building

Measure Last Reviewed January 2023

Description

This measure addresses high performance residential and multifamily new building design and construction. High
performance new construction projects must satisfy the requirements for ENERGY STAR certification following either the
Single-Family New Homes V3.1 program [296] or the Multifamily New Construction V1.1program [297], US DOE Zero
Energy Ready Home program [298], Passive House Institute US [299] or Passive House Institute [300].

High performance new construction projects in NJ shall estimate energy savings based on the difference in modeled
annual energy consumption between the proposed new building design and a minimally code compliant building of
equivalent area. Peak demand savings, if not reported by the software, should be calculated as a function of the energy
savings as shown below:

Where:
CF = cooling coincidence factor from Section 2.3.1
EFLHcooi= cooling equivalent full load hours from Section 2.3.1

Minimum energy performance requirements for all new construction projects are measured from IECC 2018/2021 or
ASHRAE 90.1-2016/2019 energy code baselines, which is dictated by when the project permit was pulled. Modeling
software requirements shall be dictated by the selected high performance new construction compliance program (i.e.,
those listed above). Energy and demand savings for measures included in the program but not modeled by the software
should be calculated using the appropriate TRM measure section.

References
[296] Energy Star V3.1 Single Family New Homes requirements
[297] Energy Star V1.1 Multifamily New Construction requirements
[298] DOE Zero Energy Ready Home (ZERH) Program requirements.
[299] Passive House Institute US requirements
[300] Passive House Institute requirements
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https://www.energystar.gov/partner_resources/residential_new/homes_prog_reqs/national_page
https://www.energystar.gov/partner_resources/residential_new/homes_prog_reqs/multifamily_national_page
https://www.energy.gov/eere/buildings/doe-zero-energy-ready-home-zerh-program-requirements
https://www.phius.org/
https://passivehouse.com/
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3 COMMERCIAL & INDUSTRIAL

3.1 AGRICULTURE

3.1.1 AUTO MILKER TAKEOFF

Market Commercial
Baseline Condition RF
Baseline Existing

End Use Subcategory Equipment

Measure Last Reviewed January 2023

Description

This section provides energy savings and demand savings algorithms for replacement of manual milker takeoffs with
automatic milker takeoffs on dairy milking vacuum pump systems. Automatic milker takeoffs have flow sensors which help
shut off the suction on teats once a minimum flow rate is achieved. This reduces the load on the vacuum pump.

Equipment with existing automatic milker takeoffs is not eligible. In addition, the vacuum pump system serving the
impacted milking units must be equipped with a variable speed drive (VSD) to qualify for incentives. Without a VSD, little
or no savings will be realized.

Baseline Case
Pre-existing manual takeoffs on constant speed dairy milking vacuum pump systems.

Efficient Case

Automatic milker takeoffs. Vacuum pump system serving the impacted milking units must be equipped with a variable
speed drive (VSD).

Annual Energy Savings Algorithms

Annual Electric Energy Savings

AKkWh = N_gys X AESC

Annual Fuel Savings

ATherms = N/A
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Peak Demand Savings

AkWipeogi = AkWh x ETDF

Daily Peak Fuel Savings

AThermspeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermsy;r, = N/A

Calculation Parameters

Table 3-1 Calculation Parameters

R S

AkWh Annual electric energy savings Calculated kWh/yr
AKkWpeak Peak Demand Savings Calculated kw
AkWh e Lifetime electric energy savings Calculated kWh
Ncows Number of cows milked per day Site specific Cows
AESC Annual energy savings per cow 34680 kWh/cow [302][303][304][305]
ETDF Energy to demand factor 0.00017 kW/kWh [306]
CF Electric coincidence factor Look up in Table 3-2 N/A
PDF Gas peak demand factor Look up in Table 3-2 N/A
EUL Effective useful life See Measure Life Section Years

8 Annual energy savings per cow was calculated based on the following assumptions.
. An average herd size of 102 cows [302]
. Typical dairy vacuum pump size of 10 HP per herd size [303]
. Average pump operating hours are estimated at 10 hours per day [304]
. A 12.5% Energy savings factor [305]
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Peak Factors

Table 3-2 Peak Factors

Electric coincidence factor (CF) N/A

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 10 years [301].

References
[301] Idaho Power Demand Side Management Report, Supplement 1. March 15, 2022.
https://docs.idahopower.com/pdfs/EnergyEfficiency/Reports/2021%20Supplement%201.pdf
[302] Chuck Nicholson, Mark Stephenson, Andrew Novakovic, Study to Support Growth and Competitiveness of

the Pennsylvania Dairy Industry, (2017) .
https://dairymarkets.org/PA/Growth _and Competitiveness Study DRAFT Final Report June 2018.pdf PA
Values were assumed to be similar to NJ Values because of the States’ close proximity.

[303] Average dairy vacuum pump size was estimated based on the Minnesota Dairy Project literature.

[304] Mark Mayer, David Kammel, Dairy Modernization Works for Family Farms (2008).
https://archives.joe.org/joe/20100ctober/pdf/JOE v48 5rb7.pdf.

[305] Public Utilities Commission of Pennsylvania, Technical Reference Manual: Volume 3: Commercial and

Industrial Measures (2019), Pg 298, https://www.puc.pa.gov/filing-resources/issues-laws-regulations/act-

129/technical-reference-manual/
[306] Regional Technical Forum (RTF) as part of the Northwest Power & Conservation Council, Deemed
Measures List. Agricultural: Variable Frequency Drives-Dairy, FY2012, V1.2.

https://rtf.nwcouncil.org/measure/dairy-milking-machines-vacuum-pump
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https://rtf.nwcouncil.org/measure/dairy-milking-machines-vacuum-pump

3.1.2 DAIRY PUMP VFD

Market Commercial
Baseline Condition NC/RF
Baseline Code/Existing

End Use Subcategory Control

Measure Last Reviewed January 2023

Description

Milking vacuum systems consume large amounts of electricity on dairy farms. A conventional system runs a vacuum pump
motor at full speed and a mechanical vacuum regulator creates an intentional air leak or “bleed” to regulate the system
pressure regardless of the amount of milk being pumped. When the system requires a higher level of vacuum, the
regulator closes and the vacuum level increases.

This measure modifies the milking vacuum system and installs a variable speed drive (VSD) to control the vacuum pump
motor. The VSD controls the speed of the vacuum pump motor, slowing it down when the milking units are attached to
the udders, reducing electrical power demand and saving electricity usage. A milking vacuum system controlled with a VSD

consists of three main parts: a three - phase electric motor, a VSD unit, and a differential pressure transducer. The VSD

modulates the vacuum pump motor speed based on the control signal from the differential pressure transducer. The
baseline for this measure reflects a standard vacuum pump motor operating at constant speed. If the motor is being
replaced as part of this measure, the “New Motor” efficiency in the Standard Motor Efficiency table below shall be used.
Otherwise, the “Existing Motor” efficiency shall be used.

Baseline Case

The baseline condition is a constant speed dairy vacuum pump with a motor size between 2.5-10hp that is controlled with
a mechanical vacuum regulator.

Efficient Case
The compliance condition is a dairy vacuum pump with a variable speed drive installed.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

hp X LF x 0.746
Eff

AkWh = [( ) —(0.05%x2x MU+ 1.7729) | X hrs

Annual Fuel Savings

ATherms = N/A
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Peak Demand Savings

hp X LF X 0.746
Eff

AkWpogre = [( ) —(0.05 x 2 x MU + 1.7729)] X CF

Daily Peak Fuel Savings

AThermspeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AWhy;se = AkWh X EUL

Lifetime Fuel Savings

AThermspir, = N/A

Calculation Parameters

Table 3-3 Calculation Parameters

e o e

AkWh Annual electric energy savings Calculated
AKkWpeak Peak Demand Savings Calculated
AkWh e Lifetime electric energy savings Calculated

Site-specific (limited to 10hp or
hp Rated horsepower of vacuum pump motor P ( P

lesser)
Site-specific, if unknown:
MU Number of milking units equipped with a 5 hp motor =3 MU
vacuum pump and controlled by VSD 7.5hp motor =12 MU
10 hp motor =22 MU
LF Average load factor for a constant speed Site-specific, if unknown use
vacuum pump 0.76
Site-specific, if unknown look u
Eff Rated pump motor efficiency P . P
in Table 3-4
. Site-specific, if unknown use
hrs Annual hours of pump operation
4,380
0.746 Conversion factor from kW to hp 0.746

0.05 Regression coefficient for the average 0.05
’ speed of a VSD and processed milk units ’

2 Air flow rate of milking unit 2

kWh/yr

kw

kWh

hp

N/A

N/A

N/A

hours

kW/hp

N/A

CFM

[307]

[308][309]

[310]

[313]

[313]
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e ommn e s

Regression constant for the average speed
1.7729 . . 1.7729 N/A [313]
of a VSD and processed milk units

CF Electric coincidence factor Look up in Table 3-5 N/A
PDF Gas peak demand factor Look up in Table 3-5 N/A
EUL Effective useful life See Measure Life Years

Table 3-4 Standard Motor Efficiency

Motor Classification m Existing Motor m

Milk: Vacuum Pump with Adjustable Speed Drive Package — 5 HP 87.5% 89.5%
Milk: Vacuum Pump with Adjustable Speed Drive Package — 7.5 HP 7.5 88.5% 91.7%
Milk: Vacuum Pump with Adjustable Speed Drive Package — 10 HP 10 89.5% 91.7%

Peak Factors

Table 3-5 Peak Factors

Electric coincidence factor (CF) 0.4 [311]

Natural gas peak day factor (PDF) N/A

Measure Life

Table 3-6 Measure Life

Dairy Pump VFD [312]

References

[307] Cascade Energy. “Proposed Standard Savings Estimation Protocol for Ultra-Premium Efficiency Motors.”
Table 6: Load Factor by Nameplate hp and End Use. November 5, 2012.
https://nwcouncil.app.box.com/s/fkxkcwm1is88dnttb8ve7eb5rhs9ghmv

[308] The Energy Independence and Security Act of 2007 (EISA), 1800 RPM, TEFC assumed as typical for Dairy
vacuum pump motors, see https://www.govinfo.gov/content/pkg/PLAW-110publ140/pdf/PLAW-110publ140.pdf
[309] US Department of Energy, Office of Energy Efficiency & Renewable Energy, “Premium Efficiency Motor

Selection and Application Guide: A Handbook for Industry”. Table 2-1. 1800 RPM, TEFC assumed as typical for
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https://nwcouncil.app.box.com/s/fkxkcwm1is88dnttb8ve7eb5rhs9qhmv
https://www.govinfo.gov/content/pkg/PLAW-110publ140/pdf/PLAW-110publ140.pdf

Dairy vacuum pump motors,
https://www.energy.gov/sites/prod/files/2014/04/f15/amo_motors handbook web.pdf
[310] Assuming 2 milking and cleaning sessions per day, 5 hours per milking session, 1 hour per cleaning

session, and 365 days of milking per year.

[311] Regional Technical Forum (RTF) as part of the Northwest Power & Conservation Council, Deemed
Measures List. Agricultural: Variable Frequency Drives-Dairy, FY2012, V1.2.
https://rtf.nwcouncil.org/measure/dairy-milking-machines-vacuum-pump/

[312] California Public Utilities Commission EUL Table, version 027 (updated November 12, 2022). Accessed
December 30, 2022. https://www.caetrm.com/shared-data/value-table/EUL/
[313] Sanford, Scott (University of Wisconsin—Madison). “Milking System Air Consumption When Using a

Variable Speed Vacuum Pump”, Figure 2. The regression coefficient of 0.0018 LPM is converted into 0.05 CFM.

An air leakage rate of 2 CFM is chosen as a conservative estimate for which to perform regression analysis.
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3.1.3 DAIRY REFRIGERATION TUNE UP

Market Commercial
Baseline Condition RF

Baseline Existing

End Use Subcategory Maintenance

Measure Last Reviewed January 2023

Description

This section provides energy savings and demand savings algorithms for tune-ups on all refrigeration equipment in
commercial-grade dairy settings with the intention being to reduce electrical consumption.

Baseline Case

Refrigeration equipment associated with a commercial-grade dairy farm facility that has not been inspected or tuned up in
more than 12 months.

Efficient Case

The efficient condition is refrigeration equipment associated with a commercial-grade dairy farm facility that has been
inspected and tuned up by a U.S. EPA 608 Certified Service Provider. The certified technician must abide by all rules and
regulations related to refrigerant testing and safety protocol and must conduct the following tasks:

e Clean and inspect condenser and evaporator coils;

e Clean drain pan;

e Inspect/clean fans, screens, grills, filters, and drier cores;
e Inspect/adjust heat reclaim operation;

e Tighten all line voltage connections;

e Inspect/replace relays and capacitors as needed; and

e Add/remove refrigerant charge as needed.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

Ncows X lbsmilk X Cp,milk X AT
AEER x 1,000

AkWh = X SF

Annual Fuel Savings

ATherms = N/A
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Peak Demand Savings

AkWpeqr = N/A

Daily Peak Fuel Savings

AThermspeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermsy;r, = N/A

Calculation Parameters

Table 3-7 Calculation Parameters

R S

AkWh Annual electric energy savings
AKWhje Lifetime electric energy savings
Ncows Number of cows
lbs Average pounds of milk produced per cow per
milk year
Co,milk Specific heating capacity of milk
Difference in temperature between milk
AT entering the bulk tank and final stored
temperature of cooled milk
SF Energy savings factor
AEER Annual energy efficiency ratio of refrigeration
compressor
1,000 Conversion from watts to kilowatts
CF Electric coincidence factor
PDF Gas peak demand factor
EUL Effective useful life

Calculated
Calculated
Site-specific

Site-specific, if unknown
use 19,800

0.94

Look up in Table 3-8

0.05

15.39

1,000
Look up in Table 3-9
Look up in Table 3-9

See Measure Life Section

kWh/yr
kWh

N/A

Lbs/yr

Btu/Ib-°F

°F

N/A

Btu/watt-hr

W/kwW
N/A
N/A

Years

[314]

[315]

[316][317]

[318]

[317]
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Table 3-8 Milk Temperature Differential (°F)

Type of cooling Temperature (°F)

No pre-cooler used in operation 60
Pre-cooler used 30
Pre-cooler unit and VFD Pump are used 18.3

Peak Factors

Table 3-9 Peak Factors

Electric coincidence factor (CF) N/A

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 1 year [317].
References

[314] New Jersey Dept of Agriculture, 2021 Annual Report and Agricultural Statistics. (2021), page 21.
https://www.nass.usda.gov/Statistics by State/New Jersey/Publications/Annual Statistical Bulletin/2021/2021
AnnualReportFinal.pdf

[315] Hu, Jin & Sari, Osmann & Eicher, Sara & Rakotozanakajy, Rija, Determination of specific heat of milk at
different fat content between 1°C and 59°C using micro DSC. (JOURNAL OF FOOD ENGINEERING,2009).

[316] Scott Sanford, Well water precoolers. (Energy Conservation in Agriculture,2003), Pg 1,
https://cdn.shopify.com/s/files/1/0145/8808/4272 /files/A3784-03.pdf

[317] Sanford, Scott (University of Wisconsin—Madison). “Well Water Precoolers.” Publication A3784-3.
October 2003. http://learningstore.uwex.edu/Assets/pdfs/A3784-03.pdf

[318] Best Management Practices for Dairy Farms (Massachusetts Farm Energy Program, 2012), Pg 30,

https://massfarmenergy.com/wp-content/uploads/2014/03/Dairy%20Farms%20Best%20Practices.pdf
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3.1.4 DAIRY SCROLL COMPRESSOR

Market Commercial
Baseline Condition RF
Baseline Existing

End Use Subcategory Equipment

Measure Last Reviewed January 2023

Description

This measure covers the replacement of reciprocating compressors with scroll compressors in milk cooling dairy farm
applications. A scroll compressor is a device used to compress refrigerant and is more efficient and reliable than traditional
reciprocating compressors. Scroll compressors are now the predominant compressor type sold on the market in these
applications; therefore, this measure is only applicable in retrofit scenarios. Lifecycle savings are calculated through the
end of the remaining life of the existing compressor.

Baseline Case

The baseline condition for this measure is a dairy operation using a reciprocating compressor for milk cooling.
Efficient Case

The compliance condition is the replacement of a reciprocating compressor with a scroll compressor for milk cooling.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

tu/hg 1
AKWh = ———— X Ibs ;5 X ><AT><O.93><< )—
Btufhyyey itk 7 COWS EER, x 1,000 (EERq x 1,000)]
Where,

Btu/h

EER, = #

q

Btu/h

EER, = /hy

b

If EERp is unknown use

EER» = 0.85 X EERq

Annual Fuel Savings

ATherms =N/A
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Peak Demand Savings

Daily Peak Fuel Savings

AkWh

AleWpear = geg X

CF

AThermsSpeqr = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

Calculation Parameters

AkWhLife = AkWh X EUL

ATherms;;r, = N/A

Table 3-10 Calculation Parameters

I

AkWh Annual electric energy savings Calculated kWh/yr
AkWpeak Peak Demand Savings Calculated kw
AKWhje Lifetime electric energy savings Calculated kWh

Nameplate Btu/h of installed scroll . .
Btu/hq Site-specific Btu/h
compressor
Total cooling capacity of compressors on . .
Btu/hiotal ) Site-specific Btu/h
dairy farm
Nameplate Btu/h of existing recip . .
Btu/hy Site-specific Btu/h
compressor
Average pounds of milk produced per cow

DS it gep P P 19,800 Ib [319]

per year

cows Number of milking cows on farm Site-specific N/A

Difference in temperature between the
AT milk entering the bulk tank and final stored Look up in Table 3-11 (°F) [320]
temperature of cooled milk
Nameplate wattage of existing . .
W, . . Site-specific watts
reciprocating compressor
Nameplate wattage of installed scroll . .
W, Site-specific watts

compressor
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T

Energy efficiency ratio of scroll compressor Btu/h
EERq Calculated [321]
based on nameplate Btu/h and wattage watts
Energy efficiency ratio of reciprocating
Btu/h
EERp compressor based on nameplate Btu/h and Calculated m [321]
wattage watts
0.93 Specific heat of milk 0.93 Btu/lb-°F [322]
1,000 Conversion Factor kW to watts 1,000 Kw/watts
8,760 Hours in one year 8,760 hours
CF Electric coincidence factor Look up in Table 3-12 N/A
PDF Gas peak day factor Look up in Table 3-12 N/A
EUL Effective useful life See Measure Life Section Years

Table 3-11 Difference in temperature for various equipments

I = R R

No Pre-Cooler 60
Standard Pre-Cooler 30
Variable Speed Pre-Cooler 18.3

Peak Factors

Table 3-12 Peak Factors

Electric coincidence factor (CF) 1

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is limited to the Remaining Useful Life (RUL) of the existing compressor with a default value
of 4 years.

References

[319] USDA, National Agricultural Statistics Service, 2021 Annual Report and Agricultural Statistics, pg. 21.
https://www.nass.usda.gov/Statistics by State/New Jersey/Publications/Annual Statistical Bulletin/2021/2021
AnnualReportFinal.pdf
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[320] Sanford, Scott (University of Wisconsin—Madison). Energy Efficiency for Dairy Enterprises. Presentation to
Agricultural and Life Sciences Program staff. It was determined that a plate cooler alone can reduce milk
temperature to 68 °F and a plate cooler paired with a milk transfer pump VSD can reduce milk temperature to
56.3 °F. The additional benefits of the milk transfer pump VSD over the plate cooler is 11.7 °F. Milk is stored at
38°F, therefore 56.3°F-38°F=18.3°F. December 2014.
https://aeeibse.wp.prod.es.cloud.vt.edu/wp-content/uploads/2018/01/EC-for-Dairy-Enterprises-Nov-2017.pdf

[321] Massachusetts Farm Energy Best Management Practices for Dairy Farms, United States Department of
Agriculture (USDA), Natural Resource Conservation Service (NRCS), 2012.
https://massfarmenergy.com/wp-content/uploads/2014/03/Dairy%20Farms%20Best%20Practices.pdf

[322] 2018 ASHRAE Handbook — Refrigeration, Specific heat of whole milk, Table 3: Unfrozen Composition
Data, Initial Freezing Point, and Specific Heat of Foods.
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3.1.5 LIVESTOCK WATERER

Market Commercial
Baseline Condition EREP/TOS/NC
Baseline Existing/ISP/Dual

End Use Subcategory Equipment

Measure Last Reviewed January 2023

Description

This measure covers the installation of energy-efficient livestock waterers. A livestock waterer provides clean drinking
water for livestock. Regular livestock waterers employ the use of large electric resistance heaters to prevent water from
freezing. Energy efficient livestock waterers use super insulation (insulation of at least 2 inches) to maintain water
temperature above freezing temperature.

Baseline Case

Early replacement (EREP) of an existing livestock waterer: First baseline, for remaining useful life of existing equipment:
Electrically heated livestock waterer with no insulation. Second baseline, for remainder of measure life: Industry standard
practice (ISP).

Time of sale (TOS) of an existing livestock waterer: Industry standard practice (ISP).
Addition of a new (NC) livestock waterer: Industry standard practice (ISP).
Efficient Case

Energy efficient livestock watering system that is thermostatically controlled and has factory-installed insulation with a
minimum thickness of 2 inches.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

W, — W,
AkWh = W X hrs X Fruntime

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWpeqr = N/A
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Daily Peak Fuel Savings

AThermsSpeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

AkWhLife = AkWh X EUL

AThermsy;r, = N/A

Lifetime Electric Energy Savings

AkWhyire = (AkWh against existing baseline) X RUL + (AkWh against ISP baseline) X (EUL — RUL)

Lifetime Fuel Savings

Calculation Parameters

AkWh

AkWh Life

Wh

Wy

hrs

I:runtime

CF
PDF
EUL

RUL

AThermsy;re = N/A

Table 3-13 Calculation Parameters

I

Annual electric energy savings

Lifetime electric energy savings

Rated wattage of baseline livestock waterer

heating element

Rated wattage of efficient livestock waterer

heating element

Annual hours of operation during the
winter when temperature is below 32°F

Fraction of heater runtime

Electric coincidence factor
Gas peak day factor

Effective useful life

Remaining useful life of existing unit

Calculated
Calculated

Site-specific. If unknown:
Existing: 1,100W
ISP: 500W

Site-specific
Site-specific. If unknown,
look up in Table 3-15
0.8
Look up in Table 3-15
Look up in Table 3-15
See Measure Life Section

See Measure Life Section

kWh/yr

kWh

Watts

Watts

hrs

N/A

N/A

N/A
Years

Years

[323]

[324]

[325]
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Table 3-14 Annual operating hours

Climate Zone Hours below 32°F

Northern 1337
Southern 1220
Coastal 583
Central 1069
Pine Barrens 1021

Peak Factors

Table 3-15 Peak Factors

Electric coincidence factor (CF) N/A [327]

Natural gas peak day factor (PDF) N/A
Measure Life

The effective useful life (EUL) is 10 years [326]. For early replacement projects, if the remaining useful life (RUL) of the
existing equipment is unknown, assume 1/3 of the EUL = 3.3 years.

References
[323] New York Standard for Estimating Energy Savings from Energy Efficiency Programs Version 10. (New York
State Joint Utilities, 2021), pg 385.
[324] Based on TMY3 data for various climate zones in New Jersey.
[325] The Regional Technical Forum (RTF) analyzed metered data from three baseline livestock waterers and

found the average run time of electric resistance heaters in the waterers to be approximately 80% for average
monthly temperatures similar to Pennsylvania climate zones. This run time factor accounts for warmer make-up
water being introduced to the tank as livestock drinking occurs. Dairy Milking Machines Vacuum Pump Variable
Frequency Drive. n.d. Rtf.nwcouncil.org. Accessed January 13, 2023. https://rtf.nwcouncil.org/measure/dairy-

milking-machines-vacuum-pump/

[326] State of Wisconsin, Focus on Energy Evaluation, Business Program: Measure Life Study Final Report:
Appendix B (August 25, 2009).
https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal evaluationreport.pdf

[327] No demand savings are expected for this measure, as the energy savings occur during the winter
months.
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3.1.6 LOW PRESSURE IRRIGATION

Market Commercial
Baseline Condition RF
Baseline Existing

End Use Subcategory Control

Measure Last Reviewed January 2023

Description

This section provides energy and demand savings algorithms for the installation of a low-pressure irrigation system, which
reduces the amount of energy required to apply the same amount of water as a baseline system.

The amount of energy saved per acre is a factor of the number of nozzles, the amount of water applied, the actual
reduction in operating pressure, the pumping plant efficiency, and sprinkler or micro irrigation system conversions made
to the system.

This measure requires a minimum 50% decrease in irrigation pumping pressure through the installation of a low-pressure
irrigation system in agriculture applications. Pressure reduction can be achieved in several ways, such as nozzle or valve
replacement, sprinkler head replacement, alterations or retrofits to the pumping plant, or drip irrigation system
installation. Pre and post retrofit pump pressure measurements are required.

Baseline Case

High-pressure irrigation system with a baseline pump pressure, must be measured and recorded prior to installing low-
pressure irrigation equipment.

Efficient Case

Low-pressure irrigation system in agriculture applications with a minimum of 50% reduction in pumping pressure.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

AkWh =

{Ngcres x (PSI, — PSI,) X GPM} y (0.746 kW) « HRS

1,714 X Ef frotor HP

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWhpeogi = AkWh x ETDF
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Daily Peak Fuel Savings

AThermSpeqr = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

AkWhLife = AkWh X EUL

AThermsy;r, = N/A

Calculation Parameters

AkWh
AkWPeak

A kW h Life

Nacres

PSlp

PSl,

GPM

HRS

EfmeIOI‘

0.746

1,714

EDTF

CF

PDF

Table 3-16 Calculation Parameters

N

Annual electric energy savings
Peak Demand Savings
Lifetime electric energy savings
Number of acres irrigated

Baseline pump pressure, must be measured
and recorded prior to installing low-pressure
irrigation equipment

Installed pump pressure, must be measured
and recorded after the installation of low-
pressure irrigation equipment by the installer

Pump flow rate per acre

Average irrigation hours per growing season

Pump motor efficiency

Conversion from kW to HP

Constant used to calculate hydraulic
horsepower for conversion between
horsepower and pressure and flow

Energy to Demand Factor

Electric coincidence factor

Gas peak demand factor

Calculated
Calculated
Calculated

Site-specific

Site-specific

Site-specific

Site-specific

Site-specific

Site-specific, if unknown
look up in Table 3-17

0.746

1,714

0.0026

Look up in Table 3-18

Look up in Table 3-18

kWh/yr
kw
kWh

Acres

Pounds per
square inch (psi)

Pounds per
square inch (psi)

Gallons Per

Minute (GPM)
/acre

Hours

N/A [328]

kW/HP

PSI x GPM/HP

[330]

kW/kWh 331]
N/A
N/A
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Effective useful life
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200

See Measure Life Section

Table 3-17 Motor Baseline Efficiencies

4 Pole (1800 RPM)

Motor Nominal Full-Load Efficiencies (percent)

6 Pole (1200 RPM)

Years

8 Pole (900 RPM)

86.5

86.5

89.5

89.5

91.7

91.7

924

93.0

93.6

93.6

94.1

94.5

95.0

954

954

954

95.8

96.2

86.5

86.5

89.5

89.5

91.0

91.7

93.0

93.0

93.6

94.1

94.1

94.5

95.0

95.0

95.4

95.4

95.8

95.8

87.5

88.5

89.5

89.5

91.0

91.0

91.7

91.7

93.0

93.0

94.1

94.1

94.5

94.5

95.0

95.0

95.8

95.8

86.5

87.5

88.5

89.5

90.2

91.7

91.7

92.4

93.0

93.6

94.1

94.1

94.5

94.5

95.0

95.0

95.4

95.4

78.5

84.0

85.5

86.5

86.5

89.5

89.5

90.2

90.2

91.7

91.7

92.4

92.4

93.6

93.6

94.1

94.1

94.5

77.0

86.5

87.5

88.5

89.5

90.2

90.2

91.0

91.0

91.7

91.7

92.4

93.0

94.1

94.1

94.1

94.1

94.1
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Peak Factors

Table 3-18 Peak Factors

Electric coincidence factor (CF) N/A

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is 5 years [329].
References

[328] Energy Conservation Program: Energy Conservation Standards for Commercial and Industrial Electric
Motors; Final Rule: 79 Federal Register 103 (2014) https://www.gpo.gov/fdsys/pkg/FR-2014-05-29/html/2014-
11201.htm

[329] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table
for 2020, http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx Accessed
January 2023.

[330] Kanagy, Pamela K., Farm and Ranch Irrigation. Pennsylvania Agricultural Statistics, 2009-2010.
https://www.nass.usda.gov/Statistics by State/Pennsylvania/Publications/Annual Statistical Bulletin/2009 201
0/fris.pdf. Accessed January 2023.

[331] Irrigation Water Withdrawals, 2015 by the U.S. Geological Society. Table 7.
https://pubs.usgs.gov/circ/1441/circ1441.pdf. Accessed January 2023.
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3.1.7 VENTILATION FANS

Market Commercial
Baseline Condition TOS/NC/EREP
Baseline Existing/Dual

End Use Subcategory Equipment

Measure Last Reviewed January 2023

Description

This measure is applicable to the installation of high speed, high efficiency fans and high-volume low speed (HVLS) fans
installed in agricultural applications. For the purposes of this measure, a high speed fan shall consist of the blade and
motor assembly. Ventilation, exhaust and circulating high speed fans improve animal comfort, control moisture and
maintain indoor air quality for livestock and other agricultural applications. Variable frequency drives (VFD) may be
installed along with high speed fans to increase energy savings and the associated savings are quantified by this
methodology. If VFD savings are claimed via this measure, additional savings may not be claimed for VFDs utilizing a
separate methodology. Qualifying fans must be rated by an Air Movement and Control Association (AMCA) accredited
laboratory such as Bioenvironmental and Structural Systems (BESS) Laboratories.®!

Baseline Case
The baseline condition for this measure is a standard efficiency exhaust, ventilation or circulating fan.

Efficient Case

The compliance condition for this measure is a high speed exhaust, ventilation, circulating, of HVLS fan that meets or
exceeds the minimum efficiency requirements.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

Exhaust and Ventilation Fans:

CFM,  CFM, % F
(CFM/W), (CFM/W), "~ "VFPa
AkWh = 1000 X hrs

Internal circulation fans and HVLS fans:

61 BESS Laboratories is a research, product testing, and educational laboratory at the University of Illinois.

244



Ibfy  lbf,
(Ibf /kW),  (Ubf/kW)q

AkWh = < X FVFD,q) X hrs

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

Daily Peak Fuel Savings

AThermsSpeq, = N/A

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhy; e = AkWh X EUL

Lifetime Fuel Savings

AThermsyir, = N/A
Dual:

Lifetime Electric Energy Savings

AkWh’Life = AkWhEREP X RUL + AkWhNR X EUL

Lifetime Fuel Savings

AThermsy;r, = AThermsgrpp X RUL + AThermsyg X EUL

Calculation Parameters

Table 3-19 Calculation Parameters

VELEL Description Value mm

AkWh Annual electric energy savings Calculated kWh/yr
AkWpeak Peak Demand Savings Calculated kw
AkWhyige Lifetime electric energy savings Calculated kWh
CFMy Cubic feet per minute of existing fan Site-specific®?, if unknown use CFM, Ft3/min [335]

62 |ook up from BESS Labs database based on manufacturer and model number.
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CFMq Cubic feet per minute of installed fan Site specific Ft3/min
Site-specific, if unknown look up in
(CFM/W)q Ventilating efficiency ratio of installed fan P P CFM/W
Table 3-20
Site-specific, if unknown look up in
(Ibf/kW),q Thrust efficiency ratio of installed fan P P Lbf/kW
Table 3-20
(CFM/W), Ventilating efficiency ratio of existing fan Look up in Table 3-20 CFM/W
(Ibf/kW)s Thrust efficiency ratio of existing fan Look up in Table 3-20 Lbf/kwW
Ibfy, Thrust of existing fan Site specific®®, if unknown use lbf, Lbs/force [335]
Ibfq Thrust of installed fan Site-specific Lbs/force
Reduced consumption resultant from VFD .
Fyrp,q Look up in Table 3-21 N/A [333]
control
Hrs Operating hours Look up in Table 3-22 Hours
CF Electric coincidence factor Look up in Table 3-23 N/A
PDF Gas peak demand factor Look up in Table 3-23 N/A
EUL Effective useful life See Measure Life Section Years

Table 3-20 Baseline and Efficient Condition Efficiencies

Fan Diameter

Circulation, Ventilation and Circulating Fans Circulation, Ventilation and Circulating Fans
Exhaust Fans (CFM/W) (Ibf/kW) Exhaust Fans (CFM/W) (Ibf/kW)
24”7-35” 9.4 10.5 14.0 15.0
36”-47" 12.2 12.9 17.0 20.0
48”-52" 15.1 19.8 19.9 24.2
53"+ 16.7 20.8 22.0 24.6

Table 3-21 VFD Factor

No VFD 1.00

63 look up from BESS Labs database based on manufacturer and model number.

64 Default baseline efficiency was determined by calculating the 10th percentile of the efficiencies of all fans in the active BESS Labs database for the
respective fan diameter ranges. Many low efficiency fans are often not tested by BESS Labs, therefore the average tested fan is more efficient than the
average market available fan. Ventilation and exhaust fan CFM and circulating fan Ibf represent the averages of each diameter range, regardless of fan
efficiency. The database includes single and three phase fans at four voltages.

8 Minimum qualifying fan efficiency is equivalent to the 75th percentile of all BESS Labs tested in the respective fan diameters. The database includes
single and three phase fans at four voltages
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Greenhouse

Poultry/Livestock

Table 3-22 Operating Hours

0.64

0.75

Circulating/HVLS Fan Hours®® Exhaust/Ventilation Fan Hours®’

Northern 4,362
Southern 4,632
Coastal 5,017
Central 4,636
Pine Barrens 4,684
Peak Factors

Table 3-23 Peak Factors

6,570
6,570
6,570
6,570

6,570

Peak Factor Ref

[334]

Electric coincidence factor (CF)

Natural gas peak day factor (PDF)

Measure Life

1.0

N/A

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

Table 3-24 Measure Life

Ventialtion Fans

References

[332]

[332] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table
for 2020, http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx.

66 Default hours are developed from NOAA hourly normals by summing annual hours dry bulb temperature is above 502F; NOAA National Centers for

Environmental information — NCEI 2010 Hourly Normals

57 Exhaust/Ventilation fans are assumed to operate 75% of total annual hours (8,760 x 0.75 = 6,570)
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[333] Teitel, M. & Levi, Asher & Zhao, Yun & Barak, Moti & Bar-lev, Eli & Shmuel, David. (2008). Energy saving
in agricultural buildings through fan motor control by variable frequency drives. Energy and Buildings. 40. 953-
960. 10.1016/j.enbuild.2007.07.010

[334] New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs —
Residential, Multi-Family, and Commercial/Industrial Measures. January 1, 2023.

[335] Circulating Fans, Bioenvironmental and Structural Systems Laboratory, University of Illinois, Department
of Agricultural and Biological Engineering, Accessed January 12, 2023. Available from: http://bess.illinois.edu/
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3.1.8 HEAT RECLAIMERS

Market Commercial
Baseline Condition RF
Baseline Existing

End Use Subcategory Equipment

Measure Last Reviewed January 2023

Description

This measure covers the installation of a refrigeration heat recovery (RHR) system on bulk tank compressors on dairy
farms. Heat recovery systems recover waste heat from bulk tank compressors used in milk cooling processes. This waste
heat is used to pre-heat water before it is transferred to a water heater, thus reducing the load of the water heater. Hot
water is used in various farm applications such as cleaning and livestock watering.

There are two methods of calculating savings. One is to calculate the amount of energy that can be recovered by the heat
recovery system in the milk cooling process. This method is reflected in the ABTUmik equation. The second method is to
calculate the energy required to heat the water in the storage tank to the set point. This method is reflected in the
ABTUhr, equation. The smaller of the two shall be selected. If ABTUmii is smaller than ABTUnry, this implies that the energy
recovered by the heat recovery system is not sufficient to fully heat the water to the setpoint, and therefore represents
the upper limit of savings. If ABTUnr is smaller than ABTUmik this implies the energy required to heat the water to the
setpoint is less than the energy that is recovered by the heat recovery system, and therefore represents the upper limit of
savings.

Baseline Case

Baseline condition for this measure is a dairy farm without a heat recovery system to feed preheated water to the water
heater.

Efficient Case

The efficient condition is a dairy farm with a heat recovery system to preheat water to the waterheater.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

MIN[ABTU, . or ABTUy,]

AkWh =
3,412 X E¢ giec

Where,
ABTUmilk = lbsmilk X cows X ATmilk X 0.93 X ESF

ABT Uy = Vi X ATyqter X 8.33 X 365 X cows
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ATyater = Tset — Trmain

Annual Fuel Savings

MIN[ABTU,py;y, 0r ABTUpy,]

Peak Demand Savings

ATherms =
erms 100,000 X E, uer
AkWh
Ak Peak — hrs X

Daily Peak Fuel Savings

AThermSpeq, = ATherms X PDF

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhy; e = AkWh X EUL

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL

Calculation Parameters

Table 3-25 Calculation Parameters

N S

AkWh
ATherms
AKWopeak
AThermspeak
AkWhjte
AThermsyire

ABTUmii

ABTUpry

ATwater

Lbsmilk

Cows

Annual electric energy savings Calculated kWh/yr
Annual fuel savings Calculated Therms/yr
Peak Demand Savings Calculated kw
Daily peak fuel savings Calculated Therms/day
Lifetime electric energy savings Calculated kWh
Lifetime fuel savings Calculated Therms
Recoverable energy from milk cooling process Calculated Btu
Required energy to heat water in the storage tank
] Calculated Btu
unit to set temperature
Change in water temperature attributable to heat
Calculated °F
recovery system
Average pounds of milk produced per cow per year 19,800 Lbs/yr [336]
Average number of cows milked per day Site-specific cow/day
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I S R

ATmllk

ESF

Vhru

Tset

Tmain

Et,elec

Et,fuel

Hrs

0.93

8.33

3,412

100,000

CF

PDF

EUL

Difference in temperature between milk entering the
bulk tank and final stored temperature of cooled milk

Energy Savings Factor

Volume of hot water for washing and cleaning per day
per cow, in gallons

Expected temperature an RHR unit can pre-heat well
water up to

Water main inlet temperature

Thermal efficiency of electric water heater

Thermal efficiency of fossil fuel water heater

Hours per year

Specific heat of milk

Energy required to heat one gallon of water by one
degree

Conversion factor BTU to kWh
Conversion factor BTUs to Therms
Electric coincidence factor
Gas peak day factor

Effective useful life

Look up in Table 3-26

0.4

Site specific, if unknown use
6.3gal/cow/day

Site-specific, if unknown
look up in Table 3-27

Look up in Table 3-28

Site-specific, if unknown use
0.98

Site-specific, if unknown use
0.8

Site-specific, if unknown use
2,920

0.93

8.33

3,412
100,000

Look up in Table 3-29

Look up in Table 3-29

See Measure Life Section

Table 3-26 Difference in Milk Temperature (ATmik °F)

No Pre-Cooler Standard Pre-Cooler Variable Speed Pre-Cooler

60 °F 30°F

Table 3-27 RHR Setpoint Temperature (Tset)

Fully condensing RHR system Desuperheater RHR condenser

130 °F

105 °F

Table 3-28 Cold Water Inlet Temperature (Tmain)

Annual Average Outdoor Temperature

NJ Climate Region

(°F)

[338]
N/A [339]
Gal/cow/day [340]
°F [339]
°F (341]
N/A [343]
N/A [344]
Hrs/yr [342]
BTU/Ib °F
BTU
BTU/kWh
BTU/Therm
N/A
N/A
Years

18.3 °F

Tmain (OF)

Northern 50.75

56.75
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. . Annual Average Outdoor Temperature
NJ Climate Region °F) Trmain (°F)

Southern 52.37 58.37
Coastal 54.29 60.29
Central 52.45 58.45

Pine Barrens 52.44 58.44

Peak Factors

Table 3-29 Peak Factors

Electric coincidence factor (CF) 0.8 N/A

Natural gas peak day factor (PDF) See

Measure Life

The effective useful life (EUL) is 14 years. [336]

References
[336] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table
for 2020, http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx.
[337] New Jersey Dept of Agriculture, 2021 Annual Report and Agricultural Statistics. (2021), page 21.
2021AnnualReportFinal.pdf (usda.gov)
[338] Sanford, Scott (University of Wisconsin—Madison). “Well Water Precoolers.” Publication A37843. October

2003. It was determined that a plate cooler alone can reduce milk temperature to 68 °F and a plate cooler paired
with a milk transfer pump VSD can reduce milk temperature to 56.3 °F. The additional benefits of the milk
transfer pump VSD over the plate cooler is 11.7 °F. Milk is stored at 38°F, therefore 56.3°F-38°F=18.3°F.

[339] Delaval. “Dairy Farm Energy Efficiency”. (April 20, 2011.) A heat recovery system can recover 20%-60%
of the energy required in the milk cooling process.

[340] “Water Use on Dairy Farms.” 2011. MSU Extension. 2011
https://www.canr.msu.edu/news/water use on dairy farms.

[341] Burch, Jay, and Craig Christensen. n.d. “TOWARDS DEVELOPMENT of an ALGORITHM for MAINS WATER
TEMPERATURE.”
https://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_heaters/AlgorithmFo

rMainsWaterTemperature.pdf.

[342] “Dairy Farm Energy Management Guide: California.” n.d. Www.energy.wsu.edu. Accessed January 12,
2023. https://www.energy.wsu.edu/Energylibrary/AgricultureMatters/CatalogltemDetail.aspx?id=429.

[343] 10 CFR 430 Subpart B Appendix E — Uniform Test Method for Measuring the Energy Consumption of
Water Heaters: 6.3.2 Recovery Efficiency. https://www.ecfr.gov/current/title-10/chapter-Il/subchapter-D/part-
430/subpart-B#p-Appendix-E-to-Subpart-B-of-Part-430(6.)(6.3)(6.3.2).
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3.1.9 ENGINE BLOCK HEATER TIMER

Market Commercial
Baseline Condition RF
Baseline Existing

End Use Subcategory Control

Measure Last Reviewed January 2023

Description

This section provides energy savings algorithms for the installation of timers used to control engine block heaters on
existing farm equipment. Engine block heaters are generally used during cold weather to warm an engine prior to use.
Block heaters without automation are typicially plugged in throughout the night. Using timers allows the heater to come
on at a preset time rather than being on throughout the night. There are no peak demand savings associated with this
measure since it does not affect peak period usage.

Baseline Case

Engine block heater without a timer that is manually controlled.
Efficient Case

Engine block heater controlled by a timer.

Annual Energy Savings Algorithms

Annual Electric Energy Savings

Wheater

AkWh = 1,000

X (hrs, — hrsy) X Days X UF

Annual Fuel Savings

ATherms = N/A

Peak Demand Savings

AkWpeqr = N/A

Daily Peak Fuel Savings

AThermspeq, = N/A
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Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

AkWhLife = AkWh X EUL

Lifetime Fuel Savings

AThermsy;r, = N/A

Calculation Parameters

Table 3-30 Calculation Parameters

I T

AkWh Annual electric energy savings Calculated
AKkWhje Lifetime electric energy savings Calculated
Wheater Wattage of engine block heater Site-specific, if unknown use 1,300
hrsy Baseline hours of use per day Site-specific, if unknown use 12
hrsq Energy efficient hours of use per day Site-specific, if unknown use 3
Days Days of use per year Site-specific, if unknown use 65
UF Usage Factor Site-specific, if unknown use 0.97
CF Electric coincidence factor Look up in Table 3-31
PDF Gas peak demand factor Look up in Table 3-31
EUL Effective useful life See Measure Life Section
Peak Factors

Table 3-31 Peak Factors

kWh/yr
kWh
w
Hrs/day
Hrs/day
Days/yr
N/A
N/A
N/A

Years

Electric coincidence factor (CF) N/A

Natural gas peak day factor (PDF) N/A

Measure Life

The effective useful life (EUL) is15 years [346].

References

[345]
[345]
[345]
[345]

[345]

Ref
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[345] Wisconsin Focus on Energy 2018 Technical Reference Manual. Public Service Commission of Wisconsin.
The Cadmus Group, Inc. 2018. Pg. 590.
https://www.focusonenergy.com/sites/default/files/TRM%202018%20Final%20Version%20Dec%202017 1.pdf

[346] Gutierrez, Alfredo. Circulating Block Heater. Prepared for the California Technical Forum.
http://staticl.squarespace.com/static/53c96e16e4b003bdba4f4fee/t/556f7c9ee4b0b65c3515c80c/14333697580
93/Circulating+Block+Heater+Presentation_ver+2.pdf
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3.2 APPLIANCES

3.2.1 CLOTHES WASHER

Market Commercial
Baseline Condition TOS/NC
Baseline Code

End Use Subcategory Clothes Washer

Measure Last Reviewed January 2023

Description

This measure relates to the purchase (time of sale) and installation of a commercial clothes washer (i.e., soft-mounted
front-loading or soft-mounted top-loading clothes washer that is designed for use in applications in which the occupants of
more than one household will be using the clothes washer, such as multifamily housing common areas and coin laundries)
exceeding the ENERGY STAR minimum qualifying efficiency standards. The Modified Energy Factor (MEF) measures energy
consumption of the total laundry cycle (washing and drying). It indicates how many cubic feet of laundry can be washed
and dried with one kWh of electricity; the higher the number, the greater the efficiency. The Water Factor (WF) is the
number of gallons needed for each cubic foot of laundry. A lower number indicates lower consumption and more efficient
use of water. 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. Clothes washers that have earned the ENERGY STAR® label use approximately 25% less energy and 33% less
water than comparable non-qualified models

Baseline Case

The baseline efficiency is minimum efficiency defined in the Code of Federal Regulations at 10 CFR 431.156. Efficiency is
defined by the Modified Energy Factor (MEF) that takes into account the energy and water required per clothes washer
cycle, including energy required by the clothes dryer per clothes washer cycle.

Efficient Case
The efficient condition is a commercial clothes washer meeting the ENERGY STAR v. 8.1 efficiency criteria.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

AkWh = AkW hyqsner + AkWhpyy + AkWhgpyer
Where,

AkWhyyasher = AkW hypie X Fyasher

257



Akthryer =

Annual Fuel Savings

Where,

AThermsp,yer = (AkWhiorqr — ARW i) X

F,
AThermspuy = MkWhynie X — P X SFpuw.pr X 0.03412
ffDHW
Fl d
e X deer,mod X Fdryer,corr X SFdryer,ff % 0.03412
dryer
Ncycles
Akl/l/hunit = (kWhunit,b - kWhunit,q) X N
cycles,ref
1 1
AkWheoeq = Cap X Ncycles X WFD - MEFq

Peak Demand Savings

Daily Peak Fuel Savings

AkWhppyw = AkWhypie X Fopw X SFpuw etectric

Floads
(AkWhtotal - Ak]/l/h'um't) X X Fdryer,mod X SFdryer,electric
dryer
Ncycles
Ak]/l/hunit = (kWhunit,b - kWhunit,q) X N
cycles,ref
1 1
AkWheoeq = Cap X Ncycles X WFb - MEFq

ATherms = AThermspyy + ATherms g,y er

AThermsSpeq,, = ATherms X PDF

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

AkWhLife = AkWh X EUL

ATherms,;r, = ATherms X EUL
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Calculation Parameters

Table 3-32 Calculation Parameters

S

AkWh Annual electric energy savings Calculated kWh/yr

Annual electric energy savings attributed to clothes
AkWhyasher &Y & . Calculated kWh/yr
washer operation

Annual electric energy savings attributed to water
AkWhow g:: . & Calculated KWh/yr
eating

Annual electric energy savings attributed to dryer
AKWheryer gy saving Y Calculated KWh/yr
operation

Annual electric energy savings of a unit exclusive of
AKWhen gY savings Calculated KWh/yr
dryer operation

Annual electric energy savings of a unit inclusive of
AkWheotal ) Calculated kWh/yr
dryer operation

ATherms Annual fuel savings Calculated Therms/yr
AThermspuw Annual fuel savings attributed to water heating Calculated Therms/yr
AThermsaryer Annual fuel savings attributed to dryer operation Calculated Therms/yr

AkWpeak Peak Demand Savings Calculated kw
AThermspeak Daily peak fuel savings Calculated Therms/day

AKkWhje Lifetime electric energy savings Calculated kWh

AThermsiife Lifetime fuel savings Calculated Therms
AH20 Annual water savings Calculated Gal/yr

. Site-specific. If
Cap Clothes washer capacity ft3 [350]
unknown, use 3.43

Site-specific. If
Neycles Number of cycles per year unknown, look up in cycles [347]
Table 3-35
Site-specific. If

KW hunit,b Baseline rated unit electricity consumption kWh/yr [347]
unknown, use 241

Site-specific. If
kKWhynit,q Efficient rated unit electricity consumption P kWh/yr [347]
unknown, use 97

. Fraction of energy consumption attributed to clothes Site-specific. If N/A [347]
washer washer operation unknown, assume 0.20

. Fraction of energy consumption attributed to water Site-specific. If N/A [347]
DHW heating unknown, assume 0.80

. L . Site-specific. If
Fioads Fraction of washer loads dried in machine N/A
unknown, use 1.0
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S

Site-specific. If

Efforw Fuel water heater efficiency unknown, use 0.75 N/A
Site-specific. If
WF, Water factor for efficient unit unknown, look up in Gal/(cycle-ft?)  [350][351]
Table 3-36
MEFy Modified Energy Factor of baseline unit Look up in Table 3-33 N/A [350][351]
MEF, Modified Energy Factor of efficient unit Look up in Table 3-33 N/A [350][351]
SFpHw,electric Electric DHW savings factor Look up in Table 3-34 N/A
SFaryer,electric Electric dryer savings factor Look up in Table 3-34 N/A
SFonw, Fossil fuel DHW savings factor Look up in Table 3-34 N/A
SFdryer,ff Fossil fuel dryer savings factor Look up in Table 3-34 N/A
WF, Water factor for baseline unit Look up in Table 3-36 Gal/(cycle-ft3)  [350][351]
CF Electric coincidence factor Look up in Table 3-37 N/A [347]
PDF Gas peak day factor Look up in Table 3-37 N/A
Hrs Annual operating hours 265 Hrs/yr [347]
Neycles, ref Reference number of cycles per year 392 cycles [347]
Faryer Dryer usage factor 0.84 N/A [347]
Fdryer,mod Dryer usage factor in buildings with dryer and washer 0.95 N/A [347]
Faryer,corr Fossil fuel dryer correction factor 1.12 N/A [347]
0.03412 Unit conversion, therm/kWh 0.03412 Therm/kWh
EUL Effective useful life See Measure Life Years

Section

Table 3-33 Modified Energy Factor of Baseline and Efficienct Unit
Efficiency Level Front Loading Top Loading
Before January 1, 2018
2.00 1.60
Federal Standard
On or After January 1, 2018
2.00 1.35

ENERGY STAR 2.20
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Table 3-34 DHW and Dryer Savings Factors
I T e B S
Electric 1.00 1.00 0 0

Fossil Fuel 0 0 1.00 1.00

Table 3-35 Annual Cycles
Multifamily Common Area 1,241

Laundromats 2,190

Table 3-36 Water Factor of Baseline and Efficient Unit
Efficiency Level Front Loading Top Loading
Before January 1, 2018
5.5 8.5
Federal Standard
On or After January 1, 2018
4.1 8.8

ENERGY STAR 4.0

Peak Factors

Table 3-37 Peak Factors
Peak Factor ‘ Value Ref
Electric coincidence factor (CF) 0.029 [347]

See Appendix G: Natural

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

Non-Enerqy Impacts

AH20 = Cap X (WF, — WF;) X Neyees
Measure Life

The effective useful life (EUL) for a multifamily common area is 11.3 years. The EUL for laundromats is 7.1 years. [347]
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3.2.2 CLOTHES DRYERS

Market Commercial
Baseline Condition TOS
Baseline Code

End Use Subcategory Clothes Washer

Measure Last Reviewed January 2023

Description

This measure covers residential grade clothes dryers meeting the criteria established under the ENERGY STAR® Program,
Version 1.1, effective May 5, 2017, installed in small commercial settings. ENERGY STAR® clothes dryers have a higher
combined energy factor (CEF), and 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, improving air
circulation, and improved efficiency of motors. Reduced dryer runtime is achieved through automatic termination of the
dryer cycles based on temperature and moisture sensors. Clothes dryers originally qualified for the ENERGY STAR® label in
May 2014. Clothes dryers that have earned this label are approximately 20% more efficient than non-qualified models.

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

A clothes dryer that is an ENERGY STAR® version 1.1 qualifying model.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

F, F,
AkWh = Cyclesgynyq X Load x <M - M)

CEF, CEF,

Annual Fuel Savings

F, F, 3,412
ATherms = CycleS nnua X Load X < fueth _ fuem)

CEF, CEF, )" 100,000

Peak Demand Savings
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Daily Peak Fuel Savings

AThermspeq = ATherms X PDF

Lifetime Enerqy Savings Algorithms

Lifetime Electric Energy Savings

AkWhy; e = AkWh X EUL

Lifetime Fuel Savings

ATherms,;r, = ATherms X EUL

Calculation Parameters

AkWh
ATherms
AkWpeak
AThermspeak
AKWhte

AThermsiie

Cy(:lesAnnuaI

Load

I:elec,b

I:elec,q

Fuelb

Ffuel,q

CEFp

CEF,

Hrs

CF

Table 3-38 Calculation Parameters

N N

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

Lifetime fuel savings
Number of dryer cycles per year
Average total weight of clothes per drying

cycle

Percentage of energy consumed that is
derived from electricity for baseline dryer

Percentage of energy consumed that is
derived from electricity for efficient dryer

Percentage of energy consumed that is
derived from fossil fuel for baseline dryer

Percentage of energy consumed that is
derived from fossil fuel for efficient dryer

Combined energy factor for baseline dryer

Combined energy factor for efficient dryer

Annual run hours of clothes dryer

Electric coincidence factor

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

look up in Table 3-40

Look up in Table 3-39

Look up in Table 3-39

Look up in Table 3-39

Look up in Table 3-39

Look up in Table 3-39

Look up in Table 3-39
Look up in Table 3-39

Site-specific. If unknown
look up in Table 3-40

Look up in Table 3-41

kWh/yr

Therms/yr

kw

Therms/day

kWh

Therms

Cycles

lbs

%

%

%

%

Ib/kWh

Ib/kWh

Hrs/yr

N/A

[352]

[352]

[358][359]

[358][359]

[358][359]

[358][359]

[354]

[353]

[352][357]

[355]
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Gas peak day factor Look up in Table 3-41

EUL Effective useful life See Measure Life Section Years

Table 3-39 Clothes Dryer Values

Ventless or Vented Ventless
Ventless or Vented . ’ .

. . Vented Electric, Electric, Electric,

Variable Vented Gas Dryer Electric, Standard
SAAfE Compact (120V) < Compact Compact (240V)

= 4.4 ft3 (240V) < 4.4 ft3 <4.4ft3
Load 8.45 8.45 3.00 3.00 3.00
Felecb 0.16% 1.00 1.00 1.00 1.00
Felec,q 0.16 1.00 1.00 1.00 1.00
Fruel,b 0.84% 0.00 0.00 0.00 0.00
Fuel,q 0.84 0.00 0.00 0.00 0.00
CEFy 3.30 3.73 3.61 3.27 2.55
CEFq 3.48 3.93 3.80 3.45 2.68

Energy Star Most

- 4.3 4.3 4.3 3.7
Efficient CEF

Table 3-40 Annual Dryer Cycles

Facility Type Commercial — Multifamily

Cyclesannual 1241 2190

Hrs7® 1158 2044

68 %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.

8 %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.

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

Table 3-41 Peak Factors

Electric coincidence factor (CF) 0.029 [355]

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

Measure Life

The effective useful life (EUL) is 12 years [356].
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3.2.3 CLOTHES DRYER MODULATING VALVE

Market Commercial
Baseline Condition RF
Baseline Existing

End Use Subcategory Clothes Washer

Measure Last Reviewed January 2023

Description

This measure relates to the installation of a two-stage modulating gas valve retrofit kit on a standard commercial non-
modulating gas dryer. Commercial gas clothes dryers found in coin-operated laundromats or on-premise laundromats
(hospitals, hotels, health clubs, etc.) traditionally have a single firing rate which is sized properly for highest heat required
in initial drying stages but is oversized for later drying stages requiring lesser heat. This causes the burner to cycle on/off
frequently, resulting in less efficient drying and wasted gas. Replacing the single stage gas valve with a two-stage gas valve
allows the firing rate to adjust to the changing heat demand, thereby reducing overall gas consumption.

Accurately estimating dryer energy consumption is complicated and challenging due to a variety of factors that influence
cycle times and characteristics and ultimately drying energy requirements. Clothing loads can vary by weight, volume, fiber
composition, physical structure, and initial water content, meaning that drying energy requirements can differ for any
given cycle. Additionally, dryer settings selected by the user andinteractions with the site’s HVAC systems are known to
influence dryer performance. As better information becomes available, this characterization can be modified to allow for a
more site-specific estimation of savings.

Baseline Case

A 30- to 250- pound capacity commercial gas dryer with no modulating capabilities.

Efficient Case

A 30- to 250-pound capacity commercial gas dryer retrofitted with a two-stage modulating gas valve kit.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

AkWh = N/A

Annual Fuel Savings

ATherms = N¢ycres X SF
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Peak Demand Savings

Daily Peak Fuel Savings

Lifetime Energy Savings Algorithms

Lifetime Electric Energy Savings

Lifetime Fuel Savings

Calculation Parameters

AkWpeqr = N/A

AThermspeq, = ATherms X PDF

AkWhLife = N/A

ATherms,;s, = ATherms X EUL

Table 3-42 Calculation Parameters

S R

ATherms Annual fuel savings Calculated Therms/yr

AThermspeak Daily peak fuel savings Calculated Therms/day

AThermsiife Lifetime fuel savings Calculated Therms
Neycles Number of dryer cycles per year Site-specif'ic. If unknown, Cycles/yr [360]

look up in Table 3-43
SF Savings factor 0.18 Therms/cycle [361][360]

PDF Gas peak day factor Look up in Table 3-44 N/A
EUL Effective useful life See Measure Life Section Years

Table 3-43 Estimated Dryer Cycles per Year

Application Cycles per Year

Coin-Operated Laundromats 1,483

Multifamily Dryers

On-Premise Laundromats

1,074

3,607
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Peak Factors

Table 3-44 Peak Factors

Electric coincidence factor (CF) N/A

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

Measure Life

The effective useful life (EUL) is equal to 10 years[360].

References
[360] IL 2022 Illinois Statewide Technical Reference Manual for Energy Efficiency : Version 10 (2022), Pg 734.
https://www.ilsag.info/wp-content/uploads/IL-TRM Effective 010122 v10.0 Vol 2 C and | 09242021.pdf
[361] IL TRM v10, pg 734. Based on lllinois weather data, and average dryer performance for laundromat (30

to 45lb) and hotel (75 to 170 Ib) dryers.
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3.2.4 REFRIGERATORS

Market Commercial
Baseline Condition TOS/NC/EREP/DI
Baseline Code/ISP/ Dual

End Use Subcategory Kitchen

Measure Last Reviewed January 2023

Description

This measure includes the installation of ENERGY STAR® compliant commercial refrigerators with an integral compressor
and condenser. This measure is only applicable to horizontal or vertical self-contained refrigerators with solid or
transparent doors.

Baseline Case

Early Replacement: The baseline condition for the Early Replacement measure is the existing commercial refrigerator for
the remaining useful life of the unit, and then for the remainder of the measure life the baseline becomes a new
replacement unit meeting the minimum federal efficiency standard.

Normal Replacement or Time of Sale: The baseline condition is a standard-efficiency commercial refrigerator meeting, but
not exceeding, federal energy efficiency standards.

Efficient Case

The efficient condition is a high-efficiency packaged commercial refrigerator meeting ENERGY STAR® Version 5.0
requirements.

Annual Electric Energy Savings

Normal replacement or TOS (compared to code baseline):
AkWhyg = (kWhy, — kWh,) x (1 + HVAC,) X Days
Early replacement (compared to existing equipment):
AkW hgpep = (kWhey — kWh,) X (1 + HVAC,) X Days

Annual Fuel Savings

Normal replacement or TOS (compared to code baseline):
AThermsyg = (kWh, — kWh,) X HVAC;; X 10 X Days

Early replacement (compared to existing equipment):
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AThermsgrgp = (kWhey — kWh,) X HVAC;; X 10 X Days

Peak Demand Savings

Normal replacement or TOS (compared to code baseline):

kWhy, — kWh,

X (1 4+ HVAC,;) X CF
Daily Hours ) ( @)

Ak Wpreaknr = (

Early replacement (compared to existing equipment):

KW he, — kWh,

1+ HVAC CF
Daily Hours ) x A+ a)

Ak WPeak,EREP = (

Daily Peak Fuel Savings

AThermSpeq,, = ATherms X PDF

Lifetime Energy Savings Algorithms

Normal replacement or TOS (compared to code baseline):

Lifetime Electric Energy Savings

AW hyipe = AKWR X EUL

Lifetime Fuel Savings

ATherms; s, = ATherms X EUL
Early replacement (compared to existing equipment):

Lifetime Electric Energy Savings

AkWhy; e = MW hgggp X RUL + AkW hyg X (EUL — RUL)

Lifetime Fuel Savings

ATherms, s, = AThermsgggp X RUL + AThermsyg X (EUL — RUL)

Calculation Parameters

Table 3-45 Calculation Parameters

I T

Annual electric savings compared to
AW hgrep o & . P Calculated kWh/yr
existing unit

Annual electric savings compared to code
ARW hyg 8 P Calculated kWh/yr

baseline
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AThermsggrgp

AThermsyg

AkWPeak,EREP

Akvaeak,NR

AThermspeak
AkWhLife
AThermsiie

\Y

Days

Daily Hours

kWhex

kWh,

kWhy,

HVAC,

HVACy

HVACs

10
CF
PDF
EUL

RUL

Annual fue savings compared to existing
unit

Annual fuel savings compared to code
baseline

Peak Demand Savings compared to
existing unit

Peak Demand Savings compared to code
baseline

Daily peak fuel savings
Lifetime electric energy savings
Lifetime fuel savings

Refrigerator volume

Number of days of operations in a year

Hours of operation in a day
Annual energy consumption of existing
unit

Annual energy consumption of qualifying
efficient unit

Annual energy consumption of code-
compliant baseline unit

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

Unit conversion, Therm/MMBtu
Electric coincidence factor
Gas peak day factor
Effective useful life of new unit

Remaining useful life of existing unit

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated

Calculated
Site-specific

Site-specific. If unknown,
use 365 days

Site-specific. If unknown,
use 24 hours

Site-specific, or look up in
Table 3-47

Look up in Table 3-48

Look up in Table 3-48

0.080

0.175

-0.002

10
Look up in Table 3-49
Look up in Table 3-49
See Measure Life Section

See Measure Life Section

T T

Therms/yr

Therms/yr

kw

kw

Therms/day
kWh
Therms

ft3

days

hours

kWh [362]

kWh [363]

kWh [362]

N/A

N/A

MMBtu/kWh

Therm/MMBtu
N/A
N/A
Years

Years
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Table 3-46 Daily Energy Consumption of Code-Compliant Baseline Unit

Product Class Daily Refrigerator Energy (kWhy, )

Vertical Closed

Solid VCs.SC.M*
All volumes 0.05 x V+1.36
Transparent VCT.SC.M
All volumes 0.1 x V+0.86

Horizontal Closed

Solid HCS.SC.M
All volumes 0.05 x V+0.91
Transparent HCT.SC.M
All volumes 0.06 x V+0.37

Where V = unit volume in cubic feet

* DOE Equipment Class designations relevant to ENERGY STAR eligible product scope

(1) Equipment family code (HCS= horizontal closed solid, HCT=horizontal closed transparent, VCS= vertical closed solid,
VCT=vertical closed transparent).

(2) Operating mode (SC=self-contained).

(3) Rating Temperature (M=medium temperature (38 °F), L=low temperature (0 °F)).

Table 3-47 Daily Energy Consumption of Existing Unit

Daily Refrigerator Energy when Daily Refrigerator Energy when
Product Class existing unit was manufactured before existing unit was manufactured after

03/26/2017 (kWhe) 03/27/2017 (kWhey)

Vertical Closed

Solid VCS.SC.M VCS.SC.M
All volumes 0.10x V+2.04 0.05 x V+1.36
Transparent VCT.SC.M VCT.SC.M
All volumes (0.12v +3.34 ) x 365 (0.1x V+0.86 ) x 365

Horizontal Closed

Solid HCS.SC.M HCS.SC.M
All volumes (0.10V+2.04 ) x 365 (0.05 x V+0.91) x 365
Transparent HCT.SC.M HCT.SC.M
All volumes (0.12v +3.34 ) x 365 (0.06 x V+0.37 ) x 365

Where V = unit volume in cubic feet
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Table 3-48 Daily Energy Consumption of Qualifying Efficient Unit

Product Class Daily Refrigerator Energy (kWh)

Vertical Closed

Solid VCS.SC.M
0<V<15 0.0267 x V+0.8
15<V<30 0.05 x V+0.45
30<V<50 0.05 x V+0.45
50<V 0.025 x V+1.6991
Transparent VCT.SC.M
0<V<15 0.095 x V+0.445
15<V<30 0.05x V+1.12
30<V<50 0.076 x V+0.34
50<V 0.105x Vv-1.111

Horizontal Closed
Solid or Transparent HCT.SC.M, HCS.SC.M

All volumes 0.05 x V+0.28

Where V = unit volume in cubic feet

Peak Factors

Table 3-49 Peak Factors

Electric coincidence factor (CF) 1.0

Appendix G: Natural Gas

Natural gas peak day factor (PDF) Peak Dav Fact
eak Day Factors

Measure Life

Table 3-50 Measure Life

Commercial Reach-in Refrigerator Site-specific. If unknown use 4 years [365]
References
[362] Code of Federal Regulations, Energy Efficiency Program for Certain Commercial and Industrial

Equipment, title 10, sec. 431.66 (2010).
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[363] ENERGY STAR Program Requirements Product Specification for Commercial Refrigerators and Freezers
Eligibility Criteria Version 5.0, ENERGY STAR ®, December 2022.

[364] Code of Federal Regulations, Energy Efficiency Program for Certain Commercial and Industrial
Equipment, title 10, sec. 431.66 (2013).
[365] California Public Utilities Commission Database for Energy Efficient Resources (DEER) EUL Support Table

for 2020. http://www.deeresources.com/files/DEER2020/download/SupportTable-EUL2020.xIsx
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3.2.5 FREEZERS

Market Commercial
Baseline Condition TOS/NC/EREP/DI
Baseline Code/ISP/Dual

End Use Subcategory Kitchen

Measure Last Reviewed January 2023

Description

This measure covers the installation of ENERGY STAR® compliant commercial freezers operating with an integral
compressor and condenser. Eligible equipment includes commercial freezers and refrigerator-freezers. This measure is
only applicable to horizontal or vertical self-contained equipment with solid or transparent doors.

In the case of early replacement of a working unit where the unit would have otherwise been installed until failure,
remaining useful life (RUL) savings are claimed additional to the estimated useful life (EUL) savings of the new unit. Early
replacement savings are calculated between existing unit and efficient unit consumption during the assumed remaining
life of the existing unit, and between new baseline unit and efficient unit consumption for the remainder of the measure
life. Assume that the remaining useful life of the existing unit equals 1/3 of the measure’s effective useful life.

Baseline Case

Early Replacement (EREP) and Direct Install (DI): Early replacement and DI 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 full
measure life of the installed equipment.

Normal Replacement (NR) and New Construction (NC): The baseline condition is a minimally code compliant commercial
freezer.

Baseline annual electric consumption shall align with federally mandated maximum energy use associated with the
Product Class and the chilled or frozen compartment volume (V) of the qualifying equipment [366]. Volume specification
shall be taken from ENERGY STAR" qualified products listing or specification sheet of the proposed equipment.

Efficient Case

The compliance condition is an ENERGY STAR® version 5.0 qualified commercial refrigerator-freezer or freezer. Annual
electric energy consumption of the qualifying equipment shall come from application. Volume specification shall be taken
from ENERGY STAR’ qualified products listing or specification sheet of the proposed equipment.

Annual Enerqy Savings Algorithms

Annual Electric Energy Savings

Normal replacement (compared to code baseline):
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AkWhyg = (kWhy, — kWhg) x (1 + HVAC,) X Days
Early replacement (compared to existing equipment):
AW hgggp = (kWhey — kWhy) X (1 + HVAC,) X Days

Annual Fuel Savings

Normal replacement (compared to code baseline):
AThermsyg = (kWhy, — kWh,) X HVAC;; X 10 X Days
Early replacement (compare